r

INNAN LULH SHIGH A8 NOLLETLLNEA THIMEHI3L THY



eomEs0005028 oBom

AIR CONDITIONING AND MECHANICAL VENTILATION

VOLUME ONE

@B

Chapter - 1 Fundamental and Basic Concept

0.0 0psdqps (Units of Measurement) 1-1
2. Atmospheric Pressure 1 Absolute Pressure | Gauge Pressure and Vacuum Pressure 1-1
0. .0 Pressure of Liquid Column o8ewp05 Head 1-5
0.9 32¢(heat)s& 200§$(temperature) 1-7
0.9.0 [3oogigpsel 32886ed: 320§$ (Absolute Zero) 1-7
2.. J Absolute Temperature oeon:(Scale) 1-8
0.G 220§§ (Temperature) 6[gp&gEselope crococopd(Volume) efgpE:cd(g: 1-9
0.§) 8zas(Pressure) e[gpE:cd[gEselope croococopd(Volume) efgre:cd[gé: 1-11
2.6 Enthalpy 1-12
0.q Sensible Heat and Latent Heat 1-14
0.6 32¢(Heat)oB 03E:0200005 0psdyps 1-18
0.@ eqEizaagtaelgptscdyqps (Phase Change of Water) 1-20
0.00 000€ 3qpSeqPa0d 204§ (Melting Temperature) 1-21
0.00 000E8900H2005 20§ (Boiling Point) 1-21
0.0 J Condensation Temperature 1-21
2.99 Solidification Temperature 1-21
2.96G Saturated 1 Subcooled §§ Superheated 1-27
0.0g) Saturated Property Table (Steam Table) 1-28
Chapter - 2 Understanding Psychrometrics
J-0 Psychrometric 83l 2-1
J-0.0 eqegqg&s(evaporation) 2-5
J-0. 326ge 32qp02(gdad o[gplcd[ge: (Condensation) 2-5
J-J @003 633[gd 2005005(gEs(Standard Air) 2-5
J-0 320 93600E8EgE: (Specific Heat of Air) 2-6
J-G Baansgpsd 2005a838a0p) Dalton’s Law 2-8
J-§ Psychrometric Chart cdl§c3Csqp: 2-9
J-9-0 Dry Bulb 320§ (Temperature)c3&sqps 2-9
J-9-J Wet Bulb 320§ (Temperature)c3&:qps 2-10
J-9-0 Dew Point 30§$(Temperature) 2-12
J:9:G 63220005 gqoden|g€qpeadl§ Condensation [gbedl g 2-16
J-9-§ Humidity Ratio c$Esqps 2-18
J-9:6 Relative Humidity c3&sqp: 2-18
J:9:Q 6eoodosdel cocopS(Specific Volume) 2-22
J-9:0 6000 9360000020005 32098:35E (Enthalpy) c3E:qps 2-23
J6 Sensible Heat c[go&:c3[gE:(Cooling $& Heating) 2-26

J:q Latent Heat a[gp&:cB[g€: (Humidification $& Dehumidification) 2-26



Air Conditioning and Mechanical Ventilation (Vol. 1)

J:® Sensible $C Latent Process $&§js 008505505 [gbe0l[gE:
J-€ Air Mixing Process

J-20 Determining Supply Air Condition

J-2 Psychrometric Analysis

J-9p Contact Factor (CF) Bypass Factor (BF) §§ Effective Surface Temperature (EST)

J-9G Reheat cod[gés

J-98) Fan ¢ ogobeom sap(Heat)qpselopE Fan Heat Gain (FHG) [g6edl[gs

J-06 Water Spray into Air Steam (Adiabatic Saturation)
J-9q Steam Injection
J-29 Chilled Water Air Washer

J-OB e0oq¢as ogrqp:

Chapter - 3 Air Handling Units

9.0 Air Handling Unit (AHU) sagzzaonsqp:
9. AHU & 32805228&:(Component)gp:
9-J-0 Mixing Box
9. @0od (Air Filter)
9-J-9 Heating Coil
9-J-G Cooling Coil
9-J-§ Humidifier
9.J-6 Fan 2300705 Blower
9-9. Air Handling Unit Technical Data qp:
9.G Air Handling Unit s& Fire Mode
9§ Cooling Coils §§ Heating Coils
280 Direct Expansion Coil(DX Coil)
9-§- Chilled Water Cooling Coil
9-§)-9 Hot Water Heating Coil
929G Steam Heating Coil
9.6 Coil 32905300 (Size)
9.Q AHU Cooling Coil o3p5680005¢
0.9.0 Coil &1 Row $C Fin gps
0.6 Dry Coil $& Wet Coil
9@ AHU Cooling Coil Specification
9-00 Sensible Capacity | Latent Capacity §§ Total Capacity
2-00 Cooling Coil Header Connection
9.0 AHU $& 320p onbeoleepd Pipe i Fitting $& Device qps
9:0J-0 (A) Gate Valves
9-0J-J (B) Pressure Gauge
9.0-9 (C) Temperature Gauge 23ewr05Thermometer
9:0J-G (D) Strainer
9-0J-9 (E) Balancing Valve
9.0:6 (F) Chilled Water Control Valve o3 Modulating Valve
9.0p AHU $& FCU Drain 305gp:

II

eomio0d03§,

2-30
2-38
2-38
2-44
2-47
2-49
2-49
2-51
2-52
2-53
2-54

3-1
33
33
34

3-6
3-6

3-6

3-10
3-11
3-12
3-13
3-14
3-14
3-15
3-16
3-17
3-19
3-20
3-24
3-26
3-27
3-28
3-28
3-29
3-29
3-29
3-29
3-30



eomEs0005028

0.0G Air Handling Unit ( AHU ) $& 2005a3820p5 0pSsqjs(Code)gp:
9-9G.0 AHU Fan System Design Criteria
9-08) VAV AHU 00daj: @i Controller $& Control Logic
9-0§).0 Description of DDC Inputs and Outputs
9-9¢). ) DDC Terminal Block Assignment (UAH2484L)
9-9§).9 AHU Control Logic

Chapter - 4 Cooling Towers
G.o Introduction
G.J Cooling Tower $&200593E6000 3264l 2260l gps(Technical Terms)
G.p Condenser Water Piping Configuration
G.9-0 One to One System (Individual System)
G-9-J Common Condenser water Header at Chiller and Cooling Tower
G.p.p Common Condenser Water Header at Cooling Tower
G.G Classification of Cooling Towers

G.§) Cross Flow Tower $& Counter Flow Tower o3l 8:5p5:q/05 $C 302000105
6.6 Direct Contact 930005 Open Cooling Tower $& Closed Circuit Cooling Tower

G.q Cooling Tower § dlo€2005 32805323E:(Component)qps

G.© 220p6cp8% (Principle of Operation)

G.¢ 888: :cfgzaesqyp: (Design Conditions)

G.20 Cooling Tower Heat Transfer

G.00 Cooling Tower Performance Factors

G.o Condenser Water Flow Rate

G.0p 9002000 220sE 9500050005 Zvguwd™ 03[gE: (Heat Balancing)
G.0G 6gguSepogt copdagt: oonigepd sagedgp: (Selection Consideration)
G.0§) 35gud3e22 6geqIud[gEs (Cooling Tower Sizing)

G.06 006e0&[g€: (Installation of Cooling Tower)

G.0q Capacity Control

G.oe Condenser Water Temperature Reset

G.o@ [g[gEcB§:0364gEs(Maintenance)

G- Jo Make Up Water

G.Jo [9edeqon§ sogudeno: 0godqed[gs (Makeup Water Tank Size)
G-JJ Cooling Tower Piping

G-JP eovoGas cuigs: $¢ moelgyp:

Chapter - 5 Air Distribution Systems

.0 Duct ssé’ﬂ:s;mseﬂo:(Types)

§.0.0 Duct 9&)(3;)7)% (Shapes of Air Duct)

§).0. Flexible Connection 9300705 Flexible Duct

§).0.p Vertical Duct and Horizontal Duct

§)-0.G Supply Air Duct | Return Air Duct and Outdoor Air Duct

§).0.§) Duct Layout
6. Duct System qpso? sasosaonds(Classification) [gp: 2005005[gE:

oBom

3-31
3-31
3-33
3-34
3-38
3-38

4-2
4-4

4-6
4-6

4-9

4-10
4-12
4-17
4-21
4-22
4-24
4-25
4-26
4-28
4-30
4-31
4-32
4-36
4-38
4-38
4-41
4-43
4-43

5-3
5-3

5-4
5-4
5-5
5-6

III



Air Conditioning and Mechanical Ventilation (Vol. 1)

§-9 Duct gps [gjopS[g€: (Duct Construction)
§.9.0 Duct [gopdes 0gobesadjpmann: egeqiud[gS: (Ductwork Materials)
§-9- Duct Seal
§-9-9 Duct 3:5[gE€o005§ Insulation [groSaondgEs (External Insulation)
§-9.G Duct 350385 Insulation [grobaondgs (Internal Insulation)
§)-9-§) Access Doors
§.9.6 Duct Test Holes
§)-9.Q Duct fittings
§.G Duct Support $& Hanger
§).§) Duct Properties
§-9-0 Duct Heat Gain 936005 Duct Heat Loss
9-9.J Aspect Ratio
690 9ppddqp:n? AB&:q|6[gE: (Sound Control)
§-9.G 6ooudBog (Duct leakage)
§)-§-§ SMACNA Ductwork Testing
6.6 Duct 359052200 egegudsods (Sizing) sa§js§
§).6.0 Duct 32g0532024(Sizing) og05sp5:qp:
9.6. J go5B305ge[opE [gbedleax Bzaniedigsq(Friction Losses in Duct)
g.@.g Head and Pressure
§.6.G Friction Chart ¢ 80308 (Pressure Drop) 005095252
g.@.g Calculation for Duct Static Pressure Loss by Formula
§.Q Duct 8&E: [gc0d[gE: (Duct Design)
§.Q-0 Design cp6q$330305 83266005 20gj05320005¢p: (information)
§.q-J Duct Design Criteria
§).Q-p Design Procedure
§).e Fire Dampers
§).9.0 Fire Compartments
§.0. Fire Damper 03p56800050005)
§.0.9 Standard Fire Damper o3w0pdb Static Fire Damper
§.0.G Fire damper qpselopé Bsansogeolsq(Pressure Drop)gded [gE:
§).¢ Control Dampers
§)-€-° (o) Two Position Duty
§)-¢J (@) Capacity Control Duty
§-€-9 (0) Mixing duty
§)-00 Air Distribution Devices
§.00.0 Air Pattern soqjede
§.00.J Air Diffuser so§js§js
§.00.p Diffuser 3a§z§zo3e Characteristic Length
§.00.G 6ogadedlod(Air Outlet)o [(ged o) spnda5(Noise Level)

§.00.§) Plenum Slot Diffuser ¢ [gedlco000p) spnd05gp:ad §8:0pd eud[gfgts

§).00 Duct Cleaning

v

eomio0d03§,

5-8

5-10
5-11
5-14
5-15
5-16
5-16
5-16
5-17
5-19
5-19
5-19
5-20
5-22
5-23
5-24
5-24
5-27
5-27
5-29
5-31
5-35
5-35
5-37
5-37
5-39
5-39
5-41
5-41
5-41
5-42
5-46
5-49
5-52
5-54
5-54
5-58
5-60
5-60
5-60
5-61



eomEs0005028

Chapter - 6 Fans and Blowers
(.o Total Pressure 1 Static Pressure and Velocity Pressure
6. J Positive Pressure Duct and Negative Pressure Duct
6. Duct 503E:§ acvel Velocity Profile
6. Fan $& 20056380005 cdlumegp:
©.g Fan Equations
G.g.o Fan Pressure and Velocity Relationship
©.g. Fan Efficiency
6.6 Fan so§jgzaonigp:
6.6.0 Fan $& Blower 036l [gpesnsqiod
©.6. j Fan Rating $& 32e08=00082(Class)
6.6.p Overloading Fan and Non Overloading Fan
6.q Axial Fan qps
6.q.0 Axial Fan qps 220060060 (Principle of Operation)
@.Q.J Axial Fan Impeller Design
€.q.p Axial Fan &l g&seeonEepb(Performance)
6.0 Centrifugal Fan gp:
6.0.0 Centrifugal Fan gp: 32006c050(Principle of Operation)
G.0. Centrifugal Fan gpzei Impeller $¢ Blade Design qps
G.o.;) Centrifugal Fan & Velocity Triangle
6.0.G Centrifugal Fan Arrangement
G.@ Stall [98[gE: 1 Stall Region ¢ Stall Characteristics
6.00 System 2203855 [§8ed 6om Grogdsm: (System Resistance)
6.00.0 System Resistance Curve a[gp&:c30
6.00. ) Duct System § Damper qpsa[o3pé System Curve e[gpE:cdd
6.00.p @oood(Air Filter)gps elop& System Curve e[gp:cdd
.00 Fan Performance Curve a3eup05 Pressure - Volume Curve
€. Fan Law (98eupcb) Law Of Fan Performance
@.og Fan Curves §§ System Resistance Curves
@.oc; Design Operating Point §§ Actual Operating Point
©.0g) Fan Control

6.0g).0 [g$582(Speed) c[gpE:e) Control cpS[gEs
©.0g). J System Damper g€ Control cp&[gEs

©.0g).p Inlet Louver Damper $& Inlet Guide Vane (IGV) [g& Control cpd[gés

(.06 Multiple Fan Systems - Fans in Series and Parallel
(.06.o0 Two Fans in Series
6.06. j Two Fans in Parallel
6.06.p Additional Consideration
6.06.5 Isolation Damper sa§jeza00:qp:
©.06.¢) Review



Air Conditioning and Mechanical Ventilation (Vol. 1)

6.0q eooeh a36a0p5:e0c[opE Fan ol g&ieaonCapd(Performance)e(gpEcdfge:
(.00 Noise Consideration

G.op Fan Selection Criteria

6. Jo cesgs $E sac[gqp:

Chapter - 7 Ventilation
Q.0 6eo3aqpd3693: (Indoor Air Quality)
Q0.0 6com6P0356a33(1AQ) pdqE:20d saclopEiqps (Causes of Poor IAQ)

Q.0. ) 6com06p5336033(1AQ) GomEigsesmt aB8§:a38:500:qp: (IAQ Control Methods)
Q-0.9 6eu=qP533603:(1AQ) 326d] 320E00deepad§E0pS a9/05qp: (IAQ Factors)

Q.0.G 6com6P033603:(1AQ) $& 6roAd0RE 0:g§8Eesx05e88 dolq(CO, Levels)
Q. 9092002203¢E: GrooferoogadeontiesmE(gpdlges(Natural Ventilation)
Q. -0 Stack Effect
Q.J- 88&:p6qs Bendeam Fagedeacuodyps (Design Information)
Q-J-9 Design outputs
Q-J-G 030555 (Calculation Approach)
Q-J-§ Design Watch Points
Q-9 Mechanical Ventilation
Q-9.0 2098§:35038:9 Positive Pressure [96c0l[gCssE Negative Pressure [gdedl[9€s
Q.G Hospital Operation Room Ventilation
Q.G-0 Ceiling Construction
Q.8 3268000525803E:61 w§e[gd 33206000 3vefiyp:(Essential Rooms) &I MV System
Q.90 (02) Geoosgp: (Exit Staircase) $& saeqged 0godedlodaBogrzcubagp:
Q-§-J (®) Smoke Stop Lobby
Q-§-9 (o) Fire Command Center (FCC) Room
Q-§-G (20) Smoke Stop Lobby and Fire Fighting Lobby
Q-§-§ (c) Fire Pump Room $& agi6odencbamscuiondanads(Generator Room)
Q.g.@ (o) Flammable and Explosive Substances Rooms
Q.9 (90) gdlgedepesepgp:(Kitchen)
Q-6 Air Handling Systems
qQ.6.0 Smoke Tripping of AHU
Q-Q Engineered Smoke Control System - Design Consideration and Over View
Q.Q.o Designed Fire Size
Q-Q-J Smoke Extraction System 005505: poen
Q-© Basement Car Park CO Monitoring and Ventilation Fan Control System
Q.0.0 Safe Level of 0mg§8657838e1056¢(CO) enodeg
Q.. Understanding of Basement Car Park Mechanical Ventilation System Design
Q-©.p Basement Car Park COMonitoring System's Design Consideration
Q-0.G 00g$3657a38(CO)enodeg Sensor
qQ.0.§) Control Strategies $& 2003[gig$=ag0dgp:
Q0.6 6g0m8Ea0pd g&:me€ venan 0305505: (Energy Saving) poed
Q-@ Mechanical Smoke Purging System for Basement Car Park
Q.00 [g€oecw 8326505 (Outdoor Air Requirement)

VI

eomio0d03§,

6-51
6-53
6-54
6-54

7-1

7-2
7-2

7-3
7-4

7-6
7-7

7-8
7-8

7-12
7-13
7-14
7-17
7-18
7-20
7-22
7-24
7-24
7-30
7-31
7-33
7-36
7-39
7-43
7-43
7-44
7-46
7-48
7-48
7-49
7-50
7-52



eomEs0005028

Q-20.0 ASHRAE Standard 62.1 - 2004 (Minimum Ventilation Rates )
Q-2 Supply Air Rate

Q.00.0 [g€oerooedadgp: (Outdoor Air Intake)
Q.0 Contamination odleam eoogps 324a3:qp: 0deamn croeomEseroons

Q-0 -0 Grogp:ad 33808320082 [p:0005005[gE: $E [gS0p532034g[gE:

Q-0 - Return Air 1 Transfer Air $& Exhaust Air 6303 sos0832008:3[9E:
Q-9 Exhaust Air

Q-99.0 Toilet Ventilation Rates

Q-99.J Minimum Exhaust Rates

Q-99.p Exhaust Air Rates and Pressure Relationship

oBom

7-53
7-55
7-57
7-58
7-58
7-59
7-61
7-61
7-61
7-62

VII



Chapter-1 Fundamental and Basic Concept

eomEs0005028
Chapter-1 Fundamental and Basic Concept

0.0 us$dqP:(Units of Measurement)

Air Conditioning and Mechanical Ventilation (ACMV) .§§ Heating 1 Ventilation and Air
Conditioning (HVAC) cpbcsigl o33 US a5 $& ST 056 $8§:00d:0d saadglogo0pbn US oz
3200ggeooeoPpé US 0asd (IP 0asd) 0pcopds ealadoopdi English system o8ewrad Imperial
system 0pc0pds Gal edeapdaopdi conde(inch) adlE(pound) ©20p5[gE 03E:omfog0pd

6300508 66H[§ooneondY 2505eepElge cudjgooneomSEe err§teonpd US upsd
a3ewr0d Imperial system o3 saaddgeoo §EEqp: [g8[oz0005

- d

6 0-0 ;gpedl g€ 8E¢ 6rv:8EEonpdiamn Imperial System o3 saads(g[o300001

SI 0p$6 o3 Metric system opeopd: edladfGs $C&zagPom 3030005 Air
conditioning equipment qp:od coSREEINMYM FgPeRS e crgBgp: (g8
Gome[opé ACMV $& HVAC cpbesigall English system (Imperial system) $& eonCs8€eon

Equipment cocScobaagps(manufacturers)el cedggod(specification)qp:ap€ opsd $6§s
ocdgé eodlgecpdoopdi ABelopé ACMV a3uwupcd HVAC 328qi€8um 00beumncdaopd wasd
$8Qpocp03 ogbioxéep sopfjorddaupdl Beabeqié opsbobdey oofriopsbodecl agate>
e[pE:op8C qupdi English system (Imperial system)o? 326086 cpdjpodon 00o€ m2034gR[m
60050000 0092 :HCLE CB§ESAIM ST LPsdT F0d4g| e50300201
2. J Atmospheric Pressure 1 Absolute Pressure | Gauge Pressure and Vacuum Pressure

Bzo0: 32§ oopdn Atmospheric pressure 1 Absolute pressure | Gauge pressurer Positive
pressure 1 Negative pressure $& Vacuum pressure 020p5(g¢ 8320:61 00§82 & 3800503 Badq)
2§ 68T J[o30005
Gcocpd3a0:(Atmospheric Pressure)

o€couSeqqedsnjgE(sea level)edlad  aoodeepadesoopd  sas(theoretical  standard
barometric pressure)o? SI 0356 $& 1P 0rsb03[gE cudlgoonoodi

Torr

kPa

Inch of Hg

M Bar

Psia

Psig

760

101.4

29.92

1000

14.696

0.0

1-1
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actual pressure

i i

effectivte pressure
(gauge pressure)
bar (g) = bar (e)

i absolute
variable level
pressure
i bar (a)
local
A atmospheric vacuum bar (u)
pressure
(barometic
normal
atmospheric pressure) b, .l
bar (a
pressure (a) (a) P 9
absolute
pressure
bar (a)

zero pressure (perfect vaccum)
6 o- 8320t 3§p§rod0d eudlgoon:d

200050 §(o- J)o0pd Absolute pressure | Gauge pressure $& Absolute pressure o3ci
200506903 66H[goonsd [§20pd
Vacuum

ecocodas(atmospheric pressure) 0005882005 8320:03 vacuum pressure[Pvac] vpesl
20p51 83z c2000607e30E [giapde] ©q§Ee0005 Groumsud(vacuum)od “Perfect Vacuum”
(absolute vacuum)op  esloopdn  Bsmscdoe§(zero  pressure)oy  s8c8o0pdi  GrCod3:
(atmospheric pressure) coo588[G: perfect vacuum coodgEaopd Bsans(pressure)o? “Partial
Vacuum” o @al 20pSi

65epond9(space)ond opdaopd 3a6g(gas) a3ewpod 3aqd(liquid)y) ©§oopd seegzaesad
Gous0d(complete vacuum)gdesoopd vpesl copdi ddsacfgesses) dsa:adioud(zero pressure)
0pepds 20050050051 epSo0pd Bsans(pressure)odesd o3 complete vacuum  o3eupdd zero
pressure ¢ 003&:0qE q§oopd 00§8:03 “Absolute Pressure” 0p0005600500001  00bsp5:3HgE
Baani00deeh qpdppsiepanvod(reference point)oopd complete vacuum oBwwpcd zero pressure
[§60q€ BBsanzel 00§8:03 absolute pressure (Pabs) 0o§3:0p 200500530051

Molecules Perfect vacuum(absolute vacuum)aopd
Te 0 kgf/cm?
°® 0 mm Hg
: : 0 Pa
S 0 psi $&
Prosohresire  Jathum  vacuum 0 in Hg(0 mm Hg)o3 [§8o0pSH

$ 0-p Groopdas(atmospheric pressure)i Partial Vacuum $& Perfect Vacuum o303 §E:0550
1-2
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G000830: (atmospheric pressure) oo§3: $& gauge pressure o0§8:03 GOIC:gE
“Absolute Pressure” 0o£8:03 goopdi

o€coudeqqodgofgl(sea level)y §oopd8sa:od  ecocpdsans(atmospheric  pressure)
(Patm) opesloopdi Pabs $& Patm o3 &E:ondag€ Patm 20pS Pabs 0005 14.7 psi qpzoopd
a3elo3p& Patm 2005 14.7 psi absolute [§6a0pSi 14.7 psia 09 eepecpdoopdi

330:03E200p508§ 0w (instrument)gqpzaopS gpeeomsigé fluid 0od99el 3358 6o

Bzans(atmospheric pressure)od oxfgpigedad o3& gldgdoopdn 03E:urgfaopd daanoopd ecvco
8zanz(atmospheric pressure)ooodqp:agi€ “Gauge Pressure”(Pg)up eslaopdi Absolute pressure |

atmospheric pressure $& gauge pressure o3l £0059300805¢

Pabs=Patm+Pg

Gauge pressure s320p5¢> gauge 93wwpod instrument [g& o3Esgqeom Bz} 3cd
20p01 Absolute pressure 20p5 gauge pressure $& atmospheric pressure o3 cAlC:gqeoo 3gs

[GBaoeSH

psig | psi &l 6§00503€ g [§€ eudlgagi€ “Guage Pressure” [gdaopSi Positive pressure

psia | psi &l 6§00503€ a [g& eudlgagie “Absolute Pressure” [gdaopSi | Positive pressure or
Negative pressure

psiv | psi &l 6500503 v [§€ codlgagi€ “Vacuum Pressure” (gdoopSn | Negative pressure

Absolute | atmospheric $& vacuum pressure 03 &1 8005330080560
Pabs = Pagm — Py
Atmospheric pressure ¢ vacuum pressure 03 §0503i€ absolute pressure 632001

c? 0-G Compression Gauge <[> 0-§) Compound Gauge <[> o-5 Compound Gauge
00§60 pressure gauge qpzoopd vacuum pressure $& gauge pressure $6§jEad:0d
03E:8Ea3m¢ [gjapboozandi

Compression gauge [§¢ gauge pressure 03000 03E:8E20001 Compound gauge [g&

gauge pressure $& absolute pressure $6§jpad:0B 03E:8E00001 0odg5:eigE compound
gauge [9C positive pressure s negative pressure (vacuum pressure) $6§jscd:0d ©odon

8800051

1-3
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powd- Compressor 0096l 32080005§ 8sans(suction pressure)oopd 5 psiv [g6Gs 3209050005§
(discharge pressure)aopd 60 psig [gdoopSi o compressor 2005 8302 ©pbgo3eEnE [grpd8E
2005

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

Standard Temperature & Pressure (STP) a3o0p5¢> 14.696 Psia $C¢ 60°F (101.33 kPa

absolute $& 15.6°C) 0303 adc8o0pd

Suction Discharge
gage gage 65 psig
5 psiv 60 psig l

? .9

@ 0-q Suction pressure §§ Discharge pressure

kgflcm’G kgficm®abs

20kgf/em? - 21.03kgf/em?

f == Discharge pressure of gas

60 psig

At pheric pressure

lS psiv
—_—— == Suction pressure of gas

>

Zeor pressure

Atmospheric
pressure
#1.033kgtem?

- 1.03325kgf
10kgficrm? - 11.03kgt/cm?

AT
=7 ~H=1em?
Atmospheric 0 Ha Okaf/em? 2
pressure mmHg Okgf/em* -+ 1.03kgf/cm? 760mmHg Vacuum
S
200mmHg — 560mmHg
- 400mmHg 360mmHg 760mm(29.92in.)

800mmHg 1680mmH Mercury Y
Perfect ’ (Hal
vacuum ™ 760mmHg . OmmHg

$ 0-© 6ooR330s(Atmospheric Pressure) & o-g Atmospheric Pressure 03¢0

i~ Airflow

Height represents
atmospheric pressure

¢ 0-00 Positive pressure ¢ 0-00 Atmospheric Pressure 051?’8?
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0. J:0 Pressure of Liquid Column o3eupo5 Head
ACMV cpSe§eglypiopl Baas(pressure)qpso’ 3aqpd(liquid) ood§pqjeel 30[g¢(g&aopds
e6dlgenpdoopd 3a0d:gpieomn S (liquid)oopd eq(water)sé wooy§(mercury)o? [g&lo30005
ACMV equipment gpigdeoon fan gpisC pump gp:eaogod “Head” e3o0pd spdsopan
eolomg(technical term)o? =5[g o9:ecp§oopdi Head 8300p5en 3aqpdel 63lCadndeagE(height of
liquid column)og [goopSn Bzavs(pressure)od Head [9€ eodlglgt: [gBoopdn 0odspSesadgt

8335103 52qpSah fG8EE coSGES: [§Baoe

Manometer 20p5 8ss(pressure)od  saqpd
(liquid) ood§ & 33[gE(height)gE cudlges

Brgaoed 038000 [§60055

A

measure

scale —t of gas | P=dxH |
pressure
+——(as
-4 P = pressure exerted by a liquid
d = density of liquid(lb/ ft*)
N-tube H = height of liquid( ft)
coloured P =pgH
liquid

<°3 0-0 J Manometer

P, atm P atm

l

Airflow

SR

(4) (b (e}

(“3 0-0p Positive pressure 9 0-0G Negative pressure
320005010028 manometer [g¢ dcut 32038 positive pressure $& negative pressure

0332 ABE:0p003 Gedgoozaopd

d(a) o€ manometer &l 50 $6005 oadm6d S GrocoBsanz(atmospheric pressure) 20056epod
6$60006[o3¢ 22605(liquid)el 33[gEop8[og0005

O(b) o3¢ manometer ¢l 330 C66HSY GCLCEB3:(atmospheric pressure)adodeePadesl: TS
3200000050000 duct 32038: § positive pressure(atmospheric pressure coodgpso0pd)
Bamzaoodeepadfgl: desqeomelope erocodaa:(atmospheric pressure)oncdq saqpdel
level 2005 3¢q) [§Eon0des0005m aB3a[gEa0p5 duct 320385 positive pressure &l @D
eedlgoop

d(c) ogE manometer &1 320 0266052005 GLCO83:(atmospheric pressure) 2005eepodes[G:
0§ 2200000050000 duct 350p8: § negative pressure (atmospheric pressure 0005
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$25:0000) 83202 20056epodeseaMGEPE duct 005§ 3qpdel :[gEoopd duct 320385
negative pressure oe>nad eedlgaopdi
POE - GO(p00)GE0RS 260005338 00d9S§eo G3ICadndEooETEPISHS(vertical
pipe) oodeqpEs a0pS chilled water 03q¢ [gpdesoopdensl eamndefgifieon oms(valve) 20pd
Bzans(pressure) opdg| 200566pad[gs dqepdspdu cael 0360005:e00005 62.4 Ib/ft (B0
P =dxH = 62.41b/ ft3 x300 ft = 18,720 b/ ft* = 130 psig
Beopé  eo(poo)eoyd  [gEa0pd =eeemncdedEl  eEndelgopteon  edEadnd
eaonoomia0pd chilled water riser 3058 0n6s0oonieom oms(valve)aopd 8za: 130 psig

ODOSGGPOSE& éq@éu

265000538 Jglecw  eamodegifecn oms(valve)gpisE  compoment  gpzoopd
663320z Jqpiqps 200566pad[gEs dqEco [gdaopdi

aBeloppé Ssjododqpz(high raise buildings)ei chiller water circuit gp:ogE 336800052860
D[ Bodq) OEgp(break) ocomqoopdi 3008[gEmgSiagE  eIMASE[gf omi(valve)gpis
B3§oongpoopd 3acgsqpoopd eael 8zt 20056epad[gtsd [p3q0p5H BelopE Bax: cppdeant
chiller water circuit gp:o3 3[gpscony @8 (break) [g&aop5n

= :: —— _h__‘ Total pressure = Slallc pressure + Velocity pressure

Air flow —= Impal:t tube

— 1 Airilow
. Manomeatar

Static pressure Total Pressure Velocity pressure
(in WG) (in WG) VP= TP -SP

Q 0-0§) Manometer Q 0-08 Total pressure=Static Pressure+Velocity Pressure

pow technician 0860052005 duct 0od9me0RE:q Bsms(pressure)od oBE:apcoopSi
aBelopé manometer &l aB5000d0n50d duct 2203E:03 copde) 07805 BEoorEEASH3 Groad
(atmosphere)ogCoons] 03E:0pqoopdi 03E:0p200d eqeizalgE(height of the water column)oopd
©coode (8 inches) [gdoopdi 8 inchs WG op eqgacp§oopS(wg= inch of water gauge)r Duct
3209853 3s(total pressure) opdqi§ 20505

8in Wg
T = 0.667 ft of Wg

P=dxH=6241bper ft3x0.667 ft

2

= 41.6 Ibper ft3 x = 0.29 psig

144
Duct ad0g¢ §oopd erodszavs(air pressure)aopd 0.29 psig [g920p01 Geooodsa: (atmospheric

pressure)aoo® 0.29 psi S[g&oopdu

eqel 286a0p5e0(density)oopd wolog|§(mercury)ei 9362005590 (density)oood Sqps Goo

elop¢ 3209850050000 Baans(pressure)o’ o3Epagt woog§(mercury)od 3a0ddgfor0005
1-6
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ABelopE 32095860009 830:(low pressure)o? 0395350305 [giapSoonzoopd manometer
ad0p¢ a86a0p5se0 (density) $5s00p9 mercury(Hg)od 32054(gjq2001

0.9 3ag(heat)s& 320§ (temperature)

g (heat) o3o0pden 308 (temperature) [gEo0pdesepe 220qS (temperature) §§o0p5
65epad 220860qpadBieots(transfer)agn:oond gd:eaCod(form of energy)ooddje [g6o0pdH 3208
(temperature)s3oopSen Saepogr(nd9 9Bewrod [3Eondeel 3agelopEgdeo aydepsg(thermal
activity)o3 es5lg[gEs [g®oop5

:06oPE[gdeoon aqdepg(thermal activity)oopd oJ[géogeEacg€s eudcoyjE(molecules)
gpeel 3a0qE(velocity) edlopd ©oopSo0obi 320§S (temperature) [§Eoopd sapogqPiope
:206/opE[gbeoonngdepig(thermal activity) qpgogo0pdn 986005 [3oogeacglsq cedadoyjs gpzel
:0qE(velocity)od 0305§0503E:0me8 ©[gd$EI Belopé melopElgdeom cydepiq (thermal
activity) opdqqp:00pS 930005 052000503 B8EqEma0R0d 3:0§S (temperature)gé o3:0m
esd[glog0025i

Heat

Temperature

E[™_Thermometer

How much? I_z-————\_\u
$ 0-0q 3¢ (heat)od 3208 (temperature)[gé 03090

m0(heat)oopd 320q$[gEep(high temperature)o 320§$86ep(low temperature)od

0p52000 op=mR8y odld 3c8srenqped  B:0C:88a0pdi S0 S [grrsiqod(temperature
difference) o§ogi€ 2a0B8:008:[gE:(heat flow) c[gd8Eaon

oS 0652005 Fahrenheit 1 Rankine 1 CelsiussE Kelvin o3[g520p5n Air con 0300006
o3¢ Fahrenheit $& Celsius 03000 3agpsed: 3303g030005
°Cx9/5+32=°F or (°F — 32)x5/9 =°C
0.9.0 [§Oogpiqp:ei 20§ded:300§§ (Absolute Zero)

™ I gﬁé,;?;nce :ﬁgrsﬂ-;ar{ce @
l Tl ))j
(@NY
-' N $ 0-o@ Absolute Zero State

$ 0-00 F26pPOIqPE320RE:q

eed8oypecosgps
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epogigPizecptsg) cudcBoyacoigpieil agdgpig(motion) adsoonE:daopd a§$ opsdle
(vibration) ©§eo20pd 3280503 “Absolute Zero” vp 200590500001 Absolute Zero 22805038
F2ePog|e0d9a000 2008358 FEBEG 0nE:5es00001

Absolute zero 20p5 3aepogo0d9cl 3a86ed: 3208 (temperature) (9620051 Belopé

absolute zero [gbesa0pd saepogle ©pd0Rd =apgdiea(heat energy)ody cpddong) we8&eol
Absolute zero $& 0°C (zero°C o3 zero°F) 03 wopoBaelogpEs 2003[gidh Absolute Zero 20p5 0 K

0300705 -273°C a860r05 0°R 930005 -460°F $E p3goopdi

°c K t
water boils ] [ 400 Fahrenheit Rankine Celsius Kelvin
100 4 fommmmmmmmmmmee - 373
- r 350 '
50 4 212 F——672R 100 C—— 373K
water freezes | [ 300 ' :
0 JWh-—-meeiaecaiia- - 273
- ~ 250
50 4 | 32F ——492R 0C——273K
4nl 200
-100 4 AL 150 0F —— 460 R
150 4 -
4 - 100
200 4 -

250 4 - Absolute zero
973 JJ-..2bsolutezero - 460 F——0R —273C—~0K

O ©

$ 0- Jo qCU305 0emt $¢ celsius 0co: 036 absolute zero

0.9. ] Absolute Temperature ocoo(Scale)

Thermodynamic ogpgp: 6[gqE:q$sC 320§ 35098880005 qpbes: (very low temperature
application) qps320305 absolute temperature scale $8903 32034gjoopd SI vpsdei absolute zero

scale 20p5 Kelvin scale [g20p51 0 Kelvin(0 K)2005 -273°C $¢ p8gjoopdn 1P Qﬁ&sﬁ absolute zero
scale 20p5 Rankin scale [gdoopSi 0°Rankin(0°R)20pS -460°F $& 08gjoopdi

Rankin = Fahrenheit + 460
Kelvin s = Celsius + 273

Kelvin 0eonedl§ 385cadqps(division)oopd Celsius scale ¢dl§ 3286codqps(division)sé
070800081 IP cnsdel absolute zero scale 20pS Rankin [§8oopSi Rankin oeon:edl§ sa86c0Sqp:
(division)aopS woq€uBndoeans(Fahrenheit scale)edl§ 386codqpist 0ppBaopdi Celsius em:03
-273°C 208 90§c8050g€ Kelvin ocm: [g620pdn wgEodadSocon:(Fahrenheit scale)o? -460°F
3200 s0§c8050gIE Rankin 0cmgd0p5!
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0.G 220§ (Temperature)efgpésg:elozpé erooocob(Volume)efipEicdfge:
"eoo(ain)y meecogs §oopdi ool esepopaopd” 820503 00blndY LSdeS
0058 000520051 (guSEHPY ©&20006gP: 03LO3EGARO[FE(YE §2:00pS 20eIEdNEE RSN

Goooocopd(volume)aopd dBecodl 3ap§S (temperature)od 8odq) e[gpEicdagoopdi
Ba:0d oe|plicdesnt oB§:con§Eagé(under constant pressure)ecwoopd 005005000

congss(definite rate)g¢ oqud[g§fgCs(expansion) a3wupod o) [gE:(contraction) [gbecl copd

Volume «Temperature( Pressure = Constant)

:ocloPs  e[plidoopd  erocpaopS(volume)od :0gS 0°F Sfeon  erooocopdel
323E:00n8: (friction)g¢ esd[g§Eaopdi

602005 g€ gao0bn 2p§E 100°F § §eoonerococopS(volume)aopd 0°F ogédeomn
600000p50005 Bgproopdi Gro0pd S 0°F © 1°F 0005038 0°F § §eoon erooocopSooad
1/460 so gpscon20pdi (220(GE0)OqE (0)0 Sgpranaopdi) sepgSoyeotognig eseiconagC
c0pd: BspSi0p 0f),c00c866d1 -100°F 0p§eomn crosioncopdoopd 0°F o€ §eom erooocopd
0005 21.7%(100/460) $p5:00051 (0,005 000505:3201gC 200§ -100°F 0pE§eomn croc
0000050005 0°F 0g€feomn eroaooopdei (100-21.7=78.3) 78.3% 20o[gdoogdi

B5§:3003C: o, 092 200§§ -460°F aJeepadoopd 3§§0pE ecoaopd eypadaged
03039602005 [g520001 032agj052005 ¢[gd8E0pIN3g 0odlgdaopEdI cundeny, Seefgeresont
OYS -460°F 23 0eepod8 croopd 2265(liquid)zs(gdad elgp:adogrdded

2833a0q opdoopd saepogy|(substance)oBesd -460°F 3200 eaaiesnt [gjepd§Eaopdi
odelopé -460°F o absolute zero temperature oreslaopdbi -460°F o3 qobpp§ep 300d
(reference)ssgd 200500dq) eepadiesean 2p§s03 eodlgag “Absolute Temperature” vpesl

2051 BefopE 100°F g€ §oopd ecoe absolute temperature oopS 100°F +460 = 560°R
[g©20p5n 20°F 0g€ §eoon ecveh absolute temperature 9005 20°F + 460 = 480°R [gdaop5i

Absolute temperature &l o0Go>ODEPs(concept)oopd GrLEIcOoPSA3 GEdlgaSIa0z05
320508 oo air con & 20053800 20eoMEP:(theory)qpod qEscutagn 02005
20600600563 ¢ 326000053207 [g§Eaopd

8ao: we|gplicdagiC(constant pressure) eoooocopS(volume) & 320§S (temperature)
032005 63300531 He05p5: 2003E: s005gudg §oopdi

V2 T2

Vi T1 (at constant pressure)
V2 =V1 T2
- T1
V; = Initial volume of air T, = Initial absolute temperature
V, = Final volume of air T, = Final absolute temperature

pown- 6eoaopd p§E 45°F o€ apoopd(volume) 2100 ' §oqi¢ oBecon’ 125°F of
eep0d633E 32060:03050gE cocopd(volume) opdy) [gbognsepdsSa

1-9



Air Conditioning and Mechanical Ventilation (Vol. 1) eomio0d03§,

Initial absolute temperature = 460 + 45°F = 505°R
Final absolute temperature = 460 + 125°F = 585°R

V2 = Vv1 T2
B T1

= 2100 x 585 / 505 = 2432.7 ft> volume @ 125°F
powd- 6euaopd WOFE 110°F 03¢ cocopS(volume) 1500 ft* §ogi€ oBecwad 70°F a3eepodesant
3632603050318 cocopS(volume) opdy) [gdogazepdsada
Initial absolute temperature = 460 + 110°F = 570

Final absolute temperature = 460 + 70°F = 530

V2 = Vv1 T2
B T1

= 1500 x 530 / 570 = 1395 ft> volume @ 70°F
poen- 30§§ 100°F 0E§eom erusiapcopd(volume)oopd 20°F 320§80E8§e00 erosicocopd

co0d et opby) Gepropbepda
100 +460 560

20 +460 480
= 1.167 or 16.7% Larger (06.q% Sgpzoopd)

Vo/Vi = TofTy $eo05p5:0000 20p§§a3009 ccuel cocopbe onlgpimeoqs oodead
e[pE:agi€ §esepd cpoopbodamn gpagEaopdi

2OFE00d900pS30m  Bagé  apcopd(volume)od  s2c005dl  deoospSi(formula)gé
0305038820051 o303 [Fe|gpEides0pd 6rond 0odBad30500pd: qdpR$ielpedes sa0g05

reference point 069 2005¢050c00:00001 A3 reference point 205 Standard Air Condition [gdaopSi

“Standard Air Condition” &300p5¢0 elgpobeagoopdeco(dry air)oodediéoopd 3a0§s
70°F $C 8aa0z 14.7 psia 633005038 13.34 ft 0cpcopS§oopd sa6geacsod sdadooodi

Vo/Vi = TofTy T, =70°F, V1=13.34ft
V, =ViT/T T, =70+ 460 = 530°F
V, =13.34 xT,/ 530
200050 G6o0sp0:m0q T, 03 BaqE Vo, 03 0gedupdCaopdi V; o3 Bogé T, o}
030509800001 Belopé Baans(pressure) 14.7 psia 0¢ eooodeOICE cpoopd(volume) $C
:205$ (temperature)el s0050905¢e
V = T/39.7 [9620p51(IP 0356 320305000 32294gi§E20p5n)

pown- mersgs GAE 120(Ib) §oopd crooopd 208 90°F $& d3: 14.7 psia mac[geacsort
aocopS(volume)opdq §epdSsSa

V- T 90+ 460
739.7°  39.7

= 550/39.7 = 13.85 ft3 volume @ 90°F = 13.85 ft*/Ib

:ecd§ede(o o) 320305 = 1201b x 13.85 ft’/lb = 1662 ft’
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0.§) 830x(Pressure) clgp&:cd(gE:elopé ecoopcopd(Volume) algpt:cd[ge:

2005005000:0009  Foe:gE{oPd Geond dza(pressure) e[pEeoinglé Becvel
oocopd(volume) algpE:ada0pd

398 e[pE:cd[glso0pd GrumacRnd cmem endbeg, saniadi(gases) 220305000 ©SMS
20pSi Super heated steam 32030500p5: 0§00

6oad0p¢ fes0pd caPieaegaopd 83m: 320§862005 (low pressure) superheated
steam [gdoopd

coodeoapd  enodeg gps(gases)od @ogSododmpl: agEfgSg>  886(compress)agiC
O [GEo05 051 0g059/05gqp: qEigSsa0g0500  30§8e[gpEicd[gEs(temperature
changes) o§ur vpso 0gc5qIE5[03[gE: (&5
V2 P1

Vi P2
P, = Initial pressure, psia P, = Final pressure, psia
pown - cpcopd(volume) (p)apoco(3 ft) §eom socolal(cylinder) oodemacgEs] 14.7 psia Sz
§oopdn @ socolsl(cylinder) so038:q 603 13 psig Beepadesnt 8a36(compress)ag€ cooei
apoopd opbq [g6opbepbn
Initial absolute pressure = 14.7 psia
Final absolute pressure = 14.7+13 = 27.7 psia

P1
V2 = V1 —
P2

= 3 x 14.7/27.7 = 1.59 ft> volume @ 13 psig

pow - Bzams 25 psig 63305038 cocopS(volume) (00)opoeo(10 ftP) §eomecn’ 75 psig o3
eepodeINnE 886(compress)cdoSagi€ final pressure o3¢ §opd crooocopS(volume)o gpdl
Initial absolute pressure = 14.7 + 25 = 39.7 psia
Final absolute pressure = 14.7 + 75 = 89.7 psia

P1
V2 = V1 —
P2

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

Air con 9200:g0aR¢ Gro(air) $E00520050000 RAdIESegP: SagpPad: [grRdlo300di
aBelopé eroel cocopd (volume)sE Bzavs(pressure) s005g05agP:a0pd Goo(standard  air)
0066AIE (14.7 psia 1 70°F 1 13.34 ft) o3 sa6[gdo0p5

V, =V; Py/P,=13.34 x 14.7/P
196
P

20$ 70°F 5§00 oo 0ndedlel apoopS(volume)oopd V = 196/P ft/Ib [gdoopdi

pown - 8302 82 psig $C :0S 70°F 03E§e00n ero 00dedlEel coaod(volume)adgpdl
Gauge pressure o3 absolute pressure a3c[gpEsdl

Absolute pressure = 14.7 + 82 = 96.7psia
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V  =196/P =196/96.7 = 2.03 ft’/Ib @ 82 psig or 96.7 psia
6320050] pow|g¢ Bsans(pressure)sE 32088 (temperature)ond[§Es05 elpEcdgEseopé
a000pd (volume)a[gpe:add 0g09s54g¢ eudlgaonoopdi

pown - Grocodsms(atmospheric pressure) 14.7 psia $& 20§ 85°F 03¢ §eoomn Grooocopd
10ft> o3 8320z 30 psig o3 eepadesant 886(compress)aqié 20§$ 125°F 3203 [gEonnognzoopdi
G§n0ded: 3069365 (condition)S§eoon Gosi cocopd(volume)od gpdli

(0) oocoeBign Bzs(pressure)elopé elgpiapd cpcopS(volume)o? pdli
Initial absolute pressure = 14.7 psia
Final absolute pressure = 14.7 + 30 = 44.7 psia

V2 = V1 P1
B P2

=10 x 14.7/44.7 = 3.29 ft?
() Besa0d g8 [gEonodamgelopE final temperature 0083: 6[gpEsan00p0n 0oa0Rd

(volume)o? gpe$
Initial absolute temperature = 460 + 85 = 545°R

Final absolute temperature = 460 + 125 = 585°R

V2 = V1 P1
B P2

= 3.29 x 585/545 = 3.53 ft*/Ib volume @ final air 125°F @ 30 psig
V = 0.37;

3200053 9600550 GroodEAEE cocood(volume)od ddecosi 32088 (temperature)sC dzans
(pressure)o? 93agi€ 0g05098E2000
2.6 Enthalpy

Enthalpy 300p5¢0 [go0gpiond9m BeapEoo:anpd sagoenan(heat  content)gdoopd
Heat content $& Enthalpy 030005 328¢noBSonfogoopdn  Heat content a3eupod Enthalpy 2005
[3oogp(0b961 3208EBEQD cud[goopd 0o&3dgboopdn Enthalpy $& Heat 2005 328goud
©opa3dl

odesepe F[grro0desepad opselgpCs(transfer)agn:§Coopd gdseaC(form of energy)
03000 “Heat” s2[gd 200500500051 SaepogrIed9el 203Ee3EG Bowrcd aderrnEadbieopd:
0022009 32003 Enthalpy s2[gd 000500500051 Enthalpyoopd  [§ooggiondech op:egpts
(transfer)§Ea0pd g&:3a(energy)sC og$000008:3E (energy) s::diod eudlgoopd 3E3Eq
0058 (952000

pOED PoBELNOSE 6g 6lgpE:8Eopd dEadEgaopd Heat $& opoopdi g c[gpt:8E0pd
3ERBEq $C ey o[pE:§aopdarep samadiodoopd “Enthalpy” [gdoopdi (39§ =o805me00§
320905 [9600p0n)  seepogpondesl 3203E8Ee  afewrod  a3epnEadisopdiconionnd  =ap
(Enthalpy)sascd:od safgp: oodesepepad oxe[pls(transfer)§Eag€ Enthalpy o0$3:5E Heat
o8 eSS
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036005 coodeagopl opse[gaEs(transfer)§Ea0pd sap(heat)owdanaopd Enthalpy (a3eapnt
038:00p5:00080009  I00EM)000S  $05:6cpoopdi  0obspdiEmgE  adecpnaomsoog 829
30:00803 adsomSolesmt opelgps(transfer)ogeamandes 2cgsS0odiaopdi (cpandeunad
2005 opell 3Ea3Ca0gEmdind 0odgpieays §80g05 GLIMGgS ©[gd8E3S [gdaopdi )

goRe(gpegts(heat transfer)[gdq§secgod s [grisniqod(temperature difference)
§as oo 3EBEqgpropmmomn 3EBEG 0050003 GuNdig§[oecp§oooyad Enthalpy
[g&o0pS(temperature  [g€2005) saepogonom  Enthalpy  86o0p5(temperature §62003)
:2epPog|edad :oe[gpCsals(heat transfer) [gd8Eo0p5

oS (temperature) sop(heat) $& Enthalpy 0303 qEscoCaajgpsgy §2:c0p5gs c8oopdi
20 (temperature)aopd [gogpionbec thermal level 986005 thermal intensity o3aoo[gadoobi

Thermal level [4&20p3 [360g0005 220§§[gE051

20g8[gE00  [googp|(high temperature body)oopd 3203Ee3E4(Enthalpy)gp:aodi
o0bsp5e3meg 320 BeapdCoonsg qproopdi A3 Enthalpy ode opselgps(transfer)agn:§aopd
32095380300 “Heat” vpe[gpad [0320p51 sapoae|pigls(heat transfer)goqs spgS[gEaod
(cuiopd)esepe 220§E86000 (CV5deR]) esepad Bseotiepd Zaguwdan(amount of heat)oopd
[3Sogg|(mass) edlog€ goobaopdi

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

virtue of temperature difference.

System oobpzacplsd gb:eal(energy) elgpCacdgoopd od system odad copdoopd gizat
(En) 002cne 03 system ade 000503050009 §8:32E (Eout Joenno? §05[gEssE 08gjoopdi

EChange = Ein —Eout
Esx = change in stored energy in the system
En = energy added to (entering) the system
E.t = energy removed (leaving) the system
PO~ §:08:006961 32060s005(room hot water heater)ond9e 4,000 Btu/hr 85003 coodews

880005

2S00 :2po0pd  3:[gEondB
6500 Btu/hr 84S ogodagosoopd
320820005 0pd20pd ;e[geecs [gdo
Qout = 8500 BTUAT 05805 1 6p503 0000305 qopdspda

Qin

EChange = Ein — Eout
= 4000 Btu/hr - 6500 Btu/hr
= - 2500 Btu/hr

0., = 4000 BTU/hr

¢ 0-Jo s:;o$:sgog&cf sgﬁfqpsogcrsog):c?
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20000000 3052300980 PogP: 93:§Ee$0p003  cudlgoopdn srefimacytio
0ge50:00pY F0LEdN0RS 3peund(heater)e 0005EVL0RY 3QVEIME00S gpPieaNeEPE
[g&20p5

o (heat) adgeaelopé Enthalpy caqpspbo’ [goedleo:  =oeSiel 320§8 ojeols
c88epdi dBelopS sapedsig $00:eamE insulate cRS[gEgE omaR0d8E0p5 adeupod 25,000
Btu/hr cpodeus§Eaopd agibedsageuioad electric heater)o? 3203gqi8E2005

Air con 920000003 03i6sqEgo 000d6[Padgs Gro $& Ge 03l oo (nature) o3
326005805 6epaong$ cBaopdi

2.9 Sensible Heat and Latent Heat

—ﬁ \ No change in temperature
|
=

(a) No change in the physical state (b) Physical state is changed
¢ 0-J (a) Sensible Heat 6 o-JJ (b) Latent Heat

|

|

|

|
g Td |
= |
g \ Amount of
o ‘ superheat
E b b 1

(=

= } Amount of

| subcool

Ta A

/

LSensibIe heat.L Latent heat .L Sensibleheat4

Q o- JP Sensible Heat and Latent Heat

:0c0igCs(heat addition) o3wwpod  30eVS005[gEs(removal of heat)gE  sa6pPOgIYP:
(substance) gp:&i physical state qpzo? e[gpEsd8E0p5

[3600gp:03 sage0saopdzad](heat added) sacfgsees $8G: [g0edl $Ea05N

(0) [BOoogpa? mpe00pdaadl(heat added) oo (temperature) [gEooodan(@: phase o8
state o[p&:cd[gl: o§oq¢ B[gdod(process)od “Sensible Heat Change Process” oo
@l 20051 copdeooopd 30 (heat)o? “Sensible Heat” vresl 20051 22003 ©0Sao0dagiEcopds
03505:090€ 9620051

() mpeoopdsedl(heat added) mopqSe(pEicdgo§od phase Bovpdd state om
algpE:cdagi€ BaopSeuimaga? “Latent heat” vpesl 005

1-14




eomEs0005028 Chapter-1 Fundamental and Basic Concept

Note: p=14.7 psia Vaoriizing
Saturated or condensing Superheated
aturate
— » steam
212 liquid s
Saturated
vapor
w
g Liquid
=
g Melti
o) elting or
E_ Solid freezing
3

) 01 e) i

2 Latent Sensible heat Latent heat Sensible heat

heat of liquid (water) of vaporization of vapor (steam)
P
of 180 970
fusion
144

Heat content (enthalpy), BTU/Ib

c:) - JG Temperature-enthalpy(heat content)change of water at 14.7 psi a surrounding pressure.
Sensible Heat

Sensible heat Equation: Q;=mxC,xAt = mxC, (t; — ;)

Q, = rate of sensible heat added or removed from substance (Btu/hr)
m = weight rate flow of substance (Ib/hr)

C, = specific heat of substance at constant Pressure Btu/Ib (°F)

At = t, — t,; = temperature change or substance (°F)

Air conditioning process qp:opE sensible heat equation 03 3a0@8§339%:qpz00p5N Air Con
process gp:og€ 320§8e[gpEcdgEs(temperature  change)ox [gdecp§[de state afgpEicd[gé:s
a300pod phase [gpEcd[gEs 20pS elgdaoeano’ sp5ieomelopE [gdaopd

pow> Chiller oodad:en chilled water flow rate 2005 0088s80gE Alew§(goo)gss (500
GPM) [3020p5i 320§& 55°F §eox eq(chilled water)oB 43°F 9208 eeateaant cpdgEgdsfagie od
chiller & cooling capacity o3 gpdli Btu/hr 1 ton of refrigeration(RT) 1 kW o3[g¢ esd[goh

Chiller oodadsel cooling capacity s32005e0 Gae ©05a05a30520p) 200 (amount
of heat removed from water) (2051

Q;=mxC(, x At

m = weight flow rate Eﬁoaéu a3, clo3p¢ gpm o Ib/hr 3 [gpEiqs Bzaba0pd
=500 GPM x 2L (for water 1GPM = 500 Ib/hr)
= 250,000 Ib/hr

0068560918 006AlcwE(1 GPM)aB Ib/hr Befgpe:agi€ 500 Ib/hr $& p3gj0005u

b Btu
Q; = 250, 000h— xllb SF x(43 — 55)

=-3,000,000 Btu/hr
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32§05 ool map(heat)gp:od 6qe ©05ao53052005 wradadooddbi BelopE
6qopd ogiep(agd§labep)y cea103:(ag4§§oe0801)a005

Btu/hr ¢ Refrigeration a3c[gpC:q§ 1 RT (Refrigeration Ton) 12,000 Btu/hr = 3.517 kW
1ton

3,000,000 BtW/hT X m = 250 Tons
cooling capacity o3 kW(kilowatt)[g¢ es5lge$
1 kW
30,000,000 BtW/hT' X m = 880 kW

Chilled water circuit 930005 chiller water 03¢ sensible heat opsa{gpEigés(transfer)o [gdedl
20001[Qs =m x €, x At ] ©p500p5se8l latent heat on:e[gpEsge:(transfer) olgdedlcor

pow-03Eaxn(boiler) 0odad: & fuel oil preheater 2005 gESBsogaseomelopE 3298 (spare) heater
o3 3202203 220dge$ [§0o0pdi =0q§(spare) heater &1 capacity 20p5 100,000 Btu/hr (9620251
BEcon(boiler) &l caneonadBagss(fuel oil flow rate) 10 GPM 988 60°F 320§8§e0 fuel oil 03
180°F o8eepadeant sapeus cd2a620pd1 cantonadel 2B86aopdieo(density of 0il)oogd 8.0
Ib/gal [98[8: cconCenad(fuel oil) &l specific heat 20p5 0.5 Btu/Ib°F [g900pbn 329§ 330G0:005
(spare heater) &l capacity 20p5 3202:03: 32034q|§EE005630E 32gudm00: [PFie[Bi03 0g05dl

ocoodigd caonConad(fuel oil)el 00copSB:58:(GPM)03 3a6c0s§§Bss5:(Ib/hr)ad clgp:es
83260005

gal 60min 8.01b

=10—— ——=48001b/h
m min x 1hr x gal /hr

Q;=mxCxTC=mxc(t; — t1)

100,000 Btu/hr )
Tc = (tz_t1)= lb = 42°F

4800 e 0.5Btu/lbF

T, =42 +t, = 42 + 60 = 102°F

:2q$ Ipcusocd(spare heater)oopd 10 GPM §84g¢ 2004 60°F §eoon coonlonad(fuel
oil)or% :39&3{%% 102°F o%eepcﬁem& PCO: %(Q,oaéu

pown Air con duct 2203853 §eomn gdodsageoiond(electric heater)s capacity 00p5 2
kW [g620p51 330060:eE croel 320582005 80°F [36[G: heater o [god[G:e5005 ot 200 §2005
100°F [gdaopSn Duct 8203€:03¢ crudagss(air flow rate) opdy| §00p003 ft*/min(CFM)[gE ewdlgol
320603005 heater)opodapdaggp: eepEsqoaqp:aopd 3apGLs00d(heater)si heating capacity o
kW (kilowatt) [g&o0n eedlgenydioodu
(0) Heater capacity o3 Btu/hr o8 a[gp&:dl

1kW = 3,410 Btu/hr

= 2kW 3410 Btu/hr = 6,820 Btu/h
Qs =2kWx —gy— =6 u/hr
(J) Sensible heat equation o3 o3:¢] mass flow rate o3 ¢pes - cooe specific heat ¢
C, = 0.24-"2
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Q; =mxCpx At

Qs 6820 Btu/hr
m= Cx At X o = 1420 lb/hr
x4t 0.24 p-op x 20F

() CFM 23e[pE:qf

o= 1azoll AT 1ft3
= hr * 60 min * 0.075 b

=316 ft3/min

Latent Heat
150

7
«
/ Heating —»
« E | Cooling <—

100

Subcooled—*| Liquid-vapor | —» Subcooled
liquid [e—| mixture le—| vapor

o

Temperature [C ]
g

«*—|C
50 /¥ L lLiquidls e vapor
A 796 100 R O RRRRRR
25.2kcal | . 22.1kcal
—_ 539kcal )
k . kecal, | keal [, e d ﬂ
Saturated Saturated
liquid vapor

Chipped | | : _
ice
D AT AT SAT
i (O \water 1
Burner |
T

$ 0- Jg) 6q3¢ cqeseg 33(g63 e[gpado $o-f6

:265(liquid)za[gde 3a6g(vapor)ssgdad elgpl:ade§320305 copdeuiqopbeapa? “Latent
Heat of Vaporization” vpeslaopSi saeg(vapor)sa(gde 3aqp5(liquid) sa(gdadeepodesant coddop
00qEopd 32003 “Latent Heat of Condensation” vpeslaopSi

eqel “Latent Heat of Vaporization” $& “Latent Heat of Condensation” 030005 00§83
opR8log00p5n 970 Btu/lb (2257 k1/Kg)[gdo05n

32Ca03(solid) =ofgde  3qp5(liquid)sslgdbad ogpliqSaaoged copdeuqopd 303
“Latent Heat of Solidification” upaal 20obn 32q05(liquid) a[gbe 28803 (solid) s3[gdad cfpE:eé
320905 00050PE 0P 22003 “Latent Heat of Fusion” upesl 2opdi

Qe “Latent Heat of Solidification” $& “Latent Heat of Fusion” o320p5 owransansgé
opp8[e3o0pdn 144 Btu/Ib (334 kI/Kg) [g62005

[3600(substance) sa§zmae0:03 8odq) saturation temperature o3[gps0300p51 Gocpdsan:
(atmospheric pressure)esmcboze 6qopd 30§S 100°C § spuod[gts(boiling) (988 32905
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eomio0d03§,

(alcohol)20pb 78°C 0p¢ oonanyuad(gls(boiling) [gdaopdn R-22 e20dega0pb -40.8°C 0g¢ oo
apuad(g&s(boiling) [g&aopS

poen eq@eolog zen: 0.1MPa(atmospheric pressure) ooobeepodesay odeeqel
saturation temperature 20p5 100°C [gdoopdi eeel dsans(pressure)aopd 0.2MPa [96cqiC eqel

saturation temperature 2005 119°C  [gdognso0pdi 6q33a:(pressure)aopd 0.05MPa [gdogiE el
saturation temperature 2005 81°C [g®aop5u

Latent heat of vaporization (condensation)

Substance Btu/Ib 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
Q = mxAh

PO GEGAYS (00)0B80g503 100°C § saqpS(liquid)sa|gde saeg, (gas)a(gdad elgptsadag:
coq§ 83260005 320 063 gpdli
Qe Latent Heat of Vaporization a0p5 2257 kJ/kg [g®2op5

Q = 10 kg x 2257 kJ/kg = 22,570 kJ 832600051

0.0 2o@(Heat)o? of€:omaopd opsdyp:
F20$03E:000) 200880 (thermometer)aopd intensity of heat o300 03€:8E8a000n 829
owan(quantity of heat)od ©o3E:om8Eaeon condeogogt saguwdan(quantity of heat) opdqispds

2005 a3e0pad opbgigpiaopSa’ ogedgEdelpedes 8360051 agouedan(quantity of heat)od
cpEopaoph opsd qpigadiaops

e 00dogd(gram)§eom a3 1°C [§E00056$32030560s6pd 300w aJ6wrod
1°C 86032:98350305 ©0500050pd 3300wdNa05 1 Calorie [cal] (008 005c8§)5E p8ga0pd

00 ceeizecods | 20§$(0005/03) | IepLwdan(amount of heat)
Kilocalorie [kcal] 1 kg 1°C 1 kcal
Joule [J] 1g 1°C 4,187 ]
Kilojoule[kJ] 1kg 1°C 4.187 kJ
British Thermal Unit [BTU] 11b 1°F 1 Btu
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Chapter-1 Fundamental and Basic Concept

. 64°F
'E_ng.g T ldegree
{ 1degree 63°F
14.5°C

11b of water
1g of water
lﬁ‘! - WS
urner ﬂ
Ical or 4.187J added
$ 0- Jq 82000 1 cal (4.187]) copdeodgts $ 0-Jo 8200 1 Btu copdeodgts
Waler Vapor Biock of ice Water Vapor

$ o- Jq eed(ice) eq(water) $& eqeg(vapor)ode 2005eepadesaopd dsmmdrq;

0(heat)el 03560069 ¢ 0od9e[PEPgS 90053300505

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

:ocoigts(heat addition)elop 328E33(solid)e sa6p5(liquid) 83(gda3 e[gp&:cdfge:nd
“Fusion” opeslaopbi saqpd(liquid)sajgbe  saeg, (vapor)so[gdad elgpl:cdlgE:n?d “Vaporization”
068l 2001

/2 . _ Solidification
. ?‘o% Melting temperature| = temperature
O £
;\\\ @ -
?’é Boiling temperature | = Condensing
"f’ temperature
. Sublimation * At the constant pressure
Qo6 9 0-30
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28C303(solid)e 306¢, (vapor)=a(gdad (s06pdss[gdad ool elgplicdfgind) oBod§ed
e[gpE:cd[gE:od “Sublimation” vpeslaophi 3ageuSaood[gEs(heat removal)elopé =aeg, (vapor)

2[gde 32qp5(liquid) =2[g03 elgpE:cd[g:nd “Condensation” wpealcopdi aqd(liquid)sslyde
328C33(solid) 329903 e[gpE:cd[gE:n? “Solidification” vpesl 2051

o.@ eqel :29380[pE:cdeqp: (Phase Change of Water)

F
150 .
// v
— 100 p_—» /*
o <~ E
° .7/
S s
2 50 LS
© /
s 7
o
£ 0 B >
2 / «—— |C
50 L2
A /

Chipped |
ice S

AT
)/

[

Chipped Chipped | Water Water & Vapor

Burner

ice ice & vapor
water
AtoB BtoC CtoD DtoE EtoF

P = Atmospheric pressure
$ 0-po 2pcugtielopt ced(ice)e caeg, (Water vapor)a(gdad elgpCidosssotant

A ¢ B 0500092003855 320qS -50°C §eon cedodanerosgpiaa: copde) 8:3[gE sageusagE
6eR0dmergPsal 30§05 oolgpddgod: [4Ean0dad8updi adesnod  0°C(32°F)
a3eepodagi€ 220§8[gEon0damga0pd §00n&a30:0860pd

BoC 0°C(32°F)mooqsadeepod§oq eqdodonecosgp: 0008  saqpdeghomesdi 6q3od:
neosgPiz|gd §esoog) 320§§2005 0°C (32°F)0 [§Ean05amncB8epd vupodeon 3§
oen[opag eqdodiqpiemind:onpd 326p0e(gba3 eepad§ognic8iepdi 0odsoSiaiyt
0°C(32°F) oq(liquid) 30[gdod eepodagaopdi BmgSopé 88w  mpgcues(Be
GeR0dgpeel 32082005 [4EonodamngEedagi€ 8:80 cues00d 3a0gP:00d epdoopd
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65$epa3 Gepod§ cp§oospda oBsapgPioopd 0°C(32°F) eqdods(ice)sslgde 0°C(32°F)
eq(liquid) 32gdo3 sa03&(phase) a[pE:qf 320305 B2abe000 g&:3aEm[gd] eepod§
Og’_):oaéll
CoD oqdqp: 330:0d: 3aqp0eyPies00d 320§§ 0°C(32°F) ¢ 100°C(212°F)a3 eepodesnt
00[gpdegpd: 220§ 000000
Do E  20p§§ 100°C(212°F)a3 eepod(Gies005 22p§§ 9005000056020 eqyp: 00088000’
conom eeegieg, 100°C(vapor) 32[gdad oondegptadaonaopdi sad§ean sojopagé
ee(water) s29:0d:0005 100°C eqegieg,33(g0a3 algplaadagnsaopdi
EoF g0530038:5 cqe[gdedeonad eeegieg qp:on [gbeso0pd sac[gescsod saturated
vapor 0pesl2opdi 100°C(212°F) eqeg(vapor) «oolgpdigods 3a0§§0005cna051
Saturated vapor [36[8se§005 800500050 0pd 20§03 “Superheat Temperature”
068l 2001

0.00 000€ 36pBeqPo0pd 220§§ (Melting Temperature)

28E33(solid)=[gde 32605 (liquid)=za(gdadelgpCsond =:0p§Ead  conéarepbegpaopd
oFS(Melting temperature) Boopdd saqpSeqpecd(melting point)op el oopdn eocpdsa:
(atmospheric pressure) esm05aRE eq(water)el 3aqpSeyPeod(melting point)aopd  0°C (32°F)
[g20p5
0,00 000€apu0da0pd 320§$(Boiling Point)

:26p5(liquid)zalgde saeg (vapor) 35[gda3 elgpé:apd 320§80% 000Eengodaod 30§8
(boiling temperature) 93005 eqepedd(boailing point) Bewrod evaporation temperature
a3eupod vaporization temperature a3oopob saturation temperature op 8223gg003c305¢) 3§
eepon: elgradenydoopdi crocodaas(atmospheric pressure) 63305038 eaEl GqEpeod (boiling
point)aopS  100°C(212°F)[gda0p5n
3200053 [960Dgp:a0p5 sage0dgts(heat adding) 320305 [g620251

0.0 J Condensation Temperature

6g, (vapor)ze(gde 3aqp5(liquid)=ajgdal elgpiadoopdsnnsSodcondensing temperature
a3oupod saturation temperature opesloopdn eeell condensation temperature 90pS  100°C
(212°F)@80:>éu
2.0p Solidification Temperature
260300 208E33(solid)za[9d8 e[gpCscdaopd 205803 “Solidification Temperature”

0peslaopdi eqel solidification temperature 2005 0°C (32°F) [g®00p51 32000501 [gbodgpoopd
3200050005[gCs(heat removal) 320305 [gdodgps [gdoopd

3200050 6qepeod(boiling point) $& saqpdegpecd(melting point) 032005 GroCod30:
(atmospheric pressure)3s0g05000 w805 e(water)el  cqapeod(boiling  point)copds adeq
3260/ 03¢ 20056epadesea0 8320:03 ©oopde) e[gptiadesa0p0
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Sensible heat of gas
Latent
heat of
o melting | Latent heat of boiling
5 373.15K |~ |
@
@
o
E 27316 K | Sesible heat of liquid
Sesible heat of solid
334kJ 419kJ 2257 kJ
l—le >l >
g T g
Enthalpy
$ 0-p J eq@l sensible heat $C latent heat o0§8:qps (ST vr50)
Note: p=14.7 psia Vaoriizing
Suturated or condensing Superheated
aturate
212 liquid % steam
Saturated
vapor
L
g Liquid
2
g Melting or
E’ S,O"d freezing
o) (ice)
! i
32— l Latent Sensible heat Latent heat Sensible heat
heat of liquid (water) of vaporization of vapor (steam)
|
of 180 970
fusion
144

Heat content (enthalpy), BTU/Ib

& 0-pp @@l sensible heat $C latent heat 0o§8:qps (IP 03$0)
OFS 32°F(0°C)5 eadqp: 326pdeqP[gt:ad melting [§800pS vreslaopdi :aqpbeqPgs
elopE eqdqpion 3a§:08:09E (surrounding)e sa0(heat)qpiod 95030520001 eqdqpioge =20
oB4gl: Boopdd spedonfgls(latent heat gain) [9dedl[Bn  =a8:08:03E (surrounding)ogé

2oadggCs(heat loss) [gdedl aopdi
1-22
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6edm2[g00 eqEalgdad 6[gplicd[gls(melting)o? “Latent Heat of Fusion” vp @slaopdi
eq2[gbe 66333903 e[gplicd[gl: “Latent Heat of Solidification” vy eslaopbi Latent heat
aBo0p5en =00qS (temperature) e[gpE:cd[gtieqiod saa38(phase) egplidgsencgnd c83xbeom
Gacrg(heat)(r‘% e§o$oaéu

eqel latent heat of fusion $& latent heat of solidification 00§3:03 oro8[o30000n 144
Btu/lb (334 kJ/Kg)[gdoopSi eqoodedEad soqpdsolgbe eqdmelgdad(freezing) phase e[gp&:qf
2ROd 144 Btu oeomeon 30003 eqe vudooodeuigs 832600001 e[gpllgs smisé eqd
00660IE qpdeqpag (melting) 144 Btu oedan§eod 32003 663 eOurogs00pdN

Latent heat o€ =a0qS(temperature)e(pCicdy ofeoneloPps vpsdopé :0§s
(temperature) °C 2800705 °F odlo€eol

oS (0°C)32°F § eqdqpesanad: soqpdeqPiesnod eqel 320980000 32°F o
oo[gpdeged:  ooadSamoopdn F0qS(temperature) efgpE:cd(Ga 303E (phase)e|picdy  o§ngc
sensible heat op 200500520051 @4 &1 sensible heat 2005 IP vas® o€ 32°F ¢ 212°F 32038:5 oo
[§68E00p51 6qEo6eAIERB 320qS 1°F [gE0005q§300305 1Btu vednan§eom sap(heat) copdeoig$
832600001 6 00660IEA3  1°F oqeodiqs 220305 eqe 1 Btu 2200w’ 0050005 Gosgepd

Gqd90d 32°F ¢ Gqepwod 212°F o3eepadqeecged 180°F [4Cooodqs 332600001
660006AIEm20905 30§§ 32°F ¢ 212°F 20adeepadas coqepd 3200enma0pd 180 Btu [gdaopd
180°F x 1 Btu/Ib°F = 180 Btu/Ib [g6205u

6qopd 308§ 212°F adeepodagf 0§S $0050000560203 0008 Spgrdaa0dI
oFSe(pCidyq ofod liquid phase ¢ vapor phase o3 e[gp&:cd[ge: [gbcomelopé latent heat
[g020p5n 212°F eq(liquid)sslgde eeeg,(vapor) =:o[goad olgpliqfencgad cmabeom 3003
“Latent Heat of Vaporization” vpeeloopdn Latent heat of vaporization § saqpS(liquid)ogE sa¢

eSun[gts(heat gain) [gdedloopbn oBsobion  eeeg,(vapor) salgbe  eq@Ealgd(liquid)salgdad
6[gpE:d9§320305 ©0BncdqeRd Fap0wanad “Latent Heat of Condensation” vreal 2opS

eq(water)=o[gde eaegm[gdad elplqs cqoodedCagC latent heat of vaporization
;oo 970 Btu 9duraopdi eqdieqeg(vapor)e eqm[gdd o[pes (908 eqege
06eAlEagE latent heat of condensation sagowdan 970 Btu g§00050000N (00d0pod
G02q20p5)1 970 Btu/ Ib [gdoopdi
3200050] [gbodgp: so9:0d:0005 Bsans(pressure)14.7 psia atmospheric pressure at sea
level 206[g3265 320305000 6520051 6e$¢ 6qEE,0303 14.7 psia 0005 [gEa0pd B3 cocdeepod
[§E: de5qdlmn eeenead(boailing point) [§EooodogsGs cozepd sapoean(Btu/lb) dgp: c8&wdi

6q99005(boiling point)s& condensing temperature 030005 8sans(pressure) edlopE @oopd
6$20p51 6§opd Bza0z 14.7 psia 68300503¢ 320§§ 212°F Beepadagié 0o snuadoopdi

F20005¢] 66073 24.9psia BaacuingIC a36qa0pd 30§ $212°F 0p¢ eenadgepbeviodeoi
6qoopd 20§ 240°F Gepodeomn 0008 0po5c8gepdi 83m: 24.9 psia 633005038 GaEREad
(boiling point) a3wupcd 0ooCengadend 320§ (boiling temperature)oopS 240°F [gdoopS
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6q20p5 Gqapead(boiling point)adeepad(Ge eqeg,(vapor) ofgdeonet(eqeg, ogeanted)
:6[geees0? "Saturated Liquid” opesl copdi 006505:3224g¢ 100% liquid soefgzaesod s3cdaopbi
GagPe3id: 6qeg, Gt 6qo0de0de woy§eona0d 3relgEaes0d “Saturated Vapor” vpesl 2000
100% vapor 226[g326503 adc8o0pd

h; (Enthalpy of fluid)

260 :0efg3es0C §osa0pd3ad0d 3EBEa0) Enthalpy 00§3:03 hy (Enthalpy of
fluid)[g¢ esdlgoopd
h, (Enthalpy of gas)

:6g 306[§306503¢ §e500pd32805 3EBEa0) Enthalpy 0088:03 h, (Enthalpy of gas)
[5S eudlgoopd
hs,4(Enthalpy of fluid and gas mixture)

2pdsC eg Gepesresa00d efgzees(fluid and gas mixture)ogé §esa0pd 32805
3Ea8E2005 Enthalpy 00§3:3 hy,(Enthalpy of fluid and gas mixture)jg¢ eodlgoopS

Saturated liquid (100% liquid) sacg3a65$E saturated vapor (100% vapor) 326[gsa65$E
$09m[opi0 6[g3a659P:03 liquid-vapor mixture vresl 20pd

24.9 psia 249 psia 24 .9 psia
o o~ ™)
s s

Water Water
70°F ‘159'!:
Q, y
(a)Subcooled liquid (b)Subcooled liquid (c)Subcooled liquid
24.9 psia 24.9 psia 249 psia
) O ONR"
[ H |
Water
240°F
Q d

(d)Subcooled liquid (e)Subcooled vapor (f)\Superheated vapor

<°B 0-9¢ Boiling point pressure-temperature curve for water(saturation vapor pressure curve)
eqoopd Baans(pressure) 6 psia 62300503E 20FS 170°F(67.7°C) 6epodag o€ suad
2001 $(0-p8))ogE eqBas(pressure)sé 2005a3E2009 boiling point curve o3wwpod saturation
vapor pressure curve o3 codjgoosoopdi c8Es(curve)el 5005ona503E eqEopd 326p5(liquid phase)
2[g6d[G: BEs(curve)eh pacHore 6qooRd eeeg, (vapor phase)ssgd 0opb§oopd
1-24



eomEs0005028 Chapter-1 Fundamental and Basic Concept

aBc8E:e0l 0g€ eeo0pd 3aqpS(liquid)salgd eqeg, (vapor)=a(gdst cepesaop) liquid vapor
mixture 32[g 00p5§8Ea00N 200590d0o0p) Baanma0z0d AdE:(curve)edl§ =905 (point)
qpP:00p5 boiling temperature $¢ condensation temperature qps 38030005

A0

N

mn. L m—/

B0 :

a0 —— ——F— ——
40 ' i

Subcooled liguid region ! /H'E{}i!ing point curve
i !

s

%)
[

..-.
=
[
|
I

o
™

Pressure, psia
™

N

/ Superheatad vapor region

B @ oo
el

] 1 ]

0 50 100 150 200 250 300 350 400
Temperature, F

¢ 0-p§) Boiling point pressure-temperature curve for water(saturation vapor pressure curve)

pOwn-6q20pd 25 psia 83256830053 225°F 200q80p¢ 3aqpd(liquid)znjgd 0opd§ esepd
e adeupdd eqesieg, (steam)salgd 00p0§ esepbeconn nqdedlogé 25 psia Bsonsé 225°F
2OYS [§050052005 c3E:6l 000500503¢ §eomaloE 226pd(liquid)salgd 0op58eRd [gd20di

Fluid s29:09:0005 8zans(pressure)od c30dq) eqanecd(boiling point) cgpE:adesaopdi
Baans(pressure) [gEaonecw fluid sansad:ei boiling point a3ewpod condensing point [gGaxeco
[§520p51 8302555000600 boiling point 98ewrc5 condensing point §&coecw [§&a05H

a000[gédgdod(process of boiling) $& saqpSe0sa005(boiling point) o3oopd ds:
(pressure) edlog€ 3200056[oPE 226[gde 0503 2aqS(liquid)sé s6g(gases)odei “Molecular
Kinematic Theory” o3 saaddqjq) §&{g$Eo0pdn
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) OXOKRO epoggP:  593:0%08  GedBoyj(molecules)
mﬁ coosgPgE §,0p50:000:00p51 GedBoy)p crGVIgP:a0Rd
N S e M\ B ¢ S 0

L e @Sqpesogf: 00Bpsbonbe  e3c8am:  Sgprecor

fa 00695 0069 8:006g> 005§ ecw [§205N
' epd(liquid)zac[gesesoptfeom a3cea: (attractive
= 2 force)oopd saeg(vapor) seefgssesogt feomn o3cé
b@:@ﬁ gs(attractive force)aood Jqpzoopd

Cow = ABelopé 306p5(liquid) soefgzaesort eedadoys
o % / qP:oopd gases 306[g3265 c00HMYE 00d9sE 0od9
° //

R - 8onbyp oSS
e ’ . iﬁ F6g(vapor) 226[§30e503E §e00n cudcaBoy)pgp:aopd
e mqpd(liquid) sacfgesecs 0ptdean eedaBoysgpicond

¢ 096 eqedcdoypep: 8% qBase> cydep: osl3oopds

;egae[gIcs(gases state)ogt §eoon eedadoyjjrgpiaopd saqpdsse(gzacs(liquid state)
g€§eon eudcBoypgpioond F0g&iaat(heat energy) 3E3Cq Sqpsoocdi ABelopE saqpd
(liquid)od saeg, (vapor)salgd elgpliognieoq§ancgod sapeuig: [gboopdi copdeo:dndoogd
3202005 6edBmyjpacosgp: 2ojoPi) soqCqts sGcEams(attractive force)aond Jqpeoon saqpd
(liquid) 33[gde 3aGg(Vapor) 33(gdad eepa58Ea0di

EPoPIqPEel 2205 $005 eedBoyjsqp:el gésqizangiE(average velocity) o&[gdoopdi
eedBoyegpiel qsgqizangiE(average velocity) gpsconeco adzaspogiel 32058 (temperature)
BgCeco [920pdn 3§ eedc8ojroneroigpoopd Jqgsgs 324, cedBoyroneo: qpsoopd
0065652 0gogp: G5(geam gdigsaayC(average velocity)gE pSpgs: elgpad[gs [goo0p5

- Resisting - eqel oS [gConcdSamag€  eeel
: i i

G ™ ssedlosqpobnfgbogt sacgfopeommsilsd
vaporpressure 966§ (evaporation)[gdedl oopdi

ot fauid 05598 32088[G8wn1000504l vEvaSeq
qodsolgEionseqgsCeqeaantoms qodsn
[4€RS o033 eqegqat: (evaporation)
[g8edl 205

egepaBopE  mSeqyp:  ediefgpodag:

qoopdeaclopieneaeggts (evaporation)
$ 0-pq eqeg[gts(evaporation) [g6¢ ofo3p8o8 [§8o0psn

L

30393 eqegd|gt:(evaporation) [g8[gE:elopE sa505:c0de0m sa6sa:0005(slight cooling
effect)od q§8E0p51 30393 (3] §oopd seesatenod(cooling effect)o? “Evaporative Cooling”
@8l 20201
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eqegeofgllyé sepeudonadlgls (evaporative cooling)o? =efi-G (chapter-4) opt
326005805 eudlgoonzoopdi

8ao0z 14.7 psia € 30§§ 70°F §eom 6qgod 00dgadmaplsg cudcBoypgpiel gdsy|
a0qiE (average velocity)2opd 986e[gCenseomalope eae agodga(escape) vogadtaoi

3§),6000 GedBmyjpec: gp:aopd [gEue (70°C condgEaopd =0q$)qo0pd sapaelopE
velocity [gono5cmmom (average velocity coodgp:oopdn) eegode cgodelgpadogn: (escape)

[030005

:&smog0s(surrounding)e  3opgPi0?  GqEEdASMEeCLIgPn  @duROgopdI  Algbiod
:qodq(alcohol)gode] cpzaeegpia? 29058050 eeaoopd domado q§Eaopdi 2aqedq)
(alcohol)e  eeeg[gs(evaporate) [g0qssoc0d Bmpbeom 3209838 meegpie 9OV
cBod[gEsaloC saee|gp:] 320ed:gEgC:(heat loss)gbom eee:a00d do22603 §fgEsgdoopdi

:epd(liquid)el  qodgo[gE(surface)e  cgodelgpodogniongd  eedaBoyjqpsoopd  sveg,
(vapor)=:[gdad  eepodagn:aopdn  3aqpd(liquid)el  qedsogEedlad  coodeepodeseorn  Bz:
(pressure)od vapor pressure 0eslaopdi dmeepdel  gEdso[gE(liquid surface)edad  vapor
pressure c0odgEo0pd 38:08:03EQB8sans(surrounding pressure) cooSeepodesayC eqegd|gt:
(evaporation) 33cguSoo0p o[gd8Eeomeor defopt 33qpoopd 200gdimalaes B2b0p0 320
Seusqeomelope =q5(liquid)el 320gS J[gEa05 eedaBoyjpgpicopd: 38aqEgsgn aydep:
con[o30p5

Bgoopd =pqSaBeepade eedBoypqpiel seomEieamn velocity eloppé saqpbel
bond o3 eogpegsom maeg (vapor)sagd cgodelgpodognioopdi odedaBoypgp: agodelgpadogas
2000 326[g326503E vapor pressure of liquid 20p5 328:08038e Bsms(surrounding pressure)oood
qPo0pd 36[geacs [gdaopd

;8080980 Bams(surrounding  pressure)gpianero  s0god(boil)gs  9Beupod
eqegac:(evaporation)gbg$sa0305 vapor pressure of liquid gpsgpzqg§ cSsadeco [gdaopd
Vapor pressure [§€o005q$300305 cudcBoyjegpiel saaqE(velocity)qpaepd (908 32605
(liquid) & s0qS(temperature)copds gpeqepS [§8a0pdi dBelopE eqepedd(boailing point)
236005 boiling pressure gpscoa(gEs [g&20p5

eedc8oyp 2aqiCsqiC: a§cEoonieoon molecular bond o3 Bgode$ 220305 boiling process
[g0es0Dea038: 2 (heat)qp:o?d 3280050[god copdeuiqeaodropds 3¢S (temperature) [gGoood
g€ o§oocd eudcaBoyjpgpzel sacgiE(velocity)copd: (4000508665 wupodeor
0.06 Saturated 1 Subcooled $& Superheated

0o€engad[gls(boiling)gdaopd  3a0gS(temperature)o  Bsans(pressure)sConoy 034
esdlges Soopdi  eogad[gts(boiling) [g920pd 308 (temperature)sE  3saos(pressure)od
saturated condition op@sl 000

eqepe0d(boiling  point)ad  spd:opmedlomegé  elped  d:gS:0000  ooadapd
saturation temperature $& saturation pressure [§®a0p0n Substance qpzoopd 2aqR5(liquid) saeg
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(vapor) $& 206205 sp6g3a6ep(liquid-vapor mixture) ooofg¢ 0opd§eomelopE saturated liquid
$C saturated vapor 036] 56§32 elgped4[gs [gdo0pd

Saturated vapor &3o0pS¢n boiling temperature S epg$i{gpdeeeg(100% vapor)

;efgeacs [goes[gtod s3cdaopdi Saturated liquid e320p5en boiling temperature § epgSiged
326p5(100% liquid) sacfgzacs [gdes[gt:ad adcdaopb

:26¢30§$(vapor temperature)oopd saturation temperature 9300pod eeenead(boiling point)
0005 J[gCesaq€ 0B saeg(vapor)o? superheated vapor upesl 200

qpd(liquid)ell 32088 (temperature)oopd saturation temperature(condensing point)cooS
386e50q€C subcooled liquid opeslaopdn 8sas(pressure) oob§jgogE saturation temperature
0069an§8E(B: subcooled temperature gpi:gdsE superheat temperature gpsg>  §8Eo00N
Saturation temperature 0g€ phase $6§jpcd:03 cogS&aoadi

0.0§) Saturated Property Table (Steam Table)

Substance qp:ei saturation temperature $& 2005a3€200583ms(corresponding pressure)
o3 66H[ge$sa0R05 @us(table)qps [gipoo:aodi

el saturated property table o3 saturated steam table 930005 steam table vpesl 20001
Steam table o3 220%dgq0pd cROSgIPde gPiga&oopdi Air con KPS GERCPAPEPEIPORAD
saturation temperature o3 steam table ¢ ©050q$ 832600051 Saturation temperature $&
corresponding pressure 2005 33[§00&: deo00FcoNseomeloPpE saturation temperature a3agq€

corresponding pressure o ©0b0p8Eo0p5n  Corresponding pressure  o3o8cg€  saturation
temperature o3 ©050p8E20051

poen 6qod 10 psia 3203 3sieuicdodagié ddeqel 66enea500d 6pdy [§depdSsSa
0052005 320§5$03E Geenedsou 10 psia 20p5 corresponding pressure [ga0p5n Steam table ¢
10 psia 88 ©odag€ saturation temperature (boiling point) 193°F o} q§epdn 193°F o3¢

669960

poed - eqod 150 psia zmcoff: 300°F Beepodesant mapeoiconaglf odeqaopd
:epd(liquid) soefgeeesoa §esepd Buuod meeg, (vapor)salgd fesepdod sdgodeu:dl

Steam table ¢ 150 psia c8E:3203E: wodag€ saturation temperature(boiling point)oopd

358°F [3®oopSi Belopé eqod 150 psia dsamseoinglé odeqoopd 358°F o3 eepodeomnayé
000Eepuod[gts [goepdi cood§ 300°F 20pd 358°F cond86eomelopE subcool region ogéom

§e00:00001 365 (liquid) so[gdoon Jesdsepdi
-End-
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Chapter-2 Understanding Psychrometrics

Gee0qS 32800 FgodypP:-

(o0) “Air conditioning” 92020605 Psychrometrics ¢l 82663 §0:00p5 c0Gomedlodqs

(9) Dry Bulb 320§ Wet Bulb sop§$i Relative Humidity(RH)i specific humidity 1 Dew Point 1|
Enthalpys¢ “Standard Air"eaopd Psychrometrics olomegpzod 328¢o05(physical meaning)
$Con0g §7:00p5 aeomedodes

(0) Psychrometric chart Al ool ochoogd(air property)adCagp: 6e:a3SEas $C opsdyp:ad
qCzcutagn 030005 coeomEAlGSeSI

(20) Psychrometric chart o3 3203qqe] 9Bcooe: ecosioaoog3(air property) $6§ze oodeo
oI$§00pd ecoeh oahaog3gps(properties of air) 30:03:0% 0g0508EqSH

(c) Sensible heat 1 latent heat $& total heat ofel coeomooeps(concept)sé =:o[gS$3a00S
200505ggp:03 030005 206oeddeS

(©) ©oppBaopd erusd cAl:odGgded anoopdeco(mixed air)el oaboogdgps(properties)o?
§0200p52060m6d05G: 008:8:qps0d 0050p8EGSI

(s0) Psychrometric p3q[g&s(equation)qpsod od:6] sensible 1 latent $& total cooling/heating load

0303 RebgEBondbas ofgbaoph

J+0 Psychrometric $3I8:

American Society of Heating, Refrigerating, and Air conditioning Engineers (ASHRAE)
:3el 328¢gudgadqodang “Air Conditioning” &300p5en “erwsae§s(temperature)  cooeh
8ad&:e0(humidity)r ccooo§ele(cleanliness) $¢ coolgsgjq(distribution) 0303 soessel 8005
$C 03050863 dGE505 [g[gE8o(treat)eodgEsopS air conditioning [gbod(process) [g6o0p5”

“Air conditioning is the process of treating air so as to control simultaneously its temperature,

humidity, cleanliness and distribution to meet the requirements of the conditioned space”

00b55:304g¢ air con 0pNgd0pS PEEOS 38:§ crOd eevtesIE BJowrod egieINt
[g095[g8: [962025n Air con 0pgBogE “Comfort air conditioning” $& “Industrial air conditioin”
0g $6§ o3[grzoopdn “Comfort  Air Conditioning” s320p5¢0 GCOOY cpgP: 0056050
(confortable) [gdeowpd 30c[gEecs006938 Gepadesnt [gepdfg: [§doopdi “Industrial Air
Conditioin” a320p5¢> 005§ 22005§qps pOcSigp: & process gp:ogEd GO AB=ba0R)
;efgeeesdd eepodesnt [gfgcdslgts(air treatment) [gdoopdi ddelopé econd Babo0cd
622:6370¢ Bo0cd 652630 [rpd8EaSznognd erosinmoogdyp:(properties of air) saeloypC:s
o3 926005805 §0:00p0qS 862005

Psychro 2005 oedlome|gdg: “cold” op 228goud qoopdi Psychrometer 20pd Gooo
(atmosphere)oSag€ §oopd agueous vapor o3 03E:0000005 o3§eon(instrument) cod§js [gS200
eoad0pE§eon eqegdloan’ 03€:000503§ux0d “Hygrometer” vp eslaopdi Psychrometrics
aB20p5en0 air-water vapor 2300pcd * moist air 7 o3 6apau00pd 9200:0g0 [gdopd
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Dry air Water vapor (Moisture) Moist air
O 0 0 feiieize)
+ 000 = [g00

& J-o efgrodeagoopdeco(dry air) $¢ eqeg(water vapor)eepesaopd “moist air”

650D edledlefgadesonpd “eco” edaopben moist air o qpdpgss efgrad[gts [gboopd
efgrodeagoopdeco(dry air)sC eqeg(water vapor)od eepesaopd mixture o3 “Moist Air” oo
ool 20p81 0g1$60338:§ec0o0p5 “Moist Air” [§20051 elgpodeogoopdeca(dry air)aopd ogedyede
ogudoneogs 32030500 [grpdoondgls [§Baopdi erooopd coomoseg b0 elgrodeagfgls
0§e00500p5: 05800y 0RAdgIEdGeP: [gapdes 320305 [§Ba0pdi coodecyar  elgradeogaopd
eoo(dry air) 2a[gd a8:008 00p5§8E000 36[gEes ©§ooead §05:Ckacpd

Simplified psychrometric chart at 1 atm total pressure
' OO

T T T T T T# T T 7

Psychrometric chart | : : : B0% B0%  40%
(separate wet bulb : : : o : : :
temperateand | LA e/ M0

enthalpy lines :
o5 L Py ) e a0 .. ......................... 4125
lzzi Urieli - March 2008 | 5
70 ... 30%
: : : |20
: y i

30 30

Specific humidity (w) grams moisture / kilogram dry air

..................... 092410
. Relaive
hurnicity 1
ey : ; : i 10%
5_..; ....... ,../ ...... oalR TN RN R T dg
r . : : i '
; : : . : -~ Spedic volume m3/kg
e L - 0gs 7 08o
0 :___jlig : 081 i D.E;IS iD.Elfv i EIB;- : : 0
0 5 10 15 2022 2527 30 35 40 45 50

Dry bulb temperature "C

O J-J 9005600000050 [§8e00pd 2:00§$$E adCieo esep(@s)0d cudlgoozanpdi

0)3298:038 0ooedign Groclooogdgpi(properties of air)od eopaxfogepdi Besnod
air conditioning system gpz 8&&g00q$se005 603 6pbad [g[gE8o(treat)qepbod sondaund

GaeoqERdI

Geocl oaRoog3gps(properties of air)od @oos(table)dd afewrod oqd(chart) GdGHyc
eed[gfCaopdi ogd(chart) GoQEYE ewdlgooneom eoosl oahaogdgps (properties of air)o?
“Psychrometric Chart” op @slaopSi “Psychrometrics Chart” o3 38 (line)qpsgolgé  3op5s
00p5680005002:00p51 §oog] 3205320005 F:d: Joesnt osbonmy gliuligny oopdesonad
cooifgCielopé 3a09$ 3208:0E00001 Air conditioning process gp:od Gooong§ 3p090500p5:
320920E00001
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SI 06 oqd(chart) $& IP uasd oqd(chart)oy &G o3gpz00pdn 883203go0pd
0p$da3 c3abdg) chart o3 egeguSqaopd

Psychrometric chart o3 §0:c0p5[gEsg¢ air conditioning [gooosogp:a? acgudonop 6lgqs
§E20001  oodqapbesigps(industires)el  cooling  process $&  heating  process  gps=acg05
Psychrometric chart o3 $5600:805 3030307 §2:0005q$ 332600051

Air con 2EqIE8um 00dGLIEH0pS Psychrometrics 00000003 ogdioyC ESEY
2060 6dl05002:q$ 332600001 Bwam GoMEigs wSmE0pd air conditioning system cod9a3
83 [gopd[gt:sé  §.0aCq0>  gpoglgts(trouble  shooting)o303  680oEgEH$ELRS  [gbo0Rd
adelop¢ “Psychrometric Chart” o ogiGioqCgo $0:00008Eq5300305 cBCs(line) ondegEidel
2060 2000003 328¢ud(physical meaning)sConoy §9:0Rd c0GomEedodesmE eapengs

83260005

AH
slo <"J/_ % B
§ /7 74 / 74'30
N L
,\6§< /'4 7 7;25
r\QA /é\/ /] >< :20
‘3 %/ JI 10T AND-:::]?I./\>< ._
%Q;l e
<L s [
5{\ 56 il lcomroﬁﬁf = / >-~.._ :10

DBT (°C)5

O J-0 §p3pop 2§pqeod Psychrometric chart cologE ewbgoonzoopd

Constant Enthalpy c8&:5¢ constant Wet Bulb c8E:0300p5 82¢§000005 qs(g|E(parallel)
qp2 o[gdeoodcopds 0qd (chart)edloge qb3Eme(yd eepalooneny§oopdi

6002005 2p§E03 8ode) GEsel 0083sqp: c[gpEiades00001 ad3a0p0C Baans(pressure)sE
epBpop(weather)elopoopd: eoosl 00&8sqp: 6[PE:cdy [gdedlaopdi 2§§5sEaaq) evel
ocoodqp: e[picdesaopdi 038 e[pEicdeaBEind c3odq qbcog: 905860 32600805
RodgEdgep:  [gepdes 832600001 oBelopé  “Psychrometric  Chart” s00ddgg §Cscots
0guB0Reag5dgE cd2a66000 326[god armzacyE: q§§Eoopd
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Air-conditioning equipment qpsel 32800 6800EQOSgIE5e Gruad cdaocd [ggé e[gptscd
60:qS [9620p51 Baelp:deo00d [§60p0d “process” wreal 0pdi 880886003 [gbeogCoopd
process gz &3 Psychrometric chart el o€ eepal 0gadq0d[gedyC air conditioning equipment gp:
egeq|oS[g: ¢ air-conditioning [gocogogp:o? elgq gt [giapd§Eaopd

Process qp:0? 300206[g326500090 3200:326[g30650009 ZoAdeepodeant c3Es(line)
qpeg eed[g§€a0bn gselgpEaa03E{gbeamn(straight line) process qps §oocd gdieogs(curve)
32038 [§6eoon process gpzcopds §oopdi el 3203E:0m [gdeon [gdod(process) gpza?
Fg2ad: 603qECY §oodi
320g86ddkoopd croaopd apcondecuiapd eerd 20Beeuooni§aopdaddlo wilogpdalaono:?

& J-G ecom 6qod 20udSee0nooanpd powdgp:

Gom 6q0d 200568038008 6[pE:0B powdgPgE 0de0[g8ERSN 30 song0d
2000 200503¢ 0S:feoep§s GandeINCEpLaR) Gepld BE3dgpopd erom G}
200568028 00:00p) Za60mEsad: powdgp: [gojo30005

eoo(airo aoodeeonam:anpd eq(water)od dooans ok eop,[gE§E0pd ecv
ad0z¢ ee(water)od 8:a8sqpa oB:58:qpa(snow)i hail g8 328E33(solid form)salgd eop [4&
§E200393 B:o05qps(rain drops)i [gjqp(mist)o3ad sa6pd(liquid form)salgdoopds oy [gE§E0p5
3208:32038:(indoor)§ ecoady doesoopd eqod eqeges|gd(vapor form)oon eoglgEEa00
Gom 2005680080000 GeegyP:0Rd “Superheated Low-Pressure Steam”qps [gd[o30005

6c00B 68226308 30005 65:e37E WEGa0pd 228103E:5 Beroadozt dofesaopd
eqeg,0e0mod Be$ 832600001 F20000eePEed6005 GLmdEoop50d aMem rosé
Gepe50PY  GaegyPodroRds opodoy  GIeaME! 65:6INE[GIR0eS c3aadeomelopE
[g®20p5

ecoodapEiloCesaopd eqeg,0emod Bgsecyod 88oz05q0depd crosionhaogdyp:

(properties of air)od 938832620051 Grosionhoogdgps(properties of air)od 238EqS3s0305
Psychrometric chart o3 og6soqEgn §0300p5 a0eomedlodSooiqepd

60003003838 eaegyp: ©pb03ad GePoSfaPSR3 §9:0pd8CqSmR0Rdd eqegygt:
(evaporation) $& 226ge 20600 =[g6ad e[gpC:cd[gEs(condensation)gdod $6903 Faeo0:B0d
Gaegs 3360000
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J+0.0 eqegqg:(Evaporation)

ggjedldkesaopbeco(hot air)oopd eaegqpiad 9dupaBeayEoo§teoon gdigpd §oopd
cqaa[gde  eaegyp:m[gdad  elgpCidognionpdgdodad  eeegdgti(evaporation)oy  Gal copd
B[gbopaopd eaqodsm[gE el 0dRe [goenr§oopdi eqo? snuadSesnt [grpdg:elopE [gdedl
Q6o 6qeg[gE:00p5c0pd: evaporation [gbop 0od§jE0t [gda0di

GoPa5e3qI09$9[gEn3 6qPep005[gE 2005a3nd0pdmadl qodsalgEediapt eqyp: Bogn:
860pdi Beqyp: elgpodeagogrfgtioopd eeegqlgs(evaporation) [gdodelopé eeegdogsls
[g0 2005 eqegqaE:(evaporation)aopd eq(water)saog05000 9920009 Goluxe) [gdoopd

Vaporization 2005 226gm[g6a8 o[pC:8€a000 saepenicdimoged od:a0pd Gdlumg
[§800p51 s26g, 35(g68 c[gpEs[acs(vaporization)gdg§saoged sapoopdeoq$(heat addition) c3e6
2001
J-0- 3265y 20qpda0fgdad efgpt:cd[gé: (Condensation)

oS ogje0Ci000¢) 63230002056000005 GE:Sa0udes0Eamiem GaEgyP? 800505
0a00dee0088Eeomeomalopt gioocdudqoogdn a8 eroddy §eom eeegyp: GeEa[gdad
e[gpE:cdognieo[gl:nd condensation [gboS(evaporation & e[gpEg§lgdod) wreslcopdi eeg
3300 32qp533(g0a3 6[gpCicd[gts(condensation) [§86$320305 Fa000Sa0560qS (heat removal)

835620001

60003038 doesopd eeeguwdan(water vapor content)aopd ecoel Dry Bulb

209560l 03E 00520051 006500:824g¢ G 2000e80rEIEDRS eqegLEd (Water
vapor content)aopd aecoel Dry Bulb sapgi§edlopt ooopdoopdi eoel Dry Bulb s S
[g8eco eqegowgpigp: c0uSesnt8Eecy [gdoopdi ecocl Wet Bulb 220§§ [Eeco
eoad0z¢ 200See0nEandBgbaopd eeegilofa(water vapor content) gpieco (b5

6coa0pd eqeg(water vapor)oedanepdy) 20056s00Ea0:§Ea00503 Gousi Dry Bulb sapd§on
eedlgoopdi eooe eeeg(water vapor) oedan epdq) 20056800800 [§620p503 ecv & Wet
Bulb 800S00 eudlgeosaodi

Saturated Air and Unsaturated Air

G00p5 FEO9]  20056e0EEEYEGood sagped:  GeEgLEdN(Water  vapor
content)od 20056800E[Bgde 5005000 d§Ec0RE “Saturated Air” 0p2005690520001
eo20pS eeeg(water vapor)od 0066 cvo5d8Eeoog€ “Unsaturated Air” vpeslaopbi 006505
afgC eqeg(water vapor)od c0dd coo5$§Ea000(950p8E00) eond  unsaturated air oy
ol 200
JrJ 80003 dzalgd 2005005(gE: (Standard Air)

cpoodsgps 32005GEQ8320R05  gogties0pd eGSR §adcofqitenddeg  qe%I
eanoddqitenddeg jo% I eaegyp: $C g e0degyP: 0% o3 dloCaopdi Goo(moist air)aopd
65epe300l 325§ pBpop edlogf ¢ooode) e[gptidesonodeamalomE cofoggyps 0godgIEd
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qqP: [gepdepogt oppdufieoqs Sagpisnicopd coodbdaopd b(standard) ood9 005005eS
832600051

oCcocdeq qodso[gE(sea leve) oo Groopdsan: 29.921 in.Hg (atmospheric
pressure)sé 3208 (Q0) 80§eqEuB05(70°F) §eomerood é("Standard conditions at Sea
Level")33[g® 2005¢053[0300051

Standard atmospheric pressure 1013.25 mbar (101 325 Pa) 226[g326503E oo covel
eed8ogcon mass 2005 28.97 [g620p8n eoosionhoogdgps(specific properties)od efgpodbeay
GGG 0059050022600 CoduLsB(UNit weight of dry air)edl 0gE sae[gde) eedlg capdoopdi

- Trace Glasses 1%
l Argon (A)
L Water vapor (H,0)
Carbon dioxide (CO,)
Neon (Ne)
Helium (He)
Krypton (Kr)
Oxygen 21% Hydrogen (H)
Ozone (03)
Air parcel
& J§ 6coda3¢ doaopd enddegyps ¢ J6 6eocdant eqesyp: dofesd

J-0 32p 9BecyE gl (Specific Heat of Air)

;mgped[§ saepogoigp: 399:0d:2000 3¢ (heat)od a3eapnd 238:eopbic0m:§Eg: §aopS
#0(heat)o? 93eaxnd 086:0005:000:8E98:03 specific heat v el aopdi

Specific heat oo§3:gpieco odsaepogr0pd 3aguwdan(amount of heat)qpgpPso?
a3e0pnEa8b:e0p5:000:8EgS: gpiacolgdoopdi

280e¢adqod: [3ooo(mass) oobopsd §eoon saepogriondead 30§8 1°F aewpod 1°C
[48020568 220305 3366000 sag0wINA? “Specific Heat” vpas] 205

eq 00603c30q6(1 kg)o3 =00q$ 1°C [gEododgsencgnd copdeusqupd g&:3aE(energy)
03 008 03c3muda3§(1 kilocalorie)oy sl 20pdi 6qEodedIE(1 1b)oB 20qS 1°F [gEooodes
copdeoqepd gdimat(energy)oedana? 1 BTU (British Thermal Unit) oseslaopbi Specific heat
2000 20003 a36axnE8EgS: [gdaopbn  BTU $¢& kilocalorie o3o0p5 specific heat & oasdgps
[58[o30005

efgrodeogeameco(dry air)el  specific heat 20pd  =0qS(temperature)o?  cS0dq)
e[gpcdes eapfoopdi a36005 0godgodegP: cgudmcoqseac0d Groel specific heat 0o§3:03
Cp =1.006 ki/kg K [g& 3203qgjecp§oopdn
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Cp =1.006 ki/kg K &1 228¢0den elgpodeageamecd 0odoBadnqd(dry air 1 Kg)od 0o630§
celsius (1°C) [§E0005q§ 320305 1.006 kJ oeonoopd sapoopdeusqé(heat add) 83260005
S 68°F (20°C) eoo(air)$é eq(water)ode coudSeaonaon:§arpd sapoenmn(heat energy) o3
£E:005 cwdgoonzoopd
eqeizp§s 00680§ celsius §6908:q$320305 1.006 kI vedaN§oopd 3apeudondd(heat
remove) Go:q$ c332600001
Measuring Heat Quantity

water 1 Bt

15.5C
I Tdegree

14.5°C

Tkg of water

60°F 61°F
| [V¥]
Tkg —|> H
water 1 keal
15°C [4.19 kJ] 16°C i 1kcal or 4,187k added 1
¢ J-q 1 BTU $€ 1 keal &l 928¢005¢Eaq05 & J-o 1 keal &l 928¢00SgEalqod
Air Water
Density at 68°F (Ib/ ft°) 0.075 62.4
eoo(air) eq(water) $& eq3(ice)o? & specific 03 IP 050 $E SI 0psd 03gE cudjgoonzoopdi
Specific heat
Substance Conventional metric and Yard-pound system S.| metric system
(Btu/Ib °F) (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

6qoo8eAlE(1 b)o3 20p§§ 1°F [gEonade§ 300305 cd3a06000 30¢gb:3aE (energy)
0205 1 BTU [g620pdn efgpodeogoopd ecoodedE(l Ib of dry air)od s0§8 1°F
[480005q8 200305 Bmpbe000 200gd:3aE (energy)owdanaopd 0.24 BTU [g620p5n cqel a¢
a36000E8EQE:0000 6rL0NS Grvsos, dgpP:0pdn AdeloPE 6P Grocond specific heat
Q[gSo0pdn 200203:04gE @q20pd Grcond 3¢ 32003 BeaxEaddiaopdicon:§Eess gpzoopdi
BeloPpE g3 632:6390E aJewod c5:eane [gapdes g&3aE(energy) 3a83262005
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Total heat of moist air

Sensible heat + Latent heat = Total heat
elgpodeageamecy (dry air) & + cqegyps(water vapor)ssgd | = ppedlCideaboopd
eqeg, (water vapor)od=epd o[gpicdq§ | phase 6[gpCicdqs 320305 YOO
20305 033266000 QO™ c83266000320060™

Latent Heat o3o0pSen eeeggps(water vapor)on o86:e0p5:000:6000 32095328
[®20p5n [Latent heat is the energy stored in water vapor.]

Sensible heat 8320p5¢> efgrodeogeomaeco(dry air)on 936:e0p5:002:6000 F0gdiaat
[®20p5u [Sensible Heat is the energy stored in dry air.]

J+G 83m1gps& 20056380005 Dalton’s Law
onodeg saeep(Mixture)sl 9ocolC:3sms(total pressure)oopd o8 mixture o §eom (36
(substance)qp: 0069gC:Be 8as(partial pressure)gps ¢lCgE:$E p8gjoopS
Dalton’s Law is the total pressure equals the sum of the partial pressure.
P = Pa+ Pw

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

DOFS 25°C §o0pd co(moist air)eil Bsans(total pressure)oopd 1013.25 mbar [g&aopS
Saturated vapor & partial pressure 20p5 31.66 mbar [§8[Gs e[grodeogaopdeco(dry air) & partial
pressure 20p5 971.59 mbar [g&a0p5u

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 o3 eqeglsans(partial pressure of water vapor) $& elgpodeogoopdecusi
8sons(partial pressure of dry air)o3el sagjgg&copd: ced[g8Eo0pd

w="Y_0662x 2%
“mMa” %% pa

PO - GOMDY oo eqegdsms(partial pressure of water vapor) 20p5 0.20 psia [go0pS
a33§§03¢ Grocoel barometric pressure(atmospheric pressure) 2005 14.6 psi [gdagE humidity

ratio o3 gpdli

Dalton'sLaw P = Pa + Pw
Pa =P —Pw
Pa = 14.6-0.2 = 14.4 Psia

Humidity ratio 00505 32

Pw 0.622x 0.2
W=0622x — = —F———

pe = 144 = 0.0086lbw/lbd.a
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BelopE eqegyps(water vapor) ¢ partial pressure o3a3cqi€ Humidity Ratio o3
038800051
Humidity ratio 0.0086 @il 328¢0d ¢&adgIEde elgpodeagaopdecy(dry air) saecnd§ 0odedle
(1Ib)og€ eqegdlofq(water vapor content)aopd 0.0086 Ib [gd20p50r 83320001
W = 0.0086lbw/lbd.a x7000gr/lb = 60.2grw/lbd.a

efgrodeagoopdeco(dry air) saecn§§oré 0odediCopt eeeg(water vapor) 60.2 grain do€aogh
o oo

2600803 03E:000000 “Grains” opsd o3 Psychrometrics 0E ad:ecp§oopdi 7000
grains 2005 1 Ib $&p8qjoopSi SI vpsdogt elgpodeagoopbeco(dry air)el va$d05 cBcdogd
(kg) [g&20p5n IP 0356 03¢ efgpodeogoopdeca(dry air) 6l va$d025 cAIE(Ib) [g&o05u

Pw
Relative H idity (%) = —— x 100
elative Humidity (%) Pws x

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

J+§ Psychrometric Chart a3 §c8E:qp:

Specific ‘ N

volume
B T . %
Specific ~ saturation

enthalpy N

Wet bulb——#

Moisture Dew point A :
State content P j Moisture /5‘
é point Saturation »_ content
)
curve S
Y
N

v
Dry bulb

Dew point Dry bulb

& J& Psychrometric Chart a3l §a38:qps & J-00 Psychrometric Chart adl §c3E:qps

J9-° Dry Bulb 23088(Temperature)oC:qp:

20038om[g¢ oo Grosl =0p§$03 Dry Bulb
:20$ (temperature) vresl 20001 20008:001 3280505

78F DBE $C 3100000505033 codlyecydoopd Fpe§Soopd Dry
Bulb 320q$ (temperature) [§620pS1 Dry Bulb s20q$
(temperature)o? odlolgd esdlgecy §oopdi DB vy

DB(F) 80 320368105 Gegoon: cedjgeny §oopdi
& J-00 Dry Bulb 50§ c38:qp:
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Constant Dry Bulb temperature c3S:qp:cd “Psychrometric Chart” edlog€ qjbrecdqp:
(vertical line)gé oeuBgoonoophn gp:wod (vertical line) ood9ed§ §eoon Dry Bulb =0

(temperature) oo§8sqps op08(o30005

Dry Bulb  Web Bulb  Dew Point Ory bulb thermometer
Temperaute Temperaute Temperaute P 'ﬂ‘“ the current

airtemperature.

Wickis
dipped
e ) Inwater
Thermometers are 3 i l
swung around handie. g e

When swung, water evaporates from
the wick, cooling the wet-hulh thermometer.
Dryer air results in lower temperature.

