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Chapter - 4
Heat Storage and Diversity Factors

Cooling load o30520p9208 Fa6|gesc0nd Jqpsoopdeaen:(overestimating)sé Sso0so0pdaaens
(underestimating)ops] =oemesddjs [§0ed§E200N Zaedqpigtielopé 392600050005 JloBso0pd
equipment qps0? egegud8c86wpdn 35054gts FaeniclopE B3a600p50005 Jeonscodaopd equipment
qP20? egegS8c86epd

3qpe[gCeagns(overestimating)oopd 325p5:c0500598E0pdmaemdj [§do0pdn 0odsobiemiye
Bqps[ats moemsC 3s5dgma0ni0d30505 Jqpifal: sawnselopE elgqligerd [gooosn $pd:dkenndoopd
Cooling system c83>620050005 J[o¥:0005(oversized) equipment clopE s2e8:m00qS $603(gE: [gdedl
c860pdn g&:3a8ad:ge Sqpigc: [36eclad86bn

2P6O00$  GPANGOR §aedgpPiaeq  9cod8&E:(original design)oood  cooSeogZREgIREs0RE
F20800m0d(gdeolepd(actual) cooling load vwdan 35p54g8:03 [g6e0a0d FaejoxpEigps(reasons)yn

(0) 32680005380000p5qPie 0GP ©OLHBEseopSroonqls(storage of heat in the building

structure.)

() 3005:00608:qC:800p5 008[GEs05 peak load ofgbedl[g€s(Non-simultaneous occurrence of the
peak of the individual loads)i a33 peak load 0od[gEs056[gdedl[g:n? diversity op ealaopb

(p) 006alondg o Seonpdaoobecogp: Zaacdad 33006c805(gb[gts(Stratification of heat, in

some cases.)

Cooling load 0g05epogE ©Sm§2005 esom(data)qp: gpeglgta 9eeonligisC oaodsods
(procedure)gp: dlooopdn

:oSoomaudlgdedlepd(actual) cooling load 2o0pS peak total instantaneous heat gain cood

qpeg> s5p5:00001 ABefopE cooling load $& 3058 cooccdo0pd equipment gp: ooSso8ayé
eoo0copb8sgss(air volume rate)sé chilled water &:58:03 cooling load $¢ 03050863:C Gaypy)
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Cooling Load Calculations eomio0d03§,
8820001 System oodpcdimes(sC [Flogpd(overall)ogi€ sogudseon: GooicoSc88updi 30800mmud
[§6e0lopd cooling load $& egegSc3052005 equipment 03 0305038 832600051 0398 ABodp3esdon
control cpbqEad3[gls gdsmaCod:daqpial: 0oopdlgonosogpin? egpEaz8Eoopdi Efficiency deomEs
20p) operating system comE:0009 (§6c86wpd

32000[gE 206800053 d (Multi-story)gps - 3208:qpsgd§oopd  esepqp(multi-room  application)
qp2p€ [gEagudi algpEiagubapd8Egds(flexibility) SeomEsesant [gradlegaopdn Air side a3wupod room
load 920305 individual room control 1 load pickup 020050303 copdagE:a305g520E 05

cuopoyedgé air side 9300pcd room load qpiogE s4qpist ealEdqpiogt sapadeent
condfgCs(storage)s  diversity o3elop& overall refrigeration capacity o8wopod  building load

eaqpspee: [gdedloopdn
G-0 The Importance of Heating & Cooling Load Calculations

08nSg> 0305q05[gE:0pd 3cgSmeag0F:0pd BB3glgdoopdt SmEGIRMgESEE:] air
conditioning $& 00500050000 VYSCEgPIIMdel o0y B8RS ol contfgtelope

[gocosogpegn 32083a609p0S 6lgqEfGioon: [§Baopdi Cooling load 0305qede ©8mE[gEi0pS w06l
eomEs[glgdoopdi  onbsolq(installation) oSm&[gE:a0pS  cvdeiconE{gls  [gdaopdi  [ggé
a88:036:9(maintenance) comEgtioopd el comEiglgdoopdn sor scoud =ed: (p)dkad:
eomtigs oSms[gtielopt opdoopd [gonosny) ofgdedanEeor

Cooling load 0305[8:000065005 supply air temperature $& Supply air flow rate o3 ogodeu:gs

832600051 supply air temperature $& flow rate o3 oRodepoRE BB c3edqRoRbeslgp:
§8Ea0p51 Cooling load o3odgEd[ge: ©esmn&clon supply air temperature $& flow rate copbs

