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Chapter-2
Basic Heat Transfer

0320820005  cooling load 0g055p5:03 erpadloopgpieacgad pbguSdloogdi Processional
cooling load 0g056509qP:EcR05 §0:0pd[Geoon: sacloypEizaapyp: [§Be0omEgbEaopdi

10°C 28 °C
outdoor temp outdoor temp

6 J-o [9€o 3208860005208 22680005358 30038:0 F0¢P: 0godagnid(heat loss)sE [gEo =apd$
[g820p5 324l 3a600059533203E:98 F20gPr0CapPadand(heat gain)od cuSgoonzoogdi

Heating 1 cooling $& ventilation ogaSgeSegps(calculations) [gapde$ conduction 1 convection
$C radiation sagonse[gpCaspds(heat transfer)(p)§js0? 0gi6:oqCge so:cpSoneomedlodaoigs cdaopdn
200Re[gpCss0s (modes of heat transfer)el 328¢goud gEadgi0dgpiad qicolen o:00p0qs Boopd

J-0 Conduction, Convention and Radiation

J-0:0 Conduction

Conduction §p5:0005 328E33gps(solid)qp:ogE (g0 o0pd mapoe|pE:g [gdod(process of
transferring heat)g620051 Heat conduction 20pS 2288203 (solid)gqp:ag€ cudcBoyjegp: eg.cqpigt:
(molecular motion)e[o3p¢ [g6edoopd
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Cooling Load Calculations Ver 15 eomioo0dRs,

eedBorqpe 0988le) eg cqpsfgCs(vibrational motion of the molecules in the lattice) $C
FBooodoogSyp: B:eols(flow of electrons)esglialopé heat conduction [gedloopdn s20§§gEa005
eedBoyjs(higher temperature of molecules)oopd  eedcdoyjiengdizal(molecular  energy) J[gé
0002001 :oFE[gEero eudBoyrongsiaat gEaonen [gdoopdn epdoopd medium o€ [gbeeo
conductionelopé [gbeclaopd sanonelgpagsss(heat transfer rate)aopd 6e:05dl sagodgpizsedogé
©0op020p5
(0) 22882361 (oogns(geometry of the medium)
(J) sa0p(thickness of the medium)
(p) =a§jpeeos(type of the medium) $&
(G) eonisdonodel 20 S ozo[griqod(temperature gradient across the medium)o [gdoopS
T

A

T

_q)

X
<« L—>»
<°3 J-J One-dimensional heat transfer by conduction
Oy J)ogS [goonz00p52003E: one-dimensional plane § [g6edlo0pd sagonselgpCigss(conduction heat
transfer rate)o3 6320050l $eo05p5eg¢ 0305098205
dar

1= —KA =
1 dx

q is the rate of heat transfer, Btu/hr in the X direction
K (Btu/ hr-ft- R) is the thermal conductivity of the medium.

3200050l08¢[gC:(equation)o?  Fourier's law of heat conduction op eladoopdi 20505
c00pam20pd 208EGEPe 30§58 B:e0Cie50000 Bioopbepad cudlgfgs [gdoopd (The minus

sign indicates heat transfer in the direction of decreasing temperature.)

Step

Metal Atom

¢ J-o(o») Energy transfer by conduction
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Thermal conductivity s3a0p5¢0 saepoggigp:eil achoog3 (property of the substance) [gdoopS
Thermal conductivity 00§3:0005 sa0gSsned ogEeonpS(function of temperature)oopbi  Thermal
conductivity 00§3:qps03 @oxsgqpie ©050p8Eaopdi Conduction $54g¢ 320&:3aE(heat energy)qps
opse[gpigteoopd 3a8E2a3(solid)gpiogan gpieoonsayé [gdedoopd

Step

Metal Atom

Heat p Atoms are energised
ﬁ and vibration increases

c;) J'?(o) Energy transfer by conduction

Ste
P Metal Atom Vibration is spread

through the material

eZe. v, . 0_n "9
e anoatesat
1986052225253

a2’ aTa™

Heat—i Atoms are energised

H and vibration increases

c;) J-o(0) Energy transfer by conduction
Energy Transfer by Conduction
:00g050000656p (heat from the source)e so0gd:ea(heat energy)oopd 328E3361 305006
qps03 op§dleoBs(causing the atoms of the solid to vibrate) g&:3aE35§),03 3Ea8Eagnieo(gain kinetic
energy)oopdi 0p&alalgE[: kinetic energy 38a3Ea0pd 3205008¢ps(atoms)oopd =28:§ kinetic energy
§620p52205008¢ps(neighbouring atoms)s8a3 on&slagpes kinetic energyo? condsoanbeozaogdi

320500600690 3[gp:305008 0089833 Kinetic Energy(KE)qps op:agpCeogazaopdn ofspdisC
28E30830098] 3o0qp:00d oodesepe oofgpiondesepad opselgpCiogasoopdi 2205006¢ps] Kinetic
Energy(KE) 3&adEagpiaonanpdsedl s205006¢piel 920q$ [§Ean05ana0bi(As the atoms of the solid

gain kinetic energy the temperature of the solid increases.)

J-°-J Convention

Convection $p5:0005 32605 a300pcd Grogp: 6g cqpigEielopE(result of the movement of a
fluid)gdedlo0pd sagonselgptsg [962000n sap§Sozalap:g(temperature differences)eloppé 98600p5:e0
(density differences) ogfepsq [gdcclaonoopdn 0@ a86a0p5ss0(density) woppBoopd Grogp: 2000
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Cooling Load Calculations Ver 15 eomioo0dRs,

:038:eq,cqps(natural  movement of air)ogaseaonelopE  convection heat  transfer  [g8edloogSn
Convection $p54s¢ [g0ecla0pd eoveg,aqpeq(air movement) o3 convection current vpesloopS

Step [
1 D)

o
| Sww

s/
c} J-G Convention

Convention $054g¢ sapopelgpEgleaopd mneg, $E30600gp:(gases and liquids)ogE [gdedl
20pbi apopelgplsg(heat transfer)oopd net energy transfer [gdoopdn saqpdypssé saegEPs(liquids
and gases)o? fluid qpop esloopdi Fluid qpsd 32096:ea(heat energy)aopd convection spddgEom
opse[gpiogoopdi

m2¢(heat source)oopd 285 fluid 03 oguS[g§eefd: 82000593 onod(expand and rise upwards)
eooopdi  Hot fluid ¢ so0gpP:o00d 208: Genies00d 208053238:(cooler parts of the fluid)e8ad
opse[gpaognioopdi gegsaopdecodselogpCs(warm fluid convection current) [gedlaonoopdi Heat source

$C :&adiesepe fluid qpzoopd of 000533 0o0520pdN Besepal eeaoopd fluid qps: 200038
o8aepadanaogd

<°3 J-9 Radiation

J-2-9 Radiation

Radiation 2005 320§§00n032005 saepogpisbemajogpiagl electromagnetic wave gpselopé
[g6e0laopd sagonse[gpEsg [g6od(process of transferring heat)gdoopSi codgpegdondeen 20§S
0082005 Faepogy)sdezR[Ipir §eso0pd crosizspSgtorod[gtedod sagapelgpglgdbedioopd
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@aopdsaepogp|(hot object)gpie 3aCenqodqpiadCs(infrared wave) coodagodoopd Infrared
wave qpzoopd saculisacq€gE  radiate cpSoopdn (Infrared waves are radiated from the hot object at
the speed of light.)

¢ J& 5208 $p5:00: e

20860000  3a6pogy|(cooler  body)gpsaopd infrared radiation gp:o?  @bup(absorbed)
coneoPpé 30868 0odamaopdi  20§88Ea0pdmaepogriel 20§§[gEon0d (temperature of the
cooler body to increase)c20pdi powd- c56epE[gpde 320pG:3aEqPE0Rd ogdodel ogna3udedad
infrared radiation $p5:{g¢ eepod§onoopdi(Infrared radiation is the means by which heat energy
reaches us from the Sun.)

Cooling load $& heating load vpq) $8¢J§o0pdn 2082 330005 36e0053583203E:03 T0qp:
o8eepodanoopdmedl s (G005 B8epdi 3208:08 c00SeaNnEonodiamlgbepd =p§Sort
088:000:95320305  0feepodano0pd  Fopyps(heat gains)od  2280056[god  vudapodeusgSadoopd
0B05000560:geRd 3000 cooling load vy Gslaopd

Cooling load calculation 20p5 HVAC and Refrigeration engineer qp: 0ooeBign ceonlgodq)
20p) 22508[gdaopdn Air conditioning equipment sogodsoon:(size) egquSg$303055¢ 8680005
32qpipt [gdeclaopd heat loss Bewpod heat gain vwdaNad 0§08:9$320305 cooling load adewpod
heating load og05qi05(gEsqp: [gapSlogeopd

Cooling load o305epog€ 3a[gEoncde o8amaopd sapgps(external load)sé 3203E:3E:0
0godanaopd gqps(internal load) one] 358E:5638: J[grrecoopdi External load o€ @elE3aqp:
(roofs) 1 &§qps(walls) skylight gpz $& [goo€iedodqps(windows)o? [godej conduction §p5: $¢& radiation
$05:03[5¢ [9dedlanoopd  heat gain :p[gE 3a6800052083203E:5 infiltration cloypé ofeqpabarnoogd
[g€oeco(outside  air)qpssC  ventilation requirement elop&  copdevigeRd  [gEoeco  (outside

air)gpzelopé [§dedlamnoopd heat gain gps clo€logoopd

Internal load o3¢ 30§:3203C:§opqps(people)y latent heat $& sensible heat $6§padse
ogodedanoogd heat load qpsi B:cds8:eqpCagps(lighting)$é computers 1 televisions 1 motors 02005
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Cooling Load Calculations Ver 15 eomioo0dRs,
equipment gpz cgoda0d 30 (heat load)qps dloCaopdi Heat gain qpso? sensible heat $C latent
heat gain opgjcopd: $6§je [ep00:0051

Yoof
V4
\ I'h 000 T~
T o Ights partition
gIas@ infiltration wall
S ~ E equipment !
glass - s
conduction = D L—-:— E
exterior II I
wall
(ﬂoor
¢ JQ Room heat gain
J-0:G eeoogpg(Uncertainty) gqp:

Heat gain 30005 cooling load ogodepog weoogpe(uncertainty)qpign do€eapdood
P0deopéadendd cBogoopdomsdiypiafas «[gdSE0pbeaslypiopt vpsogod(assumptions) qpsgd
03 2005005qe0me[opE [gBaopdi :eipEesepdon 3a6q3a0305(0ccupant load) copS§ep eso06l
epBporzaclgsaes (outdoor weather conditions) 1 equipment ceng:§§1 qS5:§S (schedules) $& oofgp:
heat gain 02005 sag05ac005¢Ps0d cooling load 0g05g054lgIpSes0d 3303330 va§§taom o§wsig
qPg> [depdlogqoopds

VENTILATION/
INFILTRATION

O J© 3095:30038:98 304ps 0Ceepaddst 20e8i32098:§ 3oapyPe F0EP: 0QEdANH
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Cooling load o305$05:qp: s§jeqfeajlgpeoopdn Radiant Time Series 1 Total Equivalent Time
Difference $& CLTD/SCL/CLF  $o0:qps(methods)sasod CLTD/SCL/CLF method 2005 coodeoy
oyedsspds(practical method)gdG: op8qj003 3adse[gdd omnsiedlton’ adewpod excel 3E[gé
()58 (6) §o§32038: [Grezant 0g05q/058E2051