© J-o Dry Bulb 1 Wet Bulb $& Dew & J-0p Sling Thermometer 20p5 Dry Bulb $& Wet Bulb
Point 9o0p§$ 0303 32qCscutsad: codlg 3208 0B BE:upes sacgubopedicam o3§om
002320001 [g&2005

62005010gPs0pS IP vasdlg¢ eqeadoonieax Psychrometric chart [g6o0o0n qbseodyps
(vertical line)aopd Dry Blub 320§j8c3E:(temperature line)qps [gdoopdi

/

=z
/ﬂﬂ :
40 %0 60 70 20 b 100 110 70
Dry Bulb Temperature, °F Dry bulb temp., F
& J-0G Dry Blub s20q$c8E:(temperature line)gps & J-o§) Dry Blub s00§$c8&:

J-9-J Wet Bulb 350§ (Temperature)oCsqp:

Wet Bulb 220803 6qagodoo:aopd dlgé: oBewpod 3e0050[gé wodooeomn 000880
[5& 03E:0pq2005m Wet Bulb 20§§ 03E:008 000880202005 eqBgodesqs 3308 ecuadnd

6$q$(moving air) c332600001 000880200005 eegé Bgodeswar Wet Bulb 320§S [g08E2000
eqel 8godaalopé [gbedlconeom seesaencd(cooling effect)oopd Wet Bulb 3205803 Dry Bulb

20S 005866000051 Wet Bulb 320503 WB 0p 320368105 6eaom: aedlg 60§ oopdi

Wet Bulb 22¢§$00p5 eqqp: eqegd[gts(evaporation) [gdq§eec05 83260005 3204203
9S0p cBadeamaelogpé Wet Bulb 329§§2005 Dry Bulb sap§§cocd §6og4gE: [gd20p5n Wet Bulb
20$20p5 croadI§eon eaeguwdan (amount of moisture)o? cwdgoopd
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Dry Bulb 200q§20p5 Wet Bulb 22¢§§c005 3o[g[gS(gp:) 6cp§oopdi ecoooad
eaegyps(water vapor)qps epgSdged (000%)§es00d 3280530085000 Dry Bulb 320§ $¢

Wg; ;;Ib 3205803 0pp3[0300p51 Dry Bulb 320582005 Wet Bulb s00q$0005 $05:95(869S)

GeO0RdY eaegyps(water vapor) epg&dged §sEBinqiC (8c3Cseogpiag) eqegd[gc:
(evaporation) o[g68Eeomeomaelopt 3ee:en05(cooling effect)spbiom Dry Bulb sop§s $¢

Wet Bulb 036l 32088 o0[gg $05:0304gE: (962005
Dry Bulb soopqS$(temperature) $& Wet Bulb soopq$(temperature) odel

[gr25029i050005  eroooel  §adE:so(humidity)od  cedlgoopdn [gpisoigedspdinqC  Sadlseo
(humidity)qpzs] [grz502qi05qpsagi€ adEzeo(humidity) $p5:00001 Dry Bulb so0q$ $& Wet Bulb
20§50 8c3Ess0(humidity)aopd epg&dgob(000%) [gdaopS

0op€[goonond gbreontiqproogd opoBeom Wet Bulb 32p§§03 cwdlgoopdn Wet Bulb
20582005 adiabatic saturation 80§ (52001

T

J-06 Dry Bulb 220§$c3&: & J-0q Dry Bulb s20§$c8¢s
qDseonCagps(sioping lines)aopd Wet Blub 320g8c38:qps [gdoopdn Wet Blub sapdsei
00§8sqp:0d a3&:e1 0005000503603¢E GwSgoonzaopd
Dry Bulb 00§§sE Wet Bulb 320§ ol [gpag0q0503 “Wet Bulb Depression” o
@sl20p01 Wet Bulb depression 2ppofgdagié Dry Bulb 32085 Wet Bulb 320§$ 0po3[g: 100%
humidity [g&20p5n Dry Bulb 320§$s$¢ Wet Bulb 200§ 09n800p532805038 Grooopd saturated
air [gdoopd

Wet bulb depression = Dry Bulb Temperature — Wet Bulb Temperature

pow (g8 egepad 3020630061 Gg0udSIFSRE Dry Bulb 20§05 (pq) 80§
celsius (37°C) [98[G: Wet Bulb 20§$2005 (p0) 80§ celsius [gboopdi Beadd sBeogomeboss

32600s 3[F86: 20660mel 6500008 $03E Dry Bulb 32088 20p5 (pq)80§ celsius (37°C)[gd[G:
Wet Bulb s00q$2005 (p9)80§ celsius (33°C) [g620p5n Dry Bulb 208§ $69 oppBlogeoodeopds
Wet Bulb 220§$ $89 copoBlogeon
[4508C¢ =ppmesc0el gepado0pd efgpodenyq ¢s3odeooepadpon|gbd: FBeogom
qO08: 2060rse[§88:0066002005 8g0ode) KEB05Ea §paSpor(gdoopSH 0ods:EYE FeuRs
2[g86: 206600 GLEXES PNEIVE GO GaegyP:(Water vapor)od 38aodesont
conseomelope [§620pdn :eeasmo[G86:00860me G003 8odE:eo[gE(high humidity) copdwp
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2005005[G: 29p0e3060 GrLNY 8c3E:so §6a0p5(low  humidity)or 200500500051 Belopé
6eE§0D609 60003 peINE Be0rod 622:630E YOGS 0305 3PINEIVE GRS
g&:anc(energy) Scdma600p01 sa000delopEadensd meep§eommncytn crompd eaegyp:
(water vapor)o3 88 20056800¢ conseamelopé [goopd

poen 76.5°F WB c3&:3 Psychrometric chart eologE o3[gdli powd 45% RH c8&:03
Psychrometric chart edla3€ o3[gdl

BB

J-o® 76.5°F Wet Bulb o3¢ J-9@ 45% RH c8&:03 psychrometric
3:6000006756 §§0Rd 3290530052005 90°F DB $E 40% RH [gdagi€ WB 220p§$03 qpdl

Cooling coil 2896 ogodeco(leaving air)oopd 60°F DB $¢ 55°F WB [96cqié Humidity
Ratio $& Specific Enthalpy o3 gpdli

WE=712F

”/ 2 WB=55F

h=23.2BTU/b d.a.

W, grw.ib d.a.

o
-l

g0 =]
DB, F DB, F

& J-Jo 90°F DB $& 40% RH [g05¢05 | & - jo 60°F DB $& 55°F WB ¢ humidity ratio 55°F
(intersection point) ¢ WB 71.2°F o | $& specific enthalpy 23.3 Btu/Ib d.a o3 qaopdi
62051
J-9-0 Dew Point 330§ (Temperature)
deoodzans(constant barometric pressure) 6s»0503¢ GO oo eaegyp:(water
vapor)oopd eq(liquid water) 33(gda8 0008 egpE:a00d 320§§03 “Dew Point Temperature” oo
200590520051 B398 e[gpEacdogaianpd eegp:o? condensed water Bowrcd dew wpesl ooRbi
Dew Point 2005 water-to-air saturation temperature [g620p51 Dew Point 20p5 Relative Humidity

(RH)$E 200583800051

Relative Humidity (RH) [gGeco Dew Point $& 005§ ecomepq$ (current air
temperature)od &:ndeco [g9a0pdn Relative Humidity 100% [g6ag€ Dew Point $& cvo5§

Gom0§S (current air temperature)o? opo8fo30005
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100% RH 32§§5 ecoaopd ebugaocbesmngEooy| eeeg(water vapor)oedan 8003
200568008 00gGegb20p01 300udq) Groel S0YS $E Bzas(pressure) JgEoonag€ Dew Point

208 3o c86updi 00b500:83g¢ crLa0d eaeg 0udee0rESEGSE: Sgprarnoopd

Geom 20056a008a0:000d eqeg VLN e[t
c3cg€ Relative Humidity(RH) 86908 concB6605n 205§
80°F DB $C 100% Relative Humidity(RH) socgzacss
:20§$ 100°F Dry Bulb $& 100% Relative Humidity (RH)

- orv Bulb - 26[g306503C 200§Sgp:00pd 100°F Dry Bulb ecoaopd
l—gu — 2oFSsp00000 80°F Dry Bulb 6eooo0d  Jgpoopd
& J-JJ Dew Point c3&: 6qegLeNad 20056803E00:8E 051

Dew Point 300§8 $C& cood§eapq$(current air temperature)od opBesoopd 22805
602005 20056800E00:0000 GaegYPd  S0OONS ©056e00E8EE0 GaER|gda oot
e[gpE:cdognion condensation [gdod 00o€ [gdedlaopb

Dew Point so0p§§ad0000en ceeg(water vapor)gp: 6coade 000€ 0godgnogno0pd
eeoel 20503 Bc8o0pdI rocde eqegyP:aopd Dew Point 320§S 0005862005 gEds[ge
el oz eq2B4gEs(condensation) [gbcdl coaodi

T 0.025
A £0.02016 0.020
5 / Dew
z Cold glass chills the | (active
= surrounding air layer | condensation)
o8 0.015 < to the dew-point )/
& < temperature {
0.01008 2 \ i
C ¢ 0.010 8 Somebody \
g forgot
2 to puta |
= coaster
= = 0,005 under the | —
lass!
%ﬁiﬁ:jﬁf/
= —um 0.000
0 10 142:°C 25°C 30 40
Dry bulb temperature (°C)
¢ J-Jo Dew Point c3&: ¢ J-JG Condensation [4d

Point A 63200500R¢ [goon:a0pd 22005 A(point A) § Dry Bulb sap§§ 25°C §oopd saturated air
06 Bcoqdaopd eeg(water vapor content) 0.02016 kg o 20006800E con:§Cgss
§oopdi

Point B odecwaopd 25°C S0€ 50% saturated [gdogosdlon eqeg(water vapor content)
0.01008kg 03 20056802E0022c880p5 100% saturated air 036 03cdogde 200dee0nE
co28Ca0pd eqeg(water vapor content)oood oodoodax 200d6emE  conCeom

e[opE 50% saturated [gb[gEs00p5

Dew Point 220§$0088:03 Wet Bulb 920q$ 0088:qp20 ©050pq00001
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25°C 6o’ 0o[gpdgpSges eeetesmt [gapddlon B ¢ C o3 s005a0n:0005 qbse[$pé (line

BC) 3203E:0304(Gs saturation line 6dl§ 32005 C (point C) a3eepad§ c88wpdn eeeg (water vapor

content) dloCgo0p5 §[G3203E: vagpE:cd93 Dry Bulb 32¢§§000 ogjeoamn(gE:n? adcdaodi

Saturation line 6ol § 92005C (point C)a8 cepod§q$0pE c00Seannan:and eqeg(water
vapor content)0.010 08 kg 2005 Geom Fagpsads 20056a00E8EE LN GEPad§oyc:
[g020p51 Beag§orE ecvoel Dry Bulb 20p5 14.2°C o3eepod§es(Gigdoopdn odad 14.2°C o3
eepod§ [Bees05 erooopd aoudesonam:anpd eeegilofy (water vapor content) 0.01008 kg o}
20050005 20056800807 14.2°C 0005862005 30§88 oyeot:gs o[gdSEeomneon

0bspSemigE  14.2°C c00588esne  [gopddlon  eeooopd  20uSeemnE  con:ad
0.01008kg ¢ 6qEg34,03 6q2[gd §50005866dN 22605 C (point C) 9§ GepPod§anaogd eco
32005 B (original point B)o3 Dew Point 320§§0p @slo0pdi Dew Point s3o0p5en eqeggps(water

vapor)[g¢ ep§&dgod(000%) [gpdoeseamn eseomaeco(saturated air)el sa0pS [g620p5
- L ey

7 -
&
& =
> o
o L
. 03 E
Dew Point & :I::'
Temperature s ge———iisnsaaansans 0
o\® "E
@
=1
\z]

Dry Bulb Temperature

¢ J-J9 Dew point c§¢: ¢ J-J& Condensation (g

Dew point 200§803¢ erwaopd Beqegyp:od  8005005038:002:8E[gE:  ©§e0pd
6q2[9638 oonte[gpE:cdom condensation [gbedl conoopdn

Condensation [g60p ©008o0pd 3208 (temperature)ood Dew  Point 3208
(temperature) [g62005

B30§803 eqeg[gc:(evaporation) [gdodel 3290:0pc0pd: Gal e300 238:a0pb:000:
00g) GeegqP:0? [4$0005650000 2q$03E 6pbaopd eqEgady 0068 C598EEE: veomaelopE
[g&2005

Dry Bulb 220§§ $& Web Bulb 550g$03 09p82009 208050 320§§03 Dew Point

209S 0768 B20p5n 63328055 Dry Bulb 1 Web Bulb $& Dew Point 820803 san:ads 0ppd
[0390051 3328055 Relative Humidity(RH)20p5 100% 9620051 coaopd ao0SeeonégEoog)
66egUEm™ 330d: 20056800EG: [§Baopd
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Example 1 Example 2
50% 100% 90% 100%
relative relative relative relative
humidity humidity humidity humidity
SOF 5535 80F Eéé5

4

&
$ 4

dew point dew point
temperature temperature
is60F is7T8 F

¢ J-Jq Dew point 320§§

Dew Point 300803 100% RH c8&edilopé eopf€aoodi ddmaclgmnesopt feom
G0l eeegypi(water vapor)od sofgodseo  couSeeonomdfGe [gdoopdi  aB3a0§c00d
[48es 004 omc00050d: cqegypi(Water vapor)od s005c005 20056800E coscd6edi

Dew Point 320803 03€:98320305 0§80500890303¢ Gdodeciqpsoopdd &( J-0 )oge
[goon:a0pd3a03E: ©§905845 eqpdimaecigp: ogqagE 90988om(gE ©Sg058dsE 8:ndads
606l :20F$03 BE:agi€ 328:0690: Dew Point 320$03 qedi

Dew Point 820§ (temperature) s32005¢0 eeeg(moisture or water vapor)gps 6eoade 0oné

0g05gnogns0nd  Grusizp§od 93c3aopdi Dew Point sap§S(temperature)y oo
eqeg(moisture or water vapor)gp:aopd Dew Point 320q$(temperature) co058&a00d

qod$[gedaz€ condensation o3 [gded eoaogdi

Dew Point 820§§2005 100% RH c3&:edlo 00nfedaond eegodqjds(horizontal line)

[©20p51 Dew Point 220q$1 Dry Bulb 320§§ $¢ Wet Bulb 200p§$03 0po8aopd 20805038 §oopd
@03 “Saturated Air” opesl 00001

Dew Point Temperature = Dry Bulb Temperature = Wet Bulb Temperature

a3328052000§03€  ceu(saturated air)oopd eeeg(water vapor)qpo? 80050005 20006800E
§Eg8: veomcol 0328055 6ruad Gaegody|, 00066 ofeepadandon 6rocdd§sé esdieon
6qegog),20p0 ABerode 0EdEIGLIVEdI adeaEGEPI0Rd FgSeaoicedaopd eqes (fine
droplet) OO§gE ogodgnogaeaopdi [gisCsqpioopd “Saturated Air” [gdelo3pEid  Gudblgoopd
:2eomnEsads powd [§doopdn “Saturated Air” 356[g3265038 3208 0%:§js 0rp8[0300001
Dew Point Temperature powogp:
pOWD- 3368000520P00d9 3203C:0 Grooel Dry Bulb 320§$2005 80°F [30[G: Relative Humidity
(RH) 2005 50% [g6cqié Bzpeaoncdandel $45 cqadigts(condensation) ¢[gdes 220305 §§ad
0052008 30§ERE B8:000:qepds5:
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mafy- 6628:gEs(condensation) [g6o[gdbo? 0des0iq§ 0332680005358 3203830 GOSN Dew Point
209503 289§ 822600051 80°F Dry Bulb 520838z $E 50 % Relative Humidity(RH) c8&: o3ei
[g0590503 Psychrometric chart alogE epd

() Dry Bulb o0§8sqp: §oopdesepe 80°F esepogl gdsecd ondelopnd eoonol od
Q20052005 80°F Dry Bulb 2203z (80°F DB c8Es) [gdoopd

(9) Be5005 RH cBEsqdieagigpse 50% RH c3E:a3qpdli

(0) 80°F DB c8&: s 50% RH o8& o [godognseomesepapl [godedd(intersection Point)od
qopdn ABlgodecde eq[gEaBqd3a03E: 000da0rH} o€ Dew Point 320§S ocmsedl§
Dew Point 320§§ 00§8: 59°F 03 qopdi 6qa3{gE:(condensation) o[g6g$320305 oB22680005
235481 320803 59°F 0005 gpi([gS)esnt cBSicoiqepdi 00dspdiandgl eqoB(gt:
(condensation) ¢[gdq§mec0d Bmoedimaplid qodso[gEqp: smdiel :opq§a05 Dew
Point 320§80005 S[g&esnt adS:00qepdi

Relative Humldity, %

%
o mmpmne 9 o
Q ) (l h ‘-’? .““'\.‘ -‘"
\9\' !" P ! ™1 7
d-“qb 70, FL & "/‘Z‘bé PP T
iy ) LA T . 20
2 e A T T
3 “ L T /"(‘x s
ql"ﬁ 60~ T o] T THL P TR LS
ew Point 7] L. M T 3] !
© / 1 hﬁ:}f~ﬁhh>&ih "‘--..mx
i . [ i B : . 10
; 9 ;a{: ! o =~ Tk "V:-'-\ - ~LT
1 ., 1 s
o Bl ST
- = ) T
% :E%%;E{S E::_‘:}hiixhu :‘\-.._‘_':
e e T SRR
Z=EESoEasaanIiiNiabaR N RSN NN N inie
40 50 60 70 1] 90 100 110

Dry Bulb Temperature, °F
& J-Jo Dew Point 320§§ 1 Dry Bulb 32088 $& Web Bulb 320§$
B[godecde 90ud05a3 eontiesaopd Wet Bulb c8Eqpizacd8: wodagé Wet Bulb
saclfa'ﬁ 67°F o% chéu (- Jo)orge G(ySEooo:o:)éu
Geoei oahooglqp: (Properties) 00§8: (Value)
Dry Bulb(given) | = | 80°F
RH %(given) | = | 50%
Wet Bulb | = | 67°F (chart ¢ ©0d0pq$)
Dew Point | = | 59°F (chart ¢ ©050pq$)

J9:G 632:0003 qodenjuqpeed|§ Condensation [gbed[gé:
cudopamerosonom eqegdodB =a8lgSesapd [gootiedlnd esedlog saqbmaevigp:

cepaddfoge: c8%epdi [gooCiediodesel 2pd§a0pd [gEoscocosi Dew Point 330§ 000586
co8:00000p038l  6roRd§  eeeg(water  vapor)gpiod  [gooCedlobesedlop  eqoBgcs

(condensation)sa(g® coglgEegts [gdaopd
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B

R -t s

s - <
0\ - -
® i
|
O !
g
5=

I : smsnmsbe:ofos'os'oﬁud‘.ou.

Dry bulb temperature (°F)

Dewpoint<T Dewpoint> T

Figure 1. The psychrometric chart is a simple but accurate method of
showing the many properties of air and water vapor under different condi-
tions. (Chart from ADA Systems.)

¢ J-Je Condensation Q J-00 Relative Humidity

2EPoPIodel 30§E2000 dBesaopd crvel Dew Point 320§S(temperature)oood
3[4E(@)esdlon condensation ofgdSEA saepogriond9eh 30§05 aBes2000 Gosl Dew
Point 220§$ (temperature)cood 386 (esa:)esClon condensation [g6c86wpdi

Dew Point &l 928¢p0d 2005005505 GrocopSeaeg(water vapor)qpge [godoesoopd
(fully saturated) saefgzaes0pEeomn crocizag§§od Dew Point 320§§ 07 6ol o3[gE: [§daopbn od
Dew Point 350§§0005 862005 saepogoigpie qodsngEed ot eqaBdgEs(condensation) [gdedl

20

Condensation [gB[g€:elopE saepogpigpiel qodso[gEediogt eqoad eqediodonaroigp:
[§8e0l B&epdi poboudd[gla saeeplelplicolgl: oaopSodelopé eqaddgl: (condensation)aopd
0030023262009 326p[gd0pd

poed - GanCpop) mefiondy =Rl
©8006005[gE 0 [giapboozeom [qoasedlad (Single-

%z glazed window)el 220§§2005 70°F DB [gdo0pd
4;';3% o [BBo0codt 52q8§ooeS 30°F DB [§8egf moficptis
¢6234gCz(condensation) ofgbeod [gads 0598
20p) Relative Humidity (RH) 00£8:03 qpdl

70F DB
& J-00 Dew point 320§

[gon€sedladesel 320§§ 3203E:00052005 70°F DB 22[qE€on050005 30°F DB [gda0di
0861 30§80005 30°F [gdoopdn dBefopt oSl Fa8:esm:pE feoon ecoel 3p§So0pS 30°F
[g020p51 eq2B4gEs(condensation) clgdedlcog$ moesionl:g ccosl Dew point 320§$005 30°F
0005 08deoq Psychrometric chart edlog Dry Bulb 70°F $& Dew point 30°F ol d00de
Relative Humidity(RH) 03 0obaqi€ jo% o3 qaopdi
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¢6234gC:(condensation) o[gbeogs 33[gEad: c00598E0p RH 00§3:0005 0% [gd205i
©8sdc0b(double glazed window) [geod[géigé sre§:cp8: RH% o3 [4Concdeo$EB: cqaddgc:
(condensation)o? cgpEagSEa0pdi

0B3208:30385 RH 2000 jp% 0005 Jqpranoopdst odEsod [gontiedndeand
¢6234g&: (condensation)elop¢ [gdedl coneam cgoodeqednd maerigpod coglgEqrdgepd

J-9-9 Humidity Ratio c3€sqp:

Humidity Ratio &300p0¢n GG §fesopd cqeggps(water vapor)cizsecosgs $¢
Beqegyp: edoeomn efgpadeogoopdeca(dry air)el saecos$ sa§Egdaopd
mass of water vapor(lb or kg)

L. Loy —
Humidity Ratio(%) mass of dry air(lb or kg)

Humidity Ratio 00§3:qpsq& Grocdopé eqeg(water vapor) gpsg> dloCesoopdi
Humidity Ratio 00§8:505:091C coad0p€ eqeg(water vapor) sasp5scubom doesoodi

J:9:6 Relative Humidity c3&:qps

100%,

Saturation line
(RH = 100%) — >

=
RH = 80% o
20%
— (]= 0%
¢ J-o Relative Humidity c3&:qp: & J-op Relative Humidity c38sqp:

Relative Humidity(RH) a80005¢n crocdapé dloCesoopd eqegyp:ei saturation ep§Esss
(percentage) [g620p5n A saturation ep§EsSs(percentage)aopS Dry Bulb 3308860l 0g€ Sesa05
00bsp5:304gE Dry Bulb 200§$03 relative cod[Gse saturation epfEsss(percentage)o’ eudlglgcs
[§620051 eud[goopd :§§aRE Jesopd croel Dry Bulb sopqiSeclogl coopde) epdssndy)
saturation (4665200503 aedlgaopdi

602005 o5 Dry Bulb 30§55 epdCssiepdy) saturation [g8[G:00p503 cwdgoopd
100% saturation ¢ saturation [g6[G:00pd epdC5S:035090qE ep§Ess:epdy| saturation [g6qS
86005000508 988E00001 00dspdimndgE WS Dry Bulb 00985 eqeguenan opbgod
200568028000z [Geg6200503 epPE5E9E eudlg[gtigdoopdi 65205006 pSEsS:0pSqi0d c0dd
20006800E8E 620500503 0050R8E0R0I

0086lo0dé GroceBRE caegIrer:S (Weight) ©pdy) do€eso00b03 absolute 0o§3:gE
0305805 eedgoopd Relative Humidity(RH) 2005 ecoadopt eqeg opdy dloesoopdo?
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P8E554sC prSlgoopdn Relative Humidity(RH) 20p5 water vapor density (mass per unit volume)
$C saturation water vapor density &l soq{g6[8s ep§E5SsE cwdlgoopdi

. L. (Actual Vapor Density)
Relative Humidity (%) =

(Saturation Vapor Density)

water vapour present in the air
water vapour required to saturate air at that temperature

Relative Humidity (RH) 20p5 actual vapor pressure $& saturation vapor pressure 036l

2§y oopdi

Relative Humidity (%) =

Content | 6 0Z 6 0Z 6 0Z 90z
Water Water Water Water

- [ [
Capacity .. st s
Relative ©6/6x100 6/9x100 612x100 9/12x100
Humidity =100% = B87% = 50% =75%

& J-0G 20056800888000) vwdan(capacity) $& c00SeeonE[Broopd vedan(content)

Capacity 9005 6eoe Fagped: 2005ee008a:8E05 eqeg vwd(gdG: godel
0000p5[g¢ powd Gusdaopdi
Content 20p5 Goe 200See0Ccdfgd0pd eaeg veP(YoG IS0 Jesoopd
660000p5[g¢ powde0sdadi
e Dry Bulb 0088:20p5 6600pd8Ea0pd G2 0wopBaopbi Dry Bulb 0o&ddgecn d:eagod
200405600 [§620p51 000500:304g¢ 20006802ESEGE: gpracvlgdoRd

e Wet Bulb 0088:00p5 6qd:dq equenanst opnBoopdi Wet Bulb o0§d: [gCeco 95
eaoedmgPiec [§d00pbn 00dsodimandgE c0udesonCoomopd  eqeg 0N gPiecd
[g&20p5

o $:3agud=00:0005 Jqp2oopd GO 0 GgH:adR ©opdSENFA Wet Bulb 0o§3:0005
0p520p5326lo Dry Bulb 00§3:0005 dogpdeon

ecosl Dry Bulb 200q$86cc0 eqeggps(water vapor)od o8eapnEoBoseopd8ets
$p53600[gd20p01 Gooe Dry Bulb 3208§§[Seco eqeggps(water vapor)o? a8eapné 238:e005:
0028862 gprecvfgdoaopd

PO~ GrOCYEONYG: aJewpod Yculionde(air tight container) o083 §eso00d eooadort
20006em8aon:a0p) 6aegoRd 2pfSsE 30 e[gpicdesa0pdad croa8Eaodbi o O
a300pd ools 009303808 eaegyP: ©of§EeznE Juwrod vagrd8Eeamnt cB8:00n:8EngE
Relative Humidity(RH) $C Dry Bulb 320§§ 200506003 68200531 2203¢&: copamneoy §8Ea0pd
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Warmer air—

greater capacity
to hold water Water-vapor
vapor capacity
Cooler air—
lesser capacity
to hold water
vapor
Water
vapor
20% 50% 100%
relative relative relative
humidity humidity humidity
5 PM. 11 AM. 5 AM.

& J-0§ Relative Humidity(RH) $& Dry Bulb 220§$ 0680050
20% Relative Humidity(RH) - 20cs(6)5°§ 2aq$03E Dry Bulb 320§ [gEeomaelopé ecoooaopd
eqeg 20056800E8E00:g8: qproopdn 0odspdiEgE Be:drdSfecn eruapd cvudSeamnt
§E2005 vwdanel 0% eeeggp(water vapor)o? 2005ee0oEoonds [§620pbup 8caopdi 0%
0056] 20056807E§E600:0005 vpcopSs eB§E0p5

50% Relative Humidity(RH) - 00(00)§0§ =o§§03€ Dry Bulb 200§ ogeol: agoeomelopé
eq$eqeg 20006800 8EQE:0p5: tyjentsagzn:000di 6roeapd 2005eESEDRS vLdME §o%
eaegqps(water vapor)od  200Seeonoond: [gdaopdun e8c8a0pbi 65005006 §o% codg)
20006800E8EGa0800p5 b @B88a0phi Beadd fesopd eaegLEINaRS waelgpticdeol
RH(%)a Dry Bulb 220§§03 c305¢] e[gp&cdes0005

100% Relative Humidity(RH) - $505(G)§0§ 32§803€ Dry Bulb 320§8 3¢jogeosognieamnaelops
eqeg 20056800E88G:0d: 3¢ $p5:0g9200051 GrLEEES 20uSeEE§EDD vLINE 000%
eeegqp:(water vapor)od 2005ea08aoiB: [9620p5 vpedadaoodi 65005000 epdoopd eeegyp:
(water vapor)olq 0066 waoudeson 8€eomeon a3eadd esaopd eeeg(water vapor) gpsel

ommooé ec;@;&cﬁeou

30°C
20° C
10°C
Water Water Water
Vapor Vapor Vapor
100 % 52 % 28 %
Relative Relative Relative
Humidity Humidity Humidity
¢ J-o6 10°C sc;c,gq’ﬁog& 200 % 20°C sgﬁffﬁogii 9 % 30°C 3993%038 Jo %
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3200053 206[gI06s 0)29 00d:03C GaegyPs(Water vapor)ei Absolute vwdN0pS opd(mg
600500pd: Relative Humidity(RH) eoppBfojeon Relative Humidity(RH) 2005 coo5§ 320§ (present
temperature) 3560[03¢ 0005 G§eoMNGOPE VDY oS (present temperature) e[gpC03E:s
Relative Humidity (RH) c805¢) e[gpCscdesoopdi

Relative Humidity(RH) c8€:qpso 100% RH c$E:03 saturation line upeopds cal 2opdi

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

200053 @234 Relative Humidity(RH) $05:cneco Dry Bulb $¢ Wet Bulb 320g$ odel
[go252:9105 gproneco [gboopdn Dry Bulb $& Wet Bulb [gpesosqodod Wet Bulb depression
068l 2000

Wet bulb depression = Dry bulb — Wet bulb

Relative Humidity(%)sp54g€:00p5 ecoadope desaopd(coudesonamiBiydoopd) eqeg
0205 200568008§8a00) eqeg vwdNoS b5 [g6oopbi cdsbiedgE 80%
Relative Humidity(RH) o300p5¢n 2005ee0088E00) eqeguenmel ©0%ad  200des0nE(Ge
[§520p51 65205006 0% 0066 20056802E§EGa200050r 8cda05i

6oo003Ees00d  Gaeguedm  $& 20006eEEDD  eaeguedNG] 08y C
P5$igpd 2005e80oE00(G: [gdaopdi Beaefgeaesad 100% Relative Humidity op @al copS
o336[gme50RE feomecun? “Saturated Air” vresl aopbi B=og§0gE Dry Bulb 320881 Wet
Bulb 220§§ $& Dew Point 320§& o3 orp3[o30005

Wet Bulb 32058 $C Dry Bulb 920q$ o6l ogo[gpiqo500p5 ecusi algpodeogg(dryness of
the air)o} codlgoopdi opofgpeqodedogl€ (Wet Bulb 320§§ $C Dry Bulb 200§§ 0pp8agC)
60205 e[grodeagy efeon 8godes0pdI 0dspdiEgt 8cdCieo pgSged (000%) [gdoopSN
Wet Bulb 220§§ $E Dry Bulb 32088 o3el ago[geqjod gpieco algpadeage gpiecy (8200

eeo0pd eqeg qpigs adolgpdoeseom(saturated) socfgEaes(100% saturation)ogE

eqeg (Water vapor)o? 80050005 20006800E00:8Eg8: veonpeon a36a0d eqeg qpiyé olgpdeo
[§0esG000 unsaturated (100 % saturation ©wp0d200d) sa6[g3eesaRE Gqag(Water vapor)o?
20006800Cq§ 320305 c06d CV5EEERSN

Relative Humidity(percent)spSsaoneco Wet Bulb 220§ $¢ Dew Point 320§ 2005 Dry Bulb
200005 $0:000600[gd200N Relative Humidity (percent)spdiaoneco Wet Bulb depression

qPeaeo 93ewpod 6aoa0d 36) elgpadeay conecw [gdaopS
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Air gg‘c’fsaturaﬁon (?(a)oae G(\)Oaé 25°C Dry Bulb §§ 50%RH
___________ e clgeees{sd oqoopd 25°C spds [sbasgh
—_— 25°C P R

e o(b)og8 eq@izapd§ 25°C 0005560005 32§05
g€ cooel 2:0§83[GE eseomeloPps oS

Sensible W ° . . . .

| e heat Vaﬂ;‘gﬂr 25°C Gooe Gad sensible heat onelgpEslgt:

Ar £oor saturation / (transfer) [gbeoloopdn eqoaopS sensible heat
e s e WO w0pE(state) epbicdfgl: [sbab

S heat. ¢ ggogorS 3320600  latent heat 2[g6a3 cepad
) : 6 ter vapor) =:5[gdod
& J0q eqegd|gts(evaporation) [gdd coff equmigdy cqeg(water vap .
e[gpEscd eooopdi
a3gb[gc:03 eqegd[acs(evaporation)op @sloopdi 6qaopd 2aqRS(liquid) seefgEacse
eqeg (water vapor)ae[geeesad eepode$320305 latent heat a3sa600p5n 00dso0semdgE 3a0ge
agpE:cd[gEs(phase change) [gdedl §§ 320305 latent heat 83250005

J9:Q 6c000dunsdel cocopd(Specific Volume)

S

h=27BTUlb d.a. v=13.5ft%bd.a.

DB DB
& -0 Constant Enthalpy c8&sqp: & J-o@ Constant specific volume c3&:qps

Specific volume &320p5¢n  e[gpodeagoopd Go(dry air) Sseco§§  0odLR$HRS
aocopS(volume) ©p5gj$¢ p3200503 awdlgoopdi Specific volume &1 ST opsd 205 M?/kg [gd 205
efgrodeagoondeco(dry air) 3aceoigs 00603c30p¢ §oopd cocopb(volume)od mpodom (m?)ge
esd[g[g8s [g020p0n Specific volume @i IP 0psd 20pd ft/Ib [gdoopdi elgpadeogoopdeco(dry air)
e 00dedEag §oopd cooopd(volume)od moco(ft’)yé codglgs [gdoopd

Specific volume c8Csqp:o0pd 900000HY eonliesoopd cBsqp: [gblogoopdi Specific
volume o3& $& constant enthalpy line c3&: $6§Eod:00p5 D5IMHAY contiego0pd A3
[§8[0300051 a8eo05 specific volume c3E:qpzoopd 3¢ wodesornd[oopdi ¢ weodSeogs
2003[ge& 05

Psychrometric chart edlog€ po0o0058238:03 Gepodeco Dry Bulb gpieco (Speco)
[§820p51 Beloppé ponadS §oopd specific volume c8:qpza0d specific volume 00§83z J[g¢
[0300p51 p000SeopEadeand erpd g€ gameomeloPE e opeodopd:
0000p5 Sqpi[ats [gdo0pd
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pow- &:3(furnace)onde 32038:03 ofaeepadanoopd cro(combustion air)el sa¢p§$a0p5 80°F Dry

Bulb $& 23% RH [36cq¢ oBecusl apoopd(specific volume) opdqfgdoopdad epdhi dopé
[goon00p9203€: 80°F Dry Bulb $& 23% RH ofell [godeod(intersection point)odepdi odes005

a3[gode05e specific volume &1 02§8:03 ©050p8Ea05i

v=13.7 fi3lb d.a.

23% RH

DB, F

¢ J-Go Specific volume o3& ¢ J-Go Specific volume o3&

J9+© 6c0p Becenoonoopd 329g6:3aE(Enthalpy) c38:qp:

Enthalpy &1 228¢005¢Eadqodyp: sacgSqpigoaopdn sodBmeoy 2600805 qE&{ges
00530020051 qEdeaCqitl S:jealqiodel 0gSimsam: 005qi05epy 0g) 3050065¢ GudABoyjpgp:
oopeosspdgt edEodgls [Gop[gt: odelop¢ [gdedaxnaopd 3apgdimat vwdangfqs enthalpy
o3 226[gde] o30dgIe503005

Enthalpy 8320p5¢> thermodynamic system 009 & gd:zaCopadiCs(total energy)gdoood
g5 0oadlSs(total energy)og€ internal energy copS: Jlo€aopSi Thermodynamic system
Boopden  83ecpamepd $05580503 §a005000:0000  3203E:30m(control  volume)oody
[§020p51 88cn 0mBE(gas turbine)od eopamesopd @Bagé 0modE(gas  turbine)aogd
thermodynamic system 0069 [9620p51 88 eeedadoyjel thermodynamic 03 eopaonesa05
Bogi€ eqeedBoyjs 2005 836l thermodynamic system 0069 (8205

Enthalpy e300p0¢n  thermodynamic  potential [gdoopn  Thermodynamic  potential
BoopSen  Fepogrionde Buwpod system oodean  aBearnCoonoopd 2apgdiaal  [gdooRd
efgrodeagoopdeca(dry air) ¢ aBeapEoon:aopd enthalpy 2005 sensible heat [g62000n cqegyp:
(water vapor)a8eapEoozaopd enthalpy 00p5 latent heat o8ewrcd sensible heat $&§Eocds
[§88E2005

052005 3aq5(liquid)o3esd Fegea(gdad 6lpC:dessrognd c8sadeom  §&:3aEn?
“Enthalpies of Vaporization” cpoocbecdoopdi eqas[gbe cqesegaa(gdad elgpticdqs cdsabeom
gbsanCoopd “Enthalpies of Vaporization of Water” [g62000n saqobeqp§Ceomn 208Caad¢p:
(melting solids)o?3 32qp533(gdad elgptiadgSencgnd cdaabeamn gbieata? “Enthalpies of Fusion”
0P 20056052001

6q3m[gde 6q :[gdd e[Pl:das 83ade0m gdiaatoopd “Enthalpies of Fusion of Ice”
[g0o0p5n System ood9maoEs dlo€oopd sapuwdan(heat content)od Enthalpy wpcopSseal coodi

2-23



Air Conditioning and Mechanical Ventilation (Vol. 1) eomio0d03§,

e05(g[g€:(chemical reaction) a3eupod physical process sa038: a[gpE:adagn:00pd g0}
Enthalpy opcopdiesl[G: AH 0800r0b Ah [§€ cedlgecy§oopd

Wet-Bulb
Temperoture
Relative

Enthalpy Humidity Enthalpy

Dewpoint

1‘ Humidity Dewpoint

Wet-Bulb
Temperature

[ Humidity

Temperalure —= Ratio Temperature —— Ratio
N AN
S —_— ]
Dry=Bulb —Specific Dry-Bulb —Specific
- Temperoture Volume Temperoture Volume
¢ J-G Enthalpy o3& ¢ J-Go Enthalpy o3&

Constant Enthalpy c3&:qpso0p5 constant Wet Bulb c8E:qp:s a8:0080:0908(030005
Belopé BEondefoypEionpdiadol scale (Enthalpy scale $¢ Wet Bulb scale)sd§gé odq)
soadigogo0pdn sagp5:ccbeom 3a¢s(error)§eodcopd: welgrusamodeol 683050( JGS)
03¢ eedlgooneam adE:aopb constant enthalpy c8¢: $& Wet Bulb o3 o3uSedgjaopbi

Wet Bulb clion&8:qp:od 000% RH o3&: 208:038 eudlgoons(@s Enthalpy &1 00$3:qpzod
Wet Bulb &1 oo§8:qpscl 9060/00055 ewd[goonsaopdi Enthalpy &l IP apsd(Unit)aopd BTU/Ib

|§8|§:| SI o]?§600é ki/kg E&Déu

Dry Bulb Temperature

¢ J-GG Enthalpy c3&: & J-G§) Relative Humidity (%) o3&
Dry Bulb $& Wet Bulb [go5¢05¢ Enthalpy 00§8:03 0ob0a8Ea0p5

PO - 209S 30°C Dry Bulb $& 65%RH §eoon 6of a3eapnaoniean 2apgdiaat(Enthalpy)
2005 75 KJ/Kg [§620p51 320005¢] Berooopd 25°C o m00q$ oqjeoogndon adeaprEoonieom
32095328 (enthalpy)oopd 58 kl/kg [gdaopdi 25°C Dry Bulb $& 65%RH §eoon Gooel
a3eaenaonieom 32096 (Enthalpy)oopd 58 ki/kg [gdoopdi 00bspSismdgE s20qS 30°C Dry
Bulb $¢ 65%RH §c00 Groood03c30q603 25°C Dry Bulb $& 65%RH oeepode$ (75-58=)17
k] 0§ §e00 3200603 Groade vudopcdodaepdi

pow (IP 0p$6)34°F Dry Bulb $& 70% RH oo Goosl omhoogdgp:o?d Psychrometric chart ¢
©0500505:03 Ged[g 0022051
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000§
Psychrometric chart edlogé Dry Bulb

2GS B8 34°C esepopt  giedd
(vertical line) oode[o3pE: GoonEdh

el Pl
Modera

T

30300808

RHAB3E: gidseopeqpse 70% RH line o3 ¢psj
34°F Dry Bulb 200pg§c3&:sC [godeom
e5epoRC  [godead  (intersection  point)
006903 05000l

v
-

000300908

34°C Dry Bulb 320§8c38: $& 70% Relative
Humidity(RH) o3&l [godea (intersection
point)oos] Wet Bulb c38:qp: $& [§€a0pd
QB oobelopE: o3 Wet Bulb c3:ci
00§8:03 0500l

et FER i
sl bt L2

Moderate |-

e S

oopgpeot

Dry Bulb 300§§ 34°F c3C:& Relative
Humidity(RH) of 70% ¢ q@oo> Dry Bulb
o8& Wet Bulb o3& Relative Humidity (RH)
o8& s& Dew Point o8& qpicd
Psychrometric chart edlog€  Gwdlgoons

2001
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J+6 Sensible Heat efp&:c3[gE:(Cooling $& Heating)

(09) 6eopadad 33000pd[gEs(heat add) Buwpod FpouScoodup(ges(heat remove) [gdoopdi

(9) 32000pd[gEs(heat add)elopé Gooel Dry Bulb 20§ [4Eonobammanpdi sapecdaoodun(ge:
(heat remove)e[ogpE cooel Dry Bulb 500§ oge08:0005

(0) erocomotsd eqegdlofy(water vapor content) oeoma0pd elgpid[ge: ofeon

(20) Process 20pS constant humidity o3& ondeagpodog€omn [gdedlooodn erocpzaoytsd
poopd(heat add)ag€ poo0de 9005000503 ogasaopd sensible heating process [g&aopSi
Enthalpy oB:co0pdi ecococde 3200050005 (heat remove)og€ ooudonade ponondad
agn:00pd sensible cooling process [§620p51 Enthalpy caqpspdsaonoogdi

eomio0d03§,

Parameters

Sensible heating

(heat gain [38[g€:elop?)

Sensible cooling

(heat loss [g8fgC:e[o3p¢)

Dry Bulb Temperature

qPzcon00di (increases)

$pSs0g200p51 (decreases)

Enthalpy

qPzcon20di (increases)

$pSs0g200p51 (decreases)

Humid Volume

g0 (increases)

551030200001 (decreases)

Wet Bulb Temperature

qPzcon2001 (increases)

$pSs0g200p51 (decreases)

Percentage Saturation

$5:a0:00001 (decreases)

qpPzao20pdN (increases)

Moisture Content

0e[gpE:cddl (constant)

0e[gpE:dal (constant)

Dew Point Temperature

oegpE:cddli (constant)

oe|gpe:cddh (constant)

Vapor Pressure

oe[gpE:cddl (constant)

0e[gpE:cdali (constant)

Jq Latent Heat cfgo€:cS[g€: (Humidification $¢ Dehumidification)

ecoa3038:33 eaegypoteqpadognigls(water vapor addition) [g6oS03 “Humidification”
[§80 vresloopdn 0odspdimndgé crocom eaegyPiod edurodesmnEogniondd [gbodad
“Humidification” [g8odwy celo0pbi erococde eeegyp:(water vapor)o? g§aoododlgEs(remove)
[ge960q€ eqegeudSonad(ges(dehumidification) [gdod vpesloopd

Enthalpy

Enthalpy

4

Humidifi-
cafion

1

Dehumidifi-
cation

DB
¢ J-66 Humidification $& dehumidification

Enthalpy
decrease

increase

-

3

Sensible
cooling

1

Sy

2

Sensible
heating

¢ J-GqQ Sensible heating §§ sensible cooling process

oB

00560y [god(process)qpopt 3250580 (960D (process)sddjs v doEfogoopdi Cooling
$¢ dehumidifying 8052005 cooling coil gpiopE [gdedlerp§oopdi Cooling $& humidifying
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[g00900p5 air washer gpiog€ [gbeilerofoopdi Humidification $& dehumidification g6
206o006ep: (concept)od 2:c0p58 832600051

eeeg(water vapor)gp: 6eoodad eepadoggéeloypé humidification ratio oo05c020001
Enthalpy copbs 0005coo0pdi Latent heat 0083z o[gpEacd[ge: [gbo0pdn crocde eeegyp:(water
vapor) ©0Sa005c03[gEs(removal)elopé  humidification ratio 00pd  spSsogsoopdi Enthalpy
20p5c0pd: $5s0g0:0005n Air conditioning process gpsell coode0op 3a6fgeaesot dehumidification
a8:008[gd0d $& humidification o3:00§ (960D 320355550005

Cooling and
humidifying

‘Heating and

]
Humidifying
1

1
ooling & A Heating &

humidifying g Humidifying[*  Humidifying
6 Absolute
. Ceoling _.i')_ Heating | humidity
Heating and T
dehumidifying
Cooling and = Coolng &y Healing&
dehumidifying E'““”‘""”E”;Shumi.di;?:;mldwmg
CB Dry-bulb temperature
& J-Go [god(process)qps ¢ J-GE [g0od(process)qps

Sensible heat e[gp&:cd[gE: [gbop(process)aopd 320§s elgpEicd[gtielope [gdedlaopd
0bsp5Emege :0qS o[PC:cd[gl: 0§y sensible heat onelgpCslgts(transfer) ofgbedlcon
e[gr0de030005 coo(dry air) $& eqeggp:(water vapor)sdgadsel saopqSe[gpCaad[gtelogpé moist
air & oS elpC:cd(ge: (96001 BeloPpE elgpadeogaopdeco(dry air) &1 sensible heat $&
eeegqps(water vapor)ei sensible heat $6§jcd:03 0305¢] edl€:0pqoopdn 0.24 Ma x At 2opd
efgpodeogoopdeco(dry air) ¢ sensible heat change [gdoopdn 0.45 Mw x At 2005 eqeg(water
vapor)ei sensible heat 6[gpE:cd[g: (&5

Sensible heat a[gp&:c3[gE: process 0g0dq§ 320305 2009:g00Rd IP 0psd Geo0s5:en
Q(sensible) of moist air = Q(sensible) of dry air + Q(sensible) of water vapor

Q(sensible) = (0.24 x mass of dry air x At) + (0.45 x mass of water vapor x At)

Q = Sensible heat added to or removed from air (BTU/hr)
Ma = Mass of dry air = weight of air (Ib/hr)

Mw = Mass of water vapor = Weight of water vapor ( Ib/hr)
At = t,-t;= temperature change in (°F)

powd-  2098:0009320380 20§S 60°F Dry Bulb §eoo ecoad 90°F Dry Bulb ofeepodesant
agqoodsapeusoad(electric heater)gé 3apc0:q$ 300001 cB30e8:300905 Grodsss:(air flow rate)
400 Ib/hr c33260qIE aB3age0t00(heater)el capacity odgpdl
eoo(moist air) el sensible heat o3 Badagi€ efgpodeogoopdeco(dry air) & sensible heat
$C eqagyp: (water vapor) i sensible heat 00§3:56903 cdlE:0pq20201
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Q(sensible Heat) = (0.24 x mass of air x At) + (0.45 x mass of water vapor x At)

Electric
resistance
heater :
65% RH

@/‘_\@) hy=223 z
— T Sao [
EDFA;AFDE i 2

60 90
Q J-§0 Electric resistance heater ¢ J-§° Heating process

hy=29.6 BTUMb da.

DEF

ecoodpE eeeg(water vapor) opdq) dloCeso0odad 0adgs 320530005 ©ev0:dl
eqeg(water vapor)el  30qSe[gpicdgelops  [gdedleonn sensible heat owdane S0
$5:0keomelopE c0pdapedes ecdaadeor
Qs = 0.24 x 400 x (90-60)
= 2880 Btu/hr
0q00d mpe00(electric heater)el 3agud302:03 kilowatts(kW)[gé eudgey §aopdi odefopé
Capacity = 2880 Btu/hr x 1 kW/3410 Btu/hr = 0.84 KW

P0w - 3200050] PoIRE peunS(heater)sa03:08 0€axna0pd Grvel RH 2005 65% [gdayC

eeeg(water vapor) ¢ sensible heat 03 copdoogab3gelomé cwnsg(error) opdy) [§6§Ea0spS:
Psychrometric chart ¢ 60°F Dry Bulb $& 65%RH o3 qoopb humidity ratio 2op5 0.0072lbw/Ib d.a

[§62005
Mw = 0.0072 Ibw/Ib d.a x 400 Ib air/hr = 2.9 Ibw/hr
aBelopE water vapor 320305 Enthalpy e[gpé:cd[gEs(change) ¢ 0.45 mw x At [gdoopS

Q(sensible Heat) = (0.24 x mass of air x At) + (0.45 x mass of water vapour x At)

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

aBeloE 320500005 copdadnd0pd IpowdaNaEd 2,919 Btu/hr [§daopdi eeeg(water

vapor) @l enthalpy change o3 copbeogadfglielope 0% 9§00 eniugtsoopdi ddelopé eqeg
(water vapor) e Q(sensible) 323&:03 0068lond¢ copdogadeny v§jeur

3200050 powd ¢ FPeusond(heater) 3038503 0Eaxn000d Grdigs:(volume flow rate) 400 Ib/hr
o3 CFM [g€ cudlgal

Psychrometric chart edlogé oaxoopd 60°F Dry Bulb $& 65% RH o3l &decd
(intersection point)e specific volume 03 co5ag€ 13.25 ft/Ib qoopdi
CFM 98 e[psc8ag€ >CFM = 400 Ib/hr x 1hr/ 60 min x 13.25 ft*/Ib = 88.3 CFM
2-28



eomEs0005028 Chapter-2 Understanding Psychrometrics

enodeg(gas) ood§qjeel specific volume 20pd o endbeg(gas)el =& (temperature)
$C Baos(pressure)zacilogé wonpdesaopdi ddelopE ofecu(entering air)el CFM $& ogodeco
(leaving air) &l CFM o3 pdl

Leaving air specific volume 20p5 14.0 ft*/Ib d.a [gdoopdi
Leaving air flow rate (CFM) = 400 Ib/hr x 1hr/60min x 14.0 ft3/Ib = 93.3 CFM

Law of conservation of mass 32q oCeco(entering air)el sa6cL:$05 0godeCL
(leaving air)el sa6c0s$sé oppBqupdn Beood  ogodeco(leaving air) CFM 2005 ofeco
(entering air)el CFM o005 3qp:oopdi saonudeloppEadeond mass flow rate ooo oppd[d:
volume metric flow rate vopo8eomaeopé [gdoopd

oCecv $¢ 0godecL 036l CFM wopoBlogeomelopE air con equipment gp: egegdepogt
o208:0qps (9660l 880000 BelopE CFM eodlgaopd esepel 220§$5C 3aas(pressure) oo?
eodfgeusgs 3200600001 Beood coodapbosyp: ae5sE Zadgopgpiaops ©pSoodd sa(gd
pBpoppd 3054g[e3epbe? wad8Ceun ddelopE coodapbongp(manufacturer)oopS standard
air condition & CFM o3 esd[glo300051

“Standard Air Condition” e32005¢n Specific volume of 13.3 ft*/Ib da (ecocioB6o0p5ss0
Density 0.75 Ib/ ft* da)[g®20p5n adsac[geacsoopd 68°F Dry Bulb $& 29.92 in Hg [g92005i

c00560R03¢ Air con 32EqIE8ngps 22addgjeom deo0s0Pen
Qs (Btu/hr) = 1.1 x CFM x At(°F)(IP Unit)
Qs (Watt) = 1.232 x Liter/Sec x At(°C)(SI Unit)

3200050 $6205p5:0000 GCEglort =addggs sog§ Fee0lelyoopdi 03E:omFaopd
CPM g8 52085 oRcBcBespl cpoSopBEasgd
pow- cooling coil 0692005 sensible cooling capacity 50,000 Btu/hr o3 co:§EaopSi &3 cooling
coil 22038503 200§§ 80°F Dry Bulb §20p5 eco 2000 CFM oamnaopdup 03€:030p30051 od
cooling coil 230380 [gSagodogneomn erueizan§§oopd 62°F Dry Bulb [gdog€ o coil &
g6:6800EqP5 (performance)oopd 9005005000:0005 3203¢E: [§d0gd odesoteu:dlN

mafy - cooling coil 0od96l sensible cooling performance com&s weomE:ad sensible cooling
$6205p5:03C copde) ©6690:8E 05!
Qs (Btu/hr) = 1.1 x CFM x At( %)
At () — Q _ 5000
1.1xCFM 1.1x2000

tyy = ty — At = 80- 23 = 57°F
Cooling coil &l sensible performance 20p5 20059050c00:000 2203E: [§OS320R05
ogodeco(leaving air)ell 320§$2005 57°F Dry Bulb cood 386qepdi
eqoopd eaeg|gt:(evaporation)g®a$320305 22003 HOLROESI GqEl latent heat of
vaporization 3agoe>na0pd 1055 Btu/lb [g6o0pdn 00dsodimansgé saecm§§ondedle §eom
6q20p5 eegd[gts(evaporation) a8wupdd saegd[g:(vaporization) [gde$320305 200w
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1055 Btu/Ib 0332600051
Q latent heat (Btu/hr) = 0.68 x CFM(W2’- W1°)
Q latent heat (watt) = 3012xL/sx (W2'- W1")
Q.= Latent heat change (Btu/hr or watt)
W, — W," = Humidity ratio change (gr w/ |b dry air)
J© Sensible $& Latent Process $6js 0o8gj05505 [gdedl[gE:
Air conditioning system gps 3a0:09:c3c8el process gz sensible heat $C latent heat
50690002 008[GIE505 egpC:d[gEs [gdeal 2opdn
Cooling $¢ dehumidification [gdod(process)oopd sensible heat o3 wuSooad(gEs(cooling)
$C latent heat 03 00SopobgEs(dehumidification) [gdodot [gdo0pbi adgdod(process)e pocilC:
00500056000 2o (heat)o? total heat vpesloopb Air side eo0505: brCLRS: Gal sBecp§oopdi

IP 0956 GGo05pd:: ST 0R$6 GGo0sd:qp:

Qrotal = Q sensible + Q Latent Qrotal = Q sensile + Q Latent

Qs(Btu/hr) = 1.1 x CFM x (t;-ty) Qs (watt) = 1.232 x L/s x (t>-ty)
Qu(Btu/hr) = 0.68 x CFM x (W, — W;) Qu(watt) = 3012 x L/s x (W, — W)
Qrotai(Btu/hr) = 4.5 x CFM x (hy-hy) Qrota(Watt)= 1.2 x L/s x (hy-h;)

Q = Sensible heat (Q s) I Latent heat (Q ) 1 Total heat (Qrota)

CFM a300pdb L/s = Volume flow rate of air being process.
hy-h,(Ah) = Enthalpy change (Btu/Ib °F) 5860205 (Ki/kg K)
t,-t; (At) = Temperature change(°C) 2300705 (°F)
W5 — Wi(Aw) = Humidity ratio change (Ibw/Ib d.a) 9860305 (kg/kg d.a)
pow
~<— Coaling coil
¢ Air Handling Unit(AHU) 006961 crossss(air flow
(2 @ rate)oopd 20,000 CFM  [96[G ofconeom
20,000 CFM —> —  eoo(return air)oopS 82°F Dry Bulb $& 50% RH
82 F DB s4FDB  [9000pdn  ogodagmieomn  eoo(supply air) Gl
50% R | % T 229§80008 64°F Dry Bulb 6 61°F WB [g8oogSs
ity

¢ J-§ Cooling process
6820050] 0303 gpali

(o) Sensible cooling capacity
(J) Latent cooling capacity
() Total cooling capacity §<§
(G) The amount of moisture condensed (or) removed.
=aq -
Qsensibie (Btu/hr) = 1.1 x CFM x At(°F)
= 1.1 x 20,000 x 18
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= 396,000 Btu/hr
Psychrometric chart ¢ W; $& W, 03 0050pdli W2 — W1 =82-75 = 7.0 gr w/lb da
Q Latent — 0.68 x CFM X(WZ - W]_)
= 0.68 x 20,000 X 7.0

= 95,000 Btu/hr
996AIE: 0daod30H20pd Fpuwdn(total heat removed)

Q total = Q sensible 1 Q ratent
396,000 + 95,000 = 491,000 Btu/hr

Total heat o3 Enthalpy ¢ cgoduaspds?
Qrotar = 4.5 x CFM x (hy — h,)

h1 $& h2 o3 psychrometric chart ¢ 005096 32000501 Qrorar $E20505:03E c0pS6) 326[go3053N
c06cg8ar€ cooling capacity o3 Refrigeration Ton(RT)[gE ad:58: algpadecy §oopd

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

491,000 Btu/h 1Ton 4 ey
’ W/hT X 157000 Bru/hr

Goade eqdieqegqp:oopd cooling coil el esa:oopd fin gpsel qods0[gEsE oBom condensation

[gedl 2005

a3 condensation [g8[gE:elopE agodamn eeuwran ¢
_CFMx (W, —W;) 2000x7

1556 X 1556
085080 eqzrecigs cAE(R0)03 condensate water s3[gd GLEAde ©uSE58EN

odelop¢ condensate pipe a300pod drain pipe o3 20&eagPaopd sagudsson(size)qp: [gpd
consqf 0832600001 erpoyCesien(yd ogre 30§E weEuBndad celsius o copSieomEs CFM o3
L/s 0?3 mé:sm& e[gp&ﬁ ogcrgé]u

=901b/hr

Poe2(SI unit)

326800052080009 320380 GO
:20§$2005 25°C Dry Bulb $& 20°C
Wet Bulb [96cg¢ o eooooel
oc00g3qp: (properties) o3 gpdl

e -

¢ ( J-gp)ogcg psychrometric chart
el o€ BEsqpegCewdlgoonongdi

57.5 kd/kg d.a.

63%

25°C

QJPR
() 25°C Dry Bulb 008850 25°C esepopt gpseodondelopE: oonil ad qbsecdoopd 25°C
Dry Bulb o8&z [3da0pSi sas05eepE dotted vertical line [g6o0p5
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(®)

(0)

eomio0d03§,

20°C Wet Bulb 00§8:0 20°C esepogE Wet Bulb gbieond: 32038 ol od
qPee0nE:0005 20°C Wet Bulb c3&: 360005 sas05eepE dotted slopping c8&: [g6a0p5n
25°C Dry Bulb c8&: $C 20°C Wet Bulb c3&:03[godagn:eam es6p§| [godeod(intersection
point)e 0y8$§e000 6320053 Groaaoog3gp: (properties)ad ©odupdEaodi

Property

Dry Bulb temperature
Wet Bulb temperature
Relative Humidity(RH)
Enthalpy

Humidity Ratio by Mass
Specific Volume of Air
Dew Point temperature

pow> (SI unit)

Value
25°C (given)
20°C (given)
63%
57.5 kJ/kg of dry air
12.6 g/kg dry air
0.86 meter cube/kg of dry air
17.6°C

Psychrometric chart adsg) ©odoaqoopd poed [9620pbn Psychrometric chart eologé eoosl
och00g3qps (air properties)o? c3€:3208:0843¢ cudgoonsoopd

http://www.acmv.org/ebook.html © PDF 3Eoa¢ saeeplypigé vodq aapangEaop

EAT 20p5 Entering Air Temperature o3 s3c8o0p5i
LAT 20p5 Leaving Air Temperature o3 s3c300051

115.7 kJ/kg d.a.

50.8 kJ/kg d.a.

18°C 50°C

25.2 g/kg d.a.

12.9 g/kg d.a.

? J 99
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 =
Purple Line = LAT Humidity Ratio

2-32

Point 1 20p5 50°C Dry Bulb $&
32% RH [g&aopbi

Point 2 20p5 18°C Dry Bulb ¢
100% RH [gdoogdu

Point 1 $& Point 2 o3&l Gooel
ocho0g3gps(properties of air) o3
§pAl

EAT Humidity Ratio(Same as LAT on sensible cooling)
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CHART =
040
<
Normal Temperature 3=
I-P Units -
SEA LEVEL 048
BAROMETRIC PRESSURE: 29.921 Inches of HG
0, e %
s = - aso
o 5 2 ™3
AR SnESTRE Design Conditions - 555 o
5 el S, ] e
& S et | Wet Bulb = 75°F =51 Sl o 5 s 3
& : AP T Enthalpy = 38.36Btu/b e~y 5w g
& e e e Humidity Ratio =.015 3 s it
&Q_Qo&p 204 6550 7= s AESTasoe=ne ,H\ i 4 é‘ §ua§, §
g 1 S 5 :
@ : i E SSE=ss=s T ST TRy E Sond "
“;\ Final Condltloqns \..f'-‘ i“}ﬁ "!"";{3‘-1‘\3\ 1‘ ;w- ‘rz«;i 1 B CIE é
& 4 DrvBulb=75°F Seanas ﬁt s S e 2 3%:;""F, §
°| wet Bulb = 70.5°F = FEETSESTEE I 8.3 im._. g
SSREL S RS Nmse) Eass2 é
Se==t Re= 0.0~ =
+ 005=
T 1.00:
wg B
% 25
o
- -
S a0 E 25
Se= o
s S
S ETIT L  a
R ~3g g |45
o il #
QOTE-20 ~ 3 =y
oL -
= 4
ns 120 B £
DRY BULB TEMPERATURE - 'F 3
~. - "

L] s =] E-3
ENTHALPY - BTU PER POUND OF DRY AR

¢ J-99 8&&:mve[gzacs(design condition point) $& final condition point o3 eeblgoonsd

Outside Conditions(EAT): Final Conditions(LAT):leaving air
Entering Air

CFM = 2000 ; CFM = 2000(Same)

Dry Bulb = 90°F Dry Bulb = 75°F

Wet Bulb = 75°F Wet Bulb = 70.5°F

powd 90°F Dry Bulb 1 75°F WB $& 2000 CFM [g€oaco(outside air) o3 75°F Dry Bulb $& 70.5°F

WB 83&CE:anc[geacs (design condition)ad eepadesané sensible cooling cpde [g&aop5

() 888: Dry Bulb 200§§03 camodegqp(bottom horizontal axis)edlog€ gpdh of poed
o€ 88&E: Dry Bulb 200§§ ¢> 90°F (383 sadleqpEqd: [gdaopS

(9) Design Web Bulb 320§803 oocdanodgieagiesepe 75°F Wet Bulb sa8eepé gbieont:
o0eagpadeoldl

(0) 3adleepyodst :Eeaplydieot: [godaopdesepaopd 90°F Dry Bulb 1 75°F Wet Bulb
[g€osco(outside air)el 3a005(point) [gdoopSn 8&E: EAT point upcopds 6&l aopdi

(20) A3 point &l ee[gEp8yPimacdls P05 opdeepCydi3a03t: ognagC design humidity
ratio 03 qoopdn 8&E: humidity ratio 00§8:03 o050 :(right vertical axis) edl o€ wobop
8E20p51 o) pown] 8&E: humidity ratio 00830005 0.015 [g6205

(c) o3 8&E: point &l 5005005 3288:eepEcdEsen EAT enthalpy a3&: [g80a0p5i 00§8:03 qbse[gpé
el o€ wodope0pdn of powrog enthalpy 0o83:w> 38.36 Btuy/Ib [§SaopS

(0) =[peepEadE:angS cooling process [gdoopSi cegEqj:(horizontal line)oopd sensible cooling
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o3 eodjgoopdi [gpeepEadlianpd eqlg€pdgpi(horizontal line)gbeseamaelopE sensible

cooling 20o§[8¢ latent cooling o[gbeon

eg00dad3a6[gacs (leaving air condition)gdeoon LAT Point o3 Dry Bulb = 75°F $& Wet
Bulb = 70.5°F o3 3200gj¢] vcoe EAT point 0303 esep(locate)qiln
LAT & enthalpy c8E:00p5 sop3eepEads(brown line)(gd[Gs 00§8:e0 26.41 Btuy/Ib [gd20p5
LAT & humidity ratio c38:0005 o&seapEad&:(purple line)[gd[g: 008300 0.011 [g&a05:

Air con 22EqIE&03 006607053005 VS eentieso0pd(running) Fan Coil Unit(FCU)
adoopod Air Handling Unit (AHU) oododsel  gdsesonCepd(performance) com&ocomt:od
0gl6:07Eg> 0dee0:§Equpdi AHU 9Bewrod FCU 6l gbseaontepd(performance) com&ocomnt:ad
air side ¢ ©6690:8E2003 chilled water o0050c0pd: 0des0:§E20p5 DX (Direct Expansion) Unit
[gdcor chilled water unit [g8eor 6pba0pd vrsdosd air side $p54 3¢ 0deso:§Ea0pdi
powd(SI 0p$d)

Pan Coil Unit’s Performance on Chart

0On Coil =air just beforethe coil
( May not be Return air) 0On Coil Condition

' 18,000 CMH
Temp: 26/ 18 (°C DEMWE)

From Psychrometric Chart,
On-cailH =53.9 kJikg
Off-coil H =35.1 kJikg

otal Cooling (Watts)=Qx 1.2 x { h1-h2)
=5000X 1.2 (53.9-36.1)

= 106,800 Watts

= 106.8 kKW

Off Coil Condition:

18,000 CMH Sensible Cooling (Watts)= G x 1.232x [ t7-£2)
Temp: 13/12.8(°C DB/WE) =5000X 1.2 (26— 13)

= 80,080 Watts

=80.1 kW

Off Coil =airimmediately after the coil
{ May not be supply air}

www.acmv.org

¢ J-§6 Fan Coil Unit (FCU) 0od9e g&seaontepd(performance)

oJeoenogd mesie [gSoroopdeco(return air) $&¢ On-Coil condition o3 opo8a0pSur vaso
cons00pdI 00bsp5eEmegE [gEoe ofcumanpdeco(outdoor air)el sap(heat) copdeogadoonsco
[g€occo(outdoor air) waopbup vasocozapdi Supply air $& Off-coil Condition 03 0p82005 wp
08000000001 gbseeodCqpd(performance)eomEiocomts 0d6e0:g530305 6200501 350>
20005 (data)qps 822620051

(0) sa5p5ed: return air & ocadoogd(property)sdde 939§ Sma600p0n Dry Bulb 320§§
a3e0r05 Wet Bulb 320§ 980005 RH [g9a0pbm Dry Bulb 320§§ $& Wet Bulb
20§50  BEopqs  mpcgudopad:  oahoogd(property)sde  [98G: ome§  sling
thermometer [§€ an3203E: oB3&:0p§Ea0pSi

() 35p5e0: 0godeco(supply air)el oahoogd(property)sddj: 23S a33a600001

2-34



eomEs0005028
)

Chapter-2 Understanding Psychrometrics

ecodsgSs(air flow rate) 03§ c332600p51 SI 0psdlg¢ ca0depd Geo0s5s(formula)oopd

Liter per Second [g&a0p51 IP 0356 $e2050549E 0godag€ crudegss(flow rate)aopS Cube

Feet per Minute (CFM)[gdoopn

ogp ©0R058 latent cooling capacity $¢ total cooling capacity o303 §2:c0p0q8 a3326ClaopdN

Q Totat = Q sensibte T Q Latent
O(J-65)0g€ [goomoopd 203E: before point (point 1)0005 o€ecusionBoogdyps(entering
air properties) o3 o3c300p51 After point (point 2)20p5 ogodecosl amhoogdgps(leaving air

properties)o? a3c3 copdi

Before Point (Point 1)
o8acosionhoogdqp:(entering air properties)

After Point (Point 2)
ogodecosionhoogdyp:(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 = wi(kg/kg d.a)

Point 2 humidity ratio = wi1(kg/kg d.a)

FCU ¢ 03&:004) qeoon data gps

FCU ¢ oB&:004) qeoon data gps

On Coil Condition(point 1)= Return Air
18,000 CMH 1 26°C Dry Bulb .§§ 19°C Web
Bulb

Off Coil Condition(point 2)= Supply Air
18,000 CMH 1 13°C Dry Bulb §§ 12.8°C Wet
Bulb

Psychrometric chart © coboae] qeoo data qps
Enthalpy (h1)= 53.9 ki/kg

Psychrometric chart ¢ ©odupq] qeoon data
qp: Enthalpy (h2)= 36.1 ki/kg

Psychrometric chart edlo
On-coil h1 (Point 1) = 53.9 k/kg

18,000 CMH 63 0a566[gpE:c8dlmn

¢

Off-coil h2 (Point 1) = 36.1 ki/kg

Liter per Second = (18,000 CMH x 1,000 )/ 3600 = 5000 L/s
Qrota (Watt) = 1.2 x Liter per Sec x (h1 — h2)
= 5,000 X 1.2 x (53.9 - 36.1)

= 106,800 Watts
= 106.8 kW (106.8/3.517)

= 30.37RT

Qsensinie (Watt) = 1.232 x Liter per Sec x (t1 — t2)
= 5,000 X 1.2 x (26 — 13)

= 80,080 Watts
= 80.1 kW (80.1/3.517= 22.77RT)

P02 (ST 156)- AHU 0odadsei cooling coil ¢ 3agedsacund(data) gpied 68305313203Egda0pdn
Return air = 26.7°C Dry Bulb $¢ 19.5°C Wet Bulb

Supply air
Return Air Flow Rate =
3200050] data qpze sensible cooling

0303 gpdl

13.4°C Dry Bulb $¢ 13.03°C Wet Bulb
6,856 CMH = 1904 L/s
capacity 1 latent cooling capacity §§ total cooling capacity
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Chart cdlog€ return air point o3 egepg(locate)dl
(o) Return air & 26.7°C DB $& 19.5°C WB c8&:03 [godeoS(intersection point)e 6820053

00$8:q:a3 qoopd

RH = 51.26(%) 1 h(enthalpy) = 55.4 kJ/kg
W= 0.01122 kg of water/kg of dry air
(9) Supply air ¢ 13.4°C DB $& 13.03°C WB c8E:03 [godedd(intersection point)e 6820053
00§8:qp:0B qoopd
RH = 96.00(%) 1 h(enthalpy)=36.71 ki/kg
W= 0.00919 kg of water/kg of dry air

Chart o3 320%0[gI8cqi€ 22Coms0de online software 0od903 038 ccvel ochoog3
qps(air properties)od gpuagEoopdi cgubon qE:colid: sacgSanadiotoopd $obieomE: oode
[g&2005
http://www.sugartech.co.za/psychro/index.php 03€ eapan&Eoodi
32205019
(@) 8Badi0pd 050603 ageqiuddli ST 0psd 9Beupod IP trsd $EGEadgE 0godLR8CERS
) 88egoontoopd tasdsC 2005a38a0pd parameter $6961 00§8:qp0d copddl Dry Bulb

008820005 o[gdocs copdqepd 00§8:0089 [§daopdn Calculate Button o3 86

Supply Air Properties
Inputs Outputs
Unit Chosen: ® sl OIP
Parameter Name Value Unit Atmospheric Press 10132387597 bar
Dry Bulb Temp.: 267 C Sat. Vapor Press. |35049442002 mbar
Wet Bulb Temp.: & 135 C Partial Vapor Press. 17963511565 mbar
Relat. Humidity: © 51266175616 % Humidity Ratio 0.0112295270, ka/kg
Dew Point Temp O 15842582128 C Enthalpy 55471416050 |kJ/kg
Altitude 0.0 i Specific Volume 0.3639290133) m3fkg

Calculate [3

Return Air Properties

Inputs QOutputs

Unit Chosen: @35l QP

Parameter Name Value Unit Atmospheric Press 1.0132387597 |bar
Dry Bulb Temp.: 134 C Sat Vapor Press. 15374581088 mbar
Wet Bulb Temp.: © 1202 c Partial Vapor Press. 14 765446665 mbar
Relat. Humidity: © 96038042146 % Humidity Ratio 0.0091981505 |kg/kg
Dew Point Temp O 12815953335 [C Enthalpy 36.711486795 kJ/kg
Altitude 0.0 m Specific Volume 08229661815 \m3fkg

(]
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(0) Return air = 26.7°C Dry Bulb §§ 19.5°C WB

(y) Return air RH = 51.26(%), h (enthalpy)= 55.4 kl/kg
() Returnair W = 0.01122 kg of water / kg of dry air

(2) Supply air = 13.4°C Dry Bulb ¢ 13.03°C WB

(J) Supply air RH = 96.00 (%), h(enthalpy)=36.71 kJ/kg
() 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
0godgedegp: osmselopin? 633050pE ewdlgooneoon York Brand AHU oodadiw
§§20p3 technical report © AHU cooling coil specification [§¢ obeso: §Ea0051 @ AHU cooling coil
specification &l sag/05820005¢P:0B 2095[ge$sr0305 afpowr0? Gudlg[ge: [gdaopd

FAM MOTOR SPECIFICATION

BLOWER TYPE / BLADE DIDW / FORWARD
WHEEL DIAMETER / FRAME mim 400/R
DISCHARGE Rear

AIR VOLUME CFM (m™hr) 8,856 (11650.000)
TOTAL PRESSURE in. Wg (Pa) 2.82 (858)

COOLING COIL SPECIFICATION (1)

ALTITUDE ft

COIL TYPE BOW

TUBE / FIN MATERIAL Cu / Alu

TUBE HEIGHT / FIN LENGTH 28/ 60

ROWS / FPI/ CIRCUIT 6/12/8B

COIL AREA fE(MT 1453 (1.35)

AIR ON DB / WB *F(°C) 80 (26.67)/ 67 (19.44)

AIR OFF DB / WB F(C)  56.17(13.43) / 55.45 (13.03)

FACE VELOCITY FPM (mis) 472 (2.4)

AIR PRESSURE DROP in. Wg (Pa) 0.53 (132) 51.413 Watt
SUCTION TEMP. FOR BDX FC) - :

WATER ON/ OFF TEMP. F("C)  45(7.22)/ 56.98 (13.88)

WATER FLOW RATE GPM (m*h) 41 (9.31)

WATER PRESSURE DROP ft. Wg (kPa) 1.2 (3.60) 7 2’45 77 watt
SENSIBLE CAPACITY Btu/ hr (kW) 179,740 (52.7)

TOTAL CAPACITY Btu/ hr (kW) 245,650 (72.0)

COIL SHF 0.73
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J-@ Air Mixing Process

Air conditioning process gp:€ ecosdd): eepesnigtigdod(air mixing process)cods
cloCoopdn Air mixing process 8300p0¢n 0082009 Grom§Emen: $OEeAE G 65005000
eozn§Emeo0: 220000069 [gded cnfgls [gdo0pdi pows [gEoeco(outdoor air)$é return air o
e0lC:08B: supply air [gdeol confges [gdoopdi Conservation of energy 32q 0ed:ol $¢ GOIC(G:

Gcoai sensible heat dlo€q (content)o32005 opp3[30005
' 2 . mixture
C

cooling
coil A

outdoor
supply air (OA)

fan

recirculated air (RA)

& J-§q FCU 009320382 mixed air [96edlo
m3z x DB; = (my; x DB;) + (m; x DB;)

_ (my xDBy) + (m; xDB;)

DB,
iy ? '?.p/\ ! &
CFEM, DB,
: ® o :
@ / ' DB, " "
Hig o w3
CFM; 1 DB, e
Wy
90
(E) Jge ‘?J'EJ@
RA 2000 CFM
l 75 F DB, 50% RH m O:)é mass flow rate ESQoén O§ mass

| flow rate o3 volume flow rate(CFM a3e0r05
® ® CMH)EE memic: ooy 88aopSi oof:
oA 1000 CFM DB =2 :5pd:c05g000 aofgree§oopdi
90 F DB, 72 FWB WB=? ”

¢ Jbo
J-00 Determining Supply Air Condition
3205:000961 20§00 [§Eozpgcond §oesaqiC Banosimncyliad [gCoe 3a0qp:
80800001 cB308:8m0: 33266000300 §80pC 0B§:002:88qS 30305 3208:35098:08 ofeepad
coneom Fp(heat)gp:od 3280050[god vudooodeuiesqs 860001 medimagliad ofeepad
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cneon dogpeloPps  mefimacglsy Fapodcn[gli(heat gain) [gdedloopdi Cooling load
a300pod heat load wpeeloopdbn Cooling load 2005 cooling co0S60:0005 equipment gpsEa0R05
3200qglecp§oopdn Heat load 20pd 3a68000528¢piel Z0p03:0m(gE:(heat gain)o qpdogss
e[gpada$ 3205qgoopdi Room Sensible Cooling Load (RSCL) $& Room Latent Cooling Load(RLCL)
o3 6220050l p8¢gEeyE 0g050p8Ea00i

)roof
4
=\ % |
J W
lights || partition
: wall
glass equipment %y
solar _D_
glass - h,D
conduction E -
exterior ™| | W
wall .

& JBo(on) 20§:3003E:08 30 (heat)qp: 0Eeapodand

Total Cooling Load (RTCL) = Sensible Cooling Load (RSCL) + Latent Cooling Load(RLCL)

-0, ) 30gPIS  0980096[g0d  ©udcoode
S“f,—f"’% / .0, joorg& i?ga’ﬂ(;& l§(Iow ?emperatu(:z ai‘f)?;
o Room / RH(%) sp5:0005 supply air o3 s3[Ge[god
Ao e copleongh cgarboogs ot [ogdlBEch g
“‘;‘;‘“W 0050005[g8: (heat extraction) vpeopd: elgpecy
§oopdi

& J-6o(e) map(heat)gp: o€eqpodonnd
pow - Air con 3208:000961 sensible cooling load 205 55,000 Btu/h [g8[8: latent cooling load
20p5 22,000 Btu/h (9900051 o3008:03 78°F Dry Bulb $& 50% RH sac[gmeesopt §qf 83&:
00600200051 0320982320305 Bzbe0 Grud:gss(air flow rate)aopd 2000 CFM [gdagiE supply
air & Dry Bulb $& Wet Bulb o3 gpdl
Dry Bulb 320§§008§8:03 qq$ sensible cooling load equation ¢ 03650320001

Sensible Cooling Load (Btu/hr) = 1.1 x CFM x (t, — t,)

RSCL 55,000

= T1xCFM ~ 11x2000
Supply air 320§$(temperature)  ts = 78 - 25 = 53°F

tR_

= 25°F

Humidity ratio 00£8:03 qqf latent cooling load equation ¢ 005092051
QLatent (Btu/hr) or Room Latent Cooling Load(RLCL) = 0.68 x CFM x (Wgx — W)

RLCL 22,000

W —_ = =
R 57 0.68xCFM ~ 0.68x 2000

=16grwperlbd.a
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Chart © Wg &l 00§8:03 0cbopdli Wr = 71 gr w/lb d.a [gdoopdi
Supply air & humidity ratio 20p5
Ws = 71 - 16 = 55 gr w/lb d.a

CFM 2800p0d CMH 03 82262008 sa0Bisacaqp [gIep68Ea000n Supply air volume flow
rate e[gpC:cdfgselopE supply air & Dry Bulb 1 RH (%) oBewpcd Wet Bulb o303c0pd:

a0&eagPpoocd elgpéieug§ cBzab0pd

p0wd - CFM 0083:qp20? a[gpE:cdadagiC o CFM 0088sqpisC 20Canqfean supply air condition

o303 qdoopds
) _ Supply Air Condition
Point Supply Air Flow (CFM)
(°F Dry Bulb) W(grw/Ibd.a)
1 2000 53 55
1A 2500 58 60
1B 3200 62.4 62.6
R 78 50%
2200054 Point 11 1A $& 1B 0303 Psychrometric
chart el esepqedodag€ o  ma0adgp:(points)
— 1% ampicBopd 38medogé 0opSgesaopd
s Bc3E:edl ¢ mmesscl ac[geacs(condition) $& a30503
1 14 . elgoopdeo(satisfied)opd supply air o oadoogdgp:
(properties) oop5§es2005
DB

. Point R = 78°F Dry Bulb $& 50% RH
¢ JBy y BUb $ 5T

a3c88:0005 32098 2aeqE0Fe0mn A3Egdoopdn 3a00dgps(points) sscd: BadEsedlogt

oeepad 65005 030598E60009 ©upoddli BdE:a? “Sensible Heat Ratio (SHR)"c3&: vp
ol 205

006553359 Psychrometric chart 6dlo3€ RSHR c3&:03 e3q$320305

(») Room condition (229§ c3320g0503 =peolelgeoopd Dry Bulb oBwupcd Wet Bulb
a300p0d %RH o [gb2005n)
(®)  RSHR 35§p00§3: 2800pod RSHR slop a3ewpod Sensible Heat Factor(SHF) 03 83260005

o3 RSHR slop c8E:03 room condition ol 0z [godedagi€ RSHR c3&:aB qoopdi

Supply air condition 3a§§jz0? =20ddg§Ceo0dcopd: ABmesiod Gowpd supply air
condition 2005 RSHR c3&:ed o3¢ oqeepabesqs c32a62000n Sensible Heat Ratio (SHR) 2800pab
Room Sensible Heat Ratio (RSHR) a320p5¢0 sensible heat & latent heat sa§jggda0p5

Room Sensible Cooling Load(RSCL)

Room Sensible Heat Ratio(RSHR) = Room Total Cooling Load(RTCL)
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T S
% g
@ [
_E-o7s JE
Guidelinexf,/.."’ =8 ot S
- - & e _E
S |2
Room air |= oo “'.0\_'\“6 Space Condition|

condition pav

RSHR line
DB 77
¢ J6o ¢ J6g

Baesel 3a6[geacs(condition)od elgopdeo(satisfied)opd ©oboopd supply condition
(CFM 1 Dry Bulb 1 %RH 1 WB) 083 o3 SHR c3E:adl0gE anjeepade§ cdsab2005i
RSHR c3&:ell 328005 20083030005 8&&:c060pd room design condition o3 [gobogniepd Room
Sensible Heat Ratio (RSHR) slope c§E:00p5 RSHR a3¢&s [gdaopb

poen - 1EoASE codedEel sensible cooling load 20p5 45,000 Btu/hr [98[: latent
cooling load ¢> 15,000 Btu/hr [gdoopdi o3soeso0pd 77°F Dry Bulb $& 75%RH sac[gsaesopt
§aS$ 322620051 RSHR Line 03 Psychrometric chart ¢l o€ eezaddli

a33 chart edlozE RSHR c3E:03 cepaa$ 920305 20808 032808 §oopdi

(0) RSHR 00§8:03 p3¢g:(equation)e o050adk
RSHR = RSCL 45,000

RTCL ~ 45,000 + 15,000
() O(JBp)ope eedlgoomeonpdme0dEs chart cdlog SHR oem:cdEseilogE 0.75 slope c8&:03

esepqdl(locate)cpdd SHR oeon: 220305 “Guide Point” §oopSi Guide Point 2095 80°F
Dry Bulb $& 50%RH [g&00pbn Guide point $& SHR 0.75 03[go52005 guide line o3 cegagdl

() Room condition point o3[go52005 guide point $& qdeGE[gda0pd A3&:0B eFil BrdE:0005
RSHR c3&5{gbo0p5

a3 RSHR 03¢&:0005 328¢05gCadg05(definition)e 2005005002600 329105 $69i055¢ [gdd0pdN
(0) &3 RSHR c8E:0005 room condition point o3 [go5ag2:0051
() B RSHR c8E:0005 SHR slop 00§3s 0.75 §o0p5 slop o€z $& 3a[gE[gd2025u
033098:03 632360009 supply air condition o3 (3050008 egegO8EEa05Rd: od supply
air condition point gpzsascd:o0pd RSHR c3E:edlopl ogeepabesqepdi 30005e(o3pEadoopd
RSHR c3&:edlap€ ogeqpodesoopd supply air condition gp: sa0:cdsei RSHR soqjgoopS room
condition &1 RSHR =oqgsé odop8eseomalopé [g6o0pdn RSHR cBE:qp:od air conditioning
equipment qpz egegdepoRt olgbess 320dglo300051 Equipment 0005c05opgpincopds RSHR
00§8:03 Gedlg crp§oopd
poen-ac38cocl 6500065038 ©2:60N0Y9S:  00O9ORE  Od:adsoRgPIn  F&:0pd
3aBE:00C: oGO (sticky) [gbesa0000p  e[grlogoopdn Belops eBCuSesqpon  Feokel
POFSOP GagpIeS 20080000503E temperature setting 03 869030500051 Bes00d E20d:0p
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(customer)qps  322:09:08c30005  Alanaopd Feeg00p503 0odeol[moopdn Besnad esadian
(customer)qps 322:09:08c8  dseo0d0Si3a0980  ogodgIaFEog0dl s8€uSesqpe 20Cs:
o3¢0 eagieg: cdeomelopé 6320054 SagEdEac0nd(data)gpod GuzoRdI

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
mefg - O(J-5¢)0z¢ cudlgoomzoogdi
()  oB&:omaonoopd supply air condition 20pS 61°F DB $& 59°F WB [g&20051

(®)  RSHR equation 35q RSHR 00§8:0005 0.74 [gdoopdi

RSHR = RSCL 150,000 074
= RTCL ~ 203,000

(0)  “Guide Point” 0% 0u300Bsq) slope 0o§3: 0.74 oo BE:03 &Fcl B RSHR c3&: $¢&
2 E[g0B: s20§:ch 83CE:30[gzaes(design condition) [geoxo 78°F Dry Bulb $& 50%RH
point o3 [godagn:eon RSHR c3E:a3a3dli

(@)  Supply air condition point o3 chart cdlogE go3pdaqi€ RSHR c3E:edl o€ myeepodesgls
0§20p503 eogqepd
adelopé 0obeoaonsoopd air condition unit o> 2008:30§§ $C BdCseo(relative

humiday)o3 Gﬁmé(satlsﬁed) 630¢ 00p68E20503 cogqeRdi
62°F Dry Bulb 220§§03 q§e$ thermostat setting

Supply air L o3 adjust code] 209§:30§8 oyeolieo8Eeadd
g;g&g o074 ©0p5s 32060005 humidity level 03 ceepod §€col

,,,,,, - Air condition unit 20p5 c832660m latent heat o

/y/(' comSign veuSepieoidbeor 3056 $Bead
- Room air supply air condition point 2005 RSHR c8&edlogé

RSHR line 78 F DB
50% RH ooqeepedd  F(gr:cdtimadlogp  oopdfescom

DB G@:@ @Soaéu
& J-6g Sensible heat ratio line
c0056003¢ (3603602056000 [gacosogpied -
() 3208261 SHR $E 003058e000 cooling coil o3 saadsgjogEs
(9) Refrigerant temperature 2005 82262005 220§ c0dJ[gE e5[gcs
(0) coodaopdeusesanpd [gEoeco(outdoor airjowran 20p5 8&8:pd0on0pd  VedMCOd
Sqp2es[gts 03gdoodn

ABlgocosngp:ad elgqliq$ psychometric chart edlo€ graphical $p5dg¢ sof:od[gE:

(analysis)aopd 2260mCse0:6000 §00:008: [gH20R5I

J-00 Coil Process c38:qp:

Cooling $& dehumidification coSeoza0pd coil 03 320368l05 30ggE cooling coil vp
@l 2081 Cooling coil 22038503 0€axna0pd erod ofaeco(entering  air) vpesl [ cooling coil ¢
0ge592:00pd GeVOY 0gader(leaving air) vpesl aopdi
2-42



gty = 0.71

DB
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3}

& J66 voppBo0pd supply air condition $&§j{sE sensible cooling & latent cooling cp6d

Psychrometric chart adlogE oeco(entering air) &1 condition point $& agodecw (leaving
air)el condition point 03 s005q) 8§ao:a0d P03 “Coil Process Line” vpesloopSi Cooling coil
g6:e800CqpS(capacity) ad20p5¢> A coil © vuS0058E0p) sensible heat 1 latent heat $¢ total
heat 030¢ (4620051 Coil &1 gd:ee00Eq5(capacity)aopS cooling load [gdo0pS

c8&:an B:onpbep(coil process line direction)aopd coil & configuration 1 air velocity $¢
refrigerant 980005 chilled water & 220§8cdl0gE @oobaopdi Coil elopé =esoomed
[g8edl ognzeom e[gpicdgyqpiaopd curve 920384go[G: 32033207 eqealqs Fo0gs ©053a0p5 Coil
& process line 20pd gP:elgpenodEs(straight line)gdeo o3ewod curve [gdeor ofeco 32005
(entering air point) $& agodecumaead(leaving air point)od &1 condition gpied welgpE:cdaon

EST=50F

Coil process line

56 85

0Old coil process line

New colil

R process

line

A

RSHR line

62 F

¢ J-6q EST Point

Actual coil process line

Entering

air
Colil process line
Leaving air

DB
& JBe(9) Cooling coil process

Q J-@o(oo) Cooling coil process

Coil process line 20p5 conde0r0p¢ gidselgpe
(straight line) 3203&: o[gdeaodcopds cooling coil
qp:od egequdqdi cooling coil 0odoel g&eeon
qpS(performance)qpeo’ 0deso:gs $& §),038:q05
speg[gCs(trouble shooting) [gjopoes 320305 coil i
process line o3 qdselgpE(straight line)gdoopdour
080 0RADIEB[032025!
pown - Cooling coil c0d90pE crudigss 24,000 CFM
§[G: o€eco(entering air)cizagg§o0pS 86 °F DB &
73 °F WB [goopdi
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:2005600(leaving air)ell condition 2005 59 °F Dry Bulb $& 56°F Wet Bulb [g6cgq€ o8 cooling coil

& gb:ee00Eepd(capacity)o? gpdl
36.8 . 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)
b
73 FWB = = 734,000 Btu/hr
___________ Qiatent = 0.68 x CFM x (w2 - wl)
= 670,000 Btu/hr

Qtotal = 734,000 + 670,000
59 86 = 1,404,000 Btu/hr

DB = 117 tons

¢ Jbe
Enthalpy(h)o3 saaddqq) total capacity 03 0305§05gp SEaopdi
Qtotal = 4.5 x CFM x (h1 - hz)
= 4.5 x 24,000 x (36.8 - 23.8) = 1,404,000 Btu/hr

6320050] $eo0sp5sgPgE 03050p8E20051 vpsd(unit) soaB(gdl

Coil process line

IP 0356 GGo05p0: ST 0356 GGo05pd:
Qs (Btu/h) = 1.1xCFMx (t;- t;)°F Qs(watt) =1.232xL/sx (t;-t;)°C
Q.(Btu/h) = 0.68 x CFM x (W, - W) Q. (watt) =3012xL/sx (Wy-Wy)
Qtotal (Btu/h) = 4.5 x CFM x (h; - hy) Qrotal (Watt) = 1.2 x L/s x (h; - hy)

J-2 Psychrometric Analysis

6320053 :2g0dz00dgP:0d :efgde) 88 8&E:qpbepd supply air condition $& cooling
coil capacity 0303 0305098 Eaopdi
(0)  Room sensible and latent heat gain (heat load calculation ¢ §§8E2005n)

() Outside and inside design condition (copbesepod c3odq) oR[gpsoopdi Weather data ©
§§$E2005)

(p)  Ventilation(outside air) requirement(gse§:zagsm000: $C 32034q003 Bode) a3lgrroopdn)

(G)  Supply air & CFM 230005 Dry Bulb o3 [gdaopdi

83E:000qupd F08:3a§jp3000: 3220dgid(application)od woopde) supply air CFM $& Dry
Bulb 0303 2005005 egegudeoopdi 2005a38ep application 6 c3odq) m&a00dgEdgpa(limitation)
§ooodaopdi Supply air CFM ssedlogé ooopde) duct soguSseons(size) egegdqoaopdn Duct
Fgodmoos(size) [Brenxdlon oodeoeSesep 32005908 [46§E0p5m oBelope staleness adwupcd
draft ©20p9 2005600000500 wlgdeog(discomfort)qpo? eeplas $¢ oqpiagds vspdingsieom
208egPpoopd CFM o3 egegjodeaopdi condeoy 8&E:00epogt ASHRAE ISMACNA 1 ANSI $C AISI
o data qps ss[0je0sg0d(recommendation)qpso? 8[go: 03:om:§Eaopdi
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MGABOPEN §:08:00090% 63Nn05Al 8&E: data qpg¢ air conditioning system ood

06908q§ [gd20pd

RSCL oopd 740,000 Btu/h [g8[@ RLCL 20pS 150,000 Btu/h [96000bn =aesiyCod
(outdoor) design condition 2005 94°F Dry Bulb $& 75°F Wet Bulb [go0pSn spesi3a038:q
(indoor) design condition 20p5 78°F Dry Bulb $& 50 % RH [g20p5i

[g€occo(outside air) B:58:0005 6730 CFM [g&a0p5n Supply air &1 s2058[gp:s0:q05 (temperature
difference)oopd 20°F [36o0pSi 682005310303 qpdl

(o)  Supply air CFM
(®) Supply air conditioning
(o) Conditioning entering cooling coil

()  Cooling coil sensible 1 latent and total load

Psychrometric $¢ 2005a3€2005 [gooosn(problem)qpzod deoospdigpig 03050p8E2003
schematic diagram qps  GeEaRgeoRd: OS8R $pdi50s00: 0% ogGoyCen
:20)gE[gCn so§:06(analyze)8E[gE:00p5 spcrrsrayCeomEs(“good practice”)qps [(§620251

33,640 CFM 0
\ b
6730 CFM OA © @ Rk

8 A Space (8)
6730 GFM EA "D asst00mmY). _ |
41 k& | RSHR line
33,640 CFM
DB

¢ J-qQo Schematic diagram $& o3¢) Psychrometrics chart colog€ line qps eqgagao:d

3208:32038:03 [gCosro(outside air)aopdeodglielopé 0ppdo0pd vedanoopd exhaust air o3
0050005088 332600051 coode00E exhaust air 320305 9B:008 duct oobsoEooieny ofeol

() RSCL = 1.1 x CFM5x (t4-t3)

RSCL 740,000
1.1(t4 — t3) 1.1 x(20)

CFM, = = 33,640 CFM

(9) Dry Bulbs =78 - 20 = 58°F 0382009 supply air condition 03 gpg$320305 RSHR c3&:03 chart

el og¢ eepades 332600051 a38: & slope 03 gpdl

RSCL 740,000 _
RTCL ~ 890,000

(0) RSHR o3& $C 58°F Dry Bulb c8E:036i e900d/[godeode og§a0pd supply air condition o3
§8E2005

Point 3 &l WB 20p5 56.3°F [g®aop

RSHR = 0.83

(20) Cooling coil &l 3203808 0€aweam eov(entering air)oopd return air $& [gEoeco(outside
air)od 6dl:con:0005 mixed air [g20p5H
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Mixed air &1 $@o0505:e0
DB, x CFM, = (DB, x CFM, ) + (DB, x CFM, )
pp, — PB1%CFMy) + (DB, x CFMy)
CFM,

Mixing line point 1 ¢ point 7 o3 s003q] qbsonbelopE: o3l cBcBE: $& 81.2°F Dry Bulb
[go59052005 point 2 [g620p5n Point 2 20p5 cooling coil 22038:03 oCanaopdeco(entering
air)el 226[g3265(condition)gdaopdn WB, 20p5 67.2°F [gdoopd

(c) Point 2 2005 oecu(entering air) &1 point [g&[Gs point 3 20pS sacgedecu(leaving air)el point

[§820p51 aBalo3pé point 2 $E point 3 03 s0a5qE coil process A3E:aB g§oopdi
Coil sensible load ¢

= 81.2°F

Qs =1.1xCFM ;x (Dry Bulb, — Dry Bulbs )
= 1.1 x 33,640 X ( 81.2-58)
= 858,500 Btu /hr
Coil latent load ¢»
Q. =0.68 x CFM, x (W, — W3)
= 0.68 x 233,640 X (77.5-65.0)
= 286,000 Btu/hr
Total cooling load
Q. = Qs+ Q.= 1,145,000 Btu/ hr
= 95.4 Refrigeration Ton (RT)
§§20p5 ae(gqpia? onfagpaspdigEaopds [g§068E2000n &( J-qo)aRE cudlgoon:anpd 203¢:
Qs(Coil sensible load)20p5 hy ¢ h3 3203 saogpza60s(horizontal distance) [gd20pS
Qs= 45xCFM x (hy—h3)
= 4.5 x 33,640( 29.8-24.1)
= 862,900 Btu/hr
Qu(Coil latent load)20p5 h, ¢ hy 3208 saogr3a0s(vertical distance) [g620251
Qu=45xCFMx (h,—h,))
= 4.5 x 33,640 x (31.7-29.8)
= 287,600 Btu/hr
Q(Total cooling load)2005 h, ¢ h; 3208 sacgpeacos(distance) [gd20du
Q. = 4.5x CFM x (h2 — h3)
4.5 X 33,640 x (31.7-24.1)
1,150,000 Btu/hr = 95.4 RT
RSHR o8&z 1 mixing air c3&: $¢ coil process c3&:0303 agiéo€en eepad$Eas codeloodsl
6cpmEqs 36200
o) poed s2q) cooling coil @i load 20p5 room heat load 0005 3¢) qpza0pd sa6[EPEen
coil 20p5 room air 33g€ [gEosruiesaopdsag(outside air heat)od wudoedd courgeomeops
[g020p51  [g€osco(outside air)og §eomaeag(heat)o vudopod(ges(remove)rdgs c33adeom
load o3 [g€oecvelopt [gded e cooling load a3ewr0d outside air load vpesl 20pSi
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[B:50005 poengpie  [g€oeco(outside air)eo3pé [gdedl oo cooling load o3 gpdli
Qyotal(Outside Air) = 4.5 x CFMga X (h1 - hb)
=4.5x 6730 x (38.6 — 30.1)
= 257,400 Btu/hr
Cooling coil ¢ GeonEgadeusqepd total cooling load 2000 Fa0&:32038:03 B:0fes00pd
32003 ©0dapod[gEs(room load) 32082320380 agEd 0P 32003 SmOS[EE: $C 3205:3207C:
a3 copdeuiqepd [gEuecue 20056e0Eana0pd 2003 ©udaod[gEs(outside air load) o} e

996AIE: 00882 [3doopd
RSCL = 740,000 Btu/hr
RLCL = 150,000
Qrotai(OA) = 257,400
Coil Load = 1,147,000 Btu/hr

J-09 Contact Factor (CF) Bypass Factor (BF)§§ Effective Surface Temperature (EST).

Contact Factor(CF) e300p5¢n cooling coil &l esateseamn qodsolgE(surface)od od[G:
[gobo08s0gmieom  erooedanod  &8cda0obi  Bypass  Factor(BF)e3o0pden  cooling  coil - @i
qods0[gE (surface)o? ©aBo3 [§o5a08:030:0005 GroLwraNE? B30

Contact Factor(CF) + Bypass Factor(BF) = 1

Effective Surface Temperature(EST)s300p0¢n cooling coil & gésqi@a0q$(average

temperature)oB 83320051 Cooling coil § fin ooeeosgpzel 20§05 coil 61 Gsepad Bodq)
e[gp&scdes 00051 Cooling coil &l qiod§0[gEsagi§a005 codesep $¢ ondesep vonpdmeol

Mixed air 320:0020005 cooling coil 61 eea:e52000 qod50[gE(surface)od aBq) [godooss
agag€ CF 0083:0005 (0.0) [gdo0pdn ad320305 cooling coil ¢ [go5ooSsogs0005 mix air
axcdio0pS  Effective Surface Temperature(EST)9E ogodgoognzoopdi 3am0de) EST 20p5 Dew
Point 220§$0005 8630q¢ spogodecu(leaving air)oopd saturated air [g6o0pdi sonudelopE
aBeo0d eeeg(moaisture)od cooling coil o ©0dapod cdadeamelopE [gdoopSi Dry Bulb s20g$
oyeodieamaelopt [gdoopd a3eood ofcneom GrosMdaopd cooling surface oF B
co0deRRE oo o[gd8Eeun (cvndeogmeegzaesopt epboopdmadly CF 00&:8:o0pd (0.0)
ofgd8Econ)

Geo3:0d:00p5 coil &l godso[gC(surface)od 030580 aBeogy w§8eamaelopE cooling
coil A3&:c8c3ap¢ Bypass Factor(BF) §[§ [gdoopdn odelopé secgodeco(leaving air)aopd saturated
air ¢[gd8Eaon Cooling surface o3 bypass [gbogneoopd sa0g056C0(leaving air)el vedaNa0pEd
cooling coil &l tube soguSsaons(size) fin onecosgp: sejogp: 00d9sE 00d9 FogZEGO:(fin
spacing) air face velocity ¢ arrangement of rows o3 el o€ o505

CF 00§8:00p5 coil process c3&:el 2agpdownnod ad coil process c3&:el EST =oad
eepodesmE §eose) §o0Rd 3aqPd0wNSE ©22002:0005 Fo§jrut [gdaopd
& (JQU)ogE [goomsoopd 22038: CF =%@803&5u Coil EST 2005 coil process o3& $& 100% RH
c8&: (saturated line) o3¢l [godeod(intersection point) [gdoopS
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Contact Factor(CF)&l 0088203 chart colog€ 0gdspS:(graphical method)[gE gpap§Eoopdi

B8 qpopepogé olecomapd§(entering  air temperature)l agodecussE§S(leaving  air
temperature) 1 coil process o3& $C Effective Surface Temperature(EST) o303 oBcon:q$

832620051

Coll EST
-""q_‘_-‘*-

\ s EST

Entering air

/
I
TEnIering air

i
| Coil process line
Leaving air (saturated)

Leaviilg air :
1
1 i
b8 2 DB 1
¢ Jq0 Cooling Process line (CF=1) ¢ JQJ Determining CF for a cooling coil

320005310226 CF 2005 200§ (temperature) sogjgedl 0g¢ ©oopS000i

_b_DB;-DB,
a DB; — EST
Dry Bulbl = Dry Bulb temperature of air entering to the cooling coil (°F)
Dry Bulb2 = Dry Bulb temperature of air leaving to the cooling coil (°F)
EST = Effective Surface temperature of coil (°F)

pow> - Cooling coil 0692005 320§8 85°F DB $& 69°F WB §eom ofeco(entering  air)

condition o3 56°F DB $& 54°F WB agobeco(leaving air) condition a3eepadesant [gapd8Eagé

Effective Surface Temperature (EST) 1 Contact Factor (CF) & Bypass Factor (BF) 0303 pdli

(o) Chart cologE ofaecu(entering air)od point 1 s2(gd agodecu(leaving air)o? point 2 =2(gd
2005¢05(8s coil process c3E:03 33l

(9) Coil process c3&: o3 saturated c3&: a30wp0d 100% RH c3&:a3 eepadesant so&e) o3l

(0) Contact Factor(CF)o3 p8¢[g€:(equation)gé og050p&Eaodi
cp_ P_DBi—DB; 85-56

“a DB, —EST 85-50
adeloppE Bypass Factor(BF) 20pb BF = 1 - CF = 1 - 0.83 = 0.17 [9900p5i 00dspSiaandqé

GCOONEI 0% 2005 coil § fin gpzel giEd$[gES €033 [godagnzoopdi

=0.83

Coil 00o5cpGagP:apd coil selection @uxiogE CF 1 BF & EST 00§8sqpio? cudlg
000360 §aopdi Cooling coil egsgudspdigpin? 3208:-p (Chapter-3)a3¢ cwdlgoon:aopdi

eodemodeamn(steep) coil process c8Cso0pd 100% RH c8Cs(saturated line)  $C
[§05c8665 vurddeon 328¢uden o3 steep coil process cdEsqeznt [gapdeusdend cooling coil
o3 coodeoz0pE 0opbesmndes ¢lgd8Eeamnaeloe [gooopdn adaBgdlgt:o? reheat [gapdfgiyt
algqE:8E 0005
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J-0G Reheat cpd[gé:

Cooling coil 0269e ogodamnaopd eco(leaving air)od srefiopl:ad woopdeused(supply
0cp&el) mpeulgts(heating) o3 reheat ap&aopbup Gal ado0odi

Hot water coil 1 steam coil 930005 electric heater 0303 3a0d4gjg) reheat [gjepS§Ea0pdn
Reheat [gco660m coil [gbeomelopé Reheat Coil (RHC) ¢l [gEdgdaopd

RA ' Real couling
{ﬁ} Desired cooling coil process line
l process line 1
Ty { - e

AN \f) 3/ z
1 | ] .

OA - C R SA RSHR line

— - < ! H| —
., - C " coil line

De

& J99 Reheat coil o3 saaddge) 308§oopd(satisfactory) supply air condition o3 o

83266000 supply air condition o3 §q$ 320305 reheat [gipSey §oz00p5

(0) Room Latent Cooling Load(RLCL)333E:2005 Room Total Cooling Load(RTCL) coodgps
giesqC ©ode0H0R5(steep) RSHR 3€: [gbedlom saturation line $& olgodeompeol
o336[g365§)p0pE reheat cpdes 832600001

(J) Cooling coil 3203E:8 oamaopdecogp: sascd:8:Ckaopd 100% outside air [gdoge
GaodcopdieomEa humidity level [gEaqi€ eoo0dcopSieomEs 2Bewrod wodeondapd (steep)
RSHR c3&: [gbes20p508l0gE GaddcopSieomé: reheat cpdqs c3sabe0mE: c8226§E005
:§,600 00dgapdess(industrial application) qp:opE 32098866000 RH(%)efes 3200
2001

B38l§:03E [Premieoon cooling coil 93wwpcd Sqpeoopd capacity §oopd cooling coil o3

dehumidification 83265105324 egeg|edjogo0p5H B33 [Biwnzeomn cooling coil clo3pé supply air

20§00 30§ 88ecp§oopdi BgeadlEoge reheat cv6gs 832600051 Bea0d oomg

§8¢ag€ comfort air conditioning qp:320305 reheat [geod[gE:od golgjeon

J-08 Fan ¢ ogobeoon 3a0(Heat)qpselogpé Fan Heat Gain(FHG) [sdedl[gC:

Supply air fan $C return air fan 03¢ [gdedlconeom sapeloPpE ecoagd ma0po3{gls(heat
gain)[gdedloopdi [gbedlaneam heat gain 20p5 cooling coil ¢ total cooling capacity $C
£E:0p50gi€ welgposcmnadeon Psychrometric analysis 03¢ copdags a30dg0dg lgredlmeor

Fan cedomel g:aas(power)ofiwnecol fan ¢ [gdedlaoneom heat gain gpsconeeo
[g620p5n 986005 3agudmaen: GanicuSean fan gpi3ecgod fan heat gain o3 copbogls ogedgEdes
ocdmbeon Fan heat gain elopé [gbeclameam 220§§ [§E0r0dq0pS (1°F)ooad Sgpsdion
Psychrometric analysis 03¢ co0pdo9&s cgodg05es 832620051
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@@ G’ @ Cooling coil line =
T C:}: | Room
< 2 2,83,6
- __@ C?) 7 ‘[ 1 \-HSHRIEHE
Supply air fan heat
DB

& J-qG o€ Draw-through supply air fan &l heat gain effect (point 7 ¢ point 1)

Air Handling Unit (AHU)qpsogE Draw-through $& Blow-through opej $8§sc3[grsaopdn
Draw-through 3a§jg3a02: Air Handling Unit o€ fan 20pS cooling coil &l e320050005(down
steam)op€ 00p5§ooodi 0odspSi3a0egE fan 20p5 cooling coil ¢ Go0B HELIa0N

Fan heat gain efo3p¢ cooling coil ¢ [§o5208s B:e0C:006000 GroEl 303 [gCoodeo
20p51 B8 6oon AHU §jgeaog05 FHG o3 Psychrometric analysis o3& copdogls og0dq05e$
83260005

Blow-through sa§jg3a02: Air Handling Unit (AHU)qp:ogE fan oopS cooling coil &l
$200050005(up  steam)og  00pd§oopSn 0odspSiadgE fan 205 Ged cooling coil 823
qodoopdeosaopdi Befopé  cooling  coil 2005 FHG olopé  Sgpsoopd  cooling load o3
0062680082001
pow

16°C Dry Bulb 22¢§§§e000 6003 34°C Dry Bulb 208§ oBeepodesyE hot water
heating coil [§¢ 2apc0:q§ c300051 :2060IeRd GroLP500558:0005 68 kg/s [§dagE heat input
$C hot water mass flow o3 gpdli Hot water coil 3203898 o€eepadamnoopd eq(entering hot

water) 220§$2005 85°C [g8[3: ogodogn:aopd ee(leaving hot water) sap§§2005 74°C (962020
320823203828 Goo(indoor air)el specific heat capacity o3 1.02 ki/kg K [g& o053l

Heat gain by air (Q) = m X Cp X At
= 68 x 1.02 x (34-16) = 1,248 kW

Heat loss from hot water (1,248 kW) = Heat gain by the air(1,248 kW)

Heat loss from hot water (1,248 kW) Q =m X Cp X At

1,248
mass flow rate of hot water = 2187 x (85~ 74) = 27 kg per sec

PO - 368000528 00093203C: 3205:008903 500 kW apc0:q$(heating) 833600051 Heater

coil 83 eePad§an0pd Groel g S$0pS 19°C Dry Bulb [g6[G: copboodssen 68 ka/s [g6agc
heater ¢ cgo5og20009 6V3¢S (air supply temperature)o? gpdl
Heat gain by air(Q) = m X Cp X At = 68 x 1.02 x (t- 19) = 500 kW
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=19+4+7.2=26.2°C

Supply air temperature (C) = 19 + Bx102

J-06 Water Spray into Air Steam (Adiabatic Saturation)

Saturated o[gdeo0:000d airstream o3a3 ecausqp: [gS:eoigts(water spraying [geS[gEs)
elop¢ eaegdgts(evaporation) [goedl copdi eqaopd eqegd[gts(evaporation) [8q$ a33260005
latent heat 03 e edurcomeoPE Grogt Zped:§lgts(sensible heat loss)gdeol copdi B3
sensible heat ad:§{gCs(loss)elopE ecosl Dry Bulb 220§ ogeolsazniooodn oodspdiaadyC
620:030:00001 936005 Geoadad  Fepcopdfgi(heat adding) Bewpod  sapoocdun[gls(heat
removing) ofgcpdeomelopé eosl Enthalpy 00§3:0005 we[gplicdeon 6e3050pE powlyé
psychometric chart o3 3203qq] §Egoomzoopdi

oS 21°C Dry Bulb $& 50%
saturation 3oe[gsaes] §eom e
146°C drybulb  (airstream)adad  eegpiod  0od[gSsat:
100% sat. (spray) [gopSo0pd =28l dBeq sSecw
Foeep(mixture)oopd ©p52005  ultimate
condition a3eepod §8Eep5s05s
:20c0pd[gt:s (heat adding) oBewpdd
32000050998 (heat  removal)  ¢[gjeed
comelopé enthalpy 2005 e[gp&:cdfgt:
[§8c866p5 wupddeon

/ 0.025
)é( 0.020
/ 0015

0.010

21°C dry bulb
—_—
50% sat.

bbb by

"A< P2
§ﬁ><
|
10 2021 30 40
Dry bulb temperature (°C)

Moisture content (kg/kg) (dry air)

0.005

<:> J-Q@ Water Spray into Air Steam
aBelopE psychometric chart colog€ qie] [03p90qi€ process 880005 constant enthalpy

(41.08 kJ/kg)cE: ondeagpadoglomn §esqepdl croe 3p0ad:ggs: (sensible heat loss)oopd
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6q0R¢ 22¢03sgEs(latent heat gain) [gdaopSi 0odspS:30dgE Gcve sensible heat o3 latent heat
236 eae 9durozgEs [daopd

aBeqsC erumaeep(mixture)oopd saturation =26[g3a6533 Gepad0RdFEl Gagp: o
eqeg|gS:(evaporation) [388Ee0mepd wupodeur o€amoopdecost enthalpy 20pd 41.08 ki/kg
[38[8s ogodagnsoopdecusi enthalpy 2op5 41.08 ki/kg [gb20p5 opaBfogo0pds

Gepad8Ea0pd esnodedimac[gsacs(final condition)e> 14.6°C Dry Bulb 1 14.6°C Wet Bulbi
14.6°C Dew Point 1 100% saturated [gdoopSi Ultimate condition o3 cepod§gs 2o0g8e05320251
c00de0p038 2[gd8Cadeomn Iefgeacsen saturation point $& sa8:ediesep [§6205n O(J-qb)
03¢ [goom00pd 32005 (point C) esep [gd2051
AC/AB 35§50005 spray system @i effectiveness sa[gd20p5u

Adiabatic (constant enthalpy) c8& AC 20p5 constant Wet Bulb c38:5C 358:00: o[§C
[0e520051 0.2K o saens(error) §8Ea0p0n 986005 constant Wet Bulb vy 2005005(Gs [g$e0s
cgudongn ogoduy 8Ea000i  elgpadeagoopbeco(dry air) $& eqeg(water vapor)odsi mixture
220305 2000520001 Gas mixture gpss0R05 0058 veSmScol
J-0q eqegieg,copdfge: (Steam Injection)

GO03a3 eeeg(Moaisture)qp: GePaSJogreoas 300305 eaed[gs(gts(water spraying)
[gc968E 000393 eaegiegaopdgs(steam injection)cops [Grp6SE200n Steam 2005 ceeg(water
vapor form)ood§jggd comelopé eqegd[gc:(evaporation) [46g§ ecdeomaelopé sensible heat
950rqs ocdmbeor 030393 [gpd[geilyé ecooopd eaaiogigepd vurodeon (Dry Bulb a0S
86052208665 ewpodeon) Dry Bulb 300§ oe[pl:adoll crocdadeepodamnoogd steam ol
20§$2005 100°C [36c866p5n 100°C con5dpa0pd superheated sac[geacsfgdoopd: [88E00:
ABelopé 0goderust 650058t 32055005 ofecvel S2p§Ec0nd JgEa88upd

Moisture content of air

f// 0.028 before = 0.0079 kg/kg
oozo N ©0005G000d 05200
eqeg(moisture  added)

7§</ oean 1kg / 150kg 20p5
ﬁﬁ%w” 0.0067 kg of water/kg of

Moisture content (kg/kg) (dry air)

y  air $& p8gjoopdi
0.010
10 N 6500590 326[g30es3
> / / o eeood0pt Jesed eaog
0 : o  (final moisture
%ﬁ >< content) 2095  0.0148
T, N a/k [§62055:
0 10 202202 30 40

Dry bulb temperature (°C)
LN

..

