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Chapter- 7
Cooling Load Calculations — Part Two

[B:32005 Cooling Load Calculation (Part One)oopd RIT 6§00503:58(1995) Air Conditioning
000med [ggrsionspSlgboopd Air Conditioning Principles and Systems an Energy Approach (4th
Edition) by Edward G. Pita 003300 329§:(6)03 o200:0[g§ aBaogbi

009 Cooling Load Calculation — Part Two o3 3[g&s(reference)oopbonspd wopoBeomejopE
Chapter- 7 sa[gd B:00§3008: 00d0Sim[gd J¢ Gepoazconzapdi §[gos(reference)oopdenspd wop
conelopé  eepeagigqp: olgdeolcogs 595:3¢) capoosgiydoopdl www.cedengineering.com ¢ A.
Bhatia eqgo0pd Cooling Load Calculations and Principles o3 s8eagbesant omomg§adoopdi Part One
(Chapter- 6)s& Part Two (Chapter- 7)03 33880:05$80305500: opoBlogeandeopd: ooElgdeonpdgts
6300gPe05qS 320%8gopdeu20d eorad[glieloE 3¢ cepogEs [g5aoS

Part One (Chapter- 6)o€ ©odgaopdeuIgPooRd [gdaopdi Part Two(Chapter- 7)ogé
F200¢goopdeumigp:aopd ASHRAE Handbook Fundamentals $& ASHRAE Handbook Fundamentals,
1997 chapter 24 and 25 ¢ coxigps [§800p5r ABrumigpia? 03EgelopE ofsrediog vewdlgoon:di
328075059 32090Sa0p §uasEdlaodi
Q.0 Objective
6220053 qpbgudgiodgpegé cooling load calculation [gepSlo3aopdn

(o) Equipment gp: cgeqoS[gEs(selection)giapdes 1 system saguSssontegegod[gis(sizing) $&

system design [gjeo6g§320305 9605200 32053000 gp:(information)qdes
(9) Load caqpqi¥Ee(reduction [gopde§)3a0g05 3260005 data gp:qdes $¢
(0) Partial load saclgeacsopl [gdeolepd system operation $& control coScssgps 220305
Gpon sos0d(analysis)q$ o [gbaoSi

o)3208:03E cooling load 0edno3 eogodediogl omn&edtiondod 3a03dgg 0gadqod[gc:s
a3oopdd excel 3E[GE  opodqodfgEs(manual calculation)secod Bsabeom  ogadspdimasolyps
(procedures)od eodgoonzoopdi R$q)0220§0q8[g¢ cgodgIrd0pdsaalSn5: ofjoneomorepigp:a?
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Cooling Load Calculations eomio0d03§,
§0200p520602063l05000:0070 03oREEM$200D rodqp: §8EBGLRdN

Cooling load 0R05qi05epogE  ©odgapbesigpsy  cLoddoyadiesoopdsodiqp:(published
methods)i @oosgps(tables)sé chart gps (832600051 coodgen=pd(industry handbooks) manufacturer’s
engineering data $C manufacturer’s catalog data ©20p5030000 8&&:3aq053a0005¢p:(design
information)q§8€a000  esepypgbloaoopdi ofEeesiog @vagpiad  [go5pRGmoapd(duplicate)q
0qp0guda3sE Bongodenodigpie 3362005 information qpsi cofeagdaopd 3aqi053ac0dgP: 03
055398 vodqeepd e30mgPiegdtdon wpba3adeamuysoged(assumption)qp:od geodSqepdl 6som
qpeod =00ddglg 008 0RodgIEdegp:  [gIrpdaepd ©a0pdsagIEdEP? niupbaocomeilobeoqs
§p5guS2000n

Cooling load 0305q05q$300305 8eaba0p0e30mgp:  9Ge0Esa0pdzasl  ddgodqEdgps
[gopSa20p5n 32EqiE§0nsE 8AEsoqPr0p5 0054105q5820305 G3oMGPE 9000038l §Seogyp:
(engineering judgment) [gjopbe20p503 Beocdaopdi auos(table)gp: ©050005§[gE 0gdqIEdq$Ea0R05
03[03p5805)q2005 e3omgP: BefSEAN 33qEscutign sn20pS0eoMedlndqS 650053E:0E powd( )9
[5€ eoBlgoonzoogd
Q-J Terminology

Cooling load oRodqEdgqp: [gepdepogE s2adgepd seeslssedlgps(technical terms)od
ASHRAE Standard 12-75 @i Refrigeration Terms and Definitions ¢ ¢om05s05 eeblgaonzoopdi

Room

20983(room) a300p56n $§ec0:n0d 008000pd Gseporde(an enclosed space) (&5
Space

Space 8320p5¢> 20980565200) Gep 9Jewr0d o&:eBim§oonoopd Ieess(partitioned room)

0d08: 3088208l 0§:98: womooniaopdmaes: Bovdd medigpigd Jo€aopd cocopd

(volume)ao05¢0588a0pd esepondy [gdaopdi Load ondg(single load)sagd opsos] o3odgied

§Ea0p5e56p03 space 2:o[gd 20059052001
Zone

Zone 8320p5¢0 32680005358 20038 heating $& cooling  c3320505gpiaae PE0s0R0PS

00890005 Sqpioopdesep(group of spaces)qpio? S (zone)op 20059052005 3200305650009

5P B0od 008oo:000d Gsepyp: [§fo30005

Comfort cooling 320305 0ppB8o0pd F0§Sc0:dEqs control device (puwd - thermostat) 0o69

00p5gE 32090003 Beq)b(control apd) &8Eaoodbesep 2003608 [§62051
British Thermal Unit (BTU)

BTU s820p5¢n 6q@aecoigs (0)edlCad 320(0)8080qCudad [g€onodeoq(59°F ¢ 60°F o3)
20305 00pdeuigeRd 3a90edN[gdoopdi Air con unit gpsell capacity o3 Btu [g¢ ewd[glogaopd Air con
unit ¢ 0o650§ee038: ©0Sa0560:8EDD o™’ Btu/hr [g¢ eudlglogoopdn Refrigeration Ton
205 air con 9200006003¢ 2ago0pd $p5:0pIEdlug d9(gBa0pSH RT 09 320368105 eqpoomieny
§oopdn

O 1 ton(RT) is equivalent to 12,000 BTU/hr and

O 12,000 BTU/hr is equivalent to 3,516 Watts - or 3.516 kW (kilo-Watts).
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eomEs0005028 Chapter-7 Cooling Loads Calculations (Part Two)

Cooling Load Temperature Difference (CLTD)
Cooling Load Temperature Difference (CLTD) a300p5¢n 3208:32038:s8 3208:33(gE([gE0)
2o§Soplepqod(equivalent temperature  difference) [gdoopSi  Instantaneous external
cooling load 03058320305 =xadd{gjopdl 3aceon0dmBs(wall) Bewdd eslEd:(roof)od
[g05q sopqp:  B:eoligSsaogod 82260000  sapdSoy[gpiqod(equivalent  temperature
difference) [gda0p5

Sensible Heat Gain (SGH)
Sensible Heat Gain (SGH) &320p0¢n conduction 1 convection $¢& radiation $p5:03[g¢ =o0ss
(space) 22038:03 ofeepodomnepd =apgdimaC(heat energy) [gdoopdi sopgSe(p:nden’
[g0e0000) 200g6:3E [gdaopdi

Latent Heat Gain (LGH)
Latent Heat Gain(LGH) s32000¢n mp08s(space)saopts§ coodad eqdeaegqp: Gepadd
agoigCselopé oBeno0pd gbead(energy) [gooopdn  =098:038:5 Jesongps(occupants)ode
0godanaop) eqieqeg qps process gpse 00od0godaopd eqieqeg qps 93ewpod [gEo
(outside) Gsepi GoDED05 e efoon(adjacent areas)ode B&oE(infiltration) 20D
ecoodpE doCesaond eefeqeg.qpelopé ofeepadann(ofiamn)apd g&aaE(energy)qps
[§000p51 328C231 moqpd meg 02000 maefgIees G[plicdgn’ [gbeoaopd sapgbiea
[g®2005

Radiant Heat Gain
Radiant heat gain &300p5¢> 3200[gEseloPE oBenoopdesapgp: [gdoopdi vodosioyE
gplaboopl 32dl0pE saepogpeps saguacdfglidqoophn 3gd$ieoopy saspogipis
qo559[g8e 22ppSGunaopdi Radiation $p5: 3¢ ofeepodcnoogd Fapgps space 22038:
FePOgIqP 9603052005 320 (absorbed heat) (805

Space Heat Gain
Space heat gain &3a0pb¢n conditioned space 8303C:086epo50000R0 QYR AJeupcd
200590500220009 Fog$3203E:300m32098:(given time interval) conditioning space 3203850
00050R052005 Fo0gP:ad Badoodi [gEue ofeepadamopd FugpiclopEerasiancytieng
g2 Sgqpacn00di 3598:3203C:0 3p0gP00c50g056aG[PENRSE ZapgP: Sqpiuoodi

Space Cooling Load
Space cooling load ©320p5¢n space sp0p8:fecol =0 (air temperature)od  wefgE:
Beent aB§:00m:q$300305 B space 200380 ©05000506qeRd o™ Bewrod 30
g6235E [gdaop

Space Heat Extraction Rate
Space heat extraction rate s300p5¢> 3203§00p5sr08:300§S (room temperature) oe|gpEacd
G0g§320305 Bewrod 038:002:8EqSm0005  conditioned space ¢ ©oBopodesaepd 820
oemgss [§doopdn Space heat extraction rate 205 space cooling load $& p8gjaopdi

Temperature (Dry Bulb)
20§§3E:Bdon  oodBom(thermometer)e  GedS[goopd =op§§a0pd Dry Bulb mo0§S
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Cooling Load Calculations eomio0d03§,
[5520p5n sogpodads 030880me vadupgjopd 0088:0005 Dry Bulb 350§ (962051
Temperature (Wet Bulb)
Wet Bulb 8300p5¢> 6qgodaon:a0p) 209880060 ©05096200500582 [gda0pSi Wet bulb 00§3:
0050pq8300905 0008800003 dlgd: Bewrdd 3005[gE eePezNE [grpdeaopdi esoopd
GaqPezaegdj(evaporation)eamelopé saesaenddigdedoogbi odelopé Wet Bulb 2095 Dry
Bulb 0005 2[338620251

eqeg|0pdgSs(rate of evaporation)aopd eqodopfesa0pd eqdieqegowdan(humidity of the
airzeedogt goopdaogd
God0RE eefeaeg.qp: [gedossoopdzedl eqegdgts(evaporation) [gbedloopdsss esiagzn:
2001 $pSs0g0300001 Belopé 20§8 $6§:(Dry bulb $& Wet bulb)gé crocosaogts eqeg
0 2Bo0pdd 830003 eudlg[ge: [gdoopd

Dewpoint Temperature
Saturation [gbeolopd 3208S Be0rod 3208:0089 3003E:§ 200500d0Ea0R) Bamipé eq:
Qg qps 0008q) Ga2a[gdad e[gplicd(condensation)epd 220§ [g620251

Relative Humidity

Relative humidity s320p5¢n saturation [g6epd seefgmaese ©pdgozre0:000503 cwdjgaopdi
GO0 eqlieqegoenan(amount of water vapor)od eodjgepogl Saaddgoopd edlome
[g020p5 eq@ieqegoenanst eqeg jgSi(rate of evaporation)od cegiegiepogl saturation o3
§9300p06088000 5550064 [gD20pSi Relative humidity 100% 005 eq@ieqegyp:
p5$iged §esoopdecu(saturated air) [g9oopbi 0obspSimndgC eaopd 0uSeannE8Eangy|
eqdeaeg, 00mENiadiod  20udesontamndf [gdopSur 8cdoopdn oBelopé  saturation
[55c06§320305 326321705 c0pdeRdy| GuIEREOd cEd(gepogE adoodi

Thermal Transmittance or Heat Transfer Coefficient (U-factor)
226800053333 (building  envelope)od  0opSee0o05000:0000 GRS CREEaELERd:(Material)
a3eupcd assembly 1 boundary film 3a0l20E 00d0R$d e§oon(unit area)saoz0d 3203830005
(inside)sC  3a[gConad(outside) erosaESepesosqod(air temperature  difference)elopé
[g05908s BseoCsogm20005 F20Beon:gSs(rate of heat flow) (8205
U-factor &l onsd2005 Btu/ (hr °F ft?) [§doopdi Heat Transfer Coefficient o3 U-factor a3ewrob
0pon§8s(U-value) 0peal 20001 2008:07:8E00558: [gd20pd

Thermal Resistance (R)
209960083 (resistance value)od R o0§8s(R value)or ealoopdn Thermal resistance (R)oopd
heat transfer coefficient &l elpE:{g$(reciprocal) [§00opSi 0psdaopd hr °F ft/Btu [gdoopdn
poe- §§(wall)ood9el 1roo&ds(U-value)oopd 0.25 (96200 320959008 3:(resistance value)
20pd 3209588g8:(thermal resistivity) [g8[8s sapePSoR8Egd:(thermal conductivity) &
e[gp&slg§(reciprocal) [gbaopdi R = 1/U = 1/0.25=4.0u

Q-9 Sizing Air-Conditioning System

Air conditioner sagodseo: egegud[gls(sizing)sé 2005a38a0pd coeomoDeps(concept) $E
:ae[gdsagEdgps(fundamentals)aopd  sa0qpspbonfgls(heat gain)  sa0gpiadgeogdgte(heat loss)o?
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eomEs0005028 Chapter-7 Cooling Loads Calculations (Part Two)
36[gd00pdi :ee00dm8el :[gEnadorl oFodesdm(megsgEesdon) [gEoe mogp: 3208
a300p0d 32680005958 32038208 0feepad aPBGepdi Bofeepadar0pd SpgP:od vudSarodudlgts
2005 “cooling” cpO[gEs [9620p0n Baaoy =a[gEa05] esa:e50m(2¢§E88es0lm) Zoediontin 3a0qp:
2[gE3  B:e0C:092:c880001  Badegrogniopd mpgp:  Iont0pdGogs0g0d  “heating”  cpoeE
832620001

2[gEoncde 30gp: 0€eepadam(glioopd esimacyifecogpiaacyod “heat gain” [gdoopdn
a3320p 3GPs 09050301 gCs0p0 =oedimcnlig crogpPimacgnd “heat loss” [g6o0pdn 3298:320§503
3203§0000 326[g306503E 038:002:$320305 p34j00pd QoI CoRdELgS JewPod vudoaddbeuig$
0832600001 00d50:88gE 9680005358 0d9 Bowpod 30§:03 3c8§o0pd c0deoE5
[§6c005 220§5RE B8:002:8EqS 320305 cooling a3eupcd heating cpdeu:gs ABa6001
Heat gain 9300705 heat loss [g6edleoa0pd 22g05¢P:00p5 6830053l 2agi0dgp: 3260l0zE BanpSo0di

(0) 32088 [gpzg0:q)05 (Temperature Difference)
[g€om0q§ (outside temperature)$& s00§:3203E:§ 2003§o0pd 500§§(desired temperature) o3el
2OJS [oprg0sqi05(temperature difference)3qpseco 30ed:geC:(heat loss)sC 32003 gCs(heat
gain)oenm dgpzeco [gdaopd

