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Cooling Load Calculations
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c;) o- J Personal Environment Model (adapted with permission from The construct of
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$ 0-p Oy, 950030561 FpoRe(gpCsd

0p,05003000038:0  Fogp:  [gEoddcopdieomEn  [gCoe  sapqp: v ogn0B0SmaoEiad

c0pd:e0mE: 6820050 §p5:00:§:03[gE 3a00pt6[gpE[gEs(heat exchange) [gbedl§Ea0a5N

(o) Conduction
20§8[gE05 egnaBude F0gp: eeR0pdeadad conduction $p54gE 8a08:on:g (gdedl
Goq§3p0R05 03e5a0pdqodsn[gE(contact surface) §esqs 206001 951030Sz0RE]
a6y Goopdmepyp: it 0odesePe Ia[grsondesepal 3a¢:0n§Coopdn oBeoy
652000 36pPoRI$OG|E] 32020019 [0l §E 00
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Convention [gdedlga00b 320§&(Dry Bulb temperature) 1 eoosacqE(air motion)i 0odso&
00280009 2200930008 I§EFo0e5EF003 3060l0x¢ ©anpdo0pdH 3edi0xt: RegPa3udS
3¢ Bsopgaliclops [gBedo0pd saguwnen a38ugpicon saepogqP3a8id) saeg(gas)st
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20§ 0oppd[gtielop 9B60pbse0 AP[gpraopdi 9862000 AP[gpreomelopE Feeg(gas)
$C 20qp5(liquid)o? eg,cqpsoopdi 0323 [gB[gE:ad natural convection v el oopdi

() Radiation

Radiation &32000¢0 space 320385 6g.oqpies0pd  enodeg(gas)st  3aepd(liquid)ad
0p§esqs ©ad=p0o3(without the presence or movement of matter) 920§ ozo[gesgied
(temperature differences)e[oyp¢ 3209&:32Eqp: FBocSo0§ wgscdondadls(electromagnetic)
qp(0odspSeanggé visible infrared) =o[gd space  22038:5 Ger0S0gl: [godoodiogndgC:s
(transmission)alo3pé sa00nse[gpEagn:000d [§60d [§0o0pdn mapgp: 0goded8§8apd esep
50§§oopdn  Radiation $p5gC sapope[pEfel: [gdedlq§ srefiel Mean Radiant
Temperature(MRT) 3008: qod§0g¢ $& p,500305 obpadiel 0§50y mpedlopt
©0oop500o0n Radiation $p5¢g¢ sa0onielpEigt: [gdedqf =o0§&(Dry Bulb temperature) |
3B8:e0(RH) 1 Geomoag€ (air motion)s& odzpOoonoopd(ediesanpd) sreegpioenmod
60038 goopdaogdi
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Cooling Load Calculations eomio0dp3§,

(0) ogB0503E:0 &ofgbodgpielopé [gbedlamnanpd saq(internally generated metabolic heat) $¢
() [g€o odbosioyte aondeepadaopdaapgp:(externally imposed environmental heat) o3{goopdn
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e50q|C [gbedloopd convective air current 386650q|€ [9bedloopd convective air current

¢ (0-6)0g¢ [gdedloopd convective air current 0gE sa6e[gp: 3a8:0600GP:0005 32603 0o0HFIER0N
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so8sag0:0005N
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2000g 9§008300 30q800 3208:3038:§ Fepogigpiel 30FEc00d Jgesclon ogoaBuSont
:padsgeq(net radiant heat loss) [gdeclaopdi 0odspdiaandgé 32000007 S022qe86epdn Belopé
2005600080005000(§de0g$ 320305 2:efimns0d 0500300320§80005 2200832008 386200 320FS
[§6e32oE[gjroboonigl: [§60pdn 950805 20§§0pS 208:3038:§ epogigpel TSRS
3866500 0§0030503E ma00B:000g(net radiant heat gain) [gdeclaopdi 00s05:3015E WxB0S500p507
$02:60866pdn

Table 1-2 3¢ 32guSeepad[Beoopd GuOPIcEELNSe CBodaod0pY sensible FapowIAN
$C latent spowdNad Gudgoooopdn adogodamoopd sensible heat $& latent heat o3 oobeol
cos00pd air conditioning system ¢ euScocbudeepdi codegabo0pd sensible saguwdan $& latent
3200N0p5 39§:6N :20FEB Bode) efpEicdesoopdi 00d5pdimgE 3208:0§8880gE 95003050
sensible 3200>N gpzgpPs 0005030508865
Table 1-1 Factors in human heat balance

Factors Affected by

Metabolism (heat production) Physical activity

Conduction Temperature and conductivity of contact surfaces (including air)

DB air temperature

Convection Air motion

Amount and type of clothing
Room MRT

Radiation Finish of room surfaces

Overall body temperature

DB temperature
RH

Evaporation - -
Air motion

Amount of exposed skin surface

Evaporation  Table 1-1 0p€ 8a00p:a{gpCs8Eoopdsnbigpist GEsg5s038m0:
30% [56edco§Ea0pS 3aq/05qpia3 ewblq conzoobi

Convection
27%

// Rag(i)e;ion 2.J Heat Balance on The Body
mﬁ‘&im cpoodBeqs deuncdgldel 3:0gS [ 0dsda005g0p5

ooppdmjeon cpoogon (Jo)BoofaBadode () ))80§ ofcd
0§05 220§§0rE 200560mEa0050m (comfortable) [gda0p50r

ool o0 20§$(J)80§ o8Badode (J5)80§
08030805 32038:5 2005600¢ 005000 (comfortable) [§62005

_ 0 cogfgo0pdI 2005600¢a0050 (comfortable)  [§Bga005
Conduction . .
39 ABopeil 9500305309850 320 90:gEags: 360l GonpSo0pdN
¢ o-@ Heat loss from the human body and relative magnitudes for a resting person.
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Cooling Load Calculations eomio0dp3§,

9§P03050005  mommengpiod  eoonlen(fuel)zalgd  cendGedesoond  B:d[0Fiondpomn
[§6 2005 cpgp: 02:6020050005 Fe3000503E omg§(carbon)sé K3o53§qiE(hydrogen)od dloCoopd
©2600005(G:000065705 ZoonFengPise §)03E:03052005 Gruade 6330058qIEa3 @adlgoaa(oxidation
[g90m) 0mg§8Eaezmnaseds(Carbon dioxide)sé eqag(water vapour)od ogodamoopdi od[gdodad
soepofsé BGopmgypian &olgdod(metabolism)upesloopdn 0dsoSiaaisé &ofgbod(metabolism)
aBo0oben poden0d:cd500d omdudabafod(carbohydrate) | saaBenod(fat) $& o§ools(protein)
0303 05003006 egig0d canagydieofd: caogpigsi 320060EaS B262005g6:35¢ quplgCigdaopdi

0p,0§703050005 30§See[gpE:52005 0B3§unooddE(body is a constant temperature device)
[g920p51  cpeil Eo[gbod(metabolism) c3pqpst ofing§ecgod op og0c30dmeaRE:y 30§05
(£9.6)8082qEB305 a30updd (pq)8n§ooBnfod o§03E §esqs 83260005 ol g Cgdep:as
2R0d 33deomn g&3aE(energy)od sodimongpie §§o0RdI oRdELNOAEI 2005eaE05aN
Besl §7:6500932§503 basal metabolic sacfgsacswy ealoopdi Bmeefgecsort 95n03udoopd
0052005 0305000505ePen3y| Vgl 30005q)[gta GoggPd copSuddeogl: 00pd ©§PA3LS
20R8:§ Rolgbodgpiodamn [9bedlesaopdi Metabolic rate 2005 ogno3ude gd:mal o3:BsSs(energy
consumption rate) o&[gdaopSi

ognadudmecns§s 03cd(qo) §Gs qedso[gE(surface)sforn (0.0)00pg§dom §eomn 520005
(p0)32905§ GUNOIP:EELNND §:e50p9906l] basal metabolic rate 205 84 watt (9205
05753052005 00doREgE 84 J veran§eom g&imCa? 320d4gies0pdN 00d5pd:EgE 0500305005
odogr&ag 84 watt (joules per second) 320003 ©§00305[gELa3 Fe0056[god g&cncSes0R5N
0800503050000 32023320040 @20pg&:3aC (chemical energy)gp:ad 9§0030d¢ 320G:3aE (thermal
energy) =[gda3 ofpCicdeuiesaopdl 2xB600RE eqydesp modmen o§don  egPa3ude
:Bgp03 ceonlogieoa00

% 12Kl
A3
48 A
\ B 1 kI/s
g 7
D A
I A2
ad ' E!
o 5] || | | [
$ 0-00 CPEOSCBEOINND §2565$0pD $ 0-00 :[yE:3200§ M9Ses00p) (fast-dancing)
32805 3000 84 W 0005 05660056 grH20R5 NS 1-kW electric
(dissipate) 2001 resistance heater ¢ 3052009 3300005 GgpPz20dI

Metabolic [§65$:00p5 cpeicgdepigod Bodq) efgpEicdesoopdi cpelingdepsg dgpseco
metabolic [§9§8: Sgpseco 3208800050009 veran Sgpiecv [gdaod
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Table 1-2
A 300-W A300-W Approximate energy consumption of
refrigerator resistance heater a 68-kg adult during some activities
(1 Calorie = 4.1868 k] =
3.968 Btu)
Activity Calories/h
A 300-W fan A 300-W TV ,
; Basal metabolism 712
Basketball 550
Bicycling (21 km/h) 639
- Cross-country skiing
(13 km/h) 936

