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Chapter-2 Psychromatics

GaO0qS 3800z P:-

(o) “Air conditioning” 025020§53 Psychrometrics 6l 8aeqedlaad sosc0p50060m6dl0dq S

(®)  Dry Bulb 220§$1 Wet Bulb 320§$1 Relative Humidity(RH)1 specific humidity Dew Point |
Enthalpy $& “Standard Air" ©20pd Psychrometric @dlomegpsad  328¢pod(physical
meaning)$&on0g §2:00p5 206oMeAlOSgSI

(0)  Psychrometric chart edl§ ecosioaoog3(air property)c8Esqp: cepad8Eqs $C¢ vpsdyp:od
qCsc0sgn §0:00p5 20comaedlodgfl

(@0) Psychrometric chart o3 saaddgg 0300248 Groclioahaog3(air property) $6§ge 0ds0¢
0$§0025 Groel oahaog3gps(property of air) 83:0d:03 0gedursEesi

(c) Sensible heat 1 latent heat $& total heat odel ococomodeps(concept)sé =o[gSsacyps
200505ggp:03 030005 206oeddeS

(0) ©0pp8a0pd erusddp cdlE:05Bgded conaopdeco(mixed air)el oabaog3gp:(properties)o?
§2200052060206005Gk 00§:3:qp203 0g05up8EQSI

(s0) Psychrometric p8q[gC:(equation)qpsa? od:¢] sensible 1 latent $¢ total cooling/heating load o3
o8 cgesacBonchaf b

J+0 Psychometric §515:

American Society of Heating, Refrigerating, and Air conditioning Engineers (ASHRAE)gagéﬁ
328g0SgCadqodang “air conditioning” e300p5en  “ecomagq$(temperature)l  GoEIB3Es0
(humidity)  ecocioo§ele(cleanliness) $& eoolg§lgpq(distribution) o303 =oeSiel Beabq05sE
B05p8eant 00dGEs05 [g[gE8o(treat)eodgEsoopd air conditioning [gdod(process) [goopdn”

“Air conditioning is the process of treating air so as to control simultaneously its temperature,
humidity, cleanliness and distribution to meet the requirements of the conditioned space”

o0bsp5:3,egE air con 0pgOPS PYE6RE GV 63:6INE aJowrod egeaME
[91095[g€: [g620p5n Air con vpagbog€ “Confort air conditioning” $¢ “Industrial air conditioin” vq)
$0GJg o3[gpe0opSn Confort air conditioning 8320p5¢0 GLN3 cRgP: 265EREG5(confortable)
[g0c00pd  36[gE0es00698 GepadSesnt [grod[gllydoopdn Industrial air conditioin 83a0p5en
005§ $& 2000Egqpsel CpSesigps $C process gPoR0d N3 AB260) PefgeRcsad cepodeaant
[glyC8s[gts(treat cpd[gts)gboopdn adelopé e 3326000 eapieaEnt ofewrod egieand
[gro68Eqsm00305  srusiontoogdyps(properties  of  air)saclopCiod 2600805 §0:c0pdes
832620051

Dry air Water vapor (Moisture) Moist air
00O '}(j}-fb‘-,i-i-i:’jj
O 00| = |[Q o}

O 0O o‘o 'o"

o Jo GEpcﬁeogoaéem(dry air)s¢ eqeg(water vapor)eepesa0p5 ™ moist air
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Psychro 2005  ofedlomgd  “cold”  0p328¢0Sqaopbn  Psychrometer  20p5
Geooo(atmosphere)oS0gE§o0pd aqueous vapor o o3&:omaopd cB§ux(instrument)ooddjHgdoopS
eeoodptfeon  eqegdloCeod  oBE:00003§umn3  “Hygrometer” wreslaopdi  Psychometric
aB20p5e0 air-water vapor 93e0p05 * moist air ” o3eapa0p) 9900000 [gda05

6500 cdlede[padesaod “ero” adoopdSen moist air o3 qdpRSie(ad[gt: [gdaopd
elepodeogoopdeco(dry air)sC eeeg(water vapor)eepesaopd mixture o3 “Moist Air” op eslaopdi
og$6a  m&fecoaopd “Moist  Air”  [gdoopdi  efgrodeogaopdeco(dry  air)oopd  0g05q0dg
gdoneogs 220305000  [grpSoondglfgdoopdn  erooopd  coomomg  adio  elgpabeaglgts
0§e00500p0: 0d00y ROd]IEdGeP: [gepdes 20305 [gEoopbi condeogopt  elgpadeagoopd
eoo(dry air) 2afgd a8s00& 00p58E0RS 3a6[gEResedoocnmnd $o5:dkoopd

0)3298:03¢ vcoedign Grosinaooggps(properties of air)od capcologepdl desnod air
conditioning system gps 8&&{gpdeserognd eond ©pdad [g[ycds(treat)qepde?  s00d0nd

60p0geRdI

eoosionhaogdgps(properties of air)o3 @oos(table)od a3ewrod 0qd(chart)odgé esdlg
§E20051 0qd(chart)odggé eudlgooneamn erodioahoogdyps(properties of air)od “Psychometric
Chart” vpesl a0pSi “Psychrometrics Chart” o3 c8&s(line)qpsgolgé §opd: 0opdSeamndaon:aopdi §aogy
HwgodeoodEicidolesn  osdonoy  qlioligdy  oopbescod  cofglelopé  sacpd
320920820001 Air conditioning process gp:o? Gapaog§ 32030500008 3a09:0820p5

SI 0psd chart $& IP 036 oqd(chart)op $8§ oF[grsaopdi 883203qgo0pd vpsdad
a805q) chart o3 egegjoSqo0pdi

Psychrometric chart o3 sosc0pd[g8gC air conditioning [gooosogpsa?  sacgudonan

cl9qC:8E2005n Industires cooling process $& heating process gqp:320305 Psychrometric chart o3
32600:805 0303m3j07) §2:00p5gs 83260005

Air con 32EqIE80000860052005 Psychometric 920206503 agboy 3E8Egn cocom
ellodoongf 33260001 Bwom  eomligSefom§ean air  conditioning  system  ood903
88&:a3[qC:sC ) 038:q05gpeg[ats(trouble  shooting)o30d  6s0oEgrd8Eepdlgdaopdn  ddelopE
“Psychrometrics Chart” o3 ogi6:0qCgo §0:c0p58EqS320305 a38:(line)ondegC:Bell 006020920003
328¢poS(physical meaning)s& 000 §2:0005 s0eomedodes?nE erpangs 8360005

Constant Enthalpy c3C:s& constant Wet Bulb c3€:0000 2008000000 qds(g|E(parallel)qps
o[9beacdcopds oqd(chart)edlogé qdfgE=olgd eapagooniecp§oopdi G205 pFEBB0q)
GEsel 00§Bsqpia|gpndeso0pdn odsa0rut Bas(pressure)sé qpadpon(weather)alo3pEaopd: coos
o0$8sqp:  G[picdelgbedloopdi  gSseag evel  oahoogdyp:  elpicdesoopdi a3
e[gpE:cdqadtiad c8ode) §660g:e0536000 20620:805 0R05g05aqp: [grpdes 832600051 BelopE
“Psychrometrics Chart” soaddglq) qC:c0l: cgudopeomspdiyé cSeabeom saelgod emmsacgt:

q§$E2005



eomEs0005028 Chapter-1 Psychromatics

Simplified psychrometric chart at 1 atm total pressure
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Air-conditioning ~ equipment gp:el 380> GedCgEdgIEde  Groodadoad gy
e[pcdeogs  [960pdi  Belgplicdeoanpd [g6opod  “process”  wpesloopdi 8883260003
[0coqi€apd process gqps: o3 Psychrometric chart ¢ologE eepal agodgod[gedyé air conditioning
equipment gp: egegod[gts $& air-conditioning [gocosngpsa? elggldgtod [gepd§Eaopdi Process
qP:0d :20206[g306500090 3200:306[g30650009 30366p0d630E A3E:(line)gpyé ewdg§Eaopdi
qe[gpE3203E{gdeoon(straight line) process gps§oocd gidseogs(curve)saodEs [gdeoon process
qpeopS:oopdi gielgpencdEion [gbeoo [gdod(process)qp:od sagpsad: cogqEnRdaod

apSeddkapd eaooopd agcondecuioopd eerd c0udeenn8oon:§Ea0pSaddlm ujfegoSdlaonos?

& J-G oo 6qod 20006800E00220pY Py

Geomeq? 20056a008a:§EaopE:03 puwdgPgE 0056a0[g8Ea00N SRS s08do3ed
20p000OmESE  0fi§eoepq  sanadesnCapoapd  eepEHo360dadgpiod  Grom  6eod
200568008 00220005 F260mEed: pogPgE[320R5

eoo(air)on 20udeaonoosapd ee(water)od oS ad:qyé ¢op [¢E§E200N ero ddoge
eq(water)o? B:a8sqpa aBssCagpi(snow) hail qpeodad 328823 (solid form)salgd cog [§E§E0T38
S:o0dgps(rain drops)  [ggpa(mist)o3od sa6Rd(liquid form)salgboonds 6o [E8E00N a3ea0d
:208:30038:(indoor)§  eoadSdloCesaopdeqed  eqegmslgd(vapor  form)oon  oglgESEaob
60m20056800E00200pY GaegyP:aopd “Superheated Low-Pressure Steam”qps [g60300051

6003 63236308 Bo0pdd 65:633ENE300 326l03E:5 Becoadorl do€esoood
6qeg,0e0mod  a8qScdmn00pdl  Fponudeopéadeand  Groodeopiiomem  Grosé
GEPESVRD  GaEgEPIdRS: I]opooy 632263081 65:eINE[GERSeS  Beadeamelopé
[g20p5

eeoodopEiloCesaopd eqeg, 0l BEgszoged 88009gdeRd  GrosiomoogIyp:
(properties of air)o3 035332600001 Grosioahaogdqps(properties of air)od B8Eq§eacg05
Psychrometric chart o3 ogi@:oqi€gn §0:00p5 206omedlodcongeRdi

eoocosizacgtiadeqegyp:  epda3adeepod§rnoopbod  §0:0b8EqSea0R05  eaegat:
(evaporation) $& 826¢w3aqp532[gdegpEs(gE:(condensation) [g80d56903 capang§ cdzab0005
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J-0-:0 eqegqgé:(evaporation)

pgjedldkesaopdeco(hot  air)oopd eeegypid  @ovpadeamCoondeon  g&igpSgaopd
cqa[gbe  eaegypi[gdald  egplicdogoopdgdopod  eqegd[gc:(evaporation)uy  eslaopbi
Blgbopoopd  medudeaqd50[gort  [9oerp§oopdi  eqed  epgodesmE  [gepdfgtelopE
[g8edl coneamn eqegd|g:oopbaopds evaporation [§d0d 0od§oE[gdboopd

GoPa5e3qods[gEad eqPsrocdgé 2905350l gEds[gedlogt eaqpsdag:
c860pdi ABeqqps elgpodeogagsgionnd eeegqlgts(evaporation) [gbodelopé eqegdogiat:
[§020p51 eqegqgE:(evaporation)oopd ee(water)saog05000 9320009 edluxg[gdoopSi Vaporization
20pd  0egH[gdd  ofpl:8Eood  FaepImiadimozed  odo0pd  edlume  [gdoopdi  meeg,
[gd3e[gpE4gC:(vaporization)gdg§eacgod sapcopdeusg(heat addition) cdsaba0p5N

J+0- ) 396ge 226p530[96a3 6[gpC:cd[gé: (Condensation)

oFeogeoliong  eamconaopiecoopd  gEjoocdesmnoomiean  eaegyPiod
s00dcu0bea0desmnEEeomneanaoé g§coodudeaopdi cda8eruadifeom cqegyp: cqEelgdd
e[gpE:cdognieo[gén’ condensation [gbop(evaporation el e[pE(gs[gdod) vpesl copdi sregenigbe
2epdm[3da3e[gpEgE: (condensation) [§0g$320305 3apeudonddeu:qs (heat removal) cdsaba005

6oaoa30pEdoes00b  eqeguwn(water vapor content)oopS ecosl Dry Bulb
20860 03¢ ©o0pS00d1 0dspdiEndyC eromoudeannao§tapd eqegowdm (water
vapor content)oopd odecosl Dry Bulb sapdfedlogé ¢oopdaopbi ecoel Dry Bulb 320§S
[48ecveco  eqeguedmgpigp:  couSeamniiEecuern (960l Geosl Wet Bulb  20§$
[4€ecvero crocdand couSeemnannd{gdoond eqegdloe(water vapor content)qp: Groco

[§BoeSn

G025 eeeg(water vapor)oedanepdy| 000dee0n8oo:§Eaopbe3 ecosi Dry Bulb sapgSon
e6dlgoopdi ooe eeeguwran(water vapor)epSq| 200des0a8oonifG: [§620p503 o ¢ Wet Bulb
2OYS cdgeo:aopdi
Saturated Air and Unsaturated Air

GRS OFEoO9]  2005ee0EEEGEood  sagpiedieqeguenn(Water  vapor
content)od 200568008 gde) e5005c00ndes§EeomgE “Saturated Air”  0r20050052005N
Geoo0pS eqeg(water vapor)od 0066c00598Eea0gE “Unsaturated Air” 0pesloopdi 00dspd:

a4 ceg(water vapor)od c066000598Ea0p5(e60a8E0p5)ec0nd unsaturated air vpesl 2001
J-J 0pp8e0000305/05qgqpese0g05 rond 630lgd c00dwob[ges(Standard Air)

cpodsgps 2009qEQE3B0R0d  gagties0pd  Grocdopl  dodcofqiCenddeg QoY%
eamod8qenddeg jo% $& cqegyp: $C¢ F:o[gr: er0degyp: 0% o3clo€aoobi Goo(moist air)oopd
65qpe30l 3§S1 epadpop edlaeaopde) elgptiadesonodeomelopé cofopigypa cRod]IEdgYp:
[GiowSepoge oppdadenq$ sagpisniopScond9o00d dosd(standard) 0od 2005005S cdzab2005
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oCcoudeq qodsolgE(sea level)3§eom Grooedsm: 29.921 in.Hg (atmospheric
pressure)sé 320§8 QuB0§qfuBed §eom(70°F)ecood &(“Standard conditions at Sea
Level")33(g® 2005¢053(0300001

Standard atmospheric pressure 1013.25 mbar 9800705 101 325 Pa s3c[gzecsogéieomn
coosiceda8ogjicon mass 20pd 28.97 (9620051 croslioroogdyps(specific properties)od efgpodeoy
GCOGI 2005905002:6000 CdLRSB(UNit weight of dry air)edlogé sae(gde) cudgenp§oopd

Trace Glasses 1%
Argon (A)

Water vapor (H,0)
Carbon dioxide (CO,)

Neon (Ne)
Helium (He)
Krypton (Kr)
Hydrogen (H)
Ozone (03)
Air parcel
$ J-§ ecoadozd doaopd encdegyps 6 J-6 ecocdonl eagSqp: dofesd

J-0 320 93yt (Specific Heat of Air)
;mgred §  maepogogp: 30:d:0000  sap(heat)od Beapa€  986:0000:000:8E08:  §oopdn

m0(heat)o? 03eaene 036:0005:000:8E08:08 specific heat vrGal 20pdi

Specific heat 0o§3:qpsecoero 03 3a6pogEEd F2powdaN(amount of heat)qpigp:od
a3eapnEaBbse0pSi000:8EgS: gpieueolgdaopd
28 NudeEaBqod:  [ghop(mass)  0oduRsdeon 2epogriEndead 2:pds  00d8ndwgluBed
0300705 00doE030§05 [§E005qE320305 Bmabe00 0™} specific heat vpesl copdi

eq 000603c30g0(1 kg)od 220§S 1°C [gConodeSencgnd copdeuqepd go:eat(energy)
0 008 03c3mmudc3§(1 kilocalorie)or csloopb 6qoodedE(1 Ib)od 22p§§ 1°F [gEonades
copdeorgepd gd:mad(energy)owdanad 1 BTU (British Thermal Unit) upesl oopbn Specific heat 0005
32003 936000E8EQE: [g20odn BTU $¢ kilocalorie 032005 specific heat ¢l opsdaps [gd[o30005

efgrodeageameca(dry air)el specific heat 20p5 32088 (temperature)o’ c8ode) e[gplicdes
60p8oopdi 936005 3edgdegP: (QUSEHEEeSeR05 Groa specific heat 0o8§3:03 Cp =1.006 ki/kg
K [9E saaddgeco§oopd

