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Compressed Air System

e Code RefErenCE COUE TIlE vivurenieniererierenrenierrerrereseenersasesessrnrerensensensensessensersensennennns 45
00. GOIQEE $C TOG[YYPE wrrvrrrrrrrrrrirrsiiet s s 46

Control Air Line

Control
Receiver

Control System/
Sequencer

Cond t:
Drain . / / Storage
Refrigerated Condensate Air Recegiver
Air Dryer Treatment System

005§ 30004gP:0p¢ SaadHyes00pd Utilities System gps3asod Electricity 1 Natural gas
$¢ water o3[Gsaq€ Compressed air 03 cooge[ygpad (fourth) utility selgdoocdecdesladogoopd
Electricity 1 Natural gas $¢ water 03co05eocq& compressed air 2000 eqpza[ojads $C
mSoqefodsagpeads utility system [gdaodi

Compressed air o3 6330053 esepyp: $& OCSigP:ort of olgd33dyfor2005
o) aircraft engines gp:oonEewnsqs (§:95) 320305
J) Pneumatic powered weapons - Air gun qp: sc;ogoS
9) Pneumatics 1 pressurized gases 33[g® tools qpsogC s0ds{gg§eecg0d
G) Vehicular transportation soogors
§)) Scuba diving for breathing and to inflate buoyancy devices.
©) Electronic components gpso3 20§0Cas0se/oypq§saogod
(eqyCesoseloyponsolaSelgd§Eaod electronic components gpseacg0d)

§) Bsqoozqps &l 90§0d qprancgad (railway braking systems)

©) 6udGoDIMIgP: 00D ¢PE3e0Rad (road vehicle braking systems)

E) [PBronieoonBacdentyp: 0onewntiqs(§:q8) 320305- Diesel engine cranking (air-start
systems)

00) MO:06P GrOG$OYP: 30305 (paintball ammunition propulsion and airsoft ammunition
propulsion)

00) eeolgEewnt:eam 03§ur ogodsgps(Air tools) 350305

o)) Electronic components gps c0§08[gEsE assemblies cpOq§za0305 cBoaEaa0d:y00Rd

Manufacturing plant saqp: 330:0:61 75% ¢ 85% og€ Compressed Air 03
32093q[0300051 cood§eaadyesioaeocn Compressed Air System qpzo? 3a500:ad: 20% o
sogpsads 50% g&:3o8 2d:§e[0005000680E (Energy Saving) [gepd §Ea05i
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Compressed Air System

| Filters 1 Air receivers $C Distribution System o3[g8lo300001 683005003E Compressed Air

Compressed Air System 00&903E dloeoon main component gpsen Compressorsi Dryers

System 0069aR¢ dloGaopd compoment gp:o3 saeo0:Bodewd{yaonooRdi

r

Find more, all

Example of Compressed Air System Piping

A

available online % m Bloge <Compressedair
. y
Air Compressor Piping and Material
1. Stud Fitting 16. Modular Cantilever Bracket
2. Wall Bracket 17. Blowgun
3. Ball Valve 18. Hose Reel
4. Vented Valve 19. Mini Valve
5. Plug-in Reducer 20. Recoil Tubing
6. Fixing Clip 21. Air Distribution Column (4 or 6
7.1/2" ID (16.5 mm) Pipe port)
8. Reducing Bracket 22. Automatic Coupler
9. Equal Pipe-to-Pipe 23. Equal Elbow
10. 1-1/2" (40 mm) Pipe 24. Mini-Bracket
11. Remote Control Shut-Off Valve 25. Braided PVC Hose
12. Equal Tee 26. Reducing Tee
13. Pipe-to-Pipe Connector with Vent 27. 45° Elbow
14. Pilot Kit 28. Fixture Canalis
15. 2-1/2" (63 mm) Pipe 29. End Cap
30. Bracket
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Compressed Air System

Typical compressed air system
Air receiver (Main)

Primary filter o
. Pre-filter (dryer)

Compressor
Dryer

After-filter (dryer)

Draln line system

(7 oy
s

E]/
0

Branch

Main trunk
line

line

|
A BN

Air receiver.
(local)

User process Qil/water s
(large intermittent demand for compressed air) separator

Gauge pressure 8320000 gauge a3ew0od instrument [gEodsgqean
Bamza3adadoopdi

Absolute pressure s320p5gp gauge pressure $& atmospheric pressure o3edlCsgjqeom

BaanadadcBoopd

Standard pressure & temperature (STP) a30005¢ 14.696 Psia & 60°F (101.33 kPa absolute &

15.6°C) o@cﬁ:a@c@wén

CMF  e8o0pen cubic feet per minute - 00685603 compress cv68E6000 GroLEIMO?

moeo [géeud(goordgCslydaodi
SCFM a320p5¢n standard conditions 03¢ o3&:upagiEe8Eaeomn cubic feet per minute (CFM @
Standard pressure & temperature) 03 8332001

Dew point 6033038 eqieqeg qp:oont ¢ condense (ccoeogadogs(al:) [gbepd 3208
(temperature)od 83032001

Free Air Delivery
Free air delivery o3sa6[gdg) Compressors qpzeil @6:60003 audlyendoopdi
Air compressor 0odcd:6i rate 2005 5m’/min free air 83a0p0e0 Air compressor 6l

ecoo&eé]crg(inlet)§ eco 5 m*/min o€aopba3adcaogbi
Free Air Delivery (FAD) 302 common reference point so[gd2a005¢05[g: Air compressor qpzci

rating o3 efgpeap§oopdi

Free air delivery (FAD) — air intake at compressor inlet
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Compressed Air System

V :
'l‘i ——4 Compressor S

P P,

Free air delivery, V, = (V, xP,x T,) / (T, x P,)
Free air delivery,

_ (V2xP2xT1)

Vi (T2 x P1)

PO
A machine uses 50 dm3/s of compressed air at 6 bar (absolute pressure). If the compressed air
is supplied at 35°C to the machine, what is the FAD for the compressor if ambient air is 30°C
and 1 bar pressure.

005§0069308326600 compressed air 003 6370ERE @LIOB[yE csdfyoonzoogdi

Equipment A B C
—Alr_demand 5 scfm 3scfm 12 scfm
(FAD)
Working 40 psig 60 psig 90 psig
pressure
Quantity 2 1 2
Utilization 50% 30% 20%
factor

200090l03325910503 226[gde] Free Air Delivery o3 0§08:dli 6coo386[E: (leakage) $¢
6508033260000 306l038 320qgqSe0R05 0% 323m0[yd copdagls 0g05g05dl

Equipment A B Cc
Air demand 5 scfm 3 scfm 12 scfm
(FAD)
Working 40 psig 60 psig 90 psig
pressure
Quantity 2 1 2
Utilization 50% 30% 20%
factor
Effective air 2x5x05= 1x3x03= 2x12x0.2=
demand 5 scfm 0.9 scfm 4.8 scfm

83366000 vedan (Total Demand) = 00.q SCFM
Jo% Boonq$ = J-0 SCFM
99GOIC: = 9 J.© SCFM
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Compressed Air System

a3elopE 0 J.0 SCFM 000de0s8aas§earn compressor c833620001

Utilization factor

Utilization factor s30000¢n actual consumption 03 maximum continuous consumption over 24

hours [gon:0005gEegbaopSn

Actual Air Consumption in 24 Hrs

Utilization Factor =
Maximium Continuous Consumption in 24 Hrs

PO
Rated compressed air use by a machine is 10 dm3/s. If the
actual compressed air use is measured to be 260 m 3/day, calculate the utilization factor.

Specific power
Specific power 20p5 compressor oodad:ei efficiency (o[
electrical input (kW) o3 free air delivery (FAD) m*/s [gGonscons(g€egdoopdn

Electrical Input Power (kW)
Free Air Delivery (m3 per Second)

Specific Power =

0. Compressed Air System so§jg3a00:4p:
68200509C6EH[gon:eax (> operation pOes0pd compressed air system 0099

(‘E)l-g&néu

Industrial Sector Uses of Compressed Air

Industry Example Compressed Air Uses
A | Conveying, clamping, tool powering, controls and actuators,
are
PP automated equipment
Automotive Tool powering, stamping, control and actuators, forming, conveying
Chemicals Conveying, controls and actuators
Food Dehydration, bottling, controls and actuators, conveying, spraying
00
coatings, cleaning, vacuum packing
, Air piston powering, tool powering, clamping, spraying, controls and
Furniture
actuators
General Clamping, stamping, tool powering and cleaning, control and
Manufacturing actuators
Sawing, hoisting, clamping, pressure treatment, controls and
Lumber and Wood
actuators
L Assembly station powering, tool powering, controls and actuators,
Metals Fabrication o ) )
injection molding, spraying
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Compressed Air System

Petroleum Process gas compressing, controls and actuators
Primary Metals Vacuum melting, controls and actuators, hoisting
Pulp and Paper Conveying, controls and actuators

, Tool powering, clamping, controls and actuators, forming, mold press
Rubber and Plastics . _
powering, injection molding

Stone, Clay, and Conveying, blending, mixing, controls and actuators, glass blowing
Glass and molding, cooling
Textiles Agitating liquids, clamping, conveying, automated equipment,
controls and actuators, loom jet weaving, spinning, texturizing
Quality Applications
Plant Air Air tools, general plant air
Instrument Air Laboratories, paint spraying, powder coating, climate control
Process Air Food and pharmaceutical process air, electronics
) ) Hospital air systems, diving tank refill stations, respirators for
Breathing Air ) ] )
cleaning and/or grit blasting

J- Compressed Air Application §§ Characteristics of Compressed Air

Compressed Air 03 g&:32806000§jz (Form of Energy)so[gdeodua§Eaoodi agi€lgse
(Speed) g&aan: (Power) 03ogjq (Precision) $¢ consnE:ad[§jq (Safe Handling) o3sanad:
8[G 505 33260005 2padigjg qpiogE Compressed Air 205 32008605580 $& 3607E:e0:
[§620p51 BeagedqpselopE Compressed Air o3 0pba0pd $05: $E¢ 3202:03:8E[gE: oeor

204,600 application gp:o€ Compressed Air 1 Electricity $& Hydraulic 0303 c82a60003)
22e086[gooad cBrvudenadig§Eoopdi Compressed Air 630005005§5320305 0p&omE8052000
mlgpseom Electricy $& Hydraulic 03,c005000qi€ sacgsqpoopd a3eaod Speed 1 Reliability |
Maintenance Cost 030& Compressed Air o3 opdanq 0881 Speed 1 Precision $& Flexibility
©20p030:000g)09gpie[opE Compressed Air o 005gao0cSigps 005§ 22000ggpioge
0§olgdcdm60005

3§30005 $66dCqpignan 0ooEa08{gFo0pd Compressed Air 2005 wop=§§5
$5:00004Ps0320005cge[oE Compressed Air 000500668 9623833260005 LwraN
eagRsRd:0000001 005p5:36) Energy Efficient [gdconoopd

Compressed Air sadjs3a00: | 22030 (Applications)

Plant Air Air tools, general plant air
Instrument Air Laboratories, paint spraying, powder coating, climate control
Process Air Food and pharmaceutical process air, electronics

Hospital air systems, diving tank refill stations, respirators for

Breathing Air . ) .
cleaning and/or grit blasting

comE:c00533$ (Www.acmv.org) Page 7



Compressed Air System

Compressed Air 03
o) Working Air (a3e0upod) Energy Air sa[gbcopbieoms
o) Active Air s3{gdcopbieomnis
0) Process Air sa[gdcopbieomnts
o) Industrial Vacuum sa[gbcopSieomes dosa§edEgS 3aad:gjoroopd

o) Working Air (33) Energy Air

Compressed Air o3 Working Air (93e0p05) Energy Air 32(g6 Compressed Air socogsl gpsi
Air Engine $& Compressed Air Valves o3[q¢ o3¢) 3a09:g[0300p01Speed 1 Precision $& Flexibility
0000300000 gPieloPE 3peeEdlean esepe CloCoopdi Automation Industry ogE Pneumatic

(g0 $66AIEqPigr00pdin 00p58I(B: $60D 29:80| 00 PICSS:05 FSqpsgpirnod

9) Active Air
Compressed Air o3 transport medium s[g632294gj00pd00deseqpope “Active Air” safgd
200560568 832005

0gSsqps IEPOPYP: 00GHEPE dESEPIS 20053qS 320305 Compressed Air o
32093q[0300051 Air bearing 20p5 Compressed air 6l 320:0009)05¢se 3607C:80:6000 PO
[§600p5n Satellite qpezaog05a3:600> Laser gun gp:ai position 20p5 06808el 220 pEoo dagié
00 3200 Boygsad00pSH 03 Gun qpsa? air cushioned (a3) air bearing cdlogE 0oCq) 33260005
accuracy 1 633260005 movement e op§algé: (Vibration) ad:os[gdedlaneod
82200006 56pReepodesmE 2o3mpoy g $E200

Compressed Air odlo€a3 030303 sae0¢[yCsp5:0p05¢ c0Si03/056000 M3§onde
olgdeol&Eao

0) Process Air

Compressed Air 20p5 process qpsogE a305§eddloCesoopdsasl 1 process medium
[g0e50000328l03€ process air vrealedo0pd 6[EP0d920pd005CEqp: (drying process) $&
00eo:ew03[gli00csqps (fermentation processes) og€ Compressed air 03 processes air 33(gd

22054g[00201

©)  Industrial Vacuum

Industrial Vacuum $pS:0p00¢psoopd Compressed air ¢ 25[g$32008 s0050305652005
Industrial Vacuum o3soaddgl) se00bea8sqp: packing cod[gea sae[gpodd[gt: (dry) 1 perform
suction cpd[gE: 1 hoist cpO[gEa position cOS[gE: [gIrpd8Ea0p5N

Pressure Ranges

mo0ddglaqpia3lgrsagiE Compressed Air &l 8aa02 (pressure) c82a0gi05 20p5c0p5: A305¢)
agpE:cdo0p5 adelogpé Compressed Air Systemgpseil 8302 (Pressure range)od

§[§'):0305@0861$C\°339803&5u
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Compressed Air System

Compressed air System qp: pressure range 3aeOlop€  =aefgdE)  ©3005AEOBE:
§[§'):0305908$803&5u

0) Vacuum and blower Application

J) Low Pressure Application

?) Standard pressure application (7.0 bar) §§

g) High pressure application o3[g®ao5u

o)  Vacuum $¢ Blower Application

Vacuum §§ Blower Application & pressure range ¢> rough vacuum ¢ 1bar o%
20038:09¢ [gdoopdn Rotary valve 1 vacuum pumps 1 rotary piston blowers $& side Channel fan
033203g8a0001  Compressed air o3 s»addgq industrial vacuum [gEo68Ea00N o33
[geod[atgé gdemalapind  [g§:03:e000pdn Industrial vacuum o3 vacuum pump [g&
[0 6820051 (00500 we&m§2005 3203yqC:§jlgdoopdn)