T le, each Ny
dissipating 150 W Driving a car 180

I o Eating 99
!J N | Fast dancing 600

Fast running (13 km/h) 936

PSS 100 W ach Jogging (8 km/h) 540

A 100-W computer | < Swimming (fast) 860
with a 200-W Swimming (slow) 288
monitor Tennis (advanced) 480
Solar Tennis (beginner) 288

enerey Walking (7.2 km/h) 432

Watching TV 72

c;) 0-0J 300 watt sagoedan

QolgEadfopioctlsé pown [g8Ea0pb TV mocdog€ opboopd circuit o> ©pS2005800603
0066030005 [gbeo qO[gEadlopoad(TV)e 300 watt agioodgs:aata’ saaddgagiE o3 TV ¢ 300 watt o3
320g:2aC30[gd g§o00d(reject) qupdn aBo0comoepiyn gdiaaConpdFgSurw(Law of Conservation of
Energy )o€ [g620p51

2[gEsm00§ oMoy e [gpdopondBicl metabolic [g658:00p5 ome§ sa:es§Sopt
[g020p5 basal metabolic [§dg8:0005 (00)a008 Sgpsoopdi ABelopC 229§:0009 3203C:5 cpsdeornd
omeoerooyCess  [gpdesod ogodamoopd Fepowdranaopd 1 kW agibedsageusodd(heater)o
0052008 320005 Sgpzoopdi

09, 95703050 0g0H20pd 3¢ (heat)aopd total heat 03 a8c8oopSn Total heat o3¢ sensible heat
$C latent heat o3 Jo€aophi copoyEess 32[yCia00§ WOG$0PY 32§503¢ [gdedlood sensible heat
ommen (Go)epdCsss [96[G latent heat owdaned (Co)epdEss: [§Bo0pbi ameSapdepig [gewd
es§§pC sensible heat ¢o (Q0)ep§ESdG: latent heat oo (po)epdEsss [Boopdn 3a[gEieacos
omoo epoyted: [grodesod ognadde egrogad[gls(perspiration)elopS latent heat epEgss
3qpeac: [g62025

Metabolic rate 20p5 23000520g0dI ogoa3udsagudmeens oyfiwoces efgercsst 38
000p5033560(03¢E oS elgpEicdgdiaopdi 330005(0Bsunero metabolic rate ogjgozanaecd [gdaopdn
ABefopé  2005(po)eryPencgl  sononode oS30 [gbeadd[grcopd:  cBudmaecu§$
035000005 [0300p51 Metabolic activity 00pS B:egood(brain)sC sa00pds(liver)oge (§0)ep§Egsias
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Cooling Load Calculations eomio0dp3§,

[g6e0laopdi Bmadlsb§raopS egpaduSmeecoqSel (G)epdEsSigoon [§do0pdn merogpiozE basal
metabolic activity & oodoodeoy> (§oep§Esss)oood Sies00503¢ [gdaopd

080030503 control volume =3[gd 20050050qIE 23000000 320EgG3aE(energy in)
[g8[8s 95003050 agodoopdeap(body heat)aopS sa0g05g&aat(energy out) [gdoopdi o505
2038:5 ©p52005 [gdodqp: 650303 [gbesdlen s08gsaat(energy in) $& sa0godgdieat (energy
out) ofa o;géqup_sn

aeSeunoip: 008600530305  (JGoo)mudad§(Calories)e  ( Jqoo)mudScd§(Calories)
650D 832620001 036005 0006§ 32§:008:008602005220305(0900 )53 ¢ (J Joo)L53§ eg0d

832620001

2.5 Met 6.5 Met
9 0-0p Metabolic Rate ( 1 Met = 58 W/m2)
3lanh 5kmh 10 lan/h
: F (-~
) 20 3,0 80 met
Felax lght had  walking fast running
work  work walking

¢ 0-0G Metabolic Rate ( 1 Met = 58 W/m2)

6509033062005 005c8§0005 JBonzaddon Joopd uSc§qpd 95003050 e (body
fat)salgd a3eapnt 9B6:e0pSi000:00001 20005¢) 83260000 M5 [Gobesnt oo:adgl: ooopd
2S¢ 95103ude 3268¢ps(body fat) qpo? egged eqPyBs 0dc3§3a(gd elgpEsadeusoopd

ogna3udezaad(body fat) 00888 macc0s$0005 33.1 MJ vedan§oopd metabolism energy
[§62005n meomm00 dr002:03gE: fonondeomod(starving person) a3ewpod zero energy intake

person 2000 6500 220005 Eq$320305 (J Joo) 005§ (9211 KI) c83269000m 03 () Joo)mudSad§n?
aBypse q§oopd (9211/ 33100 = 0.28 kg)

o26GLN0H00 mdes enwenngt egnadude =ae8(body fat) (0. J)o3c303 eqqed:
obeg0m Bmbeon g6l [gBeoaopdi ABeloPpé podeLNBS w3 qEdedE:
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(000)emyp 32005qEe5$8E2001 95003050 GaEc5edgC(dehydration)sé oB:oxsg: oBelopé
66600005q§ 83250005

cpcl energy consumption (metabolism rate)aopd 9g03uSel Fec§Sss Iogudm0:03
Cféo%gj G@Sscﬁooén

PO~ 36 68 kg §eoon 00538:sEs00pd oDEELN0520P5 F20005d @udds(table 1-2)
2§ 639 003§ cB3260gE 50 kg e:§E§e0n 00d300wnel metabolism rate o3 cI205d
32038 090505882001
639 Calories/ hr

68 kg

(50 kg) x = 470 Calories/ hr

320> 32600:81S (000)030c80g8(100 kg) 00503006 00dcLID80905 960 Calories/hr
R N 3

836005

9. J-0 Metabolic Rate

Metabolic rate s32000¢0 air con vpgdsees[yt 3200800058EgS:(ability to generate heat)
[g020p51  [og0domicgdeprg(muscular  activity)o? c8odq] [gdedloopdi cpdgpiagpiecy  9gpa3udel
2ogs[gEoncdecw (388 95003uSe saguwangpigy coddagodeco [gdoopdn Metabolic rate 2095
3205qPign 22636005200

(0) sa6q[gp: qodsnlgEaeduxn(Surface area of body)
(J) 320005 (Age)

() 8& (Gender)

() Sepsg 3250&(Level of activity)

HOesqs0p¢ mpuwom 70 W 9§ ogodaopdi (Sleeping heat output 70 Wi 336003208
0,68§§03E 300eM 440 W o§09050005i (Lifting heat output 440 W.)

2. J-J Metabolic Rate and Sensible Heat Losses form Human body

Metabolic Rate

Metabolic rate (M) a320p5¢0 3a66[gp: 0060psb6§0e 3006238 g&cocdss(rate of energy
release per unit area of skin surface) [§620001 oy 0800305 2005§ a5cdyps(living cells)el oxidative
[g80d (processes) [gBoopSi Metabolic rate 20p5 c» 0§00305gbep:g(intensity of the physical activities)
:6d0zE 6oopdoopd Metabolic rate o vpsba005 met [gdaopi One met c0pS 18.46 Btu/h o ft?
(58.24 W/m?) [96o0p0n Table 1-3 1 1-4 1 1-5 & 1-6 0303C cdepsg sa§pdjE(various activities)ode
metabolic rate qpzod 36002805 GwS[goozaopd

Mechanical Work

Oxidative process ¢ 0p050g05000) 320953280, 0060050005 v 900305 (body core)o
[pg05005qps cgbepsg(action of the muscles)elopE 32005 (external mechanical work)salgd efgpscd
agn:00pSi Mechanical work o3 metabolic rate 61 22805323Es(fraction) =g cwSg8aopdi cgdepg

Heqfpodel met §§:03 Table 1-3 03¢ cwSgoonzoopdi
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Cooling Load Calculations eomio0dp3§,

Table 1-3 Metabolic Rate for Various Activities

Metabolic rate
Activity level Met Btu/h ft?
Resting
Sleeping 0.7 13
Seated, quiet 1 18
Office work
Reading, seated 1 18
Typing 1.1 20
Teaching 1.6 30
Domestic work
Cooking 1.6-2.0 29-37
House cleaning 2.0-3.4 37-63
Walking
Speed 2 mph 2 37
Speed 4 mph 3.8 70
Machine work
Light 2.0-2.4 3744
Heavy 4 74
Dancing, social 2.44.4 44-81
Sports
Tennis, singles 3.64.0 66—-74
Basketball 5.0-7.6 90-140
Wrestling 7.0-8.7 130-160
Adapted with permission from ASHRA Handbook 1989, Fundamentals.
Met units

©2080§:30038:5 3Ee56000 o603 0500305¢ 1 met (1 unit of metabolic rate) sagowdan
9800056500001 oodosog(environment)sC  cpsaeg[gRx(skin)od]  Zapecpud(gEs(heat  exchange)
[§0ed 2005 veran|gdoopdi

1 met = 58.2 w/m? (SI units) = 18.4 Btu/h/ft?> (i.e. 58.2 x 3.412/10.76 = 198.5784/10.76 = 18.4)
1 watt = 3.423 Btu/h , 1 m? = 10.76 ft?

One Calorie is equivalent to 1 Cal = 1 kcal = 4.1868 kJ.

Work Rate o80upob Metabolic Heat

aq5epsg(physical work)gpieco cpegnadude 320880009¢ gpierolgdaopdl 320g80005g

qPeco 95003050 :0ed:ee gpieaw [§do0pdn Metabolic rate $& thermal comfort o3 3a(g§sacns
s00506650005N

Metabolic rate 20p5 cpegroduSaagudmaan(size) 1 sacc0:§$(weight) 1 sacoad(age) 1 [038Eq
meod(fitness level)s¢ BE(sex)od mpedozE @onpboopdn Grusepd§(air temperature)r 8o3Ess0
(humidity)s& erozacqi(air velocity)oaopSo? oppBaopd saclgeacs|gbeaodropds 0o83:5Ed8: 3204
(thermal comfort) [0305$69005¢ wopa3[ogeon
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GomEs0005028 Chapter-1 Thermal Comfort
Table 1-4 Metabolic rates for typical tasks

oQoepeq (Activity) Metabolic rate
Reclining 0.8
Seated, quietly 1.0
Sedentary activity (office, dwelling, lab, school) 1.2
Standing, relaxed 1.2
Light activity, standing (shopping, lab, light industry) 1.6
Medium activity, standing (shop assistant, domestic work, machine work) 2.0
High activity (heavy machine work, garage work) 3.0

©ASHRAE

(@) For whole-body average heat production in watts and Btu per hour (see course text)
(b) One met = 58.2 W/m2 = 18.4 Btu/h ft? In this room with 40-50 bodies, waste body heat alone is
equivalent to a 4-5 kW fire burning! In most buildings the problem is one of cooling, not heating, for
much of the year.

