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Chapter-1 Fundamental and Basic Concept 

၁.၁          (Units of Measurement) 
Air Conditioning and Mechanical Ventilation (ACMV)       Heating ၊ Ventilation and Air 

Conditioning (HVAC)                 ႔၌ US             SI                                        US      
                   US       (IP      )                   English system    ႔      Imperial 
system                             (inch)၊      (pound)                           

                         ၌                                                  US       
   ႔      Imperial system                                         

 
    ၁-၁                                      Imperial System                     

SI           Metric system                                                    Air 
conditioning equipment                                                                 
           ACMV     ႔ HVAC                ႔၌ English system (Imperial system)     ႔                 

Equipment               (manufacturers)၏           (specification)                         
                               ႔        ACMV    ႔      HVAC                               
                                                                                             ႔              
                     English system (Imperial system)                      ႔                     
                                       SI                            

၁.၂ Atmospheric Pressure ၊ Absolute Pressure ၊ Gauge Pressure and Vacuum Pressure 
                         Atmospheric pressure ၊ Absolute pressure ၊ Gauge pressure၊ Positive 

pressure ၊ Negative pressure       Vacuum pressure                ၏                                  
                          

         (Atmospheric Pressure) 
                       (sea level       ႔                     (theoretical standard 
barometric pressure)    SI              IP         ႔                    

Torr kPa Inch of Hg M Bar Psia Psig 

760 101.4 29.92 1000 14.696 0.0 
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    ၁-၂                     ႔                 

          (၁-၂)    Absolute pressure ၊ Gauge pressure       Absolute pressure    ႔၏ 
                                   
Vacuum  

         (atmospheric pressure)        ႔             vacuum pressure[Pvac]       
                                                           (vacuum)    “Perfect Vacuum” 
(absolute vacuum)                         (zero pressure)                        
(atmospheric pressure)              perfect vacuum                   (pressure)    “Partial 
Vacuum”             

         (space)                 ႔(gas)    ႔          (liquid)                         
        c m       acuum                                                (zero pressure) 
                                 (pressure)            complete vacuum     ႔      zero 
pressure                                     “Absolute Pressure”                                
          ၏                (reference point)    complete vacuum    ႔        r   r   ur  
                  ၏            absolute pressure (Pabs)                       

 

Perfect vacuum(absolute vacuum)    
0 kgf/cm2 
0 mm Hg 
0 Pa 
0 psi       
0 in Hg(0 mm Hg)   ႔           

    ၁-၃          (atmospheric pressure)၊ Partial Vacuum       Perfect Vacuum    ႔                  
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                   (sea level)၌                          (atmospheric pressure) 

(Patm)            Pabs      ႔  Patm                     Patm     Pabs     14.7 psi             
   ႔        Patm              a    u            14.7 psia                   

                     (instrument)                        fluid        ၏          ႔      
     (atmospheric pressure)   ႔                                                                   
     (atmospheric pressure)             “Gauge  Pr   ur ” Pg            Absolute pressure ၊ 
atmospheric pressure       gauge pressure    ႔၏                 

              
Gauge pressure           gauge    ႔          rum                                      

      Absolute pressure     gauge pressure       atmospheric pressure    ႔                   
         

psig psi ၏           g                   “Guag  Pr   ur ”           Positive pressure 

psia psi ၏           a                   “     u   Pr   ur ”           Positive pressure or 
Negative pressure 

psiv psi ၏           v                   “Vacuum Pr   ur ”           Negative pressure 

Absolute ၊ atmospheric       vacuum pressure    ႔ ၏                

                
Atmospheric pressure    vacuum pressure               absolute pressure          

   
    ၁-၄ Compression Gauge     ၁-၅ Compound Gauge     ၁-၆ Compound Gauge 

          pressure gauge         vacuum pressure       gauge pressure                  
                                   

 

                     (atmospheric pressure)               gauge pressure                        
“Absolute Pressure”                  

  m r       gaug        gauge pressure                         m  u   gaug        
gauge pressure       absolute pressure                                                  c m  u   
gaug        positive pressure       negative pressure (vacuum pressure)                        
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    - Compressor    ၏                 (suction pressure)                                
(discharge pressure)          g               compressor                                          
       

Pabs = Patm – Pvac = 60 – (-5) = 65 psi 

Standard Temperature & Pressure (STP)           14.696 Psia       60°F (101.33 kPa 
absolute       15.6°C)    ႔                

  
    ၁-၇ Suction pressure       Discharge pressure 

 

 

 

    ၁-၈          (Atmospheric Pressure)     ၁-၉ Atmospheric Pressure           

  
    ၁-၁၀ Positive pressure     ၁-၁၁ Atmospheric Pressure           
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၁.၂.၁ Pressure of Liquid Column    ႔      Head 
ACMV                           (pressure)            (liquid)              ၏           ႔     

                                   (liquid)      (water)             (mercury)   ႔             
ACMV equipment             fan         ႔ pump            “Head”                 

      (technical term)                        Head               ၏                 (height of 
liquid column)                  (pressure)      a                                             
             ၏                                   

 

Manometer          (pressure)         
(liquid)          ၏           g       ႔           
                             
 

          
 

P = pressure exerted by a liquid  
d = density of liquid(lb/ ft3) 
H = height of liquid( ft) 

         

               ၁-၁၂ Manometer 

  
    ၁-၁၃ Positive pressure     ၁-၁၄  Negative pressure 

              ma  m   r       dcut           positive pressure        negative pressure 
   ႔                                  
   (a)      manometer ၏                     ၌          (atmospheric pressure)          

                 (liquid)၏                   
   (b)      manometer ၏          ၌          (atmospheric pressure)                    

            duct            positive pressure(atmospheric pressure            ) 
                                            (atmospheric pressure)           ၏ 
level                                      duct           positive pressure ၏         
            

   (c)      manometer ၏                       (atmospheric pressure)                
                 duct            negative pressure (atmospheric pressure     
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        )                            duct            ၏            duct           
negative pressure                     

     -   (၃၀၀                          ၌                                  (vertical 
pipe)                chilled water    ႔                                        (valve)     
     (pressure)                                     ၏              62.4 lb/ft3            

                                                               

             (၃၀၀                          ၏                               
             chilled water riser      ၌                 (valve)          130 psig 
                       

 
                           (high raise buildings)၏ chiller water circuit                   ၏ 

                           (break)                                             (valve)          
                              ၏                                ႔                          
chiller water circuit                        (break)            

 
 

    ၁-၁၅ Manometer     ၁-၁၆ Total pressure=Static Pressure+Velocity Pressure 

     technician             duct                     (pressure)                    
   ႔        manometer ၏                duct          ႔                                    
(atmosphere)                                      ၏      (height of the water column)    
၈     (8 inches)            8 inchs WG                (wg= inch of water gauge)  Duct 
             (total pressure)                  

  
        

   
                

                                   

                      
     

   
            

Duct                       (air pressure)            g                    (atmospheric 
pressure)    0.29 psi              

  ၏          (density)           (mercury)၏           (density)                
                           (pressure)                        (mercury)                    

                                      ၌          (valve)          compoment         
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   ႔                            (low pressure)                                  manometer 
                 (density)          mercury(Hg)                  

၁.၃    (heat)              (temperature) 

   (heat)                   (temperature)     ႔                   (temperature)     ႔    
       ႔                   (transfer)                      (form of energy)                           
(temperature)              တ            ႔                ၏                             (thermal 
activity)                          

                            (thermal activity)                                (molecules) 
    ၏      (velocity)                               m  ra ur                 တ           
                           (thermal activity)               ႔                                      ၏ 
     (velocity)                                                                                (thermal 
activity)                  ႔                                             m  ra ur                 
              

  
    ၁-၁၇    (heat)               m  ra ur                    

 
        ၏          Fahrenheit ၊ Rankine ၊ Celsius    ႔ Kelvin    ႔         Air con         

     Fahrenheit       Celsius                                
                                                                   

၁.၃.၁             ၏                   (Absolute Zero) 

 

 

 

    ၁-၁၈     တ   မ်ားအတြင္းရွိ 
ေမာ္လီက်ဴးေလးမ်ား 

    ၁-၁၉ Absolute Zero State 
 

   (heat)                   (high temperature)                  (low temperature)   ႔ 
                                                                        (temperature 
difference)                          (heat flow)               
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    တ  မ်ားအတြင္းရွိ ေမာ္လီက်ဴးေလးမ်ား၏ လႈပ္ရွားမႈ(motion) လံုးဝ                  ၊          
(vibration)                        “Absolute Zero”                Absolute Zero            
    တ       သည္                                         
 

Absolute zero         တ        ၏                       m  ra ur               ႔        
a    u     r                 တ  မွ မည္သည့္ အပူစြမ္းအင္(heat energy)             ၍            
Absolute zero       0°C (zero°C    ႔ zero°F)    ႔                             Absolute Zero     0 K 
   ႔      -273°C    ႔      0°R    ႔      -460°F                 

 

 
 

    ၁-၂၀                       celsius         ႔၏ absolute zero 

၁.၃.၂ Absolute Temperature     (Scale) 

Thermodynamic    ၧာမ်ား ေျဖရွင္းရန္ႏွင့္ အပူခ်ိန္ အလြန္နိမ့္သည့္ လုပ္ငန္း (very low temperature 
application) မ်ားအ     absolute temperature scale                        SI      ၏ absolute zero 
scale             ca            0 Kelvin(0 K)    -273°C                 IP      ၏ absolute zero 
scale     Rankin  ca            0°Rankin(0°R)    -460°F                 

                        
                      

Kelvin                        (division)    Celsius  ca                      (division)      
         IP      ၏ absolute zero scale      a              Rankin     ေပၚရိွ              
(division)                  ( a r        ca                                     Celsius         
-273°C        ႔           Kelvin                             (Fahrenheit scale)    -460°F 
       ႔           Rankin              



             ႔                                                                       Chapter-1 Fundamental and Basic Concept 

1-9 

၁.၄         (T m  ra ur                             (Volume                
“  (air)၌                                  ”                               

                                                                                             

 
                                            

                                (volume)             0°F ၌              ၏ 
             (fr c                            

                                100°F                (volume)    0°F            
                                      0°F    1°F           0°F                     
1/460              (    (၄၆၀)         (၁)                 )                                
                                 -100°F              ၏         0°F                     
    21.7%(100/460)          (        )                           -100°F              ၏ 
         0°F                   ၏ (100-21.7=78.3) 78.3%            

                                        -460°F    ႔                                      
                                                                                        
         -460°F    ႔                    (liquid)        ႔                           

                      တ   (substance)        -460°F                               
   ႔        -460°F     absolute zero temperature           -460°F                      
(reference)                                                     “Absolute Temperature”       
        ႔        100°F                ၏ absolute temperature     100°F +460 = 560°R  
         20°F               ၏ absolute temperature      20°F + 460 = 480°R          

Absolute temperature ၏         (concept)      ၏                        
                 air con                           (theory)                            
                                      

                     (constant pressure)        (volume)               (temperature) 
   ႔                                                 

  

  
  

  

  
                        

             
  

  
 

V1 = Initial volume of air T1 = Initial absolute temperature 

V2 = Final volume of air T2 = Final absolute temperature 

    -                 45°F           (volume) 2100 ft3                   125°F    ႔ 
                                 (volume)                         

                  (volume)         ၏         (temperature)                           
                                            u   r c    a    r   ur                   
        (definite ra                 ႔     (expansion)    ႔                (contraction)             
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Initial absolute temperature = 460 + 45°F = 505°R 
Final absolute temperature  = 460 + 125°F = 585°R 

             
  

  
 

                                           =  2100 x 585 / 505 = 2432.7 ft3 volume @ 125°F 
    -                 110°F           (volume) 1500 ft3                   70°F    ႔           
                      (volume)                         

Initial absolute temperature   = 460 + 110°F = 570 
                       Final absolute temperature    = 460 + 70°F = 530 

             
  

  
 

               = 1500 x 530 / 570 = 1395 ft3 volume @ 70°F 
    -          100°F              ၏     (volume)    20°F                      ၏      
                                        

       

      
  

   

   
  

                                                        =  1.167 or 16.7% Larger (၁၆.၇%            ) 
 V2/V1 =  T2/T1                                  ၏                               ႔ 
                                                 

                                    (volume)                    (formula       
                      ႔                                                                     
reference point                          reference point     Standard Air                     

 

V2/V1 =  T2/T1             T1 = 70°F,   V1 = 13.34 ft3 
V2     = V1 T2/T1       T1 = 70 + 460  = 530°F 

V2     = 13.34  x T2 / 530  

                                   T2             V2                     V2             T2     
                   ႔             (pressure) 14.7 psia                ၏      (volume)       
        (temperature)၏               
   V                   (IP                                ) 

    -                 120(lb)                        90°F             14.7 psia             
     (volume)                   

   
 

    
 

       

    
 

                              =  550/39.7  = 13.85 ft3 volume @ 90°F  =  13.85 ft3/lb 

              (၁၂၀)         =  120 lb x 13.85 ft3/lb  =  1662 ft3 

           “Standard Air Condition”                    ႔      (dry air)                     
70°F                     a           13.34 ft3                                     



             ႔                                                                       Chapter-1 Fundamental and Basic Concept 

1-11 

၁.၅      (Pressure)                              (Volume)                 

 
         ႔                                               (gases)                   
     Super heated steam                        

 
      ႔                 (gases)                                          (compress)      

                                                                                 (temperature 
changes)                                       

  

  
 

  

  
 

P1 = Initial pressure, psia P2 = Final pressure, psia 

     -      (volume) (၃)     (3 ft3)              (cylinder)            ၌ 14.7 psia       
                  (cylinder)                 13 psig    ႔                 (compress)        ၏ 
                          

Initial absolute pressure = 14.7 psia 
Final absolute pressure  = 14.7+13 = 27.7 psia 

        
  

  
 

                                                   = 3 x 14.7/27.7 = 1.59 ft3 volume @ 13 psig 

     -             g                (volume) (၁၀)     (10 ft3)             75 psig    ႔ 
                 (compress)           final pressure                     (volume)           

Initial absolute pressure = 14.7 + 25 = 39.7 psia 
Final absolute pressure = 14.7 + 75 = 89.7 psia 

        
  

  
 

                                                               = 10 x 39.7/89.7 = 4.43 ft3 volume at 75 psig 

Air con               (air)                                                        
   ႔          ၏       (volume)           (pressure)                    (standard air) 
         (14.7 psia ၊ 70°F ၊ 13.34 ft)                

 V2 = V1  P1/P2 = 13.34 x 14.7/P 

   
   

 
 

 
     -       82 psig                70°F                       ၏      (volume)          
Gauge pressure     absolute pressure    ႔           

Absolute pressure = 14.7 + 82 = 96.7psia  

                                           (pressure)                      ၏ 
     (volume)               

                              ႔                         (low pressure) su  r  a    
   am          

         70°F ၌                  ၏      (volume)     V = 196/P ft3             
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                       V    = 196/P  = 196/96.7 = 2.03 ft3/lb @ 82 psig or 96.7 psia 
                       (pressure)              (temperature)                                   

      (volume                                           
 
     -           (atmospheric pressure) 14.7 psia                85°F                     
10ft3           30 psig    ႔                  (compress)               125°F                      
                 (condition)          ၏      (volume)           
 
(၁)                  r   ur                           (volume)           

Initial absolute pressure = 14.7 psia 
Final absolute pressure  = 14.7 + 30 = 44.7 psia 

        
  

  
 

                                                                           = 10 x 14.7/44.7 = 3.29 ft3 
(၂)    ႔                                   final temperature                             

(volume)           
Initial absolute temperature = 460 + 85 = 545°R 
Final absolute temperature  = 460 + 125 = 585°R 

        
  

  
 

               = 3.29 x 585/545 = 3.53 ft3/lb volume @ final air 125°F @ 30 psig 

        
 

 
 

                             ၏      (volume)         ၏         (temperature)              
(pressure)                             

၁.၆ Enthalpy 
Enthalpy                                                     a   c                

Heat content       Enthalpy    ႔                      Heat content    ႔      Enthalpy     
             ၏                                               Enthalpy       Heat              
          

 
               ၏                                       Heat                                   

                                                      ႔    “Enthalpy”          (                 ႔ 
              )             ၏                    ႔                                    
(Enthalpy)                             ႔           (transfer)           Enthalpy              Heat 
          ႔             

                         ႔           (transfer)                      (form of energy) 
      “  a ”                       တ       ၏                    ႔                         
               Enthalpy                   Enthalpy                  ၏            
(transfer)                  (energy)                      (energy)                                    
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   ႔           ႔               (transfer)             (heat)        Enthalpy (          
                        )                                                        
                                       (transfer)                                 (           
      ႔၏                                           ႔                                 ႔          ) 

 
        (temperature)၊    (heat)       Enthalpy    ႔                                          

        (temperature)                 ၏ thermal level    ႔      thermal intensity                 
   rma                                                 

                           (high temperature body)                   (Enthalpy)         
                                                 Enthalpy                (transfer)              
                 “ eat”                                      a   ra    r                           
                                  (         )        ႔                    (amount of heat)    
        (mass)                   

Definition - heat is defined as the form of energy that is transferred between two systems by 
virtue of temperature difference. 

System                            rg                      system      ႔                   
(Ein)            system                            (Eout )                                  
 

                  
Ech =  change in stored energy in the system 
Ein  =   energy added to (entering) the system 
Eout =  energy removed (leaving) the system 

    -              ၏          (room hot water heater)        4,000 Btu/hr                    
          

 

                                ႔ 
6500 Btu/hr          ႔              
                                
                  ႔                  
 
                  
              = 4000 Btu/hr - 6500 Btu/hr 
              = - 2500 Btu/hr 

            ၁-၂၁                                   

                               a   ra    r                                 (temperature difference) 
                                                                        ႔                ႔     a    
            m  ra ur           )            Enthalpy          (temperature          ) 
            ႔                   (heat transfer)               
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                                 (heater)                                         
         

   (heat)                       a                                       ၏                 
    ႔        ႔                                insulate                                   ႔      25,000 
Btu/hr                                   (electric heater)                      

Air con                                                      ႔၏      (nature)     
                          

၁.၇ Sensible Heat and Latent Heat 

  
    ၁-၂၂ (a) Sensible Heat     ၁-၂၂ (b) Latent Heat 

 
    ၁-၂၃ Sensible Heat and Latent Heat 

 
                           (heat added)                                     
(၁)                            (heat added)            m  ra ur                  phase    ႔ 

  a                                      (process)    “Sensible Heat Change Process”    
                       (heat)    “Sensible Heat”                                   
                      

(၂)              (heat added)                              phase    ႔      state    
                                “Latent heat”           

           (heat addition)    ႔                      r m  a       a                    
(substance)     ၏ physical state                            
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    ၁-၂၄ Temperature-enthalpy(heat content)change of water at 14.7 psi a surrounding pressure. 
Sensible Heat 

Sensible heat Equation:                                     

    = rate of sensible heat added or removed from substance (Btu/hr) 
m = weight rate flow of substance (lb/hr) 
    = specific heat of substance at constant Pressure Btu/lb (°F) 
          = temperature change or substance (°F) 

Air conditioning process          sensible heat equation                        Air Con 
process                                (temperature change)                    a                  
   ႔        a                                                          

     Chiller        ၏ chilled water flow rate                        (၅၀၀)      (500 
GPM)                    55°F          (chilled water)    43°F                                         
chiller ၏ cooling capacity            Btu/hr ၊ ton of refrigeration(RT) ၊ kW    ႔                 

Chiller        ၏ cooling capacity                                         (amount 
of heat removed from water)           

                

m      g        ra                        gpm    lb/hr    ႔                       
            

         

     
                 (for water 1GPM = 500 lb/hr) 
= 250,000 lb/hr 

                      (1 GPM)    lb/hr    ႔             500 lb/hr                 

          
  

  
     

   

     
          

=-3,000,000 Btu/hr 
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                  (heat)                                             ႔        
            (               )          (                     )     
 
Btu/hr    Refrigeration    ႔           1 RT (Refrigeration Ton) 12,000 Btu/hr = 3.517 kW 

                   
     

             
          

cooling capacity             a                   

                    
    

           
        

 
    -        (boiler)         ၏ fuel oil preheater                               (spare) heater 
                                       (spare) heater ၏  capacity               u  r           
        (boiler) ၏                  (fuel oil flow rate) 10 GP             ˚                 fuel oil     
180˚     ႔                                         ၏          (density of oil)        
   ga                    (fuel oil) ၏ specific heat     0.5 Btu/lb˚                          
(spare heater) ၏ capacity                                                                     

                   (fuel oil)၏              (GPM)                     (lb/hr)   ႔            
           

    
   

   
    

     

   
   

      

   
            

                             
 

              
              

    
  
  

            
      

                     

              (spare heater)    10 GPM                       ˚                  (fuel 
oil)                ˚     ႔                            

     Air con duct                                 (electric heater)၏ capacity       
                         ၏               ˚           heater                     ၏             
               Duct                      (air flow rate)                  ft3 m                       
         (heater)                                          (heater)၏ heating capacity     
kW(kilowatt)                          
(၁) Heater capacity     Btu/hr    ႔             

1kW = 3,410 Btu/hr 

         
           

    
                

(၂) Sensible heat equation           mass flow rate            -   ၏ specific heat     
                                                       

   

      

Chilled water circuit    ႔      chiller water      sensible heat                (transfer)           
    [                ]                latent heat                (transfer)              
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(၃)  CFM    ႔           

        
  

  
    

    

      
   

     

        
             

Latent Heat 

 

 

 

    ၁-၂၅                 ႔         ႔                  ၁-၂၆ 

    (liquid)            ႔(vapor)        ႔                                      “Latent 
Heat of Vaporization”               ႔(vapor)            (liquid)         ႔                  
                “Latent Heat of Condensation”              

 
         (solid)             (liquid)        ႔                                     

“Latent Heat of Solidification”               (liquid)                  (solid)         ႔            
                         “Latent Heat of Fusion”            

 
      (substance)                      saturation temperature                         

 a m     r c  r   ur                           100°C              (boiling)                  

  ၏ “La       a     Va  r  a    ”       “La       a            a    ”    ႔            
           970  Btu/lb           g          

  ၏ “La       a     Solidification”       “La       a      u    ”    ႔                 
           144  Btu/lb          g            
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(alcohol)    78°C                            g           R-22        ႔    -40.8°C           
                  g           

       အေပၚတြင္ ဖိအား 0.1MPa(atmospheric pressure)                      ၏   
saturation temperature                      ၏      (pressure)        Pa             ၏ 
saturation temperature                           ဖိအား(pressure)         Pa             ၏ 
saturation temperature                   

Latent heat of vaporization (condensation) 
Substance Btu/lb kJ/Kg 
air  2501 
Water 970 at 212°F 2257 at 100°C 
R-12 68.2 at 5°F 159 at 15°C 
R-22 93.2 at 5°F 217 at 15 °C 
R-407C - 294 at 15 °C 
R-410A - 233 at 15 °C 
R-134a - 209 at 15 °C 

Latent Heat Formula 
           

                 (၁၀)             100°C ၌     (liquid)             (gas)        ႔               
                                    

  ၏ Latent Heat of Vaporization              g          

Q = 10 kg x 2257 kJ/kg = 22,570 kJ            

၁.၈    (Heat)                            

                            (thermometer)    intensity of heat                           
    (quantity of heat)                            ႔            (quantity of heat)            
       ႔                                                            (quantity of heat)    
                                  

                 (gram)             1°                                      ႔      
1°C                                           1 Calorie [cal] (            )                

        ၏                  (   /  )        (amount of heat) 

Kilocalorie [kcal] 1 kg 1°C 1 kcal 

Joule [J] 1 g 1°C 4.187 J 

Kilojoule[kJ] 1 kg 1°C 4.187 kJ 

British Thermal Unit [BTU] 1 lb 1°F 1 Btu 
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    ၁-၂၇         1 cal (4.187J)                  ၁-၂၈         1 Btu              

  

    ၁-၂၇     (ice)၊   (water)            ႔(vapor)   ႔                                   

   (heat)၏                                             

Conventional metric systems S.I metric system Yard-pound system 
cal kcal J kJ Btu 
1 0.001 4.186 0.004186 0.003968 

1000 1 4186 4.186 3.968 
0.2389 0.0002389 1 0.001 0.000948 
238.9 0.2389 1000 1 0.9480 
252 0.2520 1055 1.055 1 

 
              a  a                         (solid)       (liquid)         ႔                   

“Fusion”               (liquid)             (vapor)        ႔                   “Vaporization” 
          

 
 

    ၁-၂၉     ၁-၃၀ 
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         (solid)        (vapor)        ႔ (            ႔                           )            
                  “Sublimation”                             a  r m  a               (vapor) 
            (liquid)         ႔                   “Condensation”               (liquid)        
         (solid)         ႔                   “Solidification”           

၁.၉   ၏                      (Phase Change of Water) 

 
    ၁-၃၁                        (ice)         (water vapor)        ႔                       

A    B
  

                          -50°C                                ၍                         
                ၏                                                ႔       0°C(32°F) 
   ႔                                         ႔              

B    C 0°C(32°F)           ႔                                                             
                                    0°C (32°F)                                      
                                              ႔                                        
0°C(32°     (liquid)         ႔                                                   
            ၏                                                                            
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       ႔                                   0°C(32°           (ice)        0°C(32°   
  (liquid)         ႔         a                                               ႔          
         

C    D                                              0°C(32°F)    100°C(212°F)   ႔            
                                

D    E          100°C(212°F)   ႔                                                         
                100°C(vapor)         ႔                                       
  (water)            100°                    ႔                   

E    F                                                                      saturated 
vapor           100°C(212°        ႔(vapor)                                 
Saturated vapor                                        “Superheat Temperature” 
          

၁.၁၀                             (Melting Temperature) 

         (solid)            (liquid)        ႔                                          
        (melting temperature)    ႔                   (melting point)                     
(atmospheric pressure)             (water)၏              (melting point)     0°C (32°F) 
         

၁.၁၁                        (Boiling Point) 
    (liquid)             (vapor)         ႔                                                  

(boiling temperature)    ႔              (boiling point)    ႔      evaporation temperature 
   ႔      vaporization temperature    ႔      saturation temperature                                     
                                  (atmospheric pressure)             ၏          (boiling 
point)     100°C(212°           
                                 (heat adding)                

၁.၁၂ Condensation Temperature 

     (vapor)            (liquid)        ႔                         condensing temperature 
   ႔      saturation temperature             ၏ condensation temperature     100°C 
(212°           

၁.၁၃ Solidification Temperature 

                      (solid)        ႔                           “Solidification Temperature” 
            ၏ solidification temperature     0°C (32°F)                                 
               (heat removal)                            

               (boiling point)                    (melting point)    ႔              
(atmospheric pressure)                   (water)၏         (boiling point)           
                                     ၍ ေျပာင္းလဲေနသည္။  
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    ၁-၃၂   ၏ sensible heat       latent heat             (SI      ) 

 
    ၁-၃၃   ၏ sensible heat       latent heat             (IP      ) 

         32°F(0°C)၌                            m     g                                  
                              (surrounding)      (heat)                                         
             ႔                    (latent heat gain)            ၊             (surrounding)     
                (heat loss)               
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                      ႔               (melting)    “Latent Heat of Fusion”            
                      ႔                “Latent Heat of Solidification”            Latent heat 
                     m  ra ur                             (phase)                             
   (heat)                

  ၏ latent heat of fusion       latent heat of solidification           ႔            144 
Btu/lb          g                                                ႔(freezing)   a              
      144 Btu                                                                           
                        (melting) 144 Btu                                         

 
         (0°C)32°F                                        ၏             32°F    

                              (temperature)              ၊      (phase                       
sensible heat                   ၏ sensible heat     IP            32°F    212°F       ၌    
                                     1°                   1Btu               (heat)            
                             1°F                      1 Btu                              

         32°F             212°F                 180°                         
                         32°F    212°F                                       u          
180°F x 1 Btu/lb°F = 180 Btu/lb           

               212°F    ႔                                                    
                           liquid phase    vapor phase    ႔                                a       a  
         212°    (liquid)              (vapor)         ႔                                  
“Latent Heat of Vaporization”           Latent heat of  vaporization       (liquid)         
           (heat gain)                ႔             (vapor)                (liquid)        ႔ 
                                          “Latent Heat of Condensation”           

 
                                   (pressure)14.7 psia atmospheric pressure at sea 

level                                           ႔    14.7 psia                                
                              g                                         (Btu/lb)                    

 
    ၍       24.9psia                                212°F                           

               240°                                               a                    
(boiling point)    ႔                             (boiling temperature)    240°           

Latent heat                 m  ra ur                                                
(temperature) °C    ႔      °F            

  (water)             ႔        ႔                            latent heat of vaporization 
        970 Btu                       ႔(vapor)             ႔                          ႔   
              latent heat of condensation         970 Btu     ႔         (        
       )        u              

        (boiling point)      condensing temperature    ႔         (pressure)               
                           a                    212°F    ႔                            
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              (boiling point)   ႔                (vapor)                             ) 
           “Saturated Liquid”                           100% liquid                       
                                                                “Saturated Vapor”           
100% vapor                       
   (Enthalpy of fluid) 

                                                Enthalpy                    a       
  u                     

   (Enthalpy of gas) 
    ႔                                            Enthalpy                    a       ga   

                  

   (Enthalpy of fluid and gas mixture) 
              ႔                      (fluid and gas mixture)                      

               Enthalpy               (En  a         u   a   ga  m   ur                   
Saturated liquid (100% liquid)              saturated vapor (100% vapor)              

                             liquid-vapor mixture           

 
    ၁-၃၄ Boiling point pressure-temperature curve for water(saturation vapor pressure curve) 

             r   ur        a                    170°F(67.7°                          
        (၁-၃၅)            (pressure)                   boiling point curve    ႔      saturation 
vapor pressure curve                         (curve)၏                      (liquid phase) 
                   (curve)၏                       (vapor phase)                  
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                           (liquid)     ၊       (vapor)                     liquid vapor 
mixture                                                         cur               (point) 
        boiling temperature       condensation temperature                 

 
    ၁-၃၅ Boiling point pressure-temperature curve for water(saturation vapor pressure curve) 

    -      25 psia           ၌  225°F              အရည္(liquid)                   
       ႔                (steam)                                   25 psia            225°F 
                           ၏                              (liquid)                          

 
                  (process of boiling)                  (boiling point)    ႔          

(pressure)                                       (liquid)          ႔(gases)   ႔၏ “Molecular 
Kinematic Theory”             ၍                  

Fluid                 (pressure)         ၍                g                        
     (pressure)           fluid        ၏ boiling point    ႔      c        g                 
                       boiling point    ႔      condensing point                    
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            တ                              m   cu     
                                                    
                                                    ၊ 
                                             

    (liquid)                            (attractive 
force)        ႔(vapor)                           
   (attractive force)                 

          ႔            (liquid)                        
        gases                                     
                             

    ႔(vapor)                                      
    (liquid)                                      
                                         ၁-၃၆                  

    ႔       (gases state)                                         (liquid state) 
                                        (heat energy)                             ႔             
(liquid)         (vapor)                                                                   
                                                       (attractive force)                     
(liquid)             ႔(vapor)         ႔                

 

 

       ၏                            ၏ 
                                             
     ႔            a  ra                 

      ႔                                     
           ၊                                  
       ႔  ဤ      ႔      ႔            a  ra      
             

                                         
                     ႔            a  ra      
                         ၁-၃၇      ႔        (evaporation)         

         ႔      ႔           a  ra                                           (slight cooling 
effect)                           ႔                     (cooling effect)    “Evaporative Cooling” 
            

           ၏                           ၏              (average velocity)             
              ၏              (average velocity)                  ၳဳ၏         (temperature) 
                                                   ၍        ၊                               
                                          (average velocity                                      
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     ႔                                (evaporative cooling)         -၄ (chapter-4)      
                       

      14.7 psia               70°F                                              ၏          
      (average velocity)                                        (escape)                

                                        (70°C                      )                 
    c                 (average velocity                                      (escape) 
       

        (surrounding)                                                             
       (alcohol)    ၍                                                                        
(alcohol)        ႔        (evaporate)                                                        
                         ၌                    a                                                

    (liquid)၏            (surface)                                              
(vapor)        ႔                   (liquid)၏                  ႔                     
(pressure)    vapor pressure                  ၏                u    ur ac        ႔ vapor 
pressure                                  (surrounding pressure)                      ႔         
(evaporation)                               ႔                                                      
                      (liquid)၏                                                                       
          

                        ႔                      ၏                  c                ၏ 
bond                      (vapor)                                                          
                 vapor pressure of liquid                        (surrounding pressure)    
                          

 
                                    molecular bond                             g  r c    

                   (heat)                                           (temperature)          
                               ၏      (velocity)                                 

၁.၁၄ Saturated ၊ Subcooled       Superheated  
                      g                  (temperature)         (pressure)            ၍ 

                             (boiling)                  (temperature)           (pressure)    
saturated condition            

        (boiling point)                                                         
saturation temperature        a ura      r   ur           Substance             (liquid)၊     ႔ 

                    (surrounding pressure)               (boil)       ႔      
     ႔        (evaporation              vapor pressure of liquid                                
Va  r  r   ur                                 ၏      (velocity)                       
(liquid) ၏         (temperature)                          ႔                (boiling point) 
   ႔      boiling pressure                      
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(vapor)                     ႔    (liquid-vapor mixture)                          saturated liquid 
      saturated vapor   ၍                                          

Saturated vapor           boiling temperature ၌ ရာႏႈန္းျပည့္အေငြ႔(100% vapor) 
                                  Saturated liquid           boiling temperature ၌ ရာႏႈန္းျပည့္ 
    (100% liquid)                                   

 
    (liquid)၏         (temperature)    saturation temperature(condensing point)    

                subcooled liquid                (pressure)              saturation temperature 
                    subcooled temperature              superheat temperature                      
Saturation temperature      phase                     ႔           

၁.၁၅ Saturated Property Table (Steam Table) 

Substance     ၏ saturation temperature                        (corresponding pressure) 
                       (table)                  

  ၏ saturated property table     saturated steam table    ႔      steam table           
Steam table                                             Air con                         
saturation temperature     steam table                        Saturation temperature       
corresponding pressure                                    saturation temperature         
corresponding pressure                    Corresponding pressure            saturation 
temperature                    

           10 psia                             ၏                                 
                                  10 psia     corresponding pressure          Steam table    
10 psia                   saturation temperature (boiling point) 193°F              193°F      
         

     -       150 psia              300°F    ႔                                   
    (liquid)                         ႔           (vapor)                                  

Steam table    150 psia                        saturation temperature(boiling point)    
                  ႔              150 psia                        358°F    ႔                
                                300°F     358°F                    subcool region        
               (liquid)                       

-End- 
 
 

    ႔        (vapor temperature)    saturation temperature    ႔              (boiling point) 
                            ႔(vapor)    superheated vapor           
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Chapter-2 Understanding Psychrometrics 
 

                       -  
( )                                                                               
( ) Dry Bulb         ၊ Wet Bulb         ၊ Relative Humidity(RH)၊  p   f    u       ၊ Dew       ၊ 

Enthalpy       S a  a             Psychrometrics                       (physical meaning) 
                              

(ဂ)                 a            ဂ        air property)                                             
                                  

(ဃ) P               a                              ဂ        air property)                     
                ဂ           (properties  f a  )                            

( ) Sensible heat ၊  a       a           a    a     ႔                p )                 
                                     

( )                                                    mixed air)  ဂ           (properties)    
                                                    

( ) Psychrometric            equation)                       ၊  a           tota            a       a  
   ႔                      ႔          

၂.၁ Psychrometric         

American Society of Heating, Refrigerating, and Air conditioning Engineers (ASHRAE) 
    ႔                              C                                  (temperature)၊     
          (humidity)၊      ႔     (cleanliness)             ႔      (distribution)    ႔                      
                                           (treat)            air conditioning         p      )           

 
                air con                     ႔                           ႔                

                                          Comfort a                        Industrial air conditioin  
                           Comfort  Air Conditioning                                        
(confortable)                            ႔                                   Industrial Air 
Conditioin                  ၊             ၊                    p                                 
          ႔                            (air treatment)             ႔                         
            ႔                                        ဂ            properties of air)          
                                  

Psychro     ဂ                                                                
 a    p    )               a u  u   ap                           instrument)                   
                    ႔                                                       Psychrometrics 
          a  - a     ap      ႔              a                                       

                         p        f    a     a      a                u  a   u        temperature, 
 u      ,    a        a          u                    u          f                  pa    
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    ၂-၁          ႔      (dry air)            ႔  a     ap  )                 a    

  ႔                                       moist air                                    
         ႔      (dry air)           ႔(water vapor)   ႔           mixture      M             
                    ႔              M                            ႔      (dry air)               
                                                                         ႔      
                                                                    ႔               ႔     
  (dry air)             ႔                                                 

 
    ၂-၂                                                        (    )                   

                        ဂ           (properties of air)                   ႔      
air conditioning system                                          ႔            (treat)               
            

    ဂ           (properties of air)        (table)         ႔      ဂ   (chart)                 
                ဂ   (chart)                                  ဂ            (properties of air)    
 Psychrometric Chart                             C a               line)                ႔     
                                                                                   
                                   Air conditioning process                            
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Psychrometric c a                        a                                               

                               u      )  cooling process       heating process           
Psychrometric c a                                               

Air con    ဂ                    Psychrometrics                                     
                               ႔                            air conditioning system          
                                                     (trouble shooting)   ႔                               
   ႔                     c C a                                                (line)               
                     (physical meaning)                                        
            

 
    ၂-၃                        Psychrometric c a                          

Constant Enthalpy           ႔ constant Wet Bulb          ႔                         (parallel) 
                   ဂ       a  )                                              

                                                                           p    u  )      
       (  a    )                                                                        
ဂ                                   ႔                                                        
                                        ႔                       C a                        
                                                             

SI       ဂ   (chart)       IP       ဂ   (chart)                                          
                chart                   
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   -               u p                                                                 
                                               p                                                
p                                a                                     a                  u p          
                  ႔ a  -                                          ႔                   

                                                                        line) 
                                                     straight line) process                        curve) 
                p                                                               process)         
             ႔             

                         ႔                                                           

  
    ၂-                                     

                                                                                   
                                                                                     
                                                 

  (air)                    (water)                                                  
         (water)               ၊             (snow)၊ hail           ႔          (solid form)               
            ႔            (rain drops)၊         (mist)      ႔     (liquid form)                            
           (indoor)        ၌                        ႔     (vapor form)      ႔              
                         ႔         Sup    a    L  -Pressure Steam                 

                                                                      ဂ            
(properties of air)                       ဂ            properties of air)                    
P               a                                               

             ႔      ႔              ႔                                           ႔         
(evaporation)           ႔                ႔               (condensation)                           
                     

                  ႔                                                               
                                                                                 
               ႔                           ၊                                      
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၂ ၁ ၁      ႔        (Evaporation) 

                  (hot air)         ႔                                                    
               ႔            ႔                                  ႔        (evaporation)           
                                                                                                    
           ႔                evaporation                               

                                                                                             
                             ႔                  ႔        (evaporation)                     ႔             
              ႔        (evaporation)        a   )                                  

Vaporization         ႔        ႔                                                  
                      ႔              vaporization)                             a  a       )        
      
၂.၁.၂     ႔               ႔                (Condensation)  

                                                       ႔               
                                 ႔                   ႔     ၌             ႔               ႔ 
                        c      a            (e ap  a                         )               ႔ 
                    ႔                condensation)                                 a       a ) 
             

 

 
 
Saturated Air and Unsaturated Air 

                   ၌                                          ႔    (water vapor 
content)                                                    Saturated Air                
           ႔(water vapor)                              Unsaturated Air                    
              ႔(water vapor)                        (               )        unsaturated air    
         

၂.၂                            (Standard Air) 
                                                            ဂ          ႔    ၊ 

       ဂ          ႔ ၂၁  ၊      ႔                        ႔     ၁     ႔                    a  )    
       ၊       ၊                                                              ၊          

                            ႔    (water vapor content)        Dry Bulb 
                                                                        ႔     (water 
vapor content)           Dry Bulb                               Dry Bulb          
             ႔                                          Wet Bulb                  
                                      ႔       (water vapor content)                 

           ႔(water vapor)                                      Dry Bulb           
                     ႔(water vapor)                                               Wet 
Bulb                         
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                                                            (standard)                  
            

 
Standard atmospheric pressure 1013.25 mbar (101 325 Pa)                        

            mass                       ဂ           (specific properties)             ႔ 
                             (unit w       f     a  )                                   

  
    ၂-၅                           ႔         ၂-၆                                

၂.၃                         (Specific Heat of Air) 

                                              heat)                                             
    h a )                                         p   f     a              

 
                             mass)                                          1°F    ႔        C 
                                        Specific Heat             

           ဂ      k )              1°C                                       (energy) 
                            kilocalorie)                     (1 lb)             1°              
                      energy)          BTU (British Thermal Unit)           Spec f     a  
                                                        a         ႔    sp   f     a              
           

         ႔          a  )   p   f     a                  p  a u  )           
                          ႔                                          p   f     a             
Cp =1.006 kJ/kg  K                            

                    (sea l    )                   29.921 in.Hg (atmospheric 
p    u  )                 ၀)   ဂ            (70°F)                  S a  a              a  S a 
L     )                       

   Specific heat                                     a  u    f   a )            
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Cp =1.006 kJ/kg K                        ႔              ဂ   (dry air     )         ဂ   
celsius (1°C)                                                      heat add)            
         68°F (20°C)   (air)        (water)   ႔                               (heat energy)     
                          

                  ဂ   celsius                                                   heat 
remove)                    

  
    ၂-  1 BTU       1 kcal                            ၂-  1 kcal                        

 Air Water 
Density at 68°F (lb/ ft3) 0.075 62.4 

  (air)၊   (water)           (ice)   ႔   specific     IP             SI          ႔                     

Substance 
Specific heat 

Conventional metric and Yard-pound system 
(Btu/lb °F) 

S.l metric system 
(kJ/kg K) 

air 0.243 1.005 
Water 1.0 4.187 
Ice 0.504 2.110 
Wood 0.327 1.369 
Iron 0.129 0.540 
Mercury 0.0333 0.139 
Alcohol 0.615 2.575 
Copper 0.095 0.398 

 

              (1 lb)             1°                                                ) 
                                ႔               (1 lb of dry air)             1°  
                                              )                                  
                                    ႔                ႔                    specific heat 
                                                                                           
   ႔                          ႔                                          )               
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Total heat of moist air 
Sensible heat + Latent heat = Total heat 

         ႔      (dry air)       
      (water vapor)   ႔                      

                        

+      ႔    (water vapor)      
p a                      

                 

=                      
           

 
၂.                              Da    ’  La    

            (mixture)                 (total pressure)        mixture                  
(substance)                        (partial pressure)                                 
Da    ’  La            a  p    u     ua        u   f     pa   a  p    u    
              

 P   = Total pressure 
 Pa = Partial pressure of dry air 
 Pw = Partial pressure of water vapor 

         25°C           (moist air)       (total pressure)              a            
Saturated vapor   partial pressure             a                    ႔      (dry air)   partial 
pressure              a            

 Partial pressure of dry air (Pa) = 31.66 mbar  
 Partial pressure of saturated vapor (Pw) = 971.59 mbar  
 Total(standard) pressure (P) = 1013.25 mbar  

Humidity ratio          ႔     (partial pressure of water vapor)                ႔        
     (partial pressure of dry air)   ႔                                   

   
  

  
         

  

  
 

     -     ၌             ႔     (partial pressure of water vapor)          p  a           
                    barometric pressure(atmospheric pressure)          p             humidity 
ratio             

Da    ’  La                    
                       Pa = P – Pw 
                       Pa = 14.6-0.2 = 14.4 Psia 

Humidity ratio              

          
  

  
   

           

    
                       

   Latent Heat                ႔    (water vapor)                              
         [Latent heat is the energy stored in water vapor.] 

Sensible heat                    ႔     (dry air)                              
         [Sensible Heat is the energy stored in dry air.] 
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   ႔             ႔    (water vapor)   partial pressure            Humidity Ratio     
             
Humidity ratio 0.0086                 ႔                    ႔      (dry air)                    
(1lb)          ႔       (water vapor content)                                      

                                                                                               

         ႔      (dry air)                                 ႔(water vapor) 60.2 grain          
              

                           Grains            Psychrometrics                     7000 
grains      1 lb                SI                    ႔      (dry air)                ဂ    
(kg)          IP                     ႔      (dry air)                 (lb)           

                               ( )   
  

    
        

 RH  = Relative Humidity % 
 Pw   = Partial pressure of water vapor at Dry Bulb temperature 
 Pws = Satuation pressure of water vapor at Dry Bulb temperature 

၂.၅ Psychrometric C a                    

  
    ၂-၉ Psychrometric C a                        ၂-၁၀ Psychrometric C a                    

၂.၅.၁ Dry Bulb         (Temperature)           

 

 
                                           Dry Bulb 
         temperature)                  ၊          
                    ႔၌                              Dry 
Bulb          (temperature)          Dry Bulb          
(temperature)                               DB    
                                    

    ၂-၁၁ Dry Bulb                     
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Constant Dry Bulb    p  a u                                C a                         
(vertical l   )                             (vertical line)         ၌        Dry Bulb          
(temperature)                        

 

 

    ၂-၁၂ Dry Bulb ၊      u         Dew 
Point             ႔                          
        

    ၂-၁၃ S                     Dry Bulb       Wet Bulb 
            ႔                                      
          

                                             Psychrometric c a                         
(vertical line)    Dry   u                (temperature line)              

  
    ၂-၁  Dry   u                (temperature line)         ၂-၁၅ Dry   u                 

၂.၅.၂ Wet Bulb         (Temperature)           

Wet Bulb                             ဂ        ႔                                     
                    Wet Bulb                                                            ၊         
     (       a  )                                               Wet Bulb                        
                                           cooling effect)    Wet Bulb             Dry  u   
                        Wet Bulb             WB                                        

Wet Bulb                         ႔        (evaporation)                                    
                       Wet Bulb             Dry Bulb                                     Wet Bulb 
                             ႔     (amount of moisture)                
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             ႔    (water vapor)                                (                   )      ႔         

(evaporation)                                   cooling effect)       Dry Bulb                
Wet  u      ႔                                           

 
                                                 u                               u   

            a  a a     a u a                        

  
၂-၁၆ Dry Bulb                    ၂-၁  Dry Bulb                

               (sloping lines)    W     u                              W     u            
                                                    

Dry Bulb                    u               ႔                  Wet Bulb Depression     
        Wet Bulb depression              Dry Bulb                    u                          
 u                Dry Bulb                    u                                      a u a    
a             

                                                                  

                                     ႔              Dry Bulb              ၃ )   ဂ   
celsius (37°C)          Wet Bulb              ၃၁)   ဂ   c    u              ႔                    
                            ႔              Dry Bulb               ၃ )  ဂ   celsius     C)         
Wet Bulb             (၃၃)  ဂ   celsius (33°C)           Dry Bulb                                
Wet Bulb                             

                                          ႔                                    
                                                                                              
                                                 ႔    (water vapor)                   
                                                                       (high humidity)       

  Dry Bulb             Wet Bulb                           )                    
     ႔      a     ap  )                   ၁၀၀ )                    ႔၌   Dry Bulb                
     u              ႔            Dry Bulb                  u                               ) 
              

  Dry Bulb          temperature)            u            temperature)    ႔  
                                humidity)                                               
(humidity)                                      humidity)          Dry Bulb                     u   
                            u      )                (၁၀၀ )          
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                                                (low humidity)                  ႔        
                                   ႔                                              
         energy)                                                                  ႔     
(water vapor)                                            

         °F              P               a                                          
P               a                    

  
၂-၁   76.5°F Wet Bulb        ၂-၁၉                   psychrometric 

                                         D                         WB                     
Cooling coil                leaving air)         D                          Humidity 

Ra          Specific E   a p              

  
    ၂-၂၀ 90°F DB                       
(intersection point)    WB 71.2°F     
       

    ၂-၂၁      D                   humidity ratio 55°  
      specific enthalpy        u      a            

၂.၅.၃ Dew Point          (Temperature) 
          (constant barometric pressure)                             ႔    (water 

vapor)      (liquid water)         ႔                                Dew Point Temperature     
                     ႔                             condensed water    ႔      dew           
Dew Point     wate -  -a    a u a        p  a u            Dew Point     Relative Humidity 
(RH)                    

 

 Relative Humidity    )         Dew Point                         (current air 
temperature)   ႔                   Relative Hu                      Dew Point              
           (current air temperature)   ႔                         
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100% RH                                            ႔(water vapor)                
                                                       (pressure)                 Dew Point 
                                                          ႔                                   

 

 
                                  ႔               
        Relative Humidity(RH)                                
80°F DB        100% Relative Humidity(RH)              
         100°F Dry Bulb       100% Relative Humidity (RH) 
                                   D    u         
                      D    u                     
     ႔                                 ၂-၂၂ Dew Point        

Dew Point                              (current air temperature)   ႔                   
                           ႔                                               ႔      
                condensation                          

 

  
    ၂-၂၃  Dew Point            ၂-၂  C      a             

Point A                              A(point A) ၌ Dry Bulb          25°C         saturated air 
         ဂ            ႔(water vapor content) 0.02016 kg                            
        

Point B          25°C ၌         a u a                     ႔(water vapor content) 
0.01008kg                          100% saturated air          ဂ               
                  ႔(water vapor content)                                  
             a u a                  

 Dew Point                    Wet Bulb                                   

Dew Point                        ႔(water vapor)                                 
                                       ႔        Dew Point                                    
                   condensation)                 
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   C                                            B    C    ႔                         (line 
BC)                  a u a                       C (point C)    ႔                        ႔ (water vapor 
content)                                       Dry Bulb                                         

Sa u a                      C (point C)   ႔                                        ႔(water 
vapor content)0.010 08 kg                                           ႔                   
                           Dry Bulb     14.2°C    ႔                             ႔ 14.2°C    ႔ 
                                              ႔        (water vapor content) 0.01008 kg     
                  14.2°C                         ႔                              

                14.2°C                                                 
0.01008kg         ႔                      ႔                    C (point C)    ႔                    
      B (original point B)    Dew Point                    Dew Point                ႔    ( a    
 ap  )                   ၁၀၀ )                     saturated a  )                    

  
    ၂-၂၅ Dew point            ၂-၂၆  C      a             

Dew point                            ႔                                            
          ႔                 c      a                   

 
                     ႔           ap  a    )                                              

          ႔                                               ႔                                            
         

 

C      a                               temperature)    Dew Point          
(temperature)          

Dry Bulb                     u              ႔                               D         
                                 D    u   ၊      u          D                    ႔              
                      a      u         )       %                                  
     ႔                                   
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    ၂-၂  D   p              

D                                              ႔                                
             ႔    (water vapor)                                                     
                            ႔    (water vapor)                                 

Dew Point                                                                          ၂-၁၂)     
                                               ႔                                                   
                                        Dew Point                    

 
  Dew Point             100% RH                                      (horizontal line) 
         Dew Point         ၊ Dry Bulb                Wet Bulb            ႔                              
       Saturated Air             

                                                                 

                  ႔       (saturated air)         ႔(water vapor)                        
                                         ႔      ႔                                                   
     ႔                                            ႔                               (fine 
droplet)                                                  Saturated Air                            
                           Saturated Air                                           
Dew Point T  p  a u            

    -                               Dry Bulb             80°F          Relative Humidity 
(RH)                                                  condensation)                        
                                        

Dew Point         (temperature)                ႔(moisture or water vapor)                 
                                          Dew Point         (temperature)          
     ႔(moisture or water vapor)        Dew Point         (temperature)              
                   condensation                     
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    -            condensation)                                                    Dew Point 
                             80°F Dry Bulb                           Relative Humidity(RH)           ႔  
            Psychrometric   a                  

( ) Dry Bulb                                                                             
            80°F Dry Bulb                (     D        )          

( )                                                           

(ဂ)      D                                ႔                              intersection Point)    
                                                  ႔           Dew Point                   
Dew Point                                            condensation)                         
                                        )                                               
(condensation)                                                                      Dew 
Point                                         

 
    ၂-၂  Dew Point          ၊ Dry Bulb                Web Bulb          

                       ႔              Wet Bulb                            Wet Bulb 
         67°F              (၂-၂ )                    

    ဂ            (Properties)          (Value) 
Dry Bulb(given) = 80°F  

RH %(given) = 50% 
Wet Bulb  = 67°F (chart            ) 

Dew Point = 59°F (chart            ) 

၂.၅.                            ၌ C      a                  

                   ႔                                                                
                                                                 Dew Point                 ႔ 
                             ႔(water vapor)                                          
(condensation)         ႔                    
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    ၂-၂၉ Condensation     ၂-၃၀ Relative Humidity 

 
Dew Point                                     ႔(water vapor)                       

(fully saturated)                                  Dew Point                                      
Dew Point                                                                  condensation)         
      

C      a                                                                            
                            ၊                             ႔                   (condensation)    
                            

 

 

     -                                 
                                            (Single-
  az         )              70°F DB          
                          D                      ၌ 
           condensation)                ႔                
     Relative Humidity (RH)                    

 
    ၂-၃၁ Dew point          

                                       70°F DB                  D           
                                    ႔                                                       
                   (condensation)                                 Dew point             30°F 
               Psychrometric   a           Dry Bulb 70°F       Dew point 30°F    ႔            
Relative Humidity(RH)              ၂၃%           

                                       D                 (   p  a u  )    
           )      condensati                                                        D   
Point          (   p  a u  )                )      c      a                   
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          (condensation)                 ႔                    RH            ၂၃           
           (double glazed window)                              RH%                                     
(condensation)                        

               RH     ၂၃%                                                        
           (condensation)                                                 ႔                

၂ ၅ ၅  u        a               

 u        a                  ၌                ႔     water vapor)                 
        ႔                        ႔       dry a  )                            

              ( )     
                   (        )

               (        )
   

 

၂.၅.၆ Relative Humidity            

  
    ၂-၃၂ Relative Humidity                ၂-၃၃ Relative Humidity            

Relative Humidity(RH)                                     ႔      saturation              
(percentage)              saturation             (percentage)    Dry Bulb                           
                Dry Bulb                a                saturation             (percentage)                
                                             Dry Bulb                                           
 a u a                              

 
                           ႔         (weight)                      absolute              

                      Relative Humidity(RH)                   ႔                      

    u        a                                   ႔(water vapor)                     
 u        a                                   ႔(water vapor)                        

                         Dry Bulb         ၌                    sa u a                                
100% saturation     sa u a                                                               sa u a             
                                                Dry Bulb         ၌ ေရေငြ႔ပမာဏ           
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                              Relative Humidity(RH)      a     ap             a   p   u       u  ) 
      saturation water vapor density                                                 

                  ( )   
(                    )

(                        )
 

 

                  ( )   
                               

                                                          
 

Relative Humidity (RH)     actual vapor p    u         saturation vapor pressure    ႔  
                

 
    ၂-၃                          apa    )                             content) 

           Capa                                                  ႔                    
                             

C                                             ႔                                
                              

• D    u                                                    D    u                            
                                                                       

•      u                                                    u                           
                                                                         
         

•                                                    ႔                  ႔      u              
             D    u                               

 
    -                 ႔                 (air tight container)                       တြင္ 
                     ႔                                                                   
   ႔                           ႔      ႔                       ႔                                         
Relative Humidity(RH)       Dry Bulb                                              ႔               

       D    u                        ႔    ( a     ap  )                                 
                   D    u                        ႔    (water vapor)                        
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    ၂-၃၅ Relative Humidity(RH)       Dry Bulb                    

20% Relative Humidity(RH) -    (၅)                Dry Bulb                                  
     ႔                                                                                  
                ၂၀       ႔    ( a     ap  )                                          ၀  
                                             

50% Relative Humidity(RH) -  (၁၁)                Dry Bulb                                
           ႔                                                                       ၅၀  
     ႔    (water vapor)                                                  ၅၀       
                                           ႔                    ႔                      
RH(%)   Dry Bulb                                     

100% Relative Humidity(RH) -      ( )                Dry Bulb                                   
     ႔                                                                          ၁၀၀  
     ႔    (water vapor)                                                               ႔     
(water vapor)                                       ႔                    ႔(water vapor)       
                       

 
    ၂-၃၆    C              ၁၀၀      C              ၅၂      C              ၂    
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                                     ႔    (water vapor)       u                  
         Relative Humidity(RH)            Relative Humidity(RH)                    (present 
temperature)                                            (present temperature)               
Relative Humidity (RH)                           

Relative Humidity(RH)               100% RH            saturation line                 
Saturated Air Unsaturated Air 

100 % Relative Humidity less than 100 % Relative Humidity(RH) 
100 % Relative humidity 80 % Relative humidity 50 % Relative humidity 

Dry Bulb 90°F Dry Bulb 80°F Dry Bulb 90°F 
Wet Bulb 90°F Wet Bulb 75°F Wet Bulb 75°F 
Dew Point 90°F Dew Point 73°F Dew Point 69°F 

              Relative Humidity(RH)          Dry Bulb       Wet Bulb             ႔  
                              Dry Bulb       Wet Bu                  Wet Bulb depression 
           

                                         

Relative Humidity(%)                               (                       )      ႔ 
                               ႔                                              80% 
Relative Humidity(RH)                                  ႔       ၀%                 
                  ၂၀%                                        

 

Wet Bulb                Dry Bulb             ႔                              ႔  (dryness of 
the air)                                    (Wet Bulb                Dry Bulb                   ) 
               ႔                                                                 (၁၀၀%)          
Wet Bulb                Dry Bulb             ႔                              ႔                    

                                      (saturated)        (100% saturation)     
     ႔ (water vapor)                                                ႔                              
          unsaturated (100 % saturation          )                  ႔(water vapor)    
                                        

 

                                 ႔                                  ႔       ႔           
                                                    100% Relative Humidity            
                            Saturated Air                          Dry Bulb         ၊ Wet 
Bulb                Dew Point             ႔            

Relative Humidity(percent)         Wet Bulb                Dew Point              Dry Bulb 
                             Relative Humidity (percent)         Wet Bulb depression 
            ႔                          ႔               
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   (a)           25°C Dry Bulb       50%RH 
                      25°C                   
  
   (b)                 25°C                     
                                                
25°C           ႔ sensible heat                 
(transfer)                   sensible heat 
                 (state)                        
                 latent heat         ႔       
                      ႔(water vapor)         ႔ 
                 

    ၂-၃        ႔        (evaporation)         

      ႔                  ႔        (evaporation)                     (liquid)           
     ႔ (water vapor)          ႔               latent heat                                  
              (phase change)                  latent heat            

၂.၅.                   (Specific Volume) 

  
    ၂-၃  C    a       a p                 ၂-၃၉ Constant specif      u              

Specific volume                    ႔       (dry air)                       
     (volume)                                 Specific volume   SI           m3              
         ႔      (dry air)                                     (volume)            (m3)      
                     Specific volume   IP           ft3                      ႔      (dry air) 
                                    (volume)         (ft3)                           

Specific volume                        ႔                                    Specific 
volume              constant enthalpy line                                   ႔                         
              ႔     specific volume                                                     
                

 

Psychrometric   a                          ႔         Dry Bulb        (       ) 
            ႔             ၌         specific volume               specific volume                  
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    -       (furnace)               ႔                  (combustion air)              80°F Dry 
Bulb                                    (specific volume)                                 
                 80°F Dry Bulb       23% RH    ႔          (intersection point)                   
              specific volume                             

  
    ၂- ၀ Specific volume            ၂- ၁ Specific volume        

၂.၅.                                   (Enthalpy)            

    a p                                                                          
            ဂ      ဂ   ၊           ဂ      ႔                                                         
                               ၊                 ႔                                              enthalpy 
                             

    a p                     a                                     (total energy)         
                   (total energy)     i     a                        Thermodynamic system  
                                        ႔                     (control volume)      
                      (gas turbine)                               (gas turbine)    
t        a                                              thermodynamic                
                                thermodynamic system                 

           En  a p            thermodynamic p      a           Thermodynamic p      a  
                          ႔                                                          
         ႔       dry air)                     enthalpy                a                ႔     
(water vapor)                     a p      latent heat    ႔      sensible heat                
               

             (liquid)            ႔        ႔                                         
     a p     f Vaporization                                    ႔        ႔                        
                  a p     f Vaporization of Water                                           
(melting solids)                ႔                                              a p     f  usion  
                

                       ႔                                         a p     f  usion of Ice  
         S                                   (heat content)        a p                 
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             chemical reaction)    ႔      p     a  p                                           
    a p                ΔH    ႔      Δ                         

  
    ၂- ၂ Enthalpy            ၂- ၃ Enthalpy        

 
Wet Bulb                 ၁၀၀  RH                               E   a p                   

Wet Bulb                                           a p             Unit)            
        ၊ S                            

  

    ၂-   Enthalpy            ၂- ၅ Relative Humidity (%)        

Dry Bulb       Wet Bu              Enthalpy                            

     -          30°C Dry Bulb                                                   (Enthalpy) 
                                       °C    ႔                                        
           (enthalpy)                        °C Dry Bulb                        
                            Enthalpy)                                               30°C Dry 
Bulb                              ဂ          °C Dry Bulb       65%RH    ႔            (75-58=)17 
      ႔                                           

     (        )34°F Dry Bulb           RH    ႔       ဂ               Psychrometric   a      
                             

C    a       a p                constant Wet Bu                                         
   ႔                                   scale (E   a p    a         Wet Bu     a  )                    
                                      )                                    ၂-  ) 
                                 a       a p               Wet Bulb                     



             ႔                                                                         Chapter-2 Understanding Psychrometrics 

2-25 

 

 
 
         
P               a           Dry Bulb 
                     C                   
(vertical line)                     

 

 
 
           
                                              
34°F Dry Bulb                             
                  (intersection point) 
                     

 

 
 
         
34°C Dry Bulb                          Relative 
Humidity(RH)                  (intersection 
p    )     Wet Bulb                             
                              Wet Bulb         
                    
 

 

 
          
Dry Bulb                           Relative 
Humidity(RH)  f             Dry Bulb 
      ၊ Wet Bulb       ၊ Relative Humidity (RH) 
             D                        
Psychrometric   a                     
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၂.၆ Sensible Heat               (Cooling       Heating) 

( )          ႔             (heat add)    ႔                       (heat remove)          
( )             (heat add)            Dry Bulb                                           

   a        )            Dry Bulb                     
(ဂ)                     ႔       (water vapor content)                                
(ဃ) Process     constant humidity                                                  ႔ 

       (heat add)                       ႔          sensible   a     p                
Enthalpy                               (heat remove)                       ႔ 
         sensible         p                    a p      ႔           

Parameters Sensible heating 
(heat ga                   ) 

Sensible cooling 
(heat loss                 ) 

Dry Bulb Temperature            (increases)              (decreases) 
Enthalpy            (increases)              (decreases) 
Humid Volume            (increases)              (decreases) 
Wet Bulb Temperature            (increases)              (decreases) 
Percentage Saturation              (decreases)            (increases) 
Moisture Content               (constant)               (constant) 
Dew Point Temperature               (constant)               (constant) 
Vapor Pressure               (constant)               (constant) 

၂.  Latent Heat                (Humidification       Dehumidification) 
                        ႔      ႔                     (water vapor addition)             Humidification  
                                             ႔                                          
 Humidification                                  ႔    (water vapor)        ႔            (remove) 
                  ႔            (dehumidification)                   

   
    ၂- ၆ Humidification       dehumidification     ၂-   Sensible heating       sensible cooling process 

      ႔        (process)                          (process)                         Cooling 
      d  u    f                cooling coil                            Cooling        u    f     
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           air washer                            Humidification     ႔ dehumidification         
         (concept)                         

     ႔(water vapor)            ႔                       humidification ratio           
Enthalpy                Latent heat                                             ႔    (water 
vapor)                  (removal)        humidification ratio                  Enthalpy 
                     Air conditioning process             ႔             dehumidification 
      ႔              humidification       ႔                        

  
    ၂-          (process)         ၂- ၉        (process)     

Sensible heat                       (process)                                               
                                                  sensible heat                (transfer)             
         ႔       (dry air)            ႔    (water vapor)                                             moist 
air                                     ႔                   ႔      (dry air)   sensible heat       
     ႔    (water vapor)  sensible heat                                      0.24 Ma x Δ      
         ႔      (dry air)   sensible heat   a             0.45 M  x Δ           ႔(water 
vapor)  sensible heat                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
Sensible heat                process                            IP                    

 (        )               (        )              (        )                 

 (        )  (                             )  (                                ) 

Q    = Sensible heat added to or removed from air (BTU/hr) 
Ma  = Mass of dry air = weight of air (lb/hr) 
Mw = Mass of water vapor = Weight of water vapor ( lb/hr) 
Δ    = t2-t1= temperature change in (°F) 

    -                              60°F Dry Bulb              90°F Dry Bulb    ႔           
                             a   )                                                (air flow rate) 
400 lb/hr                         (heater)  capacity           

  (moist air)   sensible heat                         ႔      (dry air)   sensible heat 
           ႔     (water vapor)   sensible heat                                 
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 (             )  (                        )  (                               ) 
 

  
    ၂-၅၀ Electric resistance heater     ၂-၅၁ Heating process 

              ႔ water vapor)                                                   
     ႔ water vapor)                                        sensible heat              
                                         

Qs = 0.24 x 400 x (90-60) 
     = 2880 Btu/hr 

                  (electric heater)               kilowatts(kW)                           ႔        
Capacity = 2880 Btu/hr x 1 kW/3410 Btu/hr = 0.84 kW 
 
     -                          (heater)         ႔               RH                   
     ႔ water vapor)   sensible heat                                    (error)                        
Psychrometric chart    60°F Dry Bulb     ႔ 65%RH    ႔         humidity ratio                    a 
         

Mw = 0.0072 lbw/lb d.a  x 400 lb air/hr = 2.9 lbw/hr 
   ႔        water vapor           a p                (change)             x Δ           

 (             )  (                        )  (                                ) 

Qs = 0.24 x 400 x (90-60) + 0.45 x 2.9 x (90-60) 
     = 2880 + 39   = 2919 Btu/hr 

   ႔                                            ,      u                  ႔ water 
vapor)   enthalpy change                           ၁%    ႔                    ႔             ႔ 
(water vapor)    Q(sensible)                                            

                        (heater)          ႔                     (volume flow rate) 400 lb/hr 
    C M                  

Psychrometric c a                     60°F Dry Bulb       65% RH    ႔          
(intersection point)   specific volume              13.25 ft/lb       
CFM    ႔                  CFM  = 400 lb/hr x 1hr/ 60 min x 13.25 ft3/lb   = 88.3 CFM 
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       ႔(gas)                specific volume                ႔(gas)          (temperature) 
    ႔      (pressure)                        ႔             (entering air)  CFM              
(leaving air)   CFM             

Leaving air specific volume     14.0 ft3      a          
Leaving air flow rate (CFM) = 400 lb/hr x 1hr/60min x 14.0 ft3/lb = 93.3 CFM 

 
                      ႔  CFM                   air con equipment                     

                                    ႔        C M                                     (pressure)    ႔    
                           ႔                                                             ၊ 
                                            ႔                      (manufacturer)    standard 
air condition   CFM                   

 S a  a       Condition            Specific volume of 13.3 ft3/lb da               
Density 0.75 lb/ ft3 da)                         ˚  Dry Bulb                             

      ႔     Air con    ဂ                                          

   (      )                 (  )(       ) 
   (    )                         (  )(       ) 

                                                                                   
CFM                                                   
    - cooling coil          sensible cooling capacity 50,000 Btu/hr                      cooling 
coil          ႔            ˚  Dry Bulb            2000 CFM                        ႔         
cooling coil                                           ˚  Dry Bulb               coil   
              (performance)                                                   

     - cooling coil        sensible cooling p  f   a          ၊            sensible cooling 
                                     

   (      )                 (  ) 
   (  )    

 

         
 

   
    

          
  

                                  

Cooling coil   sensible performance                                         
      (leaving air)                ˚  Dry Bulb                    

           ႔        (evaporation)                                    latent heat of 
vaporization                   u                                                      
           ႔        (evaporation)    ႔          ႔        (vaporization)                       

Law of conservation of mass         (entering air)                      
(leaving air)                              ႔            (leaving air) CFM           
(entering air)  CFM                                    mass flow rate             
volume metric flow rate                          
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1055 Btu/lb             
              (      )             (   ’     ’ ) 
              (    )                 (   ’     ’ ) 

        QL= Latent heat change (Btu/hr or watt) 
        W2’ – W1’ =  u   ity ratio change (gr w/ lb dry air) 

၂.  Sensible       Latent Process                                      
Air conditioning system                     process     ၌ sensible heat       latent heat 

                                                      
Cooling       dehumidification        (process)    sensible heat                 (cooling) 

      latent heat                 (dehumidification)                               (process)              
              (heat)    total heat           Air side                                   

IP                      
QTotal = Q Sensible + Q Latent  
QS(Btu/hr)    = 1.1 x CFM x (t2-t1) 
QL(Btu/hr)    = 0.68 x CFM x (W2 – W1) 
QTotal(Btu/hr) = 4.5 x CFM x (h2-h1) 

SI                      
QTotal = Q Sensible + Q Latent  
QS (watt)  = 1.232 x L/s x (t2-t1) 
QL(watt)   = 3012 x L/s x (W2 – W1) 
QTotal(watt)= 1.2 x L/s x (h2-h1) 

Q = Sensible heat (Q S) ၊  Latent heat (Q L) ၊ Total heat (QTotal) 
 CFM    ႔      L/s   = Volume flow rate of air being process. 
 h2-h1 Δ ) = Enthalpy change (Btu/lb °F)    ႔      (kJ/kg K) 

 t2-t1 (Δ ) = Temperature c a    ˚C)    ႔        ˚ ) 
 w2 – w1(Δ ) = Humidity ratio change (lbw/lb d.a)    ႔      (kg/kg d.a) 

     

 

 
Air Handling Unit(AHU)                  (air flow 
rate)      ,    C M                   
  (return air)      ˚  Dry Bulb              
                       (supply air)   
              ˚  Dry Bulb         ˚               

    ၂-၅၂ Cooling process  

           ႔            
(၁) Sensible cooling capacity 
(၂) Latent cooling capacity 
(၃)  Total cooling capacity       
( ) The amount of moisture condensed (or) removed. 

     - 
         (      )                 (  ) 

           = 1.1 x 20,000 x 18 
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       = 396,000 Btu/hr 
Psychrometric chart      W1       W2              W2 – W1 =82-75 = 7.0 gr w/lb da 

                        (       ) 

           = 0.68 x 20,000 x 7.0 
           = 95,000 Btu/hr 

                                   (total heat removed) 
                                             

                                      396,000     + 95,000    =  491,000 Btu/hr 

Total heat     Enthalpy              ? 

                      (     )   

h1       h2     psychrometric chart                                                           

                 cooling capacity     Refrigeration Ton   )                                    

 1 Refrigeration Ton = 12,000 Btu/hr = 3.517 kWthermal 

                  
     

             
        

                  ႔        cooling coil            fin                             c      a     
             
    c      a                                         

  
      (     )

    
   

        

    
          

                              (၉၀)    condensate water                                  
   ႔        condensate pipe    ႔      drain pipe                            (size)             
                                                                    celsius    ႔            CFM     
L/s    ႔                              

 

    (SI unit) 
                             
            25°C Dry Bulb       20°C 
Wet Bulb                      
ဂ            (properties)             
 
     -  
    (၂-၅၃)     p               a   
                                      

    ၂-၅၃  

( ) 25°C Dry Bulb              C                                                      25°C 
D    u                             dotted vertical l             
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( ) 20°C Wet Bu             20°C          Wet Bu                                   
               20°C Wet Bu                             dotted s  pp                    

(ဂ)  25°C Dry Bulb              20°C Wet Bu            ႔                             intersection 
point)                        ဂ            (properties)                   

                                     Property        Value 
Dry Bulb temperature = 25°C (given) 
Wet Bulb temperature = 20°C (given) 
Relative Humidity(RH) = 63% 

Enthalpy  = 57.5 kJ/kg of dry air 
Humidity Ratio by Mass = 12.6 g/kg dry air 

Specific Volume of Air  = 0.86 meter cube/kg of dry air 
Dew Point temperature = 17.6°C 

      (SI unit) 

                a                                                   a               
ဂ            (air properties)                                     
   p       a                       D                                                  
        Entering Air T  p  a u                  
L       Leaving Air T  p  a u                   

 

            50°C Dry Bulb       
                
 
            18°C Dry Bulb       
                  
 
                         ႔      

ဂ            properties of air)     

       

    ၂-၅   
Blue Line = Cooling Process 
Yellow Line = EAT Dry Bulb temperature 
Red Line = EAT Wet Bulb temperature 
Green Line = EAT Enthalpy 
Black Line = LAT Dry Bulb temperature 
Brown Line = LAT Enthalpy 
Grey Line = EAT Humidity Ratio(Same as LAT on sensible cooling) 
Purple Line = LAT Humidity Ratio 
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    ၂-၅၅                 design condition p    )       final condition p                      

Outside Conditions(EAT): 
Entering Air 

 

Final Conditions(LAT):leaving air 

CFM = 2000 
Dry Bulb = 90°F 
Wet Bulb = 75°F 

CFM = 2000(Same) 
Dry Bulb = 75°F 
Wet Bulb = 70.5°F 

      90°F Dry Bulb ၊                    C M         outside air)      75°F Dry Bulb       70.5°F 
WB                 design condition)   ႔            sensible                           
( )          Dry Bulb                                      z   a  ax  )                      

               Dry Bulb                                                   
( ) Design Web  u                                               u                        

                
(ဂ)                                                           90°F D    u   ၊           u    

        outside air)         p    )                        p                    
(ဃ)     p                                    ႔                                         u       

 a                        u        a                            right vertical axis)               
                ၌           u        a                              

( )              p                                           a p                                          
                                  a p                     u             

( )                            p                            horizontal line)    sensible         
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                                                horizontal line)                 sensible 
                   a                      

                (leaving air condition)        LAT           Dry Bulb =                
 u   =                              p           ႔      locate)       
L         a p                           (brown line)                            u             
L      u        a                              purple line)                                    

Air c      ဂ                                      (running) Fan Coil Unit(FCU) 
   ႔      Air Handling Unit (AHU)                        performance)                  
                               AHU    ႔      FCU                 performance)                  
air s                                a                               DX (Direct Expansion)       
      ၊ chilled water u           ၊                   air side                            
    (S       ) 

 
    ၂-၅၆  a  C           C )                      performance) 

                               return air)       On-Coil condition    ႔               
                                            outdoor air)        a )                 
        outdoor air)                    Supply air       Off-coil Condition    ႔            
                         performance)                                           
     data)                 

(၁)           return a     ဂ        property)                           Dry Bulb          
   ႔      Wet Bulb             ႔      RH           Dry Bulb                Wet Bulb 
                                    ဂ        property)                       sling 
t                                            

(၂)                  supply air)  ဂ        property)                           
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(၃)            air flow rate)                  S                                formula)    
Liter per S                                                            flow rate)    Cube 
Feet per Minute (CFM)         

               a              apa           total cooling capa        ႔                            

                                     
    ၂-၅၆)                       before point (point 1)          ဂ            entering  

air properties)                After point (point 2)            ဂ            leaving air 
properties)                 
Before Point (Point 1) 
      ဂ            entering air properties) 

After Point (Point 2) 
       ဂ            leaving air properties) 

Point 1 Enthalpy = h1(kJ/kg) Point 2 Enthalpy = h1(kJ/kg) 
Point 1 Dry Bulb Temp = t1(°C) Point 2 Dry Bulb Temp = t1(°C) 
Point 1 humidity ratio = w1(kg/kg d.a) Point 2 humidity ratio = w1(kg/kg d.a) 

. 