Cp =1.006 ki/kg °K & 228¢g0uden efgrodeageamerd 0dadcdoqd(dry air 1 Kg)od 0od80§
0E030§05(1°C) [gE0005q§320305 1.006 kI 0enn§oopd sapcopdeuqs(heat add) c83a6005
oS 68°F (20°C) coo(air)$¢ q(water)ode co0udSeaonaon§arpd sapoenmn(heat energy) o3
£&opdesdly conzoopd
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Air Water
Specific heat (Btu/ Ib °F) 0.243 1.0
Density at 68°F (lb/ ft?) 0.075 62.4
Heat capacity of fluid at 68°F (Btu / ft> °F) 0.018 62.4

eoo(air) ee(water) $& cgd(ice)od @ specific 03 IP 056 $E SI 05603 [gEewdgoonoopd

Specific heat
Substance Conventional metric and Yard-pound system S.| metric system
kcal/kg®°C, Btu/Ib°F kJ/kg °K
air 0.24 1.005
Water 1.0 4,187
Ice 0.504 2.110
Wood 0.327 1.369
Iron 0.129 0.540
Mercury 0.0333 0.139
Alcohol 0.615 2.575
Copper 0.095 0.398

eqEizoqS 00880§0E030§05 §6s0E:q8350305 1.006 kI vedan§oopd sapeudoood(heat

remove) Go:q$ c332600001
Measuring Heat Quantity

water 1 Biu

16.5°C

T 1degree
14.5°C

1kg of water

60°F B1°F
)
; U
water
= Bt e [Tkcal or 4 187kJ added |
¢ Jq 1 BTU $€ 1 keal 61 38¢p05¢Eadq0d & J-o 1 keal &l 228g0udgadqed

eqeadedE(1 b)o 22p§s 1°F [gCooades 300305 3306000 200gb:3aE (energy)
oeomo0pd 1 BTU 9620001 efgpodeagaopd ecooodedE(l Ib of dry air)o? sopd§ 1°F
[48onc5es 220305 Bmbeom  =apgdiead(energy)oedanaogd 0.24 BTU (962005 ceel
320036000E8EQE:0000 6LC00S G098 yP:a0pdi ABeloPE 6qRd G0 specific heat
JlgCo0pdn 200m0my¢ 6605 Grocoad 3 32003 38 aBenpnaddiaopdiaon:§Egbigpioogd
BelopE 6a03 630:63308 Bewrod eg:e3t [gIrpdes §&:3aE (energy)owam 3832620001

Total heat of moist air
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Sensible heat + Latent heat = Total heat
elgrodeageamecd (dry air) $¢ + cqggps(water vapor)sa[gd | = eoedlCdeaboopd
eqeg, (water vapor)o3seos$ elgplicdqs phase c[gpE:c3q$ 220305 OO
20305 33266000 F200wdN 083266000320060™

Latent Heat aBo0pben eqeggps(water vapor)oo o36:e0pSi000:6000  200gb:eat
[§©20p5n [Latent Heat is the ENERGY stored in Water Vapour.]
Sensible Heat 8320p5¢n efgpodeageameca(dry air)on 238:a0pb:000:6000 32096:35¢ (B0
[Sensible Heat is the ENERGY stored in dry air.]

J-G Bsa0iqpes€ 200568€0005 Dalton’s Law

enodeg saeep(mixture)sl eecdlC:3zas(total pressure)aopd o mixture o §eoon (g6
(substance)qp: 0069gC:Be 8as(partial pressure)gps ¢lEgE:$E p8gjo0pS
Dalton’s Law is the total pressure equals the sum of the partial pressure.

P = Pa+ Pw
P = Total pressure

Pa = partial pressure of dry air
Pw= partial pressure of water vapor
20§S 25°C §oopd co(moist air)ell dsaos(total pressure)aopd 1013.25 mbar [gdoopdn
Saturated vapour & partial pressure 205 31.66 mbar [§8[: efgpodeogaopdecy(dry air) & partial
pressure 205 971.59 mbar (62051
Partial pressure of dry air(Pa)= 31.66 mbar
Partial pressure of saturated vapour(Pw)= 971.59 mbar
Total(standard) pressure(P)= 1013.25 mbar
Humidity ratio 03 eqeg8aas(partial pressure of water vapor) $& e[gpodeagoopdecos
8zans(partial pressure of dry air)o3el sagj[gEcopds eed[g8Eo0bi
M

w=""_o662x ¥
“Ma_ %% pa

poen  Groaddfieon eqegdsms(partial pressure of water vapor) 2095 0.20 psia [gdoopdi

B3§$03¢ Groopel barometric pressure(atmospheric pressure) 20p5 14.6 psi [§agi€ humidity
ratio o3 gpSl

Dalton'sLaw P = Pa + Pw

Pa =P - Pw
Pa = 14.6-0.2 = 14.4 Psia
Humidity ratio 00505 32
W= 0-6223(:1:'_W _ 0.622x0.2
Pa 14.4

= 0.0086 Ib w/ Ib d.a

a3elopE eqegyps(water vapor) @i partial pressure 03a3cqi¢ Humidity ratio o3 a38&a000i
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Humidity ratio 0.0086 ol 928005 ¢&aBqioden efgpodeogoopdeca(dry air) saecosd$ oodedle
(1Ib)og€ eeegilofy(water vapor content)2op5 0.0086 Ib (46200507 883005

W = 0.0086 Ib w/lb da x 7000 gr/ Ib = 60. 2 gr w/lb da
efgrodeagaopdecy(dry air) eeo 00dedlE saecs§§aRE eqeg(water vapor) 60.2 grain do€aopb vp

88005
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Pw = partial pressure of water vapor at Dry Bulb temperature
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Dry Bulb Wet Bulb Dew Point Ory bulb thermometer
Temperature  Temperature Temperature a4 P gives the current

airtemperature.
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‘-\..__‘_. J
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GOo003] eqegyps(water vapor) epg&ifged §sSBaq (BEseoqpiagl) eqegdat:
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& J-Jo Dew Point c3¢&: ¢ J-JG Condensation [4d
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0000050 Gaegyps(Water vapor)od 80050005 20056805¢ co:ad86di

Dew Point 20§§03 03895320305 6590500690038 GeP0decgPIcod O( J-0 j)ogE
[goon:00pd3a03E: 08805545 eqodimagpieagqagl 000880m[gEesgadsdst sa8imbadiecua
20503 03E:0q€ 38:00ad: Dew Point 320§503 qopdi
Dew Point sap§§(temperature) 8320p5¢> eeeg(moisture or water vapour)qps Gaoade 0o

0godgogs0nd  GrocizpSed 3c8oopdi Dew Point 3208 (temperature) § oo
eqeg(moisture or water vapour)qp:oopS Dew Point 32088 (temperature) 0005860009

qod$[ged oz condensation o3 [gdedl eoaogdi

Dew Point 320§82005 100% RH c3&:edlo 0onEadoopd eeg€pdqds(horizational line)

[020p51 Dew Point 2201 Dry Bulb s20$ $¢ Wet Bulb 30§§03 0po8a00b 32805038 §oopd
@003 “Saturated Air” 0pesl 20pdN

Dew Point Temperature = Dry Bulb Temperature = Wet Bulb Temperature
033>8052000§03¢ Grv(saturated air)oopd eeeg(water vapor)gp:o? 0050005 c00dSea0nE8Egd:
o§eonpcon AB3d0d] erocdadeqegons), 006Goeapadandm eroadSst esBicon eaegoy,
aBeroade  0godgGLIRORdN  AdeaegyP:aopd  SacgSeanicodaopd eqgs(fine  droplet)Ooige
ago5gnagn:00001 [gpCagpeaopd “Saturated Air” [goe[opEiad esdlgaopd saeomEsedspows [gdaopdi
“Saturated Air” 326[g226503C 208 05:§)s 0ppS[o30005

Dew Point Temperature powogps

powd Question: 368000533009 320380600061 Dry Bulb s00g$0005 80°F [3b[G: Relative
Humidity (RH) 2905 50% [g8cgqi€ o3 sa6a000d3a8el $§5 ¢6a3{gS:(condensation) o[gbg$saog0d
§408 ogSoogh sofiog® cBficomiogpSseSy

mafy: 6603:{gS:(condensation) [ge[gd0d 0des0:g§ cBmaea0ncdmdiea0p8:0 Grooosl Dew Point
20F$0303q5 G=600p51 80°F Dry Bulb 200pq§c8C: $C 50 % Relative Humidity(RH) o3&: odei
[§05¢0563 Psychometrics chart adlog€ gpdli

(o) Dry Bulb o0§3:qpz §oopdesep ¢ 80°F esepopl  gdreodondeloppind eoonld od

Q20050005 80°F Dry Bulb 50088z (80°F DB c3&s)[gda0p5i
(9) Besnod RH cBEsqdieogegpse 50% RH c3&:alqpdli adcBEso0p5 50% Relative Humidity(RH)



Air Conditioning and Mechanical Ventilation System (Vol. 1)

c88:(50% RH cB3&:) [g®a05u

Goms00503%

(0) 80°F DB c8E: $C 50% RH a3&: o3 [qodagnieomasepopd [godedd(intersection Point)o? qupdi
B[gode0de eeg€ady)P:ea03E: onudonndad ognigi€ Dew Point 320qS ocon:ed§ Dew Point
2OFS0ES: 59°F 03 qupdi eqaddgs(condensation) o[gdqEze0305 B=ee00053 :4de
2OFS3 59°F coodgps([g)esant oB8sconiqepdi 0odspdiamigE 66addgts(condensation)

o[gbqSs20305 Dew Point 220§§0005 JgEesant cd&:coniqepdi

B[gode0de 00500538  eoniesaopd Wet Bulb c8C:qpizac3Eeodog€ Wet Bulb

DOF$67°F 0360pdi 632005003¢E eedlgaonzaogd

Goosl oahoogdyp: (Properties) 00§83z (Value)

Dry Bulb(given) | = | 80°F

RH %(given) | = | 50%
Wet Bulb | = | 67°F
Dew Point | = | 59°F

Relative Humldity, %

&
S

&
3010908 W 6

\_0“‘ r = ]
ﬁ“ ] 74% / x"“‘"f..,. b P
& Vo A T
o 0 4 A PP T
3 B S A L T T
S ) LA N D T
et e
q“f’ 50 124 T g T PR T LS
w Polnt T 2L T T T T
e e f e S = 10
SIS e o T R T LPT
a, 5T < ‘-“'.q..é&;;_{s_ ERS=anlt “‘H‘*‘Lj Easlin
CRERD ;;‘:.?:: - e SRR TN
é =t ek g L e T
E et Ei‘iﬁ: ::“_aj:u_ L [T
B e e et ! ] -1 ~L T ) e 0
40 50 60 0 80 %0 00 110

Dry Bulb Temperature, “F

& J-Jo Dew Point 320§$ 1 Dry Bulb :20q$ $& Web Bulb 20q$
J-9-G 632:000¢05eng€qpied § Condensation [gdedl[gE:

cododmeczonom eaegodd: sa8gSesa0d [gontiedndesed [ saqémacogps capsl
So3:c860pdi  [geoCiedodesel  u§Soopd [gEuecooosl  Dew  Point  m00§S 000588

so8samoopdmesl  Grooddq  eeeg(water  vapour)gpiod  [gontiedlodesed ol

(condensation) 22[9d coglgCegc: [gb20R5

6q234gC:

000586(6322)e50l0n condensation [g6c8&ebi

2EPoPIood9el  20FE00  ecosl  Dew  Point 32088 (temperature)oood[gé(g)esilon
condensation o[gd$EA 3aepogRInd GimpYE0S Gcosl Dew Point 3205S(temperature)

2-16



eomEs0005028 Chapter-1 Psychromatics

0.032
4 4 & i
B = T = .
g . E
| i 5 ': E 0.024 =y
1, 31 F . &
R - LRL - 0.020 é
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5. C [ i
3': . " ~ 0.012 i
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Figure 1. The psychrometric chart is a simple but accurate method of
showing the many properties of air and water vapor under different condi-
tions. (Chart from ADA Systems.)
¢ J-Je Condensation @ J-00 Relative Humidity
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(9565200503 ud[googd

602050005 Dry Bulb 320885 ep9E€58:000¢) saturation [g6[Gso0pS03 cwdlgoopdi 100% o
saturation [96[Gso0pd pPCsSid5090qE pPEgSiepdy  saturation [g9eS cB8eoo:aopSo’d
038820001 00bspSi3nigE cwoS§ Dry Bulb 80§85 eqeguwran opdged 200deeonao:
Bilg®oopSe? epdCssiss eudlylgtigdoopdi 65205000 epeC5Siepdy0d 006 00SeantsE
6002000503 050§ Eaopdi

0068l006¢ GroeB0RE  eqegsacrL:gS(Weight) ©pbgdlo€esoopSa? abolute 0o834gE

0305805 cudjgoopdi Relative Humidity(RH) 2005 ecocdapé eqegepdydloCesanpda’ epdsssdqs
238[goopdn Relative Humidity(RH) 20p5 water vapor density (mass per unit volume) $& saturation

water vapor density ciza§g[g8[g: ep§C55:gC cwdgoopd

(Actual Vapor Density)
(Saturation Vapor Density)

Relative Humidity (%) =




eomEs0005028 Chapter-1 Psychromatics

water vapour present in the air

Relative Humidity (%) = - -
water vapour required to saturate air at that temperature

eoowaoudeanntoomsBigdaopdeqeg, ownan

Relative Humidity (%) = 2OYS 0d9Serv0mgpPadoudSeamntooEaopieqeg, 0wan

Relative Humidity(RH) 20pS actual vapour pressure $& saturation vapour pressure o3ei

F2§rc0pdegdoopdn

e 3
5 : er

6 oz 9 oz 12 oz 12 oz

Capacity glass glass glass glass

Relative 6/6x 100  6/9x100 6/12x100 9/12x 100

Humidity = 100% = 67% = 50% = ??:ﬁm

¢ Jo9

Capacity 20p0 Goowsagped:  00Seaonaon§laop) eqeg oenm(gdG:  godelicncopSiyé
P06 E0pdi
Content 2005 Goe 2005ee008cBegd 20pd eaeg,0em(gdB: 05008 §esa005 GearoRd(gE
eomeo 18820051

Dry Bulb 00§8:0005 6qoopd8C0p30:s¢ ownopoBaopdi Dry Bulb  o0§8dgSecosco
O:30530040B8 Groeo[gda0dI

e Wet Bulb 00§3:0000 6qd:0d§ eqoenamst opoBaopdi Wet Bulb 00§3: 0o88sgEecuecy
$:30] 6QLEPNEPEEAOGV[YORSI

o $:3agud2000:00053[3k0pd GELEIN 03 6q(I5aY ©opd8Ean3a3 Wet Bulb 00830005
Dry Bulb 00880005 Segp:§Caoi

PO 6GCLNAYEIG: VLT PECDY 3503E:5§0pS GrodaRE KuSeanEaN:00d GaegRd

20985 Bodge[gpEirdes0pdSn’d eroamn8Eoopdi 08 d:0860rc50rs by 330pE:a3 eqeg, ¢p:
0ofeant a3owod wagadesmadSiconSEag Relative Humidity(RH) $E& Dry Bulb sop§$
068005003 6822050] 3203E:600060R 8 E 05N

ecosl Dry Bulb sapg$86ccoecy eqegyp(water vapor)od a3eapnEaddisopb:8Egds
$05:600600[g0p01 Groel Dry Bulb sapdf[gCecoecy eqeggps(water vapor)od o8eapné
038:0000:8E08: qpserGL[gd0RdI

20% Relative Humidity(RH) - p06$(§)$0§ 22qj$03C Dry Bulb 3008 [gEeomefopé croonad
eqeg  00006enCEEaoegd:  gpraopdi  o0bspdiEgE  Bmedoddfeod  sroopoopd
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2005680088E2005 vwdMEl 0% eaeggpPs(Water vapor)od couSeaonoos(Bs [gdoopSur adcaopd
©0% 0006 20056800E8EEa0220p5 vprRd:a88E 200

Warmer air—
greater capacity
to hold water Water-vapor
vapor capacity

Cooler air—
lesser capacity
to hold water
vapor

Water
vapor
20% 50% 100%
relative relative relative
humidity humidity humidity
5 PM. 11 AM. 5 AM.