() Ceiling $& Wall 00p5ee0005$ 32§j:3500:(Type of Construction) $¢ Amount of Insulation
0un- pcqmreanioat sBoogt 02biod fepiE copSesooosd oxfosbood spcbepiEt
00p5680005002:00051 ©§[§Eee00050pd eecnd:BY  Fpo3{gts(heat gain)sé Fopedig:e
(heat loss)owan Bqp:cd8epdi aonuSelopéadeadd oS(glass)el thermal conductivity (U-

value)oopd 83050005 J[gE(3qps)eamaelopt [gdaopdi Bmolg 3pod[gESEiupdagie [o3band
(transparent)eomelopé eseepE(solar heat)qps 0305805 adiewndolespad(direct transmission)

§Eazo0e{oypElgdaopd

(p) Shading and Orientation (22§50yeepagt: $& qodsogep=2q0)
powd- Gd0R 26800053385600:03E 336a00053] (building)el [gooCsadladyps(windows) §&(wall)
$C  ©alC8s(roofodop  =§Smyfgs(shade  §gts)  qodsogepmead  opRBo(gs(different
orientation)i 6$0g05ep1 6508epsE esagnicdiclopE: wopa8[gliodood air conditioner 3agoS
3002 6ggodep(sizing)oz€ 8a0fza0056epady §oopd

(§) qodgofgEedun(Surface Area)
32g0d2000: qod50[gE eoxed ¢oopde) Fapedigsgs(heat loss)sE 3a0aB{gts(heat gain) veoom
Rlgpeaopdi $§q0d50[gEe§urn(surface area walls) SoquSeco 320e:gEgE:(heat loss) a3eupod
:2003[gEs(heat gain)owdan dqpzeco [g6205

() [g8oeco(Outdoor Air)gp:
[g€oeco(outdoor air)qps 3208:3203E:08 saclopEimadpeloé ofeepad§Eaopdi Heat gain
a300p0b heat loss @205 [gEovecogp: saef:(indoor space) 8203803 860Ea0pd Grvvedn
:ed0zE woopdaopdi Air conditioner 8agudmaen: GgegioS(sizing)epogE 03skedlods vr,650005
esepqpi(door gaps) 1 [goo€sedlod sa0SelogpEagps(cracked window) oddkgEaopdaadlypsst 8:8s
e9IE:03E (chimney)e Grogps(infiltration air) oCeepadamn8Eandi [g€ueco(outdoor air)gps 208
3038:03 o€eepadamngEieloppé heat loss a3eupod heat gain vedar dgpancd8edi
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Cooling Load Calculations eomio0d03§,
(6) 00§:35038: §ogopgp:(Occupants)
3205:3038:3 §osepd pIeqEaoR05005 air conditioner 3agud3a0: 6ggIUSEPoRE 32030005
eepodg §oodi
(Q) ogeprqqp: (Activities) & oofgpieooo Equipment g
26e0H:0Y  2RE  pgPiFeeae0Rcdl  Adcpgpel  cogpsagps(activities)sE  oofgpieod
equipment gpselopE air con equipment saguSss00: GgegOePaRE 30 Eo005eEpPndg §8E0pSN
(0) 80z BraqpC: 36220305 (Amount of Lighting in the Room)
320§:30038:§ 8:00n B:eqpC: soeq@Ea0z05(amount of lighting in the room)qpdgés elopE heat
gain [gdedloopdn Efficiency comEoopd lighting fixture qp:aopS sapaaspdicoS(less heat)oBom
Cele lablesl ptebiout
(@) Appliances (cB§oxgp?)
Appliance gpse 000509050005 3a00wdN(generated heat)aopd o5:§o0pdAl0l(power equipment)
:ed0g8 0oopdq 0005agodepd Fpowm oFfgeoopdi Space =2038:q &:3(oven) 22005
eogbood(washing machine)  op&qomgps(computers)  0005c88sqE:(TV) 0200503 samscdse
F0gP: 0005050300001
Air conditioner gpzei efficiency 1 performance 1 durability $& op§oie§od(cost) o3o0pd oobsot
00220009 3agudseos(size)zaedlogt vonpboogd

888503000000 00doopgSicoogt §8E0RS mapowdan(simple square foot method)o?
:6[gde) air conditioner sagud3se: egeguS[0300p51 3505203 F[3Giqd: o§essepogE(preliminary
estimation)sagpzads 3204g|ecp§oopdi 33(036:3a05gE rule of thumb 3aq [138:0E:(g00)00pgSe0dagE
one refrigeration ton $& p8qoopdn (1 ton for every 500 square feet of floor area)i Equipment
:gudmonegequdqs rules of thumb method $05:03 3203dgopdeasl 2680005358 8&&:elops
opdaopdoplgnigedy olgbedl§Eupoopd vpsogEdsaediapl saelgdoomtoopdn cobspd: sadgE 83E:
eomEsaopdgbeor sd:oopdlgdeo [MEetioongsico(goo)§agié 1RT (12,000 Btu/hr) c8sabo0pS Rules
of thumb method $05:03 05807 5052005030555 ©LISCI 3208:c000D9 330305 FadHgIgIE
23000 $0:8E600500p5: FefimeqER0d qProopdeRsl 3¢ 30gSqP:8E00I

Heat gain 30005 heat loss 00555 (estimating  procedure)o? Air Conditioning Contractors
of America (ACCA)§§ American Society of Heating, Refrigerating, and Air Conditioning Engineers
(ASHRAE)03¢ 000560000:0000002p003E 0g05500s(calculation procedures) ())§jgé ewdgoonsoopd
Central air conditioner qps 3aguSmooniegegOq$s005 m&codadom(air conditioning contractor)
qPeoopd 0393 320p5:56900  CV0HEZEBIe0B(G0oR0pd $p5is0s00: 205050 (0305020050005
$59¢ 009328l REdgIESE300p5N LogRTl ERSEIYP: V§0gdyPI? =Yg cooling load software
qPigé ogedqedloreopds

Q-9-0 Heating Load Vs Cooling Load Calculations

6e00Cepa303E 326800053580 adiga30:000 Fp0WNGB 9§08:95320305 heat load 0ga5(gE:
[§620p51 Bwondsol heating equipment gpsel 3og0S002:03  6gegqIS8E00I GaonEiepadoogp:]
esoagodealmqSogé =:[gEed:(peak) heating load [gbecleomelopE heating equipment gp:ei sagod

20203 6gequda8§320905 peak load [§dedl20pbeagE0d pogas eadzabeon ceotiepad codeagpad
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eomEs0005028 Chapter-7 Cooling Loads Calculations (Part Two)
82§ [gEosaa[geaes (outdoor conditions) gpgn elgpEicdgulgdedcon Internal heat source gpeg6a0d
opgps(occupants)  o3§uoogps(appliances) ©a0pd03e  agodaepd  SapgpieloPE 226800053533
[g6e0lond Fapedig:g(heat loss)o? cooSamengpspSieooopdi

Heat load calculation 20p5 steady state condition 820305000 0g05(gE: [g20pS Heat load
ogodged[gEs(calculation) [gopdaopdaadl solar radiation $& internal heat source gps 30:0d:03
copdeogodeg o)=agied20p5 cooling load ogedgEdS[gst wonpdooobenginsgdaopdi Cooling load
0R05q05epaRE solar radiation $& internal heat source gp: 30:0(:03 ofgdees copdogades

822600001 Internal heat load qp:od copbeogadlglielope saspbicubenype) ©&508dgt:(under
estimate) [g68Ea0pSi 986005 Bodggaopd

Heat load 03 320332073 0305030qi€ &qpsel 220360 E8EQGs(thermal capacity of the walls)
€ internal heat source gqp:0B copdag€: 005058 3360005

Cooling load o05epogé unsteady state processes sofgd 0g0odqEopdi Peak cooling load
[g6e0laopd eg(day) soq$(time) $& [gComealgzaes(outside condition)odel ogolgog 3a0gSqREo0RdN
Solar radiation clop¢ [gbeclaopd load $& internal heat source qps 30:0(:03 ogdocs copdogad
§oopdi Cooling load c305epoaE eagpoged8[ges(underestimation cooling capacity)elopé 360009
:208:30§$ (required indoor conditions)g§g$ olgd8Eeoneor adelopé cooling load calculation 20p5
3q) qo@0g: 90532001

Heating load o3055p5:03€ solar heat gain 9300705 internal heat gain 03 copbogadecy ofeol
326800052861 thermal storage effect o3copbs copdeogadlojeon Cooling load calculation og&
326800053580 :0Be0poon:Eq(thermal storage characteristics of the building)oopd 9280
[039005 32q05[gbo0pdn saonudelopE eBeacd §dgpa ealE:digpio o3 9bupco: GomaloPpE
:205:3038:03 300B30m[gEs(heat gain) i€ ofgbedleon sageanjop(time offset)Geo $§5C
8lCs8s0 050p00:000) F0EP:0d [§$gS0005eame(opE heat gain Sgp: cdd&wRd
Q.G Heat Flow Rates

Air conditioning 8&Ez [gopbepogl =ap8:onig [gBedloopdsnd: (G)dqjs (four related heat flow
rates)o? o3conq§ 822620001 Bspd: (G)qro0pS 32§8a3c3adq) elgpCscd(varies with time)esaoSi
Rlgpsgp 20eomedades cdoodi
(on) Space Heat Gain

Space 32038:03 0€eapaSamnoopd 20g8:3a8 (heat energy) owam
(®) Space Cooling Load

Space 320§$(temperature)s¢ SodCsso(relative humidity) ee[pEieocd dB§icon:q$ 390305

©050005qepd 320§&:32E LM
(o) Space Heat Extraction

HVAC system oo space 220380 005000505 3200wan
() Cooling Load (Coil) - Cooling Coil ¢ scSo005qupd 22¢g&:3aE (Heat Energy)owaan

Cooling coil  ©05a05c3052005  FppoWNaRS  esepypPzsdF[gE(serving  various

spaces) duct heat gain 1 duct leakage 1 fan heat $& outdoor makeup air 020503 elop&

[g6e0la005 cooling load gpacopSs Clo€aogb
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Cooling Load Calculations eomio0d03§,

Q-G-© Space Heat Gain
Space heat gain 2op5 32§§358053200§32038: PELIC30520pd 3ag0B:g8s(instantaneous rate
of heat gain)o3 3c3a0p51 880305082009 65 Bewrod $980rE ofeepadamnepd SapyPiEd:el
0w [g520201 [gEoe 308:3003E:03 oCeapadamnaopdzanypisEanediencyte coodagadoopdeapyp:
(rate at which heat enters into and/or is generated within a space at a given instant) dloCoopSn
3208:308:03 30gp: 08eepad8Ea00s05: Bowydd heat gain [96el8€a000 ¢piad eam0d0pe
eedlgoozaopd
(0) [gooCedlodofi 088§ 02050393 [03pScuCesaopd gEd§o[gapind [godoosd ofeepod
anepd eseepelgpd(solar radiation through transparent surfaces such as windows)
() $8qPe5C ealE:Baqpsod [godooksq) Bsonicnepd 3a0qps(heat conduction through exterior walls
and roofs)
(p) 32038284 1 qO59[(005E [136:08: 02050303 [gode) Bronsnepd 3a0gps(heat conduction
through interior partitions, ceilings and floors)
(G) &scda Bsaqpls 3p0d:3a6e00EGps process qpse 0g0daeRd I0gp:(heat generated within the
space by occupants, lights, appliances, equipment and processes)
(§) copdeoiaopd [gEoscu(ventilation air)gpzsé 8doEamo0pd [gEoscogps(infiltration air)eloypé
[g9ed conwpd 3a0gps(loads as a result of ventilation and infiltration of outdoor air)

(6) meefopselopieloné [gbedlamanepd sapqps(other miscellaneous heat gains)

:oS::[ge oeepodomnaop) srpgps(external heat gain)sC sre§iea0ptie 0200
ogps(internal heat gain)ope) $6§3[gr:8E051 oBelop heat gain o} $p5:56§EgE 030502001
(@) (9)o0p5 [gEogolaeepadomnanpd saggps(external heat gain)gdBe (G)e (6)oopS 3208320380
00050R052005 Fa0gp:(internal heat gain) [g20o5

Sensible heat s32005¢ 3agpogqPE0Rd 304qP03 PELIN3ES2pdmedl :EJiTqpdisscg,
000p036[gE0es (state) velpC:dad 20§S[gEonadogiag sensible heat vp c005ecdo0pS Sensible
heat gain 20p5 conditioned space 2203Es08 conductioni convection $¢ radiation $05:039¢ o€eepod
002053204 (9620251
Sensible heat load qpz¢»

() $§ qo559[03051 [13620E:0303 [qodejofeepadaopd 3a0gps(heat transmitted through
floors, ceilings, walls)

(9) 32053038 cpaBe ogodaonapdzapgps(occupant’s body heat)

(0) 8:cd: Braqpla 32033068008 Borgpie cgodeonaopdsapgp:(appliance & light heat)

(020)o8$qpod[gode) o€eepadananpd eseepEyps(solar heat gain through glass)

(c) 8&oEamaopd [gEoerogpie sauqps(infiltration of outside air)$&

(0) c0pbeo:a0pd [g€oscogpse 3a0qps(air introduced by ventilation)o3{gdoopSn

Latent heat load e300pSen 2pe8ime0p8:d coadd eqeqeg.qp: copdagtiadndaopdaadl
a3o0pcd ofeepodogsoopdaedl latent heat gain [gbeclaopdn cpgqpseagodan0pd egrgps 20§
Fegyps(vapor emitted by occupants)sé equipment ©o0p internal source o3elop¢ latent heat gain
[g6eclaopdn  Indoor Air Quality(IAQ) 03§:002:q§820305 copdeuoopdlgosao(ventilation  air)sC
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86oEaoopd [goecu(infiltration)oe daxoopd eqd:eqeggp:odelop latent heat gain [gdedoopdn
Latent heat load gqp:g
(0) [gEoyaopdeusanpdecar [gEueddotam 200 erocdagl Clofesaopd eqdieqeg, qps(Moisture
laden outside air form Infiltration & Ventilation)
() 3005:3209E:§apqpe godaonopdeqdieqegyp: (occupant respiration & activities) $&
(p) 22993680083 §unogpdiode agodanoopd eqdieqegyp:(moisture from equipment &
appliances) o3 [gdoopdi
Humidity ratio o3 0e§088:002:q5300305 GruAd§ ce§ieqeg,qp:aopd cooling coil § eezalgdad
elgp&:cd(condensation) ogsqepdn  o€eepadbamoogd ee§eaeg,oenmsE condensation [g6ogn:oood
0oy opBeomn 3efimecpt:y  Humidity Ratio 6[pC:dc86epd ewpodeon eqeggp: ©udonad
0d[g€:03  dehumidification vpesloopdn seeco:§§ 0803c30q5§ eqegyp:(l kg of humidity) o
0050005q$ 200305 g&:3aE (energy) 0.7 kWh oedanadsaboopdi g6:3a8adgagp:oopd process [gdoopd

Q-G-J Space Heat Gain V/s Cooling Load (Heat Storage Effect)

