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Chapter-11

Cooling Load Estimation Example
(0)3298:00p5 Trane Air Conditioning Clinic series ¢ cooling and heating load estimation
3208203 00mq) 66000:00001 (RUOIEIEVRd weoMedlndeogssognd sBenyPesnt [gpdgad
ooooaolg$ a@ooo:ooéu)

3080000861 cooling load 005505 qpig§oopdme505 ©p5o0pdspSgE 0gadoopSgbeo
:oBoxq(heat transfer) sa6[gdo0eomoepigp: 030ds0igps ©OdgEEEIRVIGPOD §2:0000 06O
edlodooza0aopdn  8&E:coeomonepigps @padpopst  esagscudielopigpa  esOM@LIIgPRE
0dl§00pd Geo05deqEugRdiqpsci R 00§8: $& U 0088k 9508501 apol cpogoddsd(pattern) 0oopSoa?
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Dry-bulb Temperature
(I) 00-0 Indoor design conditions
ASHRAE ¢ 030gEaosa0pd Cooling Load Temperature Difference/Solar Cooling Load/ Cooling
Load Factor (CLTD/SCL/CLF) 2005 load estimation method o8 82034qjq] 0a$650§E[gE poenad ogadlg
000300001 GeoseaonCoptagps(square brackets)zoogEs§) 0o&3sqps(values)ideaospdsqps(formulae)oood
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Cooling Load Calculations eomio0dp3§,
SI 056320305 [gd20pdn Cooling load 0g056pozE §eql:d: 320d:qp:aopd CLTD/SCL/CLF 0g05sp5:03
Fadig)e] 0g0d[goonzoopdi

Human Comfort

Factors Affecting Human Comfort @~
A Dry-bulb temperature . A LA el
N
4 Humidity Q%@\o mERaSany .
A Air movement \0'\%6\ T ZCANE é_
 Fresh air $Q}:0°,-~‘ FE :‘:‘?—;
4 Clean air _AEES 'Aj::;é\,(ﬁ"””” g
a Noise level comfortzone N\ | ‘3° -
a Adequate lighting -y : Fo70°F Y b ra0eF
X o = I - i2eart Verecr

4 ::)or?(esruf:lfrar::l;:re i _‘ .. ¥ Dry-bulb Temperature

<‘{> 00- J Factor affecting human comfort 9 00-p Indoor air design condition

;oS30 Josopgpiel ©0% oo ed9§Eo0pd thermal comfort sacfgsses(range  of
conditions) [gdes?€ [gopbeusgé(delivering acceptable thermal comfort to 80% of the people in a
space) 3600051 “Comfort zone” $E005000520p9 LRsOgIEdgP:(associated assumptions)od ASHRAE
Standard 55, Thermal Environmental Conditions for Human Occupancy o€ ewS[goonsoopdi
3053(0)$E(9)0gE 226202805 ©¥0598Ea00

oJpoensa0305 cooling load $& heating load c05q§ vcowedieasooopd space 2038:q
8ozl qedoopdaac[gsaes(desired condition)od 2005005[gE: [g6oopdn oobspSizndyl =es:
320§55¢ 8BE:0003 2005005[gE: (9620251 ofjooenagE 78°F [25.6°C] Dry-Bulb temperature $& 50%
relative humidity o3 space & desired indoor condition 32[g6 200590500051

Desired condition $& 00520052005 3905
wcocdqpioy  qfjgp  §6ceacBed  [ggod:

. 00230005 code gpzad §[g:8Eclaopdi pown-
3 Edistich 08om8E¢=00305 Code of Practice for Air-
G g J Conditioning and Mechanical Ventilation in

i Buildings (SS 553 : 2016)03 &[g6:q00051
hot

' , ‘ » [4§28E€¢320305 ACMV code o[ggrseaosiln
cool air
water e

$ 00-G Iose|pEaspdiqps (Mmethods of heat transfer)
00.0 gopefeptspdigp:(Heat Transfer Methods)
320g0:2CgPi0d qodBie] 0gfCall 3906328005 30 S[gEoopd Feepogle F20§E8600
FepoggEdom opelgpEognedaopd (Heat energy cannot be destroyed; it can only be transferred to
another substance. )i 220§§[E0000 Iaepogoigpie 3200005 20§E8G00 epogyigpiadal 303
;eaqpod B:eolsoopdn (Heat always flows from a higher temperature substance to a lower
temperature substance.)

ooma[gpEas5: (p)qJg(three basic principles of heat transfer) o
(0) 32632:0005qq 5320305 3403 vudepiudaEpdI oofgrraaspogr|edad Faugp: opselgptiogieant
[giooSaepdn g&:malyp: vagPadqdad codesepe oofgpiesepad opselgpCsogsgtind "conservation
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of energy" vpesl 005

() 329g&:mnC(heat energy)qpsoopd 200m0022038: 3eYS[gEoopdesep Bowpad saepogy|(higher-
temperature substance)e 220§886a0pdesep Iaepogy)(lower-temperature  substance) 8803
opselgpCsagniaopdi 0odspiemdgE poopdesepe FpgpP: 6320000 GsePad opelgpEiagniaodi
3200632 (heat energy)qpsoopd conduction 1 convection 1 radiation 2000 sapqp: opselgpCs
§E2005 306[gdspds(p)dje(three basic heat transfer processes)3ascde 3005e0: 5p5:006§§Hg¢
oprelepEioiooph saepogoqpial sxpdfoplpiedol Bodd spS()sed: Beopdd (R)eed:
8505 [96ed €205

\roof

2
Y A=
W 10007 n
eople lights i
glass solar infiltration " :
. = E equipmenf.;j?
glass : : | =
conduction ' E Llj
exterior I' _
wall
(ﬂoor

c;) 00-§) Cooling load components
Desired condition o3& cB§:com:q§(maintain)zaog0d space ¢ 3poud00050bqepdsSs(heat
removal rate)oopS space cooling load [gdoopSi Desired space condition 8300p5¢n GuooR0yEeyE

32038000 2098:320$(dry-bulb temperature)s& 8ad&:eo(relative humidity)o? e3c32000n Space &
cooling load o3& e8005d component gpzg> dlo€aoRdi

(0) ealE3s(roof)  [GEoédgps(exterior walls) 1 sacotieeplee$ 6alC:8:03E  onboonsapdesyp:
(skylights)s¢  [gonCsadladgps(windows)ad  [goSeaqpe) conduction $0549E  ofeepod(through)
2003 [g€oe sa0gps(conduction heat gain)

() 3ecotieeplags ealtsdionE onboonsoopdesyps(skylights)s [qooCsadlodgps(windows)e [godaos:
o8aepadanonpd eseapEgpde sapqpe(solar radiation heat gain)

(?) qodsnfogod(ceiling) 3a03E:8&gps(interior partition walls)sé  [036:0Cs(floor)qpsa?  [godeordy)
conduction $25¢g¢ o€eepodamnepdeonaseis(adioining spaces)e sapgp:(conduction heat gain)

() Space 3203&:§ cpqps(people) S:cdad:aqpCaqps(lights) appliances $& equipment o3¢ ogodedl
coooop_'S QqpP(internal heat gains)

(§)) odakgps(doors) [gooEsailodyps(windows) $E building envelope ¢l 3a056520p5656p1 WDG$0RD
esepqpi(small cracks)e space 3a038:0 8GoCamnoopd [gEue (egapd ecogps(hot, humid
infiltrating air)e 329 (heat gain)

B3[gE oofgrieom system heat gain gpzodeopd: copdogls 0gadq5es B=aboopdi Total
building cooling load saedleonpde) building HVAC system ¢ sagudsaen: egegdoocdeadqaopd Total
building cooling load 03¢ 6320050l cooling load s Clo€aogb



Cooling Load Calculations eomio0dp3§,

(o) Ventilation 220305 3268000528 (building)saopE:ad  copdeooopd [gEoeco(outdoor  air)elo3pé
[g8dconepd sapqps(heat gain)

() System & oobsoloonoopd fan qpse agodedlaonaopd sapqps(generated heat)sC oofgrseomn
system o agodedl a0l sapgp:(heat gain)

oJeoed Rodepopt space 320385 GalE8s(roof) $& qiodg[30d(ceiling)sslogpiopE plenum
o§op opsoonddedS(assume cvS)aon:0p0l 0odspSiEgE GalESs(roof) $C QEd§0[305 (ceiling)
logpresepo’d plenum 3:0[gd spaddgeco(glieondcopdicomSs qodsnogod(ceiling) eonbsofaondgts
600500p5:60mE{gB8E0 I BeloPpé 6alds(roof)s  B:d:diaqpSs(lighting)gqpeloppé  [gBedoopd
heat gain 32020320005 space 32038203 G30S§od(directly) Gepad§ogazaopd

Cooling load component gp:o3 sensible load 1 latent load 1 space load 1 coil load ©20p5[g¢
30061 lpopepadn? 683005038 @ugE ewdlgaonzaopd

Table 11-1 Cooling load components

i Sensible latent space coil
cooling load components Load  load load load

Conduction through roof, walls,
windows, and skylights

Solar radiation through windows, skylights

Conduction through ceiling, interior
partition walls, and floor

People

Lights

Equipment/ Appliances
Infiltration

Ventilation

System Heat Gains

LK KNI <

LN K

N LN S SO SR AR
CLNKKNNSN SN KL

Cooling load sadjsmaonigpiod vwdangéonny Bgnicopdes S=ad0bi GEodznsod
0pdo0pd mjsmeonin sagped: [§0ed 8800 wpbaopdaadjemaenian sagobied: [9el8EN3
oBooniqh Geabooph ofpood cqbeqgepd ofeurcd efgbecs copbopadaupbod eodsc§ad’

Qéll

Cooling load calculation [gjep&aopdmadl 3a0g§[gEoopd [gEusap§&(outdoor temperature)od
326[gde] 00509 HVAC system gp:eil 3ogud320:0005 0832600050005 G[o3:(oversized) ognscB&epdi
[go  B&&:mpqS(outdoor design  temperature)egegudgaopd  [gbedloopd[3dgss(frequency  of
occurrence)od 36[gd00:00¢0p01 88 0gabc8o0pd esepescosi(locations) design outdoor condition
qp:0? §§q§ ASHRAE Handbook—Fundamentals ©333603 8[G8:8€a0001 q§an§lg.el epaBporesom
(weather data)o? so98:(0G)(Chapter-14 Appendix)§ ce5goonzo0oobi
09. | 3268000532D00pdqepasep(Location)

00.p ¥25500p03egJ053000dgP:

Room 101 o3 cooling load ogabepd space 22[g62005005¢] powr0od9m[gd ogadlgaon:ad
[gon€iedndoopd 2265005900503 qedso0(windows face west)oonzoopdn [gon&iedadqps(windows)o?
[595¢) [96edlomnaopd solar heat gain 20pd egouSeC:e500538s(late afternoon)og sogpzeds(peak)

[g6 20051 Beag§art es(sun)oopd [gooiedoded ol odaddadoyeepades (setting and shining directly
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into the windows)eomelopé [g620pd1 Belopé ofooenaz€ maximum cooling load [g6edloopd
32552005 p065(G)§2§(4 p.M)3a(gd Vpsoa0decd(assume)aopdi

A

North Office Space (Room 101)

VL
P
a! _\,.J H SRR - -
2 Room 101 [ & Room 102 ’
elevation view (Room 101)
plan view

¢ 006 Office space (Room 101)
Space cooling $& heating load 03 og05qi05(estimate)q$320305 G820503E Gwd[gooza0pd

Fqodqps(criteria)o? 3a6[gd0000001 0328082005 0305g/05gep: 6[grRdet esomgp: pesoaEgE:

$¢ 208enqPoopd vpsogEdqpi? geodgEicdn’ olgbees [gpdeEopdeasot [gdaopdi ofsasotont
32g0530005qP: §6800E00B GrpaEEandi

()

W)

)

)

©)

©)

Q)

(®)

Open office space 8300p0¢0 F08:gp: 63 00020009 VdEsLE(GEIPRs; [§00pdI 0oECOOes:
3268000528 (single-story office building) [gdoopSn St. Louis, Missouri 35503E 035§ 00051

[36:0E:6§0200005 ( jG00) 00rgSic0 B30updd (J§0.q) ©0re$:8om [gBoopSi (Floor area = 45 ft
x 60 ft [13.7 m x 18.3 m]

Space 320€:3 plenum o§dh (no plenum between the space and roof)i [136:e8s0 qo5§0[0305
308 33(§E00p5 (0 ))e0 Bowrdd (p.q)80m [g620pdn (Floor-to-ceiling height = 12 ft [3.7 m])

Cooling season saogcﬁ desired indoor condition 03&3 78°F[25.6°C] dry-bulb temperatureis{,: 50%
relative humidity [gdoopdn Heating season 320305 72°F [22.2°C] dry-bulb temperature [g&aop5s

FGFIOOMON0Y GOd§900080p48(West-facing wall)el 3203E:500000005 12 ft high x 45 ft long
[3.7 m x 13.7 m] [g&20pSn 8 in. [203.2 mm] lightweight concrete block with aluminum siding on
the outside, 3.5 in. [88.9 mm] of insulation, and 1/2 in. [12.7 mm] gypsum board on the inside
[5 0opbes0o05(constructed)oonzoopdn

[gon€iedod(0)9§o0pdn [gontiedlodgps(windows)ogE ¢§33[0300a[s(clear, double-pane (1/4 in.
[6.4 mm]) soaqB8adeoxE (aluminum frames)gé [giapdoozanpdi [gontiadad(window)o3E:en
32038:300m60 4 ft wide x 5 ft high [1.2 m x 1.5 m] [g&a0p5

@9l8:0005 3a[gps(flat)[gb[Be 45 ft x 60 ft [13.7 m x 18.3 m] 030500051 6alEz(roof)o? 4 in. [100
mm] concrete with 3.5 in. [90 mm] insulation and steel decking o3[g¢ oopSeson05(constructed)
002200201

§eosgbeomelopt $505(0)5080 poes(6)508§803000 3208203 3203go0pdn (Space is occupied
from 8:00 a.m. until 5:00 p.m) c(0e)eNOdZARONEE5PY §ros: [§62020N (18 people doing
moderately active work)



Cooling Load Calculations eomio0dp3§,

@) Seqpgp:od maadigjoon:aopdi cdoorqsicong€ 2 W adeupdd  oodoopg§domagg 21.5 W
582 [962000n (Fluorescent lighting in space = 2 W/ft2 [21.5 W/m2])

(00) Space 32038 R8qEP$E Burgpizacged codocpesicoag 0.5W Bewrod  odoopes:
8omgi€ 5.4 W §8: (9520001 condBegdood §oopdi
(Computers and office equipment in space = 0.5 W/ft2 [5.4 W/m2], plus one coffee maker.)