& J-08 Relative Humidity(RH) $E Dry Bulb 32088 0680059

50% Relative Humidity(RH) - po(00)s0§ =oq§03E Dry Bulb 22p§§ ogeol: ognseomelopé
eq$eqeg 20056e00E8EGE0R5: oyjenliaznio0odi Groao0Rd 20udesmESEDD vedmEl §o%
eaegyps(water  vapor)od  couSeeonomdfGs  [gd0pd  edaoopdi 65705000  §0%000g)
20006800E8EGa0s0p5  1PCLVPES:B8ERSI aJea0d fesopd eeegLEdIMNARS  we[gpticdeol
RH(%)a Dry Bulb 220§§03 c305¢] e[gp&:cdes0005

100% Relative Humidity(RH) - $505()$0§ 2o§§03€ Dry Bulb s00§§ Sqjoyeotsogneomefopé
eqeg 20056e00E8ERGLpS: 3 $p0:a30:00001 GLEERS 20uSeEEEEDD VL NEl 000%
eaegyps(water vapor)od 2005ee0nEoosf8e [§900pS vpadcaopdi eg00d0d epbaopd eqegyp:
(water vapor)alq 0066 wo00desoné $€eomeon Beadd Jesoopd eqeg(water vapor) gpiel

oeomooé eGB)&cBGou

30°C
20°C
10°C
Water Water Water
Vapor Vapor Vapor
100 % 52 % 28 %
Relative Relative Relative
Humidity Humidity Humidity
o J-QG 10°C 39335{@038 200 % 20°C sgﬁfa’ﬁog& 9 % 30°C sagga’ﬁog& Jo %

3200050 6[gEecsdpocdn cqeggps(water vapor)ell Absolute v @ o8y
Ga0dcopd: Relative Humidity(RH) > oopo8fogeon Relative Humidity(RH) 2005 coob§ecnei

oS3 (present  temperature)descomeopé oS0 (present  temperature)e|gpE:odEs
Relative Humidity (RH) c8o5e[gpEsesaopbi
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Relative Humidity(RH) c8&:qpse 100% RH c3&:03 Saturation Line opcopbsesl aopbi

Saturated air Unsaturated air
100 % Relative Humidity less than 100 % Relative Humidity(RH)
100 % Relative humidity 80 % Relative humidity 50 % Relative humidity
Dry Bulb 90°F Dry Bulb 80°F Dry Bulb 90°F
Wet Bulb 90°F Wet Bulb 75°F Wet Bulb 75°F
Dew Point 90°F Dew Point 73°F Dew Point 69°F

3200050] @0s32q) Relative Humidity(RH) $p5:c006c0c0 Dry Bulb $& Wet Bulb 320§§ odel
[go2572q05 gpsconeroeeo [g620p5n Dry Bulb $& Wet Bulb [gpesiqobod Wet Bulb depression
068l 200

Wet bulb depression = Dry bulb — Wet bulb

Relative Humidity(%)$p5sg€:0005 ecoadopt §esaopd(coudesmnEoo(Glydoopd) eqeg
02005 2005680088E200) eqeg LLdNOS $biesRE: (46200 odspdisngE 80% Relative
Humidity(RH) s32000¢n 2000680088000 eqeguenel  ©0%a3  200des0nEG: (62020
65205000 J0% 0066 20056800E8E620:00050p sBcdo0pd

6oad0xEdes0pd Gaeguedm $& 2005eenEER] eqeguwINABBagE epsSiged
aoodeemnood:  [gdoopdi  Bsoelgmeesed  100%  Relative  Humidity  opesloopd
B36[gmresapteomaecuod Saturated Air vpesl 20p0N B=e§i§0gE Dry Bulb 320881 Wet Bulb

209$ $& Dew Point :20§$ c3opa8[o30005

Wet Bulb 209§ $& Dry Bulb 200§ 036l opofgpegiodoopd cooal elgpadeagq(dryness of
the air)odesdlgoopdi opofgrgededagi€ (Wet Bulb s20§§ $& Dry Bulb 32058 0p80gi€) ecooood
efgrodegg ofeon 0odspdiemigE 8ol epsSiypd (000%) [gdoopdi Wet Bulb 220§ $E Dry
Bulb 920q$ o361 ofepeg|ed gpiecoeco elgpadeagy gpiecoeolgdaopdi

eco20pS eqeg qpigadolgodoeseom(saturated) soefg3ae5(100% saturation)oe eqeg
(water vapour)o? §005c00500056800E00:8EGE:  weoncun a3eadd eqeg qpigé  elgpdeo
[§0esG000 unsaturated (100 % saturation coodspbs00p0) sacgzacsop eqeg(water vapour)od
20056802E350305 C06GCVE59EE00N

Air gg‘c’fsaturation (:)(3)088 G(\D&Dé 25°C Dry Bulb '?é 50%RH
___________ poltoImar  seegmeesopt eqooph 25°C 320§ [gBooph
f:;E_: Water iicg 1166 mbar E;E;EE_:_:_:_:_:_:_E A
____________ o ¢(b)ogd eqeimpdé 25°C c00d§doopd 3805038
_ eocl 3pFES[GE eseom eopé 30§S 25°C
e Sensible :’\;T;ir Goe Q23 sensible heat onselypCsgls(transfer)

[g8el 20p5n eeoopS sensible heat g§oopd =4l
32038 (state)e[pC:cd[glydaseacgnd cdzabeom
latent heat 22[9698 eepodeof: cae cqag(water

(b) <
& Jroq eqegdfEt:(evaporation) 58 vapour)sa[gba8elgpEscdeoadi

50% saturation /
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aB8[g8[gE:03 eeeglgEs(evaporation)wreal copdn 6qoopd 365(liquid)ssclgescse ceeg
(water vapour)saelgeecs o3eepodq$mecod latent heat c33aboopdn 0odgpbieiyE phase
e[gp:cd[gcs [gded @S 220305 latent heat c332600051
Relative Humidity(percent)spSsaonecoco Wet Bulb 32088 $& Dew Point 220§§ 2005 Dry Bulb
POYS  00055pSs0060e[gd0pdI  Relative  Humidity (percent)sobiaonecoco Wet  Bulb
depression gp:onerOGE 93ewrcd 6ruad 34 elgPadeay aneroe [§doRSI

J-9:Q coondopsdei apcopd(Specific Volume)

Specific  volume &32000¢n  elgpoSeagoopdeco(dry  air)  ssecos§§  oodupsdaod
eooocopd(volume)epdyjsé p8a0p503 ewdlgaopdn Specific volume &l ST 0psd 20p5 m?/kg [gdaop5
efgrodeogoopdeco(dry air) 3aceo:gsS 006030303E§0pd apcopS(volume)o modom(m’) (g
ed[glgts [gdoopdn Specific volume &l IP opsd oo ftY/lb [gBoopdi elgpodSeagoopbeco(dry air)
:600:g§ 008 60IC0xEG005 cocopd(volume)o? moso(ft)gé ewdlglgeigdaopd

2?\\\\\\;\

h=27BTU/b d.a. v=1351¥bda

$ J-0® Constant Enthalpy c3Esqps & J-o@ Constant specific volume c3&:qps

Specific volume c3&:qp:0005 o00SonchBemiesaopd c38:qpigdaopdi Specific volume
a8 $& constant enthalpy line o3& s$6§pocd:o0pd 900500503 eontieslgoopd Bsqgp:
[g8[o300051  9Beo05  specific volume 8Esqp:a0pd  Jjeodeacnndogoopd  eagencideoqd
2003[gje& 2001

Psychromatic chart edlog€ pononodadespodecoeco Dry Bulb gpiecoeco (Specoecd)
[§800p51 BefopE poronadS§oopd specific volume c8Eqp:o0pd Je) specific volume 00§3q¢
[0300p51 320005e[opEadeond er0pd agiEygameomelopE sacrLgSorea0dcpds cocopd
BqpsCs (9205

pown- &3 (furnace)onde 22038:03 oCeepadamno0pd eoo(combustion air)el 3a¢§§a0pS 80°F Dry

Bulb $& 23% RH [g8cq€¢ oBecosi oocopd(specific volume) ©pdggda0p5a3 gpoli opc
[gooosaopdaa03€: 80°F Dry Bulb $& 23% RH o3l [godwod(intersection point)odepdli 365005

a3[gode0de specific volume &1 02§8:03 ©050p8Ea05i
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v=13.7#¥lb da.

23% RH
3%
DB, F Dry Bulb Tllamperalur\:.i ©
& J-Go Specific volume o3¢&: & J-Go Specific volume c3&:

J9:© 6c0p aBeapooniongd 3a008:3aE( Enthalpy c3C:qp:)

Enthalpy & 228¢o0cSgEadg0dqp:  sacgSqpigoeoopdn 30330y 360805 Eges
00530020051 qod3EQEI $:§EEqICadel 0R&nSEMREdYEdPeog 305085E eedcBoysgp:
eopeosspdgt edEodgls [op[gt: ddelopElgdedanoond 220838 veomefes$ enthalpy o3
6[gde) 0gedged[o300251

Enthalpy 8300p5¢n thermodynamic system ood9 & g&:aaCopadiS(total energy)gdoopSn gbsenl
99cdlCs(total  energy)ogE  internal  energy  copb:dlo€oopdn  Thermodynamic - system
Bo0p5en 88erpamepd $05580503 M&005002000) 2203E:320m (control volume)ondy [gdaopd
8800 093¢ (gas burbine) o3ecpames5a0p0e30qE 0003¢E (gas burbine)oopd thermodynamic
system 009952051 8800 eqEedcBoye 61 thermodynamic o3ecpamnesoobadagi€ eaeedadoys
20p5 886i thermodynamic system 029 [gda0pSu

Enthalpy 320p5¢> thermodynamic potential [gdoopSi Thermodynamic potential s3a0p5¢0
wepogoody  Boopod  system b9 Beapdoon:aogd  3a0gbimaCol[gdaopd
efgrodeagaopdecy(dry air) ¢ oBeapEooonpd 2209638 a3ewrod enthalpy 20p5 sensible heat
[§020p51 eqegyps(water vapor)aBeapEoo:anpd 3apgdieal Buwpod enthalpy o3 latent heat
0peopds 200569052001

0pd00d  =aqd(liquid)odesd  ssegm[gdad  elgplindq§anogndadsndeangsienta’
“Enthalpies of Vaporization” vpoocbecdoopdi  ceee(gde cqegiegen|gdad e[gptides cBendbeom
g&:aaCoopd “Enthalpies of Vaporization of Water” [§800p51 saqpdeqp8enn 2a8Esad¢ps(melting
solids)oB 206p0m0[gdad  e[plicda$32030508320600mg8:mE0d  “Enthalpies of  Fusion” o7
OOOS(T)OSO:)éII

6edm[gd0 6q 2:[gd3 e[S c3zade00gbiaConpd “Enthalpies of Fusion of Ice”
[g020p5n System o0d932038: Jo€aopd saguwran(heat content)od Enthalpy opcopSiesl copd
eod[g[gCs(chemical reaction) o3wwpod physical process 3203C:e[gpE:cdogna0pd QOO0
Enthalpy opcopdiesl[G: AH 98ewrad Ah [g€ cudlgecy§oopd
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Enrhulpyﬁ/

Dewpoint
Temporature —=

Wet-Bulb Wet-Bulb

Temperature Temperature
Relative
Humidity Enthalpy

Relotive
[ Humidity Dewpoint

[ Humidity

Humidity
Ratio Temporature —= Ratio

N\ N
e / —
Dry-Bulb —Specific Dry-Bulb —Specific
- Temperolure Volume Temperoture Volume
¢ J-G Enthalpy c8&: - ¢ J-Go Enthalpy c3&:

Constant Enthalpy c3E:qpz00p5 constant Wet Bulb c8Esqpss s08:06ad:0p08(0300001 cBelopé
c8&:0nbefoyptionpdiadol scale (Enthalpy scale $& Wet Bulb scale)sd§ge ©odq) 32034
[032005

620050038 e05[gooneom adE:qpien constant enthalpy c3Esqpsgdoopdn

:250:c05600 Faes(error)§eosdeopdiesigpocaoncdeon Wet Bulb clion$8:qp:od 000%RH
a8&: m§:pacdlgoondd: Enthalpy cioo§3sqp:od Wet Bulb clon§3:qpsel 3260l 00055 cwdlgoons
20
Enthalpy &l IP o5& (Unit)aopd BTU/Ib [g[Ga ST onsdo0p5 kI/kg [gdaopdi

Dry Bulb Temperature

¢ J-GG Enthalpy o3& & J-G§ Relative Humidity (%) c3&:
Dry Bulb $& Wet Bulb [§o5¢05¢ Enthapy 030050820001
pow
:205$ 30°C Dry Bulb $& 65%RH §eom ool adeconaonieamnsaggsea(Enthalpy)es 75 ki/kg
[900p51 22000dq dBecoaopd 25°C  afmapSogeotiogidlon  adeapnooneomn  30esieat
(enthalpy)oop5 58 kJ/kg [9620pdn 25°C Dry Bulb $& 65%RH §eoon coel oBeapnEooseon
32006358 (Enthalpy)oopd 58 k/kg [go0pdn 00bspbiaandg 320§& 30°C Dry Bulb $¢ 65%RH
§eomn 6eoodaBc8oqdod  25°C Dry Bulb $& 65%RH adeepod§qs (75-58=)17 kI of §eomn
200828 0N0d ©6d0ea5qedi

pO(IP 0p$6)34°F Dry Bulb $& 70% RH oo ool oahoogdqpso? Psychrometric chart o
00509$05:03 66d[g 002:a00N
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&
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=0

5
Ao

0
T
o 5

Day Buls Temperuture, °F

(RARaRERER
0

Rl RN R R R R AR RS R ER AR Ra s AR
10 15 £ 25 El

T

Chapter-1 Psychromatics

psychrometric chart cclog€ Dry Bulb

2OJEBE0  34°F  osepopt  gpiecd
(vertical line)oodefoypEs coonaln

RHo3E:qbieogiqpse 70% RH line o3 ¢p)
34°F Dry Bulb 200q8c3C:s¢ [godeom
e5epoRC  [godeod  (intersection  point)

0069qepdi

34°F Dry Bulb 23¢§§c38: $& 70%
Relative Humidity(RH) o8& & [g05e05
(intersection point)oog] Wet Bulb c8Esqp:

38 (62008 QBB crbelTpE} o
Wet Bulb c3€:610088: o3epdli

Dry Bulb 300§§ 34°F c3C:s¢ Relative
Humidity(RH) of 70% ¢ @205 Dry Bulb
o8 Wet Bulb o3& Relative Humidity
(RH) o3& $& Dew Point o8& qpzo?
Psychrometric  chart edogé  eedfg
00220005

2-25
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J+6 Sensible heat e[p&:c3[g€:(Cooling $& heating)

() GeoaRadad sapcopd(ges(heat add) 30wr0d 3apeudoncdun[gls(heat remove) (&5

(9) =apoopd[gts(heat add)elopé ecosl Dry Bulb =20 [gEonodamnaopbi sageudooodupgts
(heat remove)e[o3pé ooei Dry Bulb s20§$ ogjeoCzo0pdi

(0) erocomogtfeqegilolq(water vapour content) oeam20p5 elgpEcdgeie§eon

(20) Process 2005 constant humidity o3& oodeagpodogomn  [gbedloogdi  erocozaogtsd
aepcopd(heat add)og€ pononode 000500503 ogn:aopd sensible heating process 920001
Enthalpy oB:c00p01 ecooocde  sapecdondd(heat remove)ogie 90050050 pIP00533
ag0:0000 sensible cooling process [g620p51 Enthalpy cagpspSsaonaopd

Parameters

Sensible heating

(heat gain [38[g€:elop?)