¢ JQQ eqegieg,copSges (steam injection) powd
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Steam injection powd>

2OFS 100°C oo eqegieg(steam)o’ 20§S 21°C Dry Bulb 1 50% saturation §eon
oo (airstream)odad 1 kg steam/150 kg dry air §859¢ copdagi€ q§epd es005ed: sacfgeacs(final
condition) o3¢pdl

es00dad: :efgeaesopt Jopd Dry Bulb spd§cd ceegieg(steam)el specific heat
capacity s00dige] 22[030qC: 9§08:88a0001 30GS 20°C -100°C 20038:§ cqegieg(steam)al
specific heat capacity 2005 1.972 ki/kg [g620p5

Heat lost by steam = Heat gained by air

0.0067 x 1.972(100 - t) = 1.006(t - 21)
t = 22.02%

eaegieg(steam)od 3203q[gCselopé humidity oo8:d: $C Dry Bulb sopg§00§:3s 32505:c0b
[4€0205000c8G0pd

J-09 Chilled Water Air Washer

[B:32005 powdgpige =:008:320§S coodgEean eqodom meadygeomeoPs  ecos
2058 (final air condition)qpsg> vogeoticon 3m0de) oEaonaopdecu(entering air)el Dew Point
0005866000 chilled water 03 6aoo3a3 0odgSs(spray)eogé eroode cqeg(moisture)zag, 2005
condensation (g0 agodagn:c8gepdi (Moisture will condense out of the air.)i odelopé air
washer saagodecooé eqegdlofa(moisture content)eagpspdigt:od [gdeosaopdi

Spraying
Baffles /~ nozzle Elimator
2 p —
S b 23°C dry bulb . 10.4°C dry bulb
g -~ L >
= b = 50% sat. 82% sat.
E Water
4 / filter
T ﬂ
b )
—X—@'— Coolant
~._ Circulating

pump
¢ J-q® Chilled water air washer

;090560 (leaving air)el 320§§0005 cael 3aea:ede0dS (initial water temperature B)
a3eepod§Caopdi oBeo0d condeogapd single bank of spray [9¢ [gjopboon:aod air washer el
[§08€a0m saturation efficiency 2005 O( J-00)e AC/AB 3o§jfgda0pbi  §0% ¢ ©0% 320300
[388E2005n Double spray bank air washer gpsci [§98Ecom saturation efficiency 2005 AC/AB
2§z (9690051 ©0% © £§% 3203 [§B8E 2005
pown 320§§ 23°C Dry Bulb $& 50% saturation ceooopd saturation efficiency 70% co:§Eeomn
single bank air washer 3203€:98 o€eepadoopdi 0od(gSi(spray)esaopd chiller water S5
5°C [80qi€ eepad§epd esnodadmac|gsacs (final condition)od gpdl
(@)  Chart ¢ q§o0pd esn05edaafgzacs (final condition) 2opd 10.4°C Dry Bulb $& 82%

saturation [gdoopS
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(b)

23-[0.7(23 - 5)] = 10.4%C

ecoad0pe eeegiloCq(moisture content)aopd Q% ogeotsogsc86epdi(0.008 9 kg/kg ¢
0.005 4 kg/kg 2203) (i.e. saturated air at 5°C)
0.008 9 - [0.7(0.008 9 - 0.005 4] = 0.006 45 kg/kg

0.025

0.020

> /
_\\QO,. 20 ;
.

0.015

0.010

Moisture content (kg/kg) (dry air)

0.005

<

10104
Dry bulb temperature (°C)

20 23

30

40

{) J-o0 Chilled water air washer performance

300050

eomio0d03§,

go?

Fo§s@aq(by proportion) Dry Bulb 2005 23°C ¢ 250(000)00g€ 320(qQw) 220333605038
§oopdi Dry Bulb 329§ 20p5 23°C ¢ 5°C 2008 §8a3j0g0:00001

PGS

06030306 oo 6rcda) e
600303 0q658dgC copdeogE
(spray 96cq®) eqmedé opbq
[§80205 conepbsoS

Enthalpy of air before

Enthalpy of air after

kj

= 45.79 —

kg

= 267 kJ/kg

Heat gain per kilogram water = 19.09/4 = 4.77 k]

Temperaturerise of water =4.77/4.187 = 1.1 K

Heat lost per kilogram air = 45.79kJ/kg — 26.7 kJ/kg = 19.09 k]

08 eoobat ogpap:

(0)  Psychrometric chart o3 3203{g)g Go:0200pY GroGIoPGPe 080 ecvel
0H20g8qp:ad gpoll A o E 3208 0godes000d 320305¢qpiapE c08engpoopd 00§8:qpsa’
[gpS0M
DB(°F) | WB(°F) | DewPt | RH(%) | W(gr/lb | fé/b(d.a) | Btu/lb

(°F) d.a)
a 80° 60°
b 75° 40%
C 65° 50°
d 50° 40%
e 70° 70%

(J) 40°F Dry Bulb $& 60% RH ecood ogibedsapeooad(electric heater)gé 80°F o
eepodeant 2apeu:ag€ DP 1 WB $& RH 0303¢pdli - Psychrometric chart aolog€ process
(\%830’% e@é]u

() 368000535 0009320E:] qodso[gE(surface)zpqs 52°F §eom eeeza:d05(cold water)
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20p0 200§§  75°F Dry Bulb §eoon 2008§:0069 320pE:03E §ego0pdn 20§61 RH% 205
0p52005 0058238 eepodagE Sodqdsa(gEediapt eqpdsgts(condensation) 00o¢ [gdedl
@é§é3“

(G)  22p§§ 90°F Dry Bulb ¢ 70°F Dry Bulb sacgsaesop §eoon ool 56°F DB $& 54°F
WB 28 eepodeaant cooling $& dehumidification [geoo0pd process a3E:a3 psychometric
Géfoge e@@cﬂu

@ geoospbio}d saapge 3200050 0gr(G)0B clgqb:dh

(6) 5000 CFM ecod:gSs(air flow rate) §eoon Fan Coil Unit(FCU) 0od9a0pS 80°F Dry Bulb $&
70% RH sac[gzacs ofeco(entering air)o? agodeco(leaving air) 32p§$ 58°F Dry Bulb
$C 56.5°F WB 28 cepodesant [gapd8Eaopdn 6320050 0303 epd

(0) Sensible load
(y) Latent load
(p)  Total load
(G)  Moisture 005000558203 Gallon Per minute(GPM)[g¢ eod(gdl
Q) 30208006961 Room Sensible Cooling Load(RSRL)20p5 83,000 Btu/h [g8[x Room Latent
Cooling Load(RLCL)20p5 31,000 Btu/hr [g®ag€ Room Sensible Heat Ratio(RSHR)o3
§pSh
(0)  329§:0069 03 75°F Dry Bulb $¢ 50% RH 326[ge0es03C §esqSaa0305 Room Sensible
Cooling Load (RSCL) 112,000 Btu/hr §§ Room Latent Cooling load (RLCL) 21,000 Btu/h
Go002:qS 832620001 B=098:03 supply pdeosoeam Grodsgss(air flow rate)oopd
5,000 CFM [g6cq€ B supply air & Dry Bulb $& Wet Bulb 0303 gpcli
(@) 229§:0069 ¢ Room Sensible Cooling Load(RSRL)a0p5 2,000 Btu/h [98[8: Room Latent
Cooling Load(RLCL)a0p5 9,000 Btu/h [gdoopSi odsse§:el design condition 20pS 77°F
Dry Bulb $& 50% RH [g20p51 Supply air &l 320582005 58°F Dry Bulb (820051 Supply
air flow rate (CFM) $C supply air & Wet Bulb 0303 gpoli
(00) Cooling coil 0693203828 Gcwapd 80°F Dry Bulb $C 66°F Wet Bulb [§& ofcon[S:
60°F Dry Bulb & 57°F Wet Bulb [§& agodoga:agi€ cooling coil &l Bypass Factor(BF) |
Contact Factor(CF) $¢ Effective Surface Temperature(EST) o303 pdh
(00) 220§§ 82°F Dry Bulb $& 67°F Dry Bulb §eoc ecooopd CF 0.91 0088:§o0pd cooling
coil o3 [godagnzoopdn Effective Surface Temperature(EST) 0005 55°F [g20pdi Coil o3
[§05(8s agodagn:a0pd Groei Dry Bulb $& Wet Bulb 0303 pdl
(o)) A/C unit 08903 55°F Dry Bulb $¢ 55% RH 200[g3065§e000 2098:320305 32004y
con00pd1 [gEososaalgaacs(outdoor air condition)oood 95°F Dry Bulb $C 74°F Wet
Bulb [30[3s ccod:g&s(flow rate)oopd 1000 CFM [gdaopSi 63200531 0303 gpali
() RSCL1RLCL $¢ RTCL
(9)  Outside air load $& cooling coil & Contact Factor (CF)
(0) 228053238 ofel arrangement o3 $a3[gdl esepsE 0EegPaopd condition
qp2o? ced(gal
(0p) 29§61 8&E: condition ¢> 78°F Dry Bulb $& 50% RH [g8[Gs c8326@000 Load 20pb RSCL
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18,000 Btu/hr $¢ RLCL 8,000 Btu/hr [g62000n aB300§:320305 oobsooonseomn air
condition 2005 900 CFM supply air o3 58°F Dry Bulb $& 56°F Dry Bulb condition 3203&:

co:d 8E2005n & air con unit 20p5 3e08:cl 8&E: Dry Bulb $¢ Wet Bulb 03 88000

§Eg&:qi 0§ 0ce0: N 208:0660: ©p5200d 30§ERE BE:c0:§E wpdspda

(0G) 329§:008900p5 76°F Dry Bulb $& 50% RH socfgeacsogl fesqs cd330600001 adaneiel
RSCL 20p5 172,2000 Btu/hr [98[g: RLCL ¢> 88,000 Btu/hr [g6o0pdi odsaessei A/C unit

20p5 56°F Dry Bulb $C 54°F Dry Bulb supply air o co:§€a0001 czaefiel design
condition o3 g reheat coil o3 223 gE §&:32E (energy)opdy| oy (waste)opSo?

§pdh
(0g) 32680005228 00EPEN IIOHICOADYPID
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  [g20p5u
63305310303 gpdl

() Apparatus arrangement o3 830l (schematic diagram )

(®)  Supply air & CFM $¢ Dry Bulb o3 gpoli

(0)  Mixed air conditioning o3 0g050l

(20)  Coil sensible load 1 latent load $¢ total load o303 gpdl

(©)  [goeco(outdoor air) $E sensible load 1 latent load $C total load o303 gpdl
() 83262005 coil ¢l Contract Factor(CF) $& Bypass Factor(BF) 0303 gpli
(s0) Chart edlop€ process 30203z o3aaEade] 32005 (point Jqpzo? §oep5e0:dl

(06)  Air conditioning unit 0od9sa038:03 20,000 CFM §&:§c000 Groo0pS 80°F Dry Bulb $&
60% RH mac[geacs(gé ofaonaopbi saogadeco(leaving air)el 80§§a005 57°F Dry Bulb
$C 90% RH [g&aopSn
6330053 0363 epdli

() A/C unit & cooling capacity (Btu/hr )

(®)  A/Cunit ¢ condensate cquodonodss: (water removal rate)
(0)  A/C unit &1 sensible load

(02) Leaving air & Dew Point

(c) Effective surface temperature (apparatus Dew Point)

(0Q) ©05008omn0el 6500de50RC 3205:0009 G sensible cooling load 20p5 20,3000 Btu/hr
[B20p5 Latent cooling load 20p5 9,000 Btu/hr [gdoopSi 2298 6l design condition 20p5
76°F Dry Bulb $& 50% RH [g9o0pbn 008§:32038:03 eepodaonoopd supply air el
32058$20p5 58°F Dry Bulb [gd205u

(o) Equipment $& duct arrangement o3 cqgagdl
(9)  299§:320305083266000 supply air 8:58:(CFM) o3 epd
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(0)  320005¢ Q@0 supply air Bs$:(CFM)oB socfgde) Wet Bulb 208§ 1 Enthalpy |
Relative Humidity(RH) $& eqeg, doq(moisture content)o? gr/lb $& Ib/Ib [9&
asd[goh

() B=08:32005  [gEosco(outdoor air) 260 CFM c3=aba0pdi [gEosco(outdoor
air) &l 32982005 95°F Dry Bulb $¢ 76°F Wet Bulb [§920p5n [gEosco(outdoor
air)oopd =0:0 Return air $¢ mixed [g8[Gs air con unit 82038503 (mixed air)
a3e0r05 entering air 3:5[gd oEeepado0odi Mixed air &1 Dry Bulb $& Wet Bulb
20§ enthalpy | Relative Humidity(RH) $& eeqeg Clo€q(moisture content)

(gr/Ib and Ib/Ib)o3® epd
(c) Refrigerating unit ¢l 3aguSssos(size)o? gpdln Btu/hr a3ewod refrigeration ton

[5¢ eud[gdh [gEoecu(outdoor air) &l cooling load o3 dlaopd oga5Al
(0)  3udq) [gEoecodagss(outside air flow)od 260 CFM ¢ 130 CFM o8 cagpgiedo’s

g€ A/C unit & capacity opdq) aqpspdsogms 0S50 Btu/hr [gdcopd: cedgdl
(%)percentage [§& copds ced(gol

(00) 3208000961 sensible cooling load 2005 200,000 Btu/hr $¢ latent cooling load 50,000
Btu/hr [g6o0p51 320§: 03 76°F Dry Bulb $& 64°F Wet Bulb s36[g3ae$038 038:000:q8
82620051 [gEoscuolsss(outside air flow rate)oopd 1200 CFM [goopdi [gEoeco
(outdoor air)ei condition a0p5 95°F Dry Bulb $& 76°F Wet Bulb [g820p5i [g€oecw
(outdoor air)oopd m0s0 [gSaoopdeco (return air) $& eepega(mix)om mixed air
a30upab entering air 32[g® air con unit 3203E:03 o8eqpadoodi

() Equipment $& duct arrangement o303 O(sketch) s3[goh

(®)  Room Sensible Heat Ratio (RSHR)03 0050

(0)  Supply air ceodssSs(flow rate)od gpol Supply air s2p§§2005 60°F Dry Bulb
[g20p5

() [gEoeco(outdoor air) & sensible cooling load o3gpdl Btu/hr o3eopod
refrigeration ton [§& eeS[gdh

(c) Effective Surface Temperature(EST)o3 ¢pdhi (EST o3 apparatus Dew Point
opcopds 68l aopbi)

(©)  Coil &l Contact Factor(CF) ¢ Bypass Factor (BF) 0303 ¢pdl

(og) A/C unit o0& & outdoor air opS 3000 CFM 1 95°F Dry Bulb $& 76°F Wet BulblgdoopSu
Return air 20p5 20,000 CFM 1 78°F Dry Bulb $& 50% RH [9620p51 Mixed air 2005 return
air $& [g€oeco(outdoor air)od edlEsoos(gEs [go0pdn Air con unit ¢ 3a0g05600(leaving
air) 93605 supply air 20p5 52°F Dry Bulb $¢ 90% RH [g®2005u

(o2)  Air con unit &l total load o3gpdli Btu/hr a3eupob refrigeration ton [§& eod[gdh
(9)  Cooling coil [§od[: cgEdGEMN3 Sapeusond(electric heat) g 58.5°F
Dry Bulb 28 eepodesnt reheat cpbog€ sepeosood(electric heat) &
F2oaod§Ss(capacity)od gpdl kW [g& codlgdh
-End-
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Chapter - 3 Air Handling Units
outdoor-air inlet (32°C)

flexible
duct

sheet-metal supply duct

Supply air (15°C)

return-air

Inlet(24°C) Indoor Air Temperature= 22°C

Chilled water supply temp = 6.7°C
Chilled water supply temp = 12.2°C

& -0 Air Handling Unit 0089 32006006003 200583E6p 320§$4ps $E00my cudlgao:d

9.0 Air Handling Unit (AHU) 3a§j:es00:qp:
Air handling unit gp:o3 0opSeeoo05d(structure) ooSsoaopdesep(location) 633260005

eco 3§pm0s¢ characteristics 0303 305¢) 6320050038 a§jEmaen: gp:§Coopd
(o) Horizontal Unit $& Vertical Unit
(9) Draw-Through Unit $& Blow-Through Unit
(0) Outdoor Air (or Makeup Air) AHU $& Mixing AHU $&
(20) Constant Air Volume (CAV) AHU $¢ Variable-Air-Volume (VAV) AHU o [g62005u

Heat ﬁ ?uppl)’
Heating Cooling  recovery Fil an
coil coil coil pad i / Filter
i Mixing
u f
S 4 h Coil(s) box
al [T U
O g weeel 1 ~/
| |
- | |
] -
A- L
e |
¢ 9- Horizontal unit ¢ - Vertical unit

(o) Horizontal $& Vertical Unit

Blower(supply fan)i cooling coil $¢ ccoed(filter) 0303 opoBeamsslgC(same level)ogE
onbeo€aoniagi€ “Horizontal Unit” opesledoopdn Horizontal unit o3 006e0€q§s20305 esep

oqodogd Baopdi adead [gIgE 08§:086:q5320305 cgudon sacolelgoopdi [Bieneom Air
Handling Unit(AHU) qpso? “Horizontal Unit” sofga0> 006s08a0p§oopdi
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Blower 2005 cooling coil &l 26 03€ 0opb§eomeloypé “Vertical Unit” vpesl[gEsgdooob
G$6p 32005328§e0me[opE AHU blower o3 cooling coil &1 saedl0gE so&e) 0oEoonagé “Vertical
Unit” =ofgd 20090058Ea0p51 3aa3EqqSesep(foot print)easscodeomelopé  soeSioqiogds
3209855 006e0E8E20p51 936005 [g[gEad§:086:q [gIrp0g§ 90552005 Vertical unit gp:o 06s0E
qSesep 20500:c0500 33600001 gpieanEgs sagudsaenieooicodaopd Air Handling Unit
qp:od “Vertical Unit” 32[g® 0005005(0300051
() Draw Through Unit o8¢x05 Blow Through Unit

Draw Through Unit

Blower 20p5 cooling coil 905¢ 6cood edopeomalo3pé “Draw Through Unit” vpesl aopdi
Supply fan (blower)oopS @03 coil section o8 33q€[godooseofBie ebupeomaelopE Draw-
Through Unit oy sl e3[gEgdo0p0n a8 9Sur[gEsgé coil & fin gp: 3alo3res Grvapd p8oongd
[goDogz00p51 00dspS:320egE cooling coil § uniform face velocity §§$E20051 AHU ¢ ogadeco
(leaving air)o3 copd: supply duct [g& sa0g0bonoy 00&e0€8E2000 “Draw Through Unit” o3

Fog2ed: 320%4g[030005

Filter

Mixing coil
Fan Coul(s) \ box 1 =
Q> Supply s 5
[ 1 7 fan Mixing
T Rl <:I : ‘: ’/// box
<

ok

Cold deck
Cooling

coil

Filter

¢ 9-G Draw-Through Unit ¢ 9-§ Blow Through Unit

Blow Through Unit

Blower 2005 @coo3 cooling coil 893 goboopdeomelopé “Blow Through Unit” op
200560500001 0065p5:3201g¢ AHU 0328 0€aono0pbecooopd blower [gob(Gse cooling coil 8803
eepod§eoonaloypé “Blow -Through Unit” (820051 &(p-6)03¢ [goon:0pd 3203¢E: supply fan 20pb
@003 cooling coil a8ewr0’ heating coil $& ccood(filter)edad godag€:eamelopE “Blow Through
Unit” opeal 20pdi “Blow Through Unit”el 330:000g)050005 supply fan &l 6ebome 0godaoneam
m0(heat)od coil © 9SucdndeomalopE sess(serving area) 32038293 veepodeonGoI

(0) Outdoor Air 2Beupch Makeup Air AHU o8wupod Mixing AHU

gPseonzygé AHU gpsoopd mpefimncplioecon’ return air 3:0[gd [gScopd obop
epgoopdn eeuad  copbuod(circulate)eofgls [gdoopdi oBo3o8eo0n unit gp:od AHU opood
ealao0obn Beo0d 32680005358 doadimacged Beabeam K0§gEirucdeoodaopdeco(fresh
air)o? eameamnt Boopdd egieant(treat)cpdo0pd AHU gp:od “Outdoor Air Handling Unit”
2300705 “Makeup Air Handling Unit” a30u05 “Pre Cooled Air Handling Unit” opesl e8(o300051
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Outdoor air o3 esaesant(treat) [goodeomelopE “Outdoor Air Handling Unit”  op
el 2001 32e§:m0038:0 GagpepdsogsaopdeogPid (8[gpdeSercgad cons§eomelopE “Makeup
Air Handling Unit” opesloopn AHU 3203€:08 copdeuigs 822066000 6con? eoopdel [03ols)
ez:630E[gr0deomejopE “Pre Cooled Air Handling Unit” op ealaopbi

Outdoor Air AHU &l 45 eqo3qgCs(condensation) [gdedleco§oocdn o cqod(gts
(condensation)[gooo§003 6gq:q$320305 outdoor AHU $qgpicd $&conde Bowrdd sdconde

0005 onoop) insulation (& [gedeny §aopdi
(00) Constant Air Volume (CAV) AHU o3wupdb Variable-Air-Volume (VAV) AHU

AHU ccocopboodgs(air flow rate)od ooopSe) “Constant Air Volume(CAV) AHU” 230005
“Variable Air Volume (VAV) AHU” op3[gpiconsoopdi 83[gonés oe[gpl:adaond ecocopboodsss
(constant air flow rate)[gé eenC:esea0n AHU o “Constant Air Volume Air Handling Unit(CAV
AHU)” opeel 2ogdn

2082 61 cooling load c3220gi0532q GrocoRb0od5Ss(air flow rate)c8sa62003 e[gpiade)
een8:a0pd AHU o3 “Variable Air Volume Air Handling Unit(VAV AHU)” opeeloopbn VAV AHU
Q2320305 duct gp:og€ Variable Air Volume Box (VAV Box)oB oobeoaon:q§ c3aopbi Variable Air
Volume sa6[oypE:n? s208:-@(Chapter-9)og¢ 22600:805 eudlgoonsoopdi

9-J AHU &il 32805328¢: (Component) qps

High-efficiency Supply
filters i
g

a air

'
t
4 |

M ]
T
PR |

i
o

Medium-

efficiency

filters
G

Exhaust
Exhaust 4L
compartment

utdoor

/ =
Unhoused air

return air fan

¢ 9-6 Air Handling Unit 0o8903¢ dlo€eom 328053238:qp:03 cwdlgaon:d

9-J-2 Mixing Box
AHU 00b96i mixing box 2005 sae8:0 [gSuscontoopdeco(return air) $& [gEoeco(outside
air) eepe§oeoqs 330305[gIrY600:0000 Fesiced [¢daopdi Comfort air conditioning 220305
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69086000 AHU o3E:§ return air $& [gCocco(outside air)espesogs c8sab0p5m Bea0d
[goeco epgsdypd(100% outside air)odieoon AHU gp: $& [gCoeco(outside air) copde$
003326600 AHU gpogE mixing box ecdeadeon eepodcdagd return air vwan ¢ [gEosco
(outside air) oo qfgSss0g05 damper qpggé control cE8E0RSH eep[Gioon: GruGIZEFS
(mixed air temperature)$& humidity ratio o3o0p5 damper g&eso0pd3a03/05(0pening position)
0o $& 0305805 gdre[peacdEs sondagudq(linear relationship) o§dl

o . |
™ fl B F
= | e ) | . =
INTAKE ! J;I 2 I r.|/‘ e
g L 8 Y/ !

AIR FILTER  AIR

WASHER HEATING
38.‘3“”‘3 EBIL FAN & MOTOR

SECTION

HEPA FILTER

& 9-q(o) Air Handling Unit 006903¢ dlo€eoon 22805333C:4qp:03 cwdgoosd

$ 9-q (®) Mixing box 0gE damper 06808005 $ 9-q (0) AHU oodadeeil 3209E:38:0
9-J-J @c00d (Air Filter)

eoood(air filter)qpsoopd AHU 0385 ofelgd dloCeepd 22805323E:0089 [g&a05i
oaaopd return air oBewrcd outdoor air a3wupod mixed air o saef(service area)sdod
663Nt  oduopdd  egieenl(treat)pdy)  ocusel  00db8Cooy  co§olesnllgredes
832600051 =00dgid (application)od c3odq) eooo§elq 832605 oR[gpaopdi ero§ele
3326q0503 c30dq) crood Fajmaonigp: (air filter types) o3[gpsfogo005

3200053 Geood(air filter)gp: 8509203 “Particulate Media Filter” vpesl copdn Particulate
filter gps&i efficiency o3 “Dust-Spot Efficiency” a8ewro5 “Minimum Efficiency Reporting Value”
(MERV)[gE eodlgecy§oopdi Dust-Spot Efficiency e8o0pd¢n  ASHRAE Standard 52.2 839
coood(air filter)oopd 6eood§ 32986pdqI03 ©6:0paB6:e005:8Eg8: §oopbo? cudgoodi
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o
DXCOOKA
ol

i V.a.\a;
A

¢ 9-© (o) Disposable Filter

¢ - (vo) Electronic Filter ¢ 9- (c) HEPA Filter ¢ 9-© (o) Cartridge filter
Minimum Efficiency Reporting Value(MERV)2005 ASHRAE Standard 52.2 3¢ 6coad§) 0.3
¢ 1 micron e 22gu5m02:§6000 26SepdqInd ©6:0r86:5005:8E8g6: §aop503 cudlgaopd

3 . . coood(filter)zadjgmaonigpod  c3odq)  8a:
E Electrostatic onjeoCsq(pressure drop) ogo[gpsaopSi

N *Plated Electronic filter so§jgea0n:00p5 8zan:gje0lsq
ﬁ .Washable (pressure drop) 325p5:ad{g0[G: electrostatic
a * Disposable filter sa§jp3200: 2005 Fag2ad: [§Ba0p5N

E‘ «Electronic ondsladiecood(disposable filter)sadjzoon:st
ﬁ egpgad8Eanpd eoood(washable filter) sadjs
E Filter Type 320220303 Air Handling Unit qp:opE sagpeeds

3200g[o0pdi
$ p-g ecvod(air filter) sa§jp3202:03 3ode) [gdedl cnepd 8smingeolsq (pressure drop)

Air Filtration

Air con Gosc02:000) 329§:20038:§ 603 H[Fao§oCe560q$320505 2SR IS
(particulate  contaminant)qpzod  ©590050[god  co§ol(filter)eoqepdi odspdimndgE  ecLod
(filter)g¢  08[G:00pd crogpionn srefienontiad dauiqupdn Ventilation 820305 3203dgeom
[g€oeco(outdoor air)gp:s [gScopbeaaddgepd indoor air qpsa? ecood(filter)gE co&oeoiqupd

coood(filter) gp:o? Minimum Efficiency Reporting Value (MERV)[gE sajzaon: [gp:
2005605 co2:20001 [gEoecw(outdoor air)o? pre filter codepd crood(filter) 3a§jE3a02:0005 MERV
32808 (0) 9B0pod (0)o0nd GeomEeoqepdi

Mixed air a300p05 recirculated air gp:o? 20§080pd eoood(filter)ood MERV se0&(s))
030005 22508(§))00058 comEiqeowpd ecood(filter)g c0§08[gE: v§eaon erogp:(unfilter air
aJewod bypass air) see&:e038:0d weepodeoq crood(filter)qpiod 30gudoney 0deso:§E

et [grpdoonqepdn soq§c3E: [03pdq 0beso:dEesmnt eeoelop§Eesnt [grodoomiqeRdi
eoood(filter)gpiel dsazogeolsg(pressure drop)o? edgoopda3§orn Alfqepd

3-5



Air Conditioning and Mechanical Ventilation (Vol. 1) eomioo0dRs,

Recalculated air qpss& mixed air qp320305 duct spot efficiency 80% §eoon cood
(filter)gpzoBoo secondary filter qpazalgd s20%dgiqepdn 03 80% efficiency §eoxn eoood(filter)
qp:0op5 outdoor air gp:el aqpS36ags(quality) 83:0kaopd sadlpope saadiggs cofeagBoopd
aB acvob(filter) qpeelopé duct gpo? olopecn 28gqE:eaerpdes vadsadeor

Recalculated air 98e0p05 mixed air 2Bo0pod [gEoeco(outdoor air)gpssac305 secondary
filter saadselgqiC eoodsas(fine particle)qpgé 20&0Eq$ 8oopdi Pollution standard index of

outdoor 2095 (000)emPIYE eroodsas(fine particle)qp:od 20§0Eqs cGaopdi

9-J-9 Heating Coil

3632:38:6300§ §EEqPs] 0069082005 AHU qpiog€ heating coil Bewpod heater oodeod
con:q§ 320620051 Heating coil 6enlig€ copboodaopd mmSaqo§od(operating cost)oopd agded
:ocoood(electric heater)oood 3so5s00pdn Heating coil 03¢ hot water heating coil $& steam
heating coil ope] $64§j §oop5H
9-J-G Cooling Coil

Cooling coil 03¢ chilled water cooling coil $& direct expansion (DX) cooling coil vpq] $6§s

§oopdi
9-J-§ Humidifier

Humidifier 20p5 eeeg(moisture)o? Goo(air)odad copdeosopd 03§oooddE (g5
Humidifier o€ water-spray humidifier $& steam humidifier opq) $8§:§oopSn eeag) efgpodesy
Gon§Eegpioptom andeoles cBaopdi
9. J:6 Fan 930005 Blower

eoogpo’ copducdeoq$(circulate)saogo’ fan 98ewr0d blower 82620051 Blower gps
:6[03pE:03 320826 (Chapter-6)03¢ 32600:805 cud[goozoopdi

9-9- Air Handling Unit Technical Data gp:
es0d0p¢ Air Handling Unit oodcd:el technical data sheet o 3agiod3a0005¢P:03

pom[gd Gudgoozoopd

Unit Name AHU 1-1 1 Model 70x80

AHU 1-1 20p5 AHU 0n0soCanadigoopdesepod qpdpgsioopdsdlod(reference number)
[g920p51 AHU c0050cp&opon 2005005000600 Gedaud(model) Sa§jpeaon:0005 YDM  70x80
[g820p51 YDM 2005 $6c00be insulation 3300§eo0n AHU 3a§jp3a0nigd@:  70x80 2005 AHU 6l
320530002 (490051 o eed305(model)qp:ad York 05686 AHU gpzag€amn eop§Eaopd

Unit Configuratioin (Horizontal)

AHU gp:03 vertical configuration $& horizontal configuration op $&§j: [gpscon:000u
Cooling coil 03 esp055000:q) blower o3 saedlogooniag€ “vertical configuration AHU” 5[g6
200500500001 Cooling coil & blower o3 [036s006[geopE  (a[gCoppder) onbsoaoningC
“horizontal configuration AHU” 2[46 2005600520051
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UNIT MAME AHU1-1-70x80PANEL MODEL YDM 70x80

UNIT CONFIGURATION HORIZONTAL REQUESTED QUANTITY 1

FAN MOTOR SPECIFICATION TRANSMISSION SPECIFICATION

BLOWER TYPE / BLADE DIDW / BACKWARD PULLEY TYPE / GROOVES SPE/2

WHEEL DIAMETER / FRAME mm 800/ K FAN/ MOTOR PULLEY & mm 335/ 236

DISCHARGE Rear BELT LENGTH mm 2000

AIR VOLUME CFM (m%hr) 28,240 (48000.000)

TOTAL PRESSURE in. Wg (Pa) 2.83 (707)

ESP /TSP in. Wa (Pa) 1.40 (350)/ 2.41 (603)

ALTITUDE / TEMPERATURE ft (m)/ °F (°C)0 (0) / 68.9 (20.5)

FAN RPM APM 1010 IMLET IN-DUCT SOUND PWR dB (A) 03

MOTOR TYPE / POLES TEFC - IP55 / 4 IMLET IN-DUCT SOUND PWR dB 125 Hz o5

ABSORBED FAN / MOTOR POWER KW 13.50/ 16.20 PER OCTAVE BAND UNIT 250 /500 Hz 01704

RECOMMENDED MOTOR KW 18.50 1k/2xHz  88/82

MOTOR SAFETY ALLOWANCE % 20 4k/BkHz  75/866

ELECTRICAL SUPPLY Vph-Hz  380-415V/ 3ph/ 50 He

OUTLET IN-DUCT SOUND PWR dB(A) 05 AIRBORNE SOUND POWER dB (A) 74

OUTLET IN-DUCT SOUND PWR dB 125Hz 05 AIRBORNE SOUND POWER dB 125 Hz 85

PER OCTAVE BAND UNIT 250/500Hz 07 /94 PER OCTAVE BAND UNIT 250 /500 Hz 77/ 60

1ki2kHz 91/85 1K/2KHz 6762
4/8kHz T6/68 4K/BKHz 45734

FAN DISCHARGE VELOCITY mis 13.15

TOTAL FAM EFFICIENCY % £0.70

THERMAL BAEAK

ERET

Q 9-00 AHU blower §§ cooling coil @ 9-00 AHU Wall casing
Fan a8wupob Blower cubom $&o005ada0pdengiadaacondyp: (Motor Specification)

AHU Blower 6e50m$¢ 200583E6000 3aq105320005¢ps(data)o? 68305038 eedlgoonzaagd

Blower Type / Blade (DIDW / BACKWARD)

Blower gp:o3 DIDW & SISW $6§ 3Jfgpsoopdn DI oopd Double Inlet &l
320368105 [gdoopdi  Gonssdonodondie crogps blower 203E:08 oeepadarnoopd Sa§mann:
[gdo0p5n DW 205 Double Width blower wheel [gdo0pdn SISW 2005 Single Inlet Single Width
[§820p51 Googp: blower 33038203 060050005000 0€eeprdaE0pd Fa§jmaengdoopdi
SW 20p5 single width blower wheel (9620051 Blower qp: &1 3cood(blade)od “Forward Curve” |
“Radial” $¢ “Backward Curve” upq] 2a8msag¢ adsdje Slepsoonzoopd
Wheel Diameter (800 mm)/ Frame K

Blower o€ 00690C0050005 9Bs32)Es(Wheel diameter)oopd (900)8c8c80om|go[3s blower
& 0§6(frame) 3ajsze0:0005 K [gdoopdi
Discharge (Rear)

AHU gp:03¢€ 6o’ gadoacd8Eaopiesep(discharge) $665ep§oopdi “Rear Discharge” $¢
“Top Discharge” o} [g6o0pdn “Rear Discharge” 3a§jpme02:0¢ AHU 6l 6§0050005¢ G003
4050050005 “Top Discharge” 8a§p3202:0E AHU 61l 33601 90056 6003 godapod0pdi
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Air Volume = 28,249 CFM (CMH 48,000)

AHU blower ¢ coobeu:§Eaopd Gooowran(air volume) 20pd 28,249 CFM (48,000 CMH)
[§820p51 00dg0§giE(gonn)mmodomnsgs: (48,000 CMH)gd20p5m “volume flow rate” opcopds
esledey §oodi
Total Pressure = 2.83 in. Wg (707 Pa)

AHU blower ¢ coobeos§Ea00b 8zas(total pressure)oopd 2.83 inch of water column (707
Pa) [9620p51 o38ss(total pressure)oopd dzasadssq(pressure loss)  80:03:320305 [gdoopd
Mixing box elop¢ [gbedleoon dzaiadigeq(pressure loss) cooling coil elopE [gbedleoon dza:
adgsa(pressure loss) eoood(filter)alopé [gbedleom 8oz od:qe (pressure loss) AHU
:[gEonod§ duct system 20305 B30:ed:gea(pressure loss) 0o0pd dzan: edigagp: (losses)
320:008320305 [§620p5
ESP / TSP (Pa) = 1.40 in. Wg (350 Pa) / 2.41 in. Wg (603 Pa)

ESP o0pd “External Static Pressure” & s203eelod [g9o0pdn TSP 2005 “Total Static
Pressure” [3®aopSi AHU blower ¢ c00560:8E2005 “External Static Pressure” 205 1.40 inch of
water column (350 Pa) [gdoopdi Total static pressure 20pd 2.41 inch of water column (603
Pa)@@oaéu

External/total static pressure 20p5 AHU blower & 8saos(total Pressure)o mixing box
elopé [goecleom Bsamedigsa(pressure loss) cooling coil clopElgdeciearn Bsmedig:qg
(pressure loss) coood(filter)elopé [gdedleom Bsmsadgeq(fiter pressure loss) ooopd 3z
adsgeaqps(pressure losses)od §05@: oq§0005 Bgas(pressure) [gdoopdn External/total static
pressure 20p5 duct friction loss gpsi supply air grill qps $& diffuser elopElgdecleoon dzm:
onjeosq(pressure  drop)qpisC  damper clopElgbediean  3smiogeolig(pressure  drop)qps

320305 [gd20pS
Altitude / Temperature = 0(0)/ 68.9(20.5)

AHU 00680€320%4{gjepd esepa0pd oEaoudeqgé(sea level)zalgEs 0pp8a005 tpaBadaogi

Fan Speed (RPM) = 1019
AHU blower o&§eell copSoodg$:(RPM)aopd 0068580giE 300566)(000R) [§d20p5

Motor Type /Poles = TEFC - IP55 / 4

GeH003§|p3200:0000 TEFC [gdoopdn TEFC 20pd "Totally Enclosed, Fan Cooled" i
320368l05 [gdo0pdn 00dspdianiyl ewdom oE(winding) 20pd cedonnadd(enclosure)zacyEsd
8 oSom(fan)g¢ eedom0? 63:63:0¢ [gapdaonoopdi IP55 2005 motor enclosure 61 rating
(protection against solid and Liquid )03 830320001 6e500329§:03¢ 326002805 Gedlgaon:opd

Absorbed Fan / Motor Power kW = 13.50 kW / 16.20 kW

Absorbed power 2005 blower & o&&s(shaft)copde$3a0305 Beabeo0n g&izs(power)
[§020p51 6650202005 blower o3 o§om[o(belt)gE cedEsaopd Belt drive [gdoopdi Belt drive gps
g€ slip [gdecpdoopdn oBelopC belt drive gpsogt g&imaeusdepapt  [goedl comedig:y
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(transmission loss) §oopSi cedomgdiaans(motor power)opd absorbed power coodqps epdi o
AHU o3€ AHU blower’s shaft power 13.50 kW q§q$500305 cebomg&ssa: (motor power)aopd

16.20 kW (95§ c832620001

Recommended Motor = 18.50 kW

Recommended motor 18.5kW 2000 ewbHomn sogudseons(size)od o3c32000n of AHU
830600 eudomgsami(motor power)oopd 16.2kW [gdeoodcopd: eqrogodop 16.20 kW
eebomzgudmen: 0§l AdelopE 18.5kW 66domad oobeoles cBodopss(at: (recommendation)
[§020p51 18.5kW euHom 0g8EagE 22.0kW eedom 00650EewnE:8E0p51 Belopé recommend
©0%:03 ad{g8egboopdn oBeocd 15.0 kW 03 3203gqs eoCengpeon egpopadopé q§deom
cubomzgudmRE:(Motor size)qp:oopd 3.0 KW 14.0 kW 1 5.5 kW 1 7.5 KW 1 11.0 KW 1 15.0 kW i
18.5 KW 1 22.0 kW 1 37kW 1 45kW 1 55kW 02005 03620001

Motor Safety Allowance = 20 %
66H0m 3agudzonegqudepopt safety allowance 33(gd 0% oon:0000i

Electrical supply = V-ph-Hz (380-415 V / 3ph / 50 Hz)

o3 AHU blower &l 650703 6ut:qs c3madeom agdodencdams(electrical power
supply)2opS (pe0)e (Gog)dsans(voltage) 32038: [gdqepdi Frequency 50 Hz §eox 3 phase
power supply [gdqepdi [g§eo8881 aBE:8E¢ $& 0Comp8EEad opE Frequency 50 Hz [gdaopdn
H[gr28E8qp:S 60 Hz 0qdod eoda: (electrical power supply)od 3203goopS
Fan Discharge Velocity = 13.15 m/s

AHU & eooogadedlod(out let)o ogodogneoopd erosaagE(discharge  velocity)aopd
0doRSQE (09.08)80m58: (13.15 m/s)gdoopdn Discharge velocity gpscgS:agi€ 2225 a0
e?éoaéu
Total Fan Efficiency = 69.79 %

Fan 2800705 blower & total fan efficiency 20p5 69.79% [g&a0p5 (Fan @i total efficiency

2005 9§ % coodeayPagié SeonE:aopdi)

Transmission Specification
Pulley Type/Grooves = SPB/2
Pulley 35§js3200:0005 elgpEisdaelgpCs(2 grooves) dleom

a SPB Pulley [9620p51 oc8(pulley) 3a0:0[gieoon direct drive
qP2cop5:§8Eaobi

Q 9-o Pulley

Fan / Motor Pulley @ = mm 335 mm / 236 mm
Fan a300pod blower 9005038 0n6e0€aonieam gadeizagiCs(pulley diameter)oopd 335
mm [g8[8: ee50m0000503¢ 006s0Emeam pcdeizagCs(pulley diameter)oood 236 mm [gdaop5
o3 pulley 35gudseonisde 33q GwHoMEl 320056q(RPM)20RS (0G80) [gocgE fan (blower)si
32005662005 (00 o) [§620p51(slip [gBepd 350056q(RPM)03 copdeagaddayE)
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Belt Length = 2000 mm
Fan (blower)al pulley $& eedomei pulley o3 odsoodconeomn a3cdo3(belt) & sagpdoopd
2000 mm [gd20p5n Sound Level Data gp:

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

9:G Air Handling Unit $& Fire Mode

:2eeodmPel M&E System gpiogé eenlisEoopSucd(operate)q$ 320305 “Normal
Mode” $& “Fire Mode” uaq) 3[gr: 2005005002005 “Normal Mode” e320p5¢n 3680005353
o0bpel  cpOcdigp: 00:032038: de§  copSucdesq§ad Badoocbi “Fire Mode” e320p5¢n
3268000535800092000  S16000E[gE:desq]s Bovrdd S:eantoges gpcd esgsod o3cd
20051 326800053580069 320385 fire alarm panel 06990 (sub fire alarm panel [gdeo 1 main fire
alarm panel [gbeo) activated [§8dlon “Fire Mode” 03 Gepad§oopSup 2005005005

Fire alarm panel 00892005 63200501 sa6(ogpCagpialogpé activation [g6$Eaoa5

() Smoke detector o8wupod heat detector ood99 20pd activate [gddlon fire alarm panel
activate [§®c3&opS

(9)  Sprinkler flow switch activate [g6dlos fire alarm panel activate [g5c8&opdi Sprinkler 0od99
2005 edlodagaieanelops eqedsgea(water loss)gdox sprinkler flow switch activate [gd
20

(0) Manual call point alo3p&copd: fire alarm panel activate (68665

(20) FM200 discharge [g8[gC:alo3pEoopds fire alarm panel activate [g6c3&edu

(c) Fire alarm panel activate [gdeocoo oofgrieom sae(oypE:ondoeejogpaopds [§6SE05

3268000535800092005 “Normal Mode” ¢ “Fire Mode” o3 eepod§ognsdlon ACMV System
2005 6820050 CpOeSigP:ad 6e0oEgrdes 33260001
(o0) Air Handling Unit(AHU) gps 830309:03 qOs0:(shut down)q$

(9) olgesmnodomqdsmqiesep(underground car park)§ fan gpssanidioopd [9S$55:86(low
speed) © [§$5849E(Hi speed)ad elgpCieentsqepbi [6etiefornapd (opno) opgsidomn
(1,900 sq. m) coc532005 6[4es005 m:qds:qS Gsep (basement car park)gpiogé smoke
purging system 006808 0on2q§c832600p51 Smoke purging system 20pS 326E00053861
main fire alarm panel ¢ activated [§620p3 24l 6 Air Change per Hour(6 ACH) GcocopSodd
§8:0 9 Air Change per Hour(9 ACH)33 c[gpC:eentsqs adaa600051
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(0) Staircase Pressurization Fan qpssan:d:o0pd pressurization mode [§& een&esqepdi
a333[g€ onfgpieaon Code of Practice for Fire Precautions in Building qpzo3conds a3odsngé
835620001

9.§) Cooling Coils $& Heating Coils

Cooling coil 2005 Air Handling Unit &1 2280 33805323&: 00d9[gdo0p5n Coil gp: &l 2800
cv6eemEq(function)oopd sagonie(pCs(heat transfer)esnt esonégadeodgls [gdaopdi Coil gps

o3 Foeapudoopd oB§ogps(heat exchangers) vrcopSiesl oS Air Handling Unit &l cooling coil

320000p5G20p5 03000068 cgudopapdi Air Handling Unit &1 cooling coil 3a6[oyp&s soscopbagé

o$3o§3200: 30109208 $0300p58E 2005 Chilled-water cooling coil gpsoopd plate-fin-tube heat
exchanger sa§jeeponiqp: [§[0300p51 =a[0Bion: 3ee00deB¢PiRE croadesaiesant(cooling)

[ge9d[gt: 5 eqegeudanodgés(dehumidification) [gjopbq$ 20305 cooling coil o3 sagp:eds

@o?:@@wéu

Air Handling Unit o3& cooling coil $& heating coil 0pe) $6s §o0p51

Air Handling Unit &ii coil 3ajzeaon:qp:
Cooling Coil Heating Coil
Chilled water cooling coil Hot water heating coll
Direct expansion cooling coil (DX coil) Steam heating coll

Chilled water cooling coil 2005 @G2:000080605(cold fluid) [powd-chilled water] $&
@oopdeco(hot fluid) [pown-return airlod $&93afo303E m00pLSq(heat exchange)gdesnt
6e0nCgnd G:00p0n 0obspSiEgE poopdeco(hot fluid)[pows-return Airle sap(heat)gp:aopd
coil 9006s0¢ eeRzo0pdz6R5(cold fluid)[pows-chilled water]e8a3 BssoCzogrzoopS 320 (heat)aopd
:2ogS (temperature) [GCo0pd esepe 0 S (temperature)8600pd esepad S:aoier§oopdi
60030 Zpgps(sensible heat $& latent heat)od AHU @i cooling coil © 0280¢ ©0Saod(remove)
2001

Coiling coil 20p5 Air Handling Unit 3¢ o§elg® 0o 32805238 (essential part)
[g©20p5n Heating coil 2005 Air Handling Unit & optional item [g620p51 22632538 esoogpioglomn
heating coil 03 32034gq$ 332600001

Hot water coil $¢ steam coil vpq] heating coil $6§s§oopdn Hot water coil 205 632:0000
fluid(return air)s& ooopd fluid(hot water)o 32038 3a0ecowd[gEs(heat exchange) [godesnt
6a0n8gode0o0pdi 0odspSi3adgC ¢aopd fluid (hot water)o 82 (heat)qp:aopd coil © 0od90E
¢22:0000 fluid (return air)a3 8ss0Ez0z2:00051

Cooling coil & 2280000082005 GrOSY =pEP:03 BSLPeLdEPILd[gEs(removing) $¢
eqegeudonad(gts(dehumidification)gboopdn  6eocden  =apgpiod  eaeso0pd chilled water
a3ew0d refrigerant ¢ @SuaogieINE cooling coil oo GeonEgadeusaopdi Cooling coil 0aopds
chilled water cooling coil $& direct expansion cooling coil (DX coil)ope) $64j §oop5n Chilled water
o3 0%yl Geoode 20gP:d edupagE chilled water cooling coil vp caladq) refrigerant o3
:200qlg Goade FogPd edupagE o3 cooling coil 03 DX (Direct expansion) cooling coil

068l 20051
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Hot Air M“Hﬁ‘__ Cool Air ) ) Return
. i g _ Cooling coil Air
Returnair i — upply air Chilled Water
j ht ’ Coil Flow
T DX Coil A |
Return ' Suppy Return Air Supply Air
Air o Air airfloyf.f-
rd
e Heating coil / Supply Air
Return air “~_ J|suppyar Hot Water Coil Flow
' [ Steam Coil
Cool Air T‘Hot Air
(;) 9-09 Cooling coil and heating coil 9 9-9G DX(Direct expansion) cooling coil

Chilled water cooling coil gqpsoopd eeo(air) $& eq(chilled water) sd9zalops 300
opse[gpigts(heat transfer)gdesnt ceonlgodevsean “Heat Exchanger” ood§jfgdoopSi DX
(Direct expansion) cooling coil qpzaopd eoo(air) $& refrigerant sofogps sagonie[gpEgts(heat
transfer) [gesané eeonlgndeuseom “Heat Exchanger” ood§jegdoopdi Plate heat exchanger
shell and tube heat exchanger $¢ fin and tube heat exchanger vaq) 23:§jE§o0pd3505¢ cooling
coil gpeoopd fin and tube heat exchanger sa§jgsaonsqp: [g5[032005

Cooling coil &1 820p6p&Ha3 psychrometrics chart edlaaE cooling $& dehumidification
process c3E:qpas ooy 0:0050060m6dlndqs 832620051

Fin caSmeoigpigé [girpbooniean coil gpioge saq, caonecogp:oopd cooling coil & fin
qp: Be0pdd tube gpod ©od93 [godagnioopdi odad fin gps adewrod tube g0 ©ad3
[godogazaopdecond “Bypass Air” vpesl copdi Bypass [§900pd ecoowdanad Bypass Factor(BF)w?
sl 00pdn Four-row coil 03¢ crooopd 3.5 m/s §849¢ [godagningi€ oCamaopdecoei pu% 205 fin

g2 Bovpdd tube gpod 00393 [godagn:aopdi 30% bypass [gdoopdup elgpadlogoopSi Bypass
factor(BF)aop5 0.3 [9620p5n Eight-row coil o3& ecooopd 1.5m/s [qodoga:ag€ 2% ooo bypass

(GBS

9-§-0 Direct expansion coil(DX Coil)
Coil sa0g€:080E0mo0p) refrigerant 20p5 226p5(liquid) [gdoopSn Coil 3203C:q) refrigerant

326p50000 60 30gP:0d PGV Faeg(vapor)Ze(gdad phase elgpEscdagnioopdn Refrigerant

ogSe[pCicdfgéiofeon  Super heat ogSe  ogeofiamoopd S  maspdicuSom
e[gpscdeomalopé refrigerant op€ latent heat of vaporization aofgbedl 20pSi 32083050005

capillary tube oGooxqpgd20051 2209053050005 sagudsaens(diameter)p3a0pd Sodondegpts
a0o[gdoopd

320005010(p-0G)20p5 capillary tube gps Al§eomaelopé direct expansion cooling coil
0b9el § [goelopE: a38E8a0pbi eooopd DX coil 320p8: refrigerant $& 030505 dBeop,
eseomalopé direct expansion cooling coil vpesl 3§ [gdaopdn
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Valve _ To sensing bulb Dishes Cormeated Zﬁ;ﬂrﬁ?:}lanc -
opening laphragm I fins valve jnfeill gerant
External Valves / T, °F
equilizer ¥ i - 1
o . ‘-"‘.
¥ Air
To distribuor . o ._._l._nl r> \
.' = I\ —
— ) . |
Spring I.iﬁ_uid |II ° = III,;.: Disiributor Rffnlgeram
refrigerant R ~ A = \
Sensing / Drai ~ > —p| — Two-—p
bulb T30 Trap

/ hase

Superheating  Area
(a)

¢ 9-0§) DX(Direct expansion) cooling coil

98- Chilled Water Cooling Coil

Coil 200385 eaao0pd chilled water gpilg [gdeseoomelopé coil oodendoopd
622:650051 0365005 coil 22038:03 0Ea00pd GrogP:a0Pd e8a:a0pd coil & fin gpisé dBom
Goe 30gP:aopd coil ¢ 006so& chilled water 8803 8:e0C:090:00001 B FQONE[YPE:
[gC:elopE crosi 320§8 86e0€:cxnG: chiller water &1 320qS [gEon05cno0pS Chiller water
320E305(inlet pipe)oopS coil &l §600p500055 §eepdi Chiller water 320905305 (outlet pipe)aopd
coil &1 [§Ea0p50055 §aepd [98o0pSi Chilled water coil 920305 830z m§200505(pressure
range)20p5 (0qg)) ¢ (p00) psig 3203Egd200

FINNED
LENGTH
RETURN [ [} SHEET METAL
T FINS |~ CASING
g

RETURN

ROW 1 ] 3 FINNED BEND
TUBES ) HEIGHT .

[ d 3 g 5
3

Q%: SUPPLY f

ROW 2
TUBES

P
%

==

TWO ROW COIL FINNED LENGTH * FINNED HEIGHT = FACE AREA
c';) 9-0@ Chilled water coil (two row)
_ - T.°F
_:la > 1:*:T-LD -+— | [O]
— — Out Water
=13 ° :J HH'"‘"L--_____
e | — s T
: = O
| - z\
—1 —
a =}
—1 —
— — . Hot
L 2| |-—
2 g 2 B water Pu-
(=]
(c)

@ -0 Hot water heating coil
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9-6)-9 Hot Water Heating Coil

Coil 3203808 20g§02005 hot water oao0obi oBego0d hot water 2005 Groadd
FOGP0T 9000907 edaz0:00001 Hot water 0p¢ saped:§igts(heat loss)gdeol [t ecooa sap
o3ggCs(heat gain) [gdedlaopbn  Hot water 32083050005 8620p5305(g8[G: 309053052005
[gE305[gdoopd

Nozzle .

L | [ ] T.°F

>| | | | I Steam

Steam | 27 T | s \
in Steam o
2l )3 | O [ R

) il T - Ak —

-
Baffle/| ] [ -
£y Condensate
j [ | l ( ’ T out
{d} Area

@ 9-0@ Steam heating coil
9:§-G Steam Heating Coil
Coil 3209828 oS 320§[gEaopd eqesgieg(steam)oCamnaopdi oBesn0d GZ:a0Rd
Googpe  !ogPied  ebopogseomeopE  eeegieg(steam)opé  condensation  [gbedlom
condensate water =:5[gda3 elpicdom egE[gbogndaeaopdi 32083050005 steam  (vapor
form)=20305 (90 8209053052005 condensate water 820305(g62025r

100

100

Heating Coil Variable Flow

Cooling Coil Constant Flow

0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

Flow (%) Flow (%)
¢ 9- o Heating Coil and Cooling Coil @ 9- o Variable Flow and Constant Flow
O(p-Jo)og€ heating coil $& cooling coil o3l heat exchanger characteristics gp:o? codg
000200051 (- Jjo)og variable flow $& constant flow o036l heat exchanger characteristics qpso?
Gwdlgoonzoopd

Counter-Flow Cross-Flow Parallel-Flow
v

'
'
M po=

b

v A
¢ - Counter-flow | Cross-flow $C Parallel-flow

Gonhocdead

<
>
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eomEs0005028 Chapter-3 Air Handling Units

Hot media $& cold media 0303 c805q] flow arrangement a3wupod circuit Gda[gPsdd
eedlg com:00p0n Heat exchanger qpzaopd 00p56e0005002:90% c30d¢) counter-flow 1 cross-flow
5$C parallel-flow 0pe) Fa§jrza0:qps R[gPefrr20p51 Flow 06 o3[grseomaelopt g§8E2005 efficiency
qpieopb: opfqpioophn qffioop salgéars 3opds $¢ 33600 sppdh coppSiogeon

2.6 Coil sogub=oon: (Size)

Coil &1 32gud3202:0000 Geud:gSs(air flow or air volume) $& face velocity eologE
©oopbaopdi - Cooling load saedlogé guonpbeon Cooling load 20p5 coil g€ Ajoopd row
206q320305 $C fin ceoigP: 328052207 FPI(fin per inch)ed o€ gonpboogdi

ecodigSs(air flow rate)qpsqié coil e gEdso[gE e§oon(face area)copSioRrano0pS
Belopé 32gudma02:00p5000: [Binwo0pbi saonudelopadeadd face velocity aopd 2.5m/s
(500 FPM)cood3 ogSesant on§aoodoonseamaelopé [gdoopdi Cooling coil § fin oneogps
o [godognoopd ecusangiE(velocity)o? “Face Velocity” vpesl aopdi

Cooling coil gpszansadsel face velocity 2005 2.5m/s (500 FPM)oooS Gogpsesant
o§0005002:00p51 2.5m/s (500FPM) cood3qp:dlon water carried over [g58Ea0p5

Cooling coil § fin ooecosgP:el 320§ S20p5
o oCoaopdecoe Dew point temperature
T 000586630¢ 63606 PE) GrogP:e
20006emmE aneom eeeg,(water vapor)

qP:o0pS condensation [g6eAl 005

AIRFLOW DEPTH.__

o§ condensate water qp:o:)p_,S face velocity
|~ & 0gSs3mzalopé cooling coil &l 68005§
ﬂﬂ” _.:-""-- . ~ -
mJaEr drain pan edlBooqdd drain pan &
_— LENGTH  \FINNED <
f';\cnamﬁ AREA 2[gEo00533 eoypoy|at: (g0 0Bo3a3
: condensate eqgp: drain pan 3a[g€ad
¢ 9-Jp Chilled water cooling coil %@o&q@&gcﬁ) “Carried Over” o?eéT iDéll

Air flow rate (CMH) o3 00pB¢] face velocity 2.5 m/s $& o2:0q€ coil 8§oa(m?*)aB3qoopd
Coil o =oqpd(length) $C coil o =[gC(height)o? 005030568 332600001 GrVsGONE
doogn$(rectangular) cooling coil $& oopqS:dc0aS(square) coil $EGoopd 39505 ©oDES:
doogns(square) coil 20pd efox 0pBaopd  GrvseooREGooaS (rectangular)  coil  cood
Segp[03:0005n Coil 00p5ee0005g§ 0r&qe80d dgp:aodi
Square $ooN$ coil [gepdesseogod o3eoon copper tube gpig 332600001 delopE
o360 tube gpigod “Welding” o8ewpod “Brazing” cpdq$ c3=a6o0pdn  Rectangular $oogrm$
coil [gdq§ea0305 gpdeam copper tube 325p5:c05000 832600051 “Welding” o8ewpd “Brazing”
;spdicadodomn apdes “Welding” afewpod “Brazing” cpdq$ oa3o0obn adelopé eovseoont
$oogn$(rectangular) cooling coil 320783307 Sgp:0odi
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Cooling coil [gjopbe$ 3208:qpseoom, length to height ratio 005 2:1 [gdo0pdn 22615 $¢ 32[g¢
30§:0005 $6901 00690[gd20pdN
Coil e 32q520p5(g)eolgdag€ coil & 2[gEad (j)eoond defbesnt olgrpdaoeoi

[48cg&2005 cooling coil gpzadeopds elgrpdooal Coil &l 3a[gE(height)aopd sacg§lgagsagc
condensate water 2005 35[4Ce oge0Cieng§opt ecoesiiogssal(high velocity)elogpé drain pan

32098203 0ogo3 2[gEd oy8€eamelopé [gdoopdi esep 300d336[oPE coil &l 3a[g¢(height)
qPecg$iclon coil cod $6933(gd F[Beoobcodgliyl elgq:§Eaopdi Coil $690d:el 6300503 drain
pan oobso€oonqepd
1. TUBE BENT INTO HAIRPIN
2. FIN STRIPS IN BUNDLES
3. TOP & BOTTOM PANS
4. CENTER TUBE SUPPORT *
5. ENDPLATES *
6. BOLT & LOCK NUT
7. RETURN BENDS
8. HEADER PIPE
9. TUBE STUB

@ .
Dk

L1

W

10. MITERED TYPE COI
11. HUB TYPE COMNNEC
12. HEADER SLUG

$ -G Cooling Coil 0289038 dloGaopd :39805:39(‘?8:@: -

Coil Face Area = Finned Height x Finned Length

Coil Airflow (CFM)

Coil Face Area(ft?)

Chilled water cooling coil 0690RC dlo€aopd 228058a8E:qp:ad O(p- Jg)opE ewdlg

000200051 Geo(supply air)aopS coil 6 900500050 olq) fin onersgps SRjoypse [godagn:aodi
Chilled water 20p5 odofaecoel so§oqEonade coil 338 offGe [godBsoged: oCaxnaopd ecuad
eaeoff eqegeudondd(gls(dehumidification)gdeooopb “Cross counter-flow arrangement”wp
ol 200

9:Q AHU Cooling Coil 0opBe0005¢

AHU cooling coilod (- JG)op¢ [goonoopdma03E: dodanaerosgps(tubes)st fin qpeyé
00p5680005000200p51 Jodanerosgps(tubes) $& fin 0303 spegPOSOREEEEEI DPIOYgE
[ge9beco§oopdn  Coil & Godanerosgps(tubes)od  log8oog|(copper  material)gé  [gjopd
cons0pdi Finod saaq)88odaogyi(aluminum material)gé [giepecp§oopd e[o3e8cogp|(copper

material) & ©20pGo8 206050005 “Cu” [§620pdI Fag88udcogy|(aluminum  material)el

Coil FaceVelocity(FPM) =
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0peo3 2060500205 “Al” [§doopdi Chilled water cooling coil & header 20pS Sodsa[03:
oodegpEsam [gdaopdi

9.q-0 Coil &l Row $& Fin gp:

Coil &l 602000503 edl6[03pd0qIE [4Eq20p5 copper pipe oo§sqp:eh 326632030503 “Row”
0p 200590520051 Fins Per Inch(FPT)oopd 00dconde3a03E:§o0pd fin aneroigpiel 9266350305
[§820p51 AHU model 0ea3500pb: coil &l row $& fin saeqEa0g05¢P: o€ cooling capacity Jqps
2001 936005 coil & row $& fin 3eEIREOGPIYE GrLPdG3(air resistance) gpseodeoPE
blower eebom 30:60mE:q§ 320051 Row $E FPI (Fins per Inch)odo3 0p50398 2005905000503
6320053 ogpiopt epangE Aloopdi Fin qpisé §odeondooneomn tube bank 0od9ad:o? coil
068l 8300p5n 03 tube bank o3 circuit coSonerogpis Foo:00001

Casings

14 or 16 Ga galvanazed sipel,
depending on size and materal
Diptices: slumingm or Slainless steel

Casing holes
Dirawm to minimize
fubse waar

Vent connections
Top and bottom on all

liquid coils, top of
Eondansate headds on
Standard steam coils

Fins

Wewatfle, HTE or flat: 610 14 FPI
Muminuen; 008 0907 012" thick
Gopper: 006, 009 thick

Conneclions

Brass MPT for cooling
applcations, sied
for heating apphcations
Oiplions: brass or
steel Mlanged
Tubes
S8 00 = 024 thick copper
Optons: 020" or 035 or 049" copper
Headers

1* 0D x (032* thick coppear on One-Aow steam coils
Optson; 049" thick copper

Minsmum .060° bo 134" thick
cOppsr oF copper nickel,

58" 00 x 0,049 copper nicka| dapending on coll siee

$ - g Cooling coil 0269 00p5ee000500:003 Ged|goozoopdi
Fin sodjszaoniqp:

Cooling coil &1 pipe header o3 [309[gEsg¢ chilled water cooling coil 930S direct
expansion cooling coil(DX coil)[gbe[oapEs F[ap:§Eo0pdn Chilled water cooling coil &l header 20p5
Sobm[Be oodegpEiom|gboopdi Direct expansion cooling coil(DX coil)og€  refrigerant 2005
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expansion [96q$ cS=abcomelop tube meriedEgpigolgé oopbesondoosaopdi o tube
GVzgPeo? “Capillary Tube” vresl 2051

qodso[gEefoon(face area)opoopd cooling coil $6903E row saeqEacRed cpagq FPI
qpP:oopd cooling coil 20p5 3¢) capacity qpzoopdn qiodsn[gEedoon(face area)opoopd cooling
coil $6903E FPI 326220305 0paqI€ row 2a6qEacR0d ¢p:aopd cooling coil 205 3¢j capacity
Qﬂ33038§“

ROWS ROWS
1 2 3 4 1 2 3 4
— I — — R
RpZa ay I
) o o
w w
o} o}
< <
w w
—(—%e I < T
4-TUBE
FACE. E < ;
o a
% 2 2
[72] w
= =
| Z 8 3
<
L J L ~
FULL CIRCUIT COIL HALF CIRCUIT COIL
¢ - J5(o0) Full circuit coil & 9-J6(s) Half circuit coil
COOL WATER TRIANGULAR
_A¥ LEAVING COIL PlTCH
0¥ o
: "D o
o o
0] (@]
@] o}
AIRFLOW o (o]
o] (0]
AR LEAVING. 1 o | ?
T T
1 2 3 4
AR A AR GONDENSING ON THE COL ROWS
¢ 9-Jq Chilled water cooling coil operation ¢ 9-Jo Fow rows coil

Fin width gpseco tube 836q220305 gpiecolgdfGi(row 3266330305 qpieolgdEs) flow
passage 3268lodeqropds gpsoopdn Serpentines 926qEa0305 PGVl water circuit & total
cross-sectional area gpsecolgd[Gs water volume flow rate copdaqpzoopdi

" I

s | e

d D
m' _
&+ ,
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
Qe Q 990 Q992
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> serpentine
4 water circuit
8 passes

4 row 4 row

3 serpentine
6 water circuit
4 and 6 passes

Chapter-3 Air Handling Units

1 serpentine
8 water circuit
6 passes

6 row

$ p-p Cooling coil &1 32g/05320005¢p:( serpenitine 1 circuit 1 pass 1 row)od ceSgoozoopdi

——
)

<
NIIN
?E}*jif\

IS

) o0 O

7

T
g A

T

B
I
4
T

bt bt bd B

1 serpentine
12 water circuit
4 passes

6 row

-

2 serpentine
19 water circuit
4 passes

8 row

& 9-pp Cooling coil &l 3agj0533c005¢p2( serpenitiner circuit 1 pass 1 row)oB cod(goozoopdi
9.0 Dry Coil $& Wet Coil

Cooling coil 02692005 sensible cooling process 030 cwOeeoEesayE Bewrdd
006680E6520pd328103"Dry Coil"vpesl 20pdn 00dspS:3201g¢ eqegedanodfgé: (dehumiditation)
[gdees0ln Sensible cooling 000 ROgE80pd pbcSigpiogt dry coil o3 30ddgoz00p5
Condensation copd: olgdedlcor & coil &1 qodg0[gE(surface) 22§05 0€a20pd crvei Dew
point  300§8(temperature)aood  [gSes0pdm0al§:  [gOo0pdn  oBasc[geacs(condition) o
condensation 6[gd8Edli B sensible cooling process o3 psychrometric chart cologé ee[g€p3cdEs
(horizontal line)|g¢ ew5lgoopd

Cooling coil cod9ei qjod§o[yCaapd§ (surface temperature)oood o€aonoopdecos dew
point 220§ (temperature)ooc5§600pd32615000 o coil cdlogE condensation [gcAl §Ea0pS
00655:34gE B coil 03¢ eaEgESRd[gE:(dehumidification) [gdcdl copdi

ofs(serving area)e cooling load 3a500:cdom  c83xbeomelopE  chilled  water
;spdscudooncoil 330p8:03 B:0€a00d part-load operation o3wwpod part-load condition 32305
cooling coil 20p5 “Dry Coil” 30[gd ce0ngod(perform)apbesoopdi 0odspdiaanyé od coil ogé

eeegedapad(ges(dehumidification) ofgdedlcor
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Cooling coil 02&920p5 sensible cooling $& dehumidification process o3 cpbesonCaesagé
030005 cpdeamntaesoopdeaslod “Wet Coil” vpesloopdi o3 coil &1 qd§a[gEse0gS§o0pS (outer
surface temperature of the coil)oop5 o€eepadaxn200d Geosl Dew point c0oHEGes0pd 39l
[§820p51 Baac[geacs(condition)og erooopd 200deemnCom:anpd GaegyPie?d 005052005
6a0n88Egd: w§eoneomelopE condensation process [gded aoopdi odsa¢l cooling coil 9005
condensate water o3[q¢ 8godeseomalopE “Wet Coil” vresl [g€{gdoopS

® ©

=
s & - *
A m w
% = =
8°DB._ __| ~ c:D; W=
: 23
\‘ - o =
Qg__w;B_'__._ "“'BQ“D:B“."" E SE
* : [
Bl BPeual “FRE SIWB. . S
“J__55D.P. . E g
ARFLOW,. | ™ cooLm &8 S| CONSTANT
COIL Q o MOISTURE

— INCREASE—» (g

DRY BULB TEMP. w€f3,>4
80(:;’/‘

@ 9-96 Cooling and dehumidifying process of coil
200050102005 chilled water cooling coil 029 & temperature gradient o3ewd[gaon:a00i

1. °F I.F
o Air Air
5 2
o0 . @ -
f Refrigerant
s 2 =
Water
¢ -9 Chilled water cooling coil Q 9—9@ Direct expansion cooling coil(DX coil)

Chilled water cooling coil § chilled water o3¢ sensible heat gain [gbcoonelopé
ap0ogod(leaving temperature) 00p§§2000 =0C30dS(entering temperature)cond  GgEoopdn
Direct expansion cooling coil (DX coil)§ refrigerant g€ latent heat gain [gdedleomalope
320858300905 OFS o[PpCicdy Ispdscudomn§oopdn Refrigerant saqpd =ofgde refrigerant
F26g(vapor) 33(gdadom elgpindagazaopdi
- AHU Cooling Coil Specification

Cooling coil 2005 air distribution system(air side) $& chilled water system(water side)§69
[os0pE§eoon equipment [gdoopdn Airside load $C chilled water side $&gsajogpioge o0
opse|gpEdgts(heat  transfer)gdesnt [gopdeosaopbi AHU cooling coil & specification gps
e[l coodgn §9:c0p5aqIE Air con 3EqE8unmdeuNtH3gd  ©gdopb8EN  Coil
88&:50 00de0N0H033 cvpdieomEn coodapbay (manufacturer) 0odEO5033 CvRdieomE:
§72000p58E36005 saadi{gjon(user) 066uIN050333 §9:0pdqs Bba0p5
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632005038 eedjgoonzoopd cooling coil specification 20pS “York” ¢ 0pobcp62005 AHU
o0dadsai technical report o3¢ GwS{goonean cooling coil 3a3E:e 3agj053ac005gP: [gd2opd

COOLING COIL SPECIFICATION (1)

ALTITUDE ft
COIL TYPE BDW
TUBE / FIN MATERIAL Cu/ Alu
TUBE HEIGHT / FIN LENGTH 38/87
ROWS / FPI/ CIRCUIT 6/8/D
COIL AREA ft *im™) 28.63 (2.66)
AIRON DB/ WB °F ("C) 75 (23.89) / 64.4 (18.00)
AIR OFF DB/ WB "F ("C) 55.21 (12.89) / 54.01 (12.23)
FACE VELOCITY FPM (m/s) 474 (2.41)
AIR PRESSURE DROP in. Wg (Pa) 0.38 (95)
SUCTION TEMP. FOR BDX "F ("C) -
WATER ON/ OFF TEMP. °F (°C) 44 (6.67)/ 56.05 (13.36)
WATER FLOW RATE GPM (m%h]  69.7 (15.83)
WATER PRESSURE DROP ft. Wg (kPa) 15.4 (46.20)
SENSIBLE CAPACITY Btu / hr (kW) 295,650 (86.6)
TOTAL CAPACITY Btu / hr (kW) 419,900 (123.1)
COIL SHF 0.7
Altitude (ft)

oCooudeqyé(sea level)o co(feet)opdqgtoopd esepogé onbeolmoddges egegied
(select) 0020005 a3e0r0d 8&E:0056002:00p503 cwdgfgCgdoopdi 3a000Se(opadeasd crooopd
[g¢(altitude)o? c8ode) 936a0p5q(air density) e[gpE:deseaonelopé [gdoopdi

oCoocdeqyée JlgEecor cuaddaopbsen(air density) Ssob:ecw [gdoopdi AHU blower

& volume flow rate welgpEsdeomelopé eroadbo0pdieo(air density) spbeco mass flow

$p5:600 [g6[8s AHU @il cooling capacity copds c8absp5:0g2:00051

oCooudeqgée [geo(0nn) 320385 AHU gieaonieapd(performance) qpign opolgeig
o§eon :[gS(altitude) codlgoongls ofagiE oEroudeqgE(sea level)za0305 [§92005 vradadaopd
Coil Type (BDW)

Coil =a§jpeeon:0d  ewdgoonsoopdn  Coil  0oodScvdon(manufacturer)gps  026GLI05$E
005GLI056N coil o0 200569050 wopoBlojeon

Tube / Fin Material (Cu/ Al)

Coil &1 tube gp:0? 6[038 cogp|(copper)gé [gapdaonzoopdi Fin gpod sacq880d cogy
(aluminum)[g¢  [giopSaonzoopdi elog8oogy|(copper)dl @oreos 26adEES “Cu” [gda0pd
20|68 0d20g|(aluminum)ell @09603 20605002005 “Al” [gdaopd
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Tube Height / Fin Length (38/87)
Tube &1 :5[4E(height) $¢ fin &l 35q5 (length)od cocdelgE ewdgoorgE:s [gdaopd

Rows / FPI / Circuit (6/8/C)

Coil &1l 602:000503 =aedelogpdag€ [§Eqaopd edalEadnd(Vertical) co3:305(copper pipe)
00$sgPiel 36RO row PAEdeoda00N Fins Per Inch(FPI)20pd 00dconde3a0pE:q fin
NGOIgP:ET 3266320305 [§920p51 AHU model 0peaobcopds coil &l row $& fin gpiagi€ cooling
capacity qpsoopdn a36aod coil & row $& fin FeeeEOREdgPIgIE GrLPdgI(air resistance)
qpeeonaeopé Ssmsoyeolsq(pressure drop) Sqpzoopdi odelopE blower codomsm: comniigs
cBoopd
Coil Area

GoogPigodoosog8taoopd esepel edunn’ eudlgoonsoopdi Cooling Bwwpcd heating
00660:8E60m e5epel e§oncopdgdooodi Coil e§omoopd AHU model $&a3E20p51 AHU model
[03:q€ coil e§uon gpzaopSi Coil 8§03 oopg§ico $& 00Dg§:Bom $6§EnddgE cwdgoomoopd
Air On DB/ WB

Air on a820p5¢0 cooling coil 3209E:08008eepad8 Groal 20 §s03 83320001 olecve
205$[g620051 “On Coil Temperature” vrcopS:esl 20051 “On Coil Temperature” 2005 cooling coil
$800520050005 @Alumeood9[gd(G: “Air temperature just before the coil” vrcopSselgpene§oopdi
Goosiohoog3gps(air properties)qpeaiadiod 03050p8EqS 330305 Dry Bulb 3205$ $& Wet Bulb
saﬁfz?tl% o%@& Gcﬁlgooo:o:)én °C [§c§oaoraoo °F @&\)é G(ﬁ@ooo:oaéu
Air Off DB/ WB

Air Off o320p5¢n> cooling coil 2038:0 oSBGgs: ecoel pgSa3 eBcBaopS
0godecuel 2209 $[gda0p5n “Off Coil Temperature” vpcopSseal 20pdi “Off Coil Temperature” 2005
cooling coil $800520050005 GAluIgEd9 [gdaopd “Air temperature immediately after the coil
0peopds elgpenpoopd erosioaoogdyps(air properties) sao:di0d 0305088320305 Dry
Bulb 220§§ $C Wet Bulb 300§8 odg¢ eodlgoon:aogbn  °C [gGomem °F [gEcopd: esdlg

00080000

Face Velocity

Cooling coil 32098{godagniean erozacC(air velocity) [g&o0pdn codspdizandyC fin
GLgPe 3[0: [§odagnieom erosaayE(air velocity) [gdaopdi 2.5m/s cood3qpeG: cooling coil
20pd “Wet Coil” [gdesaqié eagSonecoigp:aopd egdgod(drain pan)adad  wogpdeoyPy
oqeoneopé AHU [036:08:00090: eqgpist [godagiescddopdn a8 eoqpoygliod “Water
Carried Over” [3®oopSup elgpadlogoopdn oBmp[ge fin onecosgpranjogpiogl Grooopd Fa0gs
oqelesen [godoosiognieomalopé sapopselgpligts(heat transfer)gdqs so§§ oadeconodao
adeloppé cooling coil 2005 efficient ofgdeompeon Chilled water 20p5 Geo(air)ode 3a0(heat)o?
9O0pqs Secdecmodeon Face velocity 2005 codog§ag€ (J.9)803(2.5m/s or 500 fpm)
c005eemPas 0§2005002:50500p5 cooling coil 82005000 [g620p5N Heating coil i face velocity
20p5 oodogr&aqC ()80 ¢ (G)8ommacys [§88E00
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Air Pressure Drop

eoo0pd  cooling  coil o3 [godooSognioopdendl  9dsans(resistance)  [gdedl copS
Bodsmelopé  erodams(pressure)  ogeolsogaoopSod  “Air  Pressure  Drop” [§€  eodlg
20p0n  gd:eeontepd(capacity)opeoon AHU $6cd:p€  crudsmsogeolsq(air pressure dorp)
qP:aopd AHU o3 eegequdooteon erodsmioeolsg(air pressure dorp)qpefgCsoopd  blower
eenliqs 320600050005 Jqpzoopd gb:eaE(enegy)o? 03:8(gEdgdo0pdn AHU @ 200500850005
()50 (00)sd 320982 [gdo0pdn 35506000 g&3aE(energy)olgdllen $6eIEqpign [g§:0B:
e$[a¢: [gdeomalopE edsgeguwan sacgsgpoodi
Sunction Temp for BDX
Refrigerant 03 o3:e000 direct expansion (DX) qps320305 200[gdoopSi

Water ON/OFF Temperature

Water on e320p5¢0 cooling coil 2203E:03 woleepadd chilled water ol :20§$03 38
2001 00dspS:30egC chilled water supply temperature o3 83300051 “Water temperature just

before the coil.” 0pcopd: elgpecp§oopdi °C [g&omem °F [gcopds eudlgoonsoopdn Water off
aB20p5en cooling coil agodG:ome chilled water &l 320803 s3c8o0p5H 0od55:eagE chilled

water return temperature o3 a3c8o0p51 “Water temperature immediately after the coil.” opcopSs
elgpecy §20p5n °C [gEamwm °F [gEaopds cudlgoonzoopd
Water Flow Rate

Cooling coil specification [g6cooa[op¢ chilled water copdooSg&s(flow rate)gda0p5n Coil
320982 6quEdN 6pdg[godao§:azni000503e3ad00p5I
eqropdoodgss(flow rate)gpsecy total cooling capacity gpieco [gdaopSi oBea0d eq

copboodgs: gpieco 8zmsoyeolsq(pressure drop across the coil)gpiecd [g&aopd

gbses0nCqpd(total capacity) opeoon AHU $60d:03¢ chilled water copboodg&s(flow rate)
qP:oopd AHU o3 wegegodaoeon Chilled water copSoodgSs(flow rate) qpsaopd AHU @i cooling
coil 20p5 efficient ofgdeomaloppé chilled water copSocdsSeqpign 83a5[gEHgboopdi ondspds
304g¢ 0332500000005 Jgroopd 0§g&:3E (pumping energy)od adges[gElgdoodi

Water Pressure Drop

Chilled water supply pressure $¢ chilled water return pressure o3el [gpeso:qo5[g®aop5n
Chilled water supply pressure 205 chilled water return pressure cood Jqpzqepdi o s
(pressure)[gpzgnzg|ode(ogp&oon chilled water 2005 coil 35038203 B:08[godo08:a304gE: (S5

Chilled water 8:08gSs(flow rate) $& cooling capacity opeoon AHU $&cdiopE Ssans
ojeoCsq(water pressure drop)qpsoopd AHU o3 wegegdaooeon 8amsogeolsg(water pressure
drop)gpeg€:o0pd  0&g&:3aE(pumping  energy)od 8336200500053  0d:g[gCegdoopdn  AHU
o0badiel  2005006:0005  (9)s00  (00)5dm0038:  [9d0pSH (00)sbeoyd  0§gE:EaC(pumping
energy)o? 82260005 3] %8st [g0o0phi dBelopE g&smalyp: sacvLIo [gSoBiep
Gepo5a0pd
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Cooling coil s20Es&a0905e[op: chilled water dsansoqjeolsq(pressure drop)gpseco chilled
water &:0Cs8:(flow rate) gpieco [gdoopdn Chilled water 8:0858:(flow rate) gpseco
Baansogeosg(chilled water pressure drop)gpseco [g62000n 22[g&3a00s wSan§fog0p5

9-00 Sensible Capacity 1 Latent Capacity §>§ Total Capacity
Sensible Heat + Latent Heat = Total Heat

IP 0ps® Geoospdigp:
Qsensipre(Btu/hr) = 1.1 x CFM x (t, — t,)
QLATENT(Btu/hT = 0 68 X CFM X (WZ - Wl)
Qrotat(Btu/hr) = 4.5 x CFM x (h, — hy)
STopsb geaogpbiqp:
Liter
Qsensipe(Watt) = 1.232x Sec © (ty —t1)
Liter
Qarent(Watt) = 3012 x S x(Wy- Wy)
ec
. . Liter M — b
QrotaWatt) = 1.2 x Sec x (hy —hy)
CFM 2800905 L/s = Volume Flow Rate of Air being process.
hy-h, = Enthalpy Change(Btu/Ib °F) 2860305 (kJ/kg °K)
t-ty = Temperature Change(°C) a30005 (°F)
Wa — Wy = Humidity Ration Change (Ibw/Ib d.a) a3ew05 (kg/kg d.a)

Cooling Coil Sensible Heat Factor(SHF)Formula

SHF = Sensible Cooling Capacity(or)Sensible Heat Load
a Total Cooling Capacity(or)Total Heat Load

where SHF = room sensible heat factor
Sensible Cooling Capacity a30w05 Sensible Heat Load (kW or Btu/hr)
Total Cooling Capacity o3ewp0b Total Heat Load (kW or Btu/hr)
SHF 2005 ©pbaopdsadly) (0.0)c005 weogpeon SHF 2005 (0.0)gdaopdsadly sensible

cooling capacity $ total cooling capacity o3 opp8[o30005 Latent cooling capacity 98ewpdb latent

heat load oy o3c300p51 0odssEagl GrLOd0RE§LPY GaegyP:Eac0d latent heat
©050005[g€: ol A3 cooling coil 0z¢ eqegELdonad(gEs(dehumidification) olgbed §E€zon
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Coil Load

Coil load 8320p5¢0 coil © ©oSqp:8€aeam sensible heat $& latent heat (cOIC: total heat)
oen[gd20pd1 “On coil temperature” &32005¢n> Cooling coil 22038:08 ofdliecosl 30S
[g®20p5 “Off coil temperature” a320p5¢> cooling coil © 0gadsle GrogpPseIzaRs&gda05N Off coil
20 (temperature)od [03p9¢) cood§ecoBasss(air flow rate)aopd §oot §adadoopd vedrancond
qPogseo0pd 980wp0d $b:p§:a0p503 9§08:88a005N Cooling coil ¢ agodognsoopd chilled water
2082005 12°C 9§ [§0gi€ off coil temperature 20p5 12°C 930005 11.5°C [§6dlon Groagss
(air flow rate) 205 §gepd 000 $pd:ig$ia0pbi 17°C adewpod 18°C DB 3dlon crudigs:
(air flow rate) 20p5 qpscg$20005n (Pre cooled coil 3030500§EC)

Wet Bulb Depression
“Wet Bulb Depression” &32005¢n off coil air temperature & Dry Bulb(DB) $& Wet Bulb
(WB)[gp:502q)05[go0pdi Off coil air a3wwpod leaving air ¢ “Wet Bulb Depression” 20p5 0.1°C ¢
2°C 32098:{gda0p5

“Wet Bulb Depression” 20p5 fin onecosgps 00b9$Cond9 salogpizangaaco: (fin

spacing) $C¢ GoosaaqC(air velocity)eologé  @oopSoopdn Fin  spacing  oqdag€  (fin
006950009 Gog&iagiE) “Wet Bulb Depression” $p5:c866p51

Over cooling cv620p538l03¢ large wet bulb depression [gdedaopdi c06§ coil gpsel
Wet Bulb depression 205 0.5°C ¢ 1.0°C 2203859620051

Chilled Water Velocity

Copper tube 22038:§ chilled water sacg€(velocity)aopd oodog&agiE(0.9)80m58:(0.3
m/s)oo0d ogod:eoq 0.3 m/s coodspS:dlon turbulence flow o[g6§Eaomalo3pElgdaopdi Cooling
coil &l tube gps3203E:5 turbulence flow [gbes[gEsalopE coil el 200Bs0n:8Egd:(heat transfer
performance) 33comEsg&amnoopd  98eo0d codoREgE (0.9)80m58:(1.5 M/s)a00d wemp
coqi 1.5m/s coodqpsdlon tube gp: 0305edegCs(erosion)gdSEaopSi 326005  tube
:26qI0x050005  $o5eomelopé  ee@anq(water velocity)qpsg: [§daopdi eq@acq(water
velocity)qps[gczelopE coil 61 eqdsaiageolag(water pressure drop) qpsS€a0odi eegangE(water
velocity)qps[g€selopé oSel gdimaladgy qp:c8éepdi
Fin Spacing

“Fin Spacing” a820p5¢n fin onecosgp: 00d9sEode  eajoypizaogzacOgydoopdl Fin
spacing $p5:qI€ 00dcLHe 9Juupod 0od8om 20pE:S fin IeaEIREdEPIg> 8RS
12 FPT aB20p5¢0 12 fin per inch (920051 oodcoodesacgEiané fin anerosgp: (o)) §oopd

Coil &1 qodsn[gedorn(face area) Boupod finned area 205 L x H [g&20p5n L 2095 coil
& 325 (length) 2800pcd tube &1 3ag5(length) (482051 H 2005 coil &l sa[g¢(height) (96205
Cooling coil &1 320%sqP:eo0n tube sagudsnonigpoopd 3/8” 1 1/2” $& 5/8” o3gdoopd 8 FPII 10
FPI 12 FPI $& 14 FPI 02000 fin spacing qpso? sagpeads 6op 8E20001

Air Flow Rate(CFM)

F Velocity (F =
ace Velocity (Fpm) Face Area(square feet)
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Coil & sp00(depth of the coil)oopd row seeq@aoz0dedoa€ ©oopda0pi Row
226q30905 gPed coil 3ooecw [gdaopdi

Q =UxAxLMTD

Cooling coil & gd:esonCqpd(performance) comCEieoqssaognd heat transfer coefficient
qpees?nt cpd[gefgSoopSieomn qdsalgE(surface)sfomgpiesnt apdgElgEaopdieomes Log
Mean Temperature Difference (LMTD) gpiesané cpd[gésgéoopSieomé: [gjapd8Eaopdi

AT, — ATg

In (%)

Log Mean Temperature Dif ference (LMTD) =

AT, 2005 temperature difference between supply air and return air [g92051
ATs 2005 temperature difference between chilled water supply and return [gdoopSi

:ooxe(plig(heat transfer) 38comEgseoq$3s0305 Log Mean Temperature Difference
(LMTD)gp2e3n  [gepdeodglaopd  sacomiiedicamn  $o0:0bdgdoopdn  U-factor 2Bowpob
thermal transmittance opcopbsesla0pb heat transfer coefficient 2005 coil & overall heat flow rate
o3 eedlgoodi
U factor 20p5 6300531329105 ad:gjodedl0g€ gonpdoopdi
(0) Air side coefficient 20pd ofcxoopd air stream $& fin godsolgE(surface) $69
mlopiopEfecon heat transfer o3gdoonseoon(resistance to heat transfer) so93d
so0om:zaeBs(barrier) [gdoopd

() Water film coefficient 20p5 chilled water $& copper tube ssfoypiop&feoon 20939
2000:3088: (barrier) (9620051

() Thermal conductance 20pS aluminum film $& copper tube safopp:op [gdedo0pd
conductance [g&2001

Coil o0d9apt erudigss(air flow rate) gpsconaqé segoneplig 998Egbs(heat transfer

resistance)spd:0g0:00pd1 a320p08  GeBegSi(velocity)qpaonagié water side saponie[gpsg
958Cgbs(heat transfer resistance) $p5s0g2:00051

Fin qp:  Qoogn$(geometry)od SeomEesnt [gopdlglfyé overall heat transfer
coefficient 33eomEigs cn8Eaopdi Coil & gdsolgCedomn(face area)od gpresmEadlgldyt
0 ope[gplaq(heat transfer) 3eomEiesant [gapd§Eaopd

9-00 Cooling Coil Header Connection

AHU gp: $E cooling coil gpz 0uSopgs Bewrcd ezaddl(order)enqs 320305 do5(header
pipe)oopd PNy oodeofoopd(Right Hand — RH coil connection)adewrod  onudonade
0069082005 (Left Hand — LH coil connection)o? eedlgeosq$ a33a600001
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BB eedlya$3e0305 [030epbapaopd return air ecoofedlodad gedso0e) connection aopd
p209005(RH)2B00p05 90050005 (LH)gbefo3pEs 2005600562005

RIGHT HAND (RH)
COIL CONNECTION

—_—— =
—_

QuTSsIDE
FAN /if

| DRIVE HAND/
SECTION I

& COIL HAND
DETERMINED BY
FACING THE
FRONT OF UNIT
(RETURN AIR
INLET SECTION).

RETURN AIR ° 'S'E'éﬂo,.,

<°3 9-9q Righit Hand (RH) and Left Hand (LH) Coil Connection

9.0 AHU $& 3000006908 qupd Pipe | Fitting $& Device gp:

& 9-00 AHU $& 320p0068080020003 pipe 1 fitting $E device gps

Chilled water supply side og€ | Chilled water return 900503¢ §ooeoon device gps
§ooeam device gps

(A) Gate valve (Isolation valve) (A) Gate Valve (Isolation valve)
(B) Pressure gauge (B) Pressure gauge

(C) Thermometer (C) Thermometer

(D) Strainer (E) Balancing valve

(F) Motorize valve 9300705 Chilled water control valve
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9-0J-0 (A) Gate Valves

Gate valve 03 AHU & chilled water supply $& return 305c88:038 8cbqfsé ¢l
(isolation c¥6§$)320305 006s0E00nqs BmGo0pdN oofgpicamn A3§udgps(devices) [godqS
[g€s0Ces 5C [g§copbondeolonpdensl eqypiagodemjesant Bo5g8ea0g05 03§uxgps(devices)sl
2[gEon0Hed:] 006508qSs 332600051

0065p5:3204g¢ chilled water supply 305c8E:0E AHU ¢ 3260500t esep] cogeep? fitting
20p5 “Gate Valve” [g8[: chilled water return 305c38: o€ AHU ¢ soc0sed: § cogqepd fitting
2005 “Gate Valve” [gdo0pSi 00dgodesansqé gate valve $692005 AHU @il supply 805 $E return
805 o} m[gConodadiogt 0opb§ogeon o3§uogp(devices)gdoopdi sag§eoon gate valve
qPod 63:00503¢ Ged{goozopd

O

s

& o

9-0J-J (B) Pressure Gauge

y

6 9-p@ 32§r§jreo0> gate valve gps

Pressure gauge o3 chilled water supply 305c8&: $& chilled water return 3o5c3&:
($690050002)03E onSe0Cooqepdi AHU @il cooling coil 32038:03¢ chilled water 8:08as(gC: &

o803 B8EqS 320305 onbeoloondfgl: [gdo0pdI eqropSuodgss(chilled water flow rate) o3
066 803q§ 3003050005 32034g|o0pdI

o

& 9-Go Pressure Gauage g $ 9-Go anBBomgps

Chilled water 8s58:(flow rate)oopd chilled water supply pressure $& chilled water

return pressure 036l [§p:52gJ0d VOMSE 305§D Sagiro0pdn Bziop[gPigod(pressure
difference) gpseco chilled water 8:58:(flow rate) gpzacofgdoopdi

AHU & specification o€ eublgooneoon differential pressure across the coil 61 0083:5¢
pressure gauge $690qeox 00§8:0303 §E:009[gE{9¢ 2pwSonmudegBigss(Actual chilled water
flow rate)oopd 83E: ceBig8:0005 Sqproopd 9Bewrcd B5pd:000503 98§8E2005n Supply pressure
gauge ¢ ©0d0pqR0oRd 00§8:03 =addgg Bsans(pressure) GomEa weoMEiaBoopd: of0s:
§E2005
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9.9 -9 (C) Temperature Gauge ojwupc5Thermometer

Temperature gauge 9300705 320g803E:00p5000880m (thermometer)o? chilled water
supply 305c3&: $& chilled water return 05038 (5600500%:)03E 0n6s0Ecozqepdi Chilled water
supply temperature $¢ chilled water return temperature o303 ©0509§8350305 00680C00gEs

[820p51 Cooling coil &1 g&eaonapd(performance)o? odesoigsst §).u3C:q0dgpeggs(trouble
shooting) [gjcv5§§320305 00680E00s(gE: [gdaopdi

9-9J:G (D) Strainer

Strainer qp:03 AHU il eegaol(chilled water supply)anodogoon o0obsolqupdi AHU
:038:03 olegpodamneon chilled water $E3a0pdloneom Sadicodyps 38odgped 20§ of
(filter)q$3203051 cooling coil &l 3o59503E:9005 BaSqEd8gEse 0m0Rudes 320305 3220q[gE:
[g620p51 SqpssC 32805203 strainer 320385 058ese3nE 83E: [grodooni0bi Belopé
strainer 32038z s0$al(mesh)o? [gode] 00 esozelopa0§elgl: cvdeogs 332600001

B

¢ 9-G Strainer ¢ 9-Gp Balancing Valve

9-0J-§ (E) Balancing Valve

Balancing valve o3 c82260005(design flow rate o3eoq$) chilled water flow rate q§q$
320305 32054g[gE: [g620p5
Pump $C 8:00p) AHU gpoopd 8ododq) friction loss spdseomefopl cedigss(flow
rate)qpegp: qecpdoopdn Pump $& 8:6000 AHU gpsogl ad9a600p5 c0053qpeoopd chilled
water flow rate 8:08c509€ pump $C oo AHU gpiopl cBsabeom cedigS(flow
rate)q%&gé QUPOSGOOQGOH

99-GG Two way valve and three way valve ¢ p-gg) Chilled water control valve and actuator

9.0 .6 (F) Chilled Water Control Valve 53 Modulating Valve

AHU 03¢ c33066000 chilled water 8:55:(flow rate)oopd AHU @il cooling load 03 ¢oopSq)
e[gpEicdegoopdn Cooling load $& cofeagpoopd chilled water Bsgfs(flow rate)qg$ 00305
“Valve” $¢ “Modulating Actuator” oo 6eon&godeosoopdi
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9.0p AHU $& FCU Drain 8oSqp:
AHU gpseanscdiopl  condensate  water
qP:od 0odopodeEaeog0d drain pan ¢
From AHU 5~ /_ drain pipe o06eofoongf B=abo0pd
Condensate b= Drain pan o3 AHU 005062000 005§
OrainPan 7 Hand Tight Plug  02680& G0:c80500001 Drain pipe o3 AHU
= ) obeofopdesep  (site oBRE) [gopd
= 0o8e08qoopdi Air Handling Unit 038z
drain pipe o€ trap 006s0Coonq§ 3326
20pSi Drain 30503  efogs(copper) 805
¢ 9-G6 Trap for Draw-Through Unit afeopad PVC Godepi{sé [gepSiogaogbn

Hand Tight Plug -

Tee joint $69 $¢ [g0d$E 006§E2005(removable) plug dloeepdi Removable plug o3
20§qEeaggpdes $¢ 80dadugpind 0dee0:g8330305 0obe0Eomndgls [gdoopdn Trap gp:od
aoeagpeomn :gEafesnt [gpdooqepdi [gredaofaopd =o[géoopd fan & 09053z
(outlet pressure)oenan edlog€ @onpboopdi O(p-66) $E & (p-6q) o€ [goomropdeacdE: [grd
2000

H = 2 x Fan Outlet Pressure in mm of water(mm W g)

Cleanout Plug Location

--_{ll* Drain Pan |
" I M I
); ' @ s e
A
Y W\ ,ED Insulation
Nl

1 " U-Bend

$ 9-Gq Drain Pip 0065088320305 22038:300004p:03 cedlgao:d

X = Negative Pressure Fan Static Pressure + 15mm

Y = %5(X) + 25mm or 75mm Minimum

AHU/FCU 3agudseen: (Thermal Capacity in kW) Drain 3o53agudeson:(mm)
7 kW 2203 19 mm (/G c005630d)
7.1 kW ¢ 35 kW 208 25mm ( 0 cLdedad)
35.1 kW ¢ 106 kW 2203 32 mm (0 CLE5e3305)
106.1 kW ¢ 176 kW 3203 40 mm ( 0-p/G CV5L305)
176.1 kW ¢ 616 kW 3203 50 mm (j c0056305)
616.1 kW ¢ 1050 kW 503 75 mm (9 c0056305)

3-30



comEicooiop§, Chapter-3 Air Handling Units

0.06 Air Handling Unit ( AHU ) $& 20058382025 0pb:qids(Code)qp:

(0)  Air Handling Unit gpsopE co&eagdaopd control device gps 0068080022 qepdi

()  AHU gpsog€ saaddgjoopd cooling coil 2005 finned coil sagjgeaen: [gagE 8 row coodedq
(8 row 05 Joq€ 0§qlieqerr0qs 905520p0N) Air treatment process qp:ca‘ﬁ
83209105324 row Jqpeoon cooling coil 03 xdsofqé a33260lon cooling coil $69 c0bg)
0069088820001 afea0d  wfqlee(cleaning)opbes & servicng  cvOqS 320305
006005600 G5EP30q0d §aepd

() Cooling coil © ogodcaeox condensate water qp: GedOS0p0dqS(drain) U bend o3
=20)4g)| qepdn Condensate drain pan $¢ floor trap sajogp:opE [ogrsdeco §gepdn (Air break
between the condensate drain pope and the floor trap. )

(G)  AHU o3qdsms(switched off)c8052005 24l cooling coil ¢ agodanoopd condensate water
qp2 AHU 3203E:03€ §oesesant 8&E(gopd qepSi 06s0Cqepdi

(§) AHU @i fan a3000d blower 03805[G:00p0228 cooling coil 2a038:a3 chilled water gps
8:0Cas[gC: ofcoq

(6)  AHU &1 20038:38: qod50[gEaopd 208 Cseeppdes cgudonesmE [gapdaondGs abrasion
resistant sa§jge200: [§deepdi

(Q) AHU 0060800050000 209§:30038:8 0godigp: BeaprEal&:005:000dgE: lgin Air con
system $& 0200538000 0gpSiqp: AHU 9008:32038:5 woodsqu oofgp: system o
B§oongp: 0odso€aonigés(installation) elgede

(®) AHU gp:o3 Code of practice for Fire Precaution Ol opdsqd: 0pSsnbiqps3aodts 83E:
c06qepdl euntssE(operate) qupdi Bsabeom Bieoniaagepud mEseoieocs: 332005
(fire safety requirement)qps c805§0q0eRdi

9-96.0 AHU Fan System Design Criteria
AHU 03E006808000:0005 fan a3ewpod blower o) 665002005 4 kW 0005 Jgpzdlon 6320050

a0 52058 88526 QS

Fan power limitation in air conditioning system

Allowable Nameplate motor power

Constant Volume (CAV AHU) Variable Volume
1.7kW / m3/s 24 kW / m3/s

Variable Air Volume (VAV) AHU 20305 fan nameplate motor 20pd 2.4 kW/m3/s cooSedeq
(00dog&gi€ 008anodom Gruogndss: qq$eec305 AHU 6650200005 2.4 kW 00058 0ad:dq)

Constant Air Volume System (CAV) AHU 330305 fan motor &l nameplate reading oopd
1.7 kW/ m3/s coodedqi (00dogmSagié oodopodom(l m’) erocgodgs: 3005 AHU
6650200005 @&:32E 1.7 kKW 0005 Seod:den)

Air conditioning system 2005 63200503¢ Gwd[gooneom $biqpi3asade $05:000GEGEGE
:208eaqpod do5[gEs(automatically shutdown) [geeSqepdn
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(o)

(®)

(0)

(w0)

(c)

(o)

(s0)

(®)

(q)

7 day timer o800yd5 schedule ood§§jfsE AHU o cunsfgls qd[gts(start/stop)[gicpd
8Equpdn Manual override [gjcpd8Eqepdi oang(gEa 8od[gE: [giapdes$ (temporary operation)
20305 $6§0§ 6edC:(G: :208e0gPod Bodaopd function §jz §eoaedi

Occupancy sensor 0o6e0E0os(Gs a3 occupancy sensor o 8s&(p0)32038: 0odPEELNH
glo§(no occupant)op sdggod(detect)agi€ AHU o3 8obud(shutdown)qepdi

Security system $& §odsooSconid: security system ¢ 3208:3203C:038 ©pbong ofwp
20050050qI€ AHU 63 8obod(shutdown)qepdi 8200050ls00:qpo0pd Bonud epdedsgp:
(guest room) $& cudlsopon 309E32805 [gopb8Ea0pd (manual  on/off) AHU gps
20305005 320702001

ceodigSs(air flow rate) 5 m3/s c0o53qpzoopd AHU qpsog€ optimum start control $05:3lo8
qopdn Optimum start control algorithm oR& set point $& 20983208 (room temperature)
o3l 3p§Soxo[greqod(differential temperature) $& scheduled occupancy ol =a§$
2038:2007 0303 c0pbag8s 0g05g/05 conqERdI

006006gE:803 aS30[gd 2005005(G @S§0od9qt:Bel AHU o3 3o9¢ 32305 [gIpo8Eaepdi
a$(zone)ondeel  e§onzaogdaopd 2300 m2c00d odeoqn @$(zone)gp:od cudS§Eooy)
cudesnt [gopds 9B:00§ 206 32305 [giepdEEeepdi

AHU gp:03 8o5(shutdown)aopbsé oo8[i€s0d AHU $& 2005a8€eam [gEuecooledlnd
(outdoor air intake) qp:$& exhaust air system gpzodcopd: 008G IEs05 Bod(shutdown)
coqeRdI

cpgPeeeepode AHU o3 3268 [onCewntseny §oopdi 030393 eentdgésa? “pre occupancy
building cool-down” v sl 205 Pre-occupancy building cool-down [giopd e500p) soq§038
outdoor air damper qpzo3 33c3e0gpod 805656308 8&E: rSoom: qepdi cbeoEooiqepdi
Air con Gozcon:00096sep(space)qpsogt ocdeabo0pd 326l outdoor supply air $& exhaust
system qpzop€ soadigioon:00pd damper gp: 3208eagpad SodesmE (shut off automatically)
51096 conzqepdn 0o6s0E00m: qepdi

Damper 0g¢ 20056epodes00d Bzans(pressure)oopd 250 Pa (962005 32805 damper i
005$§E0pd Zogpad: Gro3B8og(maximum leakage rate)oopd 100 /s per m2 cood
veopeoq 6§uxn 0doorqs: 8om§oopd damper 320305 GroL3BoSS:(leak)0pd 100 L/s
0005 edeoq)

036005 633053I3ag05¢p:0? giCiqod3algd g&gioopd

[ )

2.4 m3/s coodcoda0pd 1 $05:0005 fan system qpzopE §odsoodoonoopd exhausted air $¢
outdoor air connection gps a0jjzeoAll

8&&:ec0B:58:(design airflow)sl 00%000550048: @& (zone)ondeonpds 20305000 00bs0E
00080009 exhaust air system saorjgeoldl

:[good: centiesqs 320305 8AE: [gIrodoomoopd aS(zone) gps saojjeoali

Fan cubom & g:aans(power)oopd 0.5 kW coob Sgpidlon 330005038 ewdlgoonieom

automatic shutdown §p5sqp:03 32034qQ$ sa0jEoa0di
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Part load fan power limitation

VAV system AHU fan cobomel gbsaans(power)aood 11 kW 0005 3[o3:dlon 6320050 sagodqps

o3 c30>goqapn

(o0) Variable Speed Drive (VSD) o3ewpod Variable Frequency Drive (VFD) 026s08qepd
230005 Vane-axial fan [gddloo variable pith blade 006s0&ao: qepdi

(9) 8&8:ecuBigsi(design airflow) 6l §0% co00d 3862000 328051 static pressure set point 20p5
1/3 of total design static pressure [§620p33230503C fan cedom & demand o3 design
wattage cood p0% 568208 eagpgSEqeRdN

Static pressure sensor location
VAV system AHU o€ 32085qjepd static pressure sensor oo6sooonqepdesepaod 1/3 of
total design fan static pressure 0005 Segp:aopd saozFc0EHePoRE 00SsoEaepdi Main
duct ¢ main branch duct gpsgn> 3og:0005 duct O6§js0gE major branch duct 03E:330305
static pressure sensor gp: 026e0&aons qedi

Set point reset
Direct Digital Control(DDC) o3 222%:gjo0pd VAV Box q:e20305 static pressure set point
o3 reset codeozqeRdI powd  set point o3 reset lower crSGOzERdN (F5p5:00: aS00E
damper 03 95% 236005 100% [§620p5 3208)

9.0§) VAV AHU 0060 ¢l Controller $¢ Control Logic

¢ 9-Go Building Automation System(BAS)og€ cwb[goonseaon AHU graphic ¢
Building Automation System(BAS) § [§€eogqecp§oopd AHU graphic o3 soso =o[gb
eedlgoonzaopdi AHU oododieil Direct Digital Controller(DDC)$& control logic o 3cog
2RO 66Hgoongls [§Baopdi 260080503 Building Automation System(BAS) o0sp6038
6o §EAla0dI
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2 - /i
S P
. v
Exhaust Air | E/A Damper
/
S
[oicl 77~ 7]|| R/A Damper
(2nos) | sT Supply AirFan
Filter Cooling Coil @
> C Supply Air
Fresh Air >
c | |
< | & | | |
o]
; WLD (2nos.)
8/P Damper (Filter status) (Fan status)
b

i Symbol: i Legend _

i |:| Digital input i ST: OrT/Off status SP: Statlc. pressurt.a-

! ' TA: Trip alarm RH:  Relative Humidity

i [l:l Digital output | A/M: Auto/Manual mode WFR: Water flow rate

i O Analog output i SD: Smoke detector KWH: kilo-watt hour

! _ I DPS: Differential pressure S/S:  Start/Stop control

i C) Analc:-t_:-; nput i switch VSD: Variable speed drive
i O Pulse input i WLD: Water leakage Detector  M: Motorised actuator
Fommmmmoemoomooos T:  Temperature O/C: Open/Close control

& 9-G@(e) Air Handling Unit 008§ field device gpa input & output gpsei legend

9-96).0 Description of DDC Inputs and Outputs

Variable Air Volume (VAV) AHU control application qps320305 saads{gjoonsoopd Direct
Digital Controller (DDC) 2005 model UAH2484L o3 (920001

Direct Digital Controller (DDC)eh Input qp:
Direct Digital Controller(DDC) UAH24842L $Eo3¢) s0d:{g§Eaa00 input qps oo

(1) Digital Input (Dry contacts)

Direct Digital Controller (DDC) UAH24842L $¢ Digital Input(DI) (0§))93203 §ods0cd
(connect) §E2005n
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Typical VAV AHU Application

Legend:
T = Temp sensor
ol DI = Digital Input
= = . = Al = Analog Input
o 3 & S — Pl = Pulse Input
— @ 5| = w— o~ i
o =2 3 E E E = = &~ - DO = Digital Output
EE e ol B w c| o o w 0 © 5 AO = Analog Output
@ | 22 =] i= s = - g P
= L oox 54l 2 = o o 2 2 2 =
=E o233 gel= £ E I = 83 2 _ =
quw;IIBZI 1] £ O & & w ™ B sl 5 _ —
Lxy 2790 oS wYa s &S 2 3 8 g 4
x5« Bx(x0 2o 2 o 3 5l < o o o & & 3 ® s 2 g g 8 -
SESEZZEEES T EgE g ESZ s g g 2 o 588 T e
2
CR2R8SEEEqe 2§ 788 § Qleeoasdd & g o5 8 9%
= =S| <+ Sl =z|Zz|lw Al S o 7 2 = o 4 3l S o 8 = = = EaEE ¢ o
T = o| < o = 3 << << = o
I 0 0 =S = = mi_.—_ s2e 2 2888 g @
o g T o o =
I FPRERE] | EERE B 2a33 3G
BERREREE R CCICCHCE R I CICIC Iy [ [ -
[ T T T I | 1 [ I T [T T T (R T T B | 1
| T T T R B T S T [ T A T T | 1 WW@WE
[ A [ I T [ T T T T T A | 1
[ T T T R oo [ I N T 1
T A B | [ ]
VYVVVVVVVV VVVVVVVVVVVYVYV V¥
ele|jo|loe|e|o Q elo|oQ o Qo Qo o Qo -] o o o L] Qo o [ [ o L] -] -] L= -]
UIMUIZ|UI3 U4 {UIS UIs|UIT (UIgUIS|UIQ|UIT U2 Uit 3 U4 Ui UIe|UI 7|UI8 Ul s|Ul20{Ui21|uiz2jui23|uiz4 P3 TO1|TO3 [TOS [TOS AO1|AQ2
10 bit ADC Channels 12 bit ADC Channels Pl Digitral Qutputs AD

$ 9-§0 VAV AHU 00 ¢l controller § input $& output gpzod cedjgoonsd
VAV AHU 0o6c: @il controller $& control logic saefogpE:o ewSgoonsoogdi
Digital Input so§jgeao:qpsen
e Selector mode status
¢  On/Off status
e Trip status
¢ Smoke detector status (maximum 4 nos.) $&

e General dry contacts (maximum 8 nos.) o3[gdaopSi

(2) Analog Input (0-5 Vdc/ 4-20mA/ NTC 10K temperature)
Direct Digital Controller(DDC)UAH24842L $& Analog Input (o j)9 §ods005(connect) §Ea0p5

Analog Input Sa§jzza008gpsed
e Temperature sensors(maximum 4 nos.)
e  Static Pressure
e Chilled water flow rate
e COy5¢
e Universal Input(maximum 5 nos.) o3[gd20p5u
Analog Input monitoring 220305 (e&ewpcdeoon(abnormal) sensor reading gpzo?

m%ooo:eﬁ “First Order Low Pass Filter Method” o% mo{::@lomzoaéu
Vaiew = Voua + C(Vin - Vou )
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 (0)9 058005 (connect)
§Co0p51 3286ad: pulse width 2005 (§0)8c80gr§(50ms) [gdoopdn Accumulated counter 205
00$8s(value) 0 ¢ 1,999,999,999 3208 eud[y(display) §Ea0p5

Output gp:
Direct Digital Controller (DDC) UAH24842L oopé Digital Output (24 Vac Triac) & Analog
Output (0-10 Vdc or 4- 20mA)gp:ad 0pcde0:8E20051 Command co:&Eo05i

Variable Air Volume (VAV) AHU & DDC layout $& wiring diagram

87 g /J
|m[= N [T > RIA Damper 2 status — )
VAC(L) > CEE o | "> Com wire for U5 & U6
24VAC (N) > gy vz | > RIA Damper 1 status —
AHU START/STOP > BB Ve — _> Water Leakage alarm —,
CEE - "> Com wire for UI21 & UI22
. Bypass Damper Open/Close > E.-.. uiz1 — > Filter alarm status —
85
- Exhaust air Damper Open/Close > B fuizo r > (if) Static Pressure 2 -
[0 SIS L > Com wire for UMY & U120
] [OD]
Return air Damper Open/Close > EEm LU - (i) Static Pressure 1 —
=] ung - 2002 Level
Ch Valve confral > E.{i con L > Com wire for U7 & UI13
Lh. Valve control> N _
Gom wire for AD1 & ADZ> ol 2BIP Damper status —
-VSD control> s B
NOTE:
L _
1) ALL DIGITAL OUTPUTS ARE 24 Vac TRIAC OUTPUTS e [ 2t ADamper Zstatus -
2)  [#) Add in New Static pressure sensors mm | SEIA Damper 1 status -
sy : D
3} ") Existing static pressure connect to U3 Lt e
4} [5) Only applicable for Tower 2 EE  [uns - 2 Selector Mode -
COM - > Com wire for U3 & Ul14
NETWORK WIRE FROM PREVIOUS DDC > EE |us - 2 Trip status
T84
NETWORK WIRE TO NEXT DDC > mm  uiz - 2 Onl0ff status -
COM ~ > Com wire for U2
EE  fum
_KWH pulse > EE fune ~ 2 CHW Flow rate -
COM - > Com wire for U9 & U0
EE fus [CA--—-- | > Minimum Static Pressure -
TES
- Supply air Temperature > = fus r > Smoke detector —
Com wire for Ul & UIZ > com| Cou - > Com wire for UI7 & UI8
—Retum air Temperature > 2| mE | [ — _» CHWR Temperature -
—RHLevel > jua | BIE mm fus L > CHWS Temperature -
Com wire for UI3 & Ul4 > jcou| cou - _> Com wire for UI5 & UIG
- V5D feedback > (o | EE e Nos | > Valve position —
~ ¢

$ p-go Variable Air Volume (VAV) AHU &il DDC Layout $& Wiring Diagram

(4) Digital Output
Direct Digital Controller(DDC) UAH24842L oaé Digital Output channel (§) CXPGSGO:
§E20p51 Channel 00d9E:803 Digital Output control (o) 33[g® configure cpS8Ea0pdi
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AHU 00890t 6onlzqS/qoqs

AHU Start/Stop(Individual schedule or manual control)

Fan 1 6enC:q8/q066

Fan 1 Start/Stop(Individual schedule manual control)(used as By pass damper control )

Fan 2 6enl:q8/q066

Fan 2 Start/Stop(Individual schedule manual control)

Return air damper g&q§/305q8

Return air damper Open/Close control(interlock with AHU operation)

Exhaust air damper g€§/305q

Exhaust air damper Open/Close control(interlock with AHU operation)

Variable Air Volume (VAV) AHU &i Typical Sensor Termination

& @ = @

\ TED Dry contact Digital Input
4 FOWER WA oz
JUMPER SETTING FIEE Ko
“ U3 Dry contact Digital Input
U110 o o (o
OPEN
EE CLOSE bl Toz) E:: cou
L ] oEm i =
Ll 704 | 189 TBS
Ui17-24 (] IE|IE!II% uizo Voltage + — +VDC  Power | p5vyde
[=][=] (Ml 705 | o Device -|—{ RET Supply
[=] & OPEN (] ][ ) ERE Current | 4
]| CLOSE @ 7] EE funs o i Transmitter 20mA
CIEE EEE I = 249-ohm 2dmA
Of 201 | mEE [o] RET +VDC Sensor
P3.p4 (W cou| Oy [ [ Ch Power Supply
[=I[:] “OPEN (PULSE) o maf==0] &
[ CLOSE (DN 85 .
(Y203 | EEE m e Dry contact Digital Input
AO1-AD4 Ll cou
B[ 0-10 Vde L (20| BEE e — -
D! = EE  funs C | Dry contact Digital Input
FIEDE 4-20mA @am E‘ OE  funs
COM
® . EE funs
- (o] 3
[ ] EE funz Voltage +|—{+VDC  Power | p.5vde
i v | smv Device -|— RET  Supply | —
Pulse Input EE
cou .
Dry contact Digital Input
A EE l Dry contact Digital Input
TB2
NTC 10K Thermistor - E o= VALVE POSITION FEEDBACK
COM
NIC 10K Thermistor  { vz | B o com
Power Supply & [EIUC [ ]
VDL RET J | — R 0-10 Vde
LimA 249.0hm [T ue] Bl Ee [E———I 0 0-10Vde

Sensor - .
Current }
: ar ®
| RESISTOR R= 1Mg, 0.25 WATT, 5 % Tolerance

<';> 9J Variable Air Volume(VAV)AHU o) Typical Sensor Termination

(5) Analog Output
Direct Digital Controller(DDC) UAH24842L 20p5 Analog output channel $8¢ 000560:8E20051
* AHU Variable Speed Drive(VSD) control $&

* AHU chilled water valve control o3 (82051
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9-0§). ) DDC Terminal Block Assignment (UAH2484L)
Terminal Block (Q)9 Al§oopSi TB1 ¢ TB6 $& TB8 terminal o [gdoopSi

ecm&:ooo%eg%

Terminal L
Block No Label Description Remark

T80 +24V 24 VAC Input(L)

COM 24 VAC Input(N)

AO1 Analog Output 1
TB1 COM COM terminal for AO1 & AO2

AO2 Analog Output 2

UIl - UI4 Universal Input 1-4
782 COM 2 COM Terminals for UI 1-4 Each com shared by 2 UI
183 UI5 - UI8 Universal Input 5-8

COM 2 COM Terminals for UI 5-8 Each com shared by 2 UI
T84 U19 - UI12 Universal Input 9-12

COM 2 COM Terminals for UI 9-12 Each com shared by 2 UI
TBS UI13 - UIl6 Universal Input 13-16

COM 2 COM Terminals for UI 13-16 Each com shared by 2 UL
86 UI17 — UI20 Universal Input 17-20

COM 2 COM Terminals for UI 17-20 Each com shared by 2 UI
87 UI21 - UI24 Universal Input 21-24

COM 2 COM Terminals for UI 21-24 Each com shared by 2 UL

P3 Pulse Input
TB8 COM COM terminal for P3 & P4 Only P3 is used.

