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Chapter-1 Fundamental and Basic Concept

Compressed Air System qp:od GOQOE$320305 GG Ocro0g3gps(properties of air)
elopCn Bams(pressure) sadpdpzaclops: $& Jodmp0pl:d ecogp: B:eolsfgls(fluid flow)
:6[oPpE: 303 2aae[gdogioy) 0gi6i0yCg §9:00p5 0eoMedlades 836005

0.0 83(Pressure) $& aooumgud(Vacuum)

8ams(pressure)sdoopden oodursdeduned ot aoodeepodesoopdaas(Force) afowrod
e (weight)od  8c300di 6q a3ewnod 6o (fluid)ood§el  3saos(pressure)aopd
aB0bes0pd esepaadiel qodso[gE(surface)edl g€ aondeepadesaopd sas(force) [gboopd

L, )
e Pressure

ecosgSelopE(weight) esepeaded ol 20056epoda0pd3:(force)elopé
Baos(Pressure) [gbeold 830z 20056epa5020 Bzons(pressure) [gbedld
Pressure is L2r¢e Force
Area
Small Scale
mass = m
2 ‘
Pressure l
S —)
Pressure is a measure of the linear Pressure force acts pempendicular
momentum of the gas molecules. to enclosing surfaces.

& 0-0 Bzans(Pressure) 20p5 scalar quantity 0o&9[g6o0p5
(Direction o§ 1 magnitude 0o0§aop5n)
odeg  GudABoyoneoigps(gas molecules)sl  gdse|gpeaodl:  [gdeoozaLHs(linear
momentum) o3 8sanz(pressure)opcopds s3§Ea0p5
c0e3E305000:00050 Gsepmaptid qodsngE(enclosing surface)eol 98 GoonCo§eao3C:s
(perpendicular) 2005eepodesaopdaas(force)od Bsans(pressure)opcopds 938Ea0p0N Bsaiond
2608832 (positive pressure) ofeopod op&ionsea: $C 92505 Bas(negative pressure)
0300705 GrouM$0S(vacuum)ope) $6§E §oopdi
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Air Compressors and Compressed Air Systems

W ffp AT,
A=1m’

1 Pascal = 1 Newton
m?

$ 0-J 8=om2 1 pascal 03 codjgoo:d

variable level

N

normal
atmospheric
pressure (a)

Low pressure

eomio0d03§,

High pressure

actual pressure

=

=

local
atmospheric
pressure
(barometic
pressure)
bar (a)

zero pressure (perfect vaccum)

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

v
=
absolute
pressure
bar (a)

& 0-p 820t :§§jr0303 cedlgao:d

ecuo?gsms(Atmospheric Pressure)

vacuum bar (u)

absolute
pressure
bar (a)

08cudd eagEdsofgE(sea level) edlad c00deepodesaopd Bsans (theoretical standard
barometric pressure)o? SI va$6 $& IP 056 o¥gE eedlgoonzaopd

Torr kPa

Inch of Hg

M Bar

Psia

Psig

760 101.4

29.92

1000

14.696

0.0

Goo0d3s(Atmospheric  pressure)coo58§0p5  8sa:o?(vacuum  pressure[Pvac])op
eoloopdn 83z cdo codogesnt [gopdy egfteonopd Groomsed(vacuum)od “Perfect
Vacuum” (Absolute Vacuum) opesloopbn oodgodesandqé 8sm: cdoud(zero pressure) op
Bc8aopbi  erooodsms(Atmospheric  Pressure) 000586 perfect vacuum  cooS[g&aopd
8zans(pressure)o? partial vacuum opesl oS

esepon(space)ag ©pdaopd 3a6g(gas) Bevpcd Feepd(liquid)y] ©§oopd seegsses?
cooomsod(complete  vacuum) [§8e$2005  0resl 20pd

pressure) 0rcopd: 9005600500001 ©pda0pd Bsantodesd od complete vacuum  a8ewrod zero
pressure ¢ 003Ezq) §§o0p20083: o3 “Absolute Pressure” ;pa0050052005
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eomEs0005028 Chapter-1 Fundamental and Basic Concept

Molecules Perfect Vacuum(Absolute Vacuum) 0005

© o d o o e © 0 0o o 0 kgf/cm2

o -] (-] o
© © 0o o o o © o o o 0 mm Hg

o ¢ o o
0 ° -] ° o o -] o -] o o o o O O Pa
e © o © -] o © & © 0 H

6o o0 o 0 psi §&
o 9 0 0 © o 0 0 © o

0 in Hg(0 mm Hg) o3[g&a05i
Atmospheric Partial Perfect
DFESSUI_'B_ vacuum vacuum

$ o-G Partial Vacuum & Perfect Vacuum

Goo0d33(atmospheric pressure)oo&d: $& gauge pressure 0088 o303 GOIC:gE
“Absolute Pressure” 02§8:03 goopdi

0085p5:3004g¢ B3i00deel qpdppSiepaacad(reference point)aopS complete vacuum o3wopod
zero pressure [gdagi& o38gmzel 00§83z o3 absolute pressure(Pabs)on§8s vpo005005a05

o€couSeqqedsn[gE(sea leve)3§oopd Bsomod  eocodas(atmospheric  pressure)
(Patm)oy ealoopSi Pabs $& Patm o3 §E:0pdagi€ Patm 20pd Pabs cood 14.7 psi Sgpzaopdi
adalo3p¢ Patm 2005 14.7 psi absolute (9005 14.7 psia vpeegane§oopd

Bs:03E:00p508§ux (instrument)gpzaopd  gqpicomsmdg  fluid  oo9gel  BsanesE
ecocodas(atmospheric pressure)od ofepiqiodod oBEgE{gdaopdi 03E0pq§oopd83a:a05
ecocodas(atmospheric  pressure)ooodgpiagi€ “Gauge  pressure”(Pg)op esloopdi Absolute
pressure 1 atmospheric pressure $& gauge pressure o3el 8005030080560

Pabs=Patm+Pg

psig = psi &1 6§20503¢ g [gGewdlgagiC “Guage Pressure” [g62005n (positive pressure)
psia = psi &1 65205038 a [gEeudlgagi€ “Absolute Pressure” [§620p5n (positive pressure)
psiv = psi & 6§00503¢ v [Gewd[gagi€ “Vacuum Pressure” [gdoopSu (negative pressure)
Absolute | atmospheric $& vacuum pressure 03 & 800533058j05¢0

Paps = Paym — Poac

Atmospheric pressure ¢ Vacuum pressure o3 §050qi¢ Absolute pressure o3q20pSu

c'} 0-§) Compression Gauge c[) 0-& Compound Gauge cg 0-q Compound Gauge
00§60 pressure gauge gpzaopd vacuum & gauge pressure $6§:ad:03 03E:88esmE
[g109600m20005n  Compression gauge [g¢ gauge pressure o3 20003E:8E20051 Compound gauge
[s¢ guage pressure $& absolute pressure $&§:ad:03 03E:8E2001 00dsdemagE compound
gauge [g¢ positive pressure $& negative pressure(vacuum pressure) $6§jzad:03 038:0p8E 2051
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Air Compressors and Compressed Air Systems eomio0d03§,

pown - Compressor ooel suction pressure 2005 5 psiv [g6[G: discharge pressure 20p5 60 psig
[§620051 B compressor 20p5 8z 0pdqio3iesE [gIrpE8Ea0s5s
Pabs = Patm — Pvac = 60 — (-5) = 65 psi
Gauge pressure 8300p0¢n gauge 9800pdd instrument [g¢ oBC:qeoon 830}
aBc8aopbi Absolute pressure 20p5 gauge pressure $& atmospheric pressure o3edlCss] qeoo
Bzogqboopdi Standard Temperature & Pressure (STP)e3o0pSen 14.696 Psia $& 60°F(101.33

kPa absolute $& 15.6°C)0303 a3a300p5u

Suction Discharge T——-—— ————— Discharge pressure of gas
gage gage .
5 psiv 60 psig asJ o 60 psig

@ L : - Atmosphertic pressure
§_5psiv PSPt
OJ ] —hmm— e T Suction pressure of gas

