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Cooling Load Calculations
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egepad Boopdd [gEompg§lgEoopd =§fqpigt 20680005338 00d9cd0d  coodSeant
2005000[gde00pd 30§803¢ Bfconigs c3m620p0N [g6ecl8Eepd cooling load vwran ZacBmamy)
q§jesnE 0gadqod[gtsoopd ofjeeasi(chapter)od crocoggtiel 38mqpSqudeqad [g8oopdi Cooling
load 0050950550005 heating load 030505p5:$¢ 80C0peo05Rd:s cooling load ogodepogt 253
e08qp: o8 Seags0odi
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Radiation = Convection
= furnishings, -
structure (delayed
in time)
Heat _ _| Cooling
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¢ 6-o Heat flow diagram
6.0 Objective

of3208:03 codgecpcmn(Giesnod
(0) 320823209803 ofeepadamnepd s (heat gain) vedaNod 03058E86wpdi(Calculate the heat

gains to a space.)

() Cooling cv6g8320305 2o&engdaop) 8&E:mmelgeresapio? egiguS§EaB6epdn (Select appropriate

design conditions for cooling.)
(p) :0[gCad:(peak) load 326[g326503 20050058EBELR5N (Determine peak load conditions.)
() B=062005 ventilation rate o3 gp8Ea366d (Find required ventilation rates.)
(§) Commercial 356800053a8¢pzell cooling load gp:od  GooSeo$iod §EBGepdi (Perform a
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commercial cooling load analysis.)

6) cpesz6e0053334peel cooling load gp:o3 Gousso§:od 888665 (Perform a residential cooling

load analysis.)
€. Cooling Load Calculation Procedures

[g€0220§8862005 GeoCipaBogt el  edig:aznioopdeap(heat  loss)owdanoopd
Bmgfonel heating load [§900pbn 00dspdeamnsqé eds§rognsoopd sapuwdan(heat loss) $&
heating co6epd load vwdan(heating load) 0820051

[gCom0qS[gCo0pd egepaBogl 3208:32038:08 oeepodamnaogd sapuwran(heat gain)
2005 BagiSene cooling load $¢ wopoBlogeon saonudelopEadeasd sapadenyaoigls(heat
storage)s¢ sa§§es00dmygEs(time lag effects)odelonpé wonoBges (gdo0pS

DY$:080520008038 20680005358 Bewpod  2:e§i0dee  vudooodeepd gL
(amount of heat that must be removed)oopd 29§:3203E:03 0€eepod ad20pd SapvEdN(amount
of heat received or heat gain)$¢ eopo8fogeon Cooling 00510562005 3¢) gdeog:00d

3208:3038:03  08eepaSamnooDd  SpgPEMInde  004),00000500p5 0$:320305 S0P
29633  qod[gEs(instantaneously)elpE:cd00bn 08an0pd  oy§ep00g),00800503  @8IESs(roof )

$Qqpa(walls) [036za8:qps(floors) $E 32032368008 0§eomngpPe GV 38 pSuragdgtiad
“heat storage effect” vpealaodi

90020 QO M0RS 336800053 0pcoRS(building mass) 3aedlogE  wonpSooRdi
DYS:050:c0d [oPp[Beesnode Bodupognoond Sapgpid 3efim0pEid [gSooodensoonbn 38
DS050:c0d 65005Ge ogp: [gSgS005[gtio3 “time lag effect” vpesloopdn Heat storage
effect $& time lag effect $6§03 O(6-0)ozE heat flow diagram [g€ ceSgoonzod

Room cooling load e300p5¢0 900803 8&&:005000200p93205$ (temperature) $& 8adEse0
(humidity)opE aB§:000:8Eq$320305 3a000Sap0d0daepds$:(heat removal rate) [gdoopS
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- .
@ heat gain ,% //‘
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Removal of / Removal of %

stored heat / 7 ¥/ stored heat
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Time of day —>

Q G-  Difference between instantaneous heat gain and cooling load as a result of heat storage effect.

:pBeapE[gls(thermal storage effect)sé 3o§8e500503(gCs(time lag) odefopé ofeepad
a020pd  sapuwdan(entering heat or instantaneous heat gain)oopd cooling load vedaN$E ©orod
[o3eon (C- ))ozE powmlgd eudlgoontoopd esrodes3gEaRE instantaneous heat gain 205
2[gE0ds [96200n g&:3§8e57058E:03E cooling load 2op5 instantaneous heat gain 0005305500051
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:0oSelopéadeadd esondzaBoocopd(building mass)aopS o€eepadamnoopdeapygp:d 9369005
a3eapnCooneomelopt 320§:0503 Zapgp: qEdgIE: eepadeogdeor poeseentinodtd :gSope
a3eapnCoonoopd 320403 [gSopodagodaopdi B=agi§aae cooling load aopb instantaneous heat gain
0005 Jqpzaodi

Instantaneous heat gain $¢ cooling load of worn8qoopbeaco3pCsen “heat storage effect”
$C time lag effect elop¢ [g620p51 cocopdfBienseco Faeeon0deaByp:el “heat storage effect”
3qpseco [gdaogd

poed- 650[gEs0pde503E co0RB[0Bir00d 326e000535832038: air con w§eosSrds

62226500001 0CeEPadaN0PY TOgPIn? $§LPi §SoRcoeoME[PE [(§6200N Heat storage effect
el [gdoopdn $&gpion sapgp:o? salgobero ed:g§o0pd toesent: [§Baopdbi oS [gComengs
§600p0304] $85 @alCSsgpion 950Po:a0R) 0gP:ad [g$880005(0300001 Beedl Time lag effect
[g8eclaopb
CLF/ CLTD o5

CLF/ CLTD $p5:03 3a090bonoy §0500p08E20001 ap8qomod a0ddqq ogodqiod§aocd
0n§edCiond 9Bewpod excel sheet ood[gé 030588200 CLF/ CLTD o305$05: sa6(o3pEsnd
:390$:( J)orgﬁ Gcﬁ@:}@:@ﬁwéu
€.p Room Heat Gains

Qroofor Room heat gain components (Q)

ceiling

Vi (o) Conduction through exterior walls, roof, and

e
Q - glass
5 2

Bigiis Osolar (glass) () Conduction through interior partitions, ceilings,

0 artition 9, eople
e /%/ - (p) Solar radiation through glass

Qequipmem <A~ Qs ot
! I/ Oinfiltration (9) |_|ght|n9
| Equipment . (8) People

2 (©) Equipment
Qﬂoor

<°3 G-g Room heat gain components (Q).

1

Lights [©O1

Qglass and floors

(Q) Heat from infiltration and ventilation of
outside air

$(6-p)og¢ Gudlgoon:aopd room heat gain component gp:za505 (0)¢ (G) efopE sensible heat
gain [gdedla0pbi (§)$E(q) ABelopé sensible heat gain & latent heat gain $6§d: [gBedobn
(6)20p5 equipment sadjgaonied @oopSq) sensible heat gain GaoScopSieomE: latent GooScopd:
e0omE: [88E20p5
€. Conduction Through Exterior Structure (ss({g844qp:0? [§o5qj sagegpobopias:)

ealCds(roof ) s§qpa(walls)sE  of(glass) ©a0p50303 [0S  sapeaqpPadans(conduction)Ge
o8aepadanoopd a0 (heat gain)gp:od 6320050l 84 [gEdgE 00508 Ea0pS

Q=Ux A XCLTD, (6.1)

Where Q = cooling load for roof, wall, or glass (BTU/hr)
U = overall heat transfer coefficient for roof, wall, or glass (BTU/hr ft* °F)
A = area of roof, wall, or glass (ft?)
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CLTD, = corrected cooling load temperature difference (°F)

Cooling Load Temperature Difference (CLTD) 00p5 co05§2o§§03¢8 [gdedlesoopd 320qS
[gosgosqod(actual  temperature  difference) oopcdeor [gEoeco(outdoor)sC  spefimaogti§eco

(indoor air)o3 safo32s§ heat storage $C time lag effect 0303 copdogdsq) ogedgiEd0o0pd 00&3:
0069 952001

Table 6.1 $& 6.2 of0pC @alE:(roof)sC &§(wall)odel oopSeeodad0od(constructions)

2Gp§jpo’ 320305 CLTD value qpso3 eedjgoonzoopdi
622005013ag)05¢203 326[gd coz00pdN

(0) 3208:038: 320§ (indoor temperature)oopd 78°F DB [gdaopbi

() 83&d0pdes(design day)el [goqSsqieaed (outdoor average temperature)oopd

85°F DB [gdoopdu
(?) 83&nd0pdes(design day)aopd acdEco (jo)qodesgdaopdi (Date is July 21st)
(G) 02p58esepa05 40°N cogBap [gdoopdn (Location is 40°N latitude.)