External Internal

Hoofs/Walls — Conduction Lights

Roofs/Walls — Radiation People
Skylights/\Windows — Conduction Miscellaneous Equipment

Skylights/\Windows — Radiation

Ventilation/Infiltration

— A X —

Tl-\_Tz
Ty, =)

O J® $§005932038:8 3208:00:0(Heat Conduction Through Walls)

(o) Heat Conduction Through Opaque Walls
ssasoschmfeacgfigt RS soqdforpBroociend Bcoptosed T ¢ Booogs ool
T2 98 $8gqp:0? [905e) 3208s0m:q (36602051 powr-0E8008EES [§Eoma0q$ 35°C 9360005
3832098 20§§ 22°C 93 conduction 208:0n:a(gbed0opdn [g§e§E¢aE ¢gE:a0pd egepad
202063203 [§EomggS 40°C ¢ 3268000520832058: 20§ 22°C & conduction sap:opsg
[g8edo0p5 3208 oglepqodgpiagiC $§03gode] B:oamaopd sapuwran gp:c8gepdi

(J) Heat Conduction Through Glass Windows
68000535803E:08c8038  [gontiedndgp: §oqo0pdn Blgontiedndgpiwondso  conduction
208:0p3g [gbedloopdi [gontsedodgps(windows)o 3¢ ogode[gtsen $dgps(walls)sé [goot:
edlodgps(windows)ogE  320d4gjooni000d  gpdimaqjseaen:  woppdeomelopE  FapBiopsoopd
oahaog3qpa R 00&8sqpa U 0083sqps wonpdeomalop [g8aopd

(p) Solar Radiation Though Glass Windows

eseepCfgedlepogodg(solar  radiation)qpsoopd  e§lgonCiedlodyps(glass  windows)o3  [gode)
6800053832038:0308eqpod520001 eseepE[gedlgrogade(solar radiation)ogE direct radiation

$¢ diffuse radiation vpq) $6§ §oopdn eseapEigodoopd vSedad 03d§odmeepad e5o0pd

29l direct radiation [gdedloopbi eseepElgedaopd ¢sedlad 03od§odemjespodad J:aBdqps
28:§ 32680005358 qpivandent eSedlad ogeepadoopdeedl diffuse radiation [gdedloopSn
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Diffused
Radiation
| StayCooler!
\ Direct
Radiation
Reflected /.«—»”""
Radiation \
> |-oo Solar radiation 5 1-0o Diffuse radiation and direct radiation
?J ?J

Solar
radiation
M/‘/>ﬂm Z
Convectiv Radiative
onvective o\ change
- Reflective

. Transmitted
- solar radhation
= (radiative).

: Inward conduction
e B (stored heat)

¢ Jo Solar heat gain from window
Air conditioning 320§:006961 heat load 20pS Zag/05qpigredozé wonpdoopdi mesaa(gte
m¢(heat)qp: 0€eepodamngss 3208:32038:0 300 (heat)qp: 0o05R05¢030005 033298l heat load o&
[§2005
J-J Conduction Calculation
ogEoplepigelops Bodesopd saepogoigps medium $E& sadjdjreoon medium g
[op:a€ [§0edl 2005 3208:0pg:0005 conduction [gdaopSn
_ K XA (Thot - Tcold)
t
Q = Quantity of heat transfer (Btu/hr)

K = Thermal conductivity of material (Btu/hr ft °F)
Tcold — T hot = Temperature difference between indoors and outdoors( °F)

t = Thickness of material (ft)



eomEs0005028 Chapter-2 Basic Heat Transfer
A = Area of heat transfer (ft?)

Q= hygq XA X AT

h,qq = radiation heat transfer coefficient (Btu /hr ft* °F)
A = area of heat transfer (ft?)
AT = temperature difference between hot and cold areas of heat transfer (°F)

(0) LEoLad: 2PBi0p:00pdsp5:0pd [§Eoere FHYP: CREMEBSGS convection $p5gE Sa0pBs0ndgC:
[g6 2005 00b5p532049¢ [gEoer0Rd §§q0559gEd Yes [gIrpbo0pdbi 0psMad4G godsnlge
ed 28 e5eepEa3ad§od adieomelopé [gbedloop) radiation load copds §8Ea0a5N

() RBes00d  $8qd50[gEe 08ano0pd eapgp:aoRd  §§ondegpadad [gode] 8ol 32038k
qodsolgE(inner surface)ad eepadoopdi opSmedsaoyts qodsnigle insulation sacgel 3:2[gé
DGEd§[gE]  eepadoopdi oBesnod insulation a0 [§o58:] gypsum board s3(gE
qo559[gEa3 eepod§oopdi 086505 gypsum board 3203853 [§o5208:6) gypsum boardei 3a[gonod
a%2 qo5$[gEad eepod§oopdi ddes0d gypsum board &l 32[gEonaded: qodsngle sesimanntsq
ecoad convection $pSgE 8a08:0nt00p5n Radiation  $p5gcopds 908s0n:00001 208s0nig

0069qE:803 0050 :§§lopg 90d3eameoPE I]pedagqpid edl) overall heat transfer
coefficient [§& 0g05[03 20pS Overall heat transfer coefficient 03 0305q$ resistance gp: sa:0d:03

60IE:q00001 cgudangd 0305105 equivalent R-Value o3 saadsgoopd
R — Values in series
Rseries - Rl + RZ + R3 + + Rn
R — Values in parallel

1 1 1 1 1
Rparallel Rl RZ R3 Rn

8" CONC. WALL

2" INSULATION
5/8" GYPSUM

5 LR T,=75F
HEAT [+07 Fudei 8

T.=87°F

BN N

812" 212" 625712"

& J-0p [g€0¢ 3204ps $80069 03 [gode] Fes:3o03E:03 ofeepadadnd
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8" CONC. WALL
2" INSULATION

R
OUTDOOR AIR e ins.; 9% 5/8" GYPSUM
T.=87°F & AR

INDOOR AIR
T,=75°F

© Jog 0330rabia} [gode sagqp: Siog

J-Jo U-Factor/R-Value

U-Factor a00p5¢n overall heat transfer coefficient (80051 3208:0:8E96: [gdoopSn Thermal
conductance $& s08ona0p5i U factor 00§3:3qpieco 3208:00:8E96: 3eomEiecolgdaopdi (U-factor is
related to thermal conductance.)

2ogSe[pCcd[glelopé U 0083see|plicdun vpsocgadgdaopdi R-Value 0000 82098
§Egs(thermal resistance) (9620001 R 0088:0005 U 00&3seh o[p&s(g§ [gdo0pdn R-Value $E U-Factor
0361 900506 903 63200503E Ge20505gE Gwdlgooniod

23q[gCs(equation)ogE R-Value(thermal resistance)oopd 23¢§§03 cBode) welgptiadup
098000z

8" CONC. WALL

2" INSULATION
R
OUTDOOR AIR 9YP- 5/8" GYPSUM
T,=87°F
hrad
<
h INDOOR AIR
a5 Ve T =75F
= 1 hoonv' hrad
R ool = heonv+ Rconc. * Ri';s' % Ryt Poony * Nrag
U

& J-o8 R-value $& U-value o3¢l 9coospSiqps
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HVAC and Refrigeration cpdcSsqpiogl eedlgoopd R 00§3:(R-Value)aopd esonodapbes
0gds(building materials)s¢ insulation o361 32099¢0083:03 adcBo0pdi Insulation 0gEdiodaday
(manufacturer)qpson ogpSiqpsell 6300gP:ad eedlgeosoopdi Insulation $& 200538005 R-Value
qP2o0pd 00B0Rsd 3200(thicknesses)s0305 [§620p51 pows- oodocdesacg(1” of insulation)si R-Value
2005 5 [360gi€ oodrondesacnel R-Value 00§8:03a86ome[opE insulation sacn(coode)sé efgrodage
insulation oo®9ad:eil R-Value 03 qoopdi ACMV 2aEqi€8omgpeaacs(yé $& 6al:Sa duct $¢ 305 odeil U
factor/U value 0o§8:qp:03 cgoSuponadqedi
$¢(wall) ood9cil overall heat transfer coefficient 03055p5:03 powd3a(gd Gwdlgaon:aogdi
O(J-08)RE [goor:a0pdea03E: 33[gEa0de 3a0gPiea0gE:005a3 F08i0n:ag0:0(flow of heat
from the beginning to the end)o? cwbgoozaopd
(0) ooowsads [gdedlanoopd heat transfer 20pd convection [gdaopdi 320g8[gEo0pdlgEosro(warm
outdoor air)20pd cR§medé&el 3:o[gEanndqdso[yE(outer surface of the concrete wall) $& oBeog
eseomaopé $4e1 =o[gConadgodsfygE(outer surface of the wall)el s20q$[gE ooodaon(heat
up)oopdn  33gqodsnjgE(outer surface of the wall)aedlope  eseepodSoyespodeomelope
radiation load [g6edloopSi 0od8londd) 0adqodg agudoneogs radiation cloppé [gdedean load
o3 copde) eogodlogeon (simplicity it is assumed that there are no radiation loads)

() :2[gEqodsnlg(outer surface)e 0R8Mq84603 [gbeoype) sa038:q0ds0[gE(concrete wall to the
inside surface)zaod 3a04p: [godooss(heat travels) ogazoopdi

(p) 3Csnecuiqls =:[gEqods0(gE§(outer surface of the insulation)sacgood [godeaqSGs Gypsum
board & 32gEqie5$0[gEa3 eepadoopdi

() Gypsum board &1 2:5[gEqiodsngE(outer surface) ¢ board 32038:3 [qoSooksd) Gypsum board &
3038:q0550[gE (inner surface) a3 eepod§oopdi

(§) Gypsum board & 33038sqod$0[gE(inner surface)o 00690¢ Fe&i3a09E:decw(indoor  air)oda3
convective §p5s radiation $p5{gE 3a0qP0d 000Sagod(transmits)aopdi Overall heat transfer
coefficient o3 03050pq8800305  309dg(resistances)s:diod  eAE:qepdn  Equivalent  so[gd
algp&eapoodi

J-J-J Thermal Conductivity

Bppeoon GaonadRseep0ogpdigpsel thermal conductivity oo§8sgqpsod ASHRAE Handbook—
Fundamentals o3& ©05098E20051 Thermal conductivity 8300p5¢n 3a0qps B:eolionselgpiagn§oopd
9&2qp5 (9620051 cogpigpel 2208:07:8 89820005 Fa607E:00: 3620201

Aluminum & thermal conductivity 20p5 128 Btu/(hr ft °F) [g620p5n Iron el conductivity 2005
30 Btu/(hr ft °F) of 9620051 20600020000 2a0e0gpaonsess pdqE:000d saspogydoopdn o
(cellular glass) @i thermal conductivity 20p5 0.0275 Btu/(hr ft °F) [9620p5n Glass fiber & thermal
conductivity 20p5 0.0221Btu/(hr ft °F) [960005n Thermal conductivity &1 op$62005 Btu/(hr ft °F)

[g6 20051 00b00Se3a0305 thermal conductivity 0o$3s(thermal conductivity value per inch thickness of
materials)o3 codjgoozoopdi

Insulation 1 masonry 1 plastering $& wood materials oei thermal conductivity oo§3:03
00bcondezaogod(per inch of materials) coSjgoopd pows- cellular glass 0odco0Sesa006N thermal
conductivity 20p5 0.33 Btu/(hr ft °F) [g62025
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Thermal conductivity sa[g€ R-Value $& U-Factor oo88sqp:od a303q) esorodapdeqeogods