Zero pressure

@ 0-© Suction pressure §§ Discharge pressure

0. J 22¢(Heat) $¢ 220§§(Temperature)

;o (heat)adoopden 20§ (temperature)g&oopdesepe 320§ (temperature) 882005
656pad 308e0gpadBeods(transfer)ognzoopd gd:maCod(form of energy) 0oddje [§520001 320§S
(temperature)s3o0pSen 3a6pogponde Bewrod [goodeel savelopElgdeomn cgdepsg (thermal
activity)o3 eod(g[gigdoopdi sagelo3plgbeoonagdepig(thermal activity)aopS o3 [googpimacyEs
eedBogjqpeel 3a0qi€(molecules velocity) edloE ©oopSa0pSn 3208 (temperature) [§Eaopd
epogigP:aopd  sapelopElgdeom  cpdepsg(thermal activity) qpgo3oopdn 93605 [30ogy)
2098 codBojrgpseisacgE(molecules velocity)o? 0305§05 o3E:0mqf ©[gd8Er Belopt
206l [§6600m0adgpig(thermal activity) opdgiqpoopd Boupod $o5:a0p003 B8EGSe0R05
:205$ (temperature)[g¢ o3E:0maew0d(g (030005

Heat

Temperature Thermometer

How much? L,—-————\J
$ o-@ 3p9(heat)o? 20 (temperature)g&o3C:ond

m0(heat)oopd 20§§[gCep(high temperature)o s20q$86ep(low temperature)od ©p52005
20p3303¢edlod  3c3mpegqpad B:e08:8E800001 3208 8[epasiqod(temperature  difference)
o§ogi€ 32¢8:e08sq (heat flow) c[gd&Caon

20S & 0psb2005 Fahrenheit | Rankine 1 Celsius $& Kelvin o3[gdoopSi
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eomEs0005028 Chapter-1 Fundamental and Basic Concept

0.9 [3oogpiqpech 32§5e0:3008§ (Absolute Zero)
O 000 EPoPIP:RE  cooler Warmar $ 0-00 Absolute Zero State

substance substance
eeS8oyerogps
=

e Ow

) =

.‘[ . . L[‘]‘l %
,

o° o :oo epogqP:a0gtsd  cudaBoyjrecoigpiaopd  apdepsg
100 4 bo-22erbols L 573 (motion) cdioon€sdaopd sagfi op§elg(vibration) efeorpaopd
s0 L 10 % 3280503 “Absolute Zero”v 6sled 2005¢00500p5n Absolute Zero
o | L waterireezes | 3% 3805058 3a6pogniondeaoph 399g8iaaE3EadEqmEgagatonpd
4 b 250
50 4 -

- 2 Absolute zerooopSsaepogrIEd9el 228690:30qS (temperature)

'::Z W - 150 [go0p5n BefopE absolute zero [g6e52005 saepogrie ©p52005
e i AL 100 300538 (heat energy)odq cooduag) eg8Eeomeon Absolute
-200 - L 5o zero $& 0°C (zero°C o3 zero°F) odsC woppBelopE: coaB(gicl
g?g il):__gl_nfgl_u_tf_z_e_r?__ilg . Absolute Zero oaé 0°K 3%90‘[)08 -273°C 0%@0?08 0°R 3%90?03
-460°F $C80005
$ 0-0J 9qEU305 oeans(Fahrenheit scale) $¢ 08o30§05 oeans(Centigrade scale)
273K = o S Fahrenheit Rankine  Celsius Kelvin
2552k —|f— —17.8°C O°F 460R -
212 F ——672R 100 € ——373 K
32 F ——492R 0C——273K
—a80%, 0F ——460R
0K =18 w . 0R — Absolute zero
. Absolute zero

—-273C——0K

Flvin_‘ Rankin —-460F——0OR
$ 0-0p g3 et $¢ 0E030§05 ez 036 Absolute Zero

.G Absolute Temperature oco:(Scale)

Thermodynamic  ogpqpee[gql:asss  FopqSao0p§860005(very  low  temperature)
c6csgpizacg0d absolute temperature scale $8903 3203gjoopSi SI opsdel absolute zero scale
2008 Kelvin scale [§8o0p5n 0°Kelvin(0°K)20p5 -273°Cs& 08100051 IP unsei absolute zero scale
2005 Rankin scale [g520051 0°Rankin(0°R)2005 -460°F $¢ p8gjoopdi
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Air Compressors and Compressed Air Systems eomio0d03§,
Rankin = Fahrenheit + 460
Kelvin = Centigrade + 273
Kelvin oconedl§ sa805codqpa(division)oopd oEo3o§odoecan:(Centigrade  scale)ed§
2805c0Sqp:(division)s& 080005 IP opsBel Absolute zero scale 20pS Rankin [§6a0pSn Rankin
o060l 2a80dcudyps(division)oopd wqudndosms(Fahrenheit scale)edl§ sa8odcudypist
0pp8a0pbi o€cBndcdoeans(Centigrade scale)od -273°C 320350£030503E Kelvin 0con: [g20p5
wqu3odoeo:(Fahrenheit scale)o? -460°F 208 s0§c8050qE Rankin 0cmsgda0pS

0.§) 220§§ (Temperature)efpE:cd[g:elopé cpcopd(Volume)elgpE:cdfge:

"eo(ain)y seeco§§§oopdt 6eooRd  esepupopSI“adoopdad  0odslonds cnddes
0058020520001 0gudepaopd 06:006g4p: BuS3E[GIRS[gELYE §2:0058E200N
coooocopd(volume)oopd  Becomgs(temperature)od  c8odq]  efgplscdesoopdi B
(pressure)o? we[p&:cdemnE 088:002:8EgE cropd 00de0dcoeomgs(definite rate)yé
oqoS[g§[gEs(expansion)s$ o), [g€:(contraction) [gbccl o005

Volume «Temperature ( Pressure = Constant)

0.6 8zz(Pressure)elgp&:cdfgéselompé eroopoogb(Volume) ejgpE:cdige:

2009905005600 F26§EH0PY Gond Bax: (pressure) epEieuigé odecvel coaoRd
(volume) e[gpEscd20p5u

0336390005 Gruza0ga5mem erodegypi(gases) 3cd: 320305000 OSMS
2001 Superheated steam 320305005t ©£0§20001 CVSERERE ©Rda0Pd edddegaduad =S
:50:cdm038: qElgSgy 8a38[gE: (compression) [gepdogi€ 0§ (€005 corooRd
0R05gIedggP: (RuSmpEEa$ 22030500 2pds (temperature) 6lgpE:ad(gEs ofop vrsoozEdgESgE:
562005

v2 P1
Vi P2

P, = Initial Pressure (psia) P, = Final Pressure (psia)
pown - 3 ft’ cocopd(volume)§eon socolsl(cylinder)ondesaoglsd 14.7 psia 3330:00di
a3s0c0E3l 3203E:§ 603 13psig 98 eepadesNE 8a36(compress)adodag€ eooapoopd (volume)
©pq) [gbopdeeSu
Initial Absolute Pressure = 14.7psia

Final Absolute Pressure = 14.7+13 = 27.7 psia

V2 = V1 P1
B P2

=3 x 14.7/27.7 = 1.59 ft* Volume @ 13 psig

pown - Bzanz 25 psig 63n0503¢ cocopd 10 ft¥ eommecond 75psig Beepodesnt 886
(compress)c8a5aqi€ final pressure o3¢ §epd cooopd(volume)o? gpdh
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eomEs0005028 Chapter-1 Fundamental and Basic Concept

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

V2 = V1 P1
- P2

=10 x 39.7/89.7 = 4.43 ft> Volume @ final pressure 75 psig
0.q Enthalpy
Enthalpy 8300p5¢> [gbogiondeon a8eapntoosanpd sagownan(heat content) [gdaopSi
Heat content $& Enthalpy 2005 928go0Sopoopdi Heat content a3wupdb enthalpy 2op5 [36ogg|

oboel 3208Ea8Eq(property of body)od ewdlgoopd o0§8: [gdoopdn Enthalpy $& Heat aopS
328¢005 0opo8dl

odesepe safgpiondesepad opselgaCs(transfer)og:8Ea00d g&:aat(form of energy)

o300 3ap(Heat)mo[gd  200500d00p51  saepogriondec 208E0Ce aJewrod  adeapnd
038:e0p5500020009 32003 Enthalpy 0p 20050050005

Enthalpy 2025 [300gpi00890 eagpio0d9ad  on:agps(transfer) o2:8Ea000 gb:eal
(energy) $¢ o3$800p0g8:3E (energy) $6§jradC:n? eudlgoopd 3203EBEquwan [gdoopdi

poen cpondeoncdel 6g elgpl:8Caopd 3EadEgaopd sap(heat)sé cpoopdi eg celgpt:
§C20p) 3EBEesC waeg c[pC:8Eopdmaep $6960ICo0p5 Enthalpy [gdo0pSi(sog$3280532008
20305 [gd20p5n)