FCU                   da a       C                    da a      
On Coil Condition(point 1)= Return Air 
18,000 CMH ၊   °C Dry Bulb         °C Web 
Bulb 

Off Coil Condition(point 2)= Supply Air 
18,000 CMH ၊ 13°C D    u             °C Wet 
Bulb 

Psychrometric chart                da a      
Enthalpy (h1)= 53.9 kJ/kg 

                a                  da a 
     Enthalpy (h2)= 36.1 kJ/kg 

Psychrometric c a         
       On-coil h1 (Point 1) = 53.9 kJ/kg                      Off-coil h2 (Point 1) = 36.1 kJ/kg 
18,000 CM                          
Liter per Second = (18,000 CMH x 1,000 )/ 3600 = 5000 L/s  

       (    )                          (     )   

 = 5,000 X 1.2 x (53.9 – 36.1) 
 = 106,800 Watts 
 = 106.8 kW (106.8/3.517) 
 = 30.37RT 

          (    )                            (     )  

 = 5,000 X 1.2 x (26 – 13) 
 = 80,080 Watts 
 = 80.1 kW (80.1/3.517= 22.77RT) 

    (S       )-                                        data)                                 
Return air = 26.7°C Dry Bulb       19.5°C Wet Bulb 

Supply air = 13.4°C Dry Bulb       13.03°C Wet Bulb 
Return Air Flow Rate = 6,856 CMH = 1904 L/s 

        a a        sensible cooling capa     ၊ latent cooling capa           total cooling capacity 
   ႔           
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C a           return air p               (locate)     
( )    u   a          C DB            C             ႔         (intersection p    )           

                     
 RH = 51.26(%) ၊ h(enthalpy) = 55.4 kJ/kg 

 W= 0.01122 kg of water/kg of dry air 

( ) Supp   a          C DB             C             ႔         (intersection point)           
                     

    =        ) ၊ h(enthalpy)=36.71 kJ/kg 

 W= 0.00919 kg of water/kg of dry air 

C a                                             f  a                         ဂ        
     air properties)                                                                           
          
http://www.sugartech.co.za/psychro/index.php                      
                
(၁)                                   S           ႔                                                 
(၂)                                        pa a                                     Dry Bulb 

                                                    Calculate  u                ၊ 
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(၁) Return air = 26.7°C Dry Bulb       19.5°C WB 
(၂) Return air RH = 51.26(%),  h (enthalpy)=  55.4   kJ/kg 
(၃) Return air W = 0.01122 kg of water / kg of dry air 
(၁) Supply air = 13.4°C Dry Bulb       13.03°C WB 
(၂) Supply air RH = 96.00  (%),  h(enthalpy)=36.71 kJ/kg 
(၃) Supply air W = 0.00919 kg of water / kg of dry air 

Total Cooling(watts) = 1.2 x Liter per Sec x (h1 - h2) 
= 1.2 x 3236 x(55.4 - 36.71) 
= 72,4577 Watt = 20.63 RT  

Sensible Cooling(watts) = 1.232 x Liter per Sec x ( t1 - t2) 
= 1.232 x 3236 x(26.7-13.4) 
=51,414 Watt = 51.41 kW / 3.517 = 14.61 RT  

Latent Cooling(watts)  = 3012 x Liter per Sec x (w1 - w2) 
= 3012 x 3236 x(0.01122-0.00919)= 19,878 watt  

                                                        Yor    a                 
         technical r p                         p   f  a                                AHU cooling coil 
specificat                                                                      
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၂.၉ Air Mixing Process     
Air conditioning process                                         (air mixing process)     

          Air mixing process                                                               
                                                           (outdoor air)      return air    ႔ 
              supply air                         Conservation of energy                                
    sensible heat         (content)   ႔               

 
    ၂-၅   FCU               x   a              

          (        )  (        ) 

    
(        )  (        )

  

  

 

  
    ၂-၅      ၂-၅၉ 

 

m      a   f     a                mass 
flow rate     volume flow rate(CFM    ႔      
CMH)                                        
                               

    ၂-၆၀  

၂.၁၀ Determining Supply Air Condition 
                                                                        ႔                 
                                                                                  ႔          
         (heat)                                                           ႔          
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                         းအတြင္း၌               (heat gain)             Cooling load 
   ႔      heat load           Cooling load     cooling             equipment           
                   Heat load                                  (heat gain)             
                        Room Sensible Cooling Load (RSCL)       Room Latent Cooling Load(RLCL) 
                                            

 
    ၂-၆၁( )               ႔    (heat)                   

                   (    )                        (    )                     (    ) 

 

      ႔                                     
                    (low temperature air)     
RH(%)          supply air               
                         ႔   ႔                     
             (heat extraction)                
        

    ၂-၆၁( )    (heat)                   
     - Air con             sensible cooling load       ,      u            latent cooling load 
      ,      u                        78°F Dry Bulb       50% RH                             
                                              (air flow rate)         C M           supply 
air   Dry Bulb       Wet Bulb            
Dry Bulb                         sensible cooling load equation                

                      (      )                (     )  

       
    

          
  

      

          
       

Supply air         (temperature)       tS  = 78 - 25 = 53°F 

Humidity ratio                 latent cooling load equation                
        (      )                            (    )                 (       )   
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Chart    WR                        WR = 71 gr w/lb d.a           
Supply air   humidity ratio     

WS = 71 - 16 = 55 gr w/lb d.a 
CFM    ႔      CMH                                             Supply a      u   f    

 a                         supply air   Dry Bulb ၊ RH (%)    ႔      Wet Bulb    ႔        
                                        

     - CFM                                      CFM                               supply air condition 
   ႔             

Point Supply Air Flow (CFM) 
Supply Air Condition 

(°F Dry Bulb) W( gr w / lb d.a) 
1 2000 53 55 
1A 2500 58 60 
1B 3200 62.4 62.6 
R  78 50% 

 

 

       Point 1 ၊ 1A       1B    ႔    Psychrometric 
  a                                         (points) 
          ႔                                 
                               (condition)               
        (satisfied)     supply air   ဂ            
(properties)                
 

Point R = 78°F Dry Bulb       50% RH     ၂-၆၂ 

                                                       (points)                          
                                                            Sensible Heat Ratio (SHR)           
        

                Psychrometric c a           RSHR                        
( ) Room condition (                                  Dry Bulb    ႔      Wet Bulb 

   ႔      %RH    ႔         ) 

( ) RSHR                  ႔      RSHR slop    ႔      Sensible Heat Factor(SHF)    ႔            

    RSHR slop           room c                              RSHR                  

Supply air condition                                                          supply air 
condition     RSHR                                       Sensible Heat Ratio (SHR)    ႔      
Room Sensible Heat Ratio (RSHR)           sensible heat       latent heat                

                        (    )   
                          (    )

                       (    )
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    ၂-၆၃     ၂-၆  

                 (condition)            (satisfied)             supply condition 
(CFM ၊ Dry Bulb ၊ %RH ၊ WB)          SHR                                     
RSHR                                             room design condition                  Room 
Sensible Heat Ratio (RSHR) slope           RSHR                 

     -      ဂ                 sensible cooling load       ,      u             latent 
cooling load       ,      u                         77°F Dry Bulb       75%RH             
                  RSHR Line     Psychrometric   a                      

      ႔ c a           RSHR                                                  
(၁) RSHR                      (equation)              

      
    

    
  

      

             
      

(၂)    (၂-၆၃)                          c a           SHR                   0.75 slope           
        (locate)        SHR             Guide Point          Guide Point     80°F 
Dry Bulb                      Guide point       SHR 0.75             guide line               

(၃)  Room condition point             guide point                                                         
RSHR                 

    RSHR                               (definition)                                                  
 (၁)     RSHR            room condition point                  

 (၂)     RSHR           SHR slop         0.75         slop                              

                       supply air condition                                          supply 
air condition point                RSHR                                                
RSHR                              supply air condition               RSHR           room 
condition   RSHR                                          RSHR               air conditioning 
equipment                                             Equipment                     RSHR 
                             

    -            ႔     ႔                                                    
                         (sticky)                           ႔                  ဂ           
                                      temperature setting                         ႔                
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(customer)                                                           ႔                
(customer)                                                                    ဂ             
                                                 (data)                
 RSCL = 150,000 Btu/hr                                RLCL = 53,000 Btu/hr 
 Room design condition = 78°F Dry Bulb       50%RH 
 Design supply air = 62°F Dry Bulb 
 Supply air condition (measured) = 61°F DB       59°F WB  
     -    (၂-၆၅)                    
( )                 supply air condition     61°F DB                        
( ) RSHR equation     RSHR                           

      
    

    
  

       

       
      

(ဂ)  Guide Point                   slope         0.74                             RSHR              
                                      (design condition)         78°F Dry Bulb       50%RH 
point                 RSHR                  

(ဃ) Supply air condition point     c a                        RSHR                              
              ႔      

    ႔                      air condition unit                                 (relative 
humiday)          (satisfied)                           ႔       

 

62°F Dry Bulb                     thermostat setting 
    adjust                                       
                humidity level                     
Air condition unit               latent heat     
                                                  
supply air condition point     RSHR               
                                           
                  

    ၂-၆၅  Sensible heat ratio line  
      ႔            ႔                     - 
( )        SHR                   cooling coil                      
( ) Refrigerant temperature                                            

(ဂ)                            (outdoor air)                                      
                  ႔           

                             p              a           graphical                        
(analysis)                                      

၂.၁၁ Coil Process            
  Cooling       dehumidification             coil                        cooling coil    
        Cooling coil          ႔                      (entering  air)           cooling coil     
                         (leaving air)            
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     ၂-၆၆           supply air condition                sensible cooling       latent cooling          

                a                (entering  air)   condition point              (leaving 
air)  condition point                               Coil Process Line            Cooling coil 
             (capacity)               coil                      sensible heat ၊ latent heat       total 
heat    ႔             Coil                (capacity)              a             

                (coil process line direction)    coil   configuration ၊ air velocity       
refrigerant    ႔      chilled water                             C                      
                                  curve                                                  Coil 
  process line                            a         )          ႔       u          ၊             
(entering  air point)                  (leaving air point)   ႔   condition                         

  
    ၂-၆  EST Point     ၂-၆ ( ) Cooling coil process 

 
    ၂-၆ ( ) Cooling coil process 

         Coil process line           ႔                  
(straight line)                       cooling coil 
                   ၊ cooling coil                   
   (performance)                                       
               u            )                  coil   
process line                     a         )          
                    

     - Cooling coil                      24,000 CFM 
             (entering air)             86 °F DB       
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       (leaving air)  condition     59 °F Dry Bulb       56°F Wet Bulb               cooling coil 
               (capacity)            

 

Entering Air Point = Point 2 
Leaving Air point  = Point 1 

Qsensible    = 1.1x CFM x (t2 - t1) 
                          = 1.1 x 24,000 x (68-59) 
                          = 734,000 Btu/hr 

Qlatent           = 0.68 x CFM x (w2 - w1) 
                          = 670,000 Btu/hr 
             Qtotal          = 734,000 + 670,000 
                          = 1,404,000 Btu/hr 
                          = 117 tons 

    ၂-၆၉  
Enthalpy(h)              total capacity                             
                Qtotal = 4.5 x CFM x (h1 - h2) 
   = 4.5 x 24,000 x (36.8 - 23.8) = 1,404,000 Btu/hr 
                                                (unit)           

IP                 SI                 

Qs (Btu/h)     = 1.1 x CFM x (t2 - t1)°F Qs (watt)     = 1.232 x L/s x (t2 - t1)°C 

QL (Btu/h)     = 0.68 x CFM x (W2 - W1) QL (watt)     = 3012 x L/s x (W2 - W1) 

QTotal (Btu/h) = 4.5 x CFM x (h2 - h1) QTotal (watt) = 1.2 x L/s x (h2 - h1) 

၂.၁၂ Psychrometric Analysis      
                                                        supply air condition       cooling 
coil capacity    ႔                    

(၁) Room sensible and latent heat gain (heat load calculation                 ) 

(၂) Outside and inside design condition  (                              Weather data    
             ) 

(၃) Ventilation(outside air) requirement(                                                       ) 

( ) Supply air   CFM    ႔      Dry Bulb    ႔          

                                  ၊            (application)           supply air CFM       Dry 
Bulb    ႔                                     application               ႔           (limitation) 
           Supply air CFM                 duct          (size)               Duct 
         (size)                                                   ႔        staleness    ႔      
draft                               (discomfort)                                  ၊               
              CFM                         ႔                    ASHRAE ၊SMACNA ၊ ANSI       AISI 
   data     ၊            (recommendation)                                   
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                                               data           air conditioning system       
                     
            RSCL        ,      u            RLCL        ,      u                          
(outdoor) design condition     94°F Dry Bulb       75°F Wet Bulb                         
(indoor) design condition     78°F Dry Bulb                        

       ( utside air)                  C M          Supply air                      (temperature 
difference)                             ႔           
( ) Supply air CFM 

( ) Supply air conditioning 

(ဂ) Conditioning entering cooling coil 

(ဃ) Cooling coil sensible ၊ latent and total load 

Psychrometric                         (problem)                                           
schematic diagram                                                                      
                  ၊        (analyze)                              (      p a      )               

 
 

    ၂- ၀ Schematic diagram            Psychrometrics   a           line                   

              ႔        (outside air)                                         exhaust air     
                               ႔     exhaust air             ႔ duct                       

( ) RSCL = 1.1 x CFM3 x (t4-t3) 

      
    

   (     )
 

       

     (  )
            

( ) Dry Bulb3 =78 - 20 = 58°F          supply air condition                 RSHR             a   
                                       slope             

      
    

    
  

       

       
      

(ဂ) RSHR              58°F Dry Bulb          ႔                              supply air condition      
            
Point 3   WB                      

(ဃ) Cooling coil            ႔            (entering air)    return air              (outside 
air)   ႔              m x   a             
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Mixed air                
            (           )  (           ) 

    
(           )  (           )

    

        

Mixing line point 1    point 7                                                  81.2°F Dry Bulb 
            p                Point 2     cooling coil          ႔            (entering  
air)         (condition)          WB2      67.2°F          

( ) Point 2          (entering air)   p              point 3            (leaving air)  p      
             ႔        point 2       point 3              coil process                    
Coil sensible load      
                                    Qs  = 1.1 x CFM 2 x  (Dry Bulb2 – Dry Bulb3 ) 
          = 1.1 x 33,640 X ( 81.2-58) 
          =  858,500 Btu /hr   
Coil latent load     
                         QL   = 0.68 x CFM2 x (W2 – W3) 
                                 = 0.68 x 233,640 x (77.5-65.0) 
           = 286,000  Btu/hr  
Total cooling load  
               Qt  =  Qs + QL =  1,145,000  Btu/ hr  

                    =  95.4 Refrigeration Ton (RT) 
                                                           (၂- ၀)                           
QS(Coil sensible load)    hx    h3             (horizontal distance)           

 QS=  4.5 x CFM x ( hx – h3 ) 
     =  4.5 x 33,640( 29.8-24.1) 
     =  862,900 Btu/hr   

QL(Coil latent load)    h2    hx             (vertical distance)          
                                  QL = 4.5 x CFM x (h2 – hx) 

               = 4.5 x 33,640 x (31.7-29.8) 
               =  287,600 Btu/hr 

Qt(Total cooling load)    h2    h3             (distance)          
           Qt  =  4.5 x CFM x (h2 – h3) 
                =   4.5 X 33,640 x (31.7-24.1) 
                =   1,150,000  Btu/hr  =  95.4 RT 

RSHR        ၊ mixing air              coil process          ႔                                            
       ႔                 

                     cooling coil    load     room heat load                                
coil     room air                           (outside air heat)                           
                 (outside air)              (heat)                (remove)                  
load                               cooling load    ႔      outside air load            
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                                  u      a  )                   cooling load            
QTotal(Outside Air) = 4.5 x CFMOA x (h1 - h5) 
               = 4.5 x 6730 x (38.6 – 30.1) 
               = 257,400 Btu/hr 

Cooling coil                      total cooling load                   ႔              
                   (room load)၊                                                                
   ႔                                                          (outside air load)    ႔   
                             

RSCL   = 740,000 Btu/hr  
RLCL   = 150,000 
QTotal(OA) = 257,400 
Coil Load  = 1,147,000 Btu/hr 

၂.၁၃ Contact Factor (CF)၊ Bypass Factor (BF)      Effective Surface Temperature (EST).  

Contact Factor(CF)           cooling coil                       (surface)           
                                     Bypass Factor(BF)          cooling coil   
           (surface)                                                 

              (  )                 (  )     

 Effective Surface Temperature(EST)          cooling coil                   (average 
temperature)               Cooling coil     fin                       coil                  
                Cooling coil                                                         

Mixed air            cooling coil                        (surface)                 
          CF            (၁.၀)             ႔      cooling coil                     mix air 
            Effective Surface Temperature(EST)                            EST     Dew 
Point                                  (leaving air)    saturated air                       
             ႔(moisture)    cooling coil                                    Dry Bulb          
                             ႔                           cooling surface           
      ႔                         (      ႔                          CF             (၁.၀) 
             ) 
              coil              (surface)                    ႔                       cooling 
coil                  Bypass Factor(BF)                    ႔               (leaving air)    saturated 
air               Cooling surface     b pa                       (leaving air)          
cooling coil   tube          (size)၊ fin                                         (fin 
spacing)၊ air face velocity       arrangement of rows    ႔                     

 CF            coil process                          coil process         EST     
                 ႔                                                      

    (၂- ၂)                          
  

 
          Coil EST     coil process              100% RH 

       (saturated line)    ႔          (intersection point)          
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Contact Factor(CF)             c a           ဂ       (graphical method)                     
      ႔                          (entering  air temperature)၊               (leaving air 
temperature) ၊ coil process              Effective Surface Temperature(EST)    ႔             
           

 
 

    ၂- ၁ Cooling Process line (CF=1)     ၂- ၂  Determining CF for a cooling coil 
            CF             (temperature)                           

    
 

 
 

       

       
 

 Dry Bulb1 = Dry Bulb temperature of air entering to the cooling coil (˚ ) 
Dry Bulb2 = Dry Bulb temperature of air leaving to the cooling coil (˚ ) 
EST = Effective Surface temperature of coil (˚ ) 

     - Cooling coil                     ˚  DB       69˚                 (entering  air)  
condition     56˚  DB       54˚           (leaving air) condition    ႔                             
Effective Surface Temperature (EST) ၊ Contact Factor (CF)       Bypass Factor (BF)    ႔            

( ) C a                (entering  air)    point 1             (leaving air)    point 2        
            coil process                  

( ) Coil process            saturated           ႔      100% RH          ႔               ႔          

(ဂ) Contact Factor(CF)              (e ua    )                        

    
 

 
 

       

       
  

     

     
      

   ႔        Bypass Factor(BF)     BF = 1 - CF = 1 - 0.83 = 0.17                          
        ၁ %     coil     fin                                          

Coil                   coil selection          CF ၊ BF       EST                       
               C                                     -၃ (Chapter-3)                    

            (steep) coil process           100% RH       (saturated line)        
                                      steep coil process                                  cooling coil 
          ႔                                                     ႔             r   a                    
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၂.၁  Reheat           

 Cooling coil                      (leaving air)                 ႔            (supply 
        )            (heating)     reheat                       

  Hot water coil ၊ steam coil    ႔      electric heater    ႔              r   a                   
    a                                 Reheat Coil (RHC)                   

 
 

    ၂- ၃  Reheat coil                          (satisfactory) supply air condition             

          supply air condition                   r   a                        
(၁) Room Latent Cooling Load(RLCL)           Room Total Cooling Load(RTCL)         

                         (steep) RSHR                  saturation line                    
                    reheat                    

(၂) Cooling coil          ႔                                  100% outside air           
              ၊ humidity l                                  ႔                   (steep) 
RSHR                                         reheat                                      
                       (industrial application)                        RH(%)               
      

                           cooling coil    ႔                  capacity         cooling coil     
dehumidification                                      ႔                                 supply air 
                                                         reheat                       ႔             
            comfort air conditioning               a                                 

၂.၁၅ Fan               (Heat)             a    a   a      )              

Supply air fan       return air fan    ႔                                                 a  
 a  )                         heat gain     cooling coil   total cooling capacity       
                               Psychrometric analysis                                         

 a                  (power)         ၊ fan                 heat gain          
            ႔                         fan           fan heat gain                           
            a    a   a                                               (1°F)               
Psychrometric analysis                                        
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    ၂-        Draw-through supply air fan   heat gain effect (point 7    point 1) 

 Air Handling Unit (AHU)         Draw-through       Blow-through                          
Draw-through            Air Handling Unit      fan     cooling coil           (down 
steam)                                fan     cooling coil                      

Fan heat gain         cooling coil                                                     
              ႔     AHU            FHG     Psychrometric analysis                            
            
 Blow-through            Air Handling Unit (AHU)         fan     cooling coil   
       (up steam)                                fan           cooling coil      ႔ 
                   ႔        cooling coil     FHG                     cooling load     
                
      

16°C Dry Bulb                      34°C Dry Bulb             ႔                a    
  a                                                               68 k               heat input 
      hot water mass flow            Hot water coil          ႔                  (entering hot 
water)                C                         (leaving hot water)                C          
                 (indoor air)  specific heat capacity     1.02                        

 
                 ( )               

                                                                                        (       )            
 

                         (        )                      (        ) 
 

                         (        )               
 

                               
     

        (       )
               

     -                                        500 kW          (heating)            Heater 
coil    ႔                                19°C Dry Bulb                                            
heater                           (air supply temperature)            

                ( )                           (      )          
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                       ( )        
   

          
                

၂.၁၆ Water Spray into Air Steam (Adiabatic Saturation) 
Saturated              airstream      ႔                           a     p a                 ) 

             ႔        (evaporation)                        ႔        (evaporation)                    
latent heat                                                  (sensible heat loss)                  ႔ 
sensible heat              (loss)            Dry Bulb                                         
               ႔            ႔             (heat adding)    ႔                    (heat 
removing)                        Enthalpy                                              
psychometric chart                               

 

         21°C Dry Bulb       50% 
saturation                    
(airstream)     ႔                         
(spray)                               
    (mixture)            ultimate 
condition    ႔                       
             (heat adding)    ႔      
              (heat removal)          
           enthalpy                    
                           ၂- ၅ Water spray into air steam 

 
    ၂- ၆ Water Spray into Air Steam 

   ႔        p              a                          process            constant enthalpy 
(41.08 kJ/kg)                                                         (sensible heat loss)    
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                     a       a   a  )                               sensible heat     latent heat 
                                      

                 (mixture)    saturation           ႔                           
     ႔           ap  a    )                                        enthalpy                 
                         enthalpy                                     

                               (final condition)    14.6°C Dry Bulb ၊ 14.6°C Wet Bulb၊ 
14.6°C Dew Point ၊       a u a             Ultimate condition                                
      ႔                                  saturation point                                (၂- ၆) 
                    (point C)               
 AC/AB           spray system   effectiveness            

Adiabatic (constant enthalpy)        AC     constant Wet Bulb                              
           0.2K    ႔      (error)                 ႔     constant  Wet Bulb                        
                                     ႔      (dry air)            ႔(water vapor)   ႔  mixture 
                 Gas mixture                               

၂.၁                     (Steam Injection) 
       ႔      ႔(moisture)                                             (water spraying) 

                   ႔          ႔         (steam injection)                      Steam          ႔(water 
vapor form)                             ႔        (evaporation)                        sensible heat 
                              ႔                                                  (Dry Bulb          
                          ) Dry Bulb                               ႔            steam   
                C               100°C              superheated                               
 ႔                                                                             

 

Moisture content of air 
before = 0.0079 kg/kg 
 
       ႔               
     ႔(moisture added) 
     1kg / 150kg     
0.0067 kg of water/kg of 
air                  
 
                   
                        ႔ 
     (final moisture 
content)     0.0148 
kg/kg           
 

    ၂-                      (steam injection)        
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Steam injection      
         100°C                 ႔(steam)             21°C Dry Bulb ၊ 50% saturation        

  (airstream)     ႔ 1 kg steam/150 kg dry air                                                (final 
condition)            

                              Dry Bulb                      ႔(steam)  specific heat 
capacity                         ႔                        20°C –100°C                    ႔(steam)  
specific heat capacity                           

                                       
              (       )        (      ) 

            

         ႔(steam)                         humidity                Dry Bulb                           
                     

၂.၁  Chilled Water Air Washer 
                                                                                   

        (final air condition)                                    (entering air)  Dew Point 
            chilled water            ႔         (spray)                     ႔(moisture)          
       a                              (Moisture will condense out of the air.)     ႔        air 
washer                  ႔             u          )                                   

 
 

    ၂-   Chilled water air washer 

       (leaving air)                                  (initial water temperature B ) 
   ႔                  ႔           ႔             a    f  p a                       air washer   
             saturation efficiency        (၂- ၀)   AC/AB                 ၅၀%     ၀%       
              Double spray bank air washer                    saturation efficiency     AC/AB 
                 ၀%    ၉၅%                    

              23°C Dry Bulb            a u a            a u a      ff                        
single bank air washer          ႔                      (spray)       chiller water             
  C                                         (final condition)            

(a) Chart                              (final condition)     10.4°C Dry Bulb           
 a u a              
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(b)         (by proportion) Dry Bulb     23°C        (၁၀၀)             ( ၀)              
         Dry Bulb              23°C    5°C                      

         (      )            
              ႔       (moisture content)     ၀%                    (0.008 9 kg/kg     

0.005 4 kg/kg    ) (i.e. saturated air at 5°C) 
              (                                    

 

                        
        ဂ                  ႔    
         ဂ                           
(spray          )                   
                     
 

                       

       
  

  
 

                      
             

 
 
     ၂- ၀ Chilled water air washer performance 

                                                                                                

                                                

                                               

                                                                

၂.၁၉                       
(၁) 
 

Psychrometric chart                             ဂ                              
ဂ                      A    E                                                           
         

 DB (°F) WB (°F) Dew Pt 
(°F) 

RH(% ) W (gr/ lb 
d.a) 

ft3/lb (d.a) Btu /lb 

a 80° 60°      
b 75°   40%    
c  65° 50°     
d   50° 40%    
e 70°   70%    

(၂) 40°F Dry Bulb                                     (electric heater)      80°F    ႔ 
                       DP ၊ WB       RH    ႔            Psychrometric   a           process 
                 

(၃)                                   (surface)         52°F                  (cold water) 
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               75°F Dry Bulb                                               RH%     
                  ႔                                               condensation)              
         

( )          90°F Dry Bulb       70°F Dry Bulb                          56°F DB       54°F 
WB    ႔            cooling       dehumidification            process           p            
                 

(၅)                                    ( )                
(၆)       C M           (air flow rate)        Fan Coil Unit(FCU)          80°F Dry Bulb       

70% RH              (entering air)          (leaving air)          58°F Dry Bulb 
      56.5°F WB    ႔                                        ႔           
(၁) Sensible load 
(၂) Latent load 
(၃)  Total load 
( ) Moisture                 Gallon P      u     M)                

 

( )             Room Sensible Cooling Load(RSRL)      ,      u           ၊ Room Latent 
Cooling Load(RLCL)    31,000 Btu/hr           Room Sensible Heat Ratio(RSHR)    
       

( )                75°F Dry Bulb       50% RH                            Room Sensible 
Cooling Load (RSCL) 112,000 Btu/hr       Room Latent Cooling load (RLCL)   ,      u   
                                 supply                         (air flow rate)    
5,00  C M               supply air   Dry Bulb       Wet Bulb    ႔           

(၉)              Room Sensible Cooling Load(RSRL)     ,      u            Room Latent 
Cooling Load(RLCL)    9,000 Btu                      design condition     77°F 
Dry Bulb                       Supply air               58°F Dry Bulb          Supply 
air flow rate (CFM)       supply  air   Wet Bulb    ႔           

(၁၀) Cooling coil               ႔       80°F Dry Bulb        66°F Wet Bulb                 
60°F Dry Bulb       57°F Wet Bulb                     cooling coil   Bypass Factor(BF) ၊ 
Contact Factor(CF)       Effective Surface Temperature(EST)    ႔           

(၁၁)           82°F Dry Bulb       67°F Dry Bulb              CF 0.91                cooling 
coil                  Effective Surface Temperature(EST)     55°F            Coil     
                          Dry Bulb       Wet Bulb    ႔           

(၁၂)  A/C unit          55°F Dry Bulb       55% RH                                   
                      (outdoor air condition)    95°F Dry Bulb       74°F Wet 
Bulb                    (flow rate)         C M                     ႔             

( ) RSCL ၊ RLCL       RTCL  
( ) Outside air load       cooling coil   Contact Factor (CF) 
(ဂ)                  ႔  arrangement                              ႔           condition 

                  
 

(၁၃)                 condition     78°F Dry Bulb                                 Load     RSCL  
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18,000 Btu/hr       RLCL  ,      u                                        air 
condition     900 CFM supply air     58°F Dry Bulb       56°F Dry Bulb condition         
      ႔               air con unit                     Dry Bulb       Wet Bulb              
             ၊                                                                        

(၁ )               76°F Dry Bulb       50% RH                                            
RSCL        ,       u             RLCL       ,      u                       A/C unit 
    56°F Dry Bulb       54°F Dry Bulb supply air                            design 
condition          reheat coil                           (energy)              (waste)       
        

(၁၅)                                   
  RSCL                = 812,000 Btu/hr            RLCL = 235,000 Btu/hr 
  Ventilation air    = 6,000 CFM 
  Supply air          = 56°F Dry Bulb 
  Space conditions = 77°F Dry Bulb       50% RH            
           ႔           
( ) Apparatus arrangement            (schematic diagram ) 
( ) Supply air   CFM       Dry Bulb            
(ဂ)  Mixed air conditioning             
(ဃ) Coil sensible load ၊ latent load       total load    ႔            
( )        (outdoor air)       sensible load ၊ latent load       total load    ႔           
(  )           coil   Contract Factor(CF)       Bypass Factor(BF)    ႔           
( ) C a           process                         (point )                    

  
(၁၆)  Air conditioning unit               ႔ 20,000 CFM                   80°F Dry Bulb       

60% RH                               (leaving air)              57°F Dry Bulb 
                        
           ႔           
( ) A/C unit   cooling capacity (Btu/hr ) 
( ) A/C unit           a                  (water removal rate) 
(ဂ)  A/C unit   sensible load 
(ဃ) Leaving air   Dew Point 
( ) Effective surface temperature (apparatus Dew Point) 

 

(၁ )              ႔     ႔                  sensible cooling load       ,       u    
          Latent cooling load      ,      u                     design condition     
76°F Dry Bulb                                     ႔             supply air   
            58°F Dry Bulb          
 
( ) Equipment       duct arrangement               
( )                     supply air         (CFM)            
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(ဂ)                 supply air         (CFM)            Wet Bulb          ၊ Enthalpy ၊ 
Relative Humidity(RH)                    (moisture content)    gr/lb       lb/lb       
          

(ဃ)                       (outdoor air) 260 CFM                   (outdoor 
air)               95°F Dry Bulb       76°F      u                   (outdoor 
air)            Return air         x             air con unit          ႔ (mixed air) 
   ႔      entering air                    Mixed air   Dry Bulb       Wet Bulb 
        ၊ enthalpy ၊ Relative Humidity(RH)                    (moisture content) 
(gr/lb and lb/lb)   ႔           

( ) Refrigerating unit            (size)           Btu/hr    ႔      refrigeration ton 
                       (outdoor air)   cooling load                    

( )                      (outside air flow)    260 CFM    130 CFM    ႔      ႔        
      A/C unit   capacity                                 u                       
  )p      a                        

  
 

(၁ )             sensible cooling load     200,000 Btu/hr       latent           a     ,    
  u                       76°F Dry Bulb       64°F Wet Bulb                         
                          (outside air flow rate)         C M                  
(outdoor air)  condition     95°F Dry Bulb       76°F Wet Bulb                  
(outdoor air)                         (return air)              (mix)   mixed air 
   ႔      entering air       air con unit          ႔              

( ) Equipment       duct arrangement    ႔       (sketch)           
( ) Room Sensible Heat Ratio (RSHR)             
(ဂ)  Supp   a             (flow rate)           Supply air             60°F D    u   

         
(ဃ)        (outdoor air)   sensible cooling load           Btu/hr    ႔      

refrigeration ton                 
( ) Effective Surface Temperature(EST)           (EST     apparatus Dew Point 

               ) 
( ) Coil   Contact Factor(CF)       Bypass Factor (BF)    ႔            

 

(၁၉) A/C unit         outdoor air     3000 CFM ၊ 95°F Dry Bulb       76°F      u           
Return air     20,000 CFM ၊ 78°F Dry Bulb                       Mixed air     return 
air              (outdoor air)   ႔                         Air con unit           (leaving 
air)    ႔      supply air     52°F Dry Bulb                        

( ) Air con unit   total load           Btu/hr    ႔      refrigeration ton                  
( ) C                                             (electric heat)       58.5°F 

Dry Bulb    ႔            reheat                    (electric heat)   
            (capacity)                               

 

-End-   
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Chapter - 3 Air Handling Units 

 
    ၃-၁                                                                                       

၃.၁                   (AHU)                
Air handling                         (                          (                     

                   characteristics    ႔                                                      
( )                       Vertical Unit 
( )     -                   Blow-Through Unit 

(ဂ) Outdoor Air (or Makeup Air)                            
(ဃ) Constant Air Volume (CAV)           Variable-Air-Volume (VAV)        ႔          

 

 
    ၃-၂ Horizontal unit     ၃-၃ Vertical unit 

( )                  Vertical Unit 

Blower(supply fan)  cooling coil             filter)    ႔                 (same level)     
               “Horizontal Unit”                                                      
                    ႔                                                                  
                           “            nit”                           



Air Conditioning and Mechanical Ventilation (Vol. 1)                                                                        ႔ 

3-2 

           cooling                                  “Vertical Unit”                    
                          AHU blower                                               “Vertical 
Unit”                                       (foot print                                  
                           ႔                       ႈ                      Vertical unit                
                                                                  Air Handling Unit 
        “Vertical Unit”                       

( ) Draw Through Unit    ႔      Blow Through Unit 

Draw Through Unit 
           cooling c                                 “Draw Through Unit”           

Supply fan (blower)          coil section    ႔                                           -
                                          ႔                         fin           ၌               
                             cooling coil ၌                                                   
(leav                                                            “Draw Through Unit”     
                          

  
    ၃-၄ Draw-Through Unit      ၃-၅ Blow Through Unit  

Blow Through Unit 
                 cooling coil      ႔  ႈ                 “Blow Through Unit”    

                                     ႔                b                 cooling c         ႔ 
                   “Blow -Through Unit”              ၃-၅                        s              
      cooling coil    ႔                              (filter)     ႔  ႈ                  “Blow Through 
Unit”           “Blow Through Unit”               supply fan                      
    heat)                                        serving area)          ႔                

(ဂ) Outdoor Air    ႔      Makeup Air AHU    ႔      Mixing AHU 

                                                                               
                        circulate                           ႔    u                     
              ႔                                           ႔                 (fresh 
air)                ႔               (treat)                     “Outdoor Air Handling Unit”  
   ႔      “Makeup Air Handling Unit”    ႔      “Pre Cooled Air Handling Unit”                 
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Outdoor air              treat)                   “Outdoor Air Handling Unit”      
                                                                                    “Makeup 
Air Handling Unit”                        ႔                                              
                          “Pre Cooled Air Handling Unit”             

                      ၌            condensation)                                  
(condensation                           outdoor AHU     မ်ားကုိ ႏွစ္လက္မ သုိ႔မဟုတ္ ႏွစ္လက္မ 
ထက္    ထူသည့္                                      

(ဃ) Constant Air Volume (CAV) AHU    ႔      Variable-Air-Volume (VAV) AHU 

             ႈ   (air flow rate)           “Constant Air Volume(CAV) AHU”    ႔      
“Variable Air Volume (VAV) AHU”                                                   ႈ    
(constant air flow rate                           “Constant Air Volume Air Handling Unit(CAV 
AHU ”            

                                           ႈ   (air flow rate)                      
                   “Variable Air Volume Air Handling Unit(VAV AHU)”                   
          d             Variable Air Volume Box (VAV Box)                         Variab       
                        -၉(Chapter-9)                             

၃.၂                     Component)      

 
    ၃-၆                                                                       

၃.၂.၁            
                                                  return air)               outside 

air)                                                    Com                            
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                                                                                    ႔     
           ႈ              outside air)                               outside air)         
                                                            return air                    
(outside air)                                                                                 
(mixed air                                     ႔    damper                                    
                                                  ႈ(linear relationship)         

 
    ၃-၇                                                                          

  
    ၃-၇   )                 damper                  ၃-၇  ဂ)                              

၃.၂.၂        Air Filter) 

      air filter)                                                                    
          return air    ႔      outdoor air    ႔                         (service area)     ႔ 
            ႔                                ႔                       ႔                   
                       (application)                ႔    ႈ                             ႔    ႈ 
                                          (air filter types)                

             air filter)                “Particulate Media Filter”            Particulate 
filter       efficiency     “    -Spot E         ”    ႔      “ inimum Efficiency Reporting Value” 
(MERV                        Dust-Spot Efficiency            ASHRAE Standard 52.2    
      air filter               ႈ                                                              
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    ၃-၈ ( ) Disposable Filter     ၃-၈ ( ) Washable Filter     ၃-၈ (ဂ) Bag Filter 

   

    ၃-၈ (ဃ) Electronic Filter     ၃-၈ ( ) HEPA Filter     ၃-၈ ( ) Cartridge filter 

Minimum Efficiency Reporting Value(MERV)    ASHRAE Standard 52.2            0.3 
   1 micron                        ႈ                                                           

 

      filter)                               
       ႈ(pressure drop)             
E                                           ႈ 
(pressure drop)                   electrostatic 
filter                                   
               disposable filter)                
                          washable filter)        
       ႔    Air Handlin                          
             

    ၃-၉       air filter)                                                ႈ (pressure drop) 

Air Filtration 
                                               ႔                  ႈ          ႈ        

(particulate contaminant)                       ႔    filter                                
(filter                                              ႔    ႔                                       
        outdoor air)                                                                       ႔            

      filter)                                                                           
                        outdoor air)                              filter)                    
     (၁     ႔      (၁)                     

Mixed air    ႔      r                           ႔              filter)               ၅  
   ႔            ၅                                            ႔                       (             
   ႔      bypass air)               ႔                  filter)                             
                                         ႈ                                                      
      filter)    ၏             ႈ(pressure drop)                                
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                                               d                                     
(filter)          s                                                                        filter) 
                        ၏          (quality)                                                     
          filter)             d                      ႔                           

Recalculated air    ႔      mixed air    ႔              outdoor air)          s         
                               fine particle              ႔               Pollution standard index of 
outd        (၁၀၀                        fine particle)           ႔               

၃.၂.၃ Heating Coil 
                                                      heating coil    ႔      heater        

                                                                                             
          electric heat                                                                  steam 
heating coil                        

၃.၂.၄ Cooling Coil 
         Cooling c         chilled water cooling coil       direct expansion (DX) cooling coil               
         

၃.၂.၅ Humidifier 
                    ႔(moisture)       air)     ႔                                     

Humidifier           -                       steam humidifier                                    ႔ 
                                        

၃.၂.၆ Fan    ႔      Blower  
                      circulate)      fan    ႔      b                 B           

                 -၆ (Chapter-                               

၃.၃.                                       
                                     technical data s                          

                        
 

Unit Name AHU 1-1         7      
AHU 1-1                                                      reference number  

                                              (model)                   7     
                                                                        7               
                   ဤ         model         York                          ႔           

 
Unit Configuratioin (Horizontal)  

                                                                                              
                            blower                      “                          ”       
                                                                       )                
“ orizontal c                ”                   
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    ၃-၁၀                  cooling coil     ၃-၁၁     W           

Fan    ႔                                                   (Motor Specification) 

         AHU Blower                                                                        

Blower Type / Blade (DIDW / BACKWARD) 
B                 W       SISW                               Double Inlet   

                                             b               ႔                           
          W     Double Width blower w                 W     Single Inlet Single W     
                b               ႔                                                        
 W     single width b                                        blade)    “Forward Curve”   
“Radial”       “Backward Curve”                                            

Wheel Diameter (800 mm)/ Frame K  
                                    wheel diameter     (၈၀၀)                 blower 

        frame)                           

Discharge (Rear) 
                    ႈ                   (discharge                  “     Discharge”       

“Top Discharge”    ႔          “     Discharge”                                       
 ႈ           “Top Discharge”                                       ႈ           
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Air Volume = 28,249 CFM (CMH  48,000) 
AHU b                                 air volume)     28,249 CFM (48,000 CMH) 

                     (၄၈၀၀)        ႈ    (48,000 CMH          “volume flow rate”        
                   

Total Pressure = 2.83 in. Wg (707 Pa) 
AHU b                                total pressure     2.83 inch of water column (707 

Pa)                   total pressure               ႈ   ႈ(pressure loss)                        
Mixing  b                                 ႈ  ႈ pressure loss)  cooling coil                          
      ႈ  ႈ pressure loss)        filter                                ႈ  ႈ (pressure loss)      
                                         ႈ  ႈ pressure loss)                  ႈ   ႈ     (losses) 
                       

ESP / TSP (Pa) = 1.40  in. Wg (350 Pa) / 2.41 in. Wg (603 Pa) 
        “External Static Pressure”                              “Total Static 

Pressure”          AHU blower                     “External Static Pressure”     1.40 inch of 
water column (350 Pa)          Total static p            2.41 inch of water column (603 
Pa           

External/total static p            AHU blower         total Pressure)   m           
                              ႈ  ႈ                                                           ႈ  ႈ 
                       filter                               ႈ  ႈ filter pressure loss)             
     ႈ   ႈ    (pressure losses      ႈ                      pressure)          External/total static 
pressure                                                          diffuser                         
       ႈ pressure drop)          damper                               ႈ pressure drop)     
                

Altitude / Temperature = 0(0)/ 68.9(20.5) 
                                            sea level)                                  

Fan Speed (RPM) = 1019  
AHU blower                 ႈ                                 (၁၀၁၉)           

Motor Type /Poles = TEFC - IP55 / 4  
                                                  "Totally Enclosed, Fan Cooled"   
                                                 winding)                enclosure)        
              fan                                                  motor e                  
(protection against solid and Liquid )                                                       

Absorbed Fan / Motor Power kW = 13.50 kW / 16.20 kW 
         Absorbed p         blower           shaft)                               power) 
                                                               Belt d                              
     s                      ႔        belt d                            ႔                      ႈ   ႈ 
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(transmission loss)                        motor power)    absorbed p                     
         AHU blower’                .    W                             (motor power)    
  .    W                     

Recommended Motor = 18.50 kW  
        Recommended motor 18.5kW                      size)                 AHU 
                         motor power)      .  W                             .    W 
                           ႔          .  W                                     (recommendation) 
           .  W                     22.  W                                 ႔        recommend 
                               ႔       .0  W                                                         
               (motor size)         .   W   4.   W    .   W   7.    W     .   W     .    W   
  .   W     .   W    7 W   4  W    5kW         ႔          

Motor Safety Allowance = 20 % 
                               safety allowance       ၂၀             

Electrical supply = V-ph-Hz (380-415 V / 3ph / 50 Hz) 
    AHU blower                                                (electrical power 

supply     (၃၈၀)    ၄၁၅    ႔   (voltage)                  Frequency                      
                                                                           ႔      Frequency                
                  60 Hz                  (electrical power supply                  

Fan Discharge Velocity = 13.15 m/s 
                 (out let)                        discharge velocity)    

        ႔      (၁၃.၁၅)     ႈ       .                                                            
         

Total Fan Efficiency = 69.79 % 
Fan    ႔      blower                              .7            (F                      

    ၇၅                               

Transmission Specification  
Pulley Type/Grooves = SPB/2 

  

                                        2 grooves)       
                                              d            
                     

    ၃-၁၂        

Fan / Motor Pulley  Ø = mm 335 mm / 236 mm 
Fan    ႔      blower                                  pulley diameter         

                                                   pulley diameter                     
                                            (        (၁၄၅၀)           fan (blower)  
          (၁၀၂၁)         (s                   (                         ) 
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Belt Length = 2000 mm 
Fan (blower)                                                           belt)            
                                       
OUTLET IN-DUCT SOUND PWR dB(A)95  
OUTLET IN-DUCT SOUND PWR dB 125 Hz 95  
PER OCTAVE BAND UNIT 250 / 500 Hz 97 / 94 
 1k / 2k Hz 67 / 62 
 4k / 8k Hz 76 / 68 
AIRBORNE SOUND POWER dB(A)74  
AIRBORNE SOUND POWER dB 125 Hz 85  
PER OCTAVE BAND UNIT 250 / 500 Hz 77 / 69 
 1k / 2k Hz 91 / 85 
 4k / 8k Hz 45 / 34 
၃.၄ Air Handling Unit       Fire Mode 

                                                (operate           “Normal 
Mode”       “Fire Mode”                            “Normal Mode”                     
                                                                      “Fire Mode”           
                                             ႔                                                  
                              fire alarm panel          (sub fire alarm p              main fire 
alarm p           )                    “         ”    ႔                            

Fire alarm p                                                                    
( ) Smoke detector    ႔      heat detector                              fire alarm p     

                       
( ) Sprinkler f                            fire alarm p                            Sprinkler         

                               ႈ   ႈ(water loss        sprinkler f                         
     

(ဂ) Manual call p                 fire alarm p                            
(ဃ) FM200 d                              fire alarm p                            
( ) Fire alarm p                                                                          

                   “Normal Mode”     “         ”    ႔                             
                                                     

( ) Air Handling Unit(AHU)                       (shut down)    

( )                          underground car park                             ႈ         low 
speed)         ႈ         Hi speed)   ႔                                      (၁၉၀၀)             
(1,900 sq. m)                                                                   smoke 
purging system                         Smoke purging system                
                         a                      6 Air Change per Hour(6 ACH)          
 ႈ      9 Air Change per Hour(9 ACH)   ႔                                                
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(ဂ) Staircase Pressurization Fan                p                                       
   ႔               Code of Practice for Fire Precautions in Building                        
           

၃.၅             s       Heating Coils 
Cooling c                                                                             

          ႈ(function)                  heat t                                                   
                            heat exchangers)                                   cooling coil 
                                                          cooling coil                      
                                          Chilled-water cooling coil         plate-fin-tube heat 
exchanger                                                                    cooling  
                        ႔                                                cooling coil               
                

                       cooling coil       heating coil                        
Air                                      

Cooling Coil Heating Coil 
Chilled water cooling coil Hot water heating coil 

Direct expansion cooling coil (DX coil) Steam heating coil 

Chilled water cooling coil                                  -chilled water        
         hot fluid) [    -return air]   ႔                          ႈ heat exchange           
                                            hot fluid      -return Air]      (             
c                          cold fluid)     -chilled water]     ႔                    (heat)    
        (temperature)                           (temperature)                 ႔                   
               s                   latent heat)                                        remove) 
     

Coiling c                                                               (essential part) 
         Heating c                                                                            
heating c                                

Hot water            steam coil     heating coil                  Hot water c                
fluid(return air)             fluid(hot water)   ႔                      heat exchange)           
                                        fluid (hot water)                     c               
        fluid (return air)   ႔                  

Cooling coil                                                       (removing)       
     ႔            (dehumidification                                       chilled water 
   ႔      refrigerant                    cooling coil                    Cooling c             
chilled water cooling coil       direct expansion cooling coil (DX coil)                      Chilled water 
                                            chilled water cooling coil            refrigerant     
                                            cooling coil     DX (Direct expansion) cooling coil 
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    ၃-၁၃ Cooling coil and heating coil     ၃-၁၄ DX(Direct expansion) cooling coil 

Chilled water cooling coil             ir)                                         
                                                        “Heat Exchanger”                  DX 
(Direct expansion) cooling coil             ir)       refrigerant                          heat 
transfer)                           “Heat Exchanger”                  Plate heat exchanger   
                                                                                           cooling 
coil         fin and tube heat exchanger                            

C                                                                         dehumidif        
                                                          

F                                                                    cooling coil       
        ႔      tube                                  ႔             ႔      tube               
                  “Bypass Air”                                     Bypass Factor(BF)   
        F   -                     .  m/s  ႈ                                    ၃၀          
        ႔      tube                                                               Bypass 
factor(BF)    0.3          E    -                     .                   2            
         

၃.၅.၁                      (DX Coil) 

                          ႔          refrigerant          liquid)                         refrigerant 
                                     ႔      )        ႔ p                                    
                                                                                     
                    refrigerant      latent heat of vaporization                            
capillary tube                                          diameter)                         
            

         (၃-၁၄)    capillary tube                      direct expansion cooling coil  
                                         DX coil        refrigerant                       ႕ 
             direct expansion cooling coil                          
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    ၃-၁၅  DX(Direct expansion) cooling coil 

၃.၅.၂ Chilled Water Cooling Coil  
                                                                                 

                                   ႔                                                       
                                chilled water      ႔                           ႔               
                                                                                                
         (inlet pipe)                                  Chiller water            (outlet pipe)    
                                                                       ႔        pressure 
r          ၁၇၅      ၃၀၀                      

 
    ၃-၁၆                oil (two row) 

 
    ၃-၁၈           heating coil 
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၃.၅.၃     W              oil  
  C             ႔                                          h                    ႔ 
               ႔                    Hot water               ႈ                                        
                                  H                                                           
                    

 
    ၃-၁၉                 oil 

၃.၅.၄                oil  
C             ႔                                  ႔ steam)                           

                                                  ႔            condensation           
                         ႔                                              steam (vapor 
form)                                                          

  
    ၃-၂၀                                   ၃-၂၁                                 

   (၃-၂၀)     heating coil       cooling coil    ႔  heat exchanger characteristics                
           (၃-၂၁)     variable flow       constant flow    ႔  heat exchanger characteristics         
              

   
    ၃-၂၂ Counter-flow   Cross-flow       Parallel-flow 
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Hot media       cold media    ႔           flow arrangement    ႔      circuit                    
               Heat exchanger                                  counter-flow   cross-flow 
      parallel-flow                                  Flow                                        efficiency 
                                                                                           
 
၃.၆ Coil           (Size) 

 
       ႈ   (air flow rate)          coil                    (face area)               
   ႔                                                       face velocity     2.5m/s 
(500 FPM)                     ႔                          Cooling coil     fin          
                          (velocity)    “Face Velocity”            

 

 

Cooling coil     fin                       
             Dew point temperature 
                                      
                    ႕(water vapor) 
        condensation              

    condensate water         face velocity 
                  cooling coil            
d               ႔      drain pan   
           ႔                                ႔ 
                  drain pan         ႔ 
                   “Carried Over”                ၃-၂၃ Chilled water cooling coil 

Air flow rate (CMH)          face velocity 2.5 m/s                coil      (m2)         
Coil        (length)       coil         (height)                                    
         (rectangular) cooling coil                       (square) coil                               
         (square) coil                                      (rectangular) coil     
                Coil                                      

Square                                       copper tube                       ႔        
       tube            “Welding”    ႔      “Brazing”                     Rectangular           
                          copper tube                       “Welding”    ႔      “       ” 
                      “W      ”    ႔      “       ”                    ႔                  
         (rectangular) cooling coil                      

Coil                      ႈ   (air flow or air volume)       face                  
           Cooling load                    Cooling load     coil                row 
               fin                    FPI(                               

Cooling coil              face velocity     2.5m/s (500 FPM)                  
   ႔            2.5m/s (500FPM)                                                
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Coil           (၄             coil             (၂                                      

               cooling coil                             Coil         (height)                         
condensate water                                                                    drain pan 
         ႔               ႔                                                coil         (height) 
             coil                                                           Coil                       drain 
pan                

 
    ၃-၂၄                                                   

                                               

                         
                  

                   
 

C                                                                      ၃-၂၄             
          (supply air)                                                           
                               ႔                    ႔                                         
               ႔             dehumidification             “      counter-flow            ”   
        

၃.၇                              
AHU cooling coil        ၃-၂၄                                     tubes)      f             

                              tubes)       fin    ႔                  ႈ                 ႔      
                                       tubes)              (copper material               
         Fin                  (aluminum material                                   (copper 
material)                    “Cu”                        (aluminum material)  

                                       length to height ratio                                     
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                 “Al”          Chilled water cooling coil                         
                      

၃.၇.၁                           
                                           copper p                          “Row” 

               Fins Per Inch(FPI)                         fin                    
                                      ow       fin                    cooling capacity         
        ႔                      fin                          ႈ   (air resistance)                
blower                             Row       FPI (Fins per Inch)   ႔             ႔               
                                      Fin                                                 c    
                 tube b                                             

 
    ၃-၂၅                                                    

                   
                                                                             ႔             
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expansion                                                                               
            “              ”           

 

 
               ၃-၂၆    Full circuit coil      ၃-၂၆    Half circuit coil 

  
    ၃-၂၇ Chilled water cooling coil operation     ၃-၂၈  Fow rows coil 

 

  
 

Hellically wound fin(Embeded Fin) L-footed fin(Wrapped-On Fin) f = Fins Per Inch 
d = Diameter of Tube D = O.D. of Finned Tube t = Fin Thickness 

    ၃-၂၉     ၃-၃၀     ၃-၃၁ 

                 face area)                                                        
                                                                  face area)               
                                                                                          
         

                                                                         )      
                              S                            water circuit         
     -                                                                  
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 ½ serpentine 

4 water circuit 
8 passes 
4 row 

¾  serpentine 
6 water circuit 
4 and 6 passes 
4 row 

1 serpentine 
8 water circuit 
6 passes 
6 row 

    ၃-၃၂           oil                                                                       

 
 1½ serpentine 

12 water circuit 
4 passes 
6 row 

2  serpentine 
19 water circuit 
4 passes 
8 row 

    ၃-၃၃ Cooling coil                                                                      

၃.၈                Wet Coil  

Cooling coil          s                                                  ႔      
                     “Dry Coil”                               ႔             (dehumiditation) 
                                                               dry coil                    
C                                 c                  surface)                           D   
               temperature)                                            condition)      
c                                                                                                      
(                                 

 
        (serving area)   cooling lo                               chilled water 
          c             ႔            part-load operation    ႔          -                      
cooling coil     “Dry Coil”                 perform)                                         
     ႔             dehumidification              

                                       (surface temperature)                 dew 
p              temperature)               ၌                                                  
                                   ႔                                           
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Cooling c             s                      dehumidification                              
   ႔                            “Wet Coil”               c                                   
                                                       D                                 
                                                              ႔                  
                                   condensation p                             cooling coil     
condensate water    ႔                          “Wet Coil”                     

 
    ၃-၃၄ Cooling and dehumidifying process of coil 

             chilled water cooling coil         temperature gradient                  

  
    ၃-၃၅ Chilled water cooling coil     ၃-၃၆ Direct expansion cooling coil(DX coil) 

Chilled water cooling coil   chilled water                                        
     (leaving temperature)                         (entering temperature)                 
Direct expansion cooling coil (DX coil)  refrigerant      l                                  
                                  ႈ                   Refrigerant              refrigerant 
    ႔(vapor)         ႔                      

၃.၉ AHU Cooling Coil Specification 

Cooling coil     air distribution system(air side)       chilled water system(water side)       
                e                  Airside load       chilled water side                     
               (heat transfer                          AHU                                   
                                   Air c      ဂ                                          
                         ႔                        (manufacturer)               ႔            
                              (user)               ႔                       
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                       cooling coil specifica         “York”                     
         technical r                        cooling coil                                  

 
Altitude (ft) 

             sea level)     (                                                         
(select)           ႔                                                                         
       altitude)                    ႈ(air density                                  

 

                        ၁၀၀)                                                        ႈ 
               altitude                                        sea level)                            

Coil Type  (BDW) 
                                                (manufacture                     

          c                                      

Tube / Fin Material (Cu/ Al) 
        ube                    (copper                                                   

(aluminum                                (copper)                   “Cu”          
              (aluminum)                   “Al”          

                                       air density)                    AHU blower 
                                                    air density)                  
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Tube Height / Fin Length (38/87) 
              height        f          (length)                                       

Rows / FPI / Circuit (6/8/C) 
                                                          Vertical)           copp         
                      row               Fins Per Inch(FPI)                     f   
                                                                  f             cooling 
c                    ႔     coi              fin                          ႈ   (air resistance) 
                           ႈ(pressure drop)                ႔        b                          
         

Coil Area  
                                                                    ႔      heating 

                                        Coil                                   AHU model 
          c                   Coil                                                                        

Air On DB/ WB 
                    cooling coil          ႔                                              
                 “On Coil Temperature”               “                   ”     cooling coil 
                                    “                                    ”                      
   ဂ            air properties)                                    Dry Bulb                Wet Bulb 
            ႔                                                              

Air Off DB/ WB 
                     cooling coil                                                       
                         “Off Coil Temperature”               “                    ”     
cooling coil                                      “                                           ”  
                         ဂ            air properties)                                Dry 
Bulb                Wet Bulb             ႔                                                      
        

Face Velocity  
   Cooling c                             (air velocity)                          f   
                                   air velocity)          2.5m/s                cooling coil 
    “Wet Coil”                ႈ                      (drain pan)     ႔             
                                                                           ႔                 “W     
Carried O   ”                                  f                                 
                                                      (heat transfer                             
   ႔        cooling coil                                                (air)         heat)    
                             Face v                    ႔       ၂.၅     (2.5m/s or 500 fpm) 
                ႔              cooling coil                  Heating c                    
            ႔       ၃          ၄                           
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Air Pressure Drop  
      cooling coil                                 resistance)             

                          pressure)                  ”Air Pressure Drop”              
                                                                  ႈ air pressure dorp) 
                                                ႈ air pressure dorp)             b      
                                                                                             
(၈)       (၁၀)                                          energy)                                        
                            ႈ   ႈ                     

Sunction Temp for BDX  
                        direct expansion (DX)                       

Water ON/OFF Temperature  

W                  cooling c             ႔             chilled w                          
                     chilled water supply te                         “W                      
               .”                                                                W         
          cooling coil             chilled w                                              chilled 
w                                       “W      emperature immediately after the coil.”        
                                                        

Water Flow Rate 

Cooling c                                 chilled water        ႈ   (flow rate               
                                                  

 
              total capacity)                        chilled w            ႈ   (flow rate) 

         AH                       Chilled w            ႈ   (flow rate)                cooling 
coil     e                         chilled w            ႈ                                       
                                     ႔         pumping energy                             

Water Pressure Drop  

Chilled water supply pressure       chilled water return pressure    ႔                      
Chilled water supply pressure     chilled water return pressure                            
(pressure                      chilled w         c             ႔                                   

Chilled water        ႈ   (flow rate)       cooling c                                     
       ႈ water pressure drop)                                              ႈ water pressure 
drop)                ႔         pumping energy)                                              
                    (၈)       (၁၀)                    (၁ )             ႔         pumping 
energy)                                            ႔                                        
           

         ႈ   (flow rate                                                  ႔        
       ႈ                       ႈ(pressure drop across the coil                 
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၃.၁                                            Total Capacity  

                                       

 
 

 
 
CFM    ႔      L/s     = Volume Flow Rate of Air being process.   

h2-h1         = Enthalpy Change(Btu/lb °F)    ႔      (kJ/kg °K) 

t2-t1           = Temperature Change(˚ )    ႔      (˚   

w2 – w1                  = Humidity Ration Change (lbw/lb d.a)    ႔      (kg/kg d.a) 

Cooling Coil Sensible Heat Factor(SHF)Formula  

     
                                               

                                          
 

 

where SHF = room sensible heat factor 

 Sensible Cooling Capacity    ႔      Sensible Heat Load (kW or Btu/hr) 

 Total Cooling Capacity    ႔      Total Heat Load (kW or Btu/hr) 

                      (၁. )                       ၁.               sensible 
cooling capacity                                 ႔            Latent cooling capacity    ႔      latent 
heat l                                                           ႔                      
                                                ႔             dehumidification)                      

                                 c                         ႈ                              
             ႈ                               Chilled wat          ႈ                      
            ႈ chilled water pressure dro                                           

                                          
                                                       

                                                 

IP                      

                          
     

   
           

                                
     

   
             

                              
     

   
            

SI                      



             ႔                                                                                          Chapter-3 Air Handling Units 

3-25 

Coil Load 
Coil load           coil                    sensible heat       latent heat         total heat) 

             “                   ”           Cooling coil          ႔                      
         “                    ”           cooling coil                                    Off coil 
        (temperature)                       ႈ   (air flow rate)                                 
                ႔                         ႔               Cooling coil                 chilled water 
            12°C    ႔           off coil temperature     12°C    ႔      11.5°C               ႈ    
(air flow rate)                                    17°C    ႔      18°C DB              ႈ    
(air flow rate)                   (Pre cooled coil                 ) 

Wet Bulb Depression 
“W    ulb Depression”           off coil air temperature   Dry Bulb(DB)       Wet Bulb 
(WB                     Off coil air    ႔      leaving air   “W   Bulb           ”     0.1°C    
2°C                

 
Over cooling                 large wet bulb d                            coil       

Wet Bulb depression     0.5°C    1.0°C                

Chilled Water Velocity 
 Copper tube           chilled water      (velocity)            ႔     (၀.၃)     ႈ   (0.3 
m/s)              0.3 m/s            turbulence flow                              Cooling 
coil   tube                                                coil                      (heat transfer 
performance)                            ႔             ႔      (၁.၅)     ႈ   (1.5 m/s)           
     1.5m/s            tube                                                        tube 
                                  (water velocity)                          (water 
velocity)                 coil                 ႈ(water pressure drop)                      (water 
velocity)                    ႔                  ႈ                

Fin Spacing 
 “     pacing”           fin                                                Fin 
spacing                      ႔                      fin                                

12 FPI                                                      fin          (၁၂)           
Coil                   (face area)    ႔      finned area                    L     coil 

       (length)    ႔      tube        (length)          H     coil         (height)          
Cooling coil                tube                     ”      ”          ”    ႔         8 FPI  10 
FPI  12 FPI       14 FPI       fin spacing                      ႕          

                       
                  

                      
 

“Wet Bulb Depression”     fin                                        (fin 
spacing)                                              Fin spacing           (fin 
                               “W                  ”               
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 Cooling coil                (performance)                  heat transfer coefficient 
                                               (surface)                                         Log 
Mean Temperature Difference (LMTD)                                                     

                                        
       

  (
   
   

)
 

Δ A       temperature difference between supply air and return a              
Δ B       temperature difference between chilled water supply and r                 
 

              ႈ(heat transfer)                            Log Mean Temperature Difference 
(LMTD)                                                             U-factor    ႔      
thermal transmittance               heat transfer coefficient     coil   overall heat flow rate 
               

U factor                                            
(၁) Air side coefficient               air stream       fin            (surface)        

                heat transfer              (resistance to heat transfer)        
        (barrier)          

(၂) Water film coefficient     chilled water       copper tube                        
         (barrier)           

(၃)  Thermal conductance     aluminum film       copper tube                       
                     

 
  Fin               (geometry)                                     overall heat transfer 
coefficient                              Coil                   (face area)                            
               ႈ(heat transfer)                                  

၃.၁၁ Cooling Coil Header Connection 

AHU            cooling coil                  ႔            (order)                  (header 
pipe)                     (Right Hand – RH coil connection)   ႔               
          (Left Hand – LH coil connection)                             

Coil      (depth of the coil)    row                           Row 
                coil                  

Coil                 ႈ   (air flow rate)                           ႈ               (heat transfer 
resistance)                ႔             ႈ   (velocity)            water side               ႈ  
              (heat transfer resistance)              
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      ႔                               return a                            connection     
     (RH)   ႔            (LH                           

 
    ၃-၃၇ Righit Hand (RH) and Left Hand (LH) Coil Connection 

၃.၁၂ AHU                      Pipe   Fitting       Device      

 
    ၃-၃၈ AHU                        pipe   fitting       device      

Chilled water supply side      
           device      

Chilled water return                    device      

(A) Gate valve (Isolation valve) 

(B) Pressure gauge 

(C) Thermometer 

(D) Strainer 

(A) Gate Valve (Isolation valve) 

(B) Pressure gauge 

(C) Thermometer 

(E) Balancing valve  

(F) Motorize valve    ႔      Chilled water control valve 
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၃.၁၂.၁ (A) Gate Valves 
Gate valve     AHU   chilled water supply       return                                       

(isolation        )                                                 (devices)          
                                                                                (devices)  
                                    

                chilled water supply                 AHU                      ႔      fitting 
    “Gate Valve”          chilled water return                  AHU             ၌    ႔      fitting 
    “Gate Valve”                            gate valve           AHU    supply             return 
         ႔                                                                         gate valve 
                                

   
    ၃-၃၉                gate valve      

၃.၁၂.၂ (B) Pressure Gauge 

Pressure gauge     chilled water supply                   chilled water return             
(            )                    AHU    cooling coil            chilled water                    
                                                          ႈ   (chilled water flow rate)     
                                 

   
    ၃-၄၀ Pressure Gauage          ၃-၄၁               

 
AHU   specification                   differential pressure across the coil                 

pressure gauge                        ႔     ႈ                                  ႈ   (Actual chilled water 
flow rate)                   ႈ                     ႔                                   Supply pressure 
gauge                                            (pressure                            ႔      
           

Chilled water     ႈ   (flow rate)    chilled water supply pressure        chilled water 
return pressure    ႔                                                                (pressure 
difference)        chilled water     ႈ   (flow rate)                
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၃.၁၂.၃ (C) Temperature Gauge    ႔     Thermometer  
Temperature gauge    ႔                                 (thermometer)    chilled water 

supply                   chilled water return            (            )                    Chilled water 
supply temperature       chilled water return temperature    ႔                                 
         Cooling coil               (performance)                       ႕                    (trouble 
shooting)                                          

၃.၁၂.၄ (D) Strainer 
Strainer         AHU         (chilled water supply)                      AHU 

         ႔               chilled water                                  ႈ              ႕    
(filter)          cooling coil                                                                      
                        ႈ          strainer                                                  ႔        
strainer                (mesh)                             ႔                               

    
    ၃-၄၂ Strainer     ၃-၄၃ Balancing Valve 

၃.၁၂.၅ (E) Balancing Valve 
Balancing valve               (design flow rate          ) chilled water flow rate         

                              

 

   
   ၃-၄၄ Two way valve and three way valve     ၃-၄၅ Chilled water control valve and actuator 

၃.၁၂.၆ (F) Chilled Water Control Valve    ႔ Modulating Valve 
AHU                chilled water     ႈ   (flow rate)    AHU   cooling load          ၍  

                Cooling load                     chilled water     ႈ   (flow rate)           
“Valve”       “Modulating Actuator”                     

Pump               AHU                   friction loss                      ႈ   (flow 
rate)                     Pump              AHU                                   chilled 
water flow rate               pump              AHU                          ႈ   (flow 
rate)                       
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၃.၁၃ AHU       FCU Drain           

 

AHU                 condensate water 
                        drain pan       
drain pipe                         
Drain pan     AHU                       
                    Drain pipe     AHU 
               (site       )         
            Air Handling Unit         
drain pipe      trap                     
     Drain              (copper)       
   ႔      PVC                                   ၃-၄၆ Trap for Draw-Through Unit 

Tee joint                                      (removable) plug            Removable plug     
   ႔                                ႔ ႈ                                               Trap         
                                                                       fan              
(outlet pressure)                          (၃-၄၆)           (၃-၄၇)                               
          

                                                   

 
    ၃-၄၇                                                         

                                                  

                               

AHU/FCU           (Thermal Capacity in kW) Drain               (mm) 

7 kW      19 mm (၃/၄          ) 

7.1 kW    35 kW      25mm ( ၁          ) 

35.1 kW     106 kW      32 mm ( ၁             ) 

106.1 kW    176 kW      40 mm ( ၁-၃/၄          ) 

176.1 kW    616 kW      50 mm ( ၂          ) 

616.1 kW    1050 kW      75 mm ( ၃          ) 
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၃.၁၄ Air Handling Unit ( AHU )                             (Code)     
(၁) Air Handling Unit                        control device                       

(၂) AHU                       cooling coil     finned coil                      8 row           
(8 row                 ႔                         ) Air treatment process     ၏ 
             row            cooling coil                         cooling coil             
                   ႔        ႔        (cleaning)              servicing               
                               

(၃)  Cooling coil              condensate water                  (drain) U bend     
               Condensate drain pan       floor trap                             (Air break 
between the condensate drain pope and the floor trap. ) 

(၄) AHU          (switched off)              cooling coil               condensate water 
     AHU                                                          

(၅) AHU ၏ fan    ႔      blower                    cooling coil          ႔ chilled water      
                       

(၆)  AHU ၏                                ႔                                            abrasion 
resistant                      

(၇) AHU                             စၥည္းမ်ား သိုေလွာင္သိမ္းဆည္းထားျခင္း မျပဳရ။ Air con 
system                       ၥ        AHU                           system    
                         (installation)            

(၈) AHU         Code of practice for Fire Precaution                                            
                    (operate)                                                       
(fire safety requirement)                  

၃.၁၄.၁ AHU Fan System Design Criteria  
AHU                   fan    ႔       blower ၏           4 kW                        
                                   
 
Fan power limitation in air conditioning system 

Allowable Nameplate motor power 

Constant Volume (CAV AHU) Variable Volume 
1.7 kW /   m³/s 2.4 kW /   m³/s 

Variable Air Volume (VAV) AHU       fan nameplate motor     2.4 kW/m³/s           
(        ႔                        ႈ                            2.4 kW                  ) 

Constant Air Volume System (CAV) AHU       fan motor ၏ nameplate reading     
1.7 kW/ m³/s           (        ႔                (1 m3)        ႈ                  
                   1.7 kW                  ) 

Air conditioning system                                                                  
                     (automatically s                         
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( ) 7 day timer    ႔      schedule                    AHU                          (start/stop         
                                                                               (temporary operation) 
                                               function                  

( ) Occupancy sensor                   occupancy sensor        (၃၀)                      
       (no occupant)           (detect)      AHU            (shutdown)      

(ဂ)  Security system                       security system                                    
             AHU            (shutdown)                                            
(guest room)                                              (manual  on/off) AHU      
                        

(ဃ)       ႈ   (air flow rate) 5 m³/s                AHU          optimum start control       ၀   
      Optimum start control algorithm      set point                    (room temperature) 
   ႔၏                    (differential temperature)       scheduled occupancy    ႔၏        
              ႔                                

( )                                                         ၏ AHU                                    
    (zone)     ၏               2300 m²                 (zone)                     
                           ႔                                  

( ) AHU             (shutdown)                      AHU                                   
(outdoor air intake)           exhaust air system                              (shutdown) 
        

( )                 AHU                                            ႔                “pre occupancy 
building cool-down”               -                       -                               
outdoor air damper                                                                       

( ) A                     (space)                         outdoor supply air       exhaust 
system                          damper                                                     
                                 

(  ) Damper                          (pressure)                           damper ၏ 
                                    ႈ(maximum leakage rate)    100 l/s  per m²     
                                        damper                  ႈ   (leak)    100 L/s 
             

   ႔                                                        
• 2.4 m³/s                      fan system                          exhausted air       

outdoor air connection                     
•               ႈ   (design airflow)  ၁၀%                (zone)                         

        exhaust air system               
•                                                        (zone)                     

           ၏         (power)    0.5 kW                                       
automatic shutdown                                       
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Part load fan power limitation 
VAV                      ၏         (power)    11 kW                                  
                 
( ) Variable Speed Drive (VSD)    ႔      Variable Frequency Drive (VFD)             

   ႔          -                  variable pith blade                 

( )               ႈ   (design airflow) ၏ ၅၀%                          static pressure set point     
                                                                  ၏ demand     design 
wattage     ၃၀%                              

Static pressure sensor location 
 VAV system AHU                   static pressure sensor                       1/3  of 

total design fan static pressure                                                Main 
duct    main branch duct                    duct                major branch duct             
static pressure sensor                      

Set point reset  
 Direct Digital Control(DDC)                  VAV Box           static pressure set point 

    reset                    set point     reset lower              (                    
damper     95%    ႔                       )  

၃.၁၅ VAV AHU           Controller       Control Logic 

 
    ၃-၄၈ Building Automation System(BAS)                  AHU graphic     

Building Automation System(BAS) ၌        ႔            AHU graphic                 
              AHU          Direct Digital Controller(DDC)      control logic             
                                            Building Automation System(BAS)            
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    ၃-၄၉    Air Handling Unit          field device       Input       Output                      

 

Legend 
ST:    On/Off status 
TA:    Trip alarm 
A/M:  Auto/Manual mode 
SD:    Smoke detector 
DPS:  Differential pressure    
         switch 
WLD: Water leakage Detector 
T:      Temperature 

 
SP:     Static pressure 
RH:     Relative Humidity 
WFR:  Water flow rate 
KWH:  kilo-watt hour 
S/S:    Start/Stop control 
VSD:   Variable speed drive 
M:      Motorised actuator 
O/C:   Open/Close control 

    ၃-၄၉    Air Handling Unit          field device       input       output       legend 
 

၃.၁၅.၁ Description of DDC Inputs and Outputs 

Variable Air Volume (VAV) AHU control application                            Direct 
Digital Controller (DDC)     model UAH2484L               
 
Direct Digital Controller (DDC)  Input       

      Direct Digital Controller(DDC) UAH24842L                            input            
 
(1) Digital Input (Dry contacts) 

      Direct Digital Controller (DDC) UAH24842L       Digital Input(DI) (၁၅)               
(connect)            
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    ၃-၅၀ VAV AHU           controller     input       output                      

VAV AHU           controller       control logic                            
Digital Input                   

• Selector mode status 

• On/Off status 

• Trip status 

• Smoke detector status (maximum 4 nos.)       