Space Heat Gain # Space Cooling Load

Conduction 1 convection 1 solar radiation 1 lightning 1 people 1 equipment ooaé heat source
qpe  08eepodanop) FaogPiIdi0nd  pefim00pti§  Grood(conditioned  space)ad  qodg s
(instantaneously)eepod§) wagnioaopSevrodeon oogj,00d00500 2rediza0ptsd caoadad (conditioned
space) godqiC: eapadogrioopdn eseepE(sun) S:d:dieqpSs(lighting)i cpgps(people) 0a0pd030
ogodanoopd radiation heat gpsod =008 32098 qodsogEqpa(internal surfaces) ¢ ocowBsgd
95090001

qo55a[0305(ceiling) [36:08s(floor) sae§s3a03E:48gp:(internal walls) 1 o§eomo(furniture)
020p5032005 30950 33exE8ESGs(thermal  capacity)qpieocnelopé ofamoopdeaggpod Bign
960ra360xne[G: 0ofgpdegpddal: GE:odeizangS (temperature) [gEonoSaooopdn Radiant heat gp:od
960a[G: 3§§05p5:c0S esnadoy(time lag)Bee [gSooodeozoopd [gbedlaopd saqiSesnadmygs(time
lag)oopd  godsn[gEefomn cocopdsE  magowraneaeilagE  @onpboopdi  qodsngEqps(surfaces)el
dynamic characteristics alo3p¢ time lag [geolg ogofgrsoopd

Convectire heat

Radiant heat

Heat storage due to stracture furnishings

c’g qQ-o Differences between Space Heat Gain and Space Cooling Load
Differences between Space Heat Gain and Space Cooling Load (B)

Instantaneous heat gain §<§ cooling load o% gorep_gqoapé me@)&q_p:?} heat storage affect

5C time lag o3elop¢ [gdaopd
$(qQ-J)og¢ heat gain $& cooling load 06800565003 Gwd[goosoopdi 3680005358 aoo0Rd
(effect of the mass of the structure) apoopbeadl 32000580005 cEooRd(KRs(light, medium &heavy)
020pd[g¢ R[grreomelops G(q-)ogE [goom:opdsao3Es peak heat [gbedloopd =S e50050qq
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(delay) [g6edl 20051 sa00:00(gE cocopS[e3ieni000d 3a6e0nab3d(heavy construction) gp:ogE time lag
$C heat storage effect Sgqpzoopdi

Instantaneous
heat gain e
\

Actual Cooling Load

Heat gain or cooling load

Time
c:) Q- Actual cooling load and solar heat gain for light, medium and heavy construction

Q-G-9 Space Cooling Load Vs Cooling Coil Load

Space cooling load s320p5¢ 3298:300§ & (spaces air temperature)o? s203§o0pd 330383200
088:000:98 320305 ©050005qepd 300 (805N Cooling load s820p5¢n cooling coil © ©u5ae05
§oRd 32096:3E0wN [§d200I

Central air conditioning system ¢ cooling coil 20p5 codesepooad Sqpioopd space gpszacgnd
(serves one or more conditioned spaces)(gdaopSi

Cooling coil load oeraN20p5 serve apboopd soedigps GsepyP:saad:el space instantaneous
cooling load 20nwon fan energy 1 duct heat gain 1 duct leakage 1 lighting system heat gain ooaéorf),
F30ds 9edICsconsaopduwdan [gdoopdi Equipment sagobssons egeqiudepogt adsagodypieanindso’
0059382 0502620201
Q-§ Components of Cooling Load

Total building cooling load 03¢ [g6edlanoopd building envelope [gdoopd $§qps(walls) caIESs
(roof) [03&seEs(floor) [qonEiedlod(windows) odskgps(doors)od [godaofs(through) ofeepadoonepd
;oqps cpgps(occupants) oodgps(equipment)sé B:adsdiaqps(lights)ode coodagodaopd sa0(heat
generated)o} dlo&oopSi

[g€ovoeepadamn 20pd 30403 “external load” vpeslaopdn Space 320980 cO0SRE52005
:20gP:od “internal loads” op esloopdi External $C internal load o3l oofgp:oopd 0edr200d
3268000528 so§jgsso:(building type) epaBpon(dimate)sé 3268000535883E:03 sa60l0E Goood
20pSi Total cooling load 03E:03¢E sensible $E latent heat load $&§ad: clo€aoobi Sensible load 205
Dry Bulb temperature saedlogé oopdoopbi Latent load oopS air conditioned space & Goood§
eq:eqag, doCq(moisture content) 8a60lopE @onpSo0di

External loaded $C internal loaded opg) $6§Ea3(gp:00pbn External cooling load 20pS
oobo&:oqE(surrounding conditions) 1 pa8porsacfgsees 020503 sacilagE sae[gda0pdn Cooling load
200053207 32035400201
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cpgps(occupants) 8:adsBiaqpCs(lights) o050gpdiad§oon(appliances) ©aopd internal heat
generating source ¢ 00050052009 30qp: (462001 GuoopLyEyC internal heat source gpso
00050Ra52005 oINS FFoosioppdeseamelopE internal cooling load 2005 Fo[Foots
oppBoopdi External load Sgp:oopd 3268000520803 “externally loaded” vpeslaopdi Internal cooling
load Jqp:oopd 3268000520803 internally loaded” op @aloopdn Geo&iacacncdzadqp Booudse
eqpotioom 03o0pS externally loaded 82680005358¢p: (9620051 esomofom(data center) 55680005

328qp:00pl internally loaded 32680205258 (9620201

- Sources of Cooling Load

E—
g z 2 electric lighting

somoa 11

equipment

solar
radiation

conductive
heat gains

infiltration

hoﬂair

|

z
\2;

occupant

¢ Q- Sources of cooling load

Q-6 Cooling Load Calculation Method

320830009 0J00p0d 32680005358000961 cooling load 03 REHgE30R05 683005Al $pd:(p)sp5:

3g0dy 88Gaofenqpoop) spdiooddjio? 500 §Eops
(o) Transfer Function Method (TFM)

Transfer Function Method (TFM)20pd =0005e0:5¢ saqbcogsadispds(complex of the

methods) [9620p01 ASHRAE ¢ Goooodd[gs =0adige$ 0305098:000:0000  $p0sgd2000
Computer program o3eopod  advanced spreadsheet o3 2203qgjq] 0R0qIOPqEoR0505:

[§8aoeS

() Cooling Load Temperature Differential/Cooling Load Factors (CLTD/CLF)

Cooling Load Temperature Differential/Cooling Load Factors (CLTD/CLF)spSso0pS TFM

method ¢ 3030502009 $054{gda0pdi @oogpie Gzomgps(tabulated data)od s203:gq)

0g05q20p95p5:(calculation process) [gdoopdn ofspS:0d 3addgq) simple spreadsheet |
programs [g¢ ogo58&a0pdn Tabulated data o3 32034gjeoo0elopE on§a00dgE5(limitation)

qps §oopd

() Total Equivalent Temperature Differential/Time-Averaging (TETD/TA)

Total Equivalent Temperature Differential/Time-Averaging (TETD/TA) $p5:0005 oan&sedlCs
005[gogadaqi€ sae08e|goopdspds(preferred method for hand) [g6oopbi Bewpcd simple
spreadsheet $C 0R058C00pd5p0:c0p0s [96o0pb CLTD/CLF method $p5 wod&eon
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320pq0opbepS3Baophs
200050505 (9)$p0:03 ASHRAE Handbook Fundamentals, 2001 o€ 26005805 @6y

00230001

q.@.o Accuracy and Reliability of Various Calculation Methods

Cooling load og05gp5s(calculation method)gps 32050d:03€ 8303000051 320250059055
n§2005gj05gp: 03058 §og0005n §qEigubongn caedgIEE8Eapdsp5:0000 ABaqq weomE:Eaon
033207 033jg GoMEieomE:q§gsepg0d §060g:e0552000505:03 3aaddgqedi

600580305800:qps(modern methods)ogE solar $& conduction heat gain gps 0gc5[gE:ad
3ej30g80S(emphasize) confpreomelopé 0z055p0:qp: deoms(improving the procedure) conoopdn
Internal heat gain gpggdo0pd cpgps(occupants) ooSgps(equipment)sé Sscd:dsaqpe:  (lights)e
0905020098200} 3RedgEePoRE SaBoyeoqs handbook gp:opE heat gain 00§8:03 cudlg
coxs0pd  @us(table)qp: Aloopdn Internal source P} 0305q$320305  @us(table)qpoopd
Belge562005 @uxigps vupcdfogeo

poed- 00,600 equipment gpod @OI0RE  GEdlgeconeul 00g),6oNeLINORE  ZagIed
F000OGP03 HNEI0005[gEon cudjgeu:§taoopdi 0odelondé nameplate ¢ power consumption i

25% ¢ 50% 32038 20&eagdoopd 00§3:0069903 =adiges oBodopSioooopdi 30dgeepd 00$3:
333030005 8&E501 consultant gp:eil e3ggodgin5203 [gd20R5!

a332[gE equipmentqpzo? 3203gepd 38§ (§9§edE:)0d BoggreSess(accurate predictability)
9§ 3300005 [gbeolaopdan(o3é(occurrence) 03 0g05q§3e0305 equipment ¢ 32098C00500P5Es
(rate of heat generation)s =203qgoopd $0§edlE: (oewC:qSe qOs2:§E3208)03 Bab0pd
BefopEarodygpel dBogg0pd 0g055p5:(method)el gSeaglgta ©053[gE:amum q§8E05 input
data &1 veqEpg(uncertainties in the input data) saedogE goopda05

Cooling load o3 0305q$320305 c0pdaptiqepd input data qpsel cBojeoogPgoRd S0
26qE{0F0pd1 polapagadst mefimnonls fosepdon 296qE200503 weses:§C[gEs(unpredictability
of occupancy human behavior) epa8pos 6lgpEscdgqps(outdoors weather variations) 1 e§0058d:edl
oB§oogpeel heat gain esomgps(lack of heat gain data for modern equipment)sé ceonoScpdesg
0gpbssao0dgps(introduction of new building products)s¢ HVAC equipment qpsei 83q10535),03
©038E[gE:(unknown characteristics)qpselopé oBogjg(accuracy)eeomEfgés [gdoopdn

ABzaqodgp: elopE veoogpy dqps(generate uncertainties) apo0pdn 8a¢0: dqps(far exceed
the errors generated by simple methods compared to more complex methods) c\nooéu o%e@:§
0066lood§ complex calculation method gpsod 6g:qS8don Za0pgPscdepd wupcdeon Adm3od
pefgmesdpogt §eqlsoopd ogadspdigps(simplified methods)od od:dlon eogsdged  GomE:0000
oBoq(satisfactory accuracy)od 000560s§Ea86epdn

Manual cooling load calculation method $p54g¢ 0g0503qi€ 1997 ASHRAE Fundamentals
g€ eudlgoonioopd CLTD/SCL/CLF method 2005 coodeogsamjedisC saooengpeds [gdoopdi

o)5p5:0000 32602082902 ©0PEHEAHE5: 158055 EoPsE5: [§6205
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Peak load value o3 ooodeugSi equipment saguSssontegequda(sizing) [gjpde$ss0z05

CLTD/CLF method $p0:0 0pobe0:3052000 qroSgp:aopd coodeogopl by ofepig§oopdod
006808[Gs00pd326] 90§:068E00051 Space 6 characteristics 0% copdogCs 0fi0:q§ B=6051

§§s0g(engineering judgment)[gicodes 832600051 @LIgP:eznduSa? wSmEgretadst
[g&:(interpretation of the custom tables)s& so&eagdoopd correction factor gpod 229 g8EqS 320305

(applying appropriate correction factors) 22603, 83030 Esqpis vuraI[zd0603 c33a600p5

Q.qQ Design Information

Space cooling load 0g05q% 3268000520861 22600:8053agi053a0005gp:(detailed  building
information)jgo0pd oopSesep(location)sé  epoBpopsagdsacondyps(weather data) soed:za03C:
8&&:32q/05320005¢s(internal  design  information) 32034qq$(operating  schedule)ooopdod 8226
20p51 8&&:c0dupd [g€omealgzacs (outdoor design conditions)s& 8c8§oopdenesizncyl: efgmees
(desired indoor conditions)o30005  load calculation ©oo€[gapdes 220305 voowed: A3ma020pd
32905320005 52001

Q-Q-0 Outdoor Design Weather Conditions

ASHRAE Handbook 1993 Fundamentals (Chapter 26)o¢ epoBpop saclgeacsqps(cimate
conditions)oB eedlgoonzanpd @uxs(table)gp: AgoopSi ad @uxsgps(table 1a, 2a and 3a)opE saee§mn
(US) onesdl(Canada) $& oofgpieomn§Eeqps(other International locations)eil heating design conditions
$C 20056382000 329/05320005¢:03 Gwd[goo:a00N

(0)00d560%:5 [gbeclaopd(annual cumulative frequency of occurrence) 3a0§§ Dry Bulb

temperatures ee.6% $& Ee%(Dry bulb temperatures corresponding to 99.6% and 99%
annual cumulative frequency of occurrence)

(9) 000560825 [30edl0pd croadndssi(wind speeds) 0% [gbedlar J.§% [g0edlasé §% [gdedyg
qPeod edlgoonzaopdi (Wind speeds corresponding to 1%, 2.5% and 5% annual cumulative
frequency of occurrence)

(0) 02656095 [96edloopd eroBionobep cu&seloypEs(wind direction) ee.6% [gBedlgst 0.6%
dry-bulb temperature [g6cdla(Wind direction most frequently occurring with 99.6% and 0.4%
dry-bulb temperatures) $&

(20)500D qbsq| 2a[gEade $E 3086e0: dry-bulb temperature $& standard deviations (Average of
annual extreme maximum and minimum dry-bulb temperatures and standard deviations.)
Cooling and humidity control condition 220305 20658382005 3ag/05320005¢P:a? table 1b 1 2b

$C 3b 03¢ eedlgoozaopd

(00)Dry bulb temperature corresponding to 0.4%, 1.0% and 2.0% annual cumulative frequency
of occurrence and the mean coincident wet bulb temperature (warm). These conditions
appear in sets of dry bulb (DB) temperature and the mean coincident wet bulb (MWB)
temperature since both values are needed to determine the sensible and latent
(dehumidification) loads in the cooling mode.

(@) Wet bulb temperature corresponding to 0.4%, 1.0% and 2.0% annual cumulative frequency
of occurrence and the mean coincident dry bulb temperature

(o) Dew point temperature corresponding to 0.4%, 1.0% and 2.0% annual cumulative frequency
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of occurrence and the mean coincident dry bulb temperature and humidity ratio (calculated
for the dew point temperature at the standard atmospheric pressure at the elevation of the
station).

(vo)Mean daily range (DR) of the dry bulb temperature, which is the mean of the temperature
difference between daily maximum and minimum temperatures for the warmest month
(highest average dry-bulb temperature). These are used to correct CLTD values.