Table 1-5 Metabolic rates for typical tasks

Activity met*
Sleeping 0.7
Reading or writing, seated in office 1
Filing, standing in office 1.4
Walking about in office 1.7
Walking 2 mph 2
House cleaning 20to 3.4
Dancing, social 24t04.4
Heavy machine work 4

Typical Metabolic Heat Generation for Various Activities (Standard 55, Normative Appendix A,
Extracted data) [*1met = 50 kcal/(h * m?)]

seafpigedsalgCedoos (Surface Area of Body)
0pol 95803E D. DuBois 665000532005 320050310005 05003056l qods0[gEedumn(surface area of
a nude body)og05q8 9600505503 63:00503€ GwS[goonod

where m is the mass of the body in kg and h is the height in m.

32g0deepadGiaopd cpodeomodel Gbg saeqgr: god§[gEedomoopd 1.8 m? [gdoopd
32gudeepadGiaopd cpondeuncdey by 9pedie: 3a0agodgSs(total heat production  rate)oogd
00d508q€ 105 watts afeupcd 356 Btu/h [gdoopbn 58.2 x 1.8 = 104.76 = 105 watts (18.4 x 19.368
= 356.37 = 356 Btu per hour) [§62005

D. DuBois 32 92662 godgo[gEedon(area)oopd 1.3 m? (14 ft?) ¢ 2.2 m? (23.7 ft?) sa0p8:
:8E€c00aloPE c00d052005 00N 205 75.66 watts (271 Btu's) for 1.3 m? ¢ 128 watts
PP cpdbey Q ¢
(459 Btu's) for 2.2 m? 320382 oog&Eoopdi
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Cooling Load Calculations eomio0dp3§,

Table 1-6 038 eudlgoon:aopd 0o§B:qpsen 0Bogopd 0o&3sqp: [§Boopdn sacgSo3orEoRd
o0§3sqps(more  accurate  values)qg$aeo30d  CREIzE000dg§Sn  6330058qCadggsi0d  03Cs0p
(measuring the rate of respiratory oxygen consumption)qoopdi  §0:6$20090) 0ddGLIGS(average
resting man)secg05 ¢j6:g320005q)|§8:0005 0.25 L/min (820001 sagE:mecos 3006 cvdesod(during
extremely heavy work)ogE cpelizacoadgssa 63:0058qEadgs8:0005 2 L/min of [gda0di

Metabolism [g60de cgodaonoopd g&iaaamscds(entire energy released)oopd =a¢3a(gdad
elgpE:ad200507 vrE020dN 953000 0gEda0Rd FapgPIoRd sensible heat $& latent heat $&§s
IQhE EB%&Déu
0. Thermal Comfort s3o0pb¢n

Thermal comfort e320p5¢n 0odo&:oyE seefgsacs(thermal environment)oopd 00560008
2005000(gd00pd1 600562005905 GomEsopd(satisfaction)oy  Soxxqg(sensations) [gdoopdn 8od
dongaacfgeacs(state of mind) [gdoopdn Thermal comfort a30000en wog§a vezRtcgsion(neither
too warm nor too cold) 3>6[g=aes[gda0pbn Thermal sensation [g&a0p51 ASHRAE oo 200500500080009
2005005g[05¢qP:3a4) seven-point thermal sensation scale [§& cS[goopd

—3 = cold 0 = neutral +1 = slightly warm
—2 = cool +2 = warm
—1 = slightly cool +3 = hot

Thermal comfort

Thermal comfort 3o0pS¢n British Standard BS EN ISO 7730 o3¢ cw5(goonsoopd 328¢nud
¢Calqo>(definition)saq poodBs0nbeuN5EN B0S0RE 2005eaNE05am(comfortable) [§62005
0 d02:q0pd olgtan e3eglisl 0058E0pdIegsaes(thermal environment)o?  ac8oopdi
Thermal comfort 2005 $02:gsEa005a8E2005 B8053E:3Eep 0E[gEqIEd Bewrdd uvrsogEd
[5020p51 BelopE cpgpezmiadind coBGEs0d Bodeoysdy cudEapd 30gScnde w§dEaeon
00655338 oB3E:E [B|D$62005000) 220§EEEB Foz00051 rpcngodypaag Rg%
3o 8odeoys0gqesnt vo§Egdioopdi cocdeogmaclgEaesyPiop 08 Bowpdd esep
00692003C:) Cpg30:0diel ©0% 03000 Bodenyjsdeqeet AvdeEEIN

c00568E20p5 thermal comfort comEgoqdeoqs HVAC system g control cpSoopdn Heating,
Ventilating and Air-Conditioning (HVAC) system 00680€000:0005 92680005208¢p0p¢E thermal comfort
$¢ 005000500p) FogEdmacOdyP: 30305 ASHRAE Standard 55-2004, Thermal Environmental
Conditions for Human Occupancy o3 oBsomso3oopdn ASHRAE Handbook—Fundamentals 2005,
Chapter 8 o3& 32620:805 ©05g8E2001

e§a30d:8sy eame520p) qodslgEp: Jesfaticlops 95003050 3a0gPs0Rd radiation
$59C 20090:gdgCs [g0edl§E00n ddefopt esmesaopd AByodsn(gE§oopdanadopt  discomfort
[g6ccl 82005

Thermal comfort zone o3 2005005epoRE 0% cVddopdImoEgaaes (90 percent acceptance rate)
:edozd 206[gdaopdn 00dspSiEdgE 220005¢) 00% 0> ESedEE(10 percent of the people are
dissatisfied)op e[gpad30qi€eaodopds o environment 20p5 comfortable [gdoopd socgzecs |
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GomEs0005028 Chapter-1 Thermal Comfort
c00568E20pd efgmes0y 200500588005 p0005(% caopdzasl metabolism [g65&: oyeots
agn:00pSi 986005 comfort zone 2005 cpoda cpcud sagudadidkadsancgad [gba00i I

Table 1-6 Metabolic rates during various activities (from ASHRAE Handbook of Fundamentals, Chap.
8, Table 4)

Activity Metabolic rate*, W/m2

Resting:

Sleeping 40

Reclining 45

Seated, quiet 60

Standing, relaxed 70
Walking (on the level):

2 mph (0.89 m/s) 115

3 mph (1.34 m/s) 150

4 mph (1.79 m/s) 220
Office Activities:

Reading, seated 55

Writing 60

Typing 65

Filing, seated 70

Filing, standing 80

Walking about 100

Lifting/packing 120
Driving/Flying:

Car 60-115

Aircraft, routine 70

Heavy vehicle 185

23°C 2pe00s  60R §odypesag cplod cpcddl cps’d  sIsdiel
RH = 50%
20$[305500005¢  0p8[ogo0pdi  saqjraodigpiel Rofgbsss

Air motion

(metabolism rate of women) essecR:00001 a¢fa0d:eh 3a6e[gp:
208 (skin temperature) s5§05:c0S §620p5 Evaporative loss
$05:00001 oodepign o3[grso0pd [gosgsqod(significant variation)
o ooged§  cpoomsgpimIad: O[S $6005¢g
(comfort zone) oRp3[30p51 CL598E0] 3:0YS de[gsacs
(thermal comfort conditions)aopS ongredl§ 888038 sag§aBe:

320305 opp8[e300p5

<°3 0-0¢) A thermally comfortable environment.

eea:00pdsdl(cold  environment) 95003050 30080 Eo0pdsS:0000  metabolic  §8:0005

<‘§quoaén (rate of heat loss from the body may exceed the rate of metabolic heat generation.)i
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Cooling Load Calculations eomio0dp3§,
0.G Seven Factors Influencing Thermal Comfort
Personal

1. Activity level
2. Clothing

Individual Characteristics
3. Expectation
Environmental Conditions and Architectural Effects

Air temperature
Radiant temperature
Humidity

Air speed.

N o u ok

0.G.0 Activity Level (cpdspeq)

0g$603e1 95003050 0GP 3380050[g0d 00050godes0p5N FBGe$YS0RE 330 000SNR0dY
32500002 (00001 cpdepsg(activity level)od o38:0000 0psbed “met” [gdoopSi One met ado0pden
cp3ee[gP: 0060psde EdRd Fpowdan(heat output per unit area of skin)gdoopdn  ABEq)
§786500p9 CWODBEONOSEN 2900050g0520pd vedaNaES 1 met [gdaoS

0.G. J Clothing (320052500:4p:)

Thermal comfort oaé oorSaoSooo:oaé sgocﬁsgmsqp: sac;c')Togc'i ﬁ)ooéo:)éu 000D

Ho0sqP:00pd 390 06 PE:8ERE3 cagpspbieoaopdi 3p005maegp:(clothing)oogd insulation o393
[§6e500051 05003050 200e0:gEa0d caqpspd:(slowing the heat loss from the body) GooopSI 82005
0026l insulation valve o3 “CLO” [4€ codlgecp§oopdn