• General dry contacts (maximum 8 nos.)    ႔         

 
(2) Analog Input (0-5 Vdc/ 4-20mA/ NTC 10K temperature) 
Direct Digital Controller(DDC)UAH24842L       Analog Input (၁၂)           (connect)            

Analog Input                   

• Temperature sensors(maximum 4 nos.) 

• Static Pressure 

• Chilled water flow rate 

• CO2       

• Universal Input(maximum 5 nos.)    ႔         

Analog Input monitoring                      (abnormal) sensor reading         
   ႔       “       rder Low Pass Filter Method”                      

                             
Where,       Vnew = New reading to be updated in DDC 
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 Vold = Old reading updated in DDC 
 Vin = Sensor reading, 
 C = constant(0.0~ 1.0) 

(3) Pulse Input 
Direct Digital Controller(DDC) UAH24842L       pulse Input (၁)           (connect) 

                     pulse width     (၅၀)         ႔(50ms)          Accumulated counter     
       (value) 0    1,999,999,999           (display)            

Output      
Direct Digital Controller (DDC) UAH24842L     Digital Output (24 Vac Triac) & Analog 

Output (0-10 Vdc or 4- 20mA)                         C                     

Variable Air Volume (VAV) AHU   DDC layout        wiring  diagram 

 
    ၃-၅၁ Variable Air Volume (VAV) AHU   DDC Layout        Wiring  Diagram 

 
(4) Digital Output 

Direct Digital Controller(DDC) UAH24842L     Digital Output channel (၅)           
          Channel                 Digital Output control (၁)         configure                
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AHU                    /       
AHU Start/Stop(Individual schedule or manual control) 
               /       
Fan 1 Start/Stop(Individual schedule manual control)(used as By pass damper control ) 
               /       
Fan 2 Start/Stop(Individual schedule manual control) 
Return air damper         /        
Return air damper Open/Close control(interlock with AHU operation) 
Exhaust air damper         /        
Exhaust air damper Open/Close control(interlock with AHU operation) 
Variable Air Volume (VAV) AHU   Typical Sensor Termination  

 
    ၃-၅၂ Variable Air Volume(VAV)AHU   Typical Sensor Termination 

(5) Analog Output 
Direct Digital Controller(DDC) UAH24842L     Analog output channel                         
 • AHU Variable Speed Drive(VSD) control       

 • AHU chilled water valve control    ႔                                 
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၃.၁၅.၂ DDC Terminal Block Assignment (UAH2484L) 
Terminal Block (၇)             TB1    TB6       TB8 terminal    ႔           

Terminal 
Block No 

Label Description Remark 

TB0 
+24V 24 VAC Input(L)   
COM 24 VAC Input(N)   

  
TB1 

AO1 Analog Output 1 
COM COM terminal for AO1 & AO2 
AO2 Analog Output 2 

TB2 
UI1 – UI4 Universal Input 1-4   
COM 2 COM Terminals for UI 1-4 Each com shared by 2 UI 

TB3 
UI5 – UI8 Universal Input 5-8   
COM 2 COM Terminals for UI 5-8 Each com shared by 2 UI 

TB4 
UI9 – UI12 Universal Input 9-12   
COM 2 COM Terminals for UI 9-12 Each com shared by 2 UI 

TB5 
UI13 – UI16 Universal Input 13-16   
COM 2 COM Terminals for UI 13-16 Each com shared by 2 UI 

TB6 
UI17 – UI20 Universal Input 17-20   
COM 2 COM Terminals for UI 17-20 Each com shared by 2 UI 

TB7 
UI21 – UI24 Universal Input 21-24   
COM 2 COM Terminals for UI 21-24 Each com shared by 2 UI 

TB8 
P3 Pulse Input 

Only P3 is used. COM COM terminal for P3 & P4 
P4 Pulse Input 

TB9 TO1-TO8 Digital Output 1 - 8 
Only TO1,3,5,6 are used. 
TO3 not used for Tower 1 

TB10 

N+ Network wire from previous DDC   
N- Network wire from previous DDC   
N+ Network wire to next DDC   

N- Network wire to next DDC   

၃.၁၅.၃ AHU Control Logic 
AHU                            operating mode (၅)              
 (၁) Purge mode 
 (၂) Alarm mode 
 (၃)  Normal operation mode 
 (၄) Manual control mode       
 (၅) Bypass damper control    ႔          
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 (၁) Purge mode 
Purge mode                 AHU                                                 

                                                   ႔                             “Flushing Mode” 
               

Network    purge                             ႔      network    purge mode     enable 
          controller     “Purge Mode”    ႔      “Flushing Mode”               
Controller            output                  (             ) controlled device              
            
• On/Off           (type) exhaust air damper               (set to open) 

• On/Off           (type) return air damper              (set to close) 

• AHU supply air fan           (run)      Fan speed     “       ode”    set point 
                 

• Modulating           (type) chilled water valve              (set to 0%) 

(၂) Alarm mode 
                                         “Alarm Mode”                           AHU 

         ႔                                                       ႔          ႔      AHU          ႔         
 Blower        ႈ   (VSD speed)    0% (set to 0%                                  ႔       

 Return air damper              (set to close) 

      AHU            chilled water valve               (fully close)          Return 
air damper          (open)      Exhaust air damper         (              

(၃) Normal operation mode 
                         (start/stop)                (manually                   ႔      

                         (schedule)                             
AHU     DDC                                          mode selection switch    ႔      selector switch 
    “on”             ႔      Auto mode    ႔                         Mode selection switch 
   ႔      selector switch     local mode    ႔             DDC                                  
                        

(၄) Manual control Mode 
                 
• On/Off           (type) exhaust air damper              (set to close) 
• On/Off           (type) return air damper               (set to open) 
• AHU supply air fan              fan speed     static pressure setpoint                      

PID algorithm               output contol singal         VSD                        
• Modulating           (type) chilled water valve     cooling set point                      PID 

algorithm               output contol singal         modulating actuator              
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AHU              
•  On/Off type Exhaust air damper             (set to close) 
•  On/Off type return air damper              (set to open) 
•  VSD output     0 %              (set to 0 %) 
•  Valve output     0 %              (set to 0 %) 
 
(၅) Bypass damper control  

Bypass damper control     AHU       interlock                                    
(open/close)     manually    ႔                                               
 
Chilled Water Valve Control  

                            modulating type chilled water valve     control          
Actuator     0~10 Vdc control signal                                          
Temperature control loop   default  PID parameter         
•  Default  setpoint                   
•  Supply air temperature     control PID loop                                  
•  Proportional band   default  value       .               
• Dead band   default  value      .4               

  
    ၃-၅၃ Modulating valve control     ၃-၅၄ Temperature control 

 
Integral   default value (I gain)                      derivative constant default  value           
         (                PI control            ) 
 
Supply Fan Variable Speed Drive (VSD) control  
                            f          Variable Speed Drive (VSD)     control          Output 
signal     0~10 Vdc                     
Temperature setpoint       default  PID parameter         
•  Default setpoint                     

•  Minimum supply air static pressure     control PID loop                                 
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Sensor range                         

•  Proportional band   default  value                        
•  Dead band   default value                     

Integral   default value     60 seconds          derivative constant default value       
             (                PI control           ) 

  
    ၃-၅၅ VSD control     ၃-၅၆ Static Pressure Control 

-End- 
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Chapter - 4 Cooling Towers 

၄.၁ Introduction  
Air conditioning system မ်ားႏွင့္ industrial cooling process မ်ားမွ ထြက္လာသည့္ အပူမ်ား 

(generated heat)ကို စြန္႔ထုတ္ပစ္(reject)ရန ္ လိုအပ္သည္။ စြန္႔ထုတ္ပစ္ျခင္း(rejecting) မျပဳလုပ္ပါက ထို 
ထြက္ေပၚလာသည့္ အပူမ်ား(generated heat)သည္ တစ္ေနရာသုိ႔                    (dissipated) သြားလိမ့္ 
မည္။ Cooling tower သည္ system တစ္ခုအတြင္းမွ အပူ(heat)မ်ားကုိ အနီးရွိ ေလထုထဲသုိ႔ စြန္႔ထုတ္ 
ေပးႏုိင္ေသာ ကိရိယာ(heat rejection device)တစ္မ်ိဳး ျဖစ္သည္။ ထုိသုိ႔  အပူမ်ားကို စြန္႔ထုတ္ႏုိင္ရန္ အတြက္ 
condenser water အပူခ်ိန္သည္ ေလထု၏ အပူခ်ိန္ထက္ ပို၍ ျမင့္မားေနရန္ လုိအပ္သည္။  

 

   
    ၄-                            

Chiller    ႔      industrial process heat exchanger မ်ားမွ ထြက္လာသည့္ အပူမ်ား(generated 
heat)ကို ဖယ္ထုတ္ပစ္ရန္အတြက္ ေရကို “Heat Transfer Medium” အျဖစ္ အသံုးျပဳၾကသည္။ ေရသည္ 
အလြယ္တကူ ေပါေပါမ်ားမ်ား ရႏုိင္ၿပီး၊ ကုန္က်စရိတ္လည္း အလြန္သက္သာသည္။ လြန္ခဲ့ေသာ နွစ္ေပါင္း 
မ်ားစြာက ထိုထြက္လာသည့္ အပူမ်ား(generated heat)ကို ေရကန္မ်ား၊ ေရအုိင္မ်ား၊ ပင္လယ္မ်ား၊ ေခ်ာင္းမ်ား 
အတြင္းသုိ႔ စြန္႔ထုတ္ပစ္ခဲ့ၾကသည္။ ထုိသုိ႔ စြန္႔ထုတ္မႈေၾကာင့္ ေရကန္မ်ားအတြင္းရွိ ေရ၏အပူခ်ိန္ျမင့္တက္ကာ 
                           ႈ(ecological disturbance)မ်ားကို ျဖစ္ေပၚေစသည္။ ေရေနသတၱဝါမ်ား ေသေက် 
ပ်က္စီးရသည္။  

ထို႔ေၾကာင့္ ယခုအခါတြင္ air conditioning system မ်ား၊ water cooled refrigeration system မ်ား 
ႏွင့္ process cooling system မ်ားမွ စြန္႔ထုတ္ပစ္လုိက္ေသာ အပူမ်ား(rejected heat)ကို ဖယ္ထုတ္ရန္ 
အတြက္ cooling tower မ်ားကို အသံုးျပဳလာၾကသည္။ Cooling tower တပ္ဆင္ အသံုးျပဳျခင္းေၾကာင့္ ကုန္က် 
စရိတ္ အလြန္သက္သာသည္။ သဘာဝပတ္ဝန္းက်င္ ထိခိုက္ေစမႈ(ecological effect)ကိုလည္း ေလ်ာ့နည္း 
ေအာင္ ျပဳလုပ္ႏုိင္သည္။  

Air conditioning system မ်ားသာမက process cooling system မ်ား ႏွင့္ compressed air system 
မ်ားတြင္ အပူမ်ား စြန္႔ထုတ္ပစ္ရန္(heat rejection)အတြက္ cooling tower မ်ားကို အသံုးျပဳၾကသည္။ Water 
cooled chiller မ်ားႏွင့္ water cooled package unit မ်ားႏွင့္ တြ၍ဲလည္း အသံုးျပဳၾကသည္။  
  Cooling tower မ်ားသည္ 
 ( ) Sensible heat transfer      
 (၂) Latent heat transfer      ႏွင့္ 

 (၃) အထက္ပါနည္း ႏွစ္မ်ိဳးလံုးျဖင့္ အပူ(heat)မ်ားကို ေလထဲ(atmosphere)သို႔ တစ္ၿပိဳင္နက္ 
စြန္႔ထုတ္ပစ္ (reject) ၾကသည္။  

အပူ(heat)သည္ အပူခ်ိန္ျမင့္ရာ(high temperature) မွ နိမ့္ရာ(low temperature)သုိ႔႔သာ အလုိေလ်ွာက္ 
အပူကူးေျပာင္းျခင္း(heat transfer) ျဖစ္္ႏုိင္သည္။ 
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     ႔                                  (evaporative cooling)နည္းသည္ latent heat transfer 
လုပ္ျခင္းျဖင့္ စြန႔္ထုတ္ပစ္ျခင္းကို ဆုိလုိသည္။ ပူေသာေရမ်ားကို cooling tower အတြင္းရွိ fill packing မ်ား 
အေပၚ၌ ျဖတ္၍ စီးဆင္းေစသည့္အခါ ေရအခ်ိဳ႕သည္ ေရေငြ႔ပ်ံျခင္း(evaporation)ျဖစ္ကာ ေရ၏အပူခ်ိန္ က်ဆင္း 
သြားသည္။ 

 
ထုိ႔အျပင္ ပိုေႏြးေသာေရမ်ား(warmer water)မွ အပူမ်ားသည္ sensible cooling နည္းျဖင့္ ေအးသည့္ 

ေလ(cool air)ထသဲုိ႔ စြန္႔ထုတ္(reject) ခံရသည္။ တစ္နည္းအားျဖင့္ ပိုေႏြးေသာ ေရမ်ား(warmer water)မွ 
အပူမ်ားသည္ sensible cooling နည္းျဖင့္ ေအးသည့္ေလ(cool air)ထသဲုိ႔ ကူးေျပာင္း(transfer) သြားသည္။ 

 

၄.၂ Cooling Tower ႏွင့္သက္ဆုိင္ေသာ အေခၚအေဝၚမ်ား(Technical Terms) 

Approach – Condenser water supply အပူခ်ိန္(temperature) ႏွင့္ cooling tower အတြင္းသုိ႔ ဝင္လာသည့္ 
ေလ၏ Wet Bulb အပူခ်ိန္(temperature)တို႔ ျခားနားခ်က္သည္ “Approach” ျဖစ္သည္။  
 

Approach temperature = Leaving condenser water  
temperature 

-   Entering air Wet Bulb     
    temperature 

                 (Blow Down or Bleed Off) 

Cooling tower မွ condenser water မ်ားသည္ ေရေငြ႔ပ်ံျခင္း(evaporation)ေၾကာင့္ တျဖည္းျဖည္း 
ေလ်ာ့နည္း သြားသည္။ Condenser water ထဲတြင္ ပါရွိေနသည့္ အခဲမ်ား(solid) မ်ား၊ ဓာတ္ဆား(salt)မ်ားႏွင့္ 
         မ်ား(impurities) ပါဝင္ေနမႈ တျဖည္းျဖည္း ျမင့္တက္လာသည္။                ႈ 
(concentration)မ်ားသည့္ condenser water မ်ားကို ေဖာက္ထုတ္၍ ေရအသစ္(fresh water)   ထည့္ 
ေပးျခင္းျဖင့္ ရွိသင့္ရိွထိုက္ေသာ concentration level ရေအာင္ ထိန္းထားရသည္။ ထိုသ   ႔                ႈ 
(concentration)ျမင့္သည့္ condenser water မ်ား ေဖာက္ခ်ျခင္းကို “Blow Down” သို႔မဟုတ္ “Bleed Off” 
လုပ္သည္ ဟုေခၚသည္။ 

Capacity:  Cooling tower တစ္လံုးမွ စြန္႔ထုတ္ပစ္ႏိုင္ေသာ အပူပမာဏ (amount of heat that cooling 
tower can reject)    cooling tower ၏ အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity) ျဖစ္သည္။ 

 

     ႔                                  (evaporative cooling)နည္းျဖင့္ စြန္႔ထုတ္(reject) 
ႏုိင္သည့္ အပူ(latent heat)ပမာဏသည္ ေရေငြ႔႔႔ပါဝင္မႈ(moisture content) ေပၚတြင္ မူတည္သည္။ 
ေလထု၏ Wet Bulb         နိမ့္ေလ ေရေငြ႔ပါဝင္မႈ(moisture content) နည္းေလ     ၿ    cooling tower 
   အပူ(latent heat)ပမာဏမ်ားမ်ား စြန္႔႔႔႔ထုတ္(reject)ႏုိင္ေလ ျဖစ္သည္။ အဘယ္ေၾကာင့္ ဆုိေသာ္ Wet 
Bulb          နိမ့္ေသာေလသည္ ပို၍ ေျခာက္ေသြ႔႔ေသာေၾကာင့္      evaporative cooling  
ျဖစ္ေစႏိုင္သည္။  

ေလထဲသုိ႔           (transfer)သြားသည့္ “S  s b   H a ” ပမာဏသည္ ေလ၏ Dry Bulb 
        (temperature)ေပၚတြင္ မူတည္သည္။ ေလထဲသုိ႔           (transfer)သြားသည့္ “La     Heat” 
ပမာဏသည္ ေလ၏ Wet Bulb         (temperature)ေပၚတြင္ မူတည္သည္။ 

Cooling tower ၏ အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity)ကို တြက္ရန္ ေရလည္ပတ္ႏႈန္း(flow 
rate)၊ approach temperature ႏွင့္             ၏ Wet Bulb          တို႔႔ကို သိရန္ လိုအပ္သည္။ 
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Drift: ေရေငြ႔ပ်ံျခင္း(evaporation) မျဖစ္   fan ၏ ေလစုပ္အားေၾကာင့္ cooling 
tower အျပင္ဘက္သို႔ ေရစက္ငယ္မ်ား ေရာက္သြားျခင္းကို “Drift”         ဟု 
ေခၚသည္။ 
Eliminator: Fan ေၾကာင့္ cooling tower အျပင္ဘက္သို႔ ေရာက္ရိွသြားမည့္ 
ေရစက္ငယ္မ်ားအား ျပန္လည္စုေဆာင္းေပးသည့္ ကိရိယာကို eliminator ဟုေခၚ 
သည္။ (“Drift”                                     “Drift Eliminator” 
ဟုေခၚျခင္း ျဖစ္သည္။  

 
   ၄-၂ Drift Elimimator 

 
    ၄-၃ Cooling tower      Drift Elimimator              

Cell                        (                  a      လုပ္ထားေသာ cooling tower ၏ 
အခန္းငယ္ကို cell ဟု ေခၚသည္။  

Counter Flow ေရစီးရာလမ္းေၾကာင္း(water flow path)ႏွင့္ ေလသြားလမ္းေၾကာင္း(air flow path)သည္ 
အၿပိဳင္ျဖစ္ၿပီး ဦးတည္ရာ ဆန္႔က်င္(parallel & opposite direction     ေနလ်ွင္ “Counter 
Flow Cooling Tower” ဟု ေခၚသည္။ 

Cross flow ေရစီးရာလမ္းေၾကာင္း (water flow path)ႏွင့္ ေလသြားလမ္းေၾကာင္း (air flow path) 
တို႔သည္ 90° ေထာင့္မွန္(perpendicular)ျဖစ္ေနလ်ွင္ သုိ႔မဟုတ္ ၾကက္ေျခခတ္ ပုံစံျဖင့္ 
ျဖတ္သြား ၾကလ်ွင္ “Cross Flow Cooling Tower” ဟုေခၚသည္။ 

Double flow 

 

Cross flow cooling tower ၏ ေဘးႏွစ္ဘက္မွ ေရမ်ားစီးဆင္းေနလ်ွင္ “Double Flow” ဟု 
ေခၚသည္။ 

Evaporation 
(Loss) 

 

Condenser water သည္ အပူေၾကာင့္ အရည္အျဖစ္ မွ အေငြ႕(vapor)အျဖစ္ အသြင္ 
ေျပာင္းျခင္း(  as    a         ၿပီး ေရေငြ႔အျဖစ္ cooling tower မွ တစ္ဆင့္ ေလထဲသုိ႔ 
ေရာက္ရိွသြားျခင္းကို “Evaporation” ဟုေခၚသည္။ ထုိကဲ့သုိ႔ ေရေငြ႔ပ်ံျခင္း (evaporation) 
ျဖစ္ကာ ဆံုး႐ႈံးသြားသည့္ ေရမ်ားကို “Evaporation Loss” ဟု ေခၚသည္။ 

Fill 

 

ပူသည့္ condenser water ႏွင့္ ေအးသည့္ေလ တို႔အၾကား အပူကူးေျပာင္းျခင္း(heat 
transfer) ျဖစ္ေအာင္ ျပဳလုပ္ေပးသည့္ ပစၥည္း ကို “Fill” ဟုေခၚသည္။ Fill         Heat 
transfer media သို႔မဟုတ္ အပူစီးကူးႏုိင္သည့္ မ်က္ႏွာျပင္ (heat transfer surface) 
ျဖစ္ၾကသည္။  

Forced Draft  

 

Fan မ်ားမွ ေလကို cooling tower အတြင္းသို႔ ေရာက္ေအာင္ မႈတ္ထည့္(push)ေသာ 
ေၾကာင့့္္ cooling tower အတြင္း၌      (positive pressure)ျဖစ္ေနသည့္ cooling tower 
အမ်ိဳးအစား ျဖစ္သည္။ 
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Induced Draft  Cooling tower fan မ်ားသည္ ေလကို cooling water အတြင္းမွ စုပ္ယူ(pull)ေသာေၾကာင့္ 
cooling tower cell အတြင္း၌        (negative pressure) ျဖစ္ေနသည့္ cooling tower 
အမ်ိဳးအစား ျဖစ္သည္။  

Lift Cooling tower အေပၚရိွ        (hot water basin)ႏွင့္ ေအာက္ရွိ ေရအျမင့္(water 
level) ႏွစ္ခုအၾကား အကြာအေဝး ျဖစ္ၿပီး “Static Head” ဟုေခၚသည္။ Condenser water 
pump head တြက္ရာတြင္ ဤအကြာအေဝး(static head)ကို အသံုးျပဳသည္။   

Make up 
(water)  

 

Condenser water မ်ား cooling tower မွ ေရေငြ႔ပ်ံျခင္း(evaporation)ေၾကာင့္ ေရဆံုးရံႈးမႈ 
ျဖစ္ေပၚၿပီး drift ျဖစ္ျခင္းေၾကာင့္လည္း ေရဆံုး႐ႈံးမႈ ျဖစ္ေပၚေစသည္။ ထိုသုိ႔ ေလ်ာ့နည္း 
သြားသည့္ condenser water မ်ားအတြက္ ျပန္လည္ ျဖည့္ေပးရသည့္ ေရကုိ “make up 
water” ဟုေခၚသည္။     ျဖည့္ရန္အတြက္ သိုေလွာင္ထားသည့္ ေရကန္ကို “make up 
water tank” ဟုေခၚသည္။ ျဖည့္မည့္ ေရပုိက္ကို “make up water pipe” ဟုေခၚသည္။ 

Range Condenser water ၏ အဝင(္entering to cooling tower) အပူခ်ိန္ ႏွင့္ အထြက္(leaving 
from cooling tower)အပူခ်ိန္ ကြာျခားခ်က္။ 

Range = Entering condenser water temperature 
at Cooling Tower 

- Leaving condenser water   
 temperature at cooling tower  

၄.၃ Condenser Water Piping Configuration 
Chilled water system          water cooled                                 ၊ air  cooled 

chiller                                                         Water cooled chiller     
                                ၿ    air cooled chiller                                            

 Water cooled chiller                 chilled water  system  Reference 
(   Air side circuit    ႔      air distribution system Serving Room 

(၂  Chilled water            ႔      chilled water  distribution system AHU/FCU 

(၃  Condenser water circuit Chiller 

Naming of Circuit 
Circuit                      (entering)           (leaving)    ႔      supply       return 

                                                                                 (entering)      
     (  a                       s                                  supply       return     
            

Chilled water circuit      building    ႔      load side (AHU/FCU)               (reference) 
                                         (leaving) chilled water     chilled water supply 
(supply to building)           ၿ    chiller          ႔               (entering) chilled water     
chilled water  return (return from  building)                 

Condenser water circuit      chiller               (reference)                  
Condenser water      (leaving chilled water)    condenser water return (return from chiller)   
       ၿ    condenser water     (entering) condenser water     condenser water supply (supply 
to chiller)                
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Air side circuit      serving area               (reference)                   H     
               (leaving air)    supply air(supply to serving area)          ၿ    AHU    ႔ 
                 return air ( return air from serving area)               

 
    ၄-၄ One to One System (Individual System)                                     

၄.၃.  One to One System (Individual System) 

 
    ၄-၅ One to One System (Individual System)                     

   (၄-၅)     chiller တစ္လံုး၊ pump တစ္လံုး ႏွင့္ cooling tower တစ္လံုး တုိ႔သည္ သီးျခား 
condenser water circuit တစ္ခုအျဖစ္ တည္ရိွသည္။ Chiller သံုးလံုးရွိေသာေၾကာင့္ condenser water 
circuit သံုးခုရွိသည္။ Condenser water pump သည္ သူႏွင့္ သက္ဆုိင္သည့္ chiller ျဖင့္သာ ေမာင္းႏုိင္သည္။ 
အစံုလုိက္သာ ေမာင္းႏုိင္သည္။ 
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၄.၃.၂ Common Condenser water Header at Chiller and Cooling Tower 
   (၄-၆)     chiller သံုးလံုး၊ pump သံုးလံုး ႏွင့္ cooling tower သံုးလံုးတုိ႔ သည္ condenser water 

circuit တစ္ခုအျဖစ္ တည္ရွိသည္။ Condenser water pump သည္ မည္သည့္ chiller ႏွင့္မဆုိ ေမာင္းႏုိင္သည္။   

 
    ၄-၆ Chiller       condenser pump         common header              

၄.၃.၃ Common Condenser Water Header at Cooling Tower 

 

 
 
Chiller သံုးလံုး၊ pump သံုးလံုး ႏွင့္ cooling tower 
သံုးလံုးတုိ႔ သည္ condenser water circuit တစ္ခု 
အျဖစ္တည္ရွိသည္။ Condenser water pump သည္ 
သက္ဆုိင္သည့္ chiller ျဖင့္သာ ေမာင္းႏုိင္သည္။   

 

    ၄-၇ Chiller       cooling tower         common header              

၄.၄ Cooling Tower                (Type)       Configuration 
Cooling tower ၏ configuration                 (type)          
( )              ၏         (air flow direction)                    ၏         (water flow 

direction)    ႔           counter flow cooling tower       cross flow cooling tower     
            

( ) Tower fan                        (location)           "Induced Draft”       "Force Draft” 
                    

၄.၄.  Fan Location  
Force draft အမ်ိဳးအစားတြင္ fan မွ ေလမ်ားကို cooling tower အတြင္းသို႔ မႈတ္ထည့္ျခင္း ျဖစ္သည္။ 

Cooling tower ၏ cell အတြင္း၌      (positive pressure) ျဖစ္ေပၚသည္။ Induce draft cooling tower 
အမ်ိဳးအစားတြင္ fan သည္ cooling tower ထဲမွ ေလကုိ စုပ္ယူသည္။ Cooling tower ၏ cell အတြင္း၌ 
       (negative pressure) ျဖစ္ေပၚသည္။  

အေဆာက္အဦမ်ားရိွ air con system အတြက္ အသံုးျပဳေသာ cooling tower မ်ားသည္ counter 
flow သို႔မဟုတ္ cross flow အမ်ိဳးအစားမ်ား ျဖစ္ၾကသည္။ Counter flow cooling tower အမ်ိဳးအစားကုိ 
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ေလးေထာင့္ ပံုသဏၭာန္    ႔      အဝိုင္းပံုသဏၭာန္ ျပဳလုပ္ၾကသည္။ Cross flow cooling tower မ်ားကို 
ေလးေထာင့္ ပံုသဏၭာန္ ျပဳလုပ္ၾကၿပီး ေဘးႏွစ္ဘက္မွ ေလမ်ား ဝင္လာေစသည္။  

Classification of Cooling Towers 

 
    ၄-၈ Coolig tower                       

Cooling tower မ်ားတြင္             (air flow)     သည္ induced draft အမ်ိဳးအစားလည္း 
ျဖစ္ႏုိင္သည္ force draft အမ်ိဳးအစားလည္း ျဖစ္ႏုိင္သည္။ Induced Draft အမိ်ဳးအစားသည္ cooling tower 
အတြင္းမွေလ မ်ားကို fan က စုပ္ယူျခင္း ျဖစ္သည္။  

Cooling tower                         
( )  Induced draft counter flow 
(၂)  Force draft counter flow 
(၃)  Induced draft cross flow       
(၄)  Force draft cross flow      ႔         

  
    ၄-   Forced draft horizontal 

(+ pressure) 
    ၄- ၂ Forced draft vertical 

(+ pressure) 
    ၄- ၃ (- pressure) 
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    ၄-၉                              

  

    ၄- ၄ Counter flow cooling tower     ၄- ၅ Parallel flow cooling tower 
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             ၏         (air flow direction) 
ႏွင့္              ၏          (water flow 
direction) တုိ႔ကုိမူတည္၍ parallel flow ကိုပါ ထည့္၍ 
သ    မ်ိဳး ခြျဲခားႏုိင္သည္။  
 
( ) Counter flow cooling tower  
(၂) Parallel flow cooling tower  
(၃)  Cross flow cooling tower ဟူ၍လည္း 

ခြျဲခားႏုိင္သည္။  
 

 

    ၄- ၆ Cross flow cooling tower  

၄.၅ Cross Flow Tower ႏွင့္ Counter Flow Tower    ႔၏ အားနည္းခ်က္ ႏွင့္ အားသာခ်က္မ်ား 

Cross flow tower ၏ အားနည္းခ်က္ ႏွင့္ အားသာခ်က္မ်ား 

Condenser Water Side အားသာခ်က္မ်ား Condenser Water Side အားနည္းခ်က္္မ်ား 
(၁)  Pump head နည္းသည္။ Power 

နည္းသည္။ စြမ္းအင္        ႈ သက္သာသည္။   
(၁) Infill ေပၚသုိ႔ ေရမ်ား          က်ေစရန္ 

ခက္ခဲသည္။ 
(၂)                         (maintenance) 

                   
(၂)  Biological fouling ျဖစ္ႏုိင္သည္။ 

(၃)        ႈ   (water flow) 
မညီညာျခင္းေၾကာင့္  ျဖစ္ေသာ ျပႆနာ 
နည္းသည္။ 

(၃)  Cooling tower  ၏            (foot print) ေနရာ 
က်ယ္က်ယ္ လုိအပ္သည္  

Air Side အားသာခ်က္မ်ား Air Side အားနည္းခ်က္္မ်ား 
(၁)               ႈ(static pressure loss) 

                         ႈ          
(၁)  Inlet louver ၏            ဧရိယာ(surface area) 

က်ယ္က်ယ္ လုိအပ္သည္။ ေလကုိ                   
(control) ခက္ခသဲည္။ (၂)  Drift ျဖစ္မႈ နည္းသည္။ 

(၃)  Capacity မ်ားမ်ား     cell အေရအတြက္ 
နည္းနည္းသာ လုိသည္။ 

 
Counter Flow Tower ၏ အားနည္းခ်က္ ႏွင့္ အားသာခ်က္မ်ား 

Condenser Water Side အားသာခ်က္မ်ား Condenser Water Side အားနည္းခ်က္္မ်ား 
(၁)  Spray ျဖင့္ ျဖန္းျခင္းေၾကာင့္ ေရထြက္မႈ  

ေကာင္းမြန္ ညီညာသည္  
(၁)  Spray မ်ား၏        (nozzle) ေၾကာင့္       

      ႈ  ႈ(head loss)မ်ား သည္။ Pump          
(power)မ်ားမ်ား လုိသည္။                  ႈ          

(၂)  Approach နည္းရန္ အတြက္ အလြန္ 
ျမင့္ေသာ tower ျဖစ္ရန္ လုိသည္။ 

(၂)  Spray  nozzle မ်ားကုိ သန္႔ရွင္းေရးလုပ္ရန္ ႏွင့္ ျပဳျပင္ 
ထိန္းသိမ္းရန္ ခက္ခသဲည္။ 
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Air Side အားသာခ်က္မ်ား Air Side အားနည္းခ်က္္မ်ား 

(၁)  Counter flow ျဖစ္ေသာေၾကာင့္     
           ႈ(heat transfer) 
ပုိေကာင္းသည္။   

(၁)  Air static pressure loss မ်ားသည္။ Louver မ်ားမ်ား 
လုိအပ္သည္။                  ႈ         

(၂)    ၌        (inlet velocity) မ်ားေသာေၾကာင့္ 
အနီးရွိ အမႈိက္မ်ား cooling tower အတြင္း သုိ႔ 
ဝင္ေရာက္ ေလ့ရွိသည္။ 

(၃)        ႈ   (air flow) ညီမ်ွရန္ ခက္ခဲသည္။ 

 Counter flow tower မ်ားသည္ cross flow tower မ်ားထက္ အထုိင္ခ်ရန္ေနရာ (foot print) 
          သာေၾကာင့္ တပ္ဆင္ရန္ ေနရာက်ဥ္းက်ဥ္းသာ လုိအပ္သည္။ Counter flow tower မ်ားသည္ 
cross flow tower မ်ားထက္       ႈ   (air flow)   မ်ားၿပီး ဖိအားက်ဆင္းမႈ(static pressure loss) မ်ား 
ေသာေၾကာင့္ fan         (power) မ်ားစြာ လုိအပ္သည္။ စြမ္းအင္သံုးစြဲမႈ(energy consumption)    မ်ားသည္။  

၄.၆ Direct Contact    ႔      Open Cooling Tower ႏွင့္ Closed Circuit Cooling Tower 

Cooling tower မ်ားကို direct contact သုိ႔မဟုတ္ open cooling tower ႏွင့္ closed circuit cooling 
tower ဟူ၍ အၾကမ္းအားျဖင့္ ႏွစ္မ်ိဳး ခြျဲခားႏုိင္သည္။ 

( ) Direct contact သုိ႔မဟုတ္ open cooling tower တြင္ ေရသည္ cooling atmosphere ႏွင့္ တုိက္႐ုိက္ 
ထိေတြ႔ေနၿပီး အပူမ်ားကို ေလထုထဲသုိ႔ တစ္ၿပိဳင္နက္ စြန္႔ထုတ္သည္။  

( ) Closed circuit cooling tower တြင္ ပူေနသည့္ေရ သုိ႔မဟုတ္ hot fluid သည္ ေလထု (atmosphere) 
ႏွင့္ တုိက္႐ုိက္မထိဘဲ indirect contact တစ္မ်ိဳးမ်ိဳးမွ တစဆ္င့္ အပူကို စြန္႔ထုတ္သည္။ 

Indirect contact    ႔      closed circuit အမ်ိဳးအစား cooling tower မ်ားတြင္ external circuit 
ႏွင့္ internal circuit ဟူ၍ ႏွစ္မ်ိဳးရွိသည္။  

 

       ႔          လိုအပ္ခ်က္(heat rejection requirement)ကို လုိက္၍ cooling tower 
အရြယ္အစား(size)၊                     (capacity) ႏွင့္ အမ်ိဳးအစား(type)အမ်ိဳးမ်ိဳးကို ထုတ္လုပ္ၾကသည္။  
Cooling tower သို႔ေရာက္ရိွလာသည့္ warm water ၏ အပူခ်ိန္၊ cooling tower မွ ထြက္သြားသည့္ 
ေရ၏အပူခ်ိန္(leaving temperature)၊       ႈ   (water flow rate)၊     (ambient air)၏ Dry Bulb ႏွင့္ 
Wet Bulb အပူခ်ိန္ (temperature)ကို လိုက္၍ သင့္ေလ်ာ္သည့္ cooling tower အရြယ္အစား ႏွင့္ 
                    (capacity) တုိ႔ကုိ အေျခခံ၍ ေရြးခ်ယ္ၾကရသည္။  

AHRI     ႔၏                (standard)    air conditioning system မွ chiller မ်ားႏွင့္ တြ၍ဲ 
အသံုးျပဳသည့္ cooling tower   သုိ႔  င္လာေသာ entering water temperature(from chiller)သည္ 
35°C(95°F)ျဖစ္ၿပီး ထြက္သြားသည့္ ေရအပူခ်ိန္(temperature)သည္ 29.4°C (85°F) ျဖစ္သည္။  

Closed circuit cooling tower မ်ားကို မည္သည့္ ေနရာတြင္မဆုိ တပ္ဆင္ႏုိင္သည္။ Closed 
circuit cooling tower မ်ားကို chiller ထက္နိမ့္ေသာေနရာမ်ားတြင္လည္း တပ္ဆင္ႏုိင္သည္။ Open circuit 
cooling tower မ်ားကုိ chiller ထက္ ျမင့္ေသာေနရာ၌သာ တပ္ဆင္ႏိုင္သည္။ 
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    ၄- ၇ Direct-Contact or Open Evaporative 

Cooling Tower 
    ၄- ၈ Indirect-Contact or Closed-Circuit 

Evaporative Cooling Tower 

 
သီအိုရီအရ cooling tower မွ အထြက္ေရအပူခ်ိန္(leaving condenser water temperature)ကို 

ေလ၏ Wet Bulb         အထိ ေအးေအာင္ လုပ္ေပးႏိုင္စြမ္းရိွသည္။ သို႔ေသာ္ အလြန္ႀကီးမားေသာ cooling 
tower ျဖစ္ရန္ လိုအပ္သည္။ 

 
 Approach Temperature = 

 

Leaving condenser water   -
temperature 

Ambient Web Bulb 
temperature 

ေရပူမ်ားကုိ ေလထဲတြင္ ပက္ျဖန္း(spray)ကာ အပူမ်ားကို ဖယ္ထုတ္ျခင္း ျဖစ္သည္။ Heat transfer 
medium    ႔      fill ရွိျခင္း၊ မရိွျခင္းသည္ cooling tower ၏ အမ်ိဳးအစားေပၚတြင္ မူတည္သည္။ ေလႏွင့္ 
ထိေတြ႔ေနသည့္ ေရ၏မ်က္ႏွာျပင္အက်ယ္(amount of water surface exposed to the air)သည္ spray 
efficiency ေကာင္း မေကာင္းေပၚတြင္ မူတည္သည္။  

Return(entering water to tower)temperature ႏွင့္ supply(leaving water form tower) 
temperature ၏ ျခားနားခ်က္ကို “Range” ဟုေခၚသည္။                                      
                ျခားနားခ်က္ျဖစ္သည္။    Cooling tower ထဲမွ ထြက္သြားသည့္ ေရ၏          (leaving 
water temperature) ႏွင့္ cooling tower ထဲသုိ႔႔ ႔ဝင္လာသည့္ ေလ(ambient air)၏ Wet Bulb          
ျခားနားခ်က္ကို “Approach Temperature” ဟု ေခၚသည္။ 

နိမ့္သည့္ “Approach T     a    ”           cooling tower                      
        Cooling tower မ်ားကို စီးပြားေရးအရ တြက္ေျခကိုက္ေအာင္ ဒီဇိုင္းျပဳလုပ္လိုလ်ွင္ “Approach 
Temperature” ကို 2.8°C(5°F)ခန္႔႔ ထားေလ့ရိွသည္။ တစ္နည္း         cooling tower မွ အထြက္ေရ 
အပူခ်ိန္(leaving condenser water temperature)ကို ေလထု(ambient air)၏ Wet Bulb         ထက္ 
2.8°C(5°F) နီးပါးခန္႔ မ်ားေအာင္ ျပဳလုပ္ထားရွိသည္။ 
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ေလႏွင့္ ထိေတြ႔ေနေသာ ေရ၏ မ်က္ႏွာျပင္(amount of water surface exposed to the air) ဧရိယာ 

မ်ားမ်ားႏွင့္ ေလႏွင့္ထိေတြ႔ ေနသည့္အခ်ိန္(time of contact) ၾကာရွည္ေစရန္အတြက္ heat transfer medium 
   ႔      fill     ကို တပ္ဆင္ၾကသည္။  

Cooling tower တြင္ တပ္ဆင္မည့္ ပိုက္မ်ားသည္ လံုေလာက္ေအာင္ ႀကီးမားေသာ အရြယ္အစား 
ျဖစ္ရန္ လုိအပ္သည္။ ထုိပိုက္မ်ား၏ အလ်ားလိုက္ ေဘးသုိ႔ဆန္႔ထြက္ျခင္း(expansion) ႏွင့္ က်ံဳ႕ျခင္း 
(contraction) တုိ႔ကို္ပါ ထည့္သြင္း၍ ဒီဇုိင္းလုပ္ရန္ လုိအပ္သည္။ တစ္ခုထက္ပိုေသာ ေရအဝင္ပုိက္မ်ား တပ္ဆင္ 
ထားပါက cell တစ္ခုခ်င္းဆီသုိ႔ ေရအညီအမ် ွဝင္ေရာက္ေစရန္အတြက္ balancing valve မ်ား တပ္ဆင္ထားရန္ 
လိုအပ္သည္။  

Tower မ်ား ျပဳျပင္ထိန္းသိမ္းျခင္း(maintenance) ႏွင့္ s             သည့္အခါ basin မ်ားကို 
ေရေဆးေၾကာရန္အတြက္ condenser water ပိုက္မွ ေရကို ပိတ္ထား လိုအပ္သည္။ ထို႔ေၾကာင့္ isolation gate 
valve    ႔      shutoff valve မ်ားကို  အဝင္ပုိက္ႏွင့္ အထြက္ ပိုက္မ်ားတြင္ တပ္ဆင္ထား ရမည္။  

ႏွစ္လံုးထက္ပိုေသာ tower မ်ားကို အၿပိဳင္ပုံစံ(parallel       တပ္ဆင္ထားပါက                      
       (equalizer      ကို cooling tower မ်ားအားလံုးႏွင့္ ခ်ိတ္ဆက္မိေအာင္ တပ္ဆင္ထားရန္ လုိအပ္ 
သည္။ E  a            တပ္ဆင္ထားေသာေၾကာင့္ tower တစ္လံုး၏ basin မွ ေရအျမင့္(level) နိမ့္ဆင္း 
သြားပါက တျခား tower တစ္လံုးမွ ေရမ်ား ဝင္ေရာက္ကာ ျဖည့္ေပးလိမ့္မည္။ ထုိသုိ႔ ေရအျမင့္(level) ထိန္းညိႇ 
ရန္အတြက္    a           ရွိ valve မ်ားကို ျပဳျပင္ထိန္းသိမ္း(maintenance)ခ်ိန္မွ လြလဲ်ွင   အျမဲ ဖြင့္ထားရမည္။  

Cooling tower တြင္ တပ္ဆင္မည့္ပိုက္မ်ား၏ အျမင့္(level)ကို         (operating water level) 
ထက္ နိမ့္ႏုိင္သမ်ွနိမ့္ေအာင္ တပ္ဆင္ေပးရန္ လုိအပ္သည္။ Cooling tower ရပ္နား(shutdown)ထားသည့္အခါ 
ေရမလ်ံွေစရန္ ႏွင့္ pump မ်ားကို စတင္ ေမာင္းသည့္အခိုက္တြင္ ေလမခုိ(air lock)ေစရန္အတြက္ ပန္႔ကို 
အဆင္ေျပ ေခ်ာေမြ ့စြာ “Ramp Up”    ႔      “Ra   Down” ျပဳလုပ္ေပး ရမည္။  

C     s    a                   ခ်ိန္၌ ေရစုပ္ယူသည့္ပိုက္လုိင္း(water suction line)၌ 
ေလမခုိေစရန္ basin မ်ား အတြင္း၌ လံုေလာက္ေသာ ေရပမာဏ ရွိေနရန္ လိုအပ္သည္။  

၄.၇ Cooling Tower ၌                       (Component)      

Cooling tower တစ္လုံုးတြင္ အဓိကက်သည့္ f       a                  မ်ိဳး ပါဝင္သည္။  
(က)   Fill (ဃ)  Fan(s) 

(ခ)   Wet deck(hot water basin) (င )  Inlet louver       

(ဂ)   Cold water basin (စ )  Drift eliminator တုိ႔ ျဖစ္သည္။ 

Structure frame ႏွင့္ casing တုိ႔သည္ တည္ေဆာက္မႈပုိင္းဆုိင္ရာ element မ်ားျဖစ္ၾကသည္။  

             ႔                (exposed surface) ဧရိယာမ်ားေလ cooling tower ၏     
                 (capability) ေကာင္းေလ ျဖစ္သည္။ ေလႏွင့္ ထိေတြ႔ေနသည့္အခ်ိန္(time of contact) 
သည္ cooling tower ၏ အျမင့္(  high) ႏွင့္ ေရ၏ ဖိအား(pressure of the water distribution 
system)တို႔႔ ေပၚတြင္မူတည္သည္။  

Cooling tower အရြယ္အစားႀကီးမားေလ ေလႏွင့္ေရ ထိေတြ႔ ေနသည့္အခ်ိန္(time of contact  
   ၾကာေလ ျဖစ္သည္။ ေလႏွင့္ေရ ထိေတြ႔႔ ေနသည့္အခ်ိန္(time of contact)ၾကာေလ cooling tower ၏ 
                     (capability) ပိုေကာင္းေလ ျဖစ္သည္။ 
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    ၄- ၉ Cooling Tower                                       

(က) Fill  
 Fill မ်ားကို ေရႏွင့္ ေလအၾကားတြင္ အပူစီးကူးမႈ(heat transfer) ပိုမုိ ေကာင္းမြန္ေစရန္နွင္႔ အပူစီးကူးမႈ 
မ်က္ႏွာျပင္ (heat transfer surface) ဧရိယာ    မ်ားေစရန္အတြက္ အသုံးျပဳၾကသည္။  

(၁)      a  f    ၊ 

(၂)   Splash fill ႏွင့္ 

(၃)   Film fill ဟူ၍ အမ်ိဳးအစား သံုးမ်ိဳးရွိသည္။ 

  
    ၄-၂၀ Cross-fluted Vertical offset Vertical flow Cross flow standoff 

Counter flow ႏွင့္ cross flow tower မ်ားတြင္ splash type fill ႏွင့္ film type fill ႏွစ္မ်ိဳးလံုးကို 
အသံုးျပဳႏိုင္သည္။ Film-type fill ျဖင့္ ျပဳလုပ္ထားေသာ tower မ်ားသည္ မ်ားေသာအားျဖင့္ အရြယ္အစား 
ေသးငယ္ေလ့ရွိသည္။ Splash type fill အမ်ိဳးအစားအသံုးျပဳထားေသာ cooling tower မ်ားတြင္ ေလႏွင့္    
                    (air and water distribution) အနည္းငယ္ လြမဲွားမႈေၾကာင့္ cooling tower ၏ 
             (performance)                    
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    ၄-၂  Splash type fill 

   
    ၄-၂၂  Spray fill မ်ား 

Spray Fill 
Spray fill မ်ားကုိ HVAC cooling tower မ်ားတြင္ အသုံးျပဳေလ့မရိွပါ။ Spray fill မ်ားကုိ 

အသုံးျပဳျခင္းေၾကာင့္ cooling tower ၏ efficiency အလြန္ညံ့ႏုိ  သည္။ တျခားေသာ cooling tower မ်ားႏွင့္ 
ႏႈိင္းယွဥ္လ်ွင္ spray fill     ကုိအသုံးျပဳထားသည့္ cooling tower သည္ အရြယ္အစားႀကီးမားၿပီး       ႈ   (air 
flow rate)မ်ားမ်ား ရရန္ လုိအပ္သည္။ 

Film Fill  
 Film fill မ်ားသည္ splash fill မ်ားက႔ဲသုိ႔ ေရကုိ ေရစက္ငယ္မ်ား ျဖစ္ေအာင္ ခြပဲစ္ျခင္း(breaking) 
မျပဳလုပ္ၾကေပ။ Film fill မ်ားသည္ condenser water မ်ား အရွိန္နည္းနည္းျဖင့္ တျဖည္းျဖည္းျခင္း စီးဆင္း 
သြားေစရန္ ႏွင့္ အပူကူးေျပာင္းမႈ(heat transfer              ဧရိယာမ်ားမ်ား ျဖစ္ေအာင္ ျပဳလုပ္ေပးျခင္း 
    သည္။ ေရ ႏွင့္ ေလတုိ႔ ထိေတြ႔ရာ ေနရာက်ယ္ျပန္႔ျခင္း၊ ထိေတြ႔ခ်ိန္ ၾကာျမင့္ျခင္းတုိ႔ေၾကာင့္ အပူ 
စြန္႔ထုတ္ႏုိင္စြမ္း (heat rejection capacity) ပုိေကာင္းေစသည္။  

PVC sheet မ်ား(vacuum formed PVC)မ်ားကို အသံုးျပဳ၍ ေဒါင္လုိက္အလႊာ(vertical layer) 
ျဖစ္ေအာင္ တည္ေဆာက္ထားသည္။ ေဒါင္လုိက္အလႊာ(vertical layer)မ်ားေၾကာင့္ 
( ) ေရစီးဆင္းမႈကုိ ညီညီညာညာ ျဖစ္ေစသည္။ (uniform water flow) 

( ) ခုခံမႈနည္းသည့္ ေလစီးဆင္းျခင္း(low resistance air flow)ကို ျဖစ္ေစေသာေၾကာင့္ ဖိအားဆံုး႐ႈံးမႈ(air 
pressure drop) နည္းသည္။ 

အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity)တူလ်ွင္ “F    F   ” မ်ားသည္ “Splash Fill”မ်ားထက္ 
ပုိ၍ efficient ျဖစ္ၿပီး ေစ်းသက္သာသည္။  “F    F   ” သုံးသည့္ cooling tower မ်ားသည္ တျခား cooling 
tower မ်ားထက္ အရြယ္အစား ပို၍ ေသးငယ္သည္။ HVAC cooling tower မ်ားအားလုံးသည္ ယခုအခါ “F    
F   ”     ကုိသာ အသုံးျပဳၾကသည္။   
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Wooden Structure  
 ေရွးအခ်ိန္က cooling tower ၏ ဖရိမ္(frame)ကုိ သစ္သားမ်ားျဖင့္ တည္ေဆာက္ၾကသည္။  
Steel structure – Galvanized Steel 
 Cooling tower မ်ားသည္ ေလ ႏွင့္ ေရ တစ္ၿပိဳင္နက္ အျမဲတမ္း ထိေတြ႔ေနသည့္ေနရာ ျဖစ္ေသာ 
ေၾကာင့္ သံေခ်း တက္လြယ္သည္။ သံေခ်းတက္ျခင္းမွ ကာကြယ္ရန္ အတြက္ သံမဏိ(carbon steel) မ်ားကို 
galvanizing ျပဳလုပ္ၾကသည္။ Galvanizing ဆုိသည္မွာ သြ  (zinc)၊ ခဲ(lead)ႏွင့္ အလ်ဳမီနီယံ(aluminum)တုိ႔ 
ကုိေရာစပ္၍ သံမဏိ(carbon steel)အေပၚတြင္ အလႊာျဖစ္ေအာင္ ဖုံးအုပ္ျခင္း(coating) ျဖစ္သည္။ Carbon 
steel structure မ်ားကုိ ပထမဦးစြာ ဟုိက္ဒ          (Hydrochloric)အက္စစ္ အေပ်      ႔                
(sulfuric) အက္စစ္ အေပ်ာ့ျဖင့္ ေဆးေၾကာ သန္႔စင္ရသည္။  

 

    ၄-၂၂ Cooling Tower                                           
ထုိ႔ေနာက္ Zinc communism chronicle ကန္ထဲသုိ႔ နစ္ရသည္။ အေျခာက္ခံၿပီးေနာက္ 

သြပ္ရည္ကန္(Zinc liquid)ထဲတြင္ နစ္ရသည္။ ထုိ႔ေနာက္ ေရျဖင့္ ေဆးေၾကာရသည္။ Water quench bath 
ျပဳလုပ္ျခင္း ျဖစ္သည္။ ထုိနည္းကုိ “Hot Dipped Galvanizing” နည္း    ႔      “D   Kettle” 
နည္းဟုေခၚသည္။ Galvanizing     ၏အထူ(film thickness)ကုိ ounces of zinc per square foot of 
metal surface ျဖင့္ သတ္မွတ္သည္။   

ပုံမွန္အားျဖင့္ တစ္စတုရန္းေပလ်ွင္ (၂.၃၅)ေအာင္စႏႈန္း(2.35 oz/ft2)ျဖင့္ coating လုပ္ျခင္း    ႔      
hot dipped galvanizing လုပ္ျခင္းျဖစ္သည္။ Galvanizing ျပဳလုပ္ၿပီး သည့္ structure မ်ား၊ ဖရိမ္(frame) 
မ်ားကုိ ဂေဟေဆာ္ျခင္း(welding) မျပဳလုပ္သင့္ပါ။ ဂေဟေဆာ္ျခင္း(welding) မွျဖစ္ေပၚလာေသာ အပူ(heat) 
ေၾကာင့္ galvanizing လုပ္ထားသည့္ အလႊာမ်ား(coating)ထိခုိက္ ပ်က္စီးသြားႏုိင္သည္။  

ထုိဂေဟေဆာ္ျခင္း(welding) ျပဳလုပ္သည့္ ေနရာမွ စ၍ သံေခ်းတက္ေလ့ရွိသည္။ ထုိ႔ေၾကာင့္ ျဖတ္ျခင္း 
(cutting)ႏွင့္  ဂေဟေဆာ္ျခင္း(welding)ျပဳလုပ္ၿပီးမွသာ galvanizing ျပဳလုပ္ရသည္။ Galvanizing လုပ္ၿပီး 
ေသာအခါ bolt ႏွင့္ nut မ်ားကုိ သုံး၍ တပ္ဆင္(assemble) ႏိုင္သည္။   
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Stainless Steel 
 Stainless steel သည္ carbon steel ထက္စာလ်ွင္ ခံႏုိင္ရည္(structural strength) ပိုနည္းသည္။ 
သုိ႔ေသာ္ သံေခ်းတက္ျခင္း ဒဏ္ကုိ ပုိကာကြယ္ႏုိင္သည္။ ေစ်းကြက္တြင္ ရရွိႏိုင္ေသာ stainless steel 
အမ်ိဳးအစားမ်ားသည္ SS 304 ႏွင့္ SS 315 တုိ႔ ျဖစ္သည္။ ဖရိမ္(frame)မ်ားကို သံမဏိ(stainless steel) ျဖင့္ 
ျပဳလုပ္လ်ွင္ stainless steel bolt ႏွင့္ nut မ်ားကုိသာ အသုံးျပဳေလ့ရွိသည္။  
Concrete  

အလြန္ႀကီးမားသည္ cooling tower မ်ားကုိ အဂၤေတ(concrete) ျဖင့္ တည္ေဆာက္ေလ့ရွိသည္။  
Fiberglass  
        (hot water basin) ႏွင့္ ေရေအးကန္(cold water basin) မ်ားကို fiberglass ျဖင့္ ျပဳလုပ္ 
ၾကသည္။  
Stressed Skin Fiberglass/ Stainless Steel Casing  
 Casing မ်ားကုိ ေလသြားရာ လမ္းေၾကာင္းအျဖစ္ လည္းေကာင္း၊ အကာအရံအျဖစ္ လည္းေကာင္း၊ 
cooling tower အတြင္းရွိ ေလမ်ား အျပင္သုိ႔ မေရာက္ရွိေစရန္အတြက္ လည္းေကာင္း အသုံးျပဳ  သည္။  
 Casing အျဖစ္ အသုံးျပဳသည့္           (material)သည္ galvanized steel ၊ fiberglass ႏွင့္ UV 
inhibited plastic panel တုိ႔ ျဖစ္သည္။ Galvanized steel panel ကို သုံးလ်ွင္ epoxy    ႔      polymer ကို 
ေနာက္ဆံုး အလႊာ(final coating)အျဖစ္ ထပ္အုပ္ ေပးရသည္။  
(ခ)  Hot Water Basin    ႔      Wet Deck   
 Hot water basin    ႔      Wet deck သည္ cooling tower ၏ အေပၚပိုင္းတြင္ တည္ရွိသည္။ 
Chiller                               condenser water     cooling tower          ႔ 
                 ၿ         hot water basin      ႔                                         
               “Hot Water Basin”             
   Hot water basin ၏ တာဝနသ္ည္ ပူေႏြးေနေသာ condenser water မ်ားကုိ fill မ်ားေပၚသုိ႔ 
အညီအမ်ွ က်ေစရန္ ျဖစ္သည္။ သုိ႔မွသာ ညီညာစြာ အပူစီ ကူးျခင္း(uniform heat transfer) ျဖစ္ေစႏိုင္သည္။ 
Cross flow cooling tower မ်ားတြင္ hot water basin သည္ တိမ္ေသာေရကန္ငယ္ျဖစ္ၿပီး ေအာက္ေျခရိွ 
အေပါက္ငယ္မ်ားက orifices အျဖစ္ရွိေနသည္။ ပူေသာ condenser water သည္ return      မတွ  ဆင့္ hot 
water basin အတြင္းသုိ႔ ေရာက္ရွိကာ     ေျမဆြအဲား(gravity force)ေၾကာင့္ အေပါက္ငယ္ ကေလးမ်ားမွ 
တစဆ္င့္ fill မ်ားေပၚ ညီညာစြာ က်ဆင္းသြားသည္။ 
 Cross flow cooling tower ၏ hot water basin သည္ ျဖဳတ္၍၊ တပ္၍ ရသည့္(removable) 
အမ်ိဳးအစား ျဖစ္သည္။ Counter flow cooling tower ၏ hot water basin သည္ ေလလမ္းေၾကာင္း(air 
steam)တြင္ တည္ရွိသည္။  

Cold Water Basin  
 Cold water basin  သည္ cooling tower ၏ ေအာက္ေျခပိုင္းတြင္း တည္ရွိၿပီး အေအးခံၿပီးသည့္ေရ 
(cold water)မ်ားကုိ ျပန္လည္စုစည္းသည့္ အလုပ္ကုိ လုပ္ေဆာင္ေပးသည္။ ပုံမွန္အားျဖင့္ (၁၂)လက္မမွ 
(၁၈)လက္မ အထိနက္ေသာ ေရကန္အငယ္စားကေလး ျဖစ္သည္။ ထုိကန္ထဲမွ ေရမ်ားကုိ condenser water 
pump   စုပ္ယူသည္။ Pump ေမာင္းေနသည့္ အခ်ိန္တြင္ ေရအနက္သည္ (၁၂)လက္မထက္ နည္းသည္။ Cold 
water basin သည္ cooling tower တစ္ခုလုံးတြင္ အေရးအႀကီးဆုံး(critical)လုပ္ငန္းကုိ လုပ္ေဆာင္ ေပးရ 
သည္။  
( ) Condenser water pump ရပ္တန္႔သည့္အခုိက္တြင္ ပုိက္အတြင္းရွိ condenser water မ်ားကို 

စုေဆာင္းသိမ္းဆည္းထားရန္ 
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( ) Condenser water pump စတင္ေမာင္းသည့္အခုိက္တြင္ cold water basin တြင္ pump စုပ္ယူရန္ 
အတြက္ ေရအလုံအေလာက္ ရွိေနေစရန္။ (pump စေမာင္းသည့္ အခုိက္တန္႔တြင္ return pipe မွ ေရမ်ား 
ခ်က္ခ်င္း မက်ေရာက္လာႏုိင္ပါ)။ ေရမလံုေလာက္ပါက ေလခုိုျခင္း(air lock) ျဖစ္ေပၚႏိုင္သည္။ 

  
    ၄-၂၃  Belt drive     ၄-၂၄  Gear drive    ႔      Direct drive 

(ဃ) Fan ၊ Motor ႏွင့္ Drive 
 Cooling tower ၌ အသုံးျပဳေသာ fan ႏွစ္မ်ိဳးသည္ centrifugal fan ႏွင့္ axial propeller fan တို႔ 
ျဖစ္သည္။ Forced draft tower တြင္ ႏွစ္မ်ိဳးလုံး အသုံးျပဳၿပီး induced draft tower မ်ားတြင္ axial propeller 
fan ကုိသာ အသုံးျပဳသည္။ Fan မ်ားအေၾကာင္းကုိ fan အခန္း(၆) (Chapter-6)တြင္ အေသးစိတ္ ေဖာ္ျပ 
ထားသည္။ Fan ႏွင့္ fa        (motor)မ်ား အၾကားတြင္ power transmission ျပဳလုပ္ရန္အတြက္ 
mechanical drive     မ်ိဳးုကုိ အသုံးျပဳသည္။                            (belt drive) ႏွင့္ ဂီယာျဖင့္ ေမာင္းျခင္း 
(gear drive)တုိ႔ ျဖစ္သည္။  

(င) Intake Louvers ႏွင့္ Drift Eliminator 
 Cooling tower ၏ fill pack မ်ားဆီသုိ႔ ေလမ်ားေရာက္သြားေစရန္ ေလဝင္ေပါက္မ်ား(intake louvers) 
ကုိ တပ္ဆင္ ထားရျခင္းျဖစ္သည္။ Drift eliminator မ်ားကုိ cooling tower မွ ေလမ်ား ထြက္မည့္ေနရာတြင္ 
တပ္ဆင္ ထားသည္။ Drift eliminator ၏ တာဝန္သည္ ေလစုပ္အားေၾကာင့္ ျဖစ္ေပၚလာေသာ ေရစက္မ်ား 
(water droplet)     cooling tower ၏ အျပင္ဘက္သုိ႔ လြင့္ထြက္မသြားေအာင္ တားဆီးေပးရန္ျဖစ္သည္။ Drift 
eliminator ကုိ PVC    ႔      steel ျဖင့္ ျပဳလုပ္ေလ့ရွိသည္။ Drift eliminator မ်ားသည္ ေလ၏ သြားရာ 
လမ္းေၾကာင္းကုိ 90° ေက်ာ္ ေျပာင္းလဲသြားေအာင္ သံုးႀကိမ္ သုိ႔မဟုတ္ ေလး      ျပဳလုပ္ေပးျခင္းျဖင့္ 
ေရစက္ငယ္မ်ားသည္ drift eliminator ၏ ခ်ိတ္တြင္ ပိတ္မိ(trap   ကာ က်န္ရစခ္ဲၿ့ပီး ေလမ်ားကိုသာ cooling 
tower မွ ထြက္သြား ေစသည္။  ဤနည္းျဖင့္ drift eliminator သည္ drift ေၾကာင့္ျဖစ္ေပၚလာေသာ 
ေရဆုံး႐ႈံးမႈ(water loss) ေလ်ာ့နည္းေအာင္ ျပဳလုပ္ေပးျခင္း ျဖစ္သည္။  

၄.၈ အလုပ္လုပ္ပုံ (Principle of Operation) 
Cooling tower တြင္ water spray system ၊ fill packing material ႏွင့္ fan တို႔ ပါဝင္သည္။ Spray 

system သည္     (hot water)မ်ားကို fill packing ေပၚသုိ႔ ျဖန္းခ်သည္။ Cooling tower အတြင္း၌          
   ထိေတြ႔ေနသည့္ မ်က္ႏွာျပင္(contact surface)ဧရိယာ ပိုမ်ားလာရန္အတြက္ fill packing မ်ားကို 
အသံုးျပဳၾကျခင္း ျဖစသ္ည္။     (hot water)မွ အပူမ်ား စြန္႔ထုတ္ရန္အတြက္ fan မ်ားသည္ ေလမ်ား(ambient 
air)ကို cooling tower အတြင္းသုိ႔                           သည္။ Condenser water မွ စုပ္ယူ 
သယ္ေဆာင္ထားေသာ အပူမ်ားကို cooling tower အတြင္း၌ sensible cooling             နည္း ႏွင့္      ႔ 
                                    (evaporative cooling)နည္း ႏွစ္နည္း တုိ႔ျဖင့္ စြန္႔ထုတ္ပစ္ (reject)သည္။  
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Condenser circuit တြင္ ပါဝင္ေသာ equipment မ်ားမွာ cooling tower ၊ condenser water pump 

ႏွင့္ chiller တုိ႔ ျဖစ္သည္။ Condenser water pump သည္ condenser water ကို chiller အတြင္းသုိ႔ တြန္းပို႔ 
သည္။ Condenser water သည္ chiller အတြင္းသုိ႔ ေရာက္ရွိၿပီး chiller အတြင္းမွ အပူမ်ားကို စုပ္ယူ ၿပီးေနာက္ 
condenser water အပူခ်ိန္ ျမင့္တက္လာသည္။ ထိုေနာက္ condenser water သည္ cooling tower သို႔ 
ေရာက္ရိွၿပီး အပူမ်ားကုိ ေလထုထဲသုိ႔ စြန္႔ထုတ္(reject)လိုက္ေသာေၾကာင့္ cooled water basin သို႔ 
ေရာက္သည့္အခါ condenser water ၏ အပူခ်ိန္ နိမ့္က်သြားသည္။ တစ္ဖန္ condenser water သည္ chiller 
အတြင္းမွ အပူမ်ားကို စုပ္ယူရန္ ျပန္လည္ ဝင္ေရာက္သြားသည္။ Chiller ၊ condenser water pump ႏွင့္ 
cooling tower တုိ႔ အတြင္း၌ condenser water အဆက္မျပတ္ လည္ပတ္ေနသည္။  

Cooling tower တစ္လံုးသည္ အပူမ်ားကို  
 ( )   Heat transfer နည္း၊ 

 (၂) Mass transfer နည္း ႏွင့္ 

 (၃)  Combination of heat and mass transfer နည္းတို႔ျဖင့္ အပူမ်ားကို စြန္႔ထုတ္(reject)သည္။ 

ဖိအားေျပာင္းလဲမႈ မရွိသည့္(constant pressure)အေျခအေနတြင္ အရည္(liquid)အျဖစ္မွ     ႔ 
(vapor) အျဖစ္သုိ႔ အသြင္ေျပာင္းျခင္း(phase change)ကို “Vaporization” ဟုေခၚသည္။ ထုိ vaporization 
ျဖစ္သည့္ အခ်ိန္တြင္ စုပ္ယူသည့္ အပူကို “Latent Heat of Vaporization” ဟုေခၚသည္။ ေလထုဖိအား 
(atmospheric pressure)တြင္ ျဖစ္ေပၚလ်ွင္ “La     H a   f Va     a    ” at atmospheric pressure ဟု 
ေခၚသည္။ Cooling tower သည္ condenser water မွ အပူအခ်ိဳ႕ကို ေလထုအတြင္းသုိ႔ “Evaporative 
Cooling”    ျဖင့္ စြန္႔ထုတ္(reject) လုပ္သည္။ ထုိ ႔ေၾကာင့္ ေရဆံုး႐ႈံးမႈ ျဖစ္ေပၚသည္။ ထိုဆံုး ႈ                  
“Evaporation Loss” ဟုေခၚသည္။ ေအာက္ပါ    (၄-၂၅)သည္ counter flow cooling tower တစ္လံုး ၏ 
ေရ(condenser water)ႏွင့္ ေလအပူခ်ိန္ဆက္စပ္မႈ(temperature relationship)        ျပထားသည္။  

Condenser water အပူခ်ိန္ သည္ A မွ B သုိ႔ curve တြင္ ျပထားသည့္အတိုင္း နိမ့္ဆင္းသြားၿပီး 
ေလထု၏ Wet Bulb အပူခ်ိန္သည္ C မွ D သုိ႔ျမင့္တက္လာသည္။ Condenser water တြင္ အပူဆံုး႐ႈံးျခင္း(heat 
loss)ျဖစ္ၿပီး            တြင္ အပူ         (heat gain) ျဖစ္ေပၚသည္။ Condenser water အပူခ်ိန္ 
ကြာျခားခ်က္(temperature difference)သည္ condenser water entering အပူခ်ိန္(cooling tower အတြင္း 
သုိ႔) မွ condenser water leaving အပူခ်ိန္(cooling tower မွ အထြက္)     ႈ                    A အႏႈတ္ 
B ျဖစ္သည္။  

                       (temperature difference)    “Range”            Steady-state 
          ႔      ၿ             range     condenser water ၏                               
          

 

Cooling tower မွ စြန္႔ထုတ္သည့္ အပူပမာဏ(amount of heat rejected)သည္ ဝင္လာသည့္ 
ေလ၏ Dry Bulb အပူခ်ိန္(sensible cooling ျဖစ္ရန္အတြက္)ႏွင့္ Wet Bulb အပူခ်ိန္(evaporative cooling 
ျဖစ္ရန္အတြက္)ေပၚတြင္ မူတည္သည္။ 

Air Conditioning, Heating, and Refrigeration Institute (AHRI)     (standard)      
              chiller              (leaving from chiller) condenser water             
    (   F      ၿ    chiller          ႔       (entering into chiller) condenser water              
      (   F                             cooling tower                             
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              (application)                               (s                            ႈ                  

 
 

    ၄-၂၅ Ra          Approch T     a        ႔     ႈ                      

 
အလြန္ႀကီးမားေသာ(လုိအပ္သည္ထက္ ပိုႀကီးေအာင္ ျပဳလုပ္ထားေသာ) cooling tower     သည္ 

အလြန္ငယ္ေသာ approach (colder leaving water)ကို ေပးႏုိင္သည္။ (သတ္မွတ္ထားေသာ heat load ၊ flow 
rate ႏွင့္ entering air condition မ်ားအတြက္ သာျဖစ္သည္။) ေလထု(atmosphere) အတြင္းသုိ႔ စြန္႔ထုတ္ 
လုိက္ေသာ အပူပမာဏ(amount of heat transferred)သည္ heat load imposed on the tower ႏွင့္အျမဲ 
တူညီသည္။  

 
     (entering air)၏ Wet Bulb         သည္ cooling tower တည္ရွိရာ ေဒသ၏ ရာသီဥတု 

ေပၚတြင္ မူတည္သည္။  Cooling tower တစ္လံုး၏              (thermal performance)သည္ 
ဝင္လာသည့္ ေလ၏ Wet Bulb         ေပၚတြင္ အမ်ားဆံုး မူတည္သည္။ ဝင္လာသည့္ေလ၏ Dry Bulb 
         ႏွင့္ relative humidity သည္ mechanical draft cooling tower ၏              (thermal 
performance) အတြက္ အနည္းငယ္သာ အက်ိဳးသက္ေရာက္မႈ(insignificant effect) ရိွသည္။ Cooling tower 
တစ္လံုး၏ ေရဆံုး႐ႈံးမႈ နည္းျခင္း၊ မ်ားျခင္း (evaporation loss)ျဖစ္မႈ အေပၚတြင္ မူတည္သည္။   

Cooling tower တစ္လံုး အတြင္း   ႔ ဝင္ေရာက္သြားေသာ ေလ၏ psychrometric analysis ကို ပံု(၄-
၂၅) ႏွင့္ ပုံ(၄-၂၆)တြင္ ေဖာ္ျပထားသည္။ ေလထု (ambient condition) (point A)တြင္ cooling tower 

Leaving condenser water ၏ အပူခ်ိန္(point B)ႏွင့္ အဝင္ေလ၏(entering)         (point C) 
တုိ႔၏ ျခားနားခ်က္သည္ cooling tower ၏ “Approach” ပင္ျဖစ္သည္။ တစ္နည္းအားျဖင့္ ေလ၏ Wet Bulb 
အပူခ်ိန္သုိ႔ုိ႔႔႔႔႔႔႔ ေရာက္ေအာင္         ေနေသာေၾကာင့္ “Approach” ေခၚဆုိျခင္းျဖစ္သည္။ Approach သည္ 
cooling tower တစ္လံုး၏ အပူဖယ္ထုတ္ႏုိင္စြမ္း(capability) ျဖစ္သည္။ 