(00) Room 101 § West-facing exterior wall oc3¢) og$sqps 320:0d:61 600§ air con see$sqps §oopd
0085p5:324gE 30§ S0opp80005 air con soedigpion 0§:§oon:0000 (surrounded by spaces that
are air conditioned to the same temperature as this space)i 329§$0p032005 air con see§:gp:on
o§s§ooneomnelopé 530dg0de guSeraopdi ofidoortoopdmaadigpiel 30qSecrnddl [gbedlepd
heat transfer o3 o3sgp: c0pdaR05q§ 83262005

Heat emitted by the roof

§
&

Heat radinted

. . Heat radiated by the roof
Convection 1ot reflected a
"

Convection Heat radiated ¢

<ooajdl

0 the environment

[

q) 00-6 Conduction through Surfaces
09.¢ Outdoor Design Conditions

0.4% 1% 2%
DB WB DB WwB DB W8

St. Louis, 95°F  T76°F 93°F  75°F 90°F  74°F
Missouri  [35°C] [25°C] | [34°C] [24°C] | [32°C] [23°C]
¢ 00-q Outdoor design conditions
$(00-9)20p5 St. Louis, Missouri zooei outdoor design condition [g&aopSi cox5ad(columns)
()9 JoCoopdi vooeeaBbas(first column heading)aopd 008560050 3ped::YS 0.4% & 20§S)
3030060505000 200e:3gS 1.0% 6 :20§S $E 000300 60505 2.0% 220305 Gwd[goozoRdi
Dry Bulb temperatures and corresponding wet-bulb temperature qpsg620p51 0.4% s32005¢0
Dry Bulb temperature St. Louis 630003E [g8ed00pd 820ed:3209S 6% 2005 95°F[35°C] (96205
(0.4% of all of the hours in an average year (or 35 hours))i Dry Bulb temperature 95°F [35°C]
[36e5qS03E RS sagpsads [gdedl copd(most frequently) wet-bulb temperature 2005 76°F [25°C]
[§620051 0% Bewpcd $5§aAIE: (9q.6)§7§ coypooRd 20§05 95°F [35°C] [gdoopd
30300 column(second column heading)aoS =5[g€ed:320§8 1% [g620pSn 1% BoopSen 93°F
[34°C] 005 Jg&oopd(sag§omcusmnds §08ede: 0.6 $0§) 309S 0% [gdedoopd 20§83
aBcB20p5n (only 1% of all of the hours in an average year (or 87.6 hours))i o3 Dry Bulb temperature
93°F [34°C] [9bes0p590§$03E sagpiads [g0eclaopd (occurs most frequently) wet-bulb temperature
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GomEs0005028 Chapter-11 Cooling Load Estimation Example
20p5 75°F [24°C] [3620p5n ofjpoensecgad 95°F [35°C] dry bulb $& 76°F [25°C] wet bulb o3 outdoor
design condition =2[g® 320%4gjg) 0geSgiEdepdi Outdoor design condition sacloy&:0? pe§:(p)ogt
326205805 ©05g8E2001

00650600l 0% 2005 (09.6)50§ [§6205n =0§§ DB 93°F [34°Cloood Jopoopd =2§$
07002005 006560%:03E (0q.6)50§ (98005 DB 93°F[34°C] 03¢ sagpsadiolaqodlgddloogd wet bulb
20p5 75°F [24°C] [g20pdn
00.§ U value owwndb U factor 00§8:03050

Overall heat transfer coefficient o3 U-value o8ewpod U-factor op
ol o0pdn U-factor 8800p5¢n &) 6alEd: 000pd 3a6a00053386 structure gpzod

L [g05q ofeepodomoond =pBionass: [g0oophi §& ealCSgpiod  ogods
Gl 30380y cvSoonroopSi (Walls and roofs are typically made up

Z = of layers of several materials.)

1

("3 00-@ Heat conduction through Surfaces

O

DODOODIL

Shaded exterior surface o3 [gob¢)(through) ofeepodammoopd sapowdan(amount of heat
transferred)oopd qoSso[gEe§orn(area of the surface) overall heat transfer coefficient (U 00§3:) $¢
20§S [§r250:q05(dry-bulb temperature difference from one side of the surface to the other)edlogé

wopd(depends)oopdi Conduction alopé [gbeiloogd heat gain o3 o305$ e3cdd Bggts
(equation)o? 3203¢gjo0pd
Q=U XA XAT

Where Q = heat gain by conduction, Btu/hr [W]
U = overall heat-transfer coefficient of the surface, Btu/hr e ft2 ¢ °F [W/m? ¢ K]
A = area of the surface ft? [m?]
AT = dry-bulb temperature difference across the surface °F [°C]

20 S[gre502q)05 (temperature difference)od 0058 design outdoor dry-bulb temperature ¢
desired indoor dry-bulb temperature (Ti)o3 §050p 20251

Overall heat transfer coefficient o3 U-factor vpeslaopdi U-factor 8300p5¢n saepoggigp:ad
0gp: ofeepodlgodoossogsoopdgss(rate at which heat will be transferred through the structure)
[g620p5n 00Bupsd e§ornog 39gS (0)80§ 0Cadcd Buwrdd (0)wgtudad opfepig§ilon [godooss
o8aepodogaepd sagonelgplasss [doopS

cuopoyedsC s§qpx(walls)sC ealE8igps(roofs)ad caonabandesgogpdiqpigé 3a0gpc80d
[gopS(typically made up of layers of several materials)ooosaopdn U-factor 00§8:03 00598 $4qps
(walls)sC calCSsqps(roofs)odei saagn 0od9qCsBel R 00§8s(thermal resistances (R-values) of each of

these layers)o? cdlEsq) e[gp&{gco§gs(taking the inverse) [g6o0p5i
ASHRAE Handbook—Fundamentals o3& &§gps(walls)  ealE:qpa(roofs)  qiodsnlogodyps:

(ceilings) $C [036:0Csqps(floors) oopdesonodepoge  sagpiad:  320%4g[e300pS0gRb:gp:(common
materials)ei R 00§3:(thermal resistance)o? eogpigé eodlgoonsoogd



Cooling Load Calculations

0090305652000 Pzt §&(wall)od 632005Clogpdigpigé 0opSeannndaonianpdi ogpSigpse
R-value gp:od @ooie 00509q00001
e Aluminum siding (R = 0.61 ft? e hr e °F/Btu [0.11 e m?. °K/W])
e 8in. [200 mm] lightweight concrete block (R = 2.0 [0.35])
e 3.5in. [90 mm] of fiberglass insulation (R = 13.0 [2.29])
e 1/2in.[12.7 mm] gypsum board (R = 0.45 [0.08])
$q01  =a[gEonodqedsofgE(outside surface of the wall)og€ ceosaag(film of air)oode
00p0§o0pdn $§ 33[gEa00dgd50[gE eromaagel R 0o§Bs(film of air on the outside surface of the
wall)oopd R = 0.25 [0.044] [9®20pbn egepaB(summer)og ecooopd ad50§cqC (q.6)8E5S:(air
moving at 7.5 mph [12 km/hr])g¢ cBodes00p507 0020056050051 §§61 3203C:0005¢0550[gERE
65205000 GoZEER(0)9 (another film of air on the inside surface of the wall)§oopbn 92038:005
0.68 [0.12]) [9do0pdn 320§:3203E:5 ecvlEo0pduy vpso

eomio0dp3§,

ecomap(film of airel R oo&d:(R =
(assuming still air) coszo0p5i

o3elopé U-factor §(wall) 2Bo0rcd 6slESs(roof) 0odoqts(cndagngis)Bel 50099886
(thermal resistances (R-values))oB adlCsq) a[pE{g§vs[gCslss 98Ea00

@oggé U-factor 0305090

Wood WA thermal resistance (R) U = 1
insulation  Routdoor-airfim ~ 0.25 [0.04] Rtotal
concrete block —&— ESiding gg; {g;;]]
concrete block . .
| bd Rosusion 1300 229] U = 0.06 Btu/hrft2°F
s Reypsumboard 045 [0.08] .
Rindoor-airﬁim 0.68 [012] [ U - 033 W/m2' K]
2 Riotal 16.99 [2.99]

$ 00-00 U value 9300p05 U factor 00§8:03050
$e205052 [gE U-factor ogodopd

U = 1
I:‘outdoor + Rsiding + Rconcrete + I:‘insulatéon + ngpsum + I:‘indoor
air film block board air film
1 1 -
U= = 0.06 Btu/hr e ft< e °F

T 025+061+20+13+0.45+0.68 16.99

1 1
[U T 0.04+0.11+0.35+2.29+0.08+0.12  2.99

opoen0 opsb(Y)sé cgodqdecdlgaorop

ASHRAE Handbook—Fundamentals 03¢ 3209 (thermal resistance) oo§8sqp:o? @oos(table)
Qs eodgoonzoopdi 3209:qp000d GeondaRdes; ogpSigpz(commonly used constructing materials)
5 oopbesonndoonianpd  $egpa(walls)  esIESigps(roofs)  qodsnjo3odgps(ceilings)sé  [o38:0sqp:
(floors) 02005 0303 Gedlgaonsaopd

- 0.33 W/m2-°K}
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GomEs0005028 Chapter-11 Cooling Load Estimation Example
1

- Routdoor + Rbuilt up + I:zins'.ul.:-ltion + Rlightweight +R metal * R indoor
air film roofing concrete decking air film
_ 1 _ 1 _ o fi2 o0
V= 0257033+13+312707092 ~ 17.62 ~ 0057 Btuhreft®e“F
[U - ! = =1 - 0.323W/m?2e °K]
0.04 +0.06+2.29+0.54+0+0.16 3.09

1997 ASHRAE Handbook—Fundamentals, Chapter 24, Table 4 03 o3:0xs(reference) conzo0pd

3265205000503 q0550020008¢(West-facing wall)oopd =oq$[gpd 92§50es00p5(completely shaded
at all times)op vas0o0p5n $¢(wall)el conduction heat gain 20p5 388 Btu/hr [133 W] [gdoopS

290.6 Conduction Heat Gain Through Shaded Wall

Conduction heat gain through the west-facing wall (assume shaded at all times)o? 0305q$
oJeoenozd west-facing wall 2005 32§8038: 32[G3a§Ooyeepod(assume shaded at all times) c52051
U-factor = 0.06 Btu/hreft?e°F [0.33 W/m? e K]

$45¢ [gon€iedododei s§omoopd
Total area of wall + windows = 12 ft x 45 ft = 540 ft?> [3.7 m x 13.7 m = 50.7 m?]

[gon€zedlod(0)edlo’ e§ux(Area of windows)
Area of windows= 8 windows x (4 ft x 5 ft) = 160 ft? [8 x (1.2 m x 1.5 m) = 14.4 m?]

$qe1 e§ox $85E [goniedlodgqpie ppedEie§ome [§ootiednd (0)edndel e§unad sodayc
$qe8oxa} qaoph

Net area of wall = 540 — 160 = 380 ft?> [50.7 — 14.4 = 36.3 m2]

AT = outdoor temperature (95°F [35°C]) — indoor temperature (78°F [25.6°C])

Q=U XA XAT
Q = 0.06 x 380 x (95 — 78) = 388 Btu/hr

[Q=0.33x36.3x(35-25.6) = 113 W]

00.q 65eepCagt:daoopd qodso[g€qpa(Sunlit Surfaces)

} , Time
1 1 Lag
East-facing b1y
c window roof 3 A B
‘= P
=] w
et [
© o
o
T »
12 6 12 6 12 12 6 12 6 12
mid a.m. noon p.m. mid mid a.m. noon p.m. mid

¢ 00-00 Time of peak cooling load

poe- $s0598:656epEa00 $481 3a[gEnndgrd§n|gEedad oeepad(sunlight that fell on the
outer surface of the wall)aoooefopE sunlit wall o3 [gode] sapqps space 3203:98 o€eapadaunoogdi
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Cooling Load Calculations eomio0dp3§,

Curve A 2095 33[gonabé4(exterior wall)ed a3 oqjeapado0d solar effect &l vencr (magnitude of the
solar effect) (62051

Curve B 20p5 $§03 [godej(through the wall) space 82038:08 oCeepodomnaopd sapqps(heat
transferred) [gdoopdi sa003sc00g G§0050ygEs(delay in the heat gain to the space)oopd time lag
elopE [3620p5 Time lag [g6edloopd oedan(magnitude of this time lag)oopd §&(wall) o3ewrod
69IE3:(roof) ©20p50303 6e0r0SpGoo0pd LgESigp:(Materials used to construct) & 32003 SV
a3eapE8EgSs(capacity to store heat)sE cocopd 3a6dl0gE Goopda0d

:eenodmBel [gEusdypr [qootiedodgpiedad  :a§8snfmaspdicodes, eseepEodnd§od
oqespad[gts dqoopdi (most exterior surfaces of a building, however, are exposed to direct sunlight
during some portion of the day) Radiant heat [gpogoSgoopd sacolieepi(light) [§pogodest
oppBoopdi qbse[gpE(straight line)zao3E: [grogo5a0p51 Gomnboa0pd qodsolgE(bright surface)st
o3e0g00p038l  aeepllgf(reflect [g8)oopdn saculs(light)sé radiant heat $6qJpd:0000 080303
[035c0€2005 qiodso[gE(transparent surface)qp:o? [godoo§:og2:8E 005

sun

NN

solar angle changes throughout the day

7/ ™
¢ 00-0 ) eseepEadigdeopd qodsnlgEqps(Sunlit Surfaces)

Opaque surface qpsooRd  ©§0303c0R0 pbcl[gEs of o0boos RSMed 03
2c08ieepCad 305a38Cg0: 6foopd 0060050EYS Zacutieepe  GEIndoFs((god0E)SERD
qo559(g€ [gBo0pd

eseepClgdyps(sun’s rays)aopd o0doodmdqed  saculieeplemadogn§toopd gedsolyc
(opaque surface) gp:edlad oyeepadoopdeasdl 32096328 vwdan(certain amount of radiant heat

energy) 00,0005 3qedso[gE(surface)od [gode] 3203E:00593 omalgplaogaiom gEd§[gEzaeqs