HVAC outdoor design condition cgsqSepogf oodsbadiel sagadiangds(annual hottest
temperature) o300p0d 2286e0:30§S(annual minimum  temperature)od vegegdooeor Fe[gCad:
(Max)s¢ 3286902(Min) 030005 =oq§305p5:c050m [gbedleomelopt Beagsiqp:a? gl egegd
20&a0pdi :g$328053000§0m[gbedl00pd Fo[gCeds(short duration peaks)od sac[gds] cgodlgtseloé
system capacity socg§[03{gCs cud[gls [988E200n F0BirSoyodod(first cost) sacgSgp:§Eaopdi
32680005338 q28a0:00: 350305 risk - benefit decision ap&ao&aodi

oBelopEroodeagopl ‘design temperature and humidity’ 2005 [99ed§E2000 (3658

(frequency of occurrence) 8360loRE Fa6[gda0Ead

The summer design conditions have been presented for annual percentile values of 0.4, 1 and
2% and winter month conditions are based on annual percentiles of 99.6 and 99%. The term “design
condition” refers to the %age of time in a year (8760 hours), the values of dry-bulb, dew-point and
wet-bulb temperature exceed by the indicated percentage. The 0.4%, 1.0%, 2.0% and 5.0% values
are exceeded on average by 35, 88, 175 and 438 hours.

The 99% and 99.6% cold values are defined in the same way but are viewed as the values
for which the corresponding weather element are less than the design condition 88 and 35 hours,
respectively. 99.6% value suggests that the outdoor temperature is equal to or lower than design data
0.4% of the time.

Maximum heat gain o3ewpod maximum heat loss 85680005333 (building)o? ogode$
320305 design condition o3 32a%go0pdn Comfort cooling 830305 2.5% occurrence $¢ heating
:2R0d 99% values o3 design condition 3:o[gd sa0ddgjoo&aopdn (Design condition is used to
calculate maximum heat gain and maximum heat loss of the building. For comfort cooling, use of
the 2.5% occurrence and for heating use of 99% values is recommended.)

2.5% design condition s32005¢0 Ggepad @&cve 00HEIM F]pediIYSE 2.5% o3
odSqp oypeagdqpioacged 83E:ptfR: [gboopdi egepBogt $ofedlE: (Jee)iopd (9p)eod
2005 22088:32§$(2.5%) [gdo0pdn 22080 (9)§7803 ©ud§Ee) 0yS$3§Sgpizacgnd 83E: cvd[gts
[§60051 00b5pbindsl 32001358 (q0)$98(2.5%)320305 8&E:0b00:0005 air con system
2000 3qiCo0pd3a038: e3aeINE [gIrpdeu§adend wupcdeun(The 2.5% design condition
means that the outside summer temperature and coincident air moisture content will be
exceeded only 2.5% of hours from June to September or 73 out of 2928 hours (of these
summer months) i.e. 2.5% of the time in a year, the outdoor air temperature will be above
the design condition.)
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g6:aaCod:e03 ogodqod(energy use calculations)epag egepad 8&C:0088:qpist Geont:

epo8(summer and winter design values) qp:o3 sa0digepdenon: 83E:e5038 $0§320805 [gdedlood

§p3Bpop ezomgps(hour-by-hour outdoor climate data of a design day)o3 sacgée) 0050082005

Q.Q.J Indoor Design Conditions and Thermal Comfort

cpgpiesadlepanosigpiel  3ac[gEaes(indoor  conditions)oopd  cpgp: 20056000ER00500
[gdeog(human comfort)sé 0305805 2005e3E20001 CVED§ =aaddgies[oroopd d(comfort standard)o?
ASHRAE Standard 55-1992 $¢ ISO Standard 7730 c303¢ cw5{goonsoogbi

Optimal range §§ combinations of thermal factors (air temperaturel radiant temperaturer air
velocityr humidity) $¢ personal factors (clothing and activity level)o303 saefgde) “Comfort zone”
200590520051 32680005283203E:{n ©0% o 60ysOC50L se[gERcs[§dooRdI Fescr0d:B
320385 air-conditioned space 22038:5 §esonqps (building occupants) sa5p5:00: 80% 2005 thermal
comfort saedlzaofpooodeepodenapd environmental factor SagEdgP:d cooddelop: coysdy
§elopEiod eedlg(expected to express satisfaction) [p3qepdi s08$:(0)oge thermal comfort $&
20058382005 329054203 GwHlgaon:aod
(on) Metabolic rate
Metabolic rate o3 met op eqooep§oopdn (1 met 2005 18.46 Btu/hr.ft2 $Ep3qi0005n)
oo (amount of heat) [goo0pSI cpegnaBude coodagEaodeaguwan 20p5 cydepiesaod
3280¢(physical activity) 336dlog€ goopSo0pdi

() Indoor air temperature (Tr) §§ mean radiant temperature (Trad)
Tr 20p5 sensible heat exchange $& evaporative losses 0350005380005 (Trad) 205 sensible
heat exchange §&000 200563E20001

(0) ecoooBadE:eo(relative humidity of the indoor air)
320823003818 6c00e83Ese0(relative humidity of the indoor air)oopd evaporative heat loss o3
[0e02005 3280m3a9105(primary factor) (&5

(o) emog.cquﬁz(air velocity of the indoor air)
3208:32038:5 croeg aqpagSa(air velocity of the indoor air)aopS heat transfer coefficients saeol
HOJp00deapady §oopdi ccosaayE(air velocity) elopé sensible heat exchange $& evaporative

loss o3 [g®edl 2005

(c) 320053202:330p330k(clothing insulation (o))
:2005z00: clothing insulation (clo) edlogE ©oopSo0obn 1 clo 2005 0.88 hr ft? °F/Btu $&
p3qoopSi(1 clo = 0.88 hr ft? °F/Btu) Sensible heat loss 20pS cpgp: 0058080022005 82005
seons(clothing insulation occupants) edlogE @oopboopdi cudopoyeyé egepad 320305 dlo
2005 0.6 [§620051 GeorEiepaBa20305 0.8 ¢ 1.2 clo 3503C: [gd20Rdi

Comfort air-conditioning system q_p:s;org(ﬁ ANSI/ASHRAE Standard 55-1992 .§§ ASHRAE/IES
Standard 90.1-1989 o35 63200503E conditioned space &l 3208:3204$ (indoor design temperatures)
$¢ ccomqC(air velocities)od eudlgoonsaopdi aBon&Bsqpsoopd cpgpisiageps(occupant’s  activity
level) 1.2 met 1 3208232038 GododCsso(indoor space relative humidity) 50% (in summer only) $& Tr
= Trad o3 2a6[gdconoopdn 1.2 met | RH 50% $& Tr = Trad 02005 o0§8:qp:c00d dqp:dlon
adjustment co5q$ 83262000
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Table 7-1 indoor design temperatures and air velocities

Clothing Insulation (clo) Indoor Temperature (°F) Air Velocity (fpm)
Winter 0.8-0.9 69 - 74 <30
Summer 0.5-0.6 73 -79 <50

200dg egepBY qod05005508qs B=ad0bmedidlgbagiE(suit jacket is the clothing
during summer for occupants) summer indoor design temperature o% 74°F ¢ 75°F 2208
Gogpg|eon:00&0pd 63300509E recommended indoor relative humidity o3 cojgoon:aodi

Table 7-2 recommended indoor relative humidity (%)

Relative Humidity
Tolerable Range (%) Preferred Range (%)
Winter 25-30
Summer 30 - 65 40 - 55

Fundamentals Handbook (Chapter 6 - Psychrometric chapter, 2001)03¢ 23620:805 cudlg
conso0pdi Load calculation [gopbepogE 75°F dry bulb temperatures $& 50% relative humidity o3

:26[gdg) 005gi0520p5

Q-Q-9 Indoor Air Quality and Outdoor Air Requirements
National Institute for Occupational Safety and Health(NIOSH) Gc\gmaﬂcﬁqp:sfaq PGEOVOO

328qps0g¢ erozaqpdaacags(indoor air quality) pdgiC:qaopd 3280 saeo3pEzaqiwn [gEosco(outdoor
ventilation air) eadecnod[gEelopé [gboopdi eooseqpbaacags(indoor air quality) comEsgseoaod

32905(p)903 [ =260
Gopodp06:e02005 FaepgpPodeudepsdll cagpgdl

(0)podpodeg [gbedleoonpd 506C:3agdgps(eliminate or reduce the source of air pollution) o3
0udSgp:dli

())ecvan§otaopd erood(air filter)gpsei efficiency o3 comEseofgts(enhance the efficiency of
air filtration) $&
(®)[gEoecogp: cdecmnodesantaopbeudgé: (increase the ventilation (outdoor) air intake) o3
[§2005
ANSI/ASHRAE Standard 62-1989 ¢ [ggpSs00mo0pd  [gEocrocdsadgedqps(outdoor  air
requirements)od eojgoonzaodi

Table 7-3 outdoor air requirements listed in ANSI/ASHRAE Standard 62-1989

Applications CFM/person
Offices, conference rooms, offices 20
Retail Stores 0.2 - 0.3 cfm/ft2
Classrooms, theaters, auditoriums 15
Hospitals patient rooms 25

[g€oecocdaabged(ventilation requirements)od  sdsgode)(analysis of dilution of CO,) CO,

Olo€god e08:00q5c300001 CO, Clo€gaopd human bio-effluent gpses[gt:o? codjgoopdn  ASHRAE
standard 62-1999 32q comfort 2203050005¢05GLI000800Y Criteria 33 CYEPEY 0OHCPY
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saepgp(human bio-effluents)sé 0005382000 3208:32038:§ CO, [§E:sam: (indoor carbon dioxide
concentrations)2opd [gEoecoadope dlooopd CO, [gEszans(outdoor air carbon dioxide concentration)
0005 700ppm Segpzeocodeor

Indoor CO2 concentration < outdoor CO2 concentration + 700 ppm

Ventilation $& TAQ 326[03pE:03 209§:(9)0gE 326005805 Gwd{goon:00p0I 32600:805 9Bc8dlm
ANSI/ASHRAE Standard 62-1999 o€ oabqdl

Q.qQ.G Building Pressurization

[g€oerocd=ndgedgps(outdoor air requirements)god8coqs 3368000530832038:5 Godsan:
qpesnE(building  pressurization)  [giopSoonzeno§oogdn Infiltration [g8[gSse omoz0des o3ewpod
eagpyq$ee0R05 air conditioning spefiqp3aogEsd o830} 328:08:038§ ecudsm: 9Bewrod [gEo
60083220005 Jypeznt 83E: [grpdenydoopdi Untreated air qps space 32038203 03a5§odeoleqpad
eocdeomnelopt erodam: saspdicudgEesant(positive pressure) [gjapSoozaodi

:aBegyps(toxic gas)  3a5epud§oopdsaspgpi(hazardous) eadaonzaboopd erodeg gp:
(objectionable gases) a3w0pd5 3apodsac(o3:(contaminant)gp: aged8€a0pd od:aodess(laboratories)
oo (restrooms) 32006 (workshops)gpsy 38:08:098§ ecudsaicood 3a5p5:ccd 386esane
(slightly lower pressure than the surroundings) [gop&oon:oopdn Contaminant gp: 3a8:08:03E
(surrounding area)ad  od,§eoqfep0z05 Bam: Fospdicodenypg)(a negative pressure, should be
maintained to prevent or reduce the diffusion)ooo:oaén

Comfort air conditioning system qp:320305 c0enqpoopd eedizacgEieco(indoor air)$é
[g€occo(outdoor air)melops§ c0engpoopd Bsmioxolgeiged(recommended pressure  differential)
2005 0.02 ¢ 0.05 inch-WG 32038: (9620001 (WG indicates the pressure at the bottom of a top-opened
water column of specific inches of height; 1 in -WG = 0.03612 psig.)

Q-Q-§ Building Characteristics
Space heat gain 03058320305 631050R¢ GEHgoONEa0R) 3qIEEIECNdEP: B350
32680005208 (building envelope) $&200583E2005 3aq/05320005¢p:

() 22680005333 (building)el  3203E:320m(dimensions) e§ox(area) cpcopd(volume)od qfqs
200> Sapomdgps(architectural plans) section OgpisC elevation dgpse 8203E:330004:
§§$E205

() e[Podmqo(N) 6omEqS(S) 3264,35q0(E) 1 206570520q0(W) 1 NE 1 SE 1 SW 1 NW 02005
32680005208 qds00ep(building orientation) $& 0op5§ep esep(location)

(0) 22§6038C0p5 28305050 3268000535 ¢p: 883680005208 03C cdeoaonsap) shading
device qpz(External/Internal shading, ground reflectance etc.)

(00) [gEosdqps(external walls) cslE8sqps(roofs) [qonEsadlndgps(windows) odslqpe(doors) sa038:
$qgpz(internal walls)  CloBzqEsqps(partitions)  qodsn(e30dqpe(ceiling) sa8s0ec0iqE: soqjs
seons(insulating  materials)s¢  sacp(thicknesses) [gCosdzacept(external wall)sé eaIESs
aeeepE(roof colors) ©a0pd  GeoOdpEeqELgRbsgps(materials of construction)el  agiod
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F0odgP:od gpegal d§gpe(walls) @slE3x(roof)  [goo€iedloS(windows)  odskgps(doors)
loBsqCs(partitions) ©20p5036l U value 03 03058 (Check if the structure is insulated and/or
exposed to high wind.) 226800053380005 Gr030558:qP:00pd 320630038 §of 0deso:
20&20001

©) [gon€:edndes sa§pmoon(type) sagudmaonss 32§0oqeapadlgEs(shading on windows)

Q.6 Operating Schedules

Schedule of occupants 1 lighting 1 equipment 1 appliances 020503 22%dgq$5$¢ 2005382005
g0530005¢p03 [gedh Internal load [g6ccl8Ea005 process sancdesé air conditioning equipment
qp: 3280050[godewnges(operated continuously) a30w0d p0005E ©ad0dmagS0RC qos0: cons
[§C:(such as, shut down during off periods, night set-back, and weekend shutdown)ooopd sagjod
320005¢P:0d 96800E:l 6330050RE Gudlgaon:aopd sagEdeacooSyps(information)od eceonE:dl

(0) &scda Sreqplimajpeaonist 3266220305 Lighting requirements, types of lighting fixtures)

() oR&q|om1 oglomi fax machine gp: 1 Gedeoog(refrigerator) water cooler 1 coxd8egdood |

microwave ©20p9 03§oxgps(appliances)
() AHU blower | fan motor ©20p503e 0godaonaopdsaggps(heat released by the HVAC equipment.)

