Clepatieclostont Chapter-9 Cooling Load

Chapter-9 Cooling Load

@-0 Cooling Plant Load

Cooling plant gpszacgod 8&&:00dqepd cooling load o 3368000533932000 [gdagE cooling
load software o3 =podigd] 0g058E20 VO =0680005:FgdYC energy audit ez g
§§8Ea0p5 Cooling load 2005 2268030535861 heat gain [gdoopd

©p500pDsp5:0% 09s00p0[gdee cooling load g€ 632005d heat gain gp: doCaopd

(o»)  Outdoor air load

(®) System losses/gains

(0) External gains

(o)  Internal gains

(c)  Zone load $¢

(0)  Peak simultaneous building or zone loads o3 [g®oopS

@-0-0 Outdoor Air Load

[gCoeromapgS(outdoor air temperature)oopd ssefimp§(indoor air temperature) cood
lgSeomaeloppé cooling plant 332600051 cpgps GrocomEieroongeq$ Indoor Air Quality (IAQ)
eomngcoqs 0o0pd saclopigpieope 32680005350 Boupod Fe&3209E:8 [§Eoeco(outdoor
air)gp: copdeu:gs 332000051 [gEosrozapgi$(outdoor air temperature)oood 320823208 (indoor air
temperature) coo5 [gEeamalopé [gEuecu(outdoor air)euggtsoopd heat gain o3 dqpieoom cooling

load copd: 3gp: cdB8epdi BeloPE copdewzod [gEosro(outdoor air) sagoSisagp: VEPANOY
c80dq) cooling load c3a5qpzancd6ed

@-0. System losses/gains
Fan eubome agodoopd map(heat) qpselopE system heat gain [gdedconaopd
Googoopd fan 23e0r0d blower 03 [godGeesn05 20§§ (080§ ¢ (p)80§ 0EBnfodeaogts [gEo0d
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8820051 Duct 3203E:§ supply air temperature 20p5 duct s2[gE§ 30082 320§800586 eseomeoPE
copbs system heat gain [g6cdlaopdi o system heat gain gpzo? GoogpPgd cgogo5§Ee cooling  load
0088 o§n§e0cdepdi

@-0.p External gains
3268000532061 egep(location)  qodgopepanad(orientation)  copSeaonoboosaopd  ogods

3 rzson:(material) [goo&:edodgpicisaoyod(window to wall ratio) 006e08c02:2005 sun shade $&
<l | GPECISOY $

walls 1 glazingi roofs and floor ©20p5c303c805¢) external heat gain 0o§8s 22505 3agPsagsoodN

@-0.G Internal gains
Internal heat gain qp:oaé q?saeqsaog&(occupancy and activity details)? lighting
©0g05200) heat gain $& oofgpieoon equipment gpso 0godeods heat gain gps doElogoopS

@-0.§) Zone load

32680007200 30058098 eSigPignl 2000gPign 800N Beood ISP 320004PIY
aBodq) 3lgrse[gpad[gticond af(zone)ypeaalyd Flapie[gpadgtion 8¢ coCengdoopdn sacoboobend:ad
@So0bas =afgd 2005ecd8Ea00N Set point 30Eopo0pd  spefigpiEIiciid  aSoodaSmolyd
20050058E00001 External heat gain opoopd soeiqpizanicd:cd a§oodesaalgd 00050058Ea000
POED-3200000600030058:§] 356§, 00056566PC  IONRSEOD ISP FCR0T  AS0DEESII(D
2005905800051 e§00DRES §oopd heat gain 03 zone load 2o[gd 200505805

@.J Peak Simultaneous Building Loads o3¢w205 Zone Load

@$00baSqt:Bel  peak load [gdedloopd =a§§o0pd  wopBlogeun 326 o0056seepE
3203:0qe00rs (3vofiqps)el peak load 20pd ¢&:w00pd8 [§6§E0pSH SesnadDmdeseepE 2a0dkd
qeones(oefiqps) &1 peak load 20pd ¢$:RB§SS [30$Ea0pd BeloPs aSgprzmzadede:
§§20pd total peak load [gdedepd wpdaag§od a8qscdaopdi “Peak simultaneous load” wpeods
ealeBaopdi Sensible heat gain ¢ Latent heat gain $6§ad:03 copdodionig§ c3aopd

Design information required
Zones

eSqpemgd 3C:3C:Redlepioondgtieopl mocniooge @SoodeSsE 00da$ heat gain gpsgd
Blpogoodeedl a§ondogldod JdeomEgy  control ¥S8E0RdN  ([gootsedladgpa Sdgp: O3
B30y Gedfgoonzaopd architect’s layout drawing gpze @S0od9qCsdel 3a0q002008:5¢ @Sa00q)

32090503 030508E001 a§00daSe3 AHU 0odad: Bewrod $60d: 0obe0Een:daopdi ofewrod fan
coil gpegn 02680E§Ea00N

Zone heat gains

@80009qC:Be1 heat gain 03 0g0dgEdeS V26001 aqpeaafgd 3C:[groonzaopd internal
wall 205 :0§§ copBood afsdomlopigEfnq€ o wall ¢ heat gain odcopS: copdozadeé
83250005

Hourly cooling loads
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Clepatieclostont Chapter-9 Cooling Load

Zone load gp:0d §o§z20305(hourly basis)ogodeepdi ogqoedloge zone load oo§iBagp:ad i)
eepal[gCs{sC peak simultaneous load o3 q§8Ea0051

Approximate peak time of loads co5[Gies005 a§2303:320305 00OESQE:D 61 §0803C:03
0RoOq§c0pd: ecdzabeon 320000 peak time 20p5 14:00 hr (@&} 50§ [§8don 13:00 hr $& 15:00
hr 03§ load obesosgge cdeanodaopdi Peak time $& peak load oBod esmSg> codqIoAGias
[g0cfopEs  ¢obop 8Eoopdn  Computer software o3  =oaXg[d 03050e>  maximum  load
[g6edl 20p59§803 3a0gudanay B8RS

eoeo

:06g, 000008 (east zone) $& FesH0dNARS(West zone) vpq) @S50eS §oopd 2680005
32006903 $05030[gd 0g0d[goorzoopdi e8oodeSaqE fan coil unit(FCU) (og)ad: oodsoCoonsooddi
:6¢, 000508 (east zone)§) FCU 0odcd:deil cooling capacity ¢> 1.5 kW [g®oopbn West Zone § FCU
o0dad:8eil cooling capacity ¢o 2.0 KW [g&oopdi

3268000532960 total capacity ¢o 175 kW [g®20p51 Primary cooling system sa(g® fan coil unit
gxcd: &l capacity o3 175 kW $E3003 [gbesn€ 00690Eq§ cadmnbeon saonudelogpéadeads fan coil
unit gps sa0:d:00pd full capacity (g€ oo[G€oopd: cuntiesepd 3§Se§8CaomaelopE [gBoopd
@$00beqiE:Bopt [gdedlepd cooling load o3 §0§eacdo(hourly basis) eeblgoonioopdi 8aeg, 0058
(east zone) $& megnodNHES(West zone) 030pE 08eacdod(gbedeom load gp:ad cdlEgE{sE
3268000532003E  [gbedlepd building load o q§8€a0p0i Bes00d peak simultaneous load o
238 Co0pdi ool peak simultaneous load ¢ 145 kW [g®oopS

oqdedogl  seencdmBel  peak  simultaneous load  coSqpigo  AB[gESEa0pS
3268000729000 RE 305:60Cqpigd aSedlCiqpign §8Eeoma[opE maximum simultaneous load o3

23§ 200305 aSasadiei cooling load o3 codg§ B360000

Time 24 h East zone West zone Total (kW)
(W) (kW)

00:00 0 0 0
01:00 0 0 0
02:00 0 0 0
03:00 0 0 0
04:00 0 0 0
05:00 0 0 0
06:00 0 0 0
07:00 20 0 20
08:00 40 20 &0
09:00 85 30 95
10:00 75 40 15
11:00 85 &0 125
12:00 &0 75 135
13:00 55 S0 145
14:00 40 100 140
15:00 30 85 15
16:00 0 65 a5
17:00 15 55 70
18:00 40 40
19:00 30 30
20:00 20 20
21:00

22:00

23:00
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Cooling loads
160 |
140 F Building load
120
100 - West zone
80

Load kW

ol L AN
40 r L~ / Eas?m}a\‘\ \
20} / - ™~

1 | | | 1 1 | I\ | L

06:00
07:00
08:00
9:00
0:00
1:00
2:00
3:00
4:00
5:.00
6:00
7:00
8:00
9:00
0:00
21:00

Time in hours

References:

CIBSE Guide A, Environmental Design, 2006, ISBN 1 903287 66 9

Lawrence Race G, Pennycook K, Design Checks for HVAC — A Quality Control Framework for Building
Services Engineers — sheets 19-23, BG 4/2007, BSRIA 2007, ISBN 978 086022 669 7

@-9 Design Watch Points

(@) Solar gain co®9oopd:00 3§03 Bode) e[gpEado0Dewr0d occupancy rate $&
equipment  0300p0c0pd:  FEAD  Podq  e[gplicdeslogoopd  Equipment  gpsoopd
opgPiodiees0dm§eope  Sodecond  standby mode [gbescoonelopE  heat  reject
(30005