J) Low pressure application

Pressure 2bar ¢ 2.5 barao3a0p5 Low pressure application o3¢ dloSaopSi Rotating
Positive-displacement compressor qpsi turbo compressor qpza3 8035{g| 820001 oodlongopd
Low Pressure application 820305 compressed air o3 7 bar grid c3&:e opcon:eaoopd a0z 7
bar §eooo Compressed Air 03 2.5 bar 3503 cepabesnt eagpajs) 32994ggt:elops goient

[g§espespadoopdi

?) Standard Pressure Application
7.0 bar pressure o3 Standard Pressure application 22[§62005¢0520001

G) High Pressure Application

Oscillating positive-displacement compressor qp:@@@eoao piston compressor qpsi
membrane compressor gp:a3 saad:(gfo300p5n High pressure air saelgpadsagp: c33260qE
Radial turbo compressor o3 saadigfo300p5n Positive Displacement Compressor qpsoopd
eeocionoopd (Air Volume) o3eagpspdiesand(gipofglsly 83 (Pressure) odqpieoaogd
Dynamic Compressor qpza00d eoei Velocity 03[g$e000001 adesnad Air Velocity o3eaqpgBe
pressure o3 qp2e3E[gapd[gedygdoopdi

9. Compressor 3a§jzza00:qp:

Compressors qpzod 6300501930383 qzaonong[ap:§Eoopdi
(o) compress cp620p3 stage 03cd0dq) single-stage 1 2-stage $& multi-stage
0gjeopd:3lepiendoopdi

() 22632:90000500: (Cooling method) $¢ medium o3c805¢) Air cooled | water cooled $¢ oil-

cooled upgjeopdedfepracy§oopd
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Compressed Air System

(p) Geno0pd 00daa§jEea00: (Drive type) 03c0dgjcopd: Engine driven i Motor driven 1 Turbine
driven 1 Belt 1 chain 1 gear a3eupod direct coupling drives vagjeopd:3[epsengoopdi
(G) eqpad3a0ddgoopdsed: (Lubrication method) o3c805¢jcopds Splash lubricated a3wupod
forced lubrication 930005 oil-free compressors wpgjeopd:ggrrecrdioodi
() 220339 $083260005 832 (Service Pressure) 03c305¢jcod: Low 1 Medium 1 High
cpgjeopdigfepiecgdioochy
Air Compressor gp:03€ Ol§oopd Lubrication System o3 sa6[gdg) Compressed Air System qpzod
a) Oil-Free Compressed Air System §§
b) Lubricated Compressed Air System o5 $6§j3[gpsc00:00001
005gapdesigpiog 2aaddgepd Compressed Air ¢l 20&08q, 822005 (Purification
requirements)qp:o3 sa6(gde) Compressed Air System 3002203 Ggeg|dfoa0pd
ceoeioo§oCq, (General Purity)oopd 32035g|00n:00pd Instrument qpsell 2260035603: (Quality)

2263 0gE0005000

Compressors

I

Positive Displacement Dynamic

|
| |

Reciprocating Rotary Centrifugal Axial

Single-Acting |— Helical-Screw Liquid-Ring Scroll Sliding-Vane Lobe

Double-Acting |—

eqpad (Lubricating Oil) 03 32030022000 Compressor ¢ agodaa0pd Groape
ocdcozzab20pd Oil Aerosols $E Oil Vapour qpso? gE:cotaendepiodgs 833620051 o3 Oil
Aerosols $& Oil Vapour 032005 Compressor ¢ agodaxn000d 3¢ (Rejected Heat) alopé
Carbonize [§90n 228C203 (Solid) 2o[gda3 G0 6[gpCzo0:00001 AB38E3dec0igP:0pd
F0dgoopdesep (Down Stream) 0aE§eoon Valve gp:addodadeofgts grdadieolgt: s&
0066e0nEq en:09C:60[gE: 03,03 [gdedleooopdi

eqpad (Lubricant Oil) &l podocdar coodjgl 000§ 084 0303 ESeHSE2D
005gapdesagp: (Industries) o3¢ Oil Free Compress Air System sadjgeaoniqpo3saadiggoodi
eqpadaloppé Compressed Air 3290¢ 200§ oyj08:ag0:qa000N
206p020699:pdqCsagn:qo0pSiCompressor qps3a03C: eqpadood eaeg,o eqstedltiodom
Sludge gp:ea(gd8 e[gpE:om 00d0gpds 28053E:qp: $& Componentgp:ad qodd:eo§Eaopd
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Compressed Air System

Lubricated System

Compressor 330382 6g.qP:e560001 (3depie56e 32809308C:qp: (Moving Parts)
eomtigSen :200000060q81 9oda3nde (Friction) $p5:606$ 220305 egpad (Lubricant Oil) o3
22004 20pd1 Rotary Screw sa§jgsaen: Compressor 0gE Lubricant Oil 2005
slope3acdlodesepagodgp:a? Seal 32gd3o5ede0so0pdn 8380¢ (Compression) [giepdgEelomps
[g9edcnean Heat of Compression o3copbaeudepieusoogdi Lubricant cgpedel coqjdg
(Viscosity) 2005 Compressor 6enE:e$009 6000 3205835500:30¢p: (Ambient Temperature
Range)eolog woopboopdi Bearing qpzcopboodeseomsadl [gdedlesaodenpq$ogt
eqpadaopd adeanndeom Lubrication o3[gbedlcoqepdi 0o93a8l Lubricated Rotary Screw
Compressor $& High-Efficiency Purification System o3ei $00:0000gp:aBio005ge(o3pé

0p§Ea0Rs 20§08eo0n Compressed Air o c0odSE(G [gdoopdi cderogp:oopd Oil Free
so§jpza0n: Compressed Air aoo58:3koo§oadi

Compressor & capacity o3 CFM [g¢eodjgeno§oopdn 0od8s60qE compress cp68Eaom
GOOEINOY M0G0 [gEesdlyaopdi cubic feet per minute of air (CFM)

083262005 GrovwdNeaedl0gEacode) sadiygepd compressor sagjreaoiqp: Rlgpelor20p5
00501005cE2gpi0gE3200g00pY air compressor gp:ei capacity range o Gw5(g 0oz

Compressor 32§30 free air delivery apbeu:§Cgb:
Reciprocating Compressor (Single Stage) 50 CFM 2203
Reciprocating Compressor (Two Stage) 50 CFM ¢ 600 CFM 2B
Screw Compressors 150 CFM ¢ 2500 CFM =503
Centrifugal Compressors 2000 CFM ¢ 4000 CFM 2B

Compressed Air Energy Input and Useful Energy Output

Compressed Air
Delivered by
Compressors

Electricity
Consumed by the
Compressor

Delivered Compressed Air is only 15%

Compressed air 2000 g8:3aC 03:80|30R5¢Peo0n system codGgdaopdi 22000500354
320 30520p) §&23aCal 00% 200 useful energy 339d (compressed air 33(g)
am[y§q§oopdn Befoxpé compressed air 03 3203dye00epde30yE 320500000535204)
20054g[00p5 1PBEUPEHA? des0:aS8a50pdN oofgpiean direct drive electric tool (o3 )
hydraulic tools o3 32034ggj[gd$EAm g&:32E co0dameoq§ 320305 (Energy Efficiency 20305)
09:02:00&2001
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Compressed Air System

Compressed air o3 220%:[gj0000 system gp:o€ crod8gegp: (air
leaks)e[gdesamagudgés erodsa: (working pressure)od 0o058Eaoeanad§oqes
cooodgp: (filter)od esosalogpao§od(gla cdeodgtod(ys sagodied: 00% ¢ Jo% 3503
go:380:3¢p03 Gogpey3Eoopn

aoeagPesonsean control apdspdies compressorgpsa? cunifgls JoFenoopd
storage receiver cons[gS: $& SeomCagsand air dryer gpai filters 00690E[gEs [gCoopde
g6:30Ceg|0m8E2000

Compressed Air System s0:20E compressor 2005 o§e[gdoloCaopdi
air compressor 02dad:el 32800 FagEdgPed GroEc5e0:8EY| (capacity) 1 6cod3: (pressure) |
6650 Joupod 2aEqE gdeaan: (horsepower) $& duty cycle o3{gdaopbi Air Compressor ¢
09050000005 Gudzan: (pressure) o3 6lgpCscd[glsgE compressor ¢l Gaooo058Ee| capacity ¢
agpC:cdogn:c86epd wupodeun crocoodew§te) capacity $¢ ecod3: (pressure) oden
00695E 0o Bsfapign §loz00001

Compressor gp:o? 32800 301{g¢ Positive displacement a§je3s00: $E Dynamic
§pee00: 0p6) 56§ $60: J[gr28Ea00n Reciprocating $E Rotary air compressors 630005
Positive displacement sa§jgaen: 03¢ dloCeomn compressors qpsgdlo3oopdn Centrifugal $& Axial
air compressors 032005 Dynamic 3a§jz3202t 53¢ doCeoon compressors qpsgdlogoopdn

-0 Reciprocating Air Compressors

Reciprocating sa§jgeaon: compressors g0 gdgiICsC sa00pdcndesigpiopt (textile
industry) coeC=ag§0n 0aEmdgn3aadilyfryoopdi 93eacd 20938 screw compressor gpzo?
g6:30C 3207§2005000200) 320905 00005 3§ SdigP: CW[0ESN3 Goy §eopd screw

Fo§:3200: compressors qpzaopd Reciprocating 3a§jgao0: compressors c0od 3¢) o

adsBolspdso0pdi energy efficient lgdoopd

203§[gCen:0005 capacity c833600p5005¢qpe320905 centrifugal sa§jEza00:
compressors o} saadiggSooengHoopdi casscudoopd compressors saegpadsagP:d
a%2p)3200: [0Fen2000d compressors 3a505:cob03ads(gE000d 3e) energy efficient [gdaopdi
eenlasCgtast [ggEod8:0384gC: (operation and maintenance) o3[godepae S8aguSoroopdi
compressor 3366220309600:c0503000 [ggad8:a38:q8 cGaodi

Reciprocating Air Compressor o3 saqpead:za0gogoopdi Discharge Pressure
8620pd[gbeol [gEoopdlgdeo croogadsis: (Flow Out) 0300s[gdesnt o3&z €005
Compressor &l Capacity 2025 [g§5($2 (Speed) $¢ a305§odzaqjo300001 Speed [g§g€ Capacity
quwéll
Reciprocating Compressor qp:cd Configuration sa§jeqjs [5Sq$E0pdn agpiadieoy $Ea005
Configuration qpzed

on) Horizontal
®) Vertical
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Compressed Air System

0) Horizatianal Balcance-Opposed §§

o) Tandom o3 (620251
Crank Qs Head
End End va. P2 Compressed Air
S. I i w1 Vi>V2 - Piston
st Sy c [ =
Yrzrz77777 zi‘““&ééuj_@ ‘—.ZZZZJ—-}% ! PR

N
b

"))

Crankshaft

Qq
Double Acting Piston Single Acting Piston
Reciprocating compressor qp:c3 682005012003¢: 00663[ep:§E 001
(9) In-line compressors,
() "V"-shaped compressors
(p) Tandem Piston compressors
(G) Single-acting compressors
(§)) Double-acting compressors §§
(6) Diaphragm compressors o3[gdoogdi

seal

Valve plate

e
Bearing
Eccentric @ i

In-line compressors “V"-shaped Diaphragm

Vertical sgc?mssaoo: Reciprocating Compressor qp:éﬁ Capacity Range ¢» 50CFM ¢ 150CFM
20038:{gdoopdi Horizational Balcance-Opposed Compressor & Capaity Range ¢ 200cfm ¢
5000cfm 3203Eg620201

eqpadodaaadiy|,20pd Air Compressor qp:eoga5am0pd 6rocdapilanangd eqpsda’
0050005g8c322620051 egpadead:a0pd Oil Free Compressor gp:oopd Instrumentation
03E3=aa5:0800001 Process cpbeSsqpianl 3200gig$copds coCengoopdn Non-Lubricated
Machine (Oil Free) qpzoopd SeomEoopd Higher Specific Power Consumption (kW/cfm)
036820001 6uo0p0EMgE socudlondnd:amndlean Single Cylinder Reciprocating
Compressor qpz00d air cool 3a§js3202:qpigd[G: soculalgpign deoon Multi Cylinder
Reciprocating Compressor qpsoopd Water Cool 3a§jg3a00:qps [§6[030005

Water Cool System gpzaog5 Air Cool System qpzcoc53e) Energy Efficient [g6o30005
High Pressure g§q$=20305 Two Stage o3saad4{g[0300p51 Two Stage ©ogadeoon Discharge Air
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Compressed Air System

Sizpd$ (Temperature) o 140°C o 160°C (9905 Single Stage ¢agadeoon Discharge Air
Sizp§$ (Temperature) o 205°C © 240°C (52001
Multi Stage Compressor qpsog€ socolaleaolsaacgndoptgbediaog) Differential

Pressure 20p5 $p5:600§o0pd1 o3 elopé Compressor & Components qpgfgblogeao omgp:
(Valves) $& Piston Rings gpzedlogl coodeepadeom Stress qpspdieaoopdi

Reciprocating air compressors qpsoopd positive displacement machines gpslgdlog0p5
cylinder 3203E:§ec00? piston oo opS:e0ggtiys ecodsan: (pressure)
qpe3Egpofgilydoopd

Reciprocating compressors qp:o%

o) Piston & 32006006003 2aae[gde) Single acting operation $& double-acting operation
0pg)3[apac0n:005N

o) Compress cp&a0d Fa0g(Stage)qp: o 326fgde) Single-stage configuration $& multi-stage
configuration upe)3[epsoonzoopd

0) 32622:520p) $05:03 326[gdg) Air cooling(erolgéanesadfgts) s water
cooling(eq[g=aea32:8[gEs) Lrg3lgrroon:a0dN

00 ) egpaed 3203y §efod 3a6[gde) Lubricated $E Non lubricated (oil free)
0g)3[apeconz005N

SUCTION VALVE
~ (DISCHARGE VALVE
N OPPOSITE SIDE)

DISCHARGE VALVE

'SUCTION VALVE
AIR INLET

IST STAGE ST STAGE

CRANKCASE OIL _ -
DIPSTICK "‘ CONNECTING RODS

2, \.\:_\. C | = |
1 i _“ as -
=% .
7 f— A%\,\)\{ |
ll'l .1' \ \. I'\' |
// AN
/] \ A\ |
/{ o suwp \ \\ |

CRANMKSHAFT
Single-acting compressor qpsog€ piston 2005 stroke =a[gdognzo0pd sadlogEom
00600620001 (005058 o’ 8a8600p51) double-acting compressor 0gE piston 20p5 saag0isé
2[y§ $6005005:03E 30000pE200N
double-acting compressor 2005 320g0:5& 3398 $60cdod:rE sagEmlys
320060006006 E 34 efficient [ydaopdi ( 0005e0:8E00) ero vedMoRyE) double-acting

compressor 2093 single-acting compressor 0005 3agudseen: Jejeon:cudoopdi double-acting
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Compressed Air System

compressor $& single-acting compressor sagoSssen:oncgi€ double-acting compressor aopS
600005608 EGE:3gro0pd

a36205 double-acting compressor 2005 3gjerv:ada000n egEoFa0pdl crosdfgts $¢
unbalanced forces qpggC:o3elopE double-acting compressor 03 006s08q$ 3209$3Ed2000
foundation $& support §g§c33250005
Compression stages

Air compressors qpzoopd Single Stage Compression 93ewpcd multiple stages
compression [46§&a000 discharge pressure 20p5 80 psig cooS[g&agi€ multiple stages
compressor gp:32(ge0p, [4E8E20001 Multi stage compressor gp:a0d stage 00695¢ 65005
stage 00&93303p203E compressed air 03 eeolgé  ezatesMEgrpdooadgtielopdé energy
efficiency 3eoxE:{0300001 stage 00695E 65005 stage oodmaloyp:art eqeg qps(moisture)

oB300pSi00500058 E0pdi

Multistage compression qpsel 33:009|05¢Pid

() Cylinder oagod(Beesnod(discharge) safgn: cylinder 0od9ea03E:030088 external cooler [9&
compressed air o3 632:6320E[g06§E 000N

(9) Smaller flywheel 6B3003203:(q[8s multi-crank machines [gdeooelo3pé mechanical balance
BeomEoopdi uniform torque o3 §§Ea0p5

(0) Lower pressure in IP cylinder Clearances [46eooefoypé volumetric efficiency
Sqpegpeg§Ea0di

(20) Drive c06q§00305033266000 power a3eaqpgi$Eaodi

(c) High speeds [4¢ cenE:8E2005

() Smaller working temperature [gdeooeloxp¢ lubrication deoEoopdi

(0)eqldlkaogd cylindergp:ad saadi{gSEeanaelop leakage loss $p5:0005

Multistage compression
intercoolers

in>— FAT Ir;j — > out

Stage 1 Stage 2 Stage 3
Multi Stage Compressor and Intercoolers.