(G) 3680538 3:0RC:fesepd uFeqE0RAS =S $C  occupancy  3a§EzPo0:(number  of

occupants, time of building occupancy and type of building occupancy)

Q-® Cooling Load Methodology — Considerations & Assumptions
Design cooling load 03038 load gps 320:0ds saojgoCoopdi Design cooling load 2005e3E2009
o]?ooq&qp:(assumptions)

(0) epaBpopmacfgsacsyp:(weather conditions)qfles $660IC:qpign ee0nEs000:0000 Gie00003g05
sc005gps(long-term statistical database)o qooopdi [gEosaedi§(outdoor design temperature)o?
egeqIud0pdma8l 0065632038 [36e0l20pd (E:qEOYER3 e[gdepdesnn: 22680005358 opdep
e56p0C [36eiles0000 320803 2aa[gdo0a0pd

() 2268000533361 solar load 005q§320305 8&&:co(design month) o8ewrod peak load [gbedloopd
0 036mEsoapdes, 00be503 egegIO0E0RdN

() Building occupancy o3 full design capacity =o[g6 0pe020pdn egboEoo0d weseEER05
302092320305 00pd0R05CN

() Ventilation rate qps320305 ACH g$s(assumed on air changes) 9860705 GgcoCoonsoopd sagpsad:
366320305 (Maximum occupancy) 3a6dlopE sa6gdaopdi

(9) Building equipment sa0:cd:$E 03§oongps(appliances)oopd sagpsed: 3203dg0pd capacity o3
2:6[gdaoaogdi

(6) &:d:Broqpls(lights)ss o3§oongps(appliances)ssogod  $0§8&E:es0nbes(typical day of design
occupancy)o? 2a6(gdoooopdi

(Q) Latent $¢ sensible loads $&§zo0d:03 copbazEs 0a0gIEdeeRdN
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(0) sapB:onsa(heat flow) o303g05epagE dynamic condition o3 salgdoooopdn 0odso5:eaigE heat
storage building envelope $¢ interior material g3 copbogodqeRdi

(@) Latent heat gain gp: 33:cd20005 cooling load 32{§6a3 god{gEs(instantly)efupE:adaopdn
Sensible heat gain qp:oopd conditioned space i characteristics o3 c305¢] 3§ 3a55:c0d
eg00d0)(partially delayed)aopSi ASHRAE regulation 306 cpgpse 005c020pd sensible heat gain
20p5 30% instant cooling load (convection) [g8[G: 03§ 70% radiative aopS delayed portion

[g0o0p5n 00dg5:30egC cpgpse agodanoopd sensible heat gain &1 po% 205 cooling load
(96 odgielgpE:dfG: 0§ Q0% 205 e508ndg§ cooling load 32[gd agodedlaonaogdi

(0o)Peak load calculation ¢g§oopd maximum load o3 3ac[gde) refrigeration equipment gp:e
20g002000: 6g:g5a00N

(00)Space(zone) cooling load o} sa0dige] GrooocopSB:gS:(supply air volume flow rate)o3 ogodos
200 Air system sagoSseons(size) duct qps 1 terminal qpzs¢ diffuser 3agudssen:0303 ageqiud
2001 Coil load o3 saegdg) cooling coil sagudsaans(size)sC refrigeration system 3aguSssen:0?
egeqIud20p51 Space cooling load 2095 cooling coil load &1 22805323E:0069 [gd205

(o )Ventilation clop¢ [gbedloopd sa08sop:e(heat transfer)oopd building load eupodeon System load

o0 [§B oS

Q.©.0 Thermal Zoning (@$:qp:R[gp:0005005[gE:)

HVAC system gps 8&E:cpd[gl:s control cpdfglsodope af(thermal zone) qp: Jgpsfa:
AloCo0pdi 09800005048 832090503 326[gde] @&ea[gb0050a500N eunl§§ qOs2§§ onpd
2383 o3 epepi o5 g so0BgoBangS

Cooling load calculation 03052005208 32680705228 (building)od aSqps(zones)zalgd J[ap:q)
building peak load $& @§o0deqts8(individual zones)sl eccod:gSs(air flow rate)od of0$:qs
832600051 Building peak load o3 refrigeration capacity 32guSe00: Ggra$320305 35034(g00pdN Air-
handling unit capacity 320305 airflow rate 2005005qo0p5I @S0o69qE:8(individual zone)el load ¢
airflow rate o3 ©0§08:8820001 cvodeogRE GanCefigpi(corner rooms)sé $s0ia0pd esep
(parametric space)qpsei building load 2005 3680005208 3203E:3Csesep(interior core area)qpsci
load 0005 3gpza0di

Q8P 200563E2005 68305dl 3ag105gP:ad 20d3[gEa¢aod

(0) 32680005208gp:0d 38m3fg¢ :[gEassE :op8iaSong aS560E :0[9b BEHgrroozoopd
() =:0[gEBE:al (Exterior Zone)

2[gEGCsas (exterior zone)qpzoopd [gEusde (0 )eve (0e)eo moedizacyls [gdoopd (The
area inward from the outside wall (usually 12 to 18 feet, if rooms do not line the outside
walli 3200:00[9¢ 309802005 egepaB8se Fog§ema10000 GeoniepaBaag§(during summer
and winter)qpsop€ exterior zone qpsooRd [gEosacfgeacs(outdoor conditions)qpsel 0305§05
g6&:3:q(directly affected) $qoopdi

(®) 200p8:3C:e$ (Interior Zone)

32098:38:a8 (interior zone) qpsoopd external zone gpseil 3209E:3E:00503E 00500
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Interior zone qpz005 [gCozaegzacsel cdidig sospdicadomd(slightly affected by outdoor
conditions)eoopdi 926335205 p8pon(uniform cooling)oopSi

(J) Single-zone model

Single-zone §320p5¢0 329§:00500R0 2571560 (Go)eeP20Rd WIEiuEiyCasaotd Spadigp:od
@Sood9(single zone)mo[gd 2005ecdoopdl Single-zone model 832000¢n  LrEsLEEES P

65600000503 aSood9onpS: 3agdax 2005600dgE: [gdaopd

(?) [pFpemso0pdsacacnadand(large building footprints) qpsogE cooopuyEadgé 0doSyE al(e)es
[0 F[gprconienroopdi 3641 32650051 GoEl G[Pad FEOGYED§930305 @SGCL:PSE
32098:38:200305 a§00D9UIE] GAIE: a8 (§)as dEdgrroonienydoodi

@SqpazacfopCiod :208:(G) 03¢ 33600:805 GEd[goo:aod

Q¢ CLTD / SCL / CLF Method Of Load Calculation (ASHRAE Fundamentals 1997)

3268000528 20038:08  08eepodanoopd sapgps(heat gain)oopd cooling load 30[gdad
qo5q&: (instantaneously)ea|gpE:cd§Eaon Cooling Load Temperature Difference (CLTD) 1 Solar Cooling
Load Factor(SCL)$¢ Cooling Load Factor (CLF) 020008agj05¢p: 920:0%:3260] 9000500001

(0)3200E:086p058E2005 F:[gana’ grds[gE(opaque exterior surface)qp:o? [godoossq)
[g0edl20p5 conductive heat gain clopé 32§18 esnodoy|(time lag)oopS

())Thermal storage elop¢ [gdedloopd sa§Sesnodoyq(time relay)eloppE radiant heat
gain qpsoopd cooling load 35[gdad ed[gt: velgpticdeon

0)0g0555:03 3a2dq[g:elop factor 0od9lsE elgpad§lsé cooling load 00§8:03 cguongn ogodon

§E2005

() CLTD $p5:p€  meficpsdeco(inside air)sé  salg€onodeco(outside air) 3a0§8[gpasniqod
(theoretical temperature difference)elopé [gbedlopd ma0fE00056qpadgn3 copdogadoom:(ds
[5020051 6505 320§S 3200058a07)(daily temperature range) 1 solar radiation $& 0356800050
aooopd(construction  assembly/building mass) o3elopé [gbeclaopd heat storage effect o3
90309503 00pH9gCs 0R0HgI0B0m00p0N GEd§OREp(orientation) 1 co(month) es(day) §o§(hour):
cogdop§(latitude) 02005 CLTD factor qps 3e6dl0gE @oopboopdn $qps(walls) 1 6alEs(roof) |
[3620Ex(floor) $E 0§ (glass) 033 [gBedla0pd conductive heat gain o3 005§ CLTD factor qps
83260005

(9) Radiant energy 3a:ad: conditioned space 303808 ofaeepodanoopdaedl cooling load ea[gdad
qo59ICs e[gpCsdyod 0058 CLF 0083503 saadigjaopd
8:(\°P=| Sseqp&(lights)l apqPe(occupancy) ogglwoqu(power appliances) ooaé internal load qpz¢
[dedlconaopl heat gain oennaBogobes Bewrod adjustment cpdq§ CLF factor qpso?
:200g[opdn $§ qodslgE sa§edpodel CLF value qpzoopd solar time $& qiod§noeponod
(orientation)od 3ae[gde) 0305q0d[g@oon0d CLF oo§8sgqp:cd  ASHRAE Handbooks @oos
(table)og€ GeS{goonoogb

(0©) oSqpelope [96edlamnoopd transmission heat gain 00§3:03 adjustment cpdgSsa0305 SCL
factor o 203s(gjoopdi
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Q.- External Cooling Load

3268000538 00096l total cooling load og8 [gEue B:o€conaopdzapgps(external load) $¢
3203850 agodanoopdaapyps(internal load)qps dlo&fog0005i

[g€oe B:0€conaopdsapyps(external load) op¢ sree0ncdmadel §gps(walls) GaIESs(roof)
[036208:(floor)  odkgps(doors) ©a0p50303 [gode) conduction $p5dg¢ B:0Ecno0pd sapgp:(heat
transfer by conduction)s [gooCsedlod(window)sC  @alCsG:08 (skylight)qpsa? [godeoqd  radiation
5059¢ oCeqpodoonaopd sagqps(heat transfer by radiation) [g&o300p5n Bsb§Eonds000d sensible
heat gp: @Sﬁtx)én
Roof
Conduction heat gain 336[gdp3q§E: (equation) [gdaop5

q = U XA XAT

g = Heat gain (Btu/hr)

U = Thermal Transmittance for roof (Btu/hr ft2 °F)
A = area of roof (ft?)

AT = Temperature difference (°F)

Room transfer functions (sol-air temperature)o’ 2>03gqjq] @Suac30d20pdap(heat gain)od
cooling load s3(gd efgpE:cdo0pn Light 1 medium $C heavy 000p) 09§:00056800050 3a§E§j$E
thermal characteristics 82:032330305 32034{g§ Eoopd
32000501084([gEs(equation)ogE AT o3 CLTD [g¢ saon:0d:agie

Q = U x A XCLTD
Q = cooling load (Btu/hr)
U = Coefficient of heat transfer roof or wall or glass (Btu/hr ft2 °F)

A = area of roof (ft?)
CLTD = Cooling Load Temperature Difference (°F)
ASHRAE table qpsopE Al§oopd oo§8sqps(hourly CLTD values)ad oobopaopd [gComalgCeds
320§ (outdoor maximum temperature)oopd 95°F (988 q6sqima0qi$(mean temperature)oopd 85°C
[§60051 @500 =:[Eedisea8ad: sp§Soplepqod(daily range)oopd 21°F [gdoopdn pdqgcs
(equation) 00050022000  Ie[gEeessC ©030dp3clon correction cpdeogs c33a60005n Correction
factor o3 320%4g|g) 005020201 Belopé
Q roof = U XA X CLTD poof corrected
6alE3:(rooNo? [gode) oleepodomnangd mpelopé [gdedepd cooling load ozodq§sasoqp:nd
633005038 cedjgoonzoopdi
(o) Step #1 (0oow 9208)
69lE:0npSea0n0boosd(roof construction)o? 9005¢005[G: ASHRAE 1997, Chapter 28, Table
A24-4, A29-5 o3e overall heat transfer coefficient (U)oB ©o50adh

() Step #2 (0300 33608)
ASHRAE Table 31 o8ewpod Text table 7-34 ¢ 6alC8: oopSeaorndoon) $¢ =08:0090:
BodB8a0pd roof number o8 egqSa coodeogmefgesst @uipEerdlgoortoopd
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3§300:0361 3203050390:03 ageqiuddli (closest to matching actual roof construction.)

(p) Step #3 (020300 32808)
Chapter 28 ASHRAE Table A28-32, A28-34 ¢ ogodepd Zaqj$(time of interest) $o§sac805
(hourly basis) CLTD Roof o3 egegjoSdl

(G) Step #4 (oog@soao&) Corrections: Values
(o) Four latitudes on July or August ([03005c0gE@a3Ec0)
(9) 229§:038:300§ (indoor temperature) 2005 78°F [gdoopSi
(0) [g€o =n[gEedimands (outdoor maximum temperature)aopd 95°F [98[G: qo:qza0S
(mean temperature)oopd 85°C (4920001 650D :0[gCedisC 3286e0: 30§Soplgrged(daily
range)aopd 21°F [gdaopbi
CLTD Roof Corrected — [CLTD Roof + (78 - TR) + (Tm - 85)]
(78 - TR) = indoor design temperature correction

(TM - 85) = outdoor design temperature correction
TR = Indoor room temperature
Tm = Mean outdoor temperature

Tmax = Maximum outdoor temperature
Daily Range
Ty = Thax _f
(9) Step # 5 (0gwsse0t)

Sapomd(architectural plans)e 6alESszangSe§or(roof area)ad ogaddl

() Step #6 (sogw3a60)
Qroof = U X A X CLTD goof corrected
What is Sol-air temperature? (Sol-air temperature s320p5¢0)

The sol-air temperature is a fictitious number that defines the value of the outside air
temperature which would, in the absence of all radiation exchanges, give the same rate of heat flow
(Q) into the outer surface of the wall as the actual combination of temperature difference and
radiation exchanges.

Sol-air temperature 20p5 [gEoeco convection (convection to the outdoor air) elgg€sE
eomnEintade radiation $¢ 32680005358 2[gE0S GEdso[gEseed B oqeepadoopd(solar radiation
heat transfer effects on the outer surface of a building)o3 edl€:06(combine) do€eso0pd equivalent
outdoor design air temperature ce5{ggoS[gdoopdn 3208:( j)oz€ Sol-air temperature sae[opE:od cudlg
00220001

Sol-air temperature 20p5 632005025059 3260l0RE GonpSo0bi
() $§5E ealCSso0c0pS(mass of the wall or roof) $& daily temperature range (which affects the

heat storage)
(9) 33[gEonadédzacepE(color of the outside surface (which affects solar heat absorption rate) i

(0) cogBogd(latitude) $Eco(month) 2050303 oopSo0bi

Sol-air data o3 inside design temperature $& cdl:gj(combined with) Cooling Load
Temperature Difference(CLTD) 00§83z g§oopdi
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ASHRAE handbook of fundamentals ¢ @os(tables)ogé soqjpqjeoon qiod§OEEPDOSYP:
Fogod(various  orientations of a surface) §§320805 [gdedloopb(hourly) sol-air temperature
0088:qpi03 Gedlgoon:0pdi @ad8ao( jo)qod 40°N (21 July at 40° N latitude 20305 @z0IIGP:
[g900p51 qed50[g€ maeepEaneqp saqE(light and dark colored surfaces) ooopd standard surface
absorption factor qpsgdaopdi

onfepsegqps oo[gpieoon cogBoRBsC GrumES gpPi=acg0d adjustment cpSe) 390dg8Ea05N
Computer software ¢ buildings external shading qp:@a0g05 custom table gp: coodew:8E00!
0RSq|o>> software $& cooling load 0c50qIE @LIP:e0deS ©a33ECl G30IEPId ©5O0OMY)
00p5338:98 822600051
Walls
$¢(wall) & cooling load c30550550005 @8l€sd: (roof) cooling load 0305600:8& 0805
Qwan = U X A X CLTD yqay corrected