©80588005 eurodeol
G.0.0 Too-Large System
Cooling load og05epogE over estimate cp&8[gE: Boopod over sized cw6d[gEsalops
633005038 eed[goonzonpd [gonosngp: [§dedl §Ea0p5
(0) J[oBren:a0p) system cenliqeomaeopé gdimaladige 320600050005 Ggpiaogd
() "Short-cycling [g8edloopbi turning itself on and off repeatedly and running for only a short
time. c¥eomCseom sag$ea0z8: equipment gp: elopacn centilgts §o00§[gE: 3a[036¢pign
[g6cl[g€z o short cycling [g&o0pSwr ealedenp§oosdn
() Duct work 2038 Googpegd [goda0sqeamalopé copdieomn oodadqpelopé copdieomnEs
a0 qigragoeal con§Eoopdi
(G) 220§ [4CondgEs oyeoldgts(creating large temperature swings) slogpean [gdedl§Ea0a5N
3cBE:e0 B82q)0qS 90532051
(9) System § ¢&:03{gCs oBodeonsgypsats(wear and tear) S[gd8Eo05
(6) Humidity control cpSq§ ©053a0p5r  equipment gz GedC:§So0pd  qOsm§o0nd
Sqpseonaelopé dehumitification ©cpd8E[gE: [g8a0pdi AHU @i cooling coil qpsogE sensible
cooling 0o [¢8edl[§: dehumitification o[gBed§E comaelo3pé RH control cpdg§ 9055005
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eomEs0005028 Chapter-4 Heat Storage and Diversity Factors

G-0.J Too-Small System

Cooling load og05e¢pogE under estimate cp68[gEs under sized cp&8[gE:aloPE G8005d
[gocosogps [96eI§E 005

H[goods  300056[god  ewnliesqeomelopE(runs  continuously) comfort level g§g§
005520051 3a09200[9¢ epBpon [GEsc0§a0pd3a§8 (extreme weather)qpsd egepad 3a0gSoaBodaod
20lgPeY A¥ea05000035632:0005  aJewp0d 3260000 p§Sogeotiaefas o[gdSeor odeo
0o%200pd equipment gpsel  copacity ecdeconodgelopé  oofgpieaxn  portable  equipment  gp:od
copogliaacpifyqoopbn delop§ epgoyeded Gup:Eaoch

q.o38:qqps(malfunction) [g0§Ea0pdi  e3[goné:  eentiesqeomelopE(runs  continuously)
[glgCoded Jqp8aopbi humidity control 3eomnE:a00bn v8Eosc0diqaonadgbom 3o§§0od3Es o8
00052001

G.0.p Correctly Sized System
BogeSomnSen aodgod(G: 20Eenqpa3ndp8a0d equipment clopE q§§E0pd a0k
GORRGPIED -
(0) o[pdep$n veooingsieomelopE optimal efficiency [g& een:§Eoopdn gdmntadsgy 550000
() Indoor temperature $C overall comfort level oopb[86e563081 00d20L50R0: [gdeznE
(consistent) cB§:con:§Ea0p5
() Humidity control com&sgo cpd8Eeamnaeloé 2005600005020 dqpest wipg[at:
[goocogngpz(mold or mildew problems) olgdedlcon
() sppdg(excessive noise) spdSsoopdi short cycle ofgbedleor o§CoScodsgfgts(over work)

olgdedleon Belopé 200500603rgp0g> 3a29dg8E0pd

G. Storage of Heat in Building

G- J-O- Stuctures

$o$(typical) comfort application 320305 instantaneous heat gain gpsopE eseepE(sun)
Bsdudseqpes(lights) cp(people)o 0godaonaopd sapqps $§qps(walls) 6al:(roof)sE o&(glass) qpso?
[go5¢j(transmission  thru) o€eepadaonoopdsapgp: infiltration and ventilation air ¢ [g8edcwa00d
;ogps 0dSlond  0oSogpdiqps(machinery)  o3§uogps(appliances)  cgibodencdamzadiondyp:
(electric calculating machines) ogoScoaopd 3apgp: dlofogoopdn Instantaneous heat gain &l
PYE58:05qprqpe(large  portion)oopd radiant heat [g®20pbi o instantaneous radiant heat gain
qp2o0pd cooling load 32[g63 gjodgE: valgpEscdaon

Equipment gpso  odeopoopd  qodsnlgE(solid  surface)od  saogp:  oB§odoopdsed
qod59[g€an 32908 ebur(absorbed by this surface)a3odeomelopE instantaneous radiant heat
gain gp:o0pd cooling load 33[gdad qodge: welpC:cdfge: [gdaopdi Instantaneous heat gain
Dqjeqjpoopd radiant heat $& convected heat 02000[g¢ $8Gjpa3grso0pdn Convected heat gpsoon
cooling load 83§03 godgiE:e|gpE:ado05
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Cooling Load Calculations eomio0d03§,

Radiant heat $& convected heat o3 owdcn=03:08:(breakdown)en  o§08e[geandse
(approximately) 6320050120038 80 coddjeqiBel [§6cil8Ea000 p§EgSiqpiod sa(mabigd:
a8oonseamelopé ©pdaopd sadjizeenio’ Bonseu: 0gedeepdi pboopd FadjiEeeniad aqdayqSEacpd
020pd 01{godg0dgp20? 320gudonmy gead8Eaopdi

Tabel 4-1 Radiant heat and convected heat

Heat Gain Source Radiant Heat Convective Heat
Solar, without inside 100% -
Blinds Solar, with inside blinds 58% 42%
Fluorescent Lights 50% 50%
Incandescent Lights 80% 20%
People* 40% 20%
Transmissiont 60% 40%
Infiltration and Ventilation - 100%
Machinery or 20-80% 80-20%
Appliances#

*The remaining 40% is dissipated as latent load.