Compressor &1 capacity (RPM $& volumetric efficiency) caqpsodiwagnieoq$se high
compression ratios c333620p5ma8lqp:S §8:3a€0d:89|( power input) gp:eoq§a0R05 inter-
cooling [geoS0ome000 multi-staging Compressor gp:od saadigogo0pd

Se8320gC multi-staging ¢ s2e08qpiEa20: speed oppBog0005N
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Compressed Air System

Compressor ooﬁ?cfl‘):eﬁ volumetric efficiency 03&6 first stage ¢ volumetric efficiency
$E0p82000 first stage afoeepodamnong) inlet temperature $& oofgpseoon stage
qPza3oCaeepodamnoogd inlet temperature $& 0rp8aqIE sa60mEsed: (perfect) inter-cooling
[§920p507 algp§Caophi

Stage 00d98320305 work input 20p5 o stage g€ compress cpdeozeoopd pressure
ratio cdlogeonpSesa00di (20005e(pEadeo0d stage qp: 30:0d:300305 Air Flow
opa8[r32000n) stage oo&l)qJ&Bé work input 03 20&eagpesng coxgCfelyé compression
ratio qp:03 p3qeamElyapd8Eaopd

Single-stage unit 20p5 GcozR0E(inlet) ¢ Goagnda0d (discharge) 2o§§3203
006900 compress apS20001 GuoCO3EGE 95 psi (6.5bar)cond860pd 83ms(pressure
ranges) 320305 00690&o00 compress cpdes (single stage operation 00006gS) 332600001
multi-stage unit gpsogE eoool(inlet) ¢ Groogn5a00d (discharge) so§$3203 325084P:gd (
sooon) compress cobqaopdi Multiple stage units gpzaopd a333&eq) 34 efficient [gdloz0005

006908 (stage) 65oE0090EBeaepodel :§$03E ecuad mpe32:8Ec0mefrpé
compress §§c33260005 work 0ede? cagpgI8Eoopdi cudopuozgE 100 ¢ 175 psig
8222232088260 E two-stage operation [gcpSgsadao0i three-stage reciprocating units
2005 Baa02 250 psig s2adeepadesmE compress oS8 Egd:aopdi

Air compressor gpieageda0008206P:0?d Gao(air), ee(water) a3ewrod &8 (oil) o3
22004q|q) 0055:5004gCez26320E[gpE8E 2005 Air-cooled compressors qpsog€ air cooler
qpPod sgog&é 00680800228 00001 9Jeupod m[g&émésoo&ao&%&oaéu

Water-cooled compressor qp:320305 pressure [4&{gEs¢ quality comEsoopdes (lower
temperature water) §g$c32000 . air compressors g0 [gE:e0m0Eeq 0607E3203E:(for
every 1 hp) 320305 2,000 - 2,500 Btu/hr 9§ heat o3 reject cobeoza000n . Water-cooled units
qP:00pd energy efficiency dejeomEsogoopdi

Ambient air [4& compressor 03 esa:esmE[gapdeomaelopé Air-cooled compressor
09200500568l ed[g8eydaopSi compressor @i cylinders head gpsogC fin
meeigP:ondeoCoosfglyé heat transfer Sqpsesnt (Jeseiesant) [gjapd§Eaopdi

Duty cycles 50% ¢ 75% o3 326[gdq) Air-cooled units qpzod 33Es [giapd (030005
(32gud300: size ageqiudo0pdN)
water-cooled compressors o€ water jacket qpso3 cylinders heads & 32§0:03Ea00:§000N
eq[gCesnteofgt: (water cooled) $p5:0005 crofgesateofgCs (air cooled) 000534 efficient

fyBopSn

Drive 3a§js3200:4p:

Air compressor gqp:o3 electric motor o600 engine oBowpod steam a3wwpod turbine
[g8eenedn300p5n 00de|0pbess (industrial) gpiog€ Electrical motor [gEeenszam Air
compressor gpio?  3agP:ed:e0p, §ERaoRd!

Heavy-duty cp&ciglaps $¢ aqd068:098E0000 cogpiopsesepypa mobile air compressor
qpP:od Engine a3ewod turbine [g&ewnslog0005

comE:c00533$ (Www.acmv.org) Page 16



Compressed Air System

Duty Cycle
Duty cycle 8320p5¢> compressor 6enEso0pd 3§00 (time) 83cda001 50% duty
cycle §oopd compressor 20p5 0sn§ewnts B g€ 050§ qosme5050pe8c3a05N
[4€:c0mEaq 0eomE samadieqi€ 08563 ¢ opoeo 00Eew:8E (4 cfm/ hp) [B: 32.65 cfm 520305
50% duty cycle [g¢eunzq§ c33260qE compressor @i capacity ¢ 16.32 hp [g®a00 (8.16 hp
©0poddl)
[32.65 cfm + 4 cfm/hp] + 50% duty cycle = 16.32 hp [gdoopS

Reciprocating compressor o3 continuous duty (100% duty cycle) [g¢een&:c8ag€ double
acting [g9eepd[yoBe eqfyC esateoqepdi (0o5p5: water cooled reciprocating compressor
[g®eepdn) reciprocating compressors s20305 On/off control $p5¢ $¢ load/unload control §05:03
20053gf Coopdi Two-step control §p5:e30005¢0 83ag€ compressor o3 start/stop [geod[gé:
230005 load/unload cpd[gEodfydoopd

2005905000:0000 Geudaans (Pressure)adeepod§§ogE compressor 03 6q$ (Stop)
2005905000:0000 Gud=an: (Pressure) 63056epPad§$03E compressor o cent:q$ (Start)
[§®00p5n Bspb:03  On/off control $p5: 93wwp0d start/stop control 05t vy ealadoopd
load/unload control $p5:00p5c0p5: ABa3aduEfydaopdi start/stop control o3¢ Pressure setting
o3 cut in / cut out pressure [gEesdlgenp§oopdi On/Off Control $o5:a800p5¢> compressed air
demand §oopd328 (3a0pSsa4l) § Air Compressor &l Go500036enE:0004Ge (running)
demand 6§oopbedl (6c3a0pd324l) § Air Compressor 6l 6o502003 §052:005Es{gdo0R5I
Load/unload so0p5¢0 Air Compressor &l 6&50203 33(g Gens0o(G: compressed air
demand §oopbedl (3aopdeadl) § load 0;_)8[38: demand o§oopSs8l (ecBa0pSedl) S
unload cpO[gEsgdoopdi

Cut in Pressure = 7 bar ( 7 bar eepodog€ eent:qs )
Cut Out Pressure = 10 bar ( 7 bar epadaq€ eentqs )

5200050] Cut in/Out pressure & 328luSen Pressure Vessel ¢l 3203C:038 oo
GeocId=:(Pressure)oopd 10 bar a3eepodagE compressor 03 §0q$ a30wr0d unload CROeS
[g920p51 10 bar ecod3: (Pressure) o3 Cut out pressure vreal 20201

a36§005 compressed air gp:03 22034ge$6006[0PE Grdsx: (Pressure) aopd 7 bar

a3eepadagi€ compressor o3 [g§ewdtsqf Bewrcd load cwoeS (8ol ceods: (Pressure) 7
bar o3 Cut in pressure sl 20001

Three - step (0%, 50%, 100%) o3¢ sasoadsotfeomnaeloypE compressor
cuds0adg8 a0 compressor cadsdads cd:eentiesdon 100% [gdo0pdn compressor codsd
25050 00d0d: cdreedCiesdlon 50% [gdoopdi compressor codsd cd:adiqdesdlon 0% [ydaopd
Five-step a3aqi€ 0%, 25%, 50%, 75%, 100% 203¢: control cod[ge:lgdoaodi
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Compressed Air System

a30393 control cpS[giyE loaded capacity $& cubomnel agdodalodaa: ad:g[gEs (motor
power consumption) o3, 0305§058005a3056520001 oosp5: loaded capacity qpzagé motor
power consumption copSsgpiepd [gdo0pdi cuoonuosaiyé reciprocating air compressor
qPz00pd screw compressors gpscocd 3¢) 6o E:o0pd unloading characteristics
3ejeomEogo0pdn crocdsade| qp:adod $5:0805[gdon0da00d (fluctuating air demand)
c0dCSiqp: 320305 single compressor 0odadoop5to0000580Em:yE reciprocating air
compressor & unloading characteristics 20p5 3¢) ao&@agHoopd

9-J Rotary Air Compressors

Rotary Compressor qpzog€ (Piston odoa3) 3200050[god copbesoopd Rotar Gl§oopd
Prime Mover (6o50m) $& 0305805 o3gjondeoooneomaeloxp Starting Torque
2003$5p0:00001 (Reciprocating Compressor $¢8E:0pd0qi€) [gS5i5:22[q¢ (High Speed)
[gGeent:8Eaamaelopt Sgpieax Air Output c3oocde0:8Egbs §oopd (Reciprocating
Compressor $&8E:0090q8)

Rotary Compressor qpsog€ 328052008:3a5p5:c0do0ndloCeomalopt gqodBssis:
(Failure Rate) 05500051 Goocodeomn Foundation 200 [giepdesadeadoopdi op$ele. (Vibration)

2035520:0000

Rotary compressor qpzo3 63005313303E: J[gp:8Ea0pdi
(o) Screw compressors
(J) Vane type compressors §§
() Lobe and scroll compressors $& oo[gp:eoo 3a§jg3a00:qp: (other types)
Rotary air compressor qpzaopd positive displacement compressor qpélgdlogo0p5
200)3qP:00pd Rotary air compressor gpiel 33guS3a0:e0 SHP © 900 HP 3203858030000
rotary screw compressors o3 lubricated sa§jzze002 2o[gbcopdie0mE: dry (ol free)

2§pze03[yd opdieomts crua§eCedeadqi0d Faedeond:d) egegdondant[oyoopd

Oil - cooled rotary helical screw compressors
22 CFM ¢ 3,100 CFM 3503 ecoowancdsedagé Oil - cooled rotary helical screw
compressors qpsa33203qo30005
150 © 400 psia pressure range 820305 Two-stage rotary-screw compressors o33200dgq$
ao&eagdaopdi Two stage [gdeomelopé Stage 0odeBogE compression ratio $p5H030005
a3elopE Rotors 6 32085E320905 Bamndapisnigiod(pressure differential across the
rotors) $p5:600 6lop¢ thrust-bearing 0gE cod:0o0qEoRd 0S0wdraNuRdisod:aopdI two-stage
units 03¢ eooCaedlndsecuagndednd $66ala5Afas cdsabeomaelope eqpEoRkoopdi lubricated

compressor qp:3 egpadep:a? croadadoeqpadeef: cconBda86eomaeopElgbedanean
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Compressed Air System

heat of compression o3 egpadon edurognzoopdi AdelopE eqpadel 32082005 [¢Eon0d
00001 (00558 paon20pdN)

0365005 Qe qPedad ev (air) Bewycd eq (water) [g¢ heat exchanger
3098038 [y§ejez26000001 compressor 3303E:03E000 622:6060006[EPE GLM3PEoERd
esepoqSEaeon adelo3d¢ oil cooled rotary-screw compressors o sa[g&sed: load $& 3a[gEed:
pressure [4¢ G §o§oodadieentesSCoopdi sagnicugsecdeol

onfgpeeoon continuous-duty air compressors [E8E:0pdagiE oil-cooled rotary-screw
Compressor Gl 82280008j05GP: &0

Oil cooling afo3p¢ internal temperatures o3 860E:ed:(3o86ad:) AB5:c00:8E 005
saagodeco(discharge air)oopd 32098 220§88620051 ( 6rooz( $C005 180°F o
3ej[gCenoopSionfgpieonn compressor sa§jpeaonige grdGoGrOYP:a0Rd 180°F
00053¢)[g& 00051 330905600 (discharge air)oopd 3a09$00§E:00051 Ss600nEa0n:0000
eqpadgp: $& omgSgpedloCeo

Rotary sadjzmaons{gdeomalogpé speed qpzaopdi 3300:00(g¢ 32g05S320505:0000
compressor qp:é (%E,].%:Dé speed o3 q$E20051 G5epuRa0Rd LEPANEELIDAYE
ca0scoS00pdesep Sqpeorn Grondopodeu:dEaopdi dBeloypé foundation sa0goSesepoydioyd:
$C o0deSesep 30500:c0500003326000

g05302:600:c0d20pH33[4E spndd[gdedlo|ropdasobiaodi agibedesdom
[gGeenEie00 compressor ¢ 080 saoc0:03EBEGE 75 dB ¢ 85 dB 9§00080aodi g
. Q2652000 32805333C:qp: AloCojso5:e006[oE 0052005 3208505488 (390§S862005N)
0788lo| (vibration) copdaspSeoopdi