F6EE03eo0039I00¢0 heat gain g0 :2§$5C 8odg) cgodgsadaod

@) :0§|,600 computer programme qpssC  software 0300pS cooling load o300
0godgod eoifg: outdoor air load o3 copdog: ogEdgEd[gE: o[gapd8E[ieun oo, com
software qpsoopd outdoor air load o} copbogls cREdgIEOGLsEEEaBRS: Beaba00d
information gp:od 8a033a03) c0pda3E: Gugs 826001

@-G Heat Balance on The Body

poodBiqits  0odeLOgBEl  30FE  [F0dsD005ga000  wopBeun  ao§on  (Jo)
80§olcB0dcd © (J)) Bo§oCoBofod m0§SorE  c00deoEa0mdom(comfortable)  [g&aopdur
co€[0300051 00§00 FOFS(J 80§ 0€Bnfode (JG)Bo§etaB0dcd 22038 200HeanE 200dam
(comfortable) [gda0pSwr co€log00pbi 200Hea0ENH0m (comfortable)gdgood Banel 95003ud
320850 300§8e0:e0s8: 60 00052051 cpelognaBudaopd ensregPid erunon(fuel)sslgd
eon§desa0pd 3:3[03:0089000 [§620001 cpgp: ©:6000050000 Sred:EEnad0RE o (carbon)sé
hydrogen o3 Clo€aopli 0226000058000 65005 oYt §ogt:adnd0pd  Grocde
6320058 1C03 @r0d[glom(Oxidation [gdo) Carbon-dioxide $& eqeg(water vapour)od agodamaopd
B[gd0503 s0eposst Bgopanglepian &olgdod(metabolism)upesaopdi 0odsobisandgt &olgdod

(metabolism) &32000¢n  cpABeneadiadndoopd Carbohydrate | Fat $& Protein o303 egn03ude
eg|qedeanoydieolgtol [gdaopdi
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95003052000 20p§Eec[pEicdo0pd  0B§uxndEgdaopdi (The body is a constant
temperature device) cpcl metabolism ©3gyPEORNSE OSSO0 CpEIegRABLSIoRCe
20§$005 £0.6 80§6aEB05 (pq BofooBood) 050pC feses Beadaopdi cpad ogniaunagdep:
§$32005 (=060 g&s3aE(energy)o? 2200: 3EdYPe FIEOEIN (PODEEUEOET 2005600E205
BEesi smsesa0pdmgS0d basal metabolic saelgeacsop ealoopdl dmacfgmresrt ©g03uSa05
0p520pd oBuBcLBROEP:ea? ¢ olgapdad ao00dg)[gts GagigPid copduodeofglionpd egadud
208§ Aolgbopgpiadam [gdedl ego0001 Metabolic rate 20pd ogn030de gbieat(energy) ogss:
(consumption rate) o€[gdoopd

ognadudmaero:§s 03c3(qu) 8 surface s§om 0.0 00rg§:80m oo 320005 (po) 32§0d§
GoNoip: 006GuNMOEes0000326l5 basal metabolic rate 20pd 84 watt [g20pi ©g030Sa005
o0dogSagE 84 J veran§eon gb:3aEad 320gje520001 00bspd:EdgE 0§2aBu5000 codogSage
84 Watt (joules per second) §eoon 2ap0eNad ogadudel [4Euad gSooodesa0pd o2:ad:c305000
HOOOGPI ©0pgaea(chemical energy)qpsa? 0§00300¢ 320p&:3aC(thermal energy)=a[gdad
elgpEicdeuiesaopdi  3onBOBRE  egqodosp  monmod  ofdon  95pBde  =edgpiad
coonCogsseoaopd

1.2 k)/s

An average person dissipates energy | Two fast-dancing people supply more energy to a room
to the surroundings at a rate of 84 W than a 1-kW electric resistance heater.

when resting.
Metabolic [§0§$:0000 cpelicgdepsgad cBodq  elgplicdesoopdi  cpeingdepsg  dgpieco
metabolic [§65§: Sqpzecy [gdaopdi [gEsco§e00 omuoenpoyty apbonoddel metabolic [gdg&:0005
a0 §0:659503E (962000 basal metabolic [gdg&:0005 (00)s00 Jqproopd Aelopé 329§:0009
$2t:ipe PsdeuN0d oMmwoerroyCesdgapdesod agEd ) IpowNa0Rd kW agoed
32060:005 (heater)ooga5o00d 3200dNcnd Sgp:aopdi APegNO3ude 05005 Zap(heat) 2opS total
heat o3 &Bc8oopdn Total heat o sensible heat $& latent heat o} JdoCoopdi eopoytes:
2[gC:300800565000 32§§03C sensible heat oo (Go)epdEsS: [g0Gs latent heat vedred
(Eo)epdEss: [3620p5n coesandep:g [gopdesqSogt sensible heat o (Q0)epdC5Sego[Gs latent heat
@ (p0)epPESS: (90205 95003050 egrogagts(perspiration) 2o latent heat [g2005u
Metabolic rate 20p5 220005329051 9500%0SzagudsRe: oySince; 2aelgEresst dBCaedl opt
0oopdq) 6[pEidefoopdi 30005(Bsonero metabolic rate ogeot:aneroeo [gdaopdi ddelopE
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220D (PO)ePaNagE  oooodg  Gefm0038:  [gdeoddlgicopd:  dBudmecn§s  odomn
0005[0300051 Metabolic activity 2000 B:ego05(brain)sé saad(liver)oge go p9Egsias [gdeclaobi
BdlsdGpoopd ognodudmero§iel (G)epdCsaSigoon [g0o0odi merosgpiopE  basal metabolic
activity &l oodoceoRp (0epdCsss)oopd B:e50050R€ [gdaopd
0gn030503  cntrol  volume  33[gd 2005005y E
: : 200223000005 3208g8:3E(E in) [g6fk body heat aopd
::f?'li[:::tor iji_::e heater 39%(73983398(E out) @603é" 9%0(7308 3908& 086
D 0pboopd [9dodgp: ©pba3ad [gdesdleo 3208gE3aE(E in)
H’”‘H‘ 1|\ $C m00godg&t (E out) oppBeepdi qolgEablogronisé
= i powd [g8€a0phi TV set ¢ 300 watt ogOodgdimatad
A 300-W fan A300-W TV Pl B TV set ¢ 300 watt of sxpgSimatanfsh
<y g80005(reject) qupdn TV set 6l 3205 0g€ epboodh circuit oo
% 0pboopdmcpbad  cpdeuiaopd [gbeo oBaoeom  ooepied
g&s3Eonpd[Ggfome (Law of Conservation of Energy )
L:j‘-’ I Lm———— OS@BODé"
Two people, each —
a06§euNOIPdeONMRS  (JGo0)mudad§

dissipating 150 W |
— jfigjj\ (Calories) © (Jquo)modad§(Calories) cgop G600
ﬁ — a36005 0000§ 35§E008:000600052000 0000 ML ©

J ;% "11"866‘% "ligfcthm]lbs' JJoo moSo%E] G%Pé “%995&3@"

\/ﬁ

A 100- \-’\- computer
with a 200-W

monitor

650P32062009 udcd§oo0d Gdonsadidlon Jaopd

MO qped 05003000 Fpad(body fat)malgd oBeawnd

, o88:00p0:  coso0pdi maonddq) 82200000 b3

Loy | [GoSem08 00103ig8: 08oopd 3288038 ogpcBcSe sasdyp:
00w (Body fat) qpsod gD eqpgG: 005034 [gdeoaodi

0§7°5300¢388 (body fat) 0060303 3p6c0:§§2005 33.1 MJ vedaN§oopd metabolism energy
[g020p5 saonimen dr000:adigt: o§opodeuannd starving person (zero energy intake) 2005 650D

320005qEqS320305 ((J J00)0dad§ (9211 KI) cd3260005 o (| J00)0nudcB§n? sasdypso g§oopdn
(9211/ 33100 = 0.28 kg)

RODDOGLINNH0RS 0odes ooy 0§2a3ude 20e8 (body fat) 0. jo B eqqEdE
obegom Bmdeon §&3Ead [gdeooogdi AdeloPpé PodELIEHD eneendd qEdedE:
(000)eoyd 320005q8 8E00N 95003050  eqER0ded:gsgC(dehydration) $C o8:ag0igtiodeloppE
66620005gs 033260000
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Approximate energy consumption of
a 68-kg adult during some activities
(1 Calorie = 4.1868 ki =

3.968 Btu)
Activity Calories/h
Basal metabolism 72
Basketball 550
Bicycling (21 km/h) 639
Cross-country skiing

(13 km/h) 936
Driving a car 180
Eating 99
Fast dancing 600
Fast running (13 km/h) 936
Jogging (8 km/h) 540
Swimming (fast) 860
Swimming (slow) 288
Tennis (advanced) 480
Tennis (beginner) 288
Walking (7.2 km/h) 432
Watching TV 72

opell  energy consumption (metabolism rate) 20pd  egnodudel  Feco:§S
(32g0032025)03 cB0de) c332000051
poEd- S 68 kg §eoon 0053580000 POIBELN50PS F2000Xdl @LIIE 639 LOASE
8300 50 kg aerusg§feoon ©0doB:00wnel metabolism rate 03 63200531320%¢: ROYYIED
§Eo005
639 Calories/ hr
68 kg

a3320p 100 kg 06503500602 0dGLOSZ0R05 960 Calories/ hr 332060

(50 kg)x = 470 Calories/ hr

Cooling Load $&2005e8E@000 Rule of Thumb gp:
People and Occupancy

ACMV 0R05q1050|qpegjcpbepog cooling load cgodq§enogad data qpigncdsabooodi cdaaq)
Data 320:00:03q§g5e20305 00dSlondd) 2000800530001 AdelopE 0g0da0pd =g § 0qfsteom
Data gp:=acp0d 208engpoond o§essqodgps(estimation) [gapdeeaodoopSi Rule of thumb ad0000¢n
005e0Rmp0gERE  eopm[0Y e VEDSCORGIMI WOERY  (PECOREId  2DEOdYEdGPS
0peog|odgPesC 0pdiqdigpegda0pdi  (Rule of Thumb = rule based on experience or practice rather
than theory. )