tTransmission load o3 100% convective load 33g® vre0§Ea05I o convective load 2005 total load &
Go0:c05000) 228052238:(small part)gjoo [gdaopd §:qEscgudapeoqs (simplicity)saogod equipment &
instantaneous load s3(g® opso 0z05g05a005

+ machinery $C appliances gpso load gp: ozo[grs8€a0pdi godsn[gEaagds(temperature of the
surface) 2a60log€ @oopboopdi qodsngEeapd$ J[gE(higher the surface temperature)eco radiant heat

load Sqpseco [gdaopSi

Cooling load
due to transmitted
solar radiation

Cold-down

load _\\

Heat gain and cooling load, Btu/h

0 4 8 12 16 20

Time, hours

q) G-0 Heat gain and cooling load curves.
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G- Constant Space Temperature and Equipment Operating Periods

Radiant heat qpsoopd o331 $dgpa(walls)  [038dg€(floor)  qiodsnlo3od(ceiling) o005
welo3p0pd qiodsn[gE(solid surface)qpsa’ §odeod(strikes)oopbeadl odqods0[gEqp:aopd 32003 eduy
(absorbed)Bs qo550[gE2208§[gE 05 (raising the temperature at the surface of the material)cooa0p5n

0B eapEaonionpdesepyps(material)sé o3qods0[gEaadseco(air adjacent to the surface)
20§S[gpeseqod (temperaturedifference)alopé  sapd:eolig(heat  flow) [gbeclaopdi  saepogy)
(material)e  320qpoopd  GeOCGAY  convection  $p5d g  opselgpCiognoopdi  Yes0PdqBs[gEe
20qP:o0pd  36pogy(ea038:3Eiad  Ipergpodopsagas(conduct  [gdogas)oopdi  saepogriEeogtidEsS
20gP:d 038se0p5s002800001

qod$0[gSe convection $p5gE8:e0C:0000 F0gps(heat convected from the surface)oopd
q05qiCs instantaneous cooling load 95[g693 e{gpEsadagni00pbn Radiant heat ¢ oogj,006005(portion)o?
038:e0p5s0002(being stored)oopdn saepogpigpeadad B:eofsogniepd apowanapd 3pedy(resistance
to heat flow into the material)s¢ cooagnedal :eol:agniopd Ia09d00g(resistance to heat flow into
the air film) sagjg(ratio) 86dloz¢ ©oopSo0Rd

Ge0005005eqgugRd:(construction materials) 3aqP:@cl 3208:0C:g 993220000 GrLOFIEN 20
B:e08:q 9933030005 G5520000n (resistance to heat flow into the material is much lower than the air
resistance)r o3elo3pé radiant heat aqp:90p5 986:0005:9q (stored)200303 [g6ognzo0pbn Radiant heat
9S09[gEz00p5 s080056[god[gdedl (process of absorbing)esoopdi

Time, hours

[} Heat gain from electric lights
Electric
lights /
|
/
7

Cooling load
§ from electric
:, lights Heat loss to
g surroundings
o0 /
§=
>
E
2 ] Heat stored
£ West window, 50_16\I heat ; it sttictiie
> medium construction gain curve ‘\ P
g

Solar .
Cool-down cooling load smréd heat
load ~ : released to
ik space air
T /|\< T T T T 1 T
0 4 8 12 16 20 24

(;) G- Solar heat gain and heat gain from electric lights and the corresponding space cooling loads
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Cooling Load Calculations eomio0d03§,

for a night shutdown air system.

oepogqP:  Qegs(Material becomes warmer)aooopdsesl 30000y Ve $Egd:
ojeos(less capable of storing more heat)cnoopdi 00dsp:edg¢ saepogrigp:el 220§S [§E0005

Q20p5928] 300008ERE: oyeotsogzoopdi

/ HEAT /

/STORED
INSTANTANEOUS [/ //////
HEAT GAIN

ACTUAL COOLING LOAD

BTU/HR

")STORED/ )
JHEAY / / / /7>~
REMOVED //// /,

TIME/HR
c;) G- Actual cooling load, solar heat gain, west exposure, average construction

Heat gain 3a00053207320986pgC:(highly varying)elo3p¢ sharp peak [gbedl (relatively sharp
peak of the instantaneous solar heat gain)oopdn Peak solar heat gain [§6eol§§0RE 320 Go256005
qpegp:ad 238:e0p55000:00001 ABad[gdedl 0B G(G-p)oge ewdgoonzoopdi

0(G-9)9 2260l 3Esqideaops(upper curve)oopd 3265005000503 GEd§000pd $¢(West exposure)
¢ [9bedles[m(typical) solar heat gain [§900pbn 6330053E:qDsanp:(lower curve)aopd seadd{ges(n)
0gbsgpig¢  ee00050pboonsaop)  =aceonndead(average construction application) ss0R05  actual
cooling load (9620051 s08:3204S (space temperature) oalgpEsad(constant)oopd saclgeees 320305
[g2005

:[&s30egC peak heat gain eogqpspdgSs(reduction)aood 40% of [g6o0pd Peak load ¢
:2§8e50050y[gCs0005 00dsnes(lags the peak heat gain by approximately 1 hour) [gdoopS