2epogIood9el 320383 a3oupcd BeapdE BéeopSiconiopd Enthalpy 3200303
gz oodesepad opse[gpS(transfer)§Eagi€ Enthalpy oenansé Heat owoan o3 0poBfog0025:
adeood coodeogopt  one[gpi(transfer)§Eaopd  sap(heat)owdanoopd  afeaené  B&eopds
0020009 Fgoenan(enthalpy) cocdspd: eapdoopdn 0odsobiendgé  BeaprCoonooy) =20
30:0080% 20 opsolesnt oxelgpls(transfer)odq 3a0g&300d:00p5I ((Po2dEuNA5005 opel
3EaB8E004| 32:0%:03 oodgproay$ g§RodeL:digs S0l [gdoopdn)

sooe[gpCsg(heat transfer) [g6q$e0305 208 [gres02q05(temperature difference)

§9S c3o0pdi  3EBEqgpiopmamn 3EBEG $00:0903 GuIMGgEloiecy §ooodad Enthalpy
[g820pd (temperature [g&oopd)saepogpiemax  Enthalpy  86o0pd(temperature  862005)
2epog|adad, 30gps(heat) opsalgpEiognigEs(transfer) [gd8Co0p5n

Temperature | Heat $G Enthalpy 0303 q&scols o3[gpsgn §0:c0p5q§ 30 Temperature
2005 [30ogio0b96i “Thermal level” a300pod “Thermal Intensity” 63005 [edoopSi Thermal level
[462005 [360gi0005 220§§ (9GRS 320§§[gE0pS [3oogy|(high temperature body)aopd a0
3Ea3Cq(Enthalpy)gpzoopdn 0065052825 sa0padeapnamigypaopdi oBEnthalpyade opelgpt:
(transfer)$E2005 32096:3aE0300 “Heat” vre|gpaed [0300p51 saponie(gpCig(heat transfer)gdq$
205$[gE00pd (cutepd)eseps 20 E§600d (C0add0pd)esepad S:aoiopd sapowdan(amount of
heat)aop5 mass edl ogEaopSs gopdoopdi
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Air Compressors and Compressed Air Systems eomio0d03§,

0.6 Gas laws

Boyle’s law 32q 320§§ oa[gpE:adagiE(constant temperature) dsans(pressure)s¢ apoopd
(volume) o3ell algpodamns vegpéicdeon 630050 P84gEigE ewdlg8Ea0pd
PixV, = P,xV,
P = Absolute Pressure (Pa)
V = Volume (m®)
a38q[gCs32q 0 Sec[gpCscdS(constant temperature) cocopS(volume) 060050303
$0520g0200p9326] Bzans(pressure) $6s0gps cdc36wdN Charles’s law =26 8320t wegpEiadagC
(constant pressure) eocbeg 0od§§jrel cocopS(volume)aopd =apd§ (temperature)o c30dq)
e[gpE:c320p51 630053 p84[gEgE esdlg§Eaopdi

vV vV — P
71 _ 72 => AV = =L AT
T, T, T,

V = volume(m?) AV = volume difference

T = absolute temperature(K) AT = temperature difference

Boyle’s law $& Charles's law $6903 edl€:060005s08 Gas Laws [gbedlconaopli Bsans
(pressure)i cocopd(volume) $& 0§ (temperature)o3oood 00d9sE b9 33[gEmvS 00500
650300051 AB2%:9205050 00699 G[PEBAIE TS 5692005 A30dq) elgpEicd0pd

pxXv
T = R = gas constant
p = absolute pressure (Pa) T = absolute temperature (K)
v = specific volume (m>/kg) R = R/M = individual gas constant (J/kg x k)

R o3 onodeg(gas)ondeel 038:6000083: (individual gas constant)sagd 0050050020005
e2056g(gas)ond9ai mass (m)o3 v = specific volume (m*/kg)e codde] 28qgE:a? elgptieqenyC

PxV = mxRxT
p = absolute pressure (Pa) m = mole mass (kmol)

V = volume (m?) T = absolute temperature (K)
R = universal gas constant = 8314 (J/kmol x °K)

Compressed air

1 . - »*
1 *
Y * T Pressure energy
! L]
o 3 . Heat
L]
r = ! h
R B
e T s Compression
$ 0-0G 1m’at7

7 m® at 1 bar (gauge)
bar(gauge)
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eomEs0005028 Chapter-1 Fundamental and Basic Concept
0.@ 22e[ge0e50009¢ 3afgi3a6[geec500093 efgpl:cd[g:(Changes in State)

e0d6g(gas) 93ewp0d GausH 226[g3e$0090 [EIear 3636500093 6[gpEiadd
(changes in state)od Pressure/Volume diagram [g¢ eqge3q) eapaongEoopdi ss(pressure):

cocopd(volume) & =00§S (temperature) ©20p0030000 §§sCa0g) egplicdeseomnaeops
0C§ead:o(three axes)gé copcongs c3o00bn o8eo0d Pressure/Volume plane 5000 22800 0oz

G0pan{030001
[036:399g¢ e205eg0d§djE SJeupod erond 885[gE:(compression)elopE Fecfgzacs

00690 s[gpieon 206[gEe5$000933 6[gpE:cdd(changes in state)o? [goop CkS fgprecocm
§E2005

(0)  Isochoric process (constant volume) - cocopd we[gpEcda0pd [gdod
(J) Isobaric process (constant pressure) - 830z 06[gpE:52005 [gd0d

() Isothermic process (constant temperature) - 220§ oc[gpE:52005 [gd0d

(G) Isentropic process (without heat exchange with the surrounding) - s208:0pdgCs ©&oopd
[sb0f $¢

(§) Polytropic process (where the heat exchange with the surrounding is stated through a

simple mathematical function) - 2280 8a0qP:Bion:a00d [§60d oB[gdaopd

0.0 Isochoric Process(Constant Volume) - (09005 wefgp&:cdo0p5{gd0d)

c000pde|gpEicd[gEiedd(constant  volume)

BaanggConodamn(gEs(pressure increases) [g6op

o3 “Isochoric Process” opesledaopdi powd

PA enclosed container 0069 320385 enodeg(Gas)

000D GO0 30cue) dz:(pressure) (o

BT, . ﬁ(ﬁ?\nemgﬁ@(\?g@&ijﬁ “Isoc(hporicSl;ro)cegsj’
412 = applied energy

09 @slaBoogbi  Isochoric process 6320050

234[a€dyC eudgdEaopb

AT, q = mxCvx(T2-T1)

v, =V, v g = quantity of heat (J)
. ; T = absolute temperature (K)
@ 2-9§) Isochoric process

m = mass (kg)

Cv = heat capacity at constant volume

(3/kg °K)
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Air Compressors and Compressed Air Systems eomio0d03§,

0.@. ) Isobaric Process (Constant Pressure) - (8320: ocfgp&:c32005{gd0d)

= Baonse|gplicd[gEio§d(pressure is constant)
P .

oocopdgpianesnt (volume increases) [gopd
| = [§E:03 “Isobaric Process” [good vy cal edaobi

4., = applied energy powd socoldl(cylinder) oodemaotsy Gas
! e 2 0300305 6B !eog cocopd (volume) [§&
0005 ceINE [gepd[gta? Isobaric process vy
ealaBoobn (piston saedlogl c0odeepod 6s
2000 22203 we[gpcdeod )i Isobaric process

Vol v o3 6220050 p8¢[acHg¢ ewdg8apd

Q 0-0(5 Isobaric process (constant pressure)

viTy

q=mxCpx (T2 — T1)

g = quantity of heat (J) T = absolute temperature (K)
m = mass (kg) Cp = the heat capacity at constant pressure (J/kg x K)

0.@.9 Isothermic Process(z¢§§ welgpC:cdo0gb [§bod)
socolsl(cylinder) ood9me08:d endbeg(gas) adewpod eron? 8a38es0d 3a§832038:

copdeorqepd 3acpS(applied work)sE p8gj0pd sap(heat)owdanad oolgpSigpdiqit: eaqpspds
agnzesd [grvd[gEa? “sothermic Process” upasl e3o0pd

P ) 00560R,03¢  ©[gd8Ea005 process
2 00b9[gdoopdi Isothermic process [gdod[ge

P A 26[g36500090m[gi0n  336[ge5006903
e[gpE:cd(changes in state) ogo:0005 sadlde

P, g€ endbeg(gas) oJeupcd eooel OFS
_\ q,,= quality of heat led off  og[pE:cduy  opso  2005eHR0N  Bsane

/‘ (pressure) $& aocopS(volume) a[gpEacdo0pdi

P, ——— | Isothermic process o3 6320053 p3q[gEdgé
V, V; v eedlg 8E205

¢ 0-0q Isothermic process

e
q = mxRxTxIn/ 2 \|

g = quantity of heat (J)