Occupancy

Comfort air conditioning system soqp320305 cooling load 0g050qE 3208 oBeupod
326800002083098: cpgpie 09052000 Heat load o3 olgdeescopdogndascdendoodi 30330y
0R0Pq$30305 GuMOOPE 8850 $E 96CVICHS 2egEIRMNNPBESBpdI 3eaE0RNS FABIOYD
architect 0000 08:0000: 0§08:60:8800051 30700¢] CPIEEE0REPEEFEaS cooling load 0g05e$
320905 3220600 occupancy rate o3 [036:e:e8oo(floor area) ogaduy 800N 3208 3§jEma00:0?
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GomEoocing§

ABcdq) §8Ewpdanmaqenogadapd egp&:cdesoop BelopE occupancy rate o soofisa§pmoonis

[3620E:e§0(floor area)pondeod Rule of Thumb (g 0§08t 0r8Ea00N

ofieadjmooniyp:
General 80-150 Sq.Ft./Person
Private 100-150 Sq.Ft./Person

Conference, Meeting Rooms

20-50 Sq.Ft./Person

Banks, Court Houses, Municipal Buildings, Town Halls

50-150 Sq.Ft./Person

Police Stations, Fire Stations, Post Offices

100-500 Sq.Ft./Person

Precision Manufacturing

100-300 Sq.Ft./Person

Computer Rooms

80-150 Sq.Ft./Person

Restaurants

15-50 Sq.Ft./Person

Kitchens

50-150 Sq.Ft./Person

Cocktail Lounges, Bars, Taverns, Clubhouses, Nightclubs

15-50 Sq.Ft./Person

Hospital Patient Rooms, Nursing Home Patient Rooms

80-150 Sq.Ft./Person

Hospital General Areas

50-150 Sq.Ft./Person

Medical/Dental Centers, Clinics, and Offices

50-150 Sq.Ft./Person

Residential

200-600 Sq.Ft./Person

Apartments (Eff., 1 Room, 2 Room)

100-400 Sq.Ft./Person

Motel and Hotel Public Spaces

100-200 Sq.Ft./Person

Motel and Hotel Guest Rooms, Dormitories

100-200 Sq.Ft./Person

School Classrooms

20-30 Sq.Ft./Person

Dining Halls, Lunch Rooms, Cafeterias, Luncheonettes

10-50 Sq.Ft./Person

Libraries, Museums

30-100 Sq.Ft./Person

Retail, Department Stores

15-75 Sq.Ft./Person

Drug, Shoe, Dress, Jewelry, Beauty, Barber and Other Shops

15-50 Sq.Ft./Person

Supermarkets

50-100 Sq.Ft./Person

Malls, Shopping Centers

50-100 Sq.Ft./Person

Jails

50-300 Sq.Ft./Person

Auditoriums, Theaters

5-20 Sq.Ft./Person

Churches 5-20 Sq.Ft./Person
Bowling Alleys 2—-6 People/Lane
Lighting

Comfort air conditioning [gdeei industrial air conditioning [gdeo sacol:eepCegs 3205
conseomn Sicdudieqpes(Lighting)qpse agodanoopd Heat load o} ofgdeescopdogodes adsabaopdi
320000g) cooling load cgodqfeacgad cdeabeam Lighting Heat load q36a05 [036:e8:e§oon(floor
area) ©ods0¢ 030508 Eo0pdn seiEagjiEa0n:0d A3adq) lighting heat load vwdaNaopd e[PE:cdessi
odelop¢ Lighting heat load 03 soefimadreronst [36:0C:e§umn(floor area)oondsol Rule of Thumb

6 o808 opBoopSy

‘ Hofiaadpmoonyp:
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Chapter-9 Cooling Load

Offices, Commercial - General

1.5-3.0 Watts/Sq.Ft.

Offices, Commercial - Private

2.0-5.0 Watts/Sq.Ft.

Conference, Meeting Rooms

2.0-6.0 Watts/Sq.Ft.

Banks, Court Houses, Municipal Buildings, Town Halls

2.0-5.0 Watts/Sq.Ft.

Police Stations, Fire Stations, Post Offices

2.0-3.0 Watts/Sq.Ft.

Precision Manufacturing

3.0-10.0 Watts/Sq.Ft.

Computer Rooms

1.5-5.0 Watts/Sq.Ft.

Restaurants

1.5-3.0 Watts/Sq.Ft.

Kitchens

1.5-2.5 Watts/Sq.Ft.

Cocktail Lounges, Bars, Taverns, Clubhouses, Nightclubs

1.5-2.0 Watts/Sq.Ft.

Hospital Patient Rooms, Nursing Home Patient Rooms

1.0-2.0 Watts/Sq.Ft.

Hospital General Areas

1.5-2.5 Watts/Sq.Ft.

Medical/Dental Centers, Clinics, and Offices

1.5-2.5 Watts/Sq.Ft.

Residential

1.0-4.0 Watts/Sq.Ft.

Apartments (Eff., 1 Room, 2 Room)

1.0-4.0 Watts/Sq.Ft.

Motel and Hotel Public Spaces

1.0-3.0 Watts/Sq.Ft.

Motel and Hotel Guest Rooms, Dormitories

1.0-3.0 Watts/Sq.Ft.

School Classrooms

2.0-6.0 Watts/Sq.Ft.

Dining Halls, Lunch Rooms, Cafeterias, Luncheonettes

1.5-2.5 Watts/Sq.Ft.

Libraries, Museums

1.0-3.0 Watts/Sq.Ft.

Retail, Department Stores

2.0-6.0 Watts/Sq.Ft.

Drug, Shoe, Dress, Jewelry, Beauty, Barber, and Other Shops

1.0-3.0 Watts/Sq.Ft.

Supermarkets

1.0-3.0 Watts/Sq.Ft.

Malls, Shopping Centers

1.0-2.5 Watts/Sq.Ft.

Jails

1.0-2.5 Watts/Sq.Ft.

Auditoriums, Theaters

1.0-3.0 Watts/Sq.Ft. ()

Churches 1.0-3.0 Watts/Sq.Ft.
Bowling Alleys 1.0-2.5 Watts/Sq.Ft.
Notes:
(0) The lighting values for most energy conscious construction will be the lower values.
) Actual lighting layouts should be used for calculating lighting loads whenever available.

®?) 00305$3203053200%(G|002260008: o8 @05$B:qps(theatrical lighting)qpsedlo Al

Appliance/Equipment
A. Total Appliance/Equipment Heat Gain:

0.5-5.0 Watts/Sq.Ft.

B. Computer equipment loads for office spaces range between 0.5 Watt/Sq.Ft. and 2.5

Watts/Sq.Ft. (recommend 1.5 Watts/Sq.Ft.).

If actual computer equipment loads are available, they should be used in lieu of values listed

here.
Computer Rooms, Data Centers, and Intemet Host Facilities
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2.0-300 Watts/Sq.Ft.
Telecommunication Rooms
50.0-120 Watts/Sq.Ft.

Electrical Equipment Heat Gain

GomEoocing§

A. Transformers 32go58202:030305¢) 0gada202d Fap(Heat load) qpicdesdlgoonzoopdi electrical
load 1 KVA ¢ agodamno00b sap(Heat load) o} Watts [gCawdlgoonsoogdi

1. 150 KVA and Smaller
2. 151-500 KVA

3. 501-1000 KVA

4, 1001-2500 KVA

5. Larger than 2500 KVA

50 Watts/KVA
30 Watts/KVA
25 Watts/KVA
20 Watts/KVA
15 Watts/KVA

B. SW|tchgear 22gud300:0303056) 0godanaopd ap(Heat load) gpiod Watts [5¢ es{goooopdn

Low Voltage Breaker 0—40 Amps

Low Voltage Breaker 225 Amps
Low Voltage Breaker 400 Amps
Low Voltage Breaker 600 Amps
Low Voltage Breaker 800 Amps
Low Voltage Breaker 1,600 Amps
Low Voltage Breaker 2,000 Amps
Low Voltage Breaker 3,000 Amps
Low Voltage Breaker 4,000 Amps

W o N W R WN

T e
>N = O

C. Panel boards:

1. 2 Watts per circuit (circuit 03€:320305 2 Watts [gd20p51)

D. Motor Control Centers

Low Voltage Breaker 50-100 Amps

Medium Voltage Breaker/Switch 600 Amps

Medium Voltage Breaker/Switch 1,200 Amps
Medium Voltage Breaker/Switch 2,000 Amps
Medium Voltage Breaker/Switch 2,500 Amps