0(G-0)3¢ [§60ons00pbe§ur(cross-hatched areas)oopd a38:e0p5:009:0005 320(heat stored)
$& 6800050pE00200pd0gE0igpse 986:9005:000:000) Z0gP3RGLI30S(stored heat removed from
the construction)[g€s [g6o0p5

dYSes0000qq  §oopd [9beor ofoopdfgbeo  320§:32038:08  oleepodomnanpd gy
F2209:03 0Sapododeepd (Since all of the heat coming into a space must be removed)i 93¢o05
©0500050866d 3200eMPeGAIE: 0pBe5Rd: SgPiad: Ku5E050HgERD SpueIMsE [gBed§s
Rlgpsoopdn 2c8§o0pdmpgsopt Bsi0omqsmn0305 0lamoopdmpss ©dopodaeRd sapueamod
0p8eepdi e§onsde(two areas are equal) 0pp3eedi

B:cdn Sraqpéa(lighting)elop [gbedloopd cooling load vwran20pd efpEicdy v§ooeamnnd
(relatively constant) $p5:00001 &sqps 9Ec805eoopd(lights are turned on)esnod 8:03 :§§loplaen

0gS:000:09I€ 6rLSE 399§:006070360rEE00pd FguEI™ $bsogsec0[gbo00N (with a decreasing
amount being stored the longer the lights are on, as illustrated in.) $(G-G) 03¢ 0qd[g¢ eudlgoozoop
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eomEs0005028 Chapter-4 Heat Storage and Diversity Factors

0(G-6)og8 =060l qdieogs(upper curve)aopS Sseqps(fluorescent light)qpselopE [g6edl
20p instantaneous heat gain [§900pdi 6s300588: qibseop:(lower curves)oooS actual cooling load
[g00p5n =oe§im0d§ welgplicd(constant space temperature)op opsocopdi  [gBoonsaopd euxn
(cross-hatched areas)oopd ©oSapodqepd heat stored [gdoopbn gqigoS(dotted line)qpsoopd actual
cooling load [g&2000u

~
%ﬂﬁ/\TéRm

INSTANTANEOUS HEAT GAIN

BUT/HR

ACTUAL COOLING LOAD

7.

GHT OFF
TIME/HR LIGHT OFF

<°3 G-G Actual cooling load from fluorescent lights, average construction

0(G-9) $& 0(G-G) 206§ mesonndead(average construction)ogE  [gbeclaopd instantaneous
heat gaing¢ actual cooling loadod sooS0besd(relationship)ad eudlgoonsoopdi edlolaopbenesonod=nd
(light construction)gbaq€ sa¢(heat)zaspdscodom a36:90p5:000:8E000501 BeapaE §Ea0besapowan
$05:00001 GE:0005 Peak load [geclqSoaE 20086:005:8Eg6x(storage capacity) $05:00p50p €833
20pdi apadB60pda0p)  esonodmeB(heavy  construction)gdog€  sap(heat)  oedngPigd
a360pnCaB6se0pds coms8Ea000n GEs0pd Peak load [gdedloopdeaqi§s 32¢a38:e0p0:8E8 05k (storage
capacity) 3qpzoopdi 328§ eg005031000507 adcaopdi

32g0m002:0p80q8  cpadg  000pd[BineINE  680N05EoNVRY  Feeor0dZBgp:el
cooling load 2005 Gkaqedolaopd saes0r0d5a8gpsel cooling load cood Jso5:o0pdn 0odspSizasge
0000p5[:w2000d 2268000538¢P:00pd padpon 3cHHSEDN

30 LB/SQFT

INSTANTANEOUS

HEAT GAIN 100 LB/SQ FT

150 LB/SQ FT

BTU/HR

ACTUAL
COOLING LOAD

TIME/HR

("3 G-§) Actual cooling load, solar heat gain, light, medium and heavy construction
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Cooling Load Calculations eomio0d03§,

O(G-9)38 [goorro0pd=a03E:s 6Aldkaopd 3268000528dgdqC abqp: fepdats [gopd
2005208 3200:2003[gg$ Saopdi (lighter the building construction, the more attention should be
given to zoning. )1 £2680005338600:c0Se00 Bewrod cocopdSean: Grol aEqp: FpagE dogdades
cB3decw (960001 00dspdimangE cpcopbeooinpd 22680005358 aJeupod Fe&io0pd =g
a360nC8Egss $054qtn diversity spd{glielop maeded =036:meon: wdeol Bz
030505 822620051

0(G-9) seedadqdieogs(upper curve)oopd 30 LB/SQ FT a0oopd§oopd 83680005358
(opcopSedldkoopd)el instantaneous solar heat gain [gdoopSi 62300538:§) qibseogs (9)a3Es(three lower
curves)oopd 100 LB/SQ FT $& 150 LB/SQ FT 0pcopd§aopd 32680005358 ofel sapadeaynla(storage
of heat) $& time lag elop¢ [gbedlepd actual cooling load [§620p51 saes0r05ea861 cocoRSoRiwaieco
instantaneous solar heat gain spSieco [§620pdn (6800580:038: 150 LB/SQ FT o0ocopd§oopd
326800052080005 instantaneous solar heat gain sg00sads [g5205N