OloCo0pd 228053238:qp: $p5:6006[eE spare part so5d:cudS030m
03820002688 20001 [4gEod8:038:g8: 1 [uEe0C[gEs pdascopbiagubonoogdi
mlgeentiesqs§adzn60pd base load 08 cunliqf 3260mEsed: compressor 3a§jE3a002 [gd20pSN

Shaft seals =

Timing gears

Cooling jackets

. ' Asymetric rotors
Anti-friction and Y

roller bearings
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Compressed Air System

Intake zone

Top view Side view

Intake zone

Compressed
air out

Compression zone

Compression zone

Compressed
air out

Screw compressor 029a%:03 [go[goon:2090gd 05N

63200503 Rotary screw compressor oo6cd:6l Schematic Diagram 036 w5(goo:a0001

<=
1. Air filter 2. Intake valve 3. Airend
4. Coupling 5. Motor 6. Minumum pressure valve
7. Separator elemet 8. Blow down valve 9. Receiver tank
10. Ball valve - drain 11. Qil filter 12. Thermal valve
13. Oil cooler 14. After cooler 15. Ball valve - service line

GomE:000509$ (Www.acmv.org)
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Compressed Air System

16. Fan 17. Pressure transmitter 18. Temperature sensor

19. Moisture separator
Non-lubricated rotary screw §§ lobe compressors
Non-lubricated rotary screw §§ lobe compressors qp:os[‘) “clearance-type” compressors
qpeaajgbo00d00deslad[ogoopdi 320005e(opEadenn’ 3208:q 328053238:qps (internal parts)
2000 00095¢ 0009 dBeoy, [gEefearnelopE [goopdn Gear arrangement [yEomeenEasoopd
Compression chamber s2038:03€ agpad (lubrication oil) copdgs eadsadeon cylinder
$qqp:0d water jacket o cqupegSicogtles eaneocopd
Lobes compressor a3e0pod screws compressor 032005
0695¢ 00d9 drive [grod[gE:e§d gear arrangement
[gGooneenEssEfogoopdn Compressor 32038:q drive system
[§9@00 rotor $& lobe o3 sagEdoyoy VISgH5E83
320060006s63E timing gear o ceongodeogoyoopdi
eqpad (Lubricant) qps bearing $& gear sa8:esepogaomn
§esc0s $C compression chamber 32098:0300p5:
00CeePadeoq$ 320905 008eVI00:620pdI
End covers $¢ rotor saop:§ogodesa00d esep 6l clearance 20p5 sa09$328m0300051 400 ©
12,000 CFM coodeu:8€o0pd Oil-free rotary helical screw compressors qp:o? egrogodope
q§$Ea0p51 100 to 500 cfm 0o0de0s8Ea005 oil-free rotary lobe compressor qpso? Ggrogod0RE

q§$E 005

-9 Sliding vane rotary compressors

Sliding vane rotary compressors gp:a0pd copboode$0005 vane
qpseajoypiogtecogp:dodSesGa vane gpiondoodgodesntaopdd§sopt vane
mloypsesepaopd oolgpdgpdieooicodomnB: crodsaicupds onlgpdiyd: [gEonadamoogd
e§ocﬁa€3:ogcﬁeélcﬁo§eepc5§|$§ eeodza200p5 3c3§oop) discharge pressure
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Compressed Air System

a3eepadagn:00pdi egpadyp: (lubricant) o3 eccoed s [g:eolgiyE Heat of compressoion o
0050005062005 6gpad (lubricant)aopd vane o30gp: agodesa0d esepypPidcLRds seal
(QeRleTeebtoul

Sliding vane rotary compressors gpiea0560:§Ea0pd croopaopden 3,000 CFM a§fgboopdn o
compressor qp:c3 oil injected 3a§jz3200: 1 0il- flooded sa§jszaen: 1S oil-free type sojzaon:
qp:ea[gbediitoopdn coatiqh oppoyediodspbat: $& opddloiedfat: oo
30:0009|004PEgd 2001 30dgqSeseport 336856 (foundation) edlonode0E§Ea00i

Control ap68E20p55p5:qp2en variable speed drive 05 1 load/unload $05: 1 adjustable rotor
length $p5¢ $¢ throttling coS[gCaspS:03(gdoopdn (listed in order of most efficient to least
efficient at part load).

Variable speed drive 05z part load g€ Efficient sagdedigdoopdi
Load/unload §p5s part load op€ Efficient [gSaop5i
Adjustable rotor length $p5s part load op¢ Efficient sa500:cod[gdaopdi
Throttling cpSgEssds part load op¢ Efficient 2360[gbdl

Rotary positive displacement compressors qp:ooé reciprocating compressor
0005002y BejeanscodB O¢) spndadspdsoopdi 0odsoes esep (footprints)
205p0:c0500008 2005

Screw compressorgps 32800 320:0009109¢0 00§20 F280056[godewdE:8EaDIN
reciprocating compressor qpsoogd 60% duty cycle 9§ Eo% coadspS:000 duty cycle
[gG000662E:8E 205
Two-stage rotary compressor qpsoopd  single-stage reciprocating compressor gp:co053¢)
efficient [ydoopdi o305 two-stage 1 double-acting reciprocating compressor gps & efficiency
o360omped8Ea0

Rotary compressor gz &1 320:$p0:q/05¢0 part load [gCewnCsaqiC efficiency

a8a800000003je0Es0g0:00001 part load 0g€ reciprocating compressor gp:ad vpdgjegiteoi

FILL SIDE

-G Centrifugal Air Compressors

Roto-dynamic compressor gpso? 620053013503E:38Eaoobi
(o) Centrifugal compressors §§
() Axial flow compressors o3[g®ao5i
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Compressed Air System

Rotation: clockwise

Pressure
discharge

Charge
intake

Centrifugal Charge Path

Three stage integral gear compressor

Centrifugal compressors gp:20p5 dynamic compressor qpsgdlogo0p5n dynamic
compressor gp:205 oil free compressor qpsgdlogo0pdn copdesoopd impeller gpse Groodopsq)
aooei 3a09E(velocity) 93 (kinetic energy) o3 gpzesEgiapdaogdi

a365005 velocity energy ¢ pressure energy 2[435 algp:cdeoaodi

Impeller § pressure energy 038005 0§ [gedlfg: o3§§00pS pressure energy
0000052000 air speed o3 diffuser $& volute sc;og&é eoqpspd:eo0m Velocity energy ¢
pressure energy a36[gpEscd[gEsognzaopdi 6rodsmspdispd: (low pressure)$é eoo
o00opdgpegp(High Volume) 083262005 sa6[geacsqjpqpogE Centrifugal compressor gz o3
320930300051 600 hp 005862005 Centrifugal compressor gpza3o §§Ea00n Centrifugal
compressors qpsoopd oil-free sa§jpsaonsgpilydlogoopdi eroodopt egpadadio wiloCeon (0
ppm oil carryover).

Centrifugal compressor 2005 9005005002:0005 capacity &l ©0% co0dspd:0qiE
compressed air o3 6c00033038:03 ce0d0d20p5N “blow-off” (rE05UIGEN 205K B33 “blow-
off"c060d[gE: Bowpod compressed air o3 crooozacaE:ad vent cpdlydgs 2opd
96:30C[q 549 {gd20p0n aBelo3p Centrifugal compressor gp:o? Base-load compressor
qpezfydoon 320y 20&20p5N Base-load compressor 83a0p0en 3§§03E: 100% capacity [9¢
eentiesepd compressor o3eal 3gsgdoopdn centrifugal compressors qps 205 full load
efficiency sacg§eomEieamnelopé base-load compressors gp:za|gdsaadigoo&aopdi sog$03¢E:
000% @enE:e563E 8&E:0pda0E200i

Rotor shortening cod[gCa variable speed driveonso&[ge: 0oogé efficient unloading
$0:qps[9C reciprocating compressor a3ew0d screw compressor o trim compressor 83(gd 03¢
220580020051 C0S§ewdCe50005 load 20pd base-load compressors & capacity coo5qp:a0pd
2313 partial load [g€een:wpd compressor 005 trim compressor [gBoopSn

Centrifugal compressors o3¢ inlet valves o3 inlet guide vanes [4¢ capacity o3
038:q|0[gCs0005 rotary screw compressor qpzopC inlet valve o3 8od[gCagE[ge: capacity o3
a38:q|0[gCs $E ddopo0RS

a8 pdgEaoopd efficient [gdoopdspdieupodeon centrifugal compressor & maximum
Capacity 000 Qg% - ©0% cood5pd:60¢ throttle cpdoagi€ Surge [gdeol §Ea00i Surge
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aB2005¢n compress cpS[Bsoonzerogps compressor 33038293 [g§c0pd oCeepadar(gEdydoopdi (
GOgP0d Ges0dE00d6[Yoda:eseINE ABSiam:8EaqEn Surge [4bagc

20353008098 lojgps $C 20§$0332038: 32805328E:qp: qEOBs[gT:03[gdSEaopdi

Alr intake filte
@ Manual \h‘l'\-ﬁ‘
Fressure reliet valve
'|L |_, - e . Particke filter  Oil removal filter
r | : .
Compressor = Aftercooler Aj . Al diryer |
P ,JI 1_ | ‘\*—t |eceM| _.,,_‘ ] ye ;_1,2,__‘ =
Molsture separator 5
with autornatic trap
Distribution
Isolation o = -
vahe N\ /7 .
I":':"' ‘%‘:' —{': ' _{'L L]
]l s@c“ﬂ"lw [

_receiver
Fitel 111
Pressure . 1.
regulatos ‘3

End Uses
Compressecd Air System Diagram

G. Primary $& Secondary Air Receivers

Receiver tank 20p5 aoo(compressed air)qpod BeapEoonoopd vessel oodglgdoodi
203$420pd Grooed (peak demand)adsa600p9324 receiver tank o3ea8eapEooniongd
coogp: 030002%4g:  System pressure cojjeodad§:002:§E 000N

Air receiver tank 2005 633005d0pbes0nEgodygP:ad Geontgrdeutoogdi
o) reciprocating compressors ¢ flow 9300p0b Pressure gpieeodonad(gls o3 omnzuSeotoogd
J) 32§80330038: 3a098gP:00pd croowdan (peak demand)c8eabo0pd=e4l Air receiver tank ¢
a360008an:0000 Grogp: 0300603 BgCgE compressor 6§n05c0bmdnd3c0dewntigs
ocdzedeol
0) Air receiver tank o3 006s0Eco:e0006[o3¢ load/unload gepd 320366220305 adewrod
start/stop cobqepdea[3006632030503 cagRgSEa00N screw compressor 2005
0065§083209E:02€ G060 E[038 000534 qofgtieertsfat: lgdest m§00d corzaopd
G) eomigsoopd compressor control $& 30opd[G8a005 system pressures gpzo?
[dc08Ea00i
§) egd:eqag .( moisture)sE oil vapor o Air receiver tank 82038038 Jgieosoopdn after
coolers ¢ Cloonoopd egfieqeg qps (Moisture carried over) o3 Air receiver tank sa0p8:03¢

205050380 $qdeo0di

comE:c00533$ (Www.acmv.org) Page 24



Compressed Air System

Air receiver tank o3 primary storage $& secondary storage vq) $88: 3[gp:8E2020n Air
receiver tank o3 Primary storage 3a{gdaj:00pdsa6l 03¢ compressors &l

208:00:656p03E00ndaepdn 03wam 3§§ensbiccdancyls qodgt: 0r§lgs8Eaopd

Air receiver tank o3 secondary storage 3a[gdaj:00pd328l adi{gjopdesepsl
8sadiesepogE consfiqepdi cooopuosyS (00spd: rule of thumb $p5:32q) “size your
primary air receiver tank at about one gallon capacity for every CFM of air compressor output”.
Primary receiver tank 3ogu53200:0% ecoogods§s 1 CFM ogi€ one gallon $§:c00:§qepb

pow> 1000 CFM cpbeu:§Eeoon compressor 220305 receiver tank ¢l sagudseonied lad
0000 (1,000 gallons) [gdeepdi receiver tank &l 3aguS3202: 03 03edg20d Za6lapE capacity
control $& compressor starting delays 03c3c0pd:c00503E:0305gj0500& 200

Primary receiver 0opd§epesepoopd air dryer 3260l gpign 2203jE000566pade| §o0pd
=o000dq) air dryer 61 6330050005 (downstream)oaE oopb§eaxs Receivers 2005 dry air
oengPgRad 936aELERG:§oopdi compressor capacity c0a53qpa0pd erove ol
05gC:c3226dlmn receiver 220380 a3earnaozanpdecogp: 03 c0c50r8E200N (System
Pressure o3eojeodad§iconiaq0d)

2o0000¢) primary receiver 20p5 dryer &l 32600005 (upstream side)og€onob§ogE
compressor ¢ Flow $& 2207 receiver 203850 936aunEaosonpd crogp: dryer
2038:0308eqpad§Eapdi Belopé BsdeaeilC: Flow 20pS dryer capacity coo53gp:§Eaopdi
o3elopE primary Receiver o3 dryer $¢ filter o3¢l 63050005038 (downstream)
conzq[g€egdoopS
Secondary Receivers

2§$39500:c05000 60O VLM E[YPASYP:gI33O[[E: (large fluctuations) oBewpod air
demand 3ac@&qpiats 320985054qCgderr§oopd Facilitie gpa 6eod20: vcdea05000d
(insufficient air pressure) air distribution system qps 0gE Primary Air receiver 33[g€ 6005000
ocd: 2300pod jadcond3o0pd secondary air receiver gp:ondeoEaonigadzadagd

Secondary receiver qpzoopd eooad saadyoopdesep(point of air use)sl
28:ondadiesepogt 0ods0Eamigsadendoopdi afoopdieunod erovwanegpadgpigd
2gS355c0d0§000 3205g00pd equipment 3>8:03¢ 06e0€a0nigScdeb005
GLOEME[YPOdYP2ED 33[GonsscdeadesayE Secondary receiver §$ea33a60l compressor 6
capacity o3 qpe3nt [gapdeos§adi

Receiver 20p5 compressed air 1 cubic foot per per psi 20p5 dlad 000
0000p55E8¢00pd1 3326000 cubic feet o pressure [gos) 000 [9¢ elgpadaqE receiver
size o3 R0508CE0pd 33s0309uSe0qS 6320050lp03EARNEESRS

0D
; Sand blasting co6g$s20305 compressed air 100 cfm @ 80 psi c8=2620p51 sand blasting
00695320305 830z 80 psi cd=60p5m :2§§ 10 minutes 03E:0R€ sand blasting 6§05 1
minute o§[o3p00001 system pressure (compressor ¢ 006205 8g222)20p5 100 psi [gdooRd
82206000 transient load 220305 secondary receiver &l 3aguSsaon: (size) 0050l
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. C\°3398<3030 6o 0poco (Cubic feet required) = 100 cfm x 1 minute = 100 cubic feet

* 3zm:ogneq|od -Pressure (psi) range = 100 — 80 = 20 psi

« secondary receiver &l 3>goOso00: -

Storage receiver required = 100 cubic feet x 110/20 psi = 550 gallons (US)