Cooling tower တစ္လံုး၏           ႏုိင္သည့္    ပမာဏ(amount of heat transfer)သည္  
ထို cooling tower ၏ အပူဖယ္ထုတ္ႏုိင္စြမ္း(thermal capability) ႏွင့္            ၏          
(entering air Wet Bulb temperature)တုိ႔ ေပၚတြင္ မူတည္သည္။  

တစ္နည္းအားျဖင့္ cooling tower တစ္လံုး၏လုပ္ေဆာင္ႏုိင္စြမ္း(thermal capability)ေကာင္းေလ 
အပူမ်ားမ်ား စြန္႔္ထုတ္ပစ္ႏုိင္ေလ ျဖစ္သည္။             ၏         (entering air Wet Bulb 
temperature) နိမ့္ေလ အပူစြန္႔ထုတ္ႏုိင္စြမ္း မ်ားေလ ျဖစ္သည္။ 
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တစ္လံုးအတြင္း ဝင္ေရာက္သြားၿပီးေနာက္ condenser water မွ heat ႏွင့္ mass(moisture)ကို စုပ္ယူ 
သြားသည္။ ထုိေနာက္ point B မွ တစဆ္င့္ ထြက္သြားသည္။ ထုိ point B အေျခအေနသည္ saturated 
condition ျဖစ္သည္။ သုိ႔ေသာ္ သတ္မွတ္ထားသည့္ အပူစြန္႔ထုတ္ပစ္မႈ ပမာဏထက္နည္းသည့္အခါ(very light 
loads)မ်ိဳးတြင္ ထြက္သြားသည့္ ေလ(discharge air)သည္ fully saturated ျဖစ္ခ်င္မွ ျဖစ္ေပလိမ့္မည္။  

 
    ၄-၂၆ Cooling Tower        ၏ performance      s              a                        

Condenser water မွ ေလသုိ႔ ကူးေျပာင္းသြားသည့္အပူ(heat transfer)ပမာဏသည္ cooling tower 
အတြင္းသုိ႔ ဝင္သြားသည့္ေလ၏ enthalpy (enthalpy of entering air)ႏွင့္ ထြက္သြားသည့္ ေလ၏ enthalpy 
(enthalpy of leaving air)ကြာျခားခ်က္ ျဖစ္သည္။ ( B −   )ျဖစ္သည္။ အဘယ္ေၾကာင့္ဆိုေသာ္ enthalpy 
လုိင္းမ်ားသည္ Wet Bulb          လုိင္းမ်ားႏွင့္ အလြန္ နီးကပ္စြာ ရိွေနသာေၾကာင့္ျဖစ္သည္။ ေလ၏ enthalpy 
ေျပာင္းလဲမႈ(change in enthalpy of the air)သည္ ေလ၏ Wet Bulb          ေျပာင္းလဲမႈ ပင္ျဖစ္သည္။  

ပံု(၄-၂၆)မွ Vector AB သည္     (ambient air)၏ total heat gain ျဖစ္သည္။ Vector AB ကို 
component AC ႏွင့္ component CB အျဖစ္ ခြႏဲိုင္သည္။ Component AC သည္ sensible heat portion 
ျဖစ္သည္။ Component CB သည္ latent heat အပုိင္း ျဖစ္သည္။ ဝင္လာသည့္ေလသည္ point D သို႔ 
ေျပာင္းသြားခဲ့လ်ွင္ Wet Bulb              သည္။ သုိ႔ေသာ္ Dry Bulb          ပုိျမင့္သည့္အခါ total heat 
transfer(vector DB)သည္ တူညီလိမ့္မည္သာ ျဖစ္သည္။ Sensible        (components)ႏွင့္ latent 
       (component)တုိ႔သည္ မ်ားစြာ ေျပာင္းလဲသြားသည္။  

DE သည္ ေလ၏ sensible cooling အပိုင္းျဖစ္သည္။ Condenser water သည္ အပူ(heat)ႏွင့္ 
ေရ(mass)အခ်ိဳ ့ကို ေလအတြင္းသုိ႔ စြန္ထုတ္မႈေၾကာင့္ EB သည္ latent heat ျဖစ္သည္။ ထို ႔ေၾကာင့္ တူညီသည့္ 
water cooling load အတြက္ latent ႏွင့္ sensible heat တုိ႔ စြန္႔ထုတ္ပစ္သည့္ ပမာဏအခ်ိဳးသည္ မ်ားစြာ 
ေျပာင္းလဲႏုိင္သည္။ Latent heat ႏွင့္ sensible heat တုိ႔ စြန္႔ထုတ္သည့့္္ ပမာဏ အခ်ိဳးသည္ cooling tower 
တစ္လံုး ၏ ေရသံုးစဲြမႈ သို႔မဟုတ္ ေရဆံုး ႈ  မႈကို တြက္ခ်က္ရန္ အလြန္အေရးပါသည္။  
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အဘယ္ေၾကာင့္ဆိုေသာ္ ဝင္လာသည့္ Dry Bulb             ႔      relative humidity သည္ latent 

to sensible heat transfer ၏ အခ်ိဳးေပၚတြင္ မူတည္ေသာေၾကာင့္ ျဖစ္သည္။ Latent to sensible heat 
transfer ၏ အခ်ိဳး(ratio)သည္ ေရေငြ႔ပ်ံႏႈန္း(rate of evaporation)အေပၚတြင္လည္း အက်ိဳးသက္ေရာက္မႈ 
ရွိသည္။  

ပံု(၄-၂၆)တြင္ ျပထားသည့္အတိုင္း case AB(WB − W )၏ ေရေငြ႔ပ်ံႏႈန္း(evaporation rate) သည္ 
case DB(WB − WD)၏ ေရေငြ႔ပ်ံႏႈန္း(rate of evaporation)ထက္နည္းသည္။ အဘယ္ေၾကာင့္ဆိုေသာ္ latent 
heat transfer(mass transfer)သည္ total heat transfer ၏ ေသးငယ္ေသာ ပမာဏျဖစ္ေသာေၾကာင့္ 
ျဖစ္သည္။  

Cooling tower တစ္လံုး၏ ဒီဇုိင္း အေျခေနတြင္ ျဖစ္ႏုိင္ေသာ ေယဘုယ် ေရေငြ႔ပ်ံႏႈန္း(evaporation 
rate) သည္ ေရစီးႏွႈန္း(water flow)၏ ၁% ျဖစ္သည္။ 7 K of water temperature range ျဖစ္သည္။ 
ပ်မ္းမ်ွေရေငြ႔ပ်ံႏႈန္း(evaporation rate)သည္ ဒီဇုိင္းတြက္စဥ္က ေရေငြ႔ပ်ံႏႈန္း(design rate) ထက္ နည္းသည္။ 
အဘယ္ေၾကာင့္ဆိုေသာ္ ညဘက္ သုိ႔မဟုတ္ ေအးသည့္ရာသီတြင္ ဝင္လာေသာ ေလ၏ အပူခ်ိန္ က်ဆင္း 
လာသည္ႏွင့္အမ်ွ sensible component ပိုမ်ားလာၿပီး latent heat transfer (mass transfer) နည္းကာ 
ေရေငြ႔ပ်ံႏႈန္း(evaporation rate) နည္းျခင္းေၾကာင့္ ျဖစ္သည္။  

ေရေငြ႔ပ်ံျခင္း (evaporation)ေၾကာင့္ ေရဆံုး  ႈးမႈ(water loss) ျဖစ္သည့္အျပင္ ပန္ကာေၾကာင့္ 
ေရစက္မ်ား လြင့္စင္ျခင္း(liquid carries over) ႏွင့္                 (blow down)စသည္ တုိ႔ေၾကာင့္လည္း 
ေရဆံုး  ႈးမႈ (water loss)မ်ား ျဖစ္ေပၚသည္။ ပန္ကာေၾကာင့္ ေရစက္မ်ား လြင့္စင္ျခင္း(liquid carry over) ႏွင့္ 
ေရေဖာက္ထုတ္ျခင္း(blow down) တုိ႔အေၾကာင္းကုိ ေနာက္ပုိင္းတြင္ ေဖာ္ျပထားသည္။  

၄.၉ ဒီဇိုင္းအေျခအေနမ်ား (Design Conditions) 
Cooling tower တစ္လံုး၏ လုပ္ေဆာင္ႏိုင္စြမ္း(thermal capability)ကို ေအာက္ပါ       

(parameter) မ်ားျဖင့္ သတ္မွတ္သည္။  
( ) Cooling tower အတြင္းသုိ႔ ဝင္လာသည့္ condenser water ၏  အပူခ်ိန္ႏွင့္ ထြက္သြားသည့္ အပူခ်ိန္ 

(entering and leaving water temperatures) 
( ) ဝင္ေလ ၏ Wet Bulb ႏွင့္ Dry Bulb အပူခ်ိန္       

(ဂ)  Condenser water ၏       ႈ   (flow rate)တုိ႔ ျဖစ္သည္။ 
                condenser water velocity           1.5 m/s              3.6 m/s         

condenser pipe                                 
Evaporative cooling tower တုိင္း၌ ေရေငြ႔ပ်ံျခင္း(evaporation)ျဖစ္သည့္ ေရပမာဏသည္ 

ဝင္လာသည့္ ေလ၏ Wet Bulb အပူခ်ိန္ႏွင့္ သက္ဆုိင္သည္။ Air conditioning တြင္ သံုးသည့္ cooling tower 
တစ္လံုး၏ အပူဖယ္ထုတ္ႏုိင္စြမ္း(thermal capability)ကို nominal capacity ျဖင့္ ေဖာ္ျပေလ့ရွိသည္။  

 

Evaporation cooling                                                   ႈ                “Mass 
Transfer”                               ဟူ                       “Mass Transfer”      
   ႔      Evaporation cooling         latent heat အပုိင္းႏွင့္သာ သက္ဆုိင္ၿပီး specific humidity 
ေျပာင္းလဲမႈႏွင့္ တုိက္႐ုိက္ အခ်ိဳးက်သည္။ 

လ်ွပ္စစ္ဓာတ္အားျဖင့္ ေမာင္းသည့္(electric) chiller ၏ evaporator မွ ၁ ကီလိုဝပ(္1kW) 
အေအးဓာတ္(cooling)ရရွိရန္ အတြက္ cooling tower  သည္ ခန္႔မွန္းေျခ ၁.၂၅ ကီလိုဝပ(္1.25 kW) 
                   (heat rejection        လိုအပ္သည္။ 
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ေရစီးႏႈန္း(flow rate) 54 mLiter/sec ရွိသည့္ condenser water ၏ အပူခ်ိန္ 35°C(95°F)မွ 
29.4°C(85°F)ေရာက္ေအာင္ လုပ္ႏုိင္လ်ွင္ တစ္ကီလိုဝပ(္1kW)        ႔         (heat rejection)ျဖစ္သည္။ 
ထုိအခ်ိန္တြင္ cooling tower အတြင္းသုိ႔ ဝင္ေရာက္လာေသာ ေလ၏ Wet Bulb အပူခ်ိန္သည္ 25.6°C 
ေပၚတြင္ အေျခခံသည္။ ထိုအေျခေနတြင္ တစ္ကီလုိဝပ္(1kW) evaporator cooling ရရိွရန္ ခန္႔မွန္းေျခ 
(၁.၂၅)ကီလုိဝပ္ (1.25 kW) ပမာဏရိွေသာ အပူကို cooling tower မွ စြန္႔ထုတ္(reject) ေပးရမည္။  

လ်ွပ္စစ္ေမာ္တာျဖင့္ ေမာင္းသည့္(electric) chiller မွ တစ္ကီလုိဝပ္(1kW) cooling capacity 
ထုတ္ေပးတုိင္း cooling tower သည္ chiller မွ တစ္ကီလုိဝပ္(1kW)အျပင္ 0.25 kW of compressor heat 
ကိုပါ ဖယ္ထုတ္(reject) ေပးရသည္။ 0.25 kW of compressor heat ကို “Heat of Compression” 
ဟုလည္းေခၚသည္။ တစ္နည္းအားျဖင့္ 0.6 kW/RT efficiency ရွိသည့္ 500RT chiller မွ 500RT cooling 
capacity ကို ထုတ္ေပးေနခ်ိန္တြင္ cooling tower သည္ 500RT cooling capacity အျပင္ compressor 
မွထြက္သည့္ “Hea   f       ss   ”  (500RT x 0.6 kW/RT = 300kW = 85RT) 85RT ကိုပါ စြန္႔ထုတ္ 
(reject) ေပးရသည္။ ထုိ႔ေၾကာင့္ cooling tower မွ 500RT+85RT= 585RT စြန္႔ထုတ္(reject) ေပးရသည္။ 
Condenser water pump မွ heat ကို ထည့္မတြက္ ထားပါ။ အခ်ိဳ႕ေသာ အေျခအေနမ်ားအတြက္ nominal 
capacity rating အတုိင္း အသံုးျပဳေလ့ မရိွသည္ကို ေတြ႔ရသည္။  

အခ်ဳပ္အားျဖင့္ cooling tower တစ္လံုး၏ အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity)ကုိ 
operating parameter မ်ား ျဖစ္ၾကေသာ ေရအဝင္အပူခ်ိန္(entering water temperature)၊ ေရအထြက္ 
အပူခ်ိန္(leaving water temperature) ၊ condenser water     ႈ   (flow rate)၊      ၏ (entering air) 
Wet Bulb          ႏွင့္       ႈ   ( air flow rate) တု႔ိျဖင့္ ေဖာ္ျပသည္။  

၄.၁၀ Cooling Tower Heat Transfer 

   

 
   ∫

   

     

  

  

 

 
 

     ၄-၂၇ 
ပံု(၄-၂၇)တြင္ ေဖာ္ျပထားသည့္ condenser water ေရစက္ငယ္မွ အပူကို အနီးရွိေလ(surrounding 

air)ထဲသို႔ sensible heat transfer process ႏွင့္ latent heat transfer process     ႏွစ္မ်ိဳးလံုးျဖင့္ 
    ႔             ျဖစ္သည္။ ထို အပူကူးေျပာင္းျခင္းျဖစ္စဥ္(heat transfer process)ကို “Merkel Equation” ျဖင့္ 
ေဖာ္ျပႏိုင္သည္။ 

 
ပံု(၄-၂၈)တြင္ cooling tower characteristic ကို ဂရပ္ပံုစံျဖင့္ ေဖာ္ျပထားသည္။ Cooling tower 

characteristic                     ဂ                            (  a    a       s   a               
                

            Condenser water မွ ထြက္သြားသည့္ အပူ(heat)ပမာဏသည္ အနီးရွိေလ(surrounding air)မွ 
စုပ္ယူလိုက္သည့္ ပမာဏႏွင့္ ညီမ်ွသည္။ 
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Law of conservation of energy အရ  (cooling tower တစ္ခုလုံးကုိ control volume အျဖစ္ ယူဆလ်ွင္) 

                                                                         
 

 
    ၄-၂၈ Cooling tower        ၏ Enthalpy driving force                    

C'                ၏     a              

BC     i    a      a            f               

CD      a       a               s     L             

DEF     projecting the exiting air point onto the water operating line and then onto the 
temperature axis shows the outlet air Wet-Bulb       a               
L/G     liquid to gas mass flow ratio (lb/lb or kg/kg)           

 
တစ္နည္းအားျဖင့္ condenser water ကုိ sensible cooling ႏွင့္      ႔                       

             (evaporative cooling)နည္း ႏွစ္မ်ိဳးျဖင့္ ေအးေစသည္။ 

                    
                     

  

  
         

              

              
  

  
                          

t2   =  Entering temperature of condenser water 
t1  =  Leaving temperature of condenser water 

h2   =  Enthalpy of leaving air 
h1   =  Enthalpy of entering air                                   

Condenser water မွ အပူဆုံး႐ႈံးမႈပမာဏ(heat loss)သည္ အနီးရွိေလထု(ambient air)    
                  (heat gain)ပမာဏ နွင့္ တူညီသည္။ Condenser water ၏ အပူဆုံး႐ႈံးမႈ(heat loss) 
ပမာဏသည္                     ျဖစ္သည္။  

Condenser water ၌ အပူခ်ိန္ေျပာင္းလဲမႈ(temperature change)ျဖစ္ေသာေၾကာင့္ sensible 
heat change    ျဖစ္ေပၚသည္။    ႔                (Ambient air)တြင္ sensible heat ႏွင့္ latent 
heat gain ႏွစ္မ်ိဳးေၾကာင့္ အပူ      ျခင္း(heat gain) ျဖစ္ေပၚသည္။   
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       water to air mass ratio    ႔      liquid to gas mass flow ratio 

                   lb of water/lb of air    ႔      kg of water/kg  f a             

    (ambient air)         78°F(25.5°C)DB ႏွင့္ 50% RH သည္ cooling tower အတြင္းသုိ႔ 
ေရာက္သည့္အခါ      ႔     ၿ                      (evaporative cooling)နည္းျဖင့္ condenser water ကို 
ေအးေစသည္။   ၏ enthalpy သည္ 30.1 Btu/lb မွ 45.1 Btu/lb အထိ ျမင့္တက္သြားသည္။ 15 Btu/lb of 
dry air ျမင့္တက္သြားသည္။ ထုိ 15 Btu/lb သည္ condenser water အေလးခ်ိန္ တစ္ေပါင္ကုိ 15°F 
အပူအခ်ိန္ က်ဆင္းသြား ေစႏုိင္သည္။  

ဝင္လာသည့္ေလ(ambient air)၏ စုိထုိင္းဆ(humidity ratio)သည္ 0.0103 lb of water vapor/lb 
of dry air ျဖစ္ၿပီး ထြက္သြားသည့္ ေလ၏ စုိထုိင္းဆ(humidity ratio)မွ 0.0233 lb of water vapor/lb or dry 
air ျဖစ္သည္။ ထုိ(0.0233lb - 0.0103=) 0.013 lb သည္ ေရေငြ႔ပ်ံ(evaporate)သြားသည့္ condenser water 
ျဖစ္သည္။  

85°F ၌ ရွိေသာ latent heat vaporization တန္ဖိုးသည္ 1,045 Btu/lb(2260 KJ/kg) ျဖစ္သည္။  
0.031lb x 1045 Btu/lb =13.6 Btu ျဖစ္သည္။ 15 Btu ၏ ၉ % သည္      ႔                       
            (evaporative cooling)နည္းေၾကာင့္ ျဖစ္   သည္။ က်န္သည့္ ၉% ခန္႔သည္ sensible cooling 
ေၾကာင့္ျဖစ္သည္။ Condenser water အပူခ်ိန္သည္ 15°F က်ဆင္းၿပီး ေလ၏ အပူခ်ိန္ 3.3°F      တက္ 
လာသည္။   ၏             78°F မွ 81.3°F သုိ႔              

၄.၁၁ Cooling Tower Performance Factor  

 

 
    ၄-၂၉ Condenser water range ေျပာင္းလဲျခင္းေၾကာင့္cooling tower အရြယ္အစား ေျပာင္းလဲပုံကုိ 

ေဖာ္ျပထားသည္။ 

Cooling tower        ၏ စြမ္းေဆာင္ရည္(performance)သည္ ေအာက္ပါ အခ်က္(factor or 
parameter)                  သည္  
( ) Range (၅) Evaporation loss 
(၂) Approach (၆)  Cycles of concentration 
(၃)  Effectiveness (၇) Blow down losses       
(၄) Cooling capacity (၈) Liquid/ Gas ratio    ႔          
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  ၏ Wet Bulb          ျမင့္တက္လာျခင္းေၾကာင့္ cooling tower ၏               
(performance) က်ဆင္းသြားသည္။   ၏ Wet Bulb          ေျပာင္းလဲျခင္းေၾကာင့္ Approach         
ေျပာင္းလဲသည္။ Range ေျပာင္းလဲျခင္းေၾကာင့္ Approach တန္းဖိုး ေျပာင္းလဲသည္။ 

 

  
    ၄-၃၀ Variation in tower size factor with 

range. 
    ၄-၃  Variation in tower size factor with 

condenser water flow rate. 

အထက္ပါ    (၄-၃ )တြင္ condenser water     ႈ   (flow rate) ေျပာင္းလဲျခင္းေၾကာင့္ cooling tower 
အရြယ္အစား ေျပာင္းလဲပုံကုိ ေဖာ္ျပထားသည္။ အထက္ပါ    (၄-၃၀) သည္ condenser water range 
ေျပာင္းလဲျခင္းေၾကာင့္ cooling tower အရြယ္အစား ေျပာင္းလဲပုံကုိ ေဖာ္ျပထားသည္။(Approach မေျပာင္းပါ။) 

၄.၁၂ Condenser Water Flow Rate  

Condenser water system တြင္     ႈ   (flow rate)သည္ အလြန္ အေရးႀကီးသည္။ Condenser 
water မွ    (heat)မ်ား ေလထု(ambient air)  သို႔ အပူစြန္႔ထုတ္ျခင္း(heat rejection) ျဖစ္ေစရန္ လံုေလာက္ 
ေသာ condenser water       လည္ပတ္မႈ ရိွ၊ မရိွ စစ္ေဆးရန္ လိုအပ္သည္။ ေယဘုယ်အားျဖင့္ “Ra   ” ကို 
5.6°C (95°F - 85°F = 10°F)တန္ဖိုးတြင္ အေျခခံ၍ ဒီဇိုင္းျပဳလုပ္ၾကသည္။  

Cooling capacity 1 RT       condenser wat            ႈ       0.19 Liter/Sec (3GPM) 
    ၿ             a             ႈ                        ထို႔ေၾကာင့္ condenser water 
ေရလည္ပတ္ႏႈန္း(flow rate)သည္ chilled water ေရလည္ပတ္ႏႈန္း(flow rate)၏ (၁.၂၅)ဆ(1.25 times) 
ျဖစ္သည္။ ၂၅% ပုိမ်ားသည္။ Chilled water     ႈ   (flow rate)သည္ 0.15 Liter/Sec per RT    ႔      2.4 
GPM per RT ျဖစ္သည္။ 

 
အကယ္၍ condenser water     ႈ   (flow rate)သည္ လိုအပ္သည္ထက္ နည္းလ်ွင္ condenser 

water return temperature ျမင့္တက္လာလိမ့္မည္။ Chiller  တြင္းသို႔ အပူခ်ိန္ျမင့္သည့္ condenser water 
ဝင္ေရာက္လာလ်ွင္ refrigerant ၏ condensing pressure ျမင့္တက္လာၿပီး compressor ၏          
        ႈ(power consumption) ပိုမ်ား လာလိမ့္မည္။  

  Condenser water     ႈ   (flow rate)မ်ားျခင္း    ႔      range မ်ားျခင္းေၾကာင့္ အပူ ဖယ္ထုတ္ 
ႏုိင္စြမ္း(heat rejection capacity) မ်ားလာသည္။  

            တစ္နည္းအားျဖင့္ electric chiller          heat of compression သည္ chiller cooling load 
၏ 25%       ႏွင့္ ညီမ်ွ              သည္။ 
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လံုေလာက္ေသာ       ႈ   (water flow rate) ကို chiller အတြင္းသုိ႔ လည္ပတ္ေစျခင္းေၾကာင့္ 
condenser water return temperature က်ဆင္းလာကာ chiller efficiency ပိုေကာင္း လာလိမ့္မည္။  

 

 
Air-Conditioning, Heating, and 

Refrigeration Institute (AHRI)         
                      (design condition) တြင္ 
cooling capacity 1 RT            s    a    
         ႈ   (flow rate)    0.19 Liter/Sec 
per RT    ႔      3 GPM per RT ျဖစ္သည္။ 
 
Lower part load အေျခအေနမ်ိဳးတြင္လည္း 
condenser water     ႈ   (flow rate)ကို              ႈ    
(design flow rate)ထက္ အနည္းငယ္ ေလ်ာ့နည္း 
ေအာင္ ေလ်ွာ့ခ်ႏိုင္သည္။  

    ၄-၃၂ Condenser and chilled water circuit 

 
Cooling tower               (performance) ည့ံဖ်င္းေနလ်ွင္ condenser water     ႈ   (flow 

rate)မ်ားျခင္း ေၾကာင့္လည္း condenser water supply temperature ျမင့္တက္လာႏုိင္သည္။ Cooling tower 
တစ္ခုခ်င္းစ၌ီ တူညီေသာေရပမာဏ            (flow)မရိွသည့္အခါ (unbalance water flow ျဖစ္ျခင္းေၾကာင့္) 
အခ်ိဳ႕ cooling towerသည္ ဒီဇုိင္း    ႈ   (design flow rate)ထက္ပိုမ်ားသည့္ condenser     ႈ   (flow rate)ကို 
ရရွိကာ အထြက္ေရအပူခ်ိန္(condenser water supply temperature)    ျမင့္မားလာသည္။ အထြက္ေရ 
အပူခ်ိန္(condenser water supply temperature) ျမင့္ေသာေၾကာင့္ chiller efficiency က်ဆင္းလိမ့္မည္။ 

၄.၁၃ စုပ္ယူသည့္အပူႏွင့္ စြန္႔ထုတ္သည့္ အပူပမာဏ တူညီျခင္း (Heat Balancing) 
Vapor compression cycle မ်ားတြင္ evaporator က အပူ(heat)ကိုစုပ္ယူသည့္ အလုပ္လုပ္ၾကၿပီး 

condenser မ်ားက ထိုစုပ္ယူထားေသာ အပူကိုျပန္    ႔         (heat rejection)လုပ္ၾကသည္။ Compressor 
အတြင္းမွ အပူခ်ိန္ျမင့္ၿပီး ဖိအားျမင့္သည့္(hot and high pressure) refrigerant gas မ်ားသည္ condenser 
အတြင္းသို႔ ေရာက္ရိွလာၿပီး နည္း ႏွစ္မ်ိဳးျဖင့္ အပူဖယ္ထုတ္ျခင္း(heat rejection)လုပ္ၾကသည္။  

    refrigerant gas သည္ superheat အပူခ်ိန္၌      (vapor)              sensible heat ကုိ 
စြန္႔ထုတ္(reject)သည္။ ထို႔ေနာက္ saturated         ၌ latent heat ကို စြန္႔ထုတ္(reject)ကာ refrigerant 
      (vapor)မွ အရည(္liquid)အျဖစ္သို႔ ေျပာင္းသြားသည္။  

Condenser load သည္ ဖယ္ထုတ္သည့္အပူပမာဏ(amount of heat rejection) ျဖစ္သည္။ Air 
cooled condenser မွ အပူဖယ္ထုတ္ျခင္း(heat rejection)ေၾကာင့္ ေလ၏အပူခ်ိန္             9°C မွ 12°C 
ခန္႔ ျမင့္တက္ လာေအာင္ ဒီဇိုင္းလုပ္ေလ့ ရိွသည္။ အကယ္၍ အပူခ်ိန္ျမင့္တက္မႈ(temperature raise) 10.5°C 

         Actual condenser water     ႈ   (flow rate) သည္ design condenser water     ႈ   (flow rate) 
ထက္    မမ်ားရန္ လိုအပ္သည္။ Condenser water     ႈ   (flow rate) လုိအပ္သည္ထက္ ပိုမ်ားျခင္းေၾကာင့္ 
   ႔ ႔                       (pumping power)ကို ျဖဳန္းတီးရာ ေရာက္သည္။ တစ္နည္းအားျဖင့္ over 
pumping ျဖစ္ေစသည္။ 
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ကို အေျခခံ၍ တြက္လ်ွင္ 1kW  အပူပမာဏကုိ စြန္႔ထုတ္(reject)ရန္အတြက္ ေလစီးႏႈန္း 0.093 kg (mass flow 
rate 0.093 kg/kW)လိုအပ္သည္။ [1/(10.5x1.02)= 0.093 kg/kW] 

ဥပမာအားျဖင့္ ႐ံုးခန္းတစ္ခု၏ air con unit သည္ 350kW cooling capacity ရိွၿပီး 430kW အပူပမာဏ 
ဖယ္ထုတ္ျခင္း(heat rejection)ျဖစ္ရန္ ေလစီးႏႈန္း(flow rate) 40.85 kg/s သို႔မဟုတ္ 36 m3/s ရိွသည့္ air-
cooled condenser ကို အသံုးျပဳရမည္။                ႔                  volume flow rate 
   ႔      mass flow rate    မ်ားေသာေၾကာင့္ ေနရာက်ယ္က်ယ္ လိုအပ္သည္။ 

  
    ၄-၃၃ Heat Balance      ၄-၃၄ Heat Balance  

                                                           

                                                                             
 ဥပမာ condenser တစ္ခုသည္ အပူ(heat)ပမာဏ 12kW ကို ဖယ္ထုတ္(reject)ရန္အတြက္ အပူခ်ိန္ 
35°C ရိွေသာ ျပင္ပေလ(outdoor air) သည္ အပူခ်ိန္ 50°C အထိ ျမင့္တက္သြားသည္။ ထို condenser သည္ 
8 kW အပူပမာဏကို ဖယ္ထုတ္(reject)ရန္ လိုအပ္ၿပီး        (outdoor air)သည္ 15°C ျဖစ္လ်ွင္ 
အပူခ်ိန္မည္မ်ွွ အထိတက္ သြားမည္နည္း။ 

Temperature d ff                –                 

                   
    

                      
 

                                         = 12 kW/15°C  =  0.8  W      

  
    ၄-၃၅  Carnot cycle for refrigeration            
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ထို condenser သည္ 1°C အပူခ်ိန္ကြာျခားတိုင္း(temperature difference) အပူပမာဏ 0.8 kW ကို 
ဖယ္ထုတ္(reject) ႏိုင္စြမ္းရွိသည္။ 

၄.၁၄ ေရြးခ်ယ္ရာတြင္ စဥ္းစားရမည့္ အခ်က္မ်ား (Selection Consideration) 

    ၏         (application)ႏွင့္ သင့္ေလ်ာ္မွန္ကန္ေသာ cooling tower ကို ေရြးခ်ယ္အတြက္ 
ေအာက္ပါ အခ်က္အလက္မ်ားကိုိ ထည့္သြင္းစဥ္းစားရန္ လိုအပ္သည္။ 
( ) Cooling duty (လုိအပ္ေသာ            ႈ   (capacity) ၊ ေမာင္းႏွင္မည့္ duty အမ်ိဳးအစား) 
( ) Economics [စီးပြားေရးတြက္ေခ်ကိုက္မႈ၊ တပ္ဆင္ရန္ကုန္က်စရိတ္(installation cost) ၊ ေမာင္းႏွင့္ 

လည္ပတ္ရန္ ကုန္က်စရိတ္ (operation cost)] 
(ဂ)  Required services (လုိအပ္သည့္ ဆားဗစ္အမ်ိဳးအစားမ်ား) 
(ဃ) Environmental conditions (ပတ္ဝန္းက်င္ကို ထိခိုက္မႈရွိ မရိွ၊ ေက်ာင္း၊ ေဆး႐ုံ    ႔      လူအမ်ားစု 

ႏွင့္ နီးသည့္ေနရာတြင္ cooling tower ကို တပ္ဆင္ရန္ မသင့္ေလ်ာ္ေပ။ Legionella ပိုးမႊား 
(pathogenic gram)       ေၾကာင့္ ျဖစ္သည္။) Legionella အေၾကာင္း အေသးစိတ္ သိလုိပါက 
 http://www.nea.gov.sg/cms/qed/cop_legionella.pdf                       

( ) Maintenance requirements (ျပဳျပင္ထိန္းသိမ္းရန္ လုိအပ္ခ်က္မ်ား) ႏွင့္ 
( ) Aesthetics- အျမင္လွပမႈ ရွိ၊ မရိွ တုိ႔ျဖစ္သည္။ (လူျမင္ကြင္းတြင္ တပ္ဆင္ထားေသာ cooling tower 

မ်ားအား ၾကည့္ေကာင္းေအာင္ ျပဳလုပ္ထားရန္ သုိ႔မဟုတ္ ကာရံထားရန္ လိုအပ္သည္။) 
အထက္ပါ အခ်က္အလက္မ်ားသည္ တစ္ခုႏွင့္တစ္ခု အျပန္အလွန္ဆက္စပ္မႈ ရွိၾကသည္။  

တစ္ခုခ်င္းစီကို ဆန္းစစ္ေရြးခ်ယ္ ရမည္။  

                       cooling tower ေရြးခ်ယ္ျခင္းႏွင့္ သက္ဆုိင္ေသာ အခ်က္အလက္မ်ားမွာ 

( ) Safety features ၊ safety codes       သက္ဆိုင္ေသာ ေဘးရန္ကင္းရွင္းေရး စည္းမ်ည္း စည္းကမ္း 
မ်ားကို လိုက္နာရမည္   

(၂) အေဆာက္အဦ အမ်ိဳးအစားကို လိုက္၍ ခ်မွတ္ထားသည့္ code မ်ားကို လုိက္နာရမည    (Conformity to 
building codes) 

(၃)  General design and rigidity of structures (တည္ေဆာက္မည့္ structure ဒီဇုိင္း ႏွင့္ အမ်ိဳးအစား) 

(၄) Relative effects of corrosion, scale, or deterioration on service life (သံေခ်းတက္ျခင္း၊ ေရညိႇ 
တက္ျခင္း၊ စြမ္းရည္က်ဆင္းျခင္း ႏွင့္ အသံုးျပဳႏုိင္သည့္ သက္တမ္းတုိျခင္း စသည္တုိ႔ႏွင့္ သက္ဆုိင္ေသာ 
အခ်က္မ်ား)  

(၅) Availability of spare parts (အပုိပစၥည္းမ်ား အလြယ္တကူ ရရွိႏိုင္မႈ) 

(၆)  Experience and reliability of manufacturers (ထုတ္လုပ္သူ၏ လုပ္ငန္းအေတြ႔အၾကံဳႏွင့္ 
စိတ္ခ်ႏိုင္မႈရိွ ၊ မရွိ) 

(၇) Independent certification of thermal ratings (ေဖာ္ျပထားေသာ စြမ္းေဆာင္ရည္ႏႈန္း(rating)     
ကို ထုတ္လုပ္သူမဟုတ္သည့္ တျခားေသာအဖြဲ႔ တစ္ခုခုမွ ေထာက္ခံေပးမႈ) 

(၈) Operating flexibility for economical operation at varying loads or during seasonal changes. 
(ေႏြ၊မုိး၊ေဆာင္း ရာသီဥတုအားလံုး၌ ျဖစ္ေပၚႏိုင္သည့္ load မ်ား အားလံုး ႏွင့္ ကိုက္ညီေအာင္ 
ေမာင္းႏုိင္မႈ)တုိ႔ ျဖစ္သည္။ 
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ထိုအခ်က္အလက္မ်ားအျပင္ တုန္ခါမႈ(equipment vibration)၊ ဆူညံသံ(sound levels) ၊ 
ဆူညံသံေလ်ာ့နည္းေအာင္ ေဆာင္ရြက္ျခင္း(acoustical attenuation)၊ ဗိသုကာဒီဇိုင္း(architectural design) 
ႏွင့္ လိုက္ေလ်ာ ညီေထြျဖစ္မႈ တုိ႔ကိုလည္း အဓိကထား စဥ္းစားရမည္ ျဖစ္သည္။  

Cooling duty ႏွင့္သက္ဆုိင္ေသာ အခ်က္အလက္မ်ားသည္ အျမင့္(height)၊ အရွည္(length)၊ အထူ 
(width)၊  ေလလည္ပတ္ႏႈန္း(volume of airflow)၊  fan ႏွင့္ pump တုိ႔၏ စြမ္းအင္သံုးစြဲမႈႏွုန္း(energy 
consumption)၊ တည္ေဆာက္ထားသည့္ ပစၥည္းအမ်ိဳးအစား(materials of construction)၊ ေရအရည္အေသြး 
(water quality) ႏွင့္ ေစ်းကြက္တြင္ ရရွိႏိုငမ္ႈ(availability)တုိ႔ ျဖစ္သည္။  

မိမိအေဆာက္အဦ    ႔      မိမိ system အတြက္ အေကာင္းဆံုးႏွင့္ အသင့္ေလ်ာ္ဆံုးေသာ cooling 
tower အမ်ိဳးအစားႏွင့္ အရြယ္အစားကို economic evaluation လုပ္ၿပီးမွသာ ရရိွႏုိင္သည္။ နည္းပညာအရ 
(technically) အသင့္ေလ်ာ္ဆံုးျဖစ္ရန္ လုိအပ္သလုိ စီးပြားေရအရ(economically)လည္း အက်ိဳးအျမတ္ မ်ားရန္ 
လုိအပ္သည္။  

2007 ASHRAE Handbook စာအုပ္မွ Chapter 36 ၌ ပါရိွေသာ HVAC Applications အပိုင္းတြင္ 
အသံုးမ်ားသည့္                           ႈ    ၊            နည္း(economic evaluation) ႏွစ္မ်ိဳးကို ေဖာ္ျပ 
ထားသည္။  
 ( ) Life Cycle Costing (equipment တစ္ခု စဝယ္သည့္ေန႔မွ သံုးမရ၍ ဖ်က္ပစ္သည့္ေနအထိ ကုန္က် 

စရိတ္ စုစုေပါင္းကို တြက္သည့္နည္း)ႏွင့့္  
(၂) Payback analysis (ဝယ္ၿပီး တပ္ဆင္ရန္ ကုန္က်စရိတ္မ်ားကို ျပန္လည္ရရွိရန္ ႏွစ္မည္မ်ွွၾကာသည္ကုိ 

တြက္သည့္နည္း ျဖစ္သည္။)  
အထက္ပါ နည္းႏွစ္နည္း အနက္မွ ႀကိဳက္ႏွစ္သက္ရာ နည္းကုိ အသံုးျပဳႏိုင္သည္။  

  အစပိုင္းကုန္က်စရိတ္မ်ား (initial cost) အတြက္ ေအာက္ပါ အခ်က္အလက္တုိ႔ကို ထည့္သြင္း စဥ္းစား 
သင့္သည္။  
•  Erected cost of equipment (ျငမ္း၊ ကရိန္း စသည့္တို႔အတြက္ ကုန္က်စရိတ္) 
•  Costs of interface with other subsystems (သက္ဆုိင္သည့္ တျခားေသာ subsystem မ်ားႏွင့္ 

interface လုပ္ရန္ ကုန္က်စရိတ္) 
•  Pumps and prime movers (ပန္႔ စသည့္ တုိ႔အတြက္ကုန္က်စရိတ္) 
•  Electrical wiring to pump and fan motors (ပန္႔ ၊ ေမာ္တာ ႏွင့္ fan ေမာ္တာ တုိ႔၏ လ်ွပ္စစ္ဝါယာႏွင့္ 

သက္ဆုိင္ေသာ ကုန္က်စရိတ္) 
•  Electrical controls and switchgear (လ်ွပ္စစ္ panel မ်ား ႏွင့္ control မ်ား၊ switchgear    ႔ အတြက္ 

ကုန္က်စရိတ္) 
•  Piping to and from the tower (ပိုက္မ်ား တပ္ဆင္ရန္အတြက္ ကုန္က်စရိတ္) 
•  Tower basin ၊ sump screens ၊ overflow piping and makeup lines ၊ if not furnished by the 

manufacturer (တျခားေသာ အစိတ္အပုိင္းမ်ား အတြက္ ကုန္က်စရိတ္) 
•  Shutoff and control valves (ဘားမ်ားအတြက္ ကုန္က်စရိတ္) 
•  Walkways ၊ ladders ၊ etc., providing access to the tower ၊ if not furnished by the manufacturer 

(ေလ်ွာက္လမ္း၊ ေလွကားတို႔အတြက္ ကုန္က်စရိတ္) 
•  Fire protection sprinkler system (မီးေဘးကာကြယ္ေရး အစီအမံမ်ားအတြက္ ကုန္က်စရိတ္) 
•  ပုိင္ဆုိင္မႈအတြက္ ကုန္က်စရိတ္(ownership cost)ႏွင့္ ထိန္းသိမ္းျပဳျပင္မႈ ကုန္က်စရိတ္(maintenance 

costs) တို႔အတြက္ ေအာက္ပါ အခ်က္အလက္တုိ႔ကို ထည့္သြင္း စဥ္းစားသင့္သည္။ 



Air Conditioning and Mechanical Ventilation (Vol. 1)                                                                       ႔ 

4-30 

•  System energy costs (fans, pumps, etc.) (တစ္နာရီေမာင္းရန္အတြက္ လိုအပ္သည့္ စြမ္းအင္ 
အတြက္ ကုန္က်စရိတ္) 

•  Energy demand charges (လ်ွပ္စစ္ဓာတ္အားခ ကုန္က်စရိတ္) 
•  Expected equipment life (အေမ်ွာ္လင့္ႏုိင္ဆံုးေသာ အသံုးျပဳႏိုင္မည့္ သက္တမ္း) 
•  Maintenance and repair costs (ထိန္းသိမ္းစရိတ္ ႏွင့္ ျပဳျပင္စရိတ္) 
•  Money costs (အတုိးတြက္၊ ေငြေၾကးေဖာင္းပြမႈ စသည့္တုိ႔အတြက္ ထည့္ေဆာင္းရမည့္ စရိတ္) 

၄.၁၅ အရြယ္အစား ေရြးခ်ယ္ျခင္း (Cooling Tower Sizing) 

 Cooling tower မ်ားသည္ central air conditioning system မွ စြန္႔ထုတ္သည့္    (heat) မ်ားကုိ 
သာမက chiller ၏ compressor မွ    (heat)မ်ားကိုလည္း အတူတကြ စြန္႔ထုတ္ေပးရသည္။ Chiller မွ     
(heat of compression)ပမာဏသည္ chiller ၏ efficiency ေပၚတြင္ မူတည္သည္။ အၾကမ္းအားျဖင့္          
                     (electric) chiller           cooling load ၏ ၂၅% ျဖစ္သည္။ ထို႔ေၾကာင့္ cooling 
tower ၏ အရြယ္အစား(size)သည္ chiller cooling capacity ၏ ၁၂၅% ျဖစ္သည္။ (၁.၂၅ ဆခန္႔ ျဖစ္သည္)။ 
လ်ွပ္စစ္ေမာ္တာျဖင့္ ေမာင္းသည့္ chiller အတြက္သာ ျဖစ္သည္။  

 Chiller efficiency သည္ cooling tower ၏ အရြယ္အစား(size)ေပၚတြင္ မူတည္သည္။ Cooling 
tower ၏ အရြယ္အစားသည္ လိုအပ္သည္ထက္ ေသးငယ္ေနလ်ွင္ အပူဖယ္ထုတ္ျခင္း(heat rejection) 
မလံုေလာက္ေသာေၾကာင့္               (condenser supply water(leaving)temperature) ျမင့္တက္ 
လာလိမ့္မည္။ ထို႔ေၾကာင့္ chiller efficiency က်ဆင္းသြားႏုိင္သည္။ Cooling tower မွ                
(condenser supply water temperature) နိမ့္လ်ွင္ chiller ၏ efficiency ပိုေကာင္းလာသည္။ 

 Cooling tower သည္ သီအိုရီအရ               (leaving condenser temperature)ကို ေလ၏ 
Wet Bulb          သို႔ေရာက္ေအာင္ နိမ့္ခ်ေပး ႏုိင္သည္။ ထိုသို႔ နိမ့္ခ်ရန္အတြက္                 (surface 
area)က်ယ္က်ယ္ႏွင့္       ႈ    (air flow)မ်ားမ်ား လုိအပ္သည္။ ထိုကဲ့သို႔ ဒီဇိုင္းလုပ္ထားေသာ cooling 
tower     သည္ chiller efficiency ကို ပိုမုိ ေကာင္းမြန္ေစေသာ္လည္း cooling tower            ႔      
တပ္ဆင္ခ ႏွင့္                     (operating cost) စသည္တို႔ အဆမတန္ မ်ားလာလိမ့္မည္။ 
လိုအပ္သည္ထက ္ပိုမ်ားသည့္ cooling tower အေရအတြက္ကို တပ္ဆင္ထားရန္ လိုအပ္လိမ့္မည္။ 

 

 ထို႔ေၾကာင့္ cooling tower                                 (initial capital cost) ႏွင့္ chiller 
cooling tower ၏                       (operating cost)တို႔ အၾကားတြင္ အေကာင္းဆံုး(optiminum) 
ျဖစ္ေအာင္ ခ်ိန္ဆ၍ ေရြးခ်ယ္ရျခင္း ျဖစ္သည္။   

Cooling tower ၏ မ်က္ႏွာျပင္ဧရိယာ(surface area)နည္းျခင္း၊ မ်ားျခင္းသည္ capital 
cost(cooling tower တန္ဖိုး)ႏွင့္သာ သက္ဆိုင္သည္။ Cooling tower ၏       ႈ   (air flow)နည္းျခင္း၊ 
မ်ားျခင္း သည္                      (operating cost) ႏွင့္သာ သက္ဆိုင္သည္။  
        ထို႔ေၾကာင့္ တူညီေသာ cooling capacity ရိွသည့္ cooling tower ႏွစ္လံုးတြင္ မ်က္ႏွာျပင္ဧရိယာ 
(surface area)မ်ားၿပီး       ႈ   (air flow)နည္းသည့္ cooling tower သည္ capital cost မ်ားၿပီး 
                     (operating cost) နည္းလိမ့္မည္။ မ်က္ႏွာျပင္ဧရိယာ(surface area)နည္းၿပီး 
      ႈ   (air flow) မ်ားသည့္ cooling tower သည္ capital cost နည္းၿပီး                       
(operating cost)မ်ားလိမ့္မည္။ 
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 Cooling tower ကို chiller ၏               (condenser water supply temperature)၊ ဝင္ေရ 
အပူခ်ိန္(return temperature)လိုအပ္ခ်က္ ႏွင့္ cooling tower ရွိသည့္ေနရာ၏     (outdoor air) Wet 
Bulb         ေပၚတြင္ အေျခခံ၍ ေရြးခ်ယ္ရမည္။ Chiller မွထြက္ၿပီး cooling tower ထဲသုိ႔ ဝင္ေရာက္လာသည့္ 
condenser water         (return temperature)သည္ 35°C (95°F) ျဖစ္ၿပီး condenser supply 
temperature သည္ 29.4°C(85°F) ျဖစ္သည္။                 Wet Bulb             cooling tower 
                  ရာသီဥတုေပၚတြင္ မူတည္သည္။  

Cooling tower ထုတ္လုပ္သူမ်ားသည္ cooling tower ၏ အပူဖယ္ထုတ္ႏုိင္စြမ္း (heat rejection 
capacity)ကို အမ်ိဳးမ်ိဳးေသာ operating conditioning မ်ားတြင္ သတ္မွတ္ၾကသည္။  

 
ထိုကဲ့သို႔ အေျခအေနမ်ိဳးတြင္ Wet Bulb         ျမင့္ေသာေၾကာင့္ cooling capacity ကို သတ္မွတ္ 

ထားသည့္ အပူဖယ္ထုတ္ႏုိင္စြမ္း(rated capacity)မွ အခ်ိဳးက် ေလ်ာ့နည္းသြားမည့္ capacity ကို ခန္႔မွန္း 
ယူႏုိင္သည္။ Rule of thumb အရ cooling tower ၏ nominal capacity ကို chiller rated capacity ၏ 
တစ္ဆခြ ဲ(1.5 times) အျဖစ္ သတ္မွတ္ၾကသည္။ 

၄.၁၆ တပ္ဆင္ျခင္း (Installation of Cooling Tower) 

 Cooling tower ၏ စြမ္းေဆာင္ရည္(performance)သည္       ႈ   (air flow) ေပၚတြင္ မူတည္ 
ေသာေၾကာင့္ cooling tower ကို ေလဝင္ေလထြက္ ေကာင္းသည့္ ေနရာတြင္ ထားရိွသင့္သည္။ ပံု(၄-၃၆)တြင္ 
ျပထားသည့္ အတိုင္း cooling tower တပ္ဆင္ထားမည့္ေနရာ အက်ယ္လံုေလာက္ေအာင္ ထားေပးသင့္ပံုကုိ 
ေဖာ္ထားျပသည္။ Cooling tower ၏           (air intake)သည္ နံရံႏွင့္ အလြန္နီးကပ္စြာ မရိွသင့္။ 
ထားရိွရမည့္ အကြာအေဝးကို cooling tower ထုတ္လုပ္သူမ်ားထံမွ ရယူႏုိင္သည္။ Cooling tower တစ္ခု ႏွင့္ 
ကပ္လ်ွက္ရွိ တျခား cooling tower တစ္ခုသည္လည္း လံုေလာက္သည့္ အကြာအေဝးတြင္ တည္ရိွသင့္သည္။ 

 
    ၄-၃၆ Cooling tower                            cooling tower                          

Cooling tower တစ္ခုမွ မႈတ္ထုတ္လိုက္သည့္         (warm and moist air)သည္ တျခား 
cooling tower ၏ ေလဝင္ေပါက္(air intake)အဝသို႔ မေရာက္ရိွေစရန္ သတိျပဳရမည္။ အခ်ိဳ႕ေသာ အေျခအေန 
မ်ားတြင္ extension duct ကို cooling tower ၏ အထြက္(discharge) ေနရာတြင္ တပ္ဆင္ထားျခင္းျဖင့္ 
ေလပူ(hot air)မ်ားကို cooling tower မွ ေဝးရာသို႔ ေရာက္ေအာင္ ျပဳလုပ္ႏိုင္သည္။  

Cooling tower ၏ အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity)သည္ operating condition 
အေပၚတြင္ မူတည္သည္။ ေမာင္းေနသည့္ အခ်ိန္၌ ေလ၏ Wet Bulb         သည္                  Wet 
Bulb         ထက္ ပိုျမင့္ေနပါက ထို cooling tower သည္         လုပ္ထားသည့္ အပူဖယ္ထုတ္ႏုိင္စြမ္း 
(heat rejection capacity)                                              အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat 
rejection capacity)ထက္ နည္းသည့္ capacity ကိုသာ ေပးႏုိင္သည္။ 
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    ၄-၃၇ Extension duct           recirculation                          

၄. ၇ Capacity Control 

 မ်ားေသာအားျဖင့္ chiller ႏွင့္ cooling tower တို႔ကို interlock ျပဳလုပ္ထားၾကသည္။ Chiller 
မေမာင္းခင္ cooling tower       condenser water pump ကို အရင္ စေမာင္း ရသည္။ Cooling tower 
မေမာင္းဘဲ chiller ေမာင္း၍ မရေအာင  လုပ္ထားျခင္း ကို “Interlock” လုပ္သည္ ဟုေခၚသည္။ 

 
Chiller သည္                               (part load condition)တြင္ cooling tower မွ 

ဖယ္ထုတ္ရမည့္ အပူ(rejected heat)ပမာဏ နည္းသည္။ ထိုကဲ့သို႔ အေျခအေနမ်ိဳးတြင္ cooling tower အား 
     ႈ          (full speed)    ႔      full capacity ျဖင့္ ေမာင္းရန္ မလိုအပ္ေပ။  

 
Cooling tower ၏       ႈ   (air flow)ကို နည္းႏွစ္မ်ိဳးျဖင့္ ေလ်ွာ့ခ်ႏိုင္သည္။  
( ) ပထမနည္း Fan အားလံုးကို အတူတကြ switch on/off လုပ္ျခင္း။(cooling tower fan cycling) 

(၂) ဒုတိယနည္း Fan မ်ားကို Variable Speed Drive(VSD) ျဖင့္ ေမာင္းျခင္း။ 

 ပထမနည္းတြင္ လိုအပ္သည့္ ေရအပူခ်ိန္(condenser water temperature)သို႔ ေရာက္ေအာင္ 
cooling tower fan မ်ားကို            ၊           (switch on/off)ျဖင့္ control လုပ္ႏုိင္သည္။ Condenser 
water         သည္ ျမင့္တက္ျခင္း(fan မေမာင္းသည့္အခ်ိန္တြင္)၊ က်ဆင္းျခင္း(fan ေမာင္းေနသည့္ 
အခိုက္တြင္) ျဖစ္ကာ chiller operation ကို မတည္မၿငိမ္(unstable) ျဖစ္ေစသည္။ Fan မ်ားကို မၾကာခဏ 
ေမာင္းလိုက္၊ ရပ္လိုက္ လုပ္ျခင္းေၾကာင့္ သက္တမ္းမတိုင္မီ ပ်က္စီးသြားႏုိင္သည္။ 

ဒုတိယနည္းသည္ အေကာင္းဆံုးနည္းျဖစ္သည္။ Fan မ်ား၏      ႈ   (speed)ကို လိုအပ္သလုိ 
ေမာင္းႏုိင္ရန္ Variable Speed Drive(VSD) တပ္ဆင္ထားျခင္း ျဖစ္သည္။ သတ္မွတ္ထားသည့္ ေရအပူခ်ိန္ 
(condenser water temperature)ရရန္အတြက္ VSD က tower fa       ႈ   (speed)ကို လိုအပ္သလို အတိုး၊ 
အေလ်ာ့ (modulate) ျပဳလုပ္ေပးျခင္း ျဖစ္သည္။ 

Cooling tower                     (capacity)သည္ ေလစီးႏႈန္း(air flow)                   
     (surface area) ေပၚတြင္ မူတည္သည္။ သုိ႔ို႔႔ေသာ္ cooling tower ၏ မ်က္ႏွာျပင္ ဧရိယာ(surface 
area)သည္ capacity control ႏွင့္ မသက္ဆိုင္ေပ။ ေလစီးႏႈန္း(air flow)   capacity control ႏွင့္ 
သက္ဆိုင္သည္။ 

Cooling tower ၏       ႈ   (air flow)ကိုေလ်ွာ့ခ်ျခင္းျဖင့္ အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection 
capacity) ကို ေလ်ွာ့ခ်ႏိုင္သည္။                 ႈ(energy consumption) ကိုလည္း ေလ်ာ့နည္းေစသည္။ 
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 အလြယ္ကူဆံုးနည္းလမ္း(control strategy)သည္ condenser supply temperature ကုိ 
ဒီဇိုင္းတန္ဖုိး(design value)တြင္ ထိန္းထားျခင္းျဖစ္သည္။ Condenser water temperature 29.4°C (85 °F) 
ကို set point အျဖစ္ သတ္မွတ္ၿပီး condenser water temperature သည္ set point ထက္ ပိုျမင့္ပါက VSD မွ 
fa       ႈ   (speed)ကို ျမႇင့္ေပးျခင္း      (      ႈ   (air flow) ပိုမ်ားေအာင္ ျပဳလုပ္          Set point ထက္ 
ပိုနိမ့္ေနပါက VSD မွ fa       ႈ   (speed)ကို ေလ်ွာ့ခ်ေပးျခင္း            ႈ   (air flow)ကို ေလ်ာ့နည္းေအာင္ 
ျပဳလုပ္ႏုိင္သည္။ 

 
 ဥပမာ 500RT အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity) ရွိေသာ cooling tower တစ္လံုးသည္ 
               35°C    30°C သို႔ေရာက္ေအာင္ ေအးေစႏိုင္သည္။ ျမန္ႏႈန္းပုံေသ(constant speed)ျဖင့္ 
ေမာင္းေသာ fan ၏ ေမာ္တာ၏ စြမ္းအားသည္ 15kW ျဖစ္သည္။                         cooling tower 
အတြင္းသုိ႔ ဝင္လာသည့္ေရပူ(warm water entering to cooling tower) သည္ 32°C ျဖစ္သည္။ ထုိ႔ေၾကာင့္ 
cooling tower ၏ load သည္ rated capacity ၏ 40%    ျဖစ္သည္။ 
(Rated condition = 35°C – 30°C =5°C)  Actual condition = 32°C – 30°C = 2°C 
ထို႔ေၾကာင့္ 2°C     5°               (2/5 =40%) rated capacity ၏ ၄၀         ) 
 VSD တပ္ဆင္ၿပီး fan ၏ ျမန္ႏႈန္း(speed)ကို ေလ်ွာ့ခ်ကာ စြမ္းအင္ေခြ်တာျခင္း(energy saving)  
ျပဳလုပ္ႏုိင္သည္။                (condenser leaving water temperature)ကို 30°C အျဖစ္ set point 
ထားကာ fan ကို ေမာင္းႏုိင္သည္။ 

 Theoretical fan power consumption =(0.4)3 x 15= 1kW 
 Saving in Power consumption =(15-1)= 14 kW 

အခ်ိဳ႕ေသာ အေဆာက္အဦမ်ားတြင္ ေန႔အခ်ိန္တြင္ ေမာင္းမည့္ အျမင့္ဆံုး(peak) cooling load ကို အေျခခံ၍ 
cooling tower မ်ားကို ေရြးခ်ယ္တပ္ဆင္ ထားၾကသည္။ ညေနဘက္ ႏွင့္ ညဘက္ off-peak cooling load 
သည္ အလြန္နည္းေသာေၾကာင့္ အခ်ိဳ႕ေသာ cooling tower မ်ားကိုသာ ေမာင္းရန္ လုိအပ္သည္။ ထိုအခ်ိန္တြင္ 
cooling tower fan မ်ားအားလံုးကို ပိတ္ထားေသာ္လည္း လိုအပ္သည့္ အပူဖယ္ထုတ္ျခင္း(heat rejection)ကုိ 
ရရွိႏုိင္သည္။ Condenser water ကိုသာ လည္ပတ္(circulate)ေစၿပီး fan မ်ားကို     ထားျခင္းျဖင့္          
အပူဖယ္ထုတ္ႏုိင္စြမ္း(design heat rejection capacity) ၏ ၅% ရရိွႏိုင္သည္။ 

 
 ဥပမာ 500RT အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity) ရိွေသာ cooling tower (၅)လံုး 
တပ္ဆင္ထားသည့္ system တြင္ cooling tower fan မ်ားအားလံုးကို          (switch off)ၿပီး condenser 
water                                               125 RT ရရိွႏုိင္သည္။ 

 5 nos: of cooling tower x 500 RT x 0.05 = 125 RT 

Fan ၏ စြမ္းအင္သံုးစြမဲႈ(power consumption)သည္ fa       ႈ   (speed)၏ သံုးထပ္ကိန္း 
(cube)ႏွင့္ ညီမ်သွည္။ Fan ၏ ျမန္ႏႈန္း(speed) ကို ၂၀% ေလ်ွာ့ခ်လုိက္လ်ွင္[ျမန္ႏႈန္း(speed)     ၀၀%    
၈၀%     ႔                   ] fan ၏                 ႈ(power consumption)သည္ ၅၀%    ႔ 
ေလ်ွာ့က်သြားသည္။(0.83 =0.51)  Part load condition တြင္ control         (strategy) ႏွင့္ VSD ကုိ 
သံုး၍ fan မွ စြမ္းအင္ေခြ်တာမႈ(energy saving) ျဖစ္ေစႏိုင္သည္။ 

Cooling tower တစ္လံုးရွိ fan မ်ားကို ပိတ္ (      ၿ   ) condenser water       လည္ပတ္ 
(circulate)ေစ          cooling tower                     အပူဖယ္ထုတ္ႏုိင္စြမ္း(design heat rejection 
capacity)၏ 5% ရရိွႏိုင္သည္။ 
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 အႏွစ္ခ်ဳပ္အားျဖင့္ cooling tower အတြက္ စြမ္းအင္(energy)မ်ားစြာ မလိုအပ္ေသာ္လည္း cooling 
tower ၏              (performance)သည္ chiller ၏ operating efficiency အေပၚတြင္ သက္ေရာက္မႈ 
မ်ားစြာရွိသည္။ 

 
    ၄-၃၈       ႈ   (air flow)       အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity)   ႔        ႈ 

Cooling tower ၏              (performance)သည္ အနီးရွိေလ၏ Wet Bulb          ေပၚတြင္ 
မူတည္သည္။ ညဘက္ႏွင့္ ေအးသည့္ ေဆာင္းရာသီတြင္ Wet Bulb          သည္ design value ထက္ ပိုနိမ့္ 
သည္။ ထိုအခါမ်ိဳးတြင္ cooling tower သည္ ပိုနိမ့္သည့္ ေရအပူခ်ိန္(lower condenser temperature)ကုိ 
ေပးႏုိင္သည္။ (cooling tower ၏ approach temperature သည္ ေျပာင္းလဲျခင္းမရိွေပ)။ Chiller efficiency 
သည္ အထြက္ေရ အပူခ်ိန္(supply condenser water temperature)တြင္ မူတည္ေသာေၾကာင့္ ညဘက္       
ေအးသည့္ရာသီမ်ားတြင္ အပူခ်ိန္နိမ့္သည့္ condenser water            chiller efficiency ပိုေကာင္း 
လာသည္။  

 
    ၄-၃၉ Condenser water circuit with bypass valve 

Approach temperature သည္                (condenser water supply temperature) မွ 
     Wet Bulb         ကုိႏႈတ္၍ ရသည့္တန္ဖိုး ျဖစ္သည္။ VSD control strategy ပုိေကာင္းေအာင္ 
ျပဳလုပ္ႏုိင္သည့္နည္း တစ္ခုသည္ set point ကို ပံုေသ(fixed)မထားဘဲ ေျပာင္းလဲေပးျခင္းျဖစ္သည္။ 29.4°C 
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(85°F)ကုိ ပံုေသ set point အျဖစ္ မသတ္မွတ္ဘဲ      Wet Bulb          ႏွင့္ approach 
temperature(5°F) တို႔ ႏွစ္ခုေပါင္း တန္ဖိုးကို                (condenser water supply temperature) 
set point အျဖစ္ သတ္မွတ္ျခင္းျဖင့္ cooling tower ႏွင့္ chiller ၏                 ႈ(energy consumption)ကုိ 
ပုိနည္းေအာင္ လုပ္ႏုိင္သည္။ 

 
 

    ၄-၄၀( ) Cooling tower fan control to 
optimize condenser water temperature. 

    ၄-၄၀( ) Cooling towers with variable 
speed fans. 

 
    ၄-၄  Cooling tower efficiency for different operating strategies. 

 ပံု(၄-၄ )သည္ cooling tower ကို ေမာင္းႏုိင္သည့္ operating strategy          ကို ေဖာ္ျပထားသည္။ 
X ဝင႐ို္း သည္ cooling tower ၏ % of loading ျဖစ္သည္။ Y ဝင္႐ုိးသည္ cooling tower ၏ efficiency 
(kW/RT) ျဖစ္သည္။ kW/RT သည္ fan power (kW)ကို အပူဖယ္ထုတ္ျခင္း(heat rejection)     (RT)ျဖင့္ 
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စားထားျခင္းျဖစ္သည္။ အထက္ပါ ဥပမာတြင္ fa        ၏         (power)သည္ 15kW ျဖစ္ၿပီး အပူ 
ဖယ္ထုတ္ျခင္း(heat rejection)     သည္ 500 RT ျဖစ္သည္။ ထို႔ေၾကာင့္ ထို cooling tower ၏ efficiency 
သည္ 15/500 = 0.03 kW/RT ျဖစ္သည္။ 

Cooling tower ၏ အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity)သည္       ႈ   (air flow) 
ေပၚတြင္ မူတည္သည္။ အားလံုး တူညီသည့္ identical cooling tower ႏွစ္လံုးမွ ပထမအလံုးသည္ ျမန္ႏႈန္း 
အျပည့္(full speed) ျဖင့္ ေမာင္း      rated capacity ကို ေပးႏုိင္သည္။ ဒုတိယအလံုးသည္ ျမန္ႏႈန္းတစ္ဝက္ 
(half speed)ျဖင့္ ေမာင္း      rated capacity ၏ တစဝ္က္ကိုသာ ေပးႏုိင္သည္။  

Fan ၏                 ႈ(energy consumption)သည္      ႈ   (speed)၏ သံုးထပ္ကိန္း(cube)ႏွင့္ 
ညီမ်ွေသာေၾကာင့္ ဒုတိယ cooling tower၏                 ႈသည္ (0.53 = 0.125) 12.5% of rated power 
သာျဖစ္သည္။ ထို႔ေၾကာင့္ cooling tower တစ္လံုးတည္းကို      ႈ         (full speed) ျဖင့္ေမာင္းျခင္းထက္ 
ပံုစံတူ(identical) cooling tower ႏွစ္လံုးကို ျမန္ႏႈန္းတစ္ဝက္(half speed)ႏွင့္ ေမာင္းျခင္းျဖင့္ စြမ္းအင္(energy) 
50% (12.5% x 2 cooling tower = 50%)       (save) ႏုိင္သည္။ တူညီေသာ အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat 
rejection capacity)ကိုလည္း ရရိွသည္။ ရရွိသည့္ အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity) 
တူညီေသာ္လည္း     ေပးရသည့္ စြမ္းအင္(energy) ပမာဏသည့္ ၅၀%    ႔ ေလ်ာ့နည္းသည္။  

ထို႔ေၾကာင့္ cooling tower အေရအတြက္မ်ားမ်ားကုိ ၿပိဳင္တူေမာင္းျခင္းျဖင့္ လိုအပ္သည့္ အပူ 
ဖယ္ထုတ္ႏုိင္စြမ္း(capacity)ကို ရရွိသည့္အျပင္ fan ၏      ႈ   (speed)ကိုလည္း မ်ားစြာ ေလ်ွာ့ခ်ႏိုင္သည္။ 
ထ႔ုိေၾကာင့္ fan                 ႈ ႈ   (power consumption)ကုိလည္း မ်ားစြာ ေလ်ွာ့ခ်ႏိုင္သည္။ Cooling tower 
အေရအတြက္ မ်ားမ်ား ေမာင္းျခင္းေၾကာင့္           ႈ   ႈ(pressure loss) လည္းနည္းကာ ပန္႔အတြက္ 
လိုအပ္ေသာ စြမ္းအား(pumping power)ကိုလည္း ေလ်ွာ့ခ်ႏုိင္သည္။ Cooling tower တိုင္းတြင္       ႈ    
    (lower water flow)ေသာေၾကာင့္           ႈ   ႈ(pressure losses across the cooling tower) နည္းျခင္း 
ျဖစ္သည္။ 
 အေဆာက္အဦတိုင္းလိုလိုတြင္ တစ္လံုး သို႔မဟုတ္ တစ္လံုးထက္ ပိုေသာ cooling tower မ်ားကို အရန္ 
(standby unit)အျဖစ္ တပ္ဆင္ထားေလ့ရွိၾကသည္။ ထို အရန္(standby unit)မ်ားကို duty unit      ျပဳျပင္ 
ထိန္းသိမ္းေနစဥ္ အသံုးျပဳရန္အတြက္ ေသာ္လည္းေကာင္း၊ ေမာင္းေနသည္ cooling tower မ်ား စက္ခ်ိဳ႕ယြင္း 
(break down)သည့္အခါတြင္ အသံုးျပဳရန္အတြက္ ေသာ္လည္းေကာင္း တပ္ဆင္ထားျခင္းျဖစ္သည္။ Duty 
cooling tower မ်ား သာမက အရန္(standby unit)မ်ားကို ေမာင္းျခင္းျဖင့္ တူညီေသာ အပူ ဖယ္ထုတ္ျခင္း 
(heat rejection) ပမာဏကုိ ရရိွႏုိင္ၿပီး fa       ႈ   (speed) ကို ေလ်ွာ့ခ်ႏိုင္သည္။ Fan             ႈ    
(speed) ကို ေလ်ွာ့ခ်ေပးႏုိင္လ်ွင္                 ႈ(energy consumption) ေလ်ာ့နည္း လာ      ည္။  

၄.၁၈ Condenser Water Temperature Reset 

 

 
 Approach temperature         2.8°C(5°F)            Cooling tower မ်ားကို  ဒီဇိုင္း 
လုပ္  သည္။ သာမန္အားျဖင့္                (condenser water supply temperature)သည္      

Condenser water supply temperature ကို 0.6°C(1°F)က်ဆင္းေအာင္လုပ္ျခင္းျဖင့္ chiller efficiency 
1% မွ 2% ပိုေကာင္းလာ ႏုိင္သည္။ အဘယ္ေၾကာင့္ဆိုေသာ္ condenser water supply temperature 
နိမ့္ေသာေၾကာင့္ chiller ၏ condensing pressure လည္း နိမ့္လာသည္။ Condensing pressure 
နိမ့္ေသာေၾကာင့္ differential pressure across the compressor သည္လည္း နည္းလာသည္။ ထို႔ေၾကာင့္ 
chiller ၏ စြမ္းအင္သံုးစြမဲႈ(power consumption)လည္း နည္းလာသည္။ တစ္နည္းအားျဖင့္ efficiency 
ပိုေကာင္းလာသည္။ 
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(ambient air)၏ Wet Bulb         ထက္ 2.8°C(5°F) ပိုျမင့္ေလ့ ရိွသည္။ Part load condition တြင္ 
approach temperature သည္ 2.8°C(5°F)ထက္ နည္းသည္။  

Condenser water supply temperature ကို ထိန္းထား(control)သည့္ cooling tower မ်ားတြင္ 
               (condenser water supply temperature)သည္ ဒီဇိုင္းအေျခအေန(condition) မွ မ်ားစြာ 
နိမ့္သည့္အပူခ်ိန္(temperature)အထိ က်ဆင္းသြားသည္။ ထိုသို႔ off design condition အထိ က်ဆင္းမႈ 
ေၾကာင့္ chiller ၏ efficiency သည္ ပိုမို ေကာင္းမြန္လာေသာ္လည္း cooling tower ၏ efficiency သည္ 
အလြန္ဆိုးဝါး ေနလိမ့္မည္။  

 

 
    ၄-၄၂ Condenser water supply temperature ကို မူတည္၍ chiller ႏွင့္ cooling tower    ႔၏ 

efficiency ေျပာင္းလဲပံုကို ေဖာ္ျပထားသည္။ 

 
    ၄-၄၃ Condenser water temperature                                 

         ff                    

               (condenser water supply temperature) ျမင့္လ်ွင္ chiller ၏ efficiency 
ညံ့ၿပီး cooling tower ၏ efficiency အလြန္ေကာင္း      သည္။                 (condenser water 
supply temperature) နိမ့္လ်ွင္ chiller ၏ efficiency ေကာင္းလာ              cooling tower ၏ 
efficiency ည့ံဖ်င္း လိမ့္မည္။ Optimum point သည္ chiller efficiency ႏွင့္ cooling tower efficiency 
ႏွစ္ခုေပါင္း၏ အေကာင္းဆံုး efficiency ကို ေပးႏုိင္ေသာ ေနရာ(point) ျဖစ္သည္။  
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ထို႔ေၾကာင့္ overall optimum operating point သည္ condenser water ၏ အနိမ့္ဆံုး အပူခ်ိန္ 
(temperature) မဟုတ္ေပ။ တစ္နည္းအားျဖင့္                (condenser water supply temperature) 
နိမ့္လာေလ chiller efficiency ေကာင္းလာေလ ျဖစ္ေသာ္လည္း system efficiency (chiller ၊ pump ႏွင့္ 
cooling tower ႏွစ္ခုေပါင္း) ပိုေကာင္းလာလိမ့္မည္ မဟုတ္ေပ။  
  Optimum operating point     chiller plant room                              System design၊ 
equipment             ၏ efficiency       configuration    ႔                      optimum point     
                               

၄.၁၉                       (Maintenance) 
 Cooling tower တစ္ခု၏ အေျခအေန(condition)သည္ water spray system ၊ fill packing ႏွင့္ fan 
တို႔၏ အေျခအေန ေပၚတြင္ မူတည္သည္။ ပံုမွန္ ျပဳျပင္ထိန္းသိမ္းမႈမ်ား ျပဳလုပ္ရန္ လိုအပ္သည္။ 

Spray system အလုပ္ေကာင္းေကာင္း မလုပ္သည့္အခါ ေရမ်ားသည္ fill packing ေပၚသုိ႔ အညအီမ်ွ 
မက်ေရာက္ဘဲ        (discharge bar)ေပၚသို႔ ေရမ်ား တိုက္႐ိုက္ေရာက္ရိွသြားသည္။ Infill    ႔      fill 
packing မ်ား ပ်က္စီးေနပါက ေကာင္းစြာ အပူကူးေျပာင္းျခင္း(heat transfer) ျဖစ္ႏုိင္လိမ့္မည္ မဟုတ္ေပ။  

 Cooling tower fan မ်ားသည္ ပန္ကာႀကိဳးျဖင့္ေမာင္းသည့္(belt driven) fan မ်ား ျဖစ္ၾကသည္။ 
ပန္ကာႀကိဳး       (belt tension)မမွန္ျခင္း၊ alignment မမွန္ျခင္း၊ slip ျဖစ္မႈမ်ားျခင္း တို႔ေၾကာင့္ လိုအပ္သည့္ 
      ႈ   (air flow)ကို မရရိွႏိုင္ေပ။ Spray မ်ားေကာင္းစြာ အလုပ္မလုပ္ျခင္း ၊ fill မ်ား ပ်က္စီးေနျခင္း ႏွင့္ fa  
     ႈ   (speed) ေႏွးျခင္း တို႔ေၾကာင့္ cooling tower ၏ စြမ္းေဆာင္ရည္(performance)က်ဆင္းျခင္း ျဖစ္သည္။ 

