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6.0 Compressed Air System $& 000563€a0p) deaospdigp:

eooeanEms sagudseons(storage tank size) gallons ¢ cubic feet a3e[gpCscdagé
Gallons X 0.134 = ft3
Electrical cost 630305¢$

. HP x 0.746 x hours x electricty rate
Electrical cost =

motor ef ficiency
1.732 x (Volts)x (Amps)x Power Factor x motor ef ficiency
746
pown: [gE:eomEaeq(g0)3:§eoo(50 hp) air compressor 06cd:03 0066503Eq55§(8 hours per
day)ewnffs 000005 ChgodSewnt:aqE(5 days a week) oodsdoncnsogepd agdedenddamien’
P q00denodeecnpd 1kWh og efgr0de058:($0.06 per kWh) (968 cqidodecdomnei
efficiency 20p5 0% [g6 2051
50 hp x 0.746 x 2080 hours x $0.06 / 0.90 = $5,172.27 per year
0gl600en053me 0d5$60qIE speemsedicon 5,172.27 crSoqepd

Horse Power (3 phase) =

Compressor RPMi Motor RPMi Motor Pulley Diameter §§ Compressor Pulley Diameter o%o%
SERSR

motor pulley diameter x motor rpm
Compressor speed(RPM) =

compressor pulley diameter

Required Piston Displacement 0303056$
free air
volumetric efficiency

Required Piston Displacement =

Total force in lbs. of air cylinder
= area of the cylinder diameter (in*) x gauge pressure(psi)
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Compressed Air(ft’) o30g05$
free air (ft®)x 14.7
(psig x14.7)

Compressed Air (ft?) =
Free Air(ft’) 0303058
Free Air (ft3) =
Gallons 03030598

Volume (in Gallons) =

Up Time o30305q§

compressed air (ft3 )x (psig + 14.7)
14.7

cyl.bor inin.x cyl. bore x stroke inin.x rpm
2200

Tank Volume (gallons) x (final pressure — initial pressure)

Up Time (minutes) = 7.48 x atmospheric pressure (psia) x pump delivery (cfm)

pow- [gEseomiaq (§0)sa:§eo0(50 hp) air compressor 0odds00p5 24 CFM codbeos
§E20051 Alcd(e0)(80 gallon) 9960 eroeayEamé(receiver) 0od95$E 03¢ 02680E0m0001
8a02 100 psi o3 eepadagq€ compressor 00o€ cedEiepdi 8320z 150 psi cepadag€ compressor o3
§Sepbi Up Time (minute) o3 0050l

80 (gallons) x (150 psi — 100 psi)
7.48 x 14.7 (psia)x 24(cfm)

Up Time (minutes) =

Up Time (minute) 20p5 1.51 minutes [gdoopdi oodgobssandgé Bsa: 100 psi ¢ 150 psi

a3eepadq§ compressor o3 (0.6)850(03 ewrtig§ c3ooobi (eenties§§orE compressed air o3
©0d:§0p 0IE000:00001)

(6.0.0 Specific Power

Specific power 205 compressor oo6cdzeil efficiency ood§ggd[G: electrical input (kW) o3
Free Air Delivery(FAD) m’/s [§& onsconggCs [990000n croogndsgss (Free Air Delivery (FAD)) 1
m’/s §q$ 920305 §&:328 (kW)opdy) 23:80880p503 ewdgoozaopdi Compressor 0o0dad:sE 0odad:
efficiency com&seeomE:ad §E:0pdepogt specific power o3 3203giecy §oopdi

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

Specific Power =

gosaaConsoyododogod[gls(Energy Costs Calculation)

BHP x 0.746 x Hours x Electricty rate
motor ef ficiency

Annual Electricity Cost =
BHP = motor full load horsepower Hours = annual hours of operation

HP = 0.746 x kW Electricity rate = electricity cost in $/kWh
motor efficiency = motor full load efficiency

6-2



GomEs0005038 Chapter-6 Design Concept and Calculation

6.0.  Volumetric Efficiency (%)

TDC BDC Pressure
Inlet J\} Ee Swept vol. ai _.“ <_ Clearnce Volume
— :
_— I L
_‘ i 1 1
Delivery @ Clearance vol.
:Volume

Receiver i i
- -Induced Volume- -»

“* Swept Volume —>
¢ 6- j Pressure-Volume Curve cdlogé Swept Volume $¢ Induced Volume 03 cod[goonzaodi

Induced volume (FAD)
Swept volume

Volumetric efficiency (%) $& piston displacement o303 a3cqi Free Air Delivery(FAD) o3
3200050] Hea05p5gE 00508 E0R5I

€.0.p Compression Ratio

Volumetric efficiency =

P + Pa
Pa

Compressionratio = (CR) =
Pa= average atmospheric pressure at your elevation

P= line pressure (psig) a3ewpod discharge pressure
Absolute discharge pressure of last stage

Compressionratio = -
Absolute intake pressure

Compressed air system oo&gch Compression ratios at gauge pressures
8326600 Baxx(required pressure) o3 psig Compression ratio
By p3oobe> ogiqudas oophn 8amo: 60 5.05
(pressure)88cp8iagqi€ tool qpz comEagn 70 5.76
20006006 c880pd wurodeon Process g 80 6.44
008 32006 pSaB8gepd wupodeon 83: 90 712
(pressure)g&og$iagiCoopds equipment gps 100 .80
qo58:8E[G:  cco38oq(leak) 38a3:kan 110 8.48
§E20051 copSuad§ cr&oyedod(operation 120 9.16
cost)dqp:c86epdi  Compressed air system 130 9.84
229005 3050005 83260009 Bz 140 1052
00053qps([g8)0pd  Bsmms(pressure)  [g& 150 11.20
copdoadd(operate) oo (0300001 200 14.50

adalopE §&:3aEqP: 300200 [g§:cBs00pdn cpSoyE80d Sgp:o0pdi pown 7 bar(700kPa)
compressed air system oodgel 8sms(pressure)aopd 500kPa(5bar) o8ewrcd 600kPa (6bar) o3

onjeoCsogzoopd 03Ee3nE tool gpsé equipment gpicomEign 3006 cpbes(oad6edi
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Compressor 03 2208000005 32260009 83:(pressure)cocd 100kPa(1bar) [géesant
eenliaqi€ compressed air system ol g&s3aEod:gq(energy conssumption)oopd ©% Jqps
aon8&a0pbi