Receiver 03 08560q€ 10 cfm $§:g¢ 10 minutes conCz00pd328l 100 cfm qfjepd
ecozp08edlod (inlet) o orifice or needle valve [g¢ 0B§:q|OconsG: storage tank o3
a0&eagheom 208690 flow rate [9¢ [4$[god$E20p5 sand blasting cpdq$3a0905 33265005
83202 80 psi o cagpspSieocddupduupcdeo

primary storage (o% primary receiver tank) §§ secondary storage (o% secondary receiver tank)
$6§pd:0005082262005 demand $& 0006c0:§E005 supply o3 8a030508eddgbesnt
680205g0560g320001 6 cocdecondemdoopd Air receiver tanks gp:o3 ASME Boiler and
Pressure Vessel Code Section VIII ¢ 9005¢05002:0005 0p0:qjd: 0pd:0n&sqp:
203¢:0000680005006808q S8 260005

§). Compressed Air Systems 0pEdloC20p5 Auxiliary Component gp:

Compressed air system 0od9el compressor $& sub-component o3o3egegda0p0s4]
MSoepd §6:3:E03:800§0503 GoogPEIoR05qMA(Ge cofengHoopd compressor a§jizao0: $E
sub-component o3eg:guSo0&o0pdn 20000eo3pEade005 eagpdopt saadiygaopdgdieat
oSoje| 0§0520p5 $¢ sub-component o3el 0o§3:000530601 :qpgI3gPE00Rd efficient
[g920p5 compressor a§jzza00: $E sub-component o3egegiuSoo&aopd
Compressed air auxiliary equipment gz ¢

o) Coolers,

9) Filters,

0) Separators,

o) Dryers,

c) Heat recovery equipment,

©) Lubricators,

90) Pressure regulators,

Q) Air receivers,

q)) Condensate drains, §§

po) Automatic drains o305

aB303§ogpeoopd air compressor $& 00520056500m[gE 83262005 compressed air
specifications 3agdadeepodesant 00500:500:gEarn803:0:e5 0001

Typical compressed air supply system 06903 es200503E6w3[goon:00051
a3%0pEesd[yooneaon components 8a0s0d:0000 compressed air system oodeadzei efficiency o3

0050:5059¢ a0FjE0005eepadefeocodi
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§).0 Intercoolers $& After-coolers

Intercoolers

aoogpzoopd 8286[gE:d620p5326] 3208 8[gE 00050001 Bmpd§lgooodeielopt
GeOEIcp005ME5:03 2000001 g0l ddelopE Intercooler o3 Googps
80358qo0pdmaslone ogodediamnangd sapgp:(heat of compression)o? vudSep:q$3a0305
320030300051 Intercooler ¢ 20632:8[Gs 220§ $86a30:0005 GrogpPzel
0000p520p50pds00:a30:00051 00804

Intercooler efogpg dqp:00pd Groopcopd(air volume)o3 compress cpd&E0pdn Bejope
compression efficiency 20pScopd:3eomEsnmnaopdi Intercooler a0pd compression 0o695¢

00093a[o3:0RE 0odeoaooopdi After-cooler 03 compressor i 32090503Ea680E00:a001

After-cooler

After-cooler 2005 heat exchanger ood9g[g: compressor &1 350905 2a8:00:e5epope
006s08enp§aodi after-cooler 20p5 egpad(lubricant) $¢ ogodamaopdeco (discharge air) of
S8 50005 heat of compression 03 eoSgpseozaopi
air cooler o3 0sdonoyEa2%yq$36e05:00001 Za000deoypEadeo0d compressed air o3&
OloCo0pd eeSeqeg (Mmoisture content) 2005 3209056061 3208$ (discharge
temperature)sEo3a5§ode00593056/§ 2005

1,000 SCFM §[8: 100°F s20qjS$§eoon saturated compressed air ¢ 65038:( jG§0803¢E:)
o€ 67 gallons apoopdoemeon eaod cudcndeui8gepdi cdeqypoopd compressed air o3&
dloCaopd eq$seqeg (moaisture content) ¢ condensation [4oBsogodedl coneomaegypeydaopdi
:n0de) Beqeaeg (Moisture content) qpzaopd Sodgp: (piping) pneumatic tools $&
instruments e808eepaS§[8: ABaBoongprznog€:d condensation [gdedldlon qodB:sE dos
320060005[gE:03 [gdedlangEaopdi

After-cooler 20p5 compressor $¢ air dryer o356933(030: compressor $¢
:8:0500:656popC00p5GqeRdN cooler gpiod :§§6S 20§qCieqypdascdeatoopdi Jwom
20GP03 6oEGI00d008ELpS[gd20dI

Cooler © 920305 209$ 38°C [100°F] coo5386ayE air dryer o3 overload [gdeogEo0pS
aqeg OloCe| [gaoogogps (moisture problems) [gdedl con§Eaopd
Compressors qpzod 33632:9000035§83202: (type of cooling) c80d¢) §lap: 2005005005005
Air cooled compressors — o§o (Fan)o33203(qg) oo’ compressor saggoSognieofgélys
2063525600055 {gdoopdi cooling efficiency $6eomaelo3pé capacity $p5:e000 compressors
qpogEaagpiadianadilyoodi
Water cooled compressors - heavy duty 936005 sageentqsadsndoopd (continuous
applications) compressor qp:opE eefgCaneandfglspd: (water cooling system) o3sa09:gj0005N
qpPeeo0n3igé cooling efficiency sacgSeamEsaopdi
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Circulating Water Cooling System

2[geent:q§cdaaba0pd (continuous operation) Air compressor gqps 205 heat of compression
20054032051 Beo3p¢ A heat of compression o3 after-cooler $¢ oil cooler $6§jEcd:0d
32093q)q) 0500653350005

Intercooler 1 cylinder jacket §§ after cooler o% é C\"Pecxncﬁeoao cooling water
0EPNQRXD compressor 03 ea:eodE[E:, compressed air 30§803ogeot:e0[gtise
dloCamneom eqeg eqeg, (Moaisture) 0360E:g00dopd8E[gElydeunddedi
Compressor oeeenE:o cooling water 8:c0&:650[gdolgb03 flow switch 006s0Cq)
06690:9$0832600001 cooling water 8:s0&:e5[gE:0§dlon flow switch aop5 activate [g6c86epd
©upodeol 63328 compressor 06enE:q$e[gd8EA

Liquid seal 3a§jga00: rotary compressor $¢ after-cooler 20305 cooling water 30503
series GdlgC §ode00500266p01 c0EREEEPE:gRRGP: (compressor manufacturer) i
cobspSenjodeosqodyp: (recommendations) 2203¢: Sodqp:ad 8&E:00d[gls 0s0EgEod
[9095q0p5n

Cooler system component qpsel 3503E:038 3250503E[gC eqpandges elogpdonnd[at:
$C adeqronndgt:od (fouling) elgdedleoq§sa0305 piping system qpzopE strainergps adewrod
filtergpsonbeoEaoniqepdi

Intercoolers, cylinder jackets, and after-coolers qps ¢ 320403 ©05068EHG:03

63305038 603[goo:aopd
Heat dissipation (Btu/minute/BHP total)

Single Stage Two Stage
Intercooler None 20
Cylinder Jacket 15 5
After-cooler 26 17

intercoolers, cylinder jackets, and after-coolers o332030503326600 cooling water oedaNad
633005313203E:005098E 2001
Gallon Per Minuter (GMP) =

Where:
e GPM = gallons of water flow per minute.

Break Horse Power (BHP) x Heat Dissipation
AT x 833

e BHP = air compressor brake horsepower.

* Heat dissipation = value from table above ( gacoc5dleuxie cogergbeponsodq:)

o AT o%cao?os T-rise = degrees F, water temperature rise.

cylinder inlet ports 328:3250203E @628¢[gE:(condensation) ofgbedleoq§ oEaxnapd cooling

water 20§§5¢ 0g0dog:00pd GruEl F]OYS 03 oPfeP:gaded 15°F gpesnElgirpdooaepd
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15°F qp2eoq$ eqo? intercooler o3a3 saqEolaeepodenfGiesnade oo cylinder jackets
qpaBadeepodagnieoq§lgdoopdi oofepieamnspdiondewn cylinder jacket 30380808 0gmi6pd
eqedan(eqB:olsi:)adeagpgaSgdaopd
compressor 000cpdaagp: (manufacturer) $&o3C0Eq) cylinder jacket sac30503326600
eqoemM(Ged:olsi$:)0d quagslydaopdi
§). Filters
air compressors qpzea:d:0005 3¢|$qp: (dust) $¢ airborne vapors gpso?
:209S0p5:0d8E[meon 03 contaminants qpza0pd copdSE520p08805338C:4qp: saedlogt
ooCo§qdom 0305egtiqpiyded&Eo0pdn mechanical unbalance [gdedlox compressor
qPead qo58:eo8E00I

Compressor s20&5§eom intake filter 2005 328msa03eddgdoopdi Compressed Air System
2038:03080000000 Fo0i$gp: (dust) $E particulate gps 832:00:03 ©Ldgpic0:EEQE:qepdi
downstream S§eo0» air filter qpsoopd particulates 1 condensate $& lubricant 02005

contaminant qp:c3 cudepzeotqepdi Goao§qtse| (cleanliness) c33x6gi05edl 0gEaonpdy filter
qP:od 6geg|d00690E§E 05

Compressed Air Filters sa§jiaoniqp:

Coalescing filters o3 lubricant $& moisture gpsooSepegbessaogodaaadsgoopd

Dsorbent filters 3 odors $& taste gpzooSepsgdasssogadaadsgoopd

Desiccant-type dryer 6l 63300500503¢ desiccant sagjoneosgps (“Mfines") 03 vudSepiqSaa0305
particulate filter o3 saad4g00&2000n Coalescing-type filter o3 desiccant bed gp: fouling
[98[g€z0 0mogudgSea0z05 desiccant-type dryer & aOlonab0p€ (before dryer) opé

000808 zaadHg[o0Ea0pdn saadiyopdesepal desiccant sadioneosgps (Mfines™)
©GEPO5a:60q$320305 one micron filter o 3203dyj0oE0000n Fa[gpiea special AB30g05gp:
§dlon filtration co&§je§jE0? cobdo0madg00E200

Air compressor &l 6330500503¢ particulates, condensate, and lubricant 02009

contaminants gpso?3 codgpsqsaoged Compressed air filters o 3303dgfo32005

083260005 328083208000 6w gp:od 0§00 8336200000053¢) over filtration
[g096Alon Bzaniogjeotsy) (pressure drop) qpscon(Be g&:32Ead:ge| (energy consumption)
c0p5:3gp2a0c86epdi Groa§otaopd Elements qp:sé filter qp: § pressure differential sensor
qP:006908¢) 200500500200pd Bsmayeodsg| (pressure drop) c0od3gpzcondlon A3apud
000508l esoze{oyp[gEaqpsyapdaogoogdi
Piping

Compressor ¢ compressed air qpzo3 equipment qps $& processes a893 SoSqpslgé
20006800E0g200p51 3229:qPGo Jode§|E3s0:gPen galvanized Sodi black steel 305 $&
stainless steel 305qpsgdaopdi 305 32qiC: (Diameter) jooodecotHemyHRIS5qP:03 schedule
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80 s0&§e000 30dgpen? 3203gjeepdi Jrondec0n5eaicud0pd805qp:ad schedule 40
s08&§e00n Bodgpa? 3203gqepd

Schedule 40 s0&§eo0n Sodqpoopd 175 psig Bzans (pressure range) 330305
a0&eagHoopdi 3a00de) compressed air 320305 6[03:305 (Copper) sadgog€ Type K or Type
L sos0&§ean 6[03:805qp:ad saadi{gqepdi Fiberglass reinforced plastic (FRP) qpzad copds
compressed air 20305 3209:g8E20p51 Bead 63:005Al 2g[05qP:ad c§05gd
2[yoo:§oodi

2[4Ce0:830:(maximum pressure) 150 psig 330305 220g$ 200°F cood3coq)
2[gCed:83m03(maximum pressure) 75 psig 20305 :20§S 250°F cood3eoq)
PVC 05¢p:0005 eqa00500000p51 006808q§ 09050700001 2a600:g$ 50550005
056q00005881 83605 PVC 30dgp:oopd ofj:qodagudaopdi (brittle)r odefo3pé PVC Sodqp:a?
a[godap¢ [godoorgtieddon compressed air 220305 saadiefgoodeol
22054g[00pd Pipe fitting qpzaopd adepd Sodgpiel 2a§jpeaon:adcdode) egegdaepdi
a[03:305gps(copper pipe)od saadigegi€ elog:oewesodges (brazing) [gEaasoadyps(joint) gpzod
50058 E20p5

Pressure Drop

E Main Pipe work 1.0 psi
@ Distribution Pipe work 0.5 psi
@ Connecting Lines 0.5 psi
E Regulator Lubricator 5 to 8 psi

and hose

Max 15 psi

Pressure drop results
from the friction
produced by the flow of
compressed air in
pipelines and from the

o d system components
Consumer pressure 85 psi themselves.
Compressor controls 10 psi Ve
Pressure at compressor 110 psi

alogsneunesodfgts (brazing) [gepdogi€ filler metal 61 melting temperature ¢o 1,000°F ¢
1,600°F 2203E:(qdqopdn Soldering cobsp5dgE so0daonieam Soldered joints qpso?
saadselgoooll

005982000 (allowable velocity) colog€ane(gde) compressed air 305 290590003
6geg|oS20&0pd1 Benomn Baniayeotse| (pressure drop) $00:0860pdi 320000¢)
305c8E:ondergpadapl damimyentsy| (pressure drop) ogeoseigp:dlon compressor ¢ J[g&aod
sz (pressure)o3o0deuigsadsadoopdi odeloypé compressor ¢l power consumption
20p5000:36psnc360dI main header $& compressor 1 intercoolen after cooler 1 air receiver
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020000303 9005002200930 gPeEa0305 allowable velocity 20p5 codogrsay co jo $8: (20
fps) eeoypaoteo

Network § branch o5qp: $¢ section gpz 35S (isolating) 830305 6o0gede)
22000300051 332652005 flow SBewpod pressure et aB8:q0g$320305 vRd:
32003g0p0

G002 (Ball valves)

Goxom: (Ball valves) qpso? 3200y q00pdse8mssejoypCawn comnoms (Ball valves)
qPeoopd adiogCaesaopdaad (fully open) o€ Bamioneolsg) (pressure drop) ¢o
0§20600005505:00001
20006[o3pEed6205 Goxom: (Ball valves) i throat diameter 2005 pipe @i bore $¢
20g050peame[pElgdoopdn comom: (Ball valves) 6l cooha3E(handle) esepo? [309[gEge
922:80500220005 Bewpcd ¢EarE00p50388E 20001 o365 Gomom: (Ball valves) 2005
8aboms (gate valve) 02005030005 Sejeq3oopdn