Sensible cooling

(heat loss [g&[gE:clo3p¢)

Dry Bulb Temperature

qpeconaodi(increases)

spSs0gns00pdi(decreases)

Enthalpy

gpzeonoopdi(increases)

$5:ag0:00001(decreases)

Humid Volume

gpzeonoopdi(increases)

$5:ag0:00001(decreases)

Wet Bulb Temperature

gpzeonoopdi(increases)

$p:ag0:00001(decreases)

Percentage Saturation

spdsogeo0pdi(decreases)

qpzconaopdi(increases)

Moisture Content

oe[gpe:cddli(constant)

oe|gpe:cddli(constant)

Dew Point Temperature

oe|gpe:cddli(constant)

oe|gpe:cddli(constant)

Vapour Pressure

oe|gpe:cddli(constant)

oegpe:cddli(constant)

Jq Latent Heat fgo€:c3[g€: (Humidification $¢ Dehumidification)

eeooomapliad  eeegypiolaspodogdgs(water vapour addition) [g6odo3 “Humidification”
eqegqpin  9ouanudesontagyndgt:s
“Humidification” [g0f0y edloopdl erocodde  eqeggpi(water vapor)od  g&codd  od[gE:

[g800  vrealoopd

005539

602025

(remove)[gopdag€ eegeudaood[gés(dehumidification)gdod wresl copd

Enthalpy
increase

pe

¢ J-66 Humidification $& dehumitification

Enthalpy
4 ingrease
Enthalpy
Humidifi- decrease
cafion
=
1
Dehumidifi- s 1 2 |
cation
Sensible | Sensible
5 cooling_ | heating
DB

¢ J-Gq Sensible heating §§ sensible cooling process

005603 [gbod(process)qpiopt 3a5p5:00: [gB0d(process)sddjs oo dlo€fogoopdi Cooling
$¢ Dehumidifying (99052005 cooling coil gpsopEfgdedienydaopdi Cooling $&  humidifying

[Coameen | 7
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[§00900p5 air washer gpiogE [gdedleap§oopdn Humidification §& dehumidification [g60d
206o006ep: (concept)od §2:c0p58 832600051

eeeg(water vapor)gp: 6eoado? copdlgeielopE humidification ratio 0o05c00000n Enthalpy
copbs 0005coo0pdn Latent heat 00§3:e[pE:cd[gls [§Boopdi ecocde eqeggps(water vapor)
0050005c805[gEs(removal)elopé  humidification ratio 20p5 $pS:0gs00p5n Enthalpy  20p5c0pd:
$5:ag0:00001 Air conditioning process qpsei cocdeoy saegzaesopt dehumidification 98:ao§fgdod
$¢ humidification 93:00§ [g50d sacgss05:0005

Cooling and
humidifying

1
Humidifying
1

‘Heating and ooling&  Heating &
hlﬂ'ﬂi!ﬂf}f[ﬂg g Humidifying Humiditying
6 Absolute
__Cooling _ [ A\ Heating | humidiy
Heating and
dehumidifying
" Cooling & Heating &
Cooling and 7 Dehumiditying Dehl.llrl?idilying
dehumidifying Dehumidifying
OB Dry-bulb temperature
$ J-Go [gdod(process)qp: O J-G@ [g00d(process)qps

Sensible heat e[pE:cd[g8: [gdod(process)oopd 0§S egpE:cd[gtelope [gdedl copd
085p5:3gE 30gS o[PE:cd[gls ofog€ sensible heat opse[pEigls(transfer)olgbedlcor
elepodeogoopd eco(dry air) $& eaeggp:(water vapor)sd§adiel 320§8e[gpEcd[gselopE moist
air & S o[gpEcd[gt: [gdoopbn BeloPpé elgrodeagoopdeco(dry air) e sensible heat $&
Geegqps(water vapor)el sensible heat $6§ad:0d o0dq) @dlE:onqoopdn 0.24 ma x At 2095
efgrodeagoopdecu(dry air) ¢l sensible heat change [g620p5n 0.45 mw x At 205 water vapour i
sensible heat a[gpE:cd[gEs [g6205n

Sensible heat c[gpE:c3[gE: process 0g05q§ea0305 2addgj00pd IP 0psd deoospdiwd
Q(sensilbe) of moist air = Q(sensilbe) of dry air + Q(sensilbe) of water vapor

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

Q= Sensible heat added to or removed from air(BTU/hr)

Ma = Mass of dry air = weight of air(lb/hr)

Mw=Mass of water vapour = weight of water vapour( Ib/hr)

At = t,-t;= temperature change in(°F)
pown-  :08:000932038:0 30§S 60°F Dry Bulb oo ecood 90°F Dry Bulb odeepodesand
agoodsapeusond(electric heater)g 8apc0:q$ c300p51 033298:320305 GrodsgS:(air flow rate) 400
Ib/hr c82260qi¢ BsapeusonS(heater)sl capacity o3gpAli

eoo(moist air) ¢l sensible heat o3 Ba8aqi¢ elgpodeogoopdeco(dry air) ¢l sensible heat $¢&
eeegyp: (water vapor) &l sensible heat 00§3:56903 GOIC:062051
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Q(sensible Heat) = (0.24 x mass of air x At) + (0.45 x mass of water vapour x At)

Electric
resistance
heater :
G55% RH

®/_\@D hy =223 8
— T Sao [
WFQ\;AF DB ] 2

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

hy =296 BTU/b daa.

DBF

ecoad0zd eqeg(water vapor) opdgdloCesaopiod codqs FgodE0nd weL:c:dl
eeeg(water vapor)ai sensible heat owdang 3098 $p5:0keoone[opE copbogades vadsadeo
Qs = 0.24 x 400 x (90-60)
= 2880 Btu/hr
0q00d mpe00d(electric heater)el 3agud3202:03 kilowatts(kW)[gé eudgecy §aopdi odelopé
Capacity = 2880 Btu/hr x 1kw/3410 Btu/hr = 0.84 kW

pow - 3200053 poedRE Sapeu0d(heater)3203E:08 0€a2005 Grvel RH 2005 65% [gdage

eeeg(water vapor) ¢ sensible heat 03 copdeoga53gelopé cgwnsg(error) opdy) [§68Ea0spS:
Psychrometric chart ¢ 60°F Dry Bulb $& 65%RH o3¢ 2005 humidity ratio 205 0.0072Ibw/Ib d.a
562005

Mw=0.0072 Ibw/Ib d.a x 400 Ib air/hr= 2.9 |bw/hr
aBelopEwater vapour 320305 Enthalpy e[gpé:cd[gEs(change) ¢ 0.45 mw x At [gdoopS

Q(sensible Heat) = (0.24 x mass of air x At ) + (0.45 x mass of water vapour x At)
Qs = 0.24 x 400(90-60)+ 0.45 x 2.9 x(90-60)

= 2880 + 39 = 2919 Btu/hr

adelopEa0§00m0d c0dadnda0pd FpguedNaRd 2,919 Btu/hr [gdoopdn cqeg(water
vapor) @i enthalpy change o3 copbeogadgselope 0% 080 ¢ni0gtsoopdn Belope cqaeg(water
vapor) & Q(sensilbe) 328E:03 00d8londé) copdagndecpe§eor
3200050] powd © OGS (heater) 303E:03 0Ca0pd GrodigSs(volume flow rate) 400 Ib/hr o3
CFM [9& eod[gdh

Psychrometric chart col o€ oawno0pd 60°F Dry Bulb $& 65% RH 036l adedbd(intersection
point)e specific volume o3 va5aq€ 13.25 ft/Ib qoopdu
CFM ofc[pe:aaqi€ >CFM = 400 Ib/hr x 1hr/ 60 min x 13.25 ft*/lb = 88.3 CFM

enodeg(gas) ood§§jsei specific volume 20p5 o encdeg(gas)el 3a0§S(temperature) $&
Baas(pressure)zaedlog€ wonpbesaopdi adelopé ofeco(entering air)el CFM $& ogodecu(leaving
air) & CFM o3 gpcli
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Leaving air specific volume 20p5 14.0 ft*/Ib d.a [gdoopdi
Leaving air flow rate (CFM)= 400 Ib/hr x 1hr/60min x 14.0 ft3/Ib = 93.3 CFM

Law of conservation of mass 82q o€aco(entering air)el sacaw:g§0p5 agodecv(leaving
air)ell 326eogSsC 0nndqupdn a3ea0d  agodecu(leaving air)CFM 20pd olecu(entering air)el
CFM 00058 qpzoopbi sao00Sefopéadeosd mass flow rate 000 0poB[G: volume matric flow rate

oopoBeome(oypEgdoodi

oCecv $¢ ogodecuadel CFM wopoBlogeomelopE air con equipment gp: egsqudepagt
@2098s0q: [9eI§E20p51 Belopé CFM a00decderblgoond esepell 320qS5E 33as(pressure)
Bodesdlgeoqs 332600001 a36o05 coodabopgp: 2essE I0dgoaqP:aopd ©pdoopdmelgi
pBpopagd saadigogepSe? eaB8Eeon ddelopé cpodapbongps(manufacturer) aopd standard air
condition &l CFM o3 esb[gloge0pdi

“Standard Air Condition” s32005¢n Specific volume of 13.3 ft¥/lb da(ecocioBbaopbsso
Density 0.75 Ib/ ft* da)g®20p5n adsac[geacsoopd 68°F Dry Bulb $& 29.92 in Hg [g&20p5i

c00560303¢E Air con 2EqIE§0x gps 2adgPieoon Heo0s5KgPiwd
Qs (Btu/h) = 1.1 x CFM x At( °F)(IP Unit)

Qs (Watt) = 1.232 x Liter/Sec x At( °C)(SI Unit)
3200050] $620500:0000 ECEglort 3 ges spcgsensolaelgoopdi 03E:0:30p5 CFM
$¢ 32003 Spodfodoopd) cgadop§taopd

pow- cooling coil 02d920p5 sensible cooling capacity 50,000 Btu/hr o3e0:8E20051 63 cooling coil
:038:03 20§$ 80°F Dry Bulb §oopd eco 2000 CFM 0€amno0pdup 03E:omuagaopdi o3 cooling
coil 32038:0 [gSogodagnieamn erusizap§soopd 62°F Dry Bulb [gocqié o coil &1 g&ieeondend
(performance) 20p5 2005005 002:00p) 3203¢E: [4de[yd odesoseLdl

mely: cooling coil ood9el sensible cooling performance com&s weomE:ad sensible cooling

$6205p5:03C copde) 06680:8E0R5I

Btu
Qs (T) = 1.1 x CFM x At( °F)(IP Unit)
5000
At (9F) =

1.1xCFM ~ 1.1x2000

tou= tin- At =80-23 =57 °F
Cooling coil & sensible performance 2005 2005005000800 32038 [§OgSEa0305
ogodeco(leaving air)ell 320§$2005 57°F Dry Bulb coo586qepdi
eqoopd eqeg](gts(evaporation)gbg$saogod 32003 0durqoodn Gqel latent heat of
vaporization 82002005 1055 Btu/Ib [g620p51 00d5pd:300ggC sae0:§ codediEeomnaeqoopd
eqeg[ec: (evaporation) 28ewrod maegdgEs(vaporization) [gbg§eaogad sagoencn 1055 Btu/lb
832620051
Q latent heat (But/hr) = 0.68x CFM(W2’- W1’)
Q latent heat (Watt) = 3012xL/sx(W2'- W1°)
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Q = Latent heat Change, Btu/hr or Watt
W, — Wy’ = Humidity Ration Change, grw/ Ib da

J-© Sensible $& Latent Process 6§ 0o8fG05505 [gdedl[gt:

Air conditioning system qps 3a0:c0:03c8el process gps3 sensible heat $C latent heat
5069000 00[g|E505a[gpE:cd[gEdgdedl 20pdn

Cooling $& dehumidification [goS(process)oopd sensible heat o3 v0S0005[gE: (cooling) $&
latent heat o3 ©uSoodd[gE: (dehumidification)gdodol [gdaopdi Blgbod(process)e opedlt:
0050005600 3¢ (heat) o3 total heat vresl 2005 Air side $6o0s5:0pC0RS:EEl 205N

IP 0356 GGo05pd:: ST 0956 GGo0sdsqp2
Qrotal = Q sensible + Q Latent Qrotal = Q sensible + Q Latent
Qq(Btu/hr) = 1.1 x CFM x(t,-t,) Qs (Watt)= 1.232 x L/s x(ty-t;)
Qu(Btu/hr) = 0.68 x CFM x(W, — W) Qu(Watt)= 3012 x L/s x(W, — W,)
QrotiBtu/hr) = 4.5 x CFM x(h,-h;) Qrotai(Watt)= 1.2 x L/s x(hy-hy)
Q = Sensible heat (Q 5) 1 Latent heat (Q.) 1 Total heat (Qrota)
CFM o8ewd5 L/s = Volume Flow Rate of Air being process.
h,-h;(Ah) = Enthalpy Change(Btu/Ib °F) o305 (kJ/kg °K)
t,-t; (At) = temperature Change(°C) o3ewp05 (°F)
W5 — wi(Aw) = Humidity Ration Change(lbw/Ib d.a) 98ew05 (kg/kg d.a)
powd
~— Cooling coil Air Handling Unit(AHU) 006961 ecod:g&s(air flow
— ¢ rate)oopd 20,000 CFM [g8[8: oEaeom eoo(return
(2) @ air)oopd 82°F Dry Bulb $& 50% RH [g620p51 supply
20,000 GFM —> — air 980005 agodogeoo  Gro(supply  air)oopd
s2FDB| |  {s4FDB  64°F Dry Bulb $& 61°F WB [g6aopSi
50% RH 'l-:\‘ 61 FWB
My

¢ J-§ Cooling process
6220050 0303l
(0) Sensible cooling capacity
(y) Latent cooling capacity
() Total cooling capacity $&
(g) The amount of moisture condensed (or) removed.

e[y

Qsensible (Btu/hr) = 1.1 x CFM x At(°F)
= 1.1x 20,000 x 18
= 396,000 Btu/hr
Psychrometric Chart o Wy $& W, 03 00dupdi w2 — w1 =82-75 = 7.0 gr w/lb da
Q Latent — 0.68 x CFM X(WZ - Wl)
= 0.68 x 20,000 x 7.0
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= 95,000 Btu/hr
996AIC:005000508050005 00N (total heat Removed)

Q Total — Q Sensiblel + Q Latent

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

Total heat o3 Enthalpy ¢ ogoSopspbs?
Qrotar = 4.5 x CFM x (hZ - hl)
h1 $& h2 o3 Psychrometric ¢ ©od0acl

cv6ckg8ar€ cooling capacity o3 Refrigeration Ton(RT)gE ad:58: algpadeny §oopd

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

491,000 But/h 1Ton gy
’ ut/hr X 4> 000 Bru/hr

60030 6qdieaegyP:opd cooling coil 6l 632:0005 fin gpisE aBan condensation [gdadl 205
condensation [g6cdl 2005 cgown
o} 5 qedT> 40
_ CFM(W, —W,) _2000x7

1556 . 1556
00850§0qI€ eqgeec:gS cAlC(Ro)od condensate water s3[gd GELEODE  ©WSEPEHEERRSN

aBelopE condensate pipe 986wr05 drain pipe 03 208eaqpoopd sagudmens(size)qpgIpSoogs
832600001 oy Cesimn[gd oge OGS ¥gEL30503 oEdBndodaBropdieont: CFM o L/s
a3copSieomé: 6lgplsg) a3oddl

=901b/hr

Powd(SI unit)

Question - 32680005208:0009 2038w
eeooo 30§8o0pS 25°C Dry Bulb $&
20°C WB  [¢dg€ B  eooooel
ocoog3gps(properties)od  gpoln  (SI
op$6)

12.6 g/kg d.a.

57.5 kJ/kg d.a.

25°C

QS

() 25° C Dry Bulb 00§8:qpz ¢ 25° C esepogt geecdondelopE:n’d coomall o qpwoda0pd
25°C Dry Bulb c3&: [96o0p51 a5056epE Dotted Vertical Line [gdoopdi

(®) 20° C Wet Bulb oo83sqp: ¢ 20° C oesepogE Wet Bulb gp:eontizncdEisolsdh o3
qDse0nE:0005 20° C Wet Bulb c3&: [g52000n 2a805eepE Dotted Slopping o8& [gdoopd

(0)  25°C Dry Bulb c3& $& 20°C Wet Bulb o3&z od[godognieom e5epogt [godeod(intersection
point)a3qepdn  odlgodwad(intersection point)e oy§ean 6330053 ocHoogdyp:(properties)
03 0adop 200
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Property Value
Dry Bulb temperature = 25°C (given)
Wet Bulb temperature = 20°C (given)
Relative Humidity(RH) = 63%
Enthalpy = 57.5 kJ/kg of dry air
Humidity Ratio by Mass = 12.6 g/kg dry air
Specific Volume of Air = 0.86 meter cube/kg of dry air
Dew Point temperature = 17.6°C

powd (SI unit)

i o
115.7 kJ/kg d.a. Point 1 20pd 50°C Dry Bulb $¢

32% RH {60005
] .
50.8 kJ/kg d.a. e Point 2 20p5 18°C Dry Bulb $&
28.8°C \ 1 25.2 glkg d.a. 100% RH ﬁﬁooén
12.9 g/kg d.a.