Systemgps 820:00:03€ weghrogooneom daaoyeotsg(pressure drop)gps $¢ 6eo386g
(leak)gqpz32030507860qS 033260005 system pressure cood 3a5p5:c0d3gpieaant 8&E: cpdoons
60ooodi

Bdpqfeoon tool qpsé process gpsmaoged dzai(pressure) c3adgiodgp: woppdogeor
BagqflgE 3mebeom tool Bwwpod equipment sogpdicoSelopE compressed air system
00b90d:03 8301gE[gC(high pressure)gé vewr&sooCaon sadgEgE(high pressure) cdsabeom
equipment 205p5:c05320305 a3:00§compressor cododadqé eentieogdscompressed air system
006903203 830 (pressure)S686[qE cent:8Eeomelope g&imaadgy 200Hoe0EadN

High Pressure Band

- Low Pressure Band

6.5 bar

Average pressure -+ Required minimum pressure

HIGH COST LOW COST :
¢ 6-p High pressure Band $& Low pressure Band

€. J Working Pressure ogodfgé:

aofeagpeon working pressure 2005 compressor ol og€amenn piping: valves 1 dryers
$C filter gp: @OlogCeoopda00dn  System oodpmacplsd  =adgopgpel  8zvi(pressure)
C\?G;chﬁqp: Qorreé@c;ou o%e[i.p@ :39@8@? 83’:):(\?[):3’98;“(73(7% me@éﬁ 3%&@8@&3éu 83
£6886000 32062005 equipment gp:eas regulator ofewrod valve o 3203dg)g working

pressure o3eepodesmE cagpgoplp3oopSi Demand side 0gE GoadBasSigP:a0p0sE 0oBGEs0S
Bzans(system pressure)ozeosg qpsd6edi

ecood(filter)gp:oopd ondsolenadilgslooge dsmsogeolsg $00:eo05c0p5: S [ogpa
20pdedl Bzmiogenliy  qp:conc8Gepdi ABeloPpé ecvod(filter)gpel  dsmsogeolsqg(pressure

drop)od 0052009 aslopt 3ae8:ed: saafgEacs(yE copdogndes c3aodi
6.5 Compressed Air System =sagudssontegeqod[gés(Sizing)

cuopuyEigC air compressor gp:o0Rd  3agud3RE:(size)oRew  efficiency
Beomtecw [gdaopbn adeaod part load $05:500dgCeentiagE(08s00:pSiagiC) efficiency
p3qiCsog08 8E20p5
00690800200 air  compressor  9agudmaen:  Gascudogaiagi(undersize  [gdagiE)
083260005 B3i(System pressure) $& ecudigSs(flow rate)od c00de0SE3GepS wupddaoi
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Compressed air system 02692005 88262005 3aguSmRenI0005 J[o3{gCs(oversize [gB[gEs) $¢
83260000 90gudme00:0005 Jeovicudlgls(under size [gb[gEs)zas0> oversize [§B[gE: a3wupod

[§9e3208pd[gEsa0p5 00598EG000 et [g0RS
6.p.0 B3a800pBeroveanad o3affgé: (Air Demand Calculation)

Pneumatic Paint Spraygun Paint Spraygun Blowgun Screwdriver
Equipment @ 1.5mm flat jet @ 3mm flat jet @ 2mm
Air Demand 5 SCFM 12 SCFM 8 SCFM 14 SCFM
Working Pressure 40 psig 90 psig 90 psig 90 psig
Number 2 1 1 1
Utilization Factor 50% 25% 10% 20%
Effective Air 2 x5 x 0.5=5 SCFM 12x0.25=3 8x0.1= 14 x 0.2=
Demand SCFM 0.8 SCFM 2.8 SCFM
Total Demand: 5 SCFM + 3 SCFM + 0.8 SCFM + 2.8 SCFM = 11.60 SCFM

The following should be added to Total Demand: for leakages +10% = 1.16 SCFM
For errors +15% = 1.74 SCFM
As a reserve +20% = 2.32 SCFM

Total Delivery: = 16.82 SCFM

(on) Operating pressure requirements | (9) Compressed air requirements §.§ (o) Duty cycle of
existing equipment oo new system § c3sa8eomqbsg|(average) flow demand o3 0§08 §E005

poenRe eudgooneamn c3mb0pd erudsss(air flow)aopS 16.82 SCFM (11.6 SCFM +
1.16 SCFM + 1.74 SCFM + 2.32 SCFM) [g®oop5n Screw compressor ¢ 336omCseds q§Eo0pd duty
cycle 2005 000% [g62005n Compressor sa§jgzaen0? 8odq) g§8E205 duty cycle oRlgpiecy
§oopdi

32000530 B=Ogedgp: Qe cunlieuEaopd screw compressor ¢ GaLEO5
c0s8Egbs(capacity)aopd 8 110 psig g 16.82 SCFM [gdo0pSn 0odlgpicoon 330: adsgeaq)s
(other pressure losses)a3dl copdogad 20&2000

POED - 005§d953m06000 compressed air VeI GEN50RE @LNLOB[GE GEB[goozapd

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

3200050103326/0503 326[gdg) Free Air Delivery o 0§08:0li 6coo386[gE:(leakage) $E
083262009 328l0gC 32004gjq§ee0305 3233:[gd 0% copdagts 0adqIEddl
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Equipment A B C

Air demand (FAD) 5 SCFM 3 SCFM 12 SCFM
Working pressure 40 psig 60 psig 90 psig
Quantity 2 1 2

Utilization factor 50% 30% 20%

Effective air demand | 2x 5 x 0.5= 5 SCFM | 1x 3 x 0.3= 0.9 SCFM | 2 x 12 x 0.2 = 4.8 SCFM