 Condenser water system သည္ open system ျဖစ္           condenser water မ်ား 
ေရေငြ႔ပ်ံျခင္း (evaporation)ျဖစ္ေပၚသည္။ ထုိ႔ေၾကာင့္ ျပန္ျဖည့္ရန္ေရ(makeup water)လိုအပ္သည္။ Chiller 
efficiency သည္ condenser water အရည္အေသြးေပၚတြင္ မူတည္သည္။ Chemical    ႔      Non 
chemical water treatment ကို သံုးျခင္းျဖင့္ condenser water ၏ အရည္အေသြး(quality)ကုိ 
လက္ခံႏုိင္သည့္ အဆင့္တြင္ ထိန္းထားႏုိင္သည္။ သံေခ်း၊ ေၾကးေခ်း တက္ျခင္းမွ ကာကြယ္ရန္၊ ေရညိ  ျဖစ္ျခင္းမွ 
တားဆီးရန္(prevent scaling) ႏွင့္ chiller ၏ condenser tube မ်ား ေခ်းတက္ျခင္း(fouling)မွ ကာကြယ္ရန္ 
အတြက္ water treatment system လိုအပ္သည္။  

၄.၂၀ Make Up Water 

Cooling tower မွ ေရဆံုးရံႈးမႈ(water loss)ျဖစ္ေပၚရသည့္အေၾကာင္းမ်ားမွာ  
 ( ) Evaporation loss  
 (၂) Drift loss ႏွင့္ 
 (၃)  Blown down loss     ႔      bleed off loss တို႔ေၾကာင့္ ျဖစ္သည္။ 

ထိုအခ်က္     ခ်က္လံုးကို ေသခ်ာစြာတြက္ခ်က္ႏိုင္မွသာ make up water system ကိုေသခ်ာစြာ 
ဒီဇုိင္း ျပဳလုပ္ႏိုင္မည္ျဖစ္သည္။ 

( ) Evaporation loss:   ၏ heat of vaporization     1045 Btu/lb at 85°F(29.4°C) ျဖစ္သည္။ 
Condenser water     စုပ္ယူထားေသာ အပူမ်ားသည္ cooling tower သုိ႔ေရာက္သည့္အခါ စြန္႔ထုတ္ 
ပစ္ၿပီး ေရမ်ားကို      ႔(vapor)အျဖစ္သုိ႔ ေျပာင္းေစသည္။ ပံုမွန္အားျဖင့္ Condenser water 
temperature     35°C မွ 29.4°C အတြင္းျဖစ္သည္။ 85°F(29.4°C) အပူခ်ိန္တြင္ ေရတစ္ေပါင္သည္ 
1045 Btu အပူပမာဏကို သယ္ေဆာင္ၿပီး      ႔(water vapor)အျဖစ္သုိ႔ ေျပာင္းလဲသြားကာ ေလထဲသုိ႔ 
ေရေငြ႔ပ်ံသြားသည္။  
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ေယဘုယ်အားျဖင့္       s         ႈ   (water flow rate) 1 GPM (Gallon per Minute)အတြက္ 1°F 
range က်ဆင္းရန္ ေအာက္ပါအတိုင္း တြက္ခ်က္ႏိုင္သည္။  
Flow: 1GPM (equivalent to 500 lb/hr) 
Range: 1°F 

   
    

   
         

  

   
   

     

  
 

    

     
             

   

  
 

Heat of vaporization = Q1 = 1045 Btu/lb 
Evaporation rate = B = 500 Btu/hr ÷ 1045 Btu/lb = 0.478 lb/hr 

Evaporation rate 0.478 lb/hr သည္ 0.1% of condenser water flow rate per °F range 
ျဖစ္သည္။ Range 10°F                        ႈ   (condenser water flow rate)၏ 1%        ႔ 
        ႈ  ႈ             မည္။ HVAC application မ်ားတြင္ ေယဘုယ်အားျဖင့္ အသံုးျပဳေလ့ ရွိသည္။ 

( ) Drift loss: Drift loss ပမာဏကို cooling tower           (manufacturer)မ်ားမွ ေပးေလ့ရွိသည္။ 
HVAC cooling tower မ်ား၏ drift loss သည္ 0.1%    0.2% အတြင္း ျဖစ္သည္။  

(ဂ) Blown down loss: water treatment program မ်ား၌ ရွိသင့္ရွိထုိက္ေသာ cycle of concentration ကို 
သတ္မွတ္ေလ့ ရွိသည္။ 
Cycle of concentration ဆိုသည္မွာ condenser water အတြင္း၌                            
(dissolved solid) မ်ား၏ ပမာဏကို               (make up water)၏ ပမာဏႏွင့္ စားထားျခင္း 
ျဖစ္သည္။ 

                         
                                                     

                            
 

Blown down                   ပမာဏမွာ 

            
                

       
 

         BD = Blown down flow                                      Cycles = cycle of concentration 
Cycle of concentration သည္ အမ်ားအားျဖင့္ (၅) မွ (၁၀) အတြင္း ျဖစ္သည္။ 

 
ဥပမာ - Cooling tower တစ္လံုး၏ အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity)သည္ 870kW ျဖစ္သည္။ 
Water treatment အတြက္ 1200 ppm hardness အထိ လက္ခံႏုိင္သည္။ အခုလက္ရိွ condenser water ၏ 
အေျခအေန သည္ 560 ppm ျဖစ္သည္။ ေရမည္မ်ွကို ေဖာက္ထုတ္ ရမည္နည္း။ Make up water      
မည္မ်ွ လိုအပမ္ည္နည္း။ 

Cooling tower heat rejection capacity = 870 kW 
Latent heat of water vapor = 2420 kJ/kg 
Rate of evaporation = 870/2420 = 0.36 kg/s 
Rate of make up = 0.36[       

             
 ] = 0.68 kg/s 

Rate of bleed off = 0.68 - 0.36 = 0.32 kg/s 
Mass of solid entering = mass of solid leaving 
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ေလ၏ specific heat capacity(1.02 kJ/kg °K)      ၏ specific heat capacity ထက္ 
နည္းေသာေၾကာင့္ တူညီေသာ အပူပမာဏကို ဖယ္ထုတ္ရန္ ထုထည္မ်ားမ်ား လုိ   သည္။  ေလ၏ specific 
volume  မ်ားေသာေၾကာင့္ air cooled condenser မ်ားတြင္       ႈ   (air volume flow rate) မ်ားမ်ား 
လိုအပ္သည္။ ေရ၏ specific heat capacity     ေလထက္ ပိုမ်ားေသာေၾကာင့္ water cooled condenser 
မ်ားအတြက္       ႈ   (water volume flow rate) နည္းနည္းသာ လိုအပ္သည္။ 

 8 kW အပူပမာဏကုိ ဖယ္ထုတ္ပစ္ရန္အတြက္ အပူခ်ိန္ျခားနားခ်က္(temperature difference) 10°C 
ျဖစ္ရန္ လိုအပ္သည္။ ထို႔ေၾကာင့္ ျပင္ပေလအပူခ်ိန္(outdoor air tempeature)    15°C မ ွ25°C (15+10) 
အပူခ်ိန္ထိေရာက္ေအာင္ ျမင့္တက္သြား လိမ့္မည္။ 

 အျမင့္ဆံုးေလ၏ အပူခ်ိန္(maximum outdoor air temperature)ကို အေျခခံ၍ condenser မ်ား၏ 
design load ကို တြက္ခ်က္ ၾကသည္။ 

 ပထမ ဥပမာ မွ 350 kW cooling capacity ႏွင့္ 450 kW အပူဖယ္ထုတ္ျခင္း(heat rejection)အတြက္ 
water cooled condenser ကိုသာ အသံုးျပဳလ်ွင္ 9.8 Liter/sec သာ လိုအပ္သည္။ 
ဥပမာ - 930 kW အပူပမာဏကုိ ဖယ္ထုတ္(reject)ရန္အတြက္ condenser တစ္ခု၏ အပူခ်ိန္ျခားနားခ်က္ 
(temperature difference) သည္ 5.2°C ျဖစ္လ်ွင္       ႈ   (water flow rate) မည္မ်ွွ လိုအပ္မည္နည္း။  

            

 ΔT                                        Cp for water = 4.19 kJ/kgK 
 m = 930 ÷ (5.2 x 4.19)= 43 kg/s 

Cooling tower မ်ားသည္ ထုထည္ႀကီးမားေသာ ေရမွ အပူမ်ားကို      ႔                       
            (evaporative cooling)နည္းျဖင့္ စြန္႔ထုတ္(reject)သည္။ Evaporative cooling ေၾကာင့္ 
ေရဆံုး႐ႈံးမႈ(water loss)ျဖစ္ေပၚသည္။ Cooling tower မွ leaving condenser temperature သည္ outdoor 
air Wet Bulb          ထက္ 3°C မွ 8°C ျမင့္သည့္ အပူခ်ိန္ ျဖစ္သည္။ 

 
ဥပမာ Condenser load သည္ 400 kW ျဖစ္လ်ွင္ 0.16 kg/s ႏႈန္းျဖင့္ ေရဆံုး  ႈးမည္။  

 ထို႔ေၾကာင့္ condenser water system အတြင္း၌ ေရပမာဏေလ်ွာ့နည္းလာသည့္အတြက္ ေရထည့္ 
ေပးရန္ လိုအပ္သည္။ ေရထပ္ျဖည့္ေပးသည့္ ပုိက္ကို make up water pipe ဟုေခၚၿပီး ထည့္ျဖည့္ ေပးရသည့္ 
ေရကို make up water ဟုေခၚသည္။ 
 မည္သည့္ေရမ်ိဳးျဖစ္ပါေစ ေရတုိင္းတြင္ ေပ်ာ္ဝင္ေနသည့္ ဓာတ္သတၱဳမ်ား(dissolved salts)ပါဝင္သည္။ 
ေရမ်ား ေရေငြ႔ပ်ံ(evaporate)သြားသည့္အခါ ေပ်ာ္ဝင္ေနသည့္ ဓာတ္သတၱဳမ်ား(dissolved salts)ေရထဲ တြင္ 
ဆက္လက္ က်န္ရိွေနဆဲ ျဖစ္သည္။ ထပ္ျဖည့္သည့္ေရ(make up water)ႏွင့္အတူ dissolved salt မ်ားထပ္မံ 
ေရာက္ရွိလာသျဖင့္ ေရထဲတြင္ dissolved salt မ်ား အခ်ိန္ႏွင့္အမ် ွ မ်ားျပားလာသည္။ ထိုကဲ့သို႔ မ်ားျပား 
လာျခင္းကို ဓာတ္သတၱဳမ်ား         ႈ        (dissolved salt concentration) ျမင့္လာသည္ဟု ေျပာေလ့ 
ရိွသည္။ 

အပူ     1kW ကို စြန္႔ထုတ္(reject)ရန္ အတြက္ ေရဆံုး႐ႈံးမႈ(water loss)ပမာဏသည္ 
0.00041 kg ျဖစ္သည္။ တစ္နည္းအားျဖင့္ ေရ 1kg ဆံုး႐ႈံးလ်ွင္ 2430 kJ ပမာဏ အပူဖယ္ထုတ္ျခင္း(heat 
rejection) ျဖစ္ေပၚသည္။ 

Cooling tower           ႀကီးေလ၊ အပူကူးေျပာင္းႏုိင္သည့္(heat transfer) ဧရိယာမ်ားေလ၊ အပူ 
ဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity) မ်ားေလ ျဖစ္ၿပီး ေရဆံုး႐ႈံးမႈလည္း မ်ားလိမ့္မည္။ 
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 Concentration ျမင့္သည့္ condenser water မ်ားကို ေဖာက္ထုတ္ၿပီး ေရအသစ္ကို ထပ္ျဖည့္ျခင္းျဖင့္ 
ပံုမွန္ ရွိသင့္ေသာ concentration level သို႔ေရာက္ေအာင္ ျပဳလုပ္ႏုိင္သည္။ ထုိသုိ႔ေဖာက္ထုတ္ျခင္း ကို “Bleed 
Off” လုပ္သည္ဟု ေခၚသည္။ ေဖာက္ထုတ္သည့္ေရကို “bleed off water” ဟု ေခၚသည္။ 
 ေပ်ာ္ဝင္ေနသည့္ ဓာတ္သတၱဳမ်ား ပါဝင္မႈမ်ားျခင္း(high concentration)ကို ေရေစးျခင္း(hardness  
        ဟုလည္း ေျပာဆိုေလ့ရိွသည္။ ေရေစးျခင္း(hardness)ကို တိုင္းသည့္      (unit)သည္ ppm 
ျဖစ္သည္။ PPM သည္ Parts Per Million ၏           ျဖစ္သည္။ 

၄.၂                                 (Makeup Water Tank Size) 
Cooling t                 condenser water                                               

                                             condenser wa                                 
( ) Condenser water           ႔             (evaporation loss) 
(၂)        ႈ         ႔                               cooling tower            ႔          

             (drift loss)       
(၃)                        ၊ “Blow Down”             ႔      “Drain”                    (blow down 

loss) 
 
( )      ႔                              ႈ   ႈ (Evaporation Loss)         
                                        

   
 

   
  

                

   
 

 We = Evaporation loss (Kg/ hour) 
 Q = Heat load (k Cal/ hour) 

 600 = Water evaporation heat(k Cal/ hour) 
 T1 = Inlet water temperature(°C) 
 T2 = Outlet water temperature(°C) 
 Wc = Circulating water flow(Kg/ hour) 
                        

 T1 = 35.0°C (Entering condenser water temperature) 
 T2 = 29.5°C (Leaving condenser water temperature) 

 L = 45.86 Liter/Sec (condenser water flow rate)= 165,096 Liter/hour 
  = 165,096 Kg/hr. (Specific Gravity of water = 1.0) 
          

                       
                             

   
 

                                                   We =1,513 Kg/ hour 

(၂   )   Carry Over    ႔      Drift Loss                       ႈ   ႈ(Water Loss)           
 a   -                                  ႈ                                  cooling tower အပူ 

ဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity)             (velocity)            ႔                
                    carry over loss    ႔      drift loss     ၀.၂%    ၀.၃%                      
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၀.၂                      
Wco = 0.20% x 165,096  
Wco =  330 kg/hr 

(၃) Blow Down                                 ႈ   ႈ(Water Loss)           
        b   -                                                  Blow down loss     

                  ၏ ၃            

                                                   

(၄                                         (Make-up Water Requirement) 
           make-up water circulating flow rate     

                                

       = 1,513 + 330 + 495 
                        = 2,041 kg/hr per cooling tower 
 

                    (heat rejection capacity) 242RT        cooling tower            
                      (၂၀၄ )     ဂ   (2,041 kg)      ႈ              ၏              1000kg/m3 
            ႔               cooling tower                     (full load                   
                                (2 m3)      ႈ        

 
Cooling towers                      cooling towers                ၿ                ၿ    

               အရ         (standby)                      ႔                                 
                                

          make-up water         

Mw = 2,041 kg/hour x 2 
                               = 4,082 kg/hour (                4,082 kg           ) 

(၅)                               (Make-up Water Storage tank) 
           (water storage tank)                           (space available)           

                                             ႔     (၇၂ )                             

Total water requirement = 4,082 kg/hr x 18 hours  
  =73,476 kg (( ၈)                             (၇၃ ၄၇၆)     ဂ              ) 

           (water storage tank)               

   3m(W) x 8m(L) x 3m(H) = 72 m3          

Make-up Water                                           (storage tank)၏           
    cooling tower                                                  ( ၈)                           
          

တစ္နည္းအားျဖင့္               ႔                                        (storage 
tank)           cooling tower             ( ၈)                                                  
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၄.၂၂ Cooling Tower Piping 

 
    ၄-၄၄  Schematic piping layout showing static and suction pressure 

၄.၂၃ ေလ့က်င့္ရန္ ေမးခြန္း ႏွင့္ အေျဖမ်ား  
Question -1 Cooling tower တစ္လံုးကို condenser water 50 Liter/Sec  ႈ         အပူခ်ိန္ 35°C မွ 
30°C သို႔ ေရာက္ေအာင္ ဒီဇိုင္း ျပဳလုပ္ထားသည္။     ၏ Wet Bulb          သည္ 28.5°C ျဖစ္သည္။ 
 သို႔ေသာ္ cooling tower အမွန္တကယ္ ေမာင္းေန(operating)သည့္အခ်ိန္တြင္                
(temperature of leaving water)သည္ 32°C ျဖစ္သည္။ ဤကဲ့သို႔ actual leaving water temperature 
သည္ ဒီဇိုင္းအပူခ်ိန္(design temperature)ထက္ ျမင့္ရသည့္ အေၾကာင္းကို ရွာပါ။ ျဖစ္ႏုိင္ေျခ အေၾကာင္း 
(possible reason)မ်ားကို ရွာပါ။ မည္ကဲ့သို႔ ျပဳျပင္ရမည္ကို ေဖာ္ျပပါ။ 

Actual operating condition မ်ားမွာ 
 Water flow rate = 48 Liter/Sec 
 Entering water temperature = 34°C 
 Wet-Bulb temperature of air entering the CT = 28°C 

Question-2 Cooling tower တစ္လံုးသည္ ဒီဇုိင္း လုပ္ထားသည့္       ႈ   (water flow rate)၊ entering 
condenser water temperature ႏွင့္ ambient Wet Bulb တို႔တြင္ ေမာင္းေနေသာ္လည္း               
အပူဖယ္ထုတ္ႏုိင္စြမ္း(rated heat rejection capacity)ကို မရရွိေပ။ Cooling tower အတြင္းသို႔ ဝင္လာသည့္ 
entering air ၏ Dry Bulb ႏွင့္ Wet Bulb တို႔၏ အပူခ်ိန္သည္ ambient ၏ Dry Bulb ႏွင့္ Wet Bulb ထက္ပို၍ 
ျမင့္မားေနသည္ကို ေတြ႔ရသည္။ အဘယ္ေၾကာင့္ cooling tower သည္                          
          (rated capacity)ကို မေပးႏုိင္ပါသနည္း။ 

Question-3 Cooling tower သည္ အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity) 250 RT ရိွၿပီး 15kW Fan 
ေမာ္တာကို ျ    ႈ        (constant speed)ျဖင့္ ေမာင္းသည္။ Cooling tower ၏ actual operating 
conditioning သည္ rated capacity ၏ 60% ျဖစ္သည္။ အကယ္၍ VSD တပ္ဆင္၍ ထို cooling tower ကုိ 
                                  (rated capacity)၏ ၆၀% ျဖင့္ ေမာင္းလ်ွင္         (energy) မည္မ်ွွ 
      (save) ႏိုင္မည္နည္း။   
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Question-4 Cooling tower အႀကီးႏွစ္လံုးသည္ တစ္လံုးေမာင္းေနသည့္ အခ်ိန္တြင္ တျခားတစ္လံုးမွ 
အရ  (stand by unit)အျဖစ္ မေမာင္းဘဲ ရိွေနသည္။ ထို cooling tower အေသးႏွစ္လံုးတြင္ 15 kW Fan 
ေမာ္တာ တပ္ဆင္ထားသည္။ ထို cooling tower ႏွစ္လံုးလံုးတြင္ VSD တပ္ဆင္ၿပီး ႏွစ္လံုးလံုးကို တစၿ္ပိဳင္နက္ 
50% load ျဖင့္ေမာင္းလ်ွင္ fan power မည္မ်ွ ေခြ်တာ(save)      မည္နည္း။ Cooling tower ႏွစ္လံုး ၅၀% ျဖင့္ 
ေမာင္းျခင္းသည္ cooling tower တစ္လံုးတည္း  ၀၀% ေမာင္းသည့္ တူညီသည့္ အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat 
rejection capacity) ကိုရသည္။ 
Question-5 Cooling tower သံုးလံုး၏ အပူဖယ္ထုတ္ႏုိင္စြမ္း(heat rejection capacity)သည္ 500 RT 
ျဖစ္ၿပီး တျခားတစ္လံုးသည္ 250 RT ျဖစ္သည္။ ထို cooling tower အားလံုးသည္ fan ကို switch off 
လုပ္လိုက္သည့္အခါ                                   (rated capacity)၏ ၅%ကို ေပးႏုိင္သည္။ ထို 
cooling tower ေလးလံုး၏ fan မ်ားကို ပိတ္ၿပီး ေမာင္းလ်ွင္ အပူဖယ္ထုတ္ႏုိင္စြမ္း           (total heat 
rejection capacity) မည္မ်ွ ရရိွႏိုင္ မည္နည္း။  
( 500RT x 3 no of cooling tower x 0.05 ) + ( 250RT x 1 no of CT x 0.05 ) = 87.5 RT 
Multiple Choice Question (MCQ) 

1. The type of Cooling Towers with maximum heat transfer between air to water is ___. 

(a) Natural draft  (b) Mechanical draft (c) Both a & b (d) Neither a nor b 
2. Natural draft Cooling Towers are mainly used in ____. 

 (a) Steel industry  (b) Alumina industry (c) Fertilizer industry (d) Power 
stations 3. In counter flow induced draft cooling towers water and air both enter the top and exist 

at the top of the Cooling Tower.  

State whether True or False? 
4. The range of the cooling tower is determined by the connected heat load –  

True or False? 
5. 

Match the following cooling tower parameters 

(a) Range                                     (i) Close to Wet Bulb temperature    

(b) Approach                                     (ii) Related to ambient conditions 

(c) Out let water temperature                  (iii) Higher temperature difference 

6. Better indicator for cooling tower performance is ____. 

 (a) Wet Bulb temperature  (b) Dry Bulb temperature  (c) Range  (d) Approach 
7. 
 
 
 
 
 

Cooling tower effectiveness is the ratio of____. 

(a)Range/(range + approach) (b)Approach/(range + approach) 
(c)Range/ approach (d)Approach/Range 

8. Cooling tower reduces circulation water temperature close to____. 

(a) Dry Bulb temperature (b) Ambient Wet Bulb Temperature (WBT) 
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(c) Dew point temperature  (d) None of the above 
9. The ratio of dissolved solids in circulating water to the dissolved solids in make up water is 

termed as ____.  

(a) Liquid gas ratio (b) Cycles of concentration 
(c) Cooling tower effectiveness  
 

(d) None of the above 
10. Which one of the following has maximum effect on cooling tower performance: 

(a) Fill media (b) Drift (c) Louvers (d) Casing 
11. Which one of the following is true to estimate the range of Cooling Tower? 

(a) Range = Cooling water inlet temperature – Wet Bulb temperature 

(b) Range = Cooling water outlet temperature – Wet Bulb temperature 
 

 (c)        
                         

                              
  

(d) None of the above 

12. A cooling tower is said to be performing well when: 

 
(a) approach is closer to zero  (b) range is closer to zero 

(c) approach is larger than design   (d) range is larger than design 
13. Heat release rate to the cooling tower in vapor compression refrigeration system is equal 

to: 

  (a) 63 kcal/min/ton (b) 500 kcal/min/ton 

(c) 127 kcal/min/ton  (d) 220 kcal/min/ton 

14. 
The operating temperature level in the plant or process connected with a cooling tower 
is determined by:  

(a) Dry Bulb temperature (b) Wet Bulb temperature 

(c) Hot water temperature from the process (d) Cold water temperature into the process 

15. Which one of the following fill material is more energy efficient for 
cooling tower :   

(a) Splash fill (b) Film-fill 
(c) Low clog film fill  (d) None of the above 

16. 
Which one from the following types of Cooling Towers consumes less power?  

(a) Cross-flow splash fill Cooling Tower (b) Counter flow splash fill cooling tower 
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(c) Counter flow film fill Cooling Tower (d) None of the above 
17. L / G ratio in cooling tower is the ratio of ___. 

(a) Length and girth (b)Length and Temperature gradient 

(c) Water flow rate and air mass flow rate  (d)Air mass flow rate and water flow rate 

18. Normally the guaranteed best approach a cooling tower can achieve is ___.  
(a) 5 °C (b) 12 °C 
(c) 8 °C (d) 2.8 °C 

19. The temperature selection normally chosen for designing of cooling tower is ___.  

 
 
(a) Average maximum Wet Bulb for summer months 

(b) Average maximum Wet Bulb for rainy months 

 (c) Average maximum Wet Bulb for winter months 

(d) Average minimum Wet Bulb for summer months 
20. Select the statement which is true for a FRP fan.  

(a) It needs low starting torque (b) Increases life of gear box 

(c) Easy handling and maintenance  (d) All the above 
 
                               (Short Questions and Answers) 
1. Mechanical draft cooling tower        ၏           ႈ      (air flow arrangements)                

           

 Mechanical draft cooling tower                                              ႈ      (air flow 
arrangements)                 

 (a) Counter flow induced draft 
(b) Counter flow forced draft       
(c) Cross flow forced draft    ႔           

2. Cooling tower fan ၏     (blade)                              (material)                   
           

Cooling tower fan ၏ blade                        material                   

(1) Aluminum blades(metallic) 

(2) Glass Reinforced Plastic(GRP)       
(3) Fiber Reinforced Plastic(FRP)   ႔          

3. Evaporative cooling tower                                          (basic component) 
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Evaporative  cooling tower                                          (basic component) 
         
Frame and casing ၊ fill ၊ cold water basin ၊ drift eliminators ၊ air inlet ၊ louvers ၊ nozzles       
fans    ႔           

4. 
                                             cooling tower        ၏ အပူဖယ္ထုတ္ 
ႏုိင္စြမ္း(heat rejection capacity)       ႔         RT                 
Estimate the cooling tower capacity(TR)with the following parameters 
Water flow rate through CT  = 120 m3/h 
SP. heat of water = 1 k.Cal/kg °C 
Inlet water temperature = 37 °C 
Outlet water temperature  = 32 °C 
Ambient WBT = 29 °C 

                                                                            

= 120 x 1000 x 1 x (37-32)/3024 = 198.4TR 

5. Cooling tower               (manufacturer)                   design approach value     
           
Generally a 2.8 °C approach to the design Wet Bulb is the coldest water temperature that 
cooling tower manufactures will guarantee. 

6. How a continuously monitored ambient DB and RH data can be utilised for the cooling 
tower design? 
From the monitored DB(°C)and RH%, Wet Bulb temperature(WBT)can be arrived using 
psychometric chart and same is used for designing Cooling Tower. In the design of CT 
Wet Bulb temperature selected is not exceeded over 5 percent of the time in that area. 
 
 
 

7. How size of cooling tower and Wet Bulb temperature are related? 

Wet Bulb temperature is a factor in cooling tower selection. The higher the Wet Bulb 
temperature, the smaller the cooling tower required to give a specified approach to the 
Wet Bulbat a constant range and flow rate. 

8. FR                              (blades)               cooling tower fan        ၏ 
feature                   

FRP blades are normally hand mould. These blades are aerodynamic in profile to meet 
specific duty conditions more efficiently. Due to light weight FRP fans need low starting 
torque resulting in use of lower HP motors. 

9.               (circumstances)          cooling tower ၏                      (over 
load)                   
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Reasons for excessive electrical load on CT fan motors are: 
( ) Voltage reduction 
(၂) Incorrect angle of axial fan blades 
(၃) Loose belts on centrifugal fans 
(၄) Over loading owing to excessive air flow-fill has minimum water loading per m3 of 

tower 
(၅) Low ambient air temperature 

 

10. Cooling plant          100 RT refrigeration                                 100 RT 
refrigeration             ss                                                cooling tower ၏ 
         (size)                100 RT refrigeration       absorption type chiller           
                        cooling tower ၏          (size)            

 100 RT refrigeration       absorption type chiller                               cooling 
tower ၏          (size)          ss                                              Cooling 
Tower(size)            ႔                  

 11. Air conditioning               compressor operation ၌ cooling water ၏          
(temperature)              ႔                 ႈ              
Effect of cooling tower outlet water temperature on A/C compressors, 1 °C cooling water 
temperature rise may increase A/C compressor power consumption (kW) by 2.7%. 
Cooling water ၏         (temperature) 1°C                  A/C compressor power 
consumption (kW)    ၂.၇%    ႔                    
 

12. Cooling tower        ၏ “Ra               a  ”              “Ra   ”       “     a  ”  ၏ 
                        

 (1) “Ra   ”  s       ff       between the condenser water inlet and outlet temperature. 
“Ra   ”           condenser water ၏                                                      
(2) “     a  ”  s       ff       b                                      a          a     
and ambient Wet Bulb temperature. Though both parameters should be monitored, the 
“     a  ” is a better indicator of cooling tower performance. 
 
“     a  ”     cooling tower      (outlet) cold water temperature       ambient Wet Bulb 
temperature    ႔၏                                                      monitor              
“     a  ”     cooling tower              (performance)                   
                    a             
 

13. Cooling tower        ၏              (performance)                         factor 
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 ( ) Capacity and range 
 (၂) Heat load 
 (၃)  Wet Bulb temperature 

 (၄) Approach and water flow 
 (၅) Filling media 

 

14. Cooling tower        ၏ effectiveness                       

Cooling tower effectiveness in percentage is the ratio of range, to the ideal range, 
i.e., difference between cooling water inlet temperature and ambient Wet Bulb 
temperature or in other words it is = Range /(Range + Approach).  

15. Cooling tower        ၏ evaporation loss           ႔              
 

 
Evaporation loss is the water quantity evaporated for cooling duty. An empirical 
relation used often is: 

                      
                                              

   
 

16.  Cooling tower fan                      FRP blade     ၏               (conventional blade 
           ႈ             )                    
FRP blade                       (optimum) aerodynamic profile                         
၂၀%    ၃၀%                    ႈ(energy saving)                                           
                                     (low starting torque)               ႔        capacity 
                                      
                            gearbox ၊ motor       bearing    ႔၏                            
                                                                   ၊              

17. Cooling tower ၏ blowdown quantity                                       
 

Blow Down = Evaporation Loss /(C.O.C. – 1) 
C.O.C = Cycle of concentration 

18. What will be the effect of cooling water temperature in heat rate in thermal 
power plants? 

Cooling water ၏         (temperature)                thermal power plant          
         ႔                              
 
Effect of Cooling tower outlet water temperature on thermal power plant:  
1°C temperature drop in cooling water will lead to heat rate saving of 5 kcal/kWh in thermal 
power plant. 
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Cooling water    ႔      condenser water ၏         (temperature) 1°C                  
thermal power plant      rate saving of 5 kcal/kWh                     

 19. Cooling tower                   media                              fill                   
                    Fill media                    

( ) Splash fill media       
(၂) Film fill media    ႔          

20. Cooling tower                     fill                   media                               
fill                “        ff      ”            

PVC    ႔      polypropylene    ႔               polymer                                   filll  
              “        ff      ”             
 

End 
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Chapter-5 Air Distribution Systems 

 
    ၅-၁ Air Distribution System  

Air Conditioning and Mechanical Ventilation System     ၌                             ႔ 
              ႔                       Mechanical Ventilation               ႔    (fresh air) 
   ႔                                       (exhaust air)                                       ႔ 
                           ႔    ႔              duct system                        

Duct velocity           duct              ႕                                Duct 
velocity                                                      (velocity)                       
             (pressure drop)                       (noise)                  (vibration)        ႔ 
                        (velocity)                                                      
             duct                                                                         
duct       ၌                             ႔                  

Duct                                  
      Area(A)  
                 (round) duct                                          

                    (rectangular) duct                                          

       IP                   [square feet(ft2)]          SI                      
[square meters(m2)]           
 
Duct       ၌                   ႔                                     (volume flow rate) 
             

                                                    

          (flow)  IP          Cubic Feet per Minute(CFM)          SI          Cubic Meters 
per Second(CMS)          Duct velocity   IP           Feet per Minute(FPM)         SI 
(Metric)         Meters per Second (m/s)          
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Velocity    “Velocity Pressure”    ႔                    

                          
             

    
   

Where: VP = Velocity Pressure, inches of water (inch wg) 
 V = Velocity, Feet Per Minute (FPM) 

Frictional Losses 
       duct       ၌                                (fluid viscosity)      turbulence flow 

   ႔                 duct                                (friction)                             
                             “Frictional Losses”            
Dynamic Losses 

Elbow   reducer   transformation       duct fitting                          (direction) 
   ႔           (area)                                flow disturbance         “Dynamic Loss”        
            “Dynamic Loss”                        (pressure losses)                

                                                           

Duct                                 Terms) 

   
    ၅-                                       duct terms) 

Main Duct (Trunk) 
                           ႔      Fan Coil Unit  FC                         ႔                 

                                                   
Branch ducts 
                                                  “B    h     ”               
Duct fittings 
 Main duct(trunk     b    h                                        duct fitting (t       

                                                             
Air Distribution Devices 
                                 ႔                                                            
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၅.၁ Duct               (Types)  

၅.၁.၁ Duct                (Shapes of Air Duct) 
Duct                                                                  

Duct                                         
                 
(Round) Duct 
   ႔       
Oval duct 

(၁) Airflow characteristics       
            
( ) Flexible duct                     
        

(၁) Air con duct           
insulation                     

          
           
(Rectangular) 
Duct 
 

(၁                
                                   
(             (flexible duct)               
             

(၁) Insulation                   

Insulated 
flexible 
duct 

(၁     -                         
( )          (installation)              
(၃)           (labour cost)       
      

(၁) Metal duct           ႔        
                   
( ) Airflow                
         (pressure drop)      
      
(၃)                   (sharp 
bend)                          

Round Duct       Oval Duct 

 
                     (automatic spiral)                          (round) duct    ႔      
            (oval) duct                                (galvanized steel sheet)                  
               (duct length)                         Oval duct           Major Axis (duct 
width)       Minor Axis (duct depth)   ႔    American Society of Heating, Refrigerating and Air-
Conditioning (ASHRAE)    ႔      Sheet Metal and Air Conditioning Contractors' National 
Association (SMACNA)                                               

   
    ၅-၃ Oval duct     ၅-၄ Round duct     ၅-၅ Round duct 

၅.၁.  Flexible Connection    ႔      Flexible Duct  
Fan                             (vibration) duct      ႔                (transmission) 

      fan       duct           flexible connection                              Duct    

Round duct                                                                               
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            (vibration)    diffuser       ceiling    ႔                           (isolation)                  
metal duct       diffuser            flexible connector    ႔      flexible duct                    
         
 F                                     (material)                                      
     ႔              (flame retardant fabric)                                 ႔         (flame spread rating) 
     ( ၅)                                  (smoke developed rating)      (၅၀)               
NE   N .255  ST  E84       W     ’  L   S                                            Flexible 
connection              (air tight)                               ႔                   
            flexible duct                       
 
၅.၁.၃ Vertical Duct and Horizontal Duct  

                     duct                                                  (vertical) 
duct                                (horizontal) duct                    

၅.၁.၄ Supply Air Duct   Return Air Duct and Outdoor Air Duct  
                        duct                            
• S    y Air Duct 
               ႔            (s    y                           supply air duct    

                      Positive pressure duct                      
• R      Air Duct 
                               (r                                return air duct 

                         Negative pressure duct                     
• O       Air Duct 
      (outdoor)                            outdoor air duct                      

      
• E h     Air Duct 
     ႔             ႔                                            exhaust air         

                  
 
Duct          (Size)                 (Sheet Thickness) 

Duct          (size)                                                (sheet thickness) 
               

Ventilation Duct  
Maximum Size of Duct Sheet Metal Thickness (   ) 
460 mm     0.56  mm (24 gauge) 
461 mm    1070 mm     0.71 mm (22 gauge) 
1070 mm    1530 mm     0.91 mm (20 gauge) 
1531 mm    2150 mm     1.22 mm (18 gauge) 
2151 mm            1.22 mm (18 gauge) 



             ႔                                                                                  Chapter-5 Air Distribution Systems 

5-5 

Air Conditioning Duct  
Maximum Size of Duct Sheet Metal Thickness(   ) 

300  mm     0.46  mm (26 gauge) 
301 mm    760 mm     0.56  mm (24 gauge) 

761 mm    1400 mm     0.71 mm (22 gauge) 

1401 mm    2150 mm     0.91 mm (20 gauge) 
2151mm            1.22 mm (18 gauge) 

             (round) duct                (material thickness)      
Round Duct   Nominal Diameter           (G.I Sheet Thickness) 
205  mm     0.6 mm (gauge) 
205 mm    760 mm     0.8 mm 
760 mm    1020 mm     1.0 mm 
1020 mm    1525 mm     1.2 mm 

Round duct       elbow   center radius      .5                          Vertical duct 
                   2                  duct support                        

   
    ၅-၆ Flexible duct                  ၅-  Flexible duct      

၅.၁.၅ Duct Layout 
Duct layout                                                                
• Duct layout                 y               ႔                                             
• Main duct                                               duct             (design path)     
                                             

• VAV system                         (duct looping                    
• Duct fitting                                  layout                        
•                                  (exposed) duct                      

(appearance)                 structure                                   

  
    ၅-၈ Spider                ၅-၉ Trunk and Branch           
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    ၅-၁၀   Perimeter Loop               ၅-၁၁ Radial           

၅.  Duct System                   (Classification)                      
Duct system                  (velocity)            (Pressure)                 duct 

system                                              

       (velocity)            “L w V      y      System”       “   h Velocity Duct 
System”                              Comfort air conditioning          supply air velocity     
                ( ၅၀၀)     (2500 feet per minute)                “Low Velocity Duct System”   
               ႔     1200 FPM(feet per minute)    2200 FPM       ၌                             
Supply air velocity     2500 FPM               “High Velocity Duct System”                
     

  
    ၅-၁  Round duct                  ၅-၁၃  Rectangular duct              

      (pressure)             
     (total pressure)                                                 

Duct System Class        (Pressure)          (Velocity) 
Low Pressure (Class I) 3 ¾  in-wg              

(                ≤ 5    w          ) 

V      y ≤  0  /  

Medium Pressure (Class II) 3 ¾    6 ¾ in wg         

(                ≤  5    w          ) 
V      y ≤  0  /  

High Pressure (Class III) 6 ¾    12 ¼ in wg        static 
(          5<  ≤ 25    w          ) 

Velocity > 10 m/s 

Duct           ၌        (air velocity)                            
(၁)                                                        duct                         

                                                            duct         
               ႔               (air velocity)                   
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( )        (air velocity)                             (pressure drop)            ႔        fan 
                 (power consumption)                                      (operation cost) 
         

(၃)        (air velocity)                                           ႔                   
                 (noise attenuator or silencer)                                         
                                               (recommended air velocity)        
               

 
Recommended Maximum Duct Velocities for Low Velocity Systems (FPM) 

Maximum Duct Velocity (                       Duct Velocity) feet per minute (FPM) 

            (Application) 
Controlling Factor 
Noise Generation 

Main Ducts 

Controlling Factor Duct Friction 
Main Ducts Branch Ducts 

Supply Return Supply Return 
Residences 600 1000 800 600 600 
Apartments, Hotel Bedrooms 
Hospital Bedrooms 

1000 1500 1300 1200 1000 

Private Offices, Directors 
Rooms, Libraries 

1200 2000 1500 1600 1200 

Theaters Auditoriums 800 1300 1100 1000 800 
General Offices, High Class 
Restaurants, High Class Stores, 
Banks 

 
1500 

 
2000 

 
1500 

 
1600 

 
1200 

Average Stores Cafeterias 1800 2000 1500 1600 1200 
Industrial 2500 3000 1800 2200 1500 

From Carrier Air System Design Manual 
 
                 ႔                  (air velocity) 
                          (residences)      3 m/s         5 m/s        
                                (theaters) 4 m/s         6.5 m/s        
                 (restaurants)  canteen                        7.5 m/s      10 m/s        

 
               duct                         ႔                  (air velocity) 

Main duct                               (allowable air velocity) 5 m/s      8 m/s        

Branche duct                               (allowable air velocity) 4 m/s      6 m/s        

 
   ႔                                       duct                                        

                    (allowable air velocity)    30 m/s                              
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Duct system                         industry                ASHRAE Handbook 
   ႔      SMACNA   HVAC Duct System Design Manual    ႔                   (reference)          
“                 ”                       duct             “N                ”              
        duct                       supply air fan               duct          ႔ 
                   “Positive Pressure”                  exhaust air fan     duct          
                           duct            “Negative Pressure”              

Duct system                  (air velocity)                                     
                     Coil                (filter)                              (air velocity)    
1000 FPM(5.08 m/s)    3000 FPM(15.24  /                      

 

Duct System                                                            ႕ 
              ႔                  Sheets   re-inforcements   seals       joints    ႔       duct           
                             duct   element                  

 
    ၅-၁၄ Duct system                       

၅.၃                        (Duct Construction) 
                        duct                                                           

                                 

Duct             (duct strength)               (deflection)                      (leakage)   ႔    
duct                  (pressure)                              (velocity)          
             ႔           (noise)          (vibration)                    (friction loss)    ႔    
        (velocity)                         
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(၁)            standards)                                                      SMACNA 
duct construction standards 2005    ႔      ASHRAE standard    ႔      local codes  

( ) Duct                     joint  y        ႔                                       ႔ 
             

(၃)                      duct hanger                      ႔                                  
                  

(၄) Welding                 grinding    ႔                          
(၅) Double-wall and lining  
(၆)  Painting (d                                                    
( )                                (material types) 
(၈)                                                                                              

                          
Sh                  C            C          ’ N                     S  CN    
Duct Construction Manuals 
(၁) SMACNA — HVAC Duct Construction Standards Metal and Flexible (Third Edition) 
( ) SMACNA — Fibrous Glass Duct Construction Standards (Fifth Edition)  
(၃)  SMACNA — Rectangular Industrial Duct Construction Standard (First Edition) 
(၄) SMACNA — Round Industrial Duct Construction Standard (First Edition)  
(၅) SMACNA — Thermoplastic Duct (PVC) Construction Manual (First Edition) 

Duct                                                                            
                                                        

          (toilets)                      ႔                      return air duct         
supply air stream                                                               

Supply air duct       return air duct                                                             
                                                                                    (abrasion)        
                                      

                                 (ceiling space)       return air                      air 
plenum                                                          (ceiling and the side-walls)    
                           (plastering)                   (painting)    ႔             Masonry duct 
                     ႔                                      

                       (rigid) duct         steel   aluminum   glass-fibre batt   mineral wool 
                                                                                        

Duct    ႔      duct lining                      glass fibre batt    ႔      mineral wool 
        air stream                           ႔                           (erosion of fibres)            
                                               

Duct                             (supported                                   hanger 
      bracket             (metal)                     Duct covering   duct lining       flexible 
connection material                                           -                           
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   ႔                                                              (combustible material)     
                                                        
( ) “C                                                 ” ၌                  (methods)         

                surface flame spread rating              (class 1)                
                                 ႕     (flame spread rating)    class zero              duct 
lining material         class zero                  

( )                 duct                                                                  
                                                              
Ventilation ductwork       terminal unit               ventilation grille        air diffuser       
                   flexible connection                         (2 m)              
                                                   ႕          (thermal movements)              
              flexible joint         250 mm                   

Flexible joint                                        ႔                            (not 
easily ignitable)                                                  British Standard BS 476: Part 5 
                                        

Duct               ႔                                                           (opening) 
                 Air duct       air duct support       fitting            plenum      ( joints       seam 
      stiffening       reinforcing and access opening             )    ASHRAE Handbook  
Institution of Heating and Ventilating Engineers(IHVE) guide books    ႔      SMACNA Manuals   
                                                                        (construction standards) 
                      

၅.၃.၁                                                 Ductwork Materials)   

 ၁             S                                                                                     
 V C              applications)     Galvanized steel sheets                          

              ASTM A90   A525        52     ႔                  
 
    C                                                                                              

24                 b    h                                                                  
              ASTM A569                       
 
 ၃                                                                                            

     ႔                       aluminum          y  h                     ASTM B209     
                

 
 ၄  S                                                                                                

    h   h          fume hood exhaust    ႔    s                                  Stacks     
     h                               304   304L   3 6 or 316L            stainless steel sheets  
                      ASTM A167                    
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SHEET METAL GAUGES 
Sheet 
Metal 
Gauge 

Thickness 
Inches 

Remarks 
Sheet 
Metal 
Gauge 

Thickness Inches Remarks 

0 0.3125 

Welded 
Ductwork 

Only 

19 0.0437 

SMACNA 
Ductwork 

Construction 

1 0.2810 20 0.0375 
2 0.2650 21 0.0343 
3 0.2500 22 0.0312 
4 0.2340 23 0.0280 
5 0.2187 24 0.0250 
6 0.2030 25 0.0218 
7 0.1875 26 0.0187 
8 0.1720 27 0.0170 

Gauges Not 
Permitted 
for 
Ductwork 
Construction 

9 0.1560 28 0.0156 
10 0.1400 29 0.0140 
11 0.1250 30 0.0125 
12 0.1090 31 0.0109 
13 0.0937 32 0.0100 
14 0.0780 33 0.0093 
15 0.0700 34 0.0085 
16 0.0625 SMACNA 

Ductwork 
Construction 

35 0.0078 
17 0.0560 36 0.0070 
18 0.0500      

Duct                                     (Duct Material) 
UL (Underwriters Laboratory) standard 
Class 0 
 

           ႕                   (                                                         
                                  
     Iron   galvanized steel   aluminum   concrete   masonry   clay tile              
                           

Class 1            ႕          ( ၅)                            ≤ 25                     ( ၅)    
     (                ≤ 50)       class 1               
      fiberglass   many flexible ducts                                        

Class 2            ႕          (၅၀)                            ≤ 50                     (၁၀၀)    
                     ≤ 00       class 2               

၅.၃.  Duct Seal 

 
 
              Ductwork and plenum                                 seal             

  Duct seal                                 (leakage)                         
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Sealants and Adhesives 
             W                                                                                         
                               ႔                                  ႔                 
(applications)       solvent based  sealant                             w   h          
                                 y                    

ASHRAE Minimum Duct Seal Level 

Duct Location 
Duct Type 

Supply 
Exhaust Return 

≤ 2   . w. . > 2 in. w.c. 
Outdoors A A C A 
Unconditioned Spaces B A C B 
Conditioned Spaces  C B B C 
 
ASHRAE Standard 90.1-2001 and ASHRAE Standard 90.1-2004 Ductwork Seal Classes 

Seal Level Sealing Requirements * 

Seal Class A 
All transverse joints and longitudinal seams, and duct wall penetrations. 
Pressure-sensitive tape shall not be used as the primary sealant. 

Seal Class B 
All transverse joints and longitudinal seams. Pressure-sensitive tape shall not 
be used as the primary sealant. 

Seal Class C All transverse joints only 
Sealing Ductwork (ASHRAE Standard 90.1) American Society of Heating, Refrigerating and Air-Conditioning Engineers, 
Inc. (www.ASHRAE.org) 

SMACNA Recommended Ductwork Seal Classes  
  SMACNA Pressure Class (in. WC) 
  ±1/2 ±1 ±2 ±3 ±4 ±6 ±10 

Supply Ductwork 
Outdoors A A A A A A A 
Unconditioned Space B B B A A A A 
Conditioned Space B B B A A A A 

Return Ductwork 
Outdoors A A A A A A A 
Unconditioned Space B B B B A A A 
Conditioned Space B B B B A A A 

Exhaust Ductwork 
Outdoors B B B B A A A 
Unconditioned Space B B B B A A A 
Conditioned Space B B B B A A A 
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SMACNA Ductwork Seal Classes  
Seal Class Applicable Static Pressure Construction Class 

A 4" WC and higher 
B 3" WC 
C 2" WC 
C 1/2" WC and higher for all ductwork upstream of VAV terminal units 

 

 
    ၅-၁၅ Benefits of insulation and sealing ducts 

SMACNA-HVAC Ductwork Seal Classes 
(၁) Seal Class A: 2–5 percent total system leakage (all transverse joints, longitudinal seams, 

and duct penetrations). 
( ) Seal Class B: 3–10 percent total system leakage (all transverse joints and longitudinal 

seams). 
(၃) Seal Class C: 5–20 percent total system leakage (all transverse joints). 
(၄) Unsealed:   10–40 percent total system leakage. 
(၅) SMACNA recommended seal classes. 

Air conditioning                    duct         “AC duct”                  Mechanical 
Ventilation                    duct     “MV duct”                  Air conditioning duct         
insulate                    Mechanical ventilation duct         insulate                       Duct 
                          external insulation         duct                          
internal insulation             

Air conditioning duct       mechanical ventilation duct    ႔                            
         Air conditioning duct                   (heat transfer)                       
                 (internal insulation)    ႔                                                    
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    ၅-၁၆ Duct                             

 
    ၅-၁  Fire rated duct                             

၅.၃.၃ Duct         ၌                            (External Insulation)  

 Fiber glass    ႔      mineral wool material                   external insulation (vapor 
barrier)                                                              insulation   
                    (thermal conductivity)    0.0332 W/m2  K              
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                (mean temperature) 24°C                 insulation    (thickness)    

         25                       (density)     32 kg/m3                     
          air c           supply duct   return duct       exhaust duct                    Air con 
                (non air conditioning area)                duct             insulation 
       supply air                50             return       exhaust air           
        25             Air con                 (non air conditioning area)              
a                      (air conditioning area)                            ႔        duct             
                                          ႔                                                         

၅.၃.၄ Duct       ၌                            (Internal Insulation) 
Internal insulation             (noise level)                                (vapor barrier)     

                                                                      main duct                       
         (density) 140 kg/m3         rockwool material                            Main 

duct        (၅)             internal i                                   Duct       ၌ 
                rockwool            ႕                 (0.46mm)                    (perforated) 
                           h                                                     h           
           (perforation holes)                                                      (total 
surface)   ၃၀%    ၄၀%               

   
    ၅-၁၈( ) Internnal insulation                                                  ၅-၁၈( ) External insulation  

Duct                  (construction)            (type)             (dimension) 
        ႔                      SMACNA guide line                                  SMACNA 
          Sh                  C            C         ’  N                          S     
                   

Duct and Plenum Insulation (Reference: Singapore Standard SS 553:2009) 
Minimum duct insulation R-values for cooling only supply ducts and return ducts 
Duct Location Duct location R-value (m2 K/W) 
Exterior  1.06 
Ventilated attic  1.41 
Un-vented attic above insulated ceiling 1.77 
Un-vented attic with roof insulation 1.06 
Unconditioned space 1.06 
Buried 1.06      

                    (thermal conductivity                                             
(insulation)                
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၅.၃.၅ Access Doors 
 Equipment         duct                           damper            fire damper          
                                                                     “Access Door”                
           Access door                (                                            (welding 
method)                           Access door                duct                            
       insulation material                   1.00mm                        

Access door               12mm            neoprene rubber gasket              
      Duct                   (fire rating)       access door                        (fire rating)   ႔      
      Access door             (lock)                   (latch)    h   y    y             
                      (galvanized)    ႔               (chromium)                 

   
    ၅-၁၉ Oval duct access door     ၅- ၀ Access door       access door frame 

Access door                    duct          (size)                                     
 Duct           (size)           access door           

              1200mm              duct  300mm x 400mm 
              1200mm             duct 450mm x 450mm 
Automatic damper    ႔      fire damper       450mm x 600mm 

၅.၃.၆ Duct Test Holes 
 Duct                  (velocity)            (pressure)                   “Duct Test Hole” 
                 “     T        ”                 (location)       (as-built dawing)            
                     (hole diameter)            25            top screw braged 
                    40     5               braged             Bar       sheet metal           
                       

  
    ၅- ၁ Duct test holes     ၅-   Duct test hole            air flow             

၅.၃.  Duct fittings 
                 (straight) duct                      duct                     duct fitting      

                            ႔    duct fitting                  
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(၁) Elbows (၄) Enlargements and contractions 
( ) Converging or diverging tees and wyes (၅) Means to reduce dynamic losses 
(၃) Entrances and exits (၆)  Turning angle, splitter vanes 
 (Source: ASHRAE Handbook Fundamentals 2001) 

ASHRAE duct fitting database       fitting loss coefficients duct fitting                            
              
(၁) Fitting Types  Elbows  Mitered – vanes ( ) Fitting Types  Divided Flow Y-Branch 
( ) Mitered – no vanes (၈) Reducing Y-Branch 
(၃) Fitting Types  Elbows  Gored –  long radius (၉) Divided Flow  Laterals 
(၄) Fitting Types  Elbows  Gored – Standard (၁၀) Divided Flow  Laterals 
(၅) Fitting Types  Divided Flow  Straight Tee (၁၁) Duct fitting -Branch 
(၆) Fitting Types  Divided Flow Conical Tee (၁ ) Duct fitting -Branch 
 

    
(၁) ( ) (၃) (၄) 

    
(၅) (၆) ( ) (၈) 

    

(၉) (၁၀) (၁၁) (၁ ) 
    ၅- ၃ Duct fitting             

၅.၄ Duct Support       Hanger 
Maximum ductwork hanger spacing 

SMACNA minimum requirements 
(1) Horizontal: 8 to 10 feet maximum. 
(2) Vertical: One- or two-story intervals-12 to 24 feet. 
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                       (horizontal) duct                                         
hanger rod                         Hanger rod             lock nut                   

 
Cross-Sectional Perimeter of Duct Maximum Spacing Between Hanger 

(Hanger                               ) 
1.5 m            duct 2.4 m 
1.6 m    2.5m     1.8 m 
2.5 m             duct 1.2 m 

 
Ductwork Support  

Ductwork            (Type) Maximum Hanger Spacing (Feet) 
Horizontal Ducts Less than 4 Square Feet 8 
Horizontal Ducts 4 to 10 Square Feet 6 
Horizontal Ducts Greater than 10 Square Feet 4 
Vertical Round Ducts 12 
Vertical Rectangular Ducts 10 

                       (vertical) duct           continuous length            support 
                  

   
    ၅- ၄ Duct hanger     ၅- ၅ Duct support 

First cost                                     (installation cost)               
                                                         Operating cost                    
                                                                         Duct system   
                (first cost)                           (operating cost)    ႔            
                             

 ( )  Duct                     (cool air)    duct       (heat)                     duct           
        (hot air)                       (heat  loss ) 

( ) Aspect ratio of the duct  

( )         duct                                         (friction rate)       

(ဃ) Fitting           (type)    ႔            
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၅.၅ Duct Properties 

၅.၅.၁ Duct Heat Gain    ႔      Duct Heat Loss 
 Air con duct                                                 air con           
                                                          (duct heat gain)                    (duct 
heat loss)                                     Supply air           (temperature)    (cooled 
air     duct               (heat)                             ) duct                     
                                 ႔                            (cooling)          
     w                                                              supply air    ႔                  
      (air quantity)                                 

Duct                                                  duct aspect ratio          
duct     duct aspect ratio          duct                (heat gain)                       (air 
flow rate)                (velocity)                                            (heat gain) 
   ႔                   (heat loss)              

 
U value 0.12         insulation                              (duct heat gain) ၉၀%                

၅.၅.  Aspect Ratio 

 
    ၅- ၆ Aspect Ratio 1.0       Aspect Ratio 4.0        duct                               

               Aspect ratio           duct              (long side)                h               
                                                                     aspect ratio     
                                                Aspect Ratio                                  
     (installation cost)                               (operation cost)                       

       (velocity)                      duct       ၌                         
                                    Duct i                               (duct heat gain) 
   ႔                   (duct heat loss)                 
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 Duct Class Max; Size of Duct (inch) Semi – Perimeter  

 1 6 - 17 1/2" 10 - 23  
 2 12 - 24 24 – 46  
 3 26 - 40 32 - 46  
 4 24 - 88 48 - 94  
 5 48 - 90 96 - 176  
 6 90 - 144 96 - 238  

                            (capacity)      duct                               duct      
                (gate of metal sheet)                       Material                         
                        insulation               ႔                insulation                        

 

  
    ၅-   Small Aspect Ratio     ၅- ၈ Large Aspect Ratio 

၅.၅.၃                                Sound Control) 
(၁)          ႔                                                                (acceptable noise 

criteria (NC))                 

( )                      (sound source)                  ႔          

(၃)                                                resultant sound level criteria)             

(၄)                      (                                                          ႔                   

(၅)                                                noise control product)                  
            NC          ႔                         

Duct work                   (first cost)                               (installation 
cost)                        (material)                                                
           

Duct c                                              Duct      (area)       capacity           
duct system        (total pressure)       duct c                      Duct           
(size)        duct c                        

   ႔        duct                             consultant               dust class                
                                           “Aspect Ratio”                                
                 “Aspect Ratio”                             (friction loss)            ႔      
                           



             ႔                                                                                  Chapter-5 Air Distribution Systems 

5-21 

 
    ၅- ၉ Duct system acoustics 

Design guidelines for HVAC system noise in unoccupied spaces  
                                      ၌                                                          
               
                (Room Types) RC / NC 
Private Residences 25-35 
Hotels/Motels 

 
Individual rooms or suites 25-35 
Meeting/banquet rooms 25-35 
Corridors, lobbies 35-45 
Service/support areas 35-45 

Office Buildings 
 

Executive and private offices 25-35 
Conference rooms 25-35 
Teleconference rooms < 25 
Open-plan offices < 40 

- With sound masking < 35 
Corridors and lobbies 40-45 

Hospitals and Clinics Private rooms 25-35 
Wards 30-40 
Operating rooms 25-35 
Corridors and public areas 30-45 

Performing Arts Spaces c 
Drama theaters 25 
Music teaching studios 25 
Music practice rooms 30-35 

Schools 
 

Classrooms 25-30 
Large lecture rooms 25-30 
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Large lecture rooms, without speech amplification 25 
                (Room Types) RC / NC 
Laboratories (with Fume Hoods) 

 
Testing/research, minimal speech communication  45-55 

Research, extensive telephone use, speech communication  40-50 

Group teaching  35-45 

Church, Mosque, Synagogue 
 

General assembly 25-35 

With critical music programs c 
 

Libraries  30-40 

Courtrooms 
 

Un-amplified speech  25-35 

Amplified speech 30-40 30-40 

Indoor Stadiums, Gymnasiums 
 

Gymnasiums and natatorium 40-50 

Large seating-capacity spaces with speech amplification 45-55 45-55 

၅.၅.၄              (Duct Leakage) 
               (leakage)                                                ANSI   SMACNA   

ASHRAE standard    ႔           
                               (Impact of Leakage ) 

                                                                                                   
                                   
Energy Cost Example 
Cost/year = [CFM x TP] / [8,520 x Eft] x Hours/Year x $/kwh 

Leakage 
(%) 

CFM 
(Cu ft/min) 

RPM 
(rev/min) 

SP 
(in 
wg) 

VP 
(in 
wg) 

TP 
(in 
wg) 

BHP 
(hp) Oper/yr 

(5/year) 

Extra 
Oper/yr 
(5/year) 

Increas
ed 

Oper/yr 
WO 

0 20,000 530 1.50 0.39 1.89 6.68 5,600 - - 

5 21,000 557 1.65 0.43 2.08 7.73 6,481 881 15.7 

10 22,000 583 1.82 0.47 2.29 8.89 7,452 1,852 33.3 

15 23,000 610 1.98 0.52 2.50 10.16 8,515 2,915 52.1 

20 24,000 636 2.16 0.56 2.72 11.54 9,675 4,075 73.0 

30 26,000 689 2.54 0.66 3.20 14.68 12,301 6,701 120.0 
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  Electric rate $0.15/kWh = 0.15       

52 weeks/year  x 6 days/week x 24 hr/day = 7,488 hr 
Fan/motor Efficiency  = 89 
Initial velocity = 2,501 

Annual Operational Costs 

    

    
  (

          

                 
)    

     

    
   

 

   
  

Cost/Year  = system first year operating cost ($) 

Qfan = system volume flow rate (CFM) 

FTP = system total operating pressure (in wg) 

Hours/Year = number of hours the system operates in one year $/kwh = cost of energy 

Efficiency = fan/motor drive combined efficiency 

8,520 = conversion factor to kWh (kilowatt hours) 

                               (Suggested Leakage Levels) 
Leakage Levels 

Test Pressure (in wg) 
SMACNA Class 3 
(CFM/100 sq ft) 

Leakage (%) 

0-1 3.0 2 
1-2 4.6 2 
2-3 6.0 1 
3-4 7.4 1 
4-6 9.6 0.5 
6-10 13.5 0.5 

၅.၅.၅ SMACNA Ductwork Testing 

(၁) -4" water g                  pressure r                              (test)               
(1.5 X pressure rating) 

( ) -3" water gauge     3  water gauge             w                          

(၃)  +4" water gauge              pressure rating                                             
(1.5 X Pressure Rating) 

(၄) ASHRAE Standard 90.1-200      2004     static pressures  +3" water gauge     
                   y        ၅                                              y-         
                                     

(၅) 2003   C     2006   C           S  CN   V C                w               static 
pressure  +3" water gauge                        y        ၅                         
                      y-                                             
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၅.၆ Duct                       (Sizing)              

                                                                                                    
              y                                                              ၌          
       
(၁)                                       (space availability) 
( )      ႕                (space air diffusion) 

(၃)             (noise levels) 
(၄) Duct                 (duct leakage) 
(၅)        duct                                             (duct heat gain)    ႔      

              (duct heat loss) 
( )        ႔                 (air balancing) 
(၈)                                                                                (fire and smoke 

control) 
(၉)                               (initial investment cost)       
(၁၀)                      (system operating cost)    ႔         

                                                                                        
   ႔                                                     ႕                                    
                                                          discomfort)                   S     
                                                           ႔                                       
                ႔      (air distribution)                         

                         construction)                                    leakage) 
                      terminal)            air                                         
                                      duct insul                                     h    
         ႔                    h                         ႔          system                       loss       
 y                    ႔                                                                     
Ductwork Sizes 
(၁) 4    4                                                                          

                      
( ) 8    4                                        smallest                            
(၃)                                                                                          

24”    2”    0”   6”    2”   36”   48”    2”    ႔                                      
                                               

(၄) 4                                                                             
(၅)                 3                                    (smallest round size)  duct 

               

၅.၆.၁ Duct          (Sizing)              
                                                                                        
 ( ) Pressurized Method 
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 ( ) Equal Friction Sizing Method (Constant Pressure Loss Method) 
 ( )  Static Regain Method 
 (ဃ) Total Pressure Method 
 ( ) Velocity Reduction Method       
 ( ) Constant Velocity Method    ႔          

   ႔                                                          h                   
                                                  
 (၁) Velocity Reduction Method 
 ( ) Equal Friction Method       

 (၃)  Static Regain Method    ႔          
    Pressurized Method 

           duct                                                                
   ႔                 ၌                  duct                                    ႔   ႔      
                                         ၌               duct          (size)             
        
    Equal Friction Sizing Method (Constant Pressure Loss Method) 

Equal friction     (method)                                             (flexibility)    ႔        
                    Duct                                   (pressure loss)                    
duct                                              

System          ၌ duct                                1 Pascal (1Pa/m)            
                     duct                                   “Eq    F           h  ”            
Supply       extract duct system                            “Eq    F           h  ”                   

ASHRAE                                 duct                                           
          (high and low limits for pressure loss per unit length)                               
                 (velocity)                                         ႔                         
         duct                                      (pressure loss per unit length)              
                    
 “Eq    F           h  ”                                                 
( )           friction loss per unit length                            duct       

                         1 Pascal( 1Pa/m)                                        
( )                  friction loss (1 Pa/m)                (air flow rate)            duct      

                           Friction loss chart    duct          (size)                  
( )                 (pressure loss)                          (section)                friction loss     

                           (duct section)  elbow            fitting        friction loss       
                        

(ဃ)                        duct          (size)                                        
friction loss coefficient         duct          (size)                              System 
                                                                                          



Air Conditioning and Mechanical Ventilation (Vol. 1)                                                                       ႔ 

5-26 

   ႔     “Eq    F       ”                            ႔                 air balancing) 
                   

    S      R      S         h   

“S      R         h  ”                                                                 
                                                                     duct                      
     (equal friction method                      )       (material)                       

“S      R         h  ”     terminal              branch duct section                   
          (pressure loss)           duct                                                           
        branch duct section                  (pressure loss)               branch duct section   
               (pressure loss)                   

         duct        (section)               duct        (section)    ႔                      
(pressure losses)                                       ႔                duct section   duct 
         (size)           duct        (section)   duct          (size)                 
                                                        (p                             
            ႔        “S      R         h  ”                                                     
                            iteration process                 

 ဃ  T              S      Method 
T                        h                        h                            

                   

    V      y R         S         h   

Velocity reduction         duct                  (air velocity)            
                                            (velocity)                                       
(noise)                                  Duct                                   
                      (acceptable velocity)                                            
(velocity)   duct                                   duct          (size)                       
         (round) duct    ႔                       (rectangular) duct           (size)           
                   (pressure losses)                     

                              (high noise level)                                    
                                                                                                 
                     (velocity)                            (noise level)                      
      ASHRAE              SMACNA    “ V C      C            S        ”                      

    C        V      y S         h   
Constant velocity method     duct                                     ႔      

     (tender)၌        (specified)               (velocity)          ၍  duct           
                                        duct          (size)                              (pressure 
losses)                     
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၅.၆.                                               (Friction Losses in Duct) 
Friction loss     fluid viscosity                               y                

                                                                                              
              Friction loss                                          

Eq                h        y                            loss per unit      h     
              

                                             (friction loss)                
                                 
(၁) Duct           (size)                   (velocity)           friction loss           
( ) Duct ၏                        (interior surface roughness)      friction loss          
(၃)                   (air flow rate)           friction loss          
(၄) Duct       (length)           friction loss          

၅.၆.၃ Head and Pressure  
                                                                             Head 

                                                                                                  
            h  h   h                               y          w.                                
                                                                       w               
                                            head)                                        ႔        
            q               “Head”                           column liquid)           

     -                 ၅      Hea           5 meter of water column (WC)           
   ႔           ႔             ႔                                     liquid)                

                                                         ႔             ႕                         
                                                                                         
   ႔                                                                

Air pressure 1 Pound per Square Inch (PSI) = 51.71 millimeter of mercury (mmHg) 
                          5 .   mm of mercury (mmHg                                 

                                                     
    y-W      h Eq           f          pipe    ႔      d                               

                                                                                      
               (pressure drop      f                           f                                  y-
W      h Eq           fully d            w                                   

Darcy and Colebrook Equations  
        ႔            pipe)       ၌ f                                                    
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                     f                                                                   
            
( ) Fluid         laminar flow                             Reynolds           ( ၀၀၀)     

          (Reynolds numbers less than 2000)  Friction factor     Reynolds number 
                                  

( ) Fluid         turbulent flow                             friction factor     Reynolds        
(Reynolds number)                                    (duct surface roughness)       joint      
                   

 
F                                    

 

√ 
         (

 

      

  
    

   √ 
)                                           

                   
 

                                                                    R y               
                                                   h            hy                    ႔          
            

                         (non circular) duct           laminar flow                     
           (inconsistencies)                     non circular duct           laminar flow      
                                                  hydraulic diameter               
                        
                            

   
      

      
 

                            

                                    

             
Hydraulic Diameter(D)     Reynolds Number(dimensionless)                         

Duct       ၌                       (turbulent or laminar)                     Reynolds 
Number                              

 Reynolds Number     ( ၃၀၀)              “Laminar flow”                   (Laminar 
if Re < 2300) 

 Reynolds Number     ( ၃၀၀)       (၄၀၀၀)                 “Transient flow”       
            (Transient for 2300 < Re < 4000) 
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 Reynolds Number     (၄၀၀၀)               “Turbulent flow”                   
(Turbulent if Re > 4000) 

                          (Noncircular) Duct  

     
  

 
 

 

                            
                  
                                  

                        hy                                       

 
Rectangular Duct  
R                             flow                                                                  
           

    
              

          
 

 

                                                 
                                      
                                           

Flat Oval Duct 

    
             

      
 

   ( 
  

 
)          

             

A = major axis of flat oval duct (mm) 
a = minor axis of flat oval duct (mm) 
P = perimeter of flat oval duct (mm) 

 

Friction f                                 R y                                        
                         h            hy                    ႔                           
                                                                                         
                                   graph)                                   

၅.၆.၄ F        Ch                     Pressure Drop)            
 S R E    friction ch          
( ) Friction losses (Pa/ m) 
( ) Air Quantity (Liter per Second) 
( )  Velocity (m/s) 
(ဃ) Round duct diameter         ႔                      
(၁)          Friction losses (Pa/m)                         h                                    

0.    /      00   /                                                          0.  
  /     5   /                                                               
friction loss                     

( ) Air Quantity (Liter per Second)                                                            20 
L/     200 000 L/              

      ႔                   hy                                        roun    
square         rectangular duct                     w                 q                     
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(၃)  Velocity (m/s)               ႔                ႔   ႔                                  Duct 
                                             

(၄) Round Duct Diameter(mm)             ႔                ႔   ႔                    
                                                                                       
        ၍                                     

               
25 000 C                                                                    

                    (maximum f                       /                               round duct 
        ( ၀၀)                      total f                                    

                                                            air quantity     
25 000 C                                               air quantity     L         
S                  ႔        25 000 C       L         S                                    

 
    ၅-၃၀  ASHRAE friction chart 

25,000 CHM x 1000 Liter per meter cube = 25,000,000 Liter per hour/ 3600 = 6944 L/s 
              F                       /                                                             
          

                               6 44 L/                                                               
    /                                                                                    
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                                               ႔              ႔   ႔         )              
                    ၉၃၀    ႔           ၉၃၀                                             
               950mm diameter                                                      velocity) 
     0.2  /     ႔                                                               ASHRAE 
recommend duct velocity                                            duct velocity) 10.2 m/s 
    recommend duct velocity                           50                                   
                 

                    y                                                  

Type of Duct 
Comfort Systems Industrial Systems High Speed Systems 

m/s FPM m/s  m/s FPM 
Main ducts 4 - 7 780 - 1380 8 - 12 1575 - 2360 10 - 18 1670 - 3540 

Main branch ducts 3 - 5 590 - 985 5 - 8 985 - 1575 6 - 12 1180 - 2360 

Branch ducts 1 - 3 200 - 590 3 - 5 590 - 985 5 - 8 985 - 1575 
               outlets                        inlets)    ႔၌         velocity        

                                  unacceptable noise)                  
               

           air flow rate)  8 000 C                             (rectangular       
450      300                                                  frictioin losses -   /               
Air Flow Rate 18,000 C       L         S         ႕     
Air Flow Rate 18,000 CMH = 5,000 L/s  

    
              

          
 

                                                 
                                      
                                           

Rectangular d    450      300      ircular equivalent of rectangular duct for eq         h 
    808mm           800                         

       (air quantity) 5,000 L/s       800mm round duct d                              
                                                      friction losses - Pa/m)     .    /     ႔ 
          
Friction Loss Estimate 
 1.5 X System Length (ft./100) X Friction Rate (in.W.G./100 ft.). 

၅.၆.၅ C                    S               L     y F       

                        oss                                    (formula)                
         

      ၁  Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:11    

         
        

 
   

         
  

 
 

Where De = Circular Equivalent of Rectangular duct for equal length  
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 Q  =  Air flow rate (L/sec) 

                      200  ASHRAE Fundamentals Handbook (SI), Chapter 34, 
Eq       N                   air flow rate)                                              v      y 
 V                 S R E                              air flow rate)    L         S            
                 0.00                           ႔       

                                                          
 

              
         roun                              round duct d                       

         R                                          formula)              circular eq         
                                            

 
         

    
              

          
                                                  

                                      
                                           

Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:25 

      ၃  
                     y    velocity p                                 formula)           
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:09 

              

Rv =  Velocity Pressure (Pa)  
V = Fluid mean Velocity (m/s) 

      ၄   y                      
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No: 24 

    
      

     
 

      ၅  F            R   h     F      
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Table No: 01 

                                                   h                200   S R E F            
          S    Ch      34  T     N   0                      

     (၆) Reynolds number  
             

Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:23 
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Re =  Reynolds number 
Dh = Hydraulic Diameter (mm) 

V = Velocity (m/s) 

 
                       
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:21 

 

√ 
         (

 

      

  
    

   √ 
)         (

 
  

  
  
  

)

    

 

                                         
                   

  
     (၈)             or           
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:19 

     
        

  

    
    

 
 

 ρ =  1.204 kg/m2 (for air) 
 Dh = Hydraulic Diameter, mm 
 V = Velocity (m/s) 

If          

     
                     

  

    
    

 
 

      ၉  
For ducting,  
                                                        

For fittings, 
                                                         

                  e                     internet a            d w                        
http://www.acmv.org/lecture/file/Duct_Static_Loss_calculation.xls 
 
Ductwork Sizing Criteria Table (Ductwork Size Criteria) 

System 
Type 

Maximum 
Friction Rate 
in.W.G./100 

ft. 

Minimum 
Velocity 
ft./min. 

Maximum 
Velocity 
ft./min. 