F200056] CO0de0RF6[geaes (actual condition)oopd 3300050 3ac[gEeesqpist ©odmd850gE

CLTD 00§3: wSesand(correction) [gopdeoigs cdab0p5n adaB[giopd[gésn? “correction” cpdaopbun
9l 20p51 ©$e3E[gapd[Beoopd 0083:03 Corrected Value of CLTD v esloopd

CLTD, = CLTD + LM + (78 — tR) + (ta— 85) (6.2)

Where CLTD, = corrected value of CLTD (°F)
CLTD = temperature from Table 6.1, 6.2 or 6.5
LM = correction for latitude and month, from Table 6.4
tR = room temperature (°F)
ta = average outside temperature on a design day (°F)

Temperature (ta) o3 632:00503€[goon:00pd de20553E 0g0508E00!
ta = to— (DR/2) (6.3)

to = outside design dry bulb temperature (°F )
DR = daily temperature range (°F)
to $& DR (daily temperature range) 0o§3:qpz0? table A.9 © ©050p8E2001

Table 6.1 $& 6.3 030pE U-value gpsod eedlgoosoopdi 6alCSsqps(roofs)ss s§qps(walls)el U-
valueqg$ R-value 0069qE:8aAIE:e] 03050903058E20051 Chapter-503€ 0g05505:03 cwd[g3[Big6o025

Tables 6.1 $& 6.2 0303E ced[goorzoopd=eg$00p5 “Solar Time” [§daopS Daylight Savings
Time 0§20p5 a300pcd copdediE:gs ocdoopd §E&qpeaog05 Daylight Savings Time $& Standard

time of) o?é@ooén

63050RE  6alC8:0069(roofsE s§(wall)oodeod [3ode) [gbedlconepd heat gain owran
030555203 poedzagd GeSgoonood
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TABLE 6.2 COOLING LOAD TEMPERATURE DIFFERENCES (CLTD) FOR CALCULATING COOLING LOAD FROM SUNLIT WALLS, F

Solar Time, h

Hr of

Maxi- Mini- Maxi- Differ-
mum mum mum ence
0100 0200 0300 0400 0500 0600 0700 0800 0900 10001100 1200 1300 1400 1500 1600 1700 1800 1900 2000 21002200 2300 2400 CLTD GLTD CLTD CLTD

North Latitude
Wall Facing Group A Walls
N 14 14 14 13 13 13 12 12 11 11 10 10 10 10 10 10 11 11 12 12 13 13 14 14 2 10 14 4
NE 19 19 19 18 17 17 16 15 15 15 15 15 16 16 17 18 18 18 19 19 20 20 20 20 22 15 20 5
E 24 24 23 23 22 21 20 19 19 18 19 19 20 21 22 23 24 24 25 25 25 25 25 25 22 18 25 7
SE 24 23 23 22 21 20 20 19 18 18 18 18 18 19 20 21 22 23 23 24 24 24 24 24 22 18 24 6
S 20 20 19 19 18 18 17 16 16 15 14 14 14 14 14 15 16 17 18 19 19 20 20 20 23 14 20 6
SW 25 25 25 24 24 23 22 21 20 19 19 18 17 17 17 17 18 19 20 22 23 24 25 25 24 17 25 8
w 27 27 26 26 25 24 24 23 22 21 20 19 19 18 18 18 18 19 20 22 23 25 26 126 1 18 27 9
NW 21 20 21 20 20 19 19 18 17 16 l6 15 15 14 14 14 15 15 16 17 18 19 20 21 1 14 21 7
Group B Walls
N 15 14 14 13 12 11 11 10 9 9 9 8 9 9 9 10 I 12 13 14 14 15 15 15 24 8 15 7
NE 19 18 17 16 15 14 13 12 12 13 14 15 16 17 18 19 19 20 20 21 21 21 20 20 21 12 21I 9
E 23 022 21 20 18 17 16 15 15 15 17 19 21 22 24 25 26 26 27 27 26 26 25 24 20 15 27 12
SE 23 22 21 20 18 17 16 15 14 14 15 16 18 20 21 23 24 25 26 26 26 26 25 24 21 14 26 12
S 21 20 19 18 17 15 14 13 12 11 11 11 11 12 14 15 17 19 20 21 22 22 22 21 23 11 22 1l
SW 27 26 25 24 22 21 19 18 16 15 14 14 13 13 14 15 17 20 22 25 27 28 28 28 24 13 28 15
W 29 28 27 26 24 23 21 19 18 17 16 15 14 14 14 15 17 19 22 25 27 29 29 30 24 14 30 16
NW 23 22 21 20 19 18 17 15 14 13 12 12 12 11 12 12 13 15 17 19 21 22 23 23 24 11 23 9
Group C Walls
N 15 14 13 12 11 10 9 8 8 7 7 g 8 9 10 12 13 14 15 16 17 17 17 16 22 7 17 10
NE 19 17 16 14 13 11 10 10 11 13 15 17 19 20 21 22 22 23 23 23 23 22 21 20 20 10 23 13
E 22 21 19 17 15 14 12 12 14 16 19 22 25 27 29 29 30 30 30 29 28 27 26 24 18 12 30 I8
SE 22 21 19 17 15 14 12 12 12 13 16 19 22 24 26 28 29 29 29 29 28 27 26 24 19 12 290 17
S 21 19 18 16 15 13 12 10 9 9 9 10 11 14 17 20 22 24 25 26 25 25 24 22 20 9 26 17
SW 29 27 25 22 20 18 16 15 13 12 11 11 11 13 15 18 22 26 29 32 33 33 32 31 22 11 33 22
W 31 29 27 25 22 20 18 16 14 13 12 12 12 13 14 16 20 24 29 32 35 35 35 33 22 12 35 23
NW 25 23 21 20 18 16 14 13 11 10 10 10 10 11 12 13 15 18 22 25 27 27 27 26 22 10 27 17
Group D Walls
N 15 13 1210 9 7 6 6 6 6 6 7 8 10 12 13 15 17 18 19 19 19 18 16 21 6 19 13
NE 17 15 13 11 10 8 7 8 10 14 17 20 22 23 23 24 24 25 25 24 23 22 20 18 19 7 25 18
E 19 17 15 13 11 9 8 9 12 17 22 27 30 32 33 33 32 32 31 30 28 2 24 22 16 8 33 25
SE 20 17 15 13 11 10 &8 8 10 13 17 22 26 29 31 32 32 32 31 30 28 26 24 22 17 8 32 24
S 9 17 15 13 11 9 8 7 6 6 7 9 12 16 20 24 27 29 29 29 27 26 24 22 19 6 29 23
SW 28 25 22 19 16 14 (2 10 9 8 8 8 10 12 16 21 27 32 36 38 38 37 34 31 21 8 38 30
w 31 027 24 21 18 15 13 11 10 9 9 9 10 11 14 18 24 30 36 40 41 40 38 34 21 9 41 32
NW 25 22 19 17 14 12 10 9 8 7 17 8§ 9 10 12 14 18 22 27 31 32 32 30 27 22 7 32 25
Group E Walls
N 2 10 8 7 5 4 3 4 5 6 7 9 11 13 15 17 19 20 21 23 20 18 16 14 20 322 19
NE 13 11 9 7 6 4 5 9 15 20 24 25 25 26 26 26 26 26 25 24 22 19 17 15 16 4 26 22
E 14 12 10 8 6 5 6 11 18 26 33 36 38 37 36 34 33 32 30 28 25 22 20 17 I3 5 38 33
SE 15 12 10 8 7 5 5 8 12 19 25 31 35 37 37 36 34 33 31 28 26 23 20 17 I3 5 37 32
S 15 12 10 8 7 5 4 3 4 5 9 13 19 24 29 32 34 33 31 29 26 23 20 17 17 3 34 31
SW 22 18 15 12 10 8 6 5 5 6 7 9 12 18 24 32 38 43 45 44 40 35 30 26 19 5 45 40
w 25 21 17 14 11 9 7 6 6 6 17 9 11 14 20 27 36 43 49 49 45 40 34 29 20 6 49 43
NW 20 17 14 11 9 7 6 5 5 5 6 § 10 13 16 20 26 32 37 38 36 32 28 24 20 5 38 33
Group F Walls
N 8 6 5 3 2 1 2 4 6 7 9 11 14 17 19 21 22 23 24 23 20 16 13 11 19 123 23
NE 9 7 5 3 2 1 5 14 23 28 30 29 28 27 27 27 27 20 24 22 19 16 13 11 11 1 30 29
E w0 7 6 4 302 6 17 28 38 44 45 43 39 36 34 32 30 27 24 21 17 15 12 12 2 45 43
SE 0 7 6 4 3 2 4 10 19 28 36 41 43 42 39 36 34 31 28 25 21 18 15 12 13 2 43 41
S 10 8 6 4 3 2 1 1 3 7 13 20 27 34 38 39 38 35 31 26 22 I8 15 12 16 1 39 38
SwW 15 11 9 6 5 3 2 2 4 5 8 11 17 26 35 44 50 53 52 45 37 28 23 18 18 2 53 48
W 17 13 10 7 5 4 3 3 4 6 8% 11 14 20 28 39 49 57 60 54 43 34 27 21 19 3 60 57
NW 14 10 8 6 4 3 2 2 3 5 8 10 13 15 21 27 35 42 46 43 35 28 22 18 19 2 46 H4
Group G Walls
N 3 2 0 -l 2 7 8 9 12 15 18 21 23 24 24 25 26 22 15 11 9 7 5 18 -1 26 27
NE 3 2 0 -1 9 27 36 39 35 30 26 26 27 27 26 25 22 18 14 11 9 7 5 9 -1 39 40
E 4 2 I 0 -1 11 31 47 54 55 50 40 33 31 30 29 27 24 19 15 12 10 8 6 10 -1 55 56
SE 4 2 0 - 5 18 32 42 49 51 48 42 36 32 30 27 24 19 15 12 10 8 6 11 -1 51 52
S 4 2 10 -1 0 i 5 12 22 31 39 45 46 43 37 31 25 20 15 12 10 8 5 14 -1 46 47
SW 5 4 3 1 0 0 2 3 8 12 16 26 38 50 39 63 61 52 37 24 17 13 10 8 16 0 63 63
W 6 5 3 2 1 1 23 8 11 15 19 27 41 56 67 72 67 48 29 20 15 11 8 17 172 71
NW 5 3 02 1 0O 0 2 3 8 11 15 18 21 27 37 47 55 55 41 25 17 13 10 7 18 0 55 55