83266000 vwon(Total Demand) = 10.7 SCFM (=5 SCFM + 0.9 SCFM + 4.8 SCFM)
20% Joonsg = 2.1 SCFM
99GAIE: = 12.8 SCFM

aBelopE 12.8 SCFM 6B 830 90 psig [§& coodew:§Egdieonn compressor c882620001
Utilization Factor

Utilization factor 300p5¢n co0de0R] 200800005 c3326000058s(actual consumption)o? (Jg)
§0§ 22038:§(24 hours) maximum continuous consumption [§& @:c00ggE: (&5
Actual Air Consumption in 24 Hrs

Utilization Factor = — - ——
Maximium Continuous Consumption in 24 Hrs

6.9. ) 32260009 Grovwran ogad[gEs(Air Requirement Calculation)

:0deg|opgPion 6rocdeadgiod(air requirement)o? 2005905 Guienaopdi System oo
2038:5 obeoaozaopd oB3§u(tool)gp: saxcds 0odgps SMdisE process g SsCd:el
Gc02d:ge (air consumption)za:ad:o? colC(gE{gE system oodpadiel crocdsady(air requirement)

§§oopd

Utilization factor 00§8: 0pSqgdoopdad 2005005 odigod8Ees sacogmalojeomisyp:
§oorzq$ Bm000p5n BzalgE ecoudBE[gls(leak) compressor gpiel @O0yl gt: $C
65280066 03326800 crovwan 0303dl copdodienioon: aa&apdi

Q005§ Grocd=adg|od(present air requirement)od 93§$320305 §oogiEodaIsdsel eag s
00b9qCsBel cruod:Bq (air consumption)sesesiaon:oopd “Utilization Factor"ode 0050p8E2000
320005¢] 0q8: 320330073 ©§$ESE Hand Book ¢ 0o&8:qpe(Standard Value)o 3209gqi8Eo0p5
Tool gpsei “Utilization Factor"od sao3seoy) 0£08:98 3098905520051 03E:000000:0005 00&8:qps
(measured consumption)[gé 8000 3203q8E051  powd sand blasting cpd[gE:sE grinder
qP:00p5 0068londgear 3padigerrdeaddapds (p)850¢ (00)8509§3208 20056[god 322y|
e0o&oodi

0bGEs0d F0dgesepd 0odgP: 206q30R0503c0pd: 9§08:qs 005320001 ABelopé
2aB00: 206[gEcs(IqPiedincgzacs)gE 0g0de 83E: [grpdaotaopdi eedl: erondzady

(compressed air requirement)oopd compressor @l capacity o&fgdoopdi c33260005 compressor
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26q20R00s¢ dadqtiBel crocpodeusEgbs(capacity)oopd Bodggg(reliability) $& cBaocd
e[pE:c38Eq (flexibility)o? adggodeozoopdn

Example Load Profile

. -
g \
Cne Single Machine §
(=]
SR
Hours
/‘ Two Equal Machines 5 | 2
1 2 a 1
| |
1 Hours
_— o i3
I g L M A 1 fi
Three Equal Machines = |/ /1 l WWilala!
1 JZ 3 j 4 S bt Lty .g_..J..L.i
. B o | T R P
Hours
v One base load » A A ad
machine and one N AVAYAYA 2 N
1 2 topping up machine E 1 '
/1 ! (trim unit) I O
Hours

6 6-g  Load profile 03c805¢] c0enqhoopd compressor 329ud3e02:$¢ 3266300503 GgEgIud
20&20001

6.9.0 83&:[grpdd3a90&e0g(Design Sequence)

()

)
)
)

(9)
©)

Q)
(®)

@
(00)

(00)

Compressed air 3209:gj00pd c3§uangpa 0odgps process gqps workstation g3 esepsE
o00p 0E[gpdali Compressed air 2a33go0pd 3aepgp: 320:0%:03 “air consumer” s

07 68l adeay §oodi
Air consumer 0069qiE:8 320305 83366020 GrovwIN(air volume)aB 2005ea5dli

Air consumer 0069q|E:8 320305 88266020 Bzans(pressure range)o? 20056053k

Air consumer 0069q|C:8 esepypiaaad: 3303050330600 GrozEqPEd3GO(air quality)
o3 2005005dl

Duty cycle 20050053 006s05:md{gE G5epondegtid Bovrdd 0050deg:Boopd

32§60y [03pesnE compressed air 3094gjg$ ¥360866p503 20050l
Branch ood9gqi€: 1 main header ood93a038: $C system 0069d:m03E:5 c0d[§Es0d

32004g|epd air consumer 3366220305073 8§05l

00568E20p5 6ruu3Boe venan(allowable leakage)od 9§08l

egPooom:aopd  3aqpiaddgb§Caopd o3k g(future expansion)gpizeoged  B=a066d
Go0MNGS 9§08:Cl

3ob layout o3 Goqésel(preliminary piping layout)s] 33(036:qCs B=ansogeosg(preliminary
pressure drop)o3 o&e8:0l

Air compressor 3>§g320:(type) 1| esep1 coooCadlodgpiesep(air inlet location) filtration:
treatment | electrical panel 02005 GsepPgP:0? 2005¢a5Al

Piping network & 3agudsaenigpia? cRodgiod(8s piping layout o saegpo0c5Ali
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6.G Compressor Rating 3363l 038 sa03jra005eepadedieoapd saqedyp:
Compressor 0o690dsel g&:eaonCqpd(performance) $&2005a3E2005 328mm3a/05qPien
(0) 32[gEadsBaa:(maximium working pressure)
() ecocoodeu:§Eeds(capacity)
() gd:maCad:ga(power consumption) $&
() 32632:900p0500: & B=00g05qp2(cooling method and requirement)o3 [gdoopdi

0056035 compressor Genliopdesepel 2o6[gEaes0pd data sheet ozEewdgooniongd
26[g3655E ognlgpiesaqC 6320050 3aqIodgP:od Sae0ie0: oS c3000I

() 08cocSeqyodsolgE(sea level)aondd[gEnqE onbsoaonnnd esepel Grooodsa:

(ambient pressure)

(9) oo 30§ (Ambient temperature)

(0) oo 8adEsso(Humidity)