\ Py / m = mass (kg)
N\t /
/v \\ T = absolute temperature (K)
q = p1XxVixlIn | 72 .| V = volume (m3)
\ Vi / p = absolute pressure (Pa)

R = individual gas constant (J/kg x °K)
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eomEs0005028 Chapter-1 Fundamental and Basic Concept

0.@.G Isentropic Process(aa¢ 8:0ni[g€:e§oopd [§60d)

a0 308:09:8C[gE: ofoopd socoldl(cylinder)ondy =203E:5 erodeg Bewpdd Groa?
8a36q¢ “Isentropic Process” [4oop [9bciloopdn socolsl(cylinder)oopd cd:o 3208:0:8E[gC:
o§eomalopé 3a8:08:07C0 Fogp: s0cEaleacyE:d ofeepod[gl: adewrod soculdle gy
0godogodgls o[gdfCeon powd esdaud(nozzle)oodee compressed air gp: 0godagI0Rd =24l
2R oqlgsagsieomelops Fpocoudfgls(heat exchange)o[gd8E wpuasooopdi Isentropic
process o3 68200501 p3¢gaEHs¢ edg§Eaopd

7 NK K
P2 _ l-"/ Vi \“*l ~ P2 _ |-/ T, Yia
P1 \ "”2 / P1 N\ Tl J/
p = absolute pressure (Pa) T = absolute temperature (K) V = volume (m>)
= k= B
o, G,

e05eg a36wr0d Grooopd 8a85[gE:
P /if.entropic dqaopdlgdeo(compressed) afewrod aged
v [g§(expanded) cxaopdgbee ddenddeg
a300pod eeoel entropy 20p5 welgpEiadup

P, %1 _ opsooopdn  2a8s08:038  (surrounding)od

V v v :opocood[gls(heat exchange) o[gd8Ewr
’ ! 095000045858 20pSH

¢ 0-0© Isentropic process

0.2.§ Polytropic Process(2a§:0 s20qp:8:09:0005 [360D)

Isothermic process 03¢ sapza:ds 2a8s08:03E(surrounding)ad cepadogsgs adwupad
;oocpudges(heat exchange) [gdedaopdi Isotropic process 0g¢ sagocpuS[gés(heat exchange)
cd200[g08Ec0on AB[gdodsdoond:a00d cvnden 03¢ ©[gb8Eecnadesnt sagieepadagSioopdi
00560 $¢ 8:060005 [gB0d0pS “Polytropic Process” [gda0pdi
Polytropic process o3 ¢222050] p8¢[gHy¢ cwg8aopd

PxV" = Constant
p = absolute pressure (Pa) n = 1 means isothermic process
V = volume (m?) n = K means isentropic process
n = 0 means isobaric process n = 0o means isochoric process

Polytropic process 320305 “n” [§¢2005¢0560p§oopd "n” 2005 [gbodgp: saind:ea0305
2005¢05004gE: [§620p5n Isentropic process 320305 k (N = k) [§€ 2005605 GegoNsErR§o0pSad
2003[g|Al k 2095 Isentropic process 320305000 2005¢05c005gE:s [gdoopd
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Air Compressors and Compressed Air Systems eomio0d03§,

0.2.6 33286000 005g8:330:(Mechanical Power)
() Isothermal [g6opoopd erosizaogSec|gpEaad(constant temperature)oy KIe00026000
(ideal) Process [g62005n
Adiabatic [g6od(Process) 8a0g05 => n = 1.4
(9) Adiabatic  [gBod(Process)oopS sa08:nfgCie(no heat transfer)op opsocoD:GON
(inefficient) Process [gdoopdi
Isothermal [g®op(Process) 320305 => n = 1.0
(0)  Polytropic [gdod(Process)aopd condeoy meefgeacsst o3od8a0pd Process [gdoopS
20820019 30505500906l [t crusizanqS 505p5:c05[gEa05 000507 1reoo:a05

Process [gd20pdn
Polytropic [gbod(Process) 20g0d => n=1.2-1.3
Pressure W = work done (Watt)= J/sec
1‘ when m = mass flow rate = kg/s

Work done, W =]V dP

+*~—h

\Y% ' Volume
$ 0-op Polytropic [gboda3ewdlgaopd Pressure Volume Graph

pow
20$ 30°C S§e0m efgpodeogaopd crudigsi(dry air flow rate)oopd 1 m’/s [gdaopdi

adecood sm: 1 barg ¢ 7.5 barg afeepodesnt $p5:00:500(gC 8a36gS(compress o)
320905 33266000 00Hgebiaa(mechanical power)od epdli 6edomy [§6coon gdimal adsgaqp:

(motor losses) $¢ drive S [§0eo00 g&izaCadigagp:(losses)od copdogadgs eaddl

$05:0025054gE 8a35[gEs(compression) [gredeomaeloppélgded cned specific power 63a3053k

(0) Isothermal (n=1.0) compression
(J) Polytropic (n=1.3) compression

(p) Adiabatic (n=1.4) compression

eooei 286a0p5:s0(density of air) 20p5 1.2 kg/m? [gdoopdi
@coa Specific gas constant (R)o0pS 287 J/kg.K [g6o0p5u

Mass flow rate o3o5$ = 1 m?/s x 1.2 kg/m’ = 1.2 kg/s

Isothermal (n=1.0) 350305c82206000 ©05¢g&:3303(Mechanical power)

P
Work Done ¢ompression = MRT, In (P—Z)
1
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eomEs0005028 Chapter-1 Fundamental and Basic Concept

7.5 bar)

0.287 kJ .
Work Done Compression — 1.2kg x Wx (273 + 30) Kx In <m

= 210 kW
Adiabatic Process (k= 1.4) 3203050336600 0059g&:320:(mechanical power)

k-1
k P, (T)
Work Done ¢opmpression = MRT ( ) (—) -1

(1.4 - 1)
0.287 kJ . 1.4 7.5 barg\\ 14
Work Done copmpression = 1.2kg x kng (273 + 30)°K (1.4 — 1) < 1barg ) -1
= 284 kW
Polytropic Process (n= 1.3) 3203050336600 005¢g&:320:(mechanical power)
n-1
n P, (T)
Work Done ¢ompression = MRT (m) <P_1) -1
(1.3 - 1)
Work D 1.2k ) 273 + 30 K( L3 ) (7'5barg) " 1
. = 1. _— + ° —_
or one Compression gx kg. oK X ( ) 1.3—-1 1 barg
= 267 kW

Isothermal process @i Specific power consumption

Specific power = 210 kW / 1 m*/s

0.21 kW/(Liter/s) = 10 CFM /kW (10 CFM qq§=00305 1 kW =003:gjq$ c32600051)
Adiabatic process @il Specific power consumption

Specific power = 284 kW / 1 m%/s

0.28 kW/(Liter/s)= 7.5 CFM /kW (7.5 CFM gg§320305 1 kW 32034gjq§ c332600051)
Polytropic process @i Specific power consumption (coo5eop sae[gaaes0Eeg$E0pdN)

Specific power = 267 kW / 1 m®/s

0.27 kW/(Liter/s) = 8 CFM /kW (8 CFM qq$350305 1 kW 32083qjq$ c822620001)
powd - Work Input for Various Compression Processes
Compressor 0060):0000 830: 100 kPa $C 30058 300°K sacfgzacs(inlet state)feomnecoa?
8=o0: 900 kPa 2090d3saos(exit pressure) o3eepode3t 3a86(compress)oopdi 63005038
eu5|goonseom [gbod(process) crosod saddglg compressor &1 work per unit mass o30R050l

(o) Isentropic compression with k= 1.4
(J) Polytropic compression with n= 1.3
(p) Isothermal compression §<§

(G) Ideal two stage compression with intercooling with a polytropic exponent of 1.3.

e[y

Assumptions —
(0) Steady operating 3ac[g=acs(condition)ssogobo0n 0g05q05(gE: [g620pbn Compressor
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Air Compressors and Compressed Air Systems eomio0d03§,

06608:0000 36[gE0es $C 00086027600 efgzecs odoal
() @003 Ideal Gas 32[gdupsoa0pdi (R = 287)
() =06[g32650009¢ F[Fo:eo00 :6[g3653 opse[gptiepagd Kinetic Energy(K.E)sE Potential

Energy (P.E)o3e[gpEscd[gs sagp5scubom [gbeil copbup vasog) copdeogaddi
P, =900 kPa b kb

\I /-l L 900 | - — — — -4 — - —
AIR

___~Isentropic (k= 1.4)
Polytropic (n = 1.3)

COMPRESSOR :CT_'