P4 Pulse Input

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

N+ Network wire from previous DDC

N- Network wire from previous DDC
TB10 N+ Network wire to next DDC

N- Network wire to next DDC

9-96§)-9 AHU Control Logic
AHU 0080$:03 cent§Eaopd operating mode (§)§jg §joop5n

(o) Purge mode
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(o) Purge mode
Purge mode 20p5 $$05600600 AHU wewntsol oodponds 3208:330p8:§e$00p9 60O
eoeuMEigPiod 3efimcntin 8OodLdG: crotnsgpy§aopdeudgtlydaopdi “Flushing Mode”
opcopdseal 20pd
Network ¢ purge co6q§ command cosagi€ a8wupod network ¢ purge mode o3 enable
c060q€ controller 205 “Purge Mode” 9360705 “Flushing Mode” o3 ©0>&a051
Controller ¢ 6330053 output gp:0? coodeo:om(command o) controlled device gpsa? 0ooE
006602001
e On/Off 3a§jzz003(type) exhaust air damper o3 g&oopdu (set to open)
e On/Off sagzzaons(type) return air damper o3 8odoopdn (set to close)
e AHU supply air fan o3 eeols(run)oopdi  Fan speed 20p5 “Purge Mode” ¢ set point
3203¢:{gd 0001

e Modulating sa§jgsa00:(type) chilled water valve o3 80520001 (set to 0%)

(J) Alarm mode
:20000¢) smoke detector activate [gdog€ “Alarm Mode” o3 ©ooEo0pdn  8:8:qp: AHU
32038:03 eepadamneomelopé 038:8iqp: :Sigpizacytiad of) §eoqs AHUGS qSon§eoqepdi
Blower & [g$5$:(VSD speed)o? 0% (set to 0%)[gde0o0051 00deobiemigE qoongeoa0
Return air damper o3 80520001 (set to close)
320005¢] AHU qbesaq€ chilled water valve o3 32[gpd805(fully close) conzqepdi Return
air damper o3¢& (open) 20pbi Exhaust air damper o3 8o5(close)eogedi

() Normal operation mode
AHU ewl{glas  qO[gs(start/stop)ad  cpaBuSo3E(manually)eenE:8Eoond  a8ewrod
00p5602002:000) Fo§S@oons(schedule)qpeao3ts centsSEa0di
AHU o3 DDC ¢ eenégla qO[g€s [grpde$eaognd mode selection switch a300pod selector switch
o3 “on” conqepdi 93ewrod Auto mode BelgpEiooneuiqepdi sa00ud¢) Mode selection switch
a300n0d selector switch 205 local mode o3eepodesagé DDC ¢ eunigla qdfge: [gewd
§Ec86605 vwyodeol
(g) Manual control Mode
AHU cen:es0D
* On/Off sa§jezaons(type) exhaust air damper o 8052000 (set to close)
e On/Off sa§jszaens(type) return air damper o3 g&oopdi (set to open)
e AHU supply air fan o3eenC:q$ fan speed o0pd static pressure setpoint s203E:q8q$320305
PID algorithm 9000500005 output contol singal 3503E: VSD o36wnE:qs (460005
e Modulating sa§jg320:(type) chilled water valve o3 cooling set point 3203&:q§q$s0305 PID
algorithm ¢ooobe0sa0pd output contol singal 3203E: modulating actuator o3eedC:q

8200
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AHU qboosag€

e On/Off type Exhaust air damper o3 3o5a0p5i(set to close)

s On/Off type return air damper o3 g&aopSi(set to open)

* VSD output 63 0 % 32[gooz00pSn (set to 0 %)

* Valve output 63 0 % sa[gb0onz00p5n (set to 0 %)

(9) Bypass damper control
Bypass damper control 2005 AHU $& interlock ocpboon:dhi 305[g€: 1 ¢Efgcs
(open/close)o’ manually 930005 schedule control [§€ [gjepS§Ea0pSn

Chilled Water Valve Control
PID control algorithm [g¢ modulating type chilled water valve o3 control cpSoopdi
Actuator 20p5 0~10 Vdc control signal o3 3203g|002:000) sadjsmae02 [§da0pdi
Temperature control loop i default PID parameter qPee2
e Default setpoint 20p5 12°C [gdaog5n
e Supply air temperature 2005 control PID loop 330305 reference input (620251
* Proportional band e default value 20p5 5.0 °C [g62051
e Dead band &l default value 2505 0.40 °C [g&2005u

Cooling valve
A
Max Output Temperature Control
No
Dead
Yes band
SA Tem
Min Output P
i I >
Modulate cooling valve Close valve A
Setpoint
¢ ¢ i Proportional
’ band
¢ 9-§9 Modulating valve control ¢ 9-§G Temperature control

Integral & default value (I gain)oopS 120 sec [46[3¢ derivative constant default value 2095 0 sec
[§620051 (00655:3249E PI control axofgdoopdi )

Supply Fan Variable Speed Drive (VSD) control

PID control algorithm [4¢ fan cedox Variable Speed Drive (VSD) o3 control coSo0pd Output
signal 20p5 0~10 Vdc 3a§jg3200: [§92051

Temperature setpoint 3903(73 default PID parameter qps¢»

e Default setpoint 20p5 100 Pa [g620p5u

e Minimum supply air static pressure 20p5 control PID loop 330305 reference input [go0p5
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Sensor range 2005 0~1250 Pa [g&a0p51
* Proportional band &l default value 20p5 100 Pa [g620p5u
e Dead band i default value 2005 10 Pa [gdoopdi

Integral ¢l default value 2005 60 seconds [36[3s derivative constant default value 2095 0
sec [g®a0pdi (0065p5:320egE PI control aoo[gdoopdn)

A VSD ‘
Max Output Static Pressure Control
No
Dead
Yes band
Min Output
) >
Modulate VSD oufput VSD output=0% SA Static
SA SP Pressure
Setpoint
¢ ¢ Proportional L
band °
¢ 9-§§ VSD control Q 9—9@ Static Pressure Control

-End-
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Chapter - 4 Cooling Towers

G0 Introduction
Air conditioning system g industrial cooling process gpso 0ged00000 0GP
(generated heat)od gSoocdud(reject)q§ 332600001 g&oocdudlgts(rejecting) ¢lgpddon o3
agodedl anoopd sapgps(generated heat)oopd oodesepad §j.cgogudeqpad(dissipated) ago:c86
opdi Cooling tower 20p5 system o0d9ap0pC:e sap(heat)qp:od 258: GrLEAS] @805
cus8Eeom o3§umn(heat rejection device)ood§s [§620p5n o303 320403 §§0058EGS 20305
condenser water 820§§0005 Geoooel :205§0005 3¢ [gEenesqs 8005
m00(heat)20pd 320q$[gep(high temperature) ¢ 8&ep(low temperature)ofoon sacdeagpod
ooe[gpCsgSs(heat transfer) [gd8Eo0p5

=

¢ G-o Cooling tower aq:qs

Chiller 2300p05 industrial process heat exchanger gpze cgoda00d SapyP:(generated
heat)od ©oSooododeseaognd eqod “Heat Transfer Medium” sofgd saadigfo3oopdi GqEoRd
:0gudonoy  edledlgpigp: q$ERQ orSoqedodronds sacg&onaSommaobi g§deomn $dedl:
qPgRon 03090502005 Sapgpi(generated heat)od caonéqps eqE3aps o&coudgps agptagp:
a0p8:08 ghapoboddfojoophn Baf ghopodgaloé cqmadqpieacytil) eqeiaagdiflaéorodom
0obo&ioE 03805gd8sg(ecological disturbance)qpzo? [gdedlcoo0bi eqesa0gdlyp: Gooey)
Q5820051

adelopp¢ 0o938log¢ air conditioning system qpa water cooled refrigeration system gps
$C process cooling system g @&cocdudad0deom sapgps(rejected heat)od ©odaoodes
320905 cooling tower gpso? 2aaddgjo[0300001 Cooling tower 006808 eaaddg[gEselopE opsoy)
0805 20§200500000001 20omoLCS0sE  dB§odeog(ecological effect)oBcopd: cogpspds
et [gjopd8Ea0pd

Air conditioning system qp:oow0n process cooling system qp: §§ compressed air system
qPeRC 304P: g&aood0des(heat rejection)saoz05 cooling tower gp:od saadigfogoopdi Water
cooled chiller gp:$& water cooled package unit qpz$& 036copds 3203030005

Cooling tower gpsoopd

(o) Sensible heat transfer :}é:

() Latent heat transfer $p5: $&

(p) 2200050l500:  $6§pcdgC 3¢ (heat)qp:od  eooad(atmosphere)ad  0odQEs05

85000506 (reject) [o30005
41
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eqegeofglly 3ap03eudonod[gEs(evaporative cooling)soSsoopd latent heat transfer
gty g&opddudgE:n? adadooobi geameqyp:od cooling tower so038:§ fill packing qps
32603 [godq) B:e08:e000p324] cq@a§),2005 cqeg[gt:(evaporation)gbom caelisapds oyeots
Ogo:oaéll

eqogqeofaliy  2ap0300daood[gts(evaporative  cooling)spdy  g§o00d(reject)
8E20pd ¢ (latent heat)owdanoood eeegdloe(moisture content) edlagé  @oopS200N
eooooet Wet Bulb 220g$88ec0 eqegdloCe(moisture content) $pdieco [g6[G: cooling tower
¢ =ag(latent heat)owdangpsgp: g§000d(reject)§Eaco [gdaopdi saonudelope e8eo05 Wet
Bub 04§ S88comerooopd 3¢ elgpodeageomelopé 3¢ evaporative  cooling
[g8c08Ea00i

ad33(gE Jegieomaagpi(warmer water)o sa0gpso0pd sensible cooling $p54 3¢ 30009
eoo(cool air)adad g§oood(reject) dqaopdi 0odspdimigE Jegicom eegpi(warmer water)o
F20gP2o0pd sensible cooling $0549¢ e3a:00pd60(co0l air)odad opselgas(transfer) agosoopdi

600393 opse[gpCs(transfer)ogasaopd “Sensible Heat” owdanoopd eeoel Dry Bulb

200§ (temperature)edl o€ 600520051 6033 opelgos(transfer)ogazaopd “Latent Heat”
02005 Gocl Wet Bulb 200§ (temperature)edl o€ ©oopSo0odi

G.J Cooling Tower $&0005ed8a000 3064l 3360 gp:(Technical Terms)

Approach — Condenser water supply 32088(temperature) $& cooling tower 83038503 0Caxnaopd
ecoel Wet Bulb 32088 (temperature)od [grzg0:gi052005 “Approach” [gdoopdi

Approach temperature = Leaving condenser water - Entering air Wet Bulb

temperature temperature
66@w050005(gE: (Blow Down or Bleed Off)

Cooling tower ¢ condenser water qp:20p5 eqegdgS:(evaporation)elopé oolgpSigpSs
eagpspd: oga:aopdi Condenser water a30RE Ol§es000d 3a3¢ps(solid) gpsi @0deons(salt)gpesE
;podmae[ogegps(impurities)  dloCesg  oogoddged:  [gEonodaonoodn  sepodeaeiogidlote
(concentration)qpsoopd condenser water gpsod GEI0S005E] GaE0d(fresh water)ooboopd
coggtlge §oocfadodeomn concentration level qeeant ad$:000:q0051 0398 sopodeacogidloty
(concentration)[g€20p condenser water gp: ceodggE:o? “Blow Down” a3ewod “Bleed Off”
0962005 upesl 2odi
Capacity: Cooling tower oodcde g§0005068Ee0m ma00ed™ (amount of heat that cooling
tower can reject)aopd cooling tower &l 32000500058 EgSs(heat rejection capacity) [g&20p5

Cooling tower &l 92000500058Egd:(heat rejection capacity)od c305q$ eeeopSucdsss(flow
rate)i approach temperature $& 328:§ ccocoel Wet Bulb 32058 0303 93q$ a332600001
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Drift: cqegdgS:(evaporation) ¢[gdo3 fan &l cropbsaielopE cooling

Chapter- 4 Cooling Towers

(]
. (|

tower 33[g€00598 eqEadcudyps cepodog(gtiod “Drift” (4205 vp W Y Yot “'

@l 2000

Eliminator: Fan efop¢ cooling tower 33[g€o005a3 eepodogniepd
Gqoodc0dgPEm: [gScopdecannticuionpd 3§uxna? eliminator vresl
20001 ("Drift” eaqpspdiesant [gpdeuseomeloppE “Drift Eliminator”
0963l [§E: [gdo0pdi

Cell

Counter Flow

Cross flow

Double flow

Evaporation
(Loss)

Fill

Forced Draft

Drift
Eliminator

Fill

il

"c; - Drift Elimimator

Hot Saturated
Discharge Air

Hot Saturated
Discharge Air

Hot
Water in

Hot
Water in

| _Hot

Water Distribution

Basin — T o
Counterflow Tower Cold Wate Out Crossflow Tower

¢ G-p Cooling tower o3& Drift Elimimator 0o06e0€a00:d)

o3sfgprewnts§esm(independently operate)jgcpboonieoon cooling tower &l
32055005603 cell 0p 6al 2051

eqBsepcodsefoypCs(water flow path)sé eooagnscoéeeloypCs(air flow path)oopd
BQE[g0Ge BsoopSep so§oyE(parallel & opposite direction)gdesagE “Counter
Flow Cooling Tower” o3 @sl20051

eqdsepoodiclopE: (water flow path)sé eooogoscuéeloppE: (air flow path)
o320p5 90° eaondes(perpendicular)gdesaqé Bowvpod [30odelgedd OB[ge
[go50g0: [o309)€ “Cross Flow Cooling Tower” wpasl 20051

Cross flow cooling tower &1 Gonisd00de GaqpdiotiesagiC “Double Flow” vp
ol 205

Condenser water 2005 ma06lopé 2aqpdm0[gd ¢ 3o6g (vapor)salgd s»ogt
c[go&4gCs(phase change) (468 ceegaa[gd cooling tower ¢ 0odeo croadod
eepodogrigtiod “Evaporation” vpesl aopbi B398 eeegd[g: (evaporation)
[§802 93:qo0:0005 Gegqpsa? “Evaporation Loss” op Gal 20pdi
@a0pd condenser water $¢ egasoopdeco odmalonp: SapoRe(pEgts(heat
transfer) [gbesa€ [gapbeosonpd ogods o3 “Fill” upesloopb Fill qpsoopd Heat
transfer media 980005 3208:00s8E2000 qods[E (heat transfer surface)
58030005
Fan gps¢ 603 cooling tower 33038:03 Gepodesnt godoopd(push)eom
elopE cooling tower 20385 Bsans(positive pressure)gdesaopd cooling tower
F§m0022 [gd20pdi
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Induced Draft  Cooling tower fan qpsoopd 6co? cooling water 830380 @G0 (pull)eooelope
cooling tower cell 3203855 @G30:(negative pressure) [gde$a0pd cooling tower
2§ rz0002 [gdoopd

Lift Cooling tower 256§ equon$(hot water basin)sC e3:05§ cezslgC(water
level) $69za(o3p: s013560: [46[Gs “Static Head” vpeslcopbi Condenser water
pump head c305epoR¢ o3aogreacos(static head)od saadigoopd

Make up Condenser water qps cooling tower o cqagdgCs(evaporation)elopé caedig:q

(water) [§0cdl[: drift [gOgEselopEropd: eqedee [g0edeooopdi o33 eagpspd:
agn:a0pd condenser water qp:320305 [g§c0Rd [gobeuigaopd @qo? “make up

water” opeeloopdn [g§lgde$320305 a3eapnaonionpd eqor§od “make up
water tank” 0res] 20001 [godepd 6qBa503 “make up water pipe” vpaal copdi

Range Condenser water &l 320&(entering to cooling tower) 220§ $& saag05(leaving
from cooling tower)=ao S ofpegiedi
Range = Entering condenser water temperature -  Leaving condenser water
at Cooling Tower temperature at cooling tower

G.9 Condenser Water Piping Configuration

Chilled water system 008903 water cooled chiller gpgg¢ eoodcopSieomEa air  cooled
chiller qpgg¢ eooScopbieomE: =aalgde] oopdesonadoon: eap§oopdi Water cooled chiller o3
3200q|lon circuit 93:§):§[Sg air cooled chiller 03 3aaddgiclon circuit 6§ §oopdn
Water cooled chiller $& een&:eom chilled water system Reference

(o) | Air side circuit 2300pob air distribution system Serving Room

(J) | Chilled water circuit 2300705 chilled water distribution system AHU/FCU

(p) | Condenser water circuit Chiller

Naming of Circuit

Circuit gps s2:0d:03C 3208 (entering)sé saogod(leaving) a30wpod supply $& return
0p20pd 3268l 326003 2328600 Equipment gpod qoSopss elgpadagé ssol(entering)$é
apogod(leaving)opg) o9:§o0odn System gpod qodps: o[padaqiC supply $C return opg)
o?:@ooén

Chilled water circuit 0g€ building 986005 load side (AHU/FCU) o3 qpdpg$sep(reference)
:[gd 200500500001 Chiller o ogodagnsoopd(leaving) chilled water o3 chilled water supply
(supply to building) vp 20059058t chiller 3303E:03 0Ea0pd 320E(entering) chilled water o3
chilled water return (return from building)op 20050052005

Condenser water circuit og€ chiller o3 qpSpgSsep(reference)sslgd 200500500051
Condenser water sgogoS(Ieaving chilled water)or% condenser water return (return from chiller)op
2005005[g: condenser water sa0&(entering) condenser water o condenser water supply (supply

to chiller) v3 200500520051
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Air side circuit og€ serving area o qoOpg&ep(reference)mofgd 200590520051 AHU ©
ogodogaopd eoo(leaving air)od supply air(supply to serving area)op 2009905 AHU o3
[g$ 0002005 @0a? return air ( return air from serving area)op 20059052051

Cooling Towers Air Handling Units

Cooling
ower

{ &

) g

Water-Cooled Chiller

|| Chilled Water

.

Condenser Fomp
Water Pump
i Chilled Water
Pump
Condenser
Water Pump

$ G-G One to One System (Individual System) 3oSgps 8005002:003 GES[go:d

G-9-0 One to One System (Individual System)

Condenser Water CT41
Pump 1

Chiller No. 1 ——

_—
I

Condenser Water CT-2
Pump 2

Chiller No. 2 —
- |

Condenser Water |CT-3
Pump 3

Chiller No. 3 ——=

$ G-g) One to One System (Individual System) 8oSgps 8005000

0(G-)ogE chiller 0odcds pump 006 $& cooling tower oodad: o3o0od Beeps
condenser water circuit 06933g® 00p58aopdi Chiller od:ds§eomaelopE condenser water
circuit 93:9§oopSi Condenser water pump 20p5 995& 200538005 chiller (g0 GerE:§Ea05

326030500 6§00
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G-9-J Common Condenser water Header at Chiller and Cooling Tower
&(G-6)ag¢ chiller adscds pump ad:cds $& cooling tower ad:ads03 a0pd condenser water
circuit oo&9=[gd oopb§oopSn Condenser water pump 2005 opboop) chiller $&oad 6udE:8E2000

cTjct|cT
| 1 2 3
[ T
L Chiller1 =T
CDWP Pumps
[ Chiler2 |1 ="
1 Chiller-3 | T -

¢ -6 Chiller $¢ condenser pump 906503E common header 0268080025

G.9-9 Common Condenser Water Header at Cooling Tower

CT|CT |CT
1 2 3
! Chiller od:ds pump ad:d: $E cooling tower
CDWP-1 adscd:0d 20p5 condenser water circuit 00b9
—  Chiller-1 |—=—
CDWP-2 296005820051 Condenser water pump 2005
[ Chiller2 | 20058382003 chiller [§&ooo cenE:8Ea0abi
CDWP-3
1 Chiller-3 |——=——01

 G-q Chiller $& cooling tower 900503E common header 026s08a:d

G.G Cooling Tower =a§js3a00:4p: (Type) $& Configuration
Cooling tower i configuration $& sa§jesa00:(type)qp:od
() erocosselope SoopSep(air flow direction) $¢ eqrodselogpCsell Soopdep(water flow
direction) 0303 ©oopS¢) counter flow cooling tower $& cross flow cooling tower opg)
é@:oaén
(®) Tower fan gp: 006e0€aon000d esep(location)o? ¢oopde) "Induced Draft” $& "Force Draft”
oo Fpog)
G.G.o Fan Location
Force draft a§jg3a02:03€ fan ¢ eoogp:ad cooling tower 35038503 @o500pd[gEs (46200
Cooling tower @i cell 3203&:3 8sx(positive pressure) [g6edla0pdi Induce draft cooling tower
:rzeon0pE fan 20pd cooling tower ad¢ 6eood ebupoopdi Cooling tower el cell 33038:5
9O3ms(negative pressure) [gdadl aopdi

:2690009209¢P:| air con system 220305 Zpadigieax cooling tower gpzoopd counter
flow 930005 cross flow sajsaonigps [g6[0300001 Counter flow cooling tower sa§jEza00:03
4-6
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G0t dooans Boupod 338:dc0ans [gpdlogoopdi Cross flow cooling tower gp:o3
6c0s60on¢ G0aNS [gredmG: cotsd05e Grogp: 0€aoneoaopd

Classification of Cooling Towers

Package type

Field erected type

Classification by build

Wet cooling tower

Dry cooling tower

Fluid cooler

Classification based on heat transfer method

Cooling Tower Atmospheric tower

Matural draft tower

Mechanical draft tower

Classification based on air draft

Induced draft

Crossflow

Classification based on air flow pattem

Countelow

¢ g-o Coolig tower sa§jg3200: J[epsd

Cooling tower gp:og€ erodsoCaopd(air flow)odaopS induced draft sajessonicopds
[§88E2005 force draft sadjzmaenicopds [§6§E2005n Induced Draft 32830220005 cooling tower
3209850600 qp2o3 fan o e5uR[gE:s [gdaopdi

Cooling tower sa§jzzae0s Goos§jsed

(0) Induced draft counter flow

(J) Force draft counter flow

() Induced draft cross flow $C

() Force draft cross flow o3[gdoopdi

A
FAN(S) LOCATION
r 1 1
| | | w
: : (+) PRESSURE | z
I | I @
| I I &
| (+)PRESSURE ! =
[
AR AIR AR »< AIRT, AR > AR
FORCED DRAFT (FD) FORCED DRAFT (FD) FORCED DRAFT (FD)
(HORIZONTAL) (VERTICAL) (VERTICAL)
@ G-00 Forced draft horizontal @ G-oJ Forced draft vertical Q G-0p (- pressure)
(+ pressure) (+ pressure)
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_JLl_

J(IIJI{JI]IJ IJI{? Jﬁ .' .' .l.l .l
T E & E L

...............

L

1 Cold water

Hot water
=I

Induced draft
counterflow tower

Sump

-
Cold water

Induced draft, double-flow
crossflow tower

Hot water
distribution

eomio0d03§,

i

|.J|1\> II')|1\‘;- MR RN

O 4 4 4
I T T LT
A ) 10

Hot water
i

Fill

(A %

Induced draft counterflow
tower with fill

Louvers

Cold water Surmg

Induced draft, single-flow
crossflow tower

& G-¢ Cooling tower sadjszaonigps

Counterflow
Air Outlet

Spray
Distribution.|

Spray |/

O] e—
‘Hot
Water In

Air In 2 Air In
e o
\}'\\\ Water Air '}{' '/

ﬁ Cold Water
—To Pump

¢ G-oG Counter flow cooling tower

Parallel Flow

gisi l i\.ll’lilllﬂ1 l
A I
| : L] 9
VA :
\
N\
N
Air Qut % AjrQut
Water \\::
Outlet T Cold Water

Collecting Basin

¢ G-og) Parallel flow cooling tower
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Cross-Flow

I 3800

[ S—
= :
3 :
ey
~3 Fill
Airin = ;
~3\
=) =, S
gt | . -
je =
Ly— -
Cold Fluid lrJ Hot Fluid
Qutlet \ inlet
Pump

¢ G-06 Cross flow cooling tower

Chapter- 4 Cooling Towers

eoocoselopsen Bsoopdep(air flow direction)

Hot Water Inlet %é GG]CDQS:G@)S:@% égmésp (water flow

direction) 0303000054 parallel flow o33l copde)
cin Y Eogd

(o) Counter flow cooling tower
(y) Parallel flow cooling tower
() Cross flow cooling tower oagjcopSs

§[§p:§8méu

G.§) Cross Flow Tower $& Counter Flow Tower o3¢l sa0:505:q/05 $¢ sa0:000q105¢p:

Cross flow tower &l 320:505:9/05 $C sa08000g)05gp:

Condenser Water Side :m:oaoqlcﬁqp:

Condenser Water Side m:§é:qjo‘5qp:

()

Pump head §p5:20051 Power
§é:o:)éu g&:s';cczof?:@(ﬁ oa(ﬁoaboaéu

Infill 63 eqyp: p3p8panpon oqeoqs
0()3503‘15"

opdpmfgtielopt [gdeoom [gocosn
§é:wéll

() [[glgEod8:864[gE:(maintenance) () |Biological fouling [g6§Ea0p5
cpbq cgeSopoopde
(?) |eqB:gSs(water flow) (p) |Cooling tower &l 2203Eqjq(foot print) esep

0050305 3360051

Air Side smso:raqlcﬁcauo:

Air Side sa0s505:q109g:

(0)

8za02 oeolsq(static pressure loss)

$5:00051 gBezaCod:8g 0520005

)

Drift [g6g $25:00051

€))

Capacity qpsgpzaq$ cell 2o6q820305
$23pp5:0 cBoophs

Inlet louver & qo5sn[gEe§oon(surface area)

03050305 832600051 6oocd 3208 BEqf
(control) ©0582051

Counter Flow Tower &l 80:$00:9/05 $& sa2000g)05¢

Condenser Water Side smzmququ

Condenser Water Side s202505:505¢p2

[g8eo0o tower [58q$ a3o0pSu

(o) [Spray [s¢ [s$gC:elo3pE eqogady [(0) [Spray gpiei e§Saud(nozzle) alogpé dsan:
comEigs p800000001 adseq(head loss)gp: 20pSn Pump géseat
(power)gpzgps 0300051 bsaa 0d:8g gpzooRdI
() |Approach $p5:q$ 920305 =ocg§  |(J) |Spray nozzle gpiod co§qieepapdes $& gyt

08$3038:q$ oorSZDwéu
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Air Side 30:0008)05¢ps Air Side 30:5p5:q)05¢ps
(0) |Counter flow [gbcome[opE 329  [(0) |Air static pressure loss gpzaopdi Louver gpsgp:
opse[gpésq(heat transfer) 832600001 @&:aa adsBagp:aopd
¢eomE:20pd () |220] crosaag(inlet velocity) gpieooelopE
8:§ 32805¢qp: cooling tower 32038 o3
oCaeepad aap§oopdi
(?) |ecod:gss(air flow) 08g/qS 9055005

Counter flow tower gpzoopd cross flow tower gpzcood saadEqeSesep (foot print)

Seooicudeomelopé 006908qs esepoydioydiomn 8eab0pSi Counter flow tower gpzoopd
cross flow tower gpsooS GeodgSi(air flow)dqpsGe dzansogeolsq(static pressure loss) gps

conelopé fan g&zas(power) gpgo 832600001 g&:3aEad:gq(energy consumption) SgpzaopS
6.6 Direct Contact o3wupob Open Cooling Tower $& Closed Circuit Cooling Tower

Cooling tower gp:03 direct contact a8ewr05 open cooling tower $& closed circuit cooling
tower vpq) 2a[038:3204gC $64 SePsSEa0di
() Direct contact 9300705 open cooling tower 03¢ @5 cooling atmosphere $& a305§0>
aBeoges(Be 220gP:ad croonadad codgEs0d g&ooa5000i
(9)  Closed circuit cooling tower 0gE ges20p56q 930005 hot fluid 20p5 ecoc (atmosphere)
$C 0Bo5§odeadod indirect contact 0od§je§jpe 02690E 32003 &5

Indirect contact 9300705 closed circuit sa§jgaens cooling tower qpsog external circuit

$C internal circuit 0R6) $6§je§o0pS

Closed circuit cooling tower gp:o3 ©pbaopd esepogesd 0nbeoE§Ea0pS Closed
circuit cooling tower qpso3 chiller co05§66omaesepgpiogEaopds 0be0E8E20001 Open circuit
cooling tower qpsa? chiller 000’ [gE€eamesepSoo 00650888200

20p8s0005qepd B0y (heat  rejection  requirement)o?  c3odq) cooling  tower
32qudmos(size) 3000500058808 (capacity) $¢ 3a§jpza00:(type)sa:§j:od 0005530005
Cooling tower o3eepoS§aonoopd warm water & =20§$1 cooling tower ¢ 0g05ag:0009
eqeIza0§§(leaving temperature) ced:gSs(water flow rate)i ceooo(ambient air)ei Dry Bulb $&
Wet Bulb =00§$ (temperature)o? o3odq o0Ceagpoopd cooling tower sogudseen: $&

32000500058 Egd:(capacity) 0303 sa6(gde) cg:giudoeaopd

AHRI 22361 2005005g/05¢qps(standard) 3aq air conditioning system ¢ chiller qpss¢ o3¢
:0dgoopd cooling tower a323 oaxeoon entering water temperature(from  chiller)aopd

35°C(95°F)[gd[8s cgodognsoopd eqeapd§ (temperature)oopd 29.4°C (85°F) [gdaopb
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HEATED g:\rliDO}-bL_lerDlFlED HEATED ﬁINRDOD-bL_II_MIDIFIED
DRIFT ELIMINATORS DRIFT ELIMINATORS
SOOI Y NONOUNNONNNNNRNY
seraY |////////////' seray—— |//////////// l\ EXTERNALWATER
DISTRIBUTION— /&\ % mm /ﬁi\o '—F\__
A VAN
/ YZIRNY/ZTHIN I
IZ{ (e s I\ (C N q:l HOT WATER
L= A )
N (@) ( )
\ ()
AIRIN\§ g %/ AR IN @*—)LQ’:' COLDWATER
\ / NRW% WATER AIR Z ARIN
N Z \
ey j‘; Lox T
b COLD WATER TO PUMP
¢ G-0q Direct-Contact or Open Evaporative ¢ G-0o Indirect-Contact or Closed-Circuit

Cooling Tower Evaporative Cooling Tower

Return(entering water to tower)temperature §§ supply(leaving water form tower)
temperature &l [gpi§22q0503 “Range” wpesloopdn 0obspdiEndgC eEol  =pgEsE
6q320Q05308S [gpes:qod|gdaopdii Cooling tower ad¢ ogodagnioopd eqel 308§ (leaving
water temperature) $¢ cooling tower a32308ama0pd Goo(ambient air)el Wet Bulb s S

[gp25229)0503 “Approach Temperature” v @al 205

2833&e0q cooling tower ¢ sa0g05eqza0gS(leaving condenser water temperature)o?
ecoel Wet Bulb 300q§3008 e0:63:08 qpbeus§Cgdifoopdn 036a0d sacg§odiwnieom cooling

tower (96§ c33260005

862005 “Approach Temperature” qg$s20305 cooling tower sagudsoon: [3sen:q$
o8oopbi Cooling tower qpso S:seqpang 0g0de[godndesnt 8&&grodc8ag€ “Approach
Temperature” o3 2.8°C(5°F)o& con:eapdoopdn oodspdisandyé cooling tower ¢ sa0godeq
=:0q$(leaving condenser water temperature)o? eoooo(ambient air)el Wet Bulb 820§§c005
2.8°C(5°F) &:0ko& qpresan [giopSoosdoopdi

Approach Temperature = Leaving condenser water - Ambient Web Bulb
temperature temperature

GaqP:0? Groad0RE 0od[gSs(spray)om 30qP:ad vudondd(ges [§daopdi Heat transfer
medium 2800pdb fill §gSa o§[gE:a0p5 cooling tower &l sa§jmaonieiloge woopSood erost
03603652009 GEIqOdsm[gEaaoyuS(amount of water surface exposed to the air)oopd spray
efficiency Gom&s veomEed o€ eonpSoopd
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eosC aBeogoopd qiods[yC(exposed surface) euxgpieco cooling tower & sa¢
00500058EgSs(capability) comEieco [g9o0pdbi crusé Beogesaopdsaqi$(time of contact)
2005 cooling tower & 30[gE(high) $& eqel Bsos(pressure of the water distribution
system)o? GOl ogEaonpSoopdi

Cooling tower sagudseoniofieniecy croseq cBeoy c5a0pdaads(time of contact)

Jopeco [gda0pbi eroseq oBeoy eso0dmagiS(time of contact)opeco cooling tower &l
220 ©05a0058EgGs(capability) deomEsacy [gdoogd

ecos¢ dBeogeseom eqel qodgo[gE(amount of water surface exposed to the air) s§oo
qpgpis¢ erostadeoy esaopdaad§(time of contact) [opgpSeoqeacgad heat transfer medium
a300pdb fill gpzod 0o6s0E[e300p5

Cooling tower 03¢ 006s08epd Bodqp:aopd cdeanodesme [PReneomn 3agudsson:
[998 832600051 B3cdgpiel  sacgpicdod  eonsdsofagad[gls(expansion) $&  of|[9c:
(contraction) 03033l copbaglse) 8&E:00qS 332600001 006900536000 GaE0ESSgP: 00bent
consdlon cell 00d9g|E:e8a3 eqeapdany| ofeepodeog§encynd balancing valve gps 006s000:q$
83260005

Tower gp: [gfgEod§:0864gEs(maintenance) $& servicing cpSoopdsesl basin gp:o?
Gqee0e[0Pg$320305 condenser water 3056 603 Sodao: c33aba0p5n BelopE isolation gate
valve 2300705 shutoff valve gp:o? 30E3055E 320905 30dgpsogE onbeotoon: qupdi

$60d:00053600 tower qpsad 2[GEod (parallel)gé oodeofoosdon eqaalgéa’ o383
Gozoopd(equalizer)3oSo? cooling tower qpEidist §ode005863nE 0nbs0ooigs B=0b
aopdi Equalizer 305 onbsolooneomefopé tower oodadsel basin ¢ eqelgC(level) $&eol:
ago:Clon oofgps tower 006cde ey ofeepadom [gpdeud8epdi 033 eegalgE(level) B5:3
§§320305 equalizer 305§ valve gpzo? [g[gEB§:86:(maintenance)§§e cagi€ 32[§ gEaonzqepdi

Cooling tower o€ 006s086pd30dgp:ei sa[gE(level)od eqaalgC(operating water level)
0005 §68€20g88eaE 0obs0Cauigs 332520001 Cooling tower §Ss0:(shutdown)oozaopdsasl
eqecjeoqs $& pump gp:od 00oC Ge:00003080503¢ ervLd(air lock)eoq$3a0305 0§03
meolelg egpeg, g0 “Ramp Up” afewrod “Ramp Down” [gepdaeo: qepdi

Condenser water pump ©08eenl:§8S 66edupo0pd3adadEs(water suction line)d
eooedeogs basin gps :2038:5 Ade05607 6L Jesqs Bzab0pdN
G.q Cooling Tower § dlo€aopd 32805223E:(Component)qp:

Cooling tower 0o&ad:0pE 32800310005 functional component afgro5§js SloEaodi

(on) Fill (v0) Fan(s)
(®)  Wet deck(hot water basin) (c) Inlet louver §§
(0)  Cold water basin (0)  Drift eliminator o3 [gdoopSi

Structure frame $& casing 030005 0p5680205¢3E:a3Eep element qpsg&le3005H
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ﬁ Bell Cover

—a{ Upper Basin
Cogmelic Plae
Lauver Framewnark
Out=ide Panel
] .
R - [l
2 |
=2
o I
=l
= —
EH =
E: Filling
=! 1]
) e —— -4—'

Intemal Piging (COpdion)

Inspaction Door

Loswier Basin 1
Reinforcemant 5 W ﬁ

= | o
Inilet weater pipe Ciwdlat water pipe

& G-op Cooling Tower 00&ad:0EA0E2005 328053238:qp:

Lowvar Basin

(o) Fil
Fill gpso? 6qs¢ crosalopiapl sapdionia(heat transfer) 38 comigScogsss so0p8ong

qo559[gE (heat transfer surface) e§ox Sqpieoq§eacgnd soo?.@l@ooén
(o) Spray fill

(J) Splash fill &
(o) Film fill opq) 3a§jEz2002 ad:§joopdn

B
-
=
|
-
X
8
-
~

Vertical Flow Crossflow Standoff

Vertical Offset

Cross-Fluted
('3 G-Jo Cross-fluted Vertical offset Vertical flow Cross flow standoff

Counter flow $& cross flow tower qp:ogE splash type fill $& film type fill $8Ggad:03
205g§Eo0pdn Film-type fill [9& [gopboonseomn tower gqpsoopd gpicomegé sagudsnon:
cooscudSenpdoopdi Splash type fill sagjpeaonsenadigioonieonn cooling tower gpiogé ecsé eq
8:e08:005(9$4gCs(air and water distribution) 325p0:c0d FedsgelopE  cooling tower &l
g&seaon8epd(performance) vegpE:d8Ea0n
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I_ T 1Alr Out

@ G-Jo Splash type fill

\ig A A=
700

Q G-JJ Seray fill gp:

Spray Fill

Spray fill gpsod HVAC cooling tower gpsog€ seadigecpe§d Spray fill gp:od
:200g[g:elopE cooling tower & efficiency 32098§058E0p5 oofgeoon cooling tower gpisE
£E:0080gi€ spray fill gpindsaadigioonoopd cooling tower 2005 3agudssenindwniGs ccud:gss(air
flow rate)gpaqp: §g$ 33260000
Film Fill

Film fill qpsoopd splash fill gp:398 eqed eeoodcudygp: [gdesmt FodlgEs(breaking)
olgiepSlogeon Film fill gp:aopS condenser water gp: 32§8505:5054gS 0olgpSgpSs(at: B:eots
aeogs $¢ ;oone(plig(heat transfer)gbedcogs somgpigp: [gdesnt [grpdeodgt:
Booctt oq 6 ook Boogep apepoycSHEEE Becpdh FRBEBEIRRS g
9800058EgE: (heat rejection capacity) deomE:eooopdi

PVC sheet gps(vacuum formed PVC)qp:od sa0ddg) esiccodsaago(vertical layer)
[§86320& 0opdeaonadoosaopdi ealEadodaaagn(vertical layer)qpseloypé
() egBe0E:903 0808000000 [gdGo20p0N (uniform water flow)
(9) 9dgspbso0pd GoBieoCgs(low resistance air flow)od [gdcocomaelopE Bzan:edigeq (air

pressure drop) $05:20051

32000500058 Egd:(heat rejection capacity)opagi€ “Film Fill” qpzoopd “Splash Fill "gpscood
3q) efficient [5G egpoondoonaopdi “Film Fill” o3:a005 cooling tower qpzaopd oofgps cooling
tower gpscocd 3agud3a00: 36 Goo:cud00p0n HVAC cooling tower qpssan:adso0pd 009328l “Film
Fill” gps03000 3203g[030005
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Wooden Structure

eqesaqj$on cooling tower &1 o§6(frame)od c0daxigpgé oopbesmrad(pgaopd
Steel structure — Galvanized Steel

Cooling tower gp:20pd e $& 6q 0O Es05 =o[Fond: Beogesaopdesep [gbeom
elopE ddeqE 00509052001 adeqEond[gle 0M0Rudes 220305 ddecB(carbon steel) gp:ad
galvanizing [gp&lo3o0pS Galvanizing e300p8¢n 096 (zinc) 3(lead)sC 3208805 (aluminum)od
Beepody) odeaB(carbon steel)zaed o€ saaglgdesmE :3p0[gCs(coating) [gdo0pdn Carbon
steel structure gp:o} vcoBg> V3053§0>c366(Hydrochloric)a0508 saeqpR 9Bewrod sorcvlyed
(sulfuric) 220500 3a6eqRgE esotelorp 0&0Eqa0d

SPEED REDUCER FAN GUARD
DRlVESHJ\F——l' AIR DISCHARGE

FIBERGLASS REINFORGED
COUPLING GUARD F AN ﬁ« Aﬁ- ﬁ / POLYESTER FAN CYLINDER

MOTOR EXTERNAL OIL GAGE
7 AND DRAIN
FLOW CONTROL VALVE _\ e = 5& PERIMETER HANDRAIL
i J - T /_
__f = A

DISTRIBUTION BO.K—\\ INLET CONNECTION

i

DISTRIBUTION BASIN —

N8 ¥ o UNITIZED STEEL
e MECHANICAL

EQUIPMENT

SUPPORT

METERING
ORIFICES

DRIFT
ELIMINATORS

Y
2 & CORRUGATED FIBER-—
AIR INLET ==> \\ A i ——— GLASS REINFORCED
g B POLYESTER CASING

|
/
|
|
|
/

CONCRETE BASIN
/_ (OPTIONAL)

i
T
WOOD BASIN (OPTIONAL) —/ b

MAKEUP VALVE, OVERFLOW, AND SUMP
ARE FURNISHED OMLY WITH WOOD BASIN

ERINNEREN

\—LADDER

$ G- Cooling Tower 00&9§ 22805323E:qp:03 Gwd[good
adesn0d  Zinc  communism  chronicle  o>§0303  $6qoopdn  Fee[Erodd[Biesnod
2366p8m§(Zinc liquid)adoge $dqoopdn aesn0d eelg caoseloypeopdn Water quench bath
[geod[g8s  [9B20pdn  aBspb:od  “Hot Dipped Galvanizing” spbs  o3ewpod “Dry Kettle”
$p5:0pesl 00pdi Galvanizing sacgoeisacn(film thickness)o3 ounces of zinc per square foot of
metal surface [§& 200500520051

00$301gE 0doongSieongC (J.p8)esanlog8:(2.35 0z/ft?)gE coating cvd[ges afewrod
hot dipped galvanizing cpS[gEsgboopdn Galvanizing [gopd[G: 20pd structure gqps ©§d(frame)
qpod 0eumeacd(gls(welding) o[gedooéaln neuesod[gés(welding) ¢lgbedlameam sagp(heat)
elop¢ galvanizing coSaon:0005 Fa03042(coating)ad805 God8:02:8E20051
Boeuesodgés(welding) [gepdaopd esepe o] sdegEonndenpdoopdi Belo3pé [god[ge:
(cutting)sé  ocweeodgts(welding)[giepdBiwax galvanizing [giepoqoopdi Galvanizing cpd[d:
G008l bolt $& nut gp:03 adzq) oodeot (assemble) §E20p5
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Stainless Steel

Stainless steel 00p5 carbon steel coodenaqié $§EqpS(structural strength) 3soS:o0pdi
adeo0d  adeqronodfgl: 3ah0d  J0mngud8Ea0d egpogodopt g§8€eom  stainless  steel
B§rz0002gP0pS SS 304 $& SS 315 0 [gdo0pdn wS(frame)gqpsod odead(stainless steel) [g&
[g096qi€ stainless steel bolt $& nut gpzo3oo 3203geCR§oopd
Concrete

:20g§[03e2:00p5 cooling tower qpzo? abeon(concrete) [g& oopSeeonndeno§oopdi
Fiberglass

eem&(hot water basin) $& eqesan§(cold water basin) qp:od fiberglass [§& [gewd
[p32005
Stressed Skin Fiberglass/ Stainless Steel Casing

Casing qpz0d Googaep cubselopCianjgd copdeomEs saommadejyd copdieomnts
cooling tower 22038:§ Googps 22[gEa3 vegpod§eo§3a0305 copbieamEs saaddglor025:

Casing 32[gd 222gjoopd 0gpSigps(material)oopS galvanized steel 1 fiberglass & UV
inhibited plastic panel o3 [g620p01 Galvanized steel panel o3 a%:0qi€ epoxy a3wupcd polymer o3
e§005ed: 3aag(final coating)sefgd codspd Gozopd
(9) Hot Water Basin o8eupob Wet Deck

Hot water basin o30up0d Wet deck 2005 cooling tower @il 3360l 3€:03E 00pb§oopdi
Chiller ¢ ogodomnaopd =apd§lgean condenser water 20pS cooling tower 820p8:03
eepod0pds¢ oQEs0d hot water basin o303 B:0€a0pdi eqpgps B:0€ano0pd mScud
[g8e00e[o3pE “Hot Water Basin” vp csl 2opdu

Hot water basin & 02082005 oeg:e$600 condenser water qp:ad fill gpsediad
:2p33q) 031606$ (9620051 98eomn p8oongd 3a08:0ndgs(uniform heat transfer) [gdeo§Ea05
Cross flow cooling tower gp:ogE hot water basin 20p5 c3&eameqmscodlyod: esaodeg]
Fedlodcudgpion orifices 33(gdges0p51 peo condenser water 2005 return 3o5e0d6s0E hot
water basin 32038:93 eepod§om angalgelsas(gravity force)elopE saedlodeud mecigpso
006e0¢ fill gpsed] PBpogn ogeodsagniagdi

Cross flow cooling tower & hot water basin 20p5 [gobe)i 025¢) qa0pd(removable)
:§mo0n: [gdoopdi Counter flow cooling tower &l hot water basin 2005 Gocoéelo3ps(air

steam)oa€ 0opS§oopdi

Cold Water Basin

Cold water basin 20p5 cooling tower &1 6320056[g8Cs038: 00p5§G: 32632:5[G:0000eq
(cold water)gp:o? [g$copSpopd:0000 3200603 crbeaoEeusoopdl Gs3M g (o rooder
(00)c005e 3035056000 6aEI§3cLOOIMGV: [§20pdI ABm§ade eqyp:o? condenser water
pump oo 950p20p51 Pump 6enEies009 24$03E 66225052005 (0 j)0nde0005 $5:00001 Cold
water basin 2005 cooling tower oo&9adiopE saeeesa(ofeeds(critical)pdesiod qpbesmt cosg
2001
() Condenser water pump §000&0p93280508 Bob30038:§ condenser water g3

96800C:038:0000:000:9%
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(9) Condenser water pump ©0oEewrE:00008580503C cold water basin o€ pump 9Sopqs
DR 6qRCO3GC0H fescoqil (Pump 06wE:a00d 3280500§03¢E return pipe ¢ Gayp:
qod9Es eoqeapadcSEAN eaendeaoddlon ecodlgts(air lock) [gdedl §E2000

S

.

=% B ¢
- I @ — | “ ‘
4 G-Jo Belt drive ¢ G-JG Gear drive 2300p0b Direct drive

(20) Fan 1 Motor $C Drive

Cooling tower 5 saaddgeonn fan $6§go0pS centrifugal fan & axial propeller fan o3
[g©20p5n Forced draft tower o€ $&§zads 3200¢q[G¢ induced draft tower qpopE axial propeller
fan o3ox saoddgoopdi Fan gpssaclopE:od fan 320§:(6) (Chapter-6)oE 32600805 eudlg
coxso0pdi Fan $& fan eodom(motor)gps  safogpiopE  power transmission [giopdeSsaogad
mechanical drive $6§s03 2203:g0pd1 0§om[g¢ centigs(belt drive) $¢ Bom|gé curtdgt:
(gear drive)o3 [g®a0p5n

(c) Intake Louvers $& Drift Eliminator

Cooling tower & fill pack gp:e823 erogpseepadognieoqs crooedodgps(intake louvers)
o3 00608 0oq[gEdgbo0p0n Drift eliminator gp:o? cooling tower ¢ coogps agodepdesepog
00680 conzoopdi Drift eliminator & 0082005 ecoedsmelope [gbedlconeon eqoodgp:
(water droplet) o3 cooling tower il 22[gEon0593 cgCogndeogniesnt omzeBicoiq$[gdaopdn Drift
eliminator 03 PVC 30005 steel (g€ [groSenp§oopdn Drift eliminator gqp:oopd eoosi ognep
m&:e@)&oﬁ 90° GO’_HS e@o&cﬁogo:esao& a’e:@& 0%90?05 Gm:@& EIC\PE)GO:ES:@@
eaEodcudgp:aopd drift eliminator i §oSopE 3058(trap)esom 0y8qd3[8 crogp:aBom cooling
tower ¢ ogodogs Gooopdi  ofspddgE drift eliminator 2opS drift elogplgded coneom
caedigsa(water loss) cagpspdieaant [gopdeodgts [gdoopds

G.© 220060050 (Principle of Operation)

Cooling tower o3¢ water spray system i fill packing material $& fan 03 Glo€oopbn Spray
system 2005 @ep(hot water)qpzo? fill packing adl a3 [g§eqjaopSi Cooling tower 320385 Go $&
eq aBeogesa00d qodso[yE(contact surface)sforn  Jgpsong§zeogod fill packing  gpiad
32004g[03[gE: [gd20pS eqp(hot water)e 304 §§000995350305 fan ¢p:aopd Grogps(ambient
air)o3 cooling tower 2038:03 oeepodesnt eeontgodeusoopdn Condenser water © ©dup
2005680280026 3pqP:0d cooling tower 32038:5 sensible cooling vudcodd(gE:spd: $E caeg

e[y 22903 ©udapad[gE: (evaporative cooling)spds $6505: o3[ gopadoud (reject)oopdi
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Cooling tower ¢ @&§000520p9 sa00wdM(amount of heat rejected)aopd 0€aw200d
ecoei Dry Bulb 320§ (sensible cooling [g6g$320305)$& Wet Bulb 32058 (evaporative cooling

[589$320305)e0l 0gE ©anpba0pdN

Condenser circuit 03¢ do€eoon equipment gpsen cooling tower 1 condenser water pump
$C chiller o3 [gdo0pSn Condenser water pump 2005 condenser water o3 chiller 32038203 0553
20pSi Condenser water 205 chiller 92038503 eepad§Q: chiller 320350 32003 060y [Bresn0d
condenser water s209$ [§Eon05cm0pS Besn0d condenser water 20pS cooling tower o3

eepod§G: 3P0l eroopadd  g&oodd(reject)cdabeamaelopE cooled water basin o3
eepo5a0p0358l condenser water 61 320§$ 860731032:00001 00d0& condenser water 2005 chiller

20980 2R3 900eS [gScuod ofeepodagnsoopdi Chiller | condenser water pump $¢
cooling tower o 3303E:5 condenser water 2280056[god 50500

Cooling tower 008020005 3204203
(o) Heat transfer o5

() Mass transfer 505 $&

() Combination of heat and mass transfer $05:03[3¢ 3204203 9§ 0005 (reject)oopdi

Baoeplicdyq  ofoopd(constant  pressure)saefgesacsogt  saqd(liquid)mslgde  sseg
(vapor) =:5[g628 sa09€e|pEigts(phase change)o? “Vaporization” vpesloopdn od vaporization
[§62005 2§03 @O0ura0pd =003 “Latent Heat of Vaporization” opesloopSi croocodsx:
(atmospheric pressure)og€ [gbeclagi€ “Latent Heat of Vaporization” at atmospheric pressure oy
esloopdn Cooling tower 20p5 condenser water ¢ 2033§),09 Gcoa3203C:03 “Evaporative
Cooling"$p54{3¢ g§0003(reject) coS0p5m Belopt caadsy [(goe0l opdn Badigeogrioopd caod
“Evaporation Loss” 0peslo0pdn 6820050l O(G- J§))20pS counter flow cooling tower oodcd: @i
@6)(condenser water)s& 6o320§8s00500¢(temperature relationship)o? ce5goonzooodi

Condenser water 3209$ 20p5 A © B 98 curve 0p€ [goon:a0p532038: 8690820948
ecooal Wet Bulb 220§§0005 C ¢ D 93[48oo050000005n Condenser water 03¢ sa0edigsqEs(heat
loss)(g68:  =a8:§ecocpopt  3a003gs(heat gain) [gdecloopdi Condenser water 820§
ogo[gpeqod(temperature difference)oopd condenser water entering 320§8(cooling tower 32038
a3) ¢ condenser water leaving s20§$(cooling tower ¢ 320905)03 §050024gEsgbo0pdI A 32505

B@&ooéu
B:ogS  ognlgpeqod(temperature  difference)o? “Range” op eslaopdi Steady-state
:efgeeesdd cepodi§sogE range 0pd condenser water ol £6s08: ogdieom SO

(GBS

Air Conditioning, Heating, and Refrigeration Institute (AHRI)@ é(standard)m@&
2005905002360 chiller © ogodaooopd(leaving from chiller) condenser water 320§$2005
35°C(95°F) [g8[Gs chiller 30pE:080E2005 (entering into chiller) condenser water sop§§a0pd

29.4°C(85°F)[g520051 aB3a910503 ¢oopde) cooling tower qpzod 8&E:cpd[ogo0pdn
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F0ddg|d(application)sE cooling tower egegudd(selection)edl @onpde) a3lgpsgqp: §$Ea05
A

Hot Water Temperature (In
A t Water Temper (In)
% o (In) into the Cooling Tower
¥ W < (Out) from Cooling Tower
3 ° e
& . B - Coli\!!a_te.-_r Ie_rn_pirature (Out)
= T _S
s 2 :
1IE S
a
< Ambient Web Bulb Temperature
C DA

FERCENT DISTANCE THROUGH TOWER

$ G- Jg Range $& Approch Temperature 0303 §&:055 cbgoonsd

Leaving condenser water &l 320§ (point B)$& saoecusi(entering) 32088 (point C)
o3el [gpasng|eda0pd cooling tower & “Approach” o&[gdo0obn 0odeobieani{gE ot Wet Bulb

20§53 eepodeant gpondeseanaelogpé “Approach” sl ad[gEsgdoopbn Approach aopd
cooling tower oodad:el 3200050058 EGs(capability) [gdaopd

320g8[0%:e26000(Bm600p50005  J[oFesnt [giopboonieam) cooling tower gpzoopd
209Scudeoo approach (colder leaving water)od cos§aopbi (200de0dcon:e0m heat load | flow
rate $& entering air condition qp3a0R05 20o[gdVESH) Gooo(atmosphere) 3303E:03 g&005
a8odeomn saguwdan(amount of heat transferred)oopd heat load imposed on the tower $&sa(g
opp8o0pSi

Cooling tower oodcd:el opsalpC:8E200d sa00En(amount of heat transfer)aopd
o3 cooling tower &l sap00d00058EQE:(thermal capability) $& ofcooopdecost =20qS
(entering air Wet Bulb temperature)o3 edl o€ ooopSooodi

0065p5:32049¢ cooling tower oodad:eicpbesonEgEgds(thermal capability)eomEseco
2ogpPigp: 950005088860 [gdoopdn 0€cxnaopd ecoel pgS(entering air Wet Bulb
temperature) §6600 3209500058962 gy (B0

oCaco(entering air)ei Wet Bulb 8000005 cooling tower oopS§ep esooel epadpop
e0logE  @oopdaopdbn  Cooling tower oodadsel gd:eeonCepd(thermal  performance)aopd
08an20pd ecoel Wet Bulb 330§8cdl0gE sagped: ©oopSa0p8i o€aooopdecus Dry Bulb
oS $& relative humidity c0pd mechanical draft cooling tower ¢l g&seaonepd(thermal
performance) 330305 225p5:c05000 F0Ea00d6epodg(insignificant effect) §oopdi Cooling tower
00bd:el Gaedige 5p5gCs qpegC: (evaporation loss)[gdg sa6dl0zE woopSoopdi

Cooling tower 006cds 3203E:08 ofeepadogneom Gaos psychrometric analysis o3 O(g-
J9) $¢ 0(G-J6)opE esdlgoonsoopdi ecoop (ambient condition) (point A)og€ cooling tower
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0832038 ofeepodogi(Giesnod condenser water ¢ heat $& mass(moisture)od @boy
agn:00pdi Begnod point B ¢ 00de0¢ agodognsaopdi o point B sacfgssesaopd saturated
condition [g&a0p5n 986205 2005¢05000:2005 2208§0050de LLIANCONS5pd:0000easl(very light
loads)jgogE ogodagnionpd eou(discharge air)aopd fully saturated [gogiEe [gde0c86ebi

LEAVING

WET-BULB
TEMPERATURE

ENTERING

WET-BULB ﬁ 1
TEMPERATURE
A 2 —Ws
=
= -
m —
? 5
= =
o 2
= o
- Wi &
= o
L ]
T o
E w
= "o
o 5

SENSIBLE HEAT TRANSFER

DRY-BULB TEMPERATURE
¢ G- J& Cooling Tower oodadsel performance o3 psychrometric chart col 0gE ewdgoond

Condenser water ¢ coad opselgpEzogazoopdsap(heat transfer)owdanaogd cooling tower
:038:03 o8agraopdecoc enthalpy (enthalpy of entering air)sé agodogn:oopd Geosi enthalpy
(enthalpy of leaving air)ogo[gesged [gdoopdn (hB — hA)gdoopdn sao00Seoppéedeoadd enthalpy
cB&sqpo0pS Wet Bulb 320§S c38:qpzss so0gs 8:006g> §esoeloppElgdoopdi cooe enthalpy
e[gp&:cdg(change in enthalpy of the air)aopS ol Wet Bulb 208§ e[gpCscdy o&fgdoopd

O(G-J6)e Vector AB 20p5 ecooo(ambient air)el total heat gain [g6o0pS Vector AB o3
component AC $& component CB s3[g6 §8Eo0p51 Component AC 20p5 sensible heat portion
[020p51 Component CB o0pS latent heat 28E: [9620pS1 oCamaopdecooopd point D o3

e[gpogm30qC Wet Bulb 200§ 0poBaopbi o86o05 Dry Bulb 920q$ J[gGoopdsadl total heat
transfer(vector DB)aopS 0po8c86epdoon  [gdaopbi  Sensible  323Cs(components)sE  latent

323E:(component)o320p5 g egpEiadognzoopd
DE 20p5 ecosi sensible cooling 528E{g6o0p5n Condenser water 20pd 3¢ (heat)sé

eq(mass)zad), 03 ecome0sad g§aoodealopE EB aopb latent heat [800pbn adeloppé opodoopd
water cooling load 320305 latent $& sensible heat 03 §§00050620p) VEdANFE|E0D GpPgd

6[pE:cd§Eo0pdn Latent heat $C sensible heat 03 g§00052005 vwraN ZogE0pS cooling tower
0060d: 61 6RYPG TJeUPOd eI YOOGS 3209$366:0la0N
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Evaporation cooling $254g¢ 20gp:03 ©0da05a0p)38l aqyp: ediqg:agnicomelopE “Mass
Transfer” sp5{g¢ 22003 ©udooddge: vrgeopds ealedecpdoopdi “Mass Transfer” $o0:
a3e0r05 Evaporation cooling $05:0005 latent heat 823&:5¢000 2005a3EG: specific humidity
e[pE:cdesE 0305805 sagragoopdi

3200056[0pEadea0d oCamaopd Dry Bulb 32088 oBoupod relative humidity 2005 latent
to sensible heat transfer & saggedlo€ @oopdeamelopE [gdaopdn Latent to sensible heat
transfer ol sadjp(ratio)oopd eegdjsS(rate of evaporation)sacol opEoopds a0jz000566podg
§oopSi

(G- JB)ogE [goonsaopdmac3Es case AB(WB — WA)SN cqegdjsss(evaporation rate) aopd
case DB(WB — WD)al ceegdig$i(rate of evaporation)ooobspS:0opi saonudelopéadeadd latent
heat transfer(mass transfer)oopS total heat transfer & GooscuSeom owdan[gdeoomelope
[gB2005

Cooling tower oodadsel 83E: 320[gesapt [§0SEe0m cuomnLy eaeggS:(evaporation
rate) 2000 eqBsgSe(water flow)el 0% [gdoopdn 7 K of water temperature range [gdoopdi
qé:geqegdigSa(evaporation rate)oopd 8&&:030500m eeeg gSi(design rate) cood §p5:00001
320006 Ppéadeadd poood Bewrod 632:00p0epa80gE 0aeom eruel eYS ool

conoopbslany| sensible component 3qpsconB: latent heat transfer (mass transfer) spSsom
eaeg ig$s(evaporation rate) $05dgE:elopé [gdoopdi

eqeg[gc: (evaporation)elopé  eqedsgea(water loss) [gdo0pdealgE  oSomelopE
eaoodgp: cgolfgts(liquid carries over) $& eqe@05a05E(blow down)ooopd o3elogpEaopds
eqedgeq (water loss)gp: [gdedaopdi o§omaelopé eqoadyp: cgColgs(liquid carry over) $&
eqew0daod(gEs(blow down) o3zac[oypEiod 650058E:03E eudlgaozanpd

G.¢ 8&C:3ncfgEacsqp: (Design Conditions)
Cooling tower oodcdel pOesorEEgds(thermal capability)od 630050 3105
(parameter) gy 2005905205
() Cooling tower 22038:03 oCaxaopd condenser water &1 20 $5C¢ 0g0dogs0pd 2:0{S
(entering and leaving water temperatures)
(®) ofeco &l Wet Bulb $& Dry Bulb 200§ $&

(0)  Condenser water &l cqB:g&:(flow rate)od [g®aop5

gPseomzandgé condenser water velocity 2o§p0:ads 1.5 m/s o sagpsads 3.6 m/s 326[gde)
condenser pipe 22god202:03 6g:gudGnR§ oS!

Evaporative cooling tower o3& eqegd[gSs(evaporation)gdoood  equeraNa0d
o8aaopd Groel Wet Bulb 2085E 200563800051 Air conditioning o3& 0320005 cooling tower
0066l 32000500058 EgS:(thermal capability)o? nominal capacity [§& esS[geap§oopS

aq60dencdangyé ewrlaopd(electric) chiller & evaporator ¢ o ©3c306(1kW)
22632:0005(cooling)q§gs 320305 cooling tower 2005 #§0S:clg 0. g 030c306(1.25 kW)
0N 32003 ©0daod(heat rejection)co:gs 833620001
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eqdssSi(flow rate) 54 mliter/sec §oopd condenser water e 30§8 35°C(95°F)e
29.4°C(85°F)eqpobeaant cpo8Eag 0nba3cd0b(1kW) 3a080005[gCs(heat rejection)gdoop
ad3§$0g¢ cooling tower 3303E:03 oeepodaneam crosl Wet Bulb 320§§a0p0 25.6°C
edlopt =aefgdoopdn dmefgesogt cdaBcdob(1kW) evaporator cooling §§qs 9Sesscfg
(0.J9)0B3c806 (1.25 kW) oenandeoo 22003 cooling tower ¢ g&codd(reject) cosqopdi

aqoodecdomlgé  eunsoopd(electric) chiller ¢ 0280B8c805(1kW)  cooling - capacity
0005602038 cooling tower 2005 chiller ¢ 028aB3c806(1kW)sa[g€ 0.25 kW of compressor heat
BA sudoadd(reject) Goiqaopdn 0.25 kW of compressor heat o3 “Heat of Compression”
0peopdeal 20pdi 00ds0isdgE 0.6 kW/RT efficiency §oopd 500RT chiller ¢ 500RT cooling
capacity 03 coddeoses§$ogé cooling tower 2005 500RT cooling capacity 33[g€ compressor
©ao5a00) “Heat of Compression” (500RT x 0.6 kW/RT = 300kW = 85RT) 85RT 030l g&oocd
(reject) cozqoopdi oBelopé cooling tower ¢ 500RT+85RT= 585RT g§cood(reject) Gozeaopd
Condenser water pump ¢ heat 03 copdeogod cond 33§),6000 Zoe[gEaesEP:e2005 nominal
capacity rating 22038 320%4g|e0o ©§o0p503 cogqEoRdI

:q|0301gC cooling tower oododiel 32000500058E@Es(heat rejection  capacity)o?
operating parameter qp: [glo3eom eq@aolangdS(entering water temperature)l 6g3>0905
:05$(leaving water temperature) 1 condenser water 8:58:(flow rate) oCecoei (entering air)

Wet Bulb 200§$ $& ccodssS:( air flow rate) o3[g¢ ewdgoopd

G.00 Cooling Tower Heat Transfer

Film

K.,V J“ CyT

T, <Tg

Air at Bulk Water Air enthalpy < Water enthalpy
Temperature, At Temperature,
gt " !B/
KaV/1. = - ,_
N h\\' - h..\ / \
CW'1 > b
Heat Movement Heat Movement
?9°J2

O(G- Q)€ ewdgoonoopd condenser water cgoodcude 32003 Fa&:§eco(surrounding
air)oda3 sensible heat transfer process $& latent heat transfer process spdssdGjaddg

98000508[gE: (962051 A saponiepEgiybod(heat transfer process)o? “Merkel Equation” (&
eed[g§Coopd

Condenser water ¢ 00593020009 3¢ (heat)oedno0pd 3a&:deco(surrounding air)e
960308052005 vedaN$E P8gooRdi

(G- Jo)ogE cooling tower characteristic 03 0go08[gE ewdlgooazoopdn Cooling tower
characteristic o3 633005313203¢: 0q0OO[gE GwdgoopdspS:(graphical representation)goopds
600082001
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eomEs0005028

Law of conservation of energy 32q (cooling tower 0o&9ad:03 control volume 8396 vasoay€)

Amount of heat loss form Condenser water = Amount heat gain by Ambient Air

h1 ?
Enthalpy
Air drivingl force

-y E D

o

T 2 B

L2

[

1T} c Water

c
Approch ’ Range !
T Tew F Thw
ab
Temperature

$ G- o Cooling tower oodadseil Enthalpy driving force [g€ codjgoon:d

C' 2005 o€oonaopdecusi enthalpy [gdoopd
BC 2005 initial enthalpy driving force (9620051
CD 20g5 air operating line with slope L/G 620051
DEF o:)é projecting the exiting air point onto the water operating line and then onto the
temperature axis shows the outlet air Wet-Bulb temperature [gd2opSi
L/G 2095 liquid to gas mass flow ratio (Ib/Ib or kg/kg) [g6o0p5

Condenser water ¢ saopedsdraoenmn(heat loss)oopd sa8:§ecoco(ambient air) ¢
9603805000030 (heat gain)owdan $& 080005 Condenser water &l 330ed:gga(heat loss)

0eN30D0 Quater = M. Cp . At [§620p5N
Condenser water 5 sa0qSe[qpE:cdq(temperature change)(gdeomelopé sensible
heat change o2 [gdedlaopdi Bea0d =a8:§ecoco(Ambient air)ogE sensible heat $¢& latent

heat gain $6§jgelo3p¢ sa003:000(gE:(heat gain) [gocdl 20pdn

obspdesmigE condenser water o3 sensible cooling $& eqegeolgisé =03
0050005(g&: (evaporative cooling)spds $6§EgE 3360005
k
Quir = mMyr(hy — hy) Quater = Mygier X 4. 19é (t; —t1)
Quater = Qair

k]
Myqgier X 4. 19@ (tZ - tl) = My, (hZ - hl)

t, = Entering temperature of condenser water
t; = Leaving temperature of condenser water
h, = Enthalpy of leaving air

h; = Enthalpy of entering air
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Mass of water

o3 water to air mass ratio a300p05 liquid to gas mass flow ratio

Mass of air

068l 20051 0$620p5 Ib of water/Ib of air a30w05 kg of water/kg of air [goopSu

eoooo(ambient air)3apd§ 78°F(25.5°C)DB $& 50% RH 20p5 cooling tower 33038:03
eepoda0p038l eqegdeof: 3a9adeudonad(ges(evaporative cooling)$oddgé condenser water o
6222600001 Gewel enthalpy 20p5 30.1 Btu/lb ¢ 45.1 Btu/Ib 9208 [gGona5ogn:0005n 15 Btu/Ib of
dry air [gGoooSognioopbn o 15 Btu/lb 2opd condenser water saeos§§ 00dedlCod 15°F

203§§ 0ye08:092: 6o§E200N

oCamaopdeco(ambient air)el §adEsso(humidity ratio)oopS 0.0103 Ib of water vapor/Ib
of dry air [§8[g: 0godognza0pd Grost SadEseo(humidity ratio)e 0.0233 Ib of water vapor/Ib or dry
air (9520051 03(0.0233Ib - 0.0103=) 0.013 Ib 20p5 eeegd|(evaporate)ogr:aopd condenser water
[g20p5

85°F § §eooo latent heat vaporization 00§3:0005 1,045 Btu/Ib(2260 KI/kg) [gda0p5n
0.031lb x 1045 Btu/lb =13.6 Btu [g520pSi 15 Btu & 0% 2025 eqegdeofgllss 0003
00Sa005[gEs(evaporative cooling)soS:elopé [gdedl copdi og§a0pd % 0§05 sensible cooling
elopElgdoopdn Condenser water 320§§a0p0 15°F a0l crocl =20qS 3.3°F [gConad
020051 Geoal 20 $2000 78°F ¢ 81.3°F o3 [gEon0da00i

.00 Cooling Tower Performance Factor

Cooling tower oodadsel gd:esonEepd(performance)aopS 630050 sagiod(factor or
parameter) qpseol 0g€ 900505
(o) Range (§) Evaporation loss
(J) Approach (©) Cycles of concentration
(p) Effectiveness (qQ) Blow down losses §§
() Cooling capacity (®) Liquid/ Gas ratio o3 [gdaop5n
3.0
2.5
e
E 20 \
2 \
[T
15 |
|
v 10
&
£ g5 B
o
g.0

1 3 5 7 a 11 13
APFROACH °F
$ G- Je Condenser water range e[gp&:c3[gseloppEcooling tower sagud3e00: 6fgpEscddod
ewd{goonzoopd
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ecosl Wet Bulb 900§ [gCoooScn[glielopé cooling tower & g&seeonled
(performance) oeo8sogasaopdi eooel Wet Bulb 320§8 o[gp&cdfglieloppE Approach oo§3:

e[gp&cda0pdi Range agpE:cdfgEielopE Approach 00§:3s algp:ndo0pdi

Condenser water 8s58:(flow rate)qps[g€s 9800p0d range qpsgéselopE 309 ©0Sa05
8Eg&s(heat rejection capacity) gpscoro0pdi
1.3 13
1.2 o 1.2
E 11 \ E 11 el —
w10 E 10
E ik} § 0.3 /“"
5 as —— E o8 7
E 0.7 E 07
i — ] 08 1
50 B0 B 00 120 140 1E0 180 A0 40 [iia] 80 100 120 140 180
FLNGE WARMMCE [%) GRPMYARIANCE (%)
(? G-90 Variation in tower size factor with 9 G-90 Variation in tower size factor with
range. condenser water flow rate.

200050] $(G-p0)0gE condenser water 8:58:(flow rate) a[gpE:cd[gselopE cooling tower
:qudmon: 6[PEdOnd  eudgoon:opdi 830005al O(G-po) 2005 condenser water range
egpe:cd[gEselo3pé cooling tower sagudsron: 6[gpE:cd003 eedlgoonzaopdi(Approach eelgpE:dl)

G-oJ Condenser Water Flow Rate

Condenser water system opC 8:gfs(flow rate)oopd 3a09§ saeEr3Ro0pdn Condenser
water ¢ 30 (heat)qp: Grooo(ambient air)adad sa0e&cood(gEs(heat rejection) [gdeog§ cdeanad
@ox condenser water 8:08copSoode § ©§ 0desoiqs Bead0pdl cudpuyEyé “Range” o3
5.6°C (95°F - 85°F = 10°F)0n§3:03€ sa6(gde) 8&E[gapd{ogoopdi

Cooling capacity 1 RT oqi€ condenser water cqoopSocdsgseoopd 0.19 Liter/Sec (3GPM)
[g8[8s Chilled water eqropSocdg$iaopd 2.4 GPM [gdoopSn cdeloppE condenser water
eqeopduodgss(flow rate)aopS chilled water cgoopSoodgss(flow rate)si (o. j§)eo(1.25 times)
[§820051 g% Bqpzoopd Chilled water B:58:(flow rate)aopS 0.15 Liter/Sec per RT o8o0pod 2.4
GPM per RT (962051

006505:3m4g¢ electric chiller qpzap€ heat of compression 2005 chiller cooling load
& 25% 8:0ks& p8gieamaejorpEgdoopd

:20005¢] condenser water 8sgfs(flow rate)oopd 332600050005 $05:q€ condenser
water return temperature [4¢0o05c0nc8800n Chiller 22038:03 220g§[gEa0pd condenser water
oCeepadanay€ refrigerant &l condensing pressure [gEooodcxnfG: compressor & @b

ads@q(power consumption) Sgps cooc8gepd
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QdGan0Heom eqBigSi(water flow rate) o3 chiller 82038:08 copSuddeogselopt

condenser water return temperature ogso&:conom chiller efficiency 3eomE: aonc86ebi

Air-Conditioning, Heating, and
Refrigeration  Institute  (AHRI) 2005605
qode0q 8&&:3negzacs(design condition) o3&
cooling capacity 1 RT qq$ condenser water
'550|: eaeopdoodgss(flow rate)oopd 0.19 Liter/Sec
per RT 0360705 3 GPM per RT [gdoopdi

Cooling Tower

Lower part load secfgzacsqoaEaopd:
condenser water 8:$s(flow rate)o? 83E: S:58:
(design flow rate)oood =p5:c0d eaqpsd:

eang cagpqi§Eoodi

Condenser
Compressor
Evaporator

3 GPM/Ton 2.4GPM/Ton
(? G-2J Condenser and chilled water circuit

Actual condenser water 8:58:(flow rate) 20p5 design condenser water 8s58:(flow rate)
0005 Bogpigs 832620001 Condenser water 8:58:(flow rate) c3s2600p50005 ypsgaelope
08320205 0332660006238 (pumping power)od [g$:03:ep eapodo0pdi 0ods00:egE over
pumping [gdeoo0p5u

Cooling tower g&:es0nEqpS (performance) pdqiesaq condenser water B:58s(flow
rate)qps[gC: elogpEaopds condenser water supply temperature [g€00050028E20051 Cooling tower
0069qE:83 oppBeomeaowan B:08[gE:(flow)o§oopdsadl (unbalance water flow [g8[gE:clo3p¢)
22§, cooling toweraopd 8&E:Bs58:(design flow rate)aond3¢p:o0pd condenser :58:(flow rate)o?
q§lo>  3p0g0deaEeqS(condenser  water supply temperature) J[g€wascmnoopdi sacgodeq)
:205$(condenser water supply temperature) [g¢eooe[op¢ chiller efficiency ageo:cd0pS

G.0p 900a0pdE05E 9800050005 Fpuwan oPpdge: (Heat Balancing)

Vapor compression cycle qpogE evaporator oo 320(heat)o300032008 32006005035
condenser gpzn a3050p0oseoM 3003gsgSc00d[gCs(heat rejection)cpdlogoopSi Compressor
320980 :09$[gE[Q: 830dgEa0pb(hot and high pressure) refrigerant gas gpsoopS condenser

32098203 Gepad§on(B: 505 $6§EGE 3apeudonad(gEs(heat rejection)apdlogoopd

o3 refrigerant gas 20p5 superheat 32085 326 (vapor) 326[gsees|gS sensible heat o}
g&o0od(reject)o0odi 0365005 saturated =SS latent heat o3 g&oood(reject)om refrigerant
:6g, (vapor)e s265(liquid)sagdad egpCsogzoopdi

Condenser load 9005 ©oSapodoopdsaguwdan(amount of heat rejection) [gdoopSi Air
cooled condenser ¢ sapecdonad(gEs(heat rejection)elopé crosiznnq$ [gres0:qod 9°C © 12°C
0§ [§€0205 ezt 88E:006e0y §oopdi 32m0de] S0 S[gEanndg(temperature raise) 10.5°C
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o3 206[gde) 0gedag€ 1kW sap0wmo? g§cocd(reject)q§eaogod crodigs: 0.093 kg (mass flow
rate 0.093 kg/kW)c33260005n [1/(10.5x1.02)= 0.093 kg/kW]

powagyC §eosiondeci air con unit 2005 350kW cooling capacity §8: 430kW sagoenn
0050005[gEs(heat rejection)(gdbgs crodsssi(flow rate) 40.85 kg/s aBwwpod 36 m’/s §oopd air-
cooled condenser o3 332%qgqepdl GrolgE 2088000500008 GgEo0S volume flow rate
0300705 mass flow rate dqpzeomaelopE esapadared c8abaopdi
“Water Chilier” Mechanical “Water Chiller” Mechanical
Refrigeration Refrigeration

Pressure Pressure
Coaling Towers Cooling Towers
otal Heat Removal 2512.5Ton
7 L 7 7 i
/ / / Difference of less than 3% /![ { :! i
I
Load / X’ 2043.1Ton / 469.4T¢n
Chillers / X = Motor Input kW of chillers Chitlers / X = Moter Input kW of chillers
& Condenser Pumps & Condenser Pumps
Enthalpy Enthalpy
Q G-pp Heat Balance Q G-pG Heat Balance

Condenser Load = Evaporator Load + Compressor input power
Heat rejected from cooling tower = Heat gain by chiller + Heat of compression

pow> condenser 0069005 sap(heat)owan 12kW o3 codoodd(reject)qea0g05 30§18
35°C §eoon [gE€oecu(outdoor air) 20pd 320q$ 50°C 2208 [gEonoSagna0pbi o condenser 20pd
8 kW mgoemod oudoood(reject)qs 83208 [gE€oeco(outdoor air)oopd 15°C [gdagé
oS 0pdg 32080005 ognsepdspd:
Temperature difference = 50°C - 35°C = 15°C

Load

Temperature Dif ference
12 kW/15°C = 0.8 kw/°C
T P

Condenser rating

“.’

> Qrwjm ed
Qlw(l

v

S
© G-9§) Carnot cycle for refrigeration
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a3 condenser 20p5 1°C ga0qSozo[gp:odts(temperature difference) sagowoan 0.8 kW o3
ooSaood(reject) §Eg8:oopd

G.0G egegjudepapt odoniqepd 32/05¢p: (Selection Consideration)
38el cpess(application)sé co&eagdesmnseonn cooling tower o3 egegdeacgnd
6320053 2agj058005gP:0d copdagiodin:gs c33a6a005
()  Cooling duty (33266000 3a0005000558:(capacity) | consopd duty sadjsaon:)
(®)  Economics [B:gnieezopodegqoiadgl 0nbsolqsmSoyo§od(installation cost) 1 censsé
copd0oadgs mSaqo§od (operation cost)]

(0)  Required services (33362009 02:0633§jE320:4)>2)
(@)  Environmental conditions (0obo§:0qCad aB805ed o§i cogpla e0:g) a30wpod crzagP:e

$¢ &o0pbesepogl cooling tower o 006s0lq§ woCecgpeon Legionella Jigos
(pathogenic gram)sagepodeo3pé [g620p5n) Legionella sa6(o3pE: 3600:805 8c8dlmn
http://www.nea.gov.sg/cms/qed/cop_legionella.pdf 03€ eapan§Eaodi

()  Maintenance requirements ([g[gEc8§:036:q5 B2a0g0dgp2) $¢

(©)  Aesthetics- 33[gEcvog & 0§ 03[0 (cplgEaptiarE ondeofoomieom cooling tower

qpP2eas [03p260mE:e308 [girpdooig§ Buunad omgoongs 8620051
32000501 20g0530005qP:a0pd  0d9slonde  3[gSmrSociedy  §o30000

0069gC:803 s08:066g:5/05 qepdi
3200050] 3qi0dgP:3e[gE cooling tower egegud[gt:s 200dadEe0m Fag0dzCLNSGPiw
(o) Safety features 1 safety codes $& 2005e3Ee0m Gong§ontiqees 0pdiqd: 0pbints
qpicp adgoqeps

() 32680005358 3§Emee:03 806 qIeodao:aopd code gpod ABadsnqepd (Conformity to
building codes)

() General design and rigidity of structures (0opSes00050pd structure 83E: $& soqjpeaon:)

(G) Relative effects of corrosion, scale, or deterioration on service life (95eqio005[gE: @63

00 g&sqpdoyeotgls $& 32addg§Eo0pd 2005008:03(g8: a0pSc3sE 20ndedeom
2odYPs)

(§) Availability of spare parts (2a80gp5sgp: 350905000 q§8E)

(6) Experience and reliability of manufacturers (cooScpdonel  cpScimeo[ogse
805%%6&@1 I 9§])

(Q) Independent certification of thermal ratings (eodlgoonieom gb:eeodCqpdsSs(rating)gp:
03 00050520500 Co[gP:eoN3Y DEPPE GD05dGLE)

() Operating flexibility for economical operation at varying loads or during seasonal changes.
(6518560008 epaBpopEmic(sy [90edl§E0p5 load gp: sl & oBoSpdeEné
60&:8E4)03 [gda0pbi
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od3agedmc0odgpeaagE  op&dlg(equipment  vibration)  soodod(sound  levels)
sppd2deaqRspdieant ceonlqodlgts(acoustical attenuation) 8apon8&E:(architectural design)
$¢ Bodeagp PBeoglydbyg 030Bd: 3280000z 0dionigERd [Baopd
Cooling duty $E200583E6000 329/05320005qP:0005 33[gE(height) saqRS(length) sacn
(width)  ecocopSocdgss(volume of airflow)  fan $& pump odel gdsmaCad:gusss(energy
consumption) 005680005002200p9 0gRdsEa§smaens(materials of construction)i ceEaqEdzPE0g:
(water quality) $¢ egrogodopE g§8Eq(availability)o? [gdoopdn
8832680005358 aJeupcd 88 system 220305 3eoMEiadisC spo0CangHede00n cooling
tower 3a§jrmoonisC 35gud3202:03 economic evaluation cpd[Geomn q§8E0I spSi0pmeq
(technically) sa008enqpeddgdes 3260003 B:gnieqzaq(economically)copds saoE30(god qp:a
835620001
2007 ASHRAE Handbook ©osp0¢ Chapter 36 S dlfeoo> HVAC Applications =08&:0pe
32002000 Bsieqpanq 03096[gr30dg fiog sos:0bspd:(economic evaluation) $6§Ea3 cedly
00230001
() Life Cycle Costing (equipment o9 0oudo0pdese d:wqE] qoSLdVIE300 oSy
o805 gpadié:cf 0godaophsndi)st
(J) Payback analysis (0058t 02650EqS cpEmyE§odgp:a? [gScodefes $60pdqfo3p0p503
030500095058 [g62005n)
3200050] $p5850505: 305050 [3055020056p $5:03 323 g§Eo0pd
32088:cn§oneodyp: (initial cost) 30305 6320053 Sag0dzLA50303 c0pda3E: odion:
20&20001
« Erected cost of equipment ([G&: 0o§§: 020050300305 cp§oze§od)
e Costs of interface with other subsystems (00058382009 oofgpieom subsystem gpsse
interface cp5q$ crSoy0§05)
e Pumps and prime movers (0§ 02009 033203050 S0y0§05)
e Electrical wiring to pump and fan motors (0§ 1 6e50m $¢ fan eudom ol agdoddlomnse

2005838600 cpSoye§od)
e Electrical controls and switchgear (chE)ooS panel qps §<§ control gpai switchgear o% :390308
02§010805)
« Piping to and from the tower (3o5gps 0268088820305 Emy0§od)
e Tower basin 1 sump screens | overflow piping and makeup lines 1 if not furnished by the
manufacturer (oofgp:eoon 22805328C:qp: 320305 MSy0§od)
e Shutoff and control valves (o00:qPs20305 0rSq080d)
e Walkways 1 ladders 1 etc., providing access to the tower 1 if not furnished by the manufacturer
(60gPOHCGs GrROM:03320R05 HSOO{od)
Fire protection sprinkler system (8:consomogudes: 3283204320305 p&ayo§od)
3Ca3Cqa0005 opSoyo§od(ownership cost)st oB5:0384q[gEq op§ome§od(maintenance
costs) 03330305 6320050] 32g[053200050303 copdagts oSS
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e System energy costs (fans, pumps, etc.) (006§o§ewnCiq$300305 cB32600p) g&imal
320305 ophoredod)

e Energy demand charges (cgi60denc53m:0 0r§aqo§od)

e Expected equipment life (826gpcog8ad:6000 20adg8C0pd 20050062)

e Maintenance and repair costs (a3§:036:0§05 $¢ [g[yCodod)

¢ Money costs (3203:03051 6ga03:600E:99 020503320305 copdeemniqepd 0§od)

G.0§) 30gudza0n: ageqdfgt: (Cooling Tower Sizing)

Cooling tower gpsaopd central air conditioning system ¢ 9800050005 320 (heat) gqpzod
a0 chiller 61 compressor ¢ 330 (heat)gp:o3copds 3090003 g&aoodeusqEopdn Chiller ¢ 8¢
(heat of compression)oedanaogd chiller & efficiency el @onpbaopdi 3a[6:eag¢ gc0d
eebomgé cuneam(electric) chiller gpzzaogad cooling load & g% [gdoopdn oBefo3pé cooling
tower &1 sagodsaons(size)aopd chiller cooling capacity &l o J§% [gdoopSi (0. j§ 09§, [§6205 )
agl608eu50m(gE een:0005 chiller 33030500 [§&aopS

Chiller efficiency 20pS cooling tower &l sagodsaon(size)ed o @onoboopdi Cooling
tower & 32guS3002:0005 B=620p50005 Ganscudesag  SgeudScood[gs(heat rejection)
ecdeanodeaneoPpé ogadeasapgiS(condenser supply water(leaving)temperature) [g&oo05
cncB6epbi adelopE chiller efficiency oqjeofsogned€ooodn Cooling tower ¢ cQOdeqEOS

(condenser supply water temperature) §6cq€ chiller & efficiency SeomEsanaopdi

Cooling tower 205 98s3§a2q ogodeaeap§$(leaving condenser temperature)od coosh
Wet Bulb 220§§ 23eepodesnt 8&qeo: §Eo0pdn odad 86995320305 qodsnlgedurn(surface
area)oqodoqdsC ecodigss (air flow)qpagp: 332600001 AB03ad 8&E:cpdoonseom cooling
tower gp:a0pd chiller efficiency o3 38 comEigS&eoeaddoond: cooling tower oo§d: Boupcd
o608s $&  copSuddeonSoyodod(operating cost) ©20p503 3e0eE  gPIP3EEdI
832600050005 Jqpeaopd cooling tower 2262030503 00680E00:gs 8326088051

Cooling tower ol godgolgEedumn(surface area)spdsgs qpsg:oopd capital
cost(cooling tower 0o83:)5E000 20058382005 Cooling tower &1 ceoB:gSs(air flow)spSsgts
qPegEs 20p5 copdoucdes mSaye§od(operating cost) $Ea00 20058305

oBelopé orndeoon cooling capacity §oopd cooling tower $6cd:¢ godso[gEe§orn
(surface area)qped: GoodsgSs(air flow)spd:aopd cooling tower 20pS capital cost qpeGs
copdoddes orsoyedod(operating cost) $p5:c866pbi qodsnjgedumn(surface area)spSid:

ccod:g&s(air flow) qpsoopd cooling tower 20pS capital cost 548 copboodes mrSoy0§od
(operating cost)qpsc86e5i

ABelopé cooling tower 32guS3e02:03 303800800805 (initial capital cost) $& chiller
cooling tower &l copSoodes mrSmyo§od (operating cost)od sajogpioré saeomEsads(optiminum)
[g0e320E §Se0q) agequSeges (605

4-30



eomEs0005028 Chapter- 4 Cooling Towers

Cooling tower o3 chiller & ogodeq@apq$(condenser water supply temperature) oeq
;oS (return temperature)c3326q105 $& cooling tower §oopdesepel Groop(outdoor air) Wet
Bulb 320§§ed o3¢ m06(gde) egeqdaepdn Chiller 9ogad(Gs cooling tower a398 ofeepadaonaopd
condenser water =a0qS(return temperature)oopd 35°C (95°F) (968 condenser supply
temperature 20p5 29.4°C(85°F) 9920001 Grocomepgj§o0p5 Wet Bulb 320882005 cooling tower
00p5§epeso ¢ padpopediog goobaopdi

Cooling tower 0po5c0Gopgp:0Rd cooling tower ol 2ap0u500058EgE: (heat rejection
capacity)o? s2§j§jzeo0n operating conditioning qpogE 2005905030005

Cooling tower &l 32000500058EgEs(heat rejection capacity)oopb operating condition
260 a8 9oopdoopdn 6enlies00d :2§ES ccoel Wet Bulb 320§§0005 8380052005 Wet
Bulb 2¢§§c00d J[gEesdon o cooling tower 2005 8&8:cpdaon:a0pd sa0pe0d00c58Egs:
(heat rejection capacity)o? q§c86epd curodeon 8&E:nboo:a00d F20005a058Egd:(heat
rejection capacity)aoo’ $p5:00pd capacity 03020 cos§Eaopd

30393 3ac[gmeesdpogE Wet Bulb 2p§§[gEeoomalopé cooling capacity o3 20056005

00230000 3g00da00d8Egbs(rated capacity)e sagjpoy caqpspdiogiepd capacity o3 o§0S:
0p88a0p5i Rule of thumb s2q cooling tower & nominal capacity o3 chiller rated capacity &l
006903 (1.5 times) 32[g® 2005605030051

G.06 006e08[gE: (Installation of Cooling Tower)

Cooling tower el g&seaonlepd(performance)oopd erodigss(air flow) edlogé @oopd
comelopé cooling tower 03 Grooecoaged GomE:0pd esepogt con§ootaopdi O(G-p6)oge
[gooozaopd 92038 cooling tower oodeoaoiepdesep Fpoqdadeancdes?nE c02:e0:0Edd
eedaongoopdi Cooling tower &l eoooCedlob(air intake)oopd $§5C¢ 200g88:n0g0 oo
consdqepd 220r3260:03 cooling tower 0oodcpdapgpiade qua§Eaopdi Cooling tower ood9 $&
80g|05§ oofgn: cooling tower 0o692005c0pS: Ade05300) F0360:E 0opS§aoEapd

Minimum Minimum
= distance =< | distance to
between wall or
towers obstruction
4« » <>

$ G-p6 Cooling tower $69majogpizacgoeos $& cooling tower $& 4§ salograogzaco:

Cooling tower 02690 ¢o50005c80500p9 ecopgp:(warm and moist air)oopd oofgps
cooling tower &l coooedlod(air intake)s2093 weepodicoqs a0o3geepdl so§),6om efgsscs
qpogE extension duct o} cooling tower &l 330g05(discharge) GsepogE 0nGs0CoodgEdye

eoog(hot air)gp:o3 cooling tower ¢ Gosepad eepadesE [grpd8Eaopdi
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Air discharged out
- TN T
‘/Discharge air\A -
Extension

recirculated back

AN ar e

=< =<

& G-pq Extension duct 3304qjq] recirculation ¢[gde320¢ ama0500:00051
G-0q Capadity Control
gpeeonzagé chiller $& cooling tower o303 interlock [geeSoonsog0000n  Chiller

ool cooling tower $C condenser water pump o3 338 0GwaE: qaopdi Cooling tower

06eE:03 chiller consq) 0qesE vSaogE: o3 “Interlock” (r&apd vpesl 2odi

Cooling tower sap0cS00c58Egbs(capacity)aopd ecod:gss(air flow) $& gods0[ge
s§on(surface area) edl o€ oop520001 a36o05 cooling tower &l qodsn[gE e§oon(surface
area)oopd capacity control $& woo05e3Eeon Grodsgss(air flow)oos capacity control $&

200583820051

Chiller 20p5 oS3a5p5:c0d[gé euriesgS(part load condition)ogé cooling tower o
0050005qepd ap(rejected heat)ownan $p5:00p51 B398 3a6[geees§rogE cooling tower saos
[4555:30[gpd (full speed) 2Bwupod full capacity [§€ cedt:qf ocdzadao

Cooling tower &1 GeodzgSs(air flow)odeagpygllys 2000500058Eg8:(heat rejection
capacity) 03 cagpqi§Eoopdn g&:3aEad:gq(energy consumption) o3coobs cagpspdieoo0di
Cooling tower &l ceo:g&s(air flow)o? 558G 3¢ cagpqi§Coopdi
(0) oooespd:  Fan s0:diod 3209000y switch on/off cpS[gEai(cooling tower fan cycling)
() 30B0osds  Fan gpzo? Variable Speed Drive(VSD) [g¢ cenCigCa

ocoespdpC 83260000 ee@apqS(condenser water temperature)od eepoSesant
cooling tower fan gp:03 cenl{gCaqosogts(switch on/off)gé control cw68Ea0051 Condenser
water 20080005  [Eoncd[gls(fan  wewnliaopbeaqSopE)  ogeolglifan  eentiesoopd
32805038) [gbox chiller operation 03 woopde[B6(unstable) [gdeoaopdn Fan gpod clopem
6808051 §0c305 cvd[glialopE 2005006:003E8 GEdB:agzn:8Ea0pd

303005p5:0000  206070E:00:50049b20p01  Fan  gpel  [gS58s(speed)od 83260003
enl:8EqS Variable Speed Drive(VSD) 03690€000dg8: [9900p51 a00500boom0pd eq@aoq$
(condenser water temperature)qg$320305 VSD oo tower fan [g&58:(speed)od 83260003 2203
;eagp (modulate) [grodeodgs [gdaopdn
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320905madespdic0bs(control  strategy)oopd  condenser  supply  temperature o3
8&8:00§3:(design value)opE aB§:condqEslgdaopdn Condenser water temperature 29.4°C (85 °F)
o3 set point 23[gd 2005005(Gs condenser water temperature 2005 set point cood J[g&dlon VSD ¢
fan [g&5S:(speed)o? [gEeodgliyC (ccudigSs(air flow) Sgpiesant [gjop&8Ea0pdn Set point cood
386c5Clon VSD © fan [g§5S:(speed)od cagpgeosfaliys ccodigs(air flow)od eagpspdiesant
[g10968E 005

Fan ol g&eaCod:da(power consumption)oopd fan [g§gSs(speed)el 09006038
(cube)s& p8gjoopdn Fan ¢l [g§5S:(speed) 03 J0% aqRydadaqiC[gSsS:(speed)od 000% ¢
00% 93 oeagpqedadaqf] fan & gd:maCod:gg(power consumption)oopd §o% of
GagRoyegr:00p01(0.8° =0.51) Part load condition o3¢ control coSspSs(strategy) $& VSD o3
adiq) fan ¢ gd:zaCagiomg(energy saving) [gdeo§Eaopdi

pow> 500RT 35000500058E@Gs(heat rejection capacity) §eooo cooling tower 0odad:apd
:208eq220§8 35°C ¢ 30°C Beepadesnt caxeo$oopdi [g855:0c00(constant speed)yé
ewnlieom fan 6 eedomel g&3:0pd 15kW [g80a0pbi cood§ewntess§ogE cooling tower
3209803 oaonaopdeqp(warm water entering to cooling tower) 20p5 32°C [gdoopdi odelopé
cooling tower @i load 2005 rated capacity &1 40% 200 (620251
(Rated condition = 35°C — 30°C =5°C) Actual condition = 32°C — 30°C = 2°C
ABelopé 2°C o3 5°C [gEonaqiE(2/5 =40%) rated capacity &1 Go%[gdaop5n)

VSD o0690EBs fan & [g85$:(speed)ad eagpgom gdimaCaegiomlgts(energy saving)
[g1c9E8E 20051 ma0905eq@20q$ (condenser leaving water temperature)o? 30°C %5[gb set point
oo fan 03 eené§Eaodi

Theoretical fan power consumption =(0.4)*x 15= 1kW

Saving in Power consumption =(15-1)= 14 kW
04,600 32680005353qPi0g¢ 6532§80RC curtiopd salgEeds(peak) cooling load o3 s3c(gdq)
cooling tower qp:od egeguS006808 congo3oopdi poesannd $& pooed off-peak cooling load
2005 g spS:eomaeoE 32§),600 cooling tower gpidom cenéigs 326051 BeagSart
cooling tower fan qpzsa:0d:03 Bodcoiea03c0pd: 83260005 sapeudoood[gEs(heat rejection)od
§§$E2051 Condenser water o300 copdood(circulate)eoBe fan gpod Sodoondglgs 8a&:
32000500058 Egd:(design heat rejection capacity) &l §% q§$Eaopdi

Cooling tower 0odad:q fan qpsa’ 8ode)(Gcod:) condenser water 6300 cvpSood
(circulate)eocgi€ a3 cooling tower 8&E:pE000:0005 22000da058EQE:(design heat rejection
capacity)eil 5% q§§Eoopdi

poed 500RT 3000500058Eg8:(heat rejection capacity) §eoon cooling tower (§)cds
006908002:000) system o€ cooling tower fan qpesscd:od qdsncos(switch off)g: condenser
water 63000 copboodeofgliyé 32000500058Eg8: 125 RT q§$Ea0pdi
5 nos: of cooling tower x 500 RT x 0.05 = 125 RT
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32509|03gE cooling tower 320305 §&3aE(energy)qpigd ©cd326600500p5: cooling
tower & gdsesonEqpS(performance)aopd chiller ¢l operating efficiency saedloaé c00deepady
qPegP§joopS 1
091
0.8
07
06
05
041
031
021
0.1
0

Capacity (%)

0 01 02 03 04 05 06 07 08 09 1
Airflow (%)

O G-po GrudigSs(air flow) $& 3000500058 EgSs(heat rejection capacity)od s00500g
Cooling tower & g&seaonepd(performance)aopd sa&:fecoci Wet Bulb 320$ adlopt
900500001 2000HsE 63220009 GeonCiepad0pE Wet Bulb 320§ 2005 design value coob 386
2001 aB38l§js0pE cooling tower 20pd 3862005 eqza0§§(lower condenser temperature)o?
c0:8E20001 (cooling tower & approach temperature 20p5 efgpE:cdfgsedeo Chiller efficiency
20p5 32090566 205$(supply condenser water temperature)ogE eonpbeomelopé poonod &
622:00p06pBqp0gE 30§8862005 condenser water qaooaloppEchiller efficiency SeomEs

022051
==

I3 N A

Colling
tower

Tower
bypass
valve

—(____—o-

Chiller Condenser
condenser water pump

¢ G-pe Condenser water circuit with bypass valve
Approach temperature 20p5 3309056q220qS (condenser water supply temperature) ¢
eoco Wet Bulb 200§§03505¢) §00pd0088: [gBaopdi VSD control strategy 3eomEsesant
[g10968E00p5500: 00b9a0pd set point 03 Geoo(fixed)ocon:dd elgpEiadeodgtgdoood 29.4°C
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(85°F)03 deoo set point 83[gd ©200500593 ecwoo Wet Bulb 320§ $C approach
temperature(5°F) o} $696AIE: 0088:03 3a09056q@0qS (condenser water supply temperature)
set point 33[gd 2005005(gEH 3¢ cooling tower ¢ chiller ¢l g&:32Ead:gq(energy consumption)od

35p0:6320E pd8Ea0pdN
—
:

|

| Colling
| tower 1
|

|

———————————

Colling
tower 2

Colling
tower 3

Condenser water
supply to chillers

“  Condenser water
return from
chillers

¢ G-Go(on) Cooling tower fan control to

optimize condenser water temperature.
0.16

Colling
tower 1

Colling
tower 2

Colling
tower 3

Condenser water
supply to chillers

- Condenser water
return from
chillers

c} G-Go(®) Cooling towers with variable
speed fans.

0.14 4

0.12 4

0.1 1

—— Constant speed
= =« Fan staging
— = V3D

60% 70% 80% 90%

% Load

¢ G-go Cooling tower efficiency for different operating strategies.

20% 30% 40% 50% 100%

4(G-Go)20pS cooling tower o3 cenE:8Ea0pd operating strategy a3:§jgo? cod(goonzoopdi

X 0&& 20p5 cooling tower & % of loading [gdoopdi Y 0§05 cooling tower & efficiency
(KW/RT) [g620p51 kW/RT 2005 fan power (KW)o3 3a00050005(gE:(heat rejection) oeoan(RT)gE
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02200089 H{gb0pSI 3200053 powdogt fan Gudomel gdiams(power)oopd 15kW (908 =29
0050005(g8:(heat rejection) oedana0p5 500 RT [g620p5m odefopE o3 cooling tower @i efficiency
20p5 15/500 = 0.03 KW/RT [§6205u

Cooling tower &l 3300ud00058Eg&s(heat rejection capacity)oopd eco:g&s(air flow)
edlogE woopdoopdn 3:0d: 0poBaopd identical cooling tower $&adie 0030Y:000 [§55S:
[gpd(full speed) [§& cenl:aq€ rated capacity 03 co:8Eo0pSI 308000020005 (98551006005
(half speed)[g€ cen&saqi€ rated capacity &1 02600503000 Gos§Ea0di

Fan o g&3aadgg(energy consumption)oopd [gS$gS:(speed)el ad006038:(cube)ss
p3qieomalopé 30800 cooling towersl gd:ealad:gqo00d (0.5° = 0.125) 12.5% of rated power
am[gdoopdi adelopE cooling tower coddio0p5i0? [g&5S:3e[gpd(full speed) [gCewrEsgscond
ddon(identical) cooling tower $609:03 [g858:000005(half speed)sé cunlsgisS gd:zat(energy)
50% (12.5% x 2 cooling tower = 50%) egjoan(save) 820051 0pBean 3apeudoncd8Egts(heat
rejection  capacity)o3copSs  q§oopdn  q§oopd  ZapeuSonc5§Egdi(heat  rejection  capacity)
0pp8600500p5: copbewiqaopd §&3aE (energy) vedaNAEd §0% 0§ eaqpsES:0Rd

ABelopé  cooling tower sreeEa0R05qPiqPid  [GEoneenddgllsE 83260000 a0
00500058 Egbs(capacity)o? qfoopdaalge fan ol [gS5S:(speed)odcopds gpign eagRgSE200I
adelopé fan g&:3aEadigessa(power consumption)o3copds qpigo cagpg§aopdi Cooling tower
26430005 qpiqp: 6enliglielops  zmiedigeg(pressure loss) copdispdiom 0320305
8386000 gdezans(pumping power)odcopd: cagpqi§Coopdi Cooling tower o3E:0pC ceBigs:
$05:(lower water flow)eoome[opE Bsanedsgeq(pressure losses across the cooling tower) $05¢gEs
[g2005

3268000535803E:030803E 00dd: 9Bewrcd dd0005 e cooling tower gp:ad 2oqS
(standby unit)sa[gd 0nSs0aoierooopdi o sagf(standby unit)qpod duty unit qps [gfge
038:086:650D 32001g|g§320305 Ga0SRdieomEs Guniesa0pS cooling tower gp: 00dg),09¢:
(break down)aopd3aslogl a0digg$sa0g0d GoodcupdieomE: 06s0Eaoglgdoopdn Duty
cooling tower gps oo Zg$(standby unit)gpzod cenigllyé oppdeom =0 vuSaood[gE:
(heat rejection) owana? q§8E[Q: fan [g855:(speed) o3 cagpq§Coopdi Fan ecbom [g85s:
(speed) 03 eagpgjeu8Eagi€ gdimatadige(energy consumption) caqpspd: coaddwdi

G-0® Condenser Water Temperature Reset

Condenser water supply temperature o3 0.6°C(1°F)ogje0E:e330E0d[gedyC chiller efficiency
1% © 2% GeomCsomn §E20p0n 3onudelopéadeasd condenser water supply temperature
86comelopE chiller & condensing pressure copd: 86cooo0pdn Condensing  pressure
86comelop¢ differential pressure across the compressor 20p5c0p0: 05:00000051 Bejopé
chiller & g&szaCad:ga(power consumption)copds spS:anaopdi 0odsb:egE  efficiency
BeomEsaonaopdi

Set Point Temperature = Ambient wet bulb Temperature + Approch Temperature

Approach temperature 00§3: 2.8°C(5°F)03 sclgds] Cooling tower gp:od  8&&:s
005[0300p01 axessmigE s0godeqEapg$(condenser water supply temperature)oopd eooco
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(ambient air)el Wet Bulb sap§§cocd 2.8°C(5°F) J[g€ecy §oopdi Part load condition opé
approach temperature 20p5 2.8°C(5°F)a005 §p5:00051

Condenser water supply temperature o3 o3$sc0n(control)oopd cooling tower gpsoge
:209056q320§S (condenser water supply temperature)aopd 8&E:3c[geaes(condition) o qpigo
§620pd30§ S (temperature)3a0d  oje08sagnioopdi oda3 off design condition 2208 ogeotsg
elopE chiller & efficiency 2005 38 comEigSaneaodoopds cooling tower @i efficiency aopd
0g$adok 65036001

:0agodeqaaedS(condenser water supply temperature) [g¢agi€ chiller &1 efficiency
p5[G: cooling tower & efficiency 3acg$eomE: §E20001 Fagodeq =p§§(condenser water
supply temperature) 86cqi€ chiller & efficiency comE:n§Eea0dcopds cooling tower el
efficiency pdqis c88wpdi Optimum point 2095 chiller efficiency $& cooling tower efficiency
$6960IC:eN sa60mEseds efficiency 03 cu:§eom esep(point) [gdoopdi

Optimum Total

4

©

«4— Chillers

Cooling towers
el

Condenser water supply temperature

Efficiency (KW/RT)

¢ G-G_J Condenser water supply temperature o3 0005 chiller $& cooling tower o3ei
efficiency e[gpE:dd03 eudlgoonsoopdi

A
Decrease in condenser water
temperature

Condenser Reduction
@
= T i _Reduction in pressure
@ T - differential due to decrease
o Expansion . .
o device in condensing pressure
o Compressor

Evaporator /

| .
-

Enthalpy

 G-Gp Condenser water temperature 86622>¢ [gjopdaonieomelopé
chiller efficiency com&:cond
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oeloppé overall optimum operating point 2005 condenser water &l 3a86ad: 20GS
(temperature) vupodeor codspdiangé Ia090deqEagdS(condenser water supply temperature)
§6cmecw chiller efficiency comscmeco [gdeadcopds system efficiency (chiller 1+ pump $¢
cooling tower $6963IEs) SeomE:a0880p5 vurddeoi

Optimum operating point 2005 chiller plant room 0269 $E0069 wop38En System designi
equipment 0od9qE:8eil efficiency $& configuration o3edlogé onpboopdi a3 optimum point o3

32000000 Qe c[gd8Eaoi
G.9@ [gfgEcB§:o854gE:(Maintenance)

Cooling tower ood9el sac[gsaes(condition)oopd water spray system 1 fill packing $& fan
o3ei 3ac[gacs 6ol 0g€ ©oopda0bi ol [glgad§:086:gqp: [gIrpdes cdsaba0pS

Spray system 20p660mE:60mE: ©pba0pd38l GegPoopd fill packing col o sopdaaq)
eoqeepadad oosgps(discharge bar)ed a3 eeagp: 0305§adeepad§ognoopdi Infill 2Bwwrdd fill
packing gp: qed8:esdlon comign sapone|pgts(heat transfer) [§6$E860pd vupodaoi

Cooling tower fan gpzaopd o§om[dgéewntoopd(belt driven) fan gps [gd[o30005
oSom|o3gontsaans(belt tension)ews(gCa alignment vos[gEa slip [§dagpigt: odelopé cBeebaod
ecoB:gSs(air flow)od oq§dCeon Spray gpieomEign 32006000d(ge: 1 fill gp: qoS8:es[ge: $C fan
[4555:(speed) e54gE: 0defo3p¢ cooling tower &l g&:ee0oEeRS (performance)oyeoigés [gdoopd

Condenser water system 20p5 open system [gdeomeloypé condenser water gps
eqegd[ge: (evaporation)gdedlcopdi Belopt [gS[gpdeseq(makeup water)e83a62005n Chiller
efficiency 2005 condenser water saqEbsacogiedlogl @ooobaopbi Chemical o8ewpcd Non
chemical water treatment o3 ad{g{yC condenser water & 3aqp533609:(quality)od
0059882005 350ERE B8:000:8E 20051 degp clogegr 0o0d[gEe omWdes eqpdgdlgtie
omeeB:q$(prevent scaling) $& chiller &l condenser tube gp: egpodad[gEs(fouling)e omazudes
320305 water treatment system c3262005

G.Jo Make Up Water
Cooling tower ¢ Gqad:g:q(water loss)gdeol qoopdeaciogpCagpsen

(o) Evaporation loss
(J) Drift loss $¢
() Blown down loss 2800705 bleed off loss 03e{o3pE [gdoopdi
033agi0> adgIEdadind GoogPEIRMdYES8Eeo make up water system o3eoogpge
8&E: 5068 Eepdlgdaopd
(o2) Evaporation loss: cqel heat of vaporization 2005 1045 Btu/lb at 85°F(29.4°C) [gdoopdi
Condenser water 20p5 6000056000 F204Po0pd cooling tower a3eepPoda0p538 g&a00d
088 eqqp:ad  eqoeg(vapor)salgdad  elplieooopdn oSz Condenser water
temperature 20p5 35°C © 29.4°C 3203&:{gdo0pSn 85°F(29.4°C) 320$03E 6qoadcAIE0pS
1045 Btu 32p0ednad 200068008 eqeg(water vapor)sagdad elgp:cdognion crocdal
eqegogn:0020I
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(o)

(0)

cuoopoyeagE condenser cqB:g$:(water flow rate) 1 GPM (Gallon per Minute)sacg05 1°F
range 03e08:q$ 632005012038 030551058205
Flow: 1GPM (equivalent to 500 Ib/hr)
Range: 1°F
= 1gal x 8.3 2 x 60minx1bﬂ x 1°F = 500@
min gal hr lb °F hr
Heat of vaporization = Q1 = 1045 Btu/Ib

Evaporation rate = B = 500 Btu/hr + 1045 Btu/Ib = 0.478 Ib/hr

Evaporation rate 0.478 Ib/hr o;)é 0.1% of condenser water flow rate per °F range
[§020p51 Range 10°F o3 326[gdagiE ceBigSs(condenser water flow rate)el 1% owomaf,
eq9d:g:a [§0ed 86wpdi HVAC application qpsogE cuoonugsadyé s20dgecy §oopdi
Drift loss: Drift loss oeocno? cooling tower apodapdan(manufacturer)qpse Go:ep§oodi
HVAC cooling tower qpzei drift loss 2005 0.1% ¢ 0.2% 33038: (&5

Blown down loss: water treatment program gps3 §oo¢§od05e00 cycle of concentration o3
2005605600 §a0pdi

Cycle of concentration &320p5¢> condenser water 33038:3 eqfolesaopd saepogrigp:
(dissolved solid) gpsel oedmo? [g8[godqSeq(make up water)el vedns$E oscongCs

[GBoeSn

. the amount of dissolved solids in the condenser water
Cycle of concentration =

The amount of make up water
Blown down cpdg& c83366000 0edanen
Evaporation Rate
Cycle—1
BD = Blown down flow Cycles = cycle of concentration

Blown Down =

Cycle of concentration 005 sagpead(sE (§) ¢ (00) 2203E: [g205

pown - Cooling tower oodcdel 3peud00058Egbs(heat rejection capacity)aopd 870kW [g&20051
Water treatment 320305 1200 ppm hardness 3203 co0568E20051 229c005§ condenser water ¢

efgeecs 2005 560 ppm [goo0pdn eeepdyd Gwndm0d qepdspdi Make up water oo
0p5q) 3206008058

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

CmxWm = Cbx (Wm — We)

Cb

Wm = We [Cb_Cm]
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eooal specific heat capacity(1.02 kl/kg °K)oopS eq@l specific heat capacity 0005
spSseomelope oppBeom 300wmNad vudcecdes cocopbypigp: 83600051 Goel specific
volume gpscooe[opE air cooled condenser gpiogC erodigSs(air volume flow rate) gqpzgps
832620051 eqel specific heat capacity 20p5 6rocoad dgpieaxelopE water cooled condenser
qP:EacR0d Gadigsi(water volume flow rate) $05:5005000 cB=ab00p5

8 kW 920000naB 0050005086$320305 320§ 8[ap:502q)05(temperature difference) 10°C

32000001 00G C 06O (outdoor air tempeature)oopd 15°C o 25°C (15+10)
e 6 ¢ [g€ 0 ¢
oS Beepadesnt [gEododago: cB8gepdi

H[gCadiecodt 3058 (maximum outdoor air temperature)o? 326[gds] condenser gpzei
design load 03 00505 [030005

0006 PO © 350 kW cooling capacity $& 450 kW 3a00050005(gEs(heat rejection)ssog0b
water cooled condenser 0302 3229ggjagi€ 9.8 Liter/sec 020 cd=60005

pow - 930 kKW 32000003 oudopdd(reject)q§esaog0d condenser 0od9el Fa0qS[grig0:q0d
(temperature difference) 2005 5.2°C [§00qi€ eqBsgss(water flow rate) opdq) cBab0pdspS:

Q = m.Cp.AT

AT=5.2 Cp for water = 4.19 kJ/kgK

m =930 = (5.2 x 4.19)= 43 kg/s

Cooling tower gpzoopd cocoRd[Btenieomn Gae 30gP:ad eqegeolgllys =203
00S0005(g8s(evaporative  cooling)spddge  @&oood(reject)aopdn  Evaporative cooling  alogpé

eeediga(water loss)gbedloopdn Cooling tower ¢ leaving condenser temperature 20p5 outdoor
air Wet Bulb 920§ 0005 3°C ¢ 8°C [§&00pd 320§ [g620p5

oo™ kW o3 gSoood(reject)qs 220305 Gqedsgea(water loss)oemoopd
0.00041 kg [g&00p5n 00650528224 eq 1kg 8d:q:0qiE 2430 kI 0eom sapeudo0dd(ges(heat
rejection) [gdedl copS

pow> Condenser load 2005 400 kW [g8agi€ 0.16 kg/s §$4gC eqadsgsop

Cooling tower 3agudsaon: [Bsecol saponie[gpE8Eaopd(heat transfer) sfomgpiecor =20
00500058 EgSs(heat rejection capacity) qpecy (g5 caadgsacopds gp:c8éepdi

odelop¢ condenser water system 320385 GqOEdMGAGRSE0:000000320305 66E0RD
coiqf 832600001 6qoodfgdensoopd 30503 make up water pipe vresl(G: copdlgpd cusgopd
Q03 make up water opesl aopdi

opS0pdeqdjgboleo eqodt:ort eypolesannd erodoogygps(dissolved salts)Alo&aobi
eagp: eaegd|(evaporate)ogaopdsasl eqpofesanpd encdoogrigps(dissolved salts)eqod oz¢
20050005 o§fesed [§6o0pdn codlgodaopdeg(make up water)sEsaop dissolved salt qpscods
eepod§ronaolgé eqodogl dissolved salt qp: :2§858sag qpegpsonoopdn o303l gpsap:
anlgl:ad encdoogoiyp: Clofeselgzas(dissolved salt concentration) [g&oonoopdur elgpecy
§oopdi
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Concentration [4&oopd condenser water g3 6&050005[G: Ge220603 cod[god[geye
00S §ooCeom concentration level adeepodesant [grpd8Eaopdi 0da3ewndaodgé: o3 “Bleed
Off” (p&20050p Gal 0pbi GEaHRA50p56q03 “bleed off water” vp cal aopd

eqpolesonpd ecdoogigp: doCagpigts(high concentration)o? eqeeodgs(hardness)

[920p5 0pcopds elgpadecpfoopdi  eqeodgti(hardness)ad 03C:0pd  LPsO(Unit)oopS ppm
[§©20p51 PPM 2005 Parts Per Million &l 320368105 [gdoopSi

G.Jo [gpdeqm§ sagudsson: ogodlgés (Makeup Water Tank Size)

Cooling tower GonEses0d condenser water qpsoopd 3a§$sCaag 0ogoSdgpd: cagpsods

6082001 6305A=8m ZaclopEiadieciop condenser water cagpspSsog0gs [gBooRd
(0)  Condenser water gps eqeg(o2dgCs (evaporation loss)

() o§om godem: aeupcd eOsMeloPE eqEodyp: cooling tower =a[gEa005Y agtod
agodogdgCa(drift loss)sE
() eqqp? coodqeta “Blow Down"cpdfgEs oBewrod “Drain” codfgts [gdaopd (blow down

loss)

(o) eqegq[ge:eloélgbeomn eqed:giq (Evaporation Loss)ogo5s05:
6320050] $600505:03 3p0dg|gogn52051
Q (Tl - TZ) X Wc

We =c00" 600

We = Evaporation loss (Kg/ hour)

Q = Heat load (k Cal/ hour)
600 = Water evaporation heat(k Cal/ hour)

T, = Inlet water temperature(°C)

T, = Outlet water temperature(°C)

W, = Circulating water flow(Kg/ hour)

8326000932905 30005¢:

T, = 35.0°C (Entering condenser water temperature)

T, = 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)

0g0d:

(35-29.5) x 165,096 Kg/hr
600

Evaporation Loss (We) =

We =1,513 Kg/ hour

(j)Carry Over a3eupob Drift Loss elo3pélgbeon cqedigsq(Water Loss) o305$05:

Carry-over [98[gE:elopC caqp: 994eq[gS:00pd 8&E:[gIapboonzanpd cooling tower 30
00500058Egbs(heat rejection capacity)s¢ ecosaaqE(velocity) 3208000503 saedlopl woopd

20p51 GuoopuEsgE carry over loss a300pod drift loss 2005 0. % ¢ 0.p% 32038: [§B8Ea00N
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0. % [§620p507 vpsoagé
Wco = 0.20% x 165,096
Wco = 330 kg/hr
(p) Blow Down cp&[gzelopé [§6eo00 Gaediqq(Water Loss) o3aSs05:
%o blow-down [gepd[géelopE eqgp: eaqpspSiogazaopdn Blow down loss 2095
05005656200 GOSN p% [§d205I
Wb = 0.3% xWc = 0.003 x165,096 Wb = 495 kg/hour

() [g$lseBqeed equenanad ogadqodfgé: (Make-up Water Requirement)

©9acAIC: make-up water circulating flow rate 20p5
Makeup Water(Mw) = We + Wco + Wb

= 1,513 + 330 + 495
= 2,041 kg/hr per cooling tower

320005000598Egd:(heat rejection capacity) 242RT §eoon cooling tower oodadso0pd
006§28ewC:03E: 6q( J0G0)BB0gB(2,041 kg) 8d::0860pdi eael 28620500000 1000kg/m’
[020p51 Befopé 2200053 cooling tower odadid  ofsalgad(full load)gE  eenliagiE
00650§0qI€ 69005 $60p080m0(2 M) 8d:geoopdi

Cooling towers od:d: §oopdsesod cooling towers $60d:0pd 0odfEsodewntias(Be
op$oodadioopd  qSencssacons(standby) [gdeseocdbundi ddelop [gSlgrdaepd equenanad
63005012203E: R0S0PSE 20N

33206000 make-up water oo

M,, = 2,041 kg/hour x 2
= 4,082 kg/hour (0005o§qi€ 4} 4,082 kg cB32600001)
(9) [5p5eqm8 vwoan 3edqd[gE: (Make-up Water Storage tank)

eaeapEan§(water storage tank)sagudseon:a? §Eoopdesep(space available)od c3abe)
20&enqPoopd 32gudsaon: 6ggd8Ea0pdi Beadd (q ) Jopodomaond vspdigs cdaodi
Total water requirement = 4,082 kg/hr x 18 hours

=73,476 kg ((00) $7§een:0q)€ eamaecnqs (Qp Gqb)03ad0qd a3sa6a0p5n)
eaEapCond(water storage tank)sagodsno: oo
3m(W) x 8m(L) x 3m(H) = 72 m>  [g620p5u

Make-up Water o a36apnEaB&:e00bs0onqupd eaeapntond(storage tank)el sagudsoon:
20pd cooling tower $&ad:eenCz00p0308l mHSediognd GaLEIMR? (00)soflopesmt cufess
foeed

0bspSmige 0pduosq Bewndd [gEoveq cd00q§3  eqecEmn$(storage
tank)e 6q[g¢ cooling tower $60920005 (00)$0§[03peanE JosewdlisE copduodesdaopdi
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G-JJ Cooling Tower Piping

COOLING COOLING
STATIC
PRESSURE TOWER TOWER
STATIC
I PRESSURE
SUCTION
PRESSURE 4_
ilRESERVOIR
CONDENSER CONDENSER
SUCTION
PRESSURE
PUMP l PUMP
[al ~

Q G-GG Schematic piping layout showing static and suction pressure

G-Jp coporfap cosgls §§ saclgqp:

Question -1 Cooling tower 00&cd:03 condenser water 50 Liter/Sec §849E 320§S 35°C ¢

30°C 93 eepadesnt 8&E: [glrpSoom00pbi crocpel Wet Bulb 320§$ 205 28.5°C [gdaogb
a3ea0d cooling tower 220§00m0S Genties(operating)oopdesagi$oge a0Eeqza0gs

(temperature of leaving water)oopd 32°C [gdoopdi 00393 actual leaving water temperature

20p5 8&&m0§S(design temperature)oood [§Eqoopd saclopEid gpoln [408Eelg saclopE:

(possible reason)qpzod gpdl 055393 [glgaepbod ewdlgdh
Actual operating condition gp:g>

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 oo&cd:00p5 83E: cvOoo:a0pd cgBagss(water flow rate) entering
condenser water temperature $& ambient Wet Bulb 0303¢ 6on&:e560050005: 2005005000600
32000500058 Egd:(rated heat rejection capacity)o? oqdeon Cooling tower 3303808 0Eanaop)
entering air &1 Dry Bulb $& Wet Bulb 036l 320§$20p5 ambient ¢l Dry Bulb $& Wet Bulb coo53¢)
[g8enie5000503 cogeoopdi 300udelopE cooling tower 20pS 2005905006000 ZpELdEd
§Cg&s(rated capacity)od eco:§Eoosds

Question-3 Cooling tower 20p5 3200050005888z (heat rejection capacity) 250 RT §[g: 15kW Fan
65003 [gS58:0c00(constant  speed)gé ewrEso0pdi Cooling tower @i actual operating
conditioning 2005 rated capacity &1 60% [§620p51 820005¢] VSD 006s08e] A3 cooling tower o
2005905002600 220eud00058Eg8:(rated capacity)el 0% [§& ewringi€ g&imat(energy) opdqy
eglom(save) §E¢pSsds
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Question-4 Cooling tower 330%:$60%:0000 odadseenCies000d 3§E0RE  oofgpiondadie
:q$(stand by unit)=:[gd wewr:d §esoopdn od cooling tower saGassdad:opE 15 kW Fan
66502 odeo€aonoopdi o3 cooling tower $&adsd:0nE VSD 0065083 $60d:0d:03 0od[GIEscd
50% load [gCewnCsaqi€ fan power opdq) eglom(save)SE wobsoda Cooling tower $60d: §0% [g¢
eenligl:apd cooling tower 006d:0005: 000% G000 0IP820pd F0E05E0058EGE:(heat
rejection capacity) o3qaopdi

Question-5 Cooling tower od:dsel 3ap0uS00058Egbs(heat rejection capacity)aopd 500 RT
[38[G: onfgpeonbdeoopd 250 RT [g820pbn o3 cooling tower sa0:cd:o0pd fan o3 switch off
0608050009926l 200500500600 3¢euS0058EgEs(rated capacity)el §%03 co:8Ea0p50N o3
cooling tower eooscd:el fan gpsod 8odG el =apeudopod§Eet: ppadiSs(total heat
rejection capacity) opdq Q8¢ opdspda

( 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 wateris ___.