(20) Coolant s20§$ (temperature)

(c) Compressor 3a§je3202: $C

(0) @&:32E 2B:Bass o3 (96205

€.G.0 o€ecozap§&(Inlet Air Temperature)

2OFE03 A3odgecosl B86o0pSieo elgpicd0p5n Compressed air system gpsel 3308600
oS (inlet air temperature)od eagpspSeant [gopd[gllgé compressor g&iaEadgac 6%
2B eagpgRtoopdi coodfewntiesaopd compressor 20pd ©0be&: 08 Groggps(hot
air)qpso? sao8ecu(inlet air)=a(yd ouresdon [gEoe eeaapderondduct [gEoguSon$s(Ge copdeos
[§E49E compressor & gdszaCad:gs&s(power consumption)o? cagpq§Eaopdi

oCecomegS(inlet air temperature)od 3°C o 4°C  oyeoliesmEgapd8Eage
compressor 61 gd:3Ead:8asS: (power consumption)o3 0% o cagpq§Eaopd

Effects of Ambient Condition on Compressor Ratings

100 120 5000
4 /j
80 110 4000 7 ——
s’ / .. .o P
60 100 3000 ’ e T s e .
"4 / .......
40 90 2000 — e
P N g N
20 80 1000 T et
’ i
_ 0 _70 0 b
T 0 1 2 3 4 5 6 7 8 9 10 11 12
-+ 4+ Altitude (ft) scfm Reduction, %
Ambient Temperature (°F)

- Relative Humidity (%)
¢ 6-g eoocozac[gsees(ambinent condition) gpz 03c805¢] SCFM ogeofsoopdgsod cudlg

ooo:ooén

6-8



GomEs0005038 Chapter-6 Design Concept and Calculation

2OFE0B 30d¢) croet 9862005590 6[gpEicdgEiza0305 32034gjqepd Temperature Correction
Factor o3 e0qj05§0(1-20)§ Chapter-1 03¢ cwb[goonsoopdi

6.6.J 39[g8aBc30bq) ecociodboopdiso elgpE:cd[gE:(Elevation Correction Factor)
oCoouBeqyodsnlgE(sea level)oood [gEero GrodsmiagpotiacolgdGe sopqScopd: 86c860pdi

Compressed air system qp:eil soeqe3a0dad: 3ag0500p0 sa[gé(altitude)ejopE s
elgpE:cd[gEs(pressure variation) [gd20pdn pows vEcvudeqgEd§[gE(sea level)og pressure ratio
8.0 [§€ ew&:§Ea0pd compressor 0602005 0EcvuSeagEdsagE(sea level) o Bom(pooo)
eopme[géapt ewnliagiC presssure ratio 11.1 §§Ea00n (200056 working pressure oe[gp&:a3S
een&:0qIC) 2[gEadadndd] eruadbooobieo agplid[gizaognd 3203qqepd Elevation Correction
Factor o3 ooq05§2(1-20)§ Chapter-1 o3¢ ced[goonzaodi

6.9 83:::008[g0e0E BE:q5{gC:(Pressure Regulation)

Ba2008[gbesnt B8:qO[gSs(pressure regulation) 3366E0l003 6330503 cLodEOy
06200000222009 powd d[gE eedlgdlepdi GopE  eedlgaon0pdea03E: Pneumatic cylinder
0069[9¢ coocodoopd load 006903 cR8:$320305 8050020001

N ¥ Cylinder socolglel  volume

Load '\ (cpoopS)aagS 32.3 liter [

( D)) F—Ej] cooB1098856098 (00 TR 5§t

_ [s¢ (10 cycle per minute)
q / % Control Valve 22090 c@6§€g5: §ooph

ﬂ;é Compression ratio 20p5 5.08

at 4.1 bar [9620p51 s20pE[gd

RALIAE — Pressure ~ Pressure GEP(’SGl%g')OQ(’S (‘33:3980:)@

Regulation Regulation

328690:33002(Minimum
¢ 6-6 production line 069§ pneumatic soco€dl 02d9 pressure)a0p54. 1bar (&5
006505233045 BeocCdln? 4.1 bar cond[g&oopd dsms(pressure)gEoopds cent:§Co0pdn
aBsoculgloogd production line 0o8903EB: codesgi€ (0§)§7§ 32006006
(operate  c05)epdi 00058 gIE  qEdedCien( o) ewls(operate)opdi  aqOodenodEmieapd
$0.1/kWh [g6cgi€ 4.1 bar coo53qpaopd Bsas(pressure)gEeendigtelops mSoqepd gbea
(kWh) $& 0qi606e105320:003 63200503¢E GwS{goozoopd

Pressure Air Power Energy use Lost Lost
(bar) (m3/min) (kw) (kWh/year) (kWh/year) (€/year)
4.1 1.64 10.80 40,564 0 0
4.8 1.86 12.30 6,019 5,455 545
5.5 2.08 13.70 1,404 10,840 1,084
6.2 2.30 15.20 6,859 16,295 1,630
6.9 2.52 22.30 62,314 21,750 2,175
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powd GENd§RE cedgoonoden oBeocolalad 6.9 bar [g¢ewrE:aqiE(7 bar
compressed air system)oo®8s6cqi€ 2.52 m’ o%:q$ Saopdi 83260000 g&:3aEaopd 22.3 kW
[§920p51 ABsocoldlod eenliqSsnognd odsdagie 62314 kWh coopdi 00ds60g€ eguwran
€2,175 9026360001 006500gE 21,750 kWh gd:z0encm 220001200 8d:4ag0: A366dI

6.6 Plant Room Ventilation and Intake Air

Compressor gps 006e0€00800p9 329§:03 “Plant Room” vresl aopdi odoodess  (plant
room) 22038:5 compressor gpzo g§c00dc805eom sapyps(rejected heat)elopE 0FS oS
[48e:00051 Compressor ¢ ogodeom 3204203 ventilation $054gE spedimaczlie wudgp:§Eaodi
00bs5p5:3egE rvg(hot air)qpeo?d ventilation $0549¢ 9S00058Ea000N Ventilation cpdeoqepd