/ Weomp Two-stage
H‘ [sothermal

I ———————————— =
P, =100 kPa
T,=300K

¢ 0-Jo Compressor §§ Pressure Volume Graph "

Analysis — Compressor o3 control volume 0069 3395 200590520051 Process qpzod T-S diagram
[5€ eudlgoonoopbi $pbsecsjads(four cases)sacg05 steady-flow compression work 03 6823053

93030508 E0pSi

(on) Isentropic compression with k = 1.4:

(%)
k P\
Work Done ¢ompression = MRT (—) (—) -1

k—-1/|\p,
(1.4—1
Work D Lo 0.287 kJ 300K( 1.4 ) (900kPa) ) )
or one ion = 1.0x ———x ° —
Compression kg.°K 1.4 -1/ |\100kPa
= 263.2 ki/kg

GO eSS 00603c30q5803 Bz 100 kPa ¢ 83: 900 kPa o eepodesmE Isentropic
compression $p5s(k = 1.4)g¢ 8235 (compress)qs 30305 §&:3>E 263.2 kI 832620051

() Polytropic compression with n = 1.3:

n—1
n P, (T)
Work Done ¢,pmpression = MRT (m) <P_1) -1
(1.3—1)
Work D Lo 0.287 kj K( 1.3 ) (900kPa) 13 L
ork Done ion= 1.0x ———x ° -
Compression kg.°K 1.3 -1/|\100kPa

= 246.4 kJ/kg

6o e 006030305603 33z 100 kPa ¢ 33z 900 kPa o eepodesané Polytropic
compression $p5s(n = 1.3) [g¢ 8236 (compress)q§eac305 gd:zaC 246.4 kI 832620001
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eomEs0005028 Chapter-1 Fundamental and Basic Concept

(o) Isothermal compression n = 1.0:

P
Work Done compyression = MRTq In (P—z)
1
0.287 kJ . 900 kPa
Work Done Compression — 1.0x Wx 300°K x In (m)

= 189.2 kJ/kg
6o wecds 00d03c80qd03 8ax: 100 kPa ¢ 3sas 900 kPa of eepodesmE Isothermal
compression $p5s(n = 1.0) [§¢ 8235 (compress)q§ 320305 §&:3E 189.2 kI cB=a60005

(00) Ideal two-stage compression with intercooling (n 1.3): stage 03&03€ pressure ratio

ope8le3o0pS

P, = \/(P;x Py) = /[(100kPa)(900 kPa)] = 300 kPa

Two-stage compression [gdeomalopE stage 0od98ogE compress cpdeepd 83050005 300 kPa
[g©20p5n stage 0089803 orpdeam work copbeuig$ a3o0obi Stage 00696 $690[gd0R0N

n—1
Work Done c,mpression = 2x Work Done = 2 x mRT, (—) <_) -1
(1.3 - 1)
I pr1 0, 22871 3001(( 1.3 ) (300kPa) SR
ork Done ion = 2x1.0 x————x 300° h
Compression kg.°K 1.3-1 100 kPa

=215.3 kJ/kg
6c0 2600:gs 000cBc80q603 832 100 kPa ¢ 8320t 900 kPa o8
eepodesme Ideal two-stage compression with intercooling
compression (n = 1.3)sp54g¢ compress cpd§320305 g&3E 215.3

==}
/ Lﬂ_ kI 382055

COMPRESSOR J_U_. apoodbAogbaByqpiang
f __:_,__Ffff:ﬁ Compressor gps o3 work input $05:60§8330305 a300pod
7—] |'I { I efficiency comE:eoq§mnogod sremadcoq 9Jewrod eaaesme
Air EZ:LIEM (intercooling)apdeog 362005

¢ 0- Jo Compressor

0.@.qQ Isothermal Efficiency

. Isothermal power
Isothermal ef ficiency =

Actual measured power
B0 @&
20S 30°C S§e00 efgpodeogoopd crudigsi(dry air flow rate)oopd 1 m’/s [gdaopdi
o360l 1barg © 9 barg o eepodesesnt 8a85(compress)eosq$3a0305 325 kW(measured
power consumption)ad:q§ c3260g€ Isothermal Efficiency opdqgdopdspdar coost 28600050
(density of air)oopd 1.2 kg/m’ [§doopSi Specific gas constant (R) 205 287 J/kg.°K [gdoopdi
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Air Compressors and Compressed Air Systems eomio0d03§,

0.00 e§daud(Nozzle) 0od9e ecdag(Gas) SJeupod erogp: ogodagrdgt:
esdaud(nozzle)ondoe ecdeg adeupod Grogp: 0gadogniglianpd Begdavd(nozzie)s
2005 $¢ 3[gE005§ zmied ol woopdoopdi egdavd(nozzle)si 3o[gono5§830:a05
3098200050005 30gSspSqE esdadd(nozzle)o enodeg aJewrod Grogp: 0gEdagI0pdsss
qP:c88opdi (320p8:005§ 8320:0000  33[gE05E 8330005 $O60LD  Jgpeon B0
[§08E20051) $6900005505:000 B5§S@L(N0zzle)e @d0deg AJwuPod GrogP: agEdaFI00S:
qP2c86epd wupcdeon A critical pressure ratio 20pd @xodeg Bwwrcd v Gl isentropic exponent
(k) o0§8:edlopE ©oopSooodi Flow velocity a0pd esdaod(nozzle)si saoqdiediesep(narrowest
section)§ sonic velocity §Copp8oopdmasloon o critical pressure ratio  [9col B&ed
esdaud(nozzle)el 32[gE005§3320: s005¢) 8690E:c00dlon Grudigsi0005 supercritical [§®a3&wpd

0.00 Free Air Delivery (FAD)

Compressor qpseil @o:qd $C rating o3 Free Air Delivery(FAD)g¢ ewdgeco§oopdn 5
m’/min Free Air Delivery(FAD) & 338050005 air compressor & ecooedlod(inlet)]
0685609E (§)opo8omg8:(5 m*/min)gé ecogp: compressor 3303E:03 0es0050 83ado0pdi
8a38[gE: ¢[grpbetan crootsSigdoopd
Free air delivery
yy_ W2xP2xTD)

(T2 x P1)

CFM(cubic feet per minute)sdoopSen 0088s60qi€  8a86(compress  p6)8Eeom
GLORMA coeolgé  eudgoondgl: [§boopdi SCFM  &Boopben standard condition op€
o3& §8Ecoon cubic feet per minute (CFM @ Standard Temperature & Pressure)o?
Bc8a0pbi 08 eqyEdso[gE(sea level)d §eoom Groocodsen: 29.921 in. Hg (atmospheric
pressure) $&¢ Qo 80§egEu305§e00n(70° F)o standard condition sa(gd 20050a5[o30005

One cubic foot of air

Compression ___psig + 1 atm

ratio I atm

COMPressor =——p- ﬁ

One cubic foot of
100 psig

7.8 cubic feet of free air compressed air

\ CFM ve SCFM (at Standard conditions)
with 7.8 times the
moisture and dirt

Compressed airis always related at Standard conditions.

$ 0-06 eeooB 8a38[gE:(compression) cv6d
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eomEs0005028 Chapter-1 Fundamental and Basic Concept

2.0 aeoclionfoogBqp:(Properties of Air)
Others 1% eeo0pS meeplod 5o 32q006q
20pd endbeggp: dloCesoopd eodegaacep(gas
mixture)gdoopdn  epodegmEedl:s  gpigo

GePe§NGSea0500Rd:  38mdlo€a0nd  enddeg

. / —— qP:00p563:0058qIE(Oxygen) jo%s¢ §0dc0dqé

| (Nitrogen) qo©%03  [g920p51  cRodgedeqp:

[gepdepogt  cgudopeoq§aacgod perfect gas

mixture 32[gd20050050001 enddeggp: cdlC:0d

$ 0-06 GLAdRE do€aopd encdegyp: Olo€qaopd  =[g€(Jg) Bcd8om(25km) =cd
QG@)E:C\\')GOII

efgrodeogeomeco(dry air)sé  eqSeqeg(water  vapor)gpieepesd  e5[gC{gdoodi
eeeg(water vapor)gps Clofesaopdecood “Moist Air” vpeel copdi crocdopt eq$ieaeg(water
vapor) cd:0e§ag€ efgradeogeamaeco(dry air)up a00decdoopd eqeqeg(water vapor) gpigé
adso[gpdoes00056c003 “Saturated Air” 0pa0050052005

GOl water vapor pressure 2095 oBecosl 820§S(temperatures)sé 200583005
oppBeommapqs (temperature)ogE actual partial vapor pressure $& saturated pressure o3ei