(surface temperature) 3gqpzcoo0pdi

opse[gpaognioogd sapowdan(amount of heat transferred)oopd sacepE(color)sE qods0[gc
eqPeg,q(smoothness of the surface) qods0[gaedlad eseepon) eepodaopdeamné(angle at which the
sun’s rays strike the surface) 020503 3360[03E @anp505i

eseepClgedongegpa(sun’s rays)oopd qodsalgEedad oBad§o5(po)B0§ecnE(90° angle)sé o)
eepadag€ Bgiodsnlg(surface)edad radiant heat energy saqp:ad: oqjeapad202d (20) 8adoond
Bspbseco  qodsnjgEedBogeepadoopd sagowdan(radiant heat energy) 3sobseco  [gdoopd
065533498 (R0)80&econE(90° angle)oopd gedsolgEedionpdonpbogle eseepEadionn;ad
[gdeseomalope qodsnlgé(surface)edlad radiant heat energy sagpsad: oqeapad(gEs [gdoopSn
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GomEs0005028 Chapter-11 Cooling Load Estimation Example

qods0(gE(surface) el a3 eseepElgpdoeepodaopdeaoné(angle at which the sun’s rays)oopd
cogdop§(latitude) oqjeapaboopbeag§(time of day)sC oqeepodoopdco(month of the year) oaop5od
3260 0zE goopbo0pdI RS 6503 cvpSuddeseamelopt eseaplgpd oeepad0Rd Goonga0d
H[Food: eplicdesaopdi esognscubielops(sun path) elpicdeseomelopt eseaplgdeqe
[gS:zams(intensity of the solar radiation) elgpE:cdes20001 3a680005338[gC0 qodsn|gE(exterior surface
of a building)zeed o3oqeepoda00d solar heat 20p5 Bqedso[gE(surface) odad ofeepadogniom
qo559[g€ 320S [gEan0d 0

qo559[ged 33 eseepladomyjespadlgEed(surface is completely shaded)og€ radiation heat
gain olgdedeor 3eancdzadgpiImad:fidkogE(solar heat) eseepllgodelope [gdecloonaogd
202005 total cooling load 03¢ saeeEB3s00pd 22805323E: [gdaopSi(Solar heat is an important part of
the total cooling load of most buildings.)
Time

[ | Cavity brick (very high thermal mass)

Y\ i}:>||—>

Brick veneer (high thermal mass)

Solar Effect

Lightweight walling (low thermal mass)
12 6 12 6 2 3% l:>g I::’
mid a.m. noon p.m. m|d

$ 00-0p Time Lag [g6edo
poe =g (heat)ood sunlit wall o3 [goSoosq) space 22038208 oEaeepodaoopdi 0€axa0d
eseepE(sunlight)oopd $50588:32§8 (earlier in the day)ogE &6 [gCoqodsnlgE(outer surface of the
wall) edlBogeepadaodi

Curve A 20p5 solar effect elopé [gdedloopd vwran(magnitude)gdoopdi [gEusé(exterior
wall)ed 3 eseepé oBsgt:elopE(solar effect elop)gdedoopd venan(magnitude) [gdaopSi Curve
B 2005 space 92038:03 $§03 [goSe) o€eapadbamnoopd vwaan(resulting heat that is transferred through
the wall) [gdoopdn Space 3a03€:08 ofeepodamoopd sapyps(heat gain to the space)oopd 3a§$
32501005 650050 (delay)oopdi 030393 =08 e500503Gie 0€conoopbeapgp: heat gain 33(gdad
e[pEicdognglicd “time lag” opesloopgdn B3l mgesncdff:  [gdedlanangd  sapuwan
(magnitude of this time lag)oopd 6eo050pG0o0pd 0gpd: sadjksson:(materials used to construct
the)zaedlog€ ©oopdaopbi $§(wall) Bewrcd 6dlE8s(roofs)od 0opbesmnd 0o0pd LERdigPsel 2003
9Oupadeapt §Egbs(capacity to store heat)eolaa€ gonpboopdi

hour
123 45 67 8 9101112 1314 1516/17\1819 20 21 22 23 24

C(L;)D 353025 21171411 8 7 6 6 7 8 10 12162230 37 44 48 48 45 41
(“EL;D 19171412 9 8 6 4 4 3 3 4 4 6 7 9(12/172124 27 27 25 23

(I) 00-0G CLTD table
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Cooling Load Calculations eomio0dp3§,
09.q.0 Conduction Heat Gain Through Sunlit Surface
Q = UxAxCLTD

CLTD 20p5 $pbsopnedlomg [gdoopdn [gEoédgps(exterior walls) calC8sqps(roofs) [goots
edlodgps(windows) 02005 qEd§o[gEqpediad esepCoy) cepadoopdsasl sagme|pEdge: [gdedoopd
Bogps?d $§5C 6alE3:cBon a88:eopd: a3eapnEoonsfgliclopé time lag [gBedoopbi Bsagied
56910503 copdogsodion: aaodgEdcdeomelopé Cooling Load Temperature Difference (CLTD) factor
o3 202%4q[E: [g520p51 AT egepagE CLTD 03 copdagls 0g05q/05[gE: (96205

Q = UxAxCLTD
CLTD Factor For West Facing Wall

P3q[gE:03E Agood =ap§Sozfep:qod(temperature difference)oopd capacity $¢ time lag o3

00p5038: 0dienz000ggEs w§eo

FGFIOONON0Y  qod§0a0008¢(West-facing  wall)ze0305 @oosoge  eedlgoonioopd CLTD
factor 02§8:03€ 63200501 3205203 assume cvS0o200201

e 78°F[25.6°C] indoor air

e 95°F [35°C] maximum outdoor air

e  Average outdoor daily temperature range of 21°F [11.7°C]

e 21%day of July

e 40° north latitude

e  Dark-colored surface

Cooling load 0g05q§ 83260000 Fag0dm0009¢Picd vodqeEpdeuIIgP:d 1997 ASHRAE

Handbook — Fundamentals and ASHRAE's Cooling and Heating Load Calculation Principles manual ogS
q§8Eo0p5 Table 11-1 2005 IP 0rsd 80§ wqCuBadma0305(gdaopdn Table 11-2 2095 ST w356 80§
0Co30§ob3a0905 [g6o0pdn 880305652000 vRsOsENHHB0pd Lo} egiguSuodgeepdt vpsd
0opgI€ ©0dgaERd @uIIgPINZ[YP:d0d 20a3[gjao&aopd
Table 11-1 CLTDs for Sunlit Walls (40° North Latitude, July 21) (°F)

Wall Type 9
Hour

1 2 3 4 5 6 718910 N" 12 (13|14 |15 | 16 | 17 | 18 [ 19 | 20 | 21 22 | 23| 24
N 17 118113 | 1" 9 7 5|44 4 5 7 8 10 | 12 | 16 | 17 | 19 [ 21 | 22 | 23 | 23 | 22 | 20
NE 18|16 13| 1" 9 7 5 56|10 |16 | 20 | 23 | 26 | 26 | 27 | 27 | 28 | 28 | 27 | 26 | 25 | 23 | 20
E 20 | 17 | 14 | 12 | 10 8 6 57|12 |19 | 26| 32|36 | 37 | 37 | 37 | 36 | 34 | 33 | 31 29 | 26 | 23
SE 20 [ 17 | 16 | 12 | 10 8 6 5|6 9 13119 | 256 [ 31 | 34 | 36 | 37 | 36 | 356 | 34 [ 32 | 29 | 26 | 23
S 21 |18 | 16 | 12 | 10 8 6 |54 3 4 6 10 | 14| 20 | 25 | 29 | 33 | 34 | 34| 32| 30| 27 | 24
Sw 31 26 22 18 15 12 9 7 6 5 5 6 8 10 14 19 26 33 39 43 45 44 40 36
w 35 (30|25 |21 |17 |14 | 1 |8]|7 6 6 7 8 10 | 12 | 16 (22) 30 | 37 | 44 | 48 | 48 | 45 | 41
NW | 29 | 26 | 21 [ 17 | 14| 1 9|75 5 5 6 7 9 il 14 |18 | 22 | 28 | 34 | 37 | 38 | 36 | 33

e[epod32q00340d509000:0000 $5¢ eaIEs(west-facing wall and the roof)ogE [gdedoogd
conduction heat gain 03 0305q§ AT GsepogE CLTD o3 copdogls 0g05q0d[gEs [§daopdn (Using CLTD
instead of AT to calculate conduction heat gain)i U-factor 00§3:0305(g€:03 @g,03E ewd(q[Gs [gE20p5

Conduction heat gain through the west-facing sunlit wall:
. U-factor = 0.06 Btu/hr e ft? ¢ °F [0.33 W/m? ¢ K]
. Net area of wall = 380 ft? [36.3 m2]
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GomEs0005028

Chapter-11 Cooling Load Estimation Example
CLTDpour=17 = 22°F [12°C]

Q = 0.06 x 380 x 22 = 502 Btu/hr [Q = 0.33 x36.3x 12 = 144 W]

Table 11-2 CLTDs for Sunlit Walls (40° North Latitude, July 21) (°C)

Wall Type 9
Hour

1 2 3 4 516 |7]|8]|29 10 n 12 13 14 15 16 17 18 19 | 20 | 21 22 23 24
N 9 8 7 6 5143|212 2 3 4 4 6 7 8 9 n 12 12 13 13 12 n
NE 10 8 7 6 5 4 3 3 3 6 9 n 13 14 14 15 15 16 16 15 14 14 13 1
E " 9 8 7 6|14 |3]3]|4 7 n 14 18 20 | 21 21 21 20 19 18 17 16 14 13
SE " 9 8 7 6|4 |3]3]3 5 7 1 14 17 19 2 | 21 20 19 19 18 16 14 13
S 12 | 10 8 7 6|14 ]3]|3]|2 2 2 3 6 8 " 14 16 18 19 19 18 17 15 13
sw 1714|1210 (8|7 |5]|4]|3 3 3 3 4 6 8 1 14 18 | 22 | 24 | 26 | 24 | 22 20
w 17|14 )12 (98| 6|44 3 3 4 4 6 7 2 @ 17 | 21 24 | 27 27 25 23
NW 16 | 14 | 12 9 8|6 |56 ]|4]3 3 3 3 4 5 6 8 10 12 16 19 21 21 20 18

Source: 1997 ASHRAE Handbook—Fundamentals, Chapter 28, Table 32

00.9. J Conduction Heat Gain Through the Roof

Table 11-3 [Table 11-4] 03¢ ealE:eadjedjs(several types of roofs) o3¢l CLTD factor o3 eedg
002300001 09OR0HE$0PY powde GalESs(roof)oopd Roof Type 2 sa§jEzeendgdaopdur 0005605
(classified)oopSn Table 3 [Table 4]o eg0mgP:a0pd CLTD table for walls table ¢ opsogodqpsé 0pd
(similar assumptions)aopSi Hour 17 sag§03¢ 6alE8dgs(flat roof type)sl s20q§S 80°F [44°C] 320305
CLTD 00§8:03 0050p20pdn @oxse 17hr 0g€ ealEdig§el CLTD 220§803 ocbopagi 80°F qoopdi 17hr
605055E Roof type 2 32008:03 ada0pdesepe ©o5oadl

Conduction heat gain through the roof:

U-factor = 0.057 Btu/hr e ft2 « °F [0.323 W/m? « K]
Area of roof = 45 ft x 60 ft = 2,700 ft? [13.7 m x 18.3 m = 250.7 m?]
CLTDhour=17 = 80°F [44°C]

Q = 0.057 x 2,700 x 80 = 12,312 Btu/hr

[Q = 0.323 x 250.7 x 44 = 3,563 W]

Table 11-3 CLTDs for Flat Roofs (40° North Latitude, July 21), °F

Hour
Roof | 1 | 2| 3|a]|s|le| 789 |w|mn|12|13[1ua[15s]16]|17][18]19]20[21[22]023]24
Type
1 o|-2|-a]|s|s6|-6|0)|13|20] 45 |60| 73|83 |88 88|83 73|60|a3|[26[15|]9 |5 ]2
2 2 lo|-2|-4|5|-6|-4a| 4|17 32|48 | 62|74 [82]|86]s5 (E;J\) 70 | 56 | 39 [ 25 [158 | 9 | 5
3 12|85 |2[o0o]-2|0] 5 |13|24|3|4a7|[57|66|72|74|73|67|569]|as]|38|30][23]17
4 7| m | 7|31 ]a|3]-3|0]| 7 |17]|20|4a2]|54]|65|73|[77 ] 78| 74]|67]|056]|a5]3a]24
5 2116|128 |6 |3 |1 | 2|6 1221|314 |51 |60)|66|69|69| 65| 59|51 [a42]|34]27
Table 11-4 CLTDs for Flat Roofs (40° North Latitude, July 21), (°C)
Hour
Roof | 1 | 2| 3| 4|6 |6 |7 |8 |9 |01 |[12|13]|14]|156[16 |17 18|19 |20]|21]|22]23]|24
Type
1 o |1 |2|3|3|-3]0]| 7 |16|25]|33|4a1|46|[a0]| 49|46 |a1 3324|148 |5 |31
2 1o al-23]3|-2]2]9|18[27]34]4a1 |46 a8] a7 (44) 39 (31|22 8|53
3 7lals| 1ol alola3| 731wz |alalmTm|azs|a|al7]3]os
4 9 le|a|2{1[a]2|-2|0] a9 162330 ]|36|a1 |43 43| a1 |37 |31]|25]19]13
5 12| 9|7 |a|3|2|1| 1|3 |7 |12|17|23|28|33|37|38[38|36|33|28]|23[19]15
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Cooling Load Calculations eomio0dp3§,

poegl Gudlgoomoogd s§eadzsons(wall type)oopd 9 [g8aopdi 4 p.m. o} @oomopé
005092005 326l Hour 17 eonSad(Hour 17 in this table)o€ 0050pqo0pdi 8265005000503 qjo550¢2005
$¢(west-facing wall)ell CLTD 00p5 22°F [12°C] (9620051 936005 s0§oomudsapd§oplepqod(actual
Dry Bulb temperature difference)oopd 17°F (95°F — 78°F) [9.4°C (35°C — 25.6°C)Joon 962000
e56pE[gpdaopd 23[gEqodsnlgt esepad oqespodeseacaelogpE(sun shining on the outer surface of
this wall increases the “effective temperature difference”) 22°F [12°C] 23(g® 0g050pq0005

@8:c308s(later in the day)ogé CLTD 00§8: Sgps(increases)aonoopdi poesdEs(evening)opE
CLTD o0§8: cagpspds(decrease)ognzaopdi $§qps(walls)3aopts o38:a0pb:000:0000 3a04ps(stored
heat) space 3203298 000d0g05305606[ePE [§20Rd

CLTD o00§8sqpsoopd 6gc0053C:3§Sqpioge SgpsoonfGe posselsma§sqpip eagpspds

agn:00p0i 3onuSelopEadecsd poeselianl a36se0pSioonioopbeny (stored heat)qpsoopd $ga0pte
320820003 ad0 o€eepodagnieamnaelopt [gdaopdi
00.Q.9 Conduction heat gain through the west-facing west-facing windows
Qwingow = U xA xCLTD