Thermal comfort o3 0808:9$300305 930005 360E:ed: thermal comfort [gdeoqs s20305
:08:3038: Josopgp: 005e0Eamipd 320092000 .00} 9§08:985 3=G20p5N 30053eN:
qpeel ogodieadjEzans(materials)i 3Gos§§ (weights) vo0SapGoooopd sa8o5sa0j(weave of fabrics)
0o0pdod =§pdp  FlgrsdeomelopE  clothing(CLO)  00§8sqpsaopd  sa[mabsqd: 950800010000
00§z [gd[o30005

poed-320§c0cdgpd(long-sleeved sweat shirt)el clothing(CLO) 00§3:2005 0.34 clo [g&oopS
Ol:aopd GomEsoBeagqd(straight trousers thin)ei clothing(CLO) 00§8:2005 0.15 clo [g620p5n 32038:6
eomE:B(light underwear)aopb 0.04 clo [g900p5n elga3ob(ankle-length athletic socks)oopd 0.02 clo
[§000p51 Sandals 2005 0.02 clo [§&20p51 CREEdEENAHND de3pboo0pd Z00dZEGP: F:Y:Gl
99c0IC:0083s(overall clothing insulation value)o? §§g$s20305 0od9gEsal clothing(CLO) 00§3:qpza?
6AIE:0pq0p01 906AIE: 0083s(overall clothing insulation value)2op5 0.57 clo [gdaopS

Table 1-7 o3¢ 3005000 (clothing)gqp:el oo§8:qps(typical values)o  codlgoonsoopd 856
(shoes) aga30b(socks) $& 8a0pC:(light underwear) 30:03:0361 0058503 GAlC:ug00p5
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GomEs0005028 Chapter-1 Thermal Comfort

Table 1-7 typical insulation values for clothing

Ensemble Description clo*
Trouser, short sleeve shirt 0.57
Knee-length skirt, short-sleeve shirt (sandals) 0.54
Trousers, long-sleeved shirt, suit jacket 0.96
Knee-length skirt, long-sleeved shirt, half slip, panty hose, long-sleeved sweater 1.1
Long-sleeved coveralls, T-shirt 0.72

0.G. Expectation (egfcoGooniq)

egpcogaonsg(expectation) a8000en cpgps(occupant)on egheogaomnd =0ds [gdopdn
2[gEoncdap8 epdqipsdndesilen(regardiess of the outside temperature) 8350&[g¢ V3onuS(prestigious

hotel) 32038208  ofeepodana0pd  WEBELNHHVRS  63gRd  =§EA  egPueomnEon
0022086601

0.G.G 6cUZOS(Air temperature)

Air  temperature  9320p5¢n  cpgps(occupant) §esoopd  3208:32038:  GoTHFS (air

temperature)od  a3c80a0p01 Grosae§S(air temperature)aopd 950300 228:08:0q18f GRS
(temperature of the air surrounding the body) (&5

0.G.§) Radiant Temperature

Radiant heat &8o0p0en  goopdmaepogpe  GER0pdZIEPOIEdd  CoodRa50080
(transmitted heat)qp: [g620p51 poer-eseepEadgEs [gdoopd

Occupied space 3203C: [03&:0Cs(floor) $§qps(walls)sC qodsnlood(ceiling)odel sap $aod
Geomog (air temperature)$& 32033307 ©0E3e05cVpS: F25p5:c05000 oofgrroopdn Internal space

qP32038s  [036:08:(floor)  §qpe(walls)sE  qodsojogod(ceiling) Bl =p§§o0pS GrozaeS(air
temperature)s& opp3cv8:dk(almost the same) (46205

Radiant temperature 20p5 esepsasads(all directions)oé opoB(constant)oopdn 6rozaeS $&
oppBo0pSup waso(virtually the same as the air temperature)$E&oopS

6eonCqpad 20p8e32:00003§8S [Jonliedndsnioge dBesa00d cpodeLMOS 320305
radiant temperature 2005 GcoZESS(air temperature)oood 98800 3862051 Beeon egepad

¢B0500p03§§0R8 eseepadiongd [&ge adwupdd [gontiallod=a&s) radiant temperature 2005
Geom0§ (air temperature)ocood 9303200000 J[g&oopdi

Thermal radiation 300p5e> 220§8[gE00pd Iaepoggigpse 30wS[gEs(radiation) [gdoopdn
3200060000 9300p05 20dE0E000y elpadecydoopdi Radiant temperature 20p5 G308 (air
temperature)ooo’ 3a0po00deepady Sqp:8Eaopdi cpaaeqgpsoopd radiant heat qpso? comEigoedop
8820051 0393 radiant heat gp: 9S0r[gEs 9Bewr0d 30uE[FES 070g05a$320305 eepE[gEaod
32005320024 00580800228 2001

Radiant heat ogoSedloopbeaep(source)qpsen es(sun) &seomad(fire) apbod8:eom0dgp:
(electric fires) 8:3qps (furnaces) cqegseg, §ooogps(steam rollers) 8:3gps(ovens) cAE:3s§qps(walls
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Cooling Load Calculations eomio0dp3§,
in kilns)  cq60® B8:3qp:(cooker)  saa[gpodd0cdgpi(dryers)  Ga0pdqEdslgEqps(hot surfaces)$é
een8se50000 00dgps (Machinery) saqpdeqhes0pd sogoigp:(molten metals)oaop503 [gdoopd

0.G.6 Humidity (§cB&:e0)
Low Humidity

$adC:e0(humidity)§600p5324] sacqgpsafgpadgls(dry skin) godadigpiafepodgs(dry eyes)se
static electricity [gdedl[g:o00pd [gooogogps [gdedl§E0pdn Beodd BadE:eofd[ge:(low humidity)
elop&  thermal discomfort ofgbecleon BodE:e088[gCselopé  [gooosogp: [gbedl[glsoopd o0
00660305 $E200 200563E20001 CPEPEFNLGEI0R05 ©LICHGOI

High Humidity

Standard 55 2 90056o00¢2005000(comfort) [§Beog$320305 3agpiad: BodEseo(maximum
humidity ratio)aop5 0.012 kg/kg [g820p5i Humidity ratio 12 g/kg 90p5 220§ 17°C § 100% relative
humidity $& p3qoopd(equivalent) socfgsscs [960pdH 220§S 17°C S 803C:e0(000)epPEsss

[g9e500001 Benclgmeesopl maesimcnl:y dqpidyded[gla edlodyfgls [gocosogp: (serious mold
problems) [§6eI§Ea005

20§8[gEo0p0eedl eagpiaopd Feegd(evaporate)§s ceoadd ceSeqegypisagd Gepad§
ag0:00p9208] 8odEse0(humidity) Sqpzcona0odi Relative humidity 2005 ecoadoptesapd eeSeqeg,
owan(actual amount of water vapour in the air)sé oo sagped: c0uSeeonEaon§toopd
eq:eqeg, oedan (maximum amount of water vapour)o3el sagje (§620251

Relative humidity 20p5 40% ¢ 70% 20038 [96cq€ thermal comfort $& 2005a3E200d
[gocogngp: olgdedl§€eon Air conditioning eeosoo:oopd sesiqp:d Relative Humidity(RH)2005 70%
0005 Jqp:8Ea0pdi

High humidity &300pS¢n eoddopé ee$seqeg(vapour in the airjowangpign Jeslgt:
[g620p5n 8cBE:s0qpigticlops cpmeeq(gre  egElgS[gti(evaporation of sweat from the skin)
eaqR$p5:00001 Bgodusda50pd esepgpiogt dadE:so(humidity)oopd sacgssaeqin3kaopdi sacnioolge
humidity 80% o005 Sqp:aopd esepypiopt egrogad(gls eagpspdsoopdi egpgs[gts(evaporation of
sweat)oopd 95003uSe 3a0qp: o3:ggSs(heat loss in humans) [gdoopSn 0obspSiaag egirogadges
elop 0500B05304S oqeotiagzniaogdi

32009030005 9500305 (unclothed people)zaogab 29°C ¢ 31°C 2005 cVr5$§E0R5 Fvefgsacs
[g620p5n BcBEseo(relative humidity)oopd 20056000&0005000[gdg(comfort)aedl comEign sa0s
aoodeepod(effect on  comfort) £E8o0pbn 8adE:so(relative humidity)oopS erocde eeSeqeg,
968Eg8:03 BE:omaesdlgg(measure of air's ability to absorb moisture) [g620p51

0523300 30410025 eqeg, eS¢ ogodogns(dissipate by evaporation)$Ea0obn $adE:eo

(relative humidity)qpsfg€selopE 2o0p8000558: caqpspdiesieags(slows down heat rejection by
evaporation)eo8Eo0o01 3a00:0(9¢ 320§8[E (high temperatures)aopdsas] 8adE:eo(relative humidity)

[4e0meloPn mo0p0g0558: $p5:a30:00051 008505:320egE GLBORE egPieqegypies0pdsdl Gy
eqeggs ©058comelopt ognadude Fpogodss: $p0:axgts [gdaopdi ABelopE gEBodaopdur
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GomEs0005028 Chapter-1 Thermal Comfort

done[gs [3620p5n BadE:eoqpegliclon egragadssieaypspSiogniadsepdi egrogodsSieagpspdiats
elo3pé ogografden sggiapodhianqpspbion gajedaspbor denigeBouph

a0eagpoopd BodEsso(desirable level of relative humidity)oopd 30% ¢ 70% 32038: (962005
50% 20p5 s60mEedizncgeacs(most desirable level) [gdaopSi cpsagpipoopd relative humidity 50%
:e[geaesopt poopd e3m0pduy wdonqeol Ad36[gEes0pt 95003050 2p§E AB5:qS320305
0p5a0pdcvbeamEadjig ocd=adeon (body does not need to activate any of the defense mechanisms
to maintain the normal body temperature.)