£E:095q0503 relative vapor pressure 0200590500001 Relative vapor pressure 2090 relative
humidity o&[gdaopdi

ccomaplig cefeqegyp: 000l condensation (ccoadeagodogs(al:) [gbepd =pds
(temperature)o? “Dew Point” 32[g®2005¢0500051

Goood33(atmospheric pressure) 200966p0Y6500YS0RE GrOde GeRieqeg
(water vapour)oopd eq@s[gdad ©0oCe[pE:da0d 30§03 “Atmospheric Dew Point”
0peal 20pd1  Goocodaas(atmospheric pressure)aood J[gEoopd 830:0083:0089 200deepad

Gs0p) PYSPE crOBe  GePeqeg(Water vapour)gp: 6q33[gdad oonCaegpEiadoopd
208503 Pressure Dew Point(PDP)op 8l 205

Pressure Dew Point(PDP)oop5 compressed air system o€ 909§ 3200:qp00p) 6dlog)
00b9[gdoopdi 3208§000d eoo(compressed air)owoan(quantity) 8sans(presure)sé saqpdsacags
(quality)od §§q$320305 Groel oahoog3qps(properties of air)sae(opEiod 3600805 §o:0p0qs
832600001

Dry air Water vapor (Moisture) Moist air
; + 0 00Ol —
O O O
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Air Compressors and Compressed Air Systems eomio0d03§,

Moisture Content Of Saturated Air
Temperature "C
4 18 27 38 49 60 7

o /

(Grainsft3)

Moisture Content In Saturated Air

40 60 80 100 120 140 160

Temperature "F

$ 0-00 6eod0RE §es0pd caSieaeg(water vapor) gps $¢ do€aopd venan

0.9 J.0 6eoad3§e00 Gaeggp:(Water Vapor in Air)
650D edledelpadesanpd “ecn”0pb “Moist Air” o3 qdpR$:elgped[gelydoopdi adio
efgrodeagoondeco(dry air) $& eeSeqeg(water vapor) Gepesoopd mixture o “Moist Air” o3
eoloopdn 8603 =e8:fecoaopd “Moist Air” oE[gboopdi elgrodeay copdeco(dry  air)aopd
0ROOgIEdY RudmEoas 32030500 [gjrdaonigligbaopdi coomomag cdoefgpadeogaco(dry
air) o§e20500p5: 056000y 0RA5gIOBeYP: [gIrpda$320305(gbo05N codeny 03¢ elgradeagaod
eoo(dry air)zajgd 9B:a0§, 00p588Ea005 saefgmacs ©§ooennnd $pd:Ckadpd
eoo(airno 2005eemEoonopd eq(water)od doomms B:qgs eop [4E§E00N ev
ad0z¢ eq(water)o? S:a3sqps eB:5Esqpz(snow) hail qpso3a3 328Es3(solid form)salgd coy, [GESE
200303 G:o0dqps(rain drops)  [glqpe(mist)a3ad 3aqpd(liquid form)sajgdeopds eop [¢€ 8E2000
adeood mefimacpls(indoor)d ecoody doesoopd eqod cedieqegeslgd(vapor form) oo

603 [§E8E 005

Goma00deeonCoon0p)  eqegypoopd  “Superheated  Low-Pressure  Steam’gps
[g8[0320051 erocpel 3203C:8 eqegyP: ©PBR GEPASrRSN §2:0B8CqS 20305
eqegqgSs(evaporation) $& saegezeqpdma[gdadelypEgt:(condensation) [§80ds8903 crpangs
832600051 Condensation [g80d o3 “eg qod8[gE:" vrcLpSs 228¢0ud [g&edenrdaodi

0.9 ). ) eqegqg€:(Evaporation)

ogjedickesaopdeco(hot  air)aopd  eqegescodmeroigpid  edupadeayan:§taom
9625 00pdn eezagde cqeggscodonarogp: 3a[gdad olgpEirdognonpd [gdodad eeeg|lgcs
(evaporation)opesl aopdi ad[gboda0pS 3a6dl vdeaqd50(gEaRE[gberrdoopdi eae? snyodesmE
[GievdlgEselope [gded cneom eqegdgEaopSaopd: evaporation [g60d 0od§j:0E[gdaopd
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GoPa5e3qod$[gEa’ 6qP3a005(gE apodc80da0p098l qodsnlgEediogl eagpidogn:
c860pdi Beqqp: efgpodeagogiglaopd evaporation [gdodelopE eeegdogdgt: [gdoopd
Vaporization [gog25{gEsg62005

0.9 J.9 226g% 32qp032[g63 elypE:cdge: (Condensation)
DOFS  ogeoliang  ezmsamoopdecvanpd &Y couSesmntooneom  eeegypa?
20050005 ©audeen8Eeon comaloPE giopcdudaoopdi B3 eroddy §eom eeegyp:

6622[08 clgpE:cdageofgl:od condensation [gdod (evaporation &l a[pE:{a§[gd0d) vacal co0di
9 P o

eoapadopEdoesnnd eqieqegoenan(water vapor content)oopd ecosi Dry Bulb
20§sed € goopboopdi 00dspd: eromanudesman:§Eoopd eeSeqeguwran(water
vapor content)aopd adecoel Dry Bulb sa0g8edlop 0oopbaopdi ecosi Dry Bulb 320§S
[g8ecv eqeqeguwmangpigp: 200des0nESEarolgdaopdi erosl Wet Bulb s20qS [4Cecw
6005038 2005ee00Ea0Ggdaopd eq$ieqegdloCa(water vapor content)qp: coolgdoopdi

602000 20§E0d95 20056eELEYEGoopd sagpied: eq§ieqeguencn(water vapor
content)o? 2005680oE[Ggde] 65005006 CVNSed§EGoRAGE “Saturated Air” 0r005eA500N
ecoa0pS eeeg(water vapor)o codd coo5d8EeaingiC “Unsaturated Air” vpesl copdi 0odsp5s
afgC eqeqeg(water vapor)od codd c00598E0pd(9Sur§E0pd)ecwnd  unsaturated air
068l 2001

eooe ceSeqeg(water vapor)oenmepdy) 200568008a:8E200503 eaue Dry Bulb 20§80
di{godeosoopdi eooe eedieqeguenan(water vapor)epdy) a0uSeaonoos(Ge [§620p503 Gro
& Wet Bulb s20g$0 cwbgeo:aopdi

0.0 J.G Standard Air Condition

cpoongp: 320005q Q8320305 gogies0pderadogl 8cdcodqit qe%I 632058qE
Jo%i mafgrencdeggp: 0% $&  eqegyp: dlo€aopdi eroeh oahoogdqps(properties of air)aopd
esepescol S paBpon edlogf @Rl e[gpEicdesoncdeomelops coflopigep: $C
0R0505aqp: [gepdepogt opoBe §eoqs sagpisnicopd conddoopdd(standard)onde c00deades
832620001

oCooudeqqodsnfgl(sea level)m:[gES §eoom  ecoopdam:  29.921 in.Hg
(atmospheric pressure)s& Qo 80§wqEuB05§eo(70°F) ccoad &(“Standard conditions at Sea
Level")33[g® 2005¢053[0300051 Standard atmospheric pressure 1013.25 mbar a3ewr05 101 325
Pa socfgzacsopiieon  eoosicedcSogjcon(molecular) mass 20pd 28.97 [gdoopdi eoosi
ochoogdqp:  (Specific  Properties)od  elgpodeogeomecost  2005ecb0oea0nupsdonde(unit
weight of dry air) edlog€ 226[gde) cwdlgeno§ oot
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Air Compressors and Compressed Air Systems eomio0d03§,

0.9, J.§) Dry Bulb 320§ (Temperature)

20038om[g¢ BEsqqeon erodl 20FE03 Dry Bulb s20q$(temperature) oresl 20001
200&:o01 :0Eo0sd §¢ S:160000PS0D]  GEHGER§Rd 0§05 Dry Bulb Z0§s
(temperature)[g®oopbn  Dry Bulb  s0qj8(temperature)oood =3[  eud[gecp§oopd  edlejyd
parameter [§620051 DB 0 320368105 Ge;000: cedfgecy §oopdi

0.0_J.6 Wet Bulb 529§ (Temperature)

Wet Bulb 320§8(temperature)o?  Geagoboon:oopd  dlgb:  9Bewrod  330050[3E
00500226000 0380 ABE:upqoopdn  8803E:0p0pd 0§ 0pS Wet Bulb  30§S
(temperature) [gdcoq$ 20088005 cedgodesqs Beadn cro30SesqS(moving  air)