Qwindow = 0.63 x160 x13 = 1310 Btw/hr [ Quingow = 3.56 x14.4 x7 = 359 W ]

U-factor o3 2203qqjg conduction efop¢ [gdedeam heat gain owdmod 0305205
3265205000508 gI05§2065$6000 [JoaEsedlod(e) (eight west-facing windows)e Table 5 [Table 6] o3
1997 ASHRAE Handbook—Fundamentals and includes CLTD factors for glass ¢ cooSopcon:00001
F2000:0p OPLOYIOdGPs(similar assumptions)o? saefgdoozoopdi CLTD table ¢ $§5¢ @alCds(walls and
roofs) poes(§)5§°803¢ [gdedieom(Hour 17) o§[gonéiedlod(glass window)qps3a0305 CLTD 00§8:0005
13°F [7°C] [g®20pS

U Factor for Window

fixed frames, vertical installation

aluminum without aluminum with
thermal break thermal break wood/vinyl

single glazing
1/8 in. [3.2 mm] glass 1.13 [6.42] 1.07 [6.07] 0.98 [5.55]

double glazing
1/4 in. [6.4 mm)] air space 0.69 [3.94] 0.56 [3.17]

1/2 in. [12.8 mm] air space 0.64 [3.61] 0.57 [3.22] 0.50 [2.84]
1/4 in. [6.4 mm)] argon space 0.66 [3.75] 0.59 [3.37] 0.52 [2.98]
1/2 in. [12.8 mm] argon space 0.61 [3.47] 0.54 [3.08] 0.48 [2.70]
triple glazing
1/4 in. [6.4 mm] air spaces 0.55 [3.10] 0.48 [2.73] 0.41 [2.33]
1/2in. [12.8 mm] air spaces 0.49 [2.76] 0.42 [2.39] 0.35 [2.01]
1/4 in. [6.4 mm] argon spaces 0.51 [2.90] 0.45 [2.54] 0.38 [2.19]
1/2in. [12.8 mm] argon spaces 0.47 [2.66] 0.40 [2.30] 0.34 [1.91]
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GomEs0005028 Chapter-11 Cooling Load Estimation Example

o8qp:ad [g05q ofeepodaneomn solar radiation elogp&(solar radiation through glass)
[gbeclaopd sagownan(heat transferred through glass windows)a o3053(G: [g620pdn [gootiedlod
(window)o3 [gode) conduction clopé ofeepadanoogd heat gain 03 c3o500pd 0g05e00:00p5 $&gp:
(walls)s& calE8xgqpa(roofs)od 0g0d20pd5p5:5¢ 0ppda0di

0090305652000  powe  [goo&seilodgps(windows)aopd  double-pane  window  qpslgdlqS:
©8())q0m0[ogpiog€ 1/4-inch [6.4 mm] air space §oopSi [goo&iedlodgps(windows)aood &) 805
0q20pd 3a6oo(fixed or not operable) 026002s00pd 3a§jEzEEE{gda0RdN Fpq)§LdGoE (aluminum
frames)s¢ thermal break Al§oopdn U-factor 005 0.63 Btu/hr e ft? e °F [3.56 W/m?e K] [g&00p0n 1997
ASHRAE Handbook— Fundamentals ¢ 3209:qpso0pd [gonsedlodSgps(common window assemblies)ci
U-factor 00$3:qps03 32054gj000:00001

26500500008 qods§reesean  [goodiedod(west-facing  window)  (9)edlob]  [gbedloopd

conduction heat gain owdan(conduction, through the eight west-facing windows qg$s20305)03
03058320305 U-factor o3 saadigjg) heat gain o 03052005

shading coefficient at normal incidence

aluminum frame other frames
operable fixed operable fixed
uncoated single glazing
1/4in. [6.4 mm] clear 0.82 0.85 0.69 0.82
1/4in. [6.4 mm] green 0.59 0.61 0.49 0.59
reflective single glazing
1/4 in. [6.4 mm] SS on clear 0.26 0.28 0.22 0.25
1/4 in. [6.4 mm] SS on green 0.26 0.28 0.22 0.25

uncoated double glazing

114 in. 6.4 mm)] clear - clear 0.70 0.60 0.70

1/4 in. [6.4 mm] green - clear 0.48 0.49 0.40 0.47
reflective double glazing

1/4 in. [6.4 mm] SS on clear - clear 0.20 0.18 0.15 0.17

1/4 in. [6.4 mm] SS on green - clear 0.18 0.18 0.15 0.16

SS = stainless-steel reflective coating

Table 11-5 [Table 11-6] 1997 ASHRAE Handbook—Fundamentals ¢ Gox05§05 codlqoonoopd
@oggd 20pdn ¢§(glass)zaogod CLTD factor clo€aopbi saconiopopsogodyps(similar assumptions)o?
:26[gd00200pd CLTD table g [gdfo30005

Table ¢ poes(g)§2§(Hour 17)03€ [goo€sedlodes (glass window)saog05 CLTD 00§z (CLTD for
a glass window is 13°F [7°C])0% 0odagié CLTD 2005 13°F [gdoopdi

65005000503 q0d50065600 [gootsedladyps(west-facing windows) @i conduction heat
gain 003 0058 220305 (Conduction heat gain through the west-facing windows)

o U-factor = 0.63 Btu/hr e ft? ¢ °F [3.56 W/m? e K]

 Total area of glass = 8 windows x (4 ft x 5 ft) = 160 ft* [8 x (1.2m x 1.5 m) = 14.4 m?]
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Cooling Load Calculations

o CLTDhourery = 13°F[7°C]

Q = 0.63x 160 x 13 = 1,310 Btu/hr

Table 11-5. CLTDs for Glass, (°F)

eomio0dp3§,

[Q=3.56x14.4x7 =359 W]

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24
1 0 -1 -2 -2 -2 -2 0 2 4 7 9 12 13 14 14 (13) 12 10 8 6 4 3 2
Table 11-6. CLTDs for Glass (°C)
Hour
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24
1 0 1 1 1 -1 1 0 1 2 4 5 7 7 8 8 (’;\) 7 6 4 3 2 2 1

Source: 1997 ASHRAE Handbook— Fundamentals, Chapter 28, Table 34

sun rays L’J

Untreated Glass

LY .
%
S
& /ol
Pyy(\ SN o
e ~ergy) g
} ;
\g§ fl’
transmitted 6% - B =~ 89%
Wirer energy §75%
refiecte re-radiated “DNANNAMAAS
energy outward m%m
v glass re-radiated
window inward

¢ 00-0g) Solar radiation through glass

Tempearalura

— Time lag k—

Qutdoor
f_:'/ temperaturne

.
T Temperature
on inside of
mass wall

dam  Bam  Moom dpm  Bpm M

090.6 Solar Radiation through Glass

Tirme of day

dam Ham MNoon dpm  Epm  Mid

 00-06 Time Lag

[gon&sedlod(window) a8ewrod skylight edlad oqeepoda0pd eseepE(radiated through the
glass and transmitted directly into the space)eloppé conduction [gdeclom solar heat energy
2qpspaoRd 08aB[godq) space 22038:08 AB05§edo€eepadoopdi vsaBeseaplady [gdedloopd a0
oencn(amount of solar heat radiated through the glass)aopd oSsadjssaons(reflective characteristics of
the glass)s& eseepEadsoopdeoon(angle at which the sun’s rays strike the surface of the glass)

360038 ©oopdaopdi
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GomEs0005028 Chapter-11 Cooling Load Estimation Example

¢8(J)o0dr (p)00d [gredoomag€(glass windows of double- pane or triple-pane construction)
conduction fo3p¢ [gdeoo 3a0B:0n:q(heat transfer by conduction)od comsgd cagpqi§Coopdi 208
32038:03 0305§050Eeepadanoopd solar heat (amount of solar directly into a space)o3eom Gogpy)
§Egiudeon 3208:3003E:03 0305§050CeepoSamn0pd vwdan(amount of solar directly into a space)o?
038290681 egpqe$320305 heat-absorbing glass qps 1 reflective glass qp: Be0pod §OoyesE
06608 Ea0pd 03ugps(internal or external shading devices) 020050303 8a0gjqepdi

1997 ASHRAE Handbook — Fundamentals o0& o&gpsalo3pé [gbedloopd solar heat gain o3
0§08:0000 09055p0:006(new, more advanced methods of estimating solar heat gain through glass)
qpedlo€aodi

9803 [g05¢) oCeepadaonaop) solar (solar heat gain through glass)o? oge520p9p3q[gEen
Q = A X SC x SCL

where, Q = heat gain by solar radiation through glass, Btu/hr [W]
A = total surface area of the glass, ft* [m?]
SC = shading coefficient of the window, dimensionless
SCL = solar cooling load factor, Btu/hr. ft> [W/m?]

Solar Cooling Load Factor(SCL) 205 eg2005dlsagedgqpedlogé goopSoopdi

«  Direction that the window faces

«  Time of day
«  Month
+ Latitude

»  Construction of interior partition walls
»  Type of floor covering
»  Existence of internal shading devices

Space 32038:03 030505 radiate cv52005 solar energy aopd 3208:32038: GEO$o[gEepis
o§eomogp:a? geo(heats up the surfaces and furnishings)oopbi 0o®spSs3adgE 220§8[gE0005
6020p51 308[gEo0dcnGies005 sensible heat sa[gboooSagod(later released to the space as a
sensible heat gain)aopSi oeg005 Solar Cooling Load(SCL) factor 2005 CLTD o3a30€ SCL factor op&
3200009036000E8E@Es(capacity of the space to absorb and store heat)od copbogEsoosBeoons
[g2005

SCL 20pb  saqobzacoodgpign(several  variables) 2360l goopboopdi  [gonEsallod
q0559¢2005 3aq0(direction that the window is facing) 3a§$ 1 cor cogBogS(time of day, month, and
latitude)od  JoCoopdn  Bzagodecos§js(four variables)aopd [goot:edlad qEdsolgedlad eseepd
aBeoopdeconé(angle at which the sun’s rays strike the surface of the window)o3 2005005600051
[gde02051

oofgps( )99 seedimcals $dqp: 0opSesonodaonid(construction of the interior partition walls)
$C [036:08: 9Bow0d [M364gEaB omdoonpd cordem sadjpsaons(type of floor covering) o3l 52003
a3eapn8oo8Egds(capacity of the space to store heat) [g620p51 GE:adelopE Time lag [g&edoopbi
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Time lag [g8edo0pd 2a§§[op[gSqo0pS solar radiation [gbedlq§e space s0038:§ saepyp:
(furnishings)o? pes:e0q$ [opepd 2o§$5$¢ Ba0gp: :90§:32038:08 000dRodes [oFpepd ¢S (time
that the heat is released into the space)o? [gda0p5i eseepocdicogs 030z0d8Ea005 M3§uongp:
(internal shading devices) oo6s0Eoosgselopé 0Sa3gode) ofeepodammep) solar heat energy vwdan

o3[gpz00p0n

nirectly Transmitted
Total Absorbed = 87%
Reflected
Total Rejected =13%
Rhsorbed Absorhed
Transmitted Out Transmitted In

(} 00-0q Solar Radiation through Windows
Table 11-7 SCL for Sunlit Glass (40° North Latitude, July 21), Btu/hr e ft?

Space Type A
Hour

112(3[(4]5] 6 7 8 9 10 " 12 13 14 15 16 17 18 19 (20 | 21 22 | 23 | 24

N 00|00 f1]25 27 28 32 35 38 40 40 39 36 31 31 36 12 6 3 1 1 0
NE 0|00 |0Of2|85(129 | 134 nz 75 55 48 44 40 37 32 26 18 7 3 2 1 0 0
E o|0|0|0]2] 93| 157 185 183 154 | 106 67 53 45 39 33 26 18 7 3 2 1 0 0
SE 0]0[0[0]1|47]| 95 | 131 | 160 | 150 | 131 97 63 49 41 34 27 18 7 3 2 1 0 0
S o|jo|(o|o0fo| @9 17 25 41 64 85 97 96 84 63 42 31 20 8 4 2 1 0 0
SW |o|jo|O0|OfOf 9 17 24 30 35 39 64 | 101 | 133 | 151 | 152 1/?13‘\ 93 | 35 |17 | 8 4 2 1
w 1/10(0({0]0]| 9 17 24 30 35 38 40 65 14 158 187 (192) 1656 57 27 13 6 3 2
NW |1|o|0o|0fOf 9 17 24 30 35 38 40 40 50 84 | 121 [ 143 [ 130 | 46 [ 22 | M 5 3 1
HOR (0|0 |0O|0|0O| 24 69 120 | 169 | 21 241 | 267 | 269 | 245 | 217 | 176 | 125 70 29 | 14 7 3 2 1

Table 11-8 SCL for Sunlit Glass (40° North Latitude, July 21), W/m2
Space Type A
Hour

112(3[(4]5] 6 7 8 9 10 n 12 13 14 15 16 17 18 19 (20 | 21 22 | 23 | 24

N 00|00 f3|79 85 88 101 10 | 120 | 126 | 126 | 123 [ 113 98 98 13 | 38| 19 9 3 3 0
NE 0|0|0|0|6|268| 406 | 422 | 353 | 236 | 173 | 1561 139 | 126 | 117 101 82 57 22 9 6 3 0 0
E 0/0|0[0]|6|293| 495 | 583 | 576 | 485 | 334 | 211 | 167 | 142 [ 123 | 104 | 82 57 | 22| 9 6 3 0 0
SE 0/0[0[0]|3|148| 299 | 413 | 473 | 473 | 413 | 306 | 198 | 154 [ 129 | 107 | 85 57 | 22| 9 6 3 0 0
S 0|0|0|0f0]| 28 54 79 129 | 202 | 268 | 306 | 302 | 265 | 198 | 132 98 63 256 | 13 6 3 0 0
SwW 0|0|0(0]0O] 28 54 76 95 10 123 202 318 419 | 476 | 479 419 293 | 110 | 64 | 25 13 6 3
w 3/0(0|0]|0]| 28| 54 76 95 10 | 120 | 126 | 205 | 359 | 498 | 589 (605) 491 |180| 85 | 41 | 19 | 9 6
NW |13/0|0[0|0] 28 54 76 95 110 | 120 | 126 | 126 | 158 | 265 | 381 356 410 | 145 | 69 | 36 | 16 9 3
HOR (0|0 |0O|0O|0O| 76| 217 | 378 | 632 | 665 | 759 | 810 | 816 | 772 | 684 | 554 | 394 | 221 | 91 44 | 22 9 6 3