: Point 1 §& Point 2 ol Gooel
____ H ochoogdgps(properties of air) o3
: el

18°C 50°C

? J99
Psychrometric chart od:q] ©050pqoopd powd|gdlog00p8n Psychrometric chart edlogé
eoosionhoogd(air propertie)qpzod c8E:3203:084g¢ cwdjgoonzoopd
http://www.acmv.org/ebook.html ¢ PDF 8€03€ saeepEqpigé capan§&angdi

EAT 20p5 Entering air temperature o3 a3c3a0051
LAT 2005 Leaving air temperature o3 8330005

Blue Line = Cooling Process

Yellow Line = EAT Dry Bulb temperature

Red Line = EAT Wet Bulb temperature

Green Line = EAT Enthalpy

Black Line = LAT Dry Bulb temperature

Brown Line = LAT Enthalpy

Grey Line = EAT Humidity Ratio(Same as LAT on sensible cooling)
Purple Line = LAT Humidity Ratio

pow> 90°F Dry Bulb 1 75°F WB $¢ 2000 CFM [yCoaco(outside air) o3 75°F Dry Bulb $& 70.5°F WB
8&&:300[gzacs (design condition) afeepodesant sensible cooling apde§[gdaodi
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Outside Conditions(EAT): Entering Air
CFM = 2000

Dry Bulb = 90°F

Wet Bulb = 75°F

—

Chapter-1 Psychromatics

Final Conditions(LAT):leaving air

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

(o) 888 Dry Bulb 200803 esmnodelgqi(bottom horizontal axis)eologE gpdh of pows
03¢ 8&E: Dry Bulb 220§$ 0 90°F [98[g: 3adleepCydegdoopd
(®) Design Web Bulb 20p§$03 oouSonodgbieagiesepy 75°F Wet Bulb sa8eepl gidieonts
006agpedeot:dl
(0) 0leepCyjPieods 38eaplydieont: [godoopdesepaopd 90°F Dry Bulb 1 75°F Wet Bulb
[gEosco(outside air)el 32005 (point) [gdoopdn 8&E: EAT point upcopdsesl copdi
8 %o
PSYCHROMETRIC JisiREEE SSEiE (i
CHART e T
Normal Temperature . 3® /::f
I-P Units o i “‘5
SEA LEVEL t4s
BAROMETRIC PRESSURE: 29.921 Inches of HG : '™
y e " L
—| Design Conditions : ‘\ KM: : e
. i Dry Bulb = 90°F LSSEbas ‘.\; “'-’75 = goﬁsff,"‘ z
R : #| WetBulb = 75°F SYERSEETL P w3
vfﬁ ~ | Enthalpy = 38.36 Btu/lb  SEoSmE S ;!',\ ""Eoeoi,:_a “;’
& . ™ Humidity Ratio =.015  E_RSSERSRIT & g Aug
(fg- % 0‘3? z L L,V, A SSIEEaY ‘\P— B~ §ﬂ65 §_7 §
P Final Conditions A W
& . Dry Bulb = 75°F 2 Yoo 3
p % wet Bulb = 70.5°F iy o &
Enthalpy = 34.4Btu/Ib & §
Humidity Ratio = .015
0 76 lorg
. {g .38
@ - 25
. s ; =2
9 legg
5§

? J99

(x0)

(c)

(o)

DRY BULB TEMPERATURE - 'F
~. . ~ ~
o s k= =
ENTHALPY - BTU PER POUND OF DRY AR

o3 point &l ce[gEp8qdieacdls pocHY =:pdieaplydiaacdt: ogoiqi€ design humidity
ratio o3 qoopdi 8&& humidity ratio o§3:03 po0oDSCEG(right vertical axis)
el 300508 Ea0p5 o powd S 8&E: humidity ratio 02§8:e 0.015 [g620251

o3 88E: point & o0udo00d 3288:eepEcBEien EAT enthalpy c38dgbaopn 0088:03
qixelgpEecl 0g€ wodureaopdi o poedapE enthalpy oo§8:en 38.36 Btu/Ib [g62051
[gpeepEadEaanpd cooling process [gda0pSn cefgEqpds(horizontal line)aopS sensible cooling
3 esdgoopdi Fe[gpeepadlangd  eelgCqds(horizontal line)gdbeseomaelopé  sensible

2-33
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cooling 22> latent cooling slgdeon

esnodedmc[gesacs(final conditions) LAT Point, leaving air condition Dry Bulb = 75°F &&
Wet Bulb = 70.5°F o3 220)4{g|8s ocow EAT point 0393 esep(locate)qcl

LAT & enthalpy c3E:en 3a8jeepEadEs(brown line)gd[: 008300 26.41 Btu/Ib.

LAT & humidity ratio c3&:en 0SseepEaEs(purple line)goBs 0o§3:wn 0.011[gd205u

Air con 32EqE&0unmdeuNtH0pS wnd§ ewrtiesaopd(runing) Fan Coil Unit(FCU)
aeupod Air Handling Unit(AHU) oodadiel gbsesonepd(performance)eomEocomts ogdsonCagn
066s0s 8Equpdi AHU o86wp0d FCU gésesonéepd(performance)eomEecomes obeso: q§so0305
air side ¢ ©6es0:§E20c8 chilled water 5050c0pd: 0dee0:8Ea0p0N DX (Direct Expansion) Unit

[gBeo chilled water unit [g6co 6pdoopd vrsdesd air side $054gE 06Ge0:8E 00N

0w (SI 0p$d)

i?an Coil Unit’s Performance on Chart

0On Coil =air just beforethe caoil
( May not be Return air) 0On Coil Conditiort

' 18,000 CMH
Temp: 26/ 18 (*C DBMWE)

From Psychrometric Chart,
Qn-coilH =53.9 kdikg
Off-coil H =36.1 kdikg

otal Cooling (Watts)=Q x 1.2 x { hT-h2)
= 5,000 X 1.2 (53.9-36.1)

= 108,500 Watts

= 108.8 kW

Off Coil Condition:

18,000 CMH Sensible Cooling (Watts)=Q x 1.232x ( t1-£2)
Temp: 13 /12.8(°C DEAVE) =5000 X 1.2 (26— 13)
= 30,080 Watts
- )
Off Coil =airimmediatehy after the coil e
[ May nofbe supplyair)
WWW.aCmv.org

NS
oJpoenogd  mmesilgSopoopdeco(return air) $& On-Coil condition o opo8oopdour
080000300001 00d$0:Eg¢ [gEogoCamanpdeco(outdoor air)el sap(heat) copdecgndoozcol
[g€osco(outdoor air) ecopdup vpsoaonzoopdi Supply air $& Off-coil Condition o opo8aopSun
0980002300001
g&:eaoniepd(performance)eomEioeomnt: 0beeoig§sogad 6s30ddl magodzacond(data) gp:
832620001
(0)  Return air &l ochoog3(propety)sd9 sa5005ed: 332600001 Dry Bulb 30088 a3wwpod Wet
Bulb 3208 9800705 RH [gdoopSmm Dry Bulb s20§§ $& Wet Bulb 32082005 oB&:0pq8
s0gudoped: oahaogd(propety)sde [gb[8s o00wd§ sling thermometer [g€ ocnsaopt:s

B8:098E 205
[Emmmmes | i
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() Supply air &l oc00g3(propety)sde 325p5:00:0332600051

()  ecudsgSs(air flow rate) c83a50laopdi SI vrsdlgEogadepd deoosobs(formula)oogd Liter per
Second [9620p51 IP 0psdOe05p5 g godag€ erodigss(flow rate)aopd Cube Feet per

Minute (CFM)[gdoopi
FCU ¢ oB&:0pdjqean Data qps FCU ¢ o3&:0pejqeoo Data gp:
On Coil Condition:= Return Air Off Coil Condition= Supply Air
18,000 CMH 18,000 CMH
Temp: 26 / 19(°C Dry Bulb/WB) Temp: 13 / 12.8(°C Dry Bulb/WB)
Psychometrics chart ¢oobongjqeoon data gp:  Psychometrics chart ooodopgjqeodn data qps
Enthalpy(h)= 53.9 kJ/kg Enthalpy(h)= 36.1 kJ/kg

Psychrometric Chart 0o
On-coil h1 (Point 1) = 53.9 kJ/kg §§ Off-coil h2(Point 1) = 36.1 kl/kg
Qg03603058 latent cooling capacity $¢ total cooling capacity 0303 §0:00568 32630001
Q rotat = Q sensibtet + Q Latent

dopE[goonzoopd 3203E: before point (point 1)00p5 ofecosl oahaogdgps(entering air properties)
o3 aBc8o0p5n After point(Point 2)20p5 ogodecusl ohoogdgps(leaving air properties)od s3a3a0o5i

Before Point (Point 1) After Point (Point 1)

oCecosionhoogdqps(entering air properties) ogoderosionhoogdyp(leaving air properties)

Point 1 Enthalpy = h1(kJ/kg) Point 2 Enthalpy = h1(kJ/kg)

Point 1 Dry Bulb Temp = t1(°C) Point 2 Dry Bulb Temp = t1(°C)

Point 1 humidity ratio = wi(kg/kg d.a) Point 2 humidity ratio = w1(kg/kg d.a)
18,000 CMH o3 vasde(gpé:addlon

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

106,800 Watts
106.8 kW(106.8/3.517
30.37RT)
Qsensinie (watt) = 1.232 x Liter per Sec x(t2 — t1)

= 5,000 X 1.2(26 — 13)

= 80,080 Watts

= 80.1 kw(80.1/3.517= 22.77RT)
P02 (ST 156)- AHU 0odadseil cooling coil ¢ 3agedsacond(data) gpaees005dl3a03E:{gdo00
26.7°C Dry Bulb $& 19.5°C Wet Bulb
13.4°C Dry Bulb §§ 13.03°C Wet Bulb

6,856 CMH = 1904 L/s
200050 data qpPe¢ sensible cooling capacity 1 latent cooling capacity §§ total cooling capacity

in(kW)o%aT)gpé]u

Return air

Supply air

Return Air Flow Rate
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Chart colog€ Return air Point o3 egepgj(locate)dl
() Return air & 26.7°C DB $& 19.5°C WB o3&:03 [godeod(intersection point)e @s20053)
00$8sq:a3 qoopd
RH = 51.26(%), h(enthalpy)= 55.4 ki/kg
W= 0.01122 kg of water/kg of dry air

(9) Supply air & 13.4°C DB $C 13.03°C WB c8&:03 [godeod(intersection point)e ¢g23050)
00$8:q:a3 qoopd
RH = 96.00(%) 1 h(enthalpy)=36.71 kJ/kg
W= 0.00919 kg of water/kg of dry air

Chart o3 saads0[gedagié 2aomsade online software 006903 ads{Gs crociocoogdgps(lair
properties)o? gpoagEaopdi cgudop gE:culid: sangsenadiotanpd spdieomt: 0odglgdoopdi
http://www.sugartech.co.za/psychro/index.php o3¢ aapangEaopdi
3200gjppdipn
(0) 8822005 0psd 03 egeqiuddli ST vpsd a30w0d IP K$d $8§:Ad3E 0grdurgEaopd
) 88eg:000:00p5 150 $E005e3Ea0p) parameter $6961 0083:qp:03 0SSl Dry Bulb

00§3: 0§e[gdoopdqepd 0o§3:0089(gb205N Calculate Button o3 64l

Supply Air Properties

Inputs Outputs

Unit Chosen: ® sl QP

Parameter Name  Value Unit Atmospheric Press 10132387597 bar
Dry Bulb Temp.: %7 C Sat. Vapor Press. | 35049442002 mbar
Wet Bulb Temp.: & 135 c Partial Vapor Press. 17363511565 mbar
Relat. Humidity: O (51266175616 % Humidity Ratio 0.0112295270, kg/kg
Dew Point Temp O 15342582128 [C Enthalpy 55471416050 kJjkg
Altitude 00 m Specific Volume 08633290139 mijkg

Calculate @

Return Air Properties

Inputs Outputs

Unit Chosen: @ s P

Parameter Mame Value Unit Atmospheric Press 10132387597 bar
Dry Bulb Temp.: 134 C Sat Vapor Press. 15374581088 |mbar
Wet Bulb Temp.: ® 1303 c Partial Vapor Press. 14 765446665 mbar
Relat. Humidity: C 96038042146] % Humidity Ratio 0.0031381505, kg'kg
Dew Point Temp O 12815953335/ |C Enthalpy 36.711486795 |kJ/kg
Altitude 0.0 m Specific Volume 08229651815 | mifkg

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

() RH = 51.26(%), h(enthalpy)= 55.4 kJ/kg
) W = 0.01122 kg of water / kg of dry air
(0) Supply air = 13.4°C Dry Bulb $& 13.03°C WB

(J) RH = 96.00 (%), h(enthalpy)=36.71 k/kg
® W = 0.00919 kg of water / kg of dry air

Total Cooling(Watts) = 1.2 x Liter per Sec x( h1-h2)
= 1.2 x 3236 x(55.4 - 36.71)
= 72,4577 Watt = 20.63 RT
Sensible = 1.232 x Liter per Sec x( t1-t2)
Cooling(Watts) = 1.232 x 3236 x(26.7-13.4)
=51,414 Watt = 51.41 kW / 3.517 = 14.61 RT
Latent Cooling(Watts) = 3012 x Liter per Sec x(w1-w2)
= 3012 x 3236 x(0.01122-0.00919)= 19,878 Watt
0R05gIedegP: e§mSe(oPpEnd e33n0d0RE eudlgoonieam York Brand AHU oodadie q§joopd
technical report ¢ AHU cooling coil specification [§¢ 068051
a3 AHU cooling coil specification & s2g05320005¢p:03 20q0[ga$320305 afjpowdad eudlg[gt:

[§BoeSH

FAN MOTOR SPECIFICATION

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

AIR VOLUME CFM (m%hr) 6,856 (11650.000)
TOTAL PRESSURE in. Wg (Pa) 2.62 (656)

COOLING COIL SPECIFICATION (1)

ALTITUDE it

COIL TYPE BDW

TUBE / FIN MATERIAL Cu/ Alu

TUBE HEIGHT / FIN LENGTH 28/ 80

ROWS / FPI/ CIRCUIT 6/12/B

COIL AREA ft *(m™) 14.53 (1.35)

AIRON DB /WB *F{"C) 80 (26.67) / 67 (19.44)

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

FACE VELOCITY FPM (m/s) 472(2.4)

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

WATER ON / OFF TEMP. "F("C)  45(7.22)/56.968{13.88)

WATER FLOW RATE GPM (m™¥h) 41 (9.31)

WATER PRESSURE DROP ft. Wg (kPa} 1.2 (2.80) 72'4577 watt
SENSIBLE CAPACITY Btu/ hr (kW) 179,740 (52.7)

TOTAL CAPACITY Btu/ hr (kW) 245,850 (72.0)

COIL SHF 0.73



Air Conditioning and Mechanical Ventilation System (Vol. 1) Goms00503%

J-@ Air Mixing Process

Air conditioning process qpiogt Gosd eepesngligdod(air mixing  process)copds
OloCoopdn Air mixing process &32000¢n ©opo8o0pd erom§Emon:  $6§EedIC(B: 65005000
eoz§E302:0009 [gdeolconfgl: [gdaopdi pows [gEoeco(outdoor air)$é return air 03edlC:odR:
supply air [g6eolcon[gEs [gdaopbn Conservation of energy s2q 0edlEal $& cdIC{Gs coci sensible

heat dlo€q (content)aopd oro8og0005

recirculated air (RA)

¢ J9q FCU 00d932038: mixed air [gbedld

ms3 X DB3 = (ml X DBI) + (mz X DBz)

B (m; xDB;) + (m; x DB,)
3

m3

Q J9e SN
' T 2000 CFM

75 F DB, 50% BH m OOé mass flow rate @Sooé“ @ mass

flow rate o3 volume flow rate(CFM o3wupod

. @ @ CMH)[g¢ =00m:08: 03050n 88o0pdn 0083
OA 1000 CFM DB =2 :5pdsc0dg00n oo[grie§oopd
a0 F DB, 72 FWE WB="7

¢ Jbo
J-00 Determining Supply Air Condition
3205:000961 30805 [4Comp§Scocd §6esqC Bmeiznontiad [gEoe sapgp:
8:0fooobn  ABaoofim:  dmbeommmeqsopf  Bficon8EeS  0oged 300532038308
oCeepodaneomn  3og(heat)qpiod 3280056[god vudonddeuesqs 832600001 F0si3209E:08
oCaeepodamneom mapgpielops 005:32098:5 3a00B:0m0(gE:(heat gain) [gdecl c0pbi Cooling load
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a300pod heat load vpesloopdi Cooling load 205 cooling cpdbeosoopd equipment gpizacR0d
;adgecy §oopdn Heat load 2000 saeeonodmafigpiel sapodcmnfgls(heat gain) o3 qbppss
e[gpada$ 3203qgoopdi Room Sensible Cooling Load (RSCL) $& Room Latent Cooling Load(RLCL)o3
6220050] p8¢[[9€gE 0g050p8E2005

)roof
II
IC - AN
WS - 4 N
J il lights 00y 4| | partition
infiltrati BESE 9 wall
glass infiltration equipment
solar = ||
glass = 4 % =

conduction D E

exteriorfl y,
wall Vd _|

I@D

¢ Jbo

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

-0 oBof aogapio}  ofeoodelgd  ecdopcbesal
Sufjfly ?—F:F* ’/ 0, RS :2oSE6(low temperature air)Gs RH(%)
o Room / 50520005 supply air o3 :[Fo[god copdeoqs
Roturn mWa 832600051 38 [gpd[g€in?  sapeudoood[ges
'[I'Zf-'i':ﬁ:l T (heat extraction) upcopd: egpeapdaopd
Q J—Go

poen - Air con s08:0069¢l sensible cooling load 20p5 55,000 Btu/h [46[Gs latent cooling load 20p5
22,000 Btu/h (9620051 03829§:03 78°F Dry Bulb & 50% RH saegsaesopt §qs 8&E:cpdaonoopdi
033298:320905 83206000 GrudigSs(air flow rate) a0pd 2000 CFM [gdagi€ supply air & Dry Bulb
$C Wet Bulb o3 gpoln

Qratent (Btu/hr) or Room Latent Cooling Load(RLCL) = 0.68 x CFM x(W2 —W1)