10 Watts

20 Watts
60 Watts
100 Watts
130 Watts
170 Watts
460 Watts
600 Watts
1,100 Watts
1,500 Watts
1,000 Watts
1,500 Watts
2,000 Watts
2,500 Watts

1. 500 Watts per section—each section is approximately 20" wide x 20" deep x 84"high.
20" 320705 x 20" 2020 x 84" m[g¢ §eoon Motor Control Centers saogod 500 Watts

582005

E. Starters:
1. Low Voltage Starters Size 00
2. Low Voltage Starters Size 0
3. Low Voltage Starters Size 1
4. Low Voltage Starters Size 2
5. Low Voltage Starters Size 3
6. Low Voltage Starters Size 4

50 Watts
50 Watts
50 Watts
100 Watts
130 Watts
200 Watts
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7. Low Voltage Starters Size 5 300 Watts
8. Low Voltage Starters Size 6 650 Watts
9. Medium Voltage Starters Size 200 Amp 400 Watts
10. Medium Voltage Starters Size 400 Amp 1,300 Watts
11. Medium Voltage Starters Size 700 Amp 1,700 Watts
F. Variable Frequency Drives:
2 to 6 percent of the KVA rating
G. Miscellaneous Equipment:
1. Bus Duct 0.015 Watts/Ft/Amp
2. Capacitors 2 Watts/KVAR

Notes:

(@) electrical equipment heat gain 00§3:qpsood  coodcpbop(manufacturer) o3 Bodq)
Rlgrrecpdeomelopé coodapbon(manufacturer) eeodlgoonseam heat dissipation 00§03
03000 32004gjooGaopd

@) electrical ~equipment qps codep3eess S  overheating  =p§§  95°F ¢ 104°F
$2RC:B88:000:8E98  arvoeruogodeomniezant(ventilation)gipdooiecodoopdi  :pds
90°F 000586 00pd electrical equipment gpizacgod Air Con Goserpdoopdi 986ao500ds
equipment qp:d8Ea0pd 320§ electrical engineer qps cde qor 0RASICD 20&0RdN

®?) electrical room & ventilation 320305 [g€uecw (outside air) o3 30dgqE electrical room
2oGso00 mgladiglo =pg§ogod 10°F ¢ 15°F o [g¢ge[gioopdn poen egmadly
[gCom0§§2005 100°F [gEgiE electrical room 32082005 100°F coodedeoq

() 3200dg) electrical room 30: GonsoDORSie air con Gro 03 3Ylg)g ventilation cRSAE:
electrical room 220§$0005 Gon:08: 30§80005 10°F ¢ 15°F 000 [gEg¢[goopdi

Motor Heat Gain
A. Motors Only(ee5000320305000(gd00p5n) 32660E:dqE0pd 0§ V& ©apSC3edl
1. Motors 0 to 2 Hp 190 Watts/Hp
2. Motors 3-20 Hp 110 Watts/Hp
3. Motors 25-200 Hp 75 Watts/Hp
4, Motors 250 Hp and Larger 60 Watts/Hp

632005038 6w5[goo6000euN:a0pd  6udoMsEeRELICda0d 0050gRd:ic30d =einde
32038:3E{E 0godGepdeapuwmi 6e0o0deES00 320850009 F20pE:REJE 0gaGed
200 $& 326600 0050gE50Rd 30520009 F0ptixE Joge oged§epdsapowan oind
P13 RBleeptiowiony



ACMV Volume -2 GomEooodR

B. Motors and Driven Equipment are shown in the following table:

LOCATION OF MOTOR AND DRIVEN EQUIPMENT WITH RESPECT TO
CONDITIONED SPACE OR AIRSTREAM (
MOTOR
HORSEPOWER MOTOR IN, MOTOR OUT, MOTOR IN,
DRIVEN EQUIPMENT IN DRIVEN EQUIPMENT IN DRIVEN EQUIPMENT OUT
BTU/HR BTU/HR BTU/HR
1720 360 130 240
1/12 580 200 380
1/8 900 320 590
1/6 1,160 400 760
1/4 1,180 640 540
1/3 1,500 840 660
1/2 2,120 1,270 850
3/4 2,650 1,900 740
1 3,390 2,550 850
1-1/2 4,960 3,820 1,140
2 6,440 5,090 1,350
3 9,430 7,640 1,790
5 15,500 12,700 2,790
7-112 22,700 19,100 3,640
10 29,900 24,500 4,490
15 44 400 38,200 6,210
20 58,500 50,900 7,610
25 72,300 63,600 8,680
30 85,700 76,300 9,440
40 114,000 102,000 12,600
50 143,000 127,000 15,700
60 172,000 153,000 18,900
75 212,000 191,000 21,200
100 283,000 255,000 28,300
125 353,000 318,000 35,300
150 420,000 382,000 37,800
200 569,000 509,000 50,300
250 699,000 636,000 62,900
fgpreoncBo’goqbesgodqp:
(»)  Equipment load qp:od o305q05epogé Actual equipment layouts and information o300
320)4g[00&2001

(@) Movie projectors 1 slide projectors 1 overhead projectors §§ 3000:0p  equipment qpse
ogodeom heat load o copdogadgfecd=snddi saonudelopéadeasd o equipment gp:

:20dges§ERt Futieaplaes ogsioonieomndigps(lights)od Sodaoneamaelope [gdoopdn
qpPeo03gC lighting load 20p5 o8 equipment qpsel heat load cood Sgpeo320251

(o) equipment loads cﬁog&aﬂcﬁeporgﬁ coffee pots, microwave ovens, refrigerators, food warmers

9-12
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qpeel heat 0300pSa3E:0p05q056§ 83260005

()  owner, architect, engineer, or consultant 0%069 Kitchen, laboratory, hospital, computer room,
and process equipment o3l  SOQEOPALDYRD  GOMTHF!A[QS 3020
3200006 pEadeadd ad equipment gpzoopd sadmeon: $& W6EEEGDS 03 [MEos5Cd:
agodggiqPigo0Rlepoophy

@ Cooling Load Factors
Diversity Factors

Diversity factor a320pben - cpgpsi lighting gqp: $& equipment gp: ol =ofgEads load o3
o0deg€id codopfG: total load 32(gd ed:upaopdi o3eacd cBoobgC:d ogodaoieom salged: load
qP2ooRd  30::00dGE505  00b§Soopdiu[gdedi§Ceor Bopad  total loads $& actual usage
Rlgeegiedo0Rd diversity factor [gbaopd Diversity factor 2opd 32680005358 sadjsmaen: $& occupancy

o3 meed 0pE 9oopde] ojlgpoopdn ezmodoptandlgooniacpd Diversity factor 20pd Geaalgbsaadigoopd
3268000533 (office buildings)s¢ sacunzop sa6e005mgP: 320305 [gBooRdI

A. Room/Space Peak Loads:

1. People 1.0 x Calc. Load
2. Lights 1.0 x Calc. Load
3. Equipment 1.0 x Calc. Load*

*Calc. Load may have diversity factor calculated with individual pieces of equipment or as a group or
not at all.
B. Floor/Zone Block Loads:

1. People 0.90 x Sum of Peak Room/Space People Loads
2. Lights 0.95 x Sum of Peak Room/Space Lighting Loads
3. Equipment 0.90 x Sum of Peak Room/Space Equipment Loads
4, Floor/Zone Total Loads 0.90 x Sum of Peak Room/Space Total Loads

C. Building Block Loads:

1. People 0.75 x Sum of Peak Room/Space People Loads

2. Lighting 0.95 x Sum of Peak Room/Space Lighting Loads

3. Equipment 0.75 x Sum of Peak Room/Space Equipment Loads

4, Building Total Load 0.85 x Sum of Peak Room/Space Total Loads

Safety Factors

A. Room/Space Peak Loads 1.1 x Calc. Load

B. Floor/Zone Loads (Sum of Peak) 1.0 x Calc. Load

C. Floor/Zone Loads (Block) 1.1 x Calc. Load

D. Building Loads (Sum of Peak) 1.0 x Calc. Load

E. Building Loads (Block) 1.1 x Calc. load

F. ASHRAE Standard 90.1-1989 10% Maximum Safety Factor
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Cooling Load Factors
A. Lighting Load Factors:

1. Fluorescent Lights
2. Incandescent Lights
3. HID Lighting

B. Return Air Plenum (RAP) Factors:

1. Heat of Lights to Space with RAP

2. Heat of Lights to RAP

3. Heat of Roof to space with RAP

4. Heat of Roof to RAP

C. Ducted Exhaust or Return Air (DERA) Factors:
1. Heat of Lights to Space with DERA

2. Heat of Roof to Space with DERA

GomEoocing§

1.25 x Bulb Watts
1.00 x Bulb Watts
1.25 x Bulb Watts

0.76 x Lighting Load

0.24 x Lighting Load
0.30 x Roof Load

0.70 x Roof Load

1.00 x Lighting Load
1.00 x Roof Load

D. Other Cooling Load Factors (CLF) are in accordance with ASHRAE Recommendations:

CLF x Other Loads
ASHRAE Standard 90.1-1989

A. Pick-Up Loads 10% Maximum System Capacity Allowance for Morning Cool Down Cycles

B. Safety Factor 10% Maximum

Offices, Commercial

A. General:
1. Total Heat
2. Total Heat
3. Room Sens. Heat
4, SHR
5. Perimeter Spaces
6. Interior Spaces
7. Building Block CFM
8. Air Change Rate
B. Large, Perimeter:
1. Total Heat
2. Total Heat
C. Large, Interior:
1. Total Heat
2. Total Heat
D. Small:
1. Total Heat
2. Total Heat

300-400 Sq.Ft./Ton;
30-40 Btuh/Sq.Ft.;
25-28 Btuh/Sq.Ft.;
0.75-0.93

1.0-3.0 CFM/Sq.Ft.