83600001 ee[g¢ 8godeseom Wet Bulb temperature [g68Eaopdi eqel  8godgelopt
[g0edlconeom  cooling effect o0pS Wet Bulb sapq$(temperature)od Dry Bulb 3208

(temperature) c00586685¢ [giapdeozoopdi WB 0p 330368105 eeaonsesdgeny §oopdi

Wet Bulb 320§&(temperature)oopd eqgp:  evaporation [g9g8350305 82260009
20603 9O030deameoPE 30 E86ozgE: [§620p5n Wet Bulb 520§ (temperature)aopd

Goad5§eom eqegowdn(amount of moisture)od ceSgoopdi

Dry Bulb 32¢§&(temperature) $¢ Wet Bulb s20q$(temperature)o3ei [gpesnsgod00p5
cooaoel $adEso(humidity)od eedlgaopdi [gpesnigodspbingi€ BadCseoqpeq) [gorgoiqodgpiage
BaBE:90505:00001

Dry Bulb 00§ (temperature)aopS Wet Bulb 32088 (temperature)oood  33(g[g¢
(gps)ecp§oopdi crocady eaegescudmaecgps(Water Vapor) epgSigpd (000%) §esa0pd
80520085000 Dry Bulb 320§8(temperature) $& Wet Bulb 35088 (temperature)o?

opRB[oqoopdn Dry Bulb  3a0§&(temperature)ood Wet Bulb  900§$(temperature)cood
se08 (508 ofgbEco

Dry Bulb s20§$(temperature) $& Wet Bulb 320§$(temperature)opag€ 803E:e00005
P55ged(000%)  [g620bn  Bc8aopben  eroE®dy  egeggScuSmacuigpi(water  vapor)
qPegr2g §sCBrrqIC(§cdEssogpiagi€) evaporation 9366[gd8Eeome[opE cooling effect o5
Dry Bulb sopq$(temperature) $¢ Wet Bulb 300§S(temperature)odel ogofgrsg $p0:0301gC:
[g2005

0.9 J.q 6e0oo0dups6ei 0ocopd(Specific Volume)

Specific Volume &320p5¢0 afgpodeogaopdeco(dry air) seecos§§ondopsdel aooopd
(Volume)o? a8c8o0pdn 00dspd: dry air soecosd§ 00dupsdaopd Groocnaopd(volume)opdysé
p820p503 ewdgoopdn Specific Volume &l SI vsdo0pd m’/kg [9do0pdn Dry air sacosgs
006030303¢ §aopd rocpcopS(volume)od opudom(m*)gé ewdlgfalydaopdi Specific Volume 6l
IP 0psd200b ft'/lb [gboopd Dry air sacc:§ 00dedI(1 Ib)ogfaopd eroapoopS(volume)ad
moco(ft’)gé eod[glg: [gdoopdn
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2.0 J. Relative Humidity

Relative Humidity a32005en crocdopl eq§ieqegqp: dofesoodd saturation ep§Egss
(percentage) [gb20p51 o3 saturation epPE5&s(percentage)oopd Dry Bulb 33p§Sedlogé Ses00001
o0bsp5e3mdgE relative to Dry Bulb 32088 [gdoopdn eedgoopd 32§03 §oopdecusi Dry Bulb
2058 cd g€ coopSe) pCssiopdy) saturation [gdes0p503 cwdgoopd

6020050005 Dry Bulb 320885 ep§E5&:epDy) saturation [g8[Gso0pS03 cwdlgoopdi 100%
saturation [gb[Gso0pd 95803 §050qC pPEssiopdy saturation [§6gs Sea0:000503
0888o0p5n 00bspdimndgE wod§ Dry Bulb 0§85 eqegowdan pfEgs: ©pbged
20056800E(Gt [§620p51 65205000 epPE5&:ep0g| c0660056e0E§EE:0p503 Gwdgoopdi

6oooad0Re eqdieaegaacc:gs (weight) opdqtlofesaopda’ abolute 0o834gE 0305805
oeod[gdli Relative Humidity 2005 ecoddopl eeSweqeg opdgdloesaopdod epdlssiyc
238[goopdn Relative humidity 20p5 water vapor density (mass per unit volume) $C saturation
water vapor density ciza§g[g[G: ap§C55sC ewdgoopd

(Actual Vapor Density)
(Saturation Vapor Density)

Relative Humidity (%) =

. L water vapour present in the air
Relative Humidity (%) =

water vapour required to saturate air at that temperature

Relative humidity 20p5 actual vapor pressure $& the saturation vapor pressure o3¢l 92§
562005
0.9 J.¢ Dew Point 330§ (Temperature)

eoaddfeon eqegypi(water vapor)oopd eq(liquid water)ss[gdad ©oo€ e[gp€io00d
0SB (constant barometric pressure 6s2305038) Dew Point 3308 0920050050051 030303

elzp&og):ooé qup:o% condensed water :\%@0?08 Dew o?eéT oaéu Dew Point oaé water-to-
air saturation temperature [gd20pS1 Dew Point 2005 relative humidity $&00593E2005

Relative Humidity [g€eco Dew Point $& cood§esoq$ (current air temperature)od§:nd
eoolgdaopdn Relative Humidity 100% [g6og€ Dew Point $& cooS§esoq$ (current air

temperature)o3 opn8[o300051

DBDYES  6e00pd  20006eCebupSEDY  eeeg(water  vapor)oewdan  2a:0di0d
20006800C00G: [gdaopdi 3eude) Groel pdS(temperature) $& 33vi(pressure) Sgps
€ (GgEanag€) Dew Point 320§ (temperature) gpzaon cB&opdn [gEaxn c88wpdi Beadd
relative humidity §6s08:c00 c86epdi 220§ 80°F DB $& 100% relative humidity socfgsscs $&
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20§$ 100°F Dry Bulb $& 100% relative humidity s6[g3265$03C 320§§4p:00p9 100°F Dry Bulb

600205 20§$55:0000 80°F Dry Bulb o000 Sgp:oopd eeeguema? 2005es0rEa0n:00001
Dew Point 220§ (temperature)og ecoo0pd 2000e80nE000p) GeegeSIGRgP:n?

200500056020056800E8E60270  GeER[gdd oole|pEicdogiom condensation [gbod  [gdeal

020201

Condensation [g50p 000E20p320§8(temperature) 2005 Dew Point Temperature o&
[g&20p5
B20§E3 eqeg[gc:(evaporation)gdodeizaad: vpeood: caledaopbi 2B6seopbsoon:
20g| GaEgPI0? [4$000565000 2SR ©pdSa0pd eqegady 000G C598ERE: veamnaeoE
[g&2005

Dry Bulb 200§ (temperature) $¢ Web Bulb 320§ (temperature)od opo8000520805
© 320803 Dew Point 320§$ (temperature) vpesl ed20001 oB228053 Dry Bulb 1 Web Bulb $&
Dew Point 320§8(temperature)odsmscd:  opoBlogoopdn  aB3a3053  Relative  Humidity
(RH)20p5 100% [g&00pSi erooopd coudSeaontflaoy) eaegueran sn:dind a00desont(Ge
[g®20p5

Dew Point 320q$(temperature) s300p5¢n ee§seaeg(water vapor)gp: 6eocde ©0oE

0godgRokaopd  Groel o83 Bcdo0obn Grocde  eqegyPopd Dew Point  3a0§S
(temperature)oo058620p9 qodsnjgEedl ogE condensation [gdedl cooopd

Example 1 Example 2
50% 100% 90% 100%
relative relative relative relative
humidity humidity humidity humidity

dew point dew point
temperature temperature
is60F is7T8 F

& 0-op relative humidity 20p5 sa0q§e0l0gE vanpSoopdi
Dew Point Temperature = Dry Bulb Temperature = Wet Bulb Temperature
03328053000§038 aou(saturated air)oopd eeeg(water vapor)qp:od 80050005 2005680oE
£Eg8: oeorcor 03228055 eroadBeqegony), c0dd oegpadrunde 6road] §s¢ esfdeon
eaegondy|, odecuade agedgnGugaoRdl  AdeqegEPERd  SacgSeancudoopd  eeood(fine
droplet)0dqlg¢  ogodgognsoopdn [g)qpiaopd “Saturated Air” [gdelopCiod  eedlgoogd
F2eomEsads powd [§daopdn “Saturated Air” 356[§326503E 3208 %:§): 0rp8[030001
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0.9 J.00 2:[g¢a3c80¢] crosiadboopdieoa|ypt:c[gE:(Elevation Correction Factor)
oCooudeqqodsn|gE(sea level)aond gEamerocro cromaopd 3¢a86aop5ieo(density)