(building materials)qpzo? 3p603[gr2002:0005

JJ0 U-Factor/R-Value

U-Factor a800p0¢n overall heat transfer coefficient [g620001 esonodapbegzogSs(building
materials)ell 8pcagPES0:8EgS:(ability to conduct heat) [g920pbn Thermal conductance $& 928goud

op20pd

U-factor value 00§3:qpseco sapeagpadon:8ess(ability to conduct and transfer heat)
SeomEseco [gdoopdn U-factor 20pd thermal conductance $& 6320050 deaospds(formula)saodcs

800503006 §aopdi

U= k Btu
Tt [hr X ft2 x °F]

Q=U XA X(Thot — Tcota)
3200053 p8qgCs(equation)ogt U 00§8:0005 320q$ (temperature)od c8odq) velgpCidup

opeofp3oophn  ogodqedy  cgebopeoqhsd  cofodpigapisacge’  [grpbooniangh  Bobeqoopd
opsog|od(safe assumption) [g&a05u

R-Value a820p5¢n Gaonodapbeqeogod:(building materials)qpsel 3209dq(thermal resistance)
[§000p51 saepogggpsel 3208:a08:903 998Egd:(material’s ability to resist heat)gdoopdi U-Factor $&
thermal conductance & e[pE{g$[gdoopdn R-Value 1 U-Factor $& thermal conductance o3eh
8005230510503 6320050062055:(formula)(gé eudlgaonzaogdi

1k [hr Xft?x°F
Btu

U t

1
Q= B XA X (Thot — Teota)

HVAC $& Refrigeration codc£:gCqpiog saesmodmesiel 32099886z (building insulation and
materials)od codlgeSeaog0d R-value qp:o? 3203goopdn

poe-0005005apgps(insulation  manufacturers)on  99030005mEEN  3agiE33CV05(product
data)qp:og€ R-Value 00§8:03 sacp(thicknesses) saedloonpSq) cudgoon:ooodi sa€eaperogl: sacn

<‘§qp:om R oo$c?9: f}qpsem @Swén

Thickness R-Value
1" 5

1.5 7.5

2 10

25 12.5

0060056 32006l R-Value 2005 (§) [§Bo0pSn 8833034gepd320903 c805¢) R 00£8:03 030508820051

32EqIE&vongp:aopd 6alCSsgps(roofs) 1 $&gps(walls) ealE8:03E oobeoCoooopdes(skylights)
[gon€iedodgps(windows)sE duct a3eupod pipe o6l overall heat transfer coefficient (U-factor)o?

ogl6:0Eg> 03095 8EeepSi Cooling load 03056$ 326205008 8:gqp:ad sacgudooy §pagdEqerdi
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HOT AIR HOT AIR

%.m

x
. ” i .

& J-o6 3208232038298 F206p:08eepodandst 08320980 F220gpiagaded cond

:
-
o
P
I\‘E
4
ha
e

14

JOOTITINEY
JILSIILINEY

J-o Convection Calculation

g030osadfgzaon:(second mode) zagoepEsgs(heat  transfer)oopd convection  [gdoopdn
Fluid qps eg,cqpsesfgs(transfer of heat through the movement of fluids)elopé [g6edloopd 220
opse[gpCsq [g620p5n Heating and air conditioning system gpsogE convective $p54s¢ sapopse[gpEdgc:

(heat transfer)od esepqpigrogC cog[gE8E00N 320§S woppBoopdeadl fluid gps gESso[gConde
edloa¢ [godo0§dgts a3ewrod BseolsgE: [gbeilaopbenadl convection heat transfer [gbedl 2000

Convection $05:006§jse> natural convection [g620p51 Natural convection s320p5¢n 0058:
odo€a3(non-mechanically)  20omom038:macdmengpod  convective  $p549¢  sapopse[gpEigt:
[g2005

Fosp§ie0ion0d  pescnodmP(air  conditioned  building)saogs  cpgpiclopE
Goodcopdieomtn 0g&ioon0pd Biqpielopd Gaddcopdieomtn meencdmes) §dedlad eseep
oJespeda0pdzeslonl Gacdeopbieomt: 308:3038: crogpiel 3OS [§E058E6R5I 2005
6co20p5 9B620p50500:0meoPE 2082 eI00pdECOEP:c005 Jejedlolkom 33000598 re5a05
03328l 0godoE0pd GroYYPIel GHEPaRE GrOGSREP: F00:a3: 0CeEPEdCIdN 3RS oPfEpPiy
§esoog 0m00050d:  038008dlndsl  3e0cdelged  [gbescB8epdi ABo3ad  erogpegaqpigt:
(movement of air)elopé convective heat transfer [g6edles[gE:ad convection vpesloopdi opboopd
00503§ong| dotfgés efeomnelopt coomomeadiydediongd saponelgpsg(natural convention)op
ol a3[gE: (962051

Convective heat transfer p8q[g€:$¢ conductive heat transfer p3q[g€:03 ©690Ee0E
opR8lo300p5n U-Factor o3w0pdb R-Value eepogE convective heat transfer coefficient o3 a[gp&acdq)

a54gCs00 on[gpsoopdi Convective heat transfer coefficient 03¢ g, aqpses0pd 3veg Bowrcd sagpd
(moving fluid)el cosqdg(viscosity) 1 sapeaqpodog(thermal conductance) 1 sp§§(temperature) |
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coomaq€(velocity)s€ eg aqpiesoopd fluid qpisé cBesoopd qodso[g€(surface that the fluid is
moving upon) eoopSEagIEdgP:0d copdags 0gadgEB00:00p5!

J-G Radiation Calculation
0003005550005 radiation [g620pSi Radiation 030560050005 gEe0g:005820095254gb20251
Radiation heat gain oe>anod 005§ Trane Trace 700 1 Carrier HAP ©20pd 0p$qjom 0§oqdgp:
832600051 Radiation heat gain 03 on&:edlondlgE ogrdoopdeesl gliuliaguSonesnt [gred
0305905 [032005
Q= hq XA X AT

[ Btu ]
hr X ft? x °F
A = area of heat transfer [ft?]
AT = temperature dif ference between hot and cold areas of heat transfer [°F]

h,q.qa = radiation heat transfer coef ficient

Radiation 2005 sagonie(gpedgls(heat transfer)gdoopd onoBuomaqjpenon: [9620p0n 3000
clopEsqS (transmit  heat)3aog05  wpboopdlogpsd(media)y ©cddli  3ap§Soo00(absolute  zero)oood
QlgEo0pd saepogrigpizasadiel qodso[yCesapopadagod(radiate or project heat from its surface)
§E20p51 HVAC and Refrigeration cpbcdiqpopl sagpsadigdediaogd radiation 00p5 solar radiation
[§620051 es(sun)e 3202005 sreENGSIRZIEl 3[gEDOEGEd ] copdieomta [gooiedlod oSqp:
628 copbeeoné: radiate cp68E0pS

v

$ J-0q 68l88:09E006e08a00:000008 (skylight)ood903 powrma[gd ewdlgoond

HEAT P> HEAT P~
GAIN | GAIN |
' SHGC ; ] SHGC
.76 -64

HEAT U-Value
LOSS .48

c? J-00(02) Aluminum frame, single pane, clear 9 J-o0(9) Vinyl frame, dual pane, clear/ clear

glass 32038503 agp: 0Ceepodand glass 32038:03 aagp: 0Ceepodand
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HEAT p
GAIN

SHGC

32
HEAT ' | u-value HEAT ' U-Value
LOSS . 35 LOSS 35

A= =D

c? J-90(0) Vinyl frame, dual pane, standard LOW- 9 J-o0(00) Vinyl frame, dual pane, maximum

E glass 32038203 sagps 0€eepadamnd LOW-E glass 32038203 sagps 0€eepadamnd

ambient

water flow to
upper header

glass

. thermal radiation

thermal radiation - I
o — from surface 4

from surface 1

thermal convection
thermal convection

thermal
conduction |*

inciden(:_s?lar & | thermal radiation exchange between
radiation surfaces 2 and 3

solar / i \‘\\ b

reflection ar
waler transmission
discharged from .
lower header [i'flf  s'ar absorption

<°3 J-Oo¢ Energy flow paths at water-flow double-pane window
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JGo Cooling Load - Window/Skylight
;colieqplaes 6alE3:qpiopt o8gpiaopdoononpd skylight qpsé [gooEsedlodqps(windows)

ed B eepod§omepd heat load gp:od conductive load $& radiation load ope) $63gp:§Ea0p5n
Skylight qpsi calC8sqps(roofs)sé [gonEsedlodqps(windows) saedlod oqeepodaopd conductive heat

load 09050009 Geaospd: 0ppd(same formula)aopdi

J9 Conductive loads
Q= U XA xCLTD

Radiation load a30w05 solar transmission 3a00edmo? [gooiedodgps(windows) Bewpcd
skylight &l e§oonsE shading coefficient $& solar cooling load factor o3 efgrad[gEigE 0godu8E0pS

Q= A XSCXCLTD

_ Solar heat gain of any glass and shading combination

" Solar heat gain through a 3 mm unshaded clear glass

SC = Shading coefficient
SCL = Solar Cooling Factor
Shading coefficient 20p5 [gooEsedlodgps(windows) a3wopdd skylight cdlad ogeepodoopd

solar transmission (3mm or 1/8" clear glass &l)soqs [gdoopdi Shading coefficient 0o§3sqp:od of
000d0pGop(glass  manufacturer)gpsel  oo5006a0HgP:e  qRI§E0RdI Solar cooling load  factor
o0§3:qpi0? ASHRAE 1997 Fundamentals o3& q8Coopdn CLTD $pb:a0p0 heat gain 03058
38eqCeadespdgdoopdn SCL 20pd  skylight/ window 1 qodsogepsaqS(orientation) co(month) 1
latitude and hour o33a6dl0p€ ©oopda0p5N CLTD acopE:n? 20e§:(6)0pe 226005805 qE:{goonoogdi

Window/skylight cooScobon(manufacturer)qpon Shading Coefficient (SC) saen: Solar Heat
Gain Coefficient (SHGC) &820p5 edlomqod 32add{g[o3oopdn Solar Heat Gain Coefficient (SHGC)

008820005 SC 0B 1.15 [§€ 00300020005 0083496200
Solar Heat Gain Coefficient (SHGC) 936005 Shading Coefficient(SC) 00§8:505:6c0 o6l
solar gain $p5:ec0 [gdo0pdn 00dspdiEdgE 9803 [gode) oeepadamaopd sapuwran dsobieco
[§620p51 SHGC 2B00pad SC 0o83sqpiacw solor gain dgpzacy (&b
National Fenestration Rating Council (NFRC)o ©§(glass)qp:o? o&:o0b0desnsg) SHGC $& U-

Factor oo§3:qps wSonSelopd: coonndden coodeusoopdi Visible transmittancer air leakage $&
condensation resistance ©00p503$& 20056382005 2agj0580005¢p: ©SMEE(PE: Goor0ddG0zaRdN

J-§0 Sensible Loads
Q= N XSHG X CLF
N = number of people

SHG = sensible heat gain, activity dependent (Btu/hr)
CLF = cooling load factor

CLF veousoonag€ 1.0 0p oasog] 0goddh

J-6 Cooling Load - Lighting

32680005203p30098:3 mculieeplags og&ioonoopd S:qpa(lighting in a building) efoypé
[g6e0l 2025 heat load o c05q§820305 B:0dsdieqpts codegit:del wattage 036dse] Btu/hr
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e[opEsd, O Besnod usage factor $& special allowance factor 03¢ efgpo5e20251