(Range 230-520)
(Range 23-52)
(Range 19-37)

0.5-1.5 CFM/Sq.Ft.

1.0-1.5 CFM/Sq.Ft.

4-10 AC/Hr.

225-275 Sq.Ft./Ton
43-53 Btuh/Sq.Ft.

300-350 Sq.Ft./Ton
34-40 Btuh/Sq.Ft.

325-375 Sq.Ft./Ton
32-37 Btuh/Sq.Ft.
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Banks, Court Houses, Municipal Buildings, Town Halls
200-250 Sq.Ft./Ton (Range 160-340)
48-60 Btuh/Sq.Ft. (Range 35-75)
28-38 Btuh/Sq.Ft. (Range 21-48)
0.75-0.90

4-10 AC/Hr.

A. Total Heat

B. Total Heat

C. Room Sens. Heat

D. SHR

E. Air Change Rate
Police Stations, Fire Stations, Post Offices

A. Total Heat

B. Total Heat

C. Room Sens. Heat 2

D. SHR
Precision Manufacturing

A. Total Heat

B. Total Heat

C. Room Sens. Heat

D. SHR

E. Air Change Rate
Computer Rooms

A. Total Heat

B. Total Heat

C. Room Sens. Heat

D. SHR

E. Air Flow

F. Air Change Rate
Restaurants

A. Total Heat

B. Total Heat

C. Room Sens. Heat

D. SHR

E. Air Flow

F. Air Change Rate
Kitchens (Depends Primarily on Kitchen Equipment)

A. Total Heat

B. Total Heat

C. Room Sens. Heat

D. SHR

E. Air Flow

F. Air Change Rate
Cocktail Lounges, Bars, Taverns, Clubhouses, Nightclubs

A. Total Heat

B. Total Heat

Chapter-9 Cooling Load

250-350 Sq.Ft./Ton (Range 200—400)
34-48 Btuh/Sq.Ft. (Range 30-60)
5-35 Btuh/Sq.Ft. (Range 20—40)
0.75-0.90

50-300 Sq.Ft./Ton
40-240 Btuh/Sq.Ft.
32-228 Btuh/Sq.Ft.
0.80-0.95

10-50 AC/Hr.

50-150 Sq.Ft./Ton
80-240 Btuh/Sq.Ft.
64-228 Btuh/Sq.Ft.
0.80-0.95

2.0-4.0 CFM/Sq.Ft.
15-20 AC/Hr.

100-250 Sq.Ft./Ton (Range 75-300)
48-120 Btuh/Sq.Ft. (Range 40-155)
21-62 Btuh/Sq.Ft. (Range 20-80)
0.65-0.80

1.5-4.0 CFM/Sq.Ft.
8-12 AC/Hr.

150-350 Sq.Ft./Ton (At 85°F. Space)
34-80 Btuh/Sq.Ft. (At 85°F. Space)
20-56 Btuh/Sq.Ft. (At 85°F. Space)
0.60-0.70

1.5-2.5 CFM/Sq.Ft.

12-15 AC/Hr.

150-200 Sq.Ft./Ton (Range 75-300)
60-80 Btuh/Sq.Ft. (Range 40-155)
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C. Room Sens. Heat 27-40 Btuh/Sq.Ft. (Range 20-80)
D. SHR 0.65-0.80
E. Spaces 1.5-4.0 CFM/Sq.Ft.
F Air Change Rate 15-20 AC/Hr.  (Cocktail Lounges, Bars,
Taverns, Clubhouses)
G. Air Change Rate 20-30 AC/Hr.  (Night Clubs)
Hospital Patient Rooms, Nursing Home Patient Rooms
A Total Heat 250-300 Sq.Ft./Ton (Range 200—400)
B. Total Heat 40-48 Btuh/Sq.Ft. (Range 30-60)
C. Room Sens. Heat 32-46 Btuh/Sq.Ft. (Range 25-50)
D. SHR 0.75-0.85
Buildings w/100% OA Systems (i.e., Laboratories, Hospitals)
A. Total Heat 100-300 Sq.Ft./Ton
B. Total Heat 40-120 Btuh/Sq.Ft.
Medical/Dental Centers, Clinics, and Offices
A. Total Heat 250-300 Sq.Ft./Ton (Range 200—400)
B. Total Heat 4048 Btuh/Sq.Ft. (Range 30-60)
C. Room Sens. Heat 32-46 Btuh/Sq.Ft. (Range 25-50)
D. SHR 0.75-0.85
Residential
A. Total Heat 500-700 Sq.Ft./Ton
B. Total Heat 17-24 Btuh/Sq.Ft.
C. Room Sens. Heat 12-20 Btuh/Sq.Ft.
D. SHR 0.80-0.95
Apartments (Eff., 1 Room, 2 Room)
A. Total Heat 350-450 Sq.Ft./Ton (Range 300-500)
B. Total Heat 27-34 Btuh/Sq.Ft. (Range 24-40)
C. Room Sens. Heat 22-30 Btuh/Sq.Ft. (Range 20-35)
D. SHR 0.80-0.95
Motel and Hotel Public Spaces
A. Total Heat 250-300 Sq.Ft./Ton (Range 160-375)
B. Total Heat 40-48 Btuh/Sq.Ft. (Range 32-74)
C. Room Sens. Heat 32-46 Btuh/Sq.Ft. (Range 25-60)
D. SHR 0.75-0.90
Motel and Hotel Guest Rooms, Dormitories
A. Total Heat 400-500 Sq.Ft./Ton (Range 300-600)
B. Total Heat 24-30 Btuh/Sq.Ft. (Range 20—40)
C. Room Sens. Heat 20-25 Btuh/Sq.Ft. (Range 15-35)
D. SHR 0.80-0.95
School Classrooms
A. Total Heat 225-275 Sq.Ft./Ton (Range 150-350)
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Onw

E.

Total Heat

Room Sens. Heat
SHR

Air Change Rate

Chapter-9 Cooling

43-53 Btuh/Sq.Ft. (Range 35-80)
25-42 Btuh/Sq.Ft. (Range 20-65)
0.65-0.80

4-12 AC/Hr.

Dining Halls, Lunch Rooms, Cafeterias, Luncheonettes

A.

mmo 0w

Total Heat

Total Heat

Room Sens. Heat
SHR

Spaces

Air Change Rate

Libraries, Museums

o0 w®>

E.

Total Heat

Total Heat

Room Sens. Heat
SHR

Air Change Rate

Retail, Department Stores

A.
B.
C.
D.

E.

Total Heat

Total Heat

Room Sens. Heat
SHR

Air Change Rate

100-250 Sq.Ft./Ton (Range 75-300)
48-120 Btuh/Sq.Ft. (Range 40-155)
21-62 Btuh/Sq.Ft. (Range 20-80)
0.65-0.80
1.5-4.0 CFM/Sq.Ft.

12—-15 AC/Hr.

250-350 Sq.Ft./Ton (Range 160—400)
34-48 Btuh/Sq.Ft. (Range 30-75)
22-32 Btuh/Sq.Ft. (Range 20-50)
0.80-0.90

8-12 AC/Hr.

200-300 Sq.Ft./Ton (Range 200-500)
40-60 Btuh/Sq.Ft. (Range 24-60)
32-43 Btuh/Sq.Ft. (Range 16—43)
0.65-0.90

6—-10 AC/Hr.

Drug, Shoe, Dress, Jewelry, Beauty, Barber, and Other Shops

A.
B.
C.
D.
Supermarkets

A.
B.
C.

D.

E.

Total Heat

Total Heat

Room Sens. Heat
SHR

Total Heat

Total Heat

Room Sens. Heat
SHR

Air Change Rate

Malls, Shopping Centers

Jails

A.

mooOow

Total Heat

Total Heat

Room Sens. Heat
SHR

Air Change Rate

175-225 Sq.Ft./Ton (Range 100-350)
53-69 Btuh/Sq.Ft. (Range 35-115)
23-54 Btuh/Sq.Ft. (Range 15-90)
0.65-0.90

250-350 Sq.Ft./Ton (Range 150—400)
34-48 Btuh/Sq.Ft. (Range 30-80)
25-40 Btuh/Sq.Ft. (Range 22-67)
0.65-0.85

4-10 AC/Hr.

150-350 Sq.Ft./Ton (Range 150—400)
34-80 Btuh/Sq.Ft. (Range 30-80)
25-67 Btuh/Sq.Ft. (Range 22-67)
0.65-0.85

6—10 AC/Hr.