Qwan = Load through the walls (Btu/hr)
U = Thermal Transmittance for walls in( Btu/h ft? °F)
A = area of walls (ft?)
CLTD = Cooling Load Temperature Difference for walls (°F)
Wall load 63 0godgj0dupepd ss0qpiod 63200503¢ eedlgaonioopdi
(o) Step #1
$800p5e80005002:d(wall construction)o? 2005¢05(Gs overall heat transfer coefficient (U) o3
Chapter 24 ASHRAE 1997, Table A24-4, A29-5)¢ ©0c50adl

(J) Step # 2
ASHRAE Table 33 ¢ 328:00ad: 0poBo0pd 8§oopSeeonadd(closest to matching actual wall
construction mass distribution)o? 3c5¢] §deadpmaon(wall type) egiquScl Inside
insulation, outside insulation or evenly distributed 20050303 2003[gicln

() Step #3
Chapter 28 ASHRAE Table A28-32, A28-34 030 c0depdaa§§(time of interest) §o§3a0305
(hourly basis) CLTDya1 03 egeqioScli

(g) Step # Corrections: Values
(on) Four latitudes on July or August
(9) 3208:038:32088(Indoor temperature)aopS 78°F [§620251
(0) sa[gads [gEumapd§ (outdoor maximum temperature)oopd 95°F [g&aopdn e509q6sq)
;ogS(mean daily temperature)oopd 85°C 962001 6500 3algCadisCen8600: 200§S
oge[gpsqiod(daily range)oop 21°F [gdo0pbi
CLTDway correctea = [CLTDyay + (78 — TR) + (TM — 85)]

(78 - TR) = indoor design temperature correction

(TM - 85) = outdoor design temperature correction

TR = Indoor room temperature

Tm = Mean outdoor temperature
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Tmax = Maximum outdoor temperature
Daily Range

T = Thax — 2

(9) Step #5 Calculate walls area (A)
Sapomdyps(architectural drawings)e $&edoon(wall area) ©pbg§o0pd03 0z050l [gontiedod
(window)$& o39k(door)odel heat loss gp:a? oBsao§ogodupepd [gdeomaelopé wall loss
0305096poRE 038k 8ot [gooiednd sfumgp:ad copdogades ecdeoi
() Step #6
Qwan = U X A X CLTDyay corrected

0D
e $Q(wall)ood9a0pd  Groscucdecnooobsrodsd (4" brick  exterior)od
| =[g8o003e3:5 comoopdi (0)conde safoppiesepagad(1" air gap)st
s | (®)cocde R$oedode(8" concrete block)od saadiyl con:oopdn §§)
A — (walls)éi overall U value (Btu/hr /ft2/°F)o% cgoSdh s2a3dGo0:a008
4" FACE BRICK > | ogbsgps(materials)od =ocfgds]  ASHRAE ¢ 00§3:qpsod  ©0d0adh
— 632005038 @uR05834) PowIF[d cRO5goTE0RdI

Q Q-G 4" brick exterior wall

Table 7-4
Construction Material R-Value (hr x f2 x °F/ Btu) U-Value (Btu/hr/ft¥/°F)
Outside Air Resistance 0.33 3.03
4" Face Brick 0.43 2.33
1" Air Gap 0.91 1.1
8" CMU 2.02 0.5
Inside Air Resistance 0.69 1.45
Totals 4.38 8.41

326qE{0300pd 2060200656903 §EsEsgn §9:00p5 206oMEdlE5aER0N

000L CDGINOEPIE 209d8ERGs(thermal resistance) [gdoopSn 2pgb:eat(heat energy)
2005 gaopbesep(hot space)e esa:0000esep(cold space)adonn sacd3aeaqpod B:olioopdn 3208
ogo[gpeqiod(temperature difference)qpeco s20g8:3a€ (heat energy) 8:soCsagpiacy [gdoopd

OGS ()G oprlgresnt [grpdeu§Eoopdogobe(material)qps 33220938 320958EgE:
(thermal resistance)§oopdn 22¢9d8EgGs(thermal resistance)gpseco 3a98:0C:g505:600 [gda00N
320908Egbs505:600 308se08:q Sgpreco (9620 ABelopE FpBieolsg  spdieemE aduupcd
9588gd:qpieant §§qpod insulation cpS[gE: [gdoopdn Insulation clopE $GeN 820958EgE:
(thermal resistance) a300p05 R value gpzconaogdi

$803 [godgjBiopsogns0005 FapuemMErgRsRd:e0gSea0R05 $8qP:o? insulate cpdfog00R5
Insulation cpS[gEsalopE $§61 320998E@bs(thermal resistance) a3wupod "R value” dgpzaonoopdi

303003050000 30pBeapE8Egds(heat capacity) [§620p51 Ge000SRE00005 LgRd:
(building materials)el heat capacity 20p5 ogpSsqpseil 320a360x0E8EgS:(store heat energy) (96205
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cogg|qps(metals)og€ heat capacity 8600051 s20g8:308(heat energy) aq€lg$en B:eols(flow) §E2051
20§ (temperature) cgqi€fgSg> e[gpE:cd8Ea0pSi cogpod(stone) adwupcd sabeon(cement) ogE heat
capacity J[g¢§Eo0pdn  cogpod(stone)od [gode] heat energy qp: BssoCs0000208l Fa0§So0[gpSHgpS:
[§8:00 elgpEicdo0pdn m000defopadeasd eogpedomiaopd Fugpid edupaderrrEani§taom
el [gdoopdn Passive solar home gpod cogpododdais(large mass of stone, rock)qps: 93wwpod sa¢
a360pnE8EgS(heat capacity) dqpsoopd oofgrieaoncdapdessogpds(other material)qpslgé oopSesonad
[032005

Thermal mass 2005 6§329l0gC 2apgP:03 eSupaBeaCoo B pozasland [g§apodeusoopdi
65399 2098[gE00pd :§80RE 0P} PGLPcGINGOPE F0sie0zE:S Geages0pdn P03l
[gComps86comaejope thermal mass oo @dupoosopd  Fpgpiad  [gScoodeus) IS0
6526500001

eq(water)el sp8eaE8Eabs(heat capacity)zacgSqp:oopd 32e§:30038:S 0di3pba0:0000
eagpesatielops SadC:aolgooosogps(humidity problems) [96§Eo0pSi eqel 3086cpESEES:
(heat capacity of water)oopd ma0qSqionesan(moderating temperature)[gp6e0s8Ea0p8i 0€coddi
[461 cqpEaqpss 8:0000 eaoogp:ei epaBpopaopd 20&onEgionaopd
Solar Load Through Glass

Solar load through glass 03¢ 323E: ( ))3E:(two components) Al§aopdi (o) Conductive $& ()
Solar Transmission o3[g®a0pbi [gonEsedlodgpezapedon[gst sapenqpadanigts(absorbed and then
conductive portion of the radiation through the windows)o? ¢al€3:$¢ s§qproyadeddop(treated like
the roof and walls)8€a0p5i Standard glazing @i CLTD value qp:o3 ASHRAE fundamentals handbook
©33003E @os(table)qpigE cwdgoonzoopd

Solar transmission 220305 cooling load owdno3 cooling load SCL factor $& Shading
Coefficient (SC) o303 saaddgjs] 0gedupaopdi e&ei(glass) cooling load equation 2005

Conductive 8908(73 QGlass Conductive = UXxAX CLTDGlass Corrected

Solar Transmission Qlass solar = A X SC X SCL
Q Conductive = Conductive load through the glass (Btu/hr)
Q Solar = Solar transmission load through the glass (Btu/hr)
U = Thermal Transmittance for glass (Btu/hr ft?> °F)
A = Area of glass (ft?)
CLTD = Cooling Load Temperature Difference for glass (°F)
SC = Shading coefficient
SCL = Solar Cooling Load Factor
Steps for Conductive Calculation
(o) Step # 1
Fadigoon:aopdes sad3eons(glass types used)el  overall heat transfer coefficient (U)
0083:03 005§ ASHRAE table qpz0d cg:qSo0obn Commercial building qps§ ©$gp:0od
:0qP: 3068000535032038:03  3agprad: 8080000 0gRbigpgdoopdI 3§Emyeepd[g:
(effect of shading) 3a§0cqe00000 =aepqps Feeeplgs wcoaaagrgps(reflective films)
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a3aSomgps (curtains) o§:eB:qps(drapes)o? 2o0B[giogadqioSdl

() Step # 2
03050038 (time of interest)od c3a5¢) CLTD Glass 03 cggoSdli §5§2ac805 20056382005
00§ 3sqps(typically on an hourly basis)o3 eedlgoon:oopd Chapter 28 ASHRAE Table 34

030500 3§§3c805¢) CLTD glass o3 ageqioSdl

(P) Step # 3
Correction [gopSq
CLTDiass correctea = [CLTDgiass + (78 — TR) + (TM — 85)]
(78 - TR) = indoor design temperature correction
(TM - 85) = outdoor design temperature correction
TR = Indoor room temperature
Tm = Mean outdoor temperature
Tmax = Maximum outdoor temperature
Tm = Tmax —w
(G) Step # 4
Sapomd(architectural plans)e oSedox(glass area (A))od a3oddl
() Step # 5

Qiass = U X A X CLTD g4 correctea

Steps for Solar Transmission Calculations
(o) Step # 1
ASHRAE 1997 Chapter 27, Table 11 ¢ Shading Coefficient (SC)o3 egsqioScln
() Step # 2
ASHRAE 1997 Chapter 29, Table 35 B ¢ aSaa§jzza0:(zone type)od cgeqoSdli
(p) Step # 3
ASHRAE 1997 Chapter 28, Table A28-36 ¢ Solar Cooling Load factor (SCL)o3 egqud
o@:@oﬁé]n
(G) Step # 4
Sopomd(architectural plans)e 0§q0550[gE e§om(glass area (A)) 03 0g050adl
() Step # 5
Qqlasssotar = A X SC X SCL
powd
U value o3 0§08:0l 08:e8:0loopd cooling load $& ©8:e8s c8odome odloopd cooling load
0088503 09050 e§eadpdEodelomE [gBedloopd cooling load o §E:0eddln (compare cooling load of
different glass types/with or without drapes )i Thermal resistance (R) o%echoS thermal conductivity of
glass material 6323cg€ U valve o30g0507 8€a005

U 008820005 R 00§8:ai 6[gp&4lg [g620p5n (U value is inverse of R-value.)
R-value o3 R = I/k p8¢[gE:¢ 0305098E2005n | 2005 sacp(thickness of the material) [g&aop5
k 20p5 thermal conductivity (82005

3209 (thermal resistance)on§8:03 [gooiedlod(window)3 o§:aBsor c3oSome(drapes) §oopd
[5660 1 0§25 [gBeo 632005018 HE cRrBuR8EaN
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Without drape:

Rrotat = Rairfitm + Rwindow + Rairfitm
With drapes:
Rrotat = Rgirgum + Rdrapes + Rgap + Rwindow + Rgirfiim

Assumed data

Thickness of glass = 1/8 inch

Curtain-window spacing = 3.5 inch

Conductivity of glass = 0.81 BTU/hr ft °F

Conductivity of drapes = 0.035 BTU/hr ft °F

Thickness of drapes = 1/16 inch

Thickness of insulated drapes = 2 inch

R - Values from ASHRAE Fundamentals (2001):

Table 7-5
Air Space/Gap R-value (hr f2 °F/BTU)
Inside vertical air film, Ryifim 0.68
Uninsulated drapes, Rgrapes 0.15
Insulated drapes, Rgrapes 1.2
3.5 inch vertical air gap, Rgap 1.1
Single glazed window (wood or vinyl frame), Ryindow 1.2
Double glazed window (wood or vinyl frame), Ryindow 2
Outside vertical air film, Ryifim 0.25
U-values 005

R series = R1 + R2 + R3 + etc
U series = 1/ R series

320005038 eodlgoon:aopd Bgat:nd 303qq [gontiedlodsE ofiadior cBadome s
(different type of window/drapes)aBelopE [96edloopd heat loss oxofgsdad eaoaon§Coopdi o
(0)o08[s¢ [grpSoom00d [qonEsedlodypa(single glazed windows)ogE efsaBior cBodome (drapes)
006e08a00igls{gE heat loss 37% cogqpspds ogs&Eaopdi

Double glazed window [gbcq€ o§:aBsor c8odomo(drope)aloppé heat loss 20pS 30%
eaqpsp0:88a0p01 Insulated cpSaon:a0pd single glazed window o3€ o§:sBso(drapes) oodeolges
elopE heat loss 56% oe08:8E0p5m Double glazed window [gdog€ heat loss 48% ogjeots
ag2:0880dn Single $& double glazed window qps 3303050005 32034g|8Ea0pSn Double glazed
window ¢ [g6e0la0pd heat loss 2095 single glazed windowe [gbeclaopd heat loss 0005805500001

Partitions, Ceilings and Floors
Conditioned space Go2:00600500503E opdS§aopd space 2p§§o0pS conditioned space
2o§s00d  Jglesaqeadd copdieom  8besagCeoddbropbieomnt:  3a0§S[episasq (different
temperature) [gdedl20o0n aBza0qS[gssasq(different temperature)efogpé 3Edepioonsoopd $§03 [godq)
FpoRe(gpEsgEs(heat transfer) [gdeclaopdi
Q=UXxAX(Ta — Trc)
U = coefficient of overall heat transfer between adjacent and conditioned space in Btu/ (h ft? °F)
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1997 ASHRAE Fundamentals, Chapter 24 o3wopod 2001 ASHRAE Fundamentals, Chapter 25 op&
6cpan§8aody
A = area of partition in ft?, ceiling or floor calculated from building plans
Ta = Temperature of adjacent space in °F
320005¢) 60g05§e298:03 air con ©E003 3082305803 0a§EagE [§Eom20§ S (outdoor
air temperature)coo 5°F 886200507 upeog) 0gadgeddi (Note: If adjacent space is not conditioned
and temperature is not available, use outdoor air temperature less 5°F)

Trc = Inside design temperature of conditioned space in °F (assumed constant)

Gox30§ 8 (temperature, Ta)aopS conditioned space 820§§c005 ag&go qpsats $054gE: [9d
8820051 pown- kitchen 2800p05 boiler room & 85082005 [gE03204$ (outdoor air temperature) cood
15°F ¢ 50°F 3[gE8Ea0p01 consaneeq(adjoining spaces) s (actual temperature)o? [g6$EagE
03E:0900E20001 052005 IgIEd3CLSY s ©[gdSENYE [gCom20§8 (outdoor air temperature)cood
5°F 386200507 peng) 03055053

Q-@-J Internal Cooling Loads

Occupants 1 products 1 processes 1 appliances $¢ lighting o3elopp¢ sensible & latent heat
transfers [g6e0l00pbn GE:030005 Internal load qpslgdlogo0pSi Lighting load 2005 sensible 0oa{gda051
Sensible heat gain (from lighting, people, appliances ©20p5030)e space cooling load 25[g633 elgpE:cd
20pd32¢l Cooling Load Factors(CLF)aopS thermal storage characteristics sa6dog€ @onpSoopdn Space
20305 o&eagHoopd(appropriate) Cooling Load Factors(CLF)oB ad:a0&aogbi

CLF factor ogoSq$ éeﬂ@&

Cooling Load Factors(CLF) = M

Q internal gains

Latent heat gain gpssanscd:aopd instantaneous load [g&oopdn 00dspdisand{gS latent heat gain
qPeea0s0d:0005 cooling load =2[gd godgCsalgpEaado0pd