Comments/Reasons 

General Air Handling Systems 
Low 
Pressure 
Ducts 

0.10 (0.15) ---- 
1,500–
1,800 

When CFM > 6,000 velocity governs;when CFM 
< 6,000 friction rate governs; applicable for 
supply, return, exhaust, and outside air systems 

Medium 
Pressure 
Ducts 

0.20 (0.25) ---- 
2,000–
2,500 

When CFM > 6,000 velocity governs; when CFM 
< 6,000 friction rate governs; applicable for 
supply systems only 
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High 
Pressure 
Ducts 

0.40 (0.45) ---- 
2,500–
3,500 

When CFM > 5,000 velocity governs; when CFM 
< 5,000 friction rate governs; applicable for 
supply systems only 

Transfer Air 
Ducts 

0.03–0.05 ---- 1,000 
When CFM > 3,200 velocity governs; when CFM 
< 3,200 friction rate governs 

Outside Air 
Shafts 

0.05–0.10 ---- 1,000 
When CFM > 1,200 velocity governs; when CFM 
< 1,200 friction rate governs 

Gravity 
Relief Air 
Shafts 

0.03–0.05 ---- 1,000 
When CFM > 3,200 velocity governs; when CFM 
< 3,200 friction rate governs 

General Exhaust and Special Exhaust Systems 
General 
Exhaust 
Ducts 

0.10 (0.15) ---- 
1,500–
1,800 

When CFM > 6,000 velocity governs; When 
CFM < 6,000 friction rate governs 

Toilet 
Exhaust 
Ducts 

0.10 (0.15) ---- 
1,500–
1,800 

When CFM > 6,000 velocity governs; When 
CFM < 6,000 friction rate governs 

Kitchen 
Hood 
Exhaust 
Ducts 

---- 1,500 2,200 

2003 IMC: 1,500 FPM min.; 2006 IMC: 500 FPM 
min.; NFPA 96-2004: 500 FPM min. 

Dishwasher 
Exhaust 
Ducts 

0.10 (0.15) 1,500 2,200 
  

Acid, 
Ammonia, 
and Solvent 
Mains 

0.50 (0.60) 1,000 3,000 

Mains and risers 1,500–3,000 FPM; Branches 
and lateral 1,000–2,000 FPM 

Acid, 
Ammonia, 
and Solvent 
Stacks 

---- 3,000 4,000 

  

Silane 
Ducts 

---- 250 ---- 
Velocity across the neck of the cylinder or 
cabinet window or access port 

Louvers 

Intake ---- ---- 500 
Maximum velocity through free area; assuming 
50% free area—max. velocity 250 FPM through 
gross louver area 

Exhaust or 
Relief 

---- ---- 700 
Maximum velocity through free area; assuming 
50% free area—max. velocity 350 FPM through 
gross louver area 

Notes: (1) Maximum aspect ratio 4:1; unless space constraints dictate greater aspect ratios. 
          (2) Duct velocities should not exceed 1,500 FPM or noise will result. 
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၅.  Duct                       (Duct Design) 

၅. .၁ Design                                      (information) 
 •                            (client requirements) 
 •                        (supply air condition) 
 •                      space availability) 
 •              installation cost) 
 •                                               air friction loss) 
 •  Duct system configuration            (type)    ႔      duct layout 
 •           noise level) 
 •                                                         duct heat transfer and airflow leakage) 
 •            (ambient conditions) 
 •                       (material)     
 • Duct insulation 
 • Duct system layout    
 •                                                      (codes and standards requirements) 

Key design inputs Design outputs 
•                  w        3/s) • S h              w      y    &                  
• L                              /   • S h         duct sizes and lengths, and fittings 
• L           w        y   /    

Duct                                                                                     
(၁)                              ႔            (                ႔    ႔                   ) 

                                                                (duct material)           
            

( )              duct                                                                   (sudden 
changes in directions)                                                                   
                           (pressure loss)          turning vane                  
         

(၃) Duct                                                                          (angle of 
divergence)     20°              

(၄) Aspect ratio     (၁)   (၄)                                   Aspect Ratio (၁          duct 
                                                          duct                             duct 
                         Aspect Ratio (၄)             duct                                

(၅) Duct                 (vibration)            (noise)                               (air 
velocity)                    duct                                                 

(၆)              (frictional loss)                                               (duct material)     
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    ၅-၃၁ Transfer duct                                                               

Duct                                         

( )             S       y         

Duct            (shape)            (strength)                        (deformation)        ႔    
dimensional stability                                       

( )                                     (Leakage Control) 

Positive pressure duct                                                     (air loss)               
                                       Negative presure duct                      
                                                                                                   
                      leakage control                                              

( )             (Noise) 

Duct                                     (noise generation)                ႕   ႕     (noise 
transmission)        ႔          (noise)                                       

(ဃ)                       (Exposure) 

                     (weather)                                                            ႔        duct 
                        (corrosive a     h                )                         (biological 
contamination)          (underground    ႔      basement)၌                        
     (outdoor)၌                    ႔    exposure                                       

( ) Duct Support 

 Duct support                                 alignment                       
(position)        ႔    duct support                                       

( ) Thermal Conductivity  

Duct                                    duct                ႔                (heat 
t                              (heat gain)    ႔                  h                 duct          
          (condensation)        ႔                      (thermal conductivity)       
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Duct                                                               ႔                   
                                ႔     (expericence)                             (technical 
knowledge)                           (good practices)                   
 Duct                 (workshop)            (fabricate)                        (site)၌     
                 Drawing                        duct                     (dimension)     
           internal dimension                                  ႔                    duct       
    (size)           w                     (dimemsion)                                  
         
၅. .              C        
 (၁) Life-cycle cost(LCC)             duct                                                    

              duct          (size)              
( ) Damper                         ႔                                 duct                   duct 

         (size)    configuration                                                            
      ႔                                

          (sound level)                       VAV box     (inlet)                  
                 (excess pressure)                                                    
          sound attenuation                     

(၃)                         (critical path)    ႔      duct                             
                        (critical path)    duct fitting            equipment             
        (local loss coefficients)                                                   ႔               
                                                              (surplus pressure)      
           

(၄) Supply air             (volume flow rate)    duct heat gain                          
         VAV system                  (volume flow rate)                  diversity factors 
                                Fan           (discharge pressure)       critical path   
                                       

၅. .၃ Design Procedure 

Air duct system                                     
 •                     (supply volume flow rate)                                 
 •                    ႕   ႔     (space air diffusion)                      (supply outlets) 

                     (return inlets)                                  
 •               cold air          (volume flow rate)                     warm air 

         (volume flow rate)                       

                  air duct system   duct design                                              
software                            Computer-aided duct design                                 
(precise calculation)                                                                             
                         air duct system       duct design                                           
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Design Procedure  
 (၁) Verify local codes & material availability 
 ( ) Preliminary duct layout 
 (၃)  Divide into consecutive duct sections 
 (၄) Minimize local loss coefficients of duct fittings 
 (၅) Select duct sizing methods 
 (၆)  Critical total pressure loss of tentative critical path 
 ( ) Size branch ducts & balance total pressure at junctions 
 (၈) Adjust supply flow rates according to duct heat gain 
 (၉) Resize duct sections, recalculate & balance parallel paths 
 (၁၀) Check sound level & add necessary attenuation 

 
                 design procedure       (၁၀)                                 
 (၁)                                                  (client requirement)                       

(tender specification)                           (local codes)                           (material 
availability)    ႔             

( )           duct layout       (preliminary)                             (supply outlets) 
                    (return inlets)    fan       main ducts   branch takeoffs            
       Air duct            (duct)                                  (space available)    
             

(၃)  Duct layout            (duct sections)                                                       
                   Duct segment                                          (pressure 
drop)                            “Critical Path”                                           
critical path                          

(၄) Critical path               duct fitting       local loss coefficient                  
                      

(၅) Air duct system   characteristics                 duct                          (sizing 
methods)                Duct system    space available   noise    energy use        initial 
cost    ႔            maximum design air velocity                Critical path               
duct section               duct                    

(၆)  Critical path                (total pressure loss)            Air duct system            
             (total pressure loss)            

( ) Branch duct                            Junction        duct fitting        component      
                                      total pressure loss                             
            

(၈) Supply volume flow rate      supply outlet           duct heat gain                    
(adjusted)        

(၉)             duct section                            (resizes)    Total pressure loss     
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(၁၀) Duct section (paths)                  (airborne sound level)             (noise)        
                    sound attenuator                 

၅.၈ Fire Damper 
၅.၈.၁ Fire Compartment 

Fire compartment                          ႔                          (zone)              
Fire compartment            ၌                             fire compartment        ႔           
                                      

  
    ၅-၃  Fire compartment (                ႔                          ) 

  
    ၅-၃၃ Fire rated partitions contain fire damage to the compartment of fire origin. 

 
    ၅-၃၄              duct                                  fire damper      ႔          

Duct       ၌                                       fire damper                    
Duct                                     fire damper                                fusible link 
                                         blade              fire damper                  
                          ႔                           

                        (horizontal) duct                               (vertical)  
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duct                             horizontal fire damper (floor mounted)       vertical fire damper (duct 
or wall mounted)                                       

                        (horizontal) duct      vertical fire damper              
          Fire damper                              (fire resisting rating)                      
               (wall)                   (compartment floor)                         (fire resisting 
rating)               

 
    ၅-၃၅  Fire damper               ႔                       

“Code of Practice for Fire Precautions in Buildings”                                                

Wall Mounted Fire Damper and Floor Mounted Fire Damper 
Floor mounted fire damper                                                         

blade                                                                       ႔        blade         
                        (spring)                          

   
    ၅-၃၆ Horizontal fire damper Multiple Blade   Wall mount or In line Duct Curtain Type 

   

    ၅-၃   Vertical and Horizontal Floor mounted fire damper Fusible Links  
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၅.၈.  Fire Damper                

 

F                                                  
(galvanized steel frame                                    
        fusible link    ႔           Fusible link     
                                           65 F       
                        blade)           damper 
                            Static  damper        y      
                             
 
Fire Rating 
        Fire r                                                
                    Fire r        h                       
                               
Access Door: F                                    
                                                       
                
 
Fire Damper Installation 
Fire d               fire-rated w               -            
           fire-rated partition                         

    ၅-၃၈ 

၅.၈.၃ Standard Fire Damper    ႔      Static Fire Damper 
Standard fire damper    ႔      static fire damper         “Fire Mode”                     

         duct                               
၅.၈.၄ Fire damper                                                      

 
    ၅-၃၉ Fire damper                                                      

Dynamic Fire Damper 
Dynamic fire damper         fire mode                      duct                 

             Dynamic fire damper                      (moving air)                             
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   ႔        static fire damper                                                    
(၁) Type-A fire damper 

Type-A fire damper                                                 low-pressure part of 
      y             2” w. .                             

( ) Type-B fire damper 
Type-B fire damper         Type-A fire damper              (free area) 
                               ( pressure drop)          

(၃)  Type-C fire damper (100% free area) 
100% free area                    Type-C fire damper                         
Medium-to-high air velocities (3,000 FPM)    ႔                            3” W.C     
                     Type-C fire damper                         

၅.၉ Control Dampers 
       (air volume)                 (air flow)    ႔                            Volume 

Control Damper (VCD)                      Volume damper                      Volume 
Control Damper (VCD)                                                                   (manual 
damper)    ႔      balancing damper                            (motor operated) damper      
            

 
Damper Characteristics 

 ၁  Opposed blade         bala                 mixing            modulating                  2-
position control application         ႔                   

    Parallel blade: Two-position applications (open/closed). 

 ၃                                                     (full open @ 2000 F               
0.15" W.G                  

 ၄                                                                w             200 –
1,500 CF / q.                     

Damper                                                       (air flow)            
                        (control)                                       Damper                 
(round)           (rectangular)             (oval)         duct                                        
                               (round) damper                   (oval) damper               
                                                     (rectangular) damper         blade 
                           Blade         (၆)        ႔      (၈)       ႔                      
                                                                              

HVAC               damper                         galvanized steel    ႔      extruded 
aluminum                                                   (outdoor air intake)၌        
        damper                   (aluminum)                                  (aluminum) 
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                        (industrial facilities)          (stainless steel)                       

     (frame)       blade          ႔                                                                 
        Damper        (shaft)                         (bearing)                        
                                                     (friction)                               
               

 
 

Airfoil dampers 
    ၅-၄၀ Figure 3-28 Triple V and Airfoil dampers 

 
Damper blade                                          
 (၁) Flat, one-piece (single metal sheet) blade 

 ( ) Single skin blade with a triple-v-groove shape        

 (၃)  Double- skin air foil-shaped blade    ႔           

   (၅-၄၀) Triple V       airfoil blade                                                               
                        Damper          F1 (      )       F2 (     )    ႔                     
            ႔                (frame depth)                Blade width       frame depth    ႔ 
                        (flat) blade                  (single blade) damper                 
         (round) duct                   (oval) duct                                          
damper blade                                      (rectangular) damper                       

 

                          (control)                  (valve)                       
                         (control)                damper                      Valve       
damper                                                                (selection principle)   ႔         
       Damper             valve           ႔                (stable)             accurate control 
                                     

Air foil           damper                           Air foil                                   
blade                                                (pressure drop)                 
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 Triple V groove blade            (velocity) 2000 FPM                          ႔     
1500 FPM                                              Blade                   (overlap)       
                                                           (tight closure)             

Blade         (edge)    ၌ compressible sealing strip                                      
(leakage)                        sealing strip                                             
                   ႔                        (silicon rubber)    ႔               (extruded vinyl           
              Silicon rubber                       

Seal                            damper                               (fully open)       
                        (fully closed)    ႔                         (performance)               
          (frame)                    blade                                          seal 
                                                             Damper                                
(standard leakage)    50 CF       q                  h                   

             (249 Pa           damper                             50 CFM       
               Air foil blade                     low leakage damper                       
        6                   damper                             10 CFM                        

 HVAC system                          shut off damper                             (low 
leakage) damper                                 24                   damper       
                     2 CFM                      (2 CFM per square foot at 1 inch wg)                  
                                                                  
                                                                                         
Damper                                     (minimum leakage)        ANSI/ ASHRAE/ IESNA 
Standard 90.1-2004    ႔                   Ultra-low leak damper          4 CFM/ft2           Low 
leak damper          10 CFM/ft2           Cooling load               system           ultra-low 
leak damper                              

Blade                                                                                     
(linkage)                                            (၅-၄၀)                   blade            
                                                  (linkage)                      damper         
                     (linkage)                      ႔     (                     )        
                         (pressure drop)                           (corrosion)            ႔     
       

                                                         damper                 ၌      
                                       damper                                            
                      (seal)              Blade                                                     
            Damper                                                 ႔                       (maintenance) 
                                    

Damper                         actuator         damper                       
                                                                             (oversized)         
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         Actuator               damper                                          
                                actuator     damper                                             
            Damper       actuator                                    damper                   (linkage) 
                                                                                           damper         
                                                                     
 Blade               damper     multiple blade damper           Multiple blade damper 
    ၌ blade         parallel blade       opposed blade                                     (၅-၄ )           (၅-
၄၈)                     
(၁) Parallel blade operation           blade                   ႔(same direction)       

                                                  
( ) Opposed blade operation                      blade               ႔                

               blade                    ႔                                                     

    damper                                         (operating characteristic)           
Blade                    (single blade) damper                    (operating characteristic) 
    parallel       opposed blade damper    ႔                          

 Actuator         damper operator    ႔      damper motor                     
                   (fully open)                                            damper actuator 
                                      (power)         damper                                  

   
    ၅-၄၁  Fans in Parallel     ၅-၄  Centrifugal Fan with Inlet Vane damper 

 Modulating damper                    small increment                    ႔       ႕     
     (                                                 modulate                   Lower leakage 
damper         seal                                   (friction)                                        
(friction)                                     damper motor (damper actuator)              
            

 

Actuator                   damper                                     (torque)    
   h-                                  (friction)                               actuator     ၌ 
                    (minimum torque)                                               damper 
      actuator         Normally Open operation(NO)                        (set up)                     

               opposed blade damper                           parallel blade damper          
              actuator                      
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power                     ႔          (fail)            damper                               
                        (flow)             

 Coil                   (freezing)             hazardous waste                           
system     isolation                                    damper     Normally Open(NO) 
   ႔      N      y C     NC                             
Damper             y                        damper                                         damper 
            (application)                    
( ) Two position only  

                                                    (fully open/fully closed) position 
                                 “Two Position”                     Fan      isolation         
                     (out door air intake)         (shut-off)                       

( ) Capacity control duty  

            capacity        damper           control                   VAV discharge damper 
          air balancing damper                    

( )  Mixing duty  

                                             Economizer damper                         

၅.၉.၁ ( ) Two Position Duty 

Fan                     ၌                                 ႔      duct          
                      ႔                                 Outdoor air intake   fan intake       
discharge                           F                      ၌ damper              fan               
damper                                                (position)                                   
            (wind pressure)       stack effect    ႔                                                
                                     fan                 ၌                (out door air 
intake)    damper                 supply air fan       interlock                 ႔         coil 
                     (freezing)                    

                                h                                                               
                  (heating energy cost)           

         ႔      damper                                        motorized damper         ႔      
                                 gravity damper              ႔          Gravity damper         
Back Draft Damper(BDD)    ႔      Barometric Damper    ႔      Non Return Damper(NRD)        
                                                      (gravity) damper          actuator (motor) 
                              motorized damper           ႔                        (tight seal) 
               

Gravity damper                                                              
             (supply)                           (return)      ႔                             
                “Non Return Damper”                        
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Exhaust fan                    back draft damper     fan            ၌               
                   ႔                                                          exhaust air 
     fan discharge point                                   

 
    ၅-၄၃  Installed Characteristic Curves of Parallel blade dampers 

          ၌                                                                       
       (air pressure)    damper                                                    
                              exhaust system                    ႔                         
                  ႔              make up air                                         ႔       
                                         (gravity) damper          motorized damper     
                             

            gravity damper         motorized damper                                      
(၅-၄၁)                      fan                                                                       
damper            ႔             (isolate)                           ႔                fan         
                           

Variable Air Volume(VAV) application ၌ low load             fan                      
high load      fan                                                          shut-off damper         
                      fan                      fan          ႔                           Parallel 
pumping system          check valve                                                       
motorized damper                                          damper                             
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Fan            damper                                  fan                     fan 
         ႔                                        w                h                           

                 fan   wheel                                                   fan 
                                        direction       ႔                            (starting 
torque)                                                                      

 
    ၅-၄၄  Two Parallel blade Triple V dampers From Different Manufacturers 

 
    ၅-၄၅  Two Opposed blade Triple V dampers From Different Manufacturers 

 Fan                           damper                fan plenum       ၌       (pressure)     
                                                   ႔    application       gravity back draft 
damper                        F                                          (pressure)             
         gravity damper                                                          Back draft 
damper     fan discharge                                   F       h         ၌ 
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       (velocity)                   back draft damper         heavy duty damper            
                      

 
Parallel blade damper                                                Damper       

                          damper       actuator                                      ႔    
                                              parallel damper   actuator     opposed 
blade damper   actuator                          (               )           ႔        HVAC 
designer         two position application                         (vendor)                  
(contractor)                                                               

Two position damper                                                         
        two position damper                                       modulate                     

 
Shut off damper                           duct                                              
                    

၅.၉  ( ) Capacity Control Duty 
 Air system                                ႔            ႔                        capacity 
control damper                                 terminal                                (air 
flow)        duct                                    Volume Control Damper(VCD)    ႔      
balancing damper         branch duct       selection               diffuser       grille       ၌ 
                             (design air flow)          (pressure)               (adjust)       
Volume control damper         static damper                Static damper           actuator 
                                         (air flow)                                         Volume 
control damper                                                              
                                                                  (fully open position)   ႔ 
                         ( h                     Volume control damper         single blade 
                 single skin damper                                               duct       
                                    
     damper                                                                   
        Outle                                                          

VAV system     fan       capacity     control         damper                      Damper 
     (style)             inlet guide vane       discharge damper    ႔          

Two position                      parallel blade damper                        
opposed blade damper                                                           two position 
              damper                                                                
       (fully open)                             (fully close position)    ႔     damper 
                            (performance)            

Two position damper                  (size)                        (leakage) 
                                            ႔                   pressure drop)                
        (energy)                           
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   (၅-၄ )                       inlet guide vane     fan     (inlet)     damper       
                     Fan                   (inlet)                              damper 
blade            - h                           ႔                                   

 Damper                                  (entering air)                           
    -                          Damper                                      fan   wheel 
             ႔                                direction       fan   wheel direction    ႔ 
                                                                 Air volume             
          ၌ inlet guide vane           unload                     fan                    (energy 
                                   ႔     inlet guide vane                  (maximum 
capacity)    ၃၀%                            (air flow)            (pressure)         ႔            

 Discharge damper         paralle pump                        check valve           
           Discharge damper                   fan                      (fan pressure)    
                        VAV box                                                                    
                          (air flow)     control               

Discharge damper             fan                (performance)                       
Discharge damper      throttling                                                         ႔         
                         VAV system          discharge damper                            

         Damper performance                                             
 (၁) Manufacturer 
 ( ) Damper relative size       
 (၃)  Damper situation    ႔          
(၁) Manufacturer 

Damper                         (design)                   (material)           
(linkage)       blade seal                        damper                       (performance) 
                  

( ) Damper Relative Size  
Damper            (size)       duct            (size)    ႔      wall 

opening                               damper                       (performance)     
                   damper                  duct                              duct 
           damper          ႔                               w            
                    damper                                 damper     
         ႔                                           flow characteristic                
damper                 (performance)                  

(၃) Damper Situation  
Duct                                     damper             direction       

damper                          (direction)                     damper   
              (performance )              
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    ၅-၄၆ Effect of Inlet Louver on an Opposed blade damper Characteristic 

    (၅-၄၆)     opposed blade damper                (performance)                  
Capacity control (throttling) application      damper                         (position)      
        pressure drop across the damper                   

Damper throttling                            (air flow rate)          duct system     
                                                                    (frictional losses)          
                                              (frictional losses)              (air flow rate)   
                            Fan        (pressure)    volume flow rate             fan curve 
                       Hydronic system                        two way valve                     
                   

 

 
               (၅-၄၉)                   Parallel blade damper                  

        (air steam direction)                        h                      ႔        down steam 
၌                                

                           (down stream)          elbow       ႔    duct fitting 
           y                     y                      (pressure drop)                   
                                            (down stream)          diffuser          
                                  (outlet throw pattern)                              

Throttling application          parallel blade damper                     linear 
characteristic         ႔                damper                                    (pressure 
drop)    system                         (total pressure drop)   ၀%    ႔           

Opposed blade damper     throttling application                      linear 
characteristic               pressure drop across the damper     total system pressure drop   
၅%    ႔  ႔            ႔႔        opposed blade damper         down steam                 
                           throttling application                                    
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    ၅-၄   Air flow through parallel     ၅-၄၈  Air flow opposed dampers 

 

 

    ၅-၄၉ Flow Pattern through opppsed dampers and parallel damper 

    ႔                   (air outlet)                    diffuser   neck    ႔      diffuser 
              opposed blade damper                                         

 

 ၅.၉.၃ ( ) Mixing duty 

                           (air steam)                         damper                    
       (out door air)       return air    ႔                                                      
         opposed blade damper         throttling                                      
            (mixing)                                                         

 

Throttling                                   damper                                
hydronic system          control valve                                           C             y 
                             (pressure drop)                                               
                 Damper          (size)           controllability               ႔           
        (pressure drop)          Damper          (size                        y 
              ႔႔                  (pressure drop)          

               mixing application       parallel blade damper                     
                   Mixing            throttling       ႔                                 air 
stream                                         
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 Parallel blade damper                         (air steam)          (deflect)                 
throttling                              mixing                                    
             (၅-၄၉)                                    air stream                 (deflect)       
                ႔                                          
 O                                        (air steam)         ႔                            (၅-
၅၁)                    

  

 

 
    ၅-၅၁ Various Mixing Box Arrangements 

            (air steam)                                                                  
     “S             ”                       (air steam)                                   ႔            
                         Duct                                                       (outdoor air 



Air Conditioning and Mechanical Ventilation (Vol. 1)                                                                       ႔ 

5-54 

temperature)                                     return air temperature                 
                          S                                                                      
                                        Ventilation system effectiveness                             
Damper                                damper schedule           
 ၁  Damper identification tag     Blade type 
    Location  ၈  Velocity pressure drop 
 ၃  Damper type  ၉  Fail position 
 ၄  Damper size & quantity  ၁၀  Actuator identification tag 
 ၅  Duct size  ၁၁  Actuator type & quantity 
 ၆  Arrangement  ၁   Mounting 

၅.၁၀ Air Distribution Devices 
Diffuser       register         ႔      grille                               air distribution 

device                  

Primary Air 

Primary air                      (supply outlet)                                     
                                                        ႕            

Total Air 

Total air           primary air       entrained room air    ႔                                
           Cooling                            (supply outlet)                        
                                                                                 
                                   y                                                   ႔ 
                                      ႔           

၅.၁၀.၁                         
            air                                                                          
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    ၅-၅                                                     

Throw 
Th  w                                                                        

(specified veloci y                                                                        
(air outlet                                                                         

                                        y       50  0. 5 m/s]    00  0.50  /   
   ႔      50 fpm [0.25 m/s]                                     y                         y 
                      

Th  w             w                     y                                          h  w 
                      w                     y    ႔                            

 
    ၅-၅၃  S        . Th  w                           w                                 (Plan view) 

 
    ၅-၅၄  Space air diffusion with overhead cooling 
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    ၅-၅၅ O              h  w            

             
    ၅-၅၆                                        

             
Drop 

    ၅-၅၆                cool air             ႔            drop)                  
T                                         y             ႔                               y 
                                     y   y                                         ႔        
                                                          (vertical spread)               
                         w                                      density)    
                          w                        d                                        

 
    ၅-၅                                                        h                            

Spread 
                                                                                       

 h                                                                   h                       
S                      outlet)                   y                    

Surface Effect 
                                                    ceiling                      d    

                                      supply air velocity)                     ႕             
(moving air mass)                                                                              
               w                             
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Occupied Zone 
                 ၆    6 ft [1.8 m])              “Occupied Zone”                

                               w                          ႕                                     
                               ႔                        ႔             “Coanda effect”            

  
    ၅-၅၈ Spread and Throw     ၅-၅၉  Active and inactive sections 

              Pressure Drop) 
                                                                                            

(pressure                                                                  y     h             
                                                       . w. .     ႔                           

 
           ၌                            air outlet                    y              

                                      

 
    ၅-၆၀  Space air diffusion with overhead heating 

 
    ၅-၆၁  Upward deflection     ၅-၆   Sidewall application 

           air flow                    air outlet)                  pressure loss)     
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    ၅-၆၃ Ceiling diffuser free space mounting     ၅-၆၄ Sidewall outlet free space mounting 

  

 
    ၅-၆၅ Ceiling diffuser       ၅-၆၆   Slot diffuser 

၅.၁၀.  Air Diffuser              

                       air con system                                              (air 
outlet)                                    

( ) Grilles and Registers 
Louver                                     (air outlet)                 (intake)     

                                                (square)    ႔                             
                       Face size        Neck size                                                       
               (adjustable) louvers                        (stationary) louvers                       
     Single deflection            grille                                         Double 
deflection            grille         horizontal       vertical                                    
           

Grille                                          Volume Control Damper  VC             
                “Register”                    
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( ) Linear Bar Grille 
                                                              grille         linear bar  

grille                

( ) Linear Slot Diffuser 

Linear Slot Diffuser                                                                
Slot                                     (½ in. [13 mm])         (¾ in. [19 mm])       
       (1 inch [25 mm])        ႔            Slot          ( )     (၁၀)                 
Linear slot diffuser                    (ceiling)                       

 
Round ceiling diffuser Square ceiling diffuser Louvered face diffuser 

 
Round plaque diffuser Square plaque diffuser Perforated ceiling diffuser 

 
Round Twist Diffuser Plenum slot diffuser Light troffer diffuser 

    ၅-၆၈  Diffuser                             

   
    ၅-၆၉Linear bar grille[6mm] spacing     ၅- ၀  Return grille     ၅- ၁  Linear slot 

diffuser 

  
    ၅-   Double deflection supply grille     ၅- ၃ Return grille 
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Industrial Ventilation 

   
Industrial supply grille Drum louver Nozzle  

  

 

Industrial return grille Security grille     ၅- ၄ 

Slot diffuser            light troffer diffuser                   (low air volumes)     
            throws                            VAV applications                      
               

၅.၁၀.၃ Diffuser               ႔  Characteristic Length  
Characteristic length for various diffuser types 

Diffuser Type  Characteristic Length, L 
High Sidewall Grille  Distance to wall perpendicular to jet 
Circular Ceiling  Diffuser Distance to closest wall or intersecting air jet 
Sill Grille  Length of room in the direction of the jet flow 
Ceiling Slot Diffuser  Distance to wall or midplane between outlets 
Light Troffer Diffusers Distance to midplane between outlets, plus 

distance from ceiling to top of occupied zone 
Perforated, Louvered Ceiling Diffusers Distance to wall or midplane between outlets 

၅.၁၀.၄            (Air Outlet)                     (Noise Level) 
           (air outlet)                     (noise level)     N     C         NC       

            Noise Criteria (NC)     sound pressure                           
           (air outlet)                     (noise level)               (air outlet) 

                   (velocity                              (air outlet)                     
    ASHRAE recommended NC level value                                   
Diffuser                                                          
24 in. x 24 in. module [610 mm x 610 mm], 380 cfm [180 L/s], 700 fpm [3.6 m/s] neck velocity 
 Diffuser Type NC Level  Diffuser Type NC Level 
(၁) Square Cone  17 (၅) Perforated Curved Vane  28 

( ) Square Plaque  18 (၆)  Louvered Face  31 

(၃)  Round Cone  22 ( ) Perforated Face Deflector 33 

(၄) Modular Core  26 (၈) Perforated Neck Deflector  37 
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၅.၁၀.၅ Plenum Slot Diffuser                                                       
 1 in. slot, 4 ft [1.2 m], 270 cfm [127 L/s], 8 in. [203 mm] neck, 800 fpm [4.1 m/s] neck velocity 

 Diffuser Type NC Level  Diffuser Type NC Level 
(၁) Linear Slot  31 (၃) Linear Ice Tong  39 

( ) Linear Fixed Curved  36 (၄)  Linear Wiper Blade  46 

၅.၁၁ Duct Cleaning 
Duct           ၌                                                                           

                      duct           ၌                                      ႔        (duct cleaning) 
                    

  
    ၅- ၅  Duct           ၌                               

Robotic Duct Cleaning 

   
    ၅- ၆ Robotic Duct Cleaning     ၅-   Duct cleaning             

 
    ၅- ၈ Robotic Duct Cleaning 

 -End-  
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Chapter - 6 Fans and Blowers 

                                                                              
           (ventilation            ၊            (quality)၊         (temperature)              
             (air movement)    ႔                                                 
                       (mold)                                                                        
                        ႔             (air freshness)       ႔                      ၊             
                                                            ႔    (excessive moisture)                
                    

                  ဏ              fan                                            ၊ 
duct                            ၊ control system                                        ၊ system 
                                                                   

၆.၁ Total Pressure ၊ Static Pressure and Velocity Pressure 
Fan                                    (rotating device)                     

           (pressure difference)                                                            
       ေလကို တစ္ေနရာမွ အျခားတစ္ေနရာသို႔ ေရာက္သြားေအာင္ ျပဳလုပ္ေပးႏုိင္သည့္  air moving 
device မ်ားကို “Fan” သုိ႔မဟုတ္ “Blower” ဟုေခၚသည္။  
Fan                        (pressure)                   
 (၁) Static Pressure 

 (၂) Velocity Pressure       

 (၃)  Total Pressure    ႔          
                                                       

Velocity pressure       static p                    total pressure       Static pressure     
fan                                  Total pressure     velocity pressure       (      )       
             Velocity pressure               (air flow rate)       duct                  (velocity) 
   ႔       ႔                                    (pressure)                                     
                      (pressure)  IP          inches of Water Gauge(in WG)    ႔      
inch of water column                       (pressure)   SI           Pascal (Pa            

 

Static Pressure 
                                      ”                                     
                           ၌                                       
                                         (r                           
                                s                         ဏ      
       (e                                            Posit             
                                                       

                        s                                         ၆-၃(                           
                                  air steam                                                      
          (atmospheric pressure)                                                        (vertical 



Air Conditioning and Mechanical Ventilation (Vol. 1)                                                                        ႔   

6-2 

difference)                                                  vertical difference)    i               
                                           

   ၃-၆( )                                                                            
             ႔         (facing into the air flow)       D                   (pressure)       
                 moving air    ႔                                      total pressure)    s      
                              

  
    ၆-၁               ၆-၂ No Air flow 

Pitot tube              velocity pressure                       

     
    ၆-၃     Static pressure     ၆-၃     Total pressure     ၆-၃  ဂ  Velocity pressure 

   ၆-၃(ဂ) Pitot tube                                           total pressure            
                          (air flow direction)                                        static 
pressure                                 (air steam)                                           
      (vertical difference)    total pressure              static pressure                        
velocity pressure                     

Velocity pressure     duct                  (velocity)   ဏ                              
                               velocity(FPM)    velocity pressure(in WG)                   
               (constant value) 4005     standard air density                   

                                          (
                  

    
)
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                                                       velocity)                          

                            ၌         velocity)                                  

၆.၂ Positive Pressure Duct and Negative Pressure Duct 

 
    ၆-၄      Static Pressure Total Pressure Velocity Pressure 

                           d          ၌  P        Pressure”                           
P       ”      P        Pressure”                 P        ၊       P                      P        
   ႔                  

 
    ၆-                negative static pressure       negative total pressure            

       (၆-        d          ၌           Pressure”                                   
    n                                 P        ၊       P              Velocity P           ႔           
        Negative pressure duct          

Negative pressure d          ၊ positive pressure d          ၊ velo                  
                            negative value)                                                   

Velocity (fpm)                                          Velocity Pressure”  in of 
wg)                 Standard air                          
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    ၆-၆                ၊ Static pressure       Velocity pressure             

၆ ၃                    Velocity Profile 

                                                                                    
                                                                    ႔                                
                                                    av                                       

   (၆-၇)    axial fan       centrifugal fan    ႔၌ velocity profile                              
100 % effective duct length     duct          (diameter)                                    
           

 

 

 
    ၆-၇ Duct                     velocity profile  
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(၁) Fan outlet velocity     2,500 fpm               
                                                        

(၂) Fan outlet velocity     2,500 fpm              100 % effective duct length     

                                   
   

    
                  

                     ႑                                H                 ”         
                  

   
   

   
 

h                                                      
                      ax           ႔                                                    

       ႔                                       ဏ       ႔          
   ႔                                                                                     

                                                  

 
    ၆-၈                                                                                             

                              

၆.၄ Fan ႏွင့္ သက္ဆိုင္သည့္ ေဝါဟာရမ်ား 
 National Association of Fan Manufacturers (NAFM)  မွ သတ္မွတ္ထားေသာ fan ႏွင့္ 
သက္ဆုိင္သည့္ အသံုးအႏႈန္းမ်ား- 
Volume   Fan ၏ outlet မွ ထြက္လာမည့္ ေလထုထည္ Cubic Feet per Minute(CFM) သုိ႔မဟုတ္  

Cubic Meter per Hour(CMH)ျဖစ္သည္။ 

Total Pressure Fan ၏           inlet pressure) ႏွင့္ အထြက္ဖိအား(fan outlet  pressure) တုိ႔ 
ျခားနားခ်က္။ 
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Velocity Pressure ထြက္ေနသည့္ေလ၏                                     (pressure)         
         Fan outlet ၌       ထြက္ေနခ်ိန္တြင္ average velocity ျဖစ္ေပၚေစေသာ 
pressure ျဖစ္သည္။ 

Static Pressure Fan ၏ total pressure မွ velocity pressure ကို ႏႈတ္၍ရေသာ ဖိအား(pressure) 
ျဖစ္သည္။ 

Power output Fan မွ ေလသုိ႔ ေပးႏိုင္သည့္ စြမ္းအင္ျဖစ္သည္။         air volume)ႏွင့္ fan total 
pressure တုိ႔ကို Horse Power(HP) သုိ႔မဟုတ္ kilowatt(kW) ျဖင့္ ေဖာ္ျပထားသည့္ 
စြမ္းအင္ ျဖစ္သည္။ 

Power input Fan ၏ ဝင႐္ုိး(shaft)ကို ေမာင္းရန္အတြက္ လုိအပ္ေသာ စြမ္းအင္ျဖစ္ၿပီး Horse Power 
(HP) သုိ႔မဟုတ္ kilowatt(kW) ျဖင့္ ေဖာ္ျပသည္။ 

Mechanical 
efficiency 

Fan ၏ power output ကို power input ျဖင့္ စားထားေသာ အခ်ိဳးျဖစ္သည္။ 

Static efficiency Fan ၏ mechanical efficiency ျဖစ္ၿပီး static pressure ႏွင့္ total pressure အခ်ိဳးျဖင့္ 
ေျမႇာက္ထားျခင္း ျဖစ္သည္။ 

Fan-outlet area Fan outlet ၏ ဧရိယာ ျဖစ္သည္။ 

Fan-inlet area Inlet collar ၏ ဧရိယာ ျဖစ္သည္။ 

၆.  Fan Equations  
            Standard air density)            0.075 lb/ft3( -P       ၊   2   

kg/m3             )၊ 1.201 kg/m3                     

                                                               

TP = Total Pressure(standard conditions) ATP = Actual Total Pressure 

SP = Static Pressure(standard conditions) ASP = Actual Static Pressure 

VP = Velocity Pressure(standard conditions) AVP = Actual Velocity Pressure 

     (pressure)                 inch of Water Gauge(WG)            
  
Fan         standard air condition                                     (operate)       

                                                

                                                    
 

             
 

 

               
               

                          
 

 

                                                   
 

             
 

SI                  

                          
          (

  

 
 )                        
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IP                  

                           
                                                

                 
 

ACFM = Actual ft3/min     and     BHP = Break Horse Power 

                        
                                         

                        
 

 

                     
                                         

           
 

 

                      
                                           

           
 

6346            (constant)                       
Pressure       Horse Power    ႔             (                           ႔      a      

              ) density condition                    

               
                    

                  
 

NFA          F    A              ”                 

                                    (
 

    
)
 

 
       velocity pressure              standard air                Velocity(FPM)    

                                    velocity pressure(in WG)                          inch of 
water column    ႔                       Fan     standard air                       
                                               

                                  (
 

    
)
 

   (
                      

                                  
) 

၆. .၁ Fan Pressure and Velocity Relationship 

                                               air stream)         pressure)       
        velocity)          (relationship)                     

                                                     
                                                             

 
     

    

  
    

      
 

  
 

I                                  ႔        

 
     

    

  
    

 

  
 

           (
    

 

  
) 

P              
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    (

    
 

          
  

    

) 

          ၌ 40°F                    (density     62.4 lb/ft3          W              
        2   lb/ft2                  62.4 lb/ft3  = 62.4 lb/ft2   per foot height of water.  
            ႔            (၁၂                 

    
  

   
                           (

       

        
)     

  

   
           

                                   

   
                          

                     ႔                                                          

    

            

(
          

     
)
   

                
         

    

  (
 

    
)
 

 

                                        moving air)                            
                    

                                         sea level, standard air condition 0.075 lb/ft3)  Fan 
                                                                                   

      (
 

    
)
 

 

 
၆. .၂ Fan Efficiency 

F                          ႔                                                             
                                    ႔                                                            
             (performance)                                                                     air 
flow)             pressure)                       energy)                                          
        
Fan mechanical e              

            
              

      
  

(
   

   
)  (

  
   

)

(
     
   

)
               

1 inch WG             2 lb/ft2                                motor power)    Horse 
Power(HP)                                                              (1 hp = 33,000 ft .lb/min ) 
                            HP    ႔                                   HP    ႔                
   ဏ                                                     

             
(
   

   
)  (

          

     
)

      
(
     
   

)
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Fan static e               

                    
                                              

                        
 

Static effici                                                         

    ၆-                                                       loss)                        
                                                                                 loss)                
  ၁  Impeller loss (heat) 
  ၂  Belt loss (heat)        
  ၃                        ႔          

 
    ၆-                          (belt driven)                 

 

Direct driven                             
                                       
Direct driven fan                       
                                

 ၁) Impeller loss (heat)       

 ၂) Motor loss (heat)   ႔          
 

    ၆-၁၀ Direct driven fan  

                                   direct drive                         (slippage) 
   ႔                                         (belt loss)   ႔                       

၆.၆ Fan အမ်ိဳးအစားမ်ား 

“Centrifugal Fan” ႏွင့္ “Axial Fan” မ်ားကို ACMV             တြင္ အမ်ားဆံုး အသံုး     သည္။  

  
    ၆-၁၁ Centrifugal Fan     ၆-၁၂ Axial Fan  
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၆.၆.၁ Fan ႏွင့္ Blower တို႔၏ ျခားနားခ်က္ 
Fan ႏွင့္ blower တုိ႔၏ ျခားနားခ်က္သည္ “Pressure Ratio” ျဖစ္သည္။ ေယဘုယ်အားျဖင့္ blower 

သည္ fan ထက္ပို၍ “Pressure Ratio” ပိုမ်ားသည္။ American Society of Mechanical Engineers (ASME)မ ွ
သတ္မွတ္ ေပးထားသည့္                          သည္  အထြက္ဖိအား(discharge pressure)ကို အဝင္ 
ဖိအား(suction pressure) ႏွင့္ စားထားသည့္အခ်ိဳး ျဖစ္သည္။ ထုိ  specific ratio ကို fan ႏွင့္ blower ခြျဲခားရန္ 
အတြက္ အသံုးျပဳသည္။  

Equipment Pressure Ratio Pressure rise (mm Hg) 
Fans Upto 1.1 1136 mm 
Blowers 1.1 to 1.2 1136-2066 mm 
Compressors  more than 1.20  

အထြက္ဖိအား(discharge pressure)သည္ အဝင္ဖိအား(suction pressure)     ညီလ်ွင္ သုိ႔မဟုတ္ 
ထက္နည္းလ်ွင္  Fan” ဟု သတ္မွတ္ႏုိင္ၿပီး အထြက္ဖိအား(discharge pressure)သည္ အဝင္ဖိအား(suction 
pressure) မ်ားလ်ွင္ “Blower” ဟု ေခၚဆုိႏိုင္သည္။ S                     P        Pressure”      
                        Pressure”                   

၆.၆.၂ Fan Rating                 (Class) 
Centrifugal fan                 performance) ဇယား ႏွင့္ performance curve မ်ားသည္ 

standard air flow rate (SCFM)ကို အေျခခံ၍ ျပဳစုထားၾကသည္။  

 
Fan ထုတ္လုပ္သူမ်ား(fan manufacturer)ေပးသည့္ centrifugal fan ၏ စြမ္းေဆာင္ရည္ 

(performance) သည္  standard air အေျခအေန(condition) အတြက္သာ ျဖစ္သည္။ Fan ေမာင္းသည့္ 
ေနရာသည္ standard အေျခအေနမွ အလြန္ ကြာျခားေနလ်ွင္ air density correction factor  သံုးျပဳ၍ 
အမွန္တကယ္ရွိမည့္ စြမ္းေဆာင္ရည္ (performance)ကို တြက္ယူရသည္။  

ဥပမာ အပူခ်ိန္ 200°F(93°C)ေလသည္ 70°F(21°C)တြင္ ရွိေသာ ေလအေလးခ်ိန္(weight   ၈၀% 
သာရွိသည္။ ထုိအေျခအေနတြင္ centrifugal fan သည္ ဖိအား(pressure)နိမ့္နိမ့္ကိုသာ ေပးႏုိင္ၿပီး စြမ္းအင္ 
သံုးစြမဲႈ(power consumption)လည္း နည္းလိမ့္မည္။ ေလအပူခ်ိန္ 200°F (93°C)တြင္ အမွန္တကယ္ 
လိုအပ္ေသာ ဖိအား (pressure)ကို ရရန္ air density correction factor 1.25(1.0/0.8)ကို အသံုးျပဳရမည္။ 
ေလအပူခ်ိန္ 200°F(93°C)တြင္ သံုးစြမဲည့္ စြမ္းအင္(power)ကို ရရန္ 70°F(21 °C) အေျခအေနရိွ စြမ္းအင္ 
သံုးစြမဲႈ(power consumption)ကို air density correction factor 1.25 (1.0/0.8        စားရမည္။  

Fan                 Fan Classes) 

Fan ၏ total pressure     3 3/4 လက္မ(water column)ထက္နည္းလ်ွင္ “       ” ဟု     
သတ္မွတ္ သည္။ Fan ၏ total pressure     3 3/4 လက္မ(water column)မွ  6 3/4 လက္မ(water 
column)အတြင္း ျဖစ္လ်ွင္ “        ” ဟု သတ္မွတ္သည္။ 

Fan ထုတ္လုပ္သူမ်ား(manufacturer)၏ သတ္မွတ္ခ်က္အရ ပင္လယ္ေရမ်က္ႏွာျပင္(sea level)  
ရွိေသာ ေလထုဖိအား(barometric pressure) 29.92 inches of mercury(101.325 kPa        အပူခ်ိန္ 
(temperature) 70°F(21°C)တြင္ ရွိေသာ ေလကို “Standard Air” အျဖစ္ သတ္မွတ္သည္။ ထုိ standard 
                       သန္႔ရွင္း၍ ေျခာက္ေသြ႔သည့္ ေလ၏သိပ္သည္းဆ(density)    0.075 lb/ft3 

(1.2 kg/m³)ျဖစ္သည္။ 
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ေအာက္ပါ ဇယားသည္ Air Movement and Control Association International (AMCA) 
standard မွ                     အတြက္ ဖိအား(                     သတ္မွတ္ေသာ fan  အဆင့္အတန္း 
(fan class)မ်ား ျဖစ္သည္။ Centrifuga                                    class of construction) 
                                      

 
    ၆-၁၃ Class of fan construction 

Class of Construction for Centrifugal Fan 
Class  Maximum Total Pressure  

I 3 ¾ in. wg - standard 
II 6 ¾ in. wg - standard 
III 12 ¾ in. wg - standard 
IV More than - 12 ¾ in. wg - recommended 

 

၆.၆.၃ Overloading Fan and Non Overloading Fan 
Fan မ်ားကုိ “Overloading Type” ႏွင့္ “Non Overloading Type” ဟူ၍ အမ်ိဳးအစား ႏွစ္မ်ိဳး 

ခြျဲခားႏုိင္သည္။ Backward curved blade centrifugal fan အမ်ိဳးအစားသည္ “    O          ” 
အမ်ိဳးအစား ျဖစ္သည္။ Forward curved ႏွင့္ radial blade centrifugal fan မ်ားသည္ “O          ” 
အမ်ိဳးအစား ျဖစ္သည္။  Axial flow fan မ်ားသည္ “    O          ” သုိ႔မဟုတ္ “O          ” အမ်ိဳးအစား 
အျဖစ္ ႏွစ္မ်ိဳးလံုး ရွိႏုိင္သည္။ 

Non-overloading Overloading 

Backward curved blade centrifugal fan 
Forward curved 
Radial blade centrifugal fans 

Axial flow fans Axial flow fans 
Air Moving Device မ်ားႏွင့္ ပတ္သက္လ်ွင္ “The AMCA standard Test Code for Air Moving 

      ”           ကိုးကားႏုိင္သည္။                        

       Total pressure မ်ားလာေလ fan တည္ေဆာက္ထားပံု အဆင့္အတန္း(fan class of construction) 
ျမင့္လာေလ ျဖစ္ၿပီး ပို                    
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၆.၇ Axial Fan       
၆.၇.၁ Axial Fan                  (Principle of Operation) 

                                                                             
                (force on air)                 ႔                                          
                                   ပန္ကာဒလက္မ်ား(blades)                               
               downward                            A                      ပန္ကာဒလက္မ်ား 
(rotating blades)    aerodynamic lift                   B                                   (air 
steam)              deflect                                                                              
        

Axial Fan - မ်ား၌ ေလထြက္ရာ(discharge)လမ္းေၾကာင္း ႏွင့္ ေလဝင္ရာလမ္းေၾကာင္း တုိ႔သည္ 
လည္ေနသည့္ ဝင္   းႏွင့္ အၿပိဳင္(parallel) ျဖစ္သည္။ တစ္နည္းအားျဖင့္             (air flow)သည္ impeller 
ကို                (axial direction) ျဖတ္သြားေသာေၾကာင့္ “A     F  ” ဟု သတ္မွတ္သည္။  

  
    ၆-၁၄ Forces on a flat plate in a moving 

airstream 
    ၆-၁  Forces on an aerofoil in a moving 

airstream 

  
    ၆-၁၆ Downwash from aircraft wing     ၆-၁၇ Air movement for basic axial fan 

 
H           ပန္ကာဒလက္(blade)                      H         blade                  

 Impeller”          Axial fan အမ်ိဳးအစားမ်ားကို wheel ၏ ပန္ကာဒလက္(blade) ပံုသဏၭာန္အေပၚ 

Power characteristic      “    O          ”        “O          ”                       
“    O          ”           absorbed power                      (maximum value)   ႔ 
                             (air flow)                 (power)                    
Overloading characteristic                (volume flow rate)                             
(power)                     Power characteristic     impeller            (type          
          

Axial fan မ်ားကို ေလထုထည္မ်ားမ်ား(high volume) ႏွင့္ ဖိအားနိမ့္နိမ့္(low pressure)ရရန္ လုိအပ္သည့္ 
အခါမ်ားတြင္ အမ်ားဆံုး အသံုးျပဳသည္။ 
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အေျခခံ  propeller (disc)၊      axial ႏွင့္ vane axial ဟူ၍ ခဲြျခားသတ္မွတ္ၾကသည္။ ေလမ်ားမ်ားရရန္ 
လုိအပ္သည့္ လုပ္ငန္းမ်ား(large air volume applications) အတြက္ axial flow fan မ်ားကို အသံုးျပဳၾကသည္။ 
သုိ႔ေသာ္ ေမာင္းသည့္အခါ ဆူညံသံျမင့္မား(higher noise level) ေလ့ရွိသည္။  

    
    ၆-၁၈ Propeller fans     ၆-၁  Tube axial fan     ၆-၂၀ Vane axial fan 

   ႔        comfort                     industrial air conditioning and             
                                                Axial fan                                   higher 
                        comfort air                                                         

   
    ၆-၂၁ Propeller fan     ၆-၂၂ Propeller fan     ၆-၂၃ Vane axial fan 

  
    ၆-၂၄ Hub and Blade     ၆-၂  Pitch Angle 

  A                       Axial of Rotation”                                            
 P        Rotation”           ပန္ကာဒလက္၏ေထာင္   blade angle)     Pitch Angle”        
        

၆.၇.၂ Axial Fan Impeller Design 
  ) Propeller Fan 

 

               Propeller fan ကို ဖိအားနိမ့္သည့္ လုပ္ငန္းမ်ား(low pressure 
applications) တြင္ အသံုးျပဳၾကသည္။ Efficiency နိမ့္သည္။ Propeller 
impeller မ်ားကုိ အကုန္အက်နည္းစြာျဖင့္ ျပဳလုပ္ တည္ေဆာက္ႏုိင္သည္။ 
Small hub တြင္ ပန္ကာဒလက္မ်ား(blades) တပ္ဆင္ေလ့ရွိသည္။  

ေမာ္တာမွ စက္မႈစြမ္းအား (mechanical power)သည္ ေလ(fluid)   သုိ႔ velocity pressure အျဖစ္ 
စြမ္းအင္ ကူးေျပာင္းသြားျခင္း(energy transfer) ျဖစသ္ည္။ ဖိအားနိမ့္နိမ့္(low pressure)ႏွင့္ ေလထုထည္ 
မ်ားမ်ား(high air volume air)    အတြက္ အသံုးျပဳသည္။ Duct မ်ားႏွင့္ တြ ဲ တပ္ဆင္ထားေလ့မရွိ။ 
နံရံမ်ားကို ေဖာက္                        
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  ) Tube Axial   
Tube axial fan သည္ propeller impeller ဒီဇုိင္းမ်ား ထက္စာလ်ွင္ပို၍ efficiency ေကာင္းသည္။ 

အသံုးမ်ားသည့္ static pressure range ကိုလည္း ထုတ္ေပးႏုိင္စြမ္း ရွိသည္။ Hub တြင္ ပန္ကာဒလက္(blade) 
(၄)ခု မွ (၈)ခု အထိ တပ္ဆင္ထားေလ့ ရွိသည္။ 

 

Hub ၏ အရြယ္သည္ ပန္ကာဒလက္မ်ား (blade)၏ အခ်င္း 
တစဝ္က္ေက်ာ္အထိ ရွိႏုိင္သည္။ ပန္ကာဒလက္မ်ား(blade)သည္ 
airfoil ပံုစံမ်ိဳးလည္း ရွိႏုိင္သည္။ ပန္ကာဒလက္မ်ား(blade)အထူ 
သည္ တစ္ညီတည္း ျဖစ္ႏိုင္သည္။ (single thickness cross 
section) ။ HVAC ႏွင့္ ACMV လုပ္ငန္းမ်ားတြင္ tube axial fan ကို 
အမ်ားဆံုး အသံုးျပဳ  သည္။ 

ေလစီးႏႈန္း နည္းျခင္း၊ မ်ားျခင္း အလြန္တိက်ရန္ မလုိသည့္                 low pressure)ႏွင့္ 
ဖိအားအသင့္အတင့္(medium pressure)         မ်ားအတြက္ အသံုးျပဳသည္။ အေျခာက္ခံ႐ံုမ်ား(drying 
ovens)၊ ေဆးမႈတ႐္ံုမ်ား(paint spray booths) ႏွင့္ fume စုပ္ထုတ္သည့္  system မ်ား စေသာ စက္မႈ 
လုပ္ငန္းမ်ားတြင္ အသံုးျပဳၾကသည္။  

 ဂ) Vane Axial   

 

Vane Axial  မ်ားသည္ ဖိအားအသင့္အတင့္(medium pressure) 
ႏွင့္ ဖိအားျမင့္ျမင့္(high pressure)ကို အေကာင္းဆံုး efficiency 
ျဖင့္ ထုတ္ေပးႏုိင္စြမ္း ရွိသည္။ Airfoil ပံုစံ ပန္ကာဒလက္မ်ား 
(blade) သံုးထားသည့္ vane axial ၏ efficiency သည္ 
အေကာင္းဆံုး ျဖစ္သည္။ ဖိအား(pressure)အနိမ့္အျမင့္ အားလံုး 
အတြက္ အသံုးျပဳ ႏုိင္သည္။ Down stream ၌ air distribution 
ေကာင္းသည္။ 

HVAC ႏွင့္ ACMV လုပ္ငန္းမ်ားတြင္ vane axial fan ကို အမ်ားဆံုး အသံုးျပဳသည္။ တျခားေသာ fan 
အမ်ိဳးအစားမ်ားထက္စာလ်ွင္ အလြန္ေသးငယ္သည္။ ေလထြက္ႏႈန္း(capacity) တူေသာ centrifugal fan ႏွင့္ 
ႏႈိင္းယွဥ္လ်ွင္ အရြယ္အစား အလြန္ေသးငယ္သည္။ 

၆.၇.၃ Axial Fan                (Performance) 
A                         volume)                               (medium pressure) 

                                                  E                                  
    (၆-၂၆)                                    a                                               
Variable pitch                  axial fan                           

 
Axial fan    ၌ aerodynamic stal                                               (peak pressure) 

                                    pressure)                                        
                                                                                       s             
        ပန္ကာဒလက္မ်ား(blades                            fatigue failure)                  ႔              
                           stall con                                operation                     
                                                

Blade pitch angle                  (air flow)                                  (power 
consumption)               
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    ၆-၂၆                                                                                             

၆ ၈             Fan မ်ား 

Axial fan                                                                                
                                                                  centrifugal force)          
                                                  ႔                                                   
                                                    

                                                                                       
                                                                    ႔             Air flow သည္ 
impeller ကို radial direction အတုိင္း ျဖတ္သြားလ်ွင္ centrifugal fan သုိ႔မဟုတ္ blower ဟု သတ္မွတ္သည္။ 
တစ္နည္းအားျဖင့္ ေလထြက္ရာ(discharge)လမ္းေၾကာင္းသည္ လည္ေနသည့္         shaft) ႏွင့္ ေထာင့္မွန္ 
(perpendicular) ျဖစ္သည္။ (၉၀) ဒီဂရီ ေထာင့္ခ်ိဳးျဖစ္ေနသည္။  

 
    ၆-၂၇ Centrifugal fan           ႔                      
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၆.၈.၁ Centrifugal Fan                  (Principle of Operation) 

  
    ၆-၂၈ Centrifugal fan impeller              

Centrifugal fan   impeller          ႔                  (shaft)                  impeller     
       radial direction         ( ၀)  ဂ                                          impeller     
              volute casing                    ၊                           ( ၀)  ဂ         
                      

Impeller                      ပန္ကာဒလက္(blade)                      ၌          
           ၌ centrifugal force                                   ႔                            
               ပန္ကာဒလက္(blade)                                        impeller         ႔ 
             Impeller                               ႔                         (continuous 
flow)             Centrifugal fan   impeller                                                
                            

     (၁)                                      radial direction                                 

 
     (၂)                          (blade)                      (blade passage)                   
(outlet area)                 (inlet area)                   ႔                            
    (blade passage)    diffuser       ႔                          ႔                  (air flow)   
relative velocity          (outlet)      ႔                       (outlet area)         ႔   
                  (velocity)                     (velocity)                    static 
pressure                 

     (၃)           impeller        ၌        ပန္ကာဒလက္(blade)                 rotational 
momentum                   Tangential directional                   velocity               
          impeller           radial direction                              flow   absolute 
   ဏ               Impeller      (outlet)            (maximum)                              
    absolute velocity                    Kinetic Energy(K.E)               Impeller           
          (across the impeller)    dynamic pressure                    

Impeller            (diameter)      ၊                         centrifugal 
force                 Central force        pressure gradient                         ႔        
                      (blade passage)        radius                    static pressure 
                                          impeller          (diameter)       static 
pressure                   
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    ၆-၂  Potential Energy(P.E) and Kinetic Energy(K.E) 

Casing    ႔      Housing 
 Casing                                 impeller                                    
                               (useful direction)   ႔                                           
            ႔      impeller                       dynamic pressure                         
(useful) static pressure         ႔                  

            
 

 
         

                           
            

              

Centrifugal fan       casing     volute     ဏ                ႔        impeller    
                     d                    Volute   cross sectional area                      
                                                                        (velocity) 
                  (velocity)    dynamic pressure                               

    

 
    ၆-၃၀                                                        
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                  work done                                                          
          (total pressure)                               Friction                               
          (loss)                          ႔        dynamic pressure                           
static pressure         ႔                                   

      centrifugal fan          static pressure 45%     impeller                    
                               %     casing         dynamic pressure    static pressure         ႔ 
                        Impeller              dynamic pressure (K.E)    ၀%    ႔    casing 
        static pressure (P.E)                              

 
  

    ၆-၃၁ Centrifugal fan casing      
Centrifugal fan မ်ားသည္ ဝင္လာသည့္ေလေၾကာင္းကို (၉၀)ဒီဂရီ ေထာင့္ခ်ိဳးကာ ထြက္သြားေစသည္။ 

ထို႔ေၾကာင့္ ဝင္ေလႏွင့္ ထြက္ေလသည္ ဦးတည္ရာ လမ္းေၾကာင္း မတူၾကေပ။ Centrifugal fan မ်ား၏ 
အားသာခ်က္မ်ားမွာ ဆူညံသံ အလြန္နည္းျခင္းျဖစ္သည္။ ယံုၾကည္စိတ္ခ်မႈ(reliability) ျမင့္မားသည္။ ဒီဇုိင္း 
အေျခအေနမွာ ေက်ာ္လြန္၍လည္း ေမာင္းႏုိင္သည္။   

 

 

    ၆-၃၂ Backward curved centrifugal fans     ၆-၃၃ Double inlet centrifugal fans 

Radial blade impeller                  (size)               (speed)                 
ပန္ကာဒလက္(blade)                   tangent                     (tangential velocity)         
                      ၊          (speed)         radial blade                ႔         (energy) 
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                                   (pressure)                             ႔           ႔     radial blade 
                 ႔             

 
    ၆-၃၄   (a) Radial blade (b) Backward inclined blade (c) Backward curved blade 

              centrifugal fan                            ႔    air particle)     
                                                             impeller          ႔ radial 
direction                   ပန္ကာဒလက္(blade)                                                    
                                                                 ပန္ကာဒလက္(blade)      
                          ႔               ႔               impeller          ႔        ႔             
                                                           ပန္ကာဒလက္(blade)                        
          

                                                    ပန္ကာဒလက္(blade)            
ပန္ကာဒလက္(blade)                                       ႔        backward inclined blade 
        efficiency                    ၊ radial blade         efficiency                  Casing 
        impeller                        Kinetic Energy(K.E)        Potential Energy(P.E) 
        ႔                                                               

 
Centrifugal fan      s                             axial fan                       Centrifugal 

fan                                           pressure)              (volume)            
          Centrifugal fan         impeller     ဏ                s                              

Fan              (volume flow rate)                               (control)          
                                           fan         Inlet Guide Vane(IGV)                    
(volume flow)                      (control)           Inlet guide vain                            ၊ 
                                        impeller                   (direction)        
                    efficiency                                  

Centrifugal fan မ်ား၏ ထူျခား ေကာင္းမြန္ခ်က္မ်ားမွာ အသံဆူညံမႈနည္းျခင္း(quiet)ႏွင့္ ဖိအား 
ျမင့္သည့္ လုပ္ငန္းမ်ား(high pressure application)တြင္ efficient ျဖစ္ျခင္း တုိ႔ျဖစ္သည္။ Air Handling 
Unit(AHU) ႏွင့္ Fan Coil Unit(FCU) အားလံုးနီးပါး တြင္ centrifugal fan သုိ႔မဟုတ္ blower မ်ားကို 
အသံုးျပဳၾကသည္။ 

Centrifugal fan                       (blade)                     fan curve       
    ဏ                    
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    ၆-၃  Impeller and Blade 

အထက္ပါပုံမ်ားသည္ backward inclined centrifugal fan တစ္လံုး၏ wheel ႏွင့္ ပန္ကာဒလက္(blade) 
ပံုမ်ားျဖစ္ၾကသည္။  

၆.၈.၂ Centrifugal Fan မ်ား၏ Impeller       Blade Design      

  
    ၆-၃၆      (blade)             

ဖိအား ျမင့္ျမင့္(high pressure)လုိအပ္သည့္အခါႏွင့္ ရွည္လ်ားသည့္ duct မ်ား တပ္ဆင္ထားသည့္ 
အခါမ်ိဳးတြင္ centrifugal fan မ်ားကို အသံုးျပဳၾကသည္။ Centrifugal fan အမ်ိဳးအစားကို impeller ရိွ ပန္ကာ 
ဒလက္(blade)  ပံုသဏၭာန္ကို အေျခခံ၍ radial(straight ၊               ၊           lade ႏွင့္ aerofoil 
ဟူ၍ အဓိက အားျဖင့္ ခဲြျခားသတ္မွတ္ၾကသည္။ Impeller လည္သည့္ ေရွ႕ဘက္(forward)သုိ႔ ေစာင္းထား 
(inclined)၊ ေကြးထား (curved)ေသာေၾကာင့္  “Forward Inclined/Curved Blade”                          

Centrifugal fan    ႔      blower       ၌            (blade)              (wheel)    
 Impeller”           Impeller                                    Blade”           Side 
plate blade           back plate         ႔      impeller                                 
   (၆-၃၃)                       impeller     hub                                                

    
Radial Blade Radially Tipped Forward Curved Blade 

    
 

    ၆-၃၇ Backward Curved Blade Backward inclined blade Backward curved aerofoil 
                                           ပန္ကာဒလက္ဒီဇုိင္း(blade design)                
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Radial(straight) 
Radial       (straight)               ပန္ကာဒလက္(blade) 

Radial Tip 
     (straight)               ပန္ကာဒလက္(blade) 
            ႔             (tip)                 

Forward Blade 

Forward Inclined  ေရွ႕ဘက္(forward)သုိ႔ ေစာင္းထား(inclined)သည္။ 

Forward curved ေရွ႕ဘက္(forward)သုိ႔ ေကြးထား(curved)သည္။ 

Forward curved 
aerofoil 

Aerofoil                             ႔ ေကြးထား 
(curved)သည္။  (အသံုးနည္းသည္။) 

Backward Blade 

Backward Inclined  ေနာက္ဘက္(backward)သုိ႔ ေစာင္းထား(inclined)သည္။ 

Backward curved ေနာက္ဘက္(backward)သုိ႔ ေကြးထား(curved)သည္။ 

Backward curved 
aerofoil 

Aerofoil                  ေနာက္ဘက္(Backward)   ႔ ေကြးထား 
(curved)သည္။ 

Aerofoil  Aerofoil                       

  ) Radial B          

 

Radial blade impeller မ်ားသည္ အရွင္းလင္းဆံုးေသာ ဒီဇိုင္းျဖစ္ၿပီး၊ efficiency 
အနည္းဆံုးျဖစ္သည္။ Radial b                      mechanical strength)    
       ဆံုး ျဖစ္သည္။ အလြယ္တကူ ျပဳျပင္ႏိုင္သည္။ Radial impeller ကို 
အသံုးျပဳျခင္းေၾကာင့္                     (medium speed)သာ ရႏုိင္သည္။ Radial 
blade ႏွင့္ modified radial blade ဟူ၍ ႏွစ္မ်ိဳး ရွိသည္။  

ပန္ကာဒလက္(blade) (၆)ခု မွ (၁၆)ခုအထိ ရွိတတ္ၾကသည္။ စက္႐ုံမ်ား(industrial plants)တြင္ ပစ          
      ႔   (material handling application)အတြက္ အသံုးျပဳၾကသည္။ တစ္ခါတစ္ရံ impeller ကို special 
material ျဖင့္ ဖံုးအုပ္(coating)ထားေလ့ရွိသည္။ စက္မႈလုပ္ငန္း(industrial)မ်ားတြင္ လုိအပ္ေသာ ဖိအားျမင့္ျမင့္ 
(high pressure)ကို ထုတ္ေပးႏုိင္စြမ္း ရွိသည္။ 

 ပန္ကာဒလက္(blade)            (leading edge)             ဏ    (curve           
                                        ႔                               

Back plate    ႔      paddle type blade         spider hub                  ႔ 
              Centrifugal fan          radial blade fan         efficiency                  
Efficiency  ၀%    ၆၀%                  ႔     high peak pressure                O           
                              
 Impeller          (diameter)                (running speed)       centrifugal fan 
                      radial tipped impeller fan                         (total pressure)    
                 Efficiency            ႔                  (volume flow rate)                    
(volume flow)                         (pressure)               Stall characteristic     
                                      

Radial Tipped Blade 
 Radial blade         impeller           (direction)   ႔                                 
(reclined          O                         fan                               (peak) efficiency    
forward curved fan efficiency       backward blade fan efficiency                         
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 Radial tipped blade              (maximum) blade tip absolute velocity                
Radial impeller         angular momentum    ဏ                         Radial blade passage 
                                               efficient          Radial tipped blade       
      (leading edge)                                             ပန္ကာဒလက္မ်ား အၾကားေနရာ 
(blade passage)          ႔               ႔                                                   ႔   
             ႔        efficiency                           

( ) Forward Blade      

 

Forward curved blade impeller ၏           forward curved blade 
မ်ားတပ္ထားသည့္ impeller ျဖစ္သည္။ Forward curved blade impeller efficiency 
သည္  airfoil ႏွင့္ backward curved blade impeller ၏ efficiency ထက္ 
နည္းသည္။ အေလးခ်ိန္ေပါ့ပါး(lightweight construction)ေသာေၾကာင့္ ေစ်း 
သက္သာသည္။ ပန္ကာ ဒလက္(blade)မ်ား (၂၄)ခု မွ (၆၄)ခု အထိ ရွိတတ္သည္။ 
                            shallow blades) ျဖစ္သည္။ 

ေလသည္                မွ tip speed ထက္ မ်ားသည့္ အလ်င္(velocity)ျဖင့္ ထြက္သြားသည္။ 
ေလထြက္ႏႈန္း(capacity)တူသည့္ centrifugal fan မ်ားအနက္ forward impeller ကိုသံုးလ်ွင္ အရြယ္အစား 
အငယ္ဆံုး ျဖစ္သည္။ အိမ္သံုး(domestic) furnace မ်ား packaged air conditioning မ်ားႏွင့္ roof top unit 
မ်ားတြင္ forward impeller ကို အသံုးျပဳၾကသည္။ 

 ပန္ကာဒလက္(blade)        impeller                 (direction)                   ႔ 
                         ႔                                        O                                
                                 (air flow)                                      overload 
                         forward curved impeller             duty    ႔      load           
       (air volume)                                                       (peak) efficiency     ၇၀  
         backward bladed fan efficiency             

Forward Curved Blade Impeller 
          ပန္ကာဒလက္(blade)                          absolute velocity (blade tip)           
            ႔               (air volume)                                 ႔        ပန္ကာဒလက္ 
(blade)                                                                                          
            forward curved blade                                             ပန္ကာဒလက္ 
(blade)                                                                  
                 (high velocity         ပန္ကာဒလက္(blade)                    (friction) 
         ပန္ကာဒလက္(blade)           (angle)                 ႔                                 
            Turbulence                                         (blade passage)              
         (energy dissipate)                              ပန္ကာဒလက္(blade)                        
ပန္ကာဒလက္(blade)                                              ပန္ကာဒလက္(blade)     
                                             ပန္ကာဒလက္(blade)                                
fluid shear stress                                                          (skin friction) 
            Efficiency              ၊              (                        )                (mechanical 
strength)                 ႔                            
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                  (tip velocity)                                              (volume flow 
rate)                    Fan curve                 (dip                        ႔           
stall characteristic                                                              

(ဂ) Backward Blade  
 ပန္ကာဒလက္(blade) ( )     (၁၆)              ပန္ကာဒလက္(blade)        impeller 
                (direction)     ႔                        (inclined)     Inclined blade 
                    ဏ    (flat)    ႔              ဏ    (curved) plate                 Overload 
              (non-overloading) fan                High efficiency                  Plate blade 
        80% efficiency                  aerofoil blade       efficiency     90            

 Backward inclined impeller        e                                                  
(blade passage)              diffuser       ႔                           Backward inclined 
blade         radial blade                                                       (gradually)   
diffuse               ႔                  (air flow)          (uniform)                   
         (blade passage)                       (air flow)               ႔                       
         Backward curved    ႔      aerofoil blade         backward inclined blade         
                   efficiency               

Backward Inclined Blade 
 Backward inclined plate impeller     radial blade                   (impeller diameter       
running speed         )          (low) peak pressure                       ႔                     
(high volume)                     Stall characteristic     radial tipped impeller                 
HVAC application                             (industrial application)                             
                             (erosive duties)                                 

                                         airfoil impeller မွ ရႏုိင္ေသာ efficiency ထက္ 
အနည္းငယ္သာ နည္းသည္။ ေလသည္ impeller မွ tip speed ထက္ နည္းသည့္ velocity ျဖင့္ ထြကသ္ြားသည္။ 
ေဇာက္နက္သည့္ ပန္ကာဒလက္မ်ား(deep blades) ျဖစ္သည္။ သံေခ်းတက္သည့္ ေနရာမ်ား(corrosive 
environment)                                       erosive environment)တြင္ airfoil impeller မ်ားကုိ 
အသံုးျပဳရန္ မျဖစ္ႏုိင္သည့္အခါ backward impeller မ်ားကုိ အသံုးျပဳၾကသည္။ 

Backward Curved Blade 
 Backward curved blade               absolute velocity                         Radial tipped 
blade         streamlined blade passage              Radial passage                             
     Diffuser     ဏ                                 (separation of air flow)           
                                        Overload               (non-overloading) fan                 

Backward Inclined Aerofoil Blade 
 Backward inclined aerofoil     ACMV system                                   
                                             (large scale industrial application)                  
         (power saving)                     Low ၊ medium       high pressure system      
                                      (၄)                        fan            ႔              
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                      erosive)                                 (industry application)              
       Erosive                                       ပန္ကာဒလက္(blade)        coating       
           Blade tip                                                 

             (blade)               rotational energy    ဏ                
aerodynamic losses          Backward blade         aerofoil     ဏ                                  
                                          (blade passage)         ႔             
                                               Aerofoil     ဏ                          ပန္ကာ 
ဒလက္(blade)                         bending stress                              ပန္ကာဒလက္ 
(blade)          stiffener                        second moment of area                                
          (diameter)                (speed)             (pressure)                          
impeller                         (volume flow rate)                      

 

  

Centrifugal impeller ဒီဇုိင္းမ်ားအားလံုးအနက္ airfoil သည္ 
အေကာင္းဆံုး efficiencyကို ေပးႏိုင္သည္။ ေလသည္ impeller 
မွ tip speed ထက္နည္းသည့္ velocity ျဖင့္ ထြက္သြားသည္။ 
ပန္ကာဒလက္ (blade)မ်ားသည္ (၉)ခု မွ (၁၆)ခု အထိ ရွိတတ္ 
ၾကသည္။ ေဇာက္နက္သည့္ ပန္ကာဒလက္ (deep blade) မ်ား 
ျဖစ္ၾကသည္။  

Airfoil impeller ကို အသံုးျပဳျခင္းျဖင့္ centrifugal fan ကို          (speed)ျမင့္ျမင့္ျဖင့္ ေမာင္းႏုိင္သည္။ 
ႀကီးမားေသာ  centrifugal fan မ်ားတြင္ airfoil impeller ကို အသံုးျပဳျခင္းေၾကာင့္ စြမ္းအင္ေခြ်တာမႈ(power 
saving) မ်ားေအာင္ ျပဳလုပ္ႏုိင္သည္။ 

 ၆.၈.၃ Centrifugal Fan   Velocity Triangle  
Impeller     reference                              (air flow)    relative                   
Impeller outlet         relative velocity   direction     blade tip   direction                

   
    ၆-၃၈ Forward Curved Blades Flat Blades (Radial Blade) Backward Curved Blades 

V  = Absolute velocity of air leaving blade(shown equal for all three blade type) 
Vr =Velocity of air leaving blade relative to blade  
Vb = Velocity of blade tip                                                                     

                 (tip velocity)                                    fan               (volume flow 
rate)                           Impeller          (diameter)                            tip 
velocity                               ႔               (running speed)                          ႔      
                                                 (tip velocity)                                    
    (blade)                      (                                           
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    ၆-၃  Flow relative to impeller and flow relative to casing 