20$[gEoopdeacfgmees gadodoopdsasl(hot environment)ogE egrogodlglialopt ogoa30d
¢ metabolic heat gp:gn 0godo:8E0001 egpgP:a0d eqeg,oopdeedl 9ga3ude spgp:ad eduy
ogo:oaéu (a body can dissipate a large amount of metabolic heat by sweating since the sweat
absorbs the body heat and evaporates)

Table 1-8 Dry Air vs Humid Air

Humid Air Dry Air
Relative humidity too high Relative humidity too low
Too much water vapour in air Too little water vapour in air
Moisture condensation Dry & chapping / fissure skin , Eye irritation
Mould or Fungal growth Static electricity generation
Wood shrinkage

0.G.qQ Air Speed a8wupdb Air Velocity

eameso0pdesepare  eooeg agpig(air  speed)gpieco  32633:00090gpieco  [g&oopd
eoomnagE(air velocity)oopd 0.2 meters per second (m/s)cood Jqprgéi eemesoopdsedl draft
[gdeclaopbi Draft [g6edl[gs0005 sa0menngudsanpd S:ealC:de: elgeaonaddEsodane de) colepsoopd

Draft a32000¢0 $&0005guSee0mEsopd Geasanpd 6g,aqpie$eom Grogpigdoopdn (Draft is a
current of unpleasantly cold air blowing through a room.)i ecos;cx:u&(air velocity) ooé thermal
comfort [gBcoq$ 220305 28msagi0d(gdaopdi 3o0SelopEedeadd cugps Bodded $02:a3§8E
conelopé [gdoopdi qdes0pd eoo(still or stagnant air)elopE indoor environment o€ cpgp:
@8s0q0(stuffy)20pbup $o02q[gts 3p§0607EgE:s afeupod 2a§ed:qp: ogodedl congEoopdi

033058g0do0pdmeaelgaees(warm or humid condition)ogE GomegE  wefgpirdeao5ruds
6g,0qP:eseo  eoo(moving  airelopE  convection [gbedl[G: saped:gea(heat loss) Sqps§Eaopdn
0085p5:334gE 95805 Bgodaopdandlypiopt sroodndesgielopE convection [gdedlom egpa3ude
2pa0sgpg(heat loss) Sqpsan8Eaopdi croeg agpig 3ap0scob(small air movement)elogpé 632:0005
@$6p(cool or cold environments)og€ draught v coglg€ $o2:q8Gepd

Geomog (air temperature)oopd saee[gpizapS(skin temperature)aood 8860005 Zadlogt
convective heat transfer elopé [gdedloopd sapedigea(heat loss) o8a8ommo0 Jqps(significantly
increase) coo§&aopdi

o@epsq(physical  activity)qpielopé  cooeg cgpsg(air movement) Sgp:con§Eoopdn  cpel
a@epsg(person's level of physical activity)o3a305¢) cofeagbaopd eroeg agpaq(air velocity)gdesnt
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coboomeoqepdn  0bslonds  eoegagpg  So00Cmoné  [g6ea0dropd:  adepragpsaielos
eooeg,aqPsg Sgpian8Eaodi

6e0nCs306lopE  a3w0pdd heating coSepoRE GrosacgE(air velocity)o3 9 m/min (30
ft/min)oood Jqpicoontd eg3asl 9Bewrod cooling codepogE 15 m/min (50 ft/min) cood Jugp:
Goo&di  Draught clopélgdedaogd  oodeantaondSomelgbead  eagpggsecgod(minimize
discomfort by draft) ceoeg,aqpsq(air motion)o? caqpeoongteaopd saeomEsads (gd0pSN

0p,0800305 328:3057:§) Qogg) BAdCseogPies0pd Grogps(removes the warm, moist air)o?
eooean: eooooggp: (fresh aingé cdcpudgenogod 3260000 eroeg ayp:eds o0S:000:8EagE
06000520001 ABelopE Groeg aqpig 2005 9500305 2080 crogpPIn? 0z5:q) vudgp: SEecnndesnt
qPegiE cdena0RdI

Geoeg aqpsg(air motion)oopd 0Pt eeegyP:od vudgpi§tanmndesmE(to remove heat
and moisture from the vicinity of the body) sa:eomEsgé(strong enough) cB=abo0pbi Beacd
poamaopd ecodje(gentle enough) [gdeogedi

eooeg aqpsgqpigtelope 2005eanEanndom olgba(discomfort) gpeogEaopdi pows- 10°C
(50°F) $¢ 48 km/h winds sacfgsacs(environment)oopd -7°C (20°F) $& 3 km/h winds socfgzacs
(environment)c393 donsq(feeling)§jgo? cusgEoopdi 3ac00deloppéadeadd erveg,aqpsq (chilling effect
of the air motion)efo3p& [gdoopSn Wind-chill factor vresl 005

ecozpd§ (Air Temperature)

0@$320005660IC:qpsgon  20056onEdon  [gbeoend  sagEdgpod  obodepogt
coome§S(air temperature)od 32800 saqod(index of thermal comfort)aalgd 2005053030005
a3ea0d erusae§S(air temperature) 0o8900pSi3000 GomEigy ABEong(gE crgPd 2wodSeaNE
2005000 [466e0¢ [grodeos §Eg8s wfelopE: cogddforoopd
ecozpdE $¢ 8adG:e0 (Air Temperature and Humidity)

comogS(air  temperature)sé  8ad8:eo(humidity)o3 thermal comfort =5[g6 2005905
30300051 ecea0§ 8 (air temperature)l 8c3Ess0(humidity)sé cooeg,aqpsq(air movement) 0303 coodl
“cooling power” s5[gd 20056005 3[e30051 Bulgarian standards 36 0322505 ()g05=e[gE mean radiant

heat 033l copdq) thermal comfort o3 935god 2005005030005

¢ 0-06 oFBodoopdmdl egnaduemangp:  0gadognooRdi
egragoglaelot ogie 3qqpio? eopll: eqeg.q ogoroopd
(In hot environments, a body can dissipate a large amount of
metabolic heat by sweating since the sweat absorbs the body
heat and evaporates.)

¢ 0-05 Evaporation
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Water
vapor
Topcralivc

m =0.3 g/s

Ly apor, max

Q 0-0q (@) Convection and radiation, separate ‘:’ 0-0q (b) Convection and radiation, combined

T

surr

T

operative

Qc(mv + rad

T,

ambicnt

('3 0-06 (a) Convection and radiation, separate 9 0-06 (b) Convection and radiation, combined

0p,95°03053 convection $p5:5¢ radiation spSielopC (96200 sagedigeg $6§E03 6dEse) equivalent
operative temperature 2[gd 2005005esb[goopdi (Heat loss by convection and radiation from the body
can be combined into a single term by defining an equivalent operative temperature.)

Effective Temperature

Effective temperature 8300p5¢0 cp 0503005 [g0el8E005 ¢fgls e3agCio0000 don:g0?
ecomogS(air  temperature)  8cad8seo(humidity)s&  cooeg cqpsg(air  movement)  2d:§padiCsq)

o38:008 3z (arbitrary index) 0o69[g¢ 20050c5esH(glgEs [§6205

Effective temperature s30000¢0 632200058009 930005 po0pSdensg(sensation of warmth or

cold)o? cus8Ea005 sac[geacs(given conditions)ond9o? cwd[gfEoopd cadepsg ©oopd(still) saturated
air & 320§8(temperature) [§620p51 pown- effective temperature 30°C 8300pSen  GrOCRSEPe
o§oopd(no air movement) &S 30°C opC(saturated atmosphere of 30°C) ded:g(sensation)o?

c0s8Ea0pd sac[geacsad adadoodi
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Cooling Load Calculations eomio0dp3§,

Effective temperature 00§3:03€ Gon0050§:03E§ 3a6pgp:(surrounding  structures)elopé
[g6eclaop) radiation effect o3 agdag)| goos00p5

=
Evaporative heat g" —» Radiative heat,
\' v i
3 O- +

-E(loss) g | = S =+ R (gain / loss)
=
=
2 = Convective heat,

W= = C(gain/loss)

S=M+tRx+C-E

Ideally, S =0 thermal equilibrium
M=(xRtC+E)

& 0-0R 0p,0§003055¢ 2808209 OBzl Iponegptg [gEedld

Warm Environment Cold Environment
S>0;M>(R£C+E) S<0;M<(xzRztC+E)

v Air temperature high v Air temperature low

v Body heat generated > heat loss v Body heat loss > heat generated
v Body heat storage positive v Body heat storage negative

v Warmth sensation v Cold sensation

Corrected Effective Temperature

Corrected effective temperature 8300p5¢> GeZ0§8(air temperature) 1 8o3E:s0(humidity) 1
eoozaqE(velocity) $¢ mean radiant heat 0200580505 (G)gied(four factors)o? cAlEse) eudgoopdsaep

[g2005

Thermal comfort 2005 3aq/056dIE: gpagn(function of many variables) sacolaz€ @onp5005
GE:033[gE 00b5B005: [gBedes0pd padpop(season of the year) wodeoqpg eeaadd (cultural
practices)s¢ saccpma0yE(habits)od Clo€aopbi 8E¢03 c3ade) ojlgpsoopdi Heating and air conditioning
system g3 Gomtign 20CenqPesmEcant 83C:apde§eaogad “comfort zone” c0odeodeuig$
83260005

2005600Ea005om(gdeoepd  sscomiEiedimacgzacs (optimal  conditions  for  comfort)o3
egeqiudepapt 2d:deepd §&:3aC0wNad Zaerie0: 0F::qs (33620001 0p 95°03uSe cpTdgEdERd
20NOY 326005805 005qI05[gE:00p5 §eqtiagudopoopd n3gondeLuadAli
0.§) Heat Balance Equation

op,9500305(person)s&  3a8:08:091E(ambient  environment)o3saloy:  3gecpud[gEs(heat
exchange) [g9edgad ee3005d PBqaliyC cwd[gSEaopdi
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GomEs0005028 Chapter-1 Thermal Comfort
H=M+R+ C-E