Q@-p 3°05im2038: c5dEopyp:(People)
Qsensivie = N X QS X CLF)
Qratens = N X QL

N = number of people in space from ASHRAE, Table A28-3
QS, QL = Sensible and Latent heat gain from occupancy is given in 1997 ASHRAE
Fundamentals Chapter 28, Table 3)
CLF = Cooling Load Factor, by hour of occupancy. See 1997 ASHRAE Fundamentals,
Chapter 28, Table 37
Note: CLF = 1.0
2ndq (JG)§r8ocdad: air con eendsoonsag€ odwopcd po(night)sé ocsi oosdeges
(weekends)qpzog€ air con §gn:con:agi€ CLF 2095 1.0 [gdoopS
cpgps(human beings)e 0godaa0pd 2apgP:0pd wopBaopd cedepiagps(different states of
activity)e[opp¢ sensible & latent heat gain oo§8sqp: o3[gpz00p0n cgbepsg qpseocnelopE total load
Bqpzoopdn Air con saedizacpEiademnom  ofeepodesapyps(short-term  occupancy)elopé [gbedl
o020 extra heat $& moisture gpzod 2003[gjozodgEde§ Goopd
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a30083sqpz(values)aopd 320§:3204S (room dry bulb temperature) 78°F DB 20305 [g&20p5n
80°F dry bulb temperature 830305 total heat oppBoopdn Sensible heat value 8% of coqpspd:8E[:
latent heat value 3qpzcoc86edi

320§:30038:3 §esongps(occupants)ode sensible heat $& latent heat $&§oad: 0god§Ea0pdn
o9epeq (activity level)zaedlogE @onoSq) sensible heat agodg$i(rate) 3a5p5:c0d Ggpconcddupbi
o@Sepsgqpe(higher activity)s] egpogodaonoopdensl latent heat agods$s(rate) o8a300m0m dgpsand
860 320005e(o3pEade005 950030dmpd§ (body temperature)od 038:000:q5320305 GgROODESs
(perspiration rate) qpseoonefopE [gda0di

Q.G &xpn SsaqpSaqp: (Lights)

F200CseepCogadoond Swdu SeqpCio0005030 20gPi000d qgodaopdi S:du Sseqpts
(lighting)o3a0p5  sacoseepEapodeo:anpd  saepqpa(light-emitting  elements)gdoopdn 320
agodedlano00d 328cnesep(primary source of heat)qps [g&[o30005

Lighting load component ogoS[g€:005 §igC:00d 0BgeurcSill :2q§32805m000§00895
:2p0gdsss oap[g8E(rate of heat gain at any given moment can be quite different)cl
038s0:8:0qpCeqe320305 G0:a0pd Aldloopd 22033[gdad elgpCacdagnoogdi (heat equivalent of power

supplied instantaneously to those lights)

copdeosaop) gqoodgdima =ag)00pd Scd:diegplgpielopé convective heat 3:o[gdad
elgpEidognioogdi aBowranoopd air conditioning qp:adad qodq: o€eepodognsoopd(picked up
instantaneously) 3a0qpgdo0051 aq§3a8E:0005 radiation O6[gE 3a0B:00:(remaining portion is in the
form of radiation)oopd 8:d:BieqpCse radiation g0 $§e0 @SIcoG: 6§PCOFERE [gSoood
60200201

Conditioned space & $§gqps(walls) [036s08:qps(floors)  o§eomogps(furniture)e  9dup
[B:es005(absorbed energy) [gSoooSeos(re-released)o space cooling load [gdoonaobi

8:805(Bse5005 28§ acmlop[Gi(time lag)e §&:3a8eag), 0005 209§:0503C oySfesad [gdoopdn
(some part of such energy still present and reradiating after the lights have been switched off.)/
cudopoyeadgé electric lighting qpse 0godaooogd instantaneous rate of heat gain o3 630050

SAlBEAE cpoBogooeS
Q = 3.41 x W x FUT x FSA

Cooling load factor o3 3203qgjoopdi Instantaneous heat gain o3 lighting ¢ sensible cooling
load 25[96 e[gpCscd(convert)g§aac30’ p3g(gs(equation)o? fgps(modified)aopSi
Q = 3.41 X W X FUT x FSA x (CLF)

W = Watts input from electrical lighting plan or lighting load data
FUT = Lighting use factor, as appropriate
FSA = Special ballast allowance factor, as appropriate
CLF = Cooling Load Factor, by hour of occupancy
See 1997 ASHRAE Fundamentals, Chapter 28, Table 38. Note: CLF = 1.0

(J§)52§ ewrsoonagE(operation is 24 hours) Be0pod po0od $C oesINs6G5030RE
Bobaoniagi€(cooling is off at night or during weekends.) CLF 2005 1.0 [g20p5
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00680800:000) Bsdsqp:ail rating o total light wattage qoopdn

Special allowance 20p5 og05c30000sc[gacsel wattage (in use for the conditions under
which the load estimate is being made)s¢ total installed wattage o3ei sajjs(ratio)gdoopdn

eqradlyps 003:a3E(stores) 020pd commercial application qps320305 factor 2005 GLOIHLY
agg¢ 1.0 (generally be unity) [9920pn Special allowance factor o3 3203dg[gEs{gdoopdn S:ads
BsoqplagpisC GE:033208qps(fluorescent fixtures and/or fixtures)330305 Goooleroogod eomagié
(ventilated [g6cq€) 3a000§),006005(only part of their heat)oopd conditioned space o393 eepodag:
20p0 Ballast lossr gqpsalogpé fluorescent fixture gp:@l special allowance factor 20p5 2.19 saad¢p:

§Ea005

poe>- 40 W lamp fixtures 350305 special allowance factor oopd 1.18 [g6oopdn 277 V
Bscda50600:(two lamp)jgdoagi€ 1.30 3208 gp:8Ea0pdi (e 3203qgjes(o3(general applications) 8:a3sqps
320305 118V one lamp [g8cg)€ recommended value 1.20 03 a3:00&00p5

Fluorescent 00050009 sodium lamp ©20pd industrial fixture gpssacg05 special allowance
factor 2005 1.04 ¢ 1.37 23038 [gdoopdi coodeudopgps(manufacturer) seedlogE @onpSo0Rdi
0069qE:808 0g050ur00(should be dealt with individually)aopSi Ventilated a3eopod recessed light
fixture gqpzs0R05 00050RGRGps(Manufacturer)el data qp:od 8[g&:§Ea0pd

Conditioned space 320393 0305§0508aepadognepd total wattage © 32805323C:(fraction)

$C retun air ¢ @OuroLdeEnogiedd 0edMABECiPB: copdogliodiongs  B=abo0Rdi
aBowranaopd time lag effect colog€ 3a6[gdo05

Q-€-§ gdodogbiyp agdodencdendyl ewrtiongd o3§ugp:(Power Loads)

005g0bes(industrial)s commercial cpdesagp: 3¢ equipment sa§jedjpod 2aad:go30005
a3 equipment gpzo 32003 g§c005(0300p51 Fan gp: 1 pump gp: 1 machine tool qps 1 elevator gps |
escalator gp:sC  oofgp:  oaSgps(other  machinery)ooopd  equipment gpigl 0568000500220
(construction)od c305¢) 03055052 (§)§ o3[gpzoopd

(o) Case #1
eedom(motor)$é 0od(machine)aopd saef:(room)ondesecglsl oopdfesaqi€ sapone|gplsq
(heat transfer) 03 6200538¢qgE4gE 0a058E005

Q = 2545 x (P /Eff) x FUM x FLM

P = Horsepower rating from electrical power plans or manufacturer’s data
Eff = Equipment motor efficiency, as decimal fraction

FUM = Motor use factor (normally = 1.0)

FLM = Motor load factor (normally = 1.0)

Note: FUM = 1.0, if operation is 24 hours

Boyaddjsmecfgzees(in this situation)ogE total power 20pd oedimcpliad FaogpiFe[yd
opse[gpCs(transferred as heat to the room) ogosoogdi

0058~ 3m0dg] 0052005 0§ Boopdd fan (g€ power sogpipaopd eq GrLAdR
o8aeepadagGe 3208:32038:0 andognec88epdi (If the machine is a pump or a fan most of
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233

the power are transferred as energy to the medium and may be transported out of the

room.) a3a3[gday€ case 4 03¢ [goons0pdepds 3203E:0305dl
() Case #2
200006 6650200000 329§:30[gEona503E copdfes[Gs 00H0RS :0§:33038:5 copdfesayc
6220050 P8¢[gEdy¢ 0g05up8Eanpbi
Q = 2545 X P X FUM x FLM

P = Horsepower rating from electrical power plans or manufacturer’s data
FUM = Motor use factor

FLM = Motor load factor

Note: FUM = 1.0, if operation is 24 hours (_jG §o§ewnC:esaq€)

(p) Case #3 320000¢] 93cS[o3s(belt driven)g copSoopd eubom|gdBs sresian|gEanndy 0opd§ayc
0050000 3208:32038:5 pSfrqi€ [gbeclepd saponselgpaqg(heat  transfer)od  eemoSdlEcBE:
03050982001

Q = 2545 x P x BeltEff x FUM x FLM

P = Horsepower rating from electrical power plans or manufacturer’s data
Belt Eff = Belt transmission efficiency, as decimal fraction
FUM = Motor use factor
FLM = Motor load factor
Note: FUM = 1.0, if operation is 24 hours
(G) Case #4 3000dq 66500000 2:098:32038:5 od§es(G: 0050000 Fesien|gConady opd§
esyC
Q = 2545 x [P/Eff — P] x FUM x FLM
P = Horsepower rating from electrical power plans or manufacturer’s data
Eff = Motor efficiency, as decimal fraction
FUM = Motor Use Factor
FLM = Motor Load Factor
Note: FUM = 1.0, if operation is 24 hours
(§) Case #5
m000dg) 93cS[Be(belt driven)gé copda0pd eeSom|gbfd: 20§:055 0opd8esB: 005005
:08::[gE0055 0opdfesage [gbeclopbeaponelgpsg(heat transfer)od cs:05dlza03Es
0305082005
(If the motor is belt driven and the motor and belt is in the room and the machine is outside
the heat transferred can be calculated as )

Q = 2545 x [P/ (Motor Eff) — P/ (Belt Eff)] x FUM x FLM

P = Horsepower rating from electrical power plans or manufacturer’s data
FUM = Motor use factor
FLM = Motor load factor
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Case#1 03¢ [gdedlo0pd heat gain 20p5 sagp:ad: (962051 cuSomsond(driven equipment)
5690080000 3208:30038: 0000 Fefgzrcsqe [gdo0pdl GudoMsE ©adgp: 06e0Ear000
e5epopd =a8moyoopdi (The physical location of equipment is not the only governing criteria on
using a particular case.)

Case #1 $& case #4 0303¢ 6u6H0M$EEEEDE0PI00H030000 20952320985 0050 0pdd
[036995005: fluid agodogasgtiad giE:qodaelyd c005ecd8Ea0pS
230056 PpEadendd 0050090500000 20¢e6:3aEqR:0? fluid oo 00deemne (heat energy is carried
away by the fluid) ognzoopdn
pown- direct driven exhaust fan gp: 820305830gi€ case #3 (direct driven exhaust fans, the case #3 is
applicable) [g€og05qepSi Supply ventilation fan qps 93w0pdb intake ventilation fan qps 220305 [g6agi€
case #1 spSs(supply or intake ventilation fans, the case #1 is applicable)o3 o3¢ o305qeRdI

Overload limit coodspdeoopd 2§ 9320305  Gedome  agedaopdsag(heat
output)aopd motor load $& oB305§0dsadjs0y)(proportional)oopdi 33000SelopEedeadd ofedod
eenlies0000 @wdome no-load motor current 1 fixed losses $C oofgpzeaciopEigps(other
reasons)elop& FLM 20p5 euoopoqeasgé 1.0(generally assumed to be unity) [gdoopdi Under-
loading [46[g&: aBweupod overloading [g8[gE:320305 adjustment pdg$ oadcl

Load =o§edp3o0305 [gbeolopd efficiency data g0 6eS02000500GpgP:(Motor
manufacturer)ade q§8Eo05i

Q-6 Appliances
Cooling load cgodepagt electrical appliances 1 gas a3wupod steam ©o0pd appliance sa0:cdse

agedan0pd 3a0gps(heat gain)oB 0go500pbes cBeaba00i

Appliances saqfqfn 2299gq¢1 eenleq$0n690EN! applications schedulesi use $& installations
000p) F2g0dgPEEIdind c0pdaEs CREd]IEdEPSH 0odSlondd heat gain 830305 equipment Gl
name-plate $& sagj0d8ac005(information)ax g8E0R0N

Qsensible = Qin X FuXx Fr X (CLF)

Qlatent = Qin X Fu
Qin = rated energy input from appliances.

1997 ASHRAE Fundamentals, Chapter 28, $& Table 5 ¢ Table 9 3203 @i G30DOGP:
030005 c0cbrRdapgpiade eaomgps(Manufacturer’s data)od oBsovzo0goopdn Computers: monitors,
printers §§ miscellaneous office equipment qp:s';ogrr‘} 2001 ASHRAE Fundamentals, Chapter 29,
Tables 819 $¢ 10 003 o3s0s000p5 Appliance nameplate og€ power ratings o3 watts [§& eesdg
0oz Ao Qi 03 6320053184gE49E 0050R8E a0

Qin =3.14 x Wattage of equipment
Fu = Usage factor. See 1997 ASHRAE Fundamentals, Chapter 28, Table 6 and 7
Fr = Radiation factor. See 1997 ASHRAE Fundamentals, Chapter 28, Table 6 and 7
CLF = Cooling Load Factor, by hour of occupancy.]
See 1997 ASHRAE Fundamentals, Chapter 28, Table 37 and 39
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Note 1: CLF = 1.0, if operation is 24 hours or of cooling is off at night or during weekends
Note 2:  Set latent load = 0 if appliance under exhaust hood.