Go0eM20p5 compressor a§jEzeens Geo[gE compressor 03 e3aseENE [gapdgs(air cooled)

a3000d eelgé compressor o3 easeENC[GERS[E:(water cooled) $& compressor sagudzaens
COMPressor 3366330305 020503 3260l 03¢ vanpda0pd

Air cooled compressor qpszac305 3ma620p) ventilationaopd cgibodecom
g6320:(kW or HP) $&a34j00p51 agibodecbomeadicadodaopd ag6odgbimmapd 32098:358 (Heat
energy)=2[gba3 elgpEsognsoopdi Water cooled compressor qps3aog05033260009 ventilation 205
0gl60866506¢ 322%g[e3052005 gbsams(KW or HP)el 00 % gjoon|gdaogdi

;osel 2FE[E00d vaneogenognd compressor ¢ 0Qa5e53000 F0EPId =[Felgod

005000560:q$ 332600001 20Siel 2EFEO3 V5S8EDD 0SS con:feepdn Compressor
coxepd ocdefs(plant room)secged c3mabeom sagEdsacund(information)qp:od  compressor

c005pEaagP: ade g¥Ea0pS
6320531060055 gE0pd: 005088000
Pv =Quantity of ventilation air (m®/s)

pr= Q = heat flow (kW)
1.25x AT

AT=permitted temperature raise

Ventilation air o3 [g€og qupoo&aoodi sacgSqpdSagpoopd duct 03 3205:6[gjooEdh crogorepd
;605 (inlet)od e5eapCocdionnd §§ qodsnlged§ con§ootaopdi odelopé esaopd crogp:
oCaepad§Eanpdi [gEuw codgpa 3a§adgp: woeapadeogs 220305 deoMYE Téon:20E00I

& 6-q Compressed air plant 06903 eeblq consoopdn Electrical cabinets a0pS compressor ©

(§)e0(1500 mm)ooad Gecosaoeo
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distribution
cabinet

<°3 G-© Double independent system
¢ (6-©)ogE double independent system 006903 cedjgoonsaopdn 100% reserve system

0pcopds el adecp§ooodn Compressor 1 receiver 1 dryer o303 $698 onbs0CoonieomaelopE
00dd:0dsqd0gE compressed air system 205 0050005 3006ROes AB3&RdI

9600056pd o§om(exhaust fan)od air intake §o0pd $&61 qEdsoqE:adEonndare 0obsot
conso0&oopdi Compressor coad[gEaopd esepS 00690C0m: 20E20pdI Compressor © GaoOg:
26003 00050005204 exhaust fan oo edurag:8Gepdi crootamaopd seedlnde air velocity
2005 4 m/s cood egpzaogeol

0068080002005 0§03 thermostat [§& control cpde] Genlsao&aopdi B=ab00d 3204
DOFE GepdagE 08003 80508[gE: $E L5O8EDD ek coodgpPiagE oSomad
[g§eentgtssds oB[gE control cpS8Ea0pdI Fesimncnlsg 0598Ee0m [gads 30 000
[g€o =00q$ (outdoor temperature)cood 7°C aoogpeqepd

63200503¢ ventilation cpS505: Godjod ced[goonzoogd

I \ﬁ
=l @
\ Oplion 1 <::| <& D

o

Option 2 <,‘:| <:|
T
Option(1) Option(2)
|
ot |
(ommns 6 R | optiona <2 <:
Option(3) Option(4)

¢ G- Compressed air plant room ood9s: $05:3a§s§jfsC ventlation (pE8EGB ewdgoonzoogdi
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& 6-00 8§oobucdSorE oSomgps(exhaust fans)od oobeoooid] Fo[grrqEd50qC:dE $60pE
ecootedlodygpod onbeofoooopdi oSomgpid oodesi(plant room)el s2pgs s0500: sgPa?
aB0dq) cens[gts qd[g: [groSo0Ea05N

6.q Compressor sa§jzzs00:eg:qud[gE:(Selection of Compressor Types)

:20)glepdcpdesisé cofeagd 03058a0p) compressor sagjpeaen: egeg|ud[gEs(selection
of compressor type)aopS compressed air system ood9adiel 2800 2ag0d[gd0pdI 6330053
F2oOGPE0D 0gOOBOS 3GV:GVIE COMPressOr S0 Gg:gudE0RdN

(0) 00690Eq$ esepeoyd Adeanody o§

() 200p§ 900500093205 [gbedl g m&005qi05(Noise limitations)

() Compressor ¢ 0c5e0:8E2005 Bzans(Compressor pressure capability)
(G) Compressor ¢ codeusda0pd F[géad: crvoenan(Maximum flow rate)

(§) eqropodRt q§SCts oqpgst 5 saqpdaacags(Availability, cost, and quality)

) B35 eroaqscdzade(Need for oil-free air)

Q) q60dgdizan: c320c 0g8q 9Bewrod m§o0odgdyps(Electrical power limitations) $&
(0) 308:nsoyododss eqgpd op§agedod(Initial cost and long-term cost) o3gdo0pS

6.q.0 Compressor 0o&cd:00pd:000§o0pb System $& Compressor qpagoéoopd System
(Centralization or Decentralization)

Compressor 32[0%: 0060d:0005:03 32034q[gE: 936005 compressor cadgpagn 32034q[9E:
$0§Jp32505 0069903 6g:qSe830R05 gIdgPEIRd 0B S3a0R0N EOgds 6-7 ¢ O(6-
G)og€ load profile o3c805q) c0feqpoopd compressor sagudseon: $& 226632030503 GggIud
208003 eedlgaonioopdi
(o) Compressed air oqg] 0p$0005w0e §03EogayE [gdedlanepd odgsa(cost of a

production stoppage)
(9) q60d gb:zm: q§Cq(availability of electricity)
(0) eeocd=edq elpe:cd[gE:(loading variations)
(20) Compressed air system 0099 0056800055 0SS Ofod $¢
(c) 690Eq$ esep 320305 q§Ca(available floor space) oB[gdao5n
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Based Compressor