0(G-§)03¢ Gkagoopd 36000583 (light construction) 300¢3200¢(medium construction)sé
0000p5 [Brenzo0pd 3268000528 (heavy construction)qps3aog05 heat gain o3 o3& (curve)adscBEs [g¢
eedlgoonzaopdi 2efimngsod deoocdsonoopd(constant temperature in the space)sscg0d 320
a3eapCq(storage of heat)od 32800 gb:8:8 Eaopdaagiod (significantly affects) oodoen air conditioning
equipment gqps centiesopd sog$508§(operating period) (52001

PULLDOWN LOAD

BTU/HR

HEAT LEFT
IN CONSTRUCTION

TIME/HR

c'g(g—@) Pulldonw load, solar heat gain, west exposure, 16-hour operation

QG0N $(G9)5¢ §(G-9)0R0pE  eclgoonad curve gprsiapioogd  (JG)gafocdays
eenses0000 air conditioning system gpszaog0b actual cooling load [gdoopS

Equipment qpzo? (06)so§oppeentsB:(16 hours of operation)esnod gOsos(shut down)
c8odag€ oogj,eom 3apgps(some of the stored heat)oopd building construction 320383 035§
6590[gb20pdI Bapgpiod esnodondesg adwwpdd air conditioning system [gSeentsaopd sadlopt
oudoocdud(heat must be removed)qepdi

Equipment gp:o3 e§00500des [gSewnli(turned on the next day)oopbsasdl cBeuSoood
0dqEpdmapst oppdoobownan(heat in must equal heat out)oopd pulldown load (805 &(G-6)oge
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eomEs0005028 Chapter-4 Heat Storage and Diversity Factors

pulldown load [36e0l0sE owrana? eudlgoon:aopdi Pulldown load o3 esnodones, cooling load o€
00p56AIE:q2001

0(G-Q)o0pd amdes (J5)5§98§00p90505 (96)g08ewntsoopd 360005336l cooling load o3
(cooling load for that day results in the actual cooling load for 16-hour operation)od ee5lgoon:aopdd
[g2005

0(-Q)og¢ m6dl3Esqbsaags(upper curve)oopd instantaneous heat gain [§620p51 6320053E:
qiseops(lower curve)oopd actual cooling load [g6oopbn aBegopE air con equipment culies§s
(operating period)ogE space 22038:5 3a0c[gpEicdglio[gbeaant cB§:00n:8E(constant temperature
maintained)oopSi qdi{god(doted line)aopd oq8qd§a0pd 3a0gps(heat left in the building construction)
320905 00666ud00dd(additional)qepd cooling load [gdaobi

INSTANTANEOUS HEAT
HEAT GAIN STORED,

ACTUAL
COOLING LOAD

BTU/HR

PULLDOWN LOAD

7/
/) STORED
'/ HEAT

REMOVED

16
TIME/HR

<°3 G-q Actual cooling load, solar heat gain, west exposure, 16-hour operation
§O50:000:053¢$ (shutdown period)ogE poonod(night time) transmission load & o38:e005:

0020000 Fagoedan(stored heat) odelopé soedimods [gEonoS(temperature in the space rises)
(QualowtelT]

PULLDOWN LOAD

BTU/HR

HEAT LEFT
IN CONSTRUCTION

TIME/HR

c;) G-© Pulldown load, solar heat gain, west exposure, 12 hours operation

6§005008[036(65§00500b6s) air con [g§e] ©06wrE:0p0mEES ©dopddeERd LW}
pulldown load vpesloopSi Pulldown cpdesod 3a§§03 pulldown periods vp Galoopdn 3295:30§503
00056905000:0000 308 ogeoliognseaxnt(brought back to the control point) &3g(pulldown)
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Cooling Load Calculations eomio0d03§,

cosqopdi Aelopé adad[geso0pd=eq§a3 pulldown period wrGale [GIERSgERd vedNod pulldown
load veslad[g: [g620p5

PULLDOWN LOAD

BTU/HR

HEAT LEFT
IN CONSTRUCTION

TIME/HR

("3 G-© Pulldown load, solar heat gain, west exposure, 12 hours operation

eunls§Sspdicom(shorter  periods of operation)elopé  pulldown load  3gpscooopdi
modelopéadeadd air conditioning system gOs0:000:$03E 0€eepadSamnootd Spgpigad soefiw
90p5:8eapE a38:e0p5i00:60006[03pE[gBa0pSN (more stored heat is left in the building construction
when the equipment is shut off.) &(G-0)og€ pulldown load o3 ewdlgooo:aopbi 12-hour operation &
pulldown load o3 cooling load 0393 @AlC:c0pdoozo0pdi Actual cooling load 12-hour operation

(0))§9§02 ewnliopd air conditioning system & actual cooling load 1 solar heat gain o3 o(G-g)ogé
eed[goozaopd

INSTANTANEOUS HEAT
HEAT GAIN STORED
ACTUAL
COOLING LOAD

=3
5 PULLDOWN
o LOAD

o 12

TIME/HR

c’g G- Actual cooling load, solar heat gain, west exposure, 12 hour operation

:26d3Csqdseogs(upper) instantaneous heat gain [gdoopdn 630053Csqdseops(lower solid
curve)gpzoopd amedsaceonndead(average construction space)ei actual cooling load [g620p51