FLUORESCENT
HUNG BELOW CEILING

LIGHTING

Kl

O J-Jo &scdu Biaqpagpo agodanaod sapgp:
Btu/hr

Q= N Xwatt x 3.412 X UF X SAF X SF

watts
N = number of lights

CLF = cooling load factor
UF = usage factor
SAF = special allowance factor
SF = space fractoin
B:cdn Ssoqplagpiel obsms(wattage of the light)od coodepbon(manufacturer)gp:on codg
cosoopdn Lamp §& lighting fixture o6l 0Sgs03000 copdogodaopdi Lighting use factor edoopden
Becdudsaqplaqp: 0g&ioono0pdmaq$ a3eupod IaddgesoopdmaqS(time the lights will be in use)o?
B80S
§eoSsqps(offices) @rooCaSsqps(classrooms)  0o3esqps(stores) ceoggps(hospitals) ©2005
GsePqP:320305 Use Factor(UF) on§8:00p5 1.0 [gdoopdn qogEg(movie theater) o8ewrod sofgonts
Fadiolgoopd esepyps(inactive storage space)s»0305 Use Factor(UF)oo§8: ognfgp:&Eoopbi

Ballast ¢ ogodoopdsaogp:(heat)seog0b sas05:cud3ades0ns(special allowance) Gos§Eaopdn
cuoopoyeandgE fluorescent light 320305 SAF ¢o (0. ))gdoopSi Incandescent light qp:op ballast gps
©dl§ cooe[oypE incandescent light gpseaog0d SAF ¢ (0.0)[gdoopd

320550093 eepodoginepd &cdu  Seqpligpie 09050 0a0R) !B eodiodes
832600051 qod§0[30503E  006e0Eams0nd B:a8s Sseqpligpie SpgP:0pS  qodsne3dadR
oCaepodogis(transmitted into the plenum)[Bs space 2203E:08 weepadeor

qo552[0305(ceiling)o? return air duct 32[gd 2034gj00:00p air conditioning system [gdogE
B:ds Bioqplio 200gP:00pd 209832098208 cpodRod0pdI 2a000dq) air conditioning system 20p5
qo552[0305(ceiling)o? return air duct sa[gd saadgleon2qE B:de SseqpEie 0godaa0R) Fpel §o%
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o3 3208:3098:03 000bgods] 0§ §0%03 qEd§O[3ed 3a03E:3(transmitted to the plenum)
0005cg0o520p01 Plenum o3 return duct 0393 saaddgoonag€ air conditioning s2038:03 s
BsaqpCagps(lighting)e cgoSauro0pd Fa0gpPizasads(total heat) o€eapad og2:d8edi

3205:098:5 03econt:§odegoonongd Sieqpl:§j(hung fluorescent light, non-ceiling) [gbagié
space 0303 ofaeepodognioopd 22805338 (fraction)oopd 1.0 [gdo0pdi ssonudelopéadeadd :ads
B:eqp&s(light)ondoad:aopS space 0038:5 §eooelogplgdoopdn Ceiling recessed light & space
fraction 20p5 0.5 9620001 coodcgodoopdmag(transmitted heat)el §o%o0pS plenum sa038:03
eepoogGs 0§ §0% 2095 space 0333 eepaSogrieomalopE [gdoopd
J:Q Cooling Load - Misc. Equipment

63005R¢ Sqjiqfieomnagbodogpdigpie 00odREdPIFTHOMO3 005I8EEY Pdqgc:
o3 eedjgoonzoopdi

oo p8qg8s0pd Gudomgpie REdEdZNad 0gedaopd PBqaCydoopdn Power 2005
eudomei [gEeomEaes(horsepower of the motor) 930005 eudomel nominal horsepower [gdoopdi

eebome efficiency ©eomEero 6e5ome 0050052005 Fpowdan dypseco [gdaopdn Air
con Gusaos0Rd SrefiEa0ptsl efficiency weomEsanpdeudomgp: cedtioo(glielogpé cooling
load @qp:m$803éu

6650003 280056[god 3%1gesaqC 9eupod 2s00de[yod euntiesayE usage factor copd
1.0 [9800p5n o303 wupodog€ usage factor 00§&:03 opadopqoopdi Usage factor qq$ eobom
:20)4gj00pd §7§e0IC:03 3re§im0305 air con Gouaon:a0pd §o§edIEs(total time the space is occupied)
$C o230l powd - 06GEMEINEES0m(1HP motor)el load factor 20p5 0.75 [96cgE adeudome
09052005 320003 0.75 hp (Q =0.75 HP)up 0ga520051
Btu/hr » P

HP ngtOT
P = horsepower of motor

Q = 2545

XFy XF|

Emotor = ef ficiency of motor
Fy = usage factor of motor
F; = load factor of motor
3o5edeod:3qps(microwaves) 1 cdlCe§B:nEondyps(toasters) 1 ranges 1 B:3qps(ovens)se

RSQJIomgps s0oegp: 02005030 0g05a0p53a0(heat gain)oed? 0053005 PBggE:d esmadoze
eedlgoonzaopdn ASHRAE Fundamentals ¢ typical usage factor oo§8sqp: $& radiated heat fractions

(typical equipment) 0o§3:qpz0d g§Ea0pd

ASHRAE Fundamentals ¢ equipment qpseil sensible heat gain 00§3sqp:o3 ©050p8EaqE
633053 2B8¢[gE:0B 32034q|q) 005§ ecd=adeon

Q = dqequipment X Fy X Fg
Gequipment = iNput (Btu/hr) to the equipment
Fy= usage factor
Fy = fraction of the total heat that is radiated to the space
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J-© Cooling Load - Infiltration

Infiltration e32005¢n [g€uecogps(outside air) 32680305283203E:03 8E0E[gE: [gBa0p5n $p5:
Ry 3268000535830058:08  860E8Ea0pbI  [gootiedodgqp  [qontiedodeomEqps  0ddksé
odskeomnCypsmajopie 860E88Ea0pd Infiltration clopE [gdeclaogd total heat gain p3q(gEs0000

enthalpy o3 206[gde] 030500p9p3¢[gE: [§620p01 eroapcobBegss(volumetric flow rate)od o3q$
832600001 Infiltration air o8ewrad ventilation air &1 outdoor air condition enthalpy $& indoor air

conditions enthalpy o3& [gpz§2:9105¢ 03050920251

—60 ™™ 0,075 2 cFM x an B2
Q=600 7] 5]

Btu
Qiotal = 4.5 X CFM X Ah [F]

Total heat gain p3¢g€:e sensible $C latent heat load 33[g® $¢) 0g050p2005

Sensible heat gain 0edNOd 0305q8m0R05 BGoCoopdecu(infiltrated air) B:o€58:(CFM)$E
32053038 30§858 [gCom0gS3el [gesnsqod(difference in the temperatures of the indoor and
outdoor air)od elgpaduraodi

min

Btu
lb -
Qsensible - hr %X 0.075 f? X CFM x0.24 lll:"'ol_—;] X (Toutdtmr - Tindoor)

Qsensible =1.08 X CFM X (Toutdoor - Tindoor)

Latent heat gain o3 og05q§ infiltrated air 8:0858:(CFM)$E 3208:32038: eco0pdadEssn
s 3208{g80§ crodadEisomjiod opfep:qod(difference in the humidity ratio of the indoor air
and the outdoor air)o303 23§ c83252001

Quatent = 4,840 X CFM X (W oytd00r — Windoor)
W = humidity ratio [ lbm,,./ Ibmg,., ]

Load qpseanscd:a0pd  cooling coil dlad o3od§odoondeepadoopd load gp: wupoSlogeon
0bspamigE  cooling coil $& 0305805 wa00HedEa0pd(indirect loads)qpzcopds §8E0pd  Air
conditioned space load $& ventilation air load 630005 coil $& 030505 (directly)a005a3Ea005

Load [gbecleoopd heat gain 0o69g8:803 630050192038: Fagjpma0n: J[gr:8aopdi

Sensible Latent

Roofs/Walls — Conduction Moisture from  Ventilation/]
Infiltration

Roofs/Walls — Radiation Moisture from People

SkylightsWindows — Conduction Moisture from Miscellaneous
Equipment

SkylightsWindows — Radiation
Wentilation/Infiltration

Lights

FPeople

Miscellaneous Equipment
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QUTDOOR COMDITIONS
87" F/80% RH OMR ¢

INFILTRATION

OUTDOOR
67 Fio0% RH

VENTILATION LOAD: Q= 45+*CFM*(h - h 2
vent.' oair sal

INFILTRATION LOAD: Q= 45+CFM + (h - h )

¢ J-Jo [Infiltration load §§ ventilation load

8" CONC. WALL
2" INSULATION
5/8" GYPSUM

T, =75°F

Rcona+ RIns."' RQYD-

& J-JJ ©9IE8: 2B0ndd §¢ 3209E:08 ofeepadamnepd 3apypo? §igC:000050069E cwdood
(Simplified heat gain through roof or wall)
GaIEGeqpz(roofs)sE &§qpa(walls)e [gdecled conductive load qpea? o3odes
Q =UXAX (TOutdour - Tinduor)

ealEsqps(roofs) $& (wall)qpsopt [gdeclaopd sagopielgptigogadgdgoopd §igtsoopd o3
©0podGOI 03056520028 0E Fee0o05mBed a3 [Meqpadesopd eseepE(radiation from the sun
onto the building)sé so0[g058:a30:0000  GEONASCROGEEOgESI§Emaons(transmit  through  the
materials) 0303 copdogs ofs0:0305g105qpdn Cooling Load Temperature Difference (CLTD) $pS:03¢
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:08:308:5C 2:00§:m|gE 30§ 8[prs0:q0del IoJpo0cdeepady siads(total effect of difference
between the indoor and outdoor temperature)o? copdog€s0ondfG: 0g05qd[gE: [§daopdn ealES:gp:
(roofs)s  $§(wall)gps 2968 [ojeepodesaopd solar radiation & saofpooodeepodg(effect)sé
ealE::5¢ $dqp: 3padeamCoosfgliclopt 3a§§esnodq(time factor due to the heat storage of the
roof/wall material)o3 copdogodqepd 6§0053C:3208:qp:03¢ 32600:8056wd[goo:a0dI

ASHRAE Fundamentals book 1997 edition $& GEsc0056en000 ASHRAE e03p6¢psogE Cooling
Load Temperature Difference (CLTD) 0058082262005 00§3:(value)qp:o? cuxmsqps(tables)gé cudlg
002200001 @oodsgps(tables)od cogBopd(latitude) ealE:sE $¢ 3a§jzma0:(roof or wall type) co(month)
$C $qpe qodsPgeponad(wall facing orientation direction) o3[ Ffepsewdlgoonsoopdn CLTD 820305
00§8sq203 $0820305(hour of the day) ewblgoonzoopdi

8" CONC. WALL
2" INSULATION
Roonc Rm ngp 2
SOLAR RADIATION ) ? - 5/8" GYPSUM
T =87°F [0 o I
TN T eV :,;‘; \N
HEAT |:
N =N
1 . .‘. -- AR B
V= R +R_.+R RS ',' B T,=75°F