N
1
ANAAN
= Base Compressor |
| 1 1 1 ]
Hour

Trim Compressor

Chapter-6 Design Concept and Calculation

Base load o3 @woliqS$a00305 qpdQude] 0oodeo€aoniond
compressor o3 “Base Compressor” vy 200500520051 Base load

aB320p560 F[Fondsesoopd constant load o3 s3ado0pdi

Base load cood3qpsGs elgplicdesa0pd load o cuntiqs qobguds] 006s0C con:000d
compressor o3 “Trim Compressor” ¢pa005¢0520001

Air Flow in ¢fm
1000}

r -
: 900k Compressor 5 Compressor 5 Compressor 5
: 0off off off
1 800
Ipo== =t
i 700k Compressor 4 Compressor 4 Compressor 4
i Off Partially loaded Off
Computer Based=*} 600
Air System Z ==~ -"*
Management =3¢ 500 Compressor 3 Compressor 3 Compressor 3
T off Loaded off
1t 400
1b ===
! 300} Compressor 2 Compressor 2 Compressor 2
1 off Loaded Loaded
: 200
LR
100} Compressor 1 Compressor 1 Compressor 1
Loaded Loaded Loaded
1 1 1 1 I ] T
12:00 am 4:00 am 8:00 am 12:00 pm 4:00 pm 8:00 pm 12:00 am

¢ 6-00 load $Ea305p80005 compressor gps
Computer-based air system management 03603 @w5lgoonsdlgdaopdi coCengpHoopd
eoooean(flow) cdecmoda0pd 8sms(pressure) $& 3acomEiadieoon highest overall efficiency
o3e0:§Eaopdi Compressor qpgn cloCeoon multiple compressor system 2005 compressor o6ds

00520008205 single compressor systems 0005 3eamEzo0pd 3agi0dgpig> §oopdi
e

[a
5 E ¥ I(ASEII
! - rj KAESER I
- * &
0
g High
=2 Pressure
W - Users
—.— 0 b @& ¢ — = e 3 b @ ¢
Compressor ~ Separator BRI T Air Receiver 2 HT Air Dryer

Air Receiver 1

c';) G-o J High Pressure Air System
(High Pressure qq$20305 “Booster Compressor” 026s0& coso0pdn)

6.0 Centralized Compressor Installations
Compressor qps 920503203 0o5ess(plant room)onde so038:0€ sa0ponay “Centralized
System” 35[gd 00680E0os(gE:ad Fagpad: cogqEnR§ oot crSoyedcd $pd:00p01 Compressor
qp0d oodesepoopdigl obpondeoioonsg §E00N o500y 8&E:pE8EE J¢) efficiency
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eomEso0pdn [ggEadSiaddio 0§odo0c500000801 comEigy monitor cpE8Ea00N codpodeos
obeofaoneanaelopé esep oydioydoon cSaopdi Filter 1 cooler $& oodfgaeom auxiliary
equipment P =omEed:  [geInE  00690C§E00N  epodadegpodes  Bewpdd
eaqpspdieant [gopdes cgudopoopdi sagudseons Sadjimeen: woppdeax compressor gp:goopd
“Centralized System” o3C compressor gp:0d ©500007 sequence cwO[RElE efficiency
SeomEieoSEagdi
Decentralized Compressors

Gooicu50005 compressor qps c33a600p656p Bowpdd sadigepdesepaadiog oodeod
c02i{gCsgda0p5n Control cpdq§ 00532051 [g[gEB§:038:9$ 90552005

® Filter with
marsan Eco-ram AMCS
— =
e
» l@ .
. . Condensate
Compressor Receiver Refrigerated
Treatment
Tank Dryer
(? G-oQ Single Compressor System
i B | Separators
“ Filter with
Eco-Drain AlLs .p.;..
| 4L
: ]
| —
) @ I— 171
| l - .@

" ) 1IJ Refrigerated Receiver  Condensate
Compressors Dryer Tank Treatment

$ 6-og Multiple Compressor System

Separators

Filters with

¥, "
Receiver Refrigerated = Condensate
Tank Dryers Treatment

Compressors .

Q G-og Multiple Compressors System with redundant clean air treatment
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..o Power Source
ogdobesdon(Electric Motor)

0q00deedomgP:a00d v€ruudeqgdso(gE(sea level)oeo(0000)3a(gE 20038:S comEgn
een&:§Ea0pdI 6roomEFE 40°C(104°F)3503 [gCo0pd esepypiog cudomgpsel gd:eeonCepd
0e[pE:ndd eenl:8Ea0pd
28qi€(Combustion Engine)

Gooodsms(atmospheric  pressure)soddgla sa0q$[gEoncdam[gla  humidity $p5dgE:
a300p0d 6oad0Re 68305BqIE Clo€esobigl: o0pdadelopé Baudsalqlabzmiad ayeots
c08E20051

Main Plant Air System - High Pressure System
Pressure (e.g. 100 psig)

N

= 3 @ High Pressure
= Filter
$
f‘ =
. IﬂgSlI ) @ ¢
Booster Compressor High Pressure High Pressure Air
Storage Dryer
¢ 6-06 Schematic of Plant Air System with Booster
psig
A System pressure (psig) @ ................................................. 110 psig
@ ...................................................... 100 psig
...................................................... g[] ps|g
5
Maximum sustainahle flow O
Flow (scfm) > TIVE

¢ 6-0q System Pressure $& Flow(SCFM) so0508003esh{goonzoopdi

pOwd - COOB§ewdCie50000 compressed air system oodeai actual demand ¢ flow pattern o303
ewdlgoonsoopdi Flow $¢ 33as(pressure)o3oopd elgpéigSsonded(inversely related) eso0p5
Point 1 20p5 system pressure [g620p5u
Point 2 20p5 aB3a§§(Point 1, system pressure)s §oopd GoagSe(Flow[SCFM]) (8205
Point 3 ©oB&al3§§0pC desired low pressure set points 100 psig ¢ 90 psig ogjeoCsognzoopdi
Point 4 =pon0delogpEadeadd Point 4 g€ actual demand flow 3a098336E: [gEonodangalopé

system pressure oqjao:0z04gEs [gd20p5
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Point 5 [§6conzoopd(hatched area) e§oxaopd c00598E0pd crudigss(flow)oond Sqproopd
0w [gda05i