Reprinted with permission from the /989 ASHRAE Handbook—Fundamentals.
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TABLE 6.3 WALL CONSTRUCTION GROUP DESCRIPTION
Group Weight U-Value
No. Description of Construction (Ib/ft?) (BTU/heft?e°F)
4-in. Face brick + (brick)
€ Air space + 4-in. face brick 83 0.358
D 4-in. common brick 90 0.415
C 1-in. insulation or air space + 4-in. common brick 90 0.174-0.301
B 2-in. insulation + 4-in. common brick 88 0.111
B 8-in. common brick 130 0.302
A Insulation or air space + 8-in. common brick 130 0.154-0.243
4-in. Face brick + (heavyweight concrete)
& Air space + 2-in. concrete 94 0.350
B 2-in. insulation + 4-in. concrete 97 0.116
A Air space or insulation + 8-in. or more concrete 143-190 0.110-0.112
4-in. Face brick + (light or heavyweight concrete block)
E 4-in. block 62 0.319
D Air space or insulation + 4-in. block 62 0.153-0.246
D 8-in. block 70 0.274
C Air space or 1-in. insulation + 6-in. or 8-in. block 73-89 0.221-0.275
B 2-in. insulation + 8-in. block 89 0.096-0.107
4-in. Face brick + (clay tile)
D 4-in. tile 71 0.381
D Air space + 4-in. tile 71 0.281
(4 Insulation + 4-in. tile 71 0.169
G 8-in. tile 96 0.275
B Air space or 1-in. insulation + 8-in. tile 96 0.142-0.221
A 2-in. insulation + 8-in. tile 97 0.097
Heavyweight concrete wall + (finish)
E 4-in. concrete 63 0.585
D 4-in. concrete + 1-in. or 2-in. insulation 63 0.119-0.200
& 2-in. insulation + 4-in. concrete 63 0.119
¢ 8-in. concrete 109 0.490
B 8-in. concrete + 1-in. or 2-in. insulation 110 0.115-0.187
A 2-in. insulation + 8-in. concrete 110 0.115
B 12-in. concrete 156 0.421
A 12-in. concrete + insulation 156 0.113
Light and heavyweight concrete block + (finish)
F 4-in. block + air space/insulation 29 0.161-0.263
E 2-in. insulation + 4-in. block 29-37 0.105-0.114
E 8-in. block 47-51 0.294-0.402
D 8-in. block + air space/insulation 41-57 0.149-0.173
Clay tile + (finish)
F 4-in. tile 39 0.419
F 4-in. tile + air space 39 0.303
E 4-in. tile + 1-in. insulation 39 0.175
D 2-in. insulation + 4-in. tile 40 0.110
D 8-in. tile 63 0.296
C 8-in. tile + air space/1-in. insulation 63 0.151-0.231
B 2-in. insulation + 8-in. tile 63 0.099
Metal curtain wall
G With/without air space + 1- to 3-in. insulation 5-6 0.091-0.230
Frame wall
G 1-in. to 3-in. insulation 16 0.081-0.178

Reprinted with permission from the /989 ASHRAE Handbook—Fundamentals.
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Chapter-6 Cooling Load Calculations (Part One)

TABLE 6.4 CLTD CORRECTION FOR LATITUDE AND MONTH APPLIED TO WALLS AND ROOFS, NORTH LATITUDES, F

NNE NE ENE E ESE SE SSE
Lat. Month N NNW NW WNW W WsSwW SW SSW S HOR
0 Dec -3 -5 -5 -5 -2 0 3 6 9 -1
Jan/Nov -3 -5 —4 -4 -1 0 2 4 7 -1
Feb/Oct -3 -2 -2 -2 -1 -1 0 -1 0 0
Mar/Sept -3 0 1 -1 -1 -3 -3 -5 -8 0
Apr/Aug 5 4 3 0 -2 -5 -6 -8 -8 -2
May/Jul 10 7 5 0 -3 -7 -8 -9 -8 —4
Jun 12 9 5 0 -3 -7 -9 -10 -8 -5
8 Dec —4 -6 -6 —6 -3 0 4 8 12 -5
Jan/Nov -3 -5 -6 -5 -2 0 3 6 10 —4
Feb/Oct -3 —4 -3 -3 -1 -1 1 2 4 -1
Mar/Sept -3 -2 -1 -1 -1 -2 -2 -3 —4 0
Apr/Aug 2 2 2 0 -1 —4 -5 =7 =7 -1
May/Jul 7 5 4 0 -2 -5 ~7 -9 =7 -2
Jun 9 6 4 0 -2 -6 -8 -9 -7 -2
16 Dec -4 -6 -8 -8 —4 -1 4 9 13 -9
Jan/Nov —4 -6 -7 -7 -4 -1 4 8 12 -7
Feb/Oct -3 -5 -5 -4 -2 0 2 5 7 —4
Mar/Sept -3 -3 -2 -2 -1 -1 0 0 0 -1
Apr/Aug -1 0 -1 -1 ~1 -3 -3 -5 -6 0
May/Jul 4 3 3 0 -1 -4 -5 -7 -7 0
Jun 6 4 4 1 -1 -4 -6 -8 0 -7
24 Dec -5 =7 -9 -10 -7 -3 3 9 13 —-13
Jan/Nov —4 -6 -8 -9 -6 -3 9 3 13 -11
Feb/Oct -4 -5 -6 -6 -3 -1 3 7 10 =7
Mar/Sept -3 -4 -3 -3 -1 -1 1 2 4 -3
Apr/Aug -2 -1 0 -1 -1 -2 -1 =2 -3 0
May/Jul 1 2 2 0 0 -3 -3 -5 -6 1
Jun 3 3 3 1 0 -3 —4 -6 -6 1
32 Dec -5 =7 -10 -11 -8 -5 2 9 12 =17
Jan/Nov -5 =7 -9 -11 -8 -15 -4 2 9 12
Feb/Oct —4 -6 -1 -8 —4 -2 4 8 11 -10
Mar/Sept -3 —4 —4 —4 -2 -1 3 5 7 -5
Apr/Aug -2 -2 -1 -2 0 -1 0 1 1 -1
May/Jul 1 1 1 0 0 -1 -1 -3 -3 |
Jun 1 2 2 1 0 -2 -2 —4 —4 2
40 Dec -6 -8 -10 -13 -10 =7 0 7 10 -21
Jan/Nov -5 -7 -10 -12 -9 -6 1 8 11 -19
Feb/Oct -5 =7 -8 -9 -6 -3 3 8 12 ~14
Mar/Sept —4 -5 -5 -6 -3 -1 4 7 10 -8
Apr/Aug -2 -3 -2 ~2 0 0 2 3 4 -3
May/Jul 0 0 0 0 0 0 0 0 1 1
Jun 1 1 1 0 1 0 0 -1 -1 2
48 Dec -6 -8 -11 -14 -13 -10 -3 2 6 -25
Jan/Nov -6 -8 —11 -13 -11 -8 -1 5 8 —24
Feb/Oct -5 -7 -10 -11 -8 -5 1 8 11 -18
Mar/Sept —4 -6 -6 ~7 -4 -1 4 8 11 -11
Apr/Aug =3 -3 -3 -3 -1 0 4 6 7 -5
May/Tul 0 -1 0 0 1 1 3 3 4 0
Jun 1 1 2 1 2 1 2 2 3 2

Reprinted with permission from the 1989 ASHRAE Handbook—Fundamentals.
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Cooling Load Calculations eomio0d03§,
TABLE 6.6 MAXIMUM SOLAR HEAT GAIN FACTOR (SHGF) BTU/HR « FT2 FOR SUNLIT GLASS, NORTH LATITUDES

20° N. Lat 36° N. Lat
NNE/ NE/ ENE/ E/ ESE/ SE/ SSE/ N NNE/ NE/ ENE/ E/ ESE/ SE/ SSE/
N NNW NW WNW W WSW SW SSW § HOR (Shade) NNW NW WNW W WSW SW SSW S HOR

Jan. 29 29 48 138 201 243 253 233 214 232 Jan. 22 22 24 90 166 219 247 252 252 155
Feb. 31 31 88 173 226 244 238 201 174 263 Feb. 26 26 57 139 195 239 248 239 232 199
Mar. 34 49 132 200 237 236 206 152 115 284 Mar. 30 33 99 176 223 238 232 206 192 238
Apr. 38 92 166 213 228 208 158 91 58 287 Apr. 35 76 144 196 225 221 196 156 135 262
May 47 123 184 217 217 184 124 54 42 283 May 38 107 168 204 220 204 165 116 93 272
June 59 135 189 216 210 173 108 45 42 279 June 47 118 175 205 215 194 150 99 77 273
July 48 124 182 213/ 212 179 119 53 43 278 July 39 107 165 201 216 199 161 113 90 268
Aug. 40 91 162 206 220 200 152 88 57 280 Aug. 36 75 138 190 218 212 189 151 131 257
Sep. 36 46 127 191 225 225 199 148 114 275 Sep. 31 31 95 167 210 228 223 200 187 230
Oct. 32 32 87 167 217 236 231 196 170 258 Oct. 27 27 56 133 187 230 239 231 225 195
Nov. 29 20 48 136 197 239 249 229 211 230 Nov. 22 22 24 87 163 215 243 248 248 154
Dec. 27 27 35 122 187 238 254 241 226 217 Dec. 20 20 20 69 151 204 241 253 254 136

24° N. Lat 40° N. Lat
N
(Shade) NNE/ NE/ ENE/ E/ [ESE/ SE/ SSE/ N NNE/ NE/ ENE/ E/ ESE/ SE/ SSE/
N NNW NW WNW W WSW sw SSW 8§ HOR (Shade) NNW NW WNW W WSW SW SSW S HOR

Jan. 27 27 41 128 190 240 253 241 227 214 Jan. 20 20 20 74 154 205 241 252 254 133
Feb. 30 30 80 165 220 244 243 213 192 249 Feb. 24 24 50 129 186 234 246 244 241 180
Mar. 34 45 124 195 234 237 214 168 137 275 Mar. 29 29 93 169 218 238 236 216 206 223
Apr. 37 88 159 209 228 212 169 107 75 283 Apr. 34 71 140 190 224 223 203 170 154 252
May 43 117 178 214 218 190 132 67 46 282 May 37 102 165 202 220 208 175 133 113 265
June 55 127 184 214 212 179 117 55 43 279 June 48 113 172 205 216 199 161 116 95 267
July 45 116 176 210 213 185 129 65 46 278 July 38 102 163 198 216 203 170 129 109 262
Aug, 38 87 156 203 220 204 162 103 72 277 Aug. 35 71 135 185 216 214 196 165 149 247
Sep. 35 42 119 185 222 225 206 163 134 266 Sep. 30 30 87 160 203 227 226 209 200 215