“THERMAL MASS

CLTD
Q J-Jo CLTD Wall

CLTD $pbd9E 0godqsmncgod CLTD o0comonep:ad  $pdcopdoocomedlodes c8sad[Bs

C005603,0305q5 83260000 0§8:qpi03 gpeg eesoEiconiqed
Q=UxAx CLTD

CLTD $p5:0005 @dl88sqps(roofs) $& s§(wall)qpsy [9bedloopd heat load o cguSongn
ogodqed8Eeoqs  §iqCieaantlgroboonionpdbsobs(simplified approach)gdoopdad  Bigooocomedlod
coni9$ 3266¢03:00p01 Condeox3e[gIesaRE GaIESigpi(roofs)sE $&(wall)gp:d [gdedloopd heat load
20p5 :0$:32098: moelgaacs(indoor conditions)sE calCSsqpa $egpion soei32038:03 32000050050
(heat radiated from the inner wall/roof to the indoor space)oaopd sagedqp: 2260la€ @onpSo0p5N

2[g8e 30qp:cd0d §odeionbeofaoniangd Fa8scub(exterior fixed horizontal overhang)oopd

Fgpeads 304eco§oopd GdG(most common form of shade) [gdoopdi esagndielogpCsn?
qo5§99002:0000 3268000538 (building  facing the sun's path)qpiogé oB03o8 sun shade o
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:0d4go390051 esagncubielopEiad qods§rgaon:a0pd 26800058 (building facing the sun's path)
qP2o0pd 3266, $& 336500503 G050 3268000538¢P:0d Badoodi

Single vs Double Glazed

Single Double

Two Sheets of Glass

Sealed Air Space

(m:‘m:ﬁi‘#m)
‘? J-JG single glazed §§ Double-glazed windows

Glass

Air Space

(? J-JG Heat gain in summer no insulation2
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Ordinary
single glazing

Standard
double glazing

Double glazing
+ Argon gas

Double glazing
+ Low l:9

Double glazing
+ Low g
+ Argon

Sandxd [ Vertical Drop the
horizontal louvers mw
overhang or fins for for loss |

cast and projection ‘
especally

west facades |

Use louvers in

place of

sold

ommmg for b

dﬂm‘ fight

while still /
shading

Break up an overtiang for less
projection

Substinne
ouvers

for the solid
droppoed
edge to let

in more

light

¢ J-Jo Common shading strategies for windows
:26q,5C 36500503  qod§P0000:0000  :6e0n0dmBgpip  oyesadigtie  omagudes
e56epEoma0pd 68805 sun shade gp: 392600001 (east and west faces buildings often have more
need of vertical fins to avoid low-angled sun)i GoxEsEagpod0d Ed§0H000pd 32680005 Bgp:
DRD B[Goos: c5eepCdgl: 0dqdi 280§ saspdicudeforn saesmodsadmed eseqps
oespadgEs $qoopdi
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eomioo0dRs,

3268000538 :2038:03 eseeplyp: 03o5§oSoleepadfgls diffuse light gp: ofeepadgee
omapudq§se0305 shade gp: 00690€[mo0pSn External shade $& internal shade oae] $6§j o3[gp2o0pdn
:2620006808000500p) shade gqp:o3 fixed shade gpivg) copSieomEs c3o0cd g elgplse) §8E2005
shade gp:03 moveable shade gpiwpg) CLpd:e07E: el adenr§oodi

—AN —AN

¢ J-Je(e) External shades and shutters block
heat more completely than internal ones

Q J-Je(oo) Internal shades block some heat, but
much heat is still trapped inside

J+@ Sol-Air Temperature

6520050 OP[030R05 39a00560:8E00Y 38ma0o03qE:Fe[gd(Main heat source of
the earth) [gdoopdi ese§ilon ongrea0§s(environment temperature)oopd -270°C (deep space
temperature of -270°C)co05 388 (e32)c86601

] ] i |
Indoors ] A h@%ﬁ% Indoors [ ] h,
T .-. T, -2 Sm e L] e Toas = T, +Solar effect
" e " i

,-\l\'

Qsolar
k Q.:z = hu AJ(TU_ T&)

!I

GalEgaat
=
-~

(a) Actual case

Qb =y AT qrai— T,

o 5 &

= 0y + Osolar

i

|Eliill

(b) Idealized case (no sun)

(’3 J-90 The sol-air temperature represents the equivalent outdoor air temperature that gives the
same rate of heat flow to a surface as would the combination of incident solar radiation and
convection/radiation with the environment.

656000005 200gd:ma(solar energy)od eoooo(atmospheric air) elgfo3:(ground) 1 35680005
:Pgps(structures such as  buildings)ooopbodon egzeq$(during the day)ogE a3&se0p5s00s(Gs
pom§S0p8 oolgpSigpds [g§opodeus(slowly released at night)aopSi adelopé [gEomapgSelgptaady
2005 e5eepEa03:dqq(solar radiation) $& thermal inertia 03 sa6dlogé wanpSoopdi (variation of the
outdoor temperature is governed by the incident solar radiation and the thermal inertia of the earth)

Cooling system gps320305 eseepE[gpde q§oopdeapyp:(heat gain from the sun)aopd 3280
sa6lo3pEs(primary reason) [gdoopSi Solar radiation 61 S203Eo0056epPESg0RS Sagpseds(Major effect)
[§620p51 sa68000552861 peak cooling load 2BwwpdS design cooling load 20p5 @&:33E:5E poes3E:s
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0303¢ [g8edoopdn GuSaisC ¢8:338: oqesadglielopé =eee0n055832098:8  [Jootiadlnd
o8qpio odeod sapgpioCeepodamnaogdi 3003 §gqpin 9dupooBiesn0d esnondgSozs
[g$opcdeosangi

Sol-air temperature 83200560 G56ePE0305§a503dgEs vadossoyEype 3a0gPs convection
$p5:5C radiation $05: ABefopé [g6edla0pd sapBiopiagp: ki3 edlEG00pdogEs 0RadgInd
ooo:ooé(combination of incident solar radiation and convection/radiation with the environment)

qo550[gE0nd9e88 opoBoopd Fpowndseoliaopdssi(same rate of heat flow to a surface)o?
oBdensgoopdi P8g0pdlgosandi§ (equivalent outdoor air temperature) [gdoopS

$Qqp GolC8igp: ©0pd  mocu8igod8Ea0pd  qodsnlgEqpi(opague  surfaces) saedlad
copbseoms [§ooiedlod oSqpedlad eseepEodnd§ododges(effect of solar radiation for glazing
such as windows)afo3p¢ Solar Heat Gain [gdedloopdn Solar Heat Gain Factor (SHGF)[g¢ ew5(goopdi
006505 3qgE e5eepE35aSadgtiel aojpoondeepady(effect of solar radiation)o? cgudop
6020p55p543¢ c0pdogE:R05qE[gE: [§620pdn [gEomnq§gE orodesqaBeopd: copdag€iogadeod
0028(8s [gd0opdn (outside temperature to be higher by an amount equivalent to the effect of solar
radiation)n

[g€oerom0g8a3 copdag€ozadeod(gis(replacing the ambient temperature) (82051 Sol-air
temperature 2005 eseepCaloPpé $§ealCSiqpa? [gode(through the walls and the roof) ofeepod
cmepd sap(heat transfer relation)qps ofeepodSamnfglis 06e005e5003 eudlges [gd0pdi Sol-air
temperature  &800p5wn  qod§n[gEonde(surface)zaognd  macjogpEiadi§podediEs(combination)q)
[g8edlopd oeranonBoopd maponelgpliggsi(same heat transfer rate)o co:§Coopd equivalent

outdoor air temperature [gdap5u

(0)Incident solar radiationi
(J)Convection with the ambient air §§
(p)Radiation exchange with the sky and the surrounding surfaces 02005 sac005dlalo3pE:(p)d]s

e0lC:00q) [gdedloopd 0pBa0dd =ap8ionig vedMod [g6es§Ea0pd equivalent outside
temperature [§620251 (& j-p0)

Sol-air temperature, which is defined as the equivalent outdoor air temperature that
gives the same rate of heat transfer to a surface as would the combination of incident solar
radiation, convection with the ambient air, and radiation exchange with the sky and the

surrounding surfaces.

Solar radiation clop& Faee000dea8el [GEoddypiod [gode ofeepadamnoopd sp8iolead
(heat flow into an exterior surface of a building subjected to solar radiation) p8q[g&:(2-1)[g¢ esdlg
§82005
qurfuce = QConv+rad + Qsolar - Qradiation correction

qurface = ho As (Tambient - Tsurface) + ag As qsolar - gAsa(T4ambient - T4surr)

qurface = ho As (Tsol—uir - Tsurfuce) (2 - 1)
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as 20p5 solar absorptivity (620051

& 2005 emissivity of the surface [gd20p0n

h, 2005 combined convection and radiation heat transfer coefficient [g&205

Gs01ar2005 so-lar radiation incident on the surface (in W/m? or Btu/h - ft?) [g8[g: sol-air temperature

0pealado0pd
a, g eo(T* ypiens — TH
Tsol—air — Tambient + s Zsolur _ ( ambl;lnt surr) (2 _ 2)
0 0

Equation 2-2 ¢ ocoen3&s(first term)aopS average surrounding surface $& sky temperature
o3o0p5 ambient air temperature $& opp800pbeadl(Tsurr = Tambient)ogE qiodsn[gE(surface)d
[g8edlopd convection $¢ radiation heat transfer oedmo? cudlg(represent) ego0pdi

OG5 6500589:038:(last term)aopd average surrounding surface $& sky temperature
o320p5 ambient air temperature $& wopp3o0pdmaslaopbeadl(Tsurr + Tambient)ogE radiation heat

transfer o3 correction cp6q$20305 copdgE:005905(gE: [gd20pd
Sol-air temperature relation ¢ Ggn05e3:038:(last term)aopd ambient temperature elgp&:cdg

$C 0ppBaopbonsd:(equivalent change in the ambient temperature) [g6oopSi Radiation correction
effect and ranges $& 200593 (corresponding)aoSi

638805 qodsn[gEqps(vertical wall surfaces)saogod o3 radiation correction effect $&
ranges 20p5 a00(zero) [gdaopSu

GomC:ntod godgoposa0pd el gigp: $& GalESseontsgp: 3a0305(for horizontal or
inclined roof surfaces facing the sky)s;ogo% radiation correction effect §§ ranges ooé 4°C (7°F)
[g820p5n oepasneqod0005 effective sky temperature 86@ax (low)elopé [g620251

qo550[gEondemacgnd sol-air temperature 2005 ogeepod0pd qodso[gE(surface)e solar
radiation gp:o? ©Eup8Eqgdizans(absorptivity)sacilagé  woopdoopdn [gEo  qodsn[gEqps(common
exterior  surfaces)320305 sol-air temperature 00§3:03 Ge5[gooni0pd @uMIgP:d =EoMSDe
§8E2005n maemespdeq) Bodq)q cogS(being conservative)ss0305 ho 00§8:03 SI opsdm0305 17 W/m?
*°C 58 IP 0psd=300305 3.0 Btu/h * ft? + °F 0088sqpilgC cgodoonsoopdn saeeplegpegpst saeept
qSq¢ $8gpeza0g05 (Z—Z) $C (Z—S) qP:0d 632005018203E: 0305098 E 2005

light o7 dark
e(U2J)
% = O 026m?eC/W = 0.15h Ft °F/Bt
hoygne ~ T7Wmz og 0026 IC/W = O ASR R B
(as) = 0.90 = 0.052 m?°C/W = 0.30h ft2 °F/Bt
ho dark_ 17W/m2 OC_ . m / o f / “
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e o = 0.9 Ao et o, =045 Wi,
—_:“ ‘ g Sun% l_EA-/ § Sun%
= E S L] 2 &
90 W/Illz i--r 100 \N}'nl2 45 W/1n2 _—I — 5= 100 W/m2
(absorbed) . (absorbed) _TZ‘""'"
[ s | ) [
[ 10 W/m? [ 55 Wim?
| ] | (reflected) | | (reflected)
e ] e
Lo [ I I
(a) Dark-colored wall (b) Light-colored wall