Baans(system pressure)o? 038:002:8Eq§ 320305 actual demand flow 2005 CLE5$§Ea000
flow oeamnoood Jogpegs cSaopdbi aB03ad actual demand flow [gEoooHo0pd3a6] 330:(system
pressure)oog|ogRieoqs S20305 YGAN56 storage capacity a30wrod 3agudsaoniokensoopd
eoocanEons(receiver tank) oodeofoong cBoopbi eroeaenEand(receiver tank)oopd peak
demand e[oypE[gd$Ea005 Bzaiogeotigod caqpsodieo§Eandi
€.0. J Annual Electricity Cost(0o85600 agi606ea05320t0 mp§oyedodogadlgts)

BHP x 0.746 x hours x cost

motor ef ficiency
BHP = motor full load horsepower (1 HP = 0.746 kW)

Hours = Annual hours of operation(c06$6 8203E:66E:0000508cdIE:)

Annual electricity Cost =

Cost = electricity cost in $ / kWh(cqi60de0532:0)

Motor Efficiency = motor nameplate full load efficiency

pow [gEseomEaq Joo)s22:(200 HP) compressor oodadsei motor full load efficiency 205 @g%
[§020p51 00bsbaa0z8: $0§edlC:(Gokn)ewnting€ codsbonmSmend agdodenodemten’ qpdli
0q008e0582:955:0000 0060R$O(1 kWh)agi€ 0.05 edlan §8:gdoopd ($0.05/1 kWh)

200 hpx 0.746 x 4160 hr x 0.05

A lelectricity Cost =
nnual electricity Cos 095

0065620305 q00der0dzIe MHSMye§od 2005 $ 32,667 [§E205
Compressor modulation pow> Compressed air system o3 GeRCIq$20R05 G3GSAZIOIYPE

9@800E: qo0pd
(o) Reciprocating Compressors 1, 2, 3, 4, 5 o3¢ compressor Skads§oopdi

Compressor | Measured Capacity | 'On' Load Load Time | Unload Time
Reference  |CMM (@ 7 kg/ cm?)| kW 'Unload' kW Min. Min.
Compressor 1 13.17 115.30 42.3 Full time* Nil
Compressor 2 12.32 117.20 51.8 Full time* Nil
Compressor 3 13.14 108.30 43.3 Full time* Nil
Compressor 4 12.75 104.30 29.8 Full time* Nil
Compressor 5 13.65 109.30 39.3 5.88 min. 39.12 min.

* Compressors running in load conditions and not getting unloaded during normal operations.

3200050] IgIOdGP:03 32094g|e) compressed air system o3 s0&:06Ali

0305l
Compressor 5 ¢ cycle time 20pd 45 minutes (39.12 + 5.88) [gd20p0u
(0)  Compressed air ¢ 00056022005 Grococopd(generated in M) o30R05q$
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GomEs0005038 Chapter-6 Design Concept and Calculation

Measured Capacity 20p5(m*/min) [g®20p51 eoococopd(air volume)od qq§ capacity
(m’/min) $&eenC:q$(45 min) o3 elgpoSqedi

=45 (13.17) + 45 (12.32) + 45 (13.14) + 45 (12.75) + 5.88 (13.65)

= 2392.36 m*

())  Power consumption (kWh) o30g05q§ Compressor 1 ¢ Compressor 4 320303E unload
time o3&:o§oli Compressor 5 o3& load time (5.88 min) $& unload time (39.12 min)
[§520p51 Befopé
= 45/60 (115.3) + 45/60 (117.20) + 45 / 60 (108.3) + 45/60 (104.3) + 5.88/60
(109.30) + (39.12) / 60 ) 39.3
= 370.21 kWh/ 45 Minutes

(p)  Compressed air coobeos0pda00pS (actual generation capacity - m*) 30305
=45[13.17 + 12.32 + 13.14 + 12.75 + 13.65 ] = 2926.35 m®

(G)  Compressed air 03:35&: (consumption rate) 03c305q%
= 2392.36 / 45 = 53.16 m*/minute

(§)  Compressed air 93:358: (consumption rate)o? epdCs:(% of capacity)gé eudlgadagé
= [2392.36 / 2926.35 ]/100 = 81.75%

()  Specific power consumption 030305q$
Specific power consumption = 370.21 / 2392.36 = 0.155 kW/m?

(@) Unload 32§§03¢€ 03:82005 g&:3aEowncm
Idle power consumption due to unload operation = 25.62 kWh in every 45 minutes
cycle i.e., 34.16 kWh every hour.

(®) Unload =§8038 gb:maCadigia(loss)qpeoopd compressor  soon:  20&eagdoopd
compressor sacoden: 0060d:0be0le) 6edC:8E00n (A suitable smaller capacity
compressor can be planned to replace the compressor with highest unload losses.)

G.e Rule of Thumbs

“Rule of Thumb” e820p5¢> 32[036:30dgE 9§08 0305q05aqPdgapdes =20d:g 8205
00$8sqpefgdoopdn 83262000  2agodIECLOdYP: 220833007 ©q8Ea0pbeadl Rule of Thumb
00$8:qp:03 326[gde) 03059/09g4P: 00AVNA[GIYE8ERSN 20EengPapd vrsogEdyp: (suitable
assumption)[gjcode) Rule of Thumb gpso? [gEe0€ [g@oonsoopd

(0)  Air compressor qpoopd 8sas(discharge pressure) 100 psig (g€ 4 CFM 28wupod 5 CFM
000560:qS 220305 [4E:e0mEeq 00660 ES:(1HP) 862005

(J) Compressed air system gpsel 8290530203 c305¢] 1000 CFM 00058350305 S oy0§05
mcedomsedcn( jg)eoe (90)so& cmrsagoopdi [g[gEad8:a86:e0805 (maintenance cost)
AloCaopbi