Oct. 31 31 79 159 211 237 235 207 187 244 Oct. 25 25 49 123 180 225 238 236 234 177
Nov. 27 27 42 126 187 236 249 237 224 213 Nov. 20 20 20 73 151 201 237 248 250 132
Dec. 26 26 29 112 180 234 247 247 237 199 Dec. 18 18 18 60 135 188 232 249 253 113
28° N. Lat 44° N. Lat
N NNE/ NE/ ENE/ E/ ESE/ SE/ SSE/ N NNE/ NE/ ENE/ E/ ESE/ SE/ SSE/

(Shade) NNW NW WNW W WSW SW SSW S HOR (Shade) NNW NW WNW W WSW SW SSW S HOR
Jan. 25 25 35 117 183 235 251 247 238 196 Jan. 17 17 17 64 138 189 232 248 252 109
Feb. 29 29 72 157 213 244 246 224 207 234 Feb. 22 22 43 117 178 227 246 248 247 160
Mar. 33 41 116 189 231 237 221 182 157 1265 Mar. 27 27 87 162 211 236 238 224 218 206
Apr. 36 84 151 205 228 216 178 124 94 278 Apr. 33 66 136 185 221 224 210 183 171 240

May 40 115 172 211 219 195 144 83 58 280 May 36 96 162 201 219 211 183 148 132 257
June 51 125 178 211 213 184 128 68 49 278 June 47 108 169 205 215 203 171 132 115 261
July 41 114 170 208 215 190 140 80 57 276 July 37 9 159 198 215 206 179 144 128 254
Aug. 38 83 149 199 220 207 172 120 91 272 Aug. 34 66 132 180 214 215 202 177 165 236

Sep. 34 38 111 179 219 226 213 177 154 256 Sep. 28 28 80 152 198 226 227 216 211 199
Oct. 30 30 71 151 204 236 238 217 202 229 Oct. 23 23 42 111 171 217 237 240 239 157
Nov. 26 26 35 115 181 232 247 243 235 195 Nov. 18 18 18 64 135 186 227 244 248 109
Dec. 24 24 24 99 172 227 248 251 246 179 Dec. 15 15 15 49 115 175 217 240 246 89
32° N. Lat 48° N. Lat
N NNE/ NE/ ENE/ E/ ESE/ SE/ SSE/ N NNE/ NE/ ENE/ E/ ESE/ SE/ SSE/
(Shade) NNW NW WNW W WSW SW SSW S HOR {Shade) NNW NW WNW W WSW SW SsSW & HOR
Jan. 24 24 29 105 175 229 249 250 246 176 Jan, 15 15 15 53 118 175 216 239 245 85

Feb. 27 27 65 149 205 242 248 232 221 217 Feb. 20 20 36 103 168 216 242 249 250 138
Mar. 32 37 107 183 227 237 227 195 176 252 Mar, 26 26 80 154 204 234 239 232 228 188
Apr. 36 80 146 200 227 219 187 141 115 271 Apr. 31 61 132 180 219 225 215 194 186 226
May 38 1 170 208 220 199 155 99 74 277 May 35 97 158 200 218 214 192 163 150 247
June 44 122 176 208 214 189 139 83 60 276 June 46 110 165 204 215 206 180 148 134 252
July 40 111 167 204 215 194 150 9 72 273 July 37 96 156 196 214 209 187 158 146 244
Aug. 37 79 141 195 219 210 181 136 111 265 Aug. 33 61 128 174 211 216 208 188 180 223
Sep. 33 35 103 173 215 227 218 189 171 244 Sep. 27 27 72 144 191 223 228 223 220 182
Oct. 28 28 63 143 195 234 239 225 215 213 QOct. 21 21 35 96 161 207 233 241 242 136
Nov. 24 2429 103 173 225 245 246 243 175 Nov. 15 15 15 52 115 172 212 234 240 85
Dec. 22 22 22 84 162 218 246 252 252 138 Dec. 13 13 13 36 91 156 195 225 233 65

Reprinted with permission from the /989 ASHRAE Handbook—Fundamentals.
poe (6-0) 6alESsp0en (conduction heat gain)

Washington D.C § 82680005223 (building)ond903€ co(po)mjude) cu(Go)gpdaopd ¢sléd:(30
ft by 40 ft roof) Al§oopdn Grosodengsmead 3a0pens(4 in. heavy weight concrete)gé oopSeaonode)
odcoode insulation [§E(1 inch insulation) ssp600:00051 qiodsnjoged(suspended ceiling)onbso&
000300001 2098:038: 300§ & (inside temperature)oopd 76°F (9620051 (j0)qod @cdEcv g&:al ())50§(2
PM Solar Time on July 21) 32§8§03€ 68l&8s(roof)od [gode) [gbedlepd cooling load o3epdln
6(g-

(0) Table 6.1 ¢ @3lE8s(roof) sagjeeaen:0005 No. 9 [g8[8s suspended ceiling Clo€aopSi Table 6.1 ¢
6alE3s(roof) sa§jEme0220005 No. 9 [3620p51 gedso[ged(suspended  ceiling)dloogd o
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eomEs0005028 Chapter-6 Cooling Load Calculations (Part One)
odloopdeo: $6§EgoopSi qedsolo3ed(suspended ceiling) A§oopd oo woduaeopS
@83 ())598e0q$920305 CLTD 0088:03 14 hrs ¢ ©0509620p51 @&l (J)§9§(2 PM) 900305 14
hrs con50d¢ 0odaqi€ CLTD 00§3:0005 29°F [9620p0n (CLTD = 29°F)
() Corrected CLTD o3gpdli
Equation 6.2 03 32034qje] 0cowdegn correction codqepd 0o88:qp:a? epd
(on) Correct for Latitude and Month (LM) (Table 6.4).
Washington D.C. 2095 38°N latitude (use 40°N) 0g¢ 005805
6alE8:q0ds0[gE pBponaopS(roof surface is horizontall odelopé HOR Gosdad(column)e
0088203 ©050ad
@c3Ec0a0pd 83E:pbepdiev [gdoopdi @adao(July)zeogod LM = 1°F
(9) vooeBign Table A9 ¢ to $& DR 00§3:03 gpdli Equation 6.3 03 3203gq) ta o3gpali
Washington, D.C. 350305 to= 95°F (3lg€0n8[§|,6025320305 to 2005 95°F [g62005n)
DR = 18°F
=95—17/2 = 86°F
(0) Equation 6.2 03 32034{gq)
CLTD, = CLTD + LM + (78 — tR) + (ta— 85)
CLTD =29 + 1 + (78 — 76) + (86 — 85)
CLTD = 33°F

(00) Table 6.1 ¢ U = 0.128 BTU/hr-ft-°F U 00§8:03 0cbopdh
(c) ealE8seon(roof area) A = 30 ft x 40 ft = 1200 ft? [§doopSn Equation 6.1 oB332034ge)
cooling load o3epdli
Qroos = UX A X CLTD,
=0.128 x 1200 x 33
= 5,070 BTU/hr
(J0)9ed 38w g&:al (J)§2§(2 PM Solar Time on July 21)zoq§03¢ 6alE8s(roof)o? [godq)
conduction $25¢g¢ o€eepadamnepd sapowranaogd 5,070 BTU/hr [gdaogSi
pown (6- ) s§pown(conduction heat gain)

GoNnEDAAB qodsreg Geoo0dam:a0p) SaeecndIad(south-facing wall of a building)
o0bgaopd  Pittsburgh, Pennsylvania 32656630003E 00p5§00p5i 32008:088E2005 eedlCiqdso[ge
e8o(net opaque area) 5600 ft? §oopdi s§(wall)od 4 in. face brick + 2 in. insulation + 4 in. heavy
weight concrete [g¢ 0opbesonnd0ms0pdi 3208:33038: 30 S(inside air temperature)oopd 77°F
[g2005

@8co( jo)aodes p06s(G)$0§(4 PM Solar Time on June 21)3§8038 $§0d(gode) ofeepad
aepd sagowan(wall cooling load)od gpdli

ey (o) Table 6.3 ¢ $&(wall) 3a§jg320: Group B (g0
(J) Table 6.2 ¢ CLTD = 15°F
() Table 6.4 ¢ LM = — 1°F
() Table A.9 ¢ ta o3 gpdli ta = 90°F, DR = 1°F
Equation 6.2 03 320%3{gq) ta = 90 — 18/2 = 81°F (rounded off)
() Equation 6.2 03 32034{qg)
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Cooling Load Calculations eomio0d03§,
CLTD, = CLTD + LM + (78 — tR) + (ta— 85)

=15—1 + (78 — 77) + (81 — 85)
CLTDc= 11°F
(6) Table 6.3 ¢ U 00§8:03 0cbopdli 4 in. face brick + 2 in. insulation + 4 in. heavy
weight concrete Group B ¢ ©05aadli
U = 0.116 BTU/hr-ft>-°F

(Q) Equation 6.1 o3 320%4gq) wall cooling load o3 gpdl
Qwa” = U XA X CLTDC

=0.116 x 5600 x 11
= 7,150 BTU/hr
@8c0( Jo)qdes p065(G)§780RE comEanndad gEdsoa0o0pd ¢ (south-facing wall)
o3 [god¢) conduction $p55g¢ ofeepodaonepd 8aguean2005 7150 BTU/hr [gdaogbi

Table 6.5 Cooling Load Temperature Difference (CLTD) for Conduction Through Glass

Solar Time (h) CLTD(°F) SolarTime (h) CLTD(°F)
100 1 1300 12
200 0 1400 13
300 —1 1500 14
400 —2 1600 14
500 —2 1700 13
600 —2 1800 12
700 —2 1900 10
800 0 2000 8
900 2 2100 6
1000 4 2200 4
1100 7 2300 3
1200 9 2400 2

Reprinted with permission from the 1993 ASHRAE Handbook—Fundamentals.