Where: H = body heat storage load
M = metabolic heat gain
R = radiant or infrared heat load
C = convection heat load
E = evaporative heat loss
Metabolic heat gain o3¢ basal metabolism a30w05 resting metabolism dloCoopSi 9500305
0p5[gesqs $¢ 320005qCesq85320305 82260005 g6:32EAB resting metabolism vy @aloopdn sa0pd
069 [Beelgpoda$ 320:0005qo000 OePiqPIac0d 33060000 g&3aE(energy necessary to keep
working metabolism) o3 working metabolism vp el oopbi
Metabolism 2005 0§03 oopS[gesant copdeuigaopd géeatlgdeomaelogpé metabolism 20pd
[good: 226018:0083:(+ve)ax [gdaodi
Radiant heat load 20p5 saepogiqpedlad oqeapada0pd 2apcdE:dd(form of wavelengths)
[g60p5n 3208:038:§ saepogpgpiel oGS Iedog eopde ©§03uS0zE radiant heat load
oCeepad[gt: a30ur0d agrdaggs [§dedloopdn adelop radiant heat 00§8:0005 3260IC:0083:(+ve)
0300705 3250500885(-ve) (46§05
Convective heat load 20p5 saeqgas(skin)sé ecosalogniopt opselgpCiognioopd sopgbient
oenan(amount of heat energy) [§do0pdi 6eoze0g$0005 Feeq[PPrzap§§cocd JgEesdon (9go030d
ee2:65000) 0g203052038:03 3o0gP: 0EeapadrRBedi ¢o0pdwy $02:qad8udi  GroZEYFS RS
326q[gr:320§ 80005 386 6o (9500305 Ggresilan) sapgpiogodagni(heat loss) AB6epdi eEa:a0pb0r
$02:q866p01 9500305 20§ [gentesdan egpogad[gts(perspiration)gé sr0§Seaqpspdieoo0di
egpogad[gCs(perspiration)elopE  evaporation loss [gdedlooobi osomecosloppE  evaporation loss
[g0ed coo0pbn ABelopE e3a200p507 densgfgEsgboopd
Radiant heat $& converted heat o3elop¢ 950305320303 F0gpP:0Cespadon(ges(heat
gain) [g®edl20p5n oBsapqp: o3gls(heat gain)od egrogad(gts(heat loss by sweating evaporation)gé
POYPICROdIPRCO0  9TLOMWOYS GooeseInE ABSic0:00p01 Zenude) 9§P03uSe  GgIEaged
[9S4{6C mopgp: odsgseaant(heat loss) adwupod sapgpiogodognieeant olgposEdm ogaBed =:pds
[480205 cn§&aophn
a9epeg(activity level) a300pcd qpbesaopdzacod(work rate)edlogl ©oopde] ap 95003050
0gedaa0pd Zguedm oxofgsoopdn &l 32eS0d Iegds op og103ud(body)ogE 3o
oBsconfgs(heat gain) a3wupod 2apedigdgts(heat loss) [gdedlaopbi
Convection 20p5 9gn03u5(body) $& vodosioni€(environment)o3salogriope sapecocde(heat
exchange) [g8edloopbi Convection clopé [g8edoopd sa00cwcdg(heat exchange)owdan sagpsads
[§620p51 328msaoyjed: a00nse[gpEaq [§620R0N
Radiation elop¢ [gbedloopd sagoenan(radiant heat)oopd saepogriqod$o[ge =20§§ (surface
temperature)edog€ ¢@op520051 [gon€iedlodqpig§oopd a3eunod oSqpisE 0m8oo0pd 32680005
32803€ solar radiation elo3p& sa0gpign o€eepadamng [gded§Ea0pd
Evaporation 2005 0g00305¢ 3a0qps edsga(heat loss) [(g6eo8Ea0pd 2a8maacjoypt: [gdoopd
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Cooling Load Calculations eomio0dp3§,

Radiant heat s>gonse[gpgaopd radiant temperature soedlogé woopSaopdi [038:e8(floor)
$q(walls)  god§o[o305(ceiling)sé  oo[gpssaspogy|(objects)qpizmsadiel  god$o[gEaaqS (surface
temperature) qpsel q&iqio0§8:00p5 mean radiant temperature [g620251

Solar radiation clop¢ radiant heat exchange [gbeclaopdn Evaporative cooling 20pd
Geom0§ (air temperature) $& 8o3&:e0(relative humidity) saedoz€ ©oopdaogbi

¢ 0- o Jigsaw style diagram showing the six different factors
0.6 sacfgdsaclopt: (6)§ (Six Basic Factors)

63303 A3g0dqP0pd  agEbadel 95003uS =poBg|(heat balance)esmnE  B&icosepogt
Olo€a0pb mae(gdeagiedgp: [§520p51 oBeag€ onfgpiea Fagdgpsopd:s dlo€oopdi

Metabolic rate $& clothing 032005 human factor [g6o0pSi saoodseen:(clothing level) 20pd
oocpud(heat exchange)epog 3a8moyoopd 32/05[gdaopdi Convective $¢ radiant heat exchange
amoeo evaporative efficiency 3a6d0gE sa0froo0deepody §8Ea0pdi cpoob00d Za005mRENgp:
0058080a00:2005354] metabolic rate 326 §00p5: sa0Eoo0deqpady §8E00

033agi05qp0pd 00d§jEsEondjr 3[gfeacp§eondody eeodaupd: sagEdypiendaod
20056000&2005000(gdg (thermal comfort) saedl sa0jjza005eqpado0pdi
Thermal comfort 20p5 e320050lsagEdgpiediogt saelgdaopd

Environmental factors Personal factors
(o) Air temperature (o) Clothing Insulation
(J) Radiant temperature (J) Metabolic heat
() Air velocity
(g) Humidity

0.q Clothing Insulation

3200920003 (clothing)gpsaopd sagopse[gpCsges(heat transfer) ofgdedlesnt pdu§oms §Egbs
§oopdn Thermal comfort 20p5  2200532005qpiel 2pw§0:8Egds(insulating effect of clothing) saedl
g€  qpigreopdoopdn  saoodmeon:(clothing)gpialopé  [gdedloopd  thermal  comfort  o3ewod
discomfort o3 GomEign §0:00p0q8 Boopbi epBpormacfgsacsad 8odd) cpgpaoRS FocdIe:
(clothing)o3 egsquSeap§oopd 632:0000§$03E 95003 65608320305 CpOSaPITE0dZEIYP: O
egeqIod[0300p5n 95305200534] Gkagnoopd Fa005meigP03 GgEgLS[o3005
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GomEs0005028

Insulation for the entire clothing:

0.04
+
0.11
+
0.02
+
0.02
0.38

Chapter-1 Thermal Comfort
et = Zlepy

0.28
0.25

0.04

0.25

0.05

Ah
VoS

0.04
0.91

c;) 0- Jo Insulation for the entire clothing (1 Clo = Insulation value of 0.155 m? °C/W)

<;) o-JJ Insulation for clothing (Clo)

] 0,5
°C
20 25 30
2-0 ‘ |
- Sedentary
50% RH
15 . V<30fpm Heavy |
D '-_.'.‘ (015 II]/S) ClO[hlﬂg
’ Winter
LOE s clothing |

Clothing insulation {(clo)

Summer

05 ....._‘Slothing_
0 | | | | |
04 68 72 76 80 84

°F
Operative temperature
-------- Upper acceptability limit
= Optimum
=== Lower acceptability limit

QO U9

Standard table gpsod ISO 7730 0p€ ewdlg codsaopdn
Standard table o3 3203qqe] metabolic rate ojaoé

clothing level 03 9§08:8E2005

1 Clo 20p5 3265005038:005¢(American business suit)
& insulation o [gdoopdi

Standard 55 20p0 326800052832038: 20056000¢
a00dom(indoor  thermal - comfort)lgdeowpd  normal
living environment §<§ office-type  environment
o3s8om  2005a38a0pdn  (05)S50e500  GsaeRd
esepqp:od indoor living  environment  qpzsalgd
wa0odeod(ogeor

Q o-J9 The effect of clothing on the environment
temperature that feels comfortable (1 clo _ 0.155 m?*
°C/W _ 0.880 ft* * °F - h/Btu).

(From ASHRAE Standard 55-1981.)
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Cooling Load Calculations eomio0dp3§,

32 S50F S9F G8F 77F 86F 9SF

30 B86.0F

28 82.4F
26 788F

24 75.2F

22 T16F

[80% acceptability limits |

20 68.0F

indoor operative temperature { °C)

18 ~—[80% acceptability limits | 64.4F

16 T 60.8F

14

5 10 15 20 25 30 3s
mean monthly outdoor air temperature (°C)
("3 0- JG Acceptable Operative Temperature Ranges for Naturally Conditioned Spaces

(0 JG)og€ “indoor operative temperatures” &l co05$§E2005 3203E:320m(acceptable range)
o3 “mean monthly air temperature” [§¢ o3gjewS[g(plotted against) con:aoSi
(0) gbepsg=aent (0.0) met ¢ (0.p) met 3303C: (activity levels of 1.0 to 1.3 met)
() 95r3Seddd eseepCadaddodoyeepadgts o§oopdsssl(person not in direct sunlight)
(p) Groeg,aqP:g$:0005 (J.0) 0005 $pd:qepdi (air velocity below 0.2 m/s)
(G) No specific clothing ensemble values
3200050 00598E2005 3203823300 (acceptable range)od comfort envelope vpgjcopS: el copdi

Indoor operative temperature 20p5 air temperature $& radiant temperature o3¢l qGsq|
(average)on&3sqp: [g6[0300p51 Mean monthly outdoor temperature 8320p5¢0 28§ 006508038038
[g6e0loopd mpgfqpsci gigionsds(average of the hourly temperatures) [g800pSi o3esomgpsad
3:ac000068 (government environmental monitoring departments) ¢ §§8E2025

(0 JG)0g€ [goonsaopdaaadE: range of comfortable operative temperatures 2005 ©0% V058
882005 3200§(80% acceptability) (9600001 defsac[gsaes(normal situation)ogE comfort band
Sode(narrower)eo§Eag€ v Eo% o rH$8E0pdeasol(higher standard of comfort, 90%
acceptability)g®8Eo0p5n codspdimandgC comfort band o3 oqdies?E [gepdadedagié cvo568E005
P§Css: SgqpicncBbopdn pown- egepBemgfad: gy 2¢§S(maximum summer mean-monthly
temperature) 20°C esepogE ©0% c005$§E0p5(80% acceptability) range 9095 20.5°C ¢ 27.5°C
32038: [gBoopdn

2003[ggseaqode> ©pdaopdmegsoptigbeo og§ j0%20p0 r5d88ed wupdbeol ek
20§53 0pdy) 632263081 comEieant 0380008 §Ea0pS[gdoor 329§:038:8 ©0% 0000 E5$0D
;0803 eepod§[Bs agfcy J0%(20% of the occupants) a300pcd ap(§)eomcdagé codeuad(1 in
5)m C\)cﬁé@cﬁé}@é ©UpOdGOI

0.6 Three Comfort Classes
Mechanically conditioned space qp:03 22s0&(p)§s(three classes)gS F[grsoonsoopdi
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GomEs0005028 Chapter-1 Thermal Comfort

Class A — high comfort
Class B — normal comfort
Class C — relaxed standard of comfort

ASHRAE Standard 55 o3¢ Class B — normal comfort 330305 chart 0302 cebjgoozaopd

Classes A $& C ofel comfort condition 03 0odgiEdqs3a0305 8&CEsogp:00pd computer program o3

@o?:@@mén

(0) ASHRAE. 2004. ASHRAE Standard 55-2004, Thermal Environmental Conditions for Human
Occupancy. Atlanta: American Society of Heating, Refrigerating and Air-Conditioning
Engineers, Inc.