Load
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A. Total Heat

B. Total Heat

C. Room Sens. Heat

D SHR
Auditoriums, Theaters

A. Total Heat

B. Total Heat

C. Room Sens. Heat

D. SHR

E. Air Flow
Churches

A. Total Heat

B. Total Heat

C. Room Sens. Heat

D. SHR

E. Air Flow

F. Air Change Rate
Bowling Alleys

A. Total Heat

B. Total Heat

C. Air Change Rate
All Spaces

A. Total Heat

B. Total Heat

C. Perimeter Spaces

D. Interior Spaces

E. Building Block CFM

F. Air Change Rate

GomEoocing§

350450 Sq.Ft./Ton (Range 300-500)
27-34 Btuh/Sq.Ft. (Range 24-40)
22-30 Btuh/Sq.Ft. (Range 20-35)
0.80-0.95

0.05-0.07 Tons/Seat
600-840 Btuh/Seat
325-385 Btuh/Seat
0.65-0.75

15-30 CFM/Seat

0.04-0.06 Tons/Seat
480-720 Btuh/Seat
260-330 Btuh/Seat
0.65-0.75

15-30 CFM/Seat

8-15 AC/Hr.

1.5-2.5 Tons/Alley
18,000-30,000 Btuh/Alley
10-15 AC/Hr.

300-500 CFM/Ton @ 20°F. AT
400 CFM/Ton £20% @ 20°F. AT
1.0-3.0 CFM/Sq.Ft.

0.5-1.5 CFM/Sq.Ft.
1.0-1.5 CFM/Sq.Ft.

4 AC/Hr. Minimum

Total heat 00§3:qpz0pC ventilation o3dlaopbogtzogadeiaoonsoopdn (Total heat includes ventilation.) |

Room sensible heat oo§::qpsopE ventilation odloCdi (Room sensible heat does not include

ventilation.)

Cooling Load Calculation Procedure

A. building characteristics 03038 Eq§eaa005d3ag/05a0005¢:a0pdl

1.

v AN

Materials
Size
Color
Shape
Location
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6. Orientation, N, S, E, W, NE, SE, SW, NW, etc.
7. External/Internal shading
8. Occupancy type and time of day

B. outdoor design weather conditions o3egsgieSdli
1. Temperature
2. Wind direction and speed
3. Conditions in selecting outdoor design weather conditions:

a. Type of structure, heavy, medium or light
b. Is structure insulated?

C. Is structure exposed to high wind?

d. Infiltration or ventilation load

e. Amount of glass

f. Time of building occupancy

g. Type of building occupancy

h. Length of reduced indoor temperature

i What is daily temperature range, minimum/maximum?

j. Are there significant variations from ASHRAE weather data?

K. What type of heating devices will be used?

I Expected cost of fuel

4. Outdoor design conditions 32030503055095032000009  code gp: 3203¢: outdoor design

conditions o3egsquSAln
C. 3005:03C:e56podtizmnog0d  c0Cengpeomicdzndeom indoor design 230§§  (temperature)
2005605l
D. un-conditioned spaces &l 30§50 9508t 00005 2005005l
E. walls, roof, windows, doors, partitions, ©20p5c3el U-values 03 0050l opd
F. walls, windows, floors, doors, partitions, 0205036l 6&oxgp:d0z05Cl quadl
G. Heat gains for all walls, windows, floors, doors, partitions, skylights, ©20pd03e1 heat gains
qPzo3aRe5dl
H. Compute solar heat gains for all walls, windows, floors, doors, partitions, skylights, etc.
I. space temperature and humidity odsac3sacy[gdqecdaopd 6e000S3adgp: 320305 Infiltration
heat gains o3 copdogade§ecdi
J. ventilation heat gain 030050l
K. lights, people, and equipment o & heat gains (internal heat gains vpcopd:eal 20pdn) 03 ogeddl
L. 92000503€ 0od(Gsdeom G, H, I, J, $¢ K oBe heat gains 330:00:036AE:Cl
0. actual cooling load 832510503 industry ecooddconeomspd:qp: (accepted methods) [gGog05e$
actual cooling load requirements.

-End-
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Heat Transfer of Human Body - male adult (W)

p95§P030500b9sm: heat source 33[gBa0050c580500p992¢l heat Source ¢ enviroment o8
FpqP:o0pd conduction 1 convection 1 radiation $C evaporation $p5g¢ @se0Csogni000bi Geood
conduction 1 convection 1 radiation 032005 cREENARLEBAY ogP: 0EEEPHH§EDS pogPdnde
pqP: 0p0dgod8Eeo 2 way process [gdaopdi o3eacd evaporation 20pd ®[F cpegRa3cde
534103226000 0[O0

’;'a Body heat storage;

F Rediation net heat exchange
- - -

onduction Metabelism; body's rate
of haat generation
Sensible <
heat transfer
Convection
M-E+CD2CO2R=HS
L Evaporation

Figure 1.4 Body heat balance is maintained by transferring heat with the environ-
ment. The transfer processes are conduction, convection, radiation and evaporation.
The net heat gain or loss appears as heat storage gain or loss in the body. Conduc-
tion, convection and radiation are all two-way processes that can result in body heat
gain or loss; evaporation always results in body heat loss.

Convection
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Convective air current
(warm air)

Layer of warm air

adjacent to skin

o Py,

ia "

“rvane Cool r0OM Bir svsemes
-

-

TG,
1?.“‘,... Warm room alr voes s
o -

et

Convective air current
(cooled air)

(b) Ambient air temperature higher than skin temperature

Chapter-9 Cooling Load
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Window

$
£
:]{
|

Warm aor

w_ Cooi air .
convector || 1

S

Floor

Flgure 1.6 Warm air convectors are best placed under
windows to temper the cold air dropping from the win-
dow cooled by conduction; falling due to cooling; see
Figure 1.5b. As the warm air rises, it is cooled by the
window and other cool surfaces in the room, including
occupants. As the air cools, it drops and retums 1o the
bottom of the convector, o be reheated.

Radiation

9-22
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Stove
160°F

00
Q0O

150°F

Convector

PLAN VIEW

Flgure 1.7 Arrows indicate the radiant heat inter-
change in this space. Each body radiates heat 10 every
other body at a lower temperature. The net radiant heat
gain or loss is different for each mass in the space.

9-23
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Table 1.4 Factors in Human Heat Balance

Factor Affected by
Metabolism
(heat production) Physical activity
Conduction Temperature and conductivity
ol contact surfaces (including
air)
Convection DB air temperature
Air motion
Amount and type of clothing
Radiation Room MRT

Finish of room surfaces

Overall body temperature
Evaporation DB temperature

RH

Alr motion

Amount of exposed skin surface

Conduction [g& ©20pd pegad0de eamo0pdecuaday Conduction [g¢ 3208:000(gde$ contact

surefaces c%3>620001

Convenction 205> Dry Bulb temperature, Air motion $& 9p00dEIE3%$E

32000360l 09Eeap5 2005

Radiation [g6q$ =00$:61 MRT 30048, 3008:qodso[g€ & cpognadubondendsel sap§§cdon
©00p500001

Evaporation 20pS Dry Bulb temperature 1 RH 1 Air motion $C o&330000:0000 (edles200d)

6q[gpioen 03¢ 0onpSoodi

62nd  @o0pd  32gdeepadfGioopd  GuNOPdELNNde  cpadagodaopd  sensible
2000 $C latent 200N 03 Gedlgoozaopdi o3 the sensible and latent heat o 0o6s0€a00:2005
Air Con System ¢ ©05a005(gdeo0pSI 0podagodoopd sensible sapuwdan $& latent sap0Ed™ 2005

;osiel 20§80 Bodge(picdesoopdi 005 3298:0§8500:0q8 sensible sapoed™ Joupod
latent 32006>0N gP2gPE2050Rc52001
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632005deuo:00p5 older ISO and ASHRAE standards ¢ 00§03:qpsgdoopS[g: Later 1SO and
ASHRAE standards ool 00§3:qp20? 325p0:c00e[gpEsdaozaogdi

ocoe Colum 20p5 3agudeepad(Beaopd Gua PIdELNNA[GResa0p0 Sa0pd Sadjreaen: [gBaopd

30300 Colum 2095 Z20§:3a§jzmo00: Gsep 0303 Gedlgaod

020800 Colum 2095 cpoBagobaopd sensible sapowam $& latent sapowd™ &l PEGAIE:oE 5O 00N

e§205 Colum gpsen A GuOBOP:BELNOD §oopd F0S:30§8(gdG: cpodagodoogd sensible
200 $& latent 300N 0o§3sqPdgdoopdi

Average Room Dry Bulb Temperature (oC)

Degree HEETESIE by 27 26 24 22 20
of Typical rate =
o Application |male
=Rl adult  Sens. Lat. Sens. Lat. |Sens. |Lat. Sens. Lat. Sens. |Lat. Sens. Lat.
(W)
Cinema,
Seated
theatre, [100 50 |50 55 |45 60 40 (67 (33 (72 28 |79 |21
at rest
school
Seated,
) Computer
very light . 120 50 |70 55 |65 60 |60 (70 |50 78 |42 84 |36
working
work
) Hotel
Office )
ork reception, 130 50 80 56 (74 60 |70 (70 |60 78 |52 86 |44
wor
cashier
Standing,
) Laboratory
walking ‘ 130 50 80 56 (74 60 |70 (70 |60 78 |52 86 |44
wor
slowly
Walking,
150 53 |97 58 (92 64 (86 (76 |74 84 |66 90 |60
seated
Servant,
Moderate |
ork hair 160 55 |105 60 [100 68 (92 (80 (|80 90 |70 98 |62
wor
dresser
Light )
Mechanical
bench . |220 55 |165 52 |158 |70 |150 |85 135 100 (120 |115 |105
production
work
Moderate Party 250 62 188 (70 180 78 |172 94 |156 |110 |140 (125 |125
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pancing | I O O

Fast Mountain
walking |walking

300 80 220 88 212 96 |204 |110 (190 130 (170 |145 |155

Heavy

work Athletics 430 132|298 |138 |292 (144 286 |154 (276 |170 |260 (188 |242

eamodoglesdjgooncomnaomie  Btuh  $&  codlgoondB =oofmods qg Bo§weluBed o8

:26[gd0o200201

Table 1.3 Heat Generated by Typical Physical
Activities®

Heat, Buuh
Activity Total Sensible® Latermt®
Seated, reading 400 295 105
Seated, desk work 450 345 105
Office work, general 475 370 105
Standing light work 550 445 105
Moderate work, walking 600 495 105
Light factory work 800 695 105
Medium factory work 1200 1095 105
Heavy factory work 1500 1395 105
Active athletics 2000 1800 2007

“Figures are average for an average size adult male.
*Between 20 and 60% of the sensible heat is radiated, de-
pending on air velocity, assuming a 75°F dry bulb air temper-

ature.
“Latent heat loss is constant with normal breathing rate.