Q@RQ Infiltration Air

Qsensipie = 1.08 X CFM X (TO — Tl)
Qiaten: = 4840 X CFM x (Wo — Wi)
Qiotar = 4.5 X CFM x (ho — hi)

CFM = Infiltration air flow rate
To, Ti = Outside/Inside dry bulb temperature (°F)
Wo, Wi = Outside/Inside humidity ratio (Ib water/Ib dry air)
ho, hi = Outside/Inside air enthalpy (Btu per Ib (dry air))
Infiltration  $& 20053800p) 326005805  =agIEdZCVSYP3 BcBden 1997  ASHRAE
Fundamentals, Chapter 25 03¢ 0obg8Ea0pdi

Q.00 Heat Gain from Miscellaneous Sources

Q-00.0 Supply Fan Heat Load

Supply $& return fan qpsoopd 80P g§o0oS(0300p5n Supply air o3 space sa038:a3
eendioopdeosoopd fan o3 “supply air fan” oy eelaopdi AHU sadmoon:  00p5e80005000:0
(configuration) 8se0leonpdq) fan qp: 0060800005 esepaz[gr:8Eoopd Supply fan 2095 cooling
coil 003EaE 00p5§8E2000N Cooling coil Ggoc50pE0: §8E0pd Fan &l oopbesepa? cSode) 3apgps
o8aepadd a3[gpzoopdi

Fan drive o efficiency oeomsfgliclopé air stream 0005 godgimapds [§Eonndq
(instantaneous temperature raise) [96eOlo0obn GeOZE]S [gEonod(temperature rise in the air
stream)cooopdi 6o static equilibrium sacfgseesadeqpadesnt [grodadodoopdeedl static energy
5$C kinetic energy 030005 3a0g6:3aEm[gbe[gpE:cd(transformed into heat energy)agazoopdi

Cooling coil $& fan and motor o3&l 0opS§ooodesepa? F2efgds] system conditioned space
3209808 2000p0g| 0€eepadancdGepda’  adgodoopdi Fan 20pS cooling coil & 6330050005
(downstream)og€ 0opS§ag€ fan heat load 20p5 space cooling load 22038503 o€eepaSo0obn Draw-
thru AHU gp:og€ fan 20p5 cooling coil &1 e333059005(downstream)a€ 02580051

Fan 20p5 cooling coil 3a6dlona5(upstream)a€ 0opd§ag€ fan heat load 20p5 system cooling
coil load 32038:03 ofeepodoopdi Blow-thru AHU gpsogE fan 20pd cooling coil &1 3aeClo00b

(upstream)op€ 0op5§oopSi

Fan elo3p€ [gbeclaopd sa0gbieaE (heat energy) 0eanad 6320050122038 03050a8E005i
Q = 2545 X [P/ (Eff1 x Eff2)]
P = Horsepower rating from electrical power plans or manufacturer’s data
2545 = conversion factor for converting horsepower to Btu per hour
Effl = Full load motor and drive efficiency
Eff2 = Fan static efficiency
Note: See 1997 ASHRAE Fundamentals, Chapter 28, and Table 4 for motor heat gain.
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Q-90. ) Ventilation Air
Ventilation air 20p5 2098:3203C:§ 65004P:320305 c332600p0600602060R:03 aBSs0002
q§3203055¢  90xgpognsoopdecugps 300:03:e0sgEe0R05 [g§lgodeuiaepd [g€uecooean(amount of
outdoor air) [g2005u
Ventilation air $¢ 20056382000 32600:80503 ASHRAE Standard 62 for minimum ventilation
requirement o€ Gwdgoonzoopdi Ventilation air ¢ 3a0gpo0pd cooling coil wad&al supply air $&
eepegoagn:o0pdl Ventilation air efoypé [gdedlaonepd cooling coil load o3 630050l RBg[g8:(p)9(gé
0305092005
Qgensipie = 1.08 X CFM X (To — Tc)
Quten: = 4840 x CFM x (Wo — Wc)
Qiotar = 4.5 X CFM X (ho — hc)

CFM = Ventilation airflow rate.

To = Outside dry bulb temperature(°F)

Tc = Dry bulb temperature of air leaving the cooling coil (°F)

Wo = Outside humidity ratio, Ib (water) per Ib (dry air)

Wc = Humidity ratio of air leaving the cooling coil, Ib (water) per Ib (dry air)
ho = Outside/Inside air enthalpy, Btu per Ib (dry air)

hc = Enthalpy of air leaving the cooling coil Btu per Ib (dry air)

Q-00.9 Duct Heat Gain

Return air duct 2095 s3oomsop§secoiconoopdesep(non air con space)od [godagn:a0p5sasl
duct o3 insulation ecodaoniagi€ [gdeclaonepd duct heat gain a0g§qpsc86epdn Heat gain p§Esss
(percentage)[gé space sensible cooling load @i (usually 1% to 5%) o§e&ecy §oopdi Cooling coil ¢
09050000005 Gro3e§S (temperature of the air leaving) [§Eo205000880pd

Q.00.G Duct Leakage (Duct ¢ coogp:o8dfges)

Return air duct 5038:3 negative pressure [gbes [§S:elopE duct :5038:03 crogp:8Got[gt:
[g6eclaopdn Supply air duct 3203E:3 positive pressure [gdes[gCselopE duct 320380 coogp: :2[gEd
860905[g8: [gbedoopdi

Supply air duct 2203820 eoogps 33[gEad v386ogad[gtielope [gBedoopd Fagedigze(heat
loss) 9300pod cBsang(heat gain)oopd return air duct 8503893 Grogp: 8doEam(géselopE heat gain
or loss co0’ Sqpzoopdi 3203808 Grogps 8dog[gEselope [gbedloopd saofao0deepadgoopd cooling
and/or dehumidifying capacity 0305§c5ed:qz0005

Supply air duct 320380 Googp: W386ogedarglelops ecudigSs(air flow)dgpieogs
a300pod supply air temperature cogpgeosq$ 332600051 Return duct system 35038203 aoogp: 8608

cnfglielopE cooling coil capacity dqpieoiq§ 832600001 2Beadd space condition o 0305§0d
FOJpo00deepadg o§dl

Commercial building $& sa6800052083360MEqP:rE woelon odeofoomoopdosd(existing
older systems)qpopE [g6eclaopdu3BEq(leakage)oopd total system airflow & 10% ¢ 20% =508
§§Ea0p51  Energy conservation guidelines qps 326 92008006808ggps(new installation) duct system
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R¢ 0386g(leak)20pd 1% ¢ 3% 00> Sogpieoq 3EqE 0 $EBAEsN0Y rH$8E) =adeeonts
consg(leakages  allowance)3ao305 copdogls 0R05qIdwom ©Sm§a0RdI Fgudmeon:  egEgILOGYP:
[g1c968E8G0pdn
Q-00.§) Diversity Factors

Design day S 3203:0[goopd load gpseloppé diversity cooling load [g8edloopbn odelopé
diversity factor 20p5 3203gjq(factors of usage) [gdoopdn Refrigeration capacity o3¢ diversity factor o3
c0pbogtsg maaddgiecy§oopdn Large air conditioning system gpsei oopbesep(location) sa§jszaen:
(type) $E3agud ma0ms(size) of application 03 03c30dq) diversity factor c305¢) algpE:ad0pdn

cooopoqedgC cpgpi(people)sé 8scda Swaqplaqp: (lights) ¢ 0godcoa0Rd load gpopE
diversity factor o3 copdogodoopdi 0§30 egPcuCoosoog] cpgPend: fes[gt:(100%
occupancy)s¢ 8sad: Sseqplagpezaniads ogSsoonigta opSqjomgpemiadigEoondgs peak solar and
transmission load [gbecl[gC:odmmindionnd dEsad onudeommdle [gdedad8upd wwrddeo
320920[gj00pd (6[gdedieon20p3) (cooling loads from non-use) 32[§ood: §esc8depd
633005038 22680005338 3:§|pEp02:03c805¢] [§6edI8E2005 diversity factor gp:od cwSgoonsoogdi

Table 7-6 Diversity Factor

sacconcBeBandssen | qé:q Diversity Factor

Lights People
Office 0.70 to 0.85 0.75t0 0.90
Apartment, Hotel 0.30 to 0.50 0.40 to 0.60
Department Store 0.90 to 1.00 0.80 to 0.90
Industrial 0.80 to 0.90 0.85 to 0.95

In the case of Industrial, diversity should also be applied to the machinery load.

Q-00 Supply Air Calculations

8&8:c0boonzaopd supply air 0edno0pd  @eadigoonaopd system sofjsson: spedlops
900500001

030505(G¢ cooling load qroSqp:ad equipment 3aguS3200: GeEgIdepoRE =addggs 390305
[§i¢opeoqedqpa(generalizations)s&  vasogied(assumptions) oo [gpdq§ c8eabo0p5i Constant  air
volumes with reheat type of system o3& 82262005 Govowdan(design supply air quantities)aopd

(e5ep o0dogCedeci) peak requirements 336303E ©oopSa05N

32000 8300000020000 0560005 @Sondegq el load c3c30dq 3mabo0pd air flow
§8EeanE[grpbooiagE peak load

Supply air flow rate aop5 space 0303 copdeusepd total space sensible heat load sa6dlog€ @on520p5
CFM = 1.08 X [Qsensible/ (TR - TS)]

CFM = air flow in cubic feet per minute

1.08 = conversion constant = 0.244 X (60/13.5)

0.244 = specific heat of moist air, Btu/lbd.a.

13.5 = specific volume of moist air, cu-ft. per Ib. d.a. (@70°F, 50% RH)
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Q sensible = total room sensible heat gain, BTU per hr.
TR = Room dry bulb temperature (°F)
Ts = Room supply air dry bulb temperature (°F)
(not necessarily the same as the temperature of the air leaving the cooling coil).
Supply air ogodq§ ACMV Volume One o>3p0¢ 9008:()) (Chapter-2 Understanding
Psychrometric)$¢ 32082(p) (Chapter-3 Air Handling Unit) o3¢ oobqoli

Q-9 Mini Project Data
Q-9J-2 Mini Project Data in US units
§osim[gd sa0digepdesceonndaad(office building)oopd Montreal area 3360RE 00582025

air conditioning Go:02:0000 (0)a0d  3>GENOdZRs(single story building) [g6oopdn  ezASA

2053200054203 9Ge0E: qoonz00pdi

Location: Montreal

Type of building: Office

Number of floors: 1

Floor area: 64 ft x 80 ft = 5120 ft?

Floor-to-floor Height: 15 ft

Window area: 20 % of the wall area

Windows: Double glazed

Wall: Wall number 13 [U= 0.2 Btu/h. ft.F, as per table 33A*, pg 28.46
Roof number 13 [U= 0.2 Btu/h. ft*.F as per table 31, pg 28.42]

Roof: U= 0.55 Btu/h.ft>.F

Windows: Wall number 13 [U= 0.2 Btu/h. ft.F, as per table 33A*, pg 28.46

Recommended ventilation: 4 air change per hour (min) or 20 cfm/person

Occupancy: 7 persons per 1000 sqg-ft

Working: 8 hrsof working - 9.00 to 17.00 hrs

Estimate the cooling load using the Cooling Load Temperature Difference / Solar Cooling
Load/ Cooling Load Factor (CLTD/SCL/CLF) method.

Q.9 - 83E: soclg=ees (Design Conditions)
Outdoor design conditions for Montreal area [Reference: 1997 ASHRAE Handbook -
Fundamentals Table-2, pp.26.25]

Location: (45° N 73° 45'W) ----- [for simplicity consider 40° N latitude]
Outdoor design dry-bulb: 90 °F

Outdoor design wet-bulb: 75 °F

Indoor design Dry-bulb: 78 °F

Daily Range: 20 °F

Relative humidity: 50%

Wind velocity: 7> mph
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Solar exposure $& GsognscGseloypEs(sun movement)saq exterior wall gpselopE
[g6e0la0pd =:0[gEono58Esesep(in perimetric areas)heat gain 2005 3203E:3E:asqps(interior zones)
005 Jqp:aopdi $§sC  R:onOo0pd  @S(exterior  zones)qp3a0305  supply air  a33a0g0d
(requirements)a0pb 3203838 a&qps(interior zones)aoo gpzaopd

N 64 ft
1~ __E 4 >
1 ) SN EREE Zone —1 : North
5 P E Zone -2 : East
4 2 Zone -3 : South
80 # p 3003 : Zone —4 : West

Zone —5 @ Central

P T T s

-~
16 ft

o)aqj052005  air-conditioning equipment gp:  3agudssoniegegdfgt: $¢ control cpd[gt:s
03320305 F2098366803:0000 20gJ0d[gd0pdI 2p0n:0[g¢ esepREEod AHU 00dadionpd: oobeod
00030000 209l§jg0p¢ 3¢) 203[gqs B=ab05

Solar exposure $& e$0p5egaqpses(sun movement) coalopé perimetric areas qp:ee0g05
exterior walls o3 [godq oeepodoonaopd heat gain 20p5 303E:3E:@&(interior zones)gps cood
Bqpeoopdn ABelopé 22[gE3E:as (exterior zone)qp:eacgnd supply air cda0geS(requirement)aopd
32038:3E:@8 (interior zones)gp: 0005 qpzooRdi

o33agodgpselopé AHU 008adi00p5igE esepondonds(0ndoodbads)od air conditioning co:q$
83E:0060005926] 308 2003000832001

ojpoenogé  building envelope 0069k  e§onogpdo0od  e&edlli(jo)od  dopt

[gooneaopdmecle:  e&(g)es  Blgrionoopdn  eooneliqp: 00800582005 ©oppB00b  aSqpiopt
oyeepadesapdi Central zone & $§(wall)qpeo? [gode) oeepodamnoopd  conduction heat gain 20pd
zero [gdaopbi (AT=0 sponudefopEadeasd central zone op€ 3p[gonodéé(exterior walls)qps

o§eooelopé [g6205i

Zone Description:

Zone Number of Wall | Number of Areaof Wall |Area of Window Area of
Number | Walls per room| Side Room (ft2) (ft2) Roof (ft)
1 1 N 3 192 48 256
2 1 E 4 192 48 256
3 1 S 3 192 48 256
4 1 w 4 192 48 256
5 Interior 6 48 256

7-37



Cooling Load Calculations eomio0d03§,
Roof area each room is 256 ft? (16 * 16)

Window area for each wall is 48 ft? which is 20 % of gross wall area of 240 sq-ft (16 *15 * 0.2=48 ft?)
Net area for each wall is 192 sq. ft, which is gross wall area minus window area (240 ft2 - 48 ft2=192

ft?)

Q-9 J-9 Assumptions
The following assumptions were made during the course of calculation:

)
W)
)
(%)
)
©)
@
(®)

(@

(00)
(09)
(o)
(09)
(0G)
(09)

(o6)

(0Q)

Occupancy hours for people from 0900 to 1700 hrs

2 persons per room

Light remains on from 0900 to 1700 hrs.

1536 watts of lights per room

200 watts for computer per room

Roof number is 13 as per Table 31t page-28.42 and U value for roof is 0.055 Btu/h.ft2. °F.

Wall number is 13 as per Table 33A, page-28.46 and U value for wall is 0.2 Btu/h.ft2.°F.
Window is un-coated double glazed and U value is 0.55 which is found from Table 11, page-
29.8

Values of Cooling Load Temperature Difference (CLTD) for roof are taken from Table30, Page-
28.42

Values of Cooling Load Temperature Difference (CLTD) for wall are taken from Table32, Page-
28.45

Values of Cooling Load Temperature Difference (CLTD) for glass are taken from Table34, Page-
28.49

Values of Shading Coefficient (SC) are taken from Table 11, page-29.25

Values of Solar Cooling Load (SCL) are taken from Table 36, page-28.50, zone Type C

Values of Cooling Load Factor (CLF) for lighting are taken from Table38 based on lights on for 8
hours, Page-28.52, zone Type C

Values of Cooling Load Factor (CLF) for people are taken from Table 37 based on 8 hours in
space, Page-28.51, zone Type C

Rates of Sensible Heat Gain (SHG) and Latent Heat Gain (LHG) from people are taken from
Table 3, page-28.8

It is assumed that there will be one Computer in each room also assumed that heat gain will be
680 Btu/hr

*Source: ASHRAE Handbook- 1997 Fundamentals

030500220009 36y PDF 3Ea3 hitp://www.acmv.org/coolingload.html o3¢ downlaod co&&EdlaogS

7-38

- End-