Source: 1997 ASHRAE Handbook—Fundamentals, Chapter 28, Table 36

1997 ASHRAE Handbook—Fundamentals og€ SCL 00§3:(value)gps eoSgoonsaopdi SCL o3
POJp00deepad§ERd Iepypizascds(combinations of these variables)o? 220005038 Ged(gR[Gs
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GomEs0005028 Chapter-11 Cooling Load Estimation Example

[§620p5n Table 7 [Table 8] 03 handbook ¢ Go05$05665(qooE0pdN CWPORASE$0RS powdEl space
a0pb Space Type A saqje3a003gdaopdi @oos(table) esomgpien (Go)B0§rog30832q03203055¢
@c38co( jo)qodes (21st day of July and 40° north latitude)320305 (9620051 Glgpad32q003 godsn
92000 [gon&iedlodyps(west-facing windows)sao305 Hour 17 3o§§5 SCL 00§8:0005 192 Btu/hr o ft?
[605 W/m?] [§82005

shading coefficient at normal incidence

aluminum frame other frames
operable fixed operable fixed
uncoated single glazing
114 in. [6.4 mm] clear 0.82 0.85 0.69 0.82
114 in. [6.4 mm] green 0.59 0.61 0.49 0.59
reflective single glazing
114 in. [6.4 mm] SS on clear 0.26 0.28 0.22 0.25
114 in. [6.4 mm] SS on green 0.26 0.28 0.22 0.25

uncoated double glazing

1/4 in. [6.4 mm] clear - clear 0.70 0.60 0.70

1/4 in. [6.4 mm] green - clear 0.48 0.49 0.40 0.47
reflective double glazing

114 in. [6.4 mm] SS on clear - clear 0.20 0.18 0.15 0.17

1/4 in. [6.4 mm] SS on green - clear 0.18 0.18 0.15 0.16

SS = stainless-steel reflective coating

¢ 00-0e Shading Coefficient (SC)

090.6.0 Shading Coefficient (SC)

Shading Coefficient (SC) a2005¢n eseepE[gpSonsgp:aopd [gontiednd =:o[g€anad gndsnigé
(outer surface of the window)o3 §o5e05G: oBewrcd ABod(Be(strike) [qooC:adndod [gode) space

22038503 radiant solar energy owan epdgioCeeprdogso0pSa’ eedlgoopdads: [gdaopd

Shading coefficient 20p5 &(standard reference)sa[gb20050058: GE:5& 88005082005
[gon€:edod(particular window)o3si reflection property §E:onSqio5(comparing its reflective properties
to a standard reference window) [g®a0pbni oo6s0enpfaopd [qootiednd saqjpsaonigp:(common
window systems)@i Shading Coefficient(SC)gqp:0? @uxie ©odua8Ea0pdi

Shading coefficient 0o$3:5p5:6c0(more of the sun’s rays are reflected by the outer surface of the

glass) ©$ei 32gCqird$[gEa8 B§od(G: [gSagodognsonpd eseeplgpbowran Sqpiccojgdoopd

opoenog ogodesaod [gooiedlodaopd two panes of Ya-inch [6.4 mm]gd: oS=o[o30d
(clear glass)gbo0pbn ©$56q0eslogr0pe [opsdeco(an air space between the panes)§oopdi o003
320|885 comEadogt copdoons(glass is mounted in an aluminum frame)oopdn 8260000600080009
[gon€:ednd windows are fixed (not operable) [§620051 ¢Eeji 805 0q$€a0pd [gortiedlnd sadjezaon:
[g6 2005 B[gonEsadlodel SC 00880005 0.74 [gdoopdi [gonEsedlodonpdeannadoonsd sadjpeaongpist
20058382005 shading coefficient qpso? &(00-00)a3¢ GwS{goonzodi
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Cooling Load Calculations eomio0dp3§,

0godesa0pd ofpoencgE solar radiation elopE 226570500503 qoS§PEE0:0005 [goot:
600503 [gode) ofeepadamoopd saguwdan(heat gain by solar radiation through the windows on the
west-facing wall)o3 683005392038 0050982005

Solar radiation heat gain through the windows on the west-facing wall:
e Total area of glass = 8 windows x (4 ft x 5 ft) = 160 ft* [8 x (1.2 m x 1.5 m) = 14.4 m?]
e SC=0.74

e SClpgu-1y = 192 Btu/hr e ft2 [605 W/m?]
Q = 160 x 0.74 x 192 = 22,733 Btu/hr [Q = 14.4 x 0.74 X 605 = 6,447 W]

equipment

interior
blinds

exterior
fins

¢ 00-0@ Shading device ¢ 00- jo Internal heat gains

00.@ 3205:3003C:0 [gdedlcopdeagqpi(Internal Heat Gains)

00.2.0 CPOgRAROPOgAN0PY Fapqp: (Heat Generated by People)
950305  0QodaRd el Go% 20pd heat convection $C radiation $pSigC
eonoobo§ioqE(surrounding  environment)sBad  eepodognioogdi 03§ Go% oopS perspiration $C

respiration o3efop¢ [§Boopdn aBE6) sacpbapbesanpd iy cpguSondeunad(average adult, seated
and working)20p5 320 450 Btu/hr [132 W] §$4gE c00dagabo00di

aq5epsg dqpieco 3a0eSc0cdq(heat rejection) Sgpieco [§Baopdi sacpdjodiaowns(heavy
labor) 00®8s0 saguwdan 1,450 Btu/hr [425 W] o 000500520051 cpe 0gabaonoopdsag (heat
rejection)aopd saef:el heat gain [g620p0i

opgps(occupant)3aoged  CFL 0088:03  qpq§eecgod  aBrpondeomncdoopd  srefiancyts
0p52005 B:§§ 0€eepadoopd opdyfopesntiesepdadonpdegdn?d Besa8sabo0d

Table 11-9 CLF Factors for People

Total hours Hours after people enter space
inspace 1 2 3 4 5 6 7 8 9 10 1 12

2 065 0.74 016 0.11 0.08 0.06 0.05 0.04 0.03 0.02 0.02 0.01
4 065 0.75 0.81 0.85 0.24 0.17 0.13 0.10 0.07 0.06 0.04 0.03
6 065 0.75 0.81 0.85 0.89 0.91 029 020 0.15 0.12 0.09 0.07
8 065 0.75 0.81 0.85 0.890.93 095 031 022 017 0.13

10 065 0.75 0.81 0.85 0.89 091 0.93 0.95 096 097 033 0.24
11-20



GomEs0005028 Chapter-11 Cooling Load Estimation Example

Conduction heat gain 32005 CLTD $& solar heat gain 220305 SCL 03039808 cugps
(occupant)sao05 Cooling Load Factor (CLF)o3 3203gjoopdn Space ¢ 3opgp: a36apnEa88seopds
con:00p5(capacity of the space to absorb and store heat) 830305 Solar Cooling Load (SCL) factor o3
320%¢g|o0pdI 30 space ¢ 2pgP: a3earEad:e00b:000:0005(capacity of the space to absorb and
store heat) 320305 Cooling Load Factor (CLF)o3 saadsgjoopdn

9503050 000d0Ro50pd sa(sensible heat)gp:od $§(walls) [036:08:(floor) godsnlo305
(ceiling)$& o§aomn(furnishings of the space) 020p503¢ eE0ra88:e05s0024(Gs(absorbed and stored)
652E006§§RE [g§opbopcd euoopdi [gEosdoge conduction $o5dgE sa08:0nig(heat transfer by
conduction through an external wall)lgdedla003a30€ time lag [§®edoopbi Space cooling load
0godepage 3poonEogodediamnongd 3§8sE space 22038208 eepadSanjopiopt sag§easgobicd
RB[EE: [gdedo0pbi
cpgps(people) ¢og05cx200d heat gain 820305 CLF 008350005
(0) 3203E:84(interior partition) $§qpz(walls) ©20p5030000680005000:O(space construction)

() [36:0E:03 d13p6000:0005 GondemI veuNE:eda sadj:aaens(type of floor covering)
(p) 320503 320d4gj0opd §9§0cCICs(total number of hours that the space is occupied) $&
() Space 220385 cuypfesopd §o§edlCs(number of hours since the people entered the

space)ooopSo3 226dla€ @onpboopd
Table 11-9 op€ air con =e8:3038:q cpgps(people)e agE5PY YOS CRASeS
3205 33200000 CLF Factor gp:od eodjgoonsoopdn odamoonse CLF Factor qpsod 1997 ASHRAE
Handbook—Fundamentals ¢ ¢om05505 eedlgaonzoopd

Space 3203€:03 podOGLNNS ofeepadfdiesnnd 65% a0pd space ogé actual cooling load
qo59Es [90edloopdn 28§ (0)s08za[opogE Bonei sensible heat gain pg%(1 — 0.65) vedaNad
space 32098 qod50[gCqpest o§eomogps(surfaces and furnishings)el 9SopgE:dqo0R0N 0ods5:
30gg¢ B sensible heat gain g% 2005 cooling load =2[gd §o5gC: welgpE:cdaon

opyps space 220p8s §esa0pdaags [op[gaonoopdeadl(people are in the space for a longer
period of time) space 22038 qio550[gEqpsé o§eomngps(surfaces and furnishings)on sapgp:od
960n8E@G: wdeodl Bmadl spqp:a? [gSgoocd(release the heat that was absorbed earlier in the
day)oae§u

poed- oDEELN0520R0 $505(0)§0§ 32§80RC =efimncnliad ofeepodff: g&R( 59§
3B 65320001 Space :038:5 (6) $0§esdo0pdn @0rE peogadanag) sensible heat gain
0% 20p5 space @il cooling load [§&aopSn Space 32038:§ qEd$[gEqpiss o§eomogpin o3 @%
03000 edupoonzo0pdi (91% of the sensible heat gain from the people is seen as a cooling load in the
space. Only 9% is absorbed by the surfaces and furnishings of the space.)

Space 03 ( J§)§2§0050%: 320§ 00ba000500p5:(constant temperature)ogé a88:wc0n:8EgE

CLF 008850005 (0.0)[gb00p01 00bspSi3a0dgE 3208 30005mm[gbesqE CLF o0§8:03 0.0 op
opsog] 0z09qepdl G egpotieed  ©aPd3EGESIPGP:(non-residential - buildings)og€  oobeod

00030000 air-conditioning system 8agp:9o0pd po3a80RC 3odooieroopd Buwpdd gbieatadgy
eagpspdeoaSaaogod(reduce energy use) 3o0§$03 [gEoox(raise the temperature set point)ecy
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Cooling Load Calculations eomio0dp3§,

§oopdn 030393 saclgeecsdfgbagi€ CLF 20pS (0.0)gdoopd (1997 ASHRAE Handbook—Fundamentals,
Chapter 28)

oJpoenagl space 22038 cpgpe ageda0Ed internal heat gain o3 0geSqs Table 11-10 ¢
0050900001 ABE¢) 30pOpEes0d cpoddeLIed(Moderately active office work) © sagoed™m 250

Btu/hr [75 W] sensible heat $& 200 Btu/hr [55 W] latent heat 03 0005090500051

P9age50pY 3003 Rod[gEs(Internal heat gain from people)
e Number of people = 18
e  Sensible heat gain/person = 250 Btu/hr [75 W]
e Latent heat gain/person = 200 Btu/hr [55 W]
e  CLF = 1.0 (because the space temperature set point is increased at night)
Qs = No: of people x Sensible heat gain per person x CLF
Qs = 18 people x 250 Btu/hr per person x 1.0 = 4,500 Btu/hr
[Qs = 18 people x 75 W per person x 1.0 = 1,350 W]
. = No: of people x Latent heat gain/ person
Q. = 18 people x 200 Btu/hr per person = 3,600 Btu/hr
[Q.L = 18 people x 55 W per person = 990 W]
Table 11-10 Heat generated by the peoples

Level Of Activity Sensible Heat Gain Latent Heat Gain
Moderately active work (Office) 250 BTU/hr (75W) 200 BTU/hr (55W)
Standing, light work, walking (Store) 250 BTU/hr (75W) 200 BTU/hr (55W)
Light bench work (Factory) 275 BTU/hr (80W) 475BTU/hr (140W)
Heavy work (Factory) 580BTU/hr(170W) 870BTU/hr (255W)
Exercise (Gymnasium) 710BTU/hr (210W) 1090BTU/hr (315W)

00.@. ) Heat Gain from Lighting (8:00x 8:aqp&:e [gdedlaonoogbsapqp:)

Bscdn Boqpagpie [g6e0lcona0pd saguwan(heat generated by lights)od 030568 632005
o005 oo
Q = Btu/hr x Ballast factor x CLF [Q = watts x Ballast factor x CLF ]
Ballast factor = 1.2 for fluorescent lights
Ballast factor = 1.0 for incandescent lights
120-watt light 8:08:0 410 Btu/hr [120 W] owonaag ogodedlconoopdn 120 W 8:a8s(0)adse
0geda0p) 3900 §:ad0pt ABl] =apbapdesopondeunnde ogadediamoogd vwran
§:3ko§, [gBaopb
Becdn Sraqplsqps(fluorescent lights)e ogoSaonoopbeagownan(heat gain generated)od o§oks
20p)326l jo% 32800068008:4] lighting heat gain o5a3 6AIE:copdqepdn Ballast ¥ogodamo00d sa0qp:
(heat generated)elo¢ [g6o0pdn 8:0ds B:eqplse 0godaaRd aguwdaN(heat gain from lighting)od
0R05681 95082 (estimate)g$ Geo05pdie0
Q = watts X 3.41 x Ballast Factor x CLF [Q = watts x Ballast Factor x CLF]

where, Q = sensible heat gain from lighting, Btu/hr [W]
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Watts = total energy input to lights, W
3.41 = conversion factor from W to Btu/hr (when using I-P units)
Ballast factor = 1.2 for fluorescent lights, 1.0 for incandescent lights
CLF = cooling load factor, dimensionless
BecdsqpeopE ballast odl§dl S:eqpaqpisE S:eqpnad 0gSscu€soond B:qpiog ballast dl
o8eomelopé ballast © agEd0pd YoM copdogrdes Saopdi Ballast 0 K0wH§eoy)
(traditional) ballast $& electric ballast opq] () §oopdn 3[grzocdgs c8oopdi

QIS ot ogo%cmoaé sensible 39 (sensible heat gain from people)saogo% cooling load factor
(CLF)03 220ddgjo003ad S:cd:dieqplee agodamnanpd sapgp:ad space ¢ 9ouadeaonaonieamelopé
CLF oB300pbog05q00p51 (capacity of the space to absorb and store the heat generated by the lights. )i
2nodq 8:03(JG)s080odcd: gCoonfGs poonadope  air-conditioning system o3 qbsos(shut off)
600500pb:60mE: set back [gjepdagiEeaoieopdieomEs CLF 008350005 (0.0) [gbo0pdi