(p) Qdsms(pressure) 2 psi cogpq¥Codts efficiency Seomsomn(@ gdizaadsga(emergy
consumption) 0% eagpRspS:86epdN
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(G) 4CFMo 5 CFM 100 psig 0300056$320305 005¢6:320: [gE:60mEeqo0de0mE cdzab2005

[g8:comEaq 006coMmEIMB 00dsbLHd: Zesondulodewntingi€ $750 on§ogepdi
(0160662053302 00duRsd(kWh)agq€ (00)s0E5S: (10 cent/kWh)

(9) [gEeomEaq(go)sa: (50 HP)§eox compressor ¢ 0odg§agiC 126,000 Btu so00edno?
g&000500051 (Heat rejection cpdedi)

6)  320§8(000)80§>qEB05(1000F)§eoon saturated compressed air 320383 e el
eqeg(water vavpor content)e 100 CFM compressor o3 sa[gondseentioonagié q§§Eeom
662005 0desIE 6qe[gPaddlad(6 gallons per day)gs: [gdoopdi

(@ 832 100 psig [gEewnCiesa0pd compressor ¢ ogodaonaopd compressed air 03 eq[ge
:em:dd0g(water-cooled after cooler o3od:)) 100 CFM 03C:320305 00685060gE
6q2d:0lcdgS: 33600051 (3 GPM per 100 CFM)

(9) Saturated compressed air ¢ 20°F oge08:6320¢8 [gopb8EngiE compressed air o33 Agoopd
eq:eqegiloCy(water vapor content)si §o% 0pS condensation  [g&oga:3&edi

0085p5:3949¢ eq2e[9693 algpiagzr:adedi

(@) Compressed air filter [§¢ 0&[G:agodanoopd compressed air 2005 086036505 320005q)
6$20p9 GLC00S 3906AIE: $685:308, 3¢ 20840000

(00) Compressed air system 00d90gE A§oopd compoment gpseascd: (Sodgpsdlo&aopdi) &l
Baansoyeolsg(pressure drop)aopd 15 psi cood JogpsooCeon 0odspSeedgE 15 psi

00055 qodi

(00) eroeanEmi(storage tank)el sagudseontegiqdepogE demand profile o3 soc(gd
20&a0pdi System 3agp:9f cdecnndeomaeroeaynEms (storage tank)sagudsaen: o§o3dh
eoeaonond(storage tank)od [03:eeaE[gpd[gioond system 0od9deligdizaonepd
(Performance)3eomEieoqssncgnd  eqpsaedledisodi(samnsmny  20500:adi6000505:)
[g20p5

(.20 Air Demand Analysis (ADA)
Point 1 20p5 0o6e0€aon:00pd compressor gpze GroagadgSs(capacity) 9ocdlEdgdoopd Total
capacity 23o0pob total air available from existing system [g®a005u

Point 2 20p5 peak production demand 20p5 q§8€2005 Groogadsss(available capacity)ei po%
[g2005

Point 3 Leaks 1 artificial demand $¢ other non-productive factor qpzao3p€ air consumption gp:
¢5[9Egd0p5n ad non productive load gp:03 cagpgi8Eesnt [pozontaopdi
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800.0
750.0
//'
700.0 7z
Total Capacity
650.01 i (740 cfm)
600.0 :
/1> Available
560.01—— S A S B ~-Gapacity
E (360 cfm)
S 5000
@
S 4500
= '
E 400.0 —Max. Plant Demand (380 cfm ,J
=
> " F‘ NLA LA
s "IN 1 5Y
g ~ ‘V- \. ] Average
E 2/ SR T i Leak Level
[x3 k I
7 N
/4 LD
-\-’--\-/‘—-\a;\\_”\%
oL
Production «d ‘ ann—pLoduelive oad
] 3> (Leaks, etc.)
N (170 cfm)
0.0 J
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00
01:00 03:00 05:00 07:00 09:00 11:00 13:00 15:00 17:00 19:00 21:00 23:00
Mon 5/18/2009_Avg Tue 5/19/2009_Avg Wed 5/20/2009_Avg Thu 5/21/2009_Avg Fri 5/22/2009_Avg

|

.00 Air Demand Analysis (ADA) 0269[gj0056002:)

Sat 5/23/2009_Avg Sun 5/24/2009_Avg Mon 5/25/2009_Avg ~Tue 5/26/2009_Avg

.00 Compressed Air System $&000563800p5 Reference Code gp:

Compressed air system 006903 83E{gopdesi o0beolef copduodes ¢ [ggé
0382086298 AB300305 63305 0pSiqdiopdimGigpid B0d50qs c8oopdi Code  gpzaopd
§EmomsE 20053Ee05c0pd: odeolaraddgoopd SEEqpd c8odq) sas0biced  opfapig
8882505
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 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
ANSI/CAGI B19.1, Safety Standard for Air Compressor Systems
CAGI B186.1 Safety Code for Portable Air Tools
ISO 11148 Series
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Safety related regulations and standards
EN 1012-1 Compressors and vacuum pumps — Safety demands
EN 1012-2 Compressors and vacuum pumps — Safety demands

Pressure safety

EN 764 Pressure equipment — Terminology and symbols - Pressure, temperature.

EN 286-1 Simple unfired pressure vessels designed to contain air or nitrogen —

Part 1: Design, manufacture and testing

EN 286-2 Simple unfired pressure vessels designated to contain air or nitrogen

EN 286-3 Simple unfired pressure vessels designed to contain air or nitrogen

EN 286-4 Simple unfired pressure vessels designed to contain air or nitrogen

ISO 3857-1 Compressors, pneumatic tools and machines - Vocabulary - Part 1: General
ISO 3857-2 Compressors, pneumatic tools and machines - Vocabulary - Part 2: Compressors
ISO 5390 Compressors - Classification

ISO 5941 Compressors, tools and machines

SS-ISO 1217 Compressed air technology — displacement compressors — delivery tests
ISO 5389 Turbo-compressors — Performance test code

ISO 7183-1 Compressed air dryers -

ISO 7183-1 Compressed air dryers - Part 2: Performance ratings

ISO 8010 Compressors for the process industry - Screw and related types

ISO 8011 Compressors for the process industry - Turbo types

-End-
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