80bo: (gate valve)

8aboms (gate valve) gp:ad egpooadomeamelopé saaddyleagClydaopd
236005 Bodom: (gate valve) i throat diameter 20p5 pipe ¢l bore 3guScoa5 a505:c0d
cooscudSo0pdn adelopé Bodoon: (gate valve) ¢l 3amsoeols| (pressure drop)
2050:c05¢200p5n BoBoo:00pdqI0550[yEo0pd Sag§lorplgoopdsedl adeqponadlgtielont
eocdesxdades (airtight seal) ofgdSEeompeon Bodom: (gate valve) o3 2o[yod3ad(fully
closed) 33[godg¢ (fully open) aoweon partially open saesgEcopd: 3093y Eaodi
diaphragm $& globe valves 032005 8zan:oqeosq) (pressure drop) gpieoce(o3pE compressed
air systems 0p€ 3203qqqs voCeagpeol
§)-9 Separators $ Drains

Compressed air ¢ GaqP:0? ©050dgs croses Japg§eeg0od saadgpopdaddunad
Water separator vpes[aopdi after-coolers &l 32090503€ separators, filters, dryers $¢
receivers ©20000303 06808a00:00051 0560007 $&E000000gEis GoogpPgd
038:238:660C:5C[gCelgIpOag€ compressed air gpig$:03:0[gd$E2001 Condensate drain
0065058 G e oopdi (00spSs condensate cagpe? $05: 6 Glgoudonodud8Eaodn)
(on) Zero air loss traps with reservoirs:

zero air-loss traps $p5:{g¢ condensate cqgp0? cedoobepagt float o3 level sensor aopd
ball valve 03 cenE:05 (linkage) © 00s0¢ gCeusaliyS condensate cgyp:od
a3eaonooroopdesep 0godagnieoaodi low-level point a3eepa50p303¢ cwndy|eLz0RdN
efficient sofydsdie0m05p5:{gd[G: 08§:036:q50g0dmp0pdI 350pEMREGESesES sacgudonmy
06200068E20001
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* Wastes no air (acoqpsadssifgCsolgdedl§€)

« Considered very reliable ( 309§ 8055620095254 gd20p5n)

« condensate eqgp:d a3eapnoonzaopdesep (Reservoir) o3 contaminants qps
pes[gtiolgbedeogsanogad slogpamnemodondeugsadaataodi

zero air-loss traps [§& drain co620pdsp0:qpe3a500:c05803[yP:000N

() Electrically operated solenoid valves:

2005905000:00003>§$03E:03E o(drain valve)o3 solenoid
¢Ce0:00001 A33600p535§§3203Es307066320E0Rd:
algpE:8Eo0p5n oms(drain valve) 20p5 condensate cq)
§oopdlgdeor v§oopdgdeo adeuod $p5:0000(gbeol
qPz00pd[gdeo 2005005000607 2§ SeePadayE gEaotoopd
odaloE on§od:deon compressed air gpiadsgiga20pdi solenoid-
operated drain valve [g¢ condensate g 6e05000[gEso0pd

g6:3C 36003309¢[gdeoa0dI
9Ca0p03g$ o3 System so03E:0 condensate Gq) gp: 220§ 0QodIFRA8GLpSewrSeoI
03353l System sacpE:op€condensate ce) 0ofgodelgpdigpancB86bn 3a00ude) System
soop&iogEondensate 6q §oesd 9E8Alon compressed air gpzadagj8&0pS

(o) Electrically operated solenoid valves.

Solenoid-operated drain valve qp:opE 32§803 c0050cbe0:a00) timing device dlo&aogdi
[0302€ 2005005000:0005 (preset adjustable intervals) 8303z solenoid valve g&[gE: 8o5[gE:ad
[geode0s00pdn 9Bead [gacogacad | 99§§8E200

omsgCE $05:0on condensate gpizzadicn§esnt cedaodeu§Eaddundovrddeoi
om039E0000208l3 condensate qpeagodicudgiom §8E2005 condensate cq gpie§od
omsgEBeomaloypE compressed air d4jo|qPsgdel§E 005N

Level-operated valve $¢ electrically operated solenoid valves gpsooosoilon
contaminant [gdejeaqpspdieogs strainer copdionbeolascdsndoopdionm:gCqs § inlet port $&
discharge port 0303805a302:68:98320305(gdo0p51 Motorized ball valve gpso? copds
programmable timer [gCo3¢) 2209y Eo0pdn reliable [gdaopd device [gdeoo5c0pd: Compressed
air a@:ﬁlscfw'):wéu

(v0) Float operated mechanical drains:c@ Level-operated mechanical traps:
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Float-type traps qp:0? 0$60003005603Eqi€ air ads0 a3uupod sagob:c0dam 8dsejaopdi
936005 0§oo805038:036:9$c83260000n condensate ¢ 3a505¢p:(sediment)efoypé
Babadeigpegdedl §E0pd
Inverted bucket 3a§j:3200: trap qpoopd s0505:c05600 [gfyads:adag0oncdsadadi
condensate rate 320305 cdean0deom ea@algé(liquid level) o§ogiC compressed air
qp:o@ﬂ:%&ooén
(c) Manual drains:

Condensate [4oo0§2[9d§Eaopdesepypiog Manual valve gpoo:§[S: discharge
c06e0:8E20001 moisture separators, intercoolers, refrigerateddryers $¢ filters 0000503038
drain cpoq§ oons(valves)gpsoons§oopdi omos(valves) 205 sacdeagpad (automatic)

20p0008comelopé gpieomemiyl 03sa05om compressed air adiioqPdyd§Ea0pdI 00308
[eefgp5:03 eqpEiogBoogooph
§).G Air Dryers

Compressor ¢agodaoo0pd compressed air ¢l 320582005 after-cooler $& moisture
separator o3 [god[Beoopdzag§ ot [yCosroel 20g8000d [gCagEe[S: caSeqeg qp: (Moisture)
qpPgroloCes0p51 Groopd oolgpdgpSiesrinonoopbstany) oderue 200desonEoomonpd
eqeqeg gp: (moisture) 20p5 sap§§oreotoielopt eq 3:o[ydBe(ypEiagnioosdi condensation
[gB20p50968l 20pdn agedaonaopdeqad condensate caupeslaopdi oBeqyp:aopd compressed air
lines qp:pEesG: ec8arnendoopd dodgpiadeqionadfgs contamination [gd[gt: 020p)
[gooosogpadydedicogEoondi adeloppé compressed air oo 20uSeaonaonieon ceSeqgeg qps
(moisture)o3oudgpiqseaog0d Air dryers qpzod sad3{ge[gCgdoopdi

Compressed air dryer 35§jg3202: ©030qC C06G80EY|P:Rd: ©op88Ea0d degrees
of dew point suppression gp:copd:0p8c8&updewnodeon compressed air ¢o

200068008002:600 GqRieaeg qps (Moaisture) 000 ¢ 6q) 33[gbadelypEiadagiepd 3p§sa3
dew point vpes[aodn Air dryers qpso? refrigerated dryer | desiccant dryer $& membrane dryer

o ol B

Recommended Installation . ot

o) -
/ Dry Air
to Plant
Air
Recewver
(Dry)
O
A
Drain
w3 Valve
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Refrigerated dryers

Refrigerated dryer qpzaopd 6e0eea:60:005q:0393 320000pd[320p5n compressed air
o3 eocdeaaieaant (dew point c0c5320§888633E) cooling coil a3{gdBseoaodi
Bzdlecoade eq:eaeg qps (moisture) 000 ¢ 6q 33[gdade|ypE:adagrzaodi

Refrigerated air dryers qps ooé compressed air cﬁ) 33-39°F
200632263068 EgE:0opdi 9Beo0d 33-39°F c00d386680E [gjapdagi€ condensing water
2005 dryer @i cooling coil 60lopE 6383050208600 refrigeration unit &1 operating parameter

qp:ad efopCaad[gty 50°F sacdqesant|girpoSEaodi

Desiccant dryers

Desiccant material qp:oopd 6rocde eqeaeg qp:od 060aSERG:§oopdn Compressed Air

qp:o% desiccant material qpsacdl o%@oﬁw&eonm& desiccant material qp:a)é GOAdE

eqeqeg qpio? 9O0I00SePgbrdndaodi

How It Works
-
= Air Saturated with Moisture A
Regeneration Air v
= Dry Air A .
Y
Air In

Vi

™

F1-
F2-

—

Air Qut

Mounted Pre-Filter
Mounted After-Filter

- Automatic Plston Valve

V-

V3-

vl | V4 -
L]

Automatic Piston Valve
Purge Exhaust Valve
Purge Exhaust Valve

- Desiccant Tower 1
- Desiccant Tower 2

20§ 33°F coodgp0:000) pressure dew point qg§cd3a60lon desiccant dryer gpso?

=adggSsacgsooengboopd Desiccant dryer qpsoopd dew point —40°F
soadoyjeotieoqfencgnd 83Edyapdaonioogdi 3286e0: dew points —150°F sac3oyeosesant

00660:8EQE:o0pd

Desiccant dryer qpsoopd desiccant towers j 9 Al§q$c832600001 regeneration

[41090q§ 83260005k desiccant towers 0089000 ee§eqeg o POLIE$0D S[gPeom
desiccant towers 00692005 eqieqeg qpio? g5cdudesqscd3a60005i (regeneration
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Page 34



Compressed Air System

C\P86§O~3éll ) s'ao{):s'aqpso@s desiccant materials gp:¢» silica gel 1 molecular sieve of crystalline
metal alumiosilicates $& activated alumina o3[gdo0pdn activated alumina 2005 32098
22053220000

Regeneration co6q§ 505 §p§oopdn 320[9C Regeneration cpdfgssC 3208
Regeneration cod[g&s o3fgdoopdi
Heatless desiccant dryers

Heatless desiccant dryers qpsogE ddop drying tower j9dlo€aoobn $6900d:038
desiccant bed gpzdlo€aoodi tower 00692005 drying [gopdesod (eqdieqeg qpo? 00uIGSOD)
mo[gps tower 00d920p5 regenerating [gpSe500051 regenerating a30005¢n eqeg gps
ogodagmieoq$ Compressed air 03 3203qq) desiccant bed (eqeg qP:pGLRIC:0005 o3 eqeg
qp2 [gpdoes2009) 03 ¢jodooSudelydoopdi 036|0da05062005 o3 purge air vpeslaopd
compressed airflow &1 ©0% ¢ 00 % s2a3320%:go0pS1 Compressed Air qps adsgggCealopE
Compressed Air System codgad: efficient ofgdSEeorcon
Heated desiccant dryers

Heat regenerative dryers 2005 [4€oe 320 (q00dg&i3aegbenl cqeg olgdeo)o?
22054g[00pdN Geeg, P ©0Daod0dES320305 Compressed Air Grogp:o? a33a0(gopdN
BB[gpd[gEa? regeneration cpSo0pSwrGEl 000N purge air vedMEAgRSES:EOPY 220305
heat regenerative dryer gp:ei 0r80310§0500052002005
203§[go0pd 320§& (High regenerative temperatures) cloy¢ equipment $& desiccant
qPeqed8:e0§Eaopdi
Membrane Dryers

Membrane Dryer g5 semi-permeable membrane o3 saadsyjg) eco compressed air
o€ Clooneom eqieaeg qps (moisture) 03 98:00§gbesanCoudapdeooopdi Membrane Dryer
qP:R¢ pBepPeseam 280938C:qps (Moving parts) edoCeol
Membrane Dryer qp:a0p5 nameplate rating ¢ jospEsi§:03 sweep the membrane.
This sweep air qpsood air system wad:gj:a30:00006c04qPsgd20p01 Membrane Dryer gpsogE
oCamaopdecoct §i8:5¢ 320qS03c305¢) dew point 2005 egpEidegoopd
Membrane-type dryers

Membrane-type dryer qps 2005 40°F 33036epadeean[grode0:8Eaond 2o0g§860005 -
40°F dew point 3308eepadesxE[gIrpdaddon crogp:ad purge cobudq§cdaadeanelonpt
Compressed Air 8dssjzo|qp{gded con§Eaogdi
Membrane dryer &l 330:0008j09qe0

(0) 006s0Eq§mnsmododspdsfat: (Low installation cost)

(9) 22201y $orsoqo§odsodgts (Low operating cost)

(0) [g€o(outdoor) € 02650E ZaadiyfEaopdi

(00) consaaseped §oopdesep(hazardous atmospheres) qpzapEaopbionbeo8Eaopdi

(c) yOspieseomn 3280538E:qp: wiloCdl (No moving parts) o3fgdoopd
Membrane dryer & 3:5p5:q05qpen
(o) Capacity 325p5:c0b000g§8E005 system (low-capacity system) (6005
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(®) High purge air loss (15 to 20 percent) to achieve required pressure dew points
(o) Membrane may be fouled by oil or other contaminants and a coalescing filter is
recommended before the dryer. The total power requirement, including pressure
drop and compressor operating cost is approximately 3 to 4 kw/100 cfm.