¢ J00 92g0Peeptiqpiaoph saeeplasdypiood’ oBioophesecply sapqpio} 8g edopoopd
(Dark-colored buildings absorb most of the incident solar radiation whereas light colored ones
reflect most of it.)
:266pE52005 (light)qio50[g€=20305 solar absorptivities 2005 0.45 [gdo0pdi 3aeepEaéoopd
qo559[gEqps(dark-colored surfaces)zaogad 0.9 [g8aopdi 0.45 $& 0.90 030005 BodgEesant ovpso
00220009 00§8s(conservative values)gp: (52001

:2eeplss¢ 320epEalad qodsnlgCqep:(light- and dark-colored surfaces)saco Table 2-1
(Sol-air temperatures for July 21 at 40 latitude)og€ sol-air temperatures qpso3 God[goorzaopdi
c0g3038 40° N 329663201 @ca38cw (Jo)qodes, (July 21 at 40° N latitude versus solar time)o? s26(gdq)

[g1poo:0005 @uxigdaopdi
oofgpseomagypisé cogdogSyps(dates and latitudes)sacod sol-air temperature o3 equation
2-2 © 030508Eo0p5n 208enqPaopdzagg$(appropriate temperature)sé incident solar radiation data

qpo? 222%qq) sol-air temperature 00§8:03 q§[Bie5005 $6 Bowrod ealE:03[gode) o€egpodamned
Fapgps(heat transfer through a wall or similarly through a roof)o3 6320053l P34 g¢ ogodupdEaopdi

Quwa = UX A; X (Tsor_air — Tinside) (2-3)
As = wall area and
U = overall heat transfer coefficient of the wall.

Solar radiation cfo3p¢ equivalent outdoor temperature [gEoncSeco $§03[gode) [gbedlamepd
;oome[pEiggSs(rate of heat transfer through the wall)oopd dqpsaonecd [§6c86epSn Solar radiation
elop¢ [gEonodamoogd sap§S(temperature rise due to solar radiation)sacod §§03  [gode)
08eepodanoopd 3admauoe|piggss(rate of additional heat gain through the wall)o3 es005d
32038 0305098E200
s Gsolar

AT go10r = h
0

2-9

$800bads(entire wall)zaed[a3 ogeepad(incident on)epd total solar radiation (Q) 2op5

Ay qsolar
h,
Belopé 200813203808 ofeepademned incident solar heat o3wopdd solar  fraction
transferred 0e>N03 6830050 3203E: 0g050r§E 00!

Qwall, solar = U Ag AT g4 = U Ag (2-5)
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. Q Q a
Solar fraction transferred = wall, solar _ “wall solar _ Ts (2-6)
(Y

Q solar As "Isolar

pown- Effect of Solar Heated Walls on Design Heat Load

F000d2366 2065705000503 q0D§9000:0000 S&(west masonry wall of a house)o? 4-in thick
red face brick 1 4-inthick common brick 1 -in-thick air space and -in thick gypsum board o3q¢ [gcd
con:00001 Overall heat transfer coefficient 0005 0.29 Btu/h * ft? * °F [gdoopdn Effects of convection on
both the interior and exterior surfaces 03 dlo€oopdn 0o65p5:3324E 0.29 03¢ effects of convection on
both the interior and exterior surfaces o3 Slo&Bslgbo051

Gypsum board

Tumb ient = 90°F

Qyan

U =029 Btu/h-fi2- °F

Actual

No sun
90°F 119°F
Ambient Ambient
(AT = 29°F)
@ J99(a) Actual o o0 (b) Equivalent

¢ J-09(a) Actual 0g€ eseept oqjespodes(G croome§s 90°F 3205000005§ 2005

0005603 226[g326503 Ged[gao:apdi & 09 (b) A3306(g3265038 GseepEarEepodesesaoz0d
234100053208 (AT 010, )9095 29°F [gB00p5n odeloppE oppBaopS(equivalent ambient air
temperature)ecocomp§§oopd 119°F [gdaopdi (The difference between the sol-air temperature
and the ambient air temperature represents the equivalent temperature rise of ambient air due to
solar heating.)
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@c3Cco( jo)qedessC cogdopd(Go)Bo§(July 21 at 40 latitude) e30mRES  Sol-air
temperature 03 ASHRAE Handbook of Fundamentals, Chap. 26, Table 1 ¢ ©050320001

Cooling system 8&Csc0G0pd 2362005 40°N latitude 22q00E 0opS8|(located)oopdn cogdops
(G0)80§ acdEao( jo)qodes poes(p) 15:00 hour (3 PM) solar time on July 21)03¢ [gecled heat gain
o3 206[gde) cooling system sagudse00:03 gededi

3208230098 3080005 75°F (interior of the house is to be maintained at 75°F) [g®aopdi
$Qe1 exposed qod50[gEaaoy05a0p5 210 ft? [doopdn c332§§ design ambient air temperature 2005

90°F [3bqi€ 632005310303 gpdl

(2)$§03 [9056) oCeepadannaopd sapowdan(design heat gain through the wall)

(9) Boedme solar heating elop¢ [gdedloopd 328053238 (fraction of this heat gain due to solar
heating) $&

(0) Incident solar radiation o3& [g6edloopS heat gain 228053>3Ex(fraction)
(transferred into the house through the wall.)

ey
GO0} God§p000Rd s§(west wall of a house)§ solar radiation [gdedloopS

Summer design condition og& design heat gain §§ fraction of heat gain due to solar heating 1 fraction
of solar radiation that is transferred to the house o303 005§

opsogdgps(assumptions)
(o) Steady condition 850305020 0geSgES[gE: [gBopdN
() $§0 thermal properties $& heat transfer coefficient o3 oelgpEscd(constant)op vpsooopdn
$Qe overall heat transfer coefficient 03 Qgr0aE Gosoozoopdi 0.29 Btu/h * ft? * °F [goopdn

Analysis

(00) 0305025 326800053582005 40°N latitude 329503E oopS§eomelopé sol- air temperature data
qpo? table 16-7 o cBod§od(directly)oc50pSEa000I @oie 06s(p)$0§(15:00)03E [gdeclaogd air
temperature 2000 95°F [gd0a0pdi 0grop¢ Gui0on:0000 GrocZEERS(air temperature given in the
problem)ooo5 5°F J[goopbn 2Beasd @umiwqoopd esome 5°F o §0S0ae] (subtract 5°F from all
temperatures) 0058E20001 Belop¢ west wall & sol-air temperature 20p5 124 - 5 = 119°F [gdaopbn
$803[gode) o€egpodamnanpd sagoedan(heat gain through the wall)oB 632005013203z 0058 E2051

Q wau = UAs(Tso1-air — T inside)

= (0.29 Btu/h - &2 * °F) x (210 ft2) x (119 - 75)°F

= 2680 Btu/h

() mgope|ptsg(heat transfer)oednoood sap§Somlepsqod(temperature difference)sC 030505
saqjg(proportional) (030005 Overall temperature difference 2005 119 - 75 = 44°F [g&oopdn 0od5p5:
agg 44°F 2000 sol-air temperature $& [g€oecusap§§ opolgriqod(difference between the sol-air
temperature and the ambient air temperature)[g2051

Tsolar = Tsol—air - Tambient

= (119 - 90)°F = 29°F
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Sol-Air Temperature 29°F 20p0 solar heating efo3p¢ erooo(ambient air)el 32098[4CasE
p3q00pd 32088 (equivalent temperature rise) 62005

Solar heating elop¢ [gdaopd heat gain ¢ 00§),006005(fraction)aopS solar temperature
difference $C overall temperature difference o3l saqjs(ratio)gdoopdn ABelopE Fe500500058¢(West

wall)o3 [gode) oeepodaunood heat gain 6l 29:05808:3ke§0005 solar heating [gdoopS

[gConadedesaag(outer layer of the wall)od 2p0583[gE [gipS(made of red brick)oosaopdn
ABefopt 505eept Bewrod meepa(dark colored)op vaeoooodi ho 2095 0.30 h - ft* = °F/Btu
[§620p5n 23632038203 o€eepadogniongd 328052a38:(fraction of incident solar energy transferred to
the interior of the house)o3 63300538¢gE:e Bod§od(directly) 0a050p8E00N

Solar fraction transferred
U = (0.29 Btu/h * ft* - °F)(0.30 h - ft* * °F/Btu)
Ho = 0.087
F620038:03 0€eapadognionpd 300005 00% oS Bs05:00p5i (less than 10 percent

of the solar energy incident on the surface will be transferred to the house)

203[ges Fqoden $§qpopt wSondoonagE(glass wall [g6cqi) 2363a058:03 ofeepod
ag2:0p0 3290005 20005038 REHPD Y0NS (00)s0s dqpscBbepdn (Note that a glass

wall would transmit about 10 times more energy into the house.)

J:@-0- Minor factors influencing solar gains
Solar radiation elo3p¢ [gbedlep instantaneous heat transmission 0erNE3 0305092005354l
minor factor (§)§jee? 00pdogE: 052§ 326051
(o) Atmospheric haze
(J) The type of window frame
() The height of the place above sea level
(G) Variation of the dew point
(§) The hemisphere

J:@-J Air conditioning load due to solar gain through glass
[gon€iedndesqpead [gode) ofeepad(passes through a window glazing does)conaogd solar
radiation sa0qp:00pS air conditioning system 20305 cooling load 32[g693 qdqiE: velgpE:cdagaicor
320056/ pE 836005
(o) Radiation [gB[gE: 320305 Grogp:od comEsgn [qodoossogs(transparent)ogsSEfgcs
() Air conditioning system o3¢ cooling load gps con[gE:0d 3208:32038: 20§§[E0n5cn[gEs

ABelopé [g620p5n 0obspSizasg solar radiation lopé 3208:32038: GoFOYESYE: [GE0D
anlg: ofgdedcon
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Table 2—1 Sol-air temperatures for July 21 at 40 latitude
Sol-air temperatures for July 21 at 40° latitude {(from ASHRAE Handbook of Fundamentals, Chap. 26, Table 1)

(a) SI units
. . Dark-colored surface,
Air Air

Solar temp., Solar temp., a/h, = 0.052 m? . *C/W
time °C N NE E SE S SW W NW Horiz. [time °C N NE E SE S SW W NW Horiz.