Air conditioining system GenC:esg803E S:300gS  we[PpEidezmadiioos(constant
temperature maintained during the operating period)aopSi [§6consoopdesep(cross-hatched areas)
2005 heat Stored and the Stored Heat Removed from the construction o3 ce5{goopd

$(G-00)0z€ Bsaqpaqp:(fluorescent)e [gBedl o0 light load o3 eedjgoozoopd 3203g§$
(0))578¢ (06)s0§e§(12-and 16-hour operation) [g620p5n 0g05s05:qpisaniadeznognd indoor design
tamperature 20p5 oa[gp&scdeon Constant Space Temperature [gdoopSi 8:098:§§ (00)§08§08 [§62025
(assuming 10-hour operation of lights)wp eedjgoozoopdi
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INSTANTANEOUS
/ HEAT GAIN

ACTUAL
COOLING LOAD

BTU/HR

TIME/HR

Q G-00 Actual cooling load from fluorescent lights, 12 and 16 hour operation

G.G Precooling as a Means of Increasing Storage

:q),commmesigp:  9Je00d 26800053 P03 precooling  [gepdlogo0pdn  Precooling
[gc98[gE:elompé ma9a3erene dqpiaonaogdi Precooling [girod[gEielopé BeaprEoosangd sagoenn
(storage of heat)3qps codoopdi Peak load [gdeclaopdea§§ogE precooling temperature o3 control
point o3& aB§:c0m:8EeanE 8AE:x560E00001 30005e(oPpEade00d 30g8[gE[EE{gE: [§68Calg
(potential temperature swing) 3gpseomaelopé [gdoopdn 9BeayrEaopd sagoean(amount of heat)
Bqpeconoopd

Peak load [gdedlaopdaad§ space 03 860005 m0p§Sadeepndesant precool [geod(precooled
to a lower temperature)aoosGs cpgpPseEPadana0pdsEorE 00d5ead0m0pd uSelgats(control
point is reset upward to a comfortable condition when the occupants arrive) [§E: [§¢ sapa3eaonty
[g6edlcd8uupcbeon (no additional storage occurs)i  o3oyo3mecfgmacsdEogE cooling unit o3
§Osnz00:(shuts of)g) period of warming up cpSes§$03E cooling olgiepSdl

Precooling cpd[g€saopd cooling load vwdan eogRePopt 8a0gssaodotaopdspds [gdaopd
opepeeopEs(churches) 1 dloodanod(supermarkets) 1 a3eqom(theater) 020pd 3368000588¢p:ae

precooled temperature o3 control point o3& aB§:con:(maintained)§Eoopdmedl 20§838633(GE
elgpE:cd[gEs(temperature swing) 8°F ¢ 10°F 3208 [g€on0dagn:aopdi

G-§) Diversity of Cooling Loads
Cooling load diversity [g®[g€s(diversity of cooling load)oopS 8&Cses(design day)opE salgads
(peak) cooling load qpz 0o8[§E505 6[gdedl[g€s(non-occurrence)gdaodi

Diversity factor copdag8: ogodqds cBoopdi Large air conditioning system gp:og€
refrigeration capacity 350305 diversity factor o copdogodoopd Diversity factor qpsoopd esep
(location) sa¢jg3a003(type) 2g0d=a0s(size) 303 cd0dq) e[gpticdesaopdi

Diversity factor o3 addgodq§eaog0d 3Eqi€§umnomdeomadel sreog saod §Seodlq
32680005308 00p5680005002:003 §as0pdaeomedndgmeed oz (based entirely on the judgment of
the engineer) ¢oop52000n



Cooling Load Calculations eomio0d03§,
cooopoqedgC diversity factor 20pS cogps(people)sé S:d:dieqpsqpz(lighting) elopé
[g6e0la0pd load saeilapd @oopSoopdi [Beentaopd Geefimncaonndsadyps(large multi-story office):
SBooud(hotel)gpa $¢ cpesodadess(apartment building)gpsogE lighting diversity factor [g88Ee[g
(possibility)3a0g$5p5:00001
[PBeeme00pd  Geofemncaonndendyps(large multi-story office)og€ peak load [gbeclesa00d

2YERE cpgpIid: 206800053 RE Jesgls Bimmiad: apSicondgls (people present in the
building and all of the lights operating) o3e[opp¢ [gdoopd

[goods peinds 0$00G:3d: §e5cd38000 vupodeon oscobigp: Bgandeslopé [gEoogt
eepodescBoepdi S:diqpa Sieqpligpiaaniad: apSictiesaddupdovpodeor o§codigp: §320pC:5
§oes§SopE PC qpa laptop gp: 3050c00:c86epdn odelopE people $& light load qps3aogad diversity
factor o8 copdag&s 0051058 3360005

Refrigeration equipment qpsell  3agodzoos(size)od  ageqod(selecting)q§enogad  diversity
factor 00§8:03 9§08:00003>9 26000533 30g05m0es(size of the building) $¢ 3EqE8umel §Seog
(engineer’s judgment) 3a60la3€ 00520001