Table 6.5 03& o§(glass)qp:320305 CLTD value qp2o? Gublgoon:aopSi Equation 6.2 o3 8203goopdi
Corrected  CLTD 0088 0305098820001 986005 cofapeqoden latitude $& month (LM) 220305
correction [gpSeo:g§ 33263 (except that there is no latitude and month (LM) correction.)

Table 6.5 92034{g|0 683005038 pow|gé cud(y(illustrate)oonsaopdn

pow (B-p) [goa€:edadpown (conduction heat gain)

:oSs00608:e [qooE:adlodad vinyl frame (g€ [gapSoondB: 9S$0o60060m0 Aaopdn (A room
has 130 ft* of single glass windows with vinyl frames.) soe§:aacp8smapd§(inside air temperature)
20pb 75°F [96[G: 8&8sop0dq§ancdecdoopdesel [gCuqssgeagds(outdoor average temperature on a
design day)oopd 88°F [3620pbn [gooEsadlodgps(windows)od [gode]  conduction heat gain eloypé
[g6ecla0pd cooling load 03 3053 650005 (())§0832§§(2 PM Daylight Savings Time)og€ [gbeclopd
cooling load o3¢pdli
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eomEs0005028 Chapter-6 Cooling Load Calculations (Part One)
ey
(o) Table 6.5 ¢ CLTD 00§8:03 0cbopoopdn (2 PM DST =1 PM ST = 13 hrs) CLTD = 12°F
2 PM Daylight Savings Time 20p5 1 PM Standard Time [gdoopSi @oons(table)ag€ 13 hrs condade
0050962005
() Equation 6.2 03 3203gjg] 03053 LM 220305 correction cpdg$ ocdn (without LM correction)
CLTD, = CLTD + (78 — tR) + (ta— 85)
=12 + (78 — 75) + (88 — 85)
CLTDc = 18°F

() Table A.8 ¢ U 0083:03 vodupdln (U= 0.90) Equation 6.1 o} 8224qjq) cooling load o3 gpoogd
QWindnw =UXA X CLTDC
=0.90x 130 x 18

= 2110 BTU/hr

6§0005( ))$982o§§(2 PM)ogE [gontiadladgps(windows)oB [goS¢]  conduction heat gain
elop€ [gbedloopd cooling load 20p5 2110 BTU/hr [g620251

P (6-6) 085803 [godq) conduction o€eepadamepd saguedan(glass wall conduction heat gain)

32082000961 $§00pd 130 ft? §eoon shading odloopd e§oodagn(exterior single glass with no
interior shading) (4620051 8&E:006080005 3208:32038:0005 3208 (inside design condition)aod 78°F
[36[Bs qi&aq 3208232[gEon05 22¢§§(outdoor daily average temperature)oogd 88°F [g6o0pbn egepad
6§005(0 ))§7§(12 noon Solar Time in summer) so§$o€ Bos(glass)ad [godeq) [gbeclamned
conduction heat gain o3 gpdl

ey
Table 6.5 ¢ CLTD 00§8:03 0oSaach (CLTD = 9°F)n Equation 6.3 03 3203gjg) 632005012003¢:

correcting oSl
CLTD, = CLTD + (78 — tR) + (to — 85)
=9+ 0+3=12°F

Table A.8 ¢ U 00§8:03 0ob0pdhi (U = 1.04 BTU/hr-ft>-°F)i Equation 6.1 03 32034{gjq)
QWall =U X A X CLTDC
= 1.04 x 130 x 12 = 1,620 BTU/hr

€.g Conduction Through Interior Structure
Conduction Through Interior Structure (fo38:08 33038:8¢) qio550[03056B [5056j sageagpaboges)

Air con ©e0:c00:00p933038:04:(interior unconditioned spaces)e conditioned space o8 83038
$Qgps(partitions)  [03&:08sqpz(floors)sé  qodgo[o30d(ceiling)qpo?  [godejBsoniend  saguwdNad
63305384588 0g050p8E 005

Equation
Q=UXAXTD

Where Q = Heat gain (cooling load) through partition, floor, or ceiling (BTU/hr)
U = Overall heat transfer coefficient for partition floor, or ceiling (BTU/hr-ft?-°F)
A = Area of partition, floor, or ceiling (ft?)
TD = Temperature difference between unconditioned and conditioned space (°F)
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Cooling Load Calculations eomio0d03§,

Unconditioned space & 520§ (temperature)o? ©238Ecgi€ [gEoma0qS (outdoor temperature)
0005 5°F eaqpspd:000007 vpeogjogaddi o3iEawni air compressor ©20p503 0069080020005 329546l
205005 [Gomgd§oocd qpigrddé§ooph

TABLE 6.7 SHADING COEFFICIENTS FOR GLASS WITHOUT OR WITH INTERIOR SHADING DEVICES

With Interior Shading

Venetian Blinds Roller Shades
Nominal Opaque Translucent
Thickness, in Without

Type of Glazing (Each light) Shading Medium Light Dark Light Light
Single glass

Clear Va 0.94 0.74 0.67 0.81 0.39 0.44

Heat absorbing Ya 0.69 0.57 0.53 0.45 0.30 0.36
Double glass

Clear Ya 0.81 0.62 0.58 0.71 0.35 0.40

Heat absorbing Ya 0.55 0.39 0.36 0.40 0.22 0.30

Note: Venetian blinds are assumed set at a 45° position. Adapted with permission from the /993 ASHRAE Handbook—Fundamentals.

6.6 eseepo Solar Radiation Through Glass

eseepllgede radiant energy qpzoopd o§a30860m [o3pSculesopd ogpdigps(transparent
materials)od [godeoype] 9008:3203E:08 ofeepodameamelopé heat gain [gdedloopdn sa§(time)
qodsoeepseqd(orientation)  3a§63(gE:(shading)sé  sapBeaplgliel  saofpoooSespady(storage
effect)oBelompE ofeepodamepd sapowran0pd 6lgpEcd§Eagd

Solar cooling load o3 e320050] P8¢[gE4gE 0go50p8Eaopd

Q = SHGF x A x SC x CLF (6.4)
Where Q = Solar radiation cooling load for glass (BTU/hr)

SHGF = Maximum solar heat gain factor (BTU/hr-ft?)

A = Area of glass (ft?)

SC = Shading coefficient
CLF = Cooling load factor for glass

Maximum Solar Heat Gain Factor(SHGF)a0pb 2005¢05c0n:0005c0(month)i gqod§00ep3aq0
(orientation)$& cogdopS(latitude)og single clear glass o3 [godq) ofeepodaepd maximum solar
heat gain [§®aopSi Table 6.6 03 cVO3E:320305 (Jo)qodesel co§dsgps(values)od eodly con:aopdi
(21st day of each month.)
pow (6-g) [gooEsedlod Solar Heat Gain Factor (SHGF)

32°N cogBop8(latitude)sq003¢  00pSee0o05000:000) 2268000533800d90 33650056028
300593 ppdaon:a00d [goniedlod(windows on the southwest side of a building)oodeeh ocSonEomco
(Jo)es (September 21%)03€ [gbeclopd saqpsedz(maximum) Solar Heat Gain Factor (SHGF) o3 ¢pd

mefy

Table 6.6 © SHGF 00§3:03 0053 (SHGF = 218 BTU/hr-ft? )

©832[0300[9¢ [gpSoosfG 3a§0yese08E005 oB§ux(shading device) odl§o0pd o8qp:w
{602 solar heat gain 00§3: Gozoopd (SHGF gives maximum heat gain values only for the type of
glass noted and without any shading devices.)
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eomEs0005028 Chapter-6 Cooling Load Calculations (Part One)
6561 opdesepad 80dq) [gontiedladesi $603E 00600:000) 983603 oeepadoopd 286

0 (32gud3022) aolgzoopdi ddelopE Shading Coefficient(SC) 03 copdoz056$ cd=600051
Table 6.7 03¢ Shading Coefficient(SC) 0083sqpz03 GwS{goonsoopdi

poen (6-6) [goo€sedlod SC an§ds(value)
1/4 in. single clear glass and medium-colored inside venetian blinds [g6cg€ solar heat gain o3

Pl SC 00§8s(value)ad gpdh
ey

Table 6.7 ¢ SC 00§8:03 6053 (SC = 0.74)
Cooling Load Factor(CLF)aop5 solar heat gain &l 0ogjj,00600503 236:e0p5s(storage of part)

002300001 CLF 00§8:03 solar load calculation o305epagé copbogtiogadeiodqpopd

Light (L) 1+ Medium (M) $& Heavy (H)o20pb 00pbesonndd(construction) saqjgssonsqps 3[ap:
0023903 2003[gCh Table 6.8 1 6.9 $& 6.10 0303¢E Cooling Load Factor(CLF) qpso? esdlgoonsaogd

Table 6.8
Table 6.8 20p5 interior shading device od§oopdi cadbea o&:0o:000d Cooling Load Factor
(CLF) 0088:qp203 005qq$ @oos [gdaop

Table 6.9
Table 6.9 20p5 interior shading device edl§oopd Gondean welioonzaopd(without interior
shading devices and no carpeting) Cooling Load Factor(CLF) oo§8:gqp:ad wodggSaoons
[§62025

Table 6.10

Table 6.10 2op5 interior shading device A§oopd eondea weltoonioopd(used with interior
shading devices (in this case the carpeting has no storage effect) Cooling Load Factor(CLF)