B:cds SsaqpCs © 090d2005 Fgps(heat gain from lighting)od ogodq$
Qights = 5400 x 3.41 x 1.2 x 1.0 = 22097 Btu/hr
[ Qigns = 5400 x 1.2 x 1.0 = 6480 W ]
B:cds SseqpCao ogodaaopd sapgps(heat gain from lighting)od ogad(gE:
e Amount of lighting in space = 2 W/ft> [21.5 W/m?]
e  Floor area = 45 ft x 60 ft = 2,700 ft?> [13.7 m x 18.3 m = 250.7 m?]
e  Total lighting energy = 2 W/ft? x 2,700 ft> = 5,400 W [21.5 W/m? x 250.7 m?= 5,400 W ]
e  Ballast factor = 1.2 (fluorescent lights)
e CLF = 1.0 (because the space temperature set point is increased at night)

Q =5,400 x 3.41 x 1.2 x 1.0 = 22,097 Btu/hr [Q = 5,400 x 1.2 x 1.0 = 6,480 W]

Table 11-11 00503§uxgpse 0g0500000) sapqps(heat generated by equipment)

Equipment Sensible Heat Gain Latent Heat Gain
Coffee maker 3580 BTU/hr (1050 W) 1540 BTU/hr (450 W)
Printer 1000 BTU/hr (292 W)
Typewriter 230 BTU/hr (67 W)

oqBomgps(printer) $& opSqjomqpiz0R05 latent heat gain 0§ 0ob5pd:sandgC printer $&
RSqjlomgpse latent heat ofgdedldl

09.90 Infiltration

odslfgondiedodsaloged  cgodesoopdesepe  ecogps
368000530832038:03 08eepadamngé:nd Infiltration vresl 005
(Air leaking into a space is called infiltration.) Infiltration o@ooécjn
2680005383080 3[gEad ecogp:  agodogrfl:  adwupdd
2[g€e eoogp: 30038:03  o€eepadanlgl: [g6o0pdn  odskgps
(doors)  [gon€:edlodgps(windows) 3205650009  Gsepqps(small
cracks)o  9268000520835038:03  eoogp: 0¥8&oEeepadbam(gtiod
sBcosgh

(;) 00- Jjo Infiltration
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Geonsepad(cooling season)og€ [gEoe eaases0pdGLGP: 3208:03E:03 o8aepadangEs(air

leaks into a conditioned space) o8ewp0d mefimcglio egesa0pd crogp: :[gER agodogd(at:
eopé dqeapeuqf(heating cpdeosgs) cB=ab0000N 0odspSizadgé heating load Jgps codo0pd
20096/ PEadeadd cropgp:(spgdiaalyp:) adgrognieomalopé [gdoopdn Fapedida(heat loss)
[g6eclaopbn
Infiltration [gdedla0pfowrano?d e§08: 0305q058E20p5505: () J§oopd

(on) Air change method

(9) Crack method $&

(0) Effective leakage-area method o3gdo0p5u

ocoofego infiltration elopElgbedlaopd sagoedan(heat gain)od 03055320305 3862005
Goooedm(amount of air)od oao5qeRdi
Air change method 20p5 3a0QuSmpadispd: [§daopdi oBoqe =5p0:ed:s00s(least accurate
methods) [g6o0pSi ACH saeq@aogod(number of air changes per hour)od e§0S$:q 03050000505
[§6 20051 Ge00500600:0005 3aqpS3a60g:(construction quality) ©¥o0ds0C 3208:32038:03 0Eaxned
eoooedan(quantity of infiltration air)oB e30050la8q[g:qpg 0godupdEaopdi
Infiltration airflow(CFM) = (Volume of space X Air change rate) + 60

Infiltration airflow = (Volume of space X Air change rate) + 3,600]

where, Infiltration airflow = quantity of air infiltrating into the space, cfm [m?/s]
Volume of space = length x width x height of space, ft® [m®]
Air change rate = air changes per hour
60 = conversion from hours to minutes
3,600 = conversion from hours to seconds

00.00.0 Crack method

326800052803E:03E [gonCzadlodgpa odskgpiaaloqy vo,652009 sa05eloPEigpa cgodes
20pd GsepgP:§oopdi 030godes0pd Gsepedue 0€axa00d GroLEIMH? B3E50Ia0RdsES: [§205N
Crack method sa5p5:c0d qOGogeo0pd(complex)ogodsod: [gdaopdi [qootiedodgps(windows) $&
o39kgps(doors)el sa0deloppEagp(cracks)e ofamoopd gdigecvoenn(average quantity of air)od
0305[gE: [gBa0p5n croo305g8:(wind velocity) eelgpEsad(constant)op vas00050052005
Table 11-12 Estimates of Infiltration Airflow, Air Changes Per Hour

Neutral pressure, poor construction 1.0
Neutral pressure, average construction 0.6
Neutral pressure, tight construction 0.3
Pressurized, poor construction 0.5
Pressurized, average construction 0.3
Pressurized, tight construction 0.0

Reprinted with permission from Commercial Load Calculation, Manual N, copyright ACCA
Effective leakage-area method

Effective leakage-area method [g¢ infiltration ccooenan o8 cR05g§ croo30dgS:(wind speed)
5 “stack effect” 020pd329/05qp: 392209208 32600:805 copdogEi0z0dg05(detailed calculation) goopS
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GomEs0005028 Chapter-11 Cooling Load Estimation Example

$20:()pebro0g0d opboopbeacemaeadond wpbaopbspdist opobeppbad ohigoiitah
eopoonoonig$ 332600051 386l 360p :[0FsE §§o0pd esomgp: 3edleoopdd 3ofengded:
60005p5:03 egeg|dsaadige300d

09.90. | Infiltration Airflow

Infiltration _ 32400 x 0.3

airflow = 80 =162 CFM
Infiltration _ 927.6 x 0.3 _
[ airflow -~ — 300 _ 0-077 m¥s

Infiltration
Air change method o3 saadd{gjq) [g0edlepd infiltration coooedNOd 9§0Si000:000) 0§
qp2o? table 11-12 03¢ eedlgoonzaopdi ofjooenoz 83E:n6652009 3268000535805 000§ 20808
(average construction) [g6oopSn 208:03E:832:(positive pressure relative to the outdoors)aopd soef:
[g€08322:0005 0505:c0S Jqproopdi adelo3pé 0.3 air changes/hr infiltration §§:0p o§08s(estimates)
§) 03050520051
0§30000p5(volume of space) = 45 ft x 60 ft x 12 ft = 32,400 ft’
[13.7 mx 18.3 m x 3.7 m = 927.6 m?]
Infiltration alo3p¢ [gdedo0pd heat gain
Qsensivie = 1.085 x air flow x AT [ Qsensivie = 1210 x air flow x AT ]
Quatent = 0.7 x air flow x AW [ Quatent = 3010 x air flow x AW ]
AW = (Outdoor Humidity Ratio — Indoor Humidity Ratio)
Air Flow — Quantity of air infiltrating the place
AT = (Outdoor D.B.T — Indoor D.B.T)
Density x Specific Heat = 1.085 (1210) Btusmin/hr e ft3e °F [J/m3e K]
Latent Heat Factor = 0.7 (3010) Btueminelb/hr e ft>e gr [J e kg/m® e g]

092.00.9 Sensible Heat Gain from Infiltration

Qs = 1.085 x airflow x AT
[Qs = 1,210 x airflow x AT]
where, Qs = sensible heat gain from infiltration, Btu/hr [W]
1.085 [1,210] = product of density and specific heat, Btu e min/hr e ft2 e °F [J/m3e K]
Airflow = quantity of air infiltrating the space, cfm [m?/s]
AT =(design outdoor Dry Bulb temperature) — (desired indoor Dry Bulb temperature) °F [°C]

00.00.G Latent Heat Gain from Infiltration

Q. = 0.7 x airflow x AW
[Q. = 3,010 x airflow x AW]
where, Q. = latent heat gain from infiltration, Btu/hr [W]
0.7 [3,010] = latent heat factor, Btu e min e Ib/hr e fte gr [J e kg/m> e g]
Airflow = quantity of air infiltrating the space, cfm [m3/s]
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Cooling Load Calculations eomio0dp3§,

AW = design outdoor humidity ratio minus the desired indoor humidity ratio, grains of
water/Ib of dry air [grams of water/kg of dry air]
Outdoor $¢ indoor conditions o3&l humidity ratio §g$ psychrometric chart o3 saadsgjoopd

00.00.§) Heat gain from infiltration

e Infiltration airflow = 162 cfm [0.077 m?/s]

e Outdoor conditions: 95°F [35°C] dry bulb and 76°F [25°C] wet bulb results in W, = 105
grains of water/Ib dry air [15 grams of water/kg dry air]

e  Indoor conditions: 78°F [25.6°C] dry bulb and 50% relative humidity results in W, = 70
grains of water/Ib dry air [10 grams of water/kg dry air]

Qs = 1.085 x 162 x (95 — 78) = 2,988 Btu/hr
[Qs = 1,210 x 0.077 X (35 — 25.6) = 876 W]

Q. = 0.7 x 162 x (105 — 70) = 3,969 Btu/hr
[Q. = 3,010 x 0.077 x (15 — 10) = 1,159 W]

space load components sensible load latent load
Btu/hr [W] Btu/hr [W]

conduction through roof 12,312 [3,563]

conduction through exterior wall 502 [144]

conduction through windows 1,310 [359]

solar radiation through windows 22,733 [6,447]

people 4,500 [1,350] 3,600 [990]

lights 22,097 [6,480]

equipment 8,184 [2,404] 1,540 [450]

infiltration 2,988 [876] 3,969 [1,159]

Total space cooling load 74,626 [21,623] 9,109 [2,599]

Summary of Space Cooling Loads

Space @ cooling load 03056§350305 vaoeBig> component qps sx:cd:el heat gain o§e84(gE:
(estimation) [gjopS(Be [96qepdi

Space 320305 8226602 supply air ceooedn $& 30§ §(quantity and temperature of air)od
0R05q§320305 psychrometric analysis cp&q§ c3=2600051 Psychrometric analysis cp6q$320305 total
space cooling load o3 saadigjoopdi

Plenum odo€eomalopé 6alE8s(roof)s S:cda B:aqpSs(lights)ode heat gain gp: sid:00pd
space 32038308 0305§05(directly) cepad§oopdi

320005038 0g05[8:92005 space cooling load gp:ze[gE cooling coil $E005adEa0p532(gp: load
qpeodcopds 030des 3620051 Building HVAC system o3€ [g8oeco(outdoor air)efopé [gdedoogh
load cvpd: dloCoopdn 326e0005383203E: GrucoMErerLEA]eS §pOgude 0PeE0052005 copdeo

20p) [géoeco(deliberately brought into the building for ventilation purposes) [§6o0pbi Fan o
ogedaa0pd 3a0qps(heat generated by the fans in the system)od copdediEsqoopdi
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32680005333 (building)el total cooling load o3 9§08:95320305 o load gp:od space load o3¢
c0pbedlCsoopdi Cooling coil 83gud3002:03 wS&mEg> egegudqs(properly size)3a0305  additional
component qpsci heat gain 03 o&08:(estimate)q§ cd=2a6001
Infiltration &[o3p¢ [gEoe untreated air gp: o€eepadaroopd Aelopé heat gain [ded o5
IAQ c3300q0532q [gEoeco(outdoor air) copdeu:q$ cSmaboopdi Space o3 sagodicod Bzandqp:
(positive pressure [g6esa8)esmt [gjrpboodgldyé infiltration vedro? eagpg€aopdi ddlondd
infiltration $& [g€oecu(outdoor air) (J)qfgedod edlCsopdfgéselopE cooling coil 3aguSmee2:03
32593005 0332600050005 Bzt [giapd8oncdaopd
09,00 Ventilation

outdoor-air
A, intake

supply duct

air handler
with fan and cooling coil

¢ 00- J Ventilation
3205132098 60005¢ 35p00306(03:(contaminant)qp: ©dgpides Bewpod [gE:eans cagpsds
agieoqs qpdgudqEdlgé [gEusecogps(outdoor air)o3 soedi(space) 20pE:08 oneEaopdeudgls
(intentional introduction)o3  ventilation wyeslaopdi [g€oeco(outdoor  air)gp:? coopdevsel g
ea3630E[Gr00e) eqeg, qps vudgpigts(cooling and dehumidification)apbeoiqoopdn adelopE system
heat gain Sqpsconoopd

Infiltration efopé 320823203803 [gEovecogp: ofeepadamneacdropd: eroeomEserons
c8326q0503 [gob8(satisfy the ventilation requirement of a space)a880251 Adea050860p5 vurodeo
eooeadodoopdesypop infiltration [géedc86epd wupodeon Infiltration aopberoododgs: saedlopt
902520001 [gEosco(outdoor air) copdeodglselopé HVAC system opC ventilation c8sabgiobyps
[4eS9e000p5 aonwmn Bameaspdicad [gEonndesesmnE oB8coneudgés(maintain a positive pressure
relative to the outdoors) [g&oopS

3268000520832038: positive pressure [g6edlfgseloné infiltration [48[gE: cagpspdieocodi
[g€occo(Unconditioned air from outdoors) 3sansgEonadeoq(pressurize the building)oopdeoqepd
cooownan(amount of outdoor air brought in for ventilation)oaé QPSOQOSODé cooownan(amount of
air exhausted through central and local exhaust fans)ocood SgpiqepSi 0ods5pS:3dgE [gEosco
o€aeepodamnaopd vedNaopd 0gadagNI0Rd GLCOMAYP:eoTD 2e§:03euPed 2:6e0033Y ot
Bammi305p5:c05 [§E0nade53660N

3208§:00608:320305 82262005 [gEoecvoenan(amount of outdoor air required for a space)
o3 local building code qps 9300p0 industry standard qpsog€ eudlgoonieap§oopdn ASHRAE Standard
62, Ventilation for Acceptable Air Quality o€ cwd[goonsoopdi Gsepoaqjpqjp3a0305 cpondeuNad
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a300pdd (0)opsdedorn 320305 copdeugepd [gEoervvenana’(quantity of outdoor air required per

person (or per unit area)) cdeaN052000 GroeomEierosqeS(provide adequate ventilation for
various types of spaces) Table 11-13 038 eodjgoonsoopd e30MgPInd dFSdRSs(standard)e
Gom05$05 Ged[gooRdi

0090305652000 poeRE MB=b0pd  [gEuervoemaogadeS (calculating the  required
quantity of outdoor air) space 320358 cpaaegE0R05(NUMber of people in the space)$¢ 20 cfm [0.01
m3/s] outdoor air required per person o3 elgpo5a0p51 20 cfm [0.01 m3/s] outdoor air required per
person 2005 §egpsogad(office space)jgdoopdi

ventilation airflow = 18 people x 20 cfm/person = 360 cfm
[ventilation airflow = 18 people x 0.01 m3/s/person = 0.18 m3/s]
Table 11-13 Outdoor air requirements