(a) Natural draft (b) Mechanical draft (c)Botha &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
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?

> Match the following cooling tower parameters
(a) Range (i) Close to Wet Bulb temperature
(b) Approach (ii) Related to ambient conditions
(¢) Out let water temperature (iii) Higher temperature difference
6. Better indicator for cooling tower performanceis __ .
(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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9.

10.

11.

12.

13.

14,

15.

16.

(c) Dew point temperature (d) None of the above

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

Which one of the following has maximum effect on cooling tower performance:
(a) Fill media (b) Drift (c) Louvers (d) Casing

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) Range — Water Load in kcal per hr

Water Circulation liter per hr

(d) None of the above
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

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

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

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

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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17.

18.

19.

20.

(c) Counter flow film fill Cooling Tower (d) None of the above
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
Normally the guaranteed best approach a cooling tower can achieve is ___.
(@5°C (b) 12 °C
(©8°C (d) 2.8 °C
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
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

ceg§iodqp: $¢ sae{gqp: (Short Questions and Answers)

1.
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Mechanical draft cooling tower codad:6l Geodssosq Gd(air flow arrangements) sa§e§jeod

cSGA

Mechanical draft cooling tower 00&cd:3€ [giopbaonsd§Eapd erudienlsg Ob(air flow
arrangements) 3a§§js<>

(a) Counter flow induced draft
(b) Counter flow forced draft $&
(c) Cross flow forced draft o [g&o0p5s

Cooling tower fan &l 3coo5(blade)sa(gd 3209g§C0000 ogpds(material) sadjEza0:qP0d
GsB[gol
Cooling tower fan i blade 35(g®32004g8E20p5 material sopeoonigpied

(1) Aluminum blades(metallic)
(2) Glass Reinforced Plastic(GRP) §§
(3) Fiber Reinforced Plastic(FRP)o? [g®20p5u

Evaporative cooling tower oodcd:op€ Ofqepd 326[gd=e805323C:(basic component)
qPeod eedlgoln
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4.

@

Evaporative ~ cooling tower oodadio0pE Olfeepd sac[gdeadadbeadSs(basic component)
qQPeg>

Frame and casing 1 fill 1 cold water basin 1 drift eliminators 1 air inlet 1 louvers | nozzles .§§

fans o3 [g®20du

63200503EAeo  3ag|dmC00dgP0d =aaddgg cooling tower ooHME 320EUSC005
8Eg&s(heat rejection capacity)o? 9§05:3h RT [9& cod[gdh

Estimate the cooling tower capacity(TR)with the following parameters

Water flow rate through CT = 120 m*h

SP. heat of water = 1k.Cal/kg °C
Inlet water temperature = 37°C

Outlet water temperature = 32°C
Ambient WBT = 29°C

Cooling tower capacity(TR) = (flow rate x density x sp. heat x dif f.temp)/3024
=120 x 1000 x 1 x (37-32)/3024 = 198.4TR

Cooling tower cpodcwbapgps(manufacturer)seoddgecydoopd design approach value o3
GsSiGgA

Generally a 2.8 °C approach to the design Wet Bulb is the coldest water temperature that
cooling tower manufactures will guarantee.

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.

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.

FRP [9¢ [gopSaononpd scoodqps(blades) onbsoaonsongd cooling tower fan oodadsel
feature qpzo3 aedlgdl

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.

opdoopdesefgeacs (circumstances)§gogE cooling tower @il eedoma0pd  0&S[gEs(over
load) E@%&ﬂoa.§é:u
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10.

11.

12.

13.

4-48

Reasons for excessive electrical load on CT fan motors are:
(0) Voltage reduction
() Incorrect angle of axial fan blades
()  Loose belts on centrifugal fans
(G)  Over loading owing to excessive air flow-fill has minimum water loading per m3 of
tower
(§)  Low ambient air temperature

Cooling plant oo69a0p5 100 RT refrigeration qg§ 8&&dgcpdoonsoopdn o3 100 RT
refrigeration 320305 compression type chiller [§¢ eedE:qi¢ 0obs0Eqepd cooling tower 6l
:2gudz02(size)0d 03053 o3 100 RT refrigeration 220305 absorption type chiller gpggé
eentinqi€ ondeolqupd cooling tower ¢l sagudsaens(size)od 0050l

100 RT refrigeration 320305 absorption type chiller [§¢ eenl:aqi€ onbeolqupd cooling
tower &l 3aguS=aons(size)aopS compression type chiller [g€eenag€ 0obeo€qepd Cooling
Tower(size)oood $6909§ dqpzc86epdi

Air conditioning o€ o%:0000 compressor operation S cooling water & 30§S
(temperature)oo0d 6pda3ad S0k 200566pnde §e000s05:

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 ol sa0qS(temperature) 1°C J[gonodag€ A/C  compressor power

consumption (kW)a05 1.q% o8, 3¢j qpzc86e5i

Cooling tower oodadsel “Range $& Approach” o3esdlgdh “Range” $& “Approach” ol
22820503 qEgol
(1) "Range” is the difference between the condenser water inlet and outlet temperature.

“Range” 8320p5¢> condenser water ¢l 220E30§$5$E 2009053208$ [gpas:g)05[9g2051

(2) “Approach” is the difference between the cooling tower outlet cold water temperature
and ambient Wet Bulb temperature. Though both parameters should be monitored, the
“Approach” is a better indicator of cooling tower performance.

“Approach” ooé cooling tower saogcﬁ(outlet) cold water temperature .§§ ambient Wet Bulb

temperature o6l 20 Soz[ePqo[gd0dN B30 E$6903:03  monitor  pSa0E0RS
“Approach” 20p5 cooling tower g&eeonEepd(performance)od  obeaoigsacyod
:260mEsedieom indicator [gdaopd

Cooling tower oodod:el g&seaonepd(performance)od  saofgooodespodenand  factor
qpzod eed[gdl
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14.

15.

16.

17.

18.

(o) Capacity and range

(y) Heatload

(p) Wet Bulb temperature
(G) Approach and water flow
(§) Filling media

Cooling tower oodadzei effectiveness 20p5 omadadcdaospda

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).

Cooling tower 0odadscl evaporation loss 03 ©p5a3 og0dup2055:

Evaporation loss is the water quantity evaporated for cooling duty. An empirical
relation used often is:
Circulation Rate (CMH) x Temp Difference in C

CMH tion loss =
evaporation loss 675

Cooling tower fan qp:og€ saadigieon> FRP blade qpsci s:000gi05¢gp: (conventional blade
qPesS 88:0pdqi€) gpead cudgdl

FRP blade qp:aopd saeomsadieoon(optimum) aerodynamic profile o3 q§Ceomelopé
Jo% © 90% 303 g&szaegiomeg(energy saving) q§$aopdi ssecosd§ eddkeomelope
06608:0000 20g$03C 3a500:c0dgieam(low starting torque) c8sab0p51 delopE capacity
codeo 6650000 006508q§ 83262051

:ec:gs eddkeomelopE gearbox 1 motor $& bearing 036l 2005008: SgRSo0pSn 3§
3B s2opfaEoocSs [aBofosE cpoSopgp oS8 co8B8aagS

Cooling tower @il blowdown quantity 03 0o50pq§ 0e0055:03 cwS[gdl

Blow Down =  Evaporation Loss /(C.0.C. — 1)
C.0.C = Cycle of concentration

What will be the effect of cooling water temperature in heat rate in thermal
power plants?
Cooling water & 320§ (temperature)sa§8so[géoopd thermal power plant oodgsaos

0pd0393 30§jpo00deepad GogEo0s0:

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/kwWh in thermal
power plant.
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Cooling water 36005 condenser water &1 820§ (temperature) 1°C ogeo&seomelope
thermal power plant o3¢ rate saving of 5 kcal/kWh o3 §eo8E2051

19. Cooling tower gpsopE opboopd media sa§jpmaongé [grpdooneom fill gp:ad sagped:
220)4g[03005p5a  Fill media $& §oopdn

(o) Splash fill media $&

() Film fill media o3 [gdoopdi
Cooling tower qpsogE o3g|eoon fill gpizes0d ©pboopd media sadpzaegE [gapboonieom
fill qpsoopd 3¢ “energy efficient” [gdoospdz
PVC 2800pob polypropylene 2800p0d onfgpiean polymer 0od§jediegé [giopooniean filll
qpoopd 3q) “energy efficient” [g8[o300051

End

20.
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Chapter-5 Air Distribution Systems

Zone
Damper

Main Duct Branch Duct

Branch Duct

Branch Duct

Diffuser

A\ P
&
(E) §)-0 Air Distribution System

Air Conditioning and Mechanical Ventilation System qp:§ ccogp:o? c332600p9 esepad
eepodeant Jeamntouigs 320600051 Mechanical Ventilation 0copds ooco§gps(fresh air)

SeanCouigs $¢ 0cdun30a00d Grogpi(exhaust air)od 95000500qs Bzaboopdi 030395
Googp: 00d6sePe 008e5epad deeonCe§aaognd duct system gp:od s2ad4g[0300001

Duct velocity s3o0pSen duct 32038:§ eq.aqpieseomn croeigSss: [§6o0pdi Duct
velocity sacgSqpegéa $p5{g8: o[gdes c832620p51 cromanyé(velocity) sacg§qpdgéielope
Baosogjeolsq(pressure drop)qpsfgSa 3200ep03[gEs(noise) $& orS$slgEs(vibration) ©a0p503
[§8eT8E2008n erozangE(velocity) sacg$spdiglielopé erve c00deemnanood of $¢&
:2e5qP:00p5 duct &l 20382 gEdso[géedlogl aéoy§esadgepdi sag§omco [oplgéeoinaasdl
duct 2203825 oSz 936:e0p5:000:000393 [gbesddepdi
Duct $& 20058382005 $eo0g:gps
e§ox Area(A)

28:0000rm$(round) duct 61 s§oxnoozodqs Area = 3.14 x(radius)?

Gooseoné Gaogrd(rectangular) duct 6l 6§ono3 ogodes  Area = lengthxwidth

s§omel IP 0psdo0pd oopgficolsquare feet(ft?)] [gb[Gs SI vr$d0pS oongS:dom
[square meters(m?*)] [g6o0p5u

Duct 3203855 8:e08s092:6000 a300p0d [godoo&iogniean erooocopd8:gSs(volume flow rate)
o3 0goak

Volume Flow Rate = Velocity x Cross Sectional Area

ecoBsgSs(flow)el IP vsd2005 Cubic Feet per Minute(CFM) [g8[g: SI 0psd2005 Cubic Meters
per Second(CMS) [g®aopSn Duct velocity & IP opsd200d  Feet per Minute(FPM)[goGs SI
(Metric)opsaop5 Meters per Second (m/s) (96200
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Velocity ¢ “Velocity Pressure” a3e[qpE:q§de0spds

Velocity(FPM)_,

Velocity Pressure(inWg) = | 2005

Where: Vp = Velocity Pressure, inches of water (inch wg)
V = Velocity, Feet Per Minute (FPM)

Frictional Losses

eoogp: duct 2203853 Bse0C:090:000094 Grosico:qdg(fluid viscosity)sE turbulence flow
odelopé  erosé duct & 20p8:qodslgE  godododa(friction) [gdedlconom  dssedigke
(pressure losses)[gdedl 20p0n “Frictional Losses” upaal 2opdi
Dynamic Losses

Elbow 1 reducer 1 transformation 0205 duct fitting gpzelogp& erocodseo3pEs(direction)
a3o0pod efon(area) elgpE:cd(ges [gdedlaopbi o flow disturbance gp:od “Dynamic Loss” gp:p
200560500001 “Dynamic Loss” 205 8gansedigaqps(pressure losses)od (§6coa0001

Total Pressure Losses = Frictional Losses + Dynamic Losses

Duct $& 200583€a0p) 3264l 326d ¢pz(Terms)

.~ Outdoor Air Inlet
Return Trunk :L Supply Trunk\ /— Supply Branch

1 Il

Air Handling Unit  (Fitting)

—Runout Ducts—]

i Takeoff (Fitting) 1 ZoneTermmaIs 1

51/ %@ a4l

e /

s \ :I

ﬁ Runouts >—Return Registers Takeoffs | _header Ducts—|

= / (Ducts)

b= r \

g ] rhm B
VA Supply £~

Diffusers

6 §- Duct $& 20059382005 saedlsaadl qpa(duct terms)
Main Duct (Trunk)
Air Handling Unit(AHU) o300 Fan Coil Unit (FCU) 1 rooftop unit ©20p503$¢ 0305805
800500022009 duct 03 main duct (trunk) vresl e3aopSi
Branch ducts
Main duct(trunk) ¢ §0g05ag0:2005 duct g0 “Branch Duct” vpes a300o5i
Duct fittings
Main duct(trunk) ¢ branch duct 33[g® [gpog0520pd Fa§esepqpeo? duct fitting (takeoff
point) qpsoy @al00pbn Duct fitting sa§jp3a0: gpiggoopdi
Air Distribution Devices
Diffuser qps register qpz 2300p0d grille gps ©2005 GroogEdedldgP:a? air distribution
device gpsop ¢l oS
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§).0 Duct sa§jzza00:qps(Types)

§):0.0 Duct doogm&qp: (Shapes of Air Duct)
Duct gp:eil $oo§od c3ade) ajrmaon: ad:ds 3[gr:§€a0pdi

Duct $poogrm$ 2020009004 05 pdsqIodgps
323C:000ams | (o) Airflow characteristics sa0$ (o) Air con duct gpsogE
(Round) Duct e0oE:a001 insulation codeozgs cdoopdn
a300r0d () Flexible duct gpscoo’ 3¢j [o3plop

Oval duct $20pd

GOOIGO0NE (0) G5qPa0052000051 (o) Insulation coSG0:g§320051
$ooans T leplisioplistieateRepti-elet S o]

(Rectangular) () Duct eqp(flexible duct) gpz 0005 3q)

Duct @)@)éwéu

Insulated (o) Pre-insulated duct [g&aop5 (o) Metal duct gpz393fo3pg5

flexible () 026s0Eq§(installation) cguSen 208N | saad:lg8EA

duct (p) 820pS20eze(labour cost) 0o5om | () Airflow §p5:00001 83a0:
2001 onjeosq (pressure drop) gp:

2001
(p) Qodonqdeagdgt: (sharp
bend) 6[gde320¢E [girpdeepdi

Round Duct $& Oval Duct
Round duct gz :Dé quszi%:@@m:c;oa%mé: 83}3:(73]90&5{ §é:@: ccée‘_j %8@@wéu
Duct [gopboopd ooS(automatic  spiral)qpegé  228E:000am§(round) duct o3wopcd

FBpdoogrs(oval) duct gqpzod [gapdlogoopdi adecB(gas(galvanized steel sheet)qpo? 203qq)
c832600p9m0qp5(duct length) qesang [gopb8Ea0pdi Oval duct gps3a0z05 Major Axis (duct

width) $& Minor Axis (duct depth)o303 American Society of Heating, Refrigerating and Air-
Conditioning (ASHRAE) o%eo?ors Sheet Metal and Air Conditioning Contractors' National

o3&z 22033007 [grodes Gaopdi |

¢ §-¢ Oval duct @ §-G Round duct ¢ §-§ Round duct

§)-0. ) Flexible Connection 98w0305 Flexible Duct
Fan ¢ [96eclameam op&slagps(vibration) duct s8o3 weepobognieoq$(transmission)

200> fan $& duct mofogsopd flexible connection o3 320%3g[magc: [9d20pbn Duct ©
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oS 8lagps(vibration)o? diffuser $& ceiling o3eeepodeoqs dEfepsat:(isolation)apdaopd saes(sE
metal duct $¢ diffuser safogpsopE  flexible connector a3ewpod flexible duct 03 0o6s0Eoons(gEs
[g&20p5

Flexible connection [gcoSepd 0gpds(material)oopd 8:60005 ¢lgdedleoaopd 8:600005
olg&go: §E2005(flame retardant fabric) sadjeza00: [gOqepdn 8:8dqSg:g&s(flame spread rating)
:2608( J§))000d veoypeoa 8:3{qdecl s8:(smoke developed rating) 3350&(g0)000d wempeoq
NEPA No.255 ASTM E84 Under Writer's Lab Standard ¢ 6§$6p38:3203¢: [g8eepdi  Flexible
connection 2095 Gocdoopd(air tight) safjseon: [gdqepdi (Q)eo a3ewrod $680m cood
BqpSo0p3 flexible duct qpsa? gEelgieor

§)-0.p Vertical Duct and Horizontal Duct
00690800220 326[gde) duct sadjzmaens F[gr:002:00001 G3IESHHGs0E 0005 (vertical)
duct $& sa0qP:c305 oobsoaozanpd (horizontal) duct vpe) F[gpsconzaoSi

§)-0.G Supply Air Duct 1 Return Air Duct and Outdoor Air Duct

Geom§p2e02:03 226[gde) duct Sagjpeaon: F[grozaopd

e Supply Air Duct
3205:3209E:98 copdeutepd(supply) ecoad coudesonéeamaelopé supply air duct op
opdeodgs [gdoopdi Positive pressure duct 3a§js3200: (920051

¢ Return Air Duct
320823003820 [g§c0pSqupaopd (return) 6o’ covSeaoneamaelopé return air duct
07 2epSe0dgEs [§620051 Negative pressure duct 3a§jsza022 [§620251

¢ Outdoor Air Duct
[g€o(outdoor)e e’ c00desoréeamaeloppé outdoor air duct vp ssepdSeodls [9d
2001

¢ Exhaust Air Duct
88080p56c0 Bewrcd eEodERd Gruad Kwdesmnteomalo exhaust air vy 265
coggCs [gdoopdi

Duct 32goSse0:(Size) $& adfgpezacn (Sheet Thickness)
Duct 3agudssons(size) $¢ 3o§p3202:03 cBodg) 83260009 o3[gpezacn(sheet thickness)
ogafgpo3eoeh

Ventilation Duct

Maximum Size of Duct Sheet Metal Thickness (3o09)
460 mm 3303 0.56 mm (24 gauge)
461 mm ¢ 1070 mm 5203 0.71 mm (22 gauge)
1070 mm ¢ 1530 mm 3303 0.91 mm (20 gauge)
1531 mm ¢ 2150 mm 3303 1.22 mm (18 gauge)
2151 mm $& 820005 1.22 mm (18 gauge)
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Air Conditioning Duct

Maximum Size of Duct Sheet Metal Thickness(s20p)

300 mm 8203 0.46 mm (26 gauge)
301 mm ¢ 760 mm 2203 0.56 mm (24 gauge)
761 mm ¢ 1400 mm s2a3 0.71 mm (22 gauge)
1401 mm ¢ 2150 mm DD 0.91 mm (20 gauge)
2151mm $& 320005 1.22 mm (18 gauge)

323 Cs00qm (round) duct 220305 03[gps3acn(material thickness) gps
Round Duct & Nominal Diameter 25lgr:3209 (G.I Sheet Thickness)
205 mm 8208 0.6 mm (gauge)
205 mm ¢ 760 mm 2203 0.8 mm
760 mm ¢ 1020 mm 2a3 1.0 mm
1020 mm ¢ 1525 mm 3503 1.2 mm

Round duct qpsei elbow & center radius 2095 1.5 x Duct Diameter [gdoopSn Vertical duct
qPeaR05 $68020(2 meter)gpso3E: duct support 0od9aonsgs Bzab0p5
LY .

f )
ol & )

4

Q 9Q Flexible duct qpP:

§)-0.§) Duct Layout
Duct layout gp:03 8&Eqgiapbepoge 63200501 32105203 326[gdo0pd
o Duct layout 35§:p30qi€ (symmetric) eoolg§[gjsq p3pores2E 30guSoan [gired§Eaopd
e Main duct 03 0005§E0g| GooscodesmE[gapdes $&  duct codseloppE: (design path) o
cB§Eo0q JAasnt Frobaf Jasbooc
e VAV system gpzs00305 0pE:do0arné(duct looping) [giapd8Ea0pdi
* Duct fitting 8566320305 $05:8E204) $p5:6320¢8 layout 8&E: [gooqepd
o a0 [gEoogé  onbsoooneom  (exposed) duct  gpza0z05  32098sa[gE
(appearance) cvocoq$ $¢& structure gpzsC 030503g> 006s0EqepdN

$ g-o Spider Goom$ ¢ §-¢ Trunk and Branch dooqrn$
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Perimeter ¥ Radial
Loop S
$ §-00  Perimeter Loop $oogrné & §-00 Radial $oogrn$

§).J Duct System gqp:oB 3390&=2008:(Classification) gfgp: 20050adfge:

Duct system 3203&:§ eoosacqE(velocity) $& 8za:(Pressure)soedlopl mae[gde) duct
system gpz0? 3a§js3e00: J[g: 900500560 o0Rd!

ecomaC(velocity)od sae[gdg “Low Velocity Duct System” $& “High Velocity Duct
System” opq) $8§s Jlepsoozo0pdn Comfort air conditioning gp:o€ supply air velocity 0pS
0088560qi€ Go( Jgo0)5$:(2500 feet per minute)oond veoypag€ “Low Velocity Duct System“op
200500500051 986005 1200 FPM(feet per minute) ¢ 2200 FPM 3003E:5000 8&&:{gjnpbenpgoopi
Supply air velocity 2005 2500 FPM cooSeoqpagi€ “High Velocity Duct System” 35[gd 2005005

[S5 L St  TT,
$ §-o0_ Round duct 006e0€a00sd
820 (pressure) adede
Bas(total pressure)od 326[gde) 3a§jE3200: o Y[gpscon:aopdi
Duct System Class ecodzi(Pressure) [6$5$:(velocity)
Low Pressure (Class I) 3 % in-wg coodspbgE Velocity < 10 m/s

o S'O? Rectangular duct 026s08c0:d

(static pressure < 5 cm water gauge)

i 3 31 °
Medium Pressure (Class II) | 3 % ¢ 6 % in wg 3503Cs Velodity < 10 m/s

(static pressure < 15 cm water gauge)

High Pressure (Class III) 6 % o 12 Y in wg 220pC: static
(pressure 15<p < 25 cm water gauge)

Velocity > 10 m/s

Duct gpzso038:5 acosaagE(air velocity)gpieooopd saelogpCigpien

(0) o06s08g MEmE§odspd:e0q8320305 Sagudsnonieanicadaod duct gps [grpdondenlges
$¢ ondeoleSesep  cadeamodeomelopé  sagudmeoneooicodoopd  duct  gpeod
00680€[gE: BelopE erozang€(air velocity)qpgE: [gdoopSn

5-6



eomEs0005028

Chapter-5 Air Distribution Systems

() ecosacg(air velocity) gpseomalopé Bsantoqeolsq(pressure drop)gqpzoopdi BefopE fan
g&:3aEagq(power consumption)qpsoopdi enlasEoopdendl mrSoyo§od(operation cost)

qPSODéII

() ecomaq(air velocity) sacg&lgSeomelopE eppdad [gdedloopdi ddelopS epodadspds
eoepd 03§oxgps(noise attenuator or silencer) 0o6s08q$ 332500001 F20dgjepd esep!

069086pd esepad Bodq cwenyPaopd erozaag(recommended air velocity)gqpsa?

G6Hlg 00220051

Recommended Maximum Duct Velocities for Low Velocity Systems (FPM)

Maximum Duct Velocity (g€[gjoopdea[g&ad: Duct Velocity) feet per minute (FPM)

Controlling Factor

Controlling Factor Duct Friction

=00d(g)d (Application) Noise Generation Main Ducts Branch Ducts
Main 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, 1500 2000 1500 1600 1200
Banks
Average Stores Cafeterias 1800 2000 1500 1600 1200
Industrial 2500 3000 1800 2200 1500
From Carrfer Air System Design Manual
G5$EPAIC305¢) 00§3005000:0005 GrozaayE(air velocity)
cpgps 6500Cep Gsepyp: (residences)zacgod 3m/s ¢ 5m/s30pCs
Q41 Qg4 Beqomyps(theaters) 4m/s ¢ 6.5m/s 3203

022600005a3Eqps(restaurants) canteen gpssé ooxgP3a0305

7.5m/s © 10 m/s :203Es

cuoopuEigé duct 3a§jE3a00:03 c80de)] 0§00500200p) GrozagiE(air velocity)

Main duct qp:320305 §¢[gjoopd erosaayE(allowable air velocity)

5m/s ¢ 8m/s 3038

Branche duct gps=acg05 §€[goopd ecosangE(allowable air velocity)

4m/s © 6m/s saog&

a36a0d 20eodgp: $& GrouMdGPRE duct gp: 0obsolqfesep 20058§eo0e(opE
8€¢[g[o0pd scozangi(allowable air velocity)od 30 m/s §§:3503 g&[giepdioopdi
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Duct system o3 8&C:pboopdsadl industry oo cood90on:a0pd ASHRAE Handbook
0300705 SMACNA @ HVAC Duct System Design Manual 0303 o3:0:8(G8s(reference) 20&o0p0n
“Positive Pressure” 2005cepod[gts $qoopd duct gp§oocd “Negative Pressure”socSeepad[gc:
dqoopd duct gpscopd: §oopdi powd supply air fan 205 eoogp:od  duct 830p8:0d
qodoopdeamelopE “Positive Pressure” [gdeol copdi powd exhaust air fan 2005 duct 220380
Googpzo’ pduaeomelopE duct 320pE:03E “Negative Pressure” [gdedl 2005

Duct system 20038:§ ccosaayE(air velocity)aopd oodesep $¢ oodesep wopoBlogeol
2[Fe[gpEicd eg20p5n Coil gpisE ccvod(filter) gp: §oopd esepogt ecosaayE(air velocity)aopd
1000 FPM(5.08 m/s) ¢ 3000 FPM(15.24 m/s)eoq53203 §000500051

Duct & $8EqpS(duct strength) cogzpgod[gEs(deflection) $& croud88[gE:(leakage)odaopd
duct 32038 codsans(pressure) vwdaned ol ©oopSa0pbi GrozangE(velocity) saedlopt
goonpSeor a3ea0d epoda(noise) op&sla(vibration) $& 8zaiogeotsq(friction loss) 032005
eeozqIE (velocity) oenaned o€ goopS[ogoopdi

Duct System &l 22800 0m0§2005 Gogp:ad oodesepe 33260000 safgpiesepd,
eepodeant 3eeonlas [§Baopdi Sheets | re-inforcements 1 seals $& joints o3 [§¢ duct [gdesn

[gie9So:00051 Beaepypsa? duct i element gps wpesl 2051

REGISTER HEAD ....- 30° ANGLE BOOT ""R-”- B0OOT
(=t C
/ ——i]
& +—END BOOT
\\‘-’F PIPE
@
CONMNECTOR TAKEOEF
= WALL STACK
oueT ~r

5l :
B +—REGISTER HEAD REDUCER
l (WARM AIR) e

TAKEOFF ?.

|
JOIST

& TAKEOFF PANNING
)
= - FRESH
AIR INTAKE
> N2 A \
T = CEILING f"‘ S (COLD AIR)
HEAD . RETURN AIR OROP
-
-
-~

$ §-0G Duct system 009 o3eedjgoo:d

il PLENUM
OFFSET <
: STARTING COLLAR == \
SE | STACK BOOT NEL B> :
A > *—sTAcK ECOT ‘\_ g > ’
< :

L.H. BOOT

f

§)-9 Duct gz [gjopS[gé: (Duct Construction)
Duct g2 00pbes0005[gE:(duct construction) [gjeodg§eacgod specification 2005005epoge
6220050] 32gi05gp: dlo€a0&o000r
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2B%

(0)  ©pbSooRd é(standards)ad c3a550qepda? vcowBigd 3dgodes cdaopdi poed SMACNA
duct construction standards 2005 230005 ASHRAE standard 360205 local codesi

() Duct 328005 sa§meongps(joint types) o8ewpcd duct sasood(joint)gpad epbopad
0056800056
()  Duct gp:od spedle duct hanger [9¢ §ode3epd Bewpdd eemnde edlod(support)gé
GCo0050002 GozedI
(G)  Welding cod[g€: $E grinding o3sE 00520050005 $5:qps
()  Double-wall and lining
()  Painting (duct qpzod 290565 Ge03aeepE $E Geoi§jEza002)
Q)  =eadgepd 0gpds 3a§jzzaen: (material types)
(®)  ©pSo0bspdey¢ cruu3Bg(gts(leakage testing)o? 08200065 C00598E205 euudBbe
(leakage) opbg| §qepd
Sheet Metal and Air Conditioning Contractors’ National Association (SMACNA)
Duct Construction Manuals
(©) SMACNA — HVAC Duct Construction Standards Metal and Flexible (Third Edition)
(J)  SMACNA — Fibrous Glass Duct Construction Standards (Fifth Edition)
()  SMACNA — Rectangular Industrial Duct Construction Standard (First Edition)
()  SMACNA — Round Industrial Duct Construction Standard (First Edition)
(§)  SMACNA — Thermoplastic Duct (PVC) Construction Manual (First Edition)
Duct qp:od  aB805qo58:8C0pd  esepypiop  onbsoleconqr  00bs0aoideacd
033566000 20mzR00¢ps 33§320208gP: [gIapdeuioeedi
Fdamgps(toilets) $& 0eomEo0pd =o4aBqp: 200See00Ea00d return air duct gpso?
supply air stream §ap GsepPgPse 00058E00¢E0:a0Pd G5epoxt codsotooniqepdi
Supply air duct $& return air duct gp:el 35038:qi0550[gEqP:a0R5 e&1 3268 $E 32805qp:
peoses[glio mieoeoas $& 0005880y egpyodeogepd g§io3:odndongEs(abrasion) 33
95882005 32§jE3202: [gbcoqepdN

qod§0[o30dqpea0gEsd esepyps(ceiling space)saopSs return air gp: 8:08:8EqS air
plenum 33[gd 322%gi0l qEd§o[300qqp: $E Goninadsggp(ceiling and the side-walls)od
oconoomfgé saegpadlgis(plastering) $& caotonad(ges(painting) o3[godqepdn Masonry duct
qPeaoopds 80338 [gbesant 00058E 04| [gjrrdaepd

329C39[gdqScdeom(rigid) duct qpso? steel 1 aluminum 1 glass-fibre batt 1 mineral wool
$C F[gregclgjooneomn ogpdimagjseanniypi(approved materials)g&ax [giopoqepds

Duct 98e0pod duct lining gpseacgod ado0:6000 glass fibre batt 98ewpcd mineral wool
qpzoopd air stream gpesE 0305805 cBeogesdlon cagdgodyd8dgEs(erosion of fibres) ofgdesnt
a0eagPeom omogudayps [gapderscon: qepd

Duct qpzo? sturd [§¢ coon05d(supported)eozqepdi  Duct 6oo058:e0i002:6000 hanger
$C bracket qp:aopd cogyj(metal) gpzox [gdeoqepdn  Duct covering 1 duct lining ¢ flexible
connection material qpz00pd 8:0ecunE§Ea00) 0godigps (non-combustible) [gdeoqepdi
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036005 3204105324 1 ecegpEomn B:ecnE§Eaopd ogpdigp: (combustible material) o3
3200436005 6320053 2/05qpeg¢ [grddeoqepd
() “Code of practice for fire precautions in buildings” § dl§eo $o0:qps(methods)sac3Es
062006000:09|C surface flame spread rating 2005 0c0e3290¢ (class 1) coode§bcoq
32680009358 qIod§0[030561 8582, §52(flame spread rating)aopd class zero [9630qE duct
lining material qpsoopS class zero rating [gdqepdi
(9) &eanaopdandl duct ogf 320d4goom0pd 0gRdigproopd 8:8: $& 32e86208e000pd
e0d6g 0g0dg $pd:8Ea0y| $p5:600005 LERdigPgdeepd
Ventilation ductwork $& terminal unit qpslg&egeoon ventilation grille gp: 1 air diffuser gps
o3 90050305000:0005 flexible connection gps &l 3252005 $68020(2 M)cood wdeoq)
20585054982 1 qpegtielope [gdedlearn eg gpigqps(thermal movements)od omazudes
0069080020009 flexible joint gpza0pd 250 mm 32050005 edeoq)
Flexible joint qpso? 3a090Bo00p 8:060m0058E8000) a3uupcd B:oonCeeantsEaspd(not
easily ignitable) ogpSsqpeg¢ [giopdoonzqepdi adogobsqpsoopd British Standard BS 476: Part 5
326 062006008000 0@ES:g2 [gOgERd
Duct 33030203 208q:e6 [gapdassaogand coeagpaopdesepypiogt aedlod(opening)
qp: cosqepdi Air duct gpsi air duct support gpsi fitting qps $& plenum gpsi( joints qpsi seam
qpa stiffening gps reinforcing and access opening gp: 32019208)03 ASHRAE  Handbooki
Institution of Heating and Ventilating Engineers(IHVE) guide books a%eo?os SMACNA Manuals on
[gop§s 900500dconieom  duct [geod[gla 0obsol[ge: 6§86pg8:qps(construction standards)

3038: [godqepdi
§)-9.0 Duct [gjeodeé ogpS:madjrzaon: egiqdfgS: (Ductwork Materials)

(o) Galvanized Steel o3 sa034{qjej Duct [giopSegi€ eeaabdl 8§§daR§qpio? c3ob50q$cBo05n
HVAC cobesqps(applications)ogé Galvanized steel sheets o duct [gepSg$saog0b

:20)4g|0gqI€ ASTM A90 1 A525 $& A527 0303 a30ds0qepdi

() Carbon steel o} saadqiq) Duct [gopbagi€ 6320053l 6§§8:qp0? Bodsogs cBaopd
24" c00d J[oBkoopd breechings i flues $E stacks qps 320305 omg§ocBs(carbon steel) o3

:20dg|egIE ASTM A569 $¢ 030508 coqudi

(o) Aluminum o 32084gjg) Duct [gopSaqi€ em0cdd 8§§6038:qp:cd BodsogfcBaopd
eqegoloCagpiaopdecofgde) aluminum base alloy sheet gp:o? 3209dg) ASTM B209 o3

865+ que

(g) Stainless steel 03 32a34{je) Duct [gepSagi€ 6820050 §$dR$:P:03 Bodeng§aBaoddi
Kitchen hood $¢ fume hood exhaust 0303 stainless steel [g€[gicpd[o3oopdi Stacks and
breechings (prefabricated)qp:saogcﬁ 304 1 304L 1 316 or 316L sgc?m:som: stainless steel sheets

203 320%{gIqIC ASTM A167 o3 §[gé:qepdi
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SHEET METAL GAUGES
Sheet . Sheet
Thickness .
Metal Inches Remarks Metal Thickness Inches Remarks
Gauge Gauge
0 0.3125 19 0.0437
1 0.2810 20 0.0375
2 0.2650 21 0.0343
SMACNA
3 0.2500 22 0.0312
Ductwork
4 0.2340 23 0.0280 .
Construction
5 0.2187 24 0.0250
6 0.2030 25 0.0218
Welded
7 0.1875 26 0.0187
Ductwork
8 0.1720 27 0.0170
Only
9 0.1560 28 0.0156
10 0.1400 29 0.0140 G
11 0.1250 30 0.0125 auges Not
Permitted
12 0.1090 31 0.0109 ;
or
13 0.0937 32 0.0100
Ductwork
14 0.0780 33 0.0093 .
Construction
15 0.0700 34 0.0085
16 0.0625 SMACNA 35 0.0078
17 0.0560 Ductwork 36 0.0070
18 0.0500 Construction

Duct oopSesonahepogt aaaddge$ ogpdyp:(Duct Material)

UL (Underwriters Laboratory) standard

Class 0 8:002005(|,grig&s ss0&appo (zero flame spread) [gqepdn 8:3:a30558: 32908 20p0

(zero smoke developed) [g6qopdu

powd Iron 1 galvanized steel 1 aluminum 1 concrete 1 masonry | clay tile ooaé ogés

qpio 920030

Class 1  &:60m05q gregs: (J)oood sp5q€ (flame spread < 25) 1 8:§:0dg8s ( J§)oood

$05: (smoke developed < 50) g€ class 1 0p2005¢0520001
powo fiberglass 1 many flexible ducts 02005 0gd: gp:03 32054g§E2001

Class 2 8:60m005q gsgs: (§0)000d spdq€ (flame spread < 50) 1 8:§:00558: (000)000d

$053(smoke developed <100)agi€ class 2 0200569052001

§)-9-J Duct Seal

Duct seal gpseomEg&ag€ crouddog(leakage)od caqpspdicoSEaodi

Ductwork and plenum gpzo? s20050lsp55qp: 3203E: seal codqepdI
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Sealants and Adhesives

Water based sealant $& solvent based sealant based vpe] 8a§jp320: $6§jEa3[gPz0025H
32680005338 32[gEonod(outside) aJewrod  elgesndcod(underground) oopC =aaddges
(applications)sa0305  solvent based sealant 20pd epadpopacr(resistant to weather) $¢
oq&segSeepClgod(ultraviolet rays)acd $8Eqopdi

ASHRAE Minimum Duct Seal Level

Duct Type
Duct Location Supply
- - Exhaust | Return
< 2in. w.C > 2in. w.C.
Outdoors A A C
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 *

All transverse joints and longitudinal seams, and duct wall penetrations.
Seal Class A . )

Pressure-sensitive tape shall not be used as the primary sealant.

All transverse joints and longitudinal seams. Pressure-sensitive tape shall not
Seal Class B .

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 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

Insulated and
sealed ducts

Amount of heat/cool delivered
to the conditioned space

Uninsulated and
poorly sealed ducts

Amount of heat/cool delivered
to the conditioned space

50%

85%

20% i 6%

/
Leakage \ . Leakage
(-]
loss 259 loss
Conduction 50 20, Conduction
loss loss
Home infiltration Home infiltration
loss loss

Q §-0¢) Benefits of insulation and sealing ducts

SMACNA-HVAC Ductwork Seal Classes
(o) 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).
() Seal Class C: 5-20 percent total system leakage (all transverse joints).
(G) Unsealed: 10-40 percent total system leakage.
Q)] SMACNA recommended seal classes.

Air conditioning 320305 822%ggjoopd duct qpsa? “AC duct” o7 esleap§oopdi Mechanical
Ventilation 820305 32034{gj00pd duct 63 "MV duct” 03 eslecpdoopS Air conditioning duct gp:o3
insulate cpSqS§ 8620051 Mechanical ventilation duct gp:o3 insulate [gjopdes ©c82a6d Duct
& :[gEoncdogE omdoonieam external insulation §oocd duct el 3303E:0050 G0
internal insulation copS:§aodi

Air conditioning duct $& mechanical ventilation duct o3¢l [gpas0:g052000 insulation
[§020p51 Air conditioning duct 205 sap8:opdgs(heat transfer)od omogudqsacged a0
eogpodoagss(internal insulation) o8ewpab external insulation [giepSoo:q$ c332620001
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=t

12mme DUCT GA 24 ALUMINUM SHEET
HANCER (TYR.) METAL CLADDING FOR
*\7 EXPOSED DUCT OMLY

B,
25mm THICK FIRE N G
RETARDANT FIBERGLASS Sl P
DUCT INSULATION WITH T
ALUMINUM FOIL VAROUR -
-

BARRIER

1
END TABS OR FLAPS FOR

JOINTS FORMED BY STRIPPING
FROM THE VAFOUR BARRIER
SEAL OVERLAPS WITH A QUICK
TACKING ADHESIVE

AlR DUCT

ANGLE UNDER CUT WITH
FLAME RESISTANT QUICK MEOPRENE PACKER
TACKING ADHESIVE TC BE

COATED 100% OF DUCT

GA. 1B TIE WRE .
SURFACE AREA - S0mm x S0mm x 102mm
SPACED @ S05mm GAUGE 420 GALVANISED
SHEET METAL CORNER
BEADING

$ §-06 Duct 0069 00p5ee0005 00680E00:d

U (i}-(2)
Vapour barmier lining e

Wall penetration _\ - Compariment wall

Mineral wool
insulation - 2 =
material JAVAVAVAVAVAVAVAVAVAVAVIVAVAVAVAN/AVAR
7 '
Metal du " 1Y N\Eﬂﬂﬂlﬂil JAVA u]_ru Vi
Hanger _k_ L_ Fire rated non-
combustible board

Corlnl:;_usﬁble
insulation ____ Fre stopping material
maitericl having same fire -

resistance rafing as

the wall

Collar sirap

Steel sheet Fire rated
ductwork non-combustible board

{i)-{1)
$ §-0q Fire rated duct 0289 0pSee0005 068080020

§)-9-9 Duct 25[g€a0053 Insulation [gjapGoon:(g€s (External Insulation)

Fiber glass a3ewr05 mineral wool material saqjgeaonsgp:o? external insulation (vapor

barrier)sa(gd =003 g8E0p0n  opSoopdeadfpmaonod  ajo0d  [gbdlee insulation &
FPOegPodopasSi(thermal conductivity)oopd 0.0332 W/m? K cood eleoq)
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PoePodopessi(thermal  conductivity)eomEieco 3208209 g8:03 02000886
(insulation)spSsaco [g&a0p5i
q2giza0eS(mean temperature) 24°C 330305 c3926600 insulation sacg (thickness)oopd
obcoode  (25mm) [gbeepdi 9B6oopdeso(density) 20pS 32 kg/m® [gdeepdi 8680005md
30385 air con eep§ supply duct 1 return duct $& exhaust duct gp: 320305[g20251 Air con

06002520 Gsep(non air conditioning area)ogE oobeofepd duct gpsgdAlon insulation
0p20pd supply air 2005 $8c00de(50mm) [gG: return $& exhaust air gpi=aCROd
0060050 (25mm) [g820p5n Air con wewso:00pd Gsep(non air conditioning area)el 2ap§$a005
air con Gus0o:00pd Gsep(air conditioning area)el 220§$00053gp:00pdN Belopé duct sacpEast
2[gEei 320§ 80z(gr:qod Sqpraopdi oBelopE donoopd insulation [gEomgoongs 8326005
§-0.G Duct 3303&:3 Insulation [gjapSoo:fg€: (Internal Insulation)

Internal insulation o3 spodad(noise level) $p5:0g:606$5C 3208:e08:g(vapor barrier) o3
029859995 pOgudgI0d $8dgC 320qgjoopdi gpieaonEyE main duct gpsogE o680 200N

a360005:e0(density) 140 kg/m* §aopd rockwool material adjeza0:03 2003:{g00p5 Main
duct &l =000 (§)80m s0zmedd internal insulation [§& 020§ conecp§oopdi Duct 320385
§eseamnaelopé rockwool saogp: od,cgéeoqs =0gE:(0.46mm)§ sacdlodgpidloogd(perforated)
0g)8§udmfge: (aluminum sheet)gé 233500030 sa0q)8§udma[ges(aluminum sheet)ed§
:6dodgp:  (perforation holes) gpidl  god§0[gEeraquS005 0pedlE:  qodsnlgEe§omn(total
surface) &1 0% © Go% 3203 [§oqEpd

5 §-00 (o) Internnal insulation O §-00(9) External insulation
?9 ?9

Duct gp: 00p5e8000555:(construction)  sadjzaons(type) 1 320332000 (dimension)
02005 0303 356005805 2Baddlon SMACNA guide line gp:d Gaoaeodqes 332600001 SMACNA
aBo0p5en Sheet Metal and Air Conditioning Contractor’s National Association Inc (USA) &l

320368105 [gd20pdn

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 (m? 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
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§)-9-§ Access Doors

Equipment qps 1 duct &1 32038:38: egepqps 1 damper gps $& fire damper gp: o3
00690:$ $C [g[gEaB5:086:q§ 320305 2005wab0oEIMGsEPEPI0RE “Access Door” gps cones
832600001 Access door gpso? $8006(56030) [gopdaepdlgdB: neurea5a00bs00:(welding
method) o3 2203:gjqepd [g20p5 Access door 33038:00056¢ duct 6l 303C:0005038 Sa(jpsron:
opaop) insulation material 03 3223ggiqepdn 1.00mm 3200[3¢ [gieeSqeRSH

Access door 005005c0p50RE 12mm =acpdaopd neoprene rubber gasket c3Egodoons
qopdn Duct &l 839§ E=x(fire rating) $E access door gp: &l S:sh98E3x(fire rating)od o3
qopdn Access door qpsod 8ob(lock)q§eeogad  egpodcond(latch)od heavy duty brass [g&

[91096[38k 93645 (galvanized) a3wupod ©§80od(chromium) 3aqp5 860300051

s

Q §-0@ Oval duct access door Q §-Jo Access door §§ access door frame
Access door ¢l saguSmaenigp:o? duct 3agudseon(size) 3560l 03¢ o054 [girvdendoroopd
Duct sogubaa00: (size) 3326600 access door 3agudeson:
20q0ed:30408 1200mm cood ©320pd duct 300mm x 400mm
20q0ed:30408 1200mm cood Goopd duct 450mm x 450mm
Automatic damper a30up05 fire damper 850305 450mm x 600mm

§)-9.6 Duct Test Holes

Duct 32038:§ ecozaayE(velocity) $& 8za:(pressure)o’ 03E:qea0305 “Duct Test Hole”
qp: cod:qepdn "Duct Test Hole” confeepd esep(location)od d(as-built dawing)ogE ewdg
qopdn  maeilodaagudsson(hole  diameter)aopd  oodcoode(25mm)jgo[ds top screw  braged
Hz002 [g520p01 40mm x 5mm bar edopE braged cpboonzaopbi Bar $& sheet metal o3 rivet

[5¢ §iodsegaonz000dn

‘? §-Jo Duct test holes

§)-9-q Duct fittings

elgpon§ieso0pd(straight) duct qpse c3aqi€ og$ duct 3805323C:qp:0? duct fitting gps
g0 200500520001 622050030005 duct fitting gp: [gd[o300p5
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(o) Elbows (g) Enlargements and contractions
(J) Converging or diverging tees and wyes (§) Means to reduce dynamic losses
(?) Entrances and exits (6) Turning angle, splitter vanes

(Source: ASHRAE Handbook Fundamentals 2001)

ASHRAE duct fitting database $C fitting loss coefficients duct fitting sa§j:§jg oopSee0005003
eed[goozaopd

(o) Fitting Types Elbows Mitered — vanes (q) Fitting Types Divided Flow Y-Branch
(J) Mitered — no vanes (o) Reducing Y-Branch

(p) Fitting Types Elbows Gored - long radius (@) Divided Flow Laterals

() Fitting Types Elbows Gored — Standard (o0) Divided Flow Laterals

(§) Fitting Types Divided Flow Straight Tee (00) Duct fitting -Branch

() Fitting Types Divided Flow Conical Tee (o) Duct fitting -Branch

Vanes provide smoother
VANE1 - airflow with sharp turns

L=(1.414xD0) + 2

(00)
¢ §-Jo Duct fitting sojeqs
§-G 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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Fqpeedodondsooomzaopd(horizontal) duct gpod  odecB(steel)gé  [grodooneom
hanger rod qpgg¢ §odegeepdi Hanger rod sa0:d:03€ lock nut o3 saaddgiqepd

Cross-Sectional Perimeter of Duct

Maximum Spacing Between Hanger
(Hanger 0o89$&00de 3ajogp: 3a0zeec0z)

1.5 m coodcodaopd duct 2.4m
1.6 m ¢ 2.5m 2203 1.8 m
2.5 m cood[oBeo0pd duct 1.2m
Ductwork Support
Ductwork soc%lzsaoo: (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

e8lEc805006808c0nsa0pd (vertical) duct gpizaog05 continuous length o3€:03E support

qps 00pde0qERdN

¢ §-JG Duct hanger

Q §-J§) Duct support

First cost &B00pben  o0beole§encgnd mSoyodod(installation cost)od  adcdoopdi
b5 =008t cp§oqedod 0vpcopd: edla888a0ob Operating cost e32005¢n 3203dq|
650G 0000 GeaEEHa0G NV MSepde§oda Bcdoopdi Duct system el
odopsoqedod(first cost)sC copduddes  opsoyefod(operating cost) ofoopd 680053

Fg0dqps 2260 03¢ 65001

(o0) Duct 32038:§ e2:00p) Goo(cool air)oopd duct © sap(heat)qp:od edopfgls duct sp0p8:q
@aopdecu(hot air)e 3apqpeadgdgts(heat loss )

(®) Aspect ratio of the duct

(0)  eoogp: duct 3209E:qi0550[gE $& godoBodgsS:(friction rate) $&

(20) Fitting a§je3200:(type) 03 [g®20p5
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§)-§) Duct Properties

§)-§-0 Duct Heat Gain o300p05 Duct Heat Loss

Air con duct gpsaopd sacgSqEbagpigsiag€ GoodcopbieomEa air con ©opc5o0d
GsePYP0d [qodempognagé eaodcopdicomEs apedupg(duct heat gain) $& sagadssq(duct
heat loss)o3 copdag€: ogodqIodes 832620001 Supply air 6 329§S (temperature)aopS (cooled
air 20p0 duct 30[g€on0de =ap(heat)qpio? eduacodeamelopE) duct codeagpodogniesod
eco0p5 S [§Gonodamaopd Belopé adeamndeon  Feeseieod(cooling)owan =8

(allowance)esooE:000:q8 0332600001 AB[§000§003 20 E3862005 supply air S3eupod Sqpzaopd
Gooowdan(air quantity) cofgldyé elgq:§Eaopd

Duct $8920p5 09860 vedan§oopdecn? c0udesonEagi€ duct aspect ratio gp:aopd
duct 2095 duct aspect ratio 550005 duct 0005 sapeSung(heat gain) 3gp:aopdi crod:gss(air
flow rate)soSs8s ecosaayE(velocity)spdispdiyé B:ogagé eooopd sapedua(heat gain)
2300705 320ed:gea (heat loss)3qpeoa0di

coomaagE(velocity) spSeomefopE ecooopd duct 320385 eoogp: [0pgRge  GseEM
DOgPY H00S 3§E3qoopdi Duct insulation eomEieco 30e00Re (duct heat gain)
a300pad sapedgea(duct heat loss) $05:e00 [gdoaopS

U value 0.12 §20p5 insulation o3 saadigiogi€ 320eG0pe(duct heat gain) @o% ogeo&sognzoogdi

§)-§)- Aspect Ratio

2.0
|
iy i
- = sl A )
[SQUARE DUCT] [RECTANGULAR DUCT)
Width, a=1m Width, a=2m
Height b=1m Height, b =0.5m
Area, A=(axb)=1m* Area, A=(axb)}=1m*
Parameter, P=2x(a+b}=4m Parameter, P=2x{a+b}=5m
Aspect Ratio {(a/lb)=1.0 Aspect Ratio (a/b} =4.0
D.625 0.625
De = ﬂ(ﬂ_h}_ . =1.09 Da = ﬂ(ﬂ_h}_ =1.03
{a+b) 0.250 {a+b) 0.250

& §-J& Aspect Ratio 1.0 $& Aspect Ratio 4.0 §eox duct $6§E03 §E:0pd000sd

Aspect ratio s32005¢n duct &l qpSeoozasns(long side)od odeamsagns(short side)qs
ons002:60n  dgEodn  8&&Grod0pd  msofopl  cofecgPoopd aspect ratio o3

6gq|o[gt:aopd saeqEoe0mn 03gode [goopdi Aspect Ratio qpgielopé oobeolq mrSmy
o§od(installation cost)3a[g€ cunCislas onSoqo§od(operation cost)dl Sqps concB8gepd
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Duct work & ssofimSoyoddd(first cost)oresloopd 00690Eqs apSagedod(installation
cost)aopd 3203qqo0pd 0gRds(material)oedm | 0obs0Eqaopd WOz $¢ ZoFSedlogt
©0opb20pd

Duct class [g€ameco op&ogedod Sgpeco [gdoopdn Duct e§uxn(area) $¢ capacity oppdagé
duct system & dsaos(total pressure)qpseco duct class [gEeco [gdoopdn Duct sagodsoon:

(size) [o3eec0 duct class [gE€amnaco [gdoaopdi

Duct Class Max; Size of Duct (inch) Semi — Perimeter
1 6-171/2" 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

32qudmonoy | g&seaonlepd(capacity)opeoon duct $oqjkogE dlass [¢&aopd duct opé
Qapoopd ad[gps(gate of metal sheet)od s 832600001 Material & aGO:gSCORS: g
c860pdi 3eomE:a00b insulation sadje3aen: 9300pod Gapoopd insulation s2adsggs Szaba0pdN

oBelopé duct 8&E[gpbongp: $& consultant gqps 3a65[g¢ dust class 868Eaoq
86eanE 88&:0d[gls  mspdiadieoon  “Aspect Ratio” oF  odgl{gE  op§ogedod
200500060§E20001 “Aspect Ratio” $054gC:eloqpé godoBoda(friction loss)spd:0000n adsalgé
S0y 0§odc0pSs 20052092005

T
[ &/

@ §-JQ Small Aspect Ratio $ §-Jo Large Aspect Ratio

690 sppd5qpod B8:qi5[gE: (Sound Control)
(0) =098: aJewnod 3% g|d0d c80de) ofenqHoopdl C5d8ERY sppdad(acceptable noise
criteria (NC)) 03 20050053

() [gBedanupd spodad(sound source)si spectrum o 9§08l
() oodesepgt:Be ogoded canwpd snndeeedits(resultant sound level criteria)o? a3e5dl
(G)  00598E2005 enodo5(acceptable noise criteria) $¢ resultant sound level 0303 8000k

() ooCegpearn 0005 adS:q6§Ea0pd oB3§uan(naise control product)qp:ad saaddye)
3203§20p5 NC level o3 eepode3an [gIoddh
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6 §-J@ Duct system acoustics

Design guidelines for HVAC system noise in unoccupied spaces

3200gg[ongs 3205:32038:5 0S¢ (4660l 652000 CV5E8ERY snndBGPY

eedlgoonzopdi
aoofizo§jra00n: (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
:0$:30§3200: (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

§-9.G 6cou38éq (Duct Leakage)
ecoulBofgts(leakage) 0050005¢] 3080 OSOR$sqPsed ANSI | SMACNA |
ASHRAE standard o3 [gdoop5u
ceou388[gE:el sanfeoadqp: (Impact of Leakage )
ecoudBo[gs(leakage)elopt [gOedlcngEoond gbimaladgiaqp: & opSoye§odqpa?
63200503E @uggE cud(goonzoopdi
Energy Cost Example
Cost/year = [CFM x TP] / [8,520 x Eft] x Hours/Year x $/kwh

CFM RPM SP VP TP BHP Extra Increas
Leakage | (Cu ft/min) | (rev/min) (in (in (in (hp) Oper/yr Oper/yr ed
(%) wg) | wg) | wg) (5/year) | (5/year) | Oper/yr
WO
0 20,000 530 1.50 [ 0.39 | 1.89 | 6.68 5,600 - -
5 21,000 557 1.65 (043 | 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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6320053 229j05¢P:03 226[gde) caod 0z

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 ( Qfan X FTP ) Hours $
= x

Year \8520 x Efficiency Year " kWh
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)

00059§800pd Geou3B55$: (Suggested Leakage Levels)

Leakage Levels SMACNA Class 3
. Leakage (%)
Test Pressure (in wg) (CFM/100 sq ft)
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

§)-6-§ SMACNA Ductwork Testing

) -4" water gauge oo.cﬁc';é:cqﬁ pressure rating 61 00680§$¢ 0820004 (test) [giapdaedi
(1.5 X pressure rating)

(J) -3"water gauge o +3" water gauge 3203C: ductwork test cpSeap ol

) +4" water gauge coodgpsaqC pressure rating el 00de035¢ 06:a00g(test) [grodqepd

(1.5 X Pressure Rating)

(G) ASHRAE Standard 90.1-2001 and 2004 soq static pressures +3" water gauge [eeles)
B[go0pd duct system &l j§%03 00dgaadcsigpion condd0pdspds (industry-accepted
procedures) [g¢ odes0:gs cBoopdi

(§) 2003 IMC and 2006 IMC reference SMACNA HVAC manual for ductwork testing soq static
pressure +3" water gauge cood J[gEaopd duct system &l j§% 03 ©SgERGCEgP
c005$20p0505: (industry-accepted procedures) (€ 0besoiq§ 3205
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6.6 Duct s0gud3s00: ageqiudspdi(Sizing) 2o

Begmseeppbesigpiancgad 30ddgeom 2068000538qPisE 00dgapbesigpiopt 32034
Gox air duct system o3 8&&{gpbepogf 63M0SAl FgodIECEdEPIo? 226[gdS ogodgEd
[p32005
(0) 00690CqmR05 Gep AYEANOdeeS (space availability)
) quaéeoqeé e$ep (space air diffusion)
(P) 9293 3pdq (noise levels)
(G) Duct ¢ ccoud8bq (duct leakage)
(§) oecogps duct 320380 B:eof:opnigliclopé  sapoBeong(duct heat gain) o3ewrod
Ppop:geq (duct heat loss)
@ ecolgslgq pdporeoes (air balancing)
(0) B:eontIeasd B:8sqpiod BSiqOqs $00:0digp: [BoaE[gsolooig (fire and smoke
control)
@) ©800050p0qs 30B:nEoye8od (initial investment cost) $&
(00) copdoddes mrSayedod(system operating cost) oB[gdaopdi
Duct 8&&:03 ¢m:u€ign 00dqI0580ln 6amnahaRdes cpsoqefod sacgsqp: AB6epd
a3oopdd wpSuddes cpSoqofod =cgs qpscBoepdi eaud $e(air distribution) ceoEigs
op3pmdlon oySseneep aB8058E00N pgSieangSigta(discomfort) [g6el§E 200bn Sound
attenuator 8&E:c050 wosmq $& vondeolooigodeloPE 30Rsennd6om 3dGP: 0godedl o
§E20p51 coolgsgjeq(air distribution) p800qS 9055036651
Duct gp:  oopSeeonndoond(construction)  eoSmSaclopé  crocd86aqps(leakage)
[g8edlom eroogadedlod(terminal)qpigdeoos air diffuser qpogE cd3sabeo0n GrLOWIN 320)
:2ea0d egfs€eoncur cofergpeon duct insulation o§eoonelopEaopd: sapodamng(heat
gain) 9300pdd =apedigeg(heat loss) [g68Ea0pdn ABeloppé system 8&E: o frictional loss $&
dynamic resistance 0303 q€scosgn §:c0pd[: e&EGD 0059/058Eq§ 82260051
Ductwork Sizes
(0) 4" X 4" 005> Geovicudoopd Gru:econEHoogrs(rectangular) duct sagudssen: (size)
%20 o[gjpEaoEal
() 8" X 4" 2005 o5d8E0pd sacedads sagudsaens(smallest recommended size) [gdoopdi
()  OvsamigS [gopdenp§eonn eroieaon&dooams(rectangular) duct sagudsaosgpsoopd
24" X 12”1 10" X 6”1 72" X 36" 1 48" X 12" o¥gdo0pdn ($ocns(evern number)gé
a%26000 duct 329053008 B 30adqP:a0pdI )
(G)  4:1 2005 oo€enqpHoopd sa[gEed:(maximum recommended) aspect ratio [gdoopSi
() 098 akocde(3") §eon Fweoned: 208E:0c0ams (smallest round size)  duct

§§$E2025

§).6.0 Duct soguS=002:(Sizing) o3c555:qp:
6220050] $p55000§pqJp0d 220ddg)q) duct gpscl sagudsaens(size)od 005|058 E200I

(on) Pressurized Method
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(®) Equal Friction Sizing Method (Constant Pressure Loss Method)
(o) Static Regain Method
(v0) Total Pressure Method
(c) Velocity Reduction Method $&
(0) Constant Velocity Method o3 [gdoopSn
a36o05 eEodllspd: addpoopS conventional duct design method gps (g3
:2002qpseoo duct 88E:000505:qp: [98[e30005
(o) Velocity Reduction Method
(J) Equal Friction Method ¢
() Static Regain Method o3 [g®a0p5u
(on) Pressurized Method
068londq duct gpize0z05 3mbeom GsepP3oLd OGNS qfes ©[gd8Eeol
Belopé qoopdesepSoon moofeagded: duct saguSgdesmE [gapdlogeaoopdn Bm3d esep
20052090000 efgeacsogt qoopdesepl [96§E0pd duct sagudmoons(size)ad egeqiud
[032005
() Equal Friction Sizing Method (Constant Pressure Loss Method)
Equal friction spSs(method)od §iqC:agudong $¢ 32036:mac00E:dq(flexibility) odefopé
32098 302%:qp:00p0i Duct oodeagpodadiopé 3saiedigeq(pressure loss) 006800pbdgdesnt
duct gp:zo3 sagudmeen: egegdeodgEs [§do0pd
System o0&oad: duct agpS 00680m00B8:m005 deoo 1 Pascal (1Pa/m)gSs dzans
adiq [g6eane duct gp: & sogudsoon: egiged[gt:d “Equal Friction Method” op @eloopbi
Supply $& extract duct system gp:03 8&E:cpbepoge “Equal Friction Method” o3 3203¢gjoopS
ASHRAE il &gj86p98sqp:a0q 00d0nsd duct sacqpiopl sagpiads $C m05p5:00: 8o
adsgeq(high and low limits for pressure loss per unit length)o3 copdeomCa sagpsed: $C
:5p0tad: GoosaagE (velocity)o? copSeomEn copdagliopadqiodeepdi Buwrcd 88cun598Ea0d
obopsd duct sacgpipl [gbedlopd Bsmsada(pressure loss per unit length)od copdogts
0g05q05 §E20051
“Equal Friction Method” c305$00: 328080803 68200503¢ Ged[yaonoopdi
() ocoodego friction loss per unit length o 338 2005005001 powd duct sagEd
006802003E:320305 Geo0 1 Pascal( 1Pa/m)§&s Bantadigiaod con598Ea00i
(9) dBoooSecdooneomn friction loss (1 Pa/m)sC ecod:g&s(air flow rate)od seefgde) duct gps
& 32gud3200: 6gegiud(0300p0n Friction loss chart ¢ duct sagudseens(size) 03 gp&Eaopdi
(0)  Bsmsedigsa(pressure loss) sagpsadigdepd 2238 (section)oodeagpodadse friction loss o3
0R050p20p51 220523238 (duct section)i elbow gps $& fitting gps & friction loss 030l
00052382 055056200
() esepIrecdmdgpieloPs duct sogudseon(size) olp:cdgs 8325Cln 2005005 cors0pd
friction loss coefficient 22038 duct sagudsaons(size)od [g$coRd [gE€eo€ §E20obn System
00d90d:el cilCs Baanadigeq(total pressure loss) elgpCsdogriadbepd wupcdeoi
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o365 “Equal Friction”spSs &l 320:5p5:q1052005 acvlg§lgjee p3ponesxnd(air balancing)
006§ 905320051
(o) Static Regain Sizing Method

“Static Regain Method” 2005 3¢j §Oe0g:0053gn 0305q105q20p9505: [§620pd3a[gE acyps
2ENEe000 09059/05505: )k [§020p5r BspSsE ogadgdaonieom duct gpe? Gec0dEeSs
:0305(equal friction method $¢ §E:00d0q€) ogpSs(material)qpsg> 320%4gjg05

“Static Regain Method"og€ terminal o3€: $& branch duct section 03E:320305 33
adssq(pressure loss) oppBeeant duct 3agudzaoigp:n? 6giquSaoniglgdoopd 0odspdiaaddyé
ocoweads branch duct section el 8sasadssq(pressure loss) 205 Ggnodads branch duct section el

Baansadsdsq(pressure loss) $& opod[ogo0pd

qpo0pd duct =a88s(section) $& oBoopd duct 3a3C:(section) el Bsadsadigsaqp:
(pressure losses) oan8eInt [groboonsal: [gdoopdi adeloppé qpdeom duct section & duct
gudmoons(size)aopd odeoon duct 2a88:(section) & duct sagudseon:(size)oodd Jlodkesnt
[giepSoozqepbi 330005ejopEadecsd oppdeamn Bsanioqeolig(pressure drop)gdeog$ 20305
[§620p51 cBelopE “Static Regain Method” o3 oodsloopdist :[Gipodqs o[gd$Eeor cobom
0060 [g§0g05q§ B=be00 iteration process §jg [gda0pdn

(v0) Total Pressure Sizing Method
Total pressure sizing method 205 static regain method ¢ §ogodcaoneom 0g0ds05:

008§ [gS0p5
(c) Velocity Reduction Sizing Method

Velocity reduction $05:0005 duct 30038 ecosaag€(air  velocity)od  a300c3
[30e308B§:q) ogodqeom  $p5gda0pdi saagE(velocity) qpsgEselope [gdedlamnoopd sondad
(noise)od  omagedom:edigs  2o0305(gd0pSl  Duct  sogudmeonad  wegquSd  [030aCq
0059882005 cruzang(acceptable velocity)od 9005005q5a320051 2005005002600 GrozENYE
(velocity)e duct 6§oxod ogodoafda aBeondsol duct sagudsaon:(size)od og0d0ra0odn 2288
$oogn$(round) duct 93ewpod crsecodCHooamé(rectangular) duct sagudsaen: (size)qG: ¢
Baansadigaqps(pressure losses)od [g&ogadupea0pdn

o)5050000 30g8e0050000 3205¢ps(high noise level)od cooded8Ee0m qoaCiyps
ono3pd030dgpa eoecdesigps ooep:adealigp: ¢ speqdieon 2opdbicotedigPieg0d 3RS
ao&eagpoogd eoozangE(velocity) opdqiqpeagé  sppdadgps(noise level) opdqgenzoopda’
23§ ASHRAE ©3335¢ps 1 SMACNA ¢ “HVAC Duct Construction Standards”o? o3s0:8Ea0p5
(o) Constant Velocity Sizing Method

Constant velocity method 20pS duct gp: 920:0$:320305 2005905000:2000 Bewpdd
ooédl(tender)y 2005903 (specified)aon:00pd eoosacgE(velocity)o? 336[gds]  duct sagudseen:
qp03 RodgIEd[EE: [gdo0pdn qfjoopd duct sagudssons(size)e codeoé dsmiadigsaqps(pressure
losses)od ogodop §E205i
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§:6. J 905Bc5eelopt [gbed cax Bamedigea(Friction Losses in Duct)

Friction loss 20pS fluid viscosity $& oopoBeom erosaayE(velocity)gé S:eseom
eedc8oyjpecoigps 00d9sE 0odemaloiogE momentum gp: o[gseacys coodsoEmbigypielont
[§8edl cona0pbi Friction loss 2005 duct oodeagpadad:ané [gbedl copd

Equal friction method 20p5 system o0&9ads320305 09860 loss per unit length o3
3200gq[o0pd

@obBodgeopé [gdedleomn  Bmmsadeq(friction  loss)owdanoopd 6320050
2g0dz0005¢p: 60l 0g¢ ©opS200I
(0) Duct 3agudzaens(size) [05:aqiér coosangE(velocity) $05¢Gs friction loss 550005
(J) Duct & 3209E:q/0550[g€ [036s(interior surface roughness)agi€ friction loss qpsoodi
(p) eeudseotigsss (air flow rate) gpiagi€ friction loss gpzaopSi
(G) Duct 3305 (length) gpzagi€ friction loss qpzaoSi

§.6.0 Head and Pressure

Head $& pressure o3 ma[g§eacps sesolelgoond adgselgpadecy §ogoopdi Head
aBo0pben fluid 0od§pqjs S:eoleqeopE [gdedlaneomn o fluid & column sa[gEo [goodi
("Head" is the height of a fluid column supported by fluid flow.) Pressure a32005¢n opsde§orn
00be5ep3260l 0gE 20056ePa5E5$6a F0:0edm [§B20pdN B:0C:e52005 fluid (flowing fluid) o3
03Esepdzaon: o3 fluid & e3lCadnde|gé(head)o’ oB:om[gionpd 3¢) agudopoopdi oBelopé
26pdqp: (liquid) gp:eacgod “Head” s3agi€ edlEadndenlgE(column liquid) [g6o0p5

PO - pump g2320305 (§)802 Head s3cq€ 5 meter of water column (WC) [gdaopS

adea0d o Bowpcd @0degod§od BE:qSm0305  saqpS(liquid)oodEd o
column ¢ 0ds0& ABE:0pqEoRdI 3000Se[TPEdea0d erw Bewrod enodeg codEdE O3S
BE0pqs  o[gdSEeamaelopt [gdoopdbi powd erudsa(air pressure)od GqEl Goddm[YE
0300705 e0y)§ 22606l candd3a(gE[E eudlg elgpadeny§oopd

Air pressure 1 Pound per Square Inch (PSI) = 51.71 millimeter of mercury (mmHg)
6coedlE 0066dIE Bza20005 51.71 mm of mercury (mMmHg) &l condadme[gEsE p8gioopdi

Total Pressure = Static Pressure + Velocity Pressure
Darcy-Weisbach Equation 20p5 fluid qp: pipe a300p0d duct 82035038 [godoosedsants
agn:00pd328] [gdedloopd Bsamsogeolig(pressure drop) owde? ROdgIEdeS  32adHgPoR0!
Bamneadgeq(pressure drop) 2005 fluid gpiel godo3adaqps(friction)elo3é [gbedlanooobi Darcy-
Weisbach Equation o3 fully developed flow qp23s0g0500 32034qjq$ [gb20p5

Darcy and Colebrook Equations
Duct 930005 3o5(pipe) 3203825 fluid qps [§od5008s B:eoCsazni0pdesl [gded coaopd
Baonsadsdq (pressure drop) 0edNo? B3edgE5es
1000 fL pV?
D, =~ 2
APf = friction losses in terms of total pressure (Pa)

f = friction factor (dimensionless)
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L = duct length (m)
D;, = hydraulic diameter (m)
V = velocity (m/s)
p = density (kg/m?)

32000501 eoospdiopt friction loss o qfqSse0305 friction factor & 0083:03 s

832620051

()  Fluid qpzoopd laminar flow (ofgE S:eolies0p5 306l Reynolds §3l050005 (Joow) cood
eeoqﬁeon (Reynolds numbers less than 2000)n Friction factor ooé Reynolds number
008G00p5s 263 0o GonpSoopdi

(®)  Fluid qpsoopS turbulent flow $8[g¢ B:e0€se52005 224l friction factor 2005 Reynolds $Clo5
(Reynolds number) 35038:q/0550[q€ eqpel (0363 (duct surface roughness) $¢& joint gp:

edlop¢ goopdSo0pdi
Friction factor &l 00§8:03 005§
1 2l ( £ . 2.51 ) € = material absolute roughness factor(mm)
Jrf 3.7Dn  Re.f Re = Reynolds number

3200050] $620500:0005 friction factor 03 q§gS$ee0305 GeEes$0lcd (Reynolds number):
32098sq0050[g¢  eqpg [3Gsq(duct surface roughness) $& hydraulic diameter o303 3qS
832620051

328E:000a§ 00050005 (non circular) duct qps 0gE laminar flow gpsefopE erosangE
op8op[gEs(inconsistencies)gp: [gdedlconfg€s non circular duct gp: og laminar flow gps
[g8edlconoopdeadl  Bogeomsscly eqfS€eomelopé hydraulic  diameter o3  copdogts
0305055 862005
Reynolds number(Re) ogcﬁq%

D,V
¢ =1000v
v = kinematic viscosity (m/s)

GC\)S’;OQOS Reynolds number(Re) ogo&;ﬁ
Re=66.4D,V

Hydraulic Diameter(D) o3 Reynolds Number(dimensionless) og05epag€ 3203ggo0pdN
Duct 23038:5 B:52005 @cozajrmaens(turbulent or laminar)o? edfgodq$sacged Reynolds

Number 0083:03 93§ a332600051

Reynolds Number 2005 ( jp00) condepd:aqiE “Laminar flow” 33(gd 200500500051 (Laminar
if Re < 2300)

Reynolds Number 2005 (Jpoo) $& (Gooo) 220p8{gdbog€ “Transient flow” 33(gd
200560520001 (Transient for 2300 < Re < 4000)
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Reynolds Number 2095 (Gooo) coodgpag€  “Turbulent flow” s3[gd 200500520081
(Turbulent if Re > 4000)

:28&:d00am§eunadaopd (Noncircular) Duct

4A Dy, = hydraulic diameter (mm)
Dy = & A = Duct Area (mm?)
P = perimeter of cross section (mm)

3200053 96205p5:3203E: hydraulic diameter o3 0305gi05§Ea0a5

C00560p ©6:000qI05gpizaq hydraulic diameter opoBeomn @adpqgeoo> round |
square | ¢ rectangular duct gps 20p5 oao86oo flow resistance (at equal mean velocities)

qp:a3 [g6e0l coaodi

Rectangular Duct
Rectangular duct o3 8:58:(flow) opi 9d303(resistance)opi 8ag50n 2005 round duct 00§:3:33(gd

oGPt
1.30 (ab)°625 D, = circular equivalent of rectangular duct (mm)
D, =————— a = Length of one side of the duct (mm)

e 0.250
(a+b) b = Length of adjacent side of the duct (mm)

Flat Oval Duct
_1.554R%*% A = major axis of flat oval duct (mm)
¢ 2 po250 a = minor axis of flat oval duct (mm)
AR = (nT> + a(A—a) P = perimeter of flat oval duct (mm)

P=ma+2(A—-a)

Friction factor & o0§8:0000 eqges75dlo5(Reynolds number) 32038:q0550[gE egpe
[136sq(duct  surface roughness) $& hydraulic diameter o3edlogé @oop52000N ABzagiod
F000OgP08 30| 0N§2005005(g¢ REdgER[gE:0Rd RS FRGgEEI A3glgdooRdI
$G20500:03 3203g|epd3202: 0q5(graph)e ©odua[gE:oopd 33aguSanaopdi

§):6.G Friction Chart ¢ 8sa:0je08:q(Pressure Drop) ogobopsebs
ASHRAE ¢ friction chart 20p5
(on)  Friction losses (Pa/ m)
®) Air Quantity (Liter per Second)
(o) Velocity (m/s)
(@)  Round duct diameter(mm) o3[g€ oopSea0n05002:00001
(0) 0qbog¢ Friction losses (Pa/m) o3 sacqpadodgbsqps(horizontal lines)gE ewdgoonzoopd
0.1 Pa/m ¢ 100 Pa/m s208§eo0dcopds m0dgqs 320305 20eayPaopd esepyd 0.7
Pa/m ¢ 5 Pa/m 2203000 [96o0p0n duct 3aqpd 00680 03E:0305 [gdedlaeom
friction loss &l o0§8: (&0
(J) Air Quantity (Liter per Second) o3 e3ICadodgdsqps(vertical lines)yé ewdlgoonsoopd 20
L/s ¢ 200,000 L/s 820380005
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()  Velocity (m/s) 03 9005900503 eonsese00 M§OS[G0D qigpdgé cudlgoortaopbi Duct
2038:03¢8 [§058:090:6000 Gros 30qIE [g205N
(G) Round Duct Diameter(mm) o3 000000533 Gooliese000 MELEGOS  qdgpigs
eedlgoonsoopdi 0gdaé dloCeom FadjEmaen: c3:euidEersnde Boon:aodd $6§E03
mapfge 03§05 $8G0B 9f§Eoeds
04t powd
25,000 CHM §eoo AHU oodode 2088:06§eoon (round duct) main duct &
g0d2002:03 gpdli (maximum friction losses o3 1 Pa/m o3 226[gde] 0305g/05C) &d round duct
2005 8o (Joo) 20q5 oopdadayi€ total friction losses opSq) [gBepSspSa
0q0¢  ©0dupdln  38gudoraoddi pgpopCauicoieomn  erococopd(air quantity)aopd
25,000 CHM [9620051 0qbogé eudlgqoonieom  erosaqpdaacogs(air quantity)aopd Liter per
Second [g®20p51 adefopE 25,000 CHM o Liter per Second sa[gbe[ypC:qf cdzaba0p5

100 ﬁ}\ / T ‘* 7 7 1.\ 7, EEE | 71 7 I~ T 7 I"‘:- I’/'\_t__,g ;i 7 100
S S eSS S TS A
=<, NS ST S /A ST ] ks o
e A IS S A A AN DS ST :
S SIS S s
LS 2{ SO Ry 5\4?@(
10 zDE\Q \\f: T e K \7\ 7 ~. 7\"7" ‘\}\?d 7t IGS‘: \7( \\: Tl
S \_\ﬁ_\\{’o“&?. i \;;z n /; e A SN
P AT I TN IS IS A S T NS,
G 4 I i 2 Y I 2 4
L DN SR P SRS S
B Vaiae S s ST
: N N > Q Ul
17<>< “j(f 52 e AL \2“#4\,
- i e DA R S — 7%, ﬁ:':; e 72,
05 % 7 et \7'(#_ R( ‘ri\\\/?(‘f\ 2"\ g ?{*\\ SEA 7},&5‘?7? ™ : ; :5
ST AR it
ST AP AP AL
LA DAY KA
o | N Y | - y\ AR e ¢
20 50 100 200 500 1000 2000 5000 10000 20000 50000 100000 200000

AIR QUANTITY, /s

Fig. 9 Friction Chart for Round Duct (p = 1.20 kg-"ms and & = 0.09 mm)

(? §-00 ASHRAE friction chart

25,000 CHM x 1000 Liter per meter cube = 25,000,000 Liter per hour/ 3600 = 6944 L/s
$C Maximum Friction losses 03 1 Pa/m 32034g0qi€ 0qdedlag€ sdwod(intersection point)oddy
§§o0pd

eSlEaB05qid: 0088sqp: ¢ 6944 L/s c5epagt c3E:00003E:03 o5 30qpicdad ¢ibion§ 3
1 Pa/m 65pogE c8E:00608E: o3aidli ad3a4] 8dw0od(intersection point)odd9 qupdi
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0380005q0000 duct diameter c8E:(pno0cH38 Genlieamn m§r§[godgde)e 008303
0050l 008:3:0005 (Rp0)o& [9020p01 (£p0)8c880m mqtsfeos duct 2opd egEaz0d0Re
o§eoomalopé 950mm diameter 323E:000qm&(round) duct o egegudaepdi saagE(velocity)
20p0 10.2 m/s offgdoopdi o duct safeeon: $& F0dgepd esepad [03p0q ASHRAE
recommend duct velocity $& §€:000 0beaoioypdqepdl ojecosang(duct velocity) 10.2 m/s
20p5 recommend duct velocity 0005 sacgsgp:o0pdadagié 950mm cood J[ofkeoon duct 0 20:q$
oD:00:008 20051

F20dqP:eoo velocity limit gpiod 683005038 @udgé ewdlgoonzoopdi

Comfort Systems Industrial Systems High Speed Systems
Type of Duct 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

ecooledodgps(outlets) $& eroagodediodgps(inlets) o ecozangC(velocity) sacgé
qpPedlon crHedgEaomn agodadqps(unacceptable noise) [gdeodEaodi
ogoged: powd

ecodigSs(air flow rate) 18,000 CMH oo eooeoon&doogns (rectangular duct)

450mm x 1300mm & godo30dgelopElgded] coom damsed:sq(frictioin losses - Pa/m) o3 pdli
Air Flow Rate 18,000 CMH o3 Liter per Second 3 dli
Air Flow Rate 18,000 CMH = 5,000 L/s

1.30 (ab)?62> D, = circular equivalent of rectangular duct (mm)
e = (a + b)0250 a = Length of one side of the duct (mm)
b = Length of adjacent side of the duct (imm)

Rectangular duct 450mm x 1300mm @& circular equivalent of rectangular duct for equal length
20p5 808mm  [gdo0pS 800 Gozdeg) 9o[g6205N
eooocopS(air quantity) 5,000 L/s $& 800mm round duct diamenter o3 3203gqe) 0§05
0ddaq& godadadgelopElgdedieon Bamadgeq(friction losses - Pa/m)oopd 1.1 Pa/m o
(5805
Friction Loss Estimate
1.5 X System Length (ft./100) X Friction Rate (in.W.G./100 ft.).

g.@.g Calculation for Duct Static Pressure Loss by Formula
Duct & static pressure loss o3 ogodepogEadsconeom (eoospd: (formula)gp:a’ qEdg

ooo:ooéu

soeo§(o) Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:11
0.001Q 3.14 x D?
Velocity = ——— - "€
Yy 2 A 2
Where De = Circular Equivalent of Rectangular duct for equal length
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Q = Air flow rate (L/sec)
oooead: 0Go0g00:a0pd 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34,
Equation No:11 soq ecoBag&s(air flow rate) $& round duct cross section area o3 cozg) velocity
(V) o8 005096000 ASHRAE $eoospdifgboopdn ceodagSs(air flow rate)o? Liter per Second [9&
eudlgeomelopE 0.001 $Eegpodoo:a0pbod cogaedi

Air flow rate = Round Duct Cross Section Area x Velocity

A = (3.14xD2)/4 205 round duct cross section area o3 round duct diameter ¢ 0goS0[gC:

[020p51 Rectangular duct [g6dlon e3200501 deo0sd:(formula)e? sa0ddgie) circular equivalent
diameter [§6e320¢ efgoEs00dgEs{gdaodi
D /

CIRCULAR DUCT RECTANGULAR DUCT FLAT OVAL DUCT

= ""'fz | & wann : A=w—:z+h(a-b:
P= wDe : P=2[a+th) : P=mh+2(a-h)
| 1.30 fapy" 8= | 4.55 AVEE
P (a +ab; a0 | DB= — omg
508()
_ 1.30 (ab)*®%® D, = circular equivalent of rectangular duct (mm)
¢ (a+ b)0250 a = Length of one side of the duct (mm)

b = Length of adjacent side of the duct (mm)
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:25

2508(p)
6320053 sagE(velocity)e velocity pressure o3 e[gp&eom eoospd:(formula) [g&aopd
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:09
Pv =0.602 x V?
Rv = Velocity Pressure (Pa)

Vv =Fluid mean Velocity (m/s)

20808(g) Hydraulic Diameter (mm)
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No: 24
_ 2 (ab)
"~ (a+b)

=0s08(§)) For Absolute Roughness Factor
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Table No: 01

88 0305009 duct $& 200538a0p) absolute roughness factor 03 2001 ASHRAE Fundamentals
Handbook (SI), Chapter 34, Table No: 01 ¢ c050a8Ea005

32608 (6) Reynolds number

Re =66.4D,V
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)

20608(q) Pressure Drop

Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:21
1 & 2.51 68
—= =21lo + _ i hatagt
77 g <3.7Dh Reﬁ> f=0.11 (De+ Re)

& = material absolute roughness factor(imm)
Re = Reynolds number

0.25

30808(0) if f>0.018 or f=10.018
Ref: 2001 ASHRAE Fundamentals Handbook (SI), Chapter 34, Equation No:19
1000 fL pV?
=D, 2
p = 1.204 kg/m2 (for air)
Dh = Hydraulic Diameter, mm
\" = Velocity (m/s)
If f <0.018
P 1000 (0.85f +0.0028) pV?
r= D, T2
208 (@)
For ducting,
Total Pressure = Duct Pressure Loss per meter x Length
For fittings,

Total Pressure = Velocity Pressure x Loss Coefficients

$0800305(goonseam excel file 036320050 internet address o3¢ download coGLR&EAlaSN

http://www.acmv.org/lecture/file/Duct_Static_Loss_calculation.xls

Ductwork Sizing Criteria Table (Ductwork Size Criteria)

Maximum Minimum Maximum
System Friction Rate | Velocity Velocity
. . . Comments/Reasons
Type in.W.G./100 ft./min. ft./min.
ft.
General Air Handling Systems

Low 1 500 When CFM > 6,000 velocity governs;when CFM
Pressure 0.10 (0.15) ———- 1,800 < 6,000 friction rate governs; applicable for
Ducts supply, return, exhaust, and outside air systems
Medium 2,000~ When CFM > 6,000 velocity governs; when CFM
Pressure 0.20 (0.25) -——- 2,500 < 6,000 friction rate governs; applicable for
Ducts supply systems only
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High 5 500 When CFM > 5,000 velocity governs; when CFM
Pressure 0.40 (0.45) ---- ?: 500 < 5,000 friction rate governs; applicable for
Ducts ' supply systems only
Transfer Air When CFM > 3,200 velocity governs; when CFM
0.03-0.05 - 1,000 L
Ducts < 3,200 friction rate governs
Outside Air When CFM > 1,200 velocity governs; when CFM
0.05-0.10 - 1,000 .
Shafts < 1,200 friction rate governs
Gravity When CFM > 3,200 velocity governs; when CFM
Relief Air 0.03-0.05 -—-- 1,000 < 3,200 friction rate governs
Shafts
General Exhaust and Special Exhaust Systems
General 1500 When CFM > 6,000 velocity governs; When
Exhaust 0.10 (0.15) - 1' 800 CFM < 6,000 friction rate governs
Ducts '
Toilet 1500 When CFM > 6,000 velocity governs; When
Exhaust 0.10 (0.15) - 1' 800 CFM < 6,000 friction rate governs
Ducts '
Kitchen 2003 IMC: 1,500 FPM min.; 2006 IMC: 500 FPM
Hood min.; NFPA 96-2004: 500 FPM min.
- 1,500 2,200
Exhaust
Ducts
Dishwasher
Exhaust 0.10 (0.15) 1,500 2,200
Ducts
Acid, Mains and risers 1,500-3,000 FPM; Branches
Ammonia, and lateral 1,000-2,000 FPM
0.50 (0.60) 1,000 3,000
and Solvent
Mains
Acid,
Ammonia,
e 3,000 4,000
and Solvent
Stacks
Silane 250 Velocity across the neck of the cylinder or
Ducts cabinet window or access port
Louvers
Maximum velocity through free area; assuming
Intake ——— e 500 50% free area—max. velocity 250 FPM through
gross louver area
Maximum velocity through free area; assuming
Exhaust or .
Relief - - 700 50% free area—max. velocity 350 FPM through
elie
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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§).qQ Duct 8&8: [giopS[g€: (Duct Design)

9- q o Design cpdg§00p05 cB=06600 sag1058c005¢p: (information)
s 3200630061 335q105¢p: (client requirements)
o 2005ea0nEaepd Grozac[geacs(supply air condition)
* G5EPI0Y0S AdEaOOdg(space availability)
o mSoqo§od (installation cost)
* 60 $& duct 32098z qds0[gE o5aB0dg (air friction loss)
e Duct system configuration sa§jgeao0: (type) o8ewpcb duct layout
* 305eppdq(noise level)
e 6oos¢ duct sajogp: 3208:0dgE: $& cLLIBE[GE:(duct heat transfer and airflow leakage)
* GooooIG[g3a6s(ambient conditions)
e Duct [gpSqs ogpds(material)gp:
¢ Duct insulation
¢ Duct system layout

* 630083Cep $E §EE00M B§EORE: 3326q05(codes and standards requirements)

Key design inputs Design outputs
* Design volume flow rate (m?/s)  Schematic of ductwork layout & associated plant
e Limiting duct pressure loss (Pa/m) ¢ Schedule of duct sizes and lengths, and fittings
e Limiting flow velocity (m/s)

Duct gp:03 8&E: [giopdepogt 6320053 cuoonny) 0pS:mbigpind c30550$ c3sabo0pS

(0) coogp:od  eepadadoopdesepad  o30dded  (safgpimaesiqpad  cogucdopgls  efod)
eepodesme [gopdfllyé esepr aq0odgdiam: & ogods(duct material)gp: 2005000
c0$E2001

() 92058204 duct qp2a? ooelgpEond: [gBesnt [grpdaogoopdi godoneod eagdgt: (sudden
changes in directions)§jg o[gdesn eqple3danaopdi esepsrandsndelopé oceespe
o ondeodlon Bsmsoqeolsg(pressure loss)spdiesan turning vane qp:od seaddq|
20&20001

() Duct gp: obsepe 0ofgedegpd: oyeSognsesnton 8&E{gapdoogoondi coonE(angle of
divergence)oopd 20° co0d wdcoq

() Aspect ratio 20p5 (0)e (G) 22038:00 [g0qepdi [96$EE Aspect Ratio (0)[gda0pd duct
qP:? ogequdaoaopdi oodspdiaandyC oopgfidoomns duct gps $¢ 208E000ams duct
qP:od 2aaddgooCoopd Aspect Ratio (G)ooobeoqhoopd duct gpod adso 3200:6(gjooal

(§)) Duct gpz 0p88l[gCs(vibration)$& s0nd03(noise)sodieoqs 2005005000600 GrozaAC(air
velocity) 00§8sqp:3203¢: duct 3agud3a00: Ggequd[gEs(sizing) [gjap&ao&aodi

(6) godoBadg(frictional loss)spd:q$320305 qiodsn|gEeqpgado0pd vgobigps(duct material)gp:
o3 Ssonseos 320gj00E2000!
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Jumper duct

A Y

Wall

grille

Door .
| gille Supplyjair
Transfer grille Door undercut =

$ §-p0 Transfer duct $¢ s008:58qp:03 coogp: 20056a00EqE320305 30d4gj000:0

Duct 8&&:006961 32800 Zq/05gpien

()

(®)

(0)

(x0)

(c)

(o)
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Dimensional Stability [§6q
Duct & $oogrn$(shape) $8Esms(strength) $& OgedugEdgEs(deformation) oa0pSo3o0pS
dimensional stability $& 200583E6000 3aq105¢p: [Baopd
Geo03BEgqpad BS:qiO[ge: (Leakage Control)
Positive pressure duct 53¢ ecou3BE[gCs(leakage)elopE croedigdgCs(air loss) [g6§Ea0pdn
GLECYGO0500R) [goosn [96el§Ea0pb Negative presure duct 03¢ ecoud8d[gc:
(leakage)e[opé [gEoe ©daue3a60005 3a80dgps esqps 3aSqp: 0odaBdsoon: Jiggps
oCaeepadamnlgls o020pd leakage control $& 2005e3Ee0x [gooosogp: [ded §Ea05
F05e003[gE:(Noise)
Duct gpso epndadqps 0onlfgdeclanlgEs(noise generation) epodadqps ¢.$ [§E:(noise
transmission) 0205032005 spnd25(noise) $& 20053E6000 ZagIadgP: (B0
o0deolznodqepdesep(Exposure)
epBpope[pcdfgls(weather) 20 2o03886(gC: (&g 0Ewds0:84gE: odelopE duct
qp: 2deqponadegudlge: (corrosive atmosphere [gbedl[g8:) Rodsgozqps sagep0S(biological
contamination)i elgesa0(underground o3ewpod basement)y oobeol(gEs 2268000593
[g€o(outdoor)§ 0o6e0€[gEs ©20p5032005 exposure $¢ 2005a3E@000 3agj0dgp: [gdaopd
Duct Support

Duct support saogosecogps | 3aje3aonigps 1 alignment gps 1 0o6s0€aopbesep
(position) ©20p5032005 duct support $¢ 2005a3E@000 3agjdgp: [§d20pd
Thermal Conductivity

Duct &1 $§qps0? [godq) [gEoe 3200000 duct 2a0p8:q ecoad saponse(gpCig(heat
transfer)alop& sapod:cn(gls(heat gain) oBowrcd sapedsqs(heat loss)gls 1 duct gpsogE
¢q23:gCs(condensation)  ©20p5032000  3QEAgPEdoRgEs(thermal  conductivity)  $&
20056386000 3ag05¢p: [gd20pd
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Duct g2 [gcp0g$e20p05 Fa0g§anant[geomn $pd0pm 0cd3a60l oBeacd Siyniee; 2oq
0Rodegadndy [gbgfeacgad sacoges(od|(expericence)l $pS:0p208E:e3Eep  ©upaRo(technical
knowledge) $& saccpmaoyCeomEigps(good practices) §g& 83600051
Duct qp2o3 32006§(workshop)ogE [giepd(fabricate)§Eaocd onbeolepdesep(site)5ooods
[g968Ea0p5n Drawing qpsog€ codjgoon:aopd duct sagudsaen: 203Eszaom(dimension)qps
g020d:0005 internal dimension 03020 ced[goosgE: [gdoopSi oBelopE 0obsolqepd duct sagud
os(size)oopd  O(drawing)edl§ 320383200 (dimemsion)aond  JoFiecpdoopdad  cod3(ges
c8oopdi
§-Q- Duct Design Criteria
(0) Life-cycle cost(LCC) o3 3ac[gde] duct sagudssons(size)egqudqsl q§§caopd esepogt
ao&eagPoopd duct sagudseans(size) ageqiudqsi

() Damper gp:o? 2203yl ecolsslgrg PBponesnt [grodepdseo: duct codielopE: $¢ duct
soqudmoons(size)od  configuration so§pqlgé sampBeant [gepd[glilyé Beepodeom
ecolaflglg p3p0fg8: afi§eaophs
soadepode(sound level)od sof:0bqs cBoopdi VAV box saol(inlet)ogé c83aba0p5000d

Sqpeoopd Baas(excess pressure) ooodeepodesglde o[gdesn [grpdes cBoopdi
82260l sound attenuation copdeog§ cdaodi

() meeqoRkoopd cobelogps(critical path) o8ewpcd duct 3agudmaon: egegdes 330305
2005005002600 codelopEs(critical path)§ duct fitting qp: $& equipment gpsei 30
oqjeo€sq(local loss coefficients)o? s25p5:addgdes0E 8&E: [giapbaepdn 03a3 dzmiaeotsg
$0:e3m8 [grod[glielopE malgpieomn esepgpizecged 3288sms(surplus pressure) q§
8E2005u

(G) Supply air & ceodsgSs(volume flow rate)od duct heat gain sa6OlogC 36[gde] 20050ad
20&20p01 VAV system gp:op€ 8s58:(volume flow rate)o? c005e0odepog diversity factors
o3 c0pdagls oRodgEd 20&oopdi Fan 3209058sas(discharge pressure) $E critical path &l

Baaogendsg 03050868 saeqEn3ko0pd
§)-Q-o Design Procedure

Air duct system 008903 8&E: 000€ ¢[gpoet
 200568008qepd GrovwrIAN(supply volume flow rate)o? vcoedign 5305q$ 33260051
o coogp: P8p8oopm ¢.$eoqf(space air diffusion) 320305 eooagadedlodyps(supply outlets)
$C eopdedodgps(return inlets)o 0560003 GapgQS 332620001
* 65epad 320305 cold air 8:S: (volume flow rate)oopd ceonsepadaacyod warm air
8:582 (volume flow rate)cood Jgprecp§oopd

§060:0058000) air duct system &l duct design qps & 3agodsaons(sizing)eg:qud[ge:a?
software qpilgE [gopO8Eaopdi Computer-aided duct design gpselogpé cBogo0pd cgodgedy
(precise calculation)gpss¢ 3260mEsed: gaguSmEs(optimum sizing) egsgdgep: §§$E0N
§:qC4Gs @aoscado00b air duct system gzl duct design qps $& FagudsaonigP:0d Edgodedl 0gt
0god0p 8¢ agffgdegedopaopdn
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Design Procedure

(o) Verify local codes & material availability

(J) Preliminary duct layout

(p) Divide into consecutive duct sections

(g) Minimize local loss coefficients of duct fittings

(§) Select duct sizing methods

() Critical total pressure loss of tentative critical path

(Q) Size branch ducts & balance total pressure at junctions
() Adjust supply flow rates according to duct heat gain

(@) Resize duct sections, recalculate & balance parallel paths
(00) Check sound level & add necessary attenuation

63200503¢ 2200054 design procedure 22505 (00)q[0503 326008805 §Esgoozaodi

(0)

)

)

)

(9)

©

Q)

(®)
(@)

5-38

8&&:00080gjrpd81 3cpdmadaneindzadgadyps(client requirement) 0oE3l c8eadgEdgps
(tender specification)l esooadep 6§§6038s(local codes) $& q§§E0RS 0gods(material
availability) 0303 eopandl

ocoodigy duct layout sa[o36s(preliminary)o? eegaddl cooagodedladyps(supply outlets)
$¢ eoooledlodyps(return inlets)od fan $& main ducts 1 branch takeoffs ¢ oods0&
20053 Air duct &l dogr&(duct)od egegddln §fjoopd esepaaayud(space available)o?
2005605

Duct layout o3 2238 (duct sections) qpsgdesnt Fapoddli 3agqps(nodes or junctions)
[0l cncB6epdi Duct segment gpig> agodedlan 8gepdi smoqeolsq(pressure
drop) saqpsedseooncodselopE:ad “Critical Path” vpesl copdi 0odslondd 8&E{giopdesod
critical path 2005 6[gpE:cd 6500052051

Critical path oodeaqpod§ duct fitting gp:ei local loss coefficient o3 00058E00g
50556308 [giopdali

Air duct system @i characteristics qp:od 326[gdg) duct sagudssanseg:qudspdigps(sizing
methods)o? egegdcln Duct system @l space available 1 noise 1 energy use $¢ initial
cost 0303 =aa[gde) maximum design air velocity o3 20050050l Critical path codeagpad§
duct section gps s0:0d:61 duct 32905308 0050l

Critical path &1 8sasogeoCsg(total pressure loss)o o305 Air duct system oodpadsei
Baanzoyeolsq(total pressure loss)oB ogaddli

Branch duct qpzell 32gu53200:03 005l Junction qps 1 duct fitting qps 1 component g

&1 32gud3oigP:0d 320cd e[ypscdy) total pressure loss o $p0:8Co0g spdseant

[g$03053
Supply volume flow rate o3 supply outlet cob98el duct heat gain gps3a03C: [9§03

(adjusted) oadl
c83260g€ duct section gp:eil 3aguSme0:03 [gSogo5(resizes)dl Total pressure loss o3

S og05di
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(00) Duct section (paths)gqps sen:d:el Gooad(airborne sound level) $& s00505(noise)gqp:o?
03050 c3=2260g€ sound attenuator gpz 03680Eh

§)-© Fire Damper
§)-0.0 Fire Compartment
Fire compartment s32005¢ 8:00p:63208 m§0005 Egr2002:0005 @ (zone)o3adcoopdn
Fire compartment 0o693038:5 &s00nEacmnogésdlon oofeps fire compartment gpsad Ssop:005
0ecnag|6:§Eaeznt [gapdaozaogdi

Fire

Compartment (3)

. | *.  Fire Rated Wall
Fire Fire
Compartment (1) Compartment (2)

@ §-pp Fire rated partitions contain fire damage to the compartment of fire origin.

Fire Rated wall N Accordian folded

fire damper Fire Rated Wall

e

Eifbatiam] f.‘_‘?n_hi ’A e > e
Service \ /

Access Fire Damper Required When Duct Passes
Door Through a Fire Rated Wall

$ §-0G Sse0m0dgps duct 0odeagPod Biopiwog8Eesant fire damper o> wd§0oD:000:0
Duct 92038:5 &s6om0dgp: [§odo0s: wognfCeant fire damper gps oobeoaonsaogd
Duct 32038 &seomadgp: [godo0§s0gmsdlon fire damper 32038:§ S[gE[girpSoon:005 fusible link
205 &8l 2pdSelopé eapdegpagniom blade gpzogenfG: fire damper o3 Sodagnieoom
Beqp20? onfgpe098:893 weapadesant omxeBicozoopdi
209305 00be0€ooeo0n (horizontal) duct $& 63IE305 0obs0Econeom (vertical)
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duct 0pq) $64j §eomaelopé horizontal fire damper (floor mounted) $& vertical fire damper (duct
or wall mounted)upg) copds $&§jz $60: A3[gpz005i

F2aqPsdod 006s0Cooeom (horizontal) duct ogé vertical fire damper 03000 006808
§Eo0p0n Fire damper gpeil 8:3798E[gE:mae0€ (fire resisting rating)aopS duct [godagn:aopd
;ofel  sdgps(wall)sC  [o3&:0C:qps(compartment  floor)el  8:ach$§E[gEs3as08(fire  resisting

rating)cood o8&coq)

) o —— (01 Open damper
_\ == ' ‘ continuous
air flow
1 T =
§ T o E Closed damper
@ AN @ © no air flow
< =

High pressure

\-ED:-;\_@ N -

——

_ 52:—-—— ::E.—.. Low pressure

p— S

& §-0¢) Fire damper gpzon S:elg§ygaiesnt omeeBicod
“Code of Practice for Fire Precautions in Buildings” 03¢ Ol§aoon 0pdiqdeqpesé 030508 qopdi

Wall Mounted Fire Damper and Floor Mounted Fire Damper

Floor mounted fire damper qpso? sacgqp:cd0d [0364gCedogE ondeoaoneamnaloppé
blade qp2o0pd ongelgegsmielopt sacdeagpod oeotiamngs o[gd8E ddelopé blade gp:od
opSie0:qS 320305 00§S(spring) 0oSeoEoonigs 8326005

s e
Fu:lbalz:mk % ’

Stack

Frame
\ J

150.0

J Blade Lock L
Y 5 f
=
' i SPRING \ :
c? 999 Vertical and Horizontal Floor mounted fire damper Fusible Links
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§.0. J Fire Damper osp5ee0005000:9
A

Galv. Steel
Interlocking
Blades

Fusible Link
(Replaceable)

Galvanized ]
Steel Frame

Microswitch

AL EILLLEELELEELELELLELLELEEL

Mounting
Bracket

§v

'
I
s e rre et rrres

FLLLES AT EL s e s Er s s EOfIILLs
’

Chapter-5 Air Distribution Systems

Fire damper qpiog€ oogg¢ [grpdoonsaopdeome
(galvanized steel frame) blade gp: & 3[9¢ [govd
coso0pd fusible link o3 do€aopbi Fusible link 2005
Soog[g¢  [gopboonseamelops  FufS(165°F) op¢
:epdeqpagid:  ooc8o5(blade)gproqjeonom  damper
o06pad: Bodognicdbedn Static  damper $& dynamic
damper o96] $6§J §oop51

Fire Rating

Fire rating e32005¢0 8:3c1> $88322:03 83300051
§§[geudlgoopdn Fire rating 1 hr s320056n 00d50§op
8:305$§E20p5 vpadBoopdi
Access Door: Fire damper gp:o3 obcsoiq§l 3000
08epd 06500668 320305 con§qrpdsaedndo?d access
door upeal 20pd

Fire Damper Installation
Fire damper qp:o% fire-rated wall qpsz 1 fire-rated floor
qp2 $¢ fire-rated partition qpsopE 0oSe0[g0005

§.0.9 Standard Fire Damper o§ww05 Static Fire Damper
Standard fire damper a3eopob static fire damper gp:o3 “Fire Mode” o3¢ Grudseol{gEs

©§20p5 duct gpzoz€an 006508008 Ea0pd

§.9.G Fire damper gpzejogpé Bsanioyeolig(pressure drop)gdedl[ge:
PRESSURE LOSS COMPARISON CURVES

A0

.08

.06

.04

.02

STATIC PRESSURE DROP (in W.G.)

4 Typical Multiblade

/ Fire Damper

//

/ / Type-A

/| s

/ // / Type-B
A //
/// Type-C
300 600 900 1200 1500

VELOCITY (FPM)

¢ §-0@ Fire damper qpzelopé 8smsogeolsq(pressure drop)gbedl[gE:
Dynamic Fire Damper

Dynamic fire damper gp:o3 fire mode 03¢ Grodisofiesoopd duct gpsogl on6s0E
0o0:8Ea0p0n Dynamic fire damper gpza0pd 0305e$20pd600(Moving air)ad 99002:8EqS c8oopdn
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adelopé static fire damper qpzood 3¢) 8E$esnE apdesmndaoigs cdaopdi

(0) Type-A fire damper
Type-A fire damper gpso? cguSongn 006e0E8E0p5m Baanespbioopd low-pressure part of
duct systems (up to 2” w.c.) g€ 006s0E8E0p5

(J) Type-B fire damper
Type-B fire damper qp:oopd Type-A fire damper qp:cood efox(free area)
Bqpreomaloppé 8smsogeodsq( pressure drop)spdsoopdi

(?) Type-C fire damper (100% free area)
100% free area soc3§oopd3a6lonE Type-C fire damper gp:od sa0ddgfoz00251
Medium-to-high air velocities (3,000 FPM) o300pod duct static pressure 3” W.C coob
Sqpeoopd 2aslogE Type-C fire damper qpzod 3a09dgo30005

§)-¢ Control Dampers

ecooocopd(air volume) $& eoodigss(air flow) 0303 c300cd 038098330305 Volume
Control Damper (VCD) gp:od aaddgoopdn Volume damper opcopd: eslecpdoopdi Volume
Control Damper (VCD) qp:od $8§ 3[epsoonzoopdi coodlg sagCimadodjgiapdoopd (manual
damper) o3oopcd balancing damper $& eobomlgEewndsaopd(motor operated) damper gps

[G8[30005n

Damper Characteristics

(0)  Opposed blade gp:03 balancing cod[gEs mixing cpS[gEs modulating cpS[gEs $& 2-
position control application gps 0303¢ saaddgoopd

(J)  Parallel blade: Two-position applications (open/closed).