5 240 241 242 242 241 24.0 240 240 240 20.1 240 242 244 243 241 240 240 24.0 240 20.2
6 242 272 345 355 29.8 25.1 251 25.1 25.1 229 24.2 30.2 44.7 46.7 35.4 26.0 26.0 26.0 26.0 255
7 248 273 381 415 35.2 26.5 264 26.4 264 28.1 248 29.7 51.5 58.2 45.6 28.2 28.0 28.0 28.0 35.4
8 258 281 380 43.5 389 28.2 28.0 28.0 28.0 338 258 305 50.1 61.2 52.1 30.7 30.1 30.1 30.1 45.8
9 272 2996 359 43.1 41.2 31.5 29.8 29.8 29.8 39.2 g 272 325 445 589 55.1 35.8 32.3 32.3 32.3 55.1
10 288 31.7 334 40.8 41.8 3564 31.8 31.7 31.7 43.9| 10 28.8 345 38.0 52.8 54.9 42.0 34.7 34,5 345 62.8
11 307 33.7 340 37.4 41.1 39.0 34.2 33.7 33.7 47.7 | 11 30.7 36.8 37.2 44.0 51.5 47.4 37.7 36.8 36.8 68.5
12 325 356 356 359 39.1 41.4 39.1 359 35,6 50.1 | 12 32.5 38.7 38.7 39.3 45.7 50.4 457 39.3 38.7 716
13 338 368 368 36.8 37.3 42.1 442 405 37.1 508 13 33.8 399 399 39.9 40.8 50.5 54.6 47.1 40.3 716
14 347 37.6 376 376 37.7 41.3 47.7 46.7 393 498 14 34.7 404 40.4 40.4 40.6 47.9 0.8 58.7 43.9 68.7
15 350 37.7 376 376 376 393 49.0 509 43.7 47.0| 15 350 403 40.1 40.1 40.1 43.6 2.9 66,7 52.3 62.9
16 347 37.0 369 369 369 37.1 47.8 524 46.9 42.7 | 16 347 39.4 39.0 39.0 39.0 39.6 61.0 70.1 59.0 54.7
17 339 364 3b5 355 355 356 443 506 47.2 37.2| 17 33.9 388 37.1 37.1 37.1 37.3 54.7 67.3 60.6 445
18 32.7 3b.7 336 33.6 33.6 33.6 383 44.0 43.0 31.4( 18 32.7 38.7 345 345 345 345 43.9 55.2 563.2 34.0
19 313 314 313 31.3 313313314 315315 274 19 31.3 315 31.3 31.3 31.3 31.3 31.4 31.6 31.7 275
20 298 29.8 298 29.8 298 298 298 298 298 259 20 298 29.8 29.8 29.8 29.8 29.8 29.8 29.8 29.8 259

Light-colored surface,
alfr, = 0.026 m2 . °C/W

0~ ;!

Avg. 29.0 30.0 32.0 33.0 32.0 31.0 32.0 33.0 32.0 320 | Avg. 29.0 32.0 35.0 37.0 37.0 34.0 37.0 37.0 35.0 40.0

(D) English units

Light-colored surface, Bir Dark-colored surface,

N
" a/fi, = 0.15 h - ft - °F/Btu afh, = 0.30 h - ft2 - *F/Btu
Solar temp., Solar temp.,

time °F N NE E SE S SW W NW Horiz.|time °F N NE E SE S SW W NW Horiz.

5 74 74 74 74 74 74 74 T4 T4 67 5 74 74 75 75 74 74 74 74 74 67
6 74 8 93 95 84 7J6 76 Vo6 J& 72 <] 74 85 112 115 94 77 77 77 77 77
7 75 80 99 106 94 78 78 78 78 8l 7 75 84 124 136 113 81 8l 81 8l 94
8 77 81 99 109 101 82 81 81 81 g2 8 77 85 121 142 125 86 85 85 85 114
9 80 85 96 109 106 88 85 B85 85 102 9 80 90 112 138 131 96 8% 89 89 131
10 83 88 91 105 107 95 88 88 88 111 | 10 83 94 100 127 131 107 94 94 94 145
11 87 93 93 99 106 102 93 93 93 118 | 11 87 98 99 111 125 118 100 98 98 156
12 90 96 96 96 102 106 102 96 96 122 | 12 90 101 101 102 114 123 114 102 101 162
13 93 99 99 99 99 108 112 105 99 124 | 13 93 104 104 104 106 124 131 117 105 162
14 94 99 99 99 99 106 118 116 102 122 [ 14 94 105 105 105 105 118 142 138 111 156
15 95 100 100 100 100 103 121 124 111 117 | 15 95 105 104 104 104 111 146 153 127 146
16 94 98 98 98 98 99 118 126 116 109 | 16 94 102 102 102 102 103 142 159 138 131
17 93 98 96 96 96 96 112 124 117 99| 17 93 102 99 99 99 99 131 154 142 112
18 91 97 93 93 93 93 101 112 110 89| 18 91 102 94 94 94 94 111 132 129 94
19 87 87 87 8/ 8 8/ 8/ 8/ 87 80| 19 87 87 8/ 87 87 8/ 87 88 838 80
20 85 85 85 8 8 85 85 85 85 78| 20 85 85 85 85 85 85 8 85 85 78

Avg. 83 86 88 90 90 87 90 90 88 90 [Avg. 83 89 94 99 97 93 97 99 94 104

Note: Sol-air temperatures are calculated based on a radiation correction of 7°F (3.9°C) for horizontal surfaces and O°F (0°C) for vertical surfaces.

Sensible heat gains Convective (%)  Radiative (%)
Solar radiation with internal shading 42 58
Fluorescent lights 50 50
Occupants 67 33
External wall, inner surface 40 60

(Source: Wang, S. K., 2001. Handbook of Air Conditioning and Refrigeration, 2nd ed.)
Cooling load 0g05sp5:60lEsqpign §oopdi 326[g93a0)ed:spdisé F2090SmnadespS:0005 Rule of Thumb
505t [gBo0pdn
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J-20 Sun Path

Air  conditioning system &l cooling load 0305000038l O303ede0gss0R0S  GHIP:
co&selopCs(sun  path)qpesacfopCnd  a8sm:copboonigs Beabo0pdn 880g050p) 3a6em05eR86l
egogmcobselopCs(sun path)od a3coniwom $Ggpis [gonCiedlodqpeznedad eseeployeapadomd
2$5¢ 0eor BEEBGLRd

[g5e08E&2005 Northern Hemisphere 03¢ 00p5§oopdi @&co( jo)qdesel esognicudialonts
2000 3aqpdad: [go20pdi SaComao( jo)qrdesel cagric0dieloypC:aond 320380k [gBo0obi 0odspd:
3¢ 650E§8eong) 6500350050205

Sun’s Path During Summer and Winter

June 21

Solar panel
(module)

¢ J99 ¢33 $& ce0o€iepadodeil egogmicobielopE:(sun path)
egepadogd epadpopgfaled =o0§8gSurquopdesciolion es00pd Sipads ceonbiepod
0%(1308 (T)@éGOLDG@)é @803é||

() esognsc&seloypEiqpSagpaielon e507p500051 e5aR0dgEees) 650EFE G5r05030001
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(9) eseepC @:qo0odn (summer sun light is more intense)i 62005 B:edlCiedl Gepadesaopd 32§85
eseepE[gEizm: sagpradigdoopdn

@8co( jo)qodes03E head load og0dqiod(gEsqp: [gapdlogoopdi $5055C poesodapl eseept
aB220p96000¢2005 eendiamneseanaeopé eseijgEams(intensity) cagpspdaopdi

65epa30R¢ 6507gROFS0R0 (0 J)$0§c00d Jqproopdn ceonliepBat esom gEdSa0d
(0))§780005 8505500001 22680005358 0opdfepesepa’? c3odq) elgp:cdoopdi esagadsS(sunrise) &
es0CqS(sunset)oopS sa§§epad(time of the year)s¢ oopdS§epesep(location on  earth)o3c8odq)
GB)&(\\DCOéII

@8c0( Jo)qrdes03¢ 652005 326¢,00090000060090503 3264),6[gpod Gonieentse 0gudoopdN
6508200020600000  I!es0de[Podncdemtieont:  [gdoopd  Salom( jo)aodesopt  eso0pd
26¢,60008005 600E:600E:00g05¢) 3265005607805 eonlieonixe o€aodi

Morthern Southern
Hemisphere Hemisphere

c’;) J-QG Sun path on northern hemisphere and southern hemisphere

zenith 2518
meridian 90° A 2
73%

north
celestial
pole

50°"\ 23}’

26,

celestial

@ J-0qQ Sun path
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Solar
50°N Noon Equator Noon, 23

&
7

6:00 am

6:00 am 6:00 am

6:00 am
June Solstice EQUINOXes s December Solstice e
c? J-9© Sun path June Solstice , Equinoxes and December Solstice
meridian  zenith

| W
Sun’s path
on equinoxes

7
Sun’s path on
summer solstice

e

\
Sun’s path on
winter solstice

<"3 J-9O€ Sun’s path on summer, equinoxes and winter solstice

J-00 Envelope Thermal Transfer Value (ETTV)

ETTV 20p5 Envelope Thermal Transfer Value [g6oopdn ETTV a300p5¢n 8opomopongEo’d
888:a3[8: [B.[geeCqiERoongpionpSesmnabepd 3268000539008961 §gpie 90cAIE:300 g Bpep5R3
eedlgoopd 00§3dgdo0pdn Envelope Thermal Transfer Value (ETTV) &l SI oa$d¢> Watt per meter
square(W/m?)(gdaopdi ETTV 00§3:6il 328¢nuden s§efomnondocpgsdonei gjésq)(average weighted)
:208s0p2058:(thermal transfer)[gdoopd
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080,08EE§ 326800053 8¢p:0305 Building & Construction Authority (BCA)e g&[gjoonean
ETTV 00§80 50 Watt per sq meter [8oopSi 08ompo0od sBeagomesannzé aopdeomalopé
[P3pem:00p) 2p6800053a8qpszaniadiopd air conditioning system oo&eo&fogo00bn ETTV 00§80 50
watt per sq meter [gdeomelopt $§efornondocpesdomnzaagt [guw sapuwam 50 watt 33680005
3220038:03 08eapadaed (g0 sacmude) aBgegiaopd 50 watt qpdlon sagudsaens(capacity)
J[Beenz000d air conditioning equipment gp: 006e0Eqepd[gdoopdi defopé sesor0dmed dooans
005608605 [368Ee00500pd: 083260 g&i3at(energy) [gi§:cBsep eapaSoodi

ETTV 00§3:qp:ecv air conditioning system sagudsaens(capacity) J[o3seco [gdoopdi s0632:38:
§E&qpemcg0d ETTV 00§8: gpiecw heating system sogoSsaens(capacity) J[o3eco [gdoaopb

ETTV 008820005 8250m00p0gEgp:ei 8odonssoseqpielogpE{gdaopdi 35680005358 00b90d:03
o8qpg¢ oopdeamnadoopdendl oSqpelope [gEuemapgp: 22680005358 2203E:8 o€eepadam|gé:
E&Déu @log&c;é]cﬁ qp:@):go oof)ooﬁooosooaoc;@oé C\)é: ETTV oo$$:qp:@8: E&Dén
ETTV 2005 6320050] 32q105330005¢p:edlogE oonpboopd
3268000520861 [§Eoéd(external wall) s§oon epSgoopds

0p520p5200503 w205 [gEusé(external wall orientation)aopd e§uxepdy| agSosiaopdi
0303360 0gpdizadjizaeni(material)qpigé oopdesodaS0oRo0pdN

039kaAl0d ©pdg§oopdt vpSoopd eS=ge0dgE copbesonSomEanpd 00pdadedl gt wopSoopdi
ETTV 2005 air conditioning eseps&adadeson [GEosdqpizecgndomn 030568 adea6005

ealEs200305 0R0dgE ©adal Air con sepst ©aB0620p5 [gEoédgpizacgndaopd: 0gades ©add
Envelope Thermal Transfer Value (ETTV)oo§3: cgodqiodq§ 8568000535892038:03 heat

qp2 0593 08eqpad8E0p5ad B8gs 83250005

ETTV 0088:00p5 30[gCe 30 (heat)qp: ofeepadaongstoon 200538005 [gEo &§gpe
o8aeepodamnoopd 3a0(heat)sEamn 200538005 6alESsgps(roofs) of:aBs(partition) 1 [038:08s:
(floor) ©2005 03w o€aeepadamoopd a0 (heat)qp:sE ©o005e3EAl