Type of Space Outdoor Air/ person Outdoor Air/ ft2 (m2)
Auditorium 15 CFM (0.008 m3/s)
Class rooms 15 CFM (0.008 m®/s)
Locker rooms 0.5 CFM (0.0025 m?/s)
Office space 20 CFM (0.01 m3/s)
Public restrooms 50 CFM (0.025 m?/s)
Smoking lounge 60 CFM (0.03 m3/s)

00.00.0 Cooling Load Due to Ventilation

copdeusoopdlgosro(ventilation) $& 8doEammoopdecu(infiltration) odeloplgdedioogd heat
gain 03 0050005 deoospd: 0pBaopdi  0dspdiEgE V $& I $6radi3a0305 deo0g5: codde

0052000 Z203:g/q20p5
Qsensivie = 1.085 x airflow X AT  or [Qsensibie = 1,210 X airflow x AT]
QLatent = 0.7 X airflow x AW or [Quatent = 3,010 X airflow X AW]

Ventilation air clop&lgbedlaopd cooling load

Ventilation airflow = 360 cfm [0.18 m?¥/s]

Outdoor conditions: T, = 95°F [35°C],

W, = 105 grains of water/Ib dry air [15 grams of water/kg dry air]
Indoor conditions: T; = 78°F [25.6°C],
W, = 70 grains of water/Ib dry air [10 grams of water/kg dry air]
Qs = 1.085 x 360 x (95 — 78) = 6,640 Btu/hr [Qs = 1,210 x 0.18 x (35 — 25.6) = 2047 W]
Q. = 0.7 x 360 x (105 — 70) = 8,820 Btu/hr [Q_ = 3,010 x 0.18 x (15— 10) = 2,709 W]

09.9 J System Heat Gains

HVAC system gp:og€ Go§lgdedlesoopd heat gain gpess[g€ oofgpieom heat gain gpigo
[§6c0I8E20051 pows- fan elopé [gbedleoms sap(heat gain)gdoopdn Conditioned air stream ogE 005
oo agéedeudom(electric motor)gé cwa:0005 supply fan ¢ogodamoopd Sapgp:aopd Groadd
o€eepadoopdn @ heat gain 20pd §&:3aEePE:cd[gElgdedcopbadig:ia(energy conversion losses)
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[§60051 G0bgbimate 00degdimatal e[pl:cdjglelopt gbimalang, ediaznaopdi c3ed:e
agn:00p) 9&:3aEqPsoopd 320m0[9d egpCicdagnsapdi agbodgbsaat (electrical energy, input energy to
the motor)e o&§:aB copbeowpd 005ge&iaat(mechanical energy (rotation of the motor shaft)o
e[gpEscdfgselops  odigagsoond gd:aalqps(energy lost due to conversion) [g8o0obn eedom
efficiency veomEsgEs(inefficiency of the motor)elop& cedom(motor)e ogodognoopd sa0(dissipated
as heat)[gdaopdi

009p0e0RE Fan eedom(motor)e agodauaopdeag(heat)qp:oopd 6roodad eepadagn:agd
Fan motor heat gain = Power Input to Motor x (1 - Motor Efficiency)
$(00- Jp)og¢ [goom:00p53203E: fan motor 2005 ecwdseloypEs(conditioned air stream) o3opE

§esaqi€ (AHU cooling coil &l 60050005038 oopd§ag€) air stream o3a3 instantaneous heat gain
g0 oCeepodamnoopdi Conditioned air stream i sa[g€o00503€ space heat gain 33(gd 200500520051

Fan scoob(blade)qps heat gain [g6c0l00pbn 005ggbieal(mechanical energy)e kinetic energy
(moving of the air) 33§93 el[gpEcdgselopt [gdedlaopbedigze(energy conversion losses) [g62005
Fan scoob(blade)qp:s eoogqpsgodododgelope sag(dissipated heat)ss[gdagodaon(Gs air stream o503
instantaneous heat gain ss[gdoeepndagr:aopdi 0gadam0pd Fpoedmo0Rd fan @ efficiency $¢
20056320001

Fan Blade Heat Gain = Power Input to Fan x (1 - Fan Efficiency)

e5005ed:) 200dgfCo0pd gd:maC(remaining useful energy)oopd fan a3 input =o[gd
Gepod§ ogn:00p0I 6ron? Bzagglonadesmt [gpdeo:aopd gdimal(energy used to pressurize the
supply air)gd20p5i Ductwork oodeagpadopé erodiendiesoog ommoucbads (eventually converted to
heat as the air travels through the ductwork) sa0m0[gda3 e[gpEscdesoopdi 8&Esoqps
3EqE80mngp:oopd fan clop¢ [gbedloopd heat gain 03 00595320305 fan $¢ eedom oopbesoopd
e$epafafody) spgodlogaopdn

Duct Friction Heat Gain = Power Input to Fan x Fan Efficiency

(Reference: 1997 ASHRAE Handbook-Fundamentals, Chapter 28, page 28.16)

blow-through
configuration O
O

draw-through O
configuration

6]

c;) 00- Jp Components of fan heat

Fan heat gain [g6edlo0pdesepaopd cooling coil 0op5§epsé 200568820051 800056 fan 20pd
upstream o3& 00p0§giE(cooling coil wad&e€ oopb§rg€) fan heat gain elo3p¢ return air (on coil
temperature)ell 320§$ (8005005 30003¢) fan 20p5 cooling coil [Ges005 downstream opé
00p5§qi€ fan heat gain elop& supply air 220§§ [§E05c866p5n Cooling coil ¢ 0505
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:20§§005 off coil temperature [§doopSn Fan heat gain elop& off coil temperature 3055005
[4€020500008865n

System 3203E:3 006s08002:00pd supply duct $& return duct $gqpiog€ heat transfer [gdedl
[§6:elopE heat gain [gBedloopdn Supply ductwork 20p5 unconditioned space qpo? [godognagé
ceiling plenum o8e0pdd attic 3a§:08:0980 30gPo0pd duct o3 [gode) supply air o893 B
a22c88ep

a8 heat gain [96edl[g€se omagud(prevent
this heat gain)q$ $& supply air 320§&(temperature)
[4€000d  eameoq$aaoz05 ductwork gp:o3 insulate
codaon:qepdi Supply air 3a0g$(temperature)  [§€o005
cnfglelopé  mac3oopdmedimegs  mcfgsacs
(desired space conditions)og€ 88002 20305
eooowdan(amount of supply air) dqpaqps 3360005
Air flow rate gqpsconeomelopé fan 920305 @&zl
a%8a(energy use) dqps coocdd0di

¢ 00- JG Heat gain in ductwork
Insulation eadeconodag€ duct gedsolgE(surface)edlopE condensation [gbecl§Ea0p5 Return
duct gpzod Gkoopd(thin) insulation &:3p6002:600§ 00001 20§E[GE0D 2081 esepa’d [godooks
agoiegi€ Bopoopd insulation c320600001 Return air o3 o€eqpoSaonoopd 3a04p:00od space cooling
load [goopdn 32635000542 F2c0LI00 digasRE wupodeo (cooling load caused by this heat gain
to the return air is not wasted.)

0090305652000 powrogE fan heat gain $Coofgp: system heat gain gp:od by
(negligible) con:20051 3a09$ 55006 c0pdagioz0dgedes eadur vpsooopd

Summary of Cooling Loads

sensible load latent load
Btu/hr [W] Btu/hr [W]

conduction through roof 12,312 [3,563]
conduction through exterior walll 502 [144]
conduction through windows 1,310 [359]
solar radiation through windows 22,733 [6,447]
people 4,500 [1,350] 3,600 [990]
lights 22,097 [6,480]
equipment 8,184 [2,404] 1,540 [450]
infiltration 2,988 [876] 3,969 [1,159]
total space cooling load 74,626 [21,623] 9,109 [2,599]
ventilation 6,640 [2,047] 8,820 [2,709]
total coil cooling load 81,266 [23,670] 17,929 [5,308]

32569)63013¢ ofjooene total cooling load 0gE e30050 component gp: dlo€oo5i
() [g€o(outdoors)e calEqs =6§0054§sC [gooCiedlod(roof and west-facing exterior wall and
windows)o3 [goSe) o€eepadamnoopd conduction heat gain gps
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(9) 226§205300503 GEO§2e00200pY [qontiadlodgps(west-facing windows)e o€eepaSaroopd Solar
radiation heat gain qp:

(0) Space 203858 cpqps(people) Sscd:dsaqpEagps(lights) §eadsocdo3§oongps(office equipment)$é
coffee maker ¢ [§8edao0d internal heat gain g

(@) [g€o(outdoor)e og] BaBE:aqp:aopd Googp: space 22038:8 B&oEcn[gls(hot, humid air
infiltrating)eloy¢ [g8edloopd heat gain gps

B:lgé 2268000535808 00bsooonoop) HVAC system  gp:d  ventilation oo
§p5guSqedlgé copdeu:and [gEosco(outdoor air)od cooling coil 2005 esatesmEnrdeugs oo
§oopdn Ventilation load o3 space heat gain 0go500p08a8logE copdogadeny wdeon Air conditioining
system $&ax 20053EeomelopE system load o€ copdediCsoopdn oodediqs Bwwrdd space

0069gIE: 005e56pd3a0: Zeiamiads space 83:03:330305 00pdeAIE{gE:005 36 agudoraagdi
Psychrometric analysis soo5c005600oa(03epdI

00.0p Psychometric Analysis

Cooling load calculation ¢62a0pd qooSgp:a? 32034{gjq) psychrometric analysis [gjop&oopSi
(o) Space ail sensible heat ratio 03 305q$
() 82260005 space conditioning q§g§ea0z05 supply airflow $& temperature o305q§ simplified

psychrometric analysis [godq§ $&

() Cooling coil capacity ogoS[gEs o3gdo0du

a36§005 multiple space qp320305 design airflow 03 s0050305q§ supply fan $& total building
cooling load o3 so§:ob(analyze c¥6)a0p0i Space gp:od  RASEPORE  GEPadHOES:(single
space)3005000 Rod(gtssC esepyps(Multiple space) 330305 cooling load 0gedgEsupe (J)d§o0pdn

Space Load versus Coil Load

space coil
load load

conduction through roof, walls, windows,
and skylights

solar radiation through windows, skylights

conduction through ceiling, interior
partition walls, and floor

people

lights

equipment and appliances
infiltration

ventilation

system heat gains

KKK N N K<

CSSKSNKKSNKK SN KL
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Cooling Load Calculations eomio0dp3§,
02.09.0 Single-Space Analysis

Psychrometric analysis &l voowsed:zasoew ©pSo00d component ¢ cooling load 2025 space
load o3 [gdeo0pS Bewrcd ©pdoopd heat gain 20pd coil load [gBeo0pd03 edgododddes
600200532808 [gdaopdn Building 9503855 [gdedloopd heat gain gqps 320:0d:0005 total load o3
[gbeo(contribute to the total load)oopbn a3 heat gain qpssan:ads0? space 22038 supply cool air oo
0050005 GozepdI Space adaBcopdeuiepd space load gpiZ:ad:00p5 coil load [g&a0p5n Cooling coil
load 03020 AHU o300 FCU equipment 35gud3200: 6g:q[udq§enognd saadsgoopdi

09.99. J Space Load versus Coil Load

3268000528300 ventilation air o3 space 22038:03 ©oopdogtiel ematesN [giopd
e §oopdi Condition cvS20201 Pre cooled cvS0p5wy @sladooodn a8 pre cooled cpboopd air
handling unit qpso? pre cooled AHU vpealaopbi odelo3pé ventilation load 2005 total cooling coil load
o€ copdedlCsoopdi Bea0d space cooling load 0gE eaopdoglieon HVAC system o3& [gbedloopd fan
heat gain $& duct heat gain 2025 coil load [gdoopSi Space load ofgbeon

3208:30038:03  copdeusepdeco(being supplied to cool the space)el sac[geacs(proper
condition)o? 0RadqI0d 0§08:q5m00305  sensible $& latent heat o3¢l sagje(proportions) 3q$
83260005

Sensible Heat Ratio (SHR) 2005 sensible heat gain o3 total (sensible plus latent) heat gain $&
©22002:0003a4Jg(ratio) [§520001 6830503E HeaospSgE ewdgoozoopd

Sensible heat gain

SHR = Sensible heat gain + Latent heat gain
74,626
SHR = 74,626 19109 = 0.89
21,623

[SHR = = 0.89]

21,623 + 2599

Sensible Heat Ratio (SHR)03 2005005[g:e5005 space 320305 psychrometric analysis ©oo&
[g109E8E2005n 3208232038298 copeuiepd eovowdan(quantity of air)oB 200500588005 saon:ao[yé
c0pdG0zeRd GroZRS (supply air temperature)$& ceod:g&s(supply air flow rate)o? ogodeepdi

opoenmecgod analysis [gopdes vpsogqiod(assumption)gp: [giapboonsaopdi oodedizacgnd
08:008 03053E air conditioning system (own dedicated air-conditioning system) oodesalgb 8&E:
0605 [98[G: cooling coil $& supply fan o3 do€aopdi dsobiemisC r08:0desim005 Broo
FCU 9300905 AHU 008028 00be0&aozepdi

00.0G Supply Airflow ogo3[gg:

Space sensible heat gain 03 coSgpi0dq§ copdeuiqepd Grovwran(quantity of air required to
offset)od 632005038 Gwdlgoon:000d deoos5s(following formula)gé ogobopsEaopdi

Sensible heat gain

Supply Air Flow (CFM) =
upply Air Flow ( ) 1.085 x (Room Air DB — Supply Air DB)
[S Iv Air Fl 3/ Sensible heat gain
upply Air Flow (m*/s) = 41 6~% (Room Air DB — Supply Air D)
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outdoor

L i
> | cooling air

coil
t

| % exhaust
air

B N

space

¢ 00~ J§) Single-Space Analysis
00.0G.0 Determine Supply Airflow ogo5(gé:
Supply air dry-bulb temperature opso(assume)sj supply air Ssg$s(flow)od 0g05[gEs a3eupcd
supply airflow o3 oaso(assume)q) supply air temperature o3 0g05[gE: [gdoopdi

oJpoenogd Fesie0p8:ad oeepodamepd Sa0pgpin? vudgps(to offset the sensible heat gain
in this space)q$320305 copdeoed supply air s2p§§(dry-bulb temperature)o? 55°[12.8°C] =2[gd
0p0(assUMend)g] GEOOIMNOS 63053132038 REBLRAEdI
74,626