555000600 [§da00i

Elevation Correction Factor
Altitude (ft) Altitude (Meters) Correction factor

0 0 1.00
1600 480 1.05
3300 990 1.11
5000 1500 1.17
6600 1980 1.24
8200 2460 1.31
9900 2970 1.39

oCooudeqyodsnfgE(sea level)oood JlgEaopdesepl ewdtioopd compressor  20pb
03600p5ss0(density)$p5:0000 ecwad 885(gE:(compression) [giapdeoopdi 8smiopoBagé dqps
20p) ecLapcopbod 8a86qa0pdi 0p8a0pd ervapcopb(equivalent volume of air)qg§saog05
elevation correction factor o3 =22%qgq$ Boopdi =:[g¢ codesepogt §oopd standard air ¢
equivalent volume o3 qq$320305 volume of standard air at sea level o3 elevation correction
factor $Celgpodqs cBaopbi salgEeo(0bnn) adewrod dom(gen)Sfecrn croel saec:gS(mass)
205 0€coudeq) qodsn[gE(sea level)S§ean cocobopoBaopd Grosizacog§(mass)aond §%es
eagpspdieomelopé oppBaopd erococopS(equivalent volume of air)qg$ Elevation Correction
Factor 1.05 3¢ e[gpoSe[g€: [gBaopb

0.9 J.00 320§§03c305¢] erosioBoopbiso 6lgp&:ad[gE:(Temperature Correction Factor)
20q$[gE20p5 (higher temperature) free air 61 0000pS20058[gE20p58320: c00deqpad(g:s

962001 00d5pdiamgé BamiopBag =apd§(gEoopd(higher temperature) free air & cocopd

3qpeoopdi Grosiznoqs(temperature)géagi€ erosiadbaopbisogpieomelopE Correction Factor

2005 1.0 0005 Ggpzoopdi

Temperature of Correction Temperature of Correction
intake (°F) (°O) factor intake (°F) (°C) factor
—50 46 0.773 40 4 0.9430
—40 40 0.792 50 10 0.9620
—30 34 0.811 60 18 0.9810
—20 28 0.830 70 22 1.0000
—10 23 0.849 80 27 1.0190
0 18 0.867 90 32 1.0380
10 9 0.886 100 38 1.0570
20 5 0.905 110 43 1.0760
30 1 0.925 120 49 1.0950
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0.0 8:008:q 2§ Gj(Type of Flows)

Fluid 0od§je§jp 3050d0pEB:e500002041 laminar flow (low velocity) $& turbulent (high
velocity) flow o36] region $&§: [§0eda0p5n Low velocity opgjeopds 2005005¢) wqp high velocity
0pgjeopds 20050056jeqEoRd $d9loF:d velocity of transition 83a0pd critical zone o6 [gdedl
2001

Laminar Flow i

o3 critical zone (velocity of transition) cood
862005 velocity sa:0d:0005 low velocity (laminar flow)
[§6[G¢ critical zone(velocity of transition) cooS[gé 20pd
velocity gps 892920005 high velocity (turbulent flow)

Turbulent Flow =——p

QSCJCQ‘:" (( e qpelgd20p5n Low velocity elogp& laminar flow [gdedl
‘Jf\% L"i N4 C’b& cnlg8s [§doopdn Laminar flow elopE 9dsas sag00:c0d

(low resistance)o302 [gdeoo0pdn
$ 0-Jo Laminar flow $& Turbulent flow
Laminar flow a30000¢n fluid 2038:§ particle GooigpzoopS 006903 0069 GozPodcd(gts
eepeagigtiodd 0odp8oodpmonpd: 9903 codielopCiaodl: 328: particle coosgpisé H[GE
6g.0qp:ago:es(oqfgs (9205

—fb > }-4‘——1'-;' ’_}/\_\*‘—';\/ _—
RS A .-
— e
ﬁf"
AR .. AR

¢ 0- o Laminar flow (even flow )

¢ ©-J Turbulent flow ( whirl flow )

Laminar flow (even flow) &l ochoogd 6§

(o) Bseedigee $05:00001 (low pressure loss)

(9) Heat transition $p5:00p51 Laminar flow 2005 320gpc3050&§s(even-layered flow) [go0pS
:8:§3000 ced8oyjEgpi(molecules) s:0d:0005 HGEGS[GE eg.aqps G005

Turbulent flow (whirl flow ) &l ocHho0g3 $68
() Basadigsq qpsaopdi(high pressure loss)

(9) Heat transition qpzoopdi

Turbulent flow s300p5en fluid sa038:q) particle mGrLgPEoOES ©qdioom eg.aypes(gt:
[§520p5: Fluid particle qps: 0069 $& 00d9 cepesngdeoggy 6g.aqps es(030051
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Turbulent 5

rane oelopé  Laminar  flow

__ Breakpoint a30w0d Turbulence vp F[gp: 9005

\ 0odgs =005 ovoowdigy  critical
zone(velocity of transition) o3 2005

©05q§ 332600001 Critical velocity

20p5 8odel internal diameter $&

fluid & viscosity colog€ ©oopSa0o5i

Reynolds numbers (Re) &l 00834g¢

flow sa§jsmooni0d F[goegtsoopd 38

- L qGicolign  §030000 2060006005

GOO:)éII

. Laminar
Flames [

%

Height ——=

Flovy “elocity ———=

¢ o- Jp Laminar flow ¢ 0oso& Turbulent flow {96 elgpEscdogad

Reynolds number a32005¢n

V.D.w
Re

Where V = velocity ft/s (m/s)
D = internal pipe diameter, ft (m)
M = dynamic viscosity Ib/ft.s ( Pu.S)

Reynolds number (Re) 2100 condgod:aqi€ Liminar flow 35(g® 900500500051
Reynolds number (Re) 4000 coodqpagi€ Turbulent flow 2[gd 200590500051
Reynolds number (Re) 2100 $& 5000 [o3p5gbgi€ Transition flow 35[gd 20050052005

s§oon(area) $& a0qE(velocity) oBe[gpodagi€ volume flow rate qoopdi
V=A, xV, =4, x V,

AV,
a, v,

V = Volume flow rate
A4, A, = Cross sectional Area
Vy, V, = Velocity

The speed of flow is inversely
proportional to the cross section.

$ 0-JG s§on(area) $E velocity 20p5 e[gpEdgs sagjroqo0pdi
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0.0G Air Compressor 330&g&0g050p€ Mass Flow Rate opoBfg: Volume Flow Rate

my =2 kafs

Vy= 0.8 m¥/s

Air

COMmMPpressor

1

my=2kgls
'.:4'| = 1.4 m¥s
?oUY

Steady-flow [gbod(process)zaogfs Bowpdd steady-flow
[0es05 mass flow rate oa[gpEicdeon 0ods5:85gE sp0Emass

flow rate $& 330905 mass flow rate opp3qepdi 936205 volume
flow rate opoB8qiCe opBeocdbendi sacn:aolgé air compressor
qp:p€ volume flow rate vopod[ojeol

:oodelopé e86o05 compressor 220905038 GrOGI
03600p5:008qps(higher  density of air) Gooe[opElgd0Rd
a3ea0d 206pbgpa(liquids)saogod 320858 =a0g050RE  volume
flow rate $& mass flow rate vegpE:cdeon saonudelopEadencd
3208 $& 200g0d0pE a36a0pbse0(density) opo8logeamelopE

[§BoeSy

326pdqP:00pd incompressible [gdeomaeopé 2208 $& 320905 035 2BEa0pbie0(density)

opp8logaopb

Compressor gp:el Geoogodg$s(capacity)ad eodjgoopdseslogE volume flow rate [g¢ eodg
[0390051 Befopé Volume flow rate o3 Free Air Delivery (FAD) 986005 SCFM (g€ esdlg

8820051 FAD 0300305 SCFM 63 8sans(pressure)gé o3¢) codlgeepdi

0.0§) 0p$b0dYe cndeRelpE:qSdeoogobiqp:(Conversion Formulas)

Volume:

cubic feet/minute
gallons
liters/minute
cubic meters
Pressure:
inches mercury
inches water
psi

bar

Density:

pint water
gallon water
pounds water
Power:
horsepower
horsepower
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= 0.472
= 0.134
= 0.2642
= 35.315

= 0.4912
= 25.4

= 27.68
= 14.504

= 1.042
= 8.336
= 7000

= 0.7457
= 2544.43

-End-

X X X X

X X X X

X X X

xX X

liter/second
cubic feet
gallons/minute
cubic feet

psi

mm water
inches water
Psi

pounds water
pounds water
grains water

kilowatts
Btu/hour
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