PO - WIBELNNDI $dGUNO5NGeseRd Gacscudo0d §kess(single small office)si diversity
factor 2095 1.0 (9620051 oy (§0)e (000)ef §8E0RS 26800053336 32006 codad=0R05 §% ©
00% 08 cpgpoopd peak load [gbeclaopdeagi§ont odepcodant §escB6epd ©wr0d(5% to 10% may
be absent at the time of peak load)oy 9§08:8E20001 32006 (Jo) Bewrdd (p0)AGooRd 36em05ee8
DROS pgP:aopd 00% ¢ Jo% o§a0pS peak load [gbed§ERE §oesSEi (20, 30 or 40-story
building, 10% to 20% may be absent during the peak.)i sa6epE:0§008:qp:0005 vSCE0o03g
§poS30[gEon0dap€ 3200540300001 BaeepEs 0§codiyps fesopdirasid soqpipaopd qeass 32098:3
§esc86epSevodeon

opesasiqps(apartments)s vB3onudgps(hotels) gpiog€aopds ofjooeomoneps saogjroaopdn
00S30egC solar peak load [gdedloopdma§§03E cpmaspdicadefom 20082320385 JesSCaopdi (time
the solar and transmission loads are peaking) Lighting load 20p5 o8c3a8wupodao

§eo$:09E poodBa 588 JesqqgC B:ds Saqpaqp: ag§ic00:0886obi PC load 2005 ofcobs
:26q30305 20600z¢ 905051 cesIesigpi(apartments)sE GBonodqps(hotel)el diversity factor
20pb  Geaaceonodmndyps(office buildings)oood Jgpsoopdi Boowdsé cpesmaasyps(apartment)opt
cpgp: 6§oopde805 8:305002:c8660i

Table 4-2 03¢ 2203q{gec§oopS(typical) diversity factor 00§03 GwS[goonsoopdi ss603,
|oFeomnigpist Ruade) EIESES (Gudgment and experience) 32034gg$ 03050p8:3205
Table 4-2 For Large Buildings (Apply to Refrigeration Capacity)

o Diversity Factor
Type of Application -
People Lights
Office 0.75t0 0.90 0.70 to 0.85
Apartment, Hotel 0.40 to 0.60 0.30 to 0.50
Department Store 0.80 to 0.90 0.90to 1.0
Industrial* 0.85 to 0.95 0.80 to 0.90
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Equation:
Cooling Load (for people and lights), Btu/hr
= (Heat Gain, Btu/hr, Chapter 7) x (Storage Factor, Table 12) x (Diversity Factor,above
table)
*A diversity factor should also be applied to the machinery load.
-- Typical Diversity Factors for Large Buildings
Table 4-2 o€ eodjgoonsoopd diversity factor qpsod guide 3o[gdoon 320%4go0Eo0R5!
2By 95E0pd 0088:gqp: wupddeoi(to be used as a guide in determining a diversity factor for
any particular application.)1 egno5ed:zaso&(final) diversity factor 0005 §&sogqps(judgment of the
effect of the many variables involved)s>edlog€ @anp50081

6.6 Stratification of Heat
qo552(0305[gE 200 22680005338qpI0gE ervesaigPiapd 986a0p5s0gpizameoE [36yc
:28:5 ccvemgpfest: $E qd50(05m8:S pegtoopdecogpides(gla soefgzacs 04k (generally
two situations)gdeol8Eo0pSn 3a0(heat)200d 3203008051 20060805 [gdes (stratified) cooaloppé air
conditioning equipment gp:&i cooling load eaqpsSs(reduce) 9228665
(0) 3208:iqodsn[0305  20R8gEaopdandl erogp:aopd @alEd: Bewrod  gEdsnlognde  erogp:
09050g02000928] 320gP:a0d 320308051 320060305 [gbesc86epdi (Heat may be stratified in
rooms with high ceilings where air is exhausted through the roof or ceiling.)
() qod§9[o3053a098:(suspended ceilings) 1 recessed lighting $& ceiling plenum return system gp:
320385 3o (heat)qps §6308:658E2001
005§Eac0dgqpa(industrial applications)$&  opepsdd:eoqpEs(churches) of:o(auditoriums) ©20pd
esepyps  Ge3aceonodead(office  buildings)  GBoouS(hotels)sE  cwesosiqps(apartments) 5
GoegP:0025 6dldkeameopé 22000593 aord0pd
qo550[030557: @alC8s0 mo0gp:(convection from the roof) &seqplie sapgps(convection from
lights)$& $&0 3a0qpselogpE(convection from the upper part of the walls) 3260[8E:0 Grogp:aopd
0g] 632005880 Grogp:oopd eepoopdi 6alESs(roof)5 convective clopElgdedioopd load 20pd
25% [g&o0pSn 0§ Q9% 205 radiation elo3pElgdoopdn Light load & 50% 0§05 fluorescent

elopElgdaopdi Incandescent efopE 20% offgbeclaopdi §603 [gode] ofeepadamnoopd(wall
transmission) load 20p5 40% o8, [gd20p5