()  Bsonsogeolig(pressure loss)aopd odo gesaopd (full open @ 2000 FPM) sogi§opé
0.15" W.G cood (‘?equeoqu

(G)  Damper gp:el 32gud3a00s(size)od ogequdoopd3asl crodigss(flow rate) 2005 1,200 —
1,500 CFM/sq.ft 00053 eqpscoe

Damper g3 eoocobelope[plopicoqs $& ecudigSs(air flow)owoan sasp5s
P 8208 B&:un(control)§EqSmaog0d saadig[ogfgl: [9do0pdn Damper gp:od 323C:
(round) eoseoong(rectangular) $& o3pd(oval) 02o[gé duct & $d0d cBode) daoSIGEq:
[geod [p300p5n 228E:0000mS (round) damper $& o3pdooan$(oval) damper gzl salgps
o0b9ood:s  (single blade)lgé [grd[e3oopdn  Govseoon(rectangular) damper gpso?  blade
cadqpegé [gepdlogoopdn Blade gp:aopd (B)coode 2Bewpod (9)cocdess, solgrgp: [98[S:
00695E 006903 ceniod(linkage)yé s203c805[gdesmE §odeondcon:a0di

HVAC cpbcsaa0305 damper qpiod qpieoonsasgé galvanized steel o8ewpod extruded
aluminum 02005 coqPi [gIpSlogoopdn [g€o ervoedlad(outdoor air intake)d on6s0C
consepd damper gp:od 3aaqB80d(aluminum)oogafyé  [giopdlogoopdn  saag)880d(aluminum)
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20g[00p5 256qo003[gE:nd 030z058E6ame(oPE [Baopdi adeqroncd(gEs [468E0pd esepyp:
$C 00dgapSesiqps (industrial facilities) o3¢ ooBs(stainless steel)o saadigieandoopdi
eom&(frame) $C blade qps 0p§[gCs BE[gE: wlgdeog [Pt §EseaE [gIpd congs
cBoopdi Damper o&&s(shaft)op€ oobeoaonsonpd a0udqE(bearing)qp:aopd =:0[gond: eqpsd

Josopd speeondp [96gs Boopdi  godododg(friction)od  eaqpspbieo0d  Ia§jEzaen:
[g6c000& 2005

4]

F1

Oo=> &=L m
v

F2

~

N — s
TRIPLE Y AIRFOIL Airfoil dampers

Q §-Go Figure 3-28 Triple V and Airfoil dampers

eqgp:ad cBoocd B8:a(control)§Eq§ 200305 oms(valve)gpod  3addgog0005
coogp:ad a30003 cBf:up(control)§EqS 32005  damper gp:od spaddgopdn Valve $&
damper $&90d: 320305 8&E:wd0 $C egegdd egegdspd:(selection principle)oden 008
[300p51 Damper gpzaBeopds valve gpa3adod oopd[E[:(stable) c8giEoopd accurate control
95320305 0gEa805 egegESERI

Damper blade qp:ad 06 sa§jeqs [gcpS[e3005
(o) Flat, one-piece (single metal sheet) blade
(y) Single skin blade with a triple-v-groove shape §§

() Double- skin air foil-shaped blade o3 [gdaopSn

0(§-Go) Triple V $& airfoil blade $6§jg0d [g€oe cunsod(external linkage)ge §ode00d
0023003 Gedlgoonsoopdi Damper e§ooopd F1 (33[¢¢) $E F2 (sacgps) o3 6lgpadeos [gdoopd
comEanay a3ewod comnansad (frame depth) aopb D [gdoopdn Blade width & frame depth o3
opRBaepdi 3a[gpidaoanS(flat) blade 0od9oopdson deoon(single blade) damper gp:od 323C:
doogn$(round) duct $& o3pdoogrn(oval) duct gpsogE 006s0EqS320305 [giapdlogoopdi o
damper blade ¢6 $6§:03 GooseooEdaoS (rectangular) damper gp:og€ saaddgoRd

Air foil ooqrn& damper 2005 egpE3a(3:addgbo000n Air foil $b [giopboonieamnelopE erogp:
blade o3 [godogasoopdmedl [gbeolcnoopd Bsasogeolig(pressure drop) $C 050503
eaqpspd:e00pdN
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Triple V groove blade o3 ecosacgE(velocity) 2000 FPM 3203 soaddg§Eaopdi a8eo0d
1500 FPM coodqpedlon spndadqp: 000€[gded eapdaopdi Blade gp:o’ codesesant(overlap) $&
interlock [g®es6320¢ [gjrpbooneomelopé ool mdg> 3od(tight closure)oos8Ea0odi

Blade & 22gS:(edge)qp:d compressible sealing strip o3 c6coneomeoPE 6roud8g(gt:
(leakage)o? eaqpspdicooopdi o sealing strip qp:od eqEedloopd epomo(rubber foam)gé
[GicpE8E 003031 eqEodkoopd 8cBap§(silicon rubber) Bowpod E8E:(extruded vinyl)gEoopSs
[g1098[e300p5n Silicon rubber gpza05 [e3pg582005

Seal gp: 006s0E0o(gEsalopE damper gpscil cdogCesaopd soegzacs(fully open) $¢
%20 Bodeso0pd maclgeaes(fully closed) 030pE oo g&iesonCeapd(performance)qp: ogafepio)
2001 Gom(frame)el 00600500dgd0RE blade gpisE 0odoE:00p5: Jes0pd eseporl seal

copdaoiglielopé erouddolgls(leakage) caqpspS:eoo000n Damper 006961 0o§ croudBE[GE:
(standard leakage)aop5 50 CFM per square foot at 1 inch pressure [gdaopSi

o08cocde 833(249 Pa)esnodop damper e§or oodoorqSico §og€ 50 CFM g
ecoudB&a0pdi Air foil blade gp:o} od:c00:2005 low leakage damper 3§j2002:0005 G006
83923(996 Pascal) 63200503E damper e§o 0odoorqSico §agié 10 CFM 82000 crou3B&oopdi

HVAC system gpsogE 3a0d:gjoons00pd shut off damper gpzaopd erod8oespdsoopd(low
leakage) damper 3a§jE3200ggdo0pSI 0o6CVO5LB3:(249 Pascal)esx050E  damper e§on
006007q$:60§qE 2 CFM §&: 60038600051 (2 CFM per square foot at 1 inch wg)i ecou388[gE:
(leakage)elo3pé 0c8ar3262005 sBsafjrqp: [gdecl con§Eoopd

ecoudBofgls(leakage)elopl  gbeaE[gfioBy  [gdedoopdn  orSoqedcd  SgpiaopSi
Damper 00696l 32505:00: CL0598E0p05S:(Minimum  leakage)qpsod ANSI/ ASHRAE/ IESNA
Standard 90.1-2004 030R¢ Gwd|goonzaopd Ultra-low leak damper §&:e0 4 CFM/ft? (92005 Low
leak damper 80> 10 CFM/ft* [gdoopdi Cooling load sacgsqp:aopd system qpesaopC ultra-low

leak damper gp:03 006908q§ Bza620p5

Blade gqp: [§€opgCas Bo5g§saogod ecent:od(linkage)gé ods0choomoopdi Genéiod
(linkage)o? csep $Oesepoge 000s0Ec:8C0p5N O(5-Go)RE eudlgoonsoopd blade Gbd
B05§05 §odeoodG: crocdoged esanpd ewrtiod(linkage) sadjpzao: A§aopd damper gpzaopd
oqespS:0pdn  eensod(linkage)qpiod  erost  ©ode0z6033  (eedezE[gbooond)  sad
F20024200pd Bamzogeolg(pressure drop)3soeGa adeqEonnd[ges(corrosion)aBcopd: caqpsds
G200

Bsomeomioopd GO  odsoodaondglielopE damper 3obesaopdmaqiSS  3e)
00&{mbgo seal [gbeooopdi sacnioolgé damper gp: 20050060p[gE0pdmeal Sooliorogd
0063083058 Egd:(seal) oqjeosaonoopdi Blade gps 6ogs0R05032:00p9328] 00E{030gn 30H§ERE:
o§eonpcon Damper g0 §ododqod gEeodgs dodeugls 0303 [ggEads:086:¢(maintenance)
3265[9¢ 00§ [glrpdevi0&oopd

Damper $¢ o3¢) 229%gepd actuator qpsod damper 22006356[§365320305 20DEM

damper com&{: sBetogodsaq§ 2003050 odonse) F25p0:c0dS(BieanE (oversized) [gpd
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a08aopdi Actuator &1 0p5:830:03 damper 20000 306[g2065F0305000 AOGANOH GEERILd
co2:0gI€ 20050068 [o3pagr:a0pd3a6l actuator 2005 damper o3 gEesnt ¢E8EBGLRS vupddeol
Damper $& actuator gqp: [03pqR0 32034{g§Eq§m00305 damper gqpisE Gentiod(linkage)
qPeod 968 [g[gEadS:86:60:98 82020051 0008l Bodeny gEeny §oopd damper gp:o?
Geosc 00B[0381 Glgpodco 0d[36 Kes odesoigyp: [gIrod0Eaopd
Blade qpsgoClaopd damper o multiple blade damper vpeslaopbi Multiple blade damper
qpsg blade gpzaopS parallel blade $& opposed blade vpq) 06 $8G §8Ea0pdn O(g-6q) 5 O(9-
) 03¢ ewdlgoonoodi
(0) Parallel blade operation 320p5¢> blade gp: 0260050005:03(same  direction) 0263
006005 [GCon ¢E[gEs Bod[gE:s [gdaopd
() Opposed blade operation &320p5w> 00d9emp blade gpz &5 cvpdessSopt
oy$ond9coyp blade qps Fo[gr:00da00503 copdes[gliys Sod[gla ¢E[gt:o? [gdeooopd

a3 damper $8§3¢€ woppBeomn wOeeoEgEdgps(operating characteristic) §o3o005
Blade 00900pb:a0§oopd (single blade) damper &l cpSeeonqodyps(operating characteristic)

a0pS parallel $& opposed blade damper 03 $6932[03p:03¢ [gda05N

Actuator qpso3 damper operator 30005 damper motor opeoRdieslc0pdI adio
gCes0000 mefgzacs(fully open)ogt erosiogsisa: saqpiadigded comelopé damper actuator
205 dee0deanE [Bren:a0pd gdsaans(power) §eoon damper 03 comEigy 8a58Eadpd

B g ’__\/_\ Fan
amper off
Closed »/

I
Damper j__-
0 — . . Fan
pen ‘__, ’—\_) -
t Isolation Dampers
¢ §-Go Fans in Parallel ¢ §-G Centrifugal Fan with Inlet Vane damper

Modulating damper gpsoopd 82260009 small increment gp:z03E: GqpPegg> 6g.cqp:
c0q$(8ad[gts ¢[gt:) damper actuator comC:go modulate cvOGL:ECqepdI Lower leakage

damper gp:00pd seal gps A§g€selopE godododg(friction) Jqpsaopbi odBgpsoopd Yodadode
(friction)o? GoyPagrq§se0305 J[oFiwnoopd damper motor (damper actuator) 0o6s0Coon:q$
832620001

Guop0EdgC opposed blade damper qpis& &E:opog€ parallel blade damper gp:opé
Q[03en20005 actuator 0o6s0Eq$ 332600001

Actuator 0005005opgpso0pd damper 305q$1 gCqSeac05 cd3abeam Zs(torque)o?
inch-pound [g€ eudlgoopdi godododg(friction) $& eco83m:ad eopbegSe$ actuator qpsy

§o0pd§ 3052005 (minimum torque) oBcopSs eedlgeogoopdi Gudopny 0pdinGigEden damper
5$C actuator qpzod Normally Open operation(NO) O&§j[g [giopd(set up) consecp§oopdi 3200034
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power o§eonoopd 328l oBewpod qod(fail)ognioopbensl damper 2005 gEagoSoom: o3[
Googp: 3280050[g0d B:e0l:(flow) esc8665i
Coil gpogd cedfges(freezing) o[gdeog$l hazardous waste gp: woleepadeoqs $¢
system o3 isolation cpGqS ©20pd IYEdGPI? =oe[gde) damper 20pd Normally Open(NO)
230005 Normally Close(NC) [gqepSo? eddgodlogaopd
Damper sa§jgza00:(type) cgeqiod[ge: $¢ damper sagudsoons(size)egeqiudgE:ad saelgde) damper
2004q|$ (application) o3:§j §oopdu
(on) Two position only
adogesoopd 3o0[gIeesst cd:ododesoopdmscigsacs(fully open/fully closed) position
564t 32030500 [gbeamelo3pé “Two Position” vpesl[gE: [gdoopdi Fan qps isolation codqé
$¢ [g€oecvoedlod(out door air intake)qps o5 (shut-off)q§ 820305 saaddgjaopd
(@) Capacity control duty
3203§00p5 capacity qesan damper gpigé control cpd[gEsgdoopdn VAV discharge damper
qp2s¢ air balancing damper s[gd saa34g0pdH
(o) Mixing duty

G50 GePe§Naa$320305 320%4g|o0pdn Economizer damper gp: 33(g® 320%5{g00R01
§)-@-0 (o3) Two Position Duty

Fan 3050305200 =SS oofgpesepe crogpiofamlgl: Bovpod duct seopse
GoogP:agadag0gliadnd omagudes 320305 3203gjaopdi Outdoor air intake 1 fan intake $C
discharge qp:opE 00690E60o§oopSi Fan cenlieso00d 3§88 damper g&es(Ge fan §Os0:6$805
damper 3odesepdlgbeomelopé =:ogEs 22805 Ob(position) $6§E0n [§B8E00N [gEue
oBodecodazms(wind pressure) $& stack effect odelopE [gbeclconoopd infiltration [gB[gE:03
omRpedes $¢ eaqpspdeoqs 320305 fan qies0pd S [gEoecvolaedlad(out door air
intake)§ damper o3 3oSesesnC supply air fan $C interlock cpSaoniqepdi BelopE  coil
qpeedl o€ eqBgs(freezing) ¢ 0moa3058E2005

caonCiepaBagl 3a0e0:gegs(heat loss) [gdg eagpspdieeant qpd8E[gliclopt gbient
320905 0p&oyedod (heating energy cost)a00500000001

a303a34jp damper gpso? actuator(motor) [g¢ewdCseoon motorized damper gps 93wwpod
ongPegeRsm:o? 32004geon:a0pd gravity damper gps 32[gdeop8Co0pdn Gravity damper gpso?
Back Draft Damper(BDD) a3¢wp05 Barometric Damper o300pa5 Non Return Damper(NRD) gpsop
2§z eol adl (0300051 ongnelgedeaiad sa0dqgaopd(gravity) damper gpsog€ actuator (motor)
00690800xgl: w§eomelopé motorized damper g3 0oE{odgn Sodes[gls(tight seal)
o[g68ES

Gravity damper gpsoopd @coBio0obep 00dDEdPS30n  B:eoli8eane  [gepd
con:00p0n - 3a0gos(supply)onodon  B:gl[gde  malg§(return)onodad  [g§eB:8Cemnt  [gipd
conigEzelo3pE “Non Return Damper”os sl a3[gE: [gdoopS
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Exhaust fan og€ oobeo€aonio0pb back draft damper 2005 fan qdaon:qi§3 [gCovecogps
32680005208 30038:08 0eqpod[glin? omazudeuieacdoopds fan ewenlies§sopt exhaust air
qp: fan discharge point © ago58Ee3nE gEawusoooopdi

100 7 — §7

Vo

——
200 —
80 7 8| ///
e
/ 10 //
60 53
2

Il
—

Y

FLOW PERCENT

il
)
|

4

AN

NS
NI TSN

[=]

20 40 60 80 100
STROKE PERCENT

o = ratio of system pressure drop to the drop across the
damper at maximum (full open) flow

Q §-Go Installed Characteristic Curves of Parallel blade dampers

6e00C:qpad] 320g§[gEeni000d FeemnaSmdgpioge stack effect clopE [goedlconeon
ecodaas(air  pressure)oopd damper o gEeo8€ecmnodesmnt  op&iemigpioopdl  o3eedl
32680005208 3038 Geogpoopd exhaust system o oodeod (g€ ogodagoifa $6a0pd
20004p: 32038203 [gEosrogps make up air 32[gd 3202:03: oCeepodamnoodi  ddojad  olgd
GoqS 200305 cgegeReead 3padigopd(gravity) damper gpsssen: motorized damper o3
st 83 sofcaposgd
00b8londd) gravity damper gpz20pd motorized damper gpscocd 88o0Eang>oopdi powd &
(9-G0)RE [goonsaopdsaodls fan sdad0d 23[gIEGS(operating in parallel)gé cen:cdoopdsadl
damper P20 00§20053Egps(isolate)q$ 320305 coSe0Eomm00pdn deforpé epbaop) fan clesd
[031059008 G800
Variable Air Volume(VAV) application § low load soefgsaesop fan 0odcd:om eents(Ge
high load o3¢ fan $60%:03 [G€on eent:§Eoopdi Bevefgssesd:oze shut-off damper vondeo
co2:qi€ eentesa0pd fan ¢ coogps §5600:0005 fan 220pE:03 (4SS oleqpad8Eaobi Parallel
pumping system gpsogE check valve gps: 0o06s08aonigs 820009 206omdE [§d20pdi 32000dg)
motorized damper o3 =2034gepdaddlon ©pda00d 2ai§orE damper Sodqepd gEqepd aBo0pd
[gooo§n0? qEaBEq86epdi
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Fan ocun&:el damper o3 gEog€ oofgpieentiesaopd fan ¢ eoogps qdesoopd fan
3038:03 o€eepadom algpég$8igts(back flow)gded eo[Gs short circuit [§dc8&epdn

adecogpeeoé fan ¢l wheel 2005 650050 copSEs3600N algpelgscopdesand fan
o3 0008 6enE:030520p308] 2203000 direction 90059 copdSeoa$ SejzanieomE0d (starting
torque) c33x660006[opE 6udox083[gE:(motor over load) [gdedl 005

A1
I AIR FLOW AIR FLOW
AN

100 { f zg T ‘://}9!7.
 —

50 /
S
|

o

8 10 0 2 4 6 8 10
Amount Open Amount Open

NN
A

% Maximum Flow

% Maximum Flow

c‘;) 9GS Two Parallel blade Triple V dampers From Different Manufacturers

™ 1™
el AIR FLOW AIR FLOW ANIAN
™ ™
100 1 p7 100 -
90 a0 ./’7
80 /£ 60 i
2 7 / / 5 70 [/
2 77 £ o 7 7
5 y / 3 [/
E 50 / / E 50 / /
5 40 = 40
20 77 20 7 7
© %0 /S / 20 /[
10 _‘/ ;-/-. 10 / /}L
U T T T T 1 D T T T T 1
0 2 4 6 8 10 (1] 2 4 6 8 10
Amount Open Amount Open

Q §-G§ Two Opposed blade Triple V dampers From Different Manufacturers

Fan o3 32qC 0ooCeun&s(Gee damper o3 g&aqi€ fan plenum 32038:5 8 (pressure)gp:
:20gS[gEensamnom  BodgodB:§Eaopdi aoyadeom application 330305 gravity back draft
damper 2005 3¢ 20&eagpaopdi Fan een:c80500005¢ 00d[GEs0d Baans (pressure) oofgodigpds
qPsconom gravity damper o sacdseeagpod ood[gpdigpdiats gSogn: cocd6wodi Back draft
damper o3 fan discharge 32§:03€ s[gonbsoCoon epoopdi Fan discharge esepS
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ecozaE(velocity) SgpseomelopE back draft damper gp:o3 heavy duty damper sadjssaon:
(g6 [gireSoo&a0pS

Two position 220305 32034gepogE parallel blade damper o3 saaddgioopSigdeor
opposed blade damper o3 saadd{gjoopS[gdee ogfgpiqod w§eon 0odsp5:30dgE two position
205 pdoopd damper o ©ed 3203g8Ea0pd FoncdeopEadensd adoglesaopd
mefgzacs(fully open)sé adododesaopd saclgsses(fully close position) 030 damper
$0§jpcd:e gdieaonCepd(performance) opo8log0005i

Parallel blade damper gp:03 egpoocdomeomeoPE J¢) F20d:gqpsoopdi Damper 0od9
00p5:m200 GEE0052006a05cVRS: damper $& actuator $6960IC:c00:0000 324l egpooaHod g

eeoogpeol 3a0deopéadeccd sagudssoniopay€ parallel damper & actuator 2005 opposed
blade damper &l actuator coo5 3¢ 8aguS32024Bgs (33m:e0mE:q8 ) 32051 elopé HVAC
designer qpsaopd two position application gp:3e0305 0gobieepEion(vendor)sE or§co§odomn
(contractor) gpzaB3oo0 6gEo005000000) So§peee:ad egegudgeniconondi

Two position damper 3agudss0n:  egegEd[gt:oopd BosseqEelRdl  sao00deopE
aBeaod two position damper gpzaopd 80568 ¢€q$o0n a33x6(8: modulate (pE§ wcdsadeon

Two position damper gp:aopd sagudseens(size) JBecor erLL3Boq (leakage)
BqprecofgdBe eqpd[oiteco [gdoopdn adeocd dsmiaqeolig(pressure drop) $pd:eomelope
g&:3>E (energy) ad:geaopds $05:ec00p0
Shut off damper gqp:o3 0o6soCepdesepd duct aguSmen3a03E: gudop(same size) [gbesand
6gg|oSepdoodi
§-eJ (e) Capacity Control Duty

Air system © coogp: 200330 [g0cog§ a3ewrod erogsge PSgleoa$ 220305 capacity
control damper gp:03 3203qgoopdi 006elondd terminal o3&:rE  B3a50005e0B:8x(air
flow)q§g$ duct ooB900p5dgE [gopSq wq§Seon Volume Control Damper(VCD) oBwwpob
balancing damper gp:o3 branch duct $& selection gpiog€oopdq) diffuser & grille o3&
8326600 83C: ccudigSs(design air flow)qq§ Bsans(pressure)od aBS:pcos(adjust) qoopd
Volume control damper gpsoopd static damper qpsgdlo3o0pd Static damper e3a0p5en actuator
00lo€a3 byt eoBigSs(air flow) salgond: Bgesepd sa§jreeonydaopdi Volume
control damper a§jg2200:5¢ 32903200 GgigIud[gE:a0pd BomeeE[Bc0N

Beso0pdecogp:a? eaqpg§oon(gdd: cdogescopd selgsees(fully open position)ef
g€ B=eb620600005 Bodaos(throttle)gi{gdaopdi Volume control damper gp:20d single blade
=m0 $C single skin damper sa§jpeponigp:omn [g[ogG: cobeoloopdesepq duct 3aged
32032000 22050 [gjewSER§ 000

o3 damper g3 6qE0050063NE [grodmeomneops 0dSlondd =05 sndey
§oopdi Outlet c5epe Gos8E20g) 3a60sadi656paRE 00680E0m00E 05N

VAV system § fan qpzel capacity o3 control cpbq$ damper gqp:o3 32294gjoopdn Damper
Od(style)sdn inlet guide vane $& discharge damper 0360005
5-49



Air Conditioning and Mechanical Ventilation (Vol. 1) eomio0d03§,

(96 ))ogE [goomsaopd 3203E: inlet guide vane o fan & sa0(inlet)ogE damper 33(gd
006e0€0m:0 [goaopdi Fan ol 928E00an8 sao(inlet)og 006s08qs [gdeomelopE damper
blade qpso0pS pic-shaped [§8[F: 026005000598 3201002 0oB[GIES0D CpSEE200N

Damper 61 2205po0056epodae oamaopdeco(entering air)od (03 cppdooneodgt:
(pre-rotational spin) [gdoopSi Damper oo6s0CoogEalopé oEaxnaopbecwaod fan il wheel
c0p520p900593 BroopSagnicooopdi o€amnaopd ecoel direction $& fan & wheel direction o}
oppBogneomelopé 6edoma0pd 30R0gPigPIRoes ecdmabeonpeol Air volume o3 eagpy)
co0pd=adl§ inlet guide vane o3 8obq) unload cpd8Eaomelop fan il gd:zalod:gq(energy
consumption) G6aqROFgORdN CVEdeog0RE inlet guide vane 2005 @G:eIgE(Maximum
capacity) ¢ p0% 3203 cagpoy|esnE crodss(air flow) $& dsans(pressure)o’ cagpgi§Eoopdi

Discharge damper gpsoopd paralle pump gp:ogé 006s08am:a00d check valve gpssé

opRB[ogoopSn Discharge damper qpzaopd 3652000 fan © coodeusqepd Bsans(fan pressure)o?
eagpg§EeomalopE VAV box gp: comtigs 3a908e[ggn 320060068Ea0pdn 3¢j stable [gdaopd
O0§EgE ecod:ga(air flow) o3 control co6§E0p5

Discharge damper gpsaloppé fan &l g:eeonEqpd(performance)aoS e[gpl:ad wagnseol
Discharge damper gps throttling cpd copdsesl gdimal od:gegCsss 3200en03[gE:03 [gdedl
cndEeomaelopE w938l VAV system gpiop€ discharge damper qpzo? 3aad:e(gfoseonpeol

Damper performance qpza0p5 68220501 3aqi0dgpseol 0gE eanpbaopd
(o) Manufacturer
(J) Damper relative size $&
(p) Damper situation o3 [g®aop5
(0) Manufacturer
Damper 0005c06opgpset 8&8:(design) [giopdoopdogpds(material) contsod
(linkage) $& blade seal qps vopRB[gE:alompé damper gpzel cvSeeEE(performance)
qP: oRlepraopds
(J) Damper Relative Size
Damper &l 3agudssoni(size) $& duct o sagudzaons(size) afewpod wall
opening &l 3agudsso: wopdBgtelopé damper gpsel cpGeeorESEq(performance)qps
Rlapz qoopdi pows damper &l 3agudsson:sE duct 6l sagudseon: ordfgtielopE duct
B¢ Geo0pd damper 3203808 on§i0Cogeaopdi IegSoqudoopd wall opening
esepopt  GooicuSo0pd  damper 006soooodglialopé  eoogp:aopd  damper  cod
32038:03 e[pConkign woleepad8Ead wonpdo0pd flow characteristic qp: [gdedlom
damper cp6eeooE8Eq (performance)gp: o3lgrsq 20051
() Damper Situation
Duct & codselopEs 6lgpEicd[glselopé damper vofel eevel direction $&
damper 309059  GooagmicodielogpCs(direction)  efgpicdeomelopE  damper Gl
g&260008qRd (performance ) a3[gpse 205
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100
90 /
80 AN P ——
70 AIR FLOW

60

: ¥ ]
: S
x // ™
20 I —
10 ¢_{:_—34 7 AIRFLOW — —
0 T T T T T T 1

10 20 30 40 50 60 70 80 90
Damper Degrees Open

) 9-9@ Effect of Inlet Louver on an Opposed blade damper Characteristic

% Flow at Constant Pressure

)

0(5-G6)ogE opposed blade damper @i g&:eaonEepS(performance)o? ewlgoonzoopSi
Capacity control (throttling) application o3& damper od:0 8odes00pd sac[gzacs(position)sE
§:cone0w pressure drop across the damper gpzaGO [gd0pd

Damper throttling cpd[gE:elope ecudig$(air flow rate) s$oS:oom duct system §
[grreom 328053238:qpeel godododaelopE [§Beomdsmiedigsa(frictional losses) ogofsomn
2001 godadodaeloplgdean Bsmsadgeq (frictional losses)aopd ecod:gss(air flow rate) ol
$6006038:5C 08goopdi Fan & 8sas(pressure)aopd volume flow rate 0550005354l fan curve
32038 00050000880 Hydronic system qp:opE 006e0€a0n:0005 two way valve gps [ged $¢

0680€e0€ 0820051

Throttling application gpsogC parallel blade damper o3 3203qgjoopdaadl linear
characteristic §jzeogqenodeaodcupd: damper 820858220905 33[03p: B3aioyeolsy (pressure

drop)aop system 0o69cd:ei sanzogeolsg(total pressure drop)el 0% o [§620p5

Opposed blade damper o3 throttling application o3¢ 3203gjoopd3a8l linear
characteristic §jg[g5[G: pressure drop across the damper 2005 total system pressure drop &l
9% 08 [g020p51 BelopE opposed blade damper gpzoopd down steam opE turbulance

[8c0q sp5:Skaomaloppé throttling application 03€ sacgSsa05:qpe[gE: (&5

aB390553  (§-GR)ogE  Gwdgoonsoopdi Parallel blade damper 20pS eoodseloC:s
D:o0pbep (air steam direction)od cenCsogns(deflect the air steam)eooopdi defopé down steam

3 84 turbulance [gbecl cooopS

2000 eoodielopieamnndonod(down stream) 8a8:038 elbow o3aeoo duct fitting
§esdon asymmetric enter velocity alogp& 8smsogeolsq(pressure drop) 20p5 0500200050005
SqpscB6opdi ma00udq) erodielops eaadon0d(down stream) =28:03¢  diffuser §esdlon

appd05 3a0R8[gCen: croogodd(outlet throw pattern)copds delgpEsagn: A8Gwpdi
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eomio0d03§,

Even flow distribution

Recirculation  Significantly
across the duct .

, Z?qgs distorted flow

—— rofile . ¥
e T a2 |
N A '

=2 |

T T T T

\\
| ': ] A
#

¢ §-Gq Air flow through parallel

TN .
Duct }:(/J . _a\b Duct e
—
4 / el —}.
- Vs = , X&‘_?‘ - -\._\\ 1
1 |V — SN S
. o e X 3 A .
Air Flow =4 | é\/z
m_,_,_// Pu) ,} _“ % .
g g _
- M, )E..m—--r:—“ ARO-03 = | ¢ AAM-03 =X [he
1 )3’ (Cpposed ) ™ (Parallel ) '“\:;
| =
e %
PARALLEL OPPOSED
OPERATION OPERATION

¢ §-G@ Flow Pattern through opppsed dampers and parallel damper

aBelopé eroogadedlnd(air outlet)od coodapdopgpian diffuser & neck a3wwod diffuser
382502 03C opposed blade damper gpza3o0 006908q§ Gz gEegdoopd

Throttling cp6q$ esepyp:opt saaddgepd damper gpsell 3agudsron: Ggegdda0pd
hydronic system qp:og€ control valve gp:eil 3agudsaen: egequddse 0rndo0pS Controllability
eomtqs $C¢ Bamogeolig(pressure drop) ogp:eogs 3o85:5600050% Geplq gonesNE
egegudo0&o0pdi Damper sagoSsaons(size) [03agE controllability eeomEeon 0365 Bz
oyeoCsg(pressure  drop) $pdsoopdn  Damper  3agudsaons(size)eoo:aqiC  controllability
comE:a0pdi 936005 dzaiogjeotag(pressure drop) qpsoopdi

§-€-9 (o) Mixing duty

BGroopo0pd crodelopC(air steam) $8§:03 cepesogs damper o3 30d4go300001
[g€occo(out door air) $& return air 0303 ecepesalgEs(mixing) [gEo0odn ¢o:ug€so0pd saurza%o
oob9e> opposed blade damper gpzaopd throttling cwOepogé  sacgSonengPeomaelopt
eepesn[g(mixing)codes 32098 cofengpadoepdur vaeolmgé: [gdoopdi

qpseoonsigC mixing application o3¢ parallel blade damper qp:o? 222ddge$
sacg§aoeagpoopdi Mixing cpdepage throttling o398 o3ogeam control [§8qS w33l air
stream $6§jg03 PG540 [§620R5
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Parallel blade damper gpsalogp¢ ccodielopEs(air steam)gp: o3E(deflect)ogoigtselopé
throttling cpOq§=eaRed weomEieaddcopds mixing cpde$30R0d FegSeomEioopd =agEd
[§820p51 & (9-G@) 0gE parallel blade damper elop¢ air stream $692005 eenEs(deflect)ognzom
mixing (46608 52098 22600005350 [§6003 Gwdgoozoopd

Opposed blade damper elop& ecodialogpCs(air steam)sdool mix [§0$0053003 o(g-
§0) 03¢ ewdlgoonoodi

Outside air Return air Outside air Return air
J+¢¢u¢¢+L ‘HJ.UH4L
AN A e N
NN N Y
ba b v
Mixing plenum Mixing plenum
(a) Air streams side by side - no mixing (b) Air streams side by side with parallel
biade dampers - some mixing
QOutside air Return air
by u b
. _
= = Outside . -« % _Return
—- —— .
_4:'_ q:i— §E~ /" —- - :: jﬁf
o~ “ L N -—
* 4 * Mixing plenum
4/ Mixing plenum f/ {
(c) Air streams side by side enter mixing (d) Opposed air streams - good mixing
plenum opposed to each other - good mixing
} | ¢ Outside air { } | Outside air
—J\\\\L L J
y
VU e P[] -
' . Return -— -« Return
\\.\ air - - air
‘\_ —g—
w - —
l— angqp/lenum
(e) Air streams at 90 degree angle with (f) Air streams at 90 degree angle - fair mixing

parallel blade dampers - good mixing

(? §)-§° Various Mixing Box Arrangements
eoodialopCs(air steam) $69 Googpgd weepegneomelopE stratification [gdedl g€
20p0i “Stratification” 8300p5¢> GroielogpCs(air steam) $69 weePe§HD GqsE 9803 Bifapign
§es[gt:0? BaBoopdn Duct sa0p8iope stratification [gdoopdsedl [g€uecusapd§ (outdoor air
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temperature) §oopd eoogpien 0d0dREes[G: return air temperature §oopd Grogpiod
006005038 §escBoepd Stratification [gbesgielops crosl 30§803 03E:0pa0pd =adlogt

0eSm&[gs vodoy[gts [§88E0p5H Ventilation system effectiveness copds cagpspdaoga:8Ea0pdi
Damper $¢00058380005 3q/05qp:a? damper schedule wpeal 20p5

(0) Damper identification tag (Q)  Blade type

(y)  Location (®)  Velocity pressure drop
(p)  Damper type (@) Fail position

(g)  Damper size & quantity (00) Actuator identification tag
(9)  Duct size (00) Actuator type & quantity
(6)  Arrangement (o)) Mounting

§)-00 Air Distribution Devices
Diffuser qps register qps 936005 grille qp: 02009 Groagededlodgpoopd air distribution
device qp: [gd[o30005

Primary Air

Primary air 8300p5¢> Groogodedob(supply outlet)e sadgé o§i0905650005 Grogp:ad
aBc8o0p51 sroozmelop seimncglig coogpod eg aqpieoa0pd
Total Air

Total air 83a0p5¢n primary air $& entrained room air 03 GepesH GOIC:0560022200) GCVO3

aBc8a0pbi Cooling cvS0pdme8lore Groogadedlod(supply outlet)e GIas0pdGCOgP: 0QASa

20pdi 2098:m00p8:§  GroEl eSS  F!spdicdd 6500001 Baedl  I|OFS[Prg0iq0d
(temperature difference)efoypé buoyant effects [geclamfG: ez:00p0600gPi0d 6822053

oqjeo€:eod: egro0pdeOgP03 32000503 0oo5eo0Rd

§-:00.0 Air Pattern sa§pqjs
320380000 air pattern qpso? see[gde] croagodedlodgps(air outlets) o3 egegioSo3aopdi
Plan View Plan View Plan View Plan View
e Diffuser —1—
Plan View Sectlon View Section Vlew Section View
Circular Horizontal Vertical Plenum Slot, 2 Way Plenum Slot, 1 Way
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Plan View Plan View Section View Section View

E UALL iy AL

Sidewall Straight Sidewall Spread Floor 0° Deflection Floor 30° Deflection
$ -9 eoogedd(air pattern) sa§§js0d cwdgoond

Throw

Throw &32005¢n  Groogodedlodgodsalg(outlet face)o 0005005000:0008 GrozENE
(specified velocity) 8208 Gepa58€a0pd sa002060:03 aBc8o0pSi 0obspSimagé ecoogadedlod
(air outlet)o 0§:09058E20p9 3a0zP3G0s(distance from outlet face)o? adc8oopS

200590500220009 arozaayE(specified velocity) 20p5 150 [0.75 m/s] 1 100 [0.50 m/s]
aoupod 50 fpm [0.25 m/s] [g&[o300p5n ecosaag(specified velocity)gp:od terminal velocity
0pcpd: Gal eapdoaopdi

Throw 205 mass flow & outlet velocity $6§ 3260l 0gE ©oopS20051 39260005 throw
q§j9 320305 mass flow $¢ outlet velocity 0303 algpE:cdeu:g§Eaopdi

10 | ‘ | [ | T ]
LSO fpm

@
<2210 2 :
0° 5 0 Typical 100 fpm
S Envelope
Loy £ p
w 5 150 fpm
| 221/2° 10 ‘ | | | 1
Deflection 0 10 20 30 40
Throw, Feet
$ §-90 Spread vs. Throw cr% conselgCqd (sideview) §8 2260 6[03050g€[gEqd (Plan view)
T L e TR, Temperature
Frrat=a 'l — A 4. -';=--'_<".rl‘ - nr - Y S
RETURN Coanda Effect |SUPPLY —
| ‘ [ = ] ;

r Y e . | —
=] = Th — = i| 6t [1.8m]
g row / \ £ ;

o nduce = ccupied !
3 '/ Room Air =2 Zone
N/ \_ i

L —

Primary Air Total Air
¢ §-9G Space air diffusion with overhead cooling
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'Throw=A+B [ ‘ I:D
| '] j }
B
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Al NN e
A — p\—
| Occupied Zone | Occupied Zone
$ §-69 Outlet 026961 throw [§0o03 ¢ §-96 Air patterns $69e[o3p& boundaries
eudlgood [g8edlcnd

Drop

0(9-96)0gE  ezazapdeco(cool  air)oopd  eI05a3s0Ciozad(drop)od  eed(goonzoopdi
Total air package $& surrounding primary room air o3el Geoa860pS:e00z[aP:q05(density
differences)elopé [gdedlamoopd buoyancy effect $& entrainment of room air o3elopé
[8edcn000d erudialogps(air stream)el eAlEc0d saogomaos(vertical spread) [gdoopSi Drop
20pd  total air & mass flow ssedlog€ woopSeomelopé  eruaBEadpbien(density)aopd
F20gSI6e03r00pd1 Mass flow 03 caqpyeédsé drop seozpmee0:0d Gaqpsd: co8E0pd

Vertical Cross Section Plan View

v
ry o P yter g - ¥ ll ]

Angle of Discharge

r

| Terminal
[ttt e e e R s e _ Velocity
Envelope Spread

T Drop —1—Thr0w—>

Vertical Spread

< Throw

v

]

¢ §-9q Drop (left) coniologobag€lgad & spread (right) ssedl olo3pdaqiElgéeqd

Spread

eooogadeilad(outlet) 0od9ei spread a3o0pdwn eSlEadod(vertical plane)st sacgp:adod
(horizontal plane) [§®edlo0pd air stream @i [qpogodq(divergence of the air stream) [g®a0p5
Spread 2005 Groogadedlnd(outlet)sl doogrs(geometry)edl o€ Gooba05I

Surface Effect

eooogadeilod(outlet) 228§ qods0(0305 god§o[gE(ceiling surface)od saadsqyg drop
20303260507 6ogpq§Eaopdi crozangqiE(supply air velocity) [gEwnsaopdansl g agpiesaopdeco
(moving air mass) $&¢ croagodediod(outlet) 2a8:§ god§0(0305 IoPreseparl Bamgeodiqoos:
(negative or low pressure area) [g6c0l 20pdi
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Occupied Zone

[1364g€¢ 820005(G)e0(6 ft [1.8 m])zecd m:6[4od “Occupied Zone” 020059052001
Baang00:q508(negative or low pressure area)efopé 6g,6530p06c0(moving air) o3 qods0[0305
qo50[gE(ceiling surface)ad ooodogrzeo0p5n ad0393gd[gE:ad “Coanda effect” vpesl aoodi

’ Spread ’ : I : ]
Throw
g
E Active/lnactive Sections
=
== e =y
¢ §-§ Spread and Throw ? 9-9c Active and inactive sections

8zmzonjeoCsg(Pressure Drop)

eooogodeilad(air outlet)o3EsopE dsmsadigsa(pressure loss)gdedlooodn d3miedigse
(pressure loss) @205 Groogodedlod(air outlet)si model 1 size & geometry of the air outlet
360 08 9onpSoopdi Bsmiedgeq(pressure loss)o? in. w.g. 9Bewrod Pa [g& eudlgaopd

ceod:g&s(air flow)gpieco eoagodedod(air outlet)el Bsmsadsgsa(pressure loss)gps
coolgdoopdi

eoagodedndl [gbedleom Bamsediga(air outlet pressure loss)o? system pressure

09052009 229l0gE c0pdoz0568 3205

= - - = Temperature
r ':!‘-='p, ‘.: e - f-"..".. . ;‘...":..‘ ‘.“:.,t q':l: s .rfu"l‘_' _‘"“. _ pU +

CoandaEffeclt SUPPLY :
| == |

[ Geheeennpuine |

Stagnant Air
' / \ \ /( Occupied
A

=

=4

=

f<t]

(ap]

=) Induced Zone
= Room Air

S ——

o

=

M Primary Air Total Air
Q g-@o Space air diffusion with overhead heating

6 ft[1.8m]

Height, ft [m]

TRETURN.

Sidewall Application Sill Application
30° Upward Deflection 15° Deflection
Q g-@o Upward deflection c[> S'G J Sidewall application
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e T, - QI rvar T e o ~ ‘I

Suspended Ceiling 1 Suspended Ceiling l
L — Greater than Greater than
L —— 2ft [610mm] 18 in [457 mm]

Q g-@g Ceiling diffuser free space mounting Q 9-@9 Sidewall outlet free space mounting

v i v T
r FyaF gata e . . v

- Dccupiéd Zone
Ceiling and Slot Diffuser Light Troffer Diffusers

[T
£ N

& §-5¢) Ceiling diffuser 6 66  Slot diffuser

§.00.  Air Diffuser sa§jsqjs

[gpddeomEigSoopd air con system oodelgoqs c0Cenyd 0§mE0p5 ecvagadedad(air
outlet)qps egeqiod[gEso0pd saeqEe3:00p0
(on) Grilles and Registers

Louver gpig¢ [gIpdoonsoopd ecoogodedod(air outlet) $& eovolaedlod(intake)gp:
a:0d  grille eoladecpfoopdi  oopgSiooars(square) Bewcd GoonCeSoond o
(rectangular) [gdoopSi Face size $& Neck size 096] 32gud3200: $8g¢ eudlgeco§oopdn cdoocd
copb8E20p5 (adjustable) louvers qpz$& 33600006000:0005 (stationary) louvers ope) $6§8 (e
20pbi Single deflection 3a§jg3a00: grille gpsaopd 00dDGH0R5:000 Getscus§Eoopdi Double
deflection sa§jgeaon: grille qpsoopd horizontal $¢& vertical $6000500%: croogodesnt conticos

880005

Grille gpse GLOQES§8:03 0B8:qOq§ea0305 Volume Control Damper (VCD)GE o3q)
006908 consqi€ “Register” vrg) ¢l GapdaoSi
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(®) Linear Bar Grille

esepsEadodenyppBeny (0630t 00deola§320905 qpdaqpsood grille gpso? linear bar
grille o7 esl 30005

(o) Linear Slot Diffuser

Linear Slot Diffuser qpsoopd 320§ qpdaqpoopd eroogadediod(air outlet) [gdlog005
Slot 0096l 6rogEdas GsepzaoyEda0pd Ckas(Y2 in. [13 mm]) o3ecd(34 in. [19 mm]) $&
008c00de(1 inch [25 mm]) 020p503 g§Eo0pdn Slot 326220305 ()99 (00)932a8 g§E0R5
Linear slot diffuser qpso? qiodsn[o305(ceiling)ogé oobeofenydoopdi

Round ceiling diffuser

O

Round plaque diffuser Square plaque diffuser Perforated ceiling diffuser

N2
ﬁl\

Round Twist Diffuser Plenum slot diffuser Light troffer diffuser
¢ 6o Diffuser sap§jeod codlgoo:d

Q g-G@Linear bar grille[ébmm] spacing ¢ 90 Return grille ¢ §-Q0 Linear slot
diffuser

:.;.: T : = = .'g 5 =
¢ §-q Double deflection supply grille ¢ §-q9 Return grille
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Industrial Ventilation

5 =

Industrial supply grille Drum louver Nozzle

Industrial return grille Security grille ¢ 979

Slot diffuser qps $& light troffer diffuser qpsoopd GroLwIANgd:(low air volumes)aopd
:efgmesopt  throws m00fmponées§€eomelopé VAV  applications  gpiogé  saad{ge$

aoeagpoogdi

§.00.9 Diffuser =>§js§jzodei 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

§).00.G 6coogadedlod(Air Outlet)o [gded oopd egodod(Noise Level)
Geoogodedlad(air outlet)e [gdedlaopd sondad(noise level) o Noise Criteria (NC)[gé
200560520001 Noise Criteria (NC) 2005 sound pressure 008360l 03¢ 0onpba0pdi
Googadealad(air outlet) [gdedlaopd sondad(noise level)aopd croogadedlod(air outlet)
¢ Q0H20pd GromaagE(velocity)edl 0gE ¢oopbapdi croagededind(air outlet)qp:od egagdaopd
326 ASHRAE recommended NC level value qpso? 8[g6s 03:0m0:00&0050

Diffuser ¢ [§8edconaopd snn505gp:n3 &E:008 cwdgoonzoopdi
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
(o) | Square Cone 17 (§) | Perforated Curved Vane 28
() | Square Plaque 18 (©) | Louvered Face 31
(9) | Round Cone 22 (Q) | Perforated Face Deflector 33
() | Modular Core 26 (o) | Perforated Neck Deflector 37
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§).00.§) Plenum Slot Diffuser ¢ [g8edl cono0pb sppdadypia’ §8:008 eudige:
1in. 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
(o) | Linear Slot 31 (p) | Linear Ice Tong 39
(J) | Linear Fixed Curved 36 (G) | Linear Wiper Blade 46

§)-00 Duct Cleaning

Duct gps3o0glsd 30981 3280dqp: 0y$qdecsesnt 8&&:apdaepdi $dedtloplgen
adgReomelope duct gpizacglsl 2068 1 32805gp: pe0ie$PEa05 c0sgEieqp(duct cleaning)
006§ 8262005

4 §-99 Duct qps3203E:5 20681 32805gp: 960t 650

Robotic Duct Cleaning

]

& §-96 Robotic Duct Cleaning o é-q_c-z Duc eanina c:?8|§ |

TR

Air Duct

Q §-qQe Robotic Duct Cleaning

-End-
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Chapter - 6 Fans and Blowers

69058 3268000533840pE 6503E[M0RY pgpPisioSiIEE:a0RS BaesooodmBypie
ecoolecoagod(ventilation)eox gl crosaqpbancogs(quality) 320§$ (temperature) $& coogps
eg.cqpgCs(air movement) odmedlar€  ©ooRbaoRdi  3eemN0dmP  320p8:  condensation
[g8edl[gEselompé &(mold)gp: $& ©0503:8sumigps @ClodSg: cnom esadEopgpiel oSieeEn?
3380560800001 6u00§gE:c0058005¢ (air freshness)oopd 2a4a3:qPi00500098EqI 0dOE:00Rd
Googps ©0500058Eq $¢ 832600050005 Sypies000d GeegypPs(excessive moisture) vodopad8Ey
6 € gonpSoogdi

QOGaN0H00Y GV qfa$320305 fan gpsell 3agudmen03 WEMEES gegEO[Es
duct gpz0d 05060003 006s0E[gls control system gp: GomEigny Geszad Cvoeo[gEs system
0069082 00$ copSuodes(gt: 020pd 3agdgpP: adloxt woopSoopdi
6.0 Total Pressure | Static Pressure and Velocity Pressure

Fan 008cd:o0p5 sc00dgpicopbesaopd o3§om(rotating  device) 0od9[gd: dsan:
ogo[grsqied(pressure  difference)od  [gdedleooopdn  ddsaioplgpiqodelops ecood eg.agp:
6020p51 GeO0d oodesepe SEpiondesepad eepodagnieent [gredeudEacpd  air moving
device qp:o3 “Fan” a30uod “Blower” sl 2opdi
Fan $&0005a3E2005 8oz (pressure) ads§je§oopdi

(o) Static Pressure

() Velocity Pressure $&
() Total Pressure o3 [g620p5u

Total pressure = Static pressure + Velocity pressure
Velocity pressure $& static pressure edlEsqC total pressure qoopdi Static pressure o3

fan qp: egeqiudepogt 3200dgjoopdn Total pressure o3 velocity pressure  q&(pa$) 20305
F200ggjoopdi Velocity pressure o3 ccodsgss(air flow rate) $& duct so038:q crosanyE(velocity)
0303 98088300305 3p2ddgjoopdn o Bsans(pressure)qpzoopd TP = VP + SP p3q[g8dsC
20050300 {03005 83s(pressure)el IP upsda0pd inches of Water Gauge(in WG) o8eupad
inch of water column (in WG) [go0p5n 83as(pressure) &l ST upsd 2005 Pascal (Pa) [gd20p5u

Static Pressure

Static s20p5¢n “eg, cgpiesglied” camenn? e8adoopdi Static pressure
o3 73000068 Gomadmoplidfeon eovel smigE powneo:§Eaopdi
GoOGP: Gg,OP:aRgSIP0R05 PdCON:GaNEs(resistance to flow)[gdoopdi
GSEP IHDEI0R0D WVOIGEPODGSGIM static pressure &1 3zas0wdN 0pod

[0390p51 (equal in all direction)i Static pressure oopd Positive pressure
copde|gdSE20001 Negative pressure copds [968E200u

Manometer o3 3203q|q) static pressure o3  03E:098E20001 G6-p(0)opE [goonsoopd 32038 U
tube 03¢ eqgpdfd: 32000860503 air steam $& coorEeScyesE con:ol oy§EINH0T :28:q
ecoco8a: (atmospheric pressure)s¢ 03630EgEa0n:i [gded cnaopd edEcadenlgE (vertical
6-1



Air Conditioning and Mechanical Ventilation (Vol. 1) eomioo0dRs,

difference)oop static pressure o& 92051 elEc80dmo[gE(vertical difference)o? inches of Water
Gauge(in WG) @5 o%&o]?@& @603&'5“

Op-6(0)0g8 [goom:00p5sa038: Bas(total pressure)od o3E:ng8§320305 82000600503
Gocoep  9005ageds06(facing into the air flow)ood:Ol Duct s2038:§ 8sans(pressure) $&
6g,0qPees00p06c0(moving air)odelopé [gdedl coneam epedlE:8sans(total pressure)ood static
pressure cood g oodi

measure

I

scale —t+ of gas
P m—| T
N-tube
coloured
liquid
o -0 Manometer S G-J No Air flow

Pitot tube o3saad4g)q) velocity pressure 03030980005

e -Ps;[‘l.ﬂ

$ 6-p (o0) Static pressure 6 6-p (o) Total pressure 6 6-p (o) Velocity pressure

96-p(0) Pitot tube 03E 086056005 §a0pd90505 32000660563 total pressure 03E:0005
32038 crodiepodselopCs(air flow direction) o3 god500[Gioond oy§s00dendad  static
pressure o38:03000082038: GrudselopEs(air steam) $& coonoSoqesnt cooxdh 63IE05
[g&(vertical difference)oopd total pressure oo§8: odo static pressure 008303 §0Sco:a0pd
velocity pressure &l 02§83: (805

Velocity pressure 20p5 duct 33038:§ acosaaq€(velocity)oenmsE oBod§od 3a§jroqpopSs

6330053 Geo0g05:03 =adge) velocity(FPM) ¢ velocity pressure(in e WG)o3ogoSuagEaopdi
oB&:6000083: (constant value) 4005 2005 standard air density 820305000 [§620251

V(feet per minute))2

Velocity Pressure(inches of water gauge) = ( 4005
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Velocity (fpm) o3 4005 [gConsq) $600003§:0080qE “Velocity Pressure” (in of
wg)on§8:03 qoopd Standard air 836[geacs 30305000 9§00
Velocity pressure o303&g8s duct 32038:§ ecozanyé(velocity)o? 3200050 deo0s5HgE
0905098820051 Duct 22038: § crozangiE(velocity)aopd esepa’ c8ade) a3[gedog005i

G. J Positive Pressure Duct and Negative Pressure Duct

<°3 G—g Static Pressure Total Pressure Velocity Pressure

32000501003¢ eedlgooniean duct so03E:S “Positive Pressure” [gdedl cooalopé “Static
Pressure” 20p5 “Positive Pressure” [gaopdi Static Pressure | Total Pressure $& Dynamic Pressure

0303 Gd[goozadi

TOTAL PRESSURE _ STATIC PRESSURE VELOCITY PRESSURE

-97 Pa (-0.39 in. wg) -345 Pa (-1.39 in. wa) 248 Pa (1.00 in. wg)

N lmf- A | A

f

s 1 J e -
A E 20.3 mis
- —/  ARFLOW — .+ =/ (4005 Epa) éJJ }

6 6-g Duct 3203855 negative static pressure $& negative total pressure [§ded ¢

3200059(6-6) )op€ duct 320385 “Negative Pressure” [gdedl comaelopé static pressure
20p5 negative pressure [gdoopdi Static Pressure 1 Total Pressure $& Velocity Pressure o303 eublg
conso0pSi Negative pressure duct [g&aop5u

Negative pressure duct [gbeor positive pressure duct [gbeer velocity pressure 20pd

0p50005 39l 39505008 3:(negative value)o[gd§Eeon 32[q 206AIE:0083:00 (468660
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o

a

Inlet Total Pressure

—_—

_l_l_l_l

O

|

Fan Total Pressure

eomioo0dRs,

Qutlet Total Pressure

—_——
[ T S

-,

Static — Static _ =

Pressure — Pressure — — Total
— Total P
- ressure
— Pressure

Free Inlet - Ducted Outlet

Ducted Inlet - Free Outlet
¢ -6 Total pressure | Static pressure & Velocity pressure 038090

6.9 Duct 33038:§) acoch Velocity Profile

[4632038:5  eqgpidientieso00d powdlgé ewd[g8€aopbi [gBsacoudapl  6q8idaok)
(velocity 3gpsq)) [g00ndieoms) eqBsamispds(velocity $p5:)00001 oBelopé duct 320382 velocity
0303E:090000308l03¢ GsepapPiqP:odsq) gidiq)(average) 0o$3:03 ogadurgs Beada0pdi

0(6-q)20p5 axial fan $& centrifugal fan o33 velocity profile [§ded 603 cedlgoozaopdi
100 % effective duct length 2005 duct saguSsson:(diameter)sé crosacg€(air velocity) edlogé

000520001

-+—BLAST AREA Average = 700 fpm
| DISCHARGE DUCT Velocity (fpm)
CUTOFF «+—OQUTLET AREA‘/ 500 750 1000 750
= ] ! é\
J ]
/ \ = / ] —
 F FE 5
2\
| |
\/ 25% o
. 50% v Freestrean;_
B 75% D }
CENTRIFUGALFAN [ | -
_ 100% EFFECTIVE DUCT LENGTH _ [} /
T .
AXIAL FAN | | | A
N
[/ ? = c
l v i:’ — E V=0atWall
1 1 ‘5 VELOCITY
== AirSpeedin
- BoundaryLayer

6 6-q Duct 2203855 [gded 2005 velocity profile
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(@) Fan outlet velocity 2005 2,500 fpm cooSeob:agié
100 percent ef fective duct length = 2.5 x Duct diameter
) Fan outlet velocity 2095 2,500 fpm coodqpagi€ 100 % effective duct length 20pd
fpm

1000 X Duct diameter

100 percent ef fective duct length =

Duct 2005 GevseoonCoaps(rectangular) [gdag€ “Duct Hydraulic Diameter” (D) o3
0go5a ¢eoogpd:
2wh

w+h
h 2005 duct height [§92005n w 2005 duct width [g&20p5

Centrifugal fan $& axial fan o &l velocity profile 2005 100% effective duct lengths

G$EPAJeEPrdeom (ol velocity profile Gooanadeepadapdi
aBelop¢ fan ol outlet 100% effective duct length veepadetaaogCs velocity o3€:0pdlmn

§§o0pd oo%??:ooé Bodoeggeon vesomsscaon

Inlet Chan Bal [
ge shape Fan outlet alance or
Ic}gures Heater  ontraction) diffuser control damper Delivery grille
i / / { /
/ Filter / / /
| / ]
= — = Vo —R
= o Vo m— _:;;\
¥ — | ‘. — _'}:\\ .
- | - =N Ventilated space
= — I —= R
o R R——
| -
i Air decelerating
accelerating N
Ducting, bends, etc
Loss in
diffuser Loss across
damper
e | I
i X
@ ' |
2 Loss across grille
4 Louvre / |
& loss Pressure increase 1/
in the fan Loss in ducts, I —
] bends etc. 1 /~|
. Exit velocity
l Fllterl ! ‘ | loss
loss /—
f
Heater Loss in change
loss of duct shape

¢ 6-0 30000501003¢ axial fan 0632006508 $& duct system o 8zoz(pressure)qps ae0&eod
e[pE:c3003 Gudgoonzoopd
6. Fan $& 2005e38a0p5 edlumegp:
National Association of Fan Manufacturers (NAFM) o 2005¢0Scodeom fan §&
20056880000 32002305 Ssq:-
Volume Fan &l outlet © 0goSamepd Groopcood Cubic Feet per Minute(CFM) 93wupod
Cubic Meter per Hour(CMH)[gb20p5u

Total Pressure  Fan & 920883:(inlet pressure) $& 3209058s(fan outlet pressure) o

[go2502910
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Velocity Pressure ogodesoopdecost  average velocity $&pSqieocn  8zas(pressure) oo§3s
[g©20p5n Fan outlet § ccogpiogodesd§apt average velocity [gdedlcocom
pressure (62000

Static Pressure  Fan &l total pressure ¢ velocity pressure o3 §05¢jq@0o00 zans(pressure)
[g2005

Power output  Fan ¢ 6coad cu:§Eoopd gb:eatlgdoopdi croapoopd(air volume)sE fan total
pressure o303 Horse Power(HP) a300od kilowatt(kW) (g€ ewdlgoon:aogd
§623E [gdaop

Power input Fan o o&§e(shaft)o} cul:q§320305 c3mabeom g&3aE[yb[Gs Horse Power
(HP) 930005 kilowatt(kW) [g€ cwdlgaopdi

Mechanical Fan &l power output o3 power input [§¢ @:002:6000 3a8ggd2051

efficiency

Static efficiency Fan il mechanical efficiency [g[G: static pressure $& total pressure sagEgS
elgpodoos(gts [gdaopd

Fan-outlet area  Fan outlet &1 8o [gdoopS
Fan-inletarea  Inlet collar &1 8o [gdoopd
6.5 Fan Equations
ecoa36o0pbseo(Standard  air - density)  00§8:0005  0.075  Ib/f’(I-P opsd)  1.201
kg/m>(metric opsd) 1.201 kg/m? (ST 0p$6)[gdoopd
Total Pressure(TP) = Static Pressure(SP) + Velocity Pressure(VP)

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

Bzans(pressure) gpsel va$d 2005 inch of Water Gauge(WG) [g&aop5i

Fan gps00pd standard air condition opoboopd 2a6[gEacsqpiopt cunsoopd(operate) 224
ATP = ASP + AVP p8¢[g8d{gC ogodup@Eaopbi
1

Total Pressure (TP) = Actual Total Pressure (ATP) x

Density Ratio

Acutal Density

Density Ratio =
"y ! Standard Condition Density

Static Pressure(SP) = Actual Static Pressure (ASP)x —X—
Density Ratio

ST 0R$6 GG2050: 3
flow rate (mT> x Pressure developed (% or Pa)

1000 x ef ficiency

Fan Impeller Power (kW) =
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IP 0956 GGo0sd:
_ flowrate (CFM ) x Pressure developed (in.water)
Fan Impeller Power (BHP) = 6346 x ef ficiency
ACFM = Actual f}/min  and  BHP = Break Horse Power
Actual Total Pressure (ATP) x Actual CFM
6346 x TOTAL Efficiency

Break Horse Power(BHP) =

Actual Total Pressure (ATP) x Actual CFM
6346 x BHP

Efficiency TOTAL =

Actual Static Pressure (ASP) x Actual CFM
6346 x BHP

Efficiency STATIC =
6346 2005 03&:600(constant)on&ds code[gdaopdH
Pressure $C¢ Horse Power 032000 opoB8aopd (standard density [gdeo o8ewrdd actual

density [gSe0) density condition ¢ qopq$gdoodi
Actual CFM(ft3/min)

Net Free Area(ft?)
NFA oaé “Net Free Area of the fan” o% e@cx‘}oaéu

Velocity (FPM) =

174 2
m)
3200050 velocity pressure ¢eoogpdso0pd standard air 320305 [gdaopdi Velocity(FPM)o?
4005 [gCoe] $6006035:008aqE velocity pressure(in WG)oo$3:03 qoopdn upsdoopd inch of
water column 2800pd5 inch wg [g920pSi Fan o3 standard air ewpodaopd seelgmeesopt
een8:aqi€ 6320053l Heo0505:03 3203gjqepdH

Actual Velocity Pressure(in. WG) = <

Velocity Pressure for Standard Air = (

2

4005)

< Air density at the fan )
* \Standard air density(0.075 Ib/ft3)

G.g.o Fan Pressure and Velocity Relationship

Bernoulli's equation o3=oaddgq) ecodicloppCs(air stream) ol dsms(pressure) $E
eoozaagE(velocity) soo50dg (relationship)oB eod(g8EaoaSi

P1 = Inlet pressure P2 = Outlet pressure
V1 = Inlet Velocity V2 = Outlet Velocity

P1-P2  (V;)? - (V,)?
Pair 29

Initial velocity 2005 0 [g20p51 oBelo3pé

P1-P2 _ (V,)?

Pair B (Zg)z
%
AP:me(2;>

Pressure 20p5

lb
Pair = 0.075 f? (Density of Air at Sea Level - IP unit)

g =32.17 (Gravitational Constant - IP unit)

Sec?
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lb (V)2
f 2x32.17

Sec?
2OYS 40°F oo eqeiadbaopdeso(density)oopd 62.4 Ib/ft® [go0p5n Water column 1

ft 20p5 62.4 Ib/ft* $& p8goopd 62.4 Ib/ft = 62.4 Ib/ft’ per foot height of water,
G0e 05633 6[PE:qs (o ))gé oyt

1ft.wg>_ lb

lb .
62'4f_t3 per foot height ft wg x <12 inwg .ZW

perin.wg

Water column oo6conde 8300005 5.2% pressure $& 28gjo0pdi

Velocity pressure 9360205 pressure drop o3 qg§ 060055038 Fae:ad:0qC

0.075 Ib/ft3
(5. 2 lb/ft2>

in.wg

V2
2
AP =

v
3600 secZ (4005)

2(32.17 ft/sec?) iz

Velocity pressure 2005 eg cqpiesoopdeco(moving air)ei dynamic velocity pressure
component [gaopdu
6320053 P8q[gEsgE 30508E00N (sea level, standard air condition 0.075 Ib/ft)i Fan

20pS standard air 206[g326503E 6en8:0q€ 683053l deo0s5:03 30ddg) §Ea05
2

2, = (753)
v~ \4005

€.9. Fan Efficiency

Fan & static efficiency a3oopod mechanical efficiency o3 0305q2025 gpdgudqioden od
fn o3 saofgaf sobecspengd Shounod ooobarspongod oeficSeh 4 socpbdabioons
g&:eeon8epd(performance) §oopd fan qp:od vegeguddeoqs [gdoopdi c33a600p) crodssss(air
flow) $& Bams(pressure)od qg$s20305 g&:mnC(energy)ad:ge $p5:8Co0g spdesmt [gopd
G]Qéll

Fan mechanical efficiency ¢

3
CFM x Pressure (%) (1%)
Power - <ft._lb)
min
1 inch WG 2005 =0z 5.2 Ib/ft” $¢ 28gj00pSi Gubomgéeaan:(motor power)o? Horse
Power(HP) [g&o0n eedlgecydoopd ft .Ib/ min [g¢ eedlgecy ofeon (1 hp = 33,000 ft .Ib/min )

23q[gC:03 inch WG $& HP g oudlge§seozed inch WG s& HP o} o 2005a88a000
0eaNgPEa? 3200050 P8¢[gEs0p¢ 3203:08: 3pom:09CiyE

(ft3 ) (5.2 lb/ftz)

= Dimensionless

Efficiency =

Efficiency = min l?t VII;)g = Dimensionless
( min )
33,000 HP
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Fan static efficiency ¢>
CFM (feet per minute) x Static Pressure(inwg)
6346 x Break Horse Power

Static efficiency 2005 static pressure o3 copdogaboodgEs [gd205i

Static Efficiency =

O(6-g)oopS oSom[(belt)gE eenlieom fan @ edxgea(loss)gpod GES[gooeand
[§820p51 0§om[o3s (belt) [§€ centseom fan 03¢ [gbedl §€2005 edig:a(loss) ad:§jswd
(o) Impeller loss (heat)
() Belt loss (heat) $&
() Motor loss (heat) 03 [g&2051

Impeller loss Belt loss

(heat)

Motor loss
(heat)

('\ Electricity

6 G- oSom[BEgEewteom (belt driven) fan 0odadsd

Volume Flow
& Pressure

Impeller loss

(heat) Direct driven fan § [gbecleom adsdeq

: (loss)gpzcd  Gwd[gooneannd  [gdoopd
! 1 Direct driven fan o3¢ [gedl§Ea00d

'%_ ) | ) 99rgiq (1055) §6 85
Power Out (o) Impeller loss (heat) ‘?@

Po,
Volume |= (J) Motor loss (heat)o (9205

& Pressure

Motor loss
(heat)

Electricity

 6-00 Direct driven fan
$200053l0gp0p8  [goonsaopdmac3Es  direct drive o3 3p0ddgq ©cod[gdg(slippage)
030005 oSom[eloPpE [goeomadua (belt loss)o30B wudep:§Eaopd
6.6 Fan sa§zooniqp:

“Centrifugal Fan” $& “Axial Fan” qp:03 ACMV cpbcSsqpioge sagpead: 3203gog0p5n

¢ 6-00 Centrifugal Fan 6 6-o j Axial Fan
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6.6.0 Fan $& Blower o3ehl [gpzg0:q)05

Fan $& blower o3el [gozg02q050005 “Pressure Ratio” [§600p51 cooonogsad{gE blower
2005 fan cood3¢) “Pressure Ratio” qpsoopdi American Society of Mechanical Engineers (ASME)o
2005005 Guso0pY specific ratio &1 38050005  3309058as(discharge pressure)o? 3208
Bzans(suction pressure) $& os00n:00pd34e [§020p51 A3 specific ratio o3 fan $& blower J[gp:qs

20305 220dgj0opd

Equipment Pressure Ratio Pressure rise (mm Hg)
Fans Upto 1.1 1136 mm
Blowers 1.1to 1.2 1136-2066 mm
Compressors more than 1.20

209058za0s(discharge pressure)oopd 320883:(suction pressure)s&oSag€ a3wupod
00055p5:0q1¢ “Fan” 0y 20050058E(B: 309058gms(discharge pressure)oopd 320E8303(suction
pressure) gpsagi€ “Blower” op ealad8Eo0pSn Suction pressure 0o “Positive Pressure” copds
[§68&2005 “Negative Pressure” copbegd§EaopSi

€.6. j Fan Rating $¢ 3260&3200§:(Class)
Centrifugal fan & g&:eeonCqpd(performance) @ox: $& performance curve gpsooRd
standard air flow rate (SCFM)o3 226(gdq) [g@oongo3oopds

Fan cpobapSongps(manufacturer)el 000500510532 v€cvudeqgodslgE(sea level)y
§eoon Grooodaa:(barometric pressure) 29.92 inches of mercury(101.325 kPa) $& 220§
(temperature) 70°F(21°C)og€ §eoon eewo? “Standard Air” 93[gd 200500520051 o3 standard
air condition § §eox 20§qC:q elgrodeagonpd erosioBooopSiso(density)oopd 0.075 Ib/ft?
(1.2 kg/m3)|§8:>aéu

Fan opodcpbopgps(fan  manufacturer)eo:aopd  centrifugal fan & g&ieeonCepd
(performance) 00pS  standard air 3a6[g@aes(condition) 330305000 [§&20pbi Fan eenCsoopd
e$epoopd standard soefgzacse sacgs oxdfgriesaqC air density correction factor sa9%dgje)
320850000008§epd gb:e800Eq5 (performance)od ogodurea0pd

powd 30§ 200°F(93°C)ecwaopd 70°F(21°C)ope §eomn crosaco$(weight)sl 00%
200§oopdn dBanc[geaesopt centrifugal fan aopd Bsans(pressure)§686030m cuifE[Gs @bt
adsga(power  consumption)coods  $00:0860pdi  GromEYS  200°F  (93°C)opE  mpeSoncud
8326600 Bzan: (pressure)o’ qg$ air density correction factor 1.25(1.0/0.8)0% saadigiqepdn
Geom0gS 200°F(93°C)opE o%:§opd g&:3ad(power)od qg§ 70°F(21 °C) soclgmacss) gbiea
adsBa(power consumption)o? air density correction factor 1.25 (1.0/0.8) (g€ oo:qepdu

Fan s2e0§3200§:4p: (Fan Classes)

Fan ol total pressure 90pd 3 3/4 coode(water column)ooodspdaqé “Class 1”7 op
2005005 20pbi Fan @ total pressure 00pd 3 3/4 coode(water column)e 6 3/4 coode(water
column)=acas [gbagiE “Class I1” 0y 20050520051
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680050 @os0pd Air Movement and Control Association International (AMCA)
standard ¢ centrifugal fan qp:320305 8ga0s(pressure)o? 226[gde] 20059056000 fan 8380832008
(fan class)qp: [gdaopSi Centrifugal fangps oopSeeon0daon:d sae0¢3a0084(class of construction)
o3 62200503¢ @ugE eedlgaon:oodi

15
[ /
7
/
7
!
!
. !
o !
z 10— /
.g_ / Class Il
9_.) /
= /
2 4 ‘
o / 7
o ’ Classli 7
E 5 ’
(2] ///
Class | e
0 | |- |
1000 3000 5000 7000

Outtet velocity, FPM
6 G-op Class of fan construction
Class of Construction for Centrifugal Fan

Class Maximum Total Pressure
I 3 3% in. wg - standard
II 6 3% in. wg - standard
I1I 12 34 in. wg - standard
v More than - 12 34 in. wg - recommended

Total pressure gpzaGeo fan 0pdesor0d0m:d 2ps0Esr008s(fan class of construction)

[g8coeco [958k 3q) eqpgp:c8gepdi

€.6.p Overloading Fan and Non Overloading Fan
Fan gpso? “Overloading Type” $C “Non Overloading Type” ope] sadjsm00n: $&G):
S[eps8Ea0pbn Backward curved blade centrifugal fan sa§jgeaon:o0pd “Non Overloading”
oGm0 [96o0pdn Forward curved $C radial blade centrifugal fan gpsoopS “Overloading”
§rz0002 [§0o0pdi Axial flow fan qpzaopb “Non Overloading” a3eupob “Overloading” sajssaon:
230 $6§jpcd: §SE2001
Non-overloading Overloading
Forward curved

Backward curved blade centrifugal fan - -
Radial blade centrifugal fans

Axial flow fans Axial flow fans
Air Moving Device qpz$& 00500050qi€ “The AMCA standard Test Code for Air Moving

Device” §|§8§ osﬁzcrn:%&oapdsu
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Power characteristic 0R¢ “Non Overloading” $& “Overloading” opq) $&§j:§o0pdn
“"Non Overloading” &320pS¢n absorbed power 205 =[gCed:on$ds(maximum  value)od
eepod(Gioopdesnod  crodigss(air  flow)gpsaoneco  g&i3at(power)soSsogaieco  [gdoopd
Overloading characteristic o3& ecudigSs(volume flow rate) gpsedo0ESsCany) gbsems
(power)copds c8odqpsconoopdi Power characteristic 20pS impeller sa§jzzoen: (type) cdlogé

9052000

6.q Axial Fan qp:
6.q.0 Axial Fan gp: 320080080 (Principle of Operation)

eeoodRE  Fo[rod[griad  edeentieonioong  0p§:c05a0p0madlogE  ecvedlopt
s200056epadgE(force on air) [gbedl a0p5m cdsa0n Fa[gried] 0gaopd: croeon§[gé c00deepad
a0pdaas(reaction force)gdeol c0pdi v&amacondgp:(blades) 3260l 0gE 200deepod 20pd upward
lift force 20pS downward air flow o3 [gdedleoaopbi Axial fan ¢ copSesoopd 0SoM3CLOdYP:
(rotating blades)oopS aerodynamic lift o3 [gdecleooopdi Blade lift force [g¢ ecodselopE: (air
steam)od o3€ogns(deflect)esant [gipo8Eaamelopé 83xdgE(G: velocity qp:aopd erogp: [gdedl
20201

Axial Fan - gqps§ eooogodep(discharge)codselope: $& erooleprodialopts 030005
copdeso0pd 0&disC =g (parallel) [gdoopdi 0ob505:22dg¢ crudialogpEs(air flow)oopd impeller
o3 0&&:2003¢E: (axial direction) [godognseomefoypé “Axial Fan” op 00050050005

Force on blade / Force on blade
— . —=
— N .

Forward ;__"::_:313 ‘ —

motion Forward
motion
Force on air )
Force on air
(’3 G-oc; Forces on a flat plate in a moving <3 G-og Forces on an aerofoil in a moving
airstream airstream

Hl LA

Forward Moving air

e e I

$ 6-06 Downwash from aircraft wing & 6-oq Air movement for basic axial fan
Axial fan qpzod coooocopdgpiqps(high volume) $& 8s:8886(low pressure)qqs c33262005
28lgpi0gE sagpsads 320000
Hub edlogé o§omscood(blade)qp:od 0obeo€aonsoopdbi Hub $& blade gp: G3ago50d
“Impelleropesloopbn Axial fan sa§jezaonigp:o?d wheel @i o§omscodS(blade) doogmsseed
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:6[gde) propeller (disc) tube axial $C vane axial vpq] F[grsooodecdo3oopdi GrogpPigPige$
c832600p) cpbeigps(large air volume applications) 80305 axial flow fan gp:o? saaddgog0005
036005 6ent:apdeadl apodadlgens(higher noise level) cap§oopdi

e S
n |
: ¥
] & g

¢ G-o0e Propeller fans ¢ G-o@ Tube axial fan ¢ 6- Jo Vane axial fan
odelop¢  comfort application gpscocd industrial air conditioning and  ventilation

qPeacR0d axial fan gp:od 3¢) saadi{g[o30000n Axial fan gp: eenl:aopbeadl sond05[gEw:(higher
noise level) caoelogp& comfort air conditioning application qpsog€ saaddgiecy ofogeol |

=l i
Arflow Airflow (i

¢ G- jo Propeller fan ¢ G- ) Propeller fan ¢ G- jp Vane axial fan
Trailing edge of blade

l %—t Wheel \

N
. Low Angle High Angl Feathered
Leading edge of blade (f?l:: pﬂ%lll!) (c'.i'a,s:?,ﬁc.,, cathere

6 G- JG Hub and Blade ¢ G- jg Pitch Angle

Axial fan &l 0&:0005 “Axial of Rotation” [g620051 o§omscondgpiogaep codelopE:ad
“Plane of Rotation"cp esloopdi oSomscoodeicomné(blade angle)od “Pitch Angle” opcopSs
@l 205

€.q. Axial Fan Impeller Design
(on) Propeller Fan
\ Propeller fan o3 83860000 cvScSeqps(low pressure
1\ T applications) o3& 3a03qqfo30005n Efficiency 8600051 Propeller
" impeller qpzo3 sacn§m0505:0[g¢ [gpS 0opbee0o05§E a5
| ! Small hub 03¢ o§em3cndgp:(blades) 0o690EeGa05N

N

6500 ©05ep&3: (Mechanical power)oood ceo(fluid) 323 velocity pressure 32(gd
@b opselgpCiogodgCs(energy transfer) [gdoopdi 8222:8686(low pressure)sé eooooopd
qpeqpe(high air volume air)gg$3s0R05 320%dgjoopdn Duct gpssé o3q) ondeoaonered
$QqP203 660de] 006908 conserR§oopdi
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() Tube Axial
Tube axial fan 20p5 propeller impeller 8&8:qp: cooSeogEdq) efficiency comE:a001
200330009 static pressure range 03c0pds c00d6L:EEHS: §oopdi Hub op¢ oSomscuod(blade)
()9 ¢ (9)9 2208 0odeoEomieny §oodi
S = ] Hub & 3gudoopd o§omscoodgp: (blade)sl 3agE:
f@ ) e odocdemPecd §8Ea0001 vSomscuaSyp:(blade)oopd
| |: airfoil GdGJpopds §8E0p5I vSomsCLASgP:(blade)sacn
20p5 00680005 [968Ea0p5i (single thickness  cross
section) 1 HVAC $& ACMV cpdcSsqpiap tube axial fan o3
Fgpsads 200d:g[0300001
ecoBigss  sp5gn  qpfgl: =gSoBoges ocoopd B83:§686(low  pressure)st
Baomanooenond(medium pressure) cpbcSsgpizeoged  3a0ddgoopdn  See[Epaddggps(drying
ovens) Gaosqod§qps(paint spray booths) $& fume 95co0do0pd  system gp: 0o ©0dg
c&cgpiont 3203g[030005

r \ =" Vane Axial qp:aop5 8sas3a0083300&(medium pressure)
§ % 7 | $C BaqyC[gE(high pressure)od sacomEsed: efficiency
] ﬁ m [ cocbeu:8Egd: §oopdi Airfoil 06 oSomsCLAdGP:

% ) \!‘% (blade) ods000s0005 vane axial @ efficiency 2095
‘I = 326078:00: (9620001 Bzans(pressure)snSdealgé smad:

320305 3203q| $Ea0pSi Down stream § air distribution
G(‘ﬁ)&:ooéll
HVAC $¢ ACMV cobeSiqpiapE vane axial fan o sagpsed: 3200dgj0opbn oofgpieoon fan
B§mo0ntgpioocienay€ sacgSeancodoopdi croogodsss(capacity) opeom centrifugal fan $¢
£E:0080giE sagudsaen: sacgseaicadaopdi

6.q.p Axial Fan ¢l g&:ee008qpS(Performance)

Axial fan qpzaopS eroapoopd(volume)gpsgps & 8330z 320083200&(Medium pressure)
83262009 system qpaa0g05 20&enqPeddgdoopdi Efficiency comntieoms g§Eaopdi
O(6- J6)o0pS variable pitch [9& eenC:oopd axial fan & performance characteristic [§&aop5n
Variable pitch gp:o06e0Cooieom axial fan 006ad:0? Gedgoosoopd

Blade pitch angle gp:eco crodigss(air flow) gpseco [gdoopdn goseaCadiga(power
consumption) qpzc8&epSi

Axial fangps§ aerodynamic stall [(§6§Ea0p5n Stall e3o0pSen 33[gEad:830:(peak pressure)
$2ABAGe  qodoged  odqts  Bsans(pressure) ogeoiogial: [§920pbn  oSomsodyp:
eondsoonsaopdeconé(blade angle) sa:cd:8:3kope [96edl§E00n 34§ [oplgleo stall [gdeol
65$0qC 0Somazcoadyps(blades) op§slomn: qd8dgEs(fatigue failure) [g6§Ea0p5n ddelopé axial
fan gpsodegsqudoopdaedl stall condition 328:3250:03E cudCsfgEs(operation)o? aoo3(0Bsgolye
eepEepreny§oopdi
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Variable pitch axial fan aero performance
Hub ratio: 1.73

Pressure

Flow

¢ G- G Efficiency contour [§¢ peak efficiency g§Ea0pd operating conditioning o8 ce5[goonsd
6.e Centrifugal Fan qp:

Axial fan qpzoopd aerodynamic lift [§€ ecogqp:o? Bsans(pressure)gpiesmE [grod[gé:s
[g020p5n Centrifugal fan gp:ooRd eoogp:a? e8eg (G oudgosas(centrifugal force) [gbeoom
Baans(pressure) qpsesnt [gopd[gEegdoopdi ddelopé centrifugal fan qpsoopd axial fan gps co0od
3q) 8za0z (pressure) g3 [gIrpdeusgaopdi

Centrifugal impeller qpsoopd Grogp:nd 3a§Sqesyt [grpdeoom(accelerating the air)
005¢b:3aE(mechanical energy)qp:o? coodsalo3pCs(air steam)odad copdeozaopd Air flow 2005
impeller o3 radial direction 3203 [goboga:agi€ centrifugal fan 93ewrc5 blower vp 20050052005
00b5p5:3dg¢  eroogodep(discharge)codsaloyp&sood copbesaopd ofi(shaft) $¢& coones
(perpendicular) [g620p51 (20) 80§ coonéjgdesaoS
Air spinning in
the same direction

as the impeller at

—_—— — |mpe||g'r .Itheimpellerinlet

Rotation -
~ _Inlet Vane
- Control

Air at entry being spun
by the inlet vane control

& G- jq Centrifugal fan 39098 a3 coogps 08eepodand
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6.0.0 Centrifugal Fan gqp: 32008c080(Principle of Operation)

Fan Inlet |mpe“er f"'_’"‘::"-‘"\ |mpe||el'

Force

Vortex
Fan

Fan Casing discharge

6 G- jo Centrifugal fan impeller 820066
Centrifugal fan & impeller 3203C:03 GrogpPso0pS o&:(shaft)za03: ofaxn(Gs impeller o3

[g050m radial direction 22038 (p0)80§e0onE i) agodogrroopdi dBecogpoopd impeller o3
[go5Bse5705 volute casing 22038:5 @eowesBa 0Eanaopd Grocwdieloptie (R0)En§econE

o> 0godagnzaogdi

Impeller gp: copbeseomeopé oSomscood(blade) 0d9sEands salogf eseom
eoogp: 32603 centrifugal force 20056epad(gEs dqom GrogpealgEad ogadagia$ 0z5:0005[gE:
$qoopdi Bm8l  o§omscudS(blade)saloge  Gogpoopd =§S[GEIGELE impeller =2[gE3
0905030200001 Impeller copdesoog] 0m0odad: ad03ad Grogp: F:e[Fejqod :eols(continuous
flow) esc86epdi Centrifugal fan & impeller 030R€ GrLB33(pressure)gEoa50OO3 F2e0¢
Q?GDS@S G@SBooozoz)én

2:2808(0) Grogp:aopd centrifugal effect eloypé radial direction 22038: 038:0005[gE: d620251

Impeller & 3agudsson:(diameter)odiecol crozaedlog 200deepodaopd centrifugal
force gpsecw [gdaopSi Central force gpieoo pressure gradient Sgpzaonecy [gdaopdi Beloppé
o§omscomdgpizloypiesep(blade passage)saogts radius gpzanoopdsEaag) static pressure
c0pbs  BodgpincBgopdn  0obspdiamsgE impeller saguSssons(diameter)odieco  static
pressure gpz coneaolgdaopdi

2808( ) 0083713C 8omscnd(blade) 0895EdY sojogpz(blade passage)§ ogodedlode§orn
(outlet area)oopd o€edlode§omn(inlet area)aond Jqpsaopdi ddelopE oSomaCEdgpP: o[
esep(blade passage)oopd diffuser 0393 [geesongodeoanpdi adelopé erodgss(air flow) e
relative velocity 20p5 sa0g05(outlet)ono5ad eepodagriaopdbeasl sfuon(outlet area) ogdjg§om
comelops  eroseagE(velocity) egsognoopdi eoosaagqE(velocity) egogieamaelopE  static
pressure 3gps c0d001

:0e08(p) copdesoopd impeller gpied § oo oomscond(blade)oopd eg aqpseso rotational
momentum o3 [g8edleooopdn Tangential directional s303&:a30:65005 velocity 3gpzaonaopdi
Googp:oopd impeller o3[godom radial direction 32038: 6g aqpieseo06lopE flow i absolute
0 Jgpsconoopdi Impeller aago5(outlet)d 3a(gEad:(maximum)absolute velocity [gdcol 205
ecoel absolute velocity gpicon[g€ielopE Kinetic Energy(K.E) dqpzconaopbi Impeller s085¢
seogode[ogps(across the impeller)§ dynamic pressure copds Sgpsconoopd
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‘ Potential Energy (P.E) Kinetic Energy (K.E

Q G- J& Potential Energy(P.E) and Kinetic Energy(K.E)

Casing 93eupod Housing

Casing 006s0E00se[gE:e1 pbgudgado0pS impeller 9agedau000d Grogp:n? peacntg$
$C eoogp:o? 3209:080pdonad(useful direction)ad eepodesmE codieloptielgplicoqs 220305
[§820p51 Bea[gE impeller ¢ ogodam0pd Grogpsel dynamic pressure 3agP:pod 3309:0860
(useful) static pressure 33[gda3 e[gpE:cde0:a001

1 2 _ ,
denammic = 2 pv p densuy
P gynammic = Dynamic Pressure v = velocity

Centrifugal fan gp:ei casing 20pS volute $oog&gdaopdi Belopé impeller ¢
09050000008 Grogpea? diffusion [geoa0pdi Volute 6l cross sectional area 2005 oofgaSegpds
cmeomelops  crogpicopds ood[gpdgod: egin00pbn 0odspdiEds  erosanyE(velocity)
$p5s00000051 GrozaayE(velocity)aopd dynamic pressure $& 305805 3ajpay0001

Side Plate

\\5\ Centrifugal Force Blade

/
\%_/‘/’

—

Centrifugal force The particle leaves
increasing on partlcle the |mpeller fallawmg

/ \ / % / / ‘m ?g},t{ﬁ\‘tlitrack
VAN / \ /

The particle is now almost

Dotted line showing

the track of the particle. spinning at the same speed
Here it can be seen entering as the impeller, generation the
the blade passage and starting maximum centrifugal force.

to rotate

& 6-po Blower wheel $& aooogascodalopés
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ecoedl g€ wpboopd work done g ofgdeal (no work is done on the air)eooefopE 83
99c0lCs(total pressure)aopd 6[PpE:dc86epd ewrodeon Friction §E recirculation elogpEomn
adsgeq (loss) ma5p5:c05000gbedl c0pdn delopE dynamic pressure $p5:0g0:q2009 Fa6[opCien
static pressure 339523 e[gpE:cd ognseomalopE [gdoopd

amoed centrifugal fan oodadsel static pressure 45% 2005 impeller o3 [godeoma(opé
[g6e0l coqgE:(dG: 0§ §9% 2025 casing s20pE:5 dynamic pressure ¢ static pressure s2(g63
o[opE:cd[gts [gdoopdi Impeller 9agodanoopd dynamic pressure (K.E) & go% 9§03 casing
2038:3 static pressure (P.E) 22[96 e[gpEse0:8E2001

Fan discharge
casing

Impeller discharge
¢ 6-po Centrifugal fan casing gp:

Centrifugal fan gpza0pd o€aonoopbecoeoy:ad (£0)80§ coon§jxom ogodagnieoaogdi
Befopé olecusé ogaderooopd BioopSep cwbselopE: woplogeon Centrifugal fan gpseh
FN20YYEOGPId 990005 30R8s00egE{gboopdn Wdfo3p58odgg(reliability) [gEwrsoopdn B3E:
:26[g2eese 6oaPagSgeopd: cunt:8E00

Blast Area
Discharge

Back Plate

Bearing Inlet Collar
Support
c? @-9 J Backward curved centrifugal fans <[> @-99 Double inlet centrifugal fans

Radial blade impeller qpsaopl sogudmeons(size)sé [g55$s(speed)opaqié onfgpieom
o8omscuod(blade) sa§jgeaonigp:co0 tangent 3203E(gbeom sacqE(tangential velocity) dqps
20pbi Ba3§30q 3agudopi [gS55:(speed) opagi€ radial blade gp:oopS Goadad gbieat(energy)
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qpPgp: 300pde0ssE(B: 8as (pressure)gpigps 000d6ws§Eoopdi Bea0d coodeogap radial blade
qPz0op5 080393 o[gdcondl

Path of air particle -~
Tangential / -
velocity <

F 4
™ 4

Single/blade A

rotation

Q G-Qg (a) Radial blade (b) Backward inclined blade (c) Backward curved blade

32000501 do0pd centrifugal fan oododel impeller 3203C:03 eoo(air particle)qps
oCeepadep c0dseoPEind Gudgooneomd [§doopdi erogp:aopd impeller s20p8:a3 radial
direction 9203&: 0€axfGs v§omascod(blade) gpisé AB0pd=asl QodEES bt cobialopEs
elgpEeagn:aopbi odongod erocudialoS: elpligs Facg§e0dSo0pdl v§omscuod(blade)gpsel
329503 0E6800E07393 [gdeocopdi delopé ecogp: impeller :2038:03 eqpegg> ofeepad
£Eq§ $C Qodogod cubialoEie|gpigt: olgbeogs vfomanuod(blade)qpieh 22g8:03 cogicos
00022001

aBocddG: g&seaonepd(performance)eomeogs oSomscund(blade)sagss oonemd
oSomacond(blade) 006cd:cBcopd: GoRiGoo:8Ea0p5I BelopE  backward inclined  blade
qpeoopd efficiency sacomE:adigdga radial blade qpsoopd efficiency 33p9eddgboopdn Casing
qpzoopS impeller oagodano0pd Grod§eoo Kinetic Energy(K.E)gqp:od Potential Energy(P.E)
23633 e[gpEieuieamnelop seqokoopd 3805323E: 0odelgboodi

Centrifugal fan gpz3 §eoon oSomscund(blade) sadzaoniopdag€ fan curve gp:ei

¢a0g§oopd: opoBlegoopdi

Centrifugal fan gp: stall [§0$Ee[g§eoodcopds axial fan gpsecnod wadsdkeon Centrifugal
fan qps stall [gooopdmesl cofonfoopd Bsans(pressure) $& GrooocopS(volume)od aoodeos
§E20p51 Centrifugal fan qpsoopd impeller dooamSgpielopt stall [§o[gE:ad condameoaopdi

Fan & eooogodgSi(volume flow rate)od spdsqpegnlgé  oB&:qO(control)§Eaopdi
[4555:0@00(fixed speed)[gé copdesaopd fangp:oaE Inlet Guide Vane(IGV)onbeolq) croogadgss
(volume flow)a3 c8a0c8 c85:q|O(control) §Ea0p5n Inlet guide vain o3 cvpde) 22003 oydseaNnt

oqoSeend[geedfs  ofamoopdecogpio?  impeller copdesoopd  Bsoopdep(direction)3ao3E:s
[§8e320¢€ [gpSom efficiency GeomEsezant [grpd8Eaodi

Centrifugal fan qpscl oplep: GomCiesqodypien 320590006s05dgC:(quiet)sC B
[4820p5 cpSe§iqpa(high pressure application)og  efficient [g8[gE: o3gdoopdn Air Handling
Unit(AHU) $& Fan Coil Unit(FCU) sa0sc3:8:0k opC centrifugal fan o3wopcd blower gpsod

saa?:@@oaéu
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¢ 6-pg Impeller and Blade
320005010gp:00pd  backward inclined centrifugal fan oo&cd:el wheel $& oSomscood(blade)

oqpeslozeogs

G.9. J Centrifugal Fan qpsei Impeller $& Blade Design qp:

® ©

Radial Backward Airfoil Radial tip - Backward Forward
blade inclined curved curved

6 6-06 3c00d(blade) sa§jeqe
8=z [g€[gC(high pressure)ad3260000208lsE qodagpsoopd duct gps 0d680E00:a00d
:6l§pogE centrifugal fan gpod 320%4g[0300p5 Centrifugal fan sa§jz=een:03 impeller § o§o»
scuob(blade)el dooa§ad soegde] radial(straight) forward blade 1 backward blade $& aerofoil
0pq) 3280 3 Fgpro00500d[ogo0pdn Impeller copSo005 eg,o005(forward)ad cenEsoons
(inclined) cogscons (curved)eomelopé “Forward Inclined/Curved Blade” op csl«3[gE: (&5

Centrifugal fan o800pc5 blower 3203E:5§0005 3cVES(blade)gp: AloopdaB:(wheel)od
“Impeller” vpealoopdi Impeller 360l0E 8odoo:a0pd 3cLEdEP:R? “Blade” vpesloopdi Side
plate blade qps¢ back plate qps o3g¢ impeller 0od9[gbesrE 0opdesor0daon:aobi
O(6-pp)0gE [goosaopd 2203E: impeller 2005 hub ¢oo690¢ 0E(shaft)ed o€ 0nbs0Eammodi

i,

Radial Blade Radially Tipped

Q G-QQ Backward Curved Blade Backward inclined blade Backward curved aerofoil
Centrifugal fan gpsel impeller gps $& 0$07300058&E:(blade design)qpod 6330054

32038: 206001805 §@Js$éooén
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Radial 200pS(straight)sacBE:§oopd v§omscood(blade)

Radial(straight) Radial T 20005 (straight)sec3E:§00pd o&omscuad(blade)
aden TP [§B2051 936505 0BBapi(tip)oB cogicon:o00S
Forward Inclined | @§,9005(forward)a3 cenEsoos(inclined)aodu

Forward Blade Forward curved @g),0005(forward)a3 eogscons(curved)aopdi

Forward  curved | Aerofoil $8gjcpS[8s 206, 000503 cogscons
aerofoil (curved)oopSi (32092505:00051)
Backward Inclined | §2050005(backward)a3 eonEzooz(inclined)oopdn

Backward curved | @§2050005(backward)a8 Gogicons(curved)aopSi

Backward curved | Aerofoil $8[gcpS[Gs eso050005(Backward)ad eogscons
aerofoil (curved)oopdi

Backward Blade

Aerofoil Aerofoil $& Elcpﬁooo:oaéu

(o0) Radial Blade qp:
Radial blade impeller gp:o0pd =aqC:culiadicoon 8&Ego[G efficiency
:25p5:005gdo0p5N Radial blade gpsei $8EqpS(mechanical strength)oopd
;weontad: [§0aopdn  Fa0gdonoy  [g[gE8Eaopd  Radial impeller o3
:adggC:elopE (S8 9008=0008(medium speed)oon §8Ea051 Radial
blade $& modified radial blade 0p6] $6§: §o0R5u
oSomacond(blade) (6)9 ¢ (06)93208 §orod[o300051 0od§gps(industrial plants)ogé ogedagps
20058q$ (material handling application)sa0305 3229qgfo320p51 0069lood§) impeller o3 special
material [§& $:335(coating)oonsenp§oopdi 0odgandess(industrial)qpsogt cdsabeoom Baadylge
(high pressure)o’ cocbeo:8Egd: §oopdi
oSomacood(blade)qpsel  3ag&s(leading  edge)aopd  sacogdo0ES (curve)gdesnE
ocpbooeomaelopé erogp: sasoelgegpegg ofeepades clgdsEeor
Back plate o3oupod paddle type blade qpsoopd spider hub § 8oSoonsoooyad
o0690800za0pdn Centrifugal fan gp:og€ radial blade fan gpsoopd efficiency sopdeddgdoopd
Efficiency §0% ¢ 60% 000 q§Ea0pdi 98ea05 high peak pressure o3 §8Eo0p51 Overloading
power characteristic [gd2op5i
Impeller  3agudsson:(diameter)onfd:  [g$gS:(running  speed)opoopd  centrifugal  fan
B§rzonemscd:op radial tipped impeller fan gpsaopd =ofgCed: Baas(total pressure)o?

000560s8E2000n Efficiency phoopdn odelopé crodgss(volume flow rate)spd:ooodn coodagss
(volume flow) oodoodcondepd:0lon  8gans (pressure)ogeoCsognsaopdn Stall characteristic 20pd

steady [g620p51 320083200000 [§Ba05

Radial Tipped Blade
Radial blade qp:od impeller copSo0pdo005(direction)ad backward [g6es0E cogiaondgts
(reclined)[g620p51 Overloading [§88Eo0pd fan sadjeaon: [§B00pbn so[gCad:(peak) efficiencyoopd
forward curved fan efficiency $¢ backward blade fan efficiency safogpsopE g§8€a005
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Radial tipped blade 2005 sagpseds(maximum) blade tip absolute velocity o3 [gdeoo0pSs
Radial impeller qpza0p5 angular momentum owan 8agp:edod [gdeoooodn Radial blade passage
30983 turbulence flow [gdedleomelopé 36 efficient ofgdeon Radial tipped blade gpzei
:g&s(leading edge)od forward curve [gde3nCongiaonigllys oSomscondyqp: mplopresep
(blade passage) 22038298 aoogp: GgPegg> oleepodamom turbulence flow [gdedlgod cagpy)
§E20p51 Befopé efficiency sapd:c05 SeomEsamnaogd
(9) Forward Blade qpz
Forward curved blade impeller & o300pS¢n forward curved blade
qP2onbaon:00pd impeller [gdoopdi Forward curved blade impeller efficiency
20pd  airfoil & backward curved blade impeller & efficiency cood
505200001 mpecos§Seqidl(lightweight  construction)eomelopé g
200500000001 0$07 scVod(blade)qp: (JG)9 ¢ (6G)9 28 §ooadoopdi
60505052005 0S0M3CVNdgP:(shallow blades) [g&2051

G005 impeller 22038:0 tip speed cood gp:aopd sacgE(velocity)gé ogodognzoopSi
Geoogodsss(capacity)opaopd centrifugal fan gpisesod forward impeller o30d:0qi€ saguSsoon:
32005002 [gdoopdi 33&ads(domestic) furnace qps packaged air conditioning gpss& roof top unit

qp:cp forward impeller o3 3203qo300050

o§omacond(blade)qpa? impeller copda0pd BsoopSep(direction)sa03&: 3266000533
(forward)eogzcooggEs a3eupod eené:aondgls(inclined) [g620p5n Overloading power characteristic

20001 20 000:G00N GLO:sS:(air flow)oo :G3NC GO0l coogpeolod overload
8 Seod 85 o5 upieand cendidon caogpediod
20001 G20scd20pY forward curved impeller oo G200 duty 200 load 30
688 o o 0705 load qa$acg0’

ecooocopd(air volume)gpgp:o? co:8Eg&:faopdi sagped:q§8Eoopd(peak) efficiency 2005 qo%
[36[8s backward bladed fan efficiency coo pdoopdi

Forward Curved Blade Impeller

oofgpieom oSomscond(blade)qpig §E:0odaqE absolute velocity (blade tip) sagp:eds
[g920p51 SBaelopé crvopcopd(air volume)gpigpia? op&iewifaopdi ABeloPpé v§o3CVNd
(blade)gp: s0:0d:5E0pdgIE 3agudsron: Faea0icuded: [§derp§oopdi esep aydiogomn §oopd
Falgpope forward curved blade o egegudenp§oopdi sagudseenicodeondaopd: v§o03CEd
(blade) 226q320305 gpsgodleomaeoPE 00cdRogs 9053(8k eqEodsoopdi

ecozaqCapigts(high  velocity)elopé  oSomacocd(blade)qpiog  gododady(friction)
qpzoopdi 0Som3ced(blade)ods] caoné(angle)oBod{yé eogqeomelopE turbulence [gdedlq
Sqpsoopdn Turbulence [g8[gEselopE oSomscoodypiesjomr: esep(blade passage)ogé gdseat
ecocgEa(energy dissipate) 3qpzaopSi Impeller 6dlog€ o&omscond(blade)qpigs deooelops
oSomscood(blade)qps  00095C00de  Ilopesep RSO0 LEoM3CLS(blade)yp:s
0695E 0009 32098&:ngn 00pd§o300081 v§omsCS(blade) gEO§O[gEeiloze [gbedaopd
fluid shear stress 3gp:aopSi scLASgEdE[Eecloge [gdedleom  godododq(skin  friction)
Sqpoopdn  Efficiency  pdqEifgta  eqio3g(00o5000qododqpats)sE  98EqpS(mechanical
strength) s0:$00¢gCs 36O 3038 320%:505:00001
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30005036¢pe3acqC(tip velocity)qpeqpigé cenl:8Eeomelope ecudigSi(volume flow
rate)qpegp: §8E20p01 Fan curve &l p0no00503¢ 32006 (dip)gdeso0pd esepoyudlgieomelope
stall characteristic 820§ a3:00001 Stall [§d20pd es6pad egple) een:0&o0pdi

(o) Backward Blade

oSomacood(blade) (R)e (96)p 3203§o0pdn  LSomsCNS(blade)gpo?  impeller
copbaopd  Beoopdep(direction)el  0§03E0053203E:  Gonicons(inclined)oopSi Inclined  blade
qP:oopd 36[C Oaé(flat) Buopod sacoR:damS(curved) plate qp: [g8o300p5n Overload
o[g68Ea0p5(non-overloading) fan §j: [96o0pdn High efficiency o o:€o000n Plate blade
qP:0opd 80% efficiency o3 cos8E[Gs aerofoil blade qpzei efficiency 20p5 90% cogdoopdi

Backward inclined impeller qpz & efficiency comE:qfgtien o§omacndyp: sajopiesep
(blade passage)oopd copbesoopd diffuser 0323 [gbeseomalope [gdoopdn Backward inclined
blade gp:00pS radial blade cood 3e) qdagpieamaeloyé ecogp:a’ oolgpSdgoS(gt:(gradually)oon
diffuse pSlogoopdi ABelopé ecudigSi(air flow) 3¢ pSpon(uniform)ooodi omsCOSyp:
lopsesep(blade passage) sscd:ir eodigss(air flow) oppdo3oopdi ddelopé 34 efficient
[§020p51 Backward curved o8wupod aerofoil blade qpsoopd backward inclined blade 00053
qedaqpeomalop efficiency deomEeaopdi

Backward Inclined Blade

Backward inclined plate impeller 20p5 radial blade qp:$& @o0q€ (impeller diameter $&
running speed opagi€) 862005 (low) peak pressure 030m Go:8Ea0pdH a36a05 GrococopSypsgp:
(high volume)o3 coode0:8Eo005n Stall characteristic 20p5 radial tipped impeller gpasEorooodi
HVAC application gp: $& ©05gapbeSsqps(industrial application)oa€  saaddgfog0000n @&:0B:
030500:000500p9 cpbeSsqps (erosive duties) gpezacg05c0Rd: 320348 Ea0pdN

Backward inclined blade el efficiency 20p5 airfoil impeller ¢ q8Eeom efficiency cood
:25p0:c0500 §p5:00001 Gwaopd impeller ¢ tip speed cood $05:00p9 velocity [§& ogodognsoopdi
GE0d$052009  fomscuadyps(deep blades) [gdoopdi degponodaopd  esepgp(corrosive
environment) $& g$:03:0305003000500096s6pys(erosive environment)ogE airfoil impeller gp:o?

32004gjqS ©[gd8CE0pd326] backward impeller qpso? 3203g[o30005

Backward Curved Blade

Backward curved blade o3 a3:0q€ absolute velocity s05p5:00: §c36epbn Radial tipped
blade qpsoopd streamlined blade passage gpigdoopdi Radial passage $& ooaqi€ 3¢ qpdogp:
2opbn Diffuser Gooqrn§[gdesooodn  crogpiagagodgts(separation of air flow)o3  oogud
§Eaomalop¢ 8 efficient [g20o5n Overload o[gd$E2005(non-overloading) fan §jg [gdaopdi

Backward Inclined Aerofoil Blade
Backward inclined aerofoil o3 ACMV system gpsogC saodsgpsaopdn  Efficiency
comnifgtelopé  [PFremaopd oodgapbess(large scale industrial application)qp:og gdsmat
eglomqS(power saving)seogod 32034g[0300p51 Low 1 medium $& high pressure system qps
3200300305 32054g§E20pdn 309/C: (G)B0x0§opd [Frersoopd fan qpsa? cog[gE8Eaoad
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@&:03:030500egCs(erosive) o[gd8Ea0pd oodSgapdesigps(industry application)og€ saaddg|
[032005n Erosive saspSicadlgdoopd cpdeigypiogl oSomscond(blade)qpo? coating cpde)
ad¥0300001 Blade tip 03 325055000 opesant [gjrode) 3aaddgo30005

oofgpieomn  3c00d(blade)gpicooSenag  rotational energy  oeoan  $obseomaelopé
aerodynamic losses $p5:00001 Backward blade qp:o3 aerofoil ¢ooan$ [gopdagi€ 3¢ efficiency
GomEio0pdl eoaopd  oSomscocdyp: wjopiesep(blade  passage)saoptiad  egpeg g
oCeepodageomalopé 3¢ efficient [gdaopSi Aerofoil dooams$ [giopdooneomefopt vsom
scocd(blade)gpiedl g€ 2005eepad0pd bending stress o 988E3m0: qproopdi 0§073CVND
(blade) gpscg€ stiffener gp: copdeosgldyé second moment of area dgpianesanEgapcSEagdi

gudmons(diameter) $& [g558:(speed)opagé  Bsans(pressure) 8685omcui§aopd
impeller gz [g520001 codzg&s(volume flow rate) qpgpscos§Eo0pdi

30005a86qpeaaqE(tip velocity) gpigpige cen&fEagé od fan 00pb Grod:gSs(volume flow
rate)qpgp: 000de0s 8E2000n Impeller sagodsaon:(diameter)3: e30E[gpS[eeiyC tip
velocity qpsesant [gopd §E20p5 98ewnod [g85$:(running speed)ad [gEews§oopdi adeupod
$0§jpocd: pOeusdEaopdi 8cLA5BOgPszaqE(tip velocity) gpqpegC ceal:8Eqs oSom
scood(blade)qp:ad §E$eaane (strong [gdesxo8) [gIrodooqs ad3a600051

Centrifugal impeller 8&&:qpszaniadznsod airfoil 20pS
326078002 efficiencyo’ cosdEaopdi rooopd impeller
_ ¢ tip speed 0005$p:000) velocity (g agodagasaopdi
080730005 (blade)qp:205 (@)9 ¢ (96)9 3203 §oood
1 [0390p51 6055050005 0§om3CVES (deep blade) gps
[§6e30005

Airfoil impeller o3 s2a33{g[g€4s¢ centrifugal fan o3 [g$55:(speed)[gE[gEgE cerE:8E2000
[PBeenieoon  centrifugal fan qpsog airfoil impeller o3 saa3dq[g€selopE gdizalagiomg(power
saving) qpsesnE [gjopo8Eaopd

G.o.p Centrifugal Fan &l Velocity Triangle
Impeller o3 reference consg Ged[goon:aopd GroigSs(air flow)oopd relative velocity [g&aop0
Impeller outlet §§eoon relative velocity ¢l direction 2005 blade tip & direction $¢ opp8aopbi

Q 8—99 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
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eomEs0005028

oSomscodd(blade)si  o3Oqps(tip)ogEjoopd  rotational velocity 20pS  Goo3ad
0pde0d0ho0pd g&izat(energy) v’ eedlgoopdi Impeller o3 [godes00d [gdeal
2009 Godigss (volume flow rate) 0edmo? eedjgaopdi 3con5addgp: 3aaqE(tip velocity)
gpseco  crodigSi(volume  flow)gpseco  [98[G:  g&:3aadgq(power  consumption)copSs

qpic8%ucn

N ‘
Flow relative to impeller Flow relative to casing
(view as rotating with the impeller) (view as stationary observer)

<°3 G—p@ Flow relative to impeller and flow relative to casing

€.0.G Centrifugal Fan Arrangement

En;nll Scroll
- Inlet £
feq Cone Inlet
] cone
@ A —t—Impeller *//u( '
|
-_.-P —
© = T AT
o [ o o LY
Q G-c,‘c) ce30m OOO@O&GP G"%GPE(L’ Impeller
Clockwise Clockwise Clockwise Clockwise
down blast up blast Top angular down Top angular horizontal
Counterclockwise  Counterclockwise  Counterclockwise Counterclockwise
down blast up blast Top angular down Top angular horizontal

¢ 6-Go Centrifugal fan arrangement so§je§e
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Discharge arrangement gp:od dgpasConoy cwdgoonsoopdi Clockwise o8owpad Counter
clockwise 02009 copSaopdonad(rotation direction)o32005005q§ 66508 20p5005¢ (3962051

WHEEL DIAM. 44%" INLET AREA = 21.60 BACKWARD-CURVED
TIP SPEED = 11.65 X RPM OUTLET AREA = 20.79 Class | Ratings
cem [Set] vese 34" 5P 1p" 5P 55" P 34" 5P 74" 5P 175 1s7se | 1arse 134" 5P

FPM |RPM | BHP |RPM | BHP |RPM | BHP |RPM | BHP |RPM | BHP |RPM | BHP |RPM | BHP | RPFM | BHP |RPM | BHP | RPM | BHP
12460 600 | 189 61
14536 700 | 200 761 228 | 1.04
16613 800 | 212 941237 | 126 264 | 1.64
18691 900 | 228 | 1.13) 250 | 1.49) 272 | 1.87) 292 | 225
20766 | 1000 | 243 1.39 | 263 1.76 | 282 | 2.18] 302 | 2.57] 324 3.08
22841 | 1100 | 259 | 166|278 | 209 | 296 | 252] 315 | 2.95] 332 | 3.44] 351 | 398
24916 | 1200 | 276 | 198|294 | 245]| 310 | 292 327 | 338) 343 | 3.87] 359 | 437| 377| 491
26991 | 1300 | 292 | 234 309 | 2.84] 325 3.35) 342 | 3.85| 356| 4.36] 371 4.88| 387 | 544 420 6.66
29065 | 1400 | 309 | 277|325 | 329 342 | 383] 356 | 437 370| 491 384 | s5.47] 398 03| 426] 722] as0] se2
31158 | 1500 | 326 | 3.24 | 342 | 382| 357 | 437] 371 | 495] 385| 553] 398| e12] 411 e71] 437] 7.92]| ses| 9.25] 492 1053
33233 [ 1600 | 344 | 3.78]359 | 437 373 | 497]| 387 | 558 400 69| 413 | 680 425| 7.45] 449 | 8.73| 473[ 10.01] 500] 11.45
35308 [ 1700 | 361 | 437|375 | s500] 390 | s.63] 403 28] 416] 693| 427 | 758] 440| 824 463| 9.59| 486| 10.93] s09] 12.42
37383 | 1800 | 379 | 5.04 [ 394 | 569 | 407 | 637 420 | 7.04| 431 | 772 443 | 841| 454 | 9.01] 477 | 1053 498| 11.95] 520 13.45
39458 | 1900 | 397 | 5.76] 411 | 646 423 | 7.6)] 436 | 7.88] 447 8.60) 459 | 9.31] 470] 10.04] 492 1154 5121 13.03] 533 1458
_41532 | 2000 | 416 | 657 428 | 7.31 | 441 | 8.05]| 452 | 8.78| 464 | 954]| 475 10.30| 486| 11.05| 507 | 12.60| 526| 14.15] 546 [ 15.75

Fan oodad:el gd:eeonCepd(performance)o? @ux:dd(tabular form)gé esdgecy §oopdn
QUi 3YIODBVOdGP:3aq  centrifugal fan oopSeaonndoo:d(construction)aopS Class 1 rating
[020p51  Centrifugal fan sa§jgeaonso0pS backward-curved [g®aopSi Wheel diameter 2005 (GG)
00563 [gdoopdi  Tip speed o3 qgf 11.65 $& wheel copSoopd =20056q(RPM)gE clgpodop
§E20051 ooaBoo row & 1/2" SP column ¢ 16613 CFM $¢ Static Pressure 1/2" §q$ fan o3 264
RPM [3¢ conCsqupd[gb[Gs 1.64 BHP 2d:5c366a5n

o365 0qd(graphic)od (g€ ewdlgoon:oogd performance curve o 3203gjq eooooagé
3q) cgudanoopdi 0odSlondd curve og§SEaopdeaslogl [g§sS:0eo0(constant speed) ood9orE
§eoo zms(pressure)sé oodgbiams(horse power)o? 3a2%dglg) cdsabeoomperformance curve o3
88000000 [gpSungEaopdi Buwpod “Fan Law” (60050550 030dur8Eaodi
G.¢ Stall [8fgE: 1 Stall [§620p5es6ep (Region) £€ Stall 6l eoooogp:(Characteristics)

Centrifugal fan curve qp:op€ 3a0060060:(dip)gdbesa0pd esep §oopdi adsacodmecv:
(dip)eil egepaopd aerodynamic stall [g6oopSesep [§62025n Rotating stall opcopSs el oS

Fan o0dcd: stall [gdo0pd 32415 oSomscuod(blade)ondl 000 [gbedl copdi adesnod
eooBag&s(air flow)qpean@ 028aged§ oSomscond(blade)odded 0053 stall a305 [gdoopd
o) BgE impeller § oSomscocd(blade)gpisaniad: stall [gdoopdi Centrifugal fan & 8z
(pressure) [gEono5[gEso0pS aerodynamic left alogpé wupcdeomelopE centrifugal fan § [gdoopd
stall 2005 axial fan § [gdoop) stall caoood wadsdlcon

Centrifugal fan § stall [g620p520415 8zans(pressure)saspdicadyjoon elgpEsad: crodsgss

(volume flow rate) $o0sogsgs [96o0pbn Stall [gdoopdandl [03655:860000 eppdad (low
frequency noise)3qpscon(Ge fan casing 1 duct work $¢ impeller o303 op&eleocopdi opSele
(vibration)3qpsg: 8sans(pressure)copdsgpzaono impeller 1 duct work 02005 0303 08805 qiod8s
c0$E2001
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Impeller rotation

@ Turbulent impeller
discharge wake rotating
at approx 70% running speed

Flow breaks
away from the suction
side of the blade

Flow deflected
onto adjacent blade
Increased flow
in adjacent passage
creates a new stall zone f

Stall cell rotates
around the impeller |}

5 B-c, Stall §6edTd

Centrifugal fan
Aerofoil blades
Radial vane control
Constant Speed

Across Fan [kPa]

Pressure
ure Rise

Static Press

Flow Volume (m?s)

6 6-Gp Stall [gdedaopdesep $¢ aeomads efficiency q§§Coopdesep S:ndgroopdo

:260mE:ed: efficiency cu:§Eo0pd esepoopd stall [gdoopdesep 228:5 0op5§oocdn Stall
[g8edl[gE:clo3pE Bzanz(pressure) oyeolsogsgs ofeodcopd: sg§loplges  stall [gdes[ge:
qeop eqpelortootoopds
Impelrlgtration Radial blade fan gp: radial flat blade 20p5 328E¢ads

[g620p51 Belopé erocdopt =:8E=d mrervigp:

(solid particle)qps do€ cndlon radial fan 205
= 2 eomign Ge§ 20050005 20p6pE8E00N Beodd

= : ) efficiency §pSs00p0n Forward curve blade qpzoopd

Flow breaking } _/ 588qpbam:  mogob:ed:  [gbeomaelopé tip speed
away fromthe - 65:6549E00 6enC:8Eaopd

blade nose

Q G-c;c; Flow breaking away form the blade nose
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Medium tip speed $& high tip speed o3¢ wewnE:§€eon Forward curve blade qps: 3202500
(weak)[g&s efficiencyspbegés o3elopé [pBiwntoopdondecpdeds(large scale industrial application)
qspC =00ddges ©[go8Ceol esepoydioq onbsoqaopd 3360%:(domestic) heating $C
cooling system g€ sa0ddgo30005

Sideplate [
\ i 111 Recirculation

Impeller ! | flow
Recirculation i
[

inletring | [}
ﬂow!-vifﬁfiv!?\ /

<4 Impeller
X .\inletﬂow

| “\\-almpeller

| blades
Inlet cone lip gap

Fan' inlet cone flow

T
Wit

6 6-Gg) Inlet Cone 2203E: GrogpBieotsd
6.00 System 3203823 [gbed Goon Gropdaan: (System Resistance)
Duct 20380 Grogps oobesepe  3a[gpiondesepad GepPod§qS3e0305 crudem:

oglgpeqod(differential pressure)§gs c332600001 03039808 duct sa038:0 Grogp: codesepe
mfeps 0odesepad cepodogaagé erodsan: ayeolsq(pressure drop) [gdedl copS

Point A § §o0p5 830s(pressure)aopd point B S §aopd 8sans(pressure)ooodgpiagi€  (PA
> PB) point Ag aoogp:aopd point Bad eepadogncadendi Point A ¢ aoogps point B o8 eepodag:
Qg€  Bsamioqeolsg(pressure  drop) ( Py — Pz = AP) [gboopdn  Bsmsedigoopdn  odBsans
adsfgCa00p5 duct $§qp2 $& ecvzaloP:S [gbed aoneam godo3edg(friction)elo3pé [g6205i

Duct sac0gs(bend)qps damper gps 1 duct section gp:og€ turbulence flow [gbedleom
elop& Bsmioqeolg(pressure drop) [gdoopdi Bsomedigeq [96edloopdi Heater gpa eoood
(filter) qpzod eoogp: [godogneoopdzadldaopds Bsmeedigee [dedloodn BsaelopEgpieloppé
8za0: ogjeoCag(pressure drop)(gd[gSs Beupod Basmsad§qts(pressure loss)oB crogdsans(system
resistance) 0pesl 20001

Geoedam(system resistance)e|gpeiagnicamelopE system curve o3ewrcb system resistance
curve 6[gpE:ag:c86opdi System resistance curve elgpsogneomelopé system $E 34
0068080050005 fan el g&ieeontepd(performance)copds c8ode) elgpCaadagnidoedi

opSoopdmaefgeacsy) ee[gpldagiE (system 3203E:§ damper qps safgpio3o(device)

qp: ee[p&adagf) Bme§ad5 ecvcocopS(air volume) s$pSdgla qpegCioopd system curve
ondeagpadaaéom [gbedl eso0pdi System curve 20p5c0p5: welgpEicdao

6.00.0 System Resistance Curve c[p&:c3d

o(6-g6)ope

Point A - 2005 fan 0odcd:sE 03] 00608000005 duct system ood9ei “Design Operating Point”
[g&20p5

6-28



eomEs0005028 Chapter-6 Fans and Blowers

Point B — System (duct) oo699sa0pE:0 equipment 0069903 [godcS05aqE Grogdems(system
resistance) $p0sogn:e0006[opE system curve 2005 Y axis 900d¢ Gosepadespodagoids Curve
320006006903 [gdedl co0pdI

Point C - Damper 305[gE: a30upod Gruedsa:(system resistance)od g3t [gopdagE system
curve 20p5 Y axis §eponadad cepodagadd: curve 32008006903 [8edl cooodi

a333[gE system resistance 20p5 6rwa36a0p5ss0(air density) $& 030505 sagjoq0p5

= Fan power

o characteristic ™w
= -

a a8

o

= prﬁ

@

A PI"_' ------------

5

[V

Fan design
operating point

Fan output

=% .
o / characteristic
2 :
@ !
o i
_D' LT I —— fommmmmmmaam _-=': -------------
m I
=] ! /
2 I s
c ! e
& .'Jl e
! i -
! V4 System resistance curve
.r'r /,‘ for operating point A
' ".‘/
,n'lr A ____..-"
/ :_F_,-";

Violume flowrate, g,

6 6-G6 System resistance $¢ Fan curve

Basadssa(pressure 10ss)oedanaopd GrodigsSi(volume flow rate)el $8c08038:58

0305805 sagjpoyopdn ddelopé croocpcoRd(air volume) $6s03qpigPigedngC Baantedig:e
(pressure loss)acoseo Sgpsc8oepdi od32g/052005 constant air density 350305000 ©&a005

6.00. ) Duct System § Damper gp:g&[gE: 1 8o5[gE:elopE System Curve afgpE:cdd

Point P1

0(6-gq)og€ damper gpsgEgs 1 8od[gEielopE system curve 6[gpE:cdd (effect of opening and
closing system damper)o? eebjgooazaopdi Point P11 20p5 damper g&esoopd operating point
[g©20p51 Damper cdsog&esa0pd(fully open)sad§s ccogdeans(system resistance) $p5:0005
Point P2

Point P2 20p5 damper 026005000q05 gEesoopd(partially open)sa§§S GrL9STI:(system

resistance) qpsconfGe system resistance curve s2008[gded conom operating point [g&o0pS
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ecm&:oocﬁeg%

System ol 9dsans(resistance)qpiconaqiC Y axis $& S:pooodogé system curve

320000069 [§dedconcBGepdi  System &l pdsans(resistance) spdconagE Y axis $¢
Gosepo050R¢ system curve 220080069 [§ded cncBgepdi

System, damper
partly closed

Pressure

Extra pressure
drop across
damper due

to partial
closure

fuily open

Fixed air quantity

Volume

System, damper

PIF1

Pressure

Extra pressure drop
across damper 4

System, damper
partly closed

System, damper
fully open

— /

Fan, at speed n

Reduced air quantity

Volume

<°3 G—c;q Damper fully open and Partially closed

6.00.p Gcood(Air Filter)qp: clop¢ System Curve afgpS:c3d
0(6-Go)ogE ecvod(air filter) alogp& system curve algpE:addad cudlgoonzoopdi

700

600

500

400

Fan total pressure in Pa

300

200

100

Q:

s70pa t— b, |
o
%%
Wl 1%
4R
L Rl ol &
N| o]
L J. 1 I 1 1
0 1 2 3
Airflow in m® 57!