“Latent heat loss increases with the rapid breathing associ.
ated with active athletics.
comEiooaipR§

Heat Transfer $&000593Eca00 ACMV Lecture qps (1 Lectures)
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ETTV and RETV 0o§8:

ETTV a0pd Envelope Thermal Transfer Value [gdoopdi ETTV e300pSen 8apomopmglad
8&8:a3[8: [Gg32EqICE 0xogP00p5E80A305 326800053p000961 $dqpse PoedIE:3a0epdgBipepSHd
esd[goopd 0§82 [0o0pSi Envelope Thermal Transfer Value (ETTV) &l ops6¢> Watt per meter square
(W/ sq. m) [g®20p5n ETTV o0§3scl 228000560 $6 00b00pe$:domei Average Weighted 3o08:on:asS:
(Thermal Transfer)[g20p51

0Comp8EEY mace0005myPi005 BCA ¢ gl[gjoonieon ETTV 00§8:en 50Watt per sq meter

[§620251 0€0mpa0pS 22p8E:e30003E 0opd§eomeopE (3o 326800053 d3MA3AS Air Con
006e0€ 0300001 ETTV 00§8:00 50 watt per sq meter [gdeooe(opE $§) oodoopgsdom ¢ sagoean

50Watt [§€oe cepadfanepdlgboopdi 3:o0de) o gE[gpopd 50 watt dclon 8[oF:wnoopd Air Con gp:
006e0& qepdlgdoopbi Belopé 0cd=add energy gpso? [g§oBep epadood

ETTV o0§8sgpaco Air Con Jo3g03kadeco [gdoopdn 92632:08:8C8qpe3a0305 ETTV 0083:
qp2eco Air Con 2000 seating system dl So3:e320€ 0opbesonahoonigepd [gbaopdn

ETTV 0088: 2005 8apomopoglypsel 8odopeoqpialopElgboopdi 3aeemndend oobead:
o3 oSqpist oopbesonnhaopdmedl eigpielopt [gEovsapyp: 32680005353 32058:03 o€eepodam(ge:
[g©20p5n [giogEsedlodgp: gpegrigrontentooseomelopé copbs ETTV 00§3: gqpsfgCs [gdoood

ETTV 2005 68200501 sag05320005¢pied 0p€ 90050051

3268000720903E[gE0éé(External Wall) opdg§oopd

©p520p50005030wpda0pd [gEus§(External Wall) 20p5 e§uxnepdy) oqedossaogd
027398600 0gpSiFa§EEEnIgP{E 0oBEEEINSEaEdI

058le0loepdg|§ 000N ©pboopd essadron:ayé oopdesonadoomoopboded o€ Gonpboopd

ETTV. 2000 Air con csepsCododesom  [glusdypiencgodomn  opades  cP3adaopd
ealE3:3005 0RogE ©a3al Air con esepsE ©ado620Rd [§CodgpPizaogndaopd: 0ades ©cdd

ETTV 0088t 0godgiodgqp:ad  0odgaaqi8omgpion [gapdqoopdn adeadd  Architect &l
Endorsement 320600001 [gboofeom 8&E: Process ¢ 0oHgmalqi8omogadgodaonean ETTV
o08§3: o3 Architect 23:200q§ $C gC[glooneoon 50Watt per sq meter c33200005 83E: [g8cwd
[gCooCqp: [gopdes [gdoopdn adeadd  comudronheagopt  oodgmatqiE8omgp: ETTV 008
0ROOgORes B=062000 IqI0zEC0dgP:(Window Schedule, Building Orientation ©20p503) Architect
009 q§oopdegERE 2068000533800090d:el Design Finalization Stage o) eogpogSesly (9o
©p900p) Fe[PEiEdad g 0HedSERdIE[gees[gbes 0N deadl gE[glconeoon 50Watt per sq
meter qq§ 00593EqE&gP: MBSi0tmEgpisE Gsopmenigeo0pd

ETTV 0083: 03 cpodqodefgteen 3268000532800095C0009 §E:0058Cq8m00305 056000y
0ROOgEO$P500  0GODVF[GIED  CVOPOCONRVPIT!RED  EPEE  CWVHE0:0pdsPSHgE M
0R05gJ05qepd [§62001

3268000520961 [§Coédgp: B&E:qpreossgpiameco ETTV 00§8: ogadqiodgp: 88 o0ddcmeco
[§62025
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ETTV 00§8: ogobqod qf spceoncd=d 3a038: o} Heat gp: opdaBoleepad§§toonbo’d
238q§ 32060000
(1) Heat conduction Through Opaque Walls

saasonchxag saog 38 sfgegt spfoplipropiondl Beoptooy T1 9 SioopSengdh
T2 93 44qp2 oD [906) 30B:0ni0lgded 20051 pownd [gE03a0FS 35C ¢ 32680005328 3208 30§E 23C
a3 conduction s2¢p8:0n:agded 2005

(2) Heat conduction Through Glass Windows

3268000532903E:8c803¢E  [gonEiedadgp:§ogoopdn oB[gontsedlodyqp: ¢ opso conduction
:208:003q [36eda0pSn Window qpsod 36 og0be[g:wn Walls $¢ Windows qpsoogd saads(gjoonsoopd
2§20t 0oppS60006[oE [gd20Rdi
(3) Solar Radiation Though Glass Windows
Glass Windows o [g¢] Solar Radiation gpsaopdaaceonad=nd sa0pt: ofoeepodaogdi

Solar Radiation og€ Direct Radiation $C Diffuse Radiation upe] $6§:8j00pdn eseepadgodaopd
0Sedad oBod§ed oqespadesoopd 3adl Direct Radiation [gBedlo0pbi eseepadgobood oSedad
BAGoS  eoqeepadd  S:BdgpiocopicomE:  :&:fmacsoncdeadpiocopdicomt:  eSedad
onjespeoopdsadl Diffuse Radiation [gdedl aopdi
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ey

DIRECT

7

[aFFUSF _,/
Vp#

REFLECTED

Air Conditioning s»9§:0069¢il Heat Load 2005 saepqpigned oa€aonpboopdi sediengle
Heat qpsoCeepodomng $¢ spediaacptie Heat gps 0pdagode 030005 cdapesiel Heat Load o&jgdaopd
ETTV 00§32 2000 3390 Heat gpioCeepodamng $Eo00000580E2000n [go $dqpse ofeepodamnoopd
Heat $&2000005a3C20051 Roof, Partition, Floor ©20000% ofeepadanoopd Heat $&0o005e3E0l

partition
wall

1

conduction

exterior | |
wall

@.- ETTV Value o305

ocowed:zaqodes(g ETTV Formula 2005 §E6¢03 adndq) elgp&cdaopdi
30300 assumption gp: [gepSaon0001

ETTV Value 0godsp5: o€ 682005300303 assumption codoonzoopdi
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(»)  Building Envelope is fully enclosed. 3268030528006900:0005 $4qpig cgodoopdesep
0§e30E 0208002200507 KPS0l

®) Convention Heat Trasfer through building Enveloped opening portion is ignored.
:26e0000mPe 0dkgpa 08edod ogadedladgpie convention $o5dgE Za0gP:B:0[gEs(Air

Conditioning 20g05) $& 3a0gp: B:0goS[gls(Heating System =20p05)03 copdagls ogedgEd[g:

olgiepodl

@.-0 ETTV deoospd:
ETTV= 12(1-WWR)Uw + 3 4MWWR)UF+ 211 (WWR)(CF)(SC)

ETTV = Envelope Thermal Transfer Value (W/m?)
WWR = window-to-wall rafio

Uw  =thermal fransmittance of opaque wall (W/m?2 K)

Ut = thermal ransmittance of fenestration (W/m2K)

SC = Shading Coefficient of fenesfration

CF = solar Correction Factor of building envelope orientation
i "‘r i --=" i e i

ETTV= 12(1WWR)Uw H3AWWR)UR211 (WWR)(CF)(SC);