Dryer agequd[qé:
Pressure dew point $& op§ogo§od (operation cost) saedlopE 3aa[gde) compressed air

dryer o3egegjod[o300p51 35°F 0005860005 pressure dew point c8sa0dlon refrigerant-type dryer
o3 seadigeselgd8Eeon dryer qpz @i rating c0pS saturated air at inlet 3e0laaE 3a6[gdo0pdN
00690E30go0pdesep (geographical location) s&eoaedEao
relative humidity $pd:ecoeco dryer @i load $pd:ecoeclgdoopdi 936005 pressure dew point
oagpéicdeol

Compressed air dryer &1 83a0:3je0Csq) (pressure drop) 2005 3 ¢ 5 psi 203E:gd0pd
265000005c8220¢00 pressure dew point 3303eepadesant compressed air dryer

o3322%g100& 0051 0c8363maaddydlon §&:32E$E og [gS1035gE00a{gdaopdN

. Compressor Controls
Compressor gp:&i controls 2005 system performance $& energy efficiency

0395&a005a38eomalopé sacgsssceizoopd

2005a88a0pdedlumeqp: (Key Terms)
Full Load: e320p5¢> air demand $¢ Compressor @il total available capacity 030pp82000854)

03880005 Load o} adc8o0pdi compressoramind:adadoopd Full Load [gbewntiesoopd
280503¢ efficient so[gdedegdoopd

Part Load: s32005¢0 air demand 20pb Compressor @i total available capacity coo5$05:0005
326] 09E§o0pd Load o3 aBca0pbi compressorsaniad:cdadoopd part load [y¢ewnEsapd
m20lop¢ efficient 2360[gdeon Compressors sa:adzoopd part load [gEeent:oopdensl 0pt
efficiency ogeoCzagnin3aopbeoneurcdeon 0d:000:0009 control system 3a6dl 0gEaoop5005!
Control strategy &l 32800gp0gudgj0den 3205:6[go0pd (a9 ©cd3260005) compressor
g0 giodgIC: 805[gdes $C compressor 0ewdCiqdza600p) 2a8logE 00B8E0ENS
a0 dgjeent:qs [gdoopd
Control system comEagSenaacndapdayE average pressure 0300058E2060005
866308 0382000395 (CV0598E00) 228690 system pressure C0GHEINGHEME0V) [gd20dN
compressor output $& system demand o3 o3058cog§[gd0p5
Compressor control mode qp:03 682005012203¢: q § F[go:§ 00
(o) Start/stop ( oewaigta q55gCs)
() Load/unload (Load oo&[g&:n)
(9) Inlet modulation
(G) Auto-dual
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(§) Variable displacement
(6) Variable speed $¢
(Q) System controls o3[gda0p5

(.o Start / Stop Control
Start/stop control o3 small reciprocating compressors gp:o€ sagpzads sa0d:{geodoad
Discharge pressure 2005 2005¢05000:0005 pressure level cood gpesag€ compressor
3805[B[g: [gBoopSn

Start / Stop Control $05:2000 energy efficient mode [9920051 200056{op¢ 83eaod
compressor 2005 6enC:a0p08290503¢ 100% capacity [gEewnliG: qde5$2000 32905038 cdo
Q052307 (g&3aCad:g[gtielgieo)n adelopé energy efficient [gdaopdn o3eaob rotary compressor
qP:00pd start/stop mode [gCeentiq ofgd$Ei
202000900

Air compressor 20p56e08:0000359l03¢:03¢ fully load [gEeentieomaelopé energy
efficient [g®aopSi
s5pSiqi00

2§§033209E:3 air compressor &l cudom 2008 :[F6qpig> cewliyl: $&
q6574gE{g 0§ elgb e aamoztiqbadndigsewnt:adadandgielopé eudomal
220852005 00[gdsgodegEon050c86epdiondsngmaogtiont sagped: caola36 ©
afepod036ea0gtiontam cunifgln qolgts [grpd§Eaopdi Baloypé saon:aolgE 10 hp ¢ 25 hp
0p20gudm0nde0n GudoMEP:Ea0305 automatic start-stop controls gp:apE ofopecn
qo[gEaeusfat: oS 0§20050m8gdaon:a0dI

Compressor 20p5 minimum system pressure 93eeepodet :§§ac
[g$gjoonCeentianoopdi saonudelopEadeand system pressure 20pd minimum system
pressure c0053500:3l00 ©cdun3ad005ad:ge|gP{gd8Eo0pdi storage receiver ¢l saguSsan:
$C working pressure bands 0303 005gj05¢) Compressor 6e50m [4$ewdCiaepd :2§503
§$E20201 cdeanceEE[Reo0pd receiver sagudseeniyrodoo(gtielont efficient
operation 03 g§8E20001 system 00690320005 GoMEsgd vdeamesc8Gepd

€. J Load/unload Control

Load/unload control o@oapérfo discharge pressure oaé pressure setting
Boeepodelmn§éS compressor 2005 000% load [§€ 260mE:ad: efficiency
[g8ewnCiesc860p5n oBeood discharge pressure aopb pressure setting 93eepodogsg&oge
compressor 2005 00o& unload cp5c8&epdi Unload cpdaopdsadlogE compressor 20p5
compressed air qp203 8005000560:0896p5 wPOdGLI BJEITD GeDORS
qo92:0c86updemodeoi

Outlet blows down cp&a005 2280503¢ 3a5p55cud¢IE0m gimaCadssjvlgbecladdedi
check valve a3eepodogn:oopd compressed air qpzo?d 8smsoeoliogicogs vent
[g9e0maejoxpElgdoopd Reciprocating compressor qpsagE  cylinder gp: o3 unload coSgEslsE air
output o3 80008 aB8:qS[gCslgdo0pd control coS[geHydaodi
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2005920005008 two-step control [98f8: ceooedlod (inlet) o3
adrogCeseaantylge: (fully open)st ado8abaondgs (fully shut) [gdoopSu
[0302€2005005000:0005 22869328320 (preset minimum pressure) (or /oad point) ©
[0309E 2005005 00220005 F0[gEad:830: (preset maximum pressure) (or 710-load point)
m0098:03E Compressor 2005 fully loaded (or at full flow) [gCeenEzesc86edi

Discharge Pressure 2000 preset maximum pressure (or 10-load point) coo53gpsaonagé
ecooledlod (inlet) o3 adi08od500gE:s (fully shut) [9¢ idle [gdesoopdn Discharge Pressure 205
load point oBecepadeqt: idle [ydesc8&epdi

Discharge Pressure 2005 load point a3eepab20p55E0nd[G05s059/05gE: crootaednd
(inlet) 03 cd:ogeseantytadndge: (fully open)yé full-flow capacity s3eepod8Eaopd

Pressure switch 2005 two-step control 0303¢ 32800 cpbesoeviesean
03§o00d9[gdoopdi pressure switch 2005 primary control a3ewpcb dual-control system i
2805223E:{gd o
204, 3000 reciprocating compressors qpzogE 3- step a3ewpod 5-step controls $p5:03

s'ao\’g:[l_,]@oaéu

920:00090D
qpPeeoon3igé Reciprocating compressor gpzaopd part-load operation 03¢ 3¢ efficient
[9B[o30025n pistons 2005 3a5p5:cudgiean Groclivdemindon ogsqeomelope
205p0:c05g|6000 §&3aEn30m[y|S:03:epaeprdaopd
adz0 unload cpdoonoop) reciprocating air compressor 2005 full load
6enE:00099§§03E09:0000 gbszaCowMEl 00%03 200 ZedEgPoRdN
se5pOigi0d

Load/unload control $p5:03 screw compressor g€ saadifgeqC comEsgo efficient
o[g68Econ d20330§ unload cvSoo0pd screw compressor 205 full load
6en8:a0p03ag§ € ad00pd gdimaowanel jo% o g% 033aaddy0o5!

Screw compressor 0g€ discharge pressure 20p5 30 — 40 psig coodspdsagE
g&:aaCagomeien dqolelydSeorcor

Energy saving (46§ 920305 Jogpeam idle [gbesepd 2o§§03 qq$ a3326000
03320905 [0Bsw2e000 air storage adeaonadeExE[3keseom air storage oongadzadaogdi

6.5 Throttling or Modulation Control

ecooCedlod(inlet opening)eizaood Throttling code) oqiesant ogeSesand(gpdgély
8320600 air demand o3 e3¢ compressor & capacity o3 a38:q)5[gCeydaopdi
scooledodsao(inlet opening) 0pCondeooonieom valve 20pd System pressure 3a500:30¢:03
c805¢) 83260005 discharge pressure (4660 gjodqICs0d8:60:8Eg:a0pdn 00500: flow
capacity o3 air intake e§oon oyiesantoqdesmE[yapdlgtlyé compressor ¢l capacity o3
038:|0[gC [gd20p5
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System demand sac[yp&:3a036§q$ (Steady State) 0E constant system pressure
[g9e320C omseg cqpse) 39505:e04gE (minimal valve movement) o3&:002:8Eq§ 332600051
Low load sac[geacsqpaaogad sag§loplgéen Throttling mode o ad:q8 wooeagpao
202000900

eenligla qOs01gt: 02009 $0dgCad8:qI0[gEienpbeomaeloypE (non-cycling control)
operation ¢ GgPeg 20pd

Co% ¢o 000% load [& om839§§|$§ conCgn efficient [gdoopdi storage capacity
$p5:0000(9be0 gproopdlgdeol dodgpdoopdfybeo odapdgdeo wpbaopdaadly clopem
Bod[gCieuntsfgts (short cycle) [g9c8GupSemnodeon cgudonqEants copdspdiybeomelopé
ogudongn centgta ad§a36:aC: $E[y[yC[gtio? [gjrpd8Ea0pdi
a5pOigi0d

loads 20p5 E0%0005sp5:dlon Throttling efficient ofgbeompeon full capacity qg§se0305
adeam0d copbBackpressure §gso0pdi base load 320305660E:q$c820065§S03E pressure

20508304203 qIodg: 0v§[gSeielopE (Instant response) compressor 20p5 unload
c0[gCey08Ea0pd1 2a500:c0dgie000 Bamie|ypCicdelod BEE[RE: $¢ 0rS[ySe [gSeomelope
(Sensitivity and rapid reaction) sacomsedieomn F26[g3acs (optimum operation) o3

[gded o200
6. Auto — Dual Control

€.g) Variable Displacement Control
Variable displacement control $p5:0005 compressed air cocopd ¢l 32605 (effective length of
rotor compression volume)o3 0363:0¢ adew0d gpdesantardeusl: rotary screw compressor i
output 03 82266000 air demand $& 030586000001 F20EeC0EIBMx(inlet pressure)
0058665004/ 000050d: compression ratio 2005 copd: 0opSB6esc860pdI

00393 compression ratio o3 egpiced flow o3 cagqpspSiesnt [gpd8E[RE: elopt

power 03:80|03500:60 20p51 adelo3pé modulating control coSsp5:00050005: deomEsoopdi 2-
step control ¢2c7393 full load ¢ 50% load 2208 ogeots agagts copds ofyd§Caon

Spiral-cut high lead valve $& poppet valve 03¢0 3399:q26000 unloading controls $o0:qps o3¢
0008080030003 valve g2 [gfog0005
o056505:00:03C compressor cylinder &l port gp:o3 3od[gE: (open) $& ¢C[gCs(close)
0303[g|r0oeL:ga0RdI socuEElzaogtifecusl 0ocopd o3 cagpgew:§Eaopdi BelopE copress
000q5$320905083>66000 horsepower copbseagpspS:0g:8depdi
202000900

50% ¢ 100% part-load performance 3209€:3 sacg§ efficient [g6aopSi
20056905002200) (Set 002:2000) minimum system pressure 8203¢:03§2002:8E2005
02§[g 9| 30R§[g$ 2005 Very responsive [gdaopdi
s5pSigi00
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Load qp:a0pd3a8l 3386000 vasdgP:a0pd ecoud8d[gts(leakage) eloxpt efficiency

onje0sagnza0di

005090:3805228E:4P:005 §060g:en53 2005
Lower operating range qp:3 2-step s3eupod modulation [gEeen&:qoop5n

(.6 Variable Speed Drive Control

Air Compressor gz &1 Unloading co68Eg&:ded
eam0ddlaodns 20p5 Air Compressor gp: 61 Unloading cpd8Egd:ded) codlgoozanpd

ReCi " Reci H Lubricant- Oil-f
eciprocatin eciprocatin il-free
Type of p g P g cooled .
(single- (double- rotary Centrifugal
control ) . rotary
acting) acting) screw
screw
Automatic
Yes Yes Yes Yes Yes
start-stop
Two step Yes Yes Yes Yes Yes (dual)
Three and five
No Yes No No No
step
Throttled inlet No No Yes No Yes
Variable
. No No Yes No N/A
displacement
Variable speed No No Yes No No

G.q Multiple Compressor System Controls

Q- Compressed Air System Leak

Industrial compressed air system gpsogC ccood8g[ge: (Leakage) elopé gd:zal
[g§:08:903 [gBeo0p5N 32,6000 System o€ Compressor Output &l jo% © 0% 3508
6c003864[g08E 051 comglgfgtads:adbioosgts v§eoon Compressed air system o3&
00050062009 compressed air capacity &l _jo% c0053qp:000d K3894[gd8E 05N

8226600 [gfgCeqpeyred[gtast eroeudBoesnt omagudeqp: [gpdfgtelons
03884903 00%00055p5:6390¢ eagpgREacpdn Leak [go[gEielopt gbaat [g§:03:903
[g0c0§Ea0p595[yE onfgpiaann operation losses gpsadcopds [goeo §Ea0dN

Leak [98[gEsc[o3pE system pressure ogeoCaomn(Be saadigjes0pd tools $E equipment
qpsel 9626000850 oyjeoiangaopdi Leak alo3pé equipment v§Eo§co&iquonyadgbom
20§$003E8 qodBsgqp: [03e0z$E2000N Leak [gB[gE:elopE Compressor gp: c8326000500053¢)
oo REPIR Gt Soocs oo S CB:<S5qep: oo oy dlopaeloolit
[5lgEa$ 320305 qOcoq0pd =2§§ (Downtime) copds S8gpigpiaooopdi Leak aloxpé
c822020p50005 3jCapacity [§&a0pd compressor gp:od6s0&anigoopdi

0388aqp:a00d System 00d9za0pE: o€ wpbaopdesepart ©ad [§dedSE005
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soqp2ad: Leak [96edI8E2005 esepypien
o) Couplings 1 hoses 1 tubes §§ fittings
9) Pressure regulators
0) Open condensate traps and shut-off valves §§

o) Pipe joints, disconnects, and thread sealants o3[g®a00u

Q.0 Leakage [4620pd oenanad o§o§iopadqodfgl:
Start / stop control capdsp5: (a3) Load / Unload control co65054g¢ eentso0pd

Compressor gqp:§jaopd System gzl Leakage Amount o3 8acguSonap a38E2000i

0) 320%g/e$200d equipment gz tools gps 80:d:03 dodoo:ol (a3) g saadse(ged
0000l aB381§jE03 No demand on the system welgpeay §oopdi

J) Compressor o3 o0o€een:ali (o) Compressor 06wE:000) 2§03 ©0dco:dll

o) Compressor §5200992§& (98) unload c¥520p53§§0D ©oSAlN

Compressor 20p5 6enE:ca3051 §6ad05 (93) unload [§8cad05i load [gBad0d [gdesc8dupd
00d6(opEadeond Leak clogpé system pressure 2005 ojeoiognsoopdi 2005005000009
pressure 3208 oge0C:a0:0009326 Compressor qps enlige: () load apd[gE: [gdedloopdi
cenC:eomelopE System pressure qpigEon05c00m 2005605002:6000 pressure o3
GePeH20pY 338l qoagni8gepdi 0dad compressor 2005 cycle on (B) off [gbes[gCselomE
compressor 6enC:e500p03>§$ (on load time) & §0e52000 32§§ (off-load time)

0303E:008E 200
Total leakage (percentage) o3 6330053 9620555030508 Ea00N

T x100

Leakage (%) = TTt

where: T = on-load time (minutes)
t = off-load time (minutes)
Leakage 03 compressor @i capacity 3:q:a (lost) [§¢ edl[g8Ea000n comagn
0382038:00080009 System 00d9cil Leakage 2005 00% c0055p5:00p51 035:038:g 0dqC2000d
system 0092005 total capacity &l 0% ¢ po % 9208 6roedgee [§0edl§E200i

Leakage o3 saadd{gopdesep (Down steam) op€&aopd pressure gauge ¢
00$03gE0pd: 0050p8E2001 936005 total system volume o3 2Bg$c8a0p5i Down steam §
secondary air receiver gps air main qpsi $& piping o3clooop