RLCL 22,000

W, — W, = =
RS ™ 068xCFM ~ 0.68x 2000

Total Cooling Load (RTCL) (Bty/hr) = 1.1 x CFM x(t, — ty)
Supply air 32088 (temperature)

ts = 78-25 = 53°F
Supply air &1 humidity ratio 20p5

W RSCL 22,000
57 0.68xCFM ~ 0.68x 2000

Wy — =16grwperlbd.a
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RLCL (Btu/h) = 0.68 x CFM x(Wg — W)
Chart @ Wr =71gr w/lb d.a
Supply air volume flow rate 2005
Ws = 71-16 =55grw/lbd.a
CFM 9800905 CMH 03 82262008 sacdmnceagp [gopd8Eaopdn Supply air volume flow rate
e[p:cd[gEselompé supply air & Dry Bulb 1 RH(%) 980005 Wet Bulb 0303c0pd: aofeagoond
e[gpEseozeopd

pow CFM 0088:qpsa’ 6[pEeadodogé o CFM onfBeqpess cofeagpeoon supply air
condition 0363 g§oopSn
. . Supply Air Condition
Point Supply Air Flow (CFM)
(°F Dry Bulb) W(grw/Ibd.a)
1 2000 53 55
1A 2500 58 60
1B 3200 62.4 62.6
R 78 50%
3200053 Point 11 1A $& 1B o303 Psychometric
chart odlogt esepqdadaqé o  =a00dgps(points)
< 15 ampchoops c38imadogs oopSesaopd
s Bc3E:ed o 3986l Fae[gzacs(condition) $& 030503
114 . elgeopSeo(sastified)opd  supply air & ochooggp:
(properties) 02058 ¢520201
DB Point R = 78°F Dry Bulb & 50% RH
¢ JEy

Bc38:a000 3a0ps spegEoReomn a3E{gboopdi ma0dgp:(points)smecd: adc8E:edlopd
oleepod 6590005 030583840069 ©wHoSAl BadE:aB Sensible Heat Ratio (SHR)c8E:wp a4l aopdi
0065p5:3049¢ Psychometric chart a0log€ RSHR c8E:03 e3q§320305
()  Room condition (3205:c33265/0503 33808e[geoaopd Dry Bulb a3wwpod Wet Bulb a3wupod

%RH 03 [g&00p5n)
(®)  RSHR 20§p0058: a300pod RSHR slop o8ewpad Sensible Heat Factor(SHF) of a3sa60005

a3 RSHR slop c8&:a3 room condition edlozE [godeBaqi€ RSHR c8&:03 qaopdi Supply air
condition o} 200dgSEea0d0pd: Beesind Gowpd supply air condition 20pS RSHR
cB&:edl g€ mjeapadesqs sa0gSaaceagodaopdi

Sensible Heat Ratio (SHR) o3wupod Room Sensible Heat Ratio (RSHR) a8o0p5¢n sensible

heat $C latent heat sagjglgdo0p5
Room Sensible Cooling Load(RSCL)
Room Total Cooling Load(RTCL)

Room Sensible Heat Ratio(RSHR) =
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T 5
& :
@ | ™S
_E-075 g
Guidelinej,/.ﬂ" = -
- S/ T )
&/ . [
Room air |= '-':;\L\“e Space Condition| @

condition $/ aa

RSHR line
DB 77
¢ JB? ¢ Jbg

Baeel :6[gzacs(condition)o? elgeopSeo(sastified)opd ©pboopd supply condition (CFM
1 Dry Bulb 1 %RH 1 WB) 0a o3 SHR c3&:edl a8 oqeqpode$ ads60005
RSHR Line &l 328¢ouS 320833207310005 8&E:qpbepd Room Design Condition o3fgodagniepd Room
Sensible Heat Ratio Slop(RSHR)c8E:0005 RSHR c3&ggdo0pdn

poed - WENAlBE de3Ee sensible cooling load 20pd 45,000 Btu/hr [g8[8: latent
cooling load ¢> 15,000 Btu/hr (920001 03329§:0005 77°F Dry Bulb $& 75%RH sacfgzacsapt §q
832600051 RSHR Line o3 Psychometric 63l o€ eezaddli

a33 chart edlozE RSHR c3E:03 cepaa$ 900305 20808 032808 §oopdi

(©)  RSHR 00§8:03 p8¢[gE:(equation)e 0g050dl
RSHR = RSCL 45,000

RTCL ~ 45,000 + 15,000
() Chart edlaz€ SHR oemcdEiedlogé 0.75 slope c&:03 esepqol(locate)cpddli SHR ocon:

220305 “Guide Point” §o0p51 Guide Point 2095 80°F Dry Bulb $& 50%RH [g6oog5i Guide
point $& SHR 0.75 oB[g050005 guide line 03 cegaddl

() Room condition point o3[go5a0p5 guide point $& g GE[gE20p5 AB&:0B Fil BadE:a005
RSHR c3&5gbo0p5

a3 RSHR 3&:2005 definition ¢ 2005005000:6000 329)05 $65055¢ [gpdda0di
(0) B RSHR c8E:00p5 room condition point o3 [godagnzoopdi
() B RSHR c8C:0005 SHR slop 00§32 0.75 §oopd slop a3&5gdoopd
B3208:03 632260000 supply air condition o3 [BESo0c3eg:gd8Eea05c0p5: o3 supply air
condition point gpzsanzd:a0pS RSHR c8&eilogé oqeepodesaepdi 320005e(o3pEadoopS RSHR
c8&se0l0gE oqeepodesa0pd supply air condition gps 3:cd:el RSHR 32§j500p5 room condition i
RSHR 2a§jes o30dp8eseomalopé [gdoopdi RSHR a3&:qp:ad air conditioning equipment qps
eqeqSepopt olgdoes =aaddg[r3oopdi Equipment coc5cuboagpioncond:s RSHR anfd:0d eedlg
Clabtaleutedt]
poe-qed€oeh 650066503¢ ©2260000505:0089038 ©:00:03gP:on 329§:0000 BodE:adE:

Go:ndmd (sticky)gdeso0pdur elyplogoopdn adelopé aduSesqpon e§iel 30§80 cagpyes
angoonodopE temperature setting o 865180500001 Be§205 6605205  (customer)gps

= 0.75
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gs0d08c800pd  Cloonaopd 20652000003 005e0E[300001 ABe5005 Gwr0da0pS (customer)gps
acd: 3cd onseomodesincglin ogodgnogoyaopdi sdCeSesqpe ofam: 03ELE cagiess
c8eomalopé 6330053 data gpio? Gozoopd

RSCL = 150,000 Btu/hr RLCL = 53,000 Btu/hr

Room design conditions = 78°F Dry Bulb §<§ 50%RH

Design supply air = 62°F Dry Bulb

Supply air condition (measured) = 61°F Dry Bulb §§ 59°F WB

()  0B3E0meupoo:a0d supply air condition ¢ 61°F Dry Bulb $& 59°F WB [g&a0p5i

®) RSHR equation 32q
RSCL _ 150,000

RSHR = ¢t = 203,000~ °7*

(0)  “Guide Point” o3 ouBoodGeq) slop 0083z 0.74 §eooo RSHR c8E:03 o3l o RSHR cB&:
edlopt moesiel 8&E:mna[gaacs(design condition) [gBeoon 78°F Dry Bulb $& 50%RH point
Besepq) (locate) Al

(@)  Supply air condition point o3 chart edlopEqe3pdaqié RSHR c3&:edlogé oyeepadesgt:
0§oopda3 cogqepd

adaloppé 00680800z air condition unit o> 329§ condition o3 elgeopS(satisfied)esnE

00688200503 Gogqepd
: 62°F Dry Bulb 220§§03 q§q$ thermostat setting o3
Supply air - |E adjust c068Eq) 20ed:m0qS oyeot: co§Eao0500b:
g;g&ﬁa Lo7a m0000p) humidity level o3 ceepod§Eeon Air
condition unit 20pS 8236600 latent heat o3
,/{/f combigy  vocSepicoidaon  3a00Selp&edeas’
RSHR line ?‘;"F"‘D&g supply air condition point 2005 RSHR c3&:eilogé
50% RH Heplclelests! lgrscEmediogé 005§

DB 6$60006[03pE [gd20pd

-
—
—

¢ Uy
c0056003¢ (0360360205600 [gacosogpied -
() 329861 SHR $¢ 00305036000 cooling coil o3 3203gcoodgE:
(9) Refrigerant temperature 2005 82262005 220§§ c0cdJ[gE e5[gcs
(0) cooSfaopdeusesaopd [gEoeco(outdoor airjowdan 20pd 8&E:pdooniopd  LedANCRd
3qp2e520001
B mclgmes [gooosogpiod elgql:q psychometric chart edlogE graphical $p5¢g¢
so$:00[gCs(analysis)[gE:0000 3260m0E:ad: 6ax05p5:0068 [gdoopd
J-00 Coil Process c38:qp:
Cooling $¢ Dehumidifying coSeoza0p5 coil 03 320368105 322ggE cooling coil vpesl copd
Cooling coil 3203€:98 0Eaxo0pd eeuad ofecv(entering air) vpesl [ cooling coil & 0go5ag0:005
6co0B agodeco(leaving air) vpesl aopdi



hightry = 0.71

DbB
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DB

¢ J66 00pp82025 supply air condition $6§jgE sensible cooling $& latent cooling cp&d03

eed[goozaogd

Psychrometric chart edlogé ofecu(entering

air) @ condition point $C

ogodeco(leaving air)el condition point o3 0056) 88aoE0pd g0 “Coil Process Line” vresl 2051
Capacity of cooling coil 832005¢0 &8 coil © vuS0ea58Ea005 sensible heat 1 latent heat $¢ total heat
030&[gdaopdi Coil &l capacity 20p5 cooling load [g&2051

c8&:aid:onpdep (direction)oopd coil @i configuration 1 air velocity $C refrigerant a3ewr0d

chilled water & s2p§$edl0pE w5205 Coil ¢l 220pE:03E eevel condition qps 820§00005

[g0edlogneom elgplicdaypien curve 2003EgbG: sa03mooy Bef 30R8§e053000i Coil &
process line 20p5 straight line [gdeo a3wupdd curve [gdeor o€ecosagod(entering air point) $&

0godecuzeedd(leaving air point)od ¢ condition gpsen eefgpEcdeor

Oid coil process line

-~ New coil| =
R Process
line

RSHR line

Entering

air
Colil process line
Leaving air

DB

62 F

¢ J-6o Cooling coil process

Coil e process line 2005  coodeogopd
qse[gpE(straight line) 2203&:0[gdc05500p5: cooling
coil gp:o?  egqudq$ cooling coil oody el
gosesontqpd(performance)qp:od  0bceoqs ¢
§L.03E:q105 gpeglat:(trouble shooting) [groS20pd
320l coil & process line 03 gdse[gpC(straight
line) 22[gd vpso 0gA5gIOB{3000!

poedn  Cooling coil 00890pE Grud:g$:24,000 CFM
& oecv(entering air)eizapg§o005 86 °F DB $&
73 °F WB [gb20p5i

2-43
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:2005600(leaving air)el condition 20p5 59 °F Dry Bulb $& 56°F Wet Bulb [§dagi€ o8 cooling coil &1
capacity o3 gpdh
36.8 . Enterign Air Point = Point 2
Leaving Air point = Point 1
Qsensible = 1.1x CFM x(t2-t1)
= 1.1 x 24,000 x(68-59)
= 734,000 Btu/hr
Qiatent = 0.68 x CFM x(w2-w1)
= 670,000 Btu/hr
Qtota= 734,000 + 670,000
= 1,404,000 Btu/hr

58 36
DB = 117 tonS
¢ Jbe
Total Capacity 03cop5s enthalpy(h)o3 saadigis] 0305§05¢p $Ea0p5
Qtotal = 4.5 x CFM(h;-h,)

= 4.5 x 24,000(36.8-23.8)= 1,404,000 Btu/hr
6820050] $Eo0spdPgE 0050p8E200

IP 0956 GGo0s0: ST 056 GGo05pd:
Q(Btu/h) = 1.1 x CFM x (t,-t;)°F Qs(watt) = 1.232 x L/s x (t,-t;)°C
Q(Btu/h) = 0.68 x CFM x (W,.W;) Q(watt) = 3012 x L/s x (W,.W,)
Quta(Btu/h) = 4.5 x CFM x (hy-hy) Quota(Watt) = 1.2 x L/s x (hp-hy)
0p$8 (Unit)ooo3gich

J-2 Psychometric Analysis
6320053 3gI0530005¢P03 226[gde) 83 8&E:cpdund supply air condition $& cooling coil

capacity o303 305098E2051
(0)  Room sensible and latent heat gain (heat load calculation ¢ sﬁl%&o:)éu)
()) Outside and inside design condition (oopSesepadcodeja3(gp:oopdn Weather data o

o
()  Ventilation(outside air) requirement (329§s2a§jma002 $¢ 22034g003 Bodejo[grsaopdi)
(G)  Supply Air & CFM a30005 Dry Bulb o3gd20p5u

8AE:000qupd Fosiaaqjreson: 3padig|d(application)a3eooode) supply air CFM $& Dry Bulb
0303 200500degeqiudqoopdi 2005a3Eep application 03c80d¢] m§0cd5qEdgps(limitation) §oood
[0320p51 Supply air CFM ssedlogé ooopdq duct sagodssons(size)egequd §oopdi  Duct
32udm0:(size) 32gudSzoRRen:0lon 0obeolafesep 32005353 (9688000 BelopE staleness
aeupod draft 020pd discomfort [gbaqpsa’ eqplas eqpsagsa ospdingsieom 208engHood CFM
o3 egequdaoopdl coodeog0pE ASHRAE ISMACNA 1 ANST & AISI ¢ data gqpsi recommendation

qP:od §[g&:03:0m:8E 2005
[ | e
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MGABdPEN §:08:00090% es0d0l 83E: data gpigC air conditioning system oobg
06908q§ [gd20pd
RSCL ¢n 740,000 Btu/h [38[8s RLCL 20p5 150,000 Btu/h [g&aop5n
:2084g€0q (outside) design condition 2005 94°F Dry Bulb $¢ 75°F Wet Bulb [g620p5
20823203844 (inside) design condition 2005 78°F Dry Bulb $¢ 50 % RH [g620p5u
[g€occo(outside air) B:58:0005 6730 CFM [gboopSi Supply air & S0 S[gr:s0:q105(temperature
difference)oop5 20°F [gdoopdi
682005010303 gpdli
(o»)  Supply air CFM
(®) Supply air conditioning
(o) Conditioning entering cooling coil
(o)  Cooling coil sensible 1 latent and total load

Psychometric  $&0005a38a0p5[gooogn(problem)gp:a?  deo0sd:iqpigé  0godur8Ea0cd
schematic diagram gpseqzaRgcopSs 0g050p8E00001 $0:50505: D03 ogiboCen 3208 E[GE
so§:08(g8:(analyze)o0pd 3260y 32038e0mE:("Good Practice”)gdaopdn

33,640 CFM 0
\ b
6730 CFM OA P @lj e V@ -

"RA ..h,\ unit > SA
8)-43) Space (5)
8730 CFM EA | 26,910 OFM @:
A \\ | RSHR fine
33,640 CFM
DB
Q Jqo

;oS30 [g€usco(outside  air)oopdfgEelopE oppBoopd vwran§oocd Exhaust Air o3
00500056 322620051 CvnBeoz0RE Ad exhaust Air 320305 a3:00§ duct oodsoaonienpu§eol
(m) RSCL =1.1x CFM3(t4't3)

RSCL 740,000
1.1(t4 —t3)  1.1x(20)
(®)  Dry Bulb3 = 78-20 =58°F o$20p supply air condition o3 gpq§320305 RSHR c3&:03 chart

e0l0g€ aBgs 8200620051 c3E: el slop o3 gpdh

CMH, =

= 33,640 CFM

RSCL _ 740,000 _
RTCL ~ 890,000 083
(©)  RSHR o3& s& 58°F Dry Bulb c8C:036l 80005/[godeode aq§0005 supply air condition o3

§8E20p5

Point 3 &1 WB ¢o 56.3°F [g620p5u
(@)  Cooling coil &1 3203E:98 oEaeomaro(entering air)aopd return air $& [g€oeco(outside
air)od 6Al:con:0005 mixed air [g620p5
Mixed air &1 $c00505:60

RSHR =
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DB, x CFM, = (DB, x CFM, ) + (DB, x CFM, )
DB, - (DB, x CFM, ) + (DB, x CFM, )
CFM,
Mixing line Point 1 ¢ Point 7 03 s005¢) gd:ondelopE: 8§l B Line $& 81.2°F Dry Bulb
[go590520p5 Point 2 [g&aopbn Point 2 2005 cooling coil 22038298 oamaopdeco(entering
air)ell sa6[g3265(condition)gdaopbt WB, = 67.2°F
(c)  Point 2 20p5 o€ecv(entering air) &1 point [g8[G: Point 3 2005 330g056V(leaving air)ei point
[§&2005
adelo3p€ Point 2 $& Point 3 63e0050gi€ coil process c8E:a3q0p5
Coil sensible load ¢