6 6-Go coood (air filter) podeolgts(dirty)elopé Bsmiageotsq [gded cond

No Filter Point (PO, P3, P4)

PO 1 P31 P4 c8Cs00p5 acvod(air Filter) vonbeofooeomaloppé adewrod [giodaon: comelope
[g0ed ese00 system curve (&5
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Operating point 20pS system curve $C fan curve o3 [godogn: GomeloPpE [gd edlconeom
intersection point [g6o0pS1 Geoed(air filter) vonbeoCooaopd operating point 20pS Grodgs:
(flow) 3.23 m*/s & Bsas(total pressure) 510 Pa 03 [§ode05(intersection point) [gdaopdi

Clean Filter oobso€oon:e00> Operating Point (P $E P1)

P $& P1 880005 Groodsood(clean air filter) oobsoCooneomalopé [gdedlaneom system
curve [gdoopd

Operating point 2005 Gcodigss(flow) 3.0 m’/s $& Bsos(total pressure) 531 Pa of [godecd
(intersection point) [§&20p5

podeuognicon ecood (Dirty Air Filter)eloppé [gbed coneoon Operating Point (P2)

P2 c8Co0p5 podeoogneoon  ecood(dirty air filter)oodeofooeomelope  [gdedl
coneox system curve [gdoopdn Operating point 20p5 ceodsgss(flow) 2.75 m/s & Bzans(total
pressure) 550 Pa o3 [§o5¢05 (intersection point) [gdaopS

Belopé  ecood(dirty air)gp: podeoagag€  Bsasgdg(pressure resistance) Jqps
c20p51 adelopé ero9dzI(system resistance)qpzagdion fan curve 22008 [§dedl conoopdi
3200050 powd=Rq Geood(air filter)qp: podoodagoiglielopE system pressure 531 Pa ¢ 550 Pa
a3 00059g2:00001 ABelopE crodigs(air flow)aopd 3.0 m¥/s ¢ 2.75 m*/s o8 eogpogjagR:aodi
aBeaqpognioopd crodagss(air flow rate)od [g§qqfeeogad fan 20p5 3¢ 2acpE3cvdeomelopE
§6235& 383260005

oo gdemaCad:ga(energy consumption) caqpsob:eoq§scR0d Grood(air filter)
qp: 20§ E:e59$ Bz62005

(.00 Fan Performance Curve o%ou?di Pressure - Volume Curve

5.0 100.0
—T
Peak Eﬂ’u’en\
!
\
1
1

Peak efficiency
point

45

Actual Efficiency
Ed

.,
RPN
2

w
o

Normal "
operating range .
%
\:;;o
"8,
%

5=,
ol

Static Pressure Rise Across Fan [kPa]
Fan Efficiency [%]

Static Pressure Rise Across Fan

0.0 10.0 200 30.0 400 50.0 60.0 700 80.0

Volume flow

Volume (m?/s)

Q @-c;q Theoretical fan curve and actual fan curve

0(6-gq)o0pS backward blade centrifugal fan oodadsel theoretical fan curve [gdoopSu
Centrifugal fan oodcd:el gbseeodCepd(performance)o? dsans(pressure) $& crodigs: (volume
flow rate)o3q¢ esd[g§Ea0pSn oBelopE “Pressure-Volume Curveop el aopbi Fan oodadsel 3sans
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(pressure)s& ccodsg$s(volume flow rate)ol soodagudesd(relationship)od cedlgoonsoopd curve
o3 “Fan Curve” v esl 20p5i “Fan Curve” a360r05 “Pressure — Volume Curve” 20p5 fan oobcdzel
characteristic o3 eo5[goopdi Centrifugal fan oodadsel power characteristic 20p5 eod:g&s(volume
flow) algpCscd[gEialopE gdszatadsga(power consumption)cadade) c[gpE:ad eso005

Fan characteristic curve o€ X oC&s(X axis)oopd ccodsgss(volume flow rate) [go8s Y
o&&e(Y axis) 20pS static pressure [§do0pSi ST vasd 3223dgiagi€ fan curve gp§ eod:g&s(volume
flow rate)o? X o&(X axis)3 CMH [g& ewdjgoopSn Pressure development o3 Y o&&s(Y axis)ogé
Pascal (Pa)[g& esdlgoopdi

Fan oododsei theoretical characteristic 20p5 qidse|gpé(straight line) [g6o0pSn Rotational
loss qpsi frictional loss qp: $C incidence oelop¢ 320§00m0S 8820 Bsams(actual fan
pressure) $p5:[gC: [g620p5n Incidence 2005 impeller inlet o3¢ [gded a0 fluid $& blade angle

0gpLIgI0d ABeupod [grzg02gied (B0

QododadgelopElgdeoon  Bamsadidsqg(friction  loss)oopd  qésgiecusangiE(mean
velocity)el $6c06038s(square)sé 28gj0opdi erudigSs(air flow rate)gpsaoneco 330:ed:gee
(pressure loss)gpzconeao [gdoopdi Peak efficiency g$3 fluid angle $¢ blade angle 030005

%208:0k: 0pBaopdi oBelo3p¢ incidence 20p5 2ppo(zero) [g&205H

Fluid angle $& blade angle $6932505 00699 dqp:agz0:0005$¢ 008[GE505 incidence 00pd
appo(zero) ofgdSEeomeon Incidence qpzana0pbsEaag) adgeq (10ss)cood: c3odgpranaddopdi
adeloppé peak &1 co0danod(left)§ negative slope [g6cAl [ pooonoS(right)s positive slope [gdedl
20pd

Fan curve o095 g&3a(power) wolplicdeomelops  crodigSi(air  flow)
qPeen0pdsCangl @ fan oo 000de0s0pd Bzax(pressure)copds $6c00038(square)(gE

Bo5g5: B860pdi rudigSs(air flow) $pd:0000p05830g) A3 fan oo coodGLs0Rd B30
(pressure)copSs $86006038:(square)g¢ c3adgpzanaddodi

Duct system curve 00693 ecod:g&s(air flow) gpsconoopdsteny) o3 duct system ci
Baosadsea(pressure loss)copds $6000038s(square)gé c8odgpsancddopdi Flow spdsao
20p0s&ang) o3 duct system il 330:00:gea(pressure loss)copds $6006038:(square)gé Bod
$05:000086601

Belopé  ecudigSs(air flow) afewrod Bsms(pressure) $05:0860pd  gpP:c8Gepdad
a5g05q$ (analysis)cpoq§ma0305 ©pdoopd curve o3 320dgjqepda’ 93qSc8a0pdi 0odspdiaaddys
fan curve o3 reference coOqEpd a30wH0d system curve o3 reference rSQERSH3 206oGANS
52200055 B=a62005

Fan aoodapdeepCigiopgpiode fan curve o3 §8a0p0n Fan o3 fan curve 6l 6epadtsd cuntiqs
ooneagpdi @ fan curve oodeagpodop  Gonieagfisd0da0pd @adges wooteom
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e56p[g020p01 9005005 eagsi0005  stall region [gBaopdi pooodeagsiesepoopd  efficiency
:5p:00:656p[g00p5H Fan curve &1 320005 09:00000 Gsepaopdom Genligs F2008e005e0:
e5ep[gdoopdi  0odsbseadgé fan performance curve o3 288 a3:3E:0qE 3000533E:0005
ewnliqs 20CenqPeom esep(region) [gdoopd

Selection not usually \\

Recommended in N \\ _
This Range ~ Stall region
- g i Recommended N Peak
_ -/ ' = \
™~ ?Electl?n Range g \‘-—-._., Efficiency
% N\ o ‘\\.
o N ‘a’ - \.\\ Optimum
2 @ range
7 o \
9 . - o
S " Selection not o
ol ', usually =
. Recommended g

'in This Rage

=]
-]

Volume flowrate (ma3/s)
Air Flow

& G-go Typical centrifugal fan oodadsel recommended performance range o3 ew5{goozoopdi
Efficiency curve 20pS volume flow rate e[gpE:cdoopdzaeagped fan o efficiency
e[gpicdesd’ eudlgoonoopdn Fan gpiod peak efficiency 03¢ eenliqs qpdgudq egeqied
20&aopdi Peak efficiency o€ 2005005002:6000 load a3wwpcd duty qesanewntiq§ sa0g05
g&:32Ea%8a(power consumption) sa505:e05g62000n Peak efficiency 0gE eenE:dlon 320500000
(noise level)copbs 325p5:addgdaopdn (Efficiency vs noise curve o3 [03053M)

Flat fan curve §§ Steep Fan curve

Flat fan curve qpzoopd pressure so00:cod e[pCacdiqgé crodgss (flow rate)qpsgo
e[gp&scd0p51 00bsb:mmndgC erudigSa(air flow)qpgo egpEieandopds 8sms(pressure) 32505
codom G@)&cﬁo:)én

Steep fan curve gpzoopd ecodigSi(air flow rate) =o5p0:ccd o[gpEicdqgc Bsan:
(pressure)qpsgn 6[gpCscda0p0n 0odsp5s3dgE B3a0s(pressure) qpsgd c[gpEieo0dopds Grodsgs:
(air flow rate) 2a505sc05000 GlgpEsad2005

Flat fan curve—large CFM
change with small
pressure change

Pressure

Steep fan curve—
small CFM change with
large pressure change

CFM

6 G-go Steep curve and flat curve
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Ducted system qpsogE Grogp: oodesepe afgpiondesepal GepodogsqSaecgod fan
20p5 g&s3aE (energy)od 33s(pressure)=ojgd coadad Seoigs [gdoopdi crogps 3Ea3Eogoopd
Bzans(pressure)o0pd eoogps duct §&(wall)gp: 0odeagpadort [gdedlameom gabodadq(friction)
elopé eypodyedagaiqaopdi saeags(bend)gp: 1 damper gp: $¢  duct section gp: SaguSIEEN:
(size) e[pEgEs 03elopC Baansogeosg(pressure drop) [gdedl 2000
6.0 Fan Law a30pod Law Of Fan Performance

Fan law 2005 fan curve 3263/§ 22005 (point) 006656p20305000 305 {gdoaopd

Fan Law 3003qe) $oogmnSopaopd(geometrically similar) fan gpsell @&:eeonCeapd

(performance)o’ o§0$:0n $E2001 3030y oSmSe §gc of[gio0pd B fan gp:el
qod59[g€ eqpegg(surface roughness) 1 aoo 9300pcd exodeg (gas)qpsel Go:qjdg(viscosity)

03 2a6d 03¢ ©oopS200I
Fan Law 2005 fan oodad:ai
(0) megudzaens(size)e|gplsagnioopdendl
() [9555:(speed) e[gpE:ogntoopdaadl
(p) @oaB60p5se0(density)elgpCiogriaopd =adlqEads fan & croopcopd :58: (volume
flow)r 8320z (pressure) $& gbszans(power)od ©pd03a3 elgpl:cdogiddopdn’ B8es
320305 0ROdq3qP: [gepboopl 33idopt seapigaophs
Fan &l coococopS(volume) a[gpé:cdgo’ og0des
D,

Q= 0Q, X(:—i) or Q; = Q, X(D_l)

Fan &l 3sas(pressure) 6[gpE:deod 30dq
Nz\? D,\*

Pressure, = Pressure; X (N—) or Pressure, = Pressure; X (D—)

1 1

P2
or Pressure, = Pressure; X <—
P1

Fan &l g&s3ans(power) 6lgp:cdendaRndes
Nz\? D,\? P2
Power, = Power, X (—) or Power, = Power, X (—) or Power, = Power,; X (—)
N, D, P1

Fan o06cd: afewrod fan system oodooopd operating condition a[gpcdoopdsasl

[g0edcnepd fan & gd:esonCepd(performance)od o§08:q$s00305 fan law o saadigoopd
83260005 operating condition o3 co:8Eepd operation point adewr0d range o3 fan curve ¢

§8E20p5 Fan gpz eeniesoopdaac(geacs(operating condition)e[gpésagnioopdsssl o8ewrdd fan
[45552(speed) e[gpognsoopd 2adl§jpope fan i gdieaontepd(performance)o? o§08:q5e0305
fan law o3 3203dgecpdoopdn epbaopd fan sa§jEeson: 3005080 32054 8E00N aJeo0d
$ooaSop8aopd (geometrically similar) fan gps 220305000 32034g| §E20p51 9§0§2000

632005038 fan law @oosg cwdlgoonsoopdi 32034g|oe000 symbol gpsen 6320057
3203Es (92005
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D -
W -

Volume flow rate thru the fan. (CMH 2800p05 CFM)

Rotational speed of the impeller.(rpm)

Pressure developed by the fan(either static or total)

Horsepower input to the fan.(Hp 9860705 kW)

Fan wheel diameter.

Air density

Chapter-6 Fans and Blowers

eoa8620p5:e0(air density)oopd 8sas(barometric pressure) $& 0305805 agjpo0pS
Barometric pressure gp:eco Gaoa86aopbeo(air density)gpieco [gdaopbi 320§ (absolute

temperature) $& o[pC{ys saoy(inversely proporational) 20pdi 320§§(temperature)
86600 6ruadbaopdeseo(air density) gpzecofgdoodi

TABLE 5—FAN LAWS

VARIABLE CONSTANT NO. LAW FORMULA
1 Capacity varies as the Speed. Sy N
Q N,
Air Density 7
SPEED Fan Size 2 Pressure varies as the square of P - (i)
Distribution the Speed. P, Nj
System Rl .
3 Horsepower varies as the cube of Hpi _ (ﬂ)
the Speed. Hpz N;
4 Capacity and Horsepower vary as @ = Hp ( D, )z
the square of the Fan Size. Q Hp D
Air Density o
: Speed varies inversely as the Fan My oo Bd
Tip Speed H Size. Ny D
-] Pressure remains constant, P =P
FAN SIZE 7 Capacity varies as the cube of the @ _ (ﬂ)a
Size. Q, Dy
Air Density 8 Pressure varies as the square of P _ (ﬂ)i
Speed the Size. P2 D,
9 Horsepower varies as the fifth Hpy Dy $
power of the Size. Hp2 D,
Pressure "
Fan Size % ipeedl, Cupc;cﬂy u;;'cl Ha:rsepowerf Ny @ Hpy _ (Wp\%
Distribution ary inversely as the square roo TAfmi i
System of Density. 2 Q P2 1
AIR DENSITY -
(F:“P‘;I‘“Y n Pressure and Horsepower vary as Py Hpr _ Wy
angee the Density. P Hp W,
Distribution i ? £ !
System 12 Speed remains constant. Ny = Np

3200050 fan law 22 (air density $& fan 3agodsaons(size)o? vegpt:adagC)

(0) Volume flow rate(Q)20p5 Rotational speed(N)$¢ 0305805 agjgozo0pdi
Rotational speed(N)qpzagi€ Volume flow rate(Q) qpzaopdi
(J) Static or total Pressure(P)aopS Rotational speed(N)si $&cod(square)sé 0305805 o

o0

Rotational speed(N)qp:gi€ static or total Pressure(P) qpzoopdi

() Horsepower input to the fan (Hp)aopS Rotational speed(N)ei o3:c06(cube)sé o305§05
2§ 0310001 Rotational speed(N)gp:aqiC Horsepower input to the fan(Hp) qpzaopdi
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pown - Laws 1 ¢ 3 23
Given:  Air quantity - 33,120 CFM Static pressure - 1.5 in wg
Fan speed - 382 RPM Brake horsepower - 10.5

320000¢] fan &l [gS$55:(speed)oopd 382 RPM ¢ 440 RPM oBae[gpEiagningiC croogadsS(capacity):
static pressure $& [g€seomEaq(horsepower) 0303 gpdli

440
39‘3@' Capacity = 33,120 x (—) = 38,150 CFM

Static pressure = 1.5x (@ )2 = 2.0in.wg

Horse power = 10.5 x(@)3 = 16.1 BHP

pow - sagi€s(diameter) cooSe(po)§eoon fan codd0d vEaoudeqgEdsolgE(sea level)ozE 1,040
RPM (g€ censoopdans] coogadsss 10,000 CFM 3 static pressure 2.18 in. wg [gdedl oopdi
g623E 5.77 BHP 932820001

o system S0&€ eooogadgs: 12,000 CFM qadaqié 3p008[gdediconepd operating
parameters qpzod gpOl

N,= N Q _ 1040 12,000¢fm _ 1248
2= M* o = TP X 12,000 cfm rpm
HP, = HP (N2)3 =577 bh <1248 Tpm)3 = 9.97 bh
2= ARy, ) TP X \L0a0 rpm) T 77O

Ny\2 1248 rpm)? _ )
) = 3.14 in.wg(Static Pressure)

P, = P x (%) =218in. il
2 1x(N1) 8ngx(1040rpm

Curva B
Actual Duct System
with System Effect

------ . ; Curve
o= pLT — Calculaled Duct System
with no Allowance for System Effect

System Effect at

System Effect loss
Actual Flow Volume

* at Dasign Volume

s Fan Pressure-Volume
/ Curve

Meaw Fan Curve
"‘"‘# at Increased RPM

Dasign
Prassure

Deficient
Performance

Design Volume
(:) @-QJ System resistance curve and fan curve
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0(6-9)0gE fan curve $C system curve cdl§ original design point(point 1)o3 ce5{goon:oodi

c00560g6wE:00p9904] actual duct system 2005 design 28ewpob calculated duct system cood 3¢

Geogdaas(system resistance) qpzoopdi 032adIES LoD fan 205 eGP cod:a0Rd Grodigss

(volume rate)o? weo8Eeomeon odelopé fan & [gS55:(speed)od [E(GS) cusqf 33260000

Fan & [g$55:(speed)ad [§E([9$) cuieomalopé fan curve 3208 [gbeal conoop

Point1  20p5 6cu8&&:0500:00p932005(original design point) [gdoopdi

Point2 o0pd acual duct System S design volume q§g$ 35005 fan =p0cdeq RPM
[§80om:2005 new(corrected)system curve 03¢ eenliego0pd operating point [gdoopS

Point3 00p5 original system curve el §8E025 eagpspdiagnaopd cocopd (deficient
volume) [g&a0p5u

Point4 0005 corrected system curve eol§ §8E0005 eagpspbiogaoopd cocopd(deficient
volume) [gb20p5u

3200053 2gj0dgP:00pd  Goa860005sso(air density)sC fan & [g§gS:(speed)odoopS BAE:s

0600030000 326[g326503E 6enE:00p50r BREOCEEAE0N

€.0p Fan Curves and System Resistance Curves

!,:' Fan curve 8320p5¢n fan 0060d: 03 6enl:agi€e§8cepd

/ ccodsgSs(air flow) [CFM oBewpod CMH]sC  static
pressure(inch  wg 98e0pd5 Pascal)od  0qd(graph)

edloge e§oonigligboopdn ad fan curve 03058 83

P= KQ> 6en8:cd2005 operating point 2Bowrc5 operating range

a30upad operating region o3 5005¢058Ea005

PRESSURE

8866:C:c32005 erudigss(air flow)[CFMI03 a3coniagé
fan ¢ 000560s8E2000 static pressure (inch wg)od

FLOW s
¢ G-gp System resistance curve Q§Ca0edn
o0bspbiemigE 386wnC:ado00d static pressure (inch WG)o3 o8codsag€ fan oo

000560s8E2005 Grodssss(air flow)od §§Ea0pd

SYSTEM
RESISTANCE System
w
Z | POINTOF .
9 OPERATION
& £ '
a é Unacceptable
@ operating
FAN PRESSURE
CURVE L
FLOW CFM
Q G-gc; Typical operating point Q G-gg Unacceptable operating point
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3200053)(6-§)20pS backward inclined centrifugal fan oo®ad: coggeco§ean fan
curve [g&a0p5n

Fixed air system oodoel Bsasogeolsg(pressure loss)oopd volume flow rate &l
$600003843C Fa§jroq100p51 o3 air system o fan [g& 00Se0lq) GedE:dadaqiE fan oo coodeos
§C20p) Baans(pressure)sC system & dsmsoqeolsq(pressure drop) vedanop8aopbesepagt fan

205 Seseenties c86epdi desepoopd system resistance curve & fan curve o3 [godoopdesep
(intersection point)[g&a0p5i a3 point 20p5 operating point vpesl20pd point A (&5

a” s
= 3% e
= p. b ower _______________ e
g Pea ncrease T . Fan power
£ N = characteristig
- - . \ at (N+10)%
1 |
c ! i Fan power
& | 1 characteristic at N%
N
| |
______ b Fan output
T oo L /characteristic
Peaf - ooy o e | -TAT) / at (N+10)%
21% - —:[ _i_/\‘ ( :} o
.|, pressure /1%, Fanoutput
____vincrease .~ N ra *, ~ characteristic
& Pra : “at N%
I LY
g - ',
7 .
& Lo
2 Pl
a : -
- System resistance curve b
g for operating point A b
- b .
5 N
L 1 1 1
| ] L)
1 | LY
| 1 LY
o
| 1
| |
Do
1. 10% flow
| | increase
I I
qv.f« q\r.ﬂ.‘l

Volume flowrate, g,

6 6-96 [g$552(speed) qpigEielo3p¢ fan performance e[gp&:cdd
F20005¢] 6eoao0pdB:g8s(volume flow rate) 00% Jgp:cddlon fan & [gSs$:(speed)o’
00% Sqpeznt [gpdeoais §§S$Ea0pbn Beodl duct s0p8:5 8zavs(pressure) 0% Sqps

cncB866p5n 00d5p5:3204gE Grogdsas(system resistance) jo% Sqpiconc86epdi
Fan & g&:3a&agassi(power consumption)copds pp% Jqpsaoncddecdi odelo3pé
ecoB:g&s(volume flow rate) 00% Jqpeogsss0g05 goeaCadiass:(power consumption) pp%
3c0sqoopdi 33307 Jeso0pd volume flow rate 10% o3eagpqi8EaqiC goeal egomg(power

saving) pp% [§68E2001
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ELI_ .-‘f
& Peas -———---——-———-—"—“-"““‘:::—T"ﬂ
N |
o P, _________:::___,--_—:: _________ : ! Fan power
= - b characteristic
7 Fan power i i of larger fan
8 characteristic | |

. L

| T

(I

| 1

T 1

e A
e e R CUN
,*"" i ! "“‘\‘
- | At
--------- ] ﬁ\
== L .
P |- T ] (A
Ii S

! .
Fan output™
characteristic
with a 10%
arger fan

Fan total pressure, p,

Fan output
characteristic

QI.IA QVPW
Volume flowrate, g,

¢ 6-gq sagudzaens(diameter) 00% J[BseomeloPpé [gdecl anoogd fan curve

ecoBagSs(air flow rate) Sqpsgp: §9$320305 sagudSzaen:(diameter) J[oBso0pd impeller o3

32004q8E20001 Fan &l [g85$:(speed)gpiconfgl: Boopod fan diameter [03gEselopE fan curve
3200060069 [§6e0l cdom operating point 30060269 [§66Al Add&epd

3200050102005 3agudsaons(diameter) 00% J[o3koopd fan el sagudseon: Bewpcd
impeller &1 3agudzaon: a[gpe:cdgEselopE fan curve elgpEcdagzndad eedlgaonzoopdi
eoa8620p5eso(air density)elgpCsgselopE fan curve $& crogdams(system resistance)
03 a[pEad ognscB6edi
() GoBsgS(flow rate)ond9d fan pressure 20pd 6ewad&a0pbseo(air density)od c8ode) sa§:p3
e[gp&cda0p5i
(9) System pressure loss 2005 6Gewa36a0p5se0(air density) $& a8 Bode[gpEscdaobi
030393 system 32038 Bzanzoeolsg(pressure drop)od Geodss(system resistance) vp
ol 00pdi aB8sazogjeolag(pressure drop) 0edma0pd GrosaayE(velocity) $&aodaBSs(square of

the velocity)gé p3qoopdn ccodigss(flow rate)od $6s0 gpresmEgepd[gliclops fan ©
00p5602q0pY §&:3>E (power)oopd qds0& JypiancdGepdi (constant system $& constant air

density 2203050000820051) 330005¢) damper o3 8o5c8050lon B fan law 2005 ve§eoncor
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G.oc; Design Operating Point and Actual Operating Point
Duct system gp:03 8&E:cob0os00pd Bas(pressure) & acudigSa(air flow) o3 soc[gde)
fan qp:od egequdeeadoopd: 8&8:0b0o0pd GrLPSIII(system resistance) $E actual
system resistance 030005 opoBecpe§eor
ff"--‘ RCTUAL SYSTEM

/

/
ACTUAL SYSTEM RESISTANCE /

CURVE A:
PR TR e / «— CALCULATED SYSTEM
] /
|
el 5/‘

/ _CURVE C
//" ACTUAL SYSTEM

1)
/ 1
e ACTUAL SYSTEM
LESS THAN
! DESIGN

\ . FANPRESSURE
I‘. CURVE

DESIGN RESISTANCE ——

fﬁ

DESIGNAIRFLOW ————=

$ 6-go 83E:pS0020005 Groedss(design system resistance) $& actual system resistance
System curve A 20p5 calculated system (design system) curve (905

Operating Point 1 (Design Operating Point)
Fan curve $& system curve A (design) o3fgo5o0pds26l operating point 1 [g6eol copdi o3
point o3 design operating point opesloopSi Design operating point 2005 engodediogé

030590507 GeEalaon0pd point [gbeom elo3pé actual system resistance $& oppdecpedeor

Operating Point 2 (Actual System Resistance > Design System Resistance)

Actual system resistance oap_S design system resistance <T>qp=o.]J8 actual system
resistance curve B [g5edl con c86epSlgdoopSn 03324l operating point 2 [gdedl o865
Operating point 2 2005 design condition coo resistance Sqps(8s ccodagss(flow) sp5s00p5n

Operating Paint 3 (Actual System Resistance < Design System Resistance)
Actual system resistance o0pS design system resistance 3sob:qi€ actual system
resistance curve C [g8edlconc8665 [gdoopdi odsesl operating point 3 [gdedl concBgepdi

operating point 3 2005 design condition 000’ ecoogdsas(resistance) 5pdG: cruBigSs(flow)
(%quooéll
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Operating Point 4
Actual system resistance 20p5 design system resistance 3sp5¢(8s design flow o3 qadagé

operating point 4 o€ cudCqepdi Point 4 cenl:q83s0305 (operation point [§og§ea0R05) fan
curve o3 eg,a30:630¢ cvdeoigs c3aodi

Operating Point 5
Fan qp:od 6eoogadem: comEieeomilyomn od8:om elgpadecy§oopdi Actual system
resistance 20p5 design system resistance Sqps(Gs design flow o3 qadagi€ operating point 5 o3&

eensqepdi

o)00pS typical static pressure/hp curve,
[ 17 backward-inclined centrifugal fan curve

|, $890% graph oobgediogl oo eoon(gs:
[g2005
< 15

o

on
T

------------------------ {4_ Fan curve ood9en ecodsgSs(air flow) [CFM]
: _35 $C static pressure(inch wg)o3  0opS¢)
Booglgdd: e50050009¢0 GroBasSs(air
1 flow) [CFM] $C o%2000 power(BHP)o3
. 1 o0pdq] 9300ofgl: [9B20pdn  Graph  o0d9
. _ | . al edloge fan curve $E00053E2005 B8E:eilt:
LI B I ‘oM ° 7 8 ¢ qP2g> 938200
¢ G-g@ crod:g&s(air flow) [CFM] $& od:goopd power(BHP)

Static pressure
My L b
: T

-

Fan curve 220%:gj00pd pown -

O(6-gR)oRE [goorzaopd fan curve 20pd backward-inclined centrifugal fan 0od9ai curve
[§©20p5n Curve 32q 6,500 CFM(horizontal axis)(gE cenEs000d 328053 static pressure 4.0 inch wg
(00050005 vertical axis 9oc52005)03 q§8E[B: 6.9 BHP (pponod vertical axis 9oc52005)03

of}:@oaéu

cuoop0Egé fan curve 0od9opE erud:gss(air flow)[CFM] gpiconeco static pressurefinch

wg] spbsaneo [gdaopdi odelopE fan curve 2005 00dIMdGE codesePe P05
£690&: ognzoopdi

€.0g) Fan Control

Guop0EHgE 2268000535 &S oo[gpio0d005a] ecea0o3 1 liter/second &
§oopd eoogpiad 6g,o2:e3:E[gepdagit 2 watt 9§gieon agoodenodams(electrical power)
20000200 90:4g[gd20pSH 3680005338 3003E:0 GIeaIE[GAEBroopdecogp: 03 gSco0d0bes
(discharge cp6g8) c8eab0g€aco 1 liter/second 03320305 aqdodencdean: 16 watt adsgaodi
1 liter/second §&:§o0p5 evezas(cold air)gps g&oooS(discharge)oqi€ 1 liter/second §oopd
outdoor air (outside temperature)o? e2:622oE[g00[Ge 32680005358 3203C:08 copdewgRORdI
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Befopé fan gpiod 082003 FpSygproopd crodigSi(volume flow rate)gé cens
vooeagpeol

Fan & ccodigSs(volume flow rate)od eagpgeq fan ol goeaCadiacopd: caqpoy|
agn:00p8i eeegiloCasss $E 00dogpdigp: qodBag&iopd: caqpspds 932:08865i

a-
u Pal- - .
= |
8_ : Fan power
& 75% full speed| characteristic
J Pl 2 ; ! at full speed
v ! !
c
3 Y ey 50% full speed
i i
i i
Full speed Detsign operating
-\ po}nt
o /
@ i i/ Fanoutput
= 1¥  characteristics
W T\
g P |--—- —— —— —{1}
E‘ |
£ 75% full speed ! !
= —— !
wy 1
= \L
& Psaf-- - - _2 ) /
i
50% full speed i .
..-——-"'_""\\/_ | I
Psa | 13) I
. |
| |
1
! I 1

QVS QVQ qv‘\
Volume flowrate, g,

6 660 [g855:(speed) e[gpE:cdfgselop fan curve 32006 [gdedl confgs

Designer qpsi consultant gpson fan gp:od sa08oo0nudewniopd eaoaoood(flow)sé
Baas(pressure)oood 325p5:c05 ezt 8&E:pGoogogoopdi 0o6s0aopdmedls coglodged
32005209¢ps 6gP0Eea0:2005 [onosagp:nd elgqieoyPagrig$aaogad safety factor :o[gd 320
cos§g8s [gdoopdn Bea[gE fan gpiod cREdEjqORd GroogodsSH(capacity)saodE: 0durgs
o[g68Eaoi

Fan 000500600gp: 6epEaqaopd agudseen:3203E:00 0udup ondeolquopdi dejopé
006908002:00p) fan gp:oopd 30§00m0S 332600050005 ¢) [PRreneomelopE osboooy
control cp5g& 832620051
Fan &l cooogodgés(capacity)od o8§:q|O(control)§Ea0pd spdsqp:
(o) Damper modulation §p5s
(®) Inlet vanes modulation $p5: (Fan blade/air geometry clgpEscosgts)
(0)  Blade pitch modulation 5
(20) System geometry e[gp&seoggE: (flow control by system damper regulation) $&

() [g555¢(speed)o’ c8o0cd elgpEieodgCs(flow control by speed regulation) o [g6o0p5
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6.08.0 [g$55:(Speed) c[gp8:gj Control cpd[ge: (Flow Control by Speed Regulation)

Fan & eodom [985S:(speed)od  a[plieofqleoopd sacomEiadisods [gdoopdi AC
induction codomel [gS58:(speed)oopd supply frequency $& pole sveqEaogad  edloge

@oopboopdi Variable Speed Drive(VSD) o30wpod Variable Frequency Drive(VFD) oodsolq) fan
[6555:(speed)od  c320cd  o[pCicd§Capbi  géaaEegomg(energy  saving)gdqs 20305
3260 Esadesds [gdo0pd

6.0g). ) System Damper [g& Control co&[gE:(Flow Control by System Damper Regulation)

as p Py
o 2= i
g "F, BN
2 Prs ! \
= Fan output
5 characteristic
= i
@ I
L |

i

I

|

i

|

I

|

I

I

I

I

|
i !
3 Fan output
§ , characteristic
%]
2
(=9
3 et
i
v
==
s pressure loss /

provided by /
i
1
I
I
|

q\.-4 qUS Q\(Z Q\."I
Volume flowrate, g,

& 6-6o Flow control by system damper regulation
Backward bladed centrifugal fan [96[Gs [§$5$:0c00(constant speed) [g€ewrEse50005

6.08). Inlet Louver Damper $¢ Inlet Guide Vane (IGV) [§¢ Control cpdfge:

. o

¢ 669 Inlet Guide vane ¢ 666 Inlet Guide vane

Centrifugal fan [9¢ coo€:0005 duct system o895 [gdedleom 9dzz(system

resistance)oc|p:cdaq€ centrifugal fan &1 codigSs(volume flow) we[gpEcdeor
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GoooS:oooSeg%

036005 00delondd) centrifugal fan qp:o3 part load condition qps§ 6enE:q§ 332600051
Part load condition qps3 een€:c8ag€ inlet louver o80wrc5 damper a30w0d inlet guide
vane control o3 32034{g|q) fan &1 ceoogodgSs(capacity)o? cagpqi§aopdi
Inlet guide vane o3 impeller eye &l 3264,00050005 GsepY 006e0E008E200N Adeloppé

eoogP:o0pd  006p800dpnopds  impeller  copSesoopd  B:onpbep(direction)zacBE:  impeller
3038:03 0€og0:0860pdi Inlet louver gp:a? inlet box &l 3205 00&e0Ea0:8E2001

Rotaf'ional
flow field

impeller
rotation

& 66 Pre-rotation of inlet air by dampers

Guide vane o3 805[gE4sE fan e 8zaoz(pressure)se

ecodsgSs(volume flow rate) o3eaqpspdsogn: 6ot
2001 Fan seo(outlet)y §eoon damper o 3odfges
[g8copbs erodig&s(volume flow rate)od eagpg
§E20p51 a3eo0d fan pressure [§E0o05 ancB6edi
o339l fan & operating point 20p5 stall [gdepd
65603 giP:nGogic8gepdi

Inlet guide vane o3 =odgeq fan o
ecodigSs (volume flow rate)o? cagpqgtsoopd fan
688300305 8326600 gdimat(power)o3copds
eagpspds agnieadEoopdi

Inlet guide vane clop¢ [gdedleom crudsmiadigza(loss)aopd inlet damper elopElgdbeom
GeoBam: 90:gea(loss)cond SsobieomaelopE inlet guide vane o3 saaddggldyC g&:eaE
2005000[gEs(power saving)sé crSoqo§od egom8E[gEs(cost saving)ooopd saod cogpmgp:

qeofEa0p5

System GomsQaopd centrifugal fan oodadioné
- 0069080026000 inlet guide vane gps
P1 8cHgt: ¢flgc: [¢¢  fan curve

o 0 o) o
g Fan. vanes GEO&(\J ogo,cecrfa. GGSEOU).Q)E)_SH
i P2 fully open Point P1 0005 guide vane ¢p: oo
o 9Ce50000 2080503¢ [gbedl conoopd
- Eg:-.."es partally fan curve [gdoopdn 30805 § fan
closed 20p0 eeudsgss(air flow rate) Q1 $¢&
Volume Q02 Q1 Pressure P1 03000560s8Eg6s §aopdi

¢ 6-6g Guide vane 52[godgE[gEs(fully open) $¢ 0odo05yE[gEs(partially open)

Point P2 2005 guide vane 325p55ca5000 gEe$200d 32805038 [gbedlaonoopb operating point
[§020p51 B=20805 § fan 2005 eco:gss(flow rate) Q2 $& 8za(pressure) P2 03 coodew:dEess
§oopdn Guide vane a0 gCesq$0a¢ q§8Ea0pd croigss(flow rate) Q1 $E P1 20pS guide vane

:250:c0500 gCesSort qffE0L cudigss(flow rate) Q2 $& P2 0005 Jqpoopdi Belopt
inlet guide vane qpso? centrifugal fan gp:op¢ flow control ApSe8320305 coSe0E[E3a05N
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Fan &l Inlet Guide Vane(IGV) 8o5[g8a ¢&[gts $C duct system o damper 3od[g€: ¢&[gE:od
elopElgded aonaopd 9dsms(system resistance) 0opdad o3[grige §2:c0pdgs Boopdi

(.06 Multiple Fan Systems - Fans in Series and Parallel

Air Conditioning and Mechanical Ventilation og€ spodigeoos fan gpsaopd 83E:
B320q0520q Ggiqdconieom single fan gp: [g6[o300p5n A single fan &1 coodsigSs(air flow)
325058 FogP: 33090503 damper qps variable inlet vane qps variable pitch blade gpsi $¢
Variable Speed Drive(VSD)qps [g& aBS:qibeentisClogoopdi Fan gpseil cooogodsss(capacity)o?
ogeqS 200500depaRE  65§oCmOEoRE  o3:q gf(future expansion)sé fan gp: [oPlgced
eenlisCaclopé gdieamntepd eagpogieg(deterioration) 03033l copdagts odion:gs a3o0di
0086lodd 00620005 G205 fan g0 33030305 codeot[go0pdn 8&E: c3m0gdgp:n? 80dq)
fan qpzod 00828005 (series)od Bewrod [GiEsond(parallel)od§HgE 0obeologoopdn
3828 32530805 006908q0pd saeopEicn
(0)  Single fan {08 06d:0p5: 0Ee0Ee$ esep vadeaodeomaEPEead S EoE:s
() 000%0Cqupd esepopd  single fan =o[Fko0dadionpdiel e (Weight)od ©d8E

Gomneopé 6oodudieomnEs
(@) 83260005 83E: operating range 20p5 single fan 02dadgE cuntsq vqfecnodesant
oqedjg§eseomelopé eaddaopdieomt:s

(G) =000:00[¢ :§§loPlgEe> croBigSisoSispSa(very low flow rates)g€ cun:q§ 33260005
224 single fan & opSoq0§od(cost of operation) sacg§qpscoonelopE multiple fan gps

eenliglyé op§oqododa’d egomgsesncgnd eaddaopbicomE:

(§) ecodsgs(flow rate)qpgps §9§320305 Gaodcopbieoms
Critical system gps(computer room etc..)8:ecnE0005828] godooqed gEd[ge: crodigs:
qpeqpa(high air flow)g§es §pdguSonbsoEoopdn Basement car park qp:ogE omo§aads
ventilation 830305 6eocd58:(6)so(6 air change per hour)c83>5[3: “Fire Mode” o3¢ smoke
purging cpSq§me0305 Grud58:(00)s0(10 air change per hour) c3sa600pd1 Bsefgsses
$06§Jp320305 Bzz(pressure)onoopd fan $6c%:03 [G€sond(parallel)ddlgé oodsofecy
§joopSu

) Fan gp: eenloopbendl e90d2d [gdedlamoopdi o saadenoda(noise level)gp:o?
03829)695220305 single fan =oo0s fan $&adi03 0o§s005(series)pd 0o6s0E(Bs(2 fans in
series)eenCsg[o300pdi 2 fans in series 0gE fan 0d6d:00p5 832600p58=a0:(pressure)ci

3500509865000 fan $60%:03 2[QEGS (parallel)gé
06908q) eu&nqiC crudigsi(volume flow rate) $690

g§ oSt 936005 Grogdsi(system resistance) oo
[gC:elopE coodeogopl erudigSi(volume flow rate)
5090 vgfCaoi
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ecm&:oocﬁ&’g%

Fan static pressure, p,

Psa

Fan 1 Fan 2
Working point
for two fans
in parallel

I
1
J,Q -
I
L

"~

|
| ~
1
1
|
1
I
1
1

Volume flowrate, g,
¢ 6-6g) Characteristic for two fans in series

3200053100005 axial fan $8cd:03 contra-rotating axial fan gpssa(gd 0oSe0EC00:)

[g6 20051 $(6-6g)) 0g€ [goon:a0pSo0pd903E: fan codd:o0pd:000 Gedtioopdza§§S point A 2opd
operating point [§®a0p5i 330:08:09982005 65005006 fan 0odad: code) eent:ag€ operating point

2005 point A ¢ Al 93 ag ogzoopd

Two Fans in Series
I
I

Total of
2 Fans

=

o

Total Pressure
I~

Curve for
each Fan

Static pressure

]
T

* Serise fan

» Single Fan

alal
&~

o : ; ; ; ;
0 2 4 & A 1D
Flow

& 6-6q Series fan and Single fan operation

Flow rate

& 6-Go Series fan and Single fan operation

Fan qpzo? on§iso0d(fans in series)od[gE 0odeofaqi€ fan $60d:000 006s0E[03Ea050005:
Bi€soo5(fans in parallel)od[gE $6ad:00050006000 fan gpod 00690E8§E200N [Gi€s00d(fans in
parallel)3éa3¢ plenum box o33l sacponay odsoEenr§oopd

Fan 00dadsqiCiopc a3ud3E fan curve §oocd on§ssood(fans in serie)dd =005 B:ao§
curve od9 [gdedl cnoopdi [G€socd(fans in parallel)ddza0305c0p5: 982208, fan curve 0069
[g8e0l conoopdn Fan curve 0ob9gCiaacs(g stable [g620pd esepagt eggbooieandcopd: fan
QP2 30:0020% system 3:265[4¢ cdlC:c8050000904l stable ofgdo0pd surge area a30upod stall

[§020p5e56pa3 cepodaga: 0050005
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6.06.0 Two Fans in Series (Fan $605:03 00§:000508[5¢ czsonboo(gE:)

AMCA rating 61 200500505 22q) fan $603:03 00§:e005(series)pdlgé c3eonSondent
00020009 359 fan oodad:ze[gd(single unit) 20050058 0g0dg05(e3005H
Fan $8c0:03 00§:e005(series)od(gé 00be0lq) cunliag€ oodadqdenl cud:gs(air flow)
2005 $60d:edIEs00m0009 fan &l coBsgSs(air flow)sE oppdoopdn Beadd series fan $6d:
cOICsel B3s(total pressure)oopd codadeqiC:dael total pressure $6960ICgEsE p8g00pd

Fan $600:09 o0§:0005(2 fans in series)Od[gE 0o6s0Eag€ fan sdadseilC: ¢ static
pressure vpeod[gepdmaen: total pressures [gEom ewdjgoooopdi Fan $dcdiel sogudsnon:
0op8[gs a30upod 0B fan [4& 0obeo€a00d duct sagudsaenionpd wopad[gts 03eloE [gdaopd

Fan $6c%:03 00nS$:9005(series)od(q¢ onbsoCoonag€ “push-pull arrangement” (&G
[020p51 Fan $8cd:03 on§seond(series)dd onbeoCoonglsgS static pressure sdeo §3E200
a3ea0d operating point 03&:03¢ static pressure $&s0 ©g§EA Fan curve 326 ccod:g$s(flow rate)
gPseoneeo static pressure spSsconeco (9620001 GrodIIgPiooRd(high resistance) system

a300pod low flow system qpsoogd 2 fans in series $& 20&aaqooRdi

Two fans in series 006¢ 320305 §eq:gudaneom egegdspdiwn
(0) System el 33266000 33:(total pressure)o? 32qEqpAll a3e0rad 20056053l
Total pressure = Velocity pressure + Static pressure.
() Axial fan 28o0p0d inline fan ocodadqdel coBigSs(flow rate)oopd fan sdadeilCs
(system)el codsgSs(flow rate)sé opoSoopdi Axial fan 98ewrdd inline fan codad:qi:den
Bzans(total pressure)aopd system @il total pressure 08005 [gdo0pSH

A3 fan $608:03 0o&se00S(series)dd3a[gd 0690E00e08l Grogdsm(system resistance)
o3 opdodiongs cBoopdi Bpad 6oy fan 0odcd:qE:8(individual)el g&ieeonCepd

(performance)oopd ©oppB8Eal @ fan $6cd:0005 opoBeoon mass flow [gEaon copboodesB:
oppBeom GrocnaopdBigsi(volumetric flow rate)gé copboodes(gl: eurcdeon saonudelopé

Beodd fan odadqC:8S =0088smx(inlet absolute pressure) $& 0§  (temperature)od
0opp88E€aamelopé inlet density copds woppdmeor

030393 602005 GePadEoRdesePad c805e) Bamns(pressures) | 30§&(temperatures) $¢
aocopS(volume)o? efgp:cdeso0pdaaal coCengpoopd fan o3 egegude$3a0305 30523¢P:sc
qCa3E qecyp§aopdi System il Bzos(total pressure) $& egqudepd fan &l dzans(total pressure)
o3 p8eInt egegdes 33260000
6.96. j Two Fans in Parallel (Fan $6c%:03 Bi€soc(parallel)ddjgé ozsondood(gs)

Fan in parallel operation &32005¢n $86c%:00536000 fan gpod  GondgErd(Ge
Bi€opewntsgts(blowing together side by side)o? a3c8aopbi crogdsm: wfjood free delivery
moefgmees§popt fan $8cd: ewnlicomelops crodigsi(volume flow) $dso q§8Eea0d05:
Geoedas(system resistance)qpzanecd q§fEeom crodgss(volume flow) so5:cnecw [gdoopd
Geogdaa: spdsoopd(low resistance) system gpzoopd [QEsooddd(fan in parallel)sé coSeagp
20p5i Plenum box gpig¢ 00deo€aoph [§i€sooS(fans in parallel)(dod sagpsads cogeeno §oopd

6-47



Air Conditioning and Mechanical Ventilation (Vol. 1) eomioo0dRs,

Fans in parallel 320305 fan 006cd:qiC:803 cgeqdes 3d8agudSopoopdi System & static
0300705 total pressure 2005 fan ooddqiE:den static Bwwpod total pressure [gBaopSn System el
total flow rate 03 o06e0Cepd fan sseqEeoRE5sE o2 fan codd:qCiBel crudigS:(flow
rate)o? qoopdi 93ea05 [G€soad(parallel)od 0o6s08q$ fan qpod egeoopdsadl system codoadssi
od3s(resistance)oopd fan curve oodeqC:del stable [900pd esepogl =aq§03C: (epboopd
loading [§6dleo) cepodfesqs 8005

Fan qpsogt o§opBgjg(unequal loading)gdeol §Eaopdn adadl ondeoaon:anpd eedom

Scopd: 0§0p8qie [gdeol8Ea0pdn Plenum adopEcopd:  wpBgoopd(unequal) velocity profile
[§6ed8E0m system 0od9cd:0B BJcdHeogEa0pd

Vane Axial Fans in Paralle Double Width Centrifugal Fans in Parallel
15D 1 1 15D AlrFIaw —}
oy 1y
\ e | P
2D ‘ 2D
- Air Flow
[ (I [ae=n < 1 2k
T B 4 : :
1.5D | 15D ‘
. —

¢ 6-6@ Vane axial fans in parallel and double width centrifugal fans in parallel.

Operation in this zone Fan 1
__not recommended

Fan 2

. Y O ~_ Working point
for two fans
in parallel

Working point

/!

for one fan \
!
/!

L A

Fan static pressure, p,

I~

Volume flowrate, g,

Q G-Qo Characteristic for two fans in parallel
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Two Fans in Parallel

IEEIEE &Gy

\
o " BEpnot rate above this line » Parallel fan
» Single fan
. g;;‘;ﬁ:{:; Total of P \ — - et
) 2 Ffans 1 [@B‘D
’ ﬂ_ 2 4 & 1w 12 14 16 > —

&
Flow Flow rate

[

&
T

Tolal Pressurs

Static Pressure

& 6-qo Two fans in parallel curve ¢ 6-q Two fans in parallel curve

€.06. Additional Consideration

System 006903€ 006B:c00532009 fan gp: cxdeoEaoo0pd 2Pl fan 0od cd:onpbiom
680000 mefgeacs Bewrdd fan s6ad: Bewrcd adad: Boopod fan ssadieen:oopdesd
000p) efgmeesa§pdEod c0pdogtiodiongs 83600001 Bm[gE fan 0odad: godoopdsesl
[Glg€ co0pbsadl fan gp:ad oooewrs(start-up)aopdersl 0aopd saegmecs a§:§j:0d copdogts
05:02:9$ 3=620051

cuopoyedgS system curve $& fan curve oopd stable operating point oodesepogt
adloyoopbeadl(intersect) fan qp:od oooCewntsoopd(start-up)zadlgbeo afewrod 3a80050[god
eunt00pdmaslgbeo(continuous operation) 650005 [gocosae olgbedl§Eeol

Centrifugal fan qp: 9Bewpdd fixed pitch vane axial fan gp:o? 00bd:qCsd start-up
0068800051 VSD 2B00pod soft starter gps 00680E80o:gi€ fan sa9:0d:03 00dEs05 0onCewnt:
88001 Fan o3 oooewn: (start-up)esod inlet vane gp: Boopcd damper gpiod
80ba0nigleoopd meomEiadispd: [§000pSi 088 eonewn: (start-up)esod inlet vane gps
a3oupod damper gp:od 8oboondG: 83abeom [gS58¢ (speed) a3wupdd full speed a3eepadeom
9C[gcdsC gb:3aE(horsepower) 8326903 eagpspdieoo0pdi oewtiesod [gdedlaogd starting
ampere 03 cagRsp:e02001

Variable pitch vane axials fan curve § socodgps(dips) §esoo050000m adeloppé
oonewnt:oopdeaslopd blade pitch angle gp:od cagpgoooopdn c8eadeom [gSsS:(speed)od
Gepodeom 308lwax blade pitch angle o3 [g§9Cqs (96200 FaeomEsadicom $p5:0005 §ooy)
multiple fan qps il blade pitch angle qp:o? 8o5[8s fan 0odad:qiC:od oewoCs(start up)d Fan gp:
302002 20§ $6G:e5005 blade pitch angle gpso? [g§9Eq§ [§D205

Fans in parallel gp:og¢ eunlesa0pd fan o Googpsoopd ©eenliaopd fan @38
ooleepad§Eqs isolation damper gp: 006508008 Beab0pdn o3ad isolation damper qp:
o0be0€[gEeopé 0onEewné:opd [gded ancdoopd(shock during start-up) [Gooogna3copds woSeps

880005

6.06.g Isolation Damper s>§jzo00:qp:
Blower wheel 22038:03 cogp: $6000500%0 o&aopd(double width) centrifugal fan
qP:ea0R05 Backdraft o3ewpcd opposed-blade control damper gp:o3 isolation damper 2[gd
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:2004qq$ 20&eaqdoopdi Butterfly damper gp:oopd tubular inline fans (axial 1 centrifugal and
mixed flow)og€ sagprads cogeeaR§oopd

Parallel fan qp:320305 isolation damper qpzo? fan @i (upstream S[gbeor downstream 5
[s9c0) mcosadieseport cogqecy §oopdi odad sacosadiesepogt consd[gtaopd damper gps
el [gdedleam Bam:adigea(pressure 10ss)0? $p5:8E00g) $00:6330E caqpRyes (D200

Equipment s::d:0d  088:0384gCs(maintenance)sC  [gEsol[gCs(repair)  gpigeodes
83260001 Fans in parallel o3¢ fan 00dcd:qda0pd o3€esn oofgmeom fan gpiod
ewnt:§Cesmt isolation damper gpondeoooniqf Baboopdi Isolation damper qp: 036s0&
cooifgCigS parallel fan 00dcd:od [gEeofes§§orl molgn: fan 0odd:00pS 005CeS Guaties
§E20p51 000005 (serie)od es[gE 00690800:a00d fan oodadioopd ewriesgSS ol fan
oo&\{xor% E@&ﬁ @@B%SGOH

6.06.¢) Review
High Impedance System

Low Impedance System

2 Fans in Series
fa-""

Static Pressure

Fans in Parallel
Singel Fan.

Air Flow
<} G—qg Series Vs Parallel performance
3200053 O(6-qp) 229 high resistance system 986005 high impedance system gpsoopd
2 fan in series $¢ 20eagpaopdi Low resistance system o3ewpod low impedance system
qpz0opd fan in paralle $& co0CeagHoopdi
System &9 0obd:c0053o0pd(Multiple) fan gz oofssood(series)odlgé [gdeo
a3oundd [G€socd(parallel) 8[gE [geo 0obe0Eao000098l 68303 dl cusghiqpiss odesoqs
832620001
() System oodoodiel GodigSs(air flow)s Bsans(pressure) cBeadgEdgpsoopd fan gps
0069g8: 980005 330d:08Es05 Gudtioopd 39l curve @i stable [gdoopdesepogt &
o8 06690:q$ 332600001
(9)  Fan gp:el 326220305 $¢ 665032205/05¢p: 030503¢ § 0§ 0deso:gs 8360005
(0)  Isolation damper qpoopd fan qps oeenC:qS(start up) $¢ qOsm:gS(shut down) coogpge
8&E:00600045C: § f 0bea0igs G=00pdN
(@) 00568C0p) GrL3Bog(leakage)oond Sgpigl: §of 0dceogs cB=aboopdi System
od9del 83a0gi0dgpoopd operating condition 3:0d:sE 30584 § off obcsoq
832620001
(c) Fan gp: 0odadqit: Goodcopdieomtn amcd: GaodropbieomEn eenliaopd =gSopt
C00598E2005 3008909632908 C0A3GPIeoaS 0dGs0ERdI
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g9

2 fans in series

2 fans in
parallel
..-!"’F < el Pz

= S

1 fan E-’

Fan static pressure

Chapter-6 Fans and Blowers

0 Volumetric airflow rate

6 6-qG 2 fans in series $¢ 2 fans in paralle

6.0q Goosi S3boopdieoeioppé Fan el gd:eeonCapd(Performance)elyp:cdfgl:

eooel 9360005ss06(opE fan & g&ieeonepd(performance) elgpEsad(density effects on
fan performance) copSi Fan gpsoopd constant volume machine gqps [g8[o300p51 Befopé ecosi

03600p5ss0(density) opdqio€ [godlee oppBeoon CFM a3ewpod CMH o3 coodewus§Eaopdi 0obspds
3g¢ eooel 936200550 wop8[gEiclogpé mass flow rate a2 elgpE:ad2005n Volume flow rate

QG|§)82C\\)GOII

Fan qp:oopd constant mass flow machine gp: ©0pcddi Mass flow 20p5 eooel
03600p5:e0(density)o? c80dq) e[pEicdesoopdi odeagedaopd wopoBaopd =[gé(altitude)ogt

eenliopd equipment gps 20305 32098 2266¢03:00201

Performance at Sea Level

Impedance at Sea Level

ance at Altitude

Static Pressure

Air Flow
6 6-qg 60862050 air density)elgpE:cd[gEialonpé fan ¢l g&ieaonCapdelgpEsadd

Standard density of Air
I-P = 0.075 Ib/ft?

Metric = 1.201 kg/m?
SI = 1.201 kg/m?
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100
95
20

a3

% DENSITY (P2 / P,)

a0

75

70
o 1000 2000 3000 4000 5000 6000 7000 8OO0 9000 10000

ALTITUDE (ft)
¢ 6-qb Effects of Altitude on Air Density Ratio

Mass flow 2005 Gooei 93620p590(density)o? c30de) o3nd§ede|gpt:cd 520001 936a0d
volume flow(CFM) 35[§ opp8eso0pSi AHU gpise0g0 eoosl 936005890500 (density decreased)
a0pSs8ang| mass flow eagpspdionoopdn Belopé  effective cooling capacity 9803000000
eagpspd: 86updi BelopE cdmebeomn cooling 0305 woeagpeom mass flow qfes
83260005

Fan power characteristic
at standard air densit
¥ .

I [t
L"“ Fan power characteristic
at lower air density

Fan shaft power, P,

L Fan output

/ characteristic
at standard
air density

---------

B i s

1 l‘
System resistance /¢ | /4'.‘
curve for operating / / i .,
point A I, + Fan output *,
\ /s ! characteristic *
/System i at lower air .
i

/ ! -
/4\‘ resistance : density N\
e curve for
-
.;-":"/; I
el

Fan total pressure, p,

reduced |
air density:

Gan.

Qum
Volume flowrate, g,

6 6-qq ecuadaopSeso(air density) elgpEcd[gEialopé fan curve algpEacd[gé:
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Fan qp:aopd cooopoqedgC constant volume o3 coodewseamn 0odgps(machines)
[58[0390p51  ewa8600p5:s0(air  density)qpiaopdigdeer $pd:0000[gbee  [S58:(rotational
speed) oa[gpE:do0g| GroooopdBagSe(volume flow)copds velgpe:cdeon :a[gé (altitude)alo3pé
Goo000pd8ss£:(volumetric flow) oelgpE:cdaon

a3eo0d  GoaB6o0pSieo(air  density)od c30dq) mass flow e[pEcdaopdi e
03600p5:e0(air density) qpzagi€ mass flow qps(8s gosaaCadiga(power consumption) qpsaopSi
:[g¢(altitude)espodecy 6roa8baopbsso(air density) $pdiconeco [go[Gs mass flow copds
$5:a0: A86epdi

Standard air density 0005 jo% ogeoCsogaiqi fan &l Bsans(pressure) $C Grogdems
(system resistance) $&§gcd: J0% c805¢) caqpsp0:02:0880p5m Be00d Grocncopddigss(volume
flow rate)oood welplicdeon a3eood mass flow rate 20pd jo% ogeol: ogr:cdepd Fan
ew:00d  esepapt  =0qS[g(high  temperature  operation)ogé  GoodcopSieomia
o€coodeq[g€aond JlgEagi€ eoodropbicomE: (high altitude) ce0B60p5:s0(air density)
$5:030:088 0051

(.00 Noise Consideration

Centrifugal fan qpsell epn505(noise)oopd [03655:862000 eppdad(low frequencies
noise) [gdoopdi Axial fan ¢ ogodedlano0pd sond0dgp:aopS (3655 0pdeppd25(high
frequency noise)qps [g&20pSH cpsagP:paopd [3658:860000 epodad(low frequencies noise)
0q0Secneod c0o568E0pSn adelopE centrifugal fan gpod opCaqudgy sadd{g[ogfgc:
[g20p5

a3eoo5 higher frequencies noise gp:o? 3acgudonn 038:q 688000 [3655:860000
s0325(low frequencies noise)ecqpspS:eoqs sagodsooni e : eqpgp:aopd attenuator [gewd
§5 820600051 000o0dGoRE [g55S:(speed) 3a0g&[gE[G: diameter cooicaSo0pd axial flow fan
o3 attenuator [§¢ 006e0€2005 an§oye§odoopd J[o3ensoopd centrifugal fan & cpSoy0§odoond
3so0s00p5m  s00da5(sound level) orp3[ogo0pdn  erococopS(volume) $E&  Pressure  ©a0pd
g6:6800EqpS (performance) 0200503 opoBog0005H

20005010038 fan gpsaopd peak efficiency § cenCiesngiC snpdad(sound level) 22860
[©20p5: Stall conditioning o3¢ sppda5(sound level) sa[gEads [(gcdl 20pdi

Fan &l spodad(sound level) sacg§lgoniesdon system oodeagpod epndad(noise)qp:
og.$c09% Bapd0p56[gpEcdq(alternation)qps [gapdeo: §Ea0p5
2405 $¢ 320003 G605 updi

6 6-qe Sound attenuator (splitter) 6 G-q@ Sound attenuator (in line)
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Region of maximum efficiency

. ——
Axial fans

Fan static pressure

-20

Noise

Noise

o

Air flow / (m*h)

Octave band sound power level
Static pressure

7

Centrifugal fans

—40 | | L | L |
0
62.5 125 250 500 1000 2000 4000 8000 0

Mid-frequency of band / Hz
{) G-00 General comparison of noise 9 G-00 Noise compared to peak efficiency

Axial fan ¢ ogo5o0pd high frequency $& mid frequency eagpspS:e0a$320305
83260009 duct 3qp5 ©g8EaqE inline attenuator ondsoCew:§Eapdi Splitter attenuator

qP:00p5 3¢) eqpBz00pdI

©.op Fan Selection Criteria
Fan cgq|odq$320305 83266000 32800 3a9105¢p: (fan selection criteria)

Fan 0odad: a300pod fan system 006903 6g:qSa§320305 6320050 ZagEdac005gP:0d
:2600:608 05:00q% 833620001

(0) Air volume required - CFM (@) Fantype

(J) System resistance - SP (00) Drive type(Direct or Belt)
(p) Air density(Altitude and Temperature) (09) Noise criteria

(G) Type of service (0y) Number of fans

(§) Environment type (op) Discharge

(©) Materials/vapors to be exhausted (o) Rotation

(Q) Operation temperature (o)) Motor position

(®) Space limitations (0B) Expected fan life in years

6. Jo coigss $& maelgqp: (Multiple Choise Questions)

1. The parameter used by ASME to define fans, blowers and
COMPpressors 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
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4.

N

®

10.

11.

12.

13.

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

For fans, the relation between discharge and speed is

N 0, N, o, N/
a) &_:—1 b) = =—L ¢) =L = 13 d) None
0, N, 0, N, 0, N,
The choice of fan type for a given application depends on
(a) Flow (b) Static Pressure (c)Botha &b (d) Neither (a) nor (b)

The efficiency of backward curved fans compared to forward curved fans is__

(a) Higher (b) Lower (c) Same (d) None
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

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

The efficiency of forward curved fans compared to backward curved fans is
(a) lower (b) higher (c) same (d) none

The efficiency values of Vane axial fans are in the order of:
(a) 78 —85% (b) 60 — 70% (c) 90 — 95% (d) 50 - 60%

Backward curved fans have efficiency in the range of:
(a) 65-70% (b) 75— 85% (c) 90 — 95% (d) 50 — 60%

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.

15.

16.

17.

18.

19

20

21

Typical design efficiency of aerofoil fan handling clean air is:
(a) 40 to 50% (b) 80 to 90% (c)60to 70%  (d) 70 to 80%

The clearance required for efficient operation of impeller of 1 meter plus diameter in
Radial type fans is .
(@) 5to 10 mm (b) 1to 2 mm (c) 20 to 30 mm (d) 0.5to 1.5 mm

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

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

The outer tube of the pitot tube is used to measure

(a) Static pressure (b) Velocity pressure (c) Total pressure  (d) Dynamic pressure

Axial-flow fans are equipped with .
(a) Fixed blades (b) Curved blades  (c) Flat blades (d) variable pitch blades

The ratio of maximum to minimum flow rate is called -
(a) turn — up ratio (b) turn-down ratio (c) up-down ratio (d) None

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

Ql.

Q2.

Q3.
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‘Centrifugal’ fans $C ‘Axial flow’ fan 036l o3[gps [gpes:qiodgP:0? Gedlgoll

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.

Higher pressure application 330305 ©pb0o0pd fan sajmeonigpsoopd s00enyHed:

[gBoosp5a

Centrifugal fans are suitable for high pressure applications as compared to axial flow fans.
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.

Q5.

Q6.

Q7.

Q8.

Qo.

cuoop0Eigé fan gpsoopd 3onudelopE very poor efficiency (g€ centieny ogoospda

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.

Centrifugal fans sa§jgeaons(type) opdy| §oospda

Radial, forward curved and backward inclined fans.
Forward curved fan qpzell 320:000g/05¢p:(advantages)od coS[qdl

Forward curved fans have the advantage of lower shut off power, which is desirable for
low flow rate operation.
Fan ol g&seeontepd(performance) Jeomiicoqfencgod ©pdoopd housing safjgeeon:

(type)o? saadigpo&aos b

Performance of fans also depends on the fan enclosure and duct design. ‘Spiral housing’

0p50003 §p5iqpie fan ooBopsel copboodgfa(speed)ol cBEiqibqé 520305 (control)
§E2055s

a. Changing pulley ratio for drive and driven equipments.
b. Variable frequency drive variable speed fluid coupling.
Fan application 5 cog§Eaom energy saving opportunities (§)§jg coodespd:03 asd[gdh

Change of impeller by a high efficiency impeller along with cone.

Change of fan assembly as a whole, by a high efficiency fan

Impeller de-rating(by a smaller diameter impeller)

Fan speed reduction by pulley diameter modifications for de-rating

Option of two speed motors or variable speed drives for variable duty conditions

ok W=

Option of energy efficient flat belts, or, cogged raw edged V belts, in place of
conventional V belt systems, for reducing transmission losses.
Adopting inlet guide vanes in place of discharge damper control

© N

Minimizing system resistance and pressure drops by improvements in duct system

Q10. Fan e’ﬁ goseeonCqpd(performance)qpigblogean speed 1 power 1 pressure 03¢

20056382005 affinity laws o3 aod[gdh

The affinity laws governing fan performance is given below:

Flow x speed Pressure x (speed)? Power x (speed)?
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Q11. “speed control” $¢ “guide vane control” 0303 o3[gpreaanqtsotiardgdi

Speed control Guide vane control

The flow is varied in accordance with the | The flow is varied by guiding the inlet air
process requirement by changing the speed of | into the fan in the direction of impeller
the fan. rotation in accordance with the process

requirement.

Q12.

Q13.

Q.14

Q.15.

Q16.

Q17.
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Fan sogudsaoniegeqiod(sizing)epagl copdogl: odionqepd 328mn saq0d(main factor)
QP23 eeBlgdl

The following are the factors considered for fan sizing:
Flow requirement in m3/hr

N

Pressure drop

3. Power requirement

4. Density of flowing gas at the site condition
Fan &l g&:esontqpd(performance)ad saoggooodeepadendteomn sagodqps(factors) o3
oSG

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.

opdoyadeom m§pmeon: Fan o3 axial fan opesled 200500depdspda Axial fans
F200gg|0o:a0pd application gp:a? poestonny eedlgall

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

Radial sa§jesaon: centrifugal fans qps 20p5 ©pbaopd application qp:opE =0ddgjq$
3200860qHe0go055:

Radial type of centrifugal fans is used at high pressure, medium flow conditions.

Example. Dust laden, moist air/gas in textile industry.
‘Backward curved blade centrifugal fans’ ¢l 8a:000g05¢p:0d ced[gol
Backward curved blade centrifugal fans eﬁm:chﬁqp:cfo -

(@) High pressure generation
(b) High efficiency
(©) Power reduction with increased flow

Fan oodad:3a0: ‘inlet guide vane control’ [§¢ 3200ggje] 6enC:5E003 cudlgdh
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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. Flue gas & 220§ (temperature)algpC:cd[gCs(variations)g¢ fan & operating efficiency
e[gpcdag0:0a3 qEsculagn cudlgdh
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. Fan eg:qudepapl(selection) cromepg$(temperature)ei 326653003 ceSgdl

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.

Air Handling Unit Blower oo&9ai Technical Data qp:

York Brand AHU oo8cd:o€ Clo€aopd blower oodadsel specification gp:od esanadopé

eudlgoonsoopdi Blower $¢ 2005a3E2005 techanical data qp:od powdsalgd ewdlgoonzaodi

UNIT NAME AHUA-1-TOxB0PAMEL MODEL YDM 70x80

UNIT CONFIGURATION HORIZONTAL REQUESTED QUANTITY 1

FAN MOTOR SPECIFICATION TRANSMISSION SPECIFICATION

BLOWER TYPE/ BLADE DIDW / BACKWARD PULLEY TYPE / GROOVES SPR/ 2

WHEEL DIAMETER / FRAME mm 800/ K FAN/ MOTOR PULLEY @ mm 335/ 236

DISCHARGE Rear BELT LENGTH mm 2000

AIR VOLUME CFM (m%hr) 28,240 (48000.000)

TOTAL PRESSURE in. Wg (Pa) 2.83 (707)

ESP /TSP in. Wg (Pa) 1.40(350)/ 2.41 (603)

ALTITUDE / TEMPERATURE ft (m) / °F (°C)0 (0} / 68.9 (20.5)

FAN RPM RPM 1019 INLET IN-DUCT SOUND PWR dB (A) a3

MOTOR TYPE / POLES TEFC - IPS5 / 4 IMLET IN-DUCT SOUND PWR dB 1256 Hz a5

ABSOREED FAN / MOTOR POWER KW 13.50/ 16.20 PER OCTAVE BAND UNIT 250 /500 Hz  91/904

RECOMMENDED MOTOR KW 18.50 1k/2kHz B8/82

MOTOR SAFETY ALLOWANCE % 20 dk/BkHz 75/ 66

ELECTRICAL SUPPLY V-ph-Hz ~ 380-415V/3ph/ 50 Hz

OUTLET IN-DUCT SOUND PWR dB (A) a5 AIREORME SOUND POWER dB (A) 74

OUTLET IN-DUCT SOUND PWR dB 125Hz 05 AIRBORNE SOUND POWER dB 126 He 85

PER OCTAVE BAMD UNIT 250/ 500 Hz 07 /04 PER OCTAVE BAND UNIT 250 /500 Hz 77/ 69

ik/2kHz 91/85 1k/i2kHz 67/62
4/BkHz TEB/68 4k/BkHz  45/34

FAN DISCHARGE VELOCITY m/s 13.15

TOTAL FAM EFFICIENCY % £0.70
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Fan Motor Specification

6320050| Data qpzoopd fan(blower)ell 6e505E 20058386000 329/05320005qgd0RS
Blower type / Blade = DIDW / BACKWARD

Blower gp:o3 DIDW $& SISW $8§: 3[gr:00p5i Double Inlet Double Width (DIDW)
aB20p5¢0 blower 6 6on: $&900500d:0 GrooC0pd F§|smaem2 [§9200N Single Inlet Single Width
(SISW) air blower 2005 6250060059000 GrooEaopd 3a§jE3s00: (g0 Blower gp: @ blade
o3 forward curve | radial curve $C rackward curve o3 ] a%s§j [gpz0opdi

Wheel diameter/ Frame (mm) 800 / K

Blower 03¢ oobao€aonoopd wheel diameter 2005 (900)8c8c80om[gb[Gs blower i frame
2§rz00:0005 K [gdoopd

] Discharge (Rear)

7 AHU qPopE eeuod godoood(discharge) 8Eoopdesep $6§E §oopdi
Rear discharge $C top discharge o3 [g®aopSi Rear discharge
:§pe02:03E blower 2005 6ca3 AHU 61 6500590059 05000520001
top discharge sa§jszaens0pC blower 2005 6cwod AHU @il saedl 00503
405000520001
Air Volume CFM (CMH) 28,249(48,000)

AHU Blower ¢ 000560:8€2005 Grooocopd(air volume)aopS 28,249 CFM o86wr05 48,000
CMH [9&20p51 “Volume Flow Rate” tpcopSs el adoopdi

Total Pressure in. WG (Pa) 2.83(707)

AHU blower & deliver cp58E2005 98w0pdd peforme cpd8E20p5 za:(total pressure)
a0pS 2.83 inch of water column 2800305 707 Pa [gdoopSn & total pressure 0opd s0:03:6000
losses gp: 320305 [gdaopSi Total pressure 20p5 mixing box loss 1 cooling coil pressure drop |
filter pressure drop 200 lossess gps 829:0d:320305 (92001

ESP / TSP in. Wg(Pa) 1.40(350)/ 2.41(603)
ESP C)Oé “External Static Pressure” @Bwéu TSP oop_S “Total Static Pressure” @Sooén

AHU blower &l deliver co688aopd external static pressure 20pS 1.40 inch of water
column 2800pod 350 Pa [gdoopd Total Static Pressure 005 2.41 inch of water column 28o0pcb
603 Pa [g920p0n External/total static pressure 20pS AHU blower @i total pressure ¢ mixing box
loss 1 cooling coil pressure drop 1 filter pressure drop 02003 lossess gp: 03 05 oS00
pressure [go0pdn External/total static pressure 2005 duct friction loss gpsi supply air grill and
diffuer losses qpss& damper losses 2330305 (&5

Altitude / Temperature 0(0)/ 68.9(20.5)
AHU 0o6e08eentisCepd esepoopd o€aoudeq[ge opdqg&aopSo’d cudlgoopd
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FAN RPM = 1019
AHU Blower &l o&&(shaft) copboodgs:a0p5 0088580qiE 300566 (000R) [§20R5!

Motor type / Pole TEFC - IP55 / 4
6u50003§p3202:0000 TEFC [gdoopdi TEFC & 928¢podaopd "Totally Enclosed, Fan
Cooled"o3 3c320051 IP55 ¢ motor Enclosure @ rating (protection against solid and Liquid)o3

8800051

1P First digit: Second digit:
Ingress of solid objects Ingress of liquids
0 | No protection No protection
) Protected against solid objects over | Protected against vertically falling drops of
50mm e.g. hands, large tools. water or condensation.
5 Protected against solid objects over | Protected against falling drops of water, if

12.5mm e.g. hands, large tools. the case is disposed up to 15 from vertical.

) . . Protected against sprays of water from any
Protected against solid objects over | = . ] o
3 i direction, even if the case is disposed up to
2.5mm e.g. wire, small tools. )
60from vertical.

Protected against solid objects over | Protected against splash water from any
1.0mm e.g. wires. direction.

o ) . ] Protected against low pressure water jets
Limited protection against dust ingress. o o ]
5 . from any direction. Limited ingress
(no harmful deposit)

permitted.
Protected against high pressure water jets
6 | Totally protected against dust ingress. from any direction. Limited ingress
permitted.
7 | nA Protected against short periods of immersion
in water.
Protected against long, durable periods of
8 | N/A

immersion in water.

Absorbed fan/ Motor Power kW 13.50 / 16.20

Absorbed Power 2005 AHU blower’s shaft 03¢ c33a6e000 power [g620p51 AHU blower
2005 belt drive [gdoopd Belt drive qpsogE ocod(slip) [gdoopSi Belt drive gpsogE transmission
loss §aopSi Befopé cedomgsams(motor power) 20p5 absorbed power cood gpsaopdi o AHU
o3¢ AHU Blower’s Shaft power 13.50 kW §§g$320305 ewb0omn gdsaans(motor power)aopd 16.20
kW §q8 332600051
Recommended motor kW 18.50

Recommended motor kW 18.50 2005 eebomel sagudsaens(size)ad adado0obn of AHU
c83>66000 motor power 2095 16.20 kW [966905c0p5: egpogodopt 16.20 kW ofidli odelopp
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18.50 kW @odom recommend Gogg€gdoopdi 18.50 kW eebom eqogé 22.0 kW eedom|gé
06908 GunE:§€a0pb1 Belopé “recommendation” ©>0d:0309dgE: [gdo0pdSn 93ea0d 15kW
eehom0d  adges eoCengpoon  egpopadorl  qf8Ceom  eudom  sagudsaon:(motor
size)qpsg> 3.0 kW 1 4.0 kW 1 5.5 KW 1 7.5 KW 1 11.0 kW 1 15.0 kW 1 18.5 kW $& 22.0 kW o}
[g20p5
Motor safety allowance % 20
GeH0om 320305 safety allowance jo % GoozoopSi
Electrical Supply V-ph-Hz 380-415V / 3ph / 50 Hz
a3 AHU Blower &l 6650203 eunigé c3326600 aqdodencdsas(electrical power supply) 2005
(p00)0 (Gog)) Sz02 [§dqepdi 50 Hz §eoon 3 phase supply [goqepdi
Sound Level Data qp:

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
AHU & ecoogodedlod(out let)o ogadagn:anpd ecosaayé(discharge velocity)aopd 13.15
m/s ﬁ&néu
Total fan efficiency (% 69.79)
Fan(blower)&i Total fan efficiency 20p5 69.79% [g®20051
Transmission Specification
Pulley type/ Grooves = SPB / 2
Pulley 32§jz3000: ¢ 6[gpCs $66[gpE2(2 Grooves)dleaon SPB Pulley [gdoopdi

Fan / Motor pulley @ mm 335 / 236

Fan (blower) o900503¢ oobeofoonseoon pulley & diameter o0pd 335 mm [g8[g:
665000005038 00beoCooneomn pulley ¢ diameter © 236mm (95200013 pulley saguSzRED:
509304 GLHOMEN 20009662005 (9G80)gdaqIE fan(blower)el s20056620p5(00, jo) [gd20RSN
(Slip [g50pd 320056q03 c0deogrd30gE)
Belt length mm 2000

Fan (Blower)esi pulley $& eodomel pulley o §odsoodooneom ofom[o3(belt)sl
326952005 2000 mm [g&205u

-End-
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Chapter-7 Ventilation

CRO20OGOND 32005qE odigS 6500 Ionmen e DOBB0q5es, $E
Gon05eq0s $603c30q50§  ©2:60005qS 332600001 YoIENBEUNOS GEOD F20005qI9S
60eomE:er008 32600 (00)03c80qde8 832600001 Aelopé qogtiepdecocizagpdaacay:
eomnligs 0850Cqs o09S eqERo0pdl op:a0[gE oS eeood:BEpP: 30385 (g
65$03Ea0qP: 6roe0MEENO0E iqS 90552000
Q-0 eeozaqpd3aeog: (Indoor Air Quality)

cpgp: 200005q9S 208egpooRd cruseepdsacog:(air quality) 32608 o30dp3g § of
00690:6$320305 0EompSES National Environment Agency(NEA) ¢ 0005¢005000:0009 guidelines
¢ 0desoiqepd Ioqod(test parameter) o0dgE503  Gedlgaonioopdi  edopeos(chemical)sE
200583860 290> efgrodgEd Rocos(biological)sé c00de3EeomsagEd $9001 qQueos
(physical) $& 2005a38e000329105 adiqiod oBlgdoopdi

IAQ Test Parameters Threshold Limits
(o) | Temperature (Degree Celsius) 22.5-25.5
(J) | Relative Humidity (%) <70
(p) | Air Velocity (m/s) / Air Flow <0.25
(g) | Carbon Monoxide (ppm) 9
(§) | Carbon Dioxide (ppm) 1000
(©) | Ozone (ppm) 0.05
(Q) | Total Volatile Organic Compounds (ppm) 3
(®) | Respirable Suspended Particulate (u/m3) 150
(@) | Formaldehyde (ppm) 0.1
(00) | Total Bacteria Count — TSA, 35 Degree Celsius 48 Hours (cfu/m?) 500
(00) | Total Fungi Count — PDA, 25 Degree Celsius 5 Days (cfu/m?) 500

;oS (temperature)  Relative Humidity(%) $¢ ecosacq€(air velocity) 30005
20056000&200520:(gd[gEs5E 00 200583E60050005: oS EagIEdgPE0Rd M§a0050o0pd 0o§3:
qP2000d Bgp:dlon ogSineqest eagpdopt 220005 sagepedaddl 0380Seo§Eaopd

Q-0.0 6eu3qPd6g: pdqiE:000) aajoypC:qp: (Causes of Poor TAQ)
(0) Gromqpd36agisE 2005a3E2005 [gacosogp:(TAQ problems) ¢l 0% 05005 Grood
600g0d weomEigts(inadequate ventilation)efopE [g620p5
() eLquRRd Gsep ©eSmS[gE: (poor intake/exhaust locations)
(p) 6L§0EG ©adEANO3EE: JewP0d Groodyp: voosaEiacs
(inadequate filtration or dirty filters.)
() Intermittent airflow [gbecl[gE:
(9) ecols§lgeq ©p3pa0[gE: (poor air distribution.)
(6) eonsoopdocdy 0dqE{g: (inadequate operation)
@) [glgCod8:adbeg 0dqCs[gls vadeamnndg: (inadequate maintenance)
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Q-0. ] 6cuzeqpdm693: (IAQ) conlig§esnt aB§iaBbispdiyp: (IAQ Control Methods)

(0) §o0E§B0500pd 20§ $¢ dEse0 ezl B&00m8E[GE:
(control temperature and humidity)

() 29§g8: 00590052005 GroadyPopdeLgtlyl eopodpodig cagpspboieamE
[g1098[g€: (ventilation - dilution)

(p) 22p0036[03r0g052005 FaepyP:ad vudgpigEs(remove pollution source. )

(G) eooodgpig w&olesnt [grod[gé: (filtration)

Q.0.9 6coz6p532605:(IAQ) 3260l F0Eo00Seepad§Eaopd Faqedp: (IAQ Factors)
63305038 Gud[goonoopd 3qodgP:oopd Grozagpdmeo:(air quality)o} o380dcoft
Gooe[opE 00058Ea0g) &€ veyPadesNE [Rpozooaopd
(0) 0P eqegiloCq(thermal environment)
) 8:§:qp:(smoke)
() =04sdsqps(odors)
() 030360000 32681 328adqp: (irritants dust)
(§) Stress problems (perceptible, nonperceptible)
(6) 22886en050loCes00pd ercdegyps(toxic gases carbon monoxide, carbon dioxide)
Q) ©205eonpbo0pd 0odesyps(allergens pollen)
() ©0503:8e0mgps 8E:q0qps Ssgozqp: (biological contaminants - bacteria 1 mold 1 pathogensi
legionella 1 micro organisms 1 fungi )

Q0. Geozeqpdmeog: (IAQ) $¢ 6r0S0RE 0g§8tesnndad8dloty(CO, Levels)
6oad§ 0:g§8Eee305838e0056¢(C0,)2005 oySieqEn? dddadSeooopd

(0) [goerococdangd omgs3tesnndeds clofe(CO, Levels)oopd 350 PPM ¢ 400 PPM  of
[g20p5
(Outdoor background level: 350 PPM CO, avg.)

(J) ASHRAE Standard 62 22§ 0mg$8Ee32005a3830l08¢(CO, Levels) 20p5 1000 PPM cood3
ogpzoogeol
(ASHRAE Standard 62 recommends: 1000 PPM CO, max.)

(p) OSHA and U.S. Air Force standard o6 020g§3Ce320056380l0€4(CO; Levels) 20p5 650 PPM
0005 Jugpsooteol
(OSHA and U.S. Air Force standard: 650 PPM CO, max.)

() opgpsaopd  0mgs3Ce3n0daB83lo8q(CO, Levels) 800-1000 PPM 0005 gpsaopdsasl
20056000 20050006[gd[gEs ogSicnegs BIHEE[FE: 03 oonElgded aopdi
(Human discomfort begins: 800—-1000 PPM CO..)

(§) 07g88Ce300590800E4(CO, Levels) 12,000 PPM 000> 3gp:oopd e5epopt [03p400¢n
65$03E vOn3EQ0p326] Gepdladigp: g8 05!
(Long term health effects: >12,000 PPM CO,.)

ecooCeroogod comEsesmn(ventilation) [grodegE: ol qpbgudgdqpsen
() cpgpe§ep(occupied space)esepe 3pgP:0d vudepodes (remove heat)
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() 00>03Groonigps 32§aB:qps 3gSqP: $¢ agePS[goeoRd 00REGEsAPE(CO) 1 0E§SE
632005838(C0, )enddeg, qps 02009 33p06306(03:(contaminant)qps vodepiode$
(0) cpqpreses 20Cenqpeomn 0598Eapd crosagpdaacog:(acceptable indoor air quality)

afia odlgboopds

aBesepe  GoogP:od  2e00d6god  g§eo0d0desaepd[goB  [gCosco(outdoor  air)gé
F200:03:60566p01 033260005 [gEoscv(outdoor air)oednoopd sresiesepa’d c8ods] olgr:aopd

2000022038 crvoecuagodeomntiesnt [gapd[gt:o? “Natural Ventilation” vreel copdi
005008§:§:0d =a0digg] ervoecoogad eomEieant [grpd[gt:o? “Mechanical Ventilation” vp
eolooplli  00§:0009  Bewnod  esepod0d  200m0m038:  ervoferoogod(naturally
ventilated) com&:eemnt [grod§EaqE 005md§E§9¢ ecvofecooged comiesmt [gred
(mechanical ventilated) coo:qepdi a3ewr0d air conditioning Gusco:00pd eseplgdaepd

00500GE§e[g¢ ervoecogodeomiiesmEgrodoomeoopdesep(mechanically ventilated
space)o? air con eeos 20000032038 Grooeruagnd comEieent [gred8ooo:aodd esep
(naturally ventilated space) o[gdcoq

Air conditioning 600226000 GsepyPs S0SiqP:ep0gtsy ad:0680:08860:059¢ Glg
2005905 0026oGSEP! Ga0s866a0005g$320R05 [giapdaoieon Geosd6eomndedi(smoking
room)gp:03Eomn 680:0866000059¢ §oopdi Geo:dbeamadedigpiodcopd: opdigd: 0pbiondigp:
(code)=203E: 058000 Geo0dEagERSI

2002003203E: 6r0EEM0Z05 GomE:eaNE [gIapdoo:aopd(naturally ventilated)sooSsqp:
a3o0pod cugpiesqs esep(occupied space)gp: $& 005dEqElyE ecvoferoogo’d comEesant
(mechanically ventilated)[giopboonsoopd seSiqp:od Sopomdgps(architectural drawing)edogé
qSscCsgn  eedlgaepdi  dgpa(drawing)gpiad  [glgEod8:a864gEs(maintenance)sé  §u38:q05
speglgs(trouble shooting) A3[girodes 220305 0sdon0oy) 986:8005:000:6§ Bzab2005
Q-J 2099002203 ervoecoogadeamt:eaneigapdlgt:(Natural Ventilation)

0 = \//-—. N,
AT

@ Q-0 Use of Wind pressure on building (Cross Ventilation) Q Q- Venturi effect
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Principle of Natural Ventilation
2000022038 crooferoogadeomntesnt [grpd[gts(natural ventilation)oopd ¢2305d
2g0dgP:edl 0g¢ Za6[gdoopd
(0) Wind pressure on building
(J) Venturi effect
() Chimney effect $&
(c;) Stack effect o3 [g6o0p5u

/ —
~ I‘"’:‘-‘ﬂ Natural
Lé e 'I'rapped — Ventilation
Radiation' N :‘,- N “Air intake/outlet
. Ch“'““eL'TW_

Radiation| effect

Wind / ‘.)ICc;ﬁductlon — KJ
Convection

s v 2

X Y

L —_— %? +—— Opening

& Q-p Atrium 00693203E chimnery effect [§6cdld

Warm Stale.— £ | £ ——Warm Stale *:gis Ny -VE
air out = | = airout pressure —— - | £-"-pressure
Y I
// \\ | | \\
% Warm stale R Vk
air rises stale
} through ( air
o convection i out
Cool fresh Cool fresh Wind ward Lee ward
airin air in
c‘;) QG Stack driven natural ventilation (3 Q-9 Wind driven natural ventilation

Q-J° Stack Effect

32680005358 Juupod ?esiancglsg :oFS(inside temperature)sé 33[gEa005§ 0FS
(outside temperature)od [gpzgosgod(temperature difference)elopé “Stack Effect” vpesloopd
natural ventilation [g6edloopSi Non-mechanical airflow oo0d§jp 368000538 320385 [gbedl
20pbi [g€oopE oBoSecbesaopd ecudzmi(wind pressure)eloypEopds “Stack Effect” [gbedl
§E2005

;osiopts(inside) $&  0[gE(outside)nod§ GromE§E  opfgrged  (temperature
difference)e(opé 6e0ad&a0p5:e0(air densities) ©opoBe [§dedl conoopd Yaopbecwaopd eddkom
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32000533 000520051 Becoad6a0p5:e0(air densities) voppBaelopE crudsa: axdfgig(pressure
difference)elopé ecwoopd 6300He 220005030005(g8: a30wP0d otde GEN05AY olifgls
00000 “vertical air movement” [g&adl copdu

coodeoy  =efgEeespt  ododecodsmi(wind  pressures)elopé  stack  effect o
e[pE:cdaqpgy [g0edeoaopdi [gEoo3odecodsms(wind pressure)elopé modify stack effect
[g0e0l c0pdn BsaclopE:ad CIBSE AM 10 Natural ventilation in non-domestic buildings og€
326005805 6epar ©05g8Ea0p5N

eoodamsop(gpsg(pressure difference)elopé crogpieg,aqpdgs(air movement) [gbedl
20p51 936005 30§ Soz[gpiqod(temperatures difference)edl ol wonpSeomelopE  ventilation
application gp: 33s0d:3¢ stack effect 03 329dgq$ waoeagdeol

Stack effect elopElgdedieom eroegaqpg(air movement) ScomE:coq$ 20305
32680005358 Boopod s crvoedlad(inlet point)gpsé croogadedlod(air outlet point)qps

co2:§q$ 3=a62005
eoooCedlob(inlet point)s¢ eooogodedod(air outlet point) odel edlEc8odealgé

(vertical distance) gpseco stack effect GganteomEseco [gdaopdi

eooogosepeoselopC(direction of air flow)oopd 3208:32038:58 m0§dglo 320§S
o08§3:qpsecl o€ goopSoopdi 00dsobiemigl spediopEanpgS(inside temperature)oopd =oof:
[gCompd§(outside  temperature)oood  J[gEesage erooopd 860pdmedode  ofeepad(Ge
3260 odom [gEaopdeacaedlode ogodognoopdi efimcnlsy ecodisolig(air flow)aopd
6300503200053 (upwards  direction) [gdoopdi saoniofgé esetiesod Pt ojoyad
eeodseolsq(air flow) [gdedl copdi

oS30l ccodisapdS(internal temperature)aopd [GEoeromangS§cocd 386esagc
60205 [gEoopdzeediode oamn(Gs 8600p8eaedlnde agodognioopdi 3208:32038:5 crBieotsg
(airflow)aopd  sa000506sm05a3(downwards  direction) [gdoopdn sacpi0[gE  posagSypiopt
00393 eco:eolsq(air flow) [gdedl 2000

Gonsomgp: 006e0C0o0pd ©adqps(machine enclosure)oaaopds 00532038 2o0S
0o0deog§ 320305 “Stack Effect” saadd{g[o30opb 0odsaoge 0gadoopd sapgpiagié oodgpzel
260 00558 630053005038 I!edlodgp: ewcdom [géen:aopi(tall enclosure)oodsalgd B3E:s
[giepE00& 00051 B=adl stack effect efogp [gdedl cnoopd croBisotsq (airflow)e(o3pé 0odsa0pE:q
:2og$(internal temperature) oqjeo:07 ©odgP: 32e00d6[godeentigs V09§E0N c[gmscs
(acceptable operating condition)o8 eepab8Ea0pdi

$080 32680005308000930305 Grudienliq(airflow) 050850 00dspS:0dgP:)0d CIBSE
guide A ¢ chapter 4 o3¢ standard calculations ¢ o3:0:8E20p51 GeoBs(wind pressure)od
Oloopbogn5002:0005 0g055p5:03c0p0s 308:(G)[chapter-4]ogE capau8Eaodi 3¢) qoeagendd
20pd  36e00053Bgpi(more  complex  arrangement  of opening  layouts)3s0R05  3q0b
samcﬁqp:ﬁ CIBSE publication AM10 Natural ventilation in non-domestic buildings 2005 038
3[g&s03:0mz 8E20p5u
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“Stack Effect” s:;o:o:nqcﬁqp:

(0)

)
)

)

“Stack Effect” elopé [gbedleomn crodicosqg(air flow)oopd eroododfgl: saeclogé
©000p5dl (does not rely on wind)

20S o[rrq)od §esaog) crodseotg(air flow) Gof [§dedl es36edi

ecootedlnd $& 6roogadeAld030m VSMEES egigudes cBeabo0pdn (Greater control in
choosing areas of air intake)

g6:32E00d93 eruolaeroogod(ventilation) §$E05505: [gdoopSi (Sustainable method)

“Stack Effect” sao:gpdeqiobyp:

(9)
)
)

()

ecoBig&s 325055000000 8E0p5N

205S oo[greg)od 3264l 88 sn:000: qoopdi (Relies on temperature difference)
eooledlodsE  eroogodediodyqps  conig§3a0305  spooengPedieomaesepyp:  iaS
9053000520001 op§oye§0d gpeaopdi (Design restrictions)

ecooedlodod 86o0pbesepogt contqeomelopé eroeomEernans gfqs 9053205

Q-J-J 88E:cp0q§ cBa006000 F2q/0D=00054p: (Design Information)

()

(®)

§peao:(type) 3agudssos(size) $¢ ecvofecoogadedodgp: aopddepesepyp:(location
of openings)

ecootednds eroagadedlod(opening) gpsell sajsmaons(type) $¢ Gaoans (shape)o3aod
ecod:eolsg(airflow)od  Fa0jEa00deepady §eocomelopt Fe0330q03E:0mgs 320

20001

Q.49 88E:cp0q§ 22800 2aqi05(Key Design Inputs)

(o)

(®)

:2opCsm0§S(inside air temperatures) $& [gCoecomag§S(outside air temperatures) o3
(°C) [g6Bqs B2ab0005n 3203858 :[gE 2320§8 [gpesorqedelogpE(difference between
inside and outside temperatures) ecoa&a0p5ss0(density)a3(gpsom Grodsms(pressure)

o[ [96edl conoopdi crodsms(pressure) ogfepsqelopé stack effect [gdadl conoopd
ecooledlodsl eroogodedlod  salgCaaogaacos(height difference between inlet and

outlet)od Soo(meter)[g¢ 93q$c832620051 croedndsE eroogadedlnd salgoplapiged
qpeec stack effect 3sazeomEieco [goopd

Q-J-9 Design outputs

Cross ventilation 1 single-sided ventilation ©20p5 ventilation sadjzzaens(type)gp: |

schedule of window types 1 actuators ©20p9 control coOspdsqps $&  schedule of transfer grilles
cloCoopd ventilation strategy $¢ specification qpso3 20050058EQS [gdoopdi
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Ventilation performance o3 o§08:q8$

20&eagPo00d solar shading cd=a0gjdgp03 200500dqS
ecoBeolieprodielopCagps(air flow paths)od eublgooneoon layout plan drawings
GeERaR

20&eagPo0pd control philosophy geodeuqs odgdaopdi
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Q-J+G 9305525: (Calculation Approach)

(0) 3268000533806 (Building layout) $& 20enqo00d 0gadepds 0603 GgsgSal

() 200832038 ;o8 (inside temperature)sé [gEoecompq$ (outside air temperature) o303
20056050l epaBpop SagdzaCndgp: (Weather data)e qopdh

() eovoledodss eroagodedlaboden 3algogfep:qod(height difference between the inlet
and outlet points)o3 ¢pdli Centre to entre distance (g€ 0go5qepdi

(G) eoooledodse eroagodedindodel sadjpmaons(type) sogudseons(size)sE (aoqo&(shape)
0303 20056053l

(§) 20680005358 20038:3 [g6edlepd crudigSs(volume flow rate)od c05qE320305 deoospd:

P3q[gCsqp:opE 0083sqps(values)od copddl

Q-J-§ Design Watch Points

() eoodsalopsell BsoopSep(direction of air flow)aopd [gEomepq$(outside temperature)
edogé ooopSeamelopé [gEomapqS(outside temperature) e[gpEicdo0pdses] erwds
so8:eponod(air flow direction)oopd  e[pE:cdcdobi Belope [gEusepd§ (outside
temperature) [gp&:cd(gE: [§8ed §E2005 Fag/05¢p203 200300:dl

(9) Stack effect elopElgdedioopd crodieosq (airflow)oopd soefimcglid ecolamm: sogé
[gCemscnfgl: olgdeogs 2003[goofoodn  8&E:ecudigss(design airflow  patterns)od
0aB80560qs 2003gjoo&o0pdi

(0) Stack effect elop¢ [gdedeomn natural ventilation §g$320305 erooedodsE eroaged
edlodgpea? gCoonqeamaelopé adl§ie &35

(00) 3208:32098:q 9§:B:qpa ABodomgpielopaopd: 83E: cpbooraopd crodigss qfgf 0058
c860pdn Stack effect 2005 @8§00690005:330305 3a60mEsadgdoopdN

References for Natural Ventilation

e CIBSE Guide A, Environmental Design, 2006, ISBN 1 903287 66 9

e CIBSE, Natural Ventilation in Non-Domestic Buildings, AM10, 2005, ISBN 1 903287 56 1

e AIVC 1998, TN 44 Numerical Data for Air Infiltration & Natural Ventilation Calculations,
ISBN 1946075972

Natural Ventilation Guidelines:

e 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://whglibdoc.who.int/publications/2009/9789241547857_eng.pdf

Natural Ventilation soo@)& a?ooomq,@e.?@ooé oog;o%c&zp:

*  The Center for the Built Environment (CBE), University of California, Berkeley.
( http://www.cbe.berkeley.edu)
* Lawrence Berkeley National Laboratory, Berkeley, California. ( http://www.Ibl.gov)
*  Department of Architecture, Massachusetts Institute of Technology.
(http://architecture.mit.edu/building-technology/program/research-topics)
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Q-9 Mechanical Ventilation

Mechanical Ventilation System qp:o3 sac3eslobsadgC MV System oae) cal sdacy §oopdi
cq§paseqps(bathroom) 836000gpisé c0&oeSigps(toilet) coogmcudyp: conep seoss(locker
room)gp:  $¢ aB03ad  =ooddgoopd  seeSigps(similar  facility)gpizeoged  ocoomo  2a03E:
ecooeroaged  eomeamE(natural  ventilation)giopboooggls  ofdlon  0050dEqyC
ecooleruagodeomtesxnt(mechanical ventilation) [goodeosepdi ddasesiqpaacgad [gEoeco
(outdoor air)od ventilation duct ¢oodsoé cusd8E0p5 Air condition unit 06s0& Gozcon:§Ea0pd

[gon€iedlodgp: 9oodeod 2002008203E: crooecoagnd comEiesnt(naturally ventilate)
066080051 odaligpd aogadmd(louver)qpsse [giapdoosgliyé ervoecuagnd comiico
§8o0o0n  Exhaust air qp:epogod 3202203 copdeusepdeco(replacement  air)owdanoopd
9Sonodepdeco(exhaust airjoenncond Sogpico)

Q-9-0 920§:300p8:3 Positive Pressure [§6edl[gC:5¢ Negative Pressure [gdedl[g€:

Indoor clean air flow out PoIIutant air flow in

Exhaust Supply
Supply + Exhaust
Positive Pressure Negative Pressure

& Q-5 Supply air 20p5 exhaust air coodgps & q< Supply air 20pd exhaust air
oqI€ 2008:0003¢ “Positive Pressure” [g6eol c005g5:qE :0§:00038 “Negative
20pd Pressure” [g6cdl 20p5

7
e L iR B PR LY O S s

= =
/J \’\ i Induced Air/

g— Thermal Plume
% (\ Diffuser B

N

F

c[> Q-© Mixing (dilution) ventilation <[> Q-¢ Displacement ventilation

Q-G Hospital Operation Room Ventilation

380508:qpsei air distribution system o3 §zoS:qp: $& shopping center gpzel air
distribution system qp:co0’ 3] 0005 32600:805 03agge 8&E[gpoes Beabaopdi 30005
ahsagp: [90ed8E[B: 1 cpsogpesC sogpoypial oqfieneqea’ dB3ndeo8Eeamnaeoé [gdaopd
qeoSsqp: 220305 air distribution system 8&&: [grodepogE supply air o3 ssefimacnliad
eepodeant JeosglgE supply air $& room air 03 Gepesn(Mix)ognom :008:32098:5 3OS
006200050005:  0ppBaopbas (uniform  temperature  zone) [gdedl c8E0bN ABoyad  air
distribution system §jgo3 Ge0:q§) 805082820305 322%gqs wooEegddl
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eoad 0pEeomn =opodaac[os(airborne  contaminant)qp:oopd spefimacglid esep

F20d:0d §|.§06pod§ og:c86epbi 38cdessel air distribution system 83E:0005 c0056000¢
200Sam(thermal  comfort)gbeoq ooem 3ap0b36[03:(airborne  contaminant)qpso? 8odgigo
008:q)0000:8Eq8 B=abo0pdi spodase|ons(airborne contaminant)gpsclopS §805Bies0053E:
[0l 0005000) eepalyps(post-operative infection) q§§Ea0pdi o3 infection sagp:0pS cvsHel
0ga300e  Goodcupdieomtn  §B8odsoeposypist opsolgqpie  GoodcuRbieoms FBodesiad:
ogbsgpielopE eaddcopbieom: eepdlopond dq[gt: [gdaopd

§805e8im0p8:ad [guw 3981 efqps(particles) vofeepad$Eqs ventilation system opE
High Efficiency Particulate Filter(HEPA)qp: 00d3gjoon:00pbn sa8io8:oqe Sigoigpisé 3298
32Q0dgp: 380des: 32038:03 woleepod§es(infiltration o[gdeoqs) 38odesianoytopt positive
pressure [g6e=0¢ [giapdaonsqepd

Airborne contaminant o3 (96600005 3280 a6(o3pE: $69¢0
(0) 380beks 3203E:5 micro-organism (0c503:§soonigpa Sgqps ©20503) §[gE: 5¢
() Ventilation ¢ infiltration o3elopE 32981 o§qps(particles) oeepadomn(ges o [gdaod

§805s0eposqps 29s0[gigpiss ps0deopErpds woo§elaqp: ¢).é[gE:(contamination)
[g8ecl c0pbn Air distribution system 20p5 §805eS:(operation room)3 [gdedlan8Ea005 wpboopd
podsaa|og:(contamination)od ©ad wuSgp:8Egd: §aopdi System 2005 contaminate [gdogazoopd
eoogps(airborne - contaminant  doeso0pd  eoogp:)ad  an§ooodF[eps(isolate)$EB:  §80des:
320980 00500058895 aopdn 0€ano0pd supply air $& eepesn(mixing) wagnsesCaopds
002:58:8896: §eepdn 360mE:edisC 328:qE:00:505:0005 20§ E: cwodsocSaopbecu(fresh air)od
qpP:8&aog) gpiesmE copbeoigts [gdoopd

Air Supply
Primary Air Stream

l ’**wm\ '

| S I " —

c? Q-00 Operation Room Ventilation
20§qCsc00d9005000)  GrocopdeusgSs(fresh air ventilation rate) gpigE:elopE cooling load
(latent heat load $C sensible heat load) qpscooc88epSi Airborne contaminant qpod

BSsq0oongfscgod  meomEiadisé  saddeepodads(effective)sodiaopd  38cdefs(operation
room)3203E:03 supply air o3 2808009000 [gpSs0E:g0(low uniform velocity) copdeoggEs [gdaopd
Low uniform velocity elopp¢ stable downward air flow o3 [gdeooopdi “Lamina Flow
System”opcopds Gelcopdn Lamina flow ventilation system o3& godg0[o305(ceiling) 0od9d:03
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lamina flow diffuser qpsg¢ 006908 con:0000n AB03ad oppdoopd ervsaagE(uniform velocity)
[g9e52005 lamina air flow pattern q§q$ 220305 Sgp:a0pd Grocopbuodesss(air change rate)dq$
832600001 Jgqproopd  ecocopboodgssi(air  change  rate)elopé  g&:maladiga(energy
consumption) 3qpzad8epdi Belopé gdiealanognd mSoyodod(energy cost) Sgp: cB&edi

gosanCodidassi(energy consumption) 200500060q$320305 lamina air flow o3 38cbes:
0069005 0603 FeqEYa0pdesep (critical zone)gdoopd 389t (operation table) 328:
o&:o€ad ameofgllgé cd3madeam crocopSuodess:(air change rate)o? caqpg§Eaopd ddnyad
8&8:qxopC lamina flow diffuser qpzod god§o[30500090d: 3a[gpdonbeolqupdenon: §8odeone
(operation table) saedloopdonpbopamn oobsooosaopdi Lamina flow diffuser qpso o205
po&oomgo(low face velocity) soCsameaodcopds diffuser gps o§oopd Gon:onndop entrenchment
of room air [g&edl conoopdi

Supply air 220g$s¢ 3008:30038:q crosizmOS [gpesoiqod(temperature  differential)

oBelopE supply air 20p5 discharge air envelope &l 3200p598 Bionpbogas00pdn Belopé diffuser
©  3OFPIPEOPIa0P03g|  0§qEeomesep(clean zone)aopd oydselgpEiognsoogdi  BAE:
[gopbod Lamina flow diffuser gp: esepgopdsaslop ofeeqodod  copdagiogadyESes
832620051

Lamina flow ventilation system ¢ogoScoo0pd supply air gqpsoopd HEPA filter(High
Efficiency Particulate Air Filter)qpegC ©8[G:000dgd00p0n HEPA filter qpzaopS lamina flow
ventilation system op& Glo€a0pd 228058238:qp2 (9620051 HEPA filter qpzo? §8oSeSs(operation
room)el 3[g€a005 e5epogé coneomalopt ecvod(filter)cS[gs (gfgEads:036{gC:qpigrpdes
:2Rod  sterilized cpboonzaopd 380desien0ptiad ofeepodes ocdeon Diffuser gpiea8sond
006908006000 HEPA filter sodjsmoondje §oopdi sacgubonmy [god8Emb8E! [g[gEads:addegs
0gudmneasHRd: sterilized apbaon:000d 38cdek: 3303E:03 ofeepadiwod [grude) qoopd

porrrrrnrnnnnnn |~ g -
pervrnnnnrnnnnrnnnnnnn| € SV )
PERRRRRRRRRu NN AR TR R TI
nnnpawnnnnn||C 2 mvimvic D
T A || T T T
:::s::s:"l‘*azzzzaa: * 21 I W s
<°B Q-00 Lamina Flow - Full Ceiling Supply 9 Q-0 Lamina Flow - Partial Ceiling Supply

205000 206aY03ea0esep[gdaRd clean zone 20pd FBoS9onE(operation table)si
:2§: 0odoSoyam [gdoopdi qodsn[ogedealgad “Full Ceiling Lamina Flow Ventilation System”
[geodqepdseon: 38059008 (operating table)sl =8:03000 lamina flow [gdes?€ [grod[Ge
ecocoSom(air curtain)sé 0m§oongllgé g&:3aE (energy)saog05 cEoy0§odad eagpsodico
§E2005u
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Air curtain o3 linear slot diffuser qpig¢ [grpS§Eo0pdn §Bod9onE(operation table)sh
6c:000500%:03¢ Grocdodom(air curtain)qpigé oméoosoopdi Linear slot diffuser gp:od 3805
9on&(operating table)o s0505:00: (p)eugng] 006s0E conqepdi §80Soagps §8oSa3§ogp:
20§qCsoopdas(clean zone)3a0pl:y Yffige eg,0qP:oginsassnogad  §8od9ont(operating
table)o 22500sed:(p)eognoondgEs [gdoopdi Linear air diffuser qpso supply air 2005 e3lEadodg)ds
(vertical line)o (og)80§econlgé agodamesnt [grpSoonqepdi (0§))80§eco(gé agodon
Gox supply air gp:oopd §80590on(operation table)sC 2a8:08:0qC sologpiopl saaBizaoon:
(barrier) [oyp90069 3265[gE 070¢ Goza0:0000

Supply Air

HORD
Linear Slot Diffuser
ly Air

HORD
Linear Slot Diffuser

o |« Supply Air

i i 2
P Laminar Flow Diffuser Panel o~

Sup

Contaminated
3 e
o Operating Room
& R
& < WorkArea > %
G
&
v

74

Return Grille Return Grille

[T

c°3 Q-0p 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 o3 3a[g&onaSediesep(outer boundary layer) 9oo6s0¢ s3codop
o 38od9onE(operating table)o sscosedgdeor eropbednd(exhaust grille)gps 9323
eepod20pdi adelopE contaminated room air g3 33 oBeepoden [gEsza: cagpspSieolgt:
(dilution) [g88E20p51 006505:322dg¢ aqi€lgSgn [gEszamiengpspdiat:(dilution) [gdeo005