၆.၈.၄ Centrifugal Fan Arrangement 

 

     ၆-၄၀ ေမာ္တာ တပ္ဆင္ရာ ေနရာျပပုံ 

 
Clockwise  
down blast 

Clockwise 
up blast 

Clockwise 
Top angular down 

Clockwise 
Top angular horizontal 

 
Counterclockwise  

down blast 
Counterclockwise  

up blast 
Counterclockwise  
Top angular down 

Counterclockwise  
Top angular horizontal 

    ၆-၄၁ Centrifugal fan arrangement             

ပန္ကာဒလက္(blade)          (tip)            rotational velocity            ႔ 
                         (energy)    ဏ               Impeller                           
                  (volume flow rate)    ဏ                                 (tip velocity) 
                 (volume flow)                စြမ္းအင္သံုးစြမဲႈ(power consumption)     
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Discharge arrangement မ်ားကို ပံုမ်ားႏွင့္တကြ ေဖာ္ျပထားသည္။ Clockwise သုိ႔မဟုတ္ Counter 
clockwise စသည့္ လည္သည့္ဘက္(rotation direction)ကိုသတ္မွတ္ရန္ေမာ္တာရွိသည့္ဘက္မွ ၾကည့္ရသည္။ 

 

 
Fan တစ္လံုး၏               performance)ကုိ ဇယားပံုစံ(tabular form)ျဖင့္ ေဖာ္ျပေလ့ ရွိသည္။ 

ဇယားမွ အခ်က္အလက္မ်ားအရ  centrifugal f                                   Class I rating 
ျဖစ္သည္။  Centrifugal fan အမ်ိဳးအစားသည္ backward-curved ျဖစ္သည္။  Wheel diameter သည္ (၄၄) 
လက္မခြဲ ျဖစ္သည္။  Tip speed ကို ရရန္             wheel လည္သည့္ အပတ္ေရ(RPM)ျဖင့္ ေျမႇာက္ယူ 
ႏုိင္သည္။  တတိယ row ႏွင့္ 1/2" SP column မွ 16613 CFM ႏွင့္ Static Pressure 1/2" ရရိွရန္ fan ကို 264 
RPM ျဖင့္ ေမာင္းရမည္ျဖစ္ၿပီး 1.64 BHP သံုးစြလဲိမ့္မည္္။  

သုိ႔ေသာ္ ဂရပ္(                                  performance curve                          
ပို၍ လြယ္ကူသည္။ တစ္ခါတစ္ရံ curve မရရိွႏုိင္သည့္အခါတြင္               (constant speed) တစ္ခုတြင္ 
ရွိေသာ ဖိအား(pressure)ႏွင့္ စက္စြမ္းအား(horse power)ကို အသံုးျပဳ၍ လုိအပ္ေသာperformance curve ကို 
မိမိ ာသာ ျပဳလုပ္ယူႏုိင္သည္။ သုိ႔မဟုတ္ “Fan Law” ပံုေသနည္းမွ တြက္ယူႏုိင္သည္။  

၆.                  ၊                    (Region)       Stall            (Characteristics) 

 Centrifugal fan curve                  (dip                                     
(dip)                                                   Rotating stall                

Fan         s                            (blade)                           ႔      
          (air flow)                                (blade)           ၌ stall                
    ႔      impeller              (blade)                           Centrifugal fan         
(pressure)                                                           centrifugal fan            
stall     axial fan                                     

Centrifugal fan                           (pressure)                                       
(volume flow rate)                                                                     (low 
frequency noise)              fan casing ၊ duct work       impeller    ႔                          
(vibration)                 (pressure)             impeller ၊ duct work         ႔                    
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    ၆-၄၂                  

  
    ၆-၄၃                                         efficiency                                      

            efficiency                       s                      ၌                  
                         (pressure)                                                                   
                             

 

Radial blade fan       radial flat blade                   
            ႔                                    
(solid particle)                 radial fan     
                                               ႔     
efficiency          Forward curve blade         
                                       t         
                                

    ၆-၄၄ Flow breaking away form the blade nose         
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Medium tip speed       high tip speed    ႔                      Forward curve blade              
(weak      ၊ efficiency             ႔                                 (large scale industrial application) 
                                                                       (domestic) heating       
cooling system                         

  
    ၆-၄  Inlet Cone                         

၆.၁၀ System                              (System Resistance) 

 
            Point A                (pressure)    point B                (pressure)                (PA 
> PB) point A             point B   ႔                    Point A           point B    ႔           
                       (pressure drop) (                                                
                 duct                       ၌                         (friction                  

          Duct      (bend)    ၊ damper      ၊ duct section          turbulence flow            
                     (pressure drop)                                      Heater     ၊       
(filter)                                                                                        
              (pressure drop              ႔                        (pressure loss)             (system 
resistance)           

 
                                  (system           damper     ၊            (device) 

                     )                   air volume)          ၊              system curve 
                                System curve                       

၆.၁၀.၁        R                             
   (၆-၄၆)     
Point A -     fan                                 duct system                O         P    ” 
          

 Duct                                          ႔                          
           (differential pressure)                           ႔    duct                           
                ႔                                (pressure drop              

         (system resistance                       system curve    ႔                        
                           S                                             system            
              fan                (performance)                                    
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Point B – System (duct)                 equipment                                     (system 
resistance)                    system curve     Y axis               ႔              Curve 
                           

Point C - Damper              ႔               (system resistance)                           system 
curve     Y axis            ႔               curve                            

     ႔      system resistance                (air density)                                

 
    ၆-၄၆ System resistance       Fan curve 

 

၆.၁၀.၂  Duct System     Damper                ၊                                            
Point P1   
   (၆-၄၇)     damper                ၊                  system c                  (effect of opening and 
closing system damper)                  Point P1      damper             o               
         Damper                 (fully open)      ၌          (system resistance)           

Point P2   
Point P2     damper                          (partially open)      ၌          (system 
resistance)             system resistance curve                 operating p              

                (pressure loss)   ဏ              (volume flow rate)                    
                           ႔               (air volume)                                           
(pressure loss                                   constant air density                   
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    ၆-၄၇ Damper fully open and Partially closed 

၆.၁၀.၃       (Air Filter)                                       
    ၆-၄၈            air filter) ေၾကာင့္ system curve ေျပာင္းလဲပံုကို ေဖာ္ျပထားသည္။  

 
    ၆-၄၈        air filter)                                                     

No Filter Point (P0, P3, P4) 
P0 ၊ P3 ၊ P4 လိုင္းသည္       air Filter) မတပ္ဆင္ထားေသာေၾကာင့္    ႔      ျဖဳတ္ထား ေသာေၾကာင့္ 
ျဖစ္ေပၚေနေသာ system curve ျဖစ္သည္။  

 System          (resistance)            Y axis                    system curve 
                             System          (resistance)             Y axis       
             system curve                              
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Operating point သည္ system curve ႏွင့္ fan curve တုိ႔ ျဖတ္သြား ေသာေၾကာင့္ ျဖစ္ ေပၚလာေသာ 
intersection point ျဖစ္သည္။       air f                      operating point သည္ ေလစီးႏႈန္း 
(flow) 3.23 m3/s ႏွင့္       total pressure) 510 Pa တို ႔ ျဖတ္မွတ္(intersection point) ျဖစ္သည္။   
 
      F                   Operating Point (P ႏွင့္ P1) 
P ႏွင့္ P1 လိုင္းသည္           clean air filter) တပ္ဆင္ထားေသာေၾကာင့္ ျဖစ္ေပၚလာေသာ system 
curve ျဖစ္သည္။  
Operating point သည္ ေလစီးႏႈန္း(flow) 3.0 m3/s ႏွင့္       total pressure) 531 Pa တို ႔ ျဖတ္မွတ္ 
(intersection point) ျဖစ္သည္။   

                   (Dirty Air Filter                      Operating Point (P2) 
P2 လိုင္းသည္                   (dirty air filter)တပ္ဆင္ထားေသာေၾကာင့္ ျဖစ္ေပၚ 

လာေသာ system curve ျဖစ္သည္။ Operating point သည္ ေလစီးႏႈန္း(flow) 2.75 m3/s ႏွင့္      (total 
pressure) 550 Pa တို ႔ ျဖတ္မွတ္ (intersection point) ျဖစ္သည္။   

   ႔             (dirty air)                               (pressure resistance)         
          ႔                 (system resistance)           fan curve                    
                   (air filter)                            system pressure 531 Pa    550 Pa 
   ႔                ႔                  (air flow)    3.0 m3/s    2.75 m3/s    ႔                 
                           (air flow rate)                  fan                                 
                        

 
၆.၁၁ Fan Performance Curve    ႔      Pressure - Volume Curve 

  
    ၆-၄၇ Theoretical fan curve and actual fan curve 

   (၆-၄၇)    backward blade centrifugal fan                                         
Centrifugal fan                       (performance)         (pressure)                  (volume 
flow rate)   ႔                         ႔         P       -            ”           Fan                

    ႔                         (energy consumption)                           (air filter) 
        ႔                      
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(pressure)                (volume flow rate)   ႔             (relationship)                  curve 
     Fan Curve”             F        ”    ႔       Pressure – Volume Curve”     fan          
characteristic                Centrifugal fan          power characteristic               (volume 
flow)                                        (power consumption)                        

Fan characteristic curve      X        (X axis)              (volume flow rate)          Y 
       (Y axis)     static                   SI                     fan curve                 (volume 
flow rate)     X        (X axis)၌   H                  Pressure development     Y        (Y axis)     
Pascal (Pa                  

Fan          theoretical characteristic                 (straight line)          Rotational 
loss     ၊ frictional loss            incidence    ႔                                  (actual fan 
pressure)                     Incidence     impeller inlet                  fluid       blade angle 
            ႔                           

  
Fluid angle       blade angle                                                     incidence     

   (zero)                   Incidence                              (loss)                          
   ႔        peak         (left)  negative slope                  (right)  positive slope         
     

 

 
   ႔                  (air flow)    ႔                                  ၊                 

           (analysis)                                                                            
fan c         reference             ႔                                                       
                                                                  

Fan ထုတ္လုပ္ေရာင္းခ်သူမ်ားထံမွ fan curve ကို ရရိွႏုိင္သည္။ Fan ကို fan curve ၏ ေနရာတုိင္း၌ ေမာင္းရန္ 
မသင့္ေလ်ာ္ပါ။ ထုိ fan curve တစ္ေလ်ွာက္တြင္                 သည္ အသံုးျပဳရန္ မသင့္ေသာ 

                                         (friction loss)                   (mean 
velocity)              (square)                          (air flow rate)                         
(pressure loss)                  Peak efficiency         fluid angle       blade angle    ႔    
                        ႔        incidence        (zero)          

Fan c          ၌          power)                                (air flow) 
                       f                       pressure)                               
                              (air flow)                        f                       
(pressure)                 (square                             

          Duct system c          ၌           (air flow)                        duct s        
               (pressure loss)                 (square                            F           
                 duct s                       (pressure loss)                 (square             
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ေနရာျဖစ္သည္။ ဘယ္ဘက္အစြန္းသည္ stall                                               
                      Fan curve ၏ အလယ္ သံုးပံုတစ္ပုံ ေနရာသည္သာ ေမာင္းရန္ အသင့္ေတာ္ဆံုး 
ေနရာျဖစ္သည္။                  fan performance curve                                            
                                             

  

    ၆- ၀ Ty                               recommended performance r                       
Efficiency curve                                            fan              

                                Fan         peak efficiency                                  
         Peak efficiency                    load    ႔      duty                       
                 (power consumption)                   Peak efficiency                          
(noise level)                       (Efficiency vs noise curve             ) 

F                    Steep Fan curve 

F                                                                        (flow rat          
                                                                                                
                      

                                                                                      
(pressure)                                                                                         
                                           

 
    ၆- ၁  Steep curve and flat curve                   
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Ducted system                                          ႔                       
             energy)         (pressure)             ႔    ႔                                            
     (pressure)                     wall)                                             frict     
                                  bend)     ၊                                                
                       ႔                      pressure drop              

၆.၁၂ Fan Law    ႔      Law Of Fan Performance   
 Fan law     fan curve              (point)                                  

 
Fan Law     fan          
 (၁)                                   
 (၂)          (speed)                    

 (၃)             (density                            ႔  fan                    (volume 
flow)၊       (pressure)               (power)   ႔          ႔                                   
                                                           

Fan          (volume)                        

        (
  

  

)               (
  

  

)  

  
Fan        (pressure)                        

                      (
  

  

)
 

                                  (
  

  

)
 

  

                             (
  

  

) 

 
Fan           (power)                       

                (
  

  

)
 

                      (
  

  

)
 

                       (
  

  

) 

Fan တစ္လံုး သုိ႔မဟုတ္ fan system တစ္ခုသည္ operating condition ေျပာင္းလဲသည့္အခါ 
ျဖစ္ေပၚလာမည့္ fan                 performance)ကို ခန္႔မွန္းရန္အတြက္ fan law ကို အသံုးျပဳသည္။ 
လိုအပ္သည့္ operating condition ကို ေပးႏုိင္မည့္ operation point သုိ႔မဟုတ္ range ကို fan curve မွ 
ရႏိုင္သည္။ F                            operating condition                       ႔      f   
         (speed)                               fan                 performance)ကို ခန္႔မွန္းရန္အတြက္ 
fan law ကို အသံုးျပဳေလ့ရွိသည္။ မည္သည့္ f                                           ႔       
    ဏ             (geometrically similar) fan                                             

  ေအာက္တြင္ fan law ဇယားျဖင့္ ေဖာ္ျပထားသည္။ အသံုးျပဳထားေသာ symbol မ်ားမွာ ေအာက္ပါ 
အတိုင္း ျဖစ္သည္။  

    Fan Law               ဏ          (geometrically similar) fan                     
(performance)       ႔                                           ၊                  fan       
                   ႔  (surface roughness) ၊       ႔              (gas)               (viscosity) 
   ႔                    
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 Q – Volume flow rate thru the fan. (CMH သုိ႔မဟုတ္ CFM) 

 N – Rotational speed of the impeller.(rpm) 

 P – Pressure developed by the fan(either static or total) 

 Hp – H                            H     ႔      kW) 

 D – Fan wheel diameter. 

 W – Air density 

 

 
အထက္ပါ fan law အရ (air d              fan          (size)                   ) 

(၁) Volume flow rate(Q)သည္ Rotational speed(N)ႏွင့္ တုိက္႐ုိက္ အခ်ိဳးက်သည္။ 
 Rotational speed(N)မ်ားလ်ွင္ Volume flow rate(Q) မ်ားသည္။ 
(၂) Static or total Pressure(P)သည္ Rotational speed(N)၏ ႏွစ္ထပ္(square)ႏွင့္ တုိက္႐ုိက္ အခ်ိဳး 

က်သည္။ 
 Rotational speed(N)မ်ားလ်ွင္ static or total Pressure(P) မ်ားသည္။ 
(၃) Horsepower input to the fan (Hp)သည္ Rotational speed(N)၏ သံုးထပ္(cube)ႏွင့္ တုိက္႐ုိက္ 

အခ်ိဳး က်သည္။ Rotational speed(N)မ်ားလ်ွင္ Horsepower input to the fan(Hp) မ်ားသည္။ 

              (air density)          barometric pressu                                  
                                      (air                                  absolute 
temperature)                           (inversely proporational                             
                   (                            
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     - L         3     

Given: Air quantity - 33,120 CFM Static pressure - 1.5 in wg 

 Fan speed - 382 RPM Brake horsepower - 10.5 

                                382 RPM        RPM    ႔                            (capacity ၊  

                                   horsepower)    ႔           

    -  𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦   33 1 0 𝑥  
440

38 
    38 1 0 𝐶𝐹𝑀 

  𝑆𝑡𝑎𝑡𝑖𝑐 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒   1   𝑥  
440

38 
   2       0 𝑖𝑛 𝑤𝑔 

  𝐻𝑜𝑟𝑠𝑒 𝑝𝑜𝑤𝑒𝑟   10   𝑥  
440

38 
  3    16 1 𝐵𝐻  

      -                       ၃၀        fan                               (sea level)     1,040 
RPM                                  10,000 CFM          static pressure 2.18 in. wg             
         5.77 BHP              

    system                   2      F                                        
                           

 2      𝑥 
 2

  

  1040 𝑟𝑝  𝑥 
1  000 𝑐  

1  000 𝑐  
 1 48 𝑟𝑝  

𝐻 2   𝐻   𝑥 (
 2

  

)
3

        𝑝 𝑥 (
1 48 𝑟𝑝 

1040 𝑟𝑝 
)
3

         𝑝 

 2      𝑥 (
 2

  

)
2

   18 𝑖𝑛 𝑤𝑔 𝑥 (
1 48 𝑟𝑝 

1040 𝑟𝑝 
)
2

  3 14 𝑖𝑛 𝑤𝑔 𝑆𝑡𝑎𝑡𝑖𝑐  𝑟𝑒𝑠𝑠𝑢𝑟𝑒  

 
    ၆- ၂ System resistance curve and fan curve 
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   (၆- ၂)      fan curve                         original design point(point 1)                   
      ႔              actual duct system     design    ႔      calculated duct system          
         (system resistance)                     ၌        fan                                   
(volume rate)                        ႔        fan            (speed)               )                   
Fan            (speed)                )               fan curve                      

Point 1                                (original design point)          

Point 2     acual duct System ၌ design volume                fan        RP  
               new(corrected)system curve                                             

Point 3                               ၌                                    (deficient 
volume)          

Point 4                               ၌                                   (deficient 
volume)          

                                air density)      fan            (speed)   ႔             
                                                

၆.၁၃ Fan Curves and System Resistance Curves 

 

Fan curve ဆိုသည္မွာ fan တစ္လံုး ကို ေမာင္းလ်ွင္ရရွိႏိုင္မည့္ 
          (air flow) [ F     ႔      CMH]ႏွင့္ static 
pressure(           ႔      Pascal)ကို ဂရပ္(graph) 
ေပၚတြင္ ဆြဲထားျခင္းျဖစ္သည္။ ထုိ fan curve ၾကည့္ၿပီး မိမိ 
ေမာင္းလုိသည္ operating point သို႔မဟုတ္ operating r     
   ႔      operating region ကို သတ္မွတ္ႏုိင္သည္။ 
 
မိမိေမာင္းလုိသည့္           (air flow)[CFM]ကို သိထားလ်ွင္ 
fan မွ                 static pressure (inch wg)ကို 
ရႏိုင္သည္။     ၆- ၃  System resistance curve 

တစ္နည္းအားျဖင့္ မိမိေမာင္းလုိသည့္ static pressure (inch WG)ကို သိထားလ်ွင္ fan က 
                           (air flow)ကို ရႏုိင္သည္။  

  
    ၆- ၄  Typical operating point     ၆-    Unacceptable operating point 
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အထက္ပါပုံ(၆-  )သည္ backward inclined centrifugal fan တစ္လံုး၌ ေတြ႔ရေလ့ရွိေသာ fan 
curve ျဖစ္သည္။  

Fixed air system                     (pressure loss)    volume flow rate   
                                   air system                                        fan           
               (pressure)      system                (pressure drop)    ဏ                 fan 
                                         system resistance curve       fan curve    ႔              
                                 point     operating point                 A           

 
    ၆- ၆          (speed)                                                

                      (volume flow rate) ၁၀%               fan            (speed)    
၁၀%                                                        duct              (pressure) ၂၁%         
                                     (system resistance) ၂၁%                     

Fan                         (power consumption)     ၃၃%                       ႔        
          (volume flow rate) ၁၀%                                         (power consumption) ၃၃% 
               ႔              volume flow rate 10%                                        (power 
saving) ၃၃                



             ႔                                                                                           Chapter-6 Fans and Blowers 

6-39 

 
    ၆- ၇          (diameter) ၁၀%                                 fan curve 

          (air flow rate)                                (diameter)             impeller     
                  Fan            (speed)               ႔      fan diameter                  fan curve 
                      operating point                              

                      (diameter) ၁၀%             fan                ႔      
impeller                                                                                

                                            fan curve                (system resistance) 
   ႔                         
( )           (flow rate)       fan pressure                (air density)                    

              

( ) System pressure loss                (air density)                                   

         ႔                             pressure drop)              system resistance)    
                         pressure drop)    ဏ            velocity)             (square of 
the velocity                           (flow rate)                                       fa     
                     (power)            ႔                    (                                   
                       )                                   fan                       
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၆.၁၄ Design Operating Point and Actual Operating Point  
                                             (pressure                  (air flow)             

                                                            (system resistance)              
                     ႔                     

 
    ၆- ၈                              (design system resistance)       actual system resistance 

             A     calculated system (design system)                 

Operating Point 1 (Design Operating Point) 
F               system curve A (design)    ႔            operating point                   

point     design operating point           Design operating point                   
                         point                 ac                                             

Operating Point 2 (Actual System Resistance > Design System Resistance) 
A                            design s                                            

                                                     operating point 2                     
Operating point 2                                                            flow)           

Operating Point 3 (Actual System Resistance < Design System Resistance) 
A                            design s                              actual syst   

                                                     operating point 3                    
operating point 3                                    resistance)                        flow) 
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Operating Point 4 
A                            design s                                                       

operating point                    Point                  (operation point             )     
                                            
 
Operating Point 5 

F                                                                     A             
               design s                                                       operating point        
             

 

ဤပံုသည္ typical static pressure/hp curve, 
backward-inclined centrifugal           
    ခုကို graph တစ္ခုေပၚတြင္ တင္၍ ဆြဲထားျခင္း 
ျဖစ္သည္။  
 
Fan curve တစ္ခုမွာ           (air flow) [CFM] 
ႏွင့္ static pressure(inch wg)ကို တည္၍ 
ဆြထဲားျခင္းျဖစ္ၿပီး ေနာက္တစ္ခုမွာ           (air 
flow) [CFM] ႏွင့္ သံုးစြသဲည့္ power(BHP)ကို 
တည္၍ ဆြဲထားျခင္း ျဖစ္သည္။ Graph တစ္ခု 
ေပၚတြင္ fan curve                   လုိင္းေပါင္း 
မ်ားစြာ ဆြႏဲုိင္သည္။ 

    ၆- ၉           (air flow) [CFM] ႏွင့္ သံုးစြသဲည့္ power(BHP)  

Fan curve အသံုးျပဳသည့္ ဥပမာ -   
ပံု(၆- ၉)တြင္ ျပထားသည့္ fan curve     backward-inclined centrifugal fan              

    သည္  Curve အရ 6,500 CFM(horizontal axis)ျဖင့္ ေမာင္းသည့္ အခိုက္၌ static pressure 4.0 inch wg 
(ဘယ္ဘက္ vertical axis မွွဖတ္သည္)ကို ရရွိႏုိင္ၿပီး 6.9 BHP (ညာဘက္ vertical axis မွွဖတ္သည္)ကုိ 
သံုးစြသဲည္။  

 
၆.၁  Fan Control  
                                                 ႔           1 liter/second       
                                            2 watt    ႔                      (electrical power) 
   ႆ                                                                            ႔           
(discharge        )               1 liter/second                             16 watt              
1 liter/second                   (cold air)         ႔    (discharge)      1 liter/second         
outdoor air (outside temperature)                                             ႔              

       အားျဖင့္ fan curve           ေလစီးႏႈန္း(air flow)[CFM] မ်ားလာေလ static pressure[inch 
wg] နည္းလာေလ ျဖစ္သည္။ ထုိေၾကာင့္ fan curve သည္ ဘယ္ဘက္အျမင့္ တစ္ေနရာမွ ညာဘက္သုိ႔႔ 
နိမ့္ဆင္း သြားသည္။  
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   ႔        fan                                           (volume flow rate                 
              
 Fan             (volume flow rate)                  fan                             ႔   
              ႔                                                      ႔                    

 
    ၆-၆၀          (speed)                       fan curve                     

Designer     ၊ consultant       fan                                    (flow)      
     (pressure)                                                                  ႔          
           ၊                      ႆ                                    safety factor            
                        ႔      fan                               (capacity)                 
                

Fan                                                                     ႔        
              fan                                                               
control                    

Fan              (capacity)              (control)                    
( ) Damper modulation      

( ) Inlet vanes modulation      (F                                     ) 

(ဂ)  Blade pitch modulation      

(ဃ)                                 (flow control by system damper regulation)        

( )          (speed)                           (flow control by speed regulation)    ႔          
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၆.၁ .၁          (Speed)          Control           (Flow Control by Speed Regulation) 
Fan                   (speed)                                                A  

                           (speed)    supply frequency       pole                  
          Variable Speed Drive(VSD)    ႔      Variable Frequency Drive(VFD)             
         (speed)                                               (energy saving               
                         

၆.၁ .၂ System D            Control          (Flow Control by System Damper Regulation) 

 
    ၆-၆၁ Flow control by system damper regulation 

B                                                      (constant speed)                    

၆.၁ .၃ Inlet Louver Damper       Inlet Guide Vane (IGV)       Control            

 
  

    ၆-၆၃ Inlet Guide vane     ၆-၆၄ Inlet Guide vane 

 

                                            duct system      ၌                   (system 
resistance)                centrifugal fan             (volume flow)                                 
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   ႔                centrifugal fan         part load condition                            
 Part load condition                      inlet louver    ႔      damper    ႔      inlet guide 
vane control               fan              (capacity)                      

Inlet guide vane     impeller eye                                             ႔        
                         impeller                   (direction)        impeller 
         ႔                  Inlet louver         inlet box                          

 

Guide vane                    fan        (pressure)      
          (volume flow rate)                          
     Fan   (outlet)         damper               
                    (volume flow rate)             
             ႔                                       
       fan   operating point                    
       ႔                        

         Inlet guide vane               fan   
           (volume flow rate)                         
                                 (power)        
                          

    ၆-၆၂ Pre-rotation of inlet air by dampers  

 

 

          centrifugal fan             
             inlet guide vane      
                                      
                                   
Point P1      guide vane            
                                      
                             ၌ fan 
              (air flow rate) Q1       
Pressure P1                               

    ၆-၆  Guide vane                 (fully open)                       (partially open) 

     Point P2                                                                                 
                   ၌                    flow rate) Q2              pressure) P2                       
        Guide vane                                                 flow rate) Q        P      guide vane 
                                                     flow rate) Q2       P2                    ႔        
inlet                                                                                     

Inlet guide v                                        (loss)                                
                  (loss)                      inlet guide vane                                 
          (power saving)                                  (cost saving)                         
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၆.၁၆ Multiple Fan Systems - Fans in Series and Parallel  

Air Conditioning and Mechanical Ventilation တြင္ အသံုးျပဳေသာ fan မ်ားသည္ ဒီဇိုင္း 
လုိအပ္ခ်က္အရ ေရြးခ်ယ္ထားေသာ single fan မ်ား ျဖစ္ၾကသည္။ ထုိ single fan ၏           (air flow) 
အနည္း၊ အမ်ား လိုအပ္ခ်က္ကုိ damper မ်ား၊ variable inlet vane မ်ား၊ variable pitch blade မ်ား၊ ႏွင့္ 
Variable Speed Drive(VSD)မ်ား ျဖင့္ ထိန္းခ်ဳပ္ေမာင္းႏွင္  သည္။ Fan မ်ား၏ ေလထြက္ႏႈန္း(capacity)ကုိ 
ေရြးခ်ယ္ သတ္မွတ္ရာတြင္ ေနာင္တစ္ခ်ိန္တြင္ တိုးခ်ဲ႕ရန္(future expansion)ႏွင့္ fan မ်ား ၾကာျမင့္စြာ 
ေမာင္းနွင္မႈေၾကာင့္ စြမ္းေဆာင္ရည္ ေလ်ာ့က်လာမႈ(deterioration) တုိ႔ကိုပါ ထည့္သြင္း စဥ္းစား        ည္။ 
တစ္ခါတစ္ရံ တစ္လံုးထက္ ပိုသည့္ fan မ်ားကို အတြလဲုိက္ တပ္ဆင္ၾကသည္။ ဒီဇုိင္း လိုအပ္ခ်က္မ်ားကို လုိက္၍ 
fan မ်ားကို        (series)      သုိ႔မဟုတ္          (parallel)     မ်ိဳးျဖင့္ တပ္ဆင္ၾကသည္။  

ထိုသုိ႔ အတြလဲုိက္ တပ္ဆင္ရသည့္ အေၾကာင္းမွာ 
(၁) Single fan အႀကီး တစ္လံုးတည္း တပ္ဆင္ရန္ ေနရာ မလုံေလာက္ေသာေၾကာင့္ေသာ္လည္းေကာင္း 

(၂) တပ္ဆင္ရမည့္ ေနရာသည္  single fan အႀကီးတစ္လံုးတည္း၏ အေလးခ်ိန္(weight)ကို မခံႏိုင္ 
ေသာေၾကာင့္ ေသာ္လည္းေကာင္း 

(၃)  လုိအပ္သည့္ ဒီဇုိင္း operating range သည္ single fan တစ္လံုးျဖင့္ ေမာင္း၍ မရႏုိင္ေလာက္ေအာင္ 
က်ယ္ျပန္႔ေနေသာေၾကာင့္ ေသာ္လည္းေကာင္း 

(၄) အထူးသျဖင့္ အခ်ိန္ၾကာျမင့္စြာ ေလစီးႏႈန္းနည္းနည္း(                          ေမာင္းရန္ လုိအပ္သည့္ 
အခါ single fan ၏ ကုန္က်စရိတ္(cost of operation) အလြန္မ်ားေသာေၾကာင့္ multiple fan မ်ား 
ေမာင္းျခင္းျဖင့္ ကုန္က်စရိတ္ကို ေခြ်တာရန္အတြက္ ေသာ္လည္းေကာင္း 

( )           (flow rate)         ရရန္အတြက္ ေသာ္လည္းေကာင္း 

Critical system မ်ား(computer room etc..)မီးေလာင္သည့္အခါ     တရက္ ခ်က္ျခင္း ေလစီးႏႈန္း 
မ်ားမ်ား(high air flow)ရရိွရန္ ရည္ရြယ္တပ္ဆင္သည္။ Basement car park မ်ားတြင္ သာမန္အခ်ိန္ 
ventilation အတြက္ ေလလဲႏႈန္း(၆)ဆ(6 air change per hour)လုိအပ္ၿပီး “Fire Mode” တြင္ smoke 
purging လုပ္ရန္အတြက္ ေလလဲႏႈန္း(၁၀)ဆ(10 air change per hour) လုိအပ္သည္။ ထုိအေျခအေန 
ႏွစ္မ်ိဳးအတြက္ ဖိအား(pressure)တူသည့္ fan ႏွစ္လံုးကို          (parallel)           တပ္ဆင္ေလ့ 
ရွိသည္။ 

(၆)  Fan မ်ား ေမာင္းသည့္အခါ ဆူညံသံ ျဖစ္ေပၚလာသည္။ ထုိ အသံဆူညံမႈ(noise level)မ်ားကို 
ထိန္းခ်ဳပ္ရန္အတြက္ single fan အစား fan     လံုးကို တန္းဆက္(series)ပံုစံ တပ္ဆင္ၿပီး(2 fans in 
series)ေမာင္းႏွင္ၾကသည္။ 2 fans in series တြင္ fan တစ္လံုးသည္ လုိအပ္သည့္     (pressure)၏ 
တစ္ဝက္ကိုသာ တာဝန္ယူရသည္။ 

 

                  fan                          (parallel       
                              (volume flow rate)       
            ႔              (system resistance)        
                   ႔               (volume flow rate) 
                 

Fan   Inlet Guide Vane(IGV)          ၊                  duct system    damper                        ႔ 
                            (system resistance)                                        
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    ၆-၆  Characteristic for two fans in series 

             axial fan             contra-rotating axial fan                        
            (၆-၆ )                          fan                                 point A     
operating p                                       fan                          operating point 
    point A    A1    ႔               

  

    ၆-၆၇ Series fan and Single fan operation     ၆-၆၈ Series fan and Single fan operation 
F                   fans in series                                                         

          fans in parallel                             fan                                   fans in 
parallel                                                     

Fan                                                       fans in serie                   ႔ 
c                                                                         ႔ fan c           
              Fan curve တစ္ခုခ်င္းအေနျဖင့္ stable ျဖစ္သည့္ ေနရာတြင္ ေရြးခ်ယ္ထားေသာ္လည္း fan 
မ်ား အားလံုးကို system အေနျဖင့္ ေပါင္းလုိက္သည့္အခါ stable  ျဖစ္သည့္               ႔      stall  
            သုိ႔ ေရာက္သြား တတ္သည္။  
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၆.၁၆.၁ Two Fans in Series (Fan                                               
AMCA rating ၏ သတ္မွတ္ခ်က္ အရ fan                    (                               

   သည့္ အခါ fan တစ္လံုးအျဖစ္(single unit)        ၿပီး တြက္ခ်က္ၾကသည္။  

 
Fan                     2 fans in series                        fan ႏွစ္လံုးေပါင္း ၏ static 

pressure ဟုေဖာ္ျပမည့္အစား total pressures ျဖင့္သာ ေဖာ္ျပသင့္သည္။ Fan ႏွစ္လံုး၏ အရြယ္အစား 
မတူညီျခင္း သုိ႔      ထုိ fan ျဖင့္ တပ္ဆင္သည့္ duct အရြယ္အစားသည္ မတူညီျခင္း တုိ႔ေၾကာင့္ ျဖစ္သည္။  

Fan ႏွစ္လံုးကို        (series      ျဖင့္ တပ္ဆင္ထားလ်ွင္ “push-pull arrangement”      မ်ိဳး 
ျဖစ္သည္။ Fan ႏွစ္လံုးကို        (series       တပ္ဆင္ထားျခင္းျဖင့္ static pressure ႏွစ္ဆ ရရိွႏုိင္သည္။ 
သုိ႔ေသာ္                            static pressure ႏွစ္ဆ မရႏုိင္ပါ။ F                      (flow rate) 
မ်ားလာေလ static pressure နည္းလာေလ ျဖစ္သည္။ ေလခုခံအားမ်ားသည့္(high resistance) system 
သုိ႔မဟုတ္ low flow system မ်ားသည္ 2 fans in series ႏွင့္ သင့္ေလ်ာ္သည္။  

Two fans in series တစ္စုံ အတြက္   ိးရွင္းလြယ္ကူေသာ ေရြးခ်ယ္နည္းမွာ 
(၁) System ၏ လုိအပ္ေသာ ဖိအား(total pressure)ကို အရင္ရွာပါ။ သုိ႔မဟုတ္ သတ္မွတ္ပါ။ 

                                                      
(၂) Axial fan သုိ႔မဟုတ္ inline fan တစ္လံုးခ်င္းစီ၏           (flow rate)သည္ fan ႏွစ္လံုးေပါင္း 

(system)၏           (flow rate)ႏွင့္ တူညီသည္။ Axial fan သုိ႔မဟုတ္ inline fan တစ္လံုးခ်င္းစီ၏ 
ဖိအား(total pressure)သည္ system ၏ total pressure တစ္ဝက္ ျဖစ္သည္။ 

ထို fan ႏွစ္လံုးကို        (series      အျဖစ္ တပ္ဆင္သည့္အခါ           system resistance) 
ကို ထည့္စဥ္းစားရန္ လုိသည္။ ထိုကဲ့သုိ႔ တပ္ဆင္လ်ွင္ fan တစ္လံုးခ်င္းစ(ီindividual)၏               
(performance)သည္ မတူညီႏုိင္ပါ။ ထုိ fan ႏွစ္လံုးသည္ တူညီေသာ mass flow ျဖင့္သာ လည္ပတ္ေနၿပီး 
တူညီေသာ                (volumetric flow rate)ျဖင့္ လည္ပတ္ေနျခင္း မဟုတ္ေပ။ အဘယ္ေၾကာင့္ 
ဆုိေသာ္ fan တစ္လံုးခ်င္းစ၌ီ အဝင္ဖိအား(inlet absolute pressure) ႏွင့္ အပူခ်ိန္ (temperature)တုိ႔ 
မတူညီႏုိင္ေသာေၾကာင့္ inlet density လည္း မတူညီၾကေပ။ 

ထုိကဲ့သုိ႔ ေလသည္ ေရာက္ရွိသည့္ေနရာကုိ လုိက္၍ ဖိအား(pressures) ၊ အပူခ်ိန္(temperatures) ႏွင့္ 
      volume)တုိ႔ ေျပာင္းလဲေနသည္အခါ သင့္ေလ်ာ္သည့္ fan ကို ေရြးခ်ယ္ရန္အတြက္ အခက္အခဲမ်ားႏွင့္ 
ရင္ဆုိင္ ရေလ့ရွိသည္။ System ၏ ဖိအား(total pressure) ႏွင့္ ေရြးခ်ယ္မည့္ fan ၏ ဖိအား(total pressure) 
ကို ညီေအာင္ ေရြးခ်ယ္                

၆.၁၆.၂ Two Fans in Parallel (Fan                      (parallel                            
Fan in parallel operation ဆုိသည္မွာ ႏွစ္လံုးထက္ပိုေသာ fan မ်ားကို ေဘးျခင္းယွဥ္ၿပီး 

ၿပိဳင္တူေမာင္းျခင္း(blowing together side by side     ဆုိလုိသည္။ ေလခုခံအား မရွိသည့္ free delivery 
အေျခအေနမ်ိဳးတြင္ fan ႏွစ္လုံး ေမာင္းေသာေၾကာင့္           (volume flow) ႏွစ္ဆ ရရိွႏုိင္ေသာ္လည္း 
         (system resistance)မ်ားလာေလ ရရိွႏုိင္ေသာ           (volume flow) နည္းလာေလ ျဖစ္သည္။ 
ေလခုခံအား နည္းသည့္(low resistance) system မ်ားသည္ ၿပိဳင္ဆက္ပံုစံ(fan in parallel)ႏွင့္ သင့္ေလ်ာ္ 
သည္။ Plenum box မ်ားျဖင့္ တပ္ဆင္သည္ ၿပိဳင္ဆက္(fans in parallel)ပံုစံကို အမ်ားဆံုး ေတြ႔ရေလ့ ရွိသည္။  

Fan ႏွစ္လံုးကို တန္းဆက္(series)ပံုစံျဖင့္ တပ္ဆင္၍ ေမာင္းလ်ွင္ တစ္လံုးခ်င္းစီ၏           (air flow) 
သည္ ႏွစ္လံုးေပါင္းထားသည့္ fan ၏           (air flow)ႏွင့္ တူညီသည္။ သုိ႔ေသာ္ series fan ႏွစ္လံုး 
ေပါင္း၏       total pressure)သည္ တစ္လံုးခ်င္းစီ၏ total pressure ႏွစ္ခုေပါင္းျခင္းႏွင့္ ညီမ်ွသည္။    
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Fans in parallel အတြက္ fan တစ္လံုးခ်င္းစီကုိ ေရြးခ်ယ္ရန္ ပိုမိုလြယ္ကူသည္။ System ၏        
   ႔      total pressure သည္ fan တစ္လံုးခ်င္းစီ၏           ႔      total pressure ျဖစ္သည္။ System ၏ 
total flow rate ကို တပ္ဆင္မည့္ fan အေရအတြက္ႏွင့္ စားလ်ွင္ fan တစ္လံုးခ်င္းစီ၏           (flow 
rate)ကို ရသည္။ သုိ႔ေသာ္          (parallel       တပ္ဆင္ရန္ fan မ်ားကို ေရြးသည့္အခါ system တစ္ခုလံုး၏ 
ခုခံအား(resistance)သည္ fan curve တစ္ခုခ်င္းစီ၏ stable ျဖစ္သည့္ ေနရာတြင္ အခ်ိန္တုိင္း (        
loading ျဖစ္ပါေစ) ေရာက္ရွိေနရန္ လုိအပ္သည္။ 

F                       (unequal loading                                               
၌                                  P                            unequal) velocity profile 
                                                       

 
    ၆-၆  Vane axial fans in parallel and double width centrifugal fans in parallel. 

 
    ၆-၇၀ Characteristic for two fans in parallel 
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    ၆-၇၁                                ၆-၇၂                            

၆.၁၆.၃ Additional Consideration  
System တစ္ခုတြင္ တစ္လုံးထက္ပိုသည  ္ fan မ်ား တပ္ဆင္ထားသည့္ အခါမ်ိဳး၌ fan တစ္ လံုးတည္းသာ 

ေမာင္းသည့္ အေျခအေန သို႔မဟုတ္ fan ႏွစ္လံုး သုိ႔မဟုတ္ သံုးလံုး သုိ႔မဟုတ္ fan အားလံုးေမာင္းသည့္အခါ 
စသည့္ အေျခအေနအမ်ိဳးမ်ိဳးကို ထည့္သြင္းစဥ္းစားရန ္ လုိအပ္သည္။ ထုိအျပင္ fan တစ္လံုး ပ်က္သည့္အခါ၊ 
ျပဳျပင္ လုိသည့္အခါ၊ fan မ်ားကို စတင္ေမာင္း(start-up)သည့္အခါ စသည့္ အေျခအေန အမ်ိဳးမ်ိဳးကို ထည့္သြင္း 
စဥ္းစားရန ္လုိအပ္သည္။  

ေယဘုယ်အားျဖင့္ system curve ႏွင့္ fan curve သည္ stable operating point တစ္ေနရာတြင္ 
ဆံုၾကသည့္အခါ(intersect)၌ fan မ်ားကို စတင္ေမာင္းသည့္(start-up)အခါျဖစ္ေစ သို႔မဟုတ္ အဆက္မျပတ္ 
ေမာင္းသည့္အခါျဖစ္ေစ(continuous operation) မည့္သည့္ ျပႆနာမွ မျဖစ္ေပၚႏိုင္ေပ။  

Centrifugal fan မ်ား သုိ႔မဟုတ္                                ကို တစ္လံုးခ်င္းစီ start-up 
လုပ္ႏုိင္သည္။ VSD သို႔မဟုတ္ soft starter မ်ား တပ္ဆင္ထားလ်ွင္ fan အားလံုးကို တစ္ၿပိဳင္နက္ စတင္ေမာင္း 
ႏုိင္သည္။ Fan ကုိ စတင္ေမာင္း (start-up)ေနစဥ္                    ႔      damper မ်ားကို 
ပိတ္ထားျခင္းသည္ အေကာင္းဆံုးနည္း ျဖစ္သည္။ ထုိသုိ႔ စတင္ေမာင္း (start-up)ေနစဥ္                 
သုိ႔မဟုတ္ damper မ်ားကို ပိတ္ထားၿပီး လုိအပ္ေသာ           (speed) သုိ႔မဟုတ္ full speed    ႔ေရာက္မွသာ 
ဖြင့္ျခင္းျဖင့္ စြမ္းအင္(horsepower) လုိအပ္မႈကို ေလ်ာ့နည္းေစသည္။ စေမာင္းေနစဥ္ ျဖစ္ေပၚသည့္ starting 
ampere ကို ေလ်ွာ့နည္းေစသည္။ 

Variable pitch vane axials             အထစ္မ်ား(dips) ရွိေနတတ္သည္။ ထုိ႔ေၾကာင့္ 
စတင္ေမာင္းသည့္အခါတြင္ blade pitch angle မ်ားကို ေလ်ွာ့ခ်သင့္သည္။ လိုအပ္ေသာ          (speed)သုိ႔ 
ေရာက္ေသာ အခါမွသာ blade pitch angle ကို ျပန္ဖြင့္ရန္ ျဖစ္သည္။ အေကာင္းဆံုးေသာ နည္းသည္ ရွိသမ်ွ 
multiple fan မ်ား ၏ blade pitch angle မ်ားကို ပိတ္ၿပီး fan တစ္လံုးခ်င္းကို         start up)ပါ။ Fan မ်ား 
အားလံုး အရွိန္ရၿပီးေနာက္ blade pitch angle မ်ားကို ျပန္ဖြင့္ရန္ ျဖစ္သည္။  

Fans in parallel မ်ားတြင္ ေမာင္းေနသည့္ fan မွ ေလမ်ားသည္ မေမာင္းသည့္ fan ထဲသုိ႔ 
မဝင္ေရာက္ႏုိင္ရန္ isolation damper မ်ား တပ္ဆင္ထားရန္ လုိအပ္သည္။ ထုိသုိ႔ isolation damper မ်ား 
တပ္ဆင္ျခင္းေၾကာင့္                              shock during start-up)  ျပႆနာကိုလည္း ဖယ္ရွား 
ႏုိင္သည္။ 

၆.၁၆.၄ Isolation Damper အမ်ိဳးအစားမ်ား 
Blower wheel အတြင္းသုိ႔ ေလမ်ား ႏွစ္ဘက္စလံုးမွ ဝင္သည့္(double width) centrifugal fan 

မ်ားအတြက္              ႔      opposed-blade control damper မ်ားကို isolation damper အျဖစ္ 
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အသံုးျပဳရန္ သင့္ေလ်ာ္သည္။ Butterfly damper မ်ားသည္ tubular inline fans (      ၊                 
mixed flow)တြင္ အမ်ားဆံုး ေတြ႔ရေလ့ရွိသည္။ 

Parallel fan မ်ားအတြက္ isolation damper မ်ားကို fan ၏ (upstream  ျဖစ္ေစ၊ downstream   
ျဖစ္ေစ) အေဝးဆံုးေနရာတြင္ ေတြ႔ရေလ့ ရိွသည္။ ထုိသုိ႔ အေဝးဆံုးေနရာတြင္ ထားရွိျခင္းသည္ damper      
ေၾကာင့္ ျဖစ္ေပၚေသာ                        e loss)ကုိ နည္းႏုိင္သမ်ွ နည္းေအာင္         ရန္ ျဖစ္သည္။  

Equipment အားလံုးကို ထိန္းသိမ္းျခင္း(maintenance)ႏွင့္ ျပင္ဆင္ျခင္း(repair)                
လုိအပ္သည္။ Fans in parallel တြင္ fan တစ္လံုးပ်က္သည့္ တုိင္ေအာင္ တျခားေသာ fan မ်ားကို 
ေမာင္းႏုိင္ေအာင္ isolation            တပ္ဆင္ထားရန ္ လုိအပ္သည္။ Isolation damper မ်ား တပ္ဆင္ 
ထားျခင္းျဖင့္ parallel fan တစ္လံုးက    ျပင္ဆင္ေနခ်ိန္တြင္ အျခား fan တစ္လံုးသည္ ဆက္လက္ ေမာင္းေန 
ႏုိင္သည္။        (serie       အေနျဖင့္ တပ္ဆင္ထားသည့္ fan တစ္လံုးသည္ ေမာင္းေနခ်ိန္၌ အျခား fan 
တစ္လံုးကို ျပဳျပင္ရန္ မျဖစ္ႏိုင္ေပ။  

၆.၁၆.  Review  

 
    ၆-၇၃ Series Vs Parallel performance 

အထက္ပါ ပုံ(၆-၇၃) အရ high resistance system သို႔မဟုတ္ high impedance system မ်ားသည္ 
2 fan in series ႏွင့္ သင့္ေလ်ာ္သည္။ Low resistance system သို႔မဟုတ္ low impedance system 
မ်ားသည္ fan in paralle ႏွင့္ သင့္ေလ်ာ္သည္။  

System တစ္ခုတြင္ တစ္လံုးထက္ပိုသည့္(multiple) fan မ်ား         series            ျဖစ္ေစ 
သို႔မဟုတ္ ၿပိဳင္ဆက္(parallel)            ျဖစ္ေစ တပ္ဆင္ထားသည့္အခါ ေအာက္ပါ ေမးခြန္းမ်ားျဖင့္ စစ္ေဆးရန္ 
လိုအပ္သည္။ 

( ) System တစ္ခုလံုး၏           (air flow)ႏွင့္ ဖိအား(pressure) လုိအပ္ခ်က္မ်ားသည္ fan မ်ား 
တစ္ခုခ်င္း သို႔မဟုတ္ အားလံုးတစ္ၿပိဳင္နက္ ေမာင္းသည့္ အခါ curve ၏ stab               တြင္ ရွိ၊ 
မရိွ စစ္ေဆးရန္ လုိအပ္သည္။ 

( ) Fan မ်ား၏ အေရအတြက္ ႏွင့္ ေမာ္တာလုိအပ္ခ်က္မ်ား ကိုက္ညီမႈ ရွိ၊ မရိွ စစ္ေဆးရန္ လုိအပ္သည္။ 

(ဂ)  Isolation damper မ်ားသည္ fan မ်ား စေမာင္းရန္(start up) ႏွင့္ ရပ္နားရန္(shut down) ေသခ်ာစြာ 
ဒီဇိုင္းလုပ္ထားျခင္း ရွိ၊ မရွိ စစ္ေဆးရန္ လုိအပ္သည္။ 

(ဃ)                             leakage)ထက္ ပိုမ်ားျခင္း ရွိ၊မရိွ စစ္ေဆးရန္ လိုအပ္သည္။ System 
တစ္ခုလံုး၏ လုိအပ္ခ်က္မ်ားသည္ operating condition အားလံုးႏွင့္ ကိုက္ညီမႈ ရွိ၊ မရွိ စစ္ေဆးရန္ 
လုိအပ္သည္။  

( ) Fan မ်ား တစ္လံုးခ်င္း ေသာ္လည္းေကာင္း၊ အားလံုး ေသာ္လည္းေကာင္း၊ ေမာင္းသည္ အခ်ိန္တြင္ 
လက္ခံႏုိင္သည္ အသံဆူညံမႈအဆင့္ ထက္ပိုမ်ားေစရန္ စစ္ေဆးရမည္။       
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    ၆-၇၄ 2 fans in series        2 fans in paralle 

၆.၁၇ ေလ၏ သိပ္သည္းဆ        Fan                 P                           

                     fan                 performance)          (density effects on 
fan performance)      Fan မ်ားသည္ constant volume machine မ်ား ျဖစ္ၾကသည္။ ထုိ႔ေၾကာင့္ ေလ၏ 
သိပ္သည္းဆ(density) မည္မ်ွပင္ ျဖစ္ပါေစ တူညီေသာ CFM သုိ႔မဟုတ္ CMH ကို ထုတ္ေပးႏုိင္သည္။ တစ္နည္း 
အားျဖင့္ ေလ၏ သိပ္သည္းဆ မတူညီျခင္းေၾကာင့္ mass flow rate သာ ေျပာင္းလဲသည္။ Volume flow rate 
မေျပာင္းလဲေပ။  

Fan မ်ားသည္ constant mass flow machine မ်ား မဟုတ္ပါ။ Mass flow သည္ ေလ၏ 
သိပ္သည္းဆ(density)ကို လုိက္၍ ေျပာင္းလဲေနသည္။ ထုိအခ်က္သည္ မတူညီသည့္ အျမင့္(altitude)တြင္ 
ေမာင္းမည့္ equipment မ်ား အတြက္ အလြန္ အေရးႀကီးသည္။  

 

Standard density of Air 
I-P = 0.075 lb/ft3 
 
Metric = 1.201 kg/m3 
SI = 1.201 kg/m3 

    ၆-၇                                                                                
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     ၆-၇၆ Effects of Altitude on Air Density Ratio 

 
Mass flow သည္ ေလ၏ သိပ္သည္းဆ(density)ကို လုိက္၍ တိုက္႐ုိက  ေျပာင္းလဲ ေနသည္။ သုိ႔ေသာ္ 

volume flow(CFM) အျမဲ တူညီေနသည္။ AHU မ်ားအတြက္ ေလ၏ သိပ္သည္းဆနည္း(density decreased) 
သည  ႏွင့္အမ်ွ mass flow ေလ်ွာ့နည္းလာသည္။ ထုိ႔ေၾကာင့္ effective cooling capacity သိသိသာသာ 
ေလ်ွာ့နည္း လိမ့္မည္။ ထုိ႔ေၾကာင့္ လိုအပ္ေသာ cooling အတြက္ သင့္ေလ်ာ္ေသာ mass flow ရရွိရန္ 
လုိအပ္သည္။ 

 
    ၆-၇၇             (air density)                                                
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Standard air density     ၂၀%                 fan        (pressure)                 

(system resistance)               ၂၀%                                  ႔                    (volume 
flow rate)                     ႔     mass flow rate     ၂၀%                      F   
                                 (high temperature operation)                    ၊ 
                                             (high altitude)            (air density) 
                  

၆.၁၈ Noise Consideration  

 
    ႔     higher frequencies noise                                                          
      (low frequencies                                                                           
                                       (speed)                                    axial flow fan 
                                                              centrifugal fan                  
                  (sound level)                    volume)       Pressure       
             (performance)        ႔             

              fan         peak efficiency                       (sound level)            
         Stall conditioning            (sound level)                        

 Fan         (sound level)                    system                  (noise)     
        ႔႔                           (alternation)                          
                                   A                     duct                     ႔                

    
    ၆-၇၈  Sound attenuator (splitter)     ၆-၇   Sound attenuator (in line)  

Fan                        constant volume                       (machines  
                       (air density)             ၊                        (rotational 
speed)                               (volume flow)                                           
               (volumetric flow)               

   ႔                (air density)                                      
         (air density)           mass flow                           (power consumption)          
                                   (air density)                   mass flow      
                    

Centrifugal fan             (noise)                              (low frequencies 
noise)          Axial fan                                                         (high 
frequency noise)                                                     (low frequencies noise) 
                                 ႔        centrifugal fan                                     
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    ၆-၈၀  General comparison of noise     ၆-၈၁  Noise compared to peak efficiency 
Axial fan             high frequency       m                                 

           duct                    inline attenuator                    Splitter attenuator 
                          
 

၆.၁  Fan Selection Criteria 
Fan ေရြးခ်ယ္ရန္အတြက္ လုိအပ္ေသာ အဓိက အခ်က္မ်ား (fan selection criteria) 

Fan တစ္လံုး သုိ႔မဟုတ္ fan system တစ္ခုကို ေရြးခ်ယ္ရန္အတြက္ ေအာက္ပါ အခ်က္အလက္မ်ားကို 
အေလးေပး စဥ္းစာရန္ လုိအပ္သည္။  
(၁) Air volume required - CFM ( ) Fan type 
(၂) System resistance - SP (၁၀) Drive type(Direct or Belt) 
(၃)  Air density(Altitude and Temperature) (၁၁)  Noise criteria 
(၄) Type of service (၁၂)  Number of fans 
( ) Environment type (၁၃) Discharge 
(၆)  Materials/vapors to be exhausted (၁၄) Rotation 
(၇) Operation temperature (၁ ) Motor position 
(၈) Space limitations (၁၆)  Expected fan life in years 

 

၆.၂၀                         (Multiple Choise Questions) 

1. The parameter used by ASME to define fans, blowers and 
compressors is__________. 

(a) Fan ratio (b) Specific ratio (c) Blade ratio (d) Twist factor 
2. Which of the following axial fan types is most efficient? 

 
(a) Propeller (b) Tube axial (c) Vane axial (d) Radial 

3. Which of the following is not a centrifugal fan type? 

    
(a) Vane axial (b) Radial (c)  Airfoil, backward (d) Forward 

curved 
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4. Match the following for centrifugal fan types. 

Type Suitable for  

(a) Backward curved (i) High pressure, medium flow 

(b) Forward curved (ii) Medium pressure, high flow 

(c) Radial (iii) High pressure, high flow 
 

5. For fans, the relation between discharge and speed is 
indicated by____ 
   

  
6. The choice of fan type for a given application depends on 

(a) Flow (b) Static Pressure (c) Both a & b (d) Neither (a) nor (b) 
7. The efficiency of backward curved fans compared to forward curved fans is__  

  

(a) Higher (b) Lower (c) Same (d) None 

8. Name the fan which is more suitable for high pressure application? 

(a) Propeller type fans (b) Tube-axial fans 

(c) Backward curved centrifugal fan      (d) None of the above 
9. Axial fans are best suitable for _________________ application. 

(a) Large flow, low head (b) Low flow, high head 

(b) High head, large flow (d) Low flow, low head 

10. The efficiency of forward curved fans compared to backward curved fans is ____ 

 (a) lower            (b) higher                   (c) same                     (d) none 

11. The efficiency values of Vane axial fans are in the order of: 
(a) 78 – 85%           (b) 60 – 70%          (c) 90 – 95%          (d) 50 – 60% 

12. Backward curved fans have efficiency in the range of: 
(a) 65 – 70%          (b) 75– 85%           (c) 90 – 95%             (d) 50 – 60% 

13. The pressure to be considered for calculating the power required for centrifugal fans is: 
(a) Discharge static pressure (b) Static + dynamic pressure 
(c) Total static pressure (d) Static + ambient air pressure 
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14. Typical design efficiency of aerofoil fan handling clean air is: 
(a) 40 to 50%   (b) 80 to 90%      (c) 60 to 70%    (d) 70 to 80% 

15. 
The clearance required for efficient operation of impeller of 1 meter plus diameter in 
Radial type fans is ___________. 
(a) 5 to 10 mm  (b) 1 to 2 mm         (c) 20 to 30 mm          (d) 0.5 to 1.5 mm 

16. Which type of control gives maximum benefits for fan application from energy saving 
point of view? 
(a) Discharge damper control (b) Inlet guide vane control 
(c) Variable pitch control         (d) Speed control 

17. The pressure along the line of the flow that results from the air flowing through the duct 
is ______________. 
(a) Static pressure (b) Velocity pressure  (c) Total pressure   (d) Dynamic pressure 

18. 
The outer tube of the pitot tube is used to measure __________________. 
(a) Static pressure   (b) Velocity pressure    (c) Total pressure     (d) Dynamic pressure 

19 Axial-flow fans are equipped with ________________. 
(a) Fixed blades     (b) Curved blades   (c) Flat blades   (d) variable pitch blades 

20 The ratio of maximum to minimum flow rate is called - 
(a) turn – up ratio (b) turn-down ratio (c) up-down ratio (d) None 

21 The density of a gas at a temperature of 50 deg. C at site condition is _____________. 
(a) 0.94 kg/m3  (b) 1.2 kg/m3      (c) 1.5 kg/m3       (d) 1.4 kg/m3 

Questions and Answers  

Q1. ‘ entrifuga              ‘A                  ႔                                       

In centrifugal fans, pressure is developed due to the centrifugal force imparted to air, 
unlike axial flow fans where velocity energy is imparted to air, which in turn is converted 
to pressure energy at the fan outlet. 

Q2. H                                         f                                    
            

Centrifugal fans are suitable for high pressure applications as compared to axial flow fans. 
Q3. Under which conditions of pressure ratios and volumes, low speed fans are preferred? 

Low speed fans are preferred for low pressure ratios and large volumes. 
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Q4.                fan                                                                      

A very conservative approach is adopted allocating large safety margins, resulting in 
oversized fans, which operate at flow rates much below their design values and 
consequently which leads to operate at very poor efficiency. 

Q5.  

 

                           (type)                   

Radial, forward curved and backward inclined fans. 
Q6. F                                     (advantages)               

Forward curved fans have the advantage of lower shut off power, which is desirable for 
low flow rate operation. 

Q7. ၤFan                 performance)                              housing            
(type)                        

Performance                                                            ‘                
 
Q8.                                                                              (control) 

            

a. Changing pulley ratio for drive and driven equipments. 
b. Variable frequency drive variable speed fluid coupling. 

Q9. Fan application ၌    ႔         energy saving opportunities (                               

1. Change of impeller by a high efficiency impeller along with cone. 
2. Change of fan assembly as a whole, by a high efficiency fan 
3. Impeller de-rating(by a smaller diameter impeller) 
4. Fan speed reduction by pulley diameter modifications for de-rating 
5. Option of two speed motors or variable speed drives for variable duty conditions 
6. Option of energy efficient flat belts, or, cogged raw edged V belts, in place of 

conventional V belt systems, for reducing transmission losses. 
7. Adopting inlet guide vanes in place of discharge damper control 
8. Minimizing system resistance and pressure drops by improvements in duct system 

Q10. Fan                 performance)              speed ၊ power ၊ pressure    ႔      
             affinity laws                
The affinity laws governing fan performance is given below: 

Flow x speed 

 

Pressure x (speed)2 

 

Power x (speed)3 
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Q11.               ”                          ”    ႔                                   

Speed control Guide vane control 

The flow is varied in accordance with the 
process requirement by changing the speed of 
the fan. 

The flow is varied by guiding the inlet air 
into the fan in the direction of impeller 
rotation in accordance with the process 
requirement. 

 
Q12.  

 

Fan                  (sizing)                                         main factor) 
                   

The following are the factors considered for fan sizing:  
1. Flow requirement in m3/hr 
2. Pressure drop 
3. Power requirement 
4. Density of flowing gas at the site condition 

Q13.  
 

Fan                 performance)                                      (factors)     
           

The main factors affecting the performance of fans are flow, pressure, temperature, 
speed and damper positions on the fan side and the power input in KW on the motor 
side. 

Q.14          ႔               F       axial fan                          A          
                                                            

When the flow of air(or)fluid is parallel to the axis of the fan it is called an axial fan. 
Application areas of axial fans are: HVAC, drying ovens, exhaust system 

Q.15.
  

R                                                                                    
                          

Radial type of centrifugal fans is used at high pressure, medium flow conditions.  

Example. Dust laden, moist air/gas in textile industry. 
Q16. ‘                                                                       

B                                                        - 
(a) High pressure generation 
(b) High efficiency 
(c) Power reduction with increased flow 

Q17. F              ‘                                                                       
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Inlet guide vane control is one type of capacity control of fans. The inlet guide vanes are 
designed to guide the inlet air into the fan in the direction of impeller rotation and, 
therefore, improve performance, resulting in somewhat better energy efficiency than 
damper controlled operation. 

Q18.
  

 

F                  (temperature                variations                                  
                                            

Variation in flue gas temperature will change the density of the gas given by a formula, 

Gas density = (273 x 1.29)/(273 + t°C). Density of gas is important consideration, since 
it affects both volume flow-rate and capacity of the fan to develop pressure. 

Q29. F                  selection)           (temperature)                          

1. Ambient temperatures, both the minimum and maximum are to be specified to 
the supplier. This affects the choice of the material of construction of the impeller. 

2. Density of gas at different temperatures at fan outlet has to be considered while 
designing the fan. The volume of the gas to be handled by the fan depends on 
temperature. 

A   H                                               

           AH                        b               s                               
                                        t                                                
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Fan Motor Specification   
                     fan(blower)                                                 

Blower type / Blade = DIDW / BACKWARD  
                                                     Double Inlet Double Width (DIDW) 

          blower                                                    Single Inlet Single Width 
(SISW) air b                                                      B                   
    forward curve ၊ rad                rackward c                                 

 
Wheel diameter/ Frame (mm) 800 / K  

                          wheel diameter     (၈၀၀)                                
                          

 

Discharge (Rear) 
AH                         (discharge)                                 
R                     top d            ႔          R               
               b                AH                            
                              b                AH              ႔ 
             

Air Volume   CFM (CMH) 28,249(48,000) 
AH                                     air volume)    28 2    F     ႔       8     

  H           Volume Flow Rate”                    
 
Total Pressure in. WG (Pa) 2.83(707) 

AHU b                                 ႔      peforme                     total pressure) 
     2.83 inch of water column    ႔          P               total p                       
l                          Total pressu       mixing box loss ၊ cooling coil pressure drop ၊ 
filter pressure d                                              
 
ESP / TSP in. Wg(Pa) 1.40(350)/ 2.41(603) 
  P      External Static Pressure”            P      Total Static Pressure”           

AHU b                              external static pressure     1.40 inch of water 
column    ႔      3   P           Total Static Pressure     2    inch of water column    ႔      
  3 P                                              AHU b                          mixing box 
loss ၊               ressure drop ၊ filter pressure drop                                          
p                 External/total static pressure                            ၊ supply air grill and 
d                        damper l                          

Altitude / Temperature 0(0)/ 68.9(20.5) 
AHU                                                                           
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FAN RPM = 1019  
AH                   shaft)                                    (၁၀၁ )           
 
Motor type / Pole TEFC - IP55 / 4  

                      F             F                                   F   
                      IP55                              (protection against solid and Liquid)    
            

IP 
First digit: 

Ingress of solid objects 
Second digit: 

Ingress of liquids 
0 No protection No protection 

1 
Protected against solid objects over 
50mm e.g. hands, large tools. 

Protected against vertically falling drops of 
water or condensation. 

2 
Protected against solid objects over 
12.5mm e.g. hands, large tools. 

Protected against falling drops of water, if 
the case is disposed up to 15 from vertical. 

3 
Protected against solid objects over 
2.5mm e.g. wire, small tools. 

Protected against sprays of water from any 
direction, even if the case is disposed up to 
60from vertical. 

4 
Protected against solid objects over 
1.0mm e.g. wires. 

Protected against splash water from any 
direction. 

5 
Limited protection against dust ingress. 
(no harmful deposit) 

Protected against low pressure water jets 
from any direction. Limited ingress 
permitted. 

6 Totally protected against dust ingress. 
Protected against high pressure water jets 
from any direction. Limited ingress 
permitted. 

7 N/A 
Protected against short periods of immersion 
in water. 

8 N/A 
Protected against long, durable periods of 
immersion in water. 

 
Absorbed fan/ Motor Power kW 13.50 / 16.20  

A        P         AHU b                                             AHU b      
    belt d                                       slip                               t            
                ႔                                        absorbed p                    AH  
     AH                        3                                    motor power)       2  
                      
Recommended motor kW 18.50  

R                     8                          size)                 AH  
          motor power        2                                  2                ႔        
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 8              r                           8                      22                  
                          ႔          ecommendation”                                ႔          
                                                                               motor 
size)        3.0 kW ၊ 4.0 kW ၊ 5.5 kW ၊ 7.5 kW ၊ 11.0 kW ၊ 15.0 kW ၊ 18.5 kW       22         ႔ 
          
Motor safety allowance % 20 
                              ၂၀              
Electrical Supply  V-ph-Hz 380-415 V / 3ph / 50 Hz 
    AH                                                         electrical power supply      
(၃၈၀)    ၄၁      ႔                 H         3 phase s                 
      L               
Inlet In-Duct Sound PWR dB(A) 93 
Inlet In-Duct Sound PWR dB 125 Hz 95 
Per Octiave Band Unit  250 / 500 Hz 91 / 94 
1k / 2k Hz  88 / 82 
4k / 8k Hz  75 / 66 

 
Fan Discharge Velocity  m/s 13.15 

AH                                                discharge velocity)     3    
              
Total fan efficiency (% 69.79) 

Fan(blower)   otal fan efficiency                       
Transmission Specification  

Pulley type/ Grooves = SPB / 2 
Pulley                                   (2 Grooves)      SPB Pulley          

 

 

Fan / Motor pulley  Ø mm 335 / 236 
Fan (blower)                                iameter     33              

                                    diameter    236mm                              
                           (၁၄ ၀           fan(blower)            ၁၀၂၁)          
(                                            

Belt length  mm 2000 
Fan (Blower)                                                           (belt)  

         2                 
-End- 
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Chapter-7 Ventilation 
                                    ႔                                     ႔       

          ႔                 ႔                                         ႔               
             ႔          (၁၀)            ႔               ႔                                 
              ႔                                                                       
                           ႔                    

၇.၁             (Indoor Air Quality) 
                                           (air quality)                           

                              National Environment Agency(NEA)                   guidelines 
                    (test parameter)                                 (chemical)      
                                    (biological)                                        
(physical)                                     ႔          

 IAQ Test Parameters Threshold Limits 
(၁) Temperature (Degree Celsius) 22.5 – 25.5 
(၂) Relative Humidity (%)  < 70 
(၃) Air Velocity (m/s) / Air Flow  <0.25 
(၄)  Carbon Monoxide (ppm)  9 
(၅) Carbon Dioxide (ppm) 1000 
(၆) Ozone (ppm)  0.05 
(၇) Total Volatile Organic Compounds (ppm) 3 
(၈) Respirable Suspended Particulate (/m3)  150 
(၉) Formaldehyde (ppm)  0.1 
(၁၀) Total Bacteria Count – TSA, 35 Degree Celsius 48 Hours (cfu/m3)  500 
(၁၁) Total Fungi Count – PDA, 25 Degree Celsius 5 Days (cfu/m3)  500 

        (temperature)  Relative Humidity(%)              (air velocity)    ႔    
                                                                    ႔                   
                                                                                    

၇.၁.၁                                       (Causes of Poor IAQ) 
 (၁)                                        (IAQ problems)   ၅၀%    ႔          

                                                             
 (၂)                              (poor intake/exhaust locations) 
 (၃)       ႔                        ႔                    ႔           

(inadequate filtration or dirty filters.) 
 (၄) Intermittent airflow              
 (၅)       ႔                  (poor air distribution.) 
 (၆)                                   (inadequate operation) 
 (၇)                                                   (inadequate maintenance) 
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၇.၁.၂             (IAQ                                     (IAQ Control Methods) 
(၁)                                                                            

(control temperature and humidity) 
(၂)    ႔                                                                           

             (ventilation - dilution) 
(၃)                                          (remove pollution source.) 
(၄)                   ႔                      (filtration) 

၇.၁.၃            (IAQ)                                        (IAQ Factors) 
                                                (air quality)                   

                                                               
(၁)                   ႔       (thermal environment) 
(၂)            (smoke) 
(၃)     ႔        (odors) 
(၄)                               (irritants dust) 
(၅) Stress problems (perceptible, nonperceptible) 
(၆)                              ႔    (toxic gases carbon monoxide, carbon dioxide) 
(၇)                          (allergens pollen) 
(၈)                                               (biological contaminants ­ bacteria   mold   pathogens  

legionella   micro organisms   fungi ) 

၇.၁.၄             (IAQ)                                            (CO2 Levels) 
                                    ႔(CO2)                                 

(၁)                                              (CO2 Levels)    350 PPM     400 PPM     ႔ 
          
(Outdoor background level: 350 PPM CO2 avg.) 

(၂) ASHRAE Standard 62                                (CO2 Levels)     1000 PPM        
             
(ASHRAE Standard 62 recommends: 1000 PPM CO2 max.) 

(၃)  OSHA and U.S. Air Force standard                                (CO2 Levels)     650 PPM 
                    
(OSHA and U.S. Air Force standard: 650 PPM CO2 max.) 

(၄)                                       (CO2 Levels) 800–1000 PPM                 
                                                          ႔                  
(Human discomfort begins: 800–1000 PPM CO2.) 

(၅)                             (CO2 Levels) 12,000 PPM                                     
                                                       
(Long term health effects: >12,000 PPM CO2.) 