(J) ASHRAE. 2005. 2005 ASHRAE Handbook—Fundamentals. Atlanta: American Society of
Heating, Refrigerating and Air-Conditioning Engineers, Inc.

0.016 £ Zf Z L
i Data pased ¢n I1SO 1730 / e / H70
and ASHRAK STD 85 / / Vi /
0.014 <]
Upper R%Wedﬂ{rynﬂiminﬁé2 hwy ratio [|%°
0.012 ] ] o
' 4 ] f @
o / &% 7 %/ / L~ Heo 2
& o010 A sl 4 3
2 NN L T et
§ ool PN oo ;
5 oy / 50 o
T Y
0.008 8'7;:://:;{// A :,/7%/ ~ | ¢
M//ﬁ \\\S %7 % 4
0.004f56="Lo =TT : i —={® 7
s 29 NSy 10
0002/ 38— NoAeconfignded NN 4 =
c 20" |Lower Hiimidi NQ w5 M 10
i __mﬂrgu_‘ N PMV Limits
55 60 85 70 75 80 85 a0 95 100

50
.‘ : E
1.0Clo % 0.5Clo  Operative Temperature, °F

c‘;) 0- J§) Acceptable Range of Operative Temperature and Humidity for Spaces that Meet the Criteria
Specified Above (Standard 55, Figure 5.2.1.1)

Class B — normal comfort

Class B thermal limit 2305 ©0 % c065$8E¢(80% acceptability) saeologé sac[gdooodbn Overall
thermal condition 63 ©0% 205 E5$866pSI 00%0p5 dEaENSNL[gE(not comfortable)
07 co€eomelopé 6os5eopbieomnt 0y8§00% 20pS local thermal discomfort alo3pé GaodcopSieomE:
mcﬁé@c@éeé QO?OSGOII
Class B space &l co0568Eo0pdsae(gaacsqpa(acceptable conditions criteria)ed

(o) Activity between 1.0 and 1.3 met

(@) Clothing 0.5 to 1.0 clo

(o) The air speed is to be below 0.2 m/s §<§

(20) The person must not be in direct sunlight o3g&2005

3268000528308 308iqpiogt 65ad8a0pd cpgpiel 20050 (clothing) CLO 20pS egepad
320305 0.5 clo [§620p5n Design humidity 2005 40% ¢ 50% 203859620051 C588E2005 soefgmees
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Cooling Load Calculations eomio0dp3§,
(acceptable conditions)o? chart colog€ comfort envelope [§¢ cu5lgoon:aopS

Occupant qps 990200200305 epg&dgod c0o5$8C0pd sacfgeacs(thermally acceptable)
[§669050005: condeoy, 2ac(geacsort ©0%man con5$$E(80% acceptability) [03c8&epSn

pown-  air-conditioning plant ¢ sagudsen0? GagRgE$30305  8AE:3ac[geacs(design
condition)o? 27°C at 50% Relative Humidity(RH)sC 28°C at 40% RH o3& egeqiudoopdn Design
condition o3 comfort temperature band & 3ac000esepPoRE GgERIONYE CpIIYPIEE> 2VSEaNE
2005000 o[gde(ozpEs(uncomfortable) cogdoopd

poed - 3209832908[gE0RD §rasigpoopd Fee00053aBHREH cpgpPiel 30053300:0005
light dress and full suits (full range 0.5 to 1.0 clo) [g®aop5n Design relative humidity 20p5 50% [g®
g€ cobesaopdedon(area of overlap)sé 24.5°C o3 design temperature 32(gd egeguda0&0p5

0.@ Managing Under Less Than Ideal Conditions

Comfort chart qpsoopd ideal condition sa0g05(gbo0pdn c5epodEsd s3[gond: ideal condition
ofs ©[gd$Eeor BelopE ideal condition w0500 FeelgeacsgPEIREdLES: BdeanEgRdas
832620001
(0) ecveg,aqp:q (Elevated Air Speed)

eooeg aqpsg(air speed)3gp:aofgé 8a632:e005 3q8E00N Groeg aqpigoopd codogSagE

(0.6)802(0.8 mM/s)o00d JogpsooCeon powd- naturally ventilated space o3¢ acceptable

temperature range 20p5 21°C ¢ 26.5°C 20038 [gdoopbi 920§:20038:5 00, 00deot

cooifgCelopE acceptable temperature range 20pS 21°C ¢ 29.5°C 3038 [36§Ea005N

00505304 0§omondeoCaodglielopt  2a5p5:caSFgE0d 30§80rE  coodeonE

2005000 [§820p507 $02:6c8660i
() Draft

Draft alo3p¢ [g6eclaopd discomfort 20pS ecosag§§ (air temperature)r velocity $& turbulence

o3 medlogt goopdaopdi eudcpuyedgé draft 0opS[§decw discomfort [gbesoSiecoigd

oog5 Drat oeogSen g sacpffosglond ofeorch cagdh aaxg§BGoop oo

329qe0dsmE 0003806 030Hecdge: (B0l 0dgEdodged er[&mE: esonly

B05e05[g8: [§Ba0pdi cpgpsoopd Grogl:aBndgEiad erveaaidndfglicond J¢) 8Eqpd

0300051 Draught efo3p€ local cooling [g&20pSn Draught [g8[gE:elopé co0beamE 200500

o[g68Eaon

(?) e3lc30d :2p§8axofgniqed (Vertical Temperature Difference)
2060:000:000) 3eecnodmP(heated building)qp:opE po0pbecwaopd 32000593 oondeom

eop¢ efgeconcd(feet)s Biedle: head Bmfop:  edEB05 ogSox[grgd(vertical
temperature difference) [gdecolaopdi 3208E:6300§ 2968000538y [36sel: goi0pE

208§ 860300001 2p0050060gs qod5§(030503 insulation GomEs0pd ogEdiyPIgE
[ge96008a0phi 32632:38: 6300§ Fe00S=Bgpiel [138:08:03 insulation  GomEzo0pd

0gbiqpesC [groSooEaopbi [36:08:50:38 200§838600p5 63IEBBm0gE opfepigd
(vertical temperature difference)aopd 326800052803E:038 [gdedlenpdeomelopé 3°C
0005 Jogpsaodeo
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GomEs0005028 Chapter-1 Thermal Comfort

Directional heat source $& [qoo&:eiloS(window)e ofeepadamnaopd solar gain oBelopé
radiation asymmetry [g9edl8Ea0pbn oopbecwoopd ediks] 32000598 oooda0pdoneom
§eooelopt [36:e8:0005 JgCeco pqEdgpiaco [gdoopdn 08a3 mgEad 8odq 0
oplepegt:od “temperature gradient” op Gego:eoopb Temperature gradient gpsagE
B:09IE:3C:5 vesBs elgqodBaas0:03E GI:6500050000N

(§) [036:08:q0d80lg€ 320§§ (Floor Surface Temperatures)
8568:00p) 08:((364gedl0zE 6Eqod3E[gE: olgrpdaopdmanss) gpimacgad 059§D
[03620C:q0550[gE 229§ (floor surface temperatures)aopS 19°C ¢ 29°C 22038: (6205

208:309$ 6pdgieomEi0pd (08engpaod) [gddee eenondesaopd [38dglelopt cpgp:
20056:000¢2005000(§920p50p 0226086605 vurodeol

() 329§§ ©0opdBE[gE: (Cyclic Temperature Changes )

On/off sa§jgmaen: thermostat [g¢ control w605 esepqPigE 320§8 ©0oRdBE[gE:
(temperature change) [gdedloopdn cdelopS =0edim038:5 §esopgp: thermal comfort
ofgbop doqo0pdi 208:30038: 30§8300053myg8[gE: clgdedieonoeor cn5$§Ea0pd
26[g306500 (0§))8563203E: 30§18 3200052007 1°C 0005 Gogpeznt dB§:con:a0&ad

(6) Radiant Temperature Variation
Radiant temperature e[gp&:cdg(variation)o? 2005¢05002:0000 8203E:30000 00d9 2038:S
0056880001 cpgpsoopd  2pE[gE0Rd  $§(peg00pdsd)qpelopé  thermal  comfort
[gooso o[gb8C0y cvnddlooopdl  qodsolp0dmp§§(ceiling radiant temperature) 20pS
208130480005 5°C J[gEdon  discomfort [§68Eo0pdn 3208E:e3004p:]  egepadoz
comCsgy insulate ©apboonsoopd qEd§0[30de [gdedloogd radiant temperature cloypE
203 39[03q0pd1 00dsimngE  qod§o[30503 insulation  ocpdoondgl:  afewrod
insulation eeomE&gEseloé egepadopt soedimogs JgCoradSenydapd
eeolgEig8:aBodlgts(drafts) 1 asymmetric thermal radiation 1 geg:0005 936005 Qeg:0000
[364g€qp2 (hot or cold floors)sE vertical temperature stratification ©200503 [6[gE:03 oodaowcdonpS:s
olgd[gE:(non-uniformities)or  ealoopdi  0d2000500Rd:  o[gbgEs(non-uniformities)  comelopE
discomfort [g6eo8Eo0001 pown- air con soe§imcplss eseepl [4EgE:aBio0pd 0844 328:BCesan
[g2005