= 81.2°F

Qs = 1.1 x CFM »( Dry Bulb, — Dry Bulbs )
= 1.1 X 33,640( 81.2-58)
= 858,500 Btu /hr
Coil latent load ¢»
Q. = 0.68 X CFMy( W, —Ws)
= 0.68 X 233,640(77.5-65.0)
= 286,000 Btu/hr
Total cooling load
Qt = Qs + Q.= 1,145,000 Btu/ hr
= 95.4 Refrigeration Ton (RT)
§§2025 320[gqp:0? codgrspSigEaopds [g$0d8Ea05N
Qs(Coil sensible load)20p5 hy ¢ hs 3208 saog:8a60:(horizational distance) [g&20251
Qs= 4.5 x CFM( hy —hs )
4.5 x 33,640( 29.8-24.1)
862,900 Btu/hr
Qu(Coil latent load)20pS hy ¢ h, 2208 saosacos(vertical distance) (52001
Q. = 4.5 xCFM(h, - h,)
= 4.5 x 33,640(31.7-29.8)
= 287,600 Btu/hr
QqTotal cooling load)a005 h, ¢ h; 8208 saogesacos(distance) [gda0du
Q: = 4.5 x CFM((h2 -h3)
4.5 X 33,640(31.7-24.1)
1,150,000 Btu/hr = 95.4 tons
RSHR o8&z 1 mixing air c3&: $C coil process c3&:0303 ogieoEen cqpagstqs c0d8lodsl
eeomGqs B=ab0pd
o) pows 26 cooling coil @i load 20p5 room heat load c00536] gp:aoPd 3a6[oPpEren coil 2005
room air :[g¢ [gEoecuifesaopdaag(outside air heat)od ©uSo0od cuqeomelopE [gda05
[goeco(outside airjogé §eomaag(heat)od  wuScood[gls(remove)apdqs cdsabeoon load o3
[g€ocroa(oé [gbedeomn cooling load a3wwpod outside air load vpasl copd
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[B:30005 powngpze  [g€oeco(outside air)elogpEgdedieam coolig load o3 gpdh
Qyotai(Outside Air)= 4.5 x CFMp, X(h1-h5)
= 4.5 x 6730(38.6 — 30.1)
= 257,400 Btu/hr
Cooling coil wapbeeonteepd total cooling load 20p5 sae&:eacntiad B:0fesa0pd 35003
0050005[gs(room load) $& 3208:3209E:08 copdeuiqepd [gEopecue 200BesmrENN00 32003
0050005(gE:(outside air load) $696dIE:0083: [g6o0p5

RSCL = 740,000 Btu/hr
RLCL = 150,000
Qrotal(OA) = 257,400

Coil Load = 1,147,000 Btu/hr

J-0p Contact Factor(CF) Bypass Factor(BF)§§ Effective Surface Temperature(ETS).
Contact Factor(CF) &320p5¢n cooling coil ol eaeseom qodsngE(surface)od B[g:

[go5008:0gm:6000 GroLwIANOd 9Bcda0pSi Bypass Factor(BF)sda0pSen cooling coil 61 eeasesean
qo559[gE(surface)o? ©add [godo§:0z2:6000 GroowNad adcdo0bi

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

Effective Surface Temperature(EST)s3o0p5¢n cooling coil &l gdeqeapd$(average

temperature)o 3c3a0p5i Cooling coil § fin merogpsel op§$a0p5 coil & Gsepa?d Bode)
e[gp&cdes0000

Mixed air 33030920005 cooling coil slesa:es009 qodso[gE(surface)o? odq) [godoossogag€ CF = 1
[§6 20051 B320305 cooling coil ¢ [godooSsog0 20pd 32634 mix air sa:d:0005  Effective Surface
Temperature(EST)[g¢ ogodgoogaoopdi so0000g] EST 20pd Dew Point 200> 863cgE
:2005600(leaving air)oopd saturated air [gdoopdi :200056opEed6a05 eqeg(moaisture )o3 cooling
coil o0 00505 c8adeamelopElgdaopdi Dry Bulb sap§§arsotieomnaelogpEgdoopd

236005 0Eaeomn GruIM:d:0pd cooling surface 03a8gS VSeaR0RE cd0 olgbdEaol
(coodeopzeeg3a6503¢ ©pbaopdeadly) CF = 1 o[gd8Eaor)

Goz:0200p5 coil &1 qod§a[gE(surface)o? 0305805 aBeoge w§8Eeaxe(opE cooling coil
03E:c8c803C Bypass Factor(BF) §Glgboopdn adelopé saogodeco(leaving air)oopd saturated air
o[gd8Ee0n Cooling surface o3 bypass [§5ogn:00pd sa0godecu(leaving air)ell venmo0pS cooling coil
& tube sagudsaoni(size) fin coeOgPiERloIPI00095E 00be saogmizacos(fin spacing) air face
velocity $& arrangement of rows o3 adlog€ @oopSoopdi

CF o0§8:0005 coil process line & sagpboedmod o coil process line & ETS
320366p056ENE B9086] §o0pd 22q00emMSE 020080009 SR [§d0RS
¢ (J92)ogE[goonsanpd 3203¢: CF = b; [gB20p5

Coil EST 20p5 Coil process line $& saturated line (100% RH c3&:) o3el [qodeod(intersection point)

[§6aoeSn
[mremes | z47
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Contact Factor(CF) ¢ion§3:03 chart edlog€ 0qospdigE(graphically)spopsEaopbi oda3
§popepogt ofecomagg$(entering air temperature)l ogodSecozae$(leaving air temperature) 1 coil

process o3&z ¢ Effective Surface Temperature(EST) 0303 28aon:q§ 8262005

_DB,-DB,
DB, - EST

b
?‘,ﬂftfﬂgﬂﬁ =
!
Entering air

| Coll process IiIEHa
Leavihg air
Leaving air (saturated) 4'

2 DB

CF=bfa

EST
Coil EST S

< N

Entering air

[

DB

¢ J-Q° Cooling Process line cooling coil (CF=1) ¢ JQJ Determining CF for a cooling coil.

2000501035 CF 2005 32088 (temperature) sagjgedl 03¢ ¢oop520001
b _DB,- DB,
¢ DB; — EST

Dry Bulbl = Dry Bulb temperature of air entering to the cooling coil (°F)

Dry Bulb2 = Dry Bulb temperature of air leaving to the cooling coil(°F)

EST = Effective Surface temperature of Coil(°F)
pown - Cooling coil 0692005 =0§S 85°F DB $& 69 °F WB §aoon ofeco(entering  air) o3 56°F
DB $& 54°F WB leaving condition a3eepoSesant [grod§Eag Effective Surface Temperature(EST)
| Contact Factor(CF) $& Bypass Factor(BF) 0303 gpoli
() Chart edlog€ olecosagod(entering  air)od Point 1 3:6[gd cgodecozaedd(leaving air)od

Point 2 22[96 2005005(8: coil process line o3a3cl
(®) Coil process line o3 saturated line 9360705100% RH Line a3eepadesnt sofg) o3dl
(0) Contact Factor(CF)o3 equation ¢ 0050p8Edloopdn
cp_ D_DBi-DB, 85-56

c DB; —EST 85— 50
=0.83

o3elo3p¢ Bypass Factor(BF) 005 BF = 1- CF = 1-0.83 = 0.17

Coil 000500629¢Ps0p5 coil selection @ux:og€ CF 1 BF $¢ EST 00&3:qpzod cudlg contecy
§oopSi Cooling coil Ggsqudspdagpin? 3208:-p(Chapter-3)opE cwdlgoonsoopd

©05ee056ax(steep) coil process a3€:0000 saturated line(100% RH c8&:) $& [g0d5a8dwpd
oopodeor 28¢gouden od steep coil process c8Eqeent [grpdeu§tend coil 03 condeogap
0056800058 ©[gd8EGam6[opE (820t adaBqb[gE:n? reheat [girpdgElsE elggC:8Eo0pd
J-9G Reheat cpdfgé:

Cooling coil 0dd9e ogodSconoopbeco(leaving air)od svefiop:ad waopdeusel(supply
ocpbel) m0e0igEs(heating) o3 reheat cpS[gE:up cal eBaopdi

CF =
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Hot water coil 1 steam coil 2300p05 electric heater o3[gC reheat [go6§Ea0p5n Reheat
[gic96e00 coil [g6eooe[opE Reheat Coil(RHC) 68l [§Esgbo005

FA Real cooling
Desirad cooling coii process ling
l process lina i
i L9 @ ©® .
I I [
on I Rl sA , '
:: a |C H R3HR line
= = |c !
- c coil line

DB
Q J- Q9 Reheat coil used to provide satifactory supply air condition

83266000 supply air condition o3 g§q$ 320305 reheat [gjopSeap§ozo0pd
(@) Room Latent Cooling Load(RLCL)=28E:0005 Room Total Cooling Load(RTCL)cooSgps
giesqC wodeondaopd(steep) RSHR c3&{gbedlom saturation line $& olgodeoncon
Baefgzacs§opt reheat cpdq§ 833620001
) Cooling coil 9203&:a8 ofamoopbecogps  89:0d:8:Gkoopd 100% Outside  air
[§80qi€eoodcopdicomes Humidity level [g€agi€eaodoopbieome: o8ewrod wodeenaboogd
(steep) RSHR 03¢&: [30e50000 306l0p¢ reheat cpdqs c8eabe0mEs c8268E20001 34,600
005g0bess(industrial application) qp:aopd 32098866000 RH(%)q§jgs cd62005
0339l§jgog¢ [Beenzeax cooling coil 9Bewrcd Jqpeaopd capacity §aopd cooling coil o3
dehumidification c3326q05226) egegiuS[0300p51 B398 [PFrenieomn cooling coil clopE supply air ¢l
20F$000 200p88660poopdn Bag§eaal§poge reheat qpdq§ 832600001 Beadd ofomg
§E&ag€ comfort air conditioning qp:320305 reheat [gjed[gE:od golgjeon

J+0§ Fan ¢ ogobeaon sag(Heat)qpiefogpé Fan Heat Gain(FHG) [gbed[gé:

Cooling coll line

Room

_@° C?) ¢

‘K_ 2,3,8
RSHR line

7T1

Supply air fan heat

DB
c? JS og& Draw-through supply air fan ¢ Heat Gain effect (point 7 ¢ point 1)
Supply air fan $& return air fan o030 [gdedlaneom mgeloPE oozt 320cBgls(heat
gain)o3 Psychrometric analysis o€ copdogtsogadeiody elgepdlogeon [gbedlaonean heat gain
2005 cooling coil @i total cooling capacity $¢ &E:pag€ velpoeconcdeon aadeagdean ofossg
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[giepde$ 00550005 Fan cubomel gossa(power)oteniecocor fan ¢ [gdedlconeom heat gain
qP2eeeoot [g6o0pdi a3eadd 3agudsaen: caoicudeomn fan gpseacgad fan heat gain o copdogt:
0Rodqdes  ocdmebeor  Fan  heat gain  elopgfgdedlameomn  3p§§[gEonadgo005(1°F)
00053¢psdle Psychrometric analysis 03¢ c0pdo3E:005gi05q$ 332600051

Air Handling Unit (AHU)gp:og¢ Draw-through $& Blow-through ope) $6§jsa3(gsoopdn
Draw-through sa§z=aon: Air Handling Unit og€ fan 20pS cooling coil &1 6320050005(down
steam)opE o5 oopbn 00dg5:3301{gE fan 0005 cooling coil ¢ GeVE? ESIaESH

Fan heat gain elopp& cooling coil ¢ [godoo§::eolsamneom Grodizaegs§ad [gEonad
6020051 B398 6ooo AHU §g3o0305 FHG o3 Psychrometric analysis o3& copbogliopadeiodes
832620051

Blow-through 3>§jg3s02: Air Handling Unit (AHU)qp:og€ fan 20p5 cooling coil @i
320005005(up  steam)ogE  00pB§oopdn 0obspSimaigé fan 20pS @cwod cooling  coil &893
qodaopdeosaopdi  ABelopé  cooling  coil 20pS FHG  efoppé  Sgp:oogd  cooling load o3

008:6800Eq 20201

)
: 16°C Dry Bulb sopqj$§eocecon’ 34°C Dry Bulb 32088 a3eepodesnt hot water heating
coil [§& 2a9c0:g8c320001 2peLIERd GroclicopdSucdss:aopd 68 ka/s [§dag€ heat input $& hot
water mass flow 03 gpoli hot water coil 22038203 o€eepadanoopd entering hot water 320g$2005
85°C [98[g: ogodagn:aop) leaving hot water 320q$0005 74°C [g620p5n Indoor air & specific heat
capacity o3 1.02 kJ/kg K [g&og05dl

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

Heat Loss from Hot water (1,248 kW) = Heat Gain by the Air(1,248 kW)

Heat Loss from Hot water (1,248 kW) Q =m X Cp X At

_ 1,248
" 4.187 x (85- 74)
PO 32680005208 00093207C:§ 22052000903 500 kW 25pc0:q$ (heating) a332600001 Heater coil

a3 6epod§aa0pd GrocizERS0pS 19°C Dry Bulb [gb[8: copdoodgsen 68 kg/s [gdagiE heater ¢
0905000009603 S (air supply temperature)o? gpoli

mass flow rate of hot water = 27 kg per sec

Heat Gain by Air(Q) = m X Cp X At = 68 X 1.02 X (t- 19) = 500 kW

00
[ = —_— = °
Supply air Temperature (C) = 19 + 8z 102 19472 =26.2°C

J-06 Water Spray into Air Steam (Adiabatic Saturation)
Saturated o[gdeo0:000d airstream o303 equSqpigSicodgts(water spraying [gopd[gts)

elop¢ eqegd[gc:(evaporation) [gedlooobi eqoopd eeegdlgts(evaporation) [gogs 83262005
latent heat o3 Gcoe §OLRGoGPE GrocRE Fopedigsgs(sensible heat loss)gdedl copdn odad
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sensible heat 3:§{gCs(loss)elopé ecosl Dry Bulb 850§ oyeo:ognioogdi 0odspbiaaniyt
GER:02:00pd1 036005 Gruadad 3a0copd[gEs(heat adding) a3wupdd sagaocdunfgEs(heat removing)
o[giepd eamelopE eroei Enthalpy 008800 welgpliadeon 63005038 pow|gé psychometric chart

o3 320)4g|q) §E{goomoopdn

21°C dry bulb
—_—
50% sat.

bbby

14 6°C dry bulb
 ——
100% sat.