008 8:qp:03 vodqgs o [§6205i
6562000 30gP0d 950 a36axnE con8EeamelopE copdagts BaEdgEd[gE: [gdaopd
poen (6-) [gonsedlod solar heat gain or solar cooling load
32680005208006961  £§00058265005607E0503  qodseaon:0005(building  wall - facing
southwest) [goo&sedlode§oon(window area)oopd 240 ft? oq0Sa0p5i o§(glass)zajrzaenioogd 1/4 in.
single clear glass [g®aopSi Light-colored interior venetian blinds dloopSi 336800058582005 medium
construction g[8 40°N cog3op8(latitude)ogE oopboopdi [ogeodew pocs(p)sH§(August at 3 PM
Solar Time) 25§$03E [gdedlepd solar cooling load o3 gpdl
alg-
(o) Table 6.6 ¢ SHGF 00§3:03 0050l (SHGF = 196)
() Table 6.7 ¢ SC 00§3:03 woddl (SC = 0.67)
(p) Table 6.10 ¢ CLF 0088203 0050l (CLF = 0.83)
(G) Equation 6.4 ¢

Q = SHGF x A X SC x CLF
=196 x 240 x 0.67 x 0.83 = 26,160 BTU/hr
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Cooling Load Calculations eomio0d03§,
“External Shading Effect”

SHGF 0088:qp203 table 6.6 0g€ cwb[goonsoopdi eseepCoopd w&(glass)edad aBod§odoy
eepodopdedl [gdedlaopd solar radiation [g6o0p5i oofgpieacecnadmnd Bewnod oofgrmaspogy)
0699 ©§edad :§bmyeepades(gt: [§6col8Ea0bi Ba3ad saclgmacsro ogadepdes(glass)
m26d(3 indirect radiation 20> ogjeepodes(ges [§98E05N 0obspdimmig aadepdes(glass) saedd
e56epE[gpd 0305805 eoqeepad(no indirect radiation)con

200y eapodesa00d ©SgP:Ea0305 SHGF value 2000 Ggpodonado? qod§re0o00d
(north side of the building) o&gps=aogod SHGF value $&opn80000i 6lgpod9q503 geds00
00220005 9&qpeed(ad indirect radiation o8ewr05 diffuse radiation oo oqeepaS05I

006553308 e[Podmg5603 qrd§ne0o0pd oSgpiedlad wpdaopdeadly eseaplgpd
0305805 wogeepod(no indirect radiation)eor aelopE 6lgpod9q003 GEd§E0oR0RY WSGP:S
shading device 006s08q§ ocd=adeon oofgpiqods0gep 32q0gP:E0R05 ©og0de¢ F§boyeePad
@8: §]| @éﬁ(shading @Sl @ES) m$308q$ C\'i)sgf‘)ooéu

00600500005 2§Smeepad[gts(partly shaded)eloppé [gdedloopd total radiation o3 ¢pes
RS 0§(glass)edad s§Soqeepadesoopd edox(shaded area)od ¢pg§ c33ab00pdi Table 6.11
20p5 overhead horizontal projections ¢ 32§5036ep052005 e§ox(shading area)o? ogodq§secgcd
3200gjqepd @udgdaopdi Table 6.11 03¢ Gudjgoo:aopd 0o&ds(values in the table)qpsaopd vertical
feet of shade for each foot of horizontal projection [gdoopSi Table 6.11 82035{g003 powdzR(gd eudly
002300201

eom(@-o) External shading device
2680005208 (building)oopd 32°N coglopd(latitude)og oopboopdi $§2005 8565005000598
qod§o0p51 4 ft overhang A§oopdi [gon€sedlaboopd (g)eooyudy (B)eolgé(5 ft wide by 6 ft high

window)oopSi Overhang 005 (0)e03a§603E 0008001 poes(p)§o§ee0gt: vSedlad dBod§nd
(direct)oqieqpodepd solar radiation o3gpdli (How much of the glass receives direct solar radiation at 3
PM?)

ey
&(6-g)og€ arrangement gpzod cedlgaonzaopdi :2§5oqeepadapd 63lEc805 molgé(vertical proportion

of shade)aop5 0.97 [§6205

R

e |__

_ "
2.9

shadow
3.4 ©

EX
|

6 G- poen(6-0)eh Glo36s(Sketch for Example 6.8)
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Cooling Load Calculations eomio0d03§,
TABLE 6.11 Shading form Overhead Projections

Latitude 24° 32° 40° 48° 56°
St'd Time | 9 am | Noon|3 pm| 6 pm |9 am | Noon |3 pm|6 pm |9 am | Noon |3 pm|6 pm |9 am| Noon |3 pm |6 pm |9 am| Noon |3 pm| 6 pm
(F%iug) ol st ss | s e e | e |37 = — | 1.6l
NE 189 — | — | — 1217 — | — | — |213| — | — | — {3.03] — | — | — |345| — | — | —
E Wy —\—\— 197 — | —{— 1 8 — | —— 1 83 — | — | A — | — | —
SE 931455 — | — (L0O0| 333 — | — | 86233 — | — | 73| 167 — | — | 61})033 ) — | —
S 4.35(3.57 (435 — [2.63)238)2.63] — | 1.85] 1.59 [1.85| — |1.23| 1.19|1.33| — |1.08] .93 1.08) —
SW — | 455 93| — | — | 333|100 — | — | 233 86| — | — | Lo7| I3 | — | — 133 | 61| —
W — | —{Loop * | — | — | 97 * | —1 — | 89 * | — 83 * | — T4 *
NW — | — (L8 F | — | — 217 * | — | — 1213} * | — 303 % | — | — |345| *

Reprinted with permission from the 1985 Fundamentals, ASHRAE Handbook & Product Directory.
Note: Values apply from April to September.

*Shading not effective.

-Completely shaded.

Table 6.11 ¢ ©05030qE (32§503eepodepd edlEadndaa(gE (total vertical distance the shade

extends down)aop5 0.97 [g62005n
L=0.97 x4 =39 ft

[gon€iedod(window)edlogE oeepadesanpd 2285 (height of shade)oopd (Je)eo 3.9-1 =
2.9 ft) [g6 2005 22§50oqieapado0pd 32[gé(unshaded height)oopS (6 ft - 2.9 ft) 3.1 ft [gBoopSu
[gon€zedlod(window)edlad 2285 woqeepadaopd e§oo(unshaded area)ed

A=31x5=155ft2
pow (6-p)

320550069038 [164gE cordem wotioondh 3268005282005 40°N cogdop8(latitude) opE
00p5§o0pd1 2066, 000593 gd§00000:0000 $§00d9 §oopdi [gon&edlodesel e§ureeacdlEs(total
window glass area)aopd 80 ft? [gdoopdi 2268000538 0opSeeoaSoond0pS heavyweight (H)
construction so§jes2022 [§520051 ©S3a§ma00: 4 in. single heat-absorbing glass [§8[Gs interior shading
device 6onbe0€aonicl gEcoe500des (00)s0§ (10 AM ST in June)ogE 38§ sa6e0ncd3ad (adjacent
building)e 3285 [goo&sedlad(window)eSedod oqeepadesonpd e§unapd oopgSeo(po)(shades 30
ft?)g6q€ solar cooling load veranad epdli

36
s

Equation 6.4 o3 =oaddg] 03050l o&(glass)zaedad  [GEoema§booopdsadEs(externally
shaded)s¢ 90§500300008538s(unshaded portions)o? Fejogades 8360051 sponudelopEadeasd
2§60q00d esepsC :§Somqeepodoopd esepodl radiation [96edle worpdeomaeloElgdoopd
9800 radiation 0305§0Soqeepadepd 2288:(receiving direct radiation part)o? ogo5q$

Q = SHGF X AXSC X CLF
Qbirect radiation = 216 X 50 x 0.69 x 0.50 = 3730 BTU/hr
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eomEs0005028 Chapter-6 Cooling Load Calculations (Part One)
¢8colad radiation o305§odemyeepodepd 3a38:(receiving only diffuse radiation part)o?

005e$ SHGF o0§8:03 north orientation o€ wodopeepdi 0odspdiamiys eSedad dBoded
eogeepod0pd diffuse radiation o3 oo5q$ SHGF o0§8:03 wobopoopd=edl north orientation ©

©050pq0R01

Qbifruse radiation = 48 X 30 x 0.69 x 0.50 = 500 BTU/hr
e56epC 03dJodoqeepodepd 3a38:5C od3oddodeoyeapodepd 3238: $69edICs(total solar cooling
load) [gbecla0pd venanaod

Qqota = 3730 + 500 = 4230 BTU/hr

€.q Design Conditions

Cooling load calculation 20p5 329§:038: 8&C:m00§S (inside design conditions) $¢ =:o[gE8AE:
20§$ (outdoor design conditions of temperature) $& humidity o saedloz€oonpboopdi sresim0gs
$¢ =a0[gmesa0p0 adeaN05000d  20deomnEanndom(gdy(satisfactory  comfort)o?  cos§Caepd
eam050g8ew5(goonsoopdauns(table)oge suggested value gp:od eodjgoonzoopdi

, o Relative Maximum Air Clothing Insulation
Air Temperature (DB) °F L .
Humidity (RH) Velocity*(FPM) (CLO)
Winter 68-72 25-30 30 0.9
Summer 76-78 50-55 50 0.5

Outdoor summer design condition 23030500860qH00S =[aCads(reasonable maximums)
o3 G > o

20§53 306[gdaopdi epadpopecionbsgps(weather records) o3 32034gjq) [g@oon00p5 Table A.6 opE
Bl.602500§),61 630004203 Gedgoonsoopdn 0odsdeaogs [4bed G §o§edlE: (08)s0§ c0053gpPiod
(exceeded on average 35 hours in a year) sapqSqps(temperatures)od eodjgooo:aopbi DB (dry bulb
temperature)s& c3agod[gbedlaopd(coincident) wet bulb temperaturec30? sa0po0a3 66y (occurring
at the same time are listed together)oozoopSi Corresponding design value qpz3algd 32033{gi8E05

(The separate design WB column listed does not usually occur at the same time as the DB
listed and therefore should not be used in load calculations. Previous weather data tables showed this
value, which if used, would result in too large a design cooling load. The separate WB value may be
needed, however, in selecting a cooling tower or for special applications.)