Radiation through

fransparent portion
Conduction through
riion
“— Conduction through transpareni portio
(transparent portion is called as fenestration)

opaque portion
ETTV 0088038 2008:(p)9 dlo€aopdi

@.~ (00) Heat conduction Through Opaque Walls 3238:
Heat conduction Through Opaque Walls = 12(1-WWR) Uw
Constant number 12 2005 35[gE320§$ (35°C - 23°C = 12°C) [gdaopdi

32680009208 32038 $& :[gCort oGS ozlgrroopdend [(Eo0pdmaugS T1 ¢ 86000020088
T2 B 444203 [304) 2208:00iq [gBedl 20pdn powd- [gEumapd§ 35°C ¢ 26e0005md 200pC: 20§S
23C a3 conduction s2¢p8:0p [g6edl 205N
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WWR 2005 window to wall ratio [§6o0pdn $6006000561 6§uxnodnd:ad 03&dgodomns: o
[g60p[G: WWR 2005 §§oodendiope Window ado epdgss opdqfgdoopbo’ adadoodi

WWR = 0.6 320050 §§00donnboge edumnondondel 6o% 2opd window gpegboo0d
0830320001 0§60 pPE§S:en fenesate Saqpelgdoopdi
Uw 20p5 $§2o§jpe202:5$E0005a3E6000 U 008355600001

Heat (Q) = U x Area x Df ferential Temperature

¢ simplified apboonzoopd Formula [g&20pdi

PO - 326800053530DPEN 326D GOH§IPEI $§EPBDYEN 8§00 BoYeS:iBom
(000) [g8[8: e§onsi §o%205 [gootiedodgpigbage ad4qei [gbedleoon Heat Conduction o gpdh
63305038 [goonieomn U oo§d: 0.3 W/m2 K [gdaopd

:oocHopl  eedjgooneom ETTV 6 ofomeoge  sead[ge§escgod  000decboonieomn
deoospdiane 200p8:5C 3[E Fp§§[apis0igi0500p5 12°C [gBoopdi
Heat conduction Through Opaque Walls = 12(1-WWR) Uw = 12 (1-0.5) 0.3 =1.8 W per Sq meter

[§2025u
3280056 3266),000703 GEd§eGEEE (0)00pgsido03Ce 300N 1.8 Watt

Bsoni0Caeepod aonepdupadadaopd
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THINSULEX™ with PIR/PUR such as Celotex or Kingspan

o _

tile batten
IxHI:\_ab!e—u—.

I

|

batten D .—'— tile batten
Detien —— C . =] breathable
rafter Y . ’ membrane

LS rafter

100mm PUR ] 70mm PUR J
air gap . 1 P ———————— L e jir gap
. .
L _—

Thinsulexm™ M ] Thinsulex®
Batten i E r battan
foil backed - foil backed
plasterboard U-value 0.13 U-value 0.20 plastertsoard

THINSULEX™ with glasswool slab such as Rockwool or Rocksilk

tiles

tile batten il

breathahle—LL—. | e

membrane

barten 4@ !

Thinsulexr N |:| I | et ;:.:ﬁ;;';

rafter = : =] membrane
100mm E : 100mm e rafter

mineral wool mineral wool

anr gap aar gap

Thinsulaxr = . (- ﬁl Thinsulex'

batten B F S — batten

fail badctdd L - T foil backed

Fisterbann U-value 0.20 U-value 0.28 plasterboard

THINSULEX™ with insulated plasterboard

tilr‘ _

tile batten tiles

bre.nh.lblr.-_l-l_—l |

membrane .

- J— | Gl - tle batten

Thimsulexrs — === membrans

rafter — - rafter

air gap air gap

Thinsulex s ==l Thinsulex™

batten = | |

vapour control lager

insulated
plasterboard

r'3 batten
vapour control layer
irsulated

U-value 0.20

U-value 0.30

plasterboard

GomEoocing§

U 00§0%:03 ASHRE Hand Book gpsi Singapore BCA 6l Data qp: $& cpodapbopypsode qd8Ea0pdn
U 00§03 325p0:30qp:0005 6320050 32/053200056pied 0gE ©oopbaopd

Envelope Layers of Materials
Thickness of Material
Thermal Conductivity of Materials (K Value or R Value)

Air Resistance

Thermal Conductivity (K Value)
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K 00§3:00p544) 90§p3002:0% cB0dq] 326a0005208058:03 2008:0n88g8: (ablility of a material to
trasmit heat) o%a3c300001
2pCisdse  :[gCédaalogiopE  unit temperature difference [gbedlaopd  steady-state

conditions 038 unit area of the material of unit thickness ¢ trasmit @8@030399(Heat) ommoaé K

00832 [g®oopd

Quantitiy of heat trasmiteed under steady-state conditions through unit area of the material of unit
thickness in unit time when unit temperature difference exists between its opposite surface (W/m K)

REMeD4G & K 008320005 1.44 watt [gBoopdn 228¢gpuden (0)8ommacy mpsmedéde 1 K
208§ opofepgelop trasmit cpdeam Fap(heat) vedanaopd 1.44 watt [gdoopdi

K 00§3:0005 $p5:600 92680005358 20038298 3008:00: $02600[gBa0pdN

Material Density (kg/m3) K-value (W/m K)

concrele 2400 1.442
cement 1568 0.533
granite 2640 2.927
Wood (chipboard) 800 0.144
aluminium 2672 21

rockwool 32 0.035
glass 2512 1.083

@.~9 (9) Heat conduction Through Glass Windows 33&:

Heat conduction Through Glass Windows = 3.4 (WWR) Uf

Heat (Q) = U x Area x Dfferential Temperature ¢ simplified cpdco2:0005 Formula [g62000u
Dfferential Temperature = 3.4 C [gdoop

Area ¢ Window qpzsa:adsel 0pedCie§oon [§6o0o0n Window Schedule o} Architech 0d¢ @§8E20001

.-G (0) Solar Radiation Though Glass Windows 320¢:

Solar Radiation Though Glass Windows = 211 (WWR) (CF) (SC)

Mean Solar Radiation = 112 Watt per Sq meter
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Solar Radiation &320p5¢n 6§ 20p5 cenelge 8:edqpigny ozpeoieameloPpE GeepEgoboopd oyen
elgedad eepod§§sogt eseeptlgpd Paralley Sun's Rays qpigdad eepod§ogasoopdi eseepllgpd
Heat Energy $& Light Energy o cpod:03330305000568008cmnoopdn 3a0p:00fgt eseepllged ©
20006800Ea6om heat energy o3 solar radiation vpesl sdo300pS

| 1, (W/m?) N
o N
N A/ /
~ L~ ——
Normal joining Sun's —_—
centre and Earth's Centre SUN - — = w
—~ ~ — 'iiii;,
77 |\ _—
Parallel Sun's rays

Plane perpendicular
to Sun's rays

The solar factor has been derived from the annual average of solar radiation transmitted through a
3mm clear glass window.

8832680005920 00pd§epesep Latitude and Longitude o3c@od¢) Solar Radiation owdan

o[gse§oopdi co(month) o Bodejeopd: solar Radiation oedan oxofgpsg §oopdn Orientation o3
aBodgjropbs solar radiation oedan oofgnsg §oopdi 08ampsa0z05 0odsbom syl Solar Radiation ¢
211 Watt per sq meter [gdoopdn 328¢gouSen eseepElgode 0oboongsiBomaediog codsdomydiy)
Solar Radiation (Radiation 22¢) &l oedcn ¢ 211 Watt per sq meter [gdoopS

_ Solar heat gain of any glass and shading combination
Solar heat gain through a 3mm unshaded clear glass

SC

SC = SC xSC
where

SC : shading coefficient of the fenestration system

SC1 : shading coefficient of glass or effective shading coefficient of

glass with solar control film where a solar control film is used on the glass
SC2 : effective shading coefficient of external shading devices

ezoOdeux:aopd Solar Correction Factor (CF) for Wall [g20p51
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Pitch Orientation
Angle N NE E SE S sSW w NW

70° 117 | 133 | 147 | 135 | 1.21 1.41 156 | 1.38
75° 1.07 | 1.28 | 1.3F | 1.25 | 1.19 132 | 147 | 1.28
80° 098 | 114 | 130 | 1.16 | 1.01 1.23 | 139 | 1.20
85° 089 | 1.06 | 1.21 1.07 | 092 | 114 | 1.31 1.17
90° 080 | 097 | 113 | 098 | 083 | 1.06 | 1.23 | 1.03
95° 073 | 09 (105 | 091 | 076 | 0.99 | 115 | 0.96
100° 067 | 083 | 097 | 084 | 070 | 092 | 1.08 | 0.89
105° 062 | 077 | 090 | 0.78 | 065 | 0.86 | 1.01 | 0.83
110° 059 | 0.72 | 083 | 0.72 | 0.61 0.80 | 0.94 | 0.78
115° 057 | 067 | 077 | 067 | 058 | 0.75 | 0.87 | 0.73
120° 055 | 063 | 0.72 | 063 | 056 | 0.71 | 0.81 | 0.69

on[gpzeoon Orientation $& onfgp:eoo Pitch Angles gp23a0305 correction factor o3 interpolation
seSfEogoBerhEsiogd

Pitch Angles o} 6320050l 32680005329509[gE gEgSEAa0pdN

[

Wheelock Place Building Pitch  Most of building Pitch Angles  Concourse Building Pitch Angles is
Angles is below 90 Degree are 90 Degree above 90 Degree

-End-

Contents
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