ETTV 00§8: 0305q05qqp:a? 005¢3aEqiE&umgpion [grpdeaopdn oBeaod Sapom(architect)
& seoopdlg|(endorsement) Goqoopdi [gBoofeam 8&E:cudes(process)en 0oSemaCqi§umgpin
0g05g|ed00:6000 ETTV 0088:03 8ooom(architect) 99:006685E gElgioon:eoon 50 watt per sq meter
Bm000p)  83E{gEcopS[gEeoagp:  [gpdeslgbaopdti 93eaod  oomudrondeogepl  ©0deeatqié
§omgp: ETTV 0088: 0305q059§ c320600p5sagj05eac0adgps(window schedule, building orientation
020p503)  dopom(architect)gpsade  q§oopdesad§cpl  =acemndsadondocdiel 838:  saegpadcd

meo&(design finalization stage)od eogpogfesfy [0 opdoopdmac|pEimncdaly cvnbed§Eaod
mefgmes [gOes0bn sl glgooneom 50 watt per sq meter qq§ ©05¢3EqE&umgp:
BE0nsgpilgC esopmegqeon0pd

ETTV o0§8:03 0g0dqiode[glsen 3268000535800095C0009 8E:0008CqSm00305 058000y
0305gI05$5:0% 296000§[gII CWHHSC:0PITOR0D FPIp CVEIHCORPI$ROgED 0SS
§o5 [§620251
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326800052861 [gCoédgp: 8&E:qpaoSi{gpramneco ETTV 088 00bqi0dgp: 88 o058ameco
[§62005 ETTV Value 0305605
ocowsdizagedes[gC ETTV Formula 2005 8E¢03 c3abq) efgpe:ado0bi
3030032g0965[g¢ vpsogIEd(assumption)qps [giapdoosaopd
ETTV Value 0305505 03¢ 632005010303 opsogiod(assumption) coboomzoopd
() 32680005358006900:0005 S8y godoopdesep ofesnt 0§Eo0dwY VPLOCTDEORdI
(Building Envelope is fully enclosed.)
(®) Convention Heat Trasfer through building Enveloped opening portion is ignored.
326800052861 0dskgpa 08edlod agodedladgpie convention $054gE sapgp:diol[gls(Air
Conditioningsa0R05)s& apgp:d:agad[gts(heating System 520305)03 copdagiogadgod[ges olgiepddl
J-00.0 ETTV {00552 (0€0mpfEéaacgadamn)

ETTV= 12(1-WWR)Uw + 3 4(WWR)UF + 211 (WWR)(CF)(SC)

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

Uw  =thermal ransmitiance of opaque wall (W/m? K)
Ut = thermal fransmittance of fenestration (W/m?2K)
SC = Shading Coefficient of fenestration
CF = solar Correction Factor of building envelope orientation
_______ - P e
E'ITV"J 12(1 WWR)UW +:3 A(WWR) Uf‘+r211 WWR)(CF)(SC).
I e I. __________

Radiation through

fransparent portion
Conduction through
rtion
— Conduction through transparent portio
. (fransparent portion is called as fenestration)
Qpagque portion

20005038 6ud[goon0pd  0€omp8Eeaaogndamigboogdi  3ee0r0dme80ob§epesan?
a80dq) 038:6000083sqps(constant value) algpEsado000n ETTV 00§3:03€ 323E3(p)9 cloCoogbi
J-90. ) Heat conduction Through Opaque Walls 253€:

Heat conduction through Opaque Walls = 12(1 — WWR) x Uw

Constant number 12 2005 95[g€320§$ (35°C - 23°C = 12°C) [gda0pbn
wesc5md w038:58 wafbogt mqffoplhioopiendl [§EoogSmpds T ¢ §GcopSmpds

T2 o3 &§qp0? [30) 2208:0nsq [§0edla0p8i pows- [gE0sa0§S 35°C ¢ 2680005358 32038: 30§18
23C a8 conduction 2a¢B8:0psq [gdedo0bi
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WWR(window to wall ratio)oopd [goo&edlodefomnst §¢ edonadel saEgdoopdn ETTV
0go5ged[gE:03¢ [qontaedlodondeqits $§0ndqid[gEicond e§omnsmadind soqruns] 03§:0069[gbesnE
[gepde) ogedaopdi §§o0danodel e§urnodeadiod dBSfgodomnss (0)salgdupB: WWR 2005 4§
o0bpadip€ Window e§om pdEsss 0pdg[gda0pda3 a8caopdi

WWR = 0.6 s80005¢0 $800600503€ e§onondendsel 5o% 205 [qooEsedlod(window) qps
[§8[039005 vpadcBaopbi oqfGo epeCsSiwn fenesate S§qpelgdo0pSH
Uw 2005 $&2a§jp32022$E200563E6000 U 00§3dgd20001

Heat (Q) = U X Area x Dfferential Temperature

¢ simplified coS00020005 Formula [gd20p5u

PO - 2680005338089 226053 GES§66 $§o0EEYEN 8§20 corgsidon
(000) [90[8 e§oel §o%a0p5 [geatiedodgpigdage odsel [gdedeam Heat Conduction o3 pd
632005038 [goonzeoon U 00§83z 0.3 W/m? K [gdaop

:200050386w5(gooniean ETTV 6l 0€ompoaé 32054gg§320305 2005005006000 Heoosds
326 20038:5E[GE 200§ S[epa5029i052005 12°C [gda0pdn

Heat Conduction Through Opaque Walls = 12 (1 — WWR) x Uw

=12 (1-0.5) x 0.3 = 1.8 W per Sq meter

H20001
: éso&gxf)@o 266, 00503 gIOd§I06oNEYEN (0)007g§:802003E:0 powdan 1.8 Watt B:ops
oCeepod cnepduny 8cd2000i U oo§oB:03 ASHRE Hand Book qpai Singapore BCA ¢l Data gp: ¢
0060050pgP:ade q§8Ea0p5H U 00§03: 32505:30qp20005 6320053l329105320005¢piedl0geonoboopSi
Envelope Layers of Materials
Thickness of Material
Thermal Conductivity of Materials (K Value or R Value)
Air Resistance

Material Density (kg/m3) K-value (Wm K)
concrete 2400 1442
cement 1568 0.533
granits 2640 2.927
Woed {chipb oard) 800 0.144
aluminium 2672 21
rockwoo! 32 0.035
1 glass 2512 1.053
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Cooling Load Calculations Ver 15 eomioo0dRs,

J-02.9 Thermal Conductivity (K Value)

K 00882000544 33000203 8056 32680005358098:08 3208:008CgS:(ability of a material
to trasmit heat)o? adc8o0pSn

2RC:s4sC 2:[gE4qmaloiope opfepiqod(temperature difference)gdedesoopdsscgzacs
(steady-state condition)ogE e§oondopsdesepe sac0odursd(unit area of the material of unit
thickness)za0305 00050go5c80(transmit)oood sap(heat)owdanaood K 00§3: [gdoopdi (Quantity of
heat transmitted 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))

REMgDEYEN K 00§8:0005 1.44 watt [g520p51 208¢005en (0)8om3a00 op&medde 1 K
ogSoplepigelopE opelgps(transmit) ognzoopdsan(heat) owdano0od 1.44 watt [g6200u

K 0088:0005 055600 32680005958 20038208 3208:00:q $p5:e00[g00N

J-00.G Heat conduction Through Glass Windows 2>3¢:
Heat Conduction Through Glass Windows = 3.4 (WWR) x Uf

Heat (Q) = U x Area x Differential Temperature eoo$p5:03 §eqE:aguSonesm{giapboons(simplify)
[9E: [g20p5n Differential Temperature ¢> 3.4 C [gda0pdi Area ¢ [goo€sedlo(window)gpisansadsei
99cAlE:e§o [gdoopdi Window schedule o 82007 (architect)qpode §§$E2001

| —’lﬂ(wa‘mﬂ n
o ——% (Y
~ —
Normal joining Sun’s

centre and Earth’s Centre SUN > EQ
= e — ;
/ N\ —

/1N

Parallel Sun’s rays
Plane perpendicular
to Sun's rays

¢ J-Go Solar radiation
J-00.§) Solar Radiation Though Glass Windows =28¢:
Solar Radiation Though Glass Windows = 211 (WWR) (CF) (SC)
Mean Solar Radiation = 112 Watt per Sq meter
Solar Radiation 8300p5¢n> 650005 mgnelge 8C:edlCiqpsgy ogpeoscamaelop eseepl(gpd
20pd  ognegedlad  eepod§sopt eseeplgpdoopd [GiEcouionsi(paralley Sun's  says)qpigdad
eepodognoopdi eseepllged =opgdima(heat energy)sC sacosgbiend(light energy)od cpoon:od

DROS 00568008 020l oolgE  eseepllgpde  0desmnEameon  pg&imad(heat e
nergy)oopd 3209&:33¢ (heat energy) solar radiation 3265[g¢ Gepa>§oopdi

3832600005308  0opdfepesep(Latitude and Longitude)o3c3ndq) solar radiation owdan
or[gr2gdioopdt co(month)o? BobgjeopSs solar radiation owdamoplgpg §oopdi qES§GePIRd
(orientation)oB c3oS¢jcopds solar radiation oedr o[EPe§oopdt 0€amp30305 codsbom by
solar radiation ¢> 211 Watt per sq meter [g620p51 328¢g0uSen eseeplfgede cndoorg§idomaedogé
00656000qBsg| Solar Radiation sagoedaned 211 Watt per sq meter [gdoopdi (The solar factor has
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been derived from the annual average of solar radiation transmitted through a 3mm clear glass

window.)
_ Solar heat gain of any glass and shading combination
" Solar heat gain through a 3 mm unshaded clear glass
SC = SC1 xSC2
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

eam0ddleux:aopd Solar Correction Factor (CF) for Wall [g20p51

Pitch Orientation
Angle N NE E SE S sSwW w NW
70° 117 | 133 | 147 | 135 | 121 | 141 | 156 | 1.38

75° 107 | 1.23 | 137 | 125 | 1.1 132 | 147 | 1.28
80° 098 | 114 | 130 | 1.16 | 1.01 1.23 | 139 | 1.20
85° 0.89 | 1.05 | 1.21 1.07 | 092 | 114 | 1.31 1.11
90° 080 | 097 | 113 | 098 | 083 | 1.06 | 1.23 | 1.03
95° 0.73 | 090 | 1.05 | 091 | 0.76 | 0.99 | 1.15 | 0.96
100° 067 | 0.83 | 097 | 084 | 0.70 | 0.92 | 1.08 | 0.89
105° 062 | 0.77 | 090 | 0.78 | 0.65 | 0.86 | 1.01 | 0.83
110° 059 | 0.72 | 0.83 | 0.72 | 0.61 | 0.80 | 0.94 | 0.78
115° 0.57 | 0.67 | 0.77 | 0.67 | 0.58 | 0.75 | 0.87 | 0.73
120° 055 | 063 | 0.72 | 0.63 | 0.56 | 0.71 | 0.81 | 0.69

oofgpieomn 22680005358405 56600 (orientation) $& oofgpsean pitch angle qps3a0305
correction factor o3 interpolation $p55g¢ cgo50R8Eclaopdi Pitch Angle 03 eea050pCew5(goon0000

326800053580 60o§E00N

e B p— —

R

Wheelock Place building Pitch ~ Most of building Pitch Angles are ~ Concourse building Pitch Angles is
Angles is below 90 Degree 90 Degree above 90 Degree
 J-Go Pitch Angle 3a§§js{g¢ oopSeanaboomingd 326800053534

-End-
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