Table o3¢ latitudes $& mean daily DB temperature ranges (DR) o3 ceblgaon:aopdi [gSen§&e
§§8[8.61 epadpopesomyps(weather data)o? Chapter (14) Appendix 03¢ cw5{goonzoopdi
.o Lighting
Becds SseqpCs(lighting) gpze 0g05000000) Za0gp:(heat gain) 2Bewrcd cooling load verNE?
0R05q§ 632005018¢[gE:03 3200 8Ea0pbN
Q =3.4x W x BF x CLF (6.5)
Q = Cooling load from lighting (BTU/hr)
W = Lighting capacity (watts)
BF = Ballast factor
CLF = Cooling load factor for lighting
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Cooling Load Calculations eomio0d03§,
TABLE 6:12 COOLING DESIGN DRY BULB AND MEAN COINCIDENT WET BULB

LAT LONG ELEY DESIGN DB (2.5%) DESIGN COINCIDENT WB (2.5%)

GCity Deg. Min. Deg. Min. Jan Feb Mar Apr May Oct Nov Dec | Jan Feb Mar Apr May Oct Nov Dec
Birmingham, AL |33 34 86 45 630|167 72 76 83 91 84 74 68 |62 63 64 67 71 69 64 60
Yuma, AZ 32 40 114 36 206 |76 82 87 96 99 99 85 75 |54 57 58 61 63 66 58 54
Little Rock, AR 34 44 92 14 265168 70 76 83 89 84 74 67 |63 61 64 67 72 71 65 61
Arcata, CA 40 39 124 6 217161 60 59 59 62 66 63 39 |53 54 53 54 57 58 56 55
Bishop, CA 37 22 118 22 4112|160 66 72 81 88 85 72 64 |43 45 48 52 57 55 49 45

Los Angeles, CA 133 56 118 23 122172 71 72 74 74 80 79 74 |54 55 55 61 61 63 56 53
San Diego, CA 32 44 117 10 37169 69 70 73 72 79 74 71 |53 56 56 60 60 64 55 54
Colorado Springs |38 49 104 42 6170 (56 61 63 73 79 77 64 59 (39 43 43 47 52 50 44 40
Wilmington, DE 139 40 75 36 78150 55 63 78 84 78 65 55 |48 52 34 64 70 69 60 S5l
Jacksonville. FL. {30 25 81 39 24175 80 83 8 93 8 81 75 |66 68 68 69 73 74 69 67
Augusta, GA 33 22 81 58 18270 73 78 85 91 84 77 71 |62 63 66 68 73 T1 65 63
Boise, ID 43 34 116 13 2857 |51 53 62 72 83 74 59 48 (44 46 49 53 62 55 48 43
Chicago-O’Hare, IL{41 59 87 54 667 |40 49 58 74 83 78 64 50 |45 47 52 63 68 66 56 49
Fort Wayne, IN 41 0 85 12 828 147 52 60 76 82 78 63 53 (47 50 53 62 68 63 58 3l
Indianapolis, IN |39 44 86 16 793 (53 57 64 78 82 79 66 55 |52 54 57 64 68 65 59 33
Des Moines, IA 41 32 93 39 963 142 49 59 76 84 79 63 52 (39 44 49 62 69 64 55 48
Dodge City, KS 37 4o 99 58 259258 64 72 82 89 83 68 59 |46 49 51 58 64 60 52 45
Covington, KY 39 4 84 40 888155 61 65 79 84 79 68 58 |53 56 55 64 70 64 59 53
Loujsville, KY 38 11 85 44 488 |58 63 69 82 88 81 71 61 |56 57 59 66 72 67 61 57
Lake Charles, LA |30 13 93 9 32172 75 78 84 89 88 79 74 |67 68 69 TO 75 T4 T3 68
New Orleans, LA {29 59 90 15 20(74 77 79 84 89 8 79 74 |69 70 70 72 T4 75 72 69
Portland, ME 43 39 70 19 61 (41 44 49 62 77 69 58 48 |33 43 44 53 64 60 55 47
Battle Creek, MI |42 18 85 14 939149 48 64 72 86 77 62 49 |50 45 57 59 66 64 55 49
Minneapolis, MN {44 53 93 15 838 |36 42 52 73 83 76 57 43 (34 39 45 58 65 62 52 43
Jackson, MS 32 20 90 13 332(70 74 78 84 89 87 77 70 {64 65 67 70 73 72 68 63
Kansas City, MO {39 7 94 35 750 (54 60 69 81 87 83 69 58 [49 51 55 65 71 67 57 52
Springfield, MO |37 14 93 23 127059 62 72 80 84 83 69 59 |54 54 39 65 70 66 60 53

Billings, MT 45 48 108 32 3583 |51 54 62 70 80 77 59 52 |41 44 47 52 59 56 47 41
North Platte, NE |41 8 100 42 2787 (52 58 64 77 83 80 064 54 |42 45 49 56 63 57 49 43
Tonopah, NE 38 4 117 8 5422053 58 65 75 81 78 04 55 (40 43 45 49 54 52 46 41
Albuquerque, NM |35 3 106 37 5314 (55 63 69 79 87 79 64 56 |42 45 47 51 56 55 46 42
Albany, NY 42 45 73 48 277|143 47 54 73 81 73 60 49 |42 45 49 59 67 65 58 46

Greensboro, NC (36 3 79 57 891 (63 64 70 83 87 81 71 63 (57 56 59 65 70 68 59 58
Bismarck, ND 46 46 100 45 1600 |41 42 56 70 82 77 53 43 (37 39 46 53 62 57 43 38
Akron-Canton, OH |40 55 81 26 1236 (49 53 60 74 79 75 64 54 |48 50 53 63 67 62 57 52

Toledo, OH 41 36 83 48 692 |44 48 59 76 84 77 64 52 |42 46 53 63 69 63 58 51
Tulsa, OK 36 11 95 54 674163 69 75 83 88 86 73 63 (57 58 60 66 73 69 61 53
Medford, OR 42 23 122 52 1329155 59 66 75 8 78 63 53 |48 50 53 58 64 60 52 49
Portland, OR 45 36 122 36 24 154 57 60 69 79 73 59 54 |50 51 51 56 63 59 54 53

Pittsburgh, PA 40 30 80 13 1151 |49 53 63 78 8 77 64 55 |46 50 53 63 68 64 57 51
Sioux Falls, SD 43 34 96 44 1422141 45 57 75 B4 78 58 47 |37 41 48 58 65 60 49 43

Bristol, TN 36 30 82 21 1566|159 64 69 81 86 79 70 60 |54 55 58 64 70 66 61 54
Amarillo, TX 35 14 101 46 370063 69 75 84 90 84 70 65 |46 50 51 56 61 59 50 47
Midland, TX 31 56 102 12 2858 |72 74 81 88 94 88 77 71 |53 54 55 59 65 63 56 52

Wichita Falls, TX (33 59 98 31 1039 |66 74 82 88 93 89 76 67 |56 58 61 66 Tl 67 60 54
Cedar City, UT 37 42 113 6 5616 |53 56 63 73 81 78 63 54 |41 44 46 50 55 53 46 42
Burlington, VT 44 28 3 9 331 (3% 40 49 68 79 70 58 46 (38 38 44 56 66 61 55 44
Blackstone, VA 37 4 77 58 438 |65 64 71 83 87 82 72 65 |59 36 61 67 72 70 61 60
Roanoke, VA 37 19 79 58 1174 |60 63 69 82 87 81 69 62 (54 52 56 63 69 66 56 35
Everett, WA 47 54 122 17 596 |50 54 61 64 72 64 54 53 |47 49 49 55 61 58 52 49
Charleston, WV [38 22 81 36 980 |62 64 70 83 8 80 72 64 |55 55 56 63 67 66 60 55
Huntington, WV |38 25 82 27 565 (65 65 72 83 87 84 71 63 (58 56 60 66 70 69 60 57
Green Bay, W1 44 29 88 8 699 (36 39 48 70 77 69 58 42 |36 39 44 57 65 60 54 41
Madison, W1 43 8 89 20 866 |38 44 53 73 81 74 61 44 |37 42 47 60 68 62 55 43
Cheyenne, WY 41 9 104 49 6144 (51 56 58 69 T6 74 60 54 |37 41 41 48 52 50 43 41

Reprinted with permission from the 1979 ASHRAE Load Calculation Manual.