Supply Air Flow (CFM) = = 2,990 CFM
upply Air Flow (CFM) = e e 55 1)

[s ly Air Flow (m3/s) = 21623 =14 3/]
UPPLY AITHIOW AT /S) = 1910 x (256 — 12.8) /%

a83a620p5ec00wan(quantity of air required)aod 2,990 cfm [1.40 m?/s] [gd200u

00.96. J Entering Coil Conditions ogo5{gcs

Cooling coil 3203&:93 ofeepodaned erusisaclgsaes(condition of the air)o? og05q$
c8o0pdn Space ¢ [g§cona0pd Return Air (RA)sE [gE€oeco(outdoor air)od edE:od(mixture)ox cooling
coil 32038:03 oeepodfg: mixed air secfgzecs [gdedloopdn  =vefi(space)y c33a600pd GroLWIM
cdeaonoeent copdeusgSancgod [gEosco(outdoor air) 360 cfm [0.18 m¥/slg&s copdeuigd
832600051 [gEoeco(outdoor air)s€ eepoonzaopd GroepdEsss(percentage of the total supply
airflow)o? 683005d32038: 0305098 EAloobi

Ventilation Airflow

% OA =
g Total Supply Airflow
. 360 CFM
% of Outdoor Air = 5990 CFM. =0.12
) 0.18 m3/s
% of Outdoor Air = m =0.12

Space sa0p8:00pdG0qEpY GOFRG[gIGs (entering coil condition) c3odgESq$E0R05 08
3203810 [g§c20p5 Gro(return air) 326[geecsa0pd 200:30038:§ cromeegmesst oppBaopdur vpso

ooo:oaéu(assuming that the air being recirculated from the space is the same condition as the space)n
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Cooling coil 32038203 o8aepadanaopd erosl saelgeaes(condition of the air entering the
cooling coil)oB 9§08:8Eo0p5m Air mixture sop§§(dry-bulb temperature)od 6s2005313203¢: 0g0d0p
§E2005

e  Outdoor air conditions: 95°F [35°C] dry bulb, 76°F [24.4°C] wet bulb

e  Recirculated air conditions: 78°F [25.6°C] dry bulb, 50% relative humidity
(95°F x 0.12) + (78°F x 0.88) = 80°F
[(35°C x 0.12) + (25.6°C x 0.88) = 26.7°C]

Psychrometric chart o3 saaddgje] air mixture(C) sisacgsacs(condition)o? recirculated air ¢l
condition point(A) $& outdoor air condition point(B)od sooS0ono0pd 3E:a0pS(line connecting)
:ed0x€ oqeepadqeRdi

Wet-bulb temperature sago5(mark)o? [goS(intersect)q) connecting line $& 80°F [26.7°C] dry-
bulb temperature 20p5 o&oS:c[g(approximately) 66.5°F [19.2°C] [gdoopdi saonodelopé deood
recirculated air 0R¢ dloes2000 0% larger percentage (88%) of the mixture, mixed-air condition
(C)20p5 recirculated air condition (A)$¢ 3] &:066500p5n Outdoor design condition (B) saclgsecs
point oo’ 3¢) 806652005

95°F x 0.12 = 11.4°F |

78°F x 0.88 = 68.6°F ©@ 76°F :
mixture = 80.0°F & S~ 4L -
<R s =
g Anlcor| [T B 3.
35°C x0.12 = 4.2°C \§0 o et 1 8 ==
25.6°C x 0.88 = 225°C [ & 4 [192°C] ;//’ =
mixture = 267°C | S ¢ e =

‘ %N
_ ==k ——78°F - JsocF 95°F
[25.6°C] |:[26.7°C] [357C]

dry-bulb temperature
¢ oo- 6

00.0G.9 Supply Air Temperature 2005¢05(gE:

6520500690000 medimnaalio sensible sapqpesE latent 3a0gp: eOIQS 320305 (absorb
the sensible and latent heat in the space) 9300705 9GLR8ELES supply-air condition (dry-bulb and
wet-bulb temperatures) 226[g326503 2005005[gE: [g6o0p5

SHR scale 3263/§ 0.89 0083:(value) 3290503 soodagudeus(connecting)oopd sensible-heat-
ratio line o3 cead8Eo000n Desired space condition point 20p5 “index point” [§62005n 0od5pd:a0dgE
index point o3 desired space condition point 83§ 2005¢05(gE: [§620p0n ofjpowr0zE 32005 (A)oopd
index point a8wwpc5 desired space condition point [g&aop5n

a3c3E:03 saturation curvesd ado0pd03Eeant s00dey(line is extended until it intersects the
saturation curve) qoopdi sa000dq] desired space condition $& ©opBSagE 0.89 SHR line $¢
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GomEs0005028 Chapter-11 Cooling Load Estimation Example

2 EBE:x3 space condition o3 [4ode) eqeadqepdn Coil curve (j)903 guide sa[gBoonzd) mixed air point
(C)03 SHR c8E:0800p503Ee=aE s005a3dl

:8:00ad: coil curve (J) 903 guide 3a[gd =a0ddge) mixed-air condition (C)¢ SHR line o3
[godogas(intersect)oond 320050086903 GeEald [godeod(point of intersection) (D)oopS supply-air
condition [g620051 Space 03 220380000 Faefgeacsopt dd§:000:8EqS (required to maintain the desired
space condition) 320305 space sensible and latent heat gain 0303 wuSooodews§Eoopd supply-air
condition [g&aopSn Space sensible $& latent heat gain 03220305 98§00 sajs(correct proportion)
[g®20p51 Supply-air condition 20p5 59°F dry bulb 1 57.4°F wet bulb [15°C dry bulb, 14.1°C wet bulb]

[§BocSH

w
<
04 ©»
N =3
& °
Q =
\Q’@'@ | 06 £
\."0\} - 038 §
&% - ! R ’ 6-
g e s 89/SHR 1.0
A T A ‘ ]
T E o
e i
. I15°C

dry-bulb temperature
$ 00- Jq Psychrometric chart alogE point gpsqie) so§:0d(analysis) 03051050

090.96.G Recalculate Supply Airflow

Supply air temperature 20pd 326 885 0GpeO0RASQO5FARY 55°F[12.8°ClsE woppd
comelopé supply airflow o3 [g§ogod(recalculated)q§ 3600051

3030035[380305q§ (to complete another iteration of this analysis)
(0)[gEoecoep§Esss(new percentage of outdoor air)o3 0geddl 10% [gdaop5

())o€eepadamnepd Grosselgeeesssood(new entering coil conditions) 79.7°F dry bulb,
66.2°F wet bulb [26.5°C dry bulb, 19°C wet bulb]) 03 2005¢05Ch

(p)22208[gdedlcnepd mixed-air condition ¢ 0.89 SHR line $& [goSo0pdsa005(intersect
point) curve GqzaRcl 3030033[0360305000) qroSES voowsaEGoRAEdM qfjaopd
supply air condition $& opo8o0pS (This second iteration will likely result in the same
supply air condition as the first iteration.)

Space 03 33260000 moedimcfgEes0rt AB:00g$300305 o 3,620 cfm §$:5C 320G
59°F dry bulb 1 57.4°F wet bulb [1.69 m3/s of air at 15°C dry bulb, 14.1°C wet bulb] c3s5600p507
Psychrometric analysis ¢ cod[g(indicates)eso0p5n Space 6 sensible and latent heat gain 03 cuSp:q$
R0 eSmSoopdsadje(correct proportion) [g8a05

Psychrometric chart $& psychrometric analysis 3aalo3pE:03 ACMV vol 1 ¢ 300§:())oz8
326205805 6epaeadg §EA00I

11-35



Cooling Load Calculations eomio0dp3§,

74,626
Supply Air Flow (CFM) = 1085 x (78F—59F) = 3,620 CFM
21,623
[SupplyAir Flow (m3/s) = 1210 x (256 — 15) = 1.69 m3/s]
09.9¢) Total Cooling Load on Coil
Room 101
Btu/hr [W]
total space sensible load 74,626 [21,623]
total space latent load 9,109 [2,599]
ventilation 15,460 [4,756]
total coil cooling load 99,195 [28,978]

Air conditioning system ogE onbeo€aoniepd cooling coil 20p5 space § [gdedlopd sensible
and latent load o3 com&ign ©daoH8Eaupdi Bealg cooling coil saedlog c0cdeeprd§Eand
additional load gpzodcopds  copdag€i0z05q05qepdt ofjpoenapE ventilation 320305  c0pdGLgRORS
[g€oeco(outdoor air)oopS cooling coil & additional load [gdoopSi Cooling coil ¢ total load 20pd
99,195 Btu/hr (8.3 refrigeration tons) [28,978 W] (62051

[B:32005 pownoopd sa0&:00desi(room 101) 32030500 [gdoopdn Beood cvodeoy 3aely
3265038 3208:00098:32005000 30de0RY 2aelgIesdjkst [0303.95 3cRSep:0RdI

Multiple-Space Analysis a300p5¢0 - 3a08:gpignl GsepyPigoel cooling load o cRodqEd[EE:
[§6 20051 0305q05¢ $2:00p58EqSI Cgudmpeogengnd ess( j)eSs(room 101 and 102)03 powr3a(gd

eedlgoozaopd

q
]
* 4 '
e
AN m
Room 101 Room 102

Q 00- J© Multiple-Space Analysis
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GomEs0005028 Chapter-11 Cooling Load Estimation Example

space sensible load 8 am. 4 p.m.
components Btu/hr [W] Btu/hr [W]
conduction through roof 2,616 [740] 12,312 [3,563]
conduction through exterior wall 160 [48] 502 [144]
conduction through windows 202 [51] 1,310 [359]
solar radiation through windows 3,562 [1,012] 22,733 [6,447]
people 4,500 [1,350] 4,500 [1,350]
lights 22,097 [6,480] 22,097 [6,480]
equipment 8,184 [2,404] 8,184 [2,404]
infiltration 2,988 [876] 2,988 [876]
total space sensible load 44,299 [12,961] 74,626 [21,623]
Room 101 (Faces West)
space sensible load 8 am. 4 p.m.
components Btu/hr [W] Btu/hr [W]
conduction through roof 2,616 [740] 12,312 [3,563]
conduction through exterior wall 160 [48] 844 [252]
conduction through windows 202 [51] 1,310 [359]
solar radiation through windows 21,667 [6,138] 3,078 [874]
people 4,500 [1,350] 4,500 [1,350]
lights 22,097 [6,480] 22,097 [6,480]
equipment 8,184 [2,404] 8,184 [2,404]
infiltration 2,988 [876] 2,988 [8706]
total space sensible load 62,414 [18,087] 55,313 [16,158]

Room 102 (Faces East)

09.9¢).0 “Sum-of-Peaks” versus “Block”

space sensible load 8am. 4 p.m.

Btu/hr [W] Btu/hr [W]
Room 101 (faces west) 44299 [12961] 74626 [21623]
Room 102 (faces east) 62414 [18087] 55313 [16158]

oooenogl 3208:( j)esscll peak space load 20pd 00d§§opSy BEscd olgdedicon
System o0d9m038:§ soedigpramiadsel peak space load 20p5 006§§00p5:S BREsd clgdedlcol
Space 220305 32262005 supply airflow o3 room 101 320305 maximum sensible load 74,626 Btu/hr
[21,623 W] $& room 102 320305 62,414 Btu/hr [18,087 W] 03 =26[gde] 00520001 Supply fan 20pd
[4855:0c00(constant volume of air at all times)g¢ cursq) B=62005 GroLWIAN CBOSEVE0RdI
:083( J)oS:el peak sensible load o3 &dlEsq) qoopd 137,040 Btu/hr [39,710 W] [¢€ saguSsaon:
egeqiud20&20p51 Sum-of-peaks load vpesl 200
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Cooling Load Calculations eomio0dp3§,

3208§3(000)5E (00 j)(rooms 101 and 102) oBei peak load [gbedloopd sag§oonod(peak at
different times of the day)ojeon 036005 2o§$006§$0rE 08s( j)eSiedltel sa[gSad: peak load
[gbecl (sum of these two space loads is highest)a36ep5i oload o3 block load vpesloopd o space
509320305 VAV system o3 3203ggjoon:gi€ supply fan 2005 329§:0069qC:8320305 cd=abo0600005
o eenlieoeant control cv68Ea0pdi Supply fan sagubssen:o? space sensible load $&9cdlC:
Foqpeed: (964§ 129,939 Btu/hr [37,781 W] o3 3a6[gde] cgequd$Eaogdi

Sum-of-peaks = 74626 + 62414 = 137040 Btu/hr
[21623 + 18087 = 39710 W]

Block = 74626 + 55313 = 129939 Btu/hr
[21623 + 16158 = 37781 W]

Psychrometric analysis cpSes§§0RE supply air 3208 dry bulb 2005 59°F [15°C] (96200507
ops0g] 03053(8egb20p01 Sum-of-peaks $& block airflows o3 supply fan sagudsaoniegeqoS(sizing)q$
B3ae[g3a65$0G):(these two cases)od 6320050132038 3050p8E200

Sum-of-peaks

supply airflow = 6,648 CFM [3.10 m®/s]
Block
supply airflow = 6,303 CFM [2.95 m?/s]

02.9g). J Block Cooling Load

Room 101 Room 102
loads at 4 p.m. Btu/hr [W] Btu/hr [W]
total space sensible load 74626 [21623] 55313 [16158]
total space latent load 9109 [2599] 9109 [2599]
ventilation 15460 [4756] 15460 [4756]
Total coil cooling load 99195 [28978] 79882 [23513]

320§:00608:00p5:03 0050000 pown(single-space example) 03a30E HVAC system i cooling
coil 2005 spaces (J) 9320305 026s0E6pd cooling coil op5 space sensible $& latent load 08 ©Sapcd
c0:8Eg&:daepdi ABmo[gE ventilation sa030500pd60spd outdoor air ¢ [gdedlconepd additional load
oB3copds cooling coil 0 wudgpieosdaedi

cuopoyedgé multiple space gps=aogcd cooling coil Fagod=eon: egguSepogE block

cooling load o3 326[g520051 ofjpoenazé block load 20p5 4 p.m. so§$oR¢ [§ded oo BmogSozé
101 $€ 102 o3& space load $& ventilation load o36OlCgE: 3aqpsad:(highest) [g6o05n

ofjpoene multiple-space system 830305 cooling coil sagudsaenseggde$ block load 2005
179,077 Btu/hr (14.9 refrigeration tons) [52,491 W] [g&a0p5

Block cooling load (4 p.m.) = 99195 + 79882 = 179077 Btu/hr
[28978 + 23513 = 52491 W]
-End-
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