                                                   ၏                    
( )                                                             (remove heat) 
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( )                      ႔                            ၲ                                 (CO)               
          (CO₂)                            (contaminant)                   

( )                                                     (acceptable indoor air quality) 
           ႔         

                                  ႔                             (outdoor           
                                   (outdoor air)                                          

                                                   “Natural Ventilation”           
                                                                      “Mechanical Ventilation”    
                      ႔                                          (naturally 
ventilated)                                                                                      
(mechanical ventilated)             ႔      air condition                              

                                                              (mechanically ventilated 
space)    air con                                                                    
(naturally ventilated space)            

Air c                                                                               
                                                                       (smoking 
room)                                                                                        
(code)                                  

                                                  (naturally ventilated)          
   ႔                      (occupied space)                                                         
                                                                                                 
                                (drawing)                              (maintenance)                     
           (trouble shooting)    ႔                                                    

၇.၂                                               (Natural Ventilation) 

 

  

    ၇-၁ Use of Wind pressure on building (Cross Ventilation)     ၇-၂  Venturi effect 
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Principle of Natural Ventilation  
                                               (natural ventilation)            

                             
 (၁) Wind pressure on building 
 (၂) Venturi effect 
 (၃) Chimney effect       
 (၄) Stack effect    ႔          

 
    ၇-၃ Atrium                                       

 
    ၇-၄  Stack driven natural ventilation     ၇-၅  Wind driven natural ventilation 

၇.၂.၁ Stack Effect   

             ႔                             (inside temperature)                           
(outside temperature)   ႔                                            “Stack Effect”           
natural ventilation             Non-mechanical airflow                          ၌         
                                     (                          “Stack Effect”         
            

           (inside)            (outside)                                           
                              (air densities)                                             
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       ႔                       (air densities)                                           
                                        ႔            ႔                     ႔           
      “                     ”              

      ႔                                                 stack effect     
                                 ျပ               (wind pressure         modify stack        
            ထုိအေၾကာင္းကို CIBSE AM 10 Natural ventilation in non-domestic buildings      
                                

                                                                (air movement)          
        ႔                        (temperatures difference                          ventilation 
application                  stack effect                                 

S                                          (air movement)                      
             ႔           ၌           (inlet point)                     (air outlet point)     
                      

 
                   (direction of air flow)                                         

                                                              (inside temperature)          
             (outside temperature)                                                         
       ႔                                                  ၌            (air flow)    
              ႔(upwards direction)                       ႔      ႔                   ဤ      ႔ 
           (air flow               

                          (internal temperature)                                       
                                                                           ၌             
(airflow)                  ႔(downwards direction)                                     
ဤ      ႔            (air flow               

                               (machine enclosure)                               
                “Stack Effect”                                                           
                                                         (tall enclosure)                  
                                                                     (airflow                      
        (internal temperature)                                                            
(acceptable operating condition)   ႔                 

                                     (airflow)    ႔                          )    CIBSE 
guide A    chapter 4      standard calculations                            (wind pressure)    
                                       (၄)[chapter-4]                                       
                  (more complex arrangement of opening layouts)            
            CIBSE publication AM10 Natural ventilation in non-domestic buildings 2005      
                           

          (inlet point)                 (air outlet point)    ႔                   
(vertical distance)        stack effect                         
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“S     E     ”               
 (၁)  “Stack Effect”                               (air flow)                          

           does not rely on wind) 
(၂)                                            (air flow)                             
(၃)                                                                      (Greater control in 

choosing areas of air intake) 
(၄)                           (ventilation)                            (Sustainable method) 

 
“S     E     ”                 
(၁)                                   
(၂)                                               (Relies on temperature difference) 
(၃)                                                                                

                                  (Design restrictions) 
(၄)                                                             ႔                    

၇.၂.၂                                         (Design Information) 
( )           (type)           (size)                                            (location 

of openings) 
( )                            (opening)                 (type)                (shape)   ႔    

           (airflow)                                                              
      

၇.၂.၃                           (Key Design Inputs) 
( )               (inside air temperatures)                      (outside air temperatures)     

(°                                                                      (difference between 
inside and outside temperatures)            (density)                 (pressure) 
                                (pressure)                                               

( )                                           (height difference between inlet and 
outlet)        (meter                                                                     
       stack effect                         

၇.၂.၃ Design outputs 
Cross ventilation   single-sided ventilation       ventilation           (type)       

schedule of window types   actuators       control                     schedule of transfer grilles 
          ventilation strategy       specification                                   
 • Ventilation performance        ႔         

 •                solar shading                              
 •                           (air flow paths)                 la                   

          
 •               control philosophy                 ႔         
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၇.၂.၄          (Calculation Approach) 
(၁)               (Building layout)                                                   

(၂)                     (inside temperature)                     (outside air temperature)    ႔    
                                 (weather data)          

(၃)                                ႔                   (height difference between the inlet 
and outlet points)           Centre to                                

(၄)                               ႔            (type)           (size)               (shape) 
   ႔                

(၅)                                         (volume flow rate)                            
                              (values)            

၇.၂.၅ Design Watch Points  
( )                       (direction of air flow)                 (outside temperature) 

                                     (outside temperature)                        
         (air flow direction)                          ႔                      (outside 
temperature                                                         

( ) S                                          (airflow)                                 
                                                            (design airflow patterns)    
                             

( )  S                               natural ventilation                                  
                                                        

(ဃ)                                                                                                  
          Stack effect                                             

References for Natural Ventilation 

 CIBSE Guide A, Environmental Design, 2006, ISBN 1 903287 66 9 
 CIBSE, Natural Ventilation in Non-Domestic Buildings, AM10, 2005, ISBN 1 903287 56 1 
 AIVC 1998, TN 44 Numerical Data for Air Infiltration & Natural Ventilation Calculations,  

ISBN 1946075972 
Natural Ventilation Guidelines: 

 Whole Building Design Guide, National Institute of Building Sciences 
 http://www.wbdg.org/resources/naturalventilation.php 

 "Natural Ventilation for Infection Control in Health-Care Settings," a report (including design guidelines) 
by World Health Organization for naturally ventilated health-care facilities. 

 http://whqlibdoc.who.int/publications/2009/9789241547857_eng.pdf 
Natural Ventilation                                          
 The Center for the Built Environment (CBE), University of California, Berkeley. 
 ( http://www.cbe.berkeley.edu) 
 Lawrence Berkeley National Laboratory, Berkeley, California. ( http://www.lbl.gov) 
 Department of Architecture, Massachusetts Institute of Technology. 
 (http://architecture.mit.edu/building-technology/program/research-topics) 
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၇.၃ Mechanical Ventilation       
Mechanical Ventilation System                           MV System                       

               (bathroom)                     ႔           (toilet)                             (locker 
room)                    ႔                       (similar facility)                       
                       (natural ventilation                                               
                      (mechanical ventilation)                                           
(outdoor air)    ventilation duct                 ႔          Air condition unit                        

                                                             (naturally ventilate) 
                                      (louver)                                                    
          Exhaust air                                 (replacement air)        
              (exhaust air)                     

၇.၃.၁                                                                                 

 
    ၇-၆ Supply air     exhaust air          
                  “Positive Pressure”         
      

    ၇-၇ Supply air     exhaust air    
                         “Negative 
Pressure”              

  
    ၇-၈ Mixing (dilution) ventilation     ၇-၉ Displacement ventilation 

၇.၄ Hospital Operation Room Ventilation 

                 air distribution system                        shopping center       air 
distribution system                                                                            
                                                                                                             
                   air distribution system                        supply air                   ႔ 
              ႔            supply air       room air    ႔        (mix)                             
                        (uniform temperature zone)                              ႔ air 
distribution system                                                                    
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                         (airborne contaminant)                            
          ႔        ႔                                     air distribution system                       
     (thermal comfort                         (airborne contaminant)                  
                                          (airborne contaminant)                                   
                        (post-operative infection)                   infection                  
                                                                                                 
                                                                

                    ႔                        (particles)                   ventilation system      
High Efficiency Particulate Filter(HEPA)                                                            
                                ႔                  (infiltration           )                       positive 
                                   

Airborne contaminant                                         
(၁)                     micro-organism (                                 ႔)                
(၂) Ventilation       infiltration    ႔                       (particles)                    ႔          

                                           ႔                ႔                      (contamination) 
            Air distribution system                (operation room)၌                            
         (contamination)                                    System                              
      (airborne contaminant                   )       ႔          (isolate)                      
                                              supply air              (mixing)                
                                                                    ႔                  (fresh air)    
                                              

 
    ၇-၁၀ Operation Room Ventilation 

   ႔                              (fresh air ventilation rate)                  cooling load 
(latent heat load       sensible heat load)                 Airborne contaminant         
                                                   (effective)                   (operation 
room)         ႔ supply air                          (low uniform velocity)                       
                             stable downward air flow                “Lamina Flow 
System”               Lamina flow ventilation system                 (ceiling)              
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lamina flow diffuser                                   ႔                 (uniform velocity) 
           lamina air flow pattern                                          (air change rate)       
                                      (air change rate                          (energy 
consumption)                      ႔                                 (energy  cost)                   

                      (energy consumption)                 lamina air flow                 
                                      (critical zone                      (operation table)      
                                                     (air change rate)                               ႔ 
                  lamina flow diffuser                                                                 
(operation table)                                  Lamina flow diffuser              
        (low face velocity)                diffuser                                       
                           

Supply air                                                     (temperature differential) 
   ႔        supply air      discharge air envelope          ႔                   ႔        diffuser 
                             ႔            (clean zone)                                  
           Lamina flow diffuser                                                       
           

Lamina flow ventilation system              supply air         HEPA filter(High 
Efficiency Particulate Air Filter)                             HEPA filter         lamina flow 
ventilation system                                          HEPA filter                    (operation 
room)                                          (filter)                                              
      sterilized                                 ႔                     Diffuser              
             HEPA filter                                                                           
               sterilized                                  ႔                                 

  
    ၇-၁၁ Lamina Flow - Full Ceiling Supply     ၇-၁၂ Lamina Flow - Partial Ceiling Supply 

                                  clean zone                 (operation table)  
                                              “Full Ceiling Lamina Flow Ventilation System” 
                              (operating table)            lamina f                          
         (air curtain)                                 (energy)                                 
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Air curtain     linear slot diffuser                                        (operation table)  
                         (air curtain)                      Linear slot diffuser                 
     (operating table)             (၃                                                         
   ႔             (clean zone)                                                           (operating 
table)            (၃                        Linear air diffuser        supply air                     
(vertical line)   (၁၅)                                             (၁၅)                        
    supply air                     (operation table)                                      
(barrier)                                      

 
    ၇-၁၃ An integrated system of laminar flow and linear slot diffusers that minimizes mixing of 

room and supply air to create a controlled operating room work area. 

Contaminated room air                     (outer boundary layer)                        
                     (operating table)                              (exhaust grille)          ႔ 
             ႔        contaminated room air                                                     
(dilution)                                                                  (dilution)            

Supply air   ၆၅%    ၇၅%         lamina flow air diffuser                         ၂၅% 
   ၃၅%     air curtain              (discharge)                                           ႔         
                                                                       “                 ”           
                                  ႔ positive pressure                               
                  (supply air volume)                         (return air volume)    
                                               (supply air volume)                      
      (return air volume)                                                         
                     (return air volume)                      (supply air volume)   
၈၅%    ႔               
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Return air grille                     (၃)        (၆)                             
                     ႔ exhaust    ႔      return air grille                 (low level)            
                contaminated air                                      ႔(gas)                
                                                                                                  
                    return air grille                                                   
return air grille                                        ႔                         grille             
                                            grille                                 ႔                  
contaminated air                  (operating table)       ႔                        

၇.၄.၁ Ceiling Construction 

                             (ceiling)               air distribution system       
                   Supply air                           (pressurization)                      
(ceiling)    plenum box                                                                    
                       

 ( ) Dry wall ceiling  
 ( ) Gasket T-bar ceiling       

 ( )                               -                            ႔          

                                                  air conditioning system     
              (comfort                         ႔                                          
  (supply air)                                                                          (temperature 
control)                        (air flow rate)                                                      
                             (control)                                                         
                                              (temperature gradient)                                

                                                                                
                                                            (temperature gradient)         
                                              (air movement)                                 
        (temperature distribution)                                                      
       ႔                    (high contaminated area)            (air velocity)    
        ႔      (၀.၂)         (0.2 m/s)                                         (patient room) 
                 ႔     (၀.၁)         (0.1 m/s)                         (air velocity)          
       (air velocity)     0.45 ± 0.10 m/s                         unidirectional lamina flow pattern 
                  

         (Air Change per Hour(ACH))           ႔                               
                                     (patient room)                         2 ACH – 6 ACH 
                Critical room                                    (၁၂)      (12 ACH)    
                      (surgical operating theatre)          15 ACH    25 ACH                  
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၇.၅                                               (Essential Rooms)  MV System 

             ၌                                                                          
                                             ႔                      ဃ                                   
                                 ႔                                                     (fire 
protection)                                                                   Mechanical & Electrical 
(M&E) S                                                                         code of 
practice)                                                           

 

 

 
    ၇-၁၄ Escape routes and rescue routres     ၇-၁၅                             

                ႔                                                    (fire 
protection)                                                                                        
 ႑                                                                                         
၂၁                            ႔                                                   
                         mechanical ventilation s                                                    
                                                    

                                               (essential area/rooms)       
Mechanical Ventilation System       

( )            (exit staircase)       internal passageway                                   
                                               ႔                   

( ) Smoke stop lobby (                               ႔                                               
                        ) 
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( )  Generator room (                         )   

(ဃ) Fire Command Center(FCC) (                                                        
                                                                                 ) 

( ) Fire pump room (                   ႔                                          ႔           

( ) Rooms involving use of flammable and explosive substances(                     ႔     
                                                         

( ) Kitchen (                                   ) 

၇.၅.၁ ( )           (Exit Staircase)                           ႔             (Internal Passageway) 

                                                                                   
                                                                                                   
                                                           

Mechanical ventilation s                                                            
       )                                          ႔        ႔)                                       
                                                                                                      ႔ 
                                                              

 
 

    ၇-၁၆ Smoke stop lobby     ၇-၁၇ Smoke stop lobby (pressurized space) 

                                  ႔        ႔                           stack eff                
                                                                                             
(temperature differences)                        (pressure difference)   ႔        “Stack Effect” 
                                                              Buoyancy f                 
                                                    ႔              

                                   stairwell)           elevator shafts/refuse chute      
      ႔                                               ႔                               ၌    
                                                            ႔                             
           (heat energy)                               expansion force                      
                                              ႔                                       ႔           
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            ႔                                                     emergency exit)  

                    ႔            (exit passage way)                           ႔       duct   
control p              ႔              independent system)                                  
                                fan   duct                    ႔                                   
                            (                                             

                                          o                                   
                                          s                     (intake point)    
                                 ႔          (exhaust opening)              ၅            
       

                                                         emergency exit)  exit 
passage w      ႔                                                      ႔                      
supply a                      (grillers       diffusers)                       (discharge)         
                         duct                                              (fire rated 
construction)                ႔                fire rated b           duct          enclosed)          

      ႔           fire rated b           duct          enclosed)                        
                    duct                                                                    
                                    

 

P1= Pressurization system pressure 
P2= occupied area pressure 
 
P1-P2>50 pa 
 
Pressure P1 is grater than P2 in occupied 
space 

    ၇-၁၈ Pressure gradient with smoke stop lobby 

   ႔               supply air)                                             fire d      
                                                                                             
             ႔             fire damper                              isolation)            staricase 
p                                                                                       
           isolate)                

   ႔                                                         ႔                             
                                                  ႔                                          
            ႔            (exit passage way                                                 
                  ႔                                                                  
                  ႔             (exit passage way      ႔                                          
(pressure                 
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P1= Pressurization system 
pressure 
P1>P2>P3 
P1-P3>50 Pa 
 
Pressure P1 in staircase is 
greater than pressure  
P2 in Smoke stop lobby 
 
P2 is greater than pressure P3 of 
occupied space 

    ၇-၁၉ Maintaining pressure differential without smoke stop lobby 

 
    ၇-၂၀                                 

                                                         emergency exit)  exit 
passage way    ႔                                     ႔႔               f                 
                                                        ႔        s                                 
over load p                                

(၂၄)                                                                        
             natural ventilation)                                                       (exit 
staircase)                        pressurized)                                              
                                                              (fire fighting lobby)     
                                                         (fire fighting lobby)                
                (pressurized)                 

                        (Pressurization Level) 
Pressurized exit staircase                                                (occupied 

area)                 p                                                               
           (pressurized exit staircase)                                    -           
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                                                                       smoke-stop 
                                  S    -                                                   
(occupied area)                           

 
                                                                                       

                              (air flow)                                      ၇-၂၃)      
                                                                                   main discharge 
                                                                           (velocity)             
                                 .                                                   
         ႔                                                      ၌                                   

၇.၅.၂ ( ) Smoke Stop Lobby  
(                                                                                         ) 

S    -               smoke-f                               S    -               
           (exit staircase)                                                           
      (exit staircase)       user occupied a         ၌                                        
     user occupied area)                                   ႔                         
         User occupied a                                  ႔                                   
           (exit staircase)     ႔                                                      
              (smoke stop lobby)               

 
  

 
S    -                        
            (exit staircase)     
                   user occupied 
a                                  
                                      
            pressurized air)      
                                
                               ႔ 
                            

    ၇-၂၁ Smoke-stop lobby                               fired rated duct                    

Pressurized exit staircase                                                       
   ႔                                                               ႔                             
               ႔                                                                 ႔           
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                     ႔                                       S    -                       
                                                          (exit staircase)       ႔    smoke-
s               ႔               s                                           s          
          (intake point)                                     ႔           (exhaust 
opening)               ၅                  

၇.၅.၃ ( ) Fire Command Center (FCC) Room 
Fire Command Center (FCC Room)                                                 

                                                                                                 
                                                             PA system (Public Address 
System)  Fire Alarm System   S        S            B                   S                   
                                   c                                   panel                    
          

 
    ၇-၂၂                      ၂၄                      smoke stop lobby             

                  staircase pressurization f                                           
                                                                                                
                                   staircase pressurization fan)                       local 
p                                       panel                          remote panel            
                                            main alarm panel      staircase pressurization 
f      ႔                                                                               



             ႔                                                                                                     Chapter-7 Ventilation 

7-19 

                    staircase pressurization fan)                   ႔                  
                                  indication light                        

Staircase pressurization f                                                                   
                                       FCC r                     Staircase                         
                  local panel                                   panel                          
remote panel                                                   main alarm         
staircase pressurization f      ႔                                                 staircase 
pressurization fan                ႔                                                    
                                        

 
    ၇-၂၃ Smoke stop lobby                                                                            

   s                                          s                    (intake point)    
                                 ႔          (exhaust opening)             ၅)      
            Fire Command Center(FCC)                           ႔       duct           
p            ႔      i                                     supply                              
         f    duct                 duct    ontrol    ႔                  

Fire Command Center (FCC) r                      duct                           
                                  duct     (FCC r      fire rating    ႔                          
                                    r             )                                                       
                        (enclosed)           
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      ႔           fire rated board       duct                 (enclosed)                        
                     duct                                       ႔               ႔      exhaust 
duct                             fire d                                             duct 
        Fire Command Center (FCC) room                           

M/V to exit staircase and internal exit passageway 

 
    ၇-၂၄ E                                                   mechanical ventilation 

၇.၅.၄ (ဃ) Smoke Stop Lobby and Fire Fighting Lobby 
Smoke-st                            ႔                                            

                                                                                
                                                                  

Building f                                      (supply air)          -                     
smoke-stop l           fire fighting l                       ႔                          -          
                                         ၁၀                                          
(s                    outdoor)                        s                    (intake point)    
                                 ႔             (exhaust opening)              ၅      
             

                                                                                       Fire 
rated construction    ႔                                                               -             
                                               ႔                                                     
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    ၇-၂၅  Staircase fan and supply air duct 

 
    ၇-၂၆ Mechanical ventilation of somke stop lobbies and fire fighting lobbise 
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    ၇-၂၇                  G                                                 

၇.၅.၅ ( ) Fire Pump Room                                 (Generator Room)  
( )                                                   ႔ fire pump)                        

                                       ႔        f                                     
                               

( )                                       emergency exit                         (escape 
route)                               emergency g                                      
   ႔                                  (generator room)                                     
                 

 
    ၇-၂၈                   G                                                 



             ႔                                                                                                     Chapter-7 Ventilation 

7-23 

             ႔                s                                                   s      
              (intake point)                                    ႔          (exhaust 
openings)              ၅                   

                                              (generator room)      duct              
   ႔                                                                                             
                                       enclosed)                ႔          (fire rated board) 
      duct                  enclosed)                                             duct 
                                    ႔                                       fire d         
           

 
    ၇-၂၉ Fire pump room   Generator room and fire command center (FCC) room  

 
    ၇-၃၀ Room with Flammable vapour 
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    ၇-၃၁           E                                   

                       duct                      ႔     (fire pump room)               
                 (generator room)                           

၇.၅.၆                   E         S                                         ႔           
                                                   

                        ႔                                                              
                                                                                     
                     ႔                                                                          
                                       -                                      ႔            
               -                                                    (၂၀                
                

               exhaust air)                ႔                ႔    (discharge)           
                                                  (intake opening)             (၅      
             

               duct                                                            
           fire rating)    ႔                                      fire rating)                     
            fire rated)                                                 fire rating)                 
                              fire rating)                                                            
         ၌                                                                    duct 
                                           

၇.၅.၇ ( )                    (Kitchen) 
 Mechanical                                                 kitchen              ႔ 
             kitchen ၏      (volume)      (၂၀                   (20 air change)    
             Kitchen hood                                        (in operation)      kitchen  
hood                           (exhaust air)                            
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Kitchen Exhaust 
 Kitchen exhaust hood                                       ႔      cooking process    
                                              (grease-laden vapour)                                   
                                     ႔                                 (grease removal devices) 
               Fire suppression equipment                      (roof)                     
(building surface)                  ႔               Exhaust air          ႔    (discharge)     
                                     ႔                                  

 

 

    ၇-၃၂ Kitchen exhaust system 
                                                                       (cooking area) 
   ႔                  (kitchen)  mechanical exhaust system                             
         exhaust system                                            Fan       duct          
         system                                                  

     ႔              (exhaust air)                                                 
(make up air)                                 Kitchen hood                    (in operation)     
                 (kitchen area)                                               

Kitchen exhaust hood ၏ exhaust flow rate Q [m³/s]                      (formula) 
                        Kitchen hood                                                    
                   

                             

V  = Capture velocity which shall not be less than 0.30 m³/s for commercial type kitchens  
L  = Length of cooking surface, m 
W = Width of cooking surface, m 
H = Distance of hood to emitting surface, m 
F = 1.0 for heavy duty high temperature kitchen 
F = 0.7 for light duty, medium and low temperature cooking with equipment such as ovens, 
steamer, ranges, griddles and fryers. 
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              ၍              (wall mounted) hoods     island type hood              
             ႔                                               

Design Consideration 
Kitchen hood       kitchen exhaust duct                                        

            (unprotected combustible materials)             500 mm                     
      

Exhaust air                 ႔                ႔                      ၏ habitable areas 
                                ႔    (discharge)                                             
(၅)                  ႔    (discharge)      

Kitchen exhaust duct                                                        kitchen 
duct                                 enclosed)               ႔                  kitchen                   
(fire rating)                         ၏                  fire rating)   ႔                                
          (fire rating)         fire rated duct                  Duct ၏             (internal)      
           (external)                     (fire rated)              Duct rise                         
             enclosed)              kitchen duct               duct                 service 
    ၏ installation              ႔          (compartmentalized           )              

Kitchen duct          fire damper                             
Duct 

Kitchen exhaust duct       shaft         effluent                                    air      
                                                          
Kitchen duct                                      
( ) (၁.၂)                    mild steel                                (Mild steel of thickness 

not less than 1.2 mm)    ႔      
( ) (၀.၉)                    stainless steel                                (Stainless steel of 

thickness not less than 0.9 mm)    ႔      
( )                                        (other approved material)                      

Kitchen duct                  ႔                                              (opening) 
           ႔                                               Kitchen duct     ၏             (run 
of ducting)                     drain                           
 
Exhaust hoods 

                                                (cooking vapor emission)                   
kitchen hood      exhaust air       (velocity)    0.15 m³/s            Kitchen exhaust         
                      (hard-faced)                         mild steel  stainless steel       
aluminum                                            

Seam         liquid-tight seam                    (joint)        fusion welding  lopping  
riveting  soldering    ႔                              (approved)                            
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Hood                                         (washable grease filter)               
      Filter                                                                              Filter 
၏                                    (air leakage)                            

Hood ၏           (internal surface)                      (၄၀)                        
                          Filter ၏            (face of filter)                    (vertical)   (၃၀)      
                   Grease filter ၏              (pressure drop)                                
          ႔      assess           

 
Canopy Type Hoods 

Canopy            hood ၏                (lower edge)                       
           (cooking surface)   (၁.၂)                  ႔                  (၂.၀)                    
Hood                      150 mm            ႔                                        appliance 
                 

Type of Hood 

Minimum CFM per Lineal Foot of Hood 
Type of Cooking Appliances 

Extra-Heavy Duty Heavy Duty Medium Duty Light Duty 

Wall-Mounted Canopy 550 400 300 200 
Single Island Canopy 700 600 500 400 
Double Island Canopy  
(per side) 

550 400 300 250 

Backshelf/Pass-Over Not permitted 400 300 250 
Eyebrow Not permitted Not permitted 250 250 

 
Application Factor (CFM/in ft.) 

Kitchen Types Velocity 

Light duty (no grease, light grease) 150-250 CFM/ft 

Medium duty (fryers and griddles) 250-350 CFM/ft 

Heavy duty (heavy grease, charbroiler) 350+ CFM/ft 

 

Application Updraft velocity factor 

Steam kettles, ranges, ovens, non-grease producing equipment 50 fpm 

Fryers/griddles, grease Producing equipment 85 fpm 

Charbroilers, high heat and grease producing equipment 150 fpm 
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    ၇-၃၃ central island hood 

  
    ၇-၃၄ corner hung hood     ၇-၃၅ wall hung hood 

  
    ၇-၃၆ Canopy hoods     ၇-၃၇ Eye brown hood 

   (                                                                                    
k                      Kitchen h       ႔      kitchen e                                      
   ႔            (၅၀၀)        (500mm)                               ႔                ႔          
       ႔                                         intake opening)         (၅၀၀)         
(500mm)               

                   Mounting heights and overhang requirements) 

Type of Hood 
Mounting 
Height 

End 
Overhang 

Front 
Overhang 

Rear 
Overhang 

Wall-Mounted Canopy 78" 6" 6" N/A 
Single Island Canopy 78" 6" 6" 6" 
Double Island Canopy 78" 6" 6" N/A 
Eyebrow 78" N/A 6" N/A 
Backshelf/Pass-over 24" 6" 10" N/A 
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Hood exhaust                 

Type of Hood 
Minimum Exhaust Flow Rate (CFM/Lineal Foot of Hood Length) 

Light Duty Medium Duty Heavy Duty Extra-Heavy Duty 
Wall-Mounted Canopy 200 300 400 550 
Single Island Canopy 400 500 600 700 
Double Island Canopy 250 300 400 550 
Eyebrow 250 250 Not Permitted Not Permitted 
Backshelf/Pass-over 300 300 400 Not Permitted 

Notes: 
(၁) Light duty                            G                                                 

                                                                                       
                                                    –                                   
                        ႔            

(၂) Medium duty                            open deep fat fryers, donut fryers, kettle fryers, 
and pressure fryers), electric and gas pasta cookers, electric and gas conveyor (pizza) 
ovens                 

(၃)  Heavy duty                            electric and gas underfired broilers, electric and 
gas chain (conveyor) broilers, gas open burner ranges (with or without oven), electric and 
gas wok ranges, electric and gas overfired (upright) broilers, and  salamanders 
               

(၄) Extra-heavy duty                                                   charcoal        solid 
fuel                                                        

          
    ၇-၃၈ Kitchen hood                                               

K                         kitchen                                             
              (fire rated board                                      K                                   
fire damper              

   ႔                                           wet chemical fire suppression syst          
                     (                     ႔                                 
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    ၇-၃၉ Kitchen exhaust ducts 

Kitchen Exhaust Hoods 
 Kitchen exhaust hood             (air flow)        2.5 m³/s                
              (makeup air)                                   makeup air         exhaust 
air                   ၅၀                     mechanical                                   
              

Fume Hoods 
                    fume hood system     7.5 m³/s                               
(feature)                      
(၁) Variable air volume hood exhaust                     design exhaust air volume   ၅၀%     

                              
(၂) Exhaust air   75%                                                    direct make up air 

    room set point     2°C            Re-heating            
(၃)  Heat recovery    ႔      energy recovery      (                             make up air     

                             

၇.၆ Air Handling Systems  
System       pressurisation systems of exit staircases and internal corridors            smoke 

control system           outdoor air intake opening       (၅)                      
               ႔                (exhaust discharge opening)            

Outdoor air intake                                 (kitchens   toilets   car parks   
cooling towers   laundries   rubbish dumps or plant rooms         ႔       ႔       ) exhaust 
discharge        (၅)                                       

                   (outdoor air intake)                              (insect screen) 
                                                                           

Screening         ႔      wire mesh                                            
                                   10 mm mesh                  Cooling tower        
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                               (water droplets)                       (outdoor air intake) 
         ႔                                            

Return air opening               outdoor air intake     (opening)                     ႔  
                                               (lighted matches)                (cigarette butts) 
        ႔                                                                 (filter media)     
                                  (shall not b                              

Air con                                             (outdoor air intakes)  
                                      (outside floor level)     .                       
                                                                                            
                        

               ႔            (toilets)                                                       
(domestic kitchens)  exhaust duct                  duct system                       
(connect)            

            ႔               (connect)    fan                                  
                                                                                                
(device)                          ႔                        (industrial)    ႔                            
                    (commercial kitchens)  exhaust duct                 duct                          
               ႔    (separate system)                               

Exhaust air              (outdoor)   ႔                            ႔    (discharge)       
Exhaust air     ႔                         (pedestrians)                                   
(outside floor level)    (၂.၁)                                     

  
    ၇-၄၀                  (                ႔                          ) 

၇.၆.၁ Smoke Tripping of AHU  
                                                  ႔                 (isolate)      “fire 

compartment”                            duct                                           
                    ႔               duct          fire damper                      

                 (air flow rate)           m3                                  
         fire damper                    

                                 authority)                                  
                                                          smoke detector                       
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( )                  (air flow rate)           m3                                  

( )                                             ႔                              

( )                                                     ႔                               

(ဃ)                                                                               

                  return air stream ၌ s                                      

 
    ၇-၄၁ Air Handling Unit(AHU) and duct work 

 
    ၇-၄၂                                                        

၇.၆.၂ S                             

                                                                                     
                                                                                         s    
                                

  

Activation of smoke detector 

Return air s                 
       smoke detec        
                   a                 
                t               
               ၇-၄၃  Probe type smoke detector Smoke detector 
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S                                                                                      
                                        s          building fire alarm s         ႔           ႔    
           ႔     Building Automation System (BAS)                                     

၇.၇ Engineered Smoke Control System - Design Consideration and Over View  
                                                                              

                                                                                                   
                                                                              ႔                             
            ႔                                                                                
                                                                                     
                                                                “Engineered Smoke Control System” 
           

  
    ၇-၄၄                                                        

Engineered smoke control system                                     
                                   Engineered smoke control s                        E 
service          Air Conditioning and Mechanical Ventilation (ACMV) S                  
                     ႔                                                 

 
    ၇-၄၅                                               ႔                              

Engineered smoke control system                                                 
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                                                 ႔                                                    
                              ႔                                            

                                                                                                
        smoke reservisor)                                                     ႔                  
                                                  na                      ႔                  
                                                                                     

A             ventilation system                                                 
                          ႔         -                                              
                                                                                             
                                                                     
                                                                      
(၁)                            (Perimeter of the fire.) 
(၂)                   (Temperature of the flames in the plume.) 
(၃)                                                  (Effective height of the column of hot) 

   ႔          
                                                                                      

                           square root of the absolute temperature                             
 
                   flame temperature)    600°C– 850°C (1,112°F –                   

                           .   kg/m3             ႔                                          
                                                 

 
             

M = the mass rate of the smoke produced 
P= the perimeter of the fire (meter) 
Y= the height of the smoke layer (meter) 

 
                                                                                                        
(temperature                                                     
 
          

   Temperature of the smoke in C above ambient 
    Heat carried by the smoke in kW  
    Mass rate of smoke production in kg/s 

          specific heat     1 kJ/kg K    ႔                      
          ၇-၃၅                                                        spreading 

and growing fire)                            0.5 MW/m2                       ႔          
                            m2                                   total heat output)    
2.6                             temperature)                    
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Effect of spreading and growing fires on smoke temperature  

Time from ignition 
(minutes) 

Constant burn rate at 0.5 MW/m2 Growing fire 
Heat output 

(MW) 
Fire size 

 (m2) 
Max. smoke 
temp (°C) 

Heat output 
(MW) 

Fire size  
(m2) 

Max. smoke 
temp (°C) 

- 0.3 0.6 80 0.1 0.4 43 
8.0 1.2 2.4 144 0.4 1.5 66 
16.0 5.0 10.0 277 1.5 6.0 118 
18.5 8.5 17.0 356 2.6 10.0 152 
20.0 10.0 20.0 384 3.0 12.0 159 
22.0 _ - - 4.6 18.0 195 
22.5 - - - 5.0 20.0 201 

                                                           (unsprinkled fire) 
                                   20 m2                                           ႔        
engineered smoke control s                                                                 
                                     designed fire s                                    
                     ႔                    engineered smoke control system            
                      

B                                                                           
(၁၉၀၀)               (                                                        engineered 
smoke control system                                       ၁၉၀၀                
                                                                                 ၅၀၀     
            a                 engineered smoke control system                           

 
    ၇-၄၆ Atrium smoke control system 
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Engineered smoke control system                                    sprinkler fire 
protection s                     Engineered smoke control system                     
                                                                          

၇.၇.၁ Designed Fire Size 
  

Occupancy (Sprinklered) 
                   (Fire Size) 

Heat Output (MW) Perimeter of Fire (m) 
Shops Q = 5.0 P = 12.0 
Offices Q = 1.0 P = 14.0 
Hotel Guest Room Q = 0.5 P = 6.0 
Hotel Public Areas Q = 2.5 P = 12.0 
Assembly Occupancy with fixed seating Q =  2.5 P = 12.0 

Q = the heat carried by the smoke in                  P = the perimeter of the fire in meters 
System to handle worst case scenario             Minimum clear height below smoke layer = 2.5 m 
                        
• BR 186 – Design principles for smoke ventilation in enclosed shopping centre 
• BR 258 – Design approaches for smoke control in atrium buildings 

 
    ၇-၄၇                   (fire size)                             

                                    Sprinklers                               Fire Size) 

Retail Stores Standard 12 metres x 5 megawatts 
  Fast Response 9 metres x 2.5 megawatts 

Open Plan Offices Standard 14 metres x 2.7 megawatts 

Hotel Bedroom Standard 6 metres x 4 megawatts 

Motor Car (BRE 368) Non 12 metres x 3 megawatts 

Motor Car (BS7346-Pt 7) Non 20 metres x 8 megawatts 
  Standard 14 metres x 4 megawatts 

Ladened Lorry   20 metres x 7 megawatts 
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    ၇-၄၈  Atrium smoke control system 

 
    ၇-၄၉ Atrium smoke extraction system 

 
    ၇-၅၀ Atrium smoke extraction system 
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    ၇-၅၁ Smoke layer 

 
    ၇-၅၂ Smoke layer and smoke extraction or venting 

 
    ၇-၅၃( ) Smoke curtain and perforated false ceiling 

  
    ၇-၅၃( ) Smoke curtain and perforated false ceiling 
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    ၇-၅၄ Fire rated duct and standby fans 

 
    ၇-၅၅ Smoke Extraction System                

၇.၇.၂ Smoke Extraction System               
                     shopping m               “Smoke Extraction System”      

automatic smoke curtain                                           (                 “        
    ”                          )                )             ၅                            
           ၃.၅                          

                              ၁၂၀၀                                ၁၂၀၀  f         
                       [Floor area = 1,200 m2 typical (1 fire zone)] 

Atrium              (၂၀          (၁၀)             
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(Atrium void= 20m long x 10m wide(200 m2)) 

                                       smoke extraction s                              
                                                     design f           ႔                               
                                  design f        3m x 3                                   
 ၁၂        ႔                                                          (၅၀၀၀                   
                                            
(3m x 3m sprinkler controlled, 12m perimeter, 5,000kW convective heat output) 

               )                                               sliding door        
                                           ၂.၂                                           
                                ၁၇.၀၆)           
(Inlet: 4 nos. twin leaf sliding doors, size 2.2m wide x 2m high, Total area = 17.60m2) 

                                                ၃                           “Design Clear 
High”                   

Design Clear High : 3m above finished floor level 
Max. mass flow Mf = 175 kg/s 
Min. smoke layer temperature above ambient T = 18 °C 
Max. replacement air velocity, V = 5.0 m/s 
(၁)                                        (Calculate height of atrium, H) 

H = 1st ~ 5th Storey 
   = 5.00m + 4(3.50)m 
   = 19.0m 

(၂)            smoke layer                       (Calculate smoke layer depth, dB) 
                      dB = H – clear ht. below smoke layer(assumed 3m) 
                           = 19.00 – 3.00m 
                           = 16.0m 

(၃)                                           (mass flow of smoke, Mf (based on entrained 
plume)) 

             
M = the mass rate of the smoke produced 
P= the perimeter of the fire (meter) 
Y= the height of the smoke layer (meter) 

        [ ]        
        [  ]              
     = 11.85 x 2 
     = 23.70 kg/sec (        ႔      (၂၃.၇)                        ) 

(၄)                    ၌                        (initial temperature)                     
              initial temperature           (I           .                              = θ  ) 
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                                                       = 5000 /(23.7 x 1.01) 
                                                       = 208.88 °C (say 209°C) 
                                                      

          

   the temperature of the smoke in C above ambient 
    the heat heat carried by the smoke in kW  
    the mass rate of smoke production in kg/s 

(၅) Sprinkler                          (        sprinkler                             
                               (၆၈)                   ႔                                  
        ႔                                               ) 
Sprinkler operating temperature   θ   

            
(၆)  Sprinkler                                                        θ             (Smoke 

      S                                                          θ    
                  

                                                        = ½(209 + 68) 
                                                        = 138.5°C  > 18°C  [OK] 

(၇)                                           (Absolute ambient temperature, To) 
To = 300 K (27 °C) 

(၈) Smoke layer   absolute temperature           (Absolute temperature of smoke layer,Tcm)                      
                                                              𝑻𝒄    𝑻𝒐       

                                                    = 300 + 138.5 
                                                    = 438.5 K 

(၉)                                    -(volume of smoke produce, Vp) 

    
     𝑻𝒄  

 𝑻𝒐     
 

    
           

           
 

    = 28.43m3 
    =add 20% safety factor 
    = 28.43m3 x 1.2 
    =34.12 m3/s 

                                    ႔       ၃၄.၁၂                        

(၁၀)                                                         ႔                                  
                  (Proposed smoke extraction rate, Ve) 

        ႔      ၁၂                              fan                                         
                                                                                     
            



Air Conditioning and Mechanical Ventilation (Vol. 1)                                                                       ႔                                                                                                                                    

7-42 

           Ve = 3 duty fans + 1 standby fan (each 12 m3/s) 
               = 3 x 12 m3/s 
               = 36 m3/s > 34.12 m3/s  [OK] 

(၁၁)         ႔       ၁၂                                        fan                                   
                                                                         ႔        
                                                                                    
                   air opening)                (Nett Inlet air opening required, Ai)- 
                                  ႔      (၅)                       

𝑨    
  

 𝒂   𝒆𝒓     𝒃𝒍𝒆 𝒗𝒆𝒍𝒐𝒄 𝒕𝒚
   

                                           = 34.12 / 5.0 
                                           = 6.82 m2 

(၁၂)                                                                                        
                                                         (Check Inlet Area 
Opening Available, Am) 
                                     Am = 4 pair sliding doors 
                                           = 4 x 2.2m x 2.0m 
                                           = 17.60 m2 > 6.82 m2 [OK] 
                                                                               
                                                                            

 
    ၇-၅၆  Smoke extraction system                     
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၇.၈ Basement Car Park Carbon Monoxide Monitoring and Ventilation Fan Control System 

                      basement car park)                      ႔                   
                                          mechanical ventilation s                           
                                                 (internal combustion)              
                                       basement car p        ၌                             
   ႔                           ႔ exhaust gas)                         ႔                     
           

                                   ႔                              ၌                  
                                                      

  𝒆𝒍   𝑨 𝒓    𝒚 𝒓𝒐𝒄𝒂𝒓𝒃𝒐     𝒕𝒓𝒐 𝒆      𝒆   𝒂𝒓𝒃𝒐    𝒐   𝒆    𝒂𝒓𝒃𝒐   𝒐 𝒐   𝒆    𝒂𝒕𝒆𝒓  

   
    ၇-၅၇                            ႔                  

             ႔                                                           ႔              
                                          ႔                                                      
                             (complete combustion)                                       ႔    
exhaust gas                        

                        (                                                (CO)       ႔     
                                 (CO)       ႔                        ႔               ႔ 
                                         (CO)       ႔                               
      (oxygen atom)                                  carbon atom)   ႔                  
                                                               ႔            emissions)          
                    ႔                     (                                                         

၇.၈.၁ Safe Level of                          ႔(CO)        ႔ 

                         ႔(CO)                                                    
                                                             (CO)       ႔         level     
0 (zero)                                                  PPM                                      

                                           (CO)       ႔      (၃၀)           30PPM Level 
                                                         (CO)       ႔         9PPM Level 
                                                   (CO)       ႔           (၉)         
                         ႔                          (CO)       ႔ 10PPM level                         
            (     ႔    )                                                                      
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                                          (CO)       ႔         level)                   
                                                

                             ႔                                    
CO (PPM) Time Symptoms 

35 PPM 8 hours 
Maximum exposure allowed by OSHA in the workplace over an 
eight hour period. 

200 PPM 2-3 hours Mild headache, fatigue, nausea and dizziness. 

400 PPM 1-2 hours 
Serious headache- other symptoms intensify.  
Life threatening after 3 hours. 

800 PPM 45 minutes 
Dizziness, nausea and convulsions. Unconscious within 2 
hours. Death within 2-3 hours. 

1600 PPM 20 minutes Headache, dizziness and nausea. Death within1 hour. 
3200 PPM 5-10 minutes Headache, dizziness and nausea. Death within 1 hour. 
6400 PPM 1-2 minutes Headache, dizziness and nausea. Death within 25-30 minutes. 

12,800 PPM 1-3 minutes Death. 
 

Concentration (ppm) Carbon Monoxide Time (hours) 
50 Allowed exposure level 8 
200 Slight headache. sensation of uneasiness 3 
400 Headache. sensation of uneasiness 2 
600 Headache, sensation of uneasiness 1 

1000...2000 Confusion, headache, nausea 1,5 
1000...2000 Balance loss tendency 0.5 
2000...2500 Unconsciousness 0.5 

4000 Fatal < 1 
Singpore Standard 554:     I                                        (recommended) 

                  (CO)        ႔         (level      9              

၇.၈.၂ Understanding of Basement Car Park Mechanical Ventilation System Design  
          Basement car park monitoring s                               ႔                           
                       basement car park mechanical ventilation s                        
                                                basement car park mechanical ventilation 
s                                 (CO)       ႔ s                                              (CO) 
       ႔                     MV fan                                         (CO)       ႔         
          MV fan                                                                                              
                        (Basement Car Park) 
                                           (carbon monoxide)                
            ႔                                    (other combustion products)                  
                                             ventilation                       
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 Natural ventilation                       ၍                                      
         supply                    exhaust air                     ႔               mechanical ventilation 
system              system                               (car park)                
                     (6 air change)      (outdoor air)                 
                                                                (car park)          
                       (low occupancy)                                                              25 
ppm                                                   (ventilation rate)                              
 Residential parking area                                                      25 ppm 
averaged over an hour period            Ventilation fan                (switch off)           
 Car park ventilation      supply air        (part)       exhaust air        (part)   ၍ ႏွစ္မ်ိဳး 
ရွိသည္။ Exhaust air ၏ ၅၀%                   (high level)                Exhaust air        ၅၀% 
                 (low level)                
 Low level                                     (exhaust air grille)၏                 
                             (finished floor)    650 mm                   
 Supply air intake                      ႔         (exhaust discharge opening)   
          (၅)                                    
 Car park           supply air outlet                                           
              ႔              
 Car park exhaust air         ႔        (discharge                   (air intake 
opening)            (doorway)        ႔             (၅)                     ႔      (exhaust 
air)                       ႔                                            
                                               ႔                     ႔       
(exhaust air)                          
 
                                                   (Aboveground car park) 
                                                     (aboveground car park)       
smoke purging system                         code of practice for fire precaution in building     
                              
 Aboveground car park                                                          (opening) 
       (၁၂)    (12m)                             natural ventilation             
(openings)    ၁၅%                                     

Natural Ventilation       Mechanical Ventilation    ႔                      
( ) S                                      
( ) Exhaust air system       .                                

( )             (extraction point)         low level                    Exhaust grille ၏ 
                                       (finished floor)   650 mm                   

 Natural ventilation                 (openings)                           
                       ၂%                supply air                  
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                          (Basement Car Park) 

                          (basement car park)                   mechanical 
ventilation system                                   (supply air volume rate)         
    ႔                   (exhaust air volume rate)                           ႔                      
car park              negative pressure                                            
                   car park                         ႔(noxious gase)                            
           ႔                                                                               

                                             (design requirements)                      
( )  Fan                    (b                                air flow capacity               

                       (run)                                Car park                        
               (break down)                                                              

( ) Duct section                                                                            

( )  Duct section                         (operate)           control                                
                                                     (in the event of failure)          
section                                              

(ဃ) Exhaust air               supply air           ႔    interlock              Exhaust air           
          supply air                   (shutdown)      Supply air                     (        
        ) exhaust air            (shutdown)      

( ) Exhaust              supply           ႔    principle source electrical supply                ႔      
                                                                (                    
                                 (power cable)                       ) 

                      basement car park                                               
                 (intermixing           )                       

၇.၈.၃ Basement Car Park Carbon Monoxide Monitoring System's Design Consideration 

  
    ၇- ၅၈                                      duct      (basement car park duct)  

                        basement car p                 (zone)         supply fan       exhaust fan 
                             (zone)                                   exhaust fan      
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B                                                     S         S         3  
                            3                                     ႔     SS 3     3              
                                                                              guide line)        
                                                                             
                                          

Singapore Standard          I         Singapore Standard   3                       
                                            operation)                                    
         

Basement                                                         basement car p    
                             (CO)       ႔                                     exhaust f       
                                                                     

Control Strategy 
CO concentration to be controlled through DDC via EA and FA Fan 

 
    ၇- ၅၉ Basement car park monitoring system- Controller wiring diagram 

                                     Compliance of Carbon Monoxide Content) 
Singapore Standard          I                                 (indoor occupied 

space)                                                                     (recommended) 
                  (CO)       ႔         level)                    

   ႔                                                            (CO)       ႔         
(c           Singapore Standards 553 - (Formerly CP 13)                                     
             

         ႔        basement car park monitoring system     car p                        ႔      
    (zone)                                  (CO)       ႔ s                            ႔           
                 exhaust fan              s                            ႔                              
exhaust fan                                        

C                       ႔                              s                        
                                  s                          exhaust air flow rate    ႔ 
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၇.၈.၄                   (CO)       ႔ Sensor 
                             ႔ s                                        sensitivity range) 

              Sensing r                                           CO)        ႔            
s                                                        sense                              

  

   
    ၇- ၆၀                              ႔ s                 sensor response 

                             ႔                                  (diameter)    ႔      
          (radius                           ႔                                     ႔                     
                                                                                                 
s                                                                                      
                                         ႔ sensor                                             
     

                                         sensitiv               .                    
                                       ppm                           detect)                      
            

                             ႔ s            signal                               ႔        
                                                             ႔ s            c                   
                                    
 
                 

Basement car park carbon monoxide monitoring and demand control s                   
        Direct Digital Controller (DDC)        ႔      Programable Logic Controller(PLC)            
                                                             ႔ s            output        (value) 
                                                      car park fan                                    

၇.၈.၅ Control Strategies                          

Singapore S                 I                     recommended)                    
           ႔       (                          S                    3                  
         (၈)                                                                 S          
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                                   .                                                     car park 
fan                                     CO)        ႔         9 PPM    ႔                    
(shutdown)                                          ႔        35 PPM    ႔                                  
          S                    3              Singapore Standard 530                        
         

Singapore Standard 530(Code of Practice 13)   car park                               
“        ode”                ၆   6 air change                                           ၆    ၆     
change)    car p                                                                           
            ႔                       basement car p                                            ႔    
                                                                                  
          

                             ႔         level)             basement car park f        
                               ၆                     ႔                                         
              ၆ ၃၀         ၉ ၀၀                     ႔                                    
           ႔        (level)                              basement car park                            
                          

          basement car park fan          Variable Speed Drive(VSD)                 
    Variable Speed Drive(VSD)              basement car park fan                             
                      speed)   ႔                                 

                              “      ode”          Fire c       “      ode”      
basement car park f                        ၉   9 air change                           
                                     w                                                          
                                 fire inspection)                                 pass)         
          
၇.၈.၆                                         Energy Saving)       

                basement car park      car park supply air f    ၄     (15kW)      
exhaust air f    ၄     (15kW)                                ႔           ႔           
 ၇          ၆          fan                    (             basement car park     
                             ႔  monitoring s                                 ၇          ၆      
                fan                      

Carbon monoxide monitoring s                                                      
(၆)                                                            save                  kWh       
  . 3                                                   
Week Days   Fan Motor Power (kW) 
4 No of car park supply air fan 15 kW  
4 No of car park exhaust air fan 15 kW  
Existing Load  30 kW 
Existing kWh  30 kW x 11 hrs x 5 days x 52 Weeks 

 
85,800 kWh 
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Estimated kW after complementation  = 23.5 kW x 6 hrs x 5 days x 52 Weeks 

 
= 46,800 kWh 

Estimated kWh Saving = 67,219 kWh - 24,449 kWh 

 
= 39,000kWh per year  

Estimated kWh Cost Saving = 39,000 kWh x  $0.2369/kWh 

 
= 9,239 S$ per year  

                 energy saving)                           s                         car 
p                     Car park fan           ႔                  (                                 
           

   ႔     car p             CO monitoring s                                ႔      
                                                                ႔               system          
                                energy saving)                                     (pay  back 
period                                            

၇.၉ Mechanical Smoke Purging System for Basement Car Park 

 
    ၇-၆၁ Smoke purging system 

                         basement car park)      natural v                 
                ႔        mechanical ventilation system                                        
mechanical ventilation system                              ၆                       
         6 air change per hour                      air c                                      
         ႔      basement car park            (volume) (၆)                              
                                              basement car park B             30,000 m3 

              B1                   180,000                 

Centrilized air conditioning                                 ACMV Servic        
“           ”       “      ode”     operation                                  M&E ser          
                                             “           ”              “      ode”           
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                      larm                                                          
“      ode”                 ႔      main fire alarm panel    a                           
S                                                 ႔                                       

Fire Alarm System a                                              
 Shutting down of Air Handling Units of the affected areas 
 Closing of smoke check doors for segregation of affected areas from non-affected areas  
 Start-up of pressurization fans 
 Start-up of smoke extraction fans (mechanical smoke control)  
 Public Address System  
 Grounding of all elevators 

S                                                            activate              
                  ၆                             ၉                            ႔              
            

 
    ၇-၆၂ Basement car park smoke extraction system 

 
S                                                      remote panel                         

FCC room                                                    f      ႔                   panel 
                                               ႔                              fan      
               ႔                                                                            
            S                       duct          ၁.၂           .                    
(heavy gauge sheet metal)                            

Exhaust fa                                                                               
(exha                       @         Smoke purging system                              
                                            generator power supply    ႔      e               
                              S                         supply air           exhaust air fan     
                     Supply air f       basem                      ႔                              
                          

                ၁၉၀၀             [1,900 m2]                ba                
         smoke purging s                                           
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Exhaust air fan                                                  ႔             fan      
           Exhaust                           supply air f                                     
(hardwire       inter-l                             ႔      -                                    
                                                      Exhaust air                       supply 
air f                                                basement car park)                   
                                                                                            
Supply air f                                        ႔   )                            
              ႔                

၇.၁၀                   (Outdoor Air Requirement)  
                                                                                     

      ၌                                                                                (oxygen 
concentration)                                                        (carbon dioxide 
concentraion)                                ႔                                (occupants)       
                                                           ႔                       
(fresh a               

                  (outdoor air requirement)                                       
                                    (occupants)                                       
                                                      

          (per person)    ႔                (per floor area)                 
        (outdoor air)                                           
( )                                  (air flow rate per person)                         

                                       ႔                                           
           ဤ      ႔                                   (per person     )              
                   ႔      ႔                                                       
                                                                     (air quality) 
                                      
                                                             (rate)                            
                             (contamination)                                    
     (rate)                   

( )                           (per floor area)                                        litres 
per second per metre squared(l/s/m2                   ဤ                 ႔           
                                                                                   
         (                                                                                     
                              )                      

( )            (volume of the space)                      (air flow rate)    Air Change rate 
per Hour(ACH-                          Air change rate per hour                                  
                         Ventilation       infiltration    ႔                               
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       (heating system                   (cooling system                           
    (outdoor air requirements)               

၇.၁၀.၁ ASHRAE Standard 62.1 ­ 2004 (Minimum Ventilation Rates )                    
၂၀၀၄            ASHRAE                ASHRAE Standard 62.1- 2004  (minimum ventilation rates) 
                                                                    

Occupancy 
Category 

Outdoor Air Rate (1) Default Values (2) 
People 

CFM/Person 
Area 

CFM/SF 
Occupant Density 
People/1,000 SF 

CFM per 
Person 

CFM 
per SF 

Correctional Facilities 
Cell 5.0 0.12 25 10 0.25 
Day Room 5.0 0.06 30 7 0.21 
Guard Stations 5.0 0.06 15 9 0.14 
Booking/Waiting 8.0 0.06 50 9 0.44 

Educational Facilities 
Daycare (through age 4) 10.0 0.18 25 17 0.43 
Classrooms (ages 5 to 8) 10.0 0.12 25 15 0.37 
Classrooms (ages 9 plus) 10.0 0.12 35 13 0.47 
Lecture Classroom 8.0 0.06 65 8 0.55 
Lecture Hall (fixed seats) 8.0 0.06 150 8 1. 
Art Classroom 10.0 0.18 20 19 0.38 
Science Laboratories 10.0 0.18 25 17 0.43 
Wood/Metal Shop 10.0 0.18 20 19 0.38 
Computer Lab 10.0 0.12 25 15 0.37 
Media Center 10.0 0.12 25 15 0.37 
Music/Theater/Dance 10.0 0.06 35 12 0.41 
Multiuse Assembly 8.0 0.06 100 8 0.8 

Food and Beverage Service 
Restaurant Dining Rooms 8.0 0.18 70 10   
Cafeteria/Fast Food 8.0 0.18 100 9 0.93 
Bars/Cocktail Lounges 8.0 0.18 100 9 0.93 
General           
Conference/Meeting 5.0 0.06 50 6 0.31 
Corridors - 0.06 - - 0.06 
Storage Rooms - 0.12 - - 0.12 

Hotel, Motels, Resorts, Dormitories 
Bedroom/Living Room 5.0 0.06 10 11 0.11 
Barracks Sleeping Areas 5.0 0.06 20 8 0.16 
Lobbies/Prefunction 8.0 0.06 30 10 0.29 
Multipurpose Assembly 5.0 0.06 120 6 0.66 

Office Buildings 
Office Space 5.0 0.06 5 17 0.09 
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Reception Areas 5.0 0.06 30 7 0.21 
Telephone/Data Entry 5.0 0.06 60 6 0.36 
Main Entry Lobbie 5.0 0.06 10 11 0.11 

Occupancy 
Category 

Outdoor Air Rate (1) Default Values (2) 

People 
CFM/Person 

Area 
CFM/SF 

Occupant Density 
People/1,000 SF 

CFM per 
Person 

CFM 
per SF 

Miscellaneous Spaces 
Bank Vault/Safe Deposit 5.0 0.06 5 17 0.09 
Computer (not printing) 5.0 0.06 4 20 0.08 
Pharmacy (prep area) 5.0 0.18 10 23 0.23 
Photo Studios 5.0 0.12 10 17 0.17 
Shipping/Receiving - 0.12 - - 0.12 
Transportation Waiting 8.0 0.06 100 8 0.81 
Warehouses - 0.06 - - 0.06 
Public Assembly Spaces 
Auditorium Seating Area 5.0 0.06 150 5 0.81 
Places of Religious Worship 5.0 0.06 120 6 0.66 

Courtrooms 5.0 0.06 70 6 0.41 

Legislative Chambers 5.0 0.06 50 6 0.31 

Libraries 5.0 0.12 10 17 0.17 

Lobbies 5.0 0.06 150 5 0.81 

                 ’   8.0 0.12 40 11 0.42 

Museums/Galleries 8.0 0.06 40 9 0.36 

Retail 

Sales (except as below) 8.0 0.12 15 16 0.23 

Mall Common Areas 8.0 0.06 40 9 0.36 

Barber Shop 8.0 0.06 25 10 0.27 

Beauty and Nail Salons 20.0 0.12 25 25 0.62 

Pet Shops (animal areas) 8. 0.18 10 26 0.26 

Supermarkets 8. 0.06 8 15 0.12 

Coin-Operated Laundries 8. 0.06 20 11 0.21 

Sports And Entertainment 

Sports Arena (play areas) - 0.30 - - 0.30 

Gym, Stadium (play area) - 0.30 30 - 0.30 

Spectator Areas 8.0 0.06 150 8 1. 
Swimming Pool (pool and 
decks) 

- 0.48 - - 0.48 

Disco/Dance Floors 20.0 0.06 100 21 2. 

Health Club/Aerobics Rooms 20.0 0.06 40 22 0.86 

Health Club/Weight Rooms 20.0 0.06 10 26 0.26 
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Bowling Alley (seating) 10.0 0.12 40 13 0.52 

Gambling Casinos 8.0 0.18 120 9 1. 

Game Arcades 8.0 0.18 20 17 0.33 

Sages, Studios 10.0 0.06 70 11 0.76 

Healthcare Facilities 

Patient Rooms 25 - 10 25 - 

Medical Procedure Rooms 15 - 20 15 - 

Operating Rooms 30 - 20 30 - 

Recovery and ICU 15 - 20 15 - 

Autopsy Rooms - 0.50 20 - 0.50 
Physical Therapy 15 - 20 15 - 

Residential Facilities (Single, Multiple) 
Living Rooms 0.35 AC/hr. or 15 CFM/Person whichever is greater 
Kitchens 100 CFM Intermittent 25 CFM Continuous 
Baths, Toilets 50 CFM Intermittent or 20 CFM Continuous 
Garages—separate for each dwelling unit 100 CFM per Car 

Garages—common for several units 1.5 CFM/SF 

၇.၁၁ Supply Air Rate 
         ႔      ai                    ႔    ႔                        (total amount of air 

flow)      “Supply Air”               supply air     100% outdoor air                    
                              (100% re-circulating air)                   Outdoor air       re-
circulating air    ႔                               

( ) Heating    ႔      cooling load           supply air rate      litres per second(l/s) 
   ႔      cubic metres per second(m3               

( ) General ventilation           extract system           supply air rate     Air Changes per 
Hour(ACH             

Air volume flow calculation                               (checking)                  
(air volume)             (air change rate)   ႔                          (air change rate)    
                                             

     - Cooling load              (air volume) 2.0 m3/s     2 air changes per hour           
                         20 air changes per hour                                                    
Conventional ductwork system           20 air changes per hour                         (noise) 
                         

Ventilation                                  guide line         Chartered Institution of Building 
Services Engineers(CIBSE) Guide B2   Table 2.9 in section 2.3.2.1       Chartered Institution of 
Building Services Engineers(CIBSE) Guide B Table 2.9 in section 2.3.2.1    ႔                   

Ventilation Outdoor Air Requirement                                              
(design information)        - 
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           (Occupancy) 
                        (outdoor air rate)               a                          

                                       (pattern)                  

            (Use of the Area) 
                                    ႔                                                  

                                (source of contamination)                              
(air quality requirements)                
               (Size of the Space) 

                                                                  (air change rate)           
          (checking)    ႔                              
 
System design data 

Heating load    ႔      cooling load                       supply air         (flow)    
            Ventilation       design criteria                              (air flow)            
               toilet exhaust                (air change)                                   
            
 
Design approach 
Outdoor air requirements 
( )           (occupancy)            outdoor air rate                   
 𝒆   𝒓𝒆    𝒕 𝒐𝒐𝒓 𝑨 𝒓  𝒍𝒐   𝒂𝒕𝒆   𝑨 𝒓 𝒗𝒐𝒍  𝒆 𝒍    𝒆𝒓  𝒆𝒓 𝒐        𝒃𝒆𝒓 𝒐  𝒐𝒄𝒄  𝒂 𝒕  

 

( )               (floor area)             outdoor air rate                
 𝒆   𝒓𝒆    𝒕 𝒐𝒐𝒓 𝑨 𝒓  𝒍𝒐   𝒂𝒕𝒆    𝑨 𝒓 𝒗𝒐𝒍  𝒆 𝒍    𝒆𝒓        𝒍𝒐𝒐𝒓 𝒂𝒓𝒆𝒂      

     
       (museum)                             criteria                 ventilation rate              
Design data 

Outdoor air supply rate:  10 l/s per person (                10 l/s      ) 

Number of occupants:  200 people (         ၂၀၀               ႔         ) 

 
Calculation procedure 

Total outdoor air requirement     

   𝒍    𝒆𝒓 𝒐         𝒆𝒐 𝒍𝒆        𝒍   𝒐𝒓          

General mechanical ventilation                  

 𝒆 𝒕 𝒍𝒂𝒕 𝒐  𝒓𝒂𝒕𝒆       𝑨 𝒓   𝒂  𝒆  𝒂𝒕𝒆 𝒂𝒄      𝒐𝒐   𝒐𝒍  𝒆     

Air change rate     CIBSE Guide B2 Table 3.1                  

 𝒆 𝒕 𝒍𝒂𝒕 𝒐  𝒓𝒂𝒕𝒆        𝒆 𝒕 𝒍𝒂𝒕 𝒐  𝒓𝒂𝒕𝒆              
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Fresh air ventilation rate                   

 𝒓𝒆   𝑨 𝒓  𝒂𝒕𝒆         𝒓𝒆   𝑨 𝒓 𝒓𝒂𝒕𝒆  𝒆𝒓  𝒆𝒓 𝒐  𝒍            𝒃𝒆𝒓 𝒐  𝒐𝒄𝒄  𝒂 𝒕  

Fresh air rate per person (l/s per person)     CIBSE Guide B2 Table 3.3                   

Design tip:    (drawing)           dimension                           Drawing    length     
                                                                                                    
              

                                                                        outdoor air 
                              allowance            Variable Air Volume(VAV) system 
              supply air volume condition                  minimum outdoor air            
                              

Natural Ventilation      
Habitable room                                                              

                                                          ၂၀           ၁                  
(must not be less than 1/20 th of the floor area of the room                              
                       ၁.၇                  

                            
H                        one air                                

Design Criteria 
Ventilation system                                                        basic requirement) 
                              
( )                      occupants                    ႔ fresh air                
( )                   ႔         smells               fumes                   contaminants)         

                                                             

၇.၁၁.၁                     (Outdoor Air Intake) 
( ) Air con                           (outdoor air)  
( )                                                                                            

                (staircase pressurization)                       (outdoor air)      
( ) Ventilation                                                    

                   (outdoor air intake)               (external wall)                    (roof 
level)                               ႔                           
 
                                       (ASHRAE Standard 62.1-2004 – Air Intake Minimum 
Separation Distances) 

၂၀၀၄            ASHRAE                ASHRAE Standard 62.1-2004 (Air Intake Minimum 
Separation Distances)                                                                    
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(၁) Significantly contaminated exhaust (high contaminant concentration, significant sensory-
­irritation intensity, offensive odor): 15 feet. 

(၂) Noxious or dangerous exhaust air with highly objectionable fumes or gases and or 
exhaust  
air with potentially dangerous contaminants (laboratory exhaust, fumes, gases, potentially  
dangerous particles, bio-­aerosols, gases at high concentrations to be harmful): 30 feet. 

(၃)  Vents, chimneys, flues, and other combustion appliance discharge: 15 feet. 
(၄) Garage entry, automobile loading area, drive-­in queue: 15 feet. 
(၅) Truck loading area or dock, bus parking idling area: 25 feet. 
(၆)  Driveway, street, or parking area: 5 feet. 
(၇) Street or thoroughfare with high traffic volume: 25 feet. 
(၈) Roof, landscaped grade or other surface directly below intake: 1 foot (or expected 

average snow depth, whichever is greater). 
(၉) Garbage storage/pickup area, dumpsters: 15 feet. 
(၁၀) Cooling tower intake or basin: 15 feet. 
(၁၁)  Cooling tower exhaust: 25 feet. 

၇.၁၂ Contamination                   ႔                             ႔ 

                   (outdoor air intake)                                                   
                                                                                               
                   (outdoor air intake)                                (exhaust discharge) 
                 (၅)                                

                                 (toilet)                      (car park)      cooling tower 
                                        (rubbish dumps)              (plant room)                
                 exhaust discharge                       (၅)                 (၅)     
            c                                                             (outdoor air 
intake)          ႔ cooling tower                   (water droplet)                            
         

                   (outdoor air intake)၏                            (၂.၁)         
                                 

၇.၁၂.၁                                                                       
(Air Classification and Recirculation) 

 Return Air   = Air con          AHU      ႔             
 Transfer Air =                                       ႔                     
 Exhaust Air =               ႔                          ႔                    
 Return air   transfer air       exhaust air    ႔                    (air quality)       
                (contaminant concentration)          ၍                       
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၇.၁၂.၂ Return Air   Transfer Air       Exhaust Air    ႔                          
ASHRAE Standard 62.1-­2004: Return Air   Transfer Air   Exhaust Air Classifications  

                                                                                       
                 
Class 1                          
 Contaminant concentration                                                ႔          
                 (sensory – irritation intensity)                                 
   ႔                                  ႔              (air)     class 1                     
(၁) Offices. (၁၂)  Electrical/telephone closets. 
(၂) Reception/waiting areas. (၁၃) Elevator machine rooms.    
(၃)  Telephone/data entry.  (၁၄) Laundry rooms within dwelling units.  
(၄) Lobbies.  (၁၅) Sports arena.    
(၅) Conference/meeting rooms. (၁၆) Correctional facility day room and guard station. 
(၆)  Corridors.  (၁၇) Computer rooms. 
(၇) Storage rooms.  (၁၈) Photo studios. 
(၈) Break rooms.  (၁၉) Shipping/receiving rooms. 
(၉) Coffee stations.  (၂၀) Transportation waiting rooms. 
(၁၀) Equipment rooms. (၂၁) Mall common areas. 
(၁၁)  Mechanical rooms. (၂၂) Supermarkets. 
(၂၃) Hotels, motels, resorts, dormitories: bedrooms, living rooms, barracks, sleeping quarters, 

lobbies, prefunction spaces, multipurpose assembly. 
(၂၄) Public assembly spaces: auditorium seating area, places of religious worship, court-­ 

rooms, legislative chambers, libraries, lobbies, museums/galleries (all types). 
(၂၅) Educational facilities: classrooms, lecture classrooms, lecture halls, computer lab, media 

center, music/theater/dance studios, multiuse assembly.  
(၂၆) Sports and entertainment: sports arena (play area), spectator areas, disco/dance  

floors, bowling alleys, gambling casinos, game arcades, stages, studios. 

Class 1                                                  
Class 1                                                  ႔(transfer)                  

        (recirculate)               

Class 2                         
Moderate contaminant concentration   mild sensor-irritation       mild offensive odour    ႔ 

                                c                
(၁) Kitchens  and kitchenettes. (၆)  Copy printing rooms. 
(၂) Toilet/bath rooms  (၇) Wood/metal shop classrooms. 
(၃)  Locker rooms. (၈) Correctional facility booking/waiting areas. 

(၄) Locker/dressing rooms. (၉) Bank vaults/safe deposit vaults. 
(၅) Central laundry rooms. (၁၀) Pharmacy preparation areas. 
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(၁၁)  Science laboratories. (၂၀) Warehouses. 
(၁၂)  University and college laboratories. (၂၁) Coin operated laundries. 
(၁၃) Art classrooms. (၂၂) Gym/stadium (play areas). 
(၁၄) Retail sales areas. (၂၃) Swimming pools and decks. 
(၁၅) Barber shops. (၂၄) Health club/aerobics rooms. 
(၁၆) Beauty and nail salons. (၂၅) Health club/weight rooms. 
(၁၇) Prison cells with toilets. (၂၆) Food and beverage services: restaurant dining 

rooms, cafeterias, fast food establish ments, 
bars, cocktail lounges. 

(၁၈) Darkrooms.  
(၁၉) Pet shops (animal areas).  

Class 3                         
Contaminant concentration                                               ႔          

                 (sensory irritation)                                   ႔    (offensive odour) 
                    class 3                                                           
                           
(၁) Commercial kitchen hoods other than  

grease hoods. 
(၆)  Janitor closets. 

(၂) Residential kitchen vented hoods. (၇) Trash/recycle rooms. 
(၃)  Refrigeration machinery rooms. (၈) General chemical/biological laboratories. 
(၄) Boiler rooms. (၉) Daycare sick rooms. 
(၅) Soiled laundry storage areas.   

Class 3                                                 
Class 3                  class 3                                   (recalculate) 

                                                       

Class 4                          
Fume       gases    ႔                             ၲရ ယ္ျဖစ္ေစသည့္ အမႈန္မ်ား၊  

အမႈိက္မ်ား(potentially dangerous particles)            ၲရာယ္ရိွေသာေလမ်ား၊(bio aerosols)         ၏ 
                                         class 4                           
Recirculation  
(၁) Commercial kitchen grease hoods. (၅) Chemical storage rooms. 
(၂) Laboratory hoods. (၆)  Auto repair rooms. 
(၃)  Paint spray booths. (၇) Parking garages. 
(၄) Diazo printing equipment discharges.   

Class 4                                                  

Class 4                                                            
Ventilation                          (outdoor air)           indoor air     (recalculate 

                                              (filter)              ႔                                        
   ႔          ႔                  ၍              



             ႔                                                                                                     Chapter-7 Ventilation 

7-61 

                       ႔    (flammable vapor)           (dust)      ႔        (odours)       
                                  ႔    (noxious gases)                             

၇.၁၃ Exhaust Air 
၇.၁၃.၁ Toilet Ventilation Rates 

                                                   building regulations         
                             toilet)         ႔                                           (natural 
means     ႔                                    mechanical means         vent                
                                              “ atural Ventilation”                               
                                              “ echanical Ventilation”            

၇.၁၃.၂ Minimum Exhaust Rates  

Occupancy Category 
Exhaust Rate 

Comments 
CFM/Unit CFM/SF 

Art Classrooms - 0.70   
Auto Repair Rooms - 1.50 Engine exhaust should be provided separately. 
Barber Shop - 0.50   
Beauty Shop and Nail Salons - 0.60   
Cell with Toilet - 1.00   
Darkrooms - 1.00   

Arena - 0.50 
Additional ventilation may be required in arenas 
where combustion equipment is expected. 

Kitchen—commercial - 0.70   
Kitchenettes - 0.30   
Locker Rooms - 0.50   
Locker/Dressing Rooms - 0.25   

Parking Garages - 0.75 
Exhaust is not required if 50% of the sides are 
open. 

Janitor, Trash, Recycle - 1.00   
Pet Shops (animal areas) - 0.90   
Copy, Printing Rooms - 0.50   
Science Lab Classrooms - 1.00   

Toilets—Public 50/70 - 

Rate is per water closet or urinal. Provide higher 
rate where periods of heavy use are expected 
(theaters, schools, sports facilities). Use lower 
rate where use is intermittent. 

Toilets—Private 25/50 - 
Single occupancy toilets. Lower rate is for 
continuous operation; higher rate is for 
intermittent operation. 

Woodwork Shop/Classroom - 0.50   
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၇.၁၃.၃ Exhaust Air Rates and Pressure Relationship 

Area Designation 
Pressure 

Relationship 
Minimum 
OA AC/hr. 

Minimum Total 
AC/hr. 

All Air 
Exhaust to 
Outdoors 

Obstetrical Facilities 
Delivery Rooms Pos 3 15 - 
Labor/Delivery/Recovery - 2 6 - 
Labor/Delivery/Recovery/Postpartum - 2 6 - 

Emergency, Surgery, and Critical Care 
Operating/Surgical Cystoscopic Rooms Pos 3 15 - 
Recovery Rooms 0 2 6 - 
Critical and Intensive Care 0 2 6 - 
Intermediate Care 0 2 6 - 
Newborn Intensive Care 0 2 6 - 
Treatment Rooms 0 - 6 - 
Trauma Rooms Pos 3 15 - 
Bronchoscopy Neg 2 12 Yes 
Triage Neg 2 12 Yes 
ER Waiting Rooms Neg 2 12 Yes 
Procedure Rooms Pos 3 15 - 
Laser Eye Rooms Pos 3 15 - 
X-Ray (Surgical/Critical Care and 
Catheterization) 

Pos 3 15 - 

Anesthesia Gas Storage Neg - 8 Yes 
Support Areas 

Medication Rooms Pos - 4 - 
Clean Workrooms or Clean Holding Pos - 4 - 
Soiled Workrooms or Soiled Holding Neg - 10 Yes 

Diagnostic and Treatment Areas 
Examination Rooms 0 - 6 - 
Treatment Rooms 0 - 6 - 
Physical Therapy and Hydrotherapy Neg - 6 - 
Gastrointestinal Endoscopy Rooms 0 2 6 - 
Endoscopic Instrument Processing Rooms Neg - 10 Yes 
Imaging: X-Ray (Diagnostic and Treatment) 0 - 6 - 
Imaging: Darkrooms Neg - 10 Yes 
Imaging: Waiting Rooms Neg 2 12 Yes 
Laboratory: General 0 - 6 - 
Laboratory: Biochemistry Neg - 6 Yes 
Laboratory: Cytology Neg - 6 Yes 
Laboratory: Glass Washing Neg - 10 Yes 
Laboratory: Histology Neg - 6 Yes 
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Laboratory: Microbiology Neg - 6 Yes 
Laboratory: Nuclear Medicine Neg - 6 Yes 
Laboratory: Pathology Neg - 6 Yes 
Laboratory: Serology Neg - 6 Yes 
Laboratory: Sterilizing Neg - 10 Yes 
Autopsy Rooms Neg - 12 Yes 
Non-Refrigerated Body-Holding Rooms Neg - 10 Yes 

Service Areas 
Pharmacies Pos - 4 - 
Food Preparation Centers 0 - 10 - 

Area Designation 
Pressure 

Relationship 
Minimum 
OA AC/hr. 

Minimum Total 
AC/hr. 

All Air 
Exhaust to 
Outdoors 

Warewashing Neg - 10 Yes 
Dietary Day Storage Neg - 2 - 
Laundry, General 0 - 10 Yes 
Soiled Linen (Sorting and Storage) Neg - 10 Yes 
Clean Linen Storage Pos - 2 - 
Soiled Linen and Trash Chute Rooms Neg - 10 Yes 
Bedpan Rooms Neg - 10 Yes 
Bathrooms Neg - 10 - 
Housekeeping Rooms Neg - 10 Yes 

Sterilizing and Supply 
ETO Sterilizer Rooms Neg - 10 Yes 
Sterilizer Equipment Rooms Neg - 10 Yes 
Central Medical and Surgical Supply: Soiled 
or Decontamination Rooms 

Neg - 6 Yes 

Central Medical and Surgical Supply: Clean 
Workrooms 

Pos - 4 - 

Central Medical and Surgical Supply: Sterile 
Storage 

Pos - 4 - 

Note (1)  Pos = Positive Pressure Relationship 
Note (2) Neg = Negative Pressure Relationship 
Note (3)  0 = Neutral Pressure Relationship          

- End – 
 
 
 