Supply air &1 6§% © Qg% owdanad lamina flow air diffuser ¢ coodeosds 03§05 j§%
¢ 9§% o3 air curtain ¢ ogodSesnE(discharge) cpdeodgls [gdoopdi F8odeseacgliad [gEue
2a8GPs 3§05gps 00d03§soongp: voleepad§Eas seS:3a038:] “Positive Pressure” [gdesand
[Gepboozg$  B=aboopdn cBo3ad  positive pressure  sag05:cdd  [gbeoleseoqs 820305
00p56020pd GroLwIAN(supply air volume)oood [g§eEuro00d srovwd(return air volume)ocood
:250:c0d gpresgs 332600001 copdeuroopdecoowan(supply air volume) & [g§eS0po0pd
Goooedan(return  air  volume)ogpudged  aqiigprecseogs  2003[googoodi  sajdisandyt
[4$950p200d Grovwran(return air volume)aopd copdeo:aopd Grovwdan(supply air volume) @l

0§ % 98§ [g620E20p5
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Return air grille qpo [36308:0 (p)roode ¢ (B)ocde safoqs =:0[gCopt ondeot
002300820001 030303 exhaust a3eopcd return air grille o3 328638:(low level)ogé 0n6e0E
condglielopE contaminated air $& G005 FGOYSGP:0RD  @d0deg(gas)qps OSgp:
2a85gP:03 eO0y a30:e08E2000N Return air grille 6ao903 $§ec0in0d00d:03E 00680E00aeRd!
$8oodnodg€apl return air grille 00698 0060 coniqEEdI 200Wdq §éecvsnndondiont
return air grille qps 00898 006s0Eqs ©[gd8EAMm s0§0qE0d $65800d0RE grille $89803
0068088E20001 208:00690: $§5600503E grille $698 ©odeol waEd B3 0o6e0E[gEyE
contaminated air gps §80590oE (operating table)sa8:o8 cepad§ogn: 82001

Q.G-0 Ceiling Construction

§80SeSigpzel  godg0[0305(ceiling)oopdesmr0ddoopS air distribution system 820305
:20R$ 306qE03k00pdn Supply air qps 83a0:qpieanE[grd (pressurization)q$ 320305 qod§0(0305

(ceiling)od plenum box 33[gd oopSeamnodqepd  38cbef: qod§[0503  $ob:addEg
0056800050008 §E2005

(o) Dry wall ceiling
(9) Gasket T-bar ceiling $&
(0)  Combination of Dry wall and T-bar eepco:00pd G603 (9205

Geoi) GeoIoSigpPH 0Pa0GEEdCEp 2268000538 qpsel air conditioning system 205
20056000& 200520 (comfort)gdeogomem eepalojg§yresnt omsedieu§Caupdi copdeosoopd
aoo(supply air)el 320§803 sacdmeaqp d[gelys eesiel 320§803 BS:congt: (temperature
control) (80051 crocopSoodgSs(air flow rate)o? $05:es3E gpiesnt [grodglist 3ac3§oopd
;08 30§8qeant olgpd(control)gr 00dspdimndyC efimanl:y =04, esepogt oS
[48[a8s =oq).c56p03E 220§$85(gE: (temperature gradient) o[gdedl esE [giroSaoniqedi

2053008 :20$:30§803  00da0ecSonpds(uniform  temperature)[gdesn  [gopd
0002001 3208:33038:5 0obesep $E codesep o SozpudgEd(temperature gradient) gpsdlon
0030022360009 }eFSeloPE erveg aqpsgts(air movement)od [gdedleoaopdi 298006900
:205$ (temperature distribution) oo®2000500p5: p8es630E(homogenous)gicedoon: 20805
6o 00§q8e  gproopdesep(high contaminated area)og  GoosaayE(air  velocity)oopd
0doRSQE (0. ))80585:(0.2 M/s)000d Jugpzooteon cpsogp: con:opdseess(patient room)
qPsRE dogmEqIE (0.0)80m582(0.1 M/s)20p5 co&engpaood srosang(air velocity) [gdoopd
ecoza0q|C(air velocity) 03 0.45 + 0.10 m/s og€ aB&:c00dgEeyC unidirectional lamina flow pattern

a7 fpcoopds

GocdgSs(Air Change per Hour(ACH))2005 saopioo&olqs 8320600 Gsepgps3a030d
32098 366p0loopdi cpsogproozaopdssed(patient room)qpesognd od:dsagé 2 ACH — 6 ACH
3038 [gdoopdn Critical room qp:eaog0d 00650§qE 320800000561 (0 j)e0582(12 ACH)Z2a3
conse0:00p01 §B0deSs(surgical operating theatre)qpseacgod 15 ACH ¢ 25 ACH 3503 §8Ea0pbi
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eomEs0005028 Chapter-7 Ventilation
Q-8 22680005338038:6h volgd B3ade0m Zoefiyp:(Essential Rooms)eh MV System

[4508E¢5  p§0pdsbgpioge  [Bremo0pd  meencdmadqpis  eqpgp: Sieont
016458 $q00pd5$: [Ewrrn0p503 Gogeopdl vhoegEB covdsiogSiegEod depagilods
$¢ dgjeqdeqr B:ec08godoond Fecofme ediiaqp: [98o3oopdn S:eonsomogudes  (fire
protection)s¢ S:ecnCopés Je00d [B6:0000qsm00905 §ooéadnda0pd Mechanical & Electrical
(M&E) System gpso? [g§c0pd s0f:00q§ 332600001 200d00dconeom d§$dpRss(code of
practice)qp:3203¢: 05600073 8&E:0de) 06950800268 332650000

Escape and S f
rescue routes

Positice pressure
ventilation

TR s 1. ) E «
& Q-oG Escape routes and rescue routres $ Q-0§) e Siecnlesd

ACMV 0200:0§0 9300905 ACMV 32EqiE&0x00005 2068000535861 Sieont0magudes(fire
protection)sé  &seconlogddeodd [B6:o0cdeapapdeSgps(firefighting)ogl soeqecloogd 320k
Nedo€aoodi 8ieanCogig$ 6330058qIEs¢ caunfencdsndanpdi 6330058qE2005 Grocdagé
Jo% dloaopbi ACMV 0momgd Beupod ACMV 228qi€8uno00d SiecnCepogl ofelyd
8326600 6320058qIEa3 mechanical ventilation system ¢o06s0¢ 862008 Bo[gE{g 8456
2005[gEs $& 826008 20305[E: [gIapE8E0pS

26800053590009R¢  wfelgbcPaabeon  330fiqpi(essential area/rooms) 330305
Mechanical Ventilation System qp:

() 3p0g0HGCRoM:s(exit staircase) & internal passageway (cpomsgp: $& 336800053 30038:
eqeed] 0gadedlodyp: $& saeezed agodedladad agnigScodigp:)

(9) Smoke stop lobby (B:eanEaqi€ 8:8sqp: ofgSgricogs $C 8:8sqpiod omaBiqf 320305
coqepd 29§:codqp:)
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(0)  Generator room (ag6odenodsmicu00508:)

(20) Fire Command Center(FCC) (32680005228 8:cc0nCo0pdaad] 8[§6:0005q55¢ anubsoudes
20305 8:00050062:qpe Jyps $E 0x00$Goaqp: [034030 PRGO3qSesep F0SicAd)

(c)  Fire pump room (886:0005q$ a30up0d B:eoniomagudesaondaend d:o00d0smesiyp:)

(0) Rooms involving use of flammable and explosive substances(8:ecnEagodaopd saegyp:
$C 60503 co8Ea0pbenepogigp: coddepIadigp:)

(s0) Kitchen (&s3eqpEqps qodlgodessqp:)

Q9.0 (o) Gopoypi(Exit Staircase) $& 3a66gedl 0godednbal agaicobigp:(Internal Passageway)

326800053580009 81600080 6:00p0308] 00001 IHIBE  $E  pgoos  d:ggCagp:
[§58E20051 2200058:q:aqpigdea0pd 3280 2a6(03pEi3aq 0005 :d:qpscloE [§Ba0pdn cpgps
B:aconCogdide[gsel 3a8manep:daopd 8:8:qpigdoodi

Mechanical ventilation system ool 8&8: wof§nsdon Sseeonlogbeaopd 320060
(esepg) 8s§qproopd oofg: Biwecun€aopd 3200633 (esepad) cepod§ogndGs cpgp: 8::coom
30p66p05 (0392001 8:d:gqpicfopapgp: 32[gEescl{gts sp005g) wolgl: $& ¢&{o30[eE: B
[§607 agoBe[gpada§ 9053(Gs 300005 dugeore[gEs (962051

- _ Exit staircasa A1
—~ i - (Pressurized space)
," ) ‘ ., ﬁ A1 | Smoke stop lobby
_ 2 ‘ N
Wkwjl “f”_[w'“" ) P (L ] / ]
~ Smoke stop - | Occupied A2 |
- iccupled space {
IObb‘__', - AT (Unprass':Jrizedp:pace) /A3
. Pressurized )
A2 ) c;x_lt.s;aircas_g_. g
NN iy iyl !
N A6 A5 A4
Q Q—o@ Smoke stop lobby @ Q-0Q Smoke stop lobby (pressurized space)

8:Qsqps onbesePe oolgpiesepad .$0gse0a0pd 3aclopEigpien stack effect 1 buoyancy:
expansiont wind $¢ 8&8:w0$0005 HVAC system gpscopS [9000pdn  sapd§op(gpiqod
(temperature differences)s¢ eooBsmzozolgrigod(pressure difference)odelogpé “Stack Effect”
[0 conoopbn 8:8sqpio0pd geomelopE J¢) @dldkaonaopbn  Buoyancy force gpsalop
8:SeqpesC B:aqpedlonpd erogp:anpd saedlad oooda[goopd

aB6§005 8:8sqpioopd copomsesep(stairwell)gps $& elevator shafts/refuse chute gps
393 656pag0d 36d0dgPieondeo 36emnd3Bimed o eepaSangEaopdi 0odGEanpdiiod
GODIORCN00R0 GrosmRgRI 8:dieaq,07 632:608E0pdN a36o05 S:60m005e codagaboRd
:0gdimC(heat energy)oopd 8:sqpio?  opSson§asm(expansion force)gé  o&onewzoogdi
2000002224g¢ B:eanCaqC 8:§sqp: 32000593 0005E§EP503 Ro3E:da [ofeoredor0R5
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eomEs0005028 Chapter-7 Ventilation

oBelopE MV system oodeel 8&E:a005 8:sqps 0], $630C 03003058 0005005
seqeed] ogodedlodgps(emergency exit)i Gongadepal algiogodaScobgps(escape route) $&
ogodedlobodogicodigps(exit passage way)od copds 8:d:qps woleepad§tesmE omaged
qopdi Gonigodepal elgiogodeScuds(escape route)l sacesedl ogodSedlod(emergency exit)
$C 0godellodad agnscodigps(exit passage way)odad 8:8:qp: vofeepad§esmnt el
(pressure) [gEoonqepd

GoDs0QOdePad GlgrogodqScudigps(escape route) saeeped agodedlod(emergency exit)
eeged 0godedlodadagricodigps(exit passage way)320305 3226600060003 98:008, fan 1 duct |
control panel 020pd o3[g¢ 3dgps(independent system) [gdesnE ooSeoCoonqepdi 0odspd:
agg¢ oofgpieam system gpzo fan 1 duct 1 control panel o3[g¢ eepegd 006808 =adgg
o§eoq 6eoa? ga5coodg:(supply mode only)zajgdoon 8&E:poqepd

qodaopdqeco(supply  ainod  [gEoondesep(outdoor)e  qupgepdn  0odspSiaigt
32680005308 3203E:005 0odesepEPe wopq o3 supply air opoopdesep (intake point)aopd
oofgpieom GroeuME: BroYoYP: g&aoodepaesep(exhaust opening)e =505:90: (§)80m0gd608
q@éll

agode[podeScoselopps(escape  route)  saeegediagodedod(emergency  exit)  exit
passage way o} 220305 c3a660m60003 vertical duct 9oods0& 035:3qepd1 oodoobempogt
supply air o3 eooogabedlodyps(grillers & diffusers) oondeod coddeodgls(discharge) [ged
ol eopomxm[gES§eomn  duct gpiod  Bsahd§Coopd  sadpmeondgbesant(fire  rated
construction) [gjopSeepd a3ewrod 8sd[gns(fire rated board)gé duct o3 oxé(enclosed)aoniqepdi

o323 8:d[gps(fire rated board)gé duct o om§(enclosed)oonqoopd §pSgudgEden
B:eonCesopenogls duct oqodBiesnt omagudes $& S:eanCesodmaogt: cdsabaopderogps
:20056[g0d Qfesqs 320305 [gd0pd

N P1= Pressurization system pressure

Pressurized
exit staircase

P1r-

Occupied space P2= occupied area pressure
<1 P2
L P1-P2>50 pa

Pressure P1 is grater than P2 in occupied
space

.
-

Section
Q Q-o© Pressure gradient with smoke stop lobby

o365 [gEueaco(supply air)od qupoonieamaelopé duct oodeagpadadopd fire damper

0690 wondeofooqu Fire damper 0o6s08egésel qpigudgoden S:ecuntoopdesepe S:d:qps

oofep: esepad veepodeog fire damper o3 8o58: SE:[apigts(isolation) [gdaopdi o staricase

pressurization duct 20p5 [gE€oondesep(outdoor)e eon? wvaconeomelopE fire damper [g&
SCsfeps(isolate)q§ o35l
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™

] P1= Pressurization system

pressure
Pressurized Occupied space
exit staircase P1>P2>P3
1P3 P1-P3>50 Pa

Pressure P1 in staircase is
greater than pressure
P2 in Smoke stop lobby

S P2 is greater than pressure P3 of
Section .
occupied space

¢ Q-o@ Maintaining pressure differential without smoke stop lobby

Pressurised Exit Staircase

Plan

F1 = Force to open door
F2 = Pressurising Force

& Q-Jo 059kgEqs c3m0620p5 0™

cgodelgpadeScudelopEs(escape  route)  saeqgediagodedind(emergency  exit) - exit
passage way 03330305 3226600060003 2280056[god cudqs duct $& fan 20pd 36e00053]

qo58:00p503E GomEign sopbapbesas c3saboopdi delopE staricase pressurization fan o3&
over load protection con:§g$ ©c8226dl

(J5)80200005[gE20pd 3268000535803E:03E 2092002003E: ervolervagndeomieznt
[gio96[gEs(natural  ventilation) o§dlon cpgps 0godedlodmalgd 3203gepd Sp0godGCRM:s(exit
staircase)qpsod 830ggCesanl(pressurized) cpSooq$ 332600001 6gesn0d0rE Grvic0b000d
§66308  68000500000252000  2268000535303E:03C  Ssooddgfeaas(fire fighting  lobby)gps
6[ge330053006038:09E  con:fqepdlgdd: B:00058 soeSs(fire fighting lobby)gqps  samscd:ad
ecodamgpiesnt (pressurized) [godoozqepd

§008o0pd udaasuwdan (Pressurization Level)

Pressurized exit staircase 32038:§ ecudsanioopd spadd{gopgp: §oopdesep(occupied
area)oood 35psed: 50 pascal Jqpiqepdi 00§ 36800052PgPIpE 33i60:c0IGa
Fogodecpoms(pressurized exit staircase) $& occupied area safoyp:ogE smoke-stop lobby
068 2005 2082050069 [gIapSoomtenr§oodi
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BaanggEesantapboozaopdenpoms(pressurized exit staircase)el 830005 smoke-stop
lobby § Gco8320:0005 Sqpiqepdi Smoke-stop lobby &l crudsaoopd 3aaddgjopgp: foopdesep
(occupied area) §830:0005 qpzqepdi

Pressurized exit staircase S crodsmigpiecy &:8sgp: woleepod8teco [gdaopd
236005 GrodamgpingSidlon odekglas 3208 9053c860pdi ABelopE 5p5:00: crudemi03
50 Pa [9& on&o005000: Fagpsediod odekopSigles cB832600p03am:5¢ on§o005000000!
coodamigpiecy  odokopialas  samgpigp: Becofgdoopdn  0ddkgEes  B=abeoona:
0205 110 N cood edqeor

0d9kgEe) oagopdesep 9ondsod &:8qp: woleepadies cdeanda0pd velocity
qesmnt cofeaqpeom erodigSi(air flow)owdmnlgé B80S c3mada0pbi  O(q- o) 0z¢
[goon00p8903E: baq0d §oopd 32000580060 odksdgd Eesoopdeaal $& main discharge
door a0 gEaesa0pdadl flow velocity o3 o3E:0p §§8E20051 romang€ (velocity)owranoogd full
area of each door opening 220305 1.0 m/s eoaPqs 832600001 Grodsanigpiconcogs sood:

2002808 copdcuquad supply air diffuser gp: 03 0oSeseP05:S ol 0oSs0Ecat: vlgCrda
g8} copbeosqupd qp: 0 0obesepanpSi] ¢l [66: oldicedeq

Q-§- (®) Smoke Stop Lobby
(B:e0nCaq€ 8::00p:qf $C 8:@:qpaooniadiqf 200905 condeepd F20§:cudyp:)

Smoke-stop lobby o3 smoke-free lobby vpcopSs el epdoopbi Smoke-stop lobby 205
;ogodepoms(exit staircase) $¢ oBoOesa000 eSicad [goo0pdi 00dspdizdyC sa0g0d
Gopos(exit staircase) $& user occupied area safo3rd §eoon 3eficod [gdoopdi cpgp:oopd
egep(user occupied area)oopd B:wonecont ogboopdesep Boopdd S:oidqopd esep
[g©20p5n User occupied area 8:0008 caonogiaopdsnsl afewrod Ssopsdqoopdendl B:d:gp:
FaodGeRoms(exit staircase)adad voleepadeo §Eq8330305 20780305 GuI0:0005 [o3d
:oSicud 0odg(smoke stop lobby)aopds (g205u

Office 1 Office 2 | Smoke-stop lobby &1 Gcodsanzoopd

—SA ralE] H 3209056000 (exit staircase) cood

NG ml\l Nallp ;wspdcad $p543n  user occupied

s’“"_}“?‘, stop lobby ‘ ): area 320005¢p: qepdi cogp: 08agod

"z [ agoscngelopé ooslyl esod Bz

L_‘ L/ | LALR qpeoopdeco  (pressurized air) g

SA=—L AHU ]l sa ra 0godagnig) Grodsaiayjeots ognsdlon

: — qodqes  Bm00a0pd  Grudzidd

" e ot duc e ocpobosnt fbociaseh

S.A Supply air
R.A Return air

& Q-Jo Smoke-stop lobby o3 [go5ogn:0005 duct gpsa? fired rated duct [§€ [gieoSqeRdi
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05kl agmseomelopé Grogp: 0godagid ecodsa: Qodongod ogeods ogndlon
083260008 683233 Gepodesnt [gsed: [gopder: qepdi Smoke-stop lobby gpia3copds
Baasgpiesn (pressurization)giopSoonqepdn 890905 Gopoms(exit staircase) o3adoE smoke-
stop lobby 323 goboopdqSeco(supply air)od [g€o oodesepe qupqepdn o supply air
opoopdesep(intake point)oopd oofgpieomn  GroeuME:  GroEdyP: 9§ o00dep  Gsep(exhaust
opening) ¢ 325p5:002 (§)80 o>60:qeRdI
Q-§-9 (o) Fire Command Center (FCC) Room

Fire Command Center (FCC Room)s320p5¢n 32680005308 S:econtdqoopdsasl 8:B6:
2005q§ $¢ mudeocdegirpdesigp: 680oEgadesea0g0d S:aocdoowigps Jqps $& omoSoaqp:
03036 opbodqfesep sreficad [gdaopdi admeficodSmaerninr PA system (Public Address
System) Fire Alarm System 1 Security System $¢ Building Automation System 02009 2680205
32020005 Bm06200) system gpso? control c068E2005 computer gp: panel gpsdep esepcopds
[g2005

ROOF
Smoke stop
lobby
< Internal exit staircase
(pressurized)
< >— <
24m >_
Ground level :

Section
Q- 20680005358 3340005 (JG)800005 copegddlan smoke stop lobby cod:geepdi
o FCC room o€ staircase pressurization fan qps cenC:q$330305 o0podgpP:a? 8:0005
coudsgps P $C 00008§ongps [03030030030¢p: 2padiges comfeepdt copomizacgEs

Baosgpieant ewnlieosaopd v§om(staircase pressurization fan) ea8:58eoo panel o local

panel 03 20050050 FCC 320§:30038:q) panel (6ent:q§ ©cvodgps)od remote panel vp 2005605
20p51 FCC 30082 0000586000 32680005358¢p:0E main alarm panel 228 staircase pressurization
fan o303 culiqf ©00odgPId 0oGsoCooqEEdl B3a[gE GrYomieaopt: Bsgpieand
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ewndseoanpd ofom(staircase pressurization fan)oopd eeniesaopd Bewrdd goes0p503
338q$ 220305 Sscdscobonerosgps(indication light)gé eedlgoonsqepd

Staircase pressurization fan gpsel ©c0oSqp:od Ss000500608 s Ggp: $& 00EGong:
[030360360399¢p: AB20c8 euntiq FCC room o3¢ conseepdn Staircase pressurization fan 328
S§eo0n panel o3 local panel vp 20050058 FCC m008:30038:q panel (cenl:qs ocpadyp:)od
remote panel vp 2005e0H20p5N FCC soo8i0§eom 2268000528¢p:opé main alarm panel 5
staircase pressurization fan o303 Gud&:q§ 9RASGP:d con§Caopdi Bmw[gE  staircase
pressurization fan eenC:esa0pd Boopdd qies000d Beseaogad B:adiccd anervgp:
(indication light)[g& eedlgoons qedi

ROOF
E.S.L |
afl 1 < .
9th storey Two succesicve doors
SsL) open
A el together with existing
8th storey 4 door
at 1st storey for
ssiL measurement
7th storey of air flow velocity
SS.L >—
6th storey
N SS.L >—
5th storey
sS.L >—
4th storey
S.S.L >—
3rd storey
SS.L }
2nd storey
1st storey z
Section
SS.L-Smokestop ~—
lobby

& Q-Jo Smoke stop lobby $& 6evom:§ 0O60q0H§ 08ksdg0sC¢ clgpdaod oddlyCasd

eoo(supply air)od [gEoondesepe qupqepdi o3 supply air opoopdesep(intake point)oopd
oofgpieomn  GroeuME:  GroYdyp:  g&coodepasep(exhaust opening)o  sagdsads(s)) Som
ogpeozqepdi Fire Command Center(FCC)2o0305 0336600060003 a8:00§, fan 1 duct 1 control
panel 020p503[g¢ independent system 3396 006086 c0pd(supplycrd)eusgepd codspSiaadgt
onfgpseoon fani duct 1 control fan 1 duct 1 control o3$& Gepedzau

Fire Command Center (FCC) room 350305 006e0€qepd duct 20p5 oBsoesiel 32[gEanad§

:0$sqPie [godoossogag€ ad duct o3 (FCC room @i fire rating a30upod [godogazoopd sesscl
fire rating $&920505 J[gGoop) rating 22038:) B:ecnC58E2005 B:dgpadEgS 30[gEond amwm
320982000501 e3p607¢(enclosed) codzaedi
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ad28 &sé[gns(fire rated board)gE duct o3 dszpGomd(enclosed)oozq0pd §pdgudqoden
BiecnCesod 20038 duct ogodBieat 0mazed[ges [gdaopdi a3eaod supply adeupod exhaust
duct oodeagpodadiont epdoop) fire damper ¢ wondeofooniqu Safgrieoon GsepPyP:3a0R05 duct
qp:od Fire Command Center (FCC) room 3503E:8 [go5¢) ©og05008:q

M/V to exit staircase and internal exit passageway

5m

Fan
ROOF e |9 7%

“Exhaust louver
(other system)

§upp|y air fan (SAF)
connected to emergency
power supply (EPS)

8th sto rey —— —

7th StOreY  mm—

Duct shall

6th StOrey —

Fan

Sth storey To exit staircase
or internal exit
4th StOrey m— = passenger way

3rd StOreY

2nd storey L

No fire damper
to all supply duct
1st storey

Section
¢ Q-JG Exit staircase §§ internal exit passageway 5390808 mechanical ventilation

Q-§-G (v0) Smoke Stop Lobby and Fire Fighting Lobby

Smoke-stop & fire fighting lobby o3l mechanical ventilation system 20p5 222050
2odqPsC  [0pddqepdt cpes 20680005358 3E  opbeoCoona0pd MV system  gpzoopd
6330503¢ Gedlgooieam sagdgpa? giigeded cBadsoqepd

Building fire alarm activated [go0pd=aslogE co(supply air)o3 10 air-charge/hr 84g¢
smoke-stop lobby $¢& fire fighting lobby sa08:qp3203E:03 cudCsoopdeusqepdi 10 air-charge/hr
5823000060 00b§083a038: 29§:0000p56M(00)805E PBgieamn BrLLEIMOY GodaoRdeS oo
(supply air)od [gEo(outdoor) oodesepe quagepd a3 supply air opaopdesep(intake point)oopd
oofgpieomn Groeumd: GroEdeP: g&coddep saedlod(exhaust opening)e 3aspd:ed: (§))80,
0gpG0s qEpdI

eopomm[gifecon duct gp: o3 &:econls§apd mpmeon:§yC [gredeepdn Fire
rated construction 9300305 g0l S:ecnEd8Eear Sdlgs(fire rated board -1 hour)gé
duct o3 d3p60m¢(enclosed) codzqepdi o3ad Sdlgs(fire rated board) [9& duct o &30
omé(enclosed) 00262009 qpSgudgEden Sseantesodaacyl: duct ogEd8:eant omazedes
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[§020p51 Fire rated board(1 hour)sdoopde¢n oodsn§logpesmt S:earntd8EaopSuy 8cda0di
006505:3704gE 83085 005098 E 005

@)

<

e

Supply air fan

Protected supply
air shaft

Exit staircase

Masonry construction
with same fire resistance
as elements of structure

Section
<°g Q-J§ Staircase fan and supply air duct
)]

?
Supply air fan connected

to emergency power supply

8th storey

Fire fighting lobby

Tth storey || Fire damper at all opening

leading to all fire fighting
lobby

6th storay

Fire rated construction
having min 1 hour
resistance

oth storey mfy

4th storey

3rd storay | Flre damper at all opaning

leading to all fire fighting
lobby

2nd storey

Fire fighting lobby

1st storey
Secticn

QqQ JG Mechanical ventilation of somke stop lobbies and fire fighting lobbise
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Supply louvers to aother

ventllation system 5m
o0

Supply alr fan
—1

@] O)— Bl P I J | &) Q‘
Exhaust
discharge
opening
e —
Fire pump/
Generator room/
e ] Fire Command Centr
e
No fire damper

Section

L Fire rated construction having the same fire resistance
rating as the room it serves, or that of the room
through which the duct traverses, whichever is higher.
The rating shall apply to flre exposure from Internal
and external of the duct or structure.

? Q-Jq Fire pump room 1 Generator room and fire command center (FCC) room

Q9§ (c) Fire Pump Room $& agbodencbam:eu:ondsse:(Generator Room)

() &eeonesodzp0pts 86:000dqSea0305 Ss000508(fire pump)gp: 3280050[god cunties
8Eeant [gopdoonigs 832600051 cdelopE fire pump room o3 B:eont wdqeINE
[g1c9S0omeqepdi omagudooaedi

(®) B:eanlIag€ seegiedagodedlodgps(emergency  exit)sE  agode[gpadeScods  (escape
route) qpzo? saco&seepeoq§eacgnd emergency generator gp: GenEsoonigs 822620001
Befopé agidedenddamicusondaaes(generator room)o? S:wecon8Eesnt 0odb§Eaoy)

003050008 §edi
Supply louvers to other
i Exhaust ventilation system

ISI::I'() ly air discharge EaEE——

ntake

— = [co PoMt-_~ oo 59
Fire pump/ = = Fire rated construction
Generator room/ having min 2 hours fire
Fire Command Centre resistance both Intermnally

and externally
Section

¢ Q-Jo Fire pump room 1 Generator room and fire command center (FCC) room
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03329§:0593 ¢odaopdqs acu(supply air)od [gEoodesep(outdoor)e qupgepdi o3 supply
air opoopdesep(intake point)oopd oofgpieomn  GroeuMEeLEsYP:  g&opcdepesep(exhaust

openings)e 32505:90: (§))802 oGRS

Fire pump room $& agbedencbamicusoodes(generator room)sao305 duct o3 cdsaoks
o3l :[gEonody ondeofoonagf sagodiads $050§ S:600nCs8C0H8:0[gr: §gS duct &
2[gEon0d 20em 22038:005d $:3p60mé(enclosed) conzqepdn 083 B:dgps(fire rated board)
[ duct o3 &3p60md(enclosed) conqRd gEdQUSqIESey  B:ecnCesodmacgls  duct
0qod8:e3nE 0Redes [gdaopdi Beood duct codergpodadionl ©pdoodd  fire damper ¢

ool

Other room

—g Other room

—
==

]7 Fan

Doct serving
other areas

L__Fire pump/
Generator room/
Fire Command Centre

; ;m::
— Fire damper
Shaft

? Q-Je Fire pump room 1 Generator room and fire command center (FCC) room

me

Room with flammable vapour -
being removed is heavier than air -

Fire rated duct |
,‘)E% ‘ ! -~
R l: 1 | -
3 }:‘] L

Inlet N

¢ Q-0 Room with Flammable vapour
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Supply airfan ~___Supply louvers Exhaust air fan
(20 air change/hour) (other system) = Sm (
=l o [ 5 ok~
Roof - h
Fire rated
3rd storey y construction
No fire damper
2nd storey
L = E
1st storey m @

Section Flamablel
Explosive Substances

¢ Q-p0 Flammable/Explosive substance qpzcozep sgo%:

B[00 G5epyP320305 duct gpod A B:000508308:s(fire pump room)sé agéed
en0odamseus00desi(generator room)saogEsd [gode) eagudonssa

Q96 (0) Flammable and Explosive Substances Rooms (8:econ€ogudoopd endbegyp: ¢
edoSa3e0§Ea0pd saepogyiqp: con:epaaeiyp:)

B:ecnogodaopd enodegyp: $& cOlo503ee8E05 saepogyqp: coddep SPediqp:
20305 mechanical ventilation system 0005 ©pbaopd system qpisC 2005638q  wfcoa
B:aoonCagudoopd aegyp: $C SaepogIgP: con§epeeasiqp:(rooms involving use of flammable
and explosive)sl eocopdocdgsod 20 air-charge/hr (g€ cBmaefigp: 22038:03 GunCi0pd
cosqepdn 20 air-charge/hr §8:030005w> 00650§qI€ F0Si0000p561 Zos0( J0)sE PBgeom
600 [§62051

eoosdsecocums(exhaust airgp:od [§Eod 0305805 g&oooS(discharge) qupdi o3
discharge cp52005 esepaopd oofgpieamn erooledlodgps(intake opening)e sasod:ad: (g))80m
epeleletotetedt]

o33098: 320305 duct gpzoopd 3efim[gCe [odoos: agudonsicondlon soesiel B:3cr
d8&amxs(fire rating) odwwpod mofgConodanesiel S:3chd8Eams(fire rating) $Coppdeam S:zcr
$8&2005(fire rated) duct [gde3n€ [grodoonqepdi S:3chdCams(fire rating)sd9 woppdeoaod
QlgCo0pd B:30d8Eams(fire rating) 3203E: [grpOqepdl  AB3e8ieac0 supply $¢ exhaust
duct gps§ fire damper 006e0C00nqs wodi ondeofecongqn 3a[gPieom GsePYP3a0R0d duct
qpeod B 3298:32098:3 [gode) waguSongau

Q-9 (s0) godlgicdepesepgp:(Kitchen)

Mechanical $p5{g¢ eovofecoogadeomiesant [grpdoomoopd kitchen gpezacgEsad
0b§2§ag€ kitchen ) oocopS(volume)oood 380( j0)eoqpiean eroowdan(20 air change)od
copdeosqepdi Kitchen hood gp: 3203dg|e$00pd326l Gentiesa0p03a8l(in operation) o€ kitchen
hood gpse 9605805 Gomnero(exhaust air) vedmo? copbogad §E2000i
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Kitchen Exhaust

Kitchen exhaust hood qp:o? elogdecyd godged[ge: a3wupod cooking process
0godcneom Sdigps 6ppdsqps SBJsqps(grease-laden vapour) gpio? a88:0p ©odepi8esant
88&giopdooqepdi 9Bgpin?  20808eudepiod8Ed cBdumygpi(grease removal  devices)
o06s0Coonsqepdn  Fire suppression equipment qp:ad  @alC8sqps(roof) $& 268000535884
(building surface)qpse GoPI05Y cvpdoonqepdi Exhaust air gp: gSo00d(discharge)oopd
656D 0ofepseom 3epgpigé Sodaddionedl omedioon(gl: oeoq

i [ i VHL

GG Kitchen Exhaust System

m
Kitchen | ld
Filter cabinet A AN gl
> , I N | g E
- ; R : 500mm Dk Timber dogr '@
Kitchen L ¢ !
Exhaust Fan /
Kitchen exhaust duct | —

Kitchen hood /J

H

? Q-9 Kitchen exhaust system
BoooSyps 1 02260005888 qp 60nB8BEqpS§eon  godlgEdepesep(cooking  area)
aJownod  &:8eqpE(kitchen)sl mechanical exhaust system qp:od 32680005358  32038:q
oofgpieomn exhaust system gpssS 9Bigregbeznt [giopbooniqepdn Fan gpsi duct gp: o
oofgpeeoon system qpeg¢ 8090003 Gepegd 3203gRE ofeoe)
g&000c5c80deomaro(exhaust air)o? 202:03:98 22005 cderoncHeam [gS[gpdgSeco
(make up airjoemn(gé 3a02:03:0005 Gozqepdi Kitchen hood o3 saaddgiesd§(in operation)ogé
qod[gedoopdesep(kitchen area)od negative pressure [gdesnE oB&:coniqepdi

Kitchen exhaust hood & exhaust flow rate Q [m3/s] o3 6220050 Geoosds(formula)
32038 03050p8E2000n Kitchen hood 20p5 island type hood [g6¢0o0 6820050 ewdgjeonad
32004q|§E 20051

Q =14V x2(L+ W)H x F
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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$803€ §od¢) ondeoaonieomn (wall mounted) hoods o island type hood =2[gd ¢odop
§E20p51 BelopE 32000501 cedgjenad saaddg) §E0pd

Design Consideration

Kitchen hood $C kitchen exhaust duct o3 20mm0305 ©§eoon S:eantiEeom
saepogqp: (unprotected combustible materials)o 32505:00: 500 mm 33003360:03¢ 002§
qopdi

Exhaust air gqp:o? 25[gEad 0305§0d g&ooododgepd soeeoocﬁsgéeﬁ habitable areas
GsePYPse G0s0pd G5epogl g&ondd(discharge)qepdi oolgp: eoooledlad(air intake)esepypse
(§)302 307003¢ g§0005(discharge)qepdi

Kitchen exhaust duct 20pS oofgpieon saediqpa? [godeoypogies c83abag€ kitchen
duct o3 structure[g¢ d:3p60¢(enclosed)oozqepdi ada3 olgiptSEAm kitchenai &:3cr>d8Eams

(fire rating) $& [godoga:a0pd =0esicl B:307d8Eamx(fire rating)od $6920505 JgCoopd B:zc
588azas(fire rating) 3203¢&: fire rated duct o} [gopbeepdn Duct ) :038:38(internal) cooem
2[gE3E:(external)dl sacr>d8Cazmi(fire rated) [gpdqepdi Duct rise o3 masonry shaft [g¢
dszpbomd(enclosed)q§ c3326dlon kitchen duct o3 oofgrseoon duct gps 1 oofgpiean service
qp:@1 installation qp:e 98:008§[g6e32o€ (compartmentalized [§6es208) [girpbaepd
Kitchen duct qpzog€ fire damper gps 0o6s080ogE: olgjq
Duct
Kitchen exhaust duct $¢ shaft qpso? effluent qpzod codepqs 30305 83266000 air flow
rate o3¢ 326[gde) soguSmaes(size) Ggeg|od 0obs0eedi
Kitchen duct qpso? 6320050 3203¢E: [godqepdn
() (0.4)80c8c80m =p00§o0pd mild steel cogrgrelgC [glpo8Ea0pdn (Mild steel of thickness
not less than 1.2 mm) o3ewp0d
(®)  (0.£)8c8c80m 32090005 stainless steel cogagrdsE [gjpO8Eaopd (Stainless steel of
thickness not less than 0.9 mm) o3ew05

(0)  oofgpeomngllgaon:oond sa§jEzaeniqps(other approved material)od saad:gi§Eoopdi

Kitchen duct & esepgp:od co§qlieqe [grpd8Easnt Bdaomiqupdi 3aeilo5(opening)

qP:0opd 20§Eieqg [geodes cdeam050005 3a0q/05§qepdn Kitchen duct qp:@ﬁ 20qPs3203C:(run
of ducting) 228690 G5epogE drain crSeS FaedlodaoggeRd

Exhaust hoods

oOlgodepe g0 &:diqpu eB:qps(cooking vapor emission)od  ©&:pE0IERd
kitchen hood o3& exhaust air eizacgiE(velocity)aop5 0.15 m3/s cood odqu Kitchen exhaust qpzod
oeopaopd gedsolgE(hard-faced)feor SweconEeoon mild steel stainless steel $C
aluminum 02005 cogiEadjEzeen:qpigE [gjpSeepd

Seam gp:00p5 liquid-tight seam gps [§6qepdi 329005 (joint)gqp:a? fusion welding: lopping
riveting! soldering a3ewr05 oofgseomn gE[gjoonsaopd(approved) spdspegC [gIredqepd
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Hood qpsopd eagpgod eeoseloppdeon Bod(washable grease filter)qps 0oSs0Eo0s

qopdi Filter gpzod 3a090bonmy [god0p8Eesant [g§copbonbenfEesant [grpdaoniqepd  Filter
o) 208:038 m00p§300E: 6r0038¢[gE:(air leakage) ofgdesanE [glopbooniqepdi

Hood &l 3a0p8:é¢(internal surface)oopd eslCaladgdie (G0)80§ c0cdd veent:eom
qbeontiqp: [§Bqupdi Filter & qodsalgS(face of filter) a0pS edlEcdoSq:(vertical)o (p0)30§
0005 ueend:coq Grease filter &1 8ol (pressure drop)od BE:0p8EqSm00305 Gsep!
3260005 2Boupod assess §aepdi

Canopy Type Hoods

Canopy =§pm0n: hood &1 =88ed: esep(lower edge)oopd godlgodoopdesepdl
qo559[gE(cooking surface)e (0. ))8omc00d wdqi Bowrdd [yl (J.0)80mc00d usa
Hood o0&e0€aon:0005 esepe 150 mm 25[gonndad  elogpecdeod[giodoopdeqp: $¢ appliance
g2 veEPOdGoq)

Minimum CFM per Lineal Foot of Hood
Type 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

. 550 400 300 250
(per side)
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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¢ Q-9q Eye brown hood

8:(06068:3  odlo€ll)oBodis] qodlgdopdesepr oxoep 6520000  GHePID
kitchen 0pa38E20p5 Kitchen hood a3ewod kitchen exhaust duct 20pS combustible materials
oo 20500:00:(600)80c88000(500mm) ozocosqepdt crogpiad [gEoad 03a5§ad g&ooodqedi
aBg§000500d Gsep0Rd oofgpican crvoedlodgps(intake opening)e 35p5: (500)8c880m

$ Q-6 Canopy hoods

(500mm) ogreo: gepdi
006e0€qupbaalg (Mounting heights and overhang requirements)
Type of Hood Mounting End Front Rear
Height Overhang Overhang 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

Minimum Exhaust Flow Rate (CFM/Lineal Foot of Hood Length)
Type of Hood
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:

(o) Light duty sgé’masgm: kitchen qpsooé Gas and electric ovens (standard, bake, roasting,
revolving, retherm, convection, combination convection/steamer, conveyor, deck or deck
style pizza and pastry ovens, electric and gas steam—jacketed kettles, electric and gas
compartment steamers o3[g[o32005

() Medium duty sa§jgeaen: kitchen qpsoopS open deep fat fryers, donut fryers, kettle fryers,
and pressure fryers), electric and gas pasta cookers, electric and gas conveyor (pizza)
ovens gpegblo3oopdi

(p) Heavy duty sa§jz=oens kitchen gp:aopS 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
qPeg8[e3005

(G) Extra-heavy duty sadjz3a00: kitchen qpoopd cosds(wood) 8:eags(charcoal) ©20pd solid

fuel qpzod saad4g)q) giod[g0520p5 8:3qp: [gBlo30005

Fire rated duct

Kitchen hood

-

No fire damper

% Plan

& q-pe Kitchen hood 0o6so8epesepa? plan view [§& cwdgoozoopd
Kitchen & sa[g€ono55§eoon  kitchen exhaust duct s::d:od  8:ecnC6§Ea000

8:8[cpe§e(fire rated board)[g¢ d:3p60m¢(enclosed)aon:qepdn Kitchen exhaust duct o3& opdoopd

fire damper ¢ vod6s0Cq)

o600 q60dd{yC qod[godfe: & wet chemical fire suppression system oobeol

00020009 &8 (god[giodoopdesep)odod giEqiodeagd g¢[gpopdi
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Kitchen Exhaust Ducts

KED2 —
KED 1 I__ .
e E Supply alr
T louvers
Roof
Masonry shaft
3rd storey
No fire damper 1 Kitchen exhaust hood 1
2nd storey
L ‘ i Fire rated construction
1t storey | No fire dampers

Kltchen exhaust hood 2
c‘;) Q-o@ Kitchen exhaust ducts

Kitchen Exhaust Hoods
Kitchen exhaust hood & Gcodsgfs(air flow)owdanaopd 2.5 m3/s cood Sgpsdlon

[6$[spSq§eco(makeup air)copdeugs cBab0051 copdeoqepd makeup air oer20pS exhaust
air 0edMo00d 3550t 0% coyd qepdgdd: mechanical $054gE e3seEE [girpSoonzoopd
o clgdeoe

Fume Hoods
3268000535832038:§ fume hood system 2005 7.5 m3/s o0 Sgp:dlon 6320050 228320

(feature) od99 CloCeogedi

(0) Variable air volume hood exhaust sa§js3200: [46[Gs design exhaust air volume &l §o% o3
eaqpsp0:e30E v68EquRd

(J) Exhaust air & 75% o3 direct make up air [§¢ sp00:03: GoiqeRd A3 direct make up air
20p5 room set point cood 2°C o§&coen Re-heating ofgicpdey

() Heat recovery o800pd5 energy recovery §p5: (820005038665(g3200) [§€ make up air o3
preconditioning [gjcoSqepd

Q.6 Air Handling Systems

System g1 pressurisation systems of exit staircases and internal corridors qps: .§c§ smoke
control system gps320305 outdoor air intake opening gpel (§)80m FoPoRE ©pboopd
Goodgps g&oncdepeacdlodyps(exhaust discharge opening) ogcoq

Outdoor air intake gp:00p5 oofgpiean 368000533 ¢psel (Kitchens 1 toilets 1 car parks |
cooling towers | laundries 1 rubbish dumps or plant rooms 02005030 g§c00d60m) exhaust
discharge qpzo (§)80200005 3eoto0pde5epoRE feoqepdi

[g€osrvotedlodgps(outdoor air intake)og 2deqpeon05§Eaopd so§dl(insect screen)
qPegC omdaoigepdi S:eqoodgp: ©of§EaznEgapd amaguSooaedi

Screening gp: 930005 wire mesh Pz  2deqEEODOHEEDD  Sa§jEERonigp:
[g0c0qepdi s08dlogod 3agudma02:a0p5 10 mm mesh cood Jo[o3keoqn Cooling tower gpso
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og€oCamnoopd eaoodeqediodgps(water droplets)aopd [g€oecoo€edodgps(outdoor air intake)
32038:03 0oeepad§Caeznt omaged om:adioongqepdi

Return air opening 320:0: $& outdoor air intake &1 a0(opening)qps 3scd:z03E:00
B:eonCgls 0onl[gdcosCoopd Sgbedgps(lighted matches) eso:c8603¢ps(cigarette  butts)
020003 woleepad8Eaeznt [giapdooiqepdi amogud omedicon: qupdi ecoed(filter media)qps
38:038 Baepyp: g[geesesant(shall not be deposited) [giapEoozaepdi

Air con  Gos02s0pd  GHePYP:ea0R0d  [gEosroolaedlodyps(outdoor  air  intakes)h
6320056[go0p0  :[gEonad§ esmodelgesep (outside floor level) ¢ 2.1 m [gGoopd esepord
§eepdn 2200:00(gE omszosep GEPYPE WF0EIOgAdEPIEIN GEPEPiSE LndogI§Eoopd
G5EPYP:ER05 [gda0pdi

HBdomgpa  o§oleliqp:  (toilets) $& Bogpsal  god[godepesepyps S:8egpCyps
(domestic kitchens)el exhaust duct qp:aopS safgpeeoon duct system qpesé sooSoondgt:
(connect) o§eoq

200dg B3 e00dg ondeoaoz(connect)dlon fan gp: copdood[gE: ©§oopdeaslogt
pesad8ep figpio crogp: $Eeapegnazgl: ofesnt [grpdooqepdi c8eabeamn 03§um
(device)gps 0oSe0E0o60IepdI 23605 005§3000§gP: (industrial) a3ewrod Bsyodyd godged
20p08:3eqpEypi(commercial kitchens)ell exhaust duct qpzod epbaopd duct qpse eepesnlgls
o§eood aB:080sd(separate system)§Egd e30E[gjrpdaonigqepdi

Exhaust air qpod [g€o(outdoor)ad o305§05 eepodesnt  gSoood(discharge) qepdi

Exhaust air g§0005ep 6$epaopd cpogascuds(pedestrians) 828:03E 0opd§esClon eemndalgesep
(outside floor level) ¢ (J.0)80230005 [§€2005 esepapE §aepdi

& Q-Go Fire compartment (8:00p:63208 00§2005 3Es[gpi0os00pd &)

qQ-6.0 Smoke Tripping of AHU

32680005358¢P: $16000E2000208] Bid 12263308 0§20053E[p:q (isolate)snognd “fire
compartment” gp: 2005¢05002:00001 AHU ¢ duct gpsoopd fire compartment 0o89¢ 33P0
fire compartment o3 [goSagnsqi€ duct 3303z S fire damper 026e0€q§ 83260005

AHU ecocopboodgss(air flow rate)aopd 15,000 m*/hr coodeeoqpagé o AHU @i duct
qp:opt fire damper oods08qé ocdeon

2009838005 33rndE3a3 0pdi(authority)e  0pbiqdiopdiond:  c330g0de0q)
e0oxE:aB36005 o3 AHU 6 return air duct o€ 32505:90: smoke detector 0069 0obsoaoniqepdi
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(2) AHU eoocopboodgss(air flow rate)oopd 15,000 m*/hr coodeoqpag cosdeopSieomis

(9) AHU @il 6coo0pS 006006000530005 32006qp:0B a3eepadfage coodeopdeomts

(0) AHU 6l 6coo0p5 009condgpsoopd fire compartment gpsod cepod§agi€ coodeopdieomts
(02) 3a[gp:0005a3Eep 0pSiqdiopSimGigpie 006508q$ A33260gIE GoodopdieomEs

32000501 AHU gps 6 return air stream S smoke detector oo6eo€ooniq§ 862005

7 1y
L _ [ _
. =
. - o
~ F"-e 14 v
damper | Fire damper—
I

— —
-

Smoke
A Idﬁtﬁﬁ?r [

I |Return air louvers
¢ Q-Go Air Handling Unit(AHU) and duct work

Smoke detector

¢ Q-G Return air louver :39$:og€ smoke detector 00890800036;)

qQ.6. J Smoke Detector sa§jzeon:qp:

Probe 3a§jz3200: smoke detector qpzoopd AHU & duct gpz3a038:0E 0nbsol saadige$
32008600500:6000 3a§|E3202:§de050pd: GrudsSiqp:(high air flow)oopd AHU gps 32038 spot
detector o3 sa234gi§Eoopdi

Activation of smoke detector

5

Return air steam 0'88 onbe0é

_\“l;I“ oons0pS smoke detector 20p5
vV < 8:8rprolopS activate [§6003
0lg€ AHU o3 trip [gdcofGe
Q Q-Go Probe type smoke detector  Smoke detector qﬁcoqeéu
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Smoke detector o3 reset cpd[Geomn AHU o3 copds reset codfGs [gSewnt:§Cazmnt
[ge9S00m2qepdi AHU i smoke detector ¢ signal o3 building fire alarm system o8 co:q$ 3q$
ocdeon a36oo5 Building Automation System (BAS) [g¢ monitored cpdq$ a332600051

Q.Q Engineered Smoke Control System - Design Consideration and Over View

326800053580009  S:6000C0g 6500003581 cpgp: o00dedgegliel 32800 FacfoPC:
32qC200p5 8:sqpraloE [3020pdn 8:600051 Biafqps $E¢ E:g0dep GsepaRE GepadesEooNg
B:eqpreopé reod[gls 30005qeofgls $& 8:3:86008[E: Relops Feo0odedgoregcs
[g00p51 RBelopé B:eanlglio  ogadedlamean  &:§iqpiod  0sbo0oy  B5:38:8E00m
BB:ecnCesaopd 36e000535330038:0  cpgpizcOadgionep  §8E200N  S:econyclope
[g8ed coneam &:8sqpiod 0560003085:038: 82005 05803 “Engineered Smoke Control System”
068l 2001

— o

[T O e e @

| AR

4 Q-GG 20000[g¢ 326800053588 350060009038 8:0(\738%5(;)

P ——— B —

Engineered smoke control system 2005 2268000580066 S:eonomogudesy
056qp203E 00d9 20Al320E[gb20p5N Engineered smoke control system o3 326000598 ¢ M&E
service gp:og€ Air Conditioning and Mechanical Ventilation (ACMV) System &l G3200503¢8
00p533E: 002200001 ABelopé ACMV 32EqIE& L odGLRdEl 008 [gdaopd

[

(Ceiling

.

\R—__

7

(_///
Fresh air flog

-

_Fresh air flow

_

Floor

Fire perimeter
& q-G§) 8260005z S0 $E 8:daqpiog) 3360l Bon053005 20920003 GEB[geozaRdI

4T

Engineered smoke control system oo&9el 226[gd8&E:0000 SseaunEoopdeasl cugp:
8:8sqprei 3256p0de GoninCign 0godelgrgadelgrodes [gdaopdi S:eaontaesaog) omavoodad:
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8:8sqp: 32[Go[god ogodediesepdom [gdoopdn adelopE &:diqpiod cpgpist agodaopdesepogd
0385005200048 cgodEiepad w0505 §€eamE S GroSaedi

B:eqp20?d crgPieCagadoopdesepogt a36:0000:000:q5 Gsepad B:diqps popds 936se0p5:
gSesep(smoke reservisor)op ealaopdi 8:S:qpiad cogpisE godo0odesepad Gepodq oas
2000055g¢ Grvoferoogad comEiean(gpdfgts(natural ventilation) 98ewrcd oodeandgé
ecooCeroogodeomEeant [gapdfg:(mechanical extraction)spd:od 32004g 82005

Air con $C ventilation system gpzell coocopSocdg$iaopd soesiel sagudaaenaacilogd
2e[gds] 0godgEdjogoopdn a3eood fire-smoke venting 0pd 3ae%:el FgudmoonisC do
0200593803 B:6000053agudmenss 8:§iogodgsie0l0gE onpSoopd SieanCoopdmedl a8:q
GoeERgP:a0pd B:eomadypielopE B::qp2aagd elgptiadognsoopdi
8:82qp2ed] 0god 5820005 63005Al 2505 2deqodedl 0gE wanpbaoEd
(0) 8:e0m0del 320§:328E:000cm (Perimeter of the fire.)

() &:eomodel 3¢S (Temperature of the flames in the plume.)
(?) &:eomadelopé [gdedlcnaopd sagcolumn & 33[gE (Effective height of the column of hot)
03 [g20p5n

8:com0odel 2008:328C:000n $& 30 column & s3[gEaopS 8:8iogadsss $C o

ojo0pSn 8:82090558:0005 square root of the absolute temperature of the fire $& opp8o0pdi

8:eomadel 2209$(flame temperature)oopd 600°C— 850°C (1,112°F — 1,562 °F)[gdaopdi
eooel 98620p5s0(density)oopd 1.22 kg/m” (98200 Befopé 8:d:og0dgS:(smoke production
rate)oB 63200501 $eo05pd ¢ 3050R8E00I

M =0.19 PY'S
M = the mass rate of the smoke produced

P= the perimeter of the fire (meter)
Y= the height of the smoke layer (meter)

8:8:00558: 30S0n[Gie5005 8:aizanqS (temperature of smoke)od a3qSc30000n 88:eh :0S
(temperature of smoke)o3 6222050] de05p5dgE 0g050RER0

0 = Q;/M
0 = Temperature of the smoke in C above ambient

Q, = Heat carried by the smoke in kW
M = Mass rate of smoke production in kg/s
8:comadel specific heat 205 1 k/kg K 9§[gda0p50n opsocomzoopd
g0552(Q-98)e @u0RE GuHgoooopd 3203E: [Fwnsaneomn S:eomnd(spreading
and growing fire) sagudsaensoopd wpbaopdaadly 0.5 MW/m?* s8:(burning rate)od eepodepd
©0podGoI 8o 2gudmen: 10 M* 03 6eped0pd38l S:om005[gEs3as(total heat output)aopd
2.6 MW [g62000n 8:8:300§$ (temperature)oopd 152°C (992001
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Effect of spreading and growing fires on smoke temperature
] . Constant burn rate at 0.5 MW/m? Growing fire
Time from ignition —— —
(minutes) Heat output Fire size | Max. smoke | Heatoutput | Firesize | Max. smoke
(MW) (m?) temp (°C) (MW) (m?) 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

3205 sprinkler ©o06s08002:000d  esepogt  GruRCag:00pd8s(unsprinkled  fire)
[0 5MW 3208eepad§8E[G: 20 m® sfox sogudmeen3aad [P3rogricon§Eaopdi odelopé
engineered smoke control system oodoel 888: oSm§qSao0305 GaCogeepd esepci
8:602005000m0 $E 8&8:z0g0dzn0:(designed fire size)od 3303807 Gg:g|0S 88262001
6330053 efiqps Boopdd esepgp: 03¢ engineered smoke control system o3 poe3saq)
006808q§ 33620051

Basement o3¢ cpgp: ofogodogiangs 3a0ddgoopdesep 3207050005 0ongSidom
(0po0) coodeoypag (carpark =2(gd =2adgo0pd esepyp:od copdogodq§ead) engineered
smoke control system o3 006s08qs B=abo0pdI 00PgSBom  (opn0)0RS oodONBOES:
Gaodcopds [968Co0pSi esepeaq, 0edlls 6oodcopd: [§0§Ea0p0I  oopgsidom (o0)c0nd
Borud20p3 atrium o3&:3E engineered smoke control system o3 06s08q§ 82262051

Atrium smoke control

system

Smoke extraction

Dthrough atrium void

4th storey

3rd storey

2nd storey

1st storey

Basement 1

Basement 2

Section
Q Q-c;@ Atrium smoke control system
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eomio0d03§,

Engineered smoke control system o o0be0€a00:0005 32680005358¢ps0p¢ sprinkler fire
protection system oo&sofoonqupdi  Engineered smoke control system & 206998303

0R09905q§ 320305 200DE0ODCN:EIN IPYIODIAVOIGPIED 63NGHAF0IE [gdaopd

Q-Q-0 Designed Fire Size

82000005 30gud3002: (Fire Size)
Occupancy (Sprinklered) 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=05 P=6.0
Hotel Public Areas Q=25 P=12.0
Assembly Occupancy with fixed seating Q= 25 P =120

Q = the heat carried by the smoke in
System to handle worst case scenario
Design standard qp:¢»

P = the perimeter of the fire in meters
Minimum clear height below smoke layer = 2.5 m

e BR 186 — Design principles for smoke ventilation in enclosed shopping centre

¢ BR 258 — Design approaches for smoke control in atrium buildings

Smoke Exhaust Fan

A

7
7

10 foot

¢ Q-Gq 8260205 @goSs;&);(filie

éize) $C 8:e0nCo soenend

et &: sadpmaen: & esep

Sprinklers sadjsza00:

B:e0000532905=000: (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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Atrium smoke control

system
Scenario A Smoke ( \
extraction system | < —| ==) 2
Roof
5 Shop
4th storey Al ?
Sho
3rd storey ? P
2nd storey @ eSmoke curtainShOP
Sho
1st storey @ Fire ﬁ" P
Section
? Q-Go Atrium smoke control system
Scenario B Smoke ( \
extraction system <l — = [
Roof ‘
£
5 Shop
4th storey o @
= Sh
3rd storey ? Smoke curtain °op
Sho
2nd storey ? P
Shop
1st storey ? §

Section
‘? Q-G@ Atrium smoke extraction system

Scenario C Smoke ( \

extraction system 4@ —= =
Roof ‘
£
5 Shop
4th storey o §
Shop
3rd storey §
2nd storey] @ Eoke curtain Shop
Shop
1st storey @

Section
<:> Qo Atrium smoke extraction system
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Air Conditioning and Mechanical Ventilation (Vol. 1)
Average temperature of
smoke layer max.200C

% = m» Flowing smoke layer adiation
- =

Y=2.5m

@ Q-§° Smoke layer

Smoke extraction or venting

| &
% FIOWW Reservoir screen
M = Screens to form reservoirs

and limit lateral spread /

Fresh ;’ ) 4 Fresh air floor

i il

¢ Q-6 Smoke layer and smoke extraction or venting

Smoke el

layer :

depth o
5 ' 25% perforated false ceiling
R <—— Smoke curtain

* 3 % Smoke free area
c‘;) Q-99(o2) Smoke curtain and perforated false ceiling
|_"_L = — =] I<800mm
Zz Ve

Perforated Ceilina
min. 25% opening
of the reservoir

{$) Smoke Detector Section View
Q Q-§9(®) Smoke curtain and perforated false ceiling
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Standby fan or multiple fans
with excess capacity
(largest fan capacity)

. =]
Fresh air 1 hour fire rating =
—within smoke control zone
(for both exhaust & supply)
| H
Fire compartment St e e 2 hour fire]
wall (2 hour) / rated construction
No fire damper
No fire o }- «—Fire compartment
damper wal (2 hour)

Section
9 Q-§)G Fire rated duct and standby fans

%@3

: l|
..; N
*[ - _] .- 3rd
oAl
"l' 1 [C —
X _ == ,['_} = ]
w = M = YI e G l 1st

*

& Q-§§) Smoke Extraction System o305$05: pown

Q-Q-J Smoke Extraction System o055t powd

32000 SkoobA§oopd shopping mall oob9sacz0d “Smoke Extraction System” o
automatic smoke curtain g0 atrium 005005c0p50RE o6s0Emsa0p5N(upper floors § “sterile
tube” $C close atrium ¢c3q)) vcowcod(elgpdood)el =[RS (§))80m[gdR: oySsacodypsc
:[g82025 (7.6)802 32032982 [g6[030005

[36:08:880en 009q$:80m (0 J0o) 2203:0834qb[0300001 00pgS:80m(0 Joo) fire zone
006935[3d 20059050005 [Floor area = 1,200 m? typical (1 fire zone)]
Atrium void 9005 8o ( J0)qR5(Bk (00)8omarSa0pd
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(Atrium void= 20m long x 10m wide(200 m?))

eonCepd 8:60005 20gudmenind 98¢oon smoke extraction system o3 oSonsgo 838
0068805 [gdoopdi 8&E: 8:60m005 Fagudmenien(design fire)od 9§08:q8 cGaopbi d:eaonage
[§08E€0pd 8:e0m0del 3agudsaon:(design fire)oopd 3m x 3m [g8[]: vodcopSaasniondengpadaopd
(0))80200, [968Ea0p51 B:eomndelopé [§BaxngEaopd 3a00wrana0dd (5000)0Bc80d [gdaopd
3268000520803¢ sprinkler qps 0680E000:00001
(3m x 3m sprinkler controlled, 12m perimeter, 5,000kW convective heat output)

0coecod(elgpd006)el cpolinagadedinden codkgod $6gadalaog) sliding door sade
32002 6c0se0lod|gda00N o5kelodeIzamS2005 (. J)8om[gdG so[goopd $680m [gboopS
99c0IC:e§000005 007652800 (0q.06) [gd20pS

(Inlet: 4 nos. twin leaf sliding doors, size 2.2m wide x 2m high, Total area = 17.60m?)

CpgPeER0d 8:8:0905a8 A33a600p5m0[4Cen (p)80m|gda0p5N BealgEad “Design Clear
High” o3 el aap§oopdi

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
(0) ocowzeeot atrium & 33[gEad aodgdeS(Calculate height of atrium, H)
H = 1st ~ 5th Storey
= 5.00m + 4(3.50)m
=19.0m
() 903wome0¢ smoke layer 6 2250503 0gadq05es (Calculate smoke layer depth, dB)
dB = H — clear ht. below smoke layer(assumed 3m)

= 19.00 - 3.00m
= 16.0m
() 0008003808 8:8:090558:03 cRodgIEdqS(Mass flow of smoke, Mf (based on entrained

plume))
M = 0.19 py'>
M = the mass rate of the smoke produced

P= the perimeter of the fire (meter)
Y= the height of the smoke layer (meter)
M; =0.19 [P]Y*3x 2
M;=0.19[12] x3'5x 2
=11.85x2
= 23.70 kg/sec (0060@R$aq€ (Jp.q) 03c30q558: (000N
(G)  8s06cE05228055 [gbed conepd 3208 (initial temperature)oopd 6rooe 320§ E0005
[g820p5n B initial temperature o3gpe$ (Initial temp. of smoke layer above ambient = 6i )
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Q)]

©

@

(®)

©

(00)

0i = Q /(Mf x Cp)
= 5000 /(23.7 x 1.01)

— 208.88 °C (say 209°C)
0godan0a0pd 8:8sgpicl 30FE0B 30508 E00I
0 = Qs/M

6 = the temperature of the smoke in C above ambient
Q, = the heat heat carried by the smoke in kW
M = the mass rate of smoke production in kg/s

Sprinkler ©ooCadlod03epd 20 S (00dspd:  sprinkler gpzaopd  wroy§eopdoon:aod
oSonecoigp: (362051 :2098(60)80§ 0Eo30§05e8 eepadagl saoelopE ooy §oopd
oqoS[g&emom 6§op:03 ellodaReeB: eagpiarce ooRdN)
Sprinkler operating temperature 1 8sp
Osp = 68 C
Sprinkler qpzoje] o360 GaqpPseloPE 0ye0E:o0:00pd 20dS Bsm o3 gpdli(Smoke
layer Sprinkler cooled temperature of smoke layer above ambient, 8sm)
Osm = 15(0i + Osp)
1/2(209 + 68)
= 138.5°C > 18°C [OK]
Absolute ambient temperature of) To qu]u(Absqute ambient temperature, To)
To = 300 K (27 °C)

Smoke layer i absolute temperature o3¢pdli (Absolute temperature of smoke layer, Tcm)

Tcm = To + Osm
= 300 + 138.5

=438.5K

0g05aed 8:8:ell cpaopSo? gpe$-(volume of smoke produce, Vp)
_ (Mf — Tem)
P (To B p)
(23.7 — 439)
»~ (300 — 1.22)
= 28.43m*
=add 20% safety factor
= 28.43m’ x 1.2

=34.12 m¥/s
0905006p8:3:61 00052005 dEPREAYE (6.0 ))opudomgs: [gd0pS
0godamepd 8:8sell cp0pSa? 0g0d[Gies005 038:8:0303 vudaodaepd smoke extraction
&l rate o3epqSi (Proposed smoke extraction rate, Ve)

obogmEagl(o )oopesBorn  ©0da058E00S fan  akcd{glewntiqs 83E: [giepd
000200051 3q530[g0 65905000 fan 0dadind 333 0dSe0C0mR0pdI §OGAIE: fan Groad:

|4

o06s0CqS
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Ve = 3 duty fans + 1 standby fan (each 12 m%/s)
=3x12m’/s
=36 m/s > 34.12 m’/s [OK]

(00) odoREGE (0 ))00pqsiBomgsiyt ©0dapod8Ea0R) fan odidiewalif: 8::qpiod
000005030520p938] 20680005353 03E  negative pressure  [goedl B&ao0pdi  ddelopE
[g€ogerogp: mon:adi08eqpodangs cdeamnadesnt oyudosicarn crooedodyp: §qs
cBo0pdi soooCedod(air opening)e§omod ogodq(Nett Inlet air opening required, Ai)-
8€[g[oopd velocity ¢> 00domEqIE (§)80758:0005 wdco)

%
Ai = P :
max.permissible velocity
=34.12/5.0
=6.82m’

(0]) §oor:am odskedlodgpiod crooledlndmalyd 3200qq$ §pdgudoopdi odskedlndgpss
2203052005 82262005 erooledlnd smyud [4be(gd obesoigSi(Check Inlet Area
Opening Available, Am)

Am = 4 pair sliding doors
=4x2.2m x 2.0m
=17.60 m? > 6.82 m? [OK]
§jcooeGz0002 odekedlodgp:aopd cdeconodesmoyudeamnelopé smoke extraction Gl
eeooCellodmo[gd 32a9dg8E20051(65§905006 air opening cobewadqs ecdeor)

3 duty fans @ 12m3/s Smoke vol = 34.12 m3/s
Plus 1 standby fan Extract rate = 36 m3/s

Roof
5th
19m ath
Smokf temp = 139degC w) oo 1
Min. temp = 18degC 3rd
OK!
=l S
? = W &= 3mI 1st v
I |
Code reqmt on clear ht = 2.5m Inlet area req’d = 6.82m2
Design clear ht = 3m Inlet area provided = 17.6m2
OK! OK!

$ Q-6 Smoke extraction system 0305505t powdEl Fa6[g
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Q.© Basement Car Park Carbon Monoxide Monitoring and Ventilation Fan Control System

elgesmnodomicongSesep(basement car park)qpsogt caoeomEerons q§gseeogodst
omigPe agedeoo exhaust gas gpielopE mechanical ventilation system 006e0€q$ 832620051
ome3lqCancglsd  eoonlonadyp:  S:econqelopE(internal  combustion)  ogadedl codeomd
exhaust gas gp:03 codgpi0de$320305 basement car park qp:S§eoon 603 podpo&ieoaddi
odelopé  omsgpecl  336emag(exhaust  gas)gpiap  dloCeomn  encbegypimjoptiad Bes
832600001

coopuyedge eonlonadst  eroodedEiodl:  0m3aEqCmngtsy  edlabajfgind
6320053 @07 p34gE:03 Faadig)g) 0g05uR§ a0

Fuel + Air = Hydrocarbons + Nitrogen Oxides + Carbon Dioxide + Carbon Monoxide + Water

| & Q-§q 00 gEda0R) FBoemeg(exhaust gas)qp:

omgBbemeg(exhaust  gas)gpiopE  V3ods§omgsl  §odcodqienddeg  omgs3E
e3R8 o0gS3esHadsst eq 03gbaopdhi =:EqLmplsy WBEs§omgs econtensdyp:
[gedogn  8seanoybdgs(complete  combustion) [gdwom  0m0g&8Eesnndads  enodegoopd
exhaust gas 03¢ dloesc86o0pd

00600500805 S:ecnq(incomplete combustion)elopé 03g&8esrad8(CO)ercdegyp:
el agodamnqopdn  0mgsdesnadS(CO)encdegaopd sreeplansotind m:o§eon  erodeg
[g020p51  enopeosspdiang  0mgsdesHadS(CO)encdegaopd 0obadionpSieom  6e3n5e8qE
:205006(0xygen atom)s$é 0o8dio0pdieom omgEzand006(carbon atom)od §oSsondoodgEs
[§820051 oogped g€ [gbedlameom omgsdes?a38(CO)erodeg codaode(emissions)el ad:d
$602005 200509 deaonlaeqe rSCsigp(emgps eINGP: $E GroLBYYP:)e [§dedl b
Q-9.0 Safe Level of o:g$8ese08e0056¢(CO) eoddeg

omg§8657a3860056g(C0)20pS cpell 32000503 8PS [96e08E0p5N 10PPM Level
eopagSdon ogfinegnd 000 sagepud[gaopdi erocdapl (CO)erodegdlofean level 20pd
0 (zero) [g8qI€ 260mEsad:5C F200[§|ed: [gE20001 PPM a8o0p5¢n part per million [gdoopdn
6000005 6AlEmO0ERE 0mgEdesrads(CO)enddeg GOl (pu)oloCagié 30PPM Level
0y eoledo0pdn 00bspSEgE 6B omgSdesHadS(CO)enddeg doy 9PPM  Level
Boopden  6oooopd  0dpedomnagl  0mgsdesrads(CO)enddeg e  (@)8c80qd
Olo€20p50p @Bc8o0p5n Belopé 01gs8e52908(CO)er0deg 10PPM level §oopd csepapt =S
loplgSee (006e50%:) 65A3E v63EqERS 8Bl eagpdort oyfiwoses AB8058Ea0bN
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6320053l@000:0005 6roBaRE 0mgEdesHadS(CO)enddeg dotg(level)sé cpognadudel
o$eneeg a3805603 GeBgoogElgdaopdi
0g$8e59e38(CO)enddeg doty $¢ con5d§Eaopdends
CO (PPM) Time Symptoms
Maximum exposure allowed by OSHA in the workplace over an

35 PPM 8 hours . )
eight hour period.
200 PPM 2-3 hours Mild headache, fatigue, nausea and dizziness.
Serious headache- other symptoms intensify.
400 PPM 1-2 hours

Life threatening after 3 hours.

] Dizziness, nausea and convulsions. Unconscious within 2
800 PPM 45 minutes o
hours. Death within 2-3 hours.

1600 PPM 20 minutes Headache, dizziness and nausea. Death withinl 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 554:2009 IAQ code 03¢ Gw5gooneam cr5$§Ea0pd(recommended)
og886572835(CO) e0deg dolq (level) 20pS 9 PPM [gdoopdi

Q-9 Understanding of Basement Car Park Mechanical Ventilation System Design

Basement car park monitoring system o3 $&&godon Bevpdd [glgtadsiaddigs
00§80 0066L05a0p5 basement car park mechanical ventilation system el sacfgd 83E:
20D 20005gp03 Boon:gs 83600051 0938l basement car park mechanical ventilation
system qp:o€ 0mg§esnads(CO)encdag sensor gp: 0ods0lq) GroadaRt 0mgsdesnads(CO)
o0deg OloCgad me[gdom MV fan gpod cent{oqoopdi 0mgs&desrads (CO)enddeg dote
$5:091C MV fan qp:0? esie5:600Esq) doCaqpsaqC [g§[gS eentigliys g&saaegiom §Ea00
elge=a0h omiconqf esep (Basement Car Park)

omigPe  ROdCIGa  omgsdesyadSypi(carbon  monoxide)  $&  oofgpreomn
eaonConadad S:econlyelopé ogodaoeomaaspgps(other combustion products)o? vuSepzodes
DROS 32680005208 2:0038: oxz0oepesEP GP:od ventilation coSeoigs 83620001
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Natural ventilation cp&con:000d Gsepe c@sj 32680005358 32038 car parking csep
qpsopC supply air coggEs $& exhaust air coodod[gEs 020p503gipE8Eeacnmechanical ventilation
system §qepdi A system 20p5 006508 gE omcomgSesep(car park)el cocopS(volume)
efgrode0sé p8gjeo0n(6 air change) [g€o(outdoor air)oB copdeusqepdi

§ro8:33(gban0ddgleoon 36em0dmBgp: gtfean omicong§esep(car park)gp: o
omisgp: §aopd 3a§$(low occupancy) a§§RE 0g88esadS Clolq by 00850 32038: 25
ppm coodeeaypesmt 03§:000:8E0gE srooeroogadsss(ventilation rate)od cagpqi§Egtoopd

Residential parking area qp:§ ecoodog€ omgsdesradSyp: doesqaopd 25 ppm
averaged over an hour period coo5$5:0lon Ventilation fan qpzod 30506 (switch off)8Ea0p5

Car park ventilation o0& supply air 323Cs(part) $& exhaust air 238:(part) vpe) $64e
§oopdi Exhaust air &l §0% 03 god§0[030550:(high level) © oSopqepdi Exhaust air &l og$ §0%
o3 [036gE=e&s(low level) ¢ oSopqEpdH

Low level 092005005 epag€ cruedopaopd seedlod(exhaust air grille)si salgEed: 32502
20p5 saegPa0cd(Geoon: [1384gE(finished floor) ¢ 650 mm cood JugEeoq

Supply air intake 2005 ZaGe0n0dm8el Grog§ooodedlad(exhaust discharge opening)e
:250:ad2 (§))80000005 Jeoie0m 65epage §aepdi

Car park 20038 supply air outlet gpsod Gsepo3tsy cdeamnodeomec =pdaaqy
q§e320E [g§3i05 conqepd

Car park exhaust air o3 g§coodaopd(discharge)esepoopd ecooledlod(air intake
opening) odskadlo(doorway) ©a0p503¢ 32505:00: ()80 ozpeoiqEEdl g§aoodeco(exhaust
air)o? 32680005208 22038:03 [g8cLpd0ot Gepad8asmt 8o coniqepdi

2850 oofgpieomn  esoncdmBgp: §eponodad 88meeecodm:mBe  gScoodecy
(exhaust air)qps godaood[ge: olgia

clgpBooboootgEaopd 3200605€ §eoon omiconq§esep (Aboveground car park)
e[g80060005[gEa0pd 32006038 §eom omicong§esep (aboveground car park) 320305
smoke purging system 06s08q§ c322630lon1 code of practice for fire precaution in building ¢
Fg0dg2 2203E: 00690EqeRdI
Aboveground car park o€ cross ventilation [gjap&aonigés w§don erooedlod(opening)
esepe  (0)80m(12m) co05360:0000  Gsepqp3a0g05  natural  ventilation  cooedlodgps
(openings)od 0§%c00d qpe3an [gIrpd Goozeedi

Natural Ventilation $& Mechanical Ventilation o3 o3¢) 809:{gjo0pds4
(o) Supply air cosg§ecdn 006s0s ocdi
(9) Exhaust air system 200 1.2 air change per hour [g6qopd
(0) erogdedlod(extraction point) gp:oopd low level o3€am con:deepdi Exhaust grile &
08639820005 326gP200d[G:000: [36:0E:(finished floor)e 650 mm cood JulgEeoq

Natural ventilation 330305 s2@dloSgps(openings)el  e§unmangdaopd  mechanical

ventilation esep=acqjdel % cood dqp:dlon supply air copdeo:g$ ocdi
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elges005§ omcong§esep (Basement Car Park)

elgesmod§ omsconqSesep(basement car park)ogE  onbeofoonsoopd mechanical
ventilation system gp:3 3202:08: c0pde000pd GroEaPS(supply air volume rate)owdan 20p5
g&000500006000g05g8:(exhaust air volume rate)oednoood ugpscoqn 0393 dugpigtieloe
car park 00690005 negative pressure sood:icod  [g0esc860pdi  Negative pressure
[s0es[gCiclopE car park 22038:§ sBOe@encdeg(noxious gase)qps oofgrieoon CvyPiesep
GSEPYP:d GePaY 9gCse 0aRwd8E0p5N [§Eoe erogp:an 0€eeprd§Eadgepd
62200503¢ udjgooniean 8&E:3m0g/05qps(design requirements) $& o3a508coqepd
() Fan qpsq,038dgCs(break down)jgdoopd 304l§jzop¢ air flow capacity & oodoodeozd
0§63 9005c00deenEs(run) 658Ee3nC 8&E:pdaepdi Car park 0od9cd: 0odJEs0d
§l.03E4gCx(break down) 6[gdesnt m5p5:e0: $83E:3¢) 8&E: [glrpSoomqepdi
(9) Duct section gpzzan:cd:od common duct work [§& een8:8EesE [gjrpSoodEanpdi

(0) Duct section gz 00d9gE:8 cenls(operate)§Eesme control cw68EeeE [groSoomzaepd
;elopd: 00d996[opE 0odgIduE00medIqopE(in the event of failure) oofgpseom
section qps 80050005 eenE:8EasmE [grodaonigepdi

(00) Exhaust air 3238 $C supply air 323E:0303 interlock coSconiqepdi Exhaust air 92880
qodegq€ supply air 223&:03 3oSud(shutdown)qepdi Supply air 32380 qEdqE (eewats
con:gi€) exhaust air 03 8cbod(shutdown)qepdi

(c) Exhaust 228E:5& supply 323E:030005 principle source electrical supply ©§36205 a3ewrod
failure 9836005 macdergped soodcundewnts(operate) csaepdi (emergency generator
[5¢ eut:Eesmt conanuSode(power cable) gp:o? 0o6s0E0oqep5)

0060060005 Bqp:aopd basement car park qpegdagqi€ 0600 $& 0oboobZR[op: Grogp:
veepegnaes(intermixing ofgbesant) 83E: apboozqepdi

Q-©.p Basement Car Park Carbon Monoxide Monitoring System's Design Consideration

6 Q- g0 6[geem0domiqOsnigs csepervofecoogod duct gps (basement car park duct)

;op§[oBeenteoon basement car park qp:opE ad(zone)qpsde] supply fan $& exhaust fan
qp03 006808eoaopdi @& (zone)ondy 820pC:50000: 0oddi0053600  exhaust fan gps
2330805 006908 co2s60p 05!
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Car park o0d9aa0p8: o30wod af(zone)odd9 =20pE:d supply $C exhaust fan
3266320305 opaopdgdeo wopoopdgdeo supply air flow rate $& exhaust air flow rate o
opeBa Bsadaopdn

Basement car park & mechanical ventilation system oaé Singapore Standard 530

(0oeCznesl Code of Pracitce 13)32q 8&E:[gj0pbom 006s08qepdi 936005 SS530(CP13)a0pd 8&E:

c0d[gCs(design)sé  oobsol[gEs(installation) [grobe§320305 pR8loFpsqed(guide line) [gdom
[§0o0p5n  Operation 320305 F6e0d05%d  aoomo(office 1 shopping center ©2025)$¢

B305p863n¢ 20&enqHooad [giapdlogoopd
Singapore Standard 554:2009 IAQ §§ Singapore Standard 553:2009 oaé basement car
park monitoring system o3 eenC:sCaopSucd(operation)q$saogod pgSlo3eigod(guide line)ood

[§62005
Basement car park monitoring system & 38qC:e0: 8&E:00pS basement car park

2R&ipE 0mg§8e57e38(CO)enddeg sensor gp:ondeoe) supply fan $& exhaust fan o3
83260005 22819000 208enqpoopd [§55545E eertigClgdaopd

Control Strategy
CO concentration to be controlled through DDC via EA and FA Fan

Carbon Monoxide Sensor
(1 Fresh Air Carpark() (3 Exhaust Air

E

("3 Q- §© Basement car park monitoring system- Controller wiring diagram

eeoadape 00$3es7a38 dotq (Compliance of Carbon Monoxide Content)

Singapore Standard 554:2009 IAQ =0q 300&:32038: cpgpsesadep(indoor occupied
space) GsePePisC Py 2POCREN3EPY  BSEPYPIE0R0d  CVO5SEEES(recommended)
og§8657a38(CO)encdeg CloCq(level)aopd 9 PPM [gdoopdn

o3eo05 basement car park o038: GEOBORE  0MgESesHEBE(CO)erodeg Clolq
(content)o3 Singapore Standards 553 - (Formerly CP 13)32q 00680822038 qibsq| 25 ppm 203

8¢[joop5

odelo3p¢ basement car park monitoring system 20p5 car park 82006 006932038 Bwupod
@&(zone)ondpencationt 0mgsdespads(CO)enddag sensor i reading 32 9 PPM afeepodagc
supply fan $C exhaust fan gp:o3 8o5(shutdown)q$ $& 25 PPM o8 cepod§dlon supply fan ¢

exhaust fan gpso? [g§copSewntises [daopdi
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Q.0.G 0p$8652903(CO)encdeg Sensor

og88652935(CO)enodeg sensor qpscl 330§d8Ea0p) 2203E:3n0m(sensitivity range)
3209$3066:00001 Sensing range §320p5¢d GrOBRE 0mg$8e52938(CO) er0deg Clofead
sensor 2005 2203035602 0pdyEPad GepPn563ME 3:§dSED(sense rEEEp5)03 sBadoopdi

Sensor Response
’// » ‘\\:, e ;
_ \ 5 S 100k o

]
resistance [()]

i ' 10k 4 i T
' LB HIDDE
5 3 e 30)
l':':’:l E = — = | mam S0ppm
. | ;} 1k - . T
; 1020 1050 1080

time [a.u.]

$ Q- 6o 0mg$3es7ad8(CO)enodag sensor qps $& sensor response

og88e57935(CO)enodeg sensor &1 sensing range o3 sags(diameter) o3eopod
32qC:005 (radius)gé esdlgecydoopdi adelomé 0mg88es7ad8(CO)enodeg sensor gp:od 050
oo e5epygSs(positing) [gepd8Eas saceBroopdi 056000y esepygt:(positing) ofgieeddlmn
sensor qpzoopd car park zone oodoadis: complete coverage [§9§E380pd wurddeol
83600 0mg8despeds (CO)enodeg sensor 32663303050005 J¢) 006s0800:8[gE: [§B8E
20pd

a0eayPeom s3§dSEaopd 2a03E:enom(sensitivity range)oopd 0.5 ¢ 200 ppm 32038
[§620p51 c0cB[gg§eageden Bqpoopd ppm 00§8:03 530§9038E(detect)qso0z05 sagSloplop
832620051

omg§8es7a358(CO)enodag sensor gpsel signal output 2005 0 to 10 Volt DC a3ewrod 4
to 20mA [g8[030051 egpogadopd 0mgsdesreds(CO)erodeg sensor $& controller G3agod
Al§eoon module gps q§§Ea0p5

Controller qps

Basement car park carbon monoxide monitoring and demand control system @i controller
qpzoopd Direct Digital Controller (DDC)gp: 930005 Programable Logic Controller(PLC)qps [g8[3
20p0n - Controller gpsei 0200860 0mg$3652938(CO)encdeg sensor gpsel output 0o$3:(value)

qPzod 00968 $E 0059050000005 algorithm 3203C: car park fan qp:od cenlssCaooigs [gdoopd
qQ.9.§) Control Strategies $& 2003{gjg$3q/054p:

Singapore Standard 554:2009 IAQ 30§ 00598E20pd(recommended) og§8es7adS
(CO)enodegdloCy(level)ood 9 PPM [gdoopdi OSHA & g[gqiodsaq 35 PPM §eomn Goooo
e5epaRE (0)§7§0 65VEWEABE 880 (Maximum exposure allowed by OSHA in the
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workplace over an eight hour period.)i 03225056903 226[gde) e§00d9 3205E:5§e00 car park
fan g0 Geood0RE 0mg§Be57a38(C0) enddegdoCy 9 PPM o8 eepodag€ Bodod
(shutdown)g$ g[8 07g$8e52e35(CO)encdegdloty 35 PPM o3 aepadaqiC [g§copd eentisCas
[§920p51 OSHA o3 o3:0m:0qi€ 35ppm [gdoopdn Singapore Standard 530 03 o3:om:qiE 25ppm
[g20p5

Singapore Standard 530(Code of Practice 13)32q) car park qp: &l ventilation system o%
“Normal Mode” 03¢ acocd58:(6)so(6 air change)ge 8&E:{gjrod[o300p5m 08 rocds$:(6)so (6 air
change)oopd car park o0&9ad: 320305 022320880905 qP:SA3  qbgude) 8&E(gpdfgts
[§020p51 o8eo05 office building & basement car park 20p5 §eoocS§$I Geeol:q§ & eg0d
c0eionq§5000  omim008m0ged  gpiooRdn o83 gEgPiRE  0mem0lan0gad  e§ooeannd
§é:0¢)éu

omg§8657a358(CO)enodeg  dolg(level)Baadgodenq basement car park fan gp:
eentiq§ 3306000 2S¢ (6)50§0005 $p5:00001 a3ea0d office building el basement car park
qP2oopd $505 6:p0 000Eq) o 100 28 eedE{o300p51 ABeloPE eLBORE 0Mgsdesre0s
(CO)enddeg dolq(level)zaq 0cd3262005 3a§§qpiopE basement car park fan o 3o5(gd[gEdsC
9623 6gom8E000I

32§,6000 basement car park fan gp:og€ Variable Speed Drive(VSD) 0o6so€aonso3aopdi
o3 Variable Speed Drive(VSD) o06s08coneoon basement car park fan o adio 3050688203
aoc$50008 [ 8:(speecc oot BiyShEoogs)

2003[g|g§eagi05en 22680005358 @i “Fire Mode” [gdaopdi Fire code s2q) “Fire Mode” o3&
basement car park fan s::d:00p0 GocdsSi(R)so(9 air change)gé ewnliqepS [gdoopd
033gj0500p5 control strategies $& wiring [grodo0pd9e§803E Fa0gSancero0pdI 03850503
20036[g8dlon Ss0005grsmn odGeog(fire inspection) [giopdoopd 3a§$0r¢ gE[g)(pass)c8gepd
Q(JPOSGO"
Q-0.6 eglomnEaond 98232 vwan ocdsed: (Energy Saving) puwd

3268000528000961 basement car park o3& car park supply air fan (G)ads(15kW)sE
exhaust air fan (G)ods(15kW)§aopdi o 2268000528005 cosadiese comlopesssdd  §505
Q58 (6)57§ 28 fan gp:od ewdlqoopdi(1l hrshi o basement car park 2095
omg§8es7ad58(CO)enodeg  monitoring system ©on6s08qeang$orc $505(qQ)s0de po(6)50§
3200 2§§[g5 fan gp:0? eertaqaopdi

Carbon monoxide monitoring system 00608305 [gEielopE oodesadinl by
(6)§08o0 Guntigs B=00gE 0odsdmacgl: kWh opdgiegom(save) $E0pbsoba 1 kWh ogg
$0.2369/kWh [g00gi€ op§onodod opdy) 2005000655058

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

7-49



Air Conditioning and Mechanical Ventilation (Vol. 1) eomio0d03§,

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

g&s3aegiomg(energy saving) opdy (020503 03058 sensor gz 006s0E(Beoons car
park 320305 ©9053C Car park fan qps 0odesgiE 32§80pdq)(§98epdg))eenE:000503 03E:0m
§E20p5

a3eo05 car park 006903 CO monitoring system ©o06e0E8 00dsbqE aJewrod
oobcoag  gdimaCaegomg(energy saving) opdqe§Coopdad o808:98sE  system onbsole
pSoqo§odod gomaCaegomg(energy savingle [gSqe§ $6edlC: opdgfoppesmnt(pay  back
period) conaepda’ smedeuigs Fa0§e05S00pd
Q-@ Mechanical Smoke Purging System for Basement Car Park

Smoke purging system

External 1st storey opens to sky External

.7 1st storey

< 9 AIR CHANGE/HR <

Basement 1 carpark

o [ @ |
50% of the
nt 2 carpark
exhaust alowed 1o ' p )

to be low level
& q-6o Smoke purging system
elgesmodomqosmgSesep(basement  car  park)sacgod natural  ventilation  $¢
0060053 defopé mechanical ventilation system 006s08q$ c33a60l00pbN axnwesaagi§oge
mechanical ventilation system 0005 006s0§ag€ =peS:00000561(6)s0sE PgiEon GrLEVRd
00bg8:(6 air change per hour)gbq$ 832600051 6 air change per hour 8300p5en 0ods§gE
;08 aJ00p0d basement car park esepel cocopS(volume) (B)so $& p8gieom erod copdudd

c0:qSs 083326000007 3032000n 0ods5se{g¢ basement car park Bl &l cpoop52005 30,000 m’
[50qi€ o B1 300305 crudsgs: 180,000 CMH 82260005

Centrilized air conditioning oo6e0€00200p9 22680005353¢:03E ACMV Service 320305
“Normal Mode” $C “Fire Mode” up¢] operation mode $&§j: §oopdn 3268000528 MRE service gps

ad:93038: deScopSucdesanpd 8803 “Normal Mode” vpaBadaopSi “Fire Mode” a8a0pSwo
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3268000535861 main fire alarm panel activated [g6o0pd38103 930300051 F26E0005280009
“Fire Mode” Gepo5a0pd38l adewrod main fire alarm panel ¢ activated [§9o0pd 3261 ACMV
Service o3¢ Sseonsomagudeqp :diqp: o, $ea ©20pd cCvdeaoCospypign §oopd
Fire Alarm System activated [§®a0pd 206l cv6ee0rEQERd A3ggps

e Shutting down of Air Handling Units of the affected areas

e Closing of smoke check doors for segregation of affected areas from non-affected areas

e Start-up of pressurization fans

e Start-up of smoke extraction fans (mechanical smoke control)

e Public Address System

e Grounding of all elevators

Smoke purging system 20p5 2268000533361 main fire alarm panel ¢ activate [§900p5 24l

eocopducdssiad (6)so(6 air change per hour)e (2)so(9 air change per hour)ad e[gpEscde$

Extraction - Axial Q"
Control Unit Fan iy

<} Q—G J Basement car park smoke extraction system

[m36:08:88§0n (op00)oopg§8om [1,900 M’] cond8gpsoopd basement car park
qp:opE smoke purging system o3 o[gdocs 06s0E0oigs 83260005

Smoke purging system ¢ fan qpso3 FCC room 3203E:§ remote panel ¢ 6onC:sE§Eqepdi
FCC room o§oopd 32680005208¢p:03¢ smoke purging system ¢ fan 0303 cenl:q§350305 panel
qp:od gurad hosue o€ 006s0E0:8E0p5 ABaa[g€ smoke purging system o fan gps
eenliesa0pd Bovpdd o503 BEes 200305 Sscdicodmarvsgps(indication  lights)ge
eedlgqepdn Smoke purging system o duct gp:o3 (0. )8c8c80m(1.2 mm)apeoon cogy(dps
(heavy gauge sheet metal) qpsg€ [gjopSoosaepdi

Exhaust fan rating 00p5 320§§ 250°C § $650§opesant ogpdedod ewrtesdEqepdi
(exhaust fan rating : 250°C @ 2 hrs)i Smoke purging system fan ¢en8:q8320305 336600
aq00denodeans(electrical power supply)o? generator power supply 936005 emergency power
supply [g& §odsonSoonqepSi Smoke purging system og€ supply air fan $& exhaust air fan opg)
fan $&§j:§oopSn Supply air fan 20pS basement car park 3203E:93 [gEoverogPod Gudts00pd
2005 fan gp: [g6[o300p5
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Exhaust air fan 00p5 basement car park 830380 Googpzo? [g€uad eboncdeam fan gp:
[§8[030005n Exhaust air fan gqp:o? eeensod supply air fan qpod Genli) oqesnt domoje
(hardwire)g¢ inter-locking [geoGoontqepdi o393 inter-locking  [giopbooniqaopd  saelogpCien
B:eonC[gs wodigieamnt omagudon:edigs [gdoopdi Exhaust air fan gp:od wewnl:ad supply
air fan gpsoon eeiesa0pd elgesmodomqdsngSesep(basement car park) 0odoopE &soon
eoonCoopdeadl [B6:0005q8 32095005320051 820005 aN3a0xE:50E 20§8[gE:g0 crurEagiéio0bi
Supply air fan o &:eeonCagudoopd GEmed8qencdeg(eo)ad &:6om0d saeomEiesm
905602000303 (9686651

Q.00 [g€ueco cBaa05i05(Outdoor Air Requirement)
apgP:aopS 633058qICa3 qogla) 07g§8E8es305e3503 qapoblogoopdi re§i00de
2085 cpgpgSloPp[ee §esangf =008:3038:§ GroBoRE e3058qIEdoq(oxygen
concentration)  oogoddged:  $o0:Gkogiomn  0mgS8Cezndeds  Clofg(carbon  dioxide
concentraion) oo{goSegod: qpzancddepdi Belopé =008:32038:5 Jesongps(occupants) 320305
[goeco copbeuigs 832600001 [gEoe copdeusanpd Groo0pd 0805005005 Grogp:
(fresh air) [gdqepS
[g€oeco ad326q05(outdoor air requirement)oopd soeimadrmeonin’d cBode] 6oo5cubs
eomln 2008:0009038:5 §esopgps(occupants) 355 3agPi0d  A30dgjeo0d  copbieomEs
326[gdg) 0305gj05[0320051 AdE052005 VLN [gdeogepd
cpondeomad(per person) oBewrcd seesiedom(per floor area)ssogabod 326[gde)
[g€oeco (outdoor air) c83362005 LePNA? 2005605 edgoSo3005
(00) ordELNA530305 88262005 Grovwran(air flow rate per person)a? litres/second/person
[5€ ecdlgoopdi cpandeunadaopd cdogrsayé [gEoerocncopScBom wpdy) 8600503
BBo0pdi 00393 pondeunaSa? meefgds] 0g0500p0s5(per person $05:)03 s
eoqpligp:  020p5030398  :[Foobifesod  p3egEIRedad  odmoy  &:0kaBayE
:200qqs 30Rs 20feaqpoopdi §qpu coPCigpionpd  GruseePdeaeo:(air  quality)
eomEieomt: g8 22038 3aeqEr3:00001
ee0:086600005g8[g[g8s o[ggtimacclogd woopde) §S:qps(rate) o3gp:aopdi saeSi3a05E:q
ecoad0zEdloesaopd 3ap0b3a6[038(contamination)qp: 226dl 9ooode) [gEosrocopdeoqepd
§8s(rate)gp: o[gpglor00pd
(9) m008:00d9eN (360§ (per floor area) o3 ma6[gog) 83262005 [gEoero vedaNA? litres
per second per metre squared(l/s/m®) [§& cuodlgoopdn ofspid =008t Bowdd esep
32098 §e50000 PIEEIR0S 2033307 033882005 esepyP: $E WF0EI0R0HEP0DS
Gpepyp: (3205:35098:3 fosfogopqp: [Bo>ooc ofogadogoopiesepqst ddopapriesep
2503 ©88E0p53eal§)s) 320305 a0&engdaodi
(0) sp98:000005(volume of the space)o? 3ac[gde) ecodssss(air flow rate)o? Air Change rate
per Hour(ACH-1) 3¢ esb[genp§oopSu Air change rate per hour o3 infiltration rate coS[gaopd
:dlogoopd: saadigoopdi Ventilation $E infiltration o oo saodiu[geoqs 2003
20&00001
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Chapter-7 Ventilation

egepad(heating system)gdeor eeonepad(cooling system)gdeo cd=62005 [gEuecw
owan(outdoor air requirements)aopd opo8o30005

Q-00.0 ASHRAE Standard 62.1 - 2004 (Minimum Ventilation Rates )
Joog 956038 ASHRAE ¢ [ggp&:oopd ASHRAE Standard 62.1- 2004 (minimum ventilation rates)

© 3gIOA3§,09 30305007 G3:08EQS Go0H$05 GEHgooEopdH

Outdoor Air Rate (1) Default Values (2)
Occupancy -
Category People Area Occupant Density | CFM per CFM
CFM/Person CFM/SF People/1,000 SF | Person 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 0.93
Bars/Cocktail Lounges 8.0 0.18 100 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
Outdoor Air Rate (1) Default Values (2)
Occupancy :
Category People Area Occupant Density | CFM per CFM
CFM/Person CFM/SF People/1,000 SF Person 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
Museums (children’s) 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
Q.00 Supply Air Rate

32082 930005 air con cu:epdesepad Jeogs a33a600p9 evvowdN(total amount of air
flow) o3 “Supply Air" opesloopbi o3 supply air 20pS 100% outdoor air copSs [g6$Ea05N
P5Sged [9So9:000:00056c0(100% re-circulating air)copds [§88Eo0pSn Outdoor air & re-
circulating air 03 eepes0pdeC0Rd: [g68Ea0pdN
()  Heating a300pcd cooling load qp:3a0305 supply air rate o litres per second(l/s)

a300705 cubic metres per second(m?/s) eedlgaodi
(®)  General ventilation qp:s¢ extract system qpe3a0R05 supply air rate o Air Changes per

Hour(ACH) ewbgoopdn

Air volume flow calculation qpze §20pdqoSgp:n3 0desos(checking)§Eoopdi croonaopd
(air volume)o3 ecocdgfs(air change rate)od o[pCids oF eoocdsSi(air change rate)oopd
[568Ea[gd) o§03 [g§0deso:8Ea0bi
pown - Cooling load 820305 Gaooocopd(air volume) 2.0 m?/s 20p5 2 air changes per hour [g6ag€
[588Ee[g §eood0pds 20 air changes per hour s3agi€ 3208 [gocogngpiepd system [gBc8Gopdi
Conventional ductwork system [g6cqi€ 20 air changes per hour §8:0 3209$80050005205(noise)
qp2 090563 anc866bi

Ventilation 8&E:c00epoge 32034gjqepd guide line gp:o3 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 c303€ cwb[goonzoopdu

Ventilation Outdoor Air Requirement o3 005055 320600 8&&: Zag0dma0005
(design information) qps¢-

7-55



Air Conditioning and Mechanical Ventilation (Vol. 1) eomio0d03§,

3266320305 (Occupancy)

copdeuiqepd [gEuscoownan(outdoor air rate)o? qg§sa0g05 air con esepogt §esepd
Cpgp: 226q30305 $& poapogaddd(pattern)ad a3qs c8aopdi
00gd (Use of the Area)

3208109 0p9a0pReBgmcRcd ©pba0l 3a0p{gaopSad BadaBooph ekt ap{iEo?
2800 Grondodoosieoadpdsaepypi(source of contamination) $¢ eoosaePbeacog: 8320505
(air quality requirements)o3 238Ea0p5
:os:a0gud3o072 (Size of the Space)

3205:32905902:0% 289§ 332600051 83E:00qs $E cod58s(air change rate) $p54gC
[g$05§(checking) 03320305 s008§:35gudeaon: a3qepdi

System design data
Heating load 93000 cooling load ¢ o06e0f 82262005 supply air B:g&s(flow)o?
238Co0p5n Ventilation 20305 design criteria $& o30508c0q$ crudigsi(air flow) c8325q/05

0p5g§qepd toilet exhaust 320305 Grocdgs(air change) opdy §eepd ©20pd 3aqodgP:d
a30onqepdi

Design approach
Outdoor air requirements

() cpsaegEacg0d(occupancy)ad 8a6[gde) outdoor air rate o3 ogedadagé

Required Outdoor Air flow Rate = Air volume(l/s per person) x number of occupants

(9) [38:0s880(floor area) o3 3a6[gde) outdoor air rate o3 oaodagé

Required Outdoor Air flow Rate = Air volume(l/s per m?) x floor area (m?)
pow
[goBod(museum) 0od9220305 Ge0050l 8&E: criteria qp:od saafgde] ventilation rate o3 0ga5dl
Design data

Outdoor air supply rate: 10 I/s per person (cpoodeuncdag€ 10 I/s §&2)
Number of occupants: 200 people (p2a600d 00 fesepdun 9§e&:00pdn)

Calculation procedure
Total outdoor air requirement 2005
10 I/s/person x 200 people = 2000 1/s or 2.0 m®/s
General mechanical ventilation c3o5q$0e0sp5s
Ventilation rate(m3/h) = Air Change Rate(ach) x Room Volume(m?)
Air change rate o3 CIBSE Guide B2 Table 3.1 ¢ qup&&aopbi

Ventilation rate(m?/s) = Ventilation rate(m?/h) / 3600
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Fresh air ventilation rate o305q$ (00505
Fresh Air Rate(m3/s) = Fresh Air rate per person(l/s /p) x number of occupants

Fresh air rate per person (/s per person) o3 CIBSE Guide B2 Table 3.3 03¢ quagEaopi

Design tip: o(drawing)3Al§oopd dimension gp:eacdE: 3303300303053 Drawing ¢ length o3
0BE:ogodaqi€ eoBoq8i saondelopéadendd condBopoopdaadlonl oeoq g o, [389d
002800051

coozoapdacog:(air quality)eomE:gs 3098 3eeg03:000d esepdjgdag€ outdoor air
006a00560qs 320305 c3mpbcomn allowance codseosdli  Variable Air Volume(VAV) system
qPelgbegi€ supply air volume condition qp:saad:sa0305 minimum outdoor air 88605
§8Ee3nE [grodoonzeusdli

Natural Ventilation $05:

Habitable room qpzoopd 2002092038: croole§encgad 35p5:e0:326005 codellodem
832600051 ABerootaedndel 8§oxaopd [m36:eE:e§urnc00d 33H(J0)PagIE (0)d000S vsobieoe
(must not be less than 1/20 th of the floor area of the room) 3§),6000 crvoedlodgpsoopd
@8:08:? 39§é:©§: (O.Q)SOJO Eéqeéu

Mechanical Ventilation $p5:
Habitable room gps320305 one air change per hour §&:§qepdi

Design Criteria

Ventilation system 008903 88E:00695320305 68200531 a6[gdad=adged(basic requirement)

$6903 [gobeopds coiqeRdI

() m00§:3209E:§apgps(occupants)secgod eroeameroond(fresh air) copdeoigepdi

(9) 2e98imoplsq =a8aBqpi(smells) S:@sqps(fumes) $E 3300636[03:(contaminants) g3
©050005(8: ABoeangEopdo00d crogpgt cdapudeusqepd

Q-09.0 [g€oacootediodgp: (Outdoor Air Intake)

() Air con 3203050336600 [gEuecogps(outdoor air)

(®)  ecpomigp: SeaonEoopdeadl 8:diqp: oCeeprd8Ees 320305 Gapomigp: 3203853 positive
co8amseui000:qS (staircase pressurization)ss0g05 c83366000 [gE€ueao(outdoor air)gps

(0)  Ventilation 330305 c8326602 [g€o(outdoor air)ecogps §g$320305

[gEosrotedlodyps(outdoor air intake)od consédgpi(external wall) $& calESsqps(roof
level) 03¢ cons§qepdt crocomEsarooniyp: q§gs 320305(gda05

coooedodgp: 026s0Eoonsqepd Fa0z03e60: (ASHRAE Standard 62.1-2004 — Air Intake Minimum
Separation Distances)
Joog 956038 ASHRAE ¢ [ggo$:0009 ASHRAE Standard 62.1-2004 (Air Intake Minimum
Separation Distances) ¢ 32gj05224|,03 220300000p 63:072:8Eq§ GoM0d50d665[gaonz00pdI
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(o) Significantly contaminated exhaust (high contaminant concentration, significant sensory-
-irritation intensity, offensive odor): 15 feet.

(J) 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.

() Vents, chimneys, flues, and other combustion appliance discharge: 15 feet.

(G) Garage entry, automobile loading area, drive--in queue: 15 feet.

(§) Truck loading area or dock, bus parking idling area: 25 feet.

(©) Driveway, street, or parking area: 5 feet.

(Q)  Street or thoroughfare with high traffic volume: 25 feet.

(®) Roof, landscaped grade or other surface directly below intake: 1 foot (or expected
average snow depth, whichever is greater).

(@) Garbage storage/pickup area, dumpsters: 15 feet.

(00) Cooling tower intake or basin: 15 feet.

(00) Cooling tower exhaust: 25 feet.

Q-0 ) Contamination edleo eoogp 32483:4qp: edleon eroeomntiecoang

[g€oecooCadladgps(outdoor air intake)od 328:e0058sgaiqp: woleepod8Eaeogs (insect

screen)[gé omaguSoonqepdn Seqesqps S:eqoodgp: voleepad8Eesnt [gIpd coneepd
[g€oecooCadladyps(outdoor air intake)od erosdiecopdyp: coododaopd(exhaust discharge)

G5ePe 22500580z (§)) 8o 30703260:03E 005e0EGERdI

8:3(kitchen) esepqps 1 B36oo(toilet)qps oxqSs:qSesep(car park)gps cooling tower
qpea 32§0dgpa36te0pdioonsanpdesepgpa(rubbish dumps) $& oodes:(plant room)gpzan e&a0d:
9050005080560 exhaust discharge qpesascd: Clo€oopdi (§))8omcoad ofcoqi (§)8om
o603 cooling tower es0de[gesepe 03EpaepdI [gEoecvoedlodyps(outdoor  air
intake) 3203€:93 cooling tower ¢ eeg$eqoodyps(water droplet) vofeepad§€esmt omazed
consqEdI

[g€osrootedlodgp(outdoor air intake)el Gsanode(geagn:00pd [1364qEe( J.0) 8omoond

[gEo0pd esepoazgEondentqupdi
Q-0 -0 Grogp:od 3280&=0008: [p:a00deacdfgt: $& [gScopdeasddyst:

(Air Classification and Recirculation)

Return Air = Air con :399$: © AHU 980.% E%moooaoom

Transfer Air = 3205:00090 sa[gi30e8:656p 00098803 cepod§ognied coo

Exhaust Air = 320§:0069 2800705 G5epodd9e [§E0ad crodudadndeom ew

Return air | transfer air $& exhaust air 0303 odecoel saqPdeacog:(air quality) $&
podanc|odlo€q(contaminant concentration) 3360l 9onpSe) 8a§jE3a00: Foo:a0dN

7-58



eomEs0005028 Chapter-7 Ventilation

Q-0J- Return Air 1 Transfer Air $& Exhaust Air 0303 s2e0¢32008:3[08:
ASHRAE Standard 62.1--2004: Return Air 1 Transfer Air 1 Exhaust Air Classifications
eoogp:od [g§copbenadiggs 208 0008 93dqoda8320305 Grogp:n? sasotenond: Jlep:
consq§ 3aopbi
Class 1 2580§§e000 GrOIG}:3200:
Contaminant concentration sag05:c05000 Glo€oopdi qod81 $ou §06alE: G303 owd

GOOD0DGO0 SaepyP: (sensory — irritation intensity) sagpdicaSoon Glo€oopdi eamEieom

:4adigp: ad:o woloCeon adn3ad saqjseaon: cou(air) 2095 dlass 1 sadjzzaen: [gdoopd

(o) Offices. (o)) Electrical/telephone closets.

(J) Reception/waiting areas. (0p) Elevator machine rooms.

(p) Telephone/data entry. (0G) Laundry rooms within dwelling units.
(G) Lobbies. (og) Sports arena.

(§) Conference/meeting rooms. (o)  Correctional facility day room and guard station.
() Corridors. (0q) Computer rooms.

(Q) Storage rooms. (o®) Photo studios.

(®) Break rooms. (og) Shipping/receiving rooms.

(@) Coffee stations. (Jo) Transportation waiting rooms.

(00) Equipment rooms. (o) Mall common areas.

(00) Mechanical rooms. (UJ) Supermarkets.

(Jp) Hotels, motels, resorts, dormitories: bedrooms, living rooms, barracks, sleeping quarters,
lobbies, prefunction spaces, multipurpose assembly.

(Jg) Public assembly spaces: auditorium seating area, places of religious worship, court--
rooms, legislative chambers, libraries, lobbies, museums/galleries (all types).

( Jg) Educational facilities: classrooms, lecture classrooms, lecture halls, computer lab, media
center, music/theater/dance studios, multiuse assembly.

( JG) Sports and entertainment: sports arena (play area), spectator areas, disco/dance
floors, bowling alleys, gambling casinos, game arcades, stages, studios.

Class 1 32908000 GromadjEmon:a? [gScopdeaadigfat:
Class 1 3200&§eoonerogp:ad opdaopdesep sa03050ed Gosd(transfer)$Eooodn [gScopd
32004q(recirculate) cp&8Ea0p5n

Class 2 2280&§eoonecosadjzaon:
Moderate contaminant concentration 1 mild sensor-irritation §<§ mild offensive odour or%

320083200¢ Clo€o0pd Grojraopd class 2 [g6o0pd

(o) Kitchens and kitchenettes. (6)  Copy printing rooms.

(y) Toilet/bath rooms (Q)  Wood/metal shop classrooms.

() Locker rooms. (®)  Correctional facility booking/waiting areas.
(G) Locker/dressing rooms. (@) Bank vaults/safe deposit vaults.

(g) Central laundry rooms. (00) Pharmacy preparation areas.
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(00) Science laboratories. (Jo) Warehouses.

(o) University and college laboratories. (jo) Coin operated laundries.

(09) Art classrooms. (UJg) Gym/stadium (play areas).

(0G) Retail sales areas. (Up) Swimming pools and decks.

(og) Barber shops. (Jg) Health club/aerobics rooms.

(0B) Beauty and nail salons. (U9) Health club/weight rooms.

(0qQ) Prison cells with toilets. ( JG) Food and beverage services: restaurant dining
(o) Darkrooms. rooms, cafeterias, fast food establish ments,
(og) Pet shops (animal areas). bars, cocktail lounges.

Class 3 2580&§eo00ec0sad):300:

Contaminant concentration [g¢o0pd ecogp: §ou §068lCs  cvPbegPE:odad  LaniLd
G0000520pd Grogp: (sensory irritation) $& 3a0g8ad:0l{Cio0§0000 2a8350005(offensive odour)
Olo€a0pd erogp:ooRd class 3 sa§je3a00: [§620051 cBerogpind 0gedamaop) 3830305
BBcosS soofgEsD

(o) Commercial kitchen hoods other than (©) Janitor closets.
grease hoods.
(J) Residential kitchen vented hoods. (Q) Trash/recycle rooms.
(p) Refrigeration machinery rooms. (®) General chemical/biological laboratories.
() Boiler rooms. (@) Daycare sick rooms.

(§) Soiled laundry storage areas.

Class 3 2280&geoonerosadj3a03:07 [g$copdsaadi(gec:
Class 3 32808§eonernd class 3 sae0leom GsepgP:3a0305 [gSad:(recalculate)

§E20p51 oofgzepbanpd esepEacgade [gScopd saadelge
Class 4 23908§6000 GROIG}:200:

Fume $C gases o3do€eom crompmeon =2000535ep0S[gdeo0d  =eSqps
:80dqps(potentially dangerous particles)qps &o sagepuS§eacnecogpai(bio aerosols) $& cpei
o$senegiod dBdadeoseomnaerogp:ood class 4 sa§jrmeent coogpsgdaopd

Recirculation

(0)  Commercial kitchen grease hoods. (§) Chemical storage rooms.
(J)  Laboratory hoods. (©)  Auto repair rooms.
(p)  Paint spray booths. (Q) Parking garages.

(g)  Diazo printing equipment discharges.

Class 4 2380&§eo00 crozadjiee0:0? [gScopdesad(y[at:

Class 4 3280&§e000 Grogp:a? epdaopdesepoze [gfcopdSzaadse(gia

Ventilation $2030532034qjepd [g€oeco(outdoor air)qps $E indoor air qps(recalculate
c00[g:) [g§29:95320305 Becogp:ad crood(filter) gpigé 0§oCqupdn cqpasiqpa 336om $¢
20§0808:03 © Grogp:nd [g§e] saade[ge
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Bieconogudeomn endbaeggpi(flammable vapor) 1 oSqps(dust) 1 sagal:qps(odours) $¢
8:8s0op¢ [gded coneomendbeggpi(noxious gases)deom crogp:ad [gSeadsa

Q.09 Exhaust Air
Q.09.0 Toilet Ventilation Rates

32680005353:0[gd  39%1ggs320305 B3a660mopdigdi(building  regulations) gpssaq)
habitable rooms $& =36om(toilet)qps c0&0Cesiqp: sa0pE:fecogp:ad 20omome03¢: (natural
means) a30005 00506§E§End saadigjg)(Mmechanical means) cSapuS(vent) comgepdi 2090
203&: coofecoogadeomntesant(gapd[gt:o? “Natural Ventilation” vpesl 20001 005006§:§j:0d
:20deg)g) eeooleroogadbeomiiesn(gapdgeon “Mechanical Ventilation” upesl coobu

Q-99-J Minimum Exhaust Rates

Exhaust Rate
Occupancy Category - 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
Additional ventilation may be required in arenas
Arena - 0.50 . . .
where combustion equipment is expected.
Kitchen—commercial - 0.70
Kitchenettes - 0.30
Locker Rooms - 0.50
Locker/Dressing Rooms - 0.25
. Exhaust is not required if 50% of the sides are
Parking Garages - 0.75
open.
Janitor, Trash, Recycle - 1.00
Pet Shops (animal areas) - 0.90
Copy, Printing Rooms - 0.50
Science Lab Classrooms - 1.00
Rate is per water closet or urinal. Provide higher
. . rate where periods of heavy use are expected
Toilets—Public 50/70 - o
(theaters, schools, sports facilities). Use lower
rate where use is intermittent.
Single occupancy toilets. Lower rate is for
Toilets—Private 25/50 - continuous operation; higher rate is for
intermittent operation.
Woodwork Shop/Classroom - 0.50

7-61



Air Conditioning and Mechanical Ventilation (Vol. 1)

Q-99- Exhaust Air Rates and Pressure Relationship

eomio0d03§,

Pressure Minimum | Minimum Total All Air
Area Designation Relationship | OA AC/hr. AC/hr. Exhaust to
Outdoors
Obstetrical Fadilities
Delivery Rooms Pos 3 15 -
Labor/Delivery/Recovery - 2 -
Labor/Delivery/Recovery/Postpartum - 2 -
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

Cachtt(arizaiion) Pos 3 1> )
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 - Yes
Laboratory: Cytology Neg - 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 -
Pressure Minimum | Minimum Total All Air
Area Designation Relationship | OA AC/hr. AC/hr. 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 ) ° ves
Central Medical and Surgical Supply: Clean Pos i 4 )
Workrooms
Central Medical and Surgical Supply: Sterile
Storage Pos i 4 )

Note (1) Pos = Positive Pressure Relationship

Note (2) Neg = Negative Pressure Relationship

Note (3) 0 = Neutral Pressure Relationship

- End -
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