[0edcaonoopd convection load gpsalompé qodsnjoged(ceiling)gEoopd ssafigpsei 3263
e56pRE :0§E[gEoopdecogp: §eseny §oopdn (supply air stream will stratify at the ceiling or roof
level.) oogj|,0080052005 induced co&[gE: $qoopSi doSaE supply air stream ¢ supply air ¢ 80%

20p5 saagadodlgdesBs(stratified [g8[Ek) 20% 2025 (induced cpd[gEsde0pdn) [gdo0pdi
qodso[oged(ceiling)  a3ewpod  @alds(roof)e  erogpiaBedup(air is  exhausted)gE:dqoqc

convection load o% air conditioning load 0639 o?orSo]?qoaéu (convection load released abovethe supply
air may be subtracted from the air conditioning load.)

eoogps 9d0p0o(gts dqyE(air is to be exhausted) load gpign coqpspd:(large reduction in
load) a0:0860p51 conde0y,3a6[gEecsapt ©cd32653 GrogPpEEOS[EE: [grpdeny w§eol
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9S0005[gEs(exhaust) o[gjrpdaopdmadl pegraopdecogp: gqEd§o[3r5ea8:03E  Za0a30d(gd
(Hot air stratifies at the ceiling)esGe 3209§ q€lgSen[gEonaS(rapidly builds up in temperature)
c00c880bi load cagpspdegés(reduction) ofgdedcon

Suspended ceiling 22038:§ recessed light © ogodcona0pd convective heat gpsaopd flows into
the plenum space o393 ofeepodagn:aoodi room srefimcpie eseepe radiant heat gps
BadsBiaqpaps(lights) cpgps(people)e 20pgpP:0Rd 559030503 pegieo0pdI pegtaopdecogp:s
eddseonaelopé plenum space 82038:8  B:eol:oleepodogasoopdi  Plenum  space  3o038:§
6oz 80 [gEon0d 60005 3a0qp:00d structure e8a3 .4 Bsonsagznsaopdi

qo552[0305(ceiling plenum)od coogp: [g§aouSepd return air duct sa[gd 32034gjog€ return air
system 2000 00,600 return air qpzoopd light fixture o $& 60200050 [§0500§:B:e0Es090:0005N
3qpz00pd convective heat o3 plenum space 32038503 c0uSeaonEagas(carrying)oopdi

Ceiling plenum space 32038:3 §e30E6500p9 320qps(containing heat)elopE room load $¢
equipment load 030005 p8pon(flaten)aon3ad [gdogazaopdi Cooling load 0gadqiodepage storage factor
(§esmntesopd BeaprEoomronpd) 22powanad 0§08{gE:o0pd s6qE03:0000 320060069 [§d20Rd
G.qQ Terminology

Cooling load calculation o[gipSeC seeqEo3roopdsseslzacd (important terminology)qp:o?

claeigbatebtozebroby
Space
Space is either a volume or a site without a partition or a partitioned room or group of
rooms.
Room
Room is an enclosed or partitioned space that is usually treated as single load.
Zone

Zone is a space or group of spaces within a building with heating and/or cooling
requirements sufficiently similar so that comfort conditions can be maintained throughout
by a single controlling device.

Cooling Load Temperature Difference (CLTD)

An equivalent temperature difference used for calculating the instantaneous external
cooling load across a wall or roof.

Sensible Heat Gain
Sensible Heat Gain is the energy added to the space by conduction, convection and/or
radiation.

Latent Heat Gain
Latent Heat Gain is the energy added to the space when moisture is added to the space
by means of vapor emitted by the occupants, generated by a process or through air
infiltration from outside or adjacent areas.

Radiant Heat Gain
Radiant Heat Gain the rate at which heat absorbed is by the surfaces enclosing the space
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and the objects within the space.

Space Heat Gain
Space Heat Gain is the rate at which heat enters into and/or is generated within the
conditioned space during a given time interval.

Space Cooling Load
Space Cooling Load is the rate at which energy must be removed from a space to maintain
a constant space air temperature.

Space Heat Extraction Rate:
the rate at which heat is removed from the conditioned space and is equal to the space
cooling load if the room temperature remains constant.

Dry Bulb Temperature
Dry Bulb Temperature is the ordinary temperature of the air.

Wet Bulb Temperature
Wet Bulb Temperature is the temperature of the air with consisting of moisture.

Dewpoint Temperature
Dewpoint Temperature is the temperature to which air must be cooled in order to reach
saturation or at which the condensation of water vapor in a space begins for a given state
of humidity and pressure.

Relative humidity
Relative humidity is a term used to describe the amount of water vapor in a mixture of air
and water vapor. Relative humidity describes how far the air is from saturation. It is a
useful term for expressing the amount of water vapor when discussing the amount and
rate of evaporation. One way to approach saturation, a relative humidity of 100%, is to
cool the air. It is therefore useful to know how much the air needs to be cooled to reach
saturation.

Space heat gain
Space heat gain: the amount of heat is entering the space.

Space cooling load
The amount of energy must be removed from the space to keep temperature and relative
humidity constant.

Space heat extraction
The amount of the energy that is removed by the HVAC.

Cooling load (coil)
How much energy is removed by the cooling coil serving various spaces plus any loads

external to the spaces such as duct heat gain, duct leakage, fan heat and outdoor makeup
air.

-End —