Leakage 03 6330053 $6005055gE03050p8 Eaopdi

Loak . Vx(P1-P2) o5
eakage (cfm free air) = Tx14.7 x1.
where: V= o?ooé (volume in cubic feet)

P1 and P2 = pressure in psig

T = Time in minutes
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1.25 20p5 Normal system pressure [g6q&sa0305 saadilgjconiean correction multiplier
[gB20p5n Air leakage 03 (0 0des0:00&a00N Leakage test 2005 vwdan opdy|
038865200503000 6dl[goopdn ©pda0d esepartepdaad u¥8des0pd Bqs ¢[gd8Er Beloppé
Leak Detection [gjopoq$ceabo0pdi
Q- Leak Detection

ecoudBo[gEso0pd gqrder[yt [4Ee0z8E2005 Faep ©upcddll Grud882005 esepad
§PeYa$320R05 ultrasonic acoustic detector 20p5 sa60omEsadgdo0pdn Air leak cloppE
[g9edlconean High frequency hissing sound o3 ultrasonic detector [g€o3§SEo0p5n Detector
o3¢ microphone 1 amplifier $& audio filter o33lo€a000n Earphones (a3,) visual indicator gonsog
2388 E20p5
Ultrasonic detector 3203:0[qi8Edlon 3a§:qCsadisp5dgb2005 s00[greRd o3 3203(qq)
§peg$Eaopdi sod[gepdeqgpy leak [§6$E2005 asepgps 3050005[gEgE 2888000
805q600p5 $p5:00d9[gbea050Rd: 3a09S 2GS 086000505gd200I

o200050pcS: (automobile industry) ogE

30)¢geo0> 1000 CFM compressor 0odads30s Free

Air Delivery test $& leakage tests [gjop0q$ 220305
200)4g|e5$6000 equipment 33000203 305¢)

WSS compressor 03 6en&sdloogdi

| Free Air Delivery test ¢l ©6:000qi05¢ compressor

20p5 2005005000:60x Free Air Delivery 6l 20%03

P \"?;‘i"{} -'  0005608 Eg&s§oodi

Leakage test @i qeonSupien 6320053k52038{55 20051
1] Compressor 20p5 8 minutes [o3pesa¢ Load cp&oopdi
(1 Compressor & unloaded cpd§j§20p5 48 minutes [o3poopd
1) Compressor 03:82009 g:35C¢n 144 kW [gd20p5u
6330053103030305Cl

0. Free air delivery or the output of the compressor

=

J- Specific power consumption

Q- % leakage in the compressed air system
G. Quantity of compressed air leakage

§). Power lost due to leakage

=aly
o. Free air delivery 63og050l 9Bewpod Compressor &il output 303053l
Free air delivery= 90% of rated capacit= 0.90 x 1000 cfm = 900 cfm

J- Specific power consumption 30050l
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Actual Compressed Air Output (CFM)

Actual Power Consumption (kW)
Specific power consumption= 900 cfm / 144 kW = 6.25 cfm/ kW

9. Compressed air systemai leak 362005 p§Es(S:030305dk

% leakage in the system =

Specific power consumption =

r 100
T+0) "

08
% leakage in the system = ———  x 100 = 14.2%

(08 + 48)
G. Compressed air leakage veoanadozeddl

Leakage Quantity = Percentage Leakage x Acutal Output
Leakage Quantity = 0.142 x 900 CFM = 127.8 CFM

§). Leak [g8[g€:elo3pd adxdyrqo0pd g8:aa€uwan aBagadali

Leakage quantity

Power lost due to leakage = —
specific energy

, st due to leakage —  Y2TBCEM
ower lost due to leakage = ——— kW per CFM ~— ~

O
tErocess industry 03¢ saaddye$600> compressed air system 30z leakage test [gipSep 6322053
qoBapiod qfieopds
Compressor capacity (m3/minute) = 35
Cut in pressure, kg/cm2(g) = 6.8
Cut out pressure, kg/cmz2(g) = 7.5
Load kW drawn = 188 kW (Load cobe500 Compressor 23:§0000 gd:3aCen 188 kW [gdo0p5n)
Unload kW drawn = 54 kW (Load cpbesop Compressor 03282009 gd:358¢n 54 KW (9620001
Average 'Load' time, T = 1.5 minutes (Compressor 2005 8 minutes [o3pe32>¢ Load cp&aogbi)
Average 'Unload' time, t = 10.5 minutes (Compressor & unloaded co&§j§20p5 48 minutes
@Dméu)
eou38§0pduwan (Leakage quantity) $& g&:3a8 od:qjkw| (loss of power due to air leakages
)O@)Of)og(ﬁé]u
[y

(o0) Leakage quantity (m*/min) q = (1.5)

(1.5)+ (10.5) x 35
=4.375 m3/min

(9) Leakage quantity per year (m3/day)= 4.375 x 24 x 60 = 6300 m3/day

188 kW
(35 x 60)

(o) Specific power for compressed air generation = m3/hr

(o) Energy lost due to leakage / day = 0.0895 x 6300 = 564 kWh
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©. Air Quality
Compressed Air &l "Quality" 32805 22505 p gddlo&aogdi
(0) C05$§E20pd sagpied: eqPeqeg dote| $¢ Dew point (Maximum (acceptable) Moisture
Content or Pressure Dew Point)
() C00598E005 sagpeadiegpadiloCe| (Maximum (acceptable) Oil Content)s$¢
(p) C0059E0RS 3oGPed:0d§E0RY 30Sqp: Aloe| (Maximum (acceptable) Particulate
Concentration)
Compressed air &1 32qp53360:0000 350590z plant air ¢ sacoxCsads breathing air
2§ qpRlgr:8 €005 20d:yda30ao0q Compressed air &1 3aqpS9603:
(QutouRavlentlon Settewtell
Air Quality $¢ 300:[yydqp: (Applications)

Air Quality Applications

Hospital air systems, Refill diving tanks, Respirators for cleaning
and/or grit blasting and spray painting

Breathing Air

Process Air Food and pharmaceutical process air, Electronics, Instrument Air
Laboratories, Paint spraying, Powder coating, Climate control
Plant Air Air tools, general plant air

eeoefEpodeay ¢| (Dryness) $& contaminant level 030005 quality air omEseeomE:o?
5e{godqSeacR0d 32800m)e00n 2g0d56q/05(gd20p0N Compressed Air ¢l "Quality”
comEiamnaopdstang| codardes osoy 0§odcopdigps: concBgepd

38eomEig8oopd 206032603 q§qS 320305 Falgpieomn 38 equipment gpdza60p5
aBelopE 223 equipment gpzEacgod Sacnssaoydypoopd 3[gE c0adR6eddS | [y[gEadsiadEie
$C goraaCadio copdsdq:aodi
oBe[o¢ 38cpdeienngnd vpdoopd saepdbencagfean Air "Quality” 8326000503
Sqfcoog

Air "Quality" §E&ooom 3933005y d§S$6p38:qp:e ISO Standard 8573 o3 G050l

@u0:09E663[g002:00001
ISO 8573 Air Quality Classifications
Oil Carryover Moisture carryover
Class Dust Carryover (mg/m3)
(mg/m3) (mg/m3)
1 0.01 0.1 0.003
2 0.1 1 0.12
3 5 0.88
4 5 8 6
5 25 10 7.8
6 25 10 7.8
7 - 9.4

Compressor 0odad:eg:qudepag o3 Compressor > 0o0560:8E0

Zoe0¢2000§:03 copdodionig§adoodi
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220000¢) egpad dooe§oopdecy (lubricant-free air) c3=a60qE cqped 3205:6[gP0Rd
(lubricant-free) compressorgpzod 32295y 8E20051 a3eupod ubricant-injected compressor o3
=20d3golon egped ©dapodaopd (separation ) 03§oon $& c0§0E0pd 03§uxn (filtration
equipment) o3 saa3gg$cdo0pdi
Lubricant-free compressor 2005 3ejeqE03iGs [gyEod8:a38:0 dqpeaodi
Lubricant-injected compressor 20p5 6gEa005200600500p0: 0o[gR:eo0 330gRdigp: 30305
S8 odqp:a0di
6320050l@u:03E compressor $&G:03el characteristics qpso? G5goo:a001

Characteristics of Lubricated and Non-lubricated Compressors

Non Lubricated Compressor Lubricated Compressor

May require fewer filters and oil changes Considerably lower capital costs
Longer operational life Oil provides a cooling effect
Often preferred when manufacturing sensitive Lower speeds and temperatures

products such as food or pharmaceutical applications

High capital costs. Routine service costs usually high Filter maintenance and oil changes
required quite often

To reach high pressure need multistage compression. | Due to pressure drop air treatment

capital and running costs are higher

Instrument air service 320305 non-lubricated compressor gp:0? 3203gq$
Rod3R80EegHaopdl Instrument Air ¢l Quality Standards [g62005 ANSI/ISA 7.0.01 g€
226:20:805615(40o:00001

"Although not recommended, if lubricated compressors are used, lubricant removal is required
to avoid damaging effects on air system components and end-use devices.”
Air quality c3320g05qp2sé compressor sadjsmaenigpiad sos0pdc0eomedodes
c8326000020[g€ 6ruadoze danaopd contaminant gpio? comEsg§aod $pd: (efficient
method) gpilg¢ gpeg s20d4geo&aodi

6c00d 03¢ Claxnoopd egdieqeg, (Water vapor) | 3o¢|$338|05gp: (dirt) $¢ atmospheric
pollution qp:oaé Compression cycle saog&é o?ooé qoo&ag):ooésgél contamination
level 3gpzcn000n (3gjadsdkaonoopdi) Air quality deomEieoqsenognd sadje§jgeoon filtration
equipment $& drying equipment gpsegiR0503¢ q§SEa0di osbonayeoogpgregegdfgtilyé
g6:30C0%:8015C S0y 0§0d0303 200dae§Ea0DN
@- Code Reference Code Title
ANSI/ISA S7.0.01 Quality Standards for Instrument Air
API 617 Centrifugal Compressors for Petroleum, Chemical and Gas Industry Services
API 618 Reciprocating Compressors for Petroleum, Chemical and Gas Industry Services
API 619 Rotary-Type Positive Displacement
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Compressors for Petroleum, Chemical and Gas Industry Services
API 672 Packaged, Integrally Geared Compressors

for Petroleum, Chemical and Gas Industry Services

ASME ASME Boiler and Pressure Vessel Code, Section VIII, Div.1
ASME/ANSI B16.5 Steel Pipe Flanges and Flanged Fittings
ASME/ANSI B31.1 Power Piping

ASME/ANSI B31.3 Chemical Plant and Petroleum Refinery Piping

00. Gugh: $C 2o0[gqp:

1. Which of the following type does Screw compressor belongs to?
a) Positive displacement compressor b) Dynamic compressors
c) Botha &b d) None of the above

2. The compressor capacity of a reciprocating compressor is directly proportional to __ .
a) Speed b) Pressure ¢) Volume d) All

3. Vertical type reciprocating compressors are used in the capacity range of
a) 50 — 150 cfm b) 200 — 500 cfm ¢) Above 10000 cfm d) 10 — 50 cfm

4, The specific power consumption of non lubricated compressor compared to lubricated
type is

a) Lesser b) Same ¢) Higher d) None

5. The discharge temperature of two stage compressor compared to single stage one is
a) Lesser b) Same c) Higher d) None

6. The compression ratios for axial flow compressors are .

a) Lesser b) Higher ¢) moderate d) None

7. The volumetric efficiency of the compressor with the increase in altitude of place

a) increases b) decreases ¢) does not change d) None

8. The ratio of isothermal power to actual measured input power of a compressor is known
as:

a) Isothermal efficiency b) Volumetric Efficiency

c) Barometric efficiency d) None

9. The basic function of air dryer in a compressor is:

a. prevent dust from entering compressor

b. storage and smoothening pulsating air output
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C. reduce the temperature of the air before it enters the next state to increase efficiency
d. to remove remaining traces of moisture after after-cooler

10. For every 4°C raise in air inlet temperature of an air compressor, the power
consumption will increases by
a) 2% b) 1% c) 3% d) 4%

11. The percentage increase in power consumption of a compressor with suction side air
filter and with the pressure drop across the filter of 200 mmWc is

a) 1.0% b) 3% €) 2.4% d) 1.6%

12. Which of the statement is “True” for centrifugal compressors?

a) The compressor should not be operated at full load
b) The compressor should be operated at shut off pressure
C) The compressor should not be operated with inlet-guide vane control

d) The compressor should not be operated close to the surge point

13. Identify the correct statement for air compressors.

a. For every 5.50C drop in the inlet air temperature, the increase in energy consumption is
by 2%.

b. For every 4 oC rise in the inlet air temperature, the decrease in energy consumption is
by 1%

C. For every 4 oC rise in the inter air temperature, the increase in energy consumption is
by 1%

d. The energy consumption remains same irrespective of inlet air temperature

14, Reduction in the delivery pressure of a Compressor working at 7 bar, by 1 bar would
reduce the power consumption by
a)6to 10 % b)2t03% c¢)12to 14 % d) None of the above

15. The acceptable pressure drop at the farthest point in mains header of an industrial
compressed air network is:
a)0.3 bar b) 0.5 bar ¢) 1.0 bar d) 2 bar

16. The likely estimate on equivalent power wastage for a leakage from 7 bar compressed
air system through 1.6 mm orifice size is
a) 0.2 kw b) 3.0 kW c) 0.8 kw d) 12 kW
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17. From the point of lower specific energy consumption, which of the following
compressors are suitable for part load operation?

a) Two stage reciprocating compressors b) Centrifugal compressors

¢) Two stage screw compressor d) Single stage screw compressor

18. From base load operation and from achieving best specific energy consumption point of
view, which of the following compressors are suitable?

a) Single stage reciprocating compressors b) Centrifugal compressors

¢) Two stage reciprocating compressor d) Multi stage reciprocating compressor

19. Which of the following parameters are not required for evaluating volumetric efficiency
of the compressor?
a) Power b) Cylinder bore diameter ) Stroke length d) FAD

20. If the compressor of 200 cfm loads in 10 seconds and unloads in 20 seconds, the air
leakage would be
a) 67 cfm b) 100 cfm ¢) 10 cfm d) 133 cfm

21. Which of the following type does Screw compressor belongs to?

a) Positive displacement compressor b) Dynamic compressors
c) Botha &b d) None of the above
Ans: a) Positive displacement compressor

22. The compressor capacity of a reciprocating compressor is directly proportional to

a) Speed b) Pressure ¢) Volume d) All
Ans: a) Speed

. Vertical type reciprocating compressors are used in the capacity range of
a) 50 — 150 cfm b) 200 — 500 cfm  c¢) Above 10000 cfm  d) 10 — 50 cfm
Ans a) 50 — 150 cfm

24. The specific power consumption of non lubricated compressor compared to lubricated type
is_

a) Lesser b) Same ¢) Higher d) None

Ans c) Higher

-End-
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