Draughts Radiation
Asymmetry
Vertical air =
Temperature 5 Floor
difference temperature

o

$ o- J6 20056000E200507 jgbeocopdsagdyp: (local thermal discomfort factors)
1-27



Cooling Load Calculations eomio0dp3§,

Asymmetric thermal radiation 2095 [qoo&:edlobma8: veg:0000q0550[qEqps(warm surfaces)
eop¢ [9ded§Co0pdn Asymmetric radiation [g[gEseloppE discomfort [gBedloogbi  egoa3udel

6210060058038 200§ e0p8a0pdq0550[gE1 saspoggpigp: fes(gtielopt ogoa3udel coniondend
85 =a0adge 0opdBgligbeclaopbi(exposing different sides of the body to surfaces at different
temperatures and thus to different heat loss or gain by radiation)u

Thermal comfort [gdcogfeacgnd edadod(vertical direction) sa0§§ozoun(ges(radiant
temperature asymmetry)aopd 5°C 0005 Jogp:ao&di acgp: 805330305 10°C 0005 Segpzootdl

(10°C in the horizontal direction)

¢652000 9300705 6I2:0056520004/0550[gE3 B0d§0d Beoy es[gts(direct contact with
cold or hot floor surfaces)efo3p&eopds localized discomfort [gdedoopdi sacn:0[gé elgeconodogé
[0edoopdn  [36:e8:m00qS (temperature  of the floor) esawes[gla goes[gt:elompé  discomfort

[g6eclaopbn

(0~ JQ)og€ e3mse50p9 god5o[gCqpiclopé 050030Se Fa0qpsooRd radiation oSG 90
ogn:6omeoPpé  632:652000000503E  20056oNE 0050 6[§d8EGN3 dopCawdlgoonioopdi (Cold
surfaces cause excessive heat loss from the body by radiation, and thus discomfort on that side of
the body.)

Cp3qP:030305  [36:e8:m00dS (floor  temperature)
20pd 23°C ¢ 25°C 200p8:) 20056000¢a0050m
(comfortable)  [gdoopdn  BsO(footwear)qpselopE
localized discomfort [§8[g€: 2005000§E2005

Cold Warm
window wall

S~

Radiation

Temperature stratification 32050 320823209853
2OYS30n30d  [gdes[gl:  [96oodn  BiedlCesep
2000 [36:08: G5epoocd =S =os0bic0d Jlgé
5[58: [§000p5n 320§ 0032005 Grogps :a3nd
[g6e5[gEs0005 stratification [gBoopSn

Radiation

0 0-J9
Thermal comfort [gdeoq$ BiealE:esepsé clgeconndesepel 3a0qSozn[gpiged(temperature
difference between the head and foot levels)oopd 3°C 0058 wgpsooCeon 03a3[gbfgEs00pd
stratification elo3p¢ [96o0pdn Stratification o[gdeoq§ fan qps 025e0E§Ea00N

o9, 957030561 30a3eaE8EgSs(average specific heat of the human body)ao5 3.49 kJ/kg°C

[§62005n Belo3pé 600:§8(q0)BB0gs §oopd cpondeumnadeacgad 3apgs 1°C 86e08:aB8: (each
1°C drop in body temperature) sa00edn(jGG) kI 3ed:geoondn 0§ 2.6°C ogeol:qé socgé
2005600000500 ofgbeonpeoi(causes extreme discomfort)i 22p§§ 0.5°C 86oqogsgticlope
2003[gB8EEa50pd: 2005600080050 6lgBe0pd IrgSeadidlagcomalopE $§E0pd (A drop

of 0.5°C in mean body temperature causes noticeable but acceptable discomfort.)
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0500305m00qS (body temperature)oopd 35°C c00589og:qiE 95003006l 320§5085:q|0603
aB88058Ea0pdn  95003uSm0S(body  temperature)aopd  jo80§ ofo30cdmedd  §6s0CsogagC
6008:8800p51 088q) 320050PEELNG500 by SpeE[gPIzEES(Mean skin temperature)
33.3°C 03¢ 20056000E200500[gda0pd0r dengEopdi 93605 31°C [gdagE 00deaEa00d00 olgd
(uncomfortably cold)eopeon 30°C og€ §053ad0r8eznlqées(shivering cold)c86epdi 29°C opé
090q08Eeanlanngs qéiemaes (extremely cold)c8gepdi

32000[38:008650p1 OgPigEPiesPEP:00 005080y E30YS 86[gC:(e32egEs)0? 368D
§oopdn 0odoso€ eItes0pdm8l  20056aEN5aN[gdES WY dentqoopdi (People doing heavy

work reported to feel comfortable at much lower temperatures. )i

cpgpiel g8:ee00EqpdsE  200deaE05am[gbg(human performance and comfort)oopd
agSepgaasnd (activity level) sacdlog€ @onoboopdi

:20gS0lgEsoopdesep(hot environment)opE og003ude Faoedsdiagss(rate of heat loss from
the body) o0p5 metabolic heat generation rate §$:0005 eogpspd:8Eoopd Bmsefgssesqjioz
ognaB0Se e[gp&g§loieaopSi (body activates the opposite mechanisms)i ocoodigd 05003000

603:00p00055&4g$ (body increases the blood flow)anoopdi Belopé saee[gp:adad sapgpieepad§
(heat transport to the skin)ognsoopdi 326e[gp:3a058 [gEonodan0pd

;gSacgSoooodesadl(under  extreme  heat conditions) $cd:eSsSs(heart  rate)aod
0068560giE(000)(180 beats per minut) [§6o0p0n Bsacfgeacs S:es005$¢ Fpeq[gp:adad cdeamnd
20pd GagroeN Gepad§eoq$(in order to maintain adequate blood supply to the brain and the skin)
00530001

sc0s85Ssqps(higher  heart rates)ooneco  sodso  038:38C00p)  eogiaocopd  efficiency
eagpspd:eco(volumetric efficiency of the heart drops) [g620p0n sa000SeloppEadeadd sadipSsss
[g§cco 5000855 oodqdmaogad  eogigpioeqpodes  :§SodeomEiey  [gooopdn  Bm§s
32000ES $0d:m00p8:0d GogigpioCeqpades eoddeomalopE(because of the very short time
between the beats to fill the heart with blood) [gdoopdn sace[gp:edal GogieePodg§cond
Biesn05e88eqpodes Ssaeegodi(blood supply to the skin and more importantly to the brain

drops)oopdu

20§ 20p8g¢[gtielopE  eeclpogns(faint as a result of heat exhaustion)§Eo0pdn
egpoga5o00d 338l GaEd0dypadgEaS:(dehydration)elopE 3¢ saclgeecsadiclogn§oopdn 3§
oplgSee eqdesn: =:|gEsmac0s 20pbapdlgla cadepiesBe godooqed qboE[gEielopEaopd: 88
[§68E8a0p5n (A similar thing happens when a person working very hard for a long time stops
suddenly. )

0.00 Requirements of Non-Standard Groups

Thermal comfort [305§62005¢ c0&Bs5E88s 35p5:c0Swonpd[ore0n 2005(03gudadgpPi0od
a9oepeg $p5:eomelopEaopdicomEs metabolism [§bg$:es:(lower met rate)eomelopEaopSieomts
3§Jpo08eqp:00pd Ckagoediolaopd s20058300p5¢ps(insulation §69005)08 seqgpiediesxnt 0odsol
[>3(lower clo value clothes)eooefopoopSicomts 325p5:c0d8[gEa0pd p§sa3 [505$62005
[o32005
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Cooling Load Calculations eomio0dp3§,

cooopaqEnfyl egepadogt §§8aoph sagd$a} [Bdsdoodbiogy eaonbiepadopd flabased
2G5} [5[05562005(0300001 00dsbsaandgE cgepaBopt censeanqbiqs: esqE(nfG esoriepad
g€ egtegieogieoy: 65ad(0300p01 egepaBop $Ggpa GalCsdigpioopd [gCoe =apgPiod eSLRCo:
GomelopE 3205:3008 [§Eo00da000

pon-6gepady  [gEoasy  sacg§pcomelopé 0600033606338 RE  Sdgpa(walls)
[gon€iedodgps(windows)sE  calC8s(roof)od  vegiesoodn oBelopE radiant temperature  J[gé
coneopé 3860005 cromeS(air temperature)od 2c3§0300051 Beaon Geontiepadort S
(walls)  [goo&sedlodgpe(windows)sC  qiodsofogedeepds  86eomelopt Jgtoopd erompg$ad
320300201

§7:650093038: 950030520061 J0% © 0% 63 (20-30% body heat)aopd [ogo5o0(muscles)
QP2 © 090560z
Factors Affecting Human Comfort

Dry-bulb temperature * Clean air

Humidity * Noise level

Air movement * Adequate lighting

Fresh air *  Proper furniture and work surfaces

Water
vapor

A
\ Shivering

m =03 g/s

Yapor, max

¢ 0-Jq @e0Cepad §0580d0pseInt qbroopd

DYSS 9§0030Sel metabolic rate 20pd resting ¢ 0- o A thermally comfortable environment.
level metabolic rate cood (6)s0e§ Sgp: agazoopS

(The rate of metabolic heat generation may go up

by 6 times the resting level during total body

shivering in cold weather.)
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eoms005038,

Cool Warm and moist
ambient air exhaled air
20°C

37°C

Heat and
moisture

Chapter-1 Thermal Comfort

22°C

33°C

¢ o- @ Part of the metabolic heat generated in the body is rejected to the air from the lungs during
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