¢ J-Q§ Water Spray into Air Steam

BelopE  psychometric chart eologl  quo3dagé  process 80005  constant
enthalpy(41.08 kl/kg)o3&: aodeagpadogl am§esaepdi croe 3a0ed:eegEs(sensible heat loss)oopd
eqop8 m0003g8s(latent heat gain) [gdo0pSi 00dspdi30dyC ecvw sensible heat o3 latent heat
2[gd eqp eO0rozHggdaod

Beggecomeep(mixture) 2005 saturation 36[geeesad eepada0pdsesl eqyp: ado
eqeg[c:(evaporation) [§68EeonepS cupodeur o€aonaopiecost enthalpy 05 41.08 ki/kg
[§8[8s cgodognroopdecuei enthalpy 2opS 41.08 k/kg [g62005n 0p3[o30005

¢ J9b

32058 21°C Dry Bulb $¢ 50% saturation
He[gzeesieon oo (airstream)odad
eaqpd  0od[gsdga(spray)  [gopdaopd
;o Beq sCecw  speep(Mixture)aopd
opdo0pd  ultimate condition  o3eepod
§8EepSsoba  3200000[gCs(heat  adding)
aJown0d  mpaodurfgls(heat  removal)

olgepdeamnelopé enthalpy 2005
o[gpE:cd[gés [§8c8665 vupddeoi

/ 0.025
0.020

o

>

0.010

Moisture content (kg/kg) (dry air)

<A
<<

0.005

2021

30 40

Dry bulb temperature (°C)

eepod§E0pd esn0dedimnc[geacs(final condition)es 14.6°C Dry Bulb 1 14.6°C Wet Bulbi
14.6°C Dew Point 1 100% saturated [g620o0n Ultimate condition o3 eepod§e$ sa09§e053a005N

2-51
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c00560p03¢8 [§08E2005 Foefgmacsen saturation point & Fa8sediesep [§Bo0pdn dop€ [goonsoopd
:2005(point C) esep [§62025
AC/AB 35§s2005 spray system & effectiveness a[gdoopd

Adiabatic (constant enthalpy) o3& AC 20p5 constant Wet Bulb c38:5¢ 30§:ad: 30[GE
[9e520051 0.2K o8 sowns(error) §8E2000n oBeo0d constant  Wet Bulb vpoocdeodBe [g§eos
ogulongn ogadop 8Ea0pbi  efgpodeogaopdeco(dry air) $E¢ eqeg(water vapour)odel mixture
20305 2000520001 Gas mixture gp8s0R05 0058 wootangpeoi
J-9q Steam Injection

Goadad  eqeg(moisture)qpsod  c0pdas320305  eaesdySigts(water spraying) [god
§E200398 eeegiegoopdgts(steam injection)copds [giepd8Eaopdi Steam 20p5 eqeg(water vapour
form)ondjfg® comelopé eqegdgts(evaporation) [§8q$ oc8eomaloppé sensible heat edupg$
ecq)s';f)eou o§030?3 E[C\PSES@S ecoo:)é Gs'a:og):c{’)éeé eo?orSeou (Dry Bulb m&e?ﬂ%
86032208665 wwpodeon) Dry Bulb 320§8 weo[gpicddh ecoadadeepodonaog) steam &
20§05 100°C [g6c860pdi 100°C coc53paopd superheated srclgeacsigdoopd: [46§Ea0pS
ABelopé 0godecusi 6500580 3205$005 oferoeizaggs 3gEaddudi
Steam injection powd>

20g$ 100°C §eoon steam 03 320§§ 21°C Dry Bulb 1 50% saturation §eon airstream
0323 1 kg steam/150 kg dry air §84gScopdaqC q§epd es00dads sacfgzacs(final condition) o3epdl

moisture content of air

0.025 before = 0.0079 kg/kg

moisture added, 1 kg/150
kg = 0.0067 kg/kg

0.020 Y

0.015 Final moisture content

J  =0.0148 kg/kg

0.010

Moisture content (kg/kg) (dry air)

0.005

21 \
|

0 10 20 22.02 30 40
Dry bulb temperature (°C)
LY

¢ J-Qq Steam injection powd
6§005e0:326[g206503C§epd Dry Bulb 320§803 steam & specific heat capacity saaddgjs)
2[036qC: 0§05:8C0p51 220§S 20°C —100°C 3203C:§ steam @i specific heat capacity 20p5 1.972
ki/kg @Soaéu

Heat lost by steam = Heat gained by air
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0.0067 x 1.972(100 - t) = 1.006(t - 21)
t = 22.02%C

eaegieg(steam)odzeoddgfgelopé humidity oo§:d: & Dry Bulb 900§8 008:3: =0500:c0d
[4€0205088 05

J-0o Chilled Water Air Washer

[B:3005 powdgqpiogl 3208:320§8 coodlgéeomn eodom madgeomeopé  eros
:0q$(final air condition)qpsg> eogeodicon 3mude) ofaonoopdeco(entering air)ei Dew Point
000586600 chilled water 03 6eoada3 spray codagIE 6rocde Geeg(moisture)sad),03 condensation
[g8c00m ©05a005068E20001 (Moisture will condense out of the air.n cdelopE air washer
20056000R¢ eqegdloCq(moisture content)eaqpsoigEsa? [gdeoEoodi

Spraying
Baffles /"~ nozzle Elimator
7 - / —
z : —
S E 23°C dry bulb . 10.4°C dry bulb
|_> 3 |_> 50% Y
< o sat. 82% sat.
E Water
> < / filter
T ﬂ
—;{—@»—J Coolant
= ~._ Circulating
pump

¢ J-q® Chilled Water Air Washer
:agodeco(leaving air)el 320§$0000 cqel pesasedimoqS(initial water temperature B)
a3eepod8Eaopbi Beadd condeogopl single bank of spray [g&giopSoonioopd air washer @i
[§68Ee00 saturation efficiency ¢o AC/AB 32§9620051 §0% ¢ ©0% 3208000[g0§E2005n Double
spray banks air washer qpsci[gd§Eaoon saturation efficiency 20p5 AC/AB ma§js [§620p51 ©0% ¢

9% 2203[gd8E 0051

pow> 23°C Dry Bulb 1 50% saturation sop§§§eomecoood saturation efficiency 70% co:d€eon
single bank air washer 3203C:03 oCeepaboopdi vod[g$s(spray)eso00d chiller water 20§05
5°C [950gi€ eepad§epd esnodediaacgeses (final condition)od gpdl
(@) Chart ¢ q§oopd esnodedimnclgsacs (final condition) 2005 10.4°C Dry Bulb & 82%
saturation [g620pSi
(b)  sa§zaq(by proportion) Dry Bulb 2005 23°C © 820(000)00qIE 20(q0)s0303260:03¢E
§oopSi Dry Bulb 32058 2005 23°C ¢ 5°C 3203 §6031030:00001
23-[0.7(23-5)] = 10.4%
ecoodapE eqegdloe(moisture content)oopd qu% o3eoCso:ad6epdi(0.008 9 kg/kg ¢
0.005 4 kg/kg 2203) (i.e. saturated air at 5°C)

0.0089 - [0.7(0.008 9 - 0.0054] = 0.006 45 kg/kg
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0025 300050 PO R ARES Y

06303096 oo Groda] eq

0020, G030 0qogSgSaopdeuingC
%4( (spray o96eq) eqeeds «pbq
0015 [480005 conepdsoba

0.010

Moisture content (kg/kg) (dry air)

0.005

= P<

0 10104 20 23 30 40
Dry bulb temperature (*C)

Q J©0
Enthalpy of air before = 45.79 k] /kg
Enthalpy of air after = 26.7 k] /kg
Heat lost per kilogram air = 45.79kJ/kg — 26.7kJ/kg = 19.09 kJ

19.09
Heat gain per kilogram water = 7

=477 K

. 4.77
Temperature rise of water = YRTY]

1
1.1K

LIS

J-9@ ecooyéaf ogoqp:

()

Psychometric chart o =203qqe] Go:002:0000 GrLGIOG P 0YE§Rd  Gros
0H0gBqp:ad qpoll A ¢ E 3508 0godesonpd 3a0p05¢piope c0engpoopd on&d:gpia?
55

DB (°F) | WB(°F) |DewPt(°F)| RH(%) | W (gr/Ibd.a) | f&/Ib(d.a) | Btu/Ib

80° 60°

75° 40%

65° 50°

50° 40%

o Qo ||

70° 70%

)

)

)

40°F Dry Bulb $& 60% RH ecood ogbodsapeosood(electric heater) g€ 80°F o3
eepodesmE 3peo:g€ DP 1 WB $& RH 0303¢pdli  Psychometric chart cologE process
c\%&cf[’) a@é]u

32680005358:000930038:5 giod§0[gE(surface)apds 52°F §eoon cqesadod(cold water)
20p0  75°F Dry Bulb 300§j8§e000 329§:0069 3203C:038 Jesoopdn sa08:el RH% 2005
0p52005 00883203 eepodagi€ dodqdsnjgEeciogé eqods(gEs(condensation) [gdedl epSsaba
208§ 90°F Dry Bulb $& 70°F Dry Bulb sac[geacsogl §eoon ecood 56°F DB $& 54°F WB
a3 eepodesnt cooling $& dehumidification [§6e000p5 process c3&:3  psychometric
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edlapg a3[gd
@ geoospbiod saap(ge) 520005y 0gr(G)0B clgqb:d
() 5000 CFM @eodgSs(air flow rate) §eoon Fan Coil Unit(FCU) 00692005 80°F Dry Bulb $¢
70% RH 3ac[gzaes ofeco(entering air)od ogodeco(leaving air) 58°F Dry Bulb $& 56.5°F
WB3 cepadesant [gapd8Eaopdi 6320050 0303 qpdl
(o) Sensible load
(y) Latentload
(p)  Total load
(G)  Moisture 0050555203 Gallon Per minute(GPM)[g¢ cwd[gdl
Q)  329§:006961 Room Sensible Cooling Load(RSRL)20p5 83,000 Btu/h [96[Gs Room Latent
Cooling Load(RLCL)20p5 31,000 Btu/hr [g8cagi€ Room Sensible Heat Ratio(RSHR)03 pdl
(0) 32080069 03 75°F Dry Bulb $& 50% RH soc[gmeesopl  §esqssaogod Room Sensible
Cooling Load (RSCL) 112,000 Btu/hr §§ Room Latent Cooling load(RLCL) 21,000 Btu/h
cosonqs 832600001 B=00§:03 supply cpdeoscieon Grodigsi(air flow rate)aopd
5,000 CFM [g6cqi€ B supply air &l Dry Bulb $& Wet Bulb o3 gpdli
(@) 299§:0069 & Room Sensible Cooling Load(RSRL)a0p5 2,000 Btu/h [96[G: Room Latent
Cooling Load(RLCL)a2p5 9,000 Btu/h [gdoopSi odsaed:iel design condition o 77°F Dry
Bulb $& 50% RH (9620051 Supply air &l 320§8¢> 58°F Dry Bulb [g62005n Supply air flow
rate (CFM) $C supply air & Wet Bulb o3 qpoli
(00) Cooling coil 0o69303E:03 GRS 80°F Dry Bulb $& 66°F Wet Bulb [§& o8cxn(B: 60°F
Dry Bulb & 57°F Wet Bulb [g& ogodagniagi€ cooling coil &l BF(bypass factor) 1 CF(contact
factor) $C Effective Surface Temperature(EST) 0303 pdli
(00) 320§§ 82°F Dry Bulb $& 67°F Dry Bulb §eooecoaopd CF 0.91 00§8:§0005 cooling coil
o3 [godagazaopdi Effective Surface Temperature(EST) 20p5 55°F 9600051 Coil o3[gob(Ge
0gedag2:00pd Geve Dry Bulb $& Wet Bulb o3 gpd
(o)) A/C unit 028903 55°F Dry Bulb $C 55% RH soefgmocs §eomssedizncgod 2200
cons00pd1 [gusrosac(geaes (outdoor air condition)oopd 95°F Dry Bulb $& 74°F Wet Bulb
[§0[8 ccoBag&s(flow rate)oopd 1000 CFM [3d00p5i 6320053 G303 gpdli
() RSCLIRLCL $& RTCL
(®)  Outside air load $& cooling coil & Contact Factor (CF)
(0) 20805338 ol arrangement o3 Oa3[ylh esepsé c0eagPoopd condition
qp2o’ ced(gal
(0p) o09§:el 8&E: condition ¢ 78°F Dry Bulb $& 50% RH [g8[G: 822066000 Load 20p5 RSCL
18,000 Btu/hr $& RLCL 8,000 Btu/hr [gdoopdn cB3008:330305 oobsooonseomn air
condition 20p5 900 CFM supply air o3 58°F Dry Bulb $& 56°F Dry Bulb condition so03&:
60238820001 &d air con unit 20p5 s298:e1 8&E: Dry Bulb $¢ Wet Bulb o cB§:co0s
§Eg8:§) 6§ 0des0:h 328:0080: ©pS2005 FHFS0rE B5:002::8E wpbsoba
(0G) 229§:00692005 76°F Dry Bulb $& 50% RH soegsacs 0Efesqs c82a600051 odenasel



Air Conditioning and Mechanical Ventilation System (Vol. 1) Goms00503%

RSCL 20p5 172,2000 Btu/hr [36[G RLCL <> 88,000 Btu/hr [gdoopSi czasefiel A/C unit
2005 56°F Dry Bulb $E 54°F Dry Bulb supply air o3 6o:§€20051 a33298:6i design condition
o3 qq$ reheat coil 03 3203g0gE gb:aaC(energy)opdy) oy (waste)opdo? qpdh
(0§) 22680005355: 009G 32]EIICVIGPED
RSCL = 812,000 Btu/hr
RLCL = 235,000 Btu/hr
Ventilation air = 6,000 CFM

Supply air = 56°F Dry Bulb
Space conditions = 77°F Dry Bulb $& 50% RH 62005
622005010303 gpdl

()  Apparatus arrangement o3 a3dli (schematic diagram )

(®)  Supply air & CFM $C Dry Bulb o3 pdl

(0)  Mixed air conditioning o3 ogo5dl

(20) Coil sensible load | latent load $& total load 0303 qpdli

(€)  [g€oeco(outdoor air) $& sensible load 1 latent load $& total load 0303 gpdl
() 83262005 coil &1 Contract Factor(CF) $& Bypass Factor(BF) 0303 pdh

(s0) Chart colog€ process saad: o3eqeadq) point qpo? §o6p560:dl

(06)  Air conditioning unit 069038503 20,000 CFM §&:§eacnecoaopd 80°F Dry Bulb $& 60%
RH so6[g3a65(g¢ 0€aonaopdi saogodeco(leaving air)el 350882005 57°F Dry Bulb $¢ 90%
RH ﬁ&néu
6320050] 0303 gpAli

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

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

(0d) Leaving air & Dew Point

(c) Effective surface temperature(apparatus Dew Point)

(0Q) ©0donEomuet 650006503C 308:0009 i sensible cooling load 20pS 20,3000 Btu/hr
[§020p51  Latent cooling load 20p5 9,000 Btu/hr [gdoopSi 320§ & design condition 20p5
76°F Dry Bulb $& 50% RH [g6oopdi 9008:32038:03 eepodeonoopd supply air ol
320582005 58°F Dry Bulb [gd205u

() Equipment & duct arrangement o3 gpeqagSh

(9)  3205:320305033206000 supply air S:§$:(CFM) o3 gpoli

(0) 30200050 e supply air 8:585:(CFM) o} 306[gdg) Wet Bulb 220§ 1 Enthalpy |
Relative Humidity(RH) $& eqeg cloCg(moisture content)od gr/lb & Ib/lb [9¢
esd(gol

() Bm0esi30905 [gEosco(outdoor air) 260 CFM 822620051 [gEosco(outdoor air)
& 20§$0p5 95°F Dry Bulb $& 76°F Wet Bulb [g62005n [g€ueco(outdoor
air)oopd 3080 Return air & mixed [g8[G: air con unit 3203808 (mixed air)
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a3000d entering air 22[96 oeepadoopdi Mixed air & Dry Bulb $& Wet Bulb
:20$1 enthalpy 1 Relative Humidity(RH) $& eqeg,doCg(moisture content) (gr/Ib
and Ib/Ib)oséo% §p(3]||

(c)  Refrigerating unit &1 sagudsaons(size) 03 gpdi Btu/hr oBowpod refrigeration ton
[5¢ eudlgdln [gEosco(outdoor air) & cooling load o3 Alaopd oga5All

(©)  3m0dq) [gEosrodgsi(outside air flow)o3 260 CFM ¢ 130 CFM o8 eagpgedod

o€ A/C unit & capacity epSqeagp $p5s0g22ep5505u Btu/hr [g6copds cwSgali
(%)percentage [§& copS: ced[gdh

(00) 229§:006961 sensible cooling load 20p5 200,000 Btu/hr $& latent cooling load 50,000
Btu/hr [g®0opSi 3208 03 76°F Dry Bulb $& 64°F Wet Bulb saefgzacsot ad8:000:030005
[gEosrooss(outside air flow rate)oood 1200 CFM [gda0pbi [gEosco(outdoor air)el
condition ¢> 95°F Dry Bulb $& 76°F Wet Bulb [gEocco(outdoor air)oopb 32980 Return air
$C eepeso(mix)or mixed air oBewpod entering air =2[9d air con unit ss0p8: B
o€aepadaogdi

() Equipment $& duct arrangement 0303 O(sketch) a3l
(®)  Room Sensible heat ratio (RSHR)030305
(0)  Supply air ecoBsgSs(flow rate)odepdi Supply air sp§§2005 60°F Dry Bulb

[§62005

(@) [g€oeco(outdoor air) & sensible cooling load o3epdli Btu/hr o3wupcd ton
[5€esS[gdh

(c) Effective Surface Temperature(EST)o3 ¢pdli (EST o3 apparatus Dew Point
opcopdseel 20pdi)

(©)  Coil & contact factor(CF) $& bypass factor (BF) 0303 gpdli
(o@) A/C unit 0269 & outdoor air 20p5 3000 CFM 1 95°F Dry Bulb $& 76°F Wet Bulblgdaopbi
Return air 205 20,000 CFM | 78°F Dry Bulb $& 50% RH [g9a005 Mixed air 2005 return air
$¢ [gGoeco(outdoor air)od edlEsoondgts [gbaopSi Air con unit ¢ sacgoSeco(leaving air)
230005 supply air 20p5 52°F Dry Bulb $¢ 90% RH [g&20p5u
(o0)  Air con unit &1 total load o3gpAln (Btu/hr o3wwpad Ton)
(®)  Cooling coil [§od[Gs ogodeneameruad sapeuond(electric heat) [4& 58.5°F Dry
Bulb o8 eepodesné reheat cpbog€  sapeoocS(electric  heat) @
F2oaodgSs(capacity)od gpolt kW [gEawsgdh
-End-