W 2005 ondso€oononpd 8:cda B:eqplei rated capacity o watt [§& eodlgooadgs [g6o0p5n
cuoopoyeadgé S:d: 1 Bioqplaqpizaiadio? cdCs0d 0gsienn§oopdi adadeupodde gEaonogd
Becdn BiaqpCaqpizacg0dom copdogabesadapdi 038:6000083: 3.4 20pS watts ¢ BTU/hr o3 e[pE:qf
320305 [§62051
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Ballast Factor (BF)aop fluorescent lamp qp:og€ Aloopd ballast 93wwpod special losses
elop€ [gdecloonaopd 3a0(gba0p5i  Fluorescent lighting qp:sac305 Ballast Factor (BF)ei 00§38z
(typical value)2op5 1.25 [g&aopdi

Incandescent lighting gpsea0g05 extra loss o§eon odelopE BF = 1.0 [gda0pSi 0odspd:
304q¢ incandescent lighting qp:o¢ ballast edl§eomaelogpé copdeogad(ge: [gdaopdi

8:ds B:eqpCs(lighting)gpseil Cooling Load Factor(CLF)a005 lighting ¢ogodaonoopbeag(heat
gain) 00§|,00800503 3080 a38:e0pbi00(gEs(storage effect)alopE [g6o0pdn Storage effect 2095

light gqp: g€aon:00003§§5E cooling system cuniesoopdsaq§ =acdlagé @ooboopdi odealge
32680005358 00p56a0005) 3a§jp3so0:(building construction) 8:cds S:eqpEionbeold(type of lighting

fixture)s& ventilation rate 033360l03E 3260l0zE GoopSa05N

eam0ddznegeacsyp: 320305 lighting 6lopElgdoopd storage effect o§SES (No storage effect)
(0)cpqpsdesds (occupied hour)sacgE:gom eenlioozoopd cooling system qps
() (E6)s0§emypeent:angd cooling system gpz(Cooling system operates more than 16 hr)

(P)Non occupied hour soqSqp:og€ =20q8[gEannd[ge:nd §¢[goopd cooling system gp:
(temperature of the space is allowed to rise during nonoccupied hours) a3e0p05 oGS

[480o05[gEs §6cgs (temperature swing) [g6edl[g€:03 cwa598E2005 cooling system
qp:opC storage effect o§SEA

Lighting qpsei heat storage effect 03 copdog05qs 332620051 68326000503 adsgodes
og§ooadly) odonsqepdn ASHRAE Fundamentals Volume o€ CLF table dl§oopdn opdaopd

sgqcﬁsgcoorseﬂ @Gﬁ%&é]m CLF oo$€?:crf> 1.0 99@6 Qaao‘cj ogo&S]n

poen (6-00)
F208:(room)ood9ogE 40 W fluorescent lighting fixture (0)9 32035gjcoa:a0p51 Cooling system

o3 3203qgjoopdn cpgqpsdesd§(occupied hour)og€ :da Seqpsqps(lighting)elopé [gbeclamned
solar cooling load o3 gpdli

ey
Ballast Factor (BF) 00§3:03 1.25 3396 opsooopdi (CLF = 1.0 for the operating conditions)
Equation 6.5 03 32034{gjq)
Q=3.4 Xx Wx BF X CLF
=3.4x320x 1.25x 1.0 = 1360 BTU/hr
€.¢ People (s09§:3207E: Bowpdd 23680005258 32038:8 cogp:)

cpgPie Roda0pd Fep(heat gain)qpogE sensible heat $C¢  latent heat opg) $63C:
clo€a0pbi egragad[ges(perspiration)elo3pé latent heat [gdedo0pbi

Sensible heat qp:o? oofgpezaspogpigpie @Sva(absorb)eoonefopE heat storage effect
[gdedlaopbi oBeoob latent heat gpsalo3p heat storage effect slgdedleon 0odspdiaasgE latent
heat qp200p5 room cooling load 22[g giEdqiE: clgpEicdogazoopd
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load

cpgpz(people) elopé [gdedloopd sensible heat gain & latent heat gain 03 005§ cooling
34§63 eImndogendigoontoopdn 208:(0)RE  cpgpPIvageda0Rd Sag(heat  gain)gp:

360303 326005805 cud(gRgdo05

Q,=q; X n X CLF (6.6)
1=qi Xn (6.7)

Q,, Q,= sensible and latent heat gains (loads)
q,,q; = sensible and latent heat gains per person
n= number of people
CLF = cooling load factor for people

cpgpealopé [9oedlamoopd sapagadsss(rate of heat gain)aopd cabepsq(physical activity)

;60 0g8 goopSooodi Table 6.13 3¢ cedepsa(activities)elopE [ghedlamend sapowana? eudlg

002200201

Table 6.13 Rates of Heat Gain from Occupants of Conditioned Spaces (SI unit)

Total Heat, W Sensible Latent

Adult Adjusted, Heat, Heat,
Degree of Activity Male M/F* W w
Seated at theater Theater, matinee 115 95 65 30
Seated at theater, night Theater, night 115 105 70 35
Seated, very light work Offices, hotels, apartments 130 115 70 45
Moderately active office work Offices, hotels, apartments 140 130 75 55
Standing, light work; walking Department store; retail store 160 130 75 55
Walking, standing Drug store, bank 160 145 75 70
Sedentary work Restaurant® 145 160 80 80
Light bench work Factory 235 220 80 140
Moderate dancing Dance hall 265 250 90 160
Walking 4.8 km/h; light machine work Factory 295 295 110 185
Bowling! Bowling alley 440 425 170 255
Heavy work Factory 440 425 170 255
Heavy machine work; lifting Factory 470 470 185 285
Athletics Gymnasium 585 525 210 315
Notes:

1. Tabulated values are based on 24°C room dry-bulb temperature. For 27°C room dry bulb, the total

heat remains the same, but the sensible heat values should be decreased by approximately 20%, and
the latent heat values increased accordingly.

2. Also refer to Table 4, Chapter 8, for additional rates of metabolic heat generation.
3. All values are rounded to nearest 5 W.

6-24

(a) Adjusted heat gain is based on normal percentage of men, women, and children for the application
listed, with the postulate that the gain from an adult female is 85% of that for an adult male, and
that the gain from a child is 75% of that for an adult male.

(b) Values approximated from data in Table 6, Chapter 8, where is air velocity with limits shown in that
table.

(c) Adjusted heat gain includes 18 W for food per individual (9 W sensible and 9 W latent).

(e) Figure one person per alley actually bowling, and all others as sitting (117 W) or standing or walking
slowly (231 W).
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TABLE 6.13 RATES OF HEAT GAIN FROM OCCUPANTS OF CONDITIONED SPACES

Chapter-6 Cooling Load Calculations (Part One)

Total Heat Adults

Sensible Latent
Aciuit Adjusted Heat, Heat,
Degree of Activity Male M/F2 Btu/h Btu/h
Seated at theater Theater—matinee 390 330 225 105
Seated at theater, night Theater—night 390 350 245 105
Seated, very light work Offices, hotels,
apartments 450 400 245 155
Moderately active Offices, hotels,
office work apartments 475 450 250 200
Standing, light work; Department store,
walking retail store 550 450 250 200
Walking; standing Drug store, bank 550 500 250 250
Sedentary work Restaurant” 490 550 275 275
Light bench work Factory 800 750 275 475
Moderate dancing Dance hall 900 850 305 545
Walking 3 mph; light
machine work Factory 1000 1000 375 625
Bowling® Bowling alley 1500 1450 580 870
Heavy work Factory 1500 1450 580 870
Heavy machine
work; lifting Factory 1600 1600 - 635 965
Athletics Gymnasium 2000 1800 710 1090
Notes

1. Tabulated values are based on 75°F room dry-bulb temperature. For 80°F room dry-bulb, the total heat remains the same, but the

sensible heat values should be decreased by approximately 20%, and the latent heat values increased accordingly.

* Adjusted heat gain is based on normal percentage of men, women, and children for the application listed, with the postulate that the

gain from an adult female is 85% of that for an adult male, and that the gain from a child is 75% of that for an adult male.

b Adjusted total heat gain for Sedentary work, Restaurant, includes 60 Btu/h for food per individual (30 Btw/h sensibie and 30 Btu/h latent.)
¢ Figure one person per alley actually bowling, and all others as sitting (400 Btu/h) or standing or walking slowly (550 Btu/h).

Reprinted with permission from the /997 ASHRAE Handbook—Fundamentals.

Notes

(0) @o20RE Gwd[goonsopbonsBsgpiaopd 75°F soedimapdS(room dry-bulb temperature) ssedlogé
:6[gdoonzoopdi 80°F room dry bulb 220305 total heat oa[gpEideaobcopd: sensible heat

values 20p5 jo % cogqpspdsagodGs latent heat value qpsconcBgepdn

(o0)opar o1 oneeon cplo’: lgpreamelopé ogodamnepdsaguwran vogtdlogeon copdogadaed heat
gain o3 adjusted cp6q§ 822620051 3aguSeepad[Be SodjEo08:00660INSEN 30a05RO5 58005
32g0deepadfg: cunapiondeuncdel og% of(adult female is 85% of that for an adult male)
[g6 20051 06000660 G5EN 350a05RO558:00p5 GuO PR ondeLSE Q5% (gain from a
child is 75% of that for an adult male)gdoopS

(9)03E¢) 20pSpbapodeomn(sedentary work)e 60 Btu/h o8 3200005090505 30 Btu/h 205

sensible heat (0005 30 Btu/h 0095 latent heat [g6o0pS

3208:300§§ (room temperature) 75°F DB o3 326[gdq) [gjpoon:0005 00§ 3:qpigdooodi 30§18
e[pE:daqi€ 3apagadgss saspSicad 6lgpEcd8Ea0pbi(Values vary slightly at other temperatures)

Heat storage effect factor(CLF)o3 saadigqepdi Sensible heat gain 320305 cpgps(people)
©0oR0SC0RY 30330305 air conditioning system o3 0o00503E qdsos(shut down)oonsqié a0
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a3eap8q(storage)od copdagls 0abqodes ecdzabeon CLF = 1.0 [gdoopdi Table 6.14 o3& cpgps
(people) 320305 CLF value 03 eeblgoonzaopd

powd (6-00) cpgpie agEdad0pd 320 (heat gain)owdan

[ge05§3903E:00§$ 2005 75°F DB (9620051 [gerod§2e03E:S cpeacumod( JGo)fagie cpgp:e
09050002005 320 (heat gain)oedno? gpdli

06
E
Equation 6.6, 6.7 $& Table 6.15 o3 3203qgjo0pdn [gaod§el air conditioning system o3

p0050RE  qOsn:con:00bn ddefopE cooling load oodepog storage effect o copdogodes
gu%s;&zou (Because the air conditioning system of a theater is normally shut down overnight, no
storage effect is included in calculating the cooling load.)

Qs = 245 x 240 x 1.0 = 58,800 BTU/hr

Q. = 105 x 240 = 25,200 BTU/hr

Qrotar = 58,800 + 25,200 = 84,000 BTU/hr

(.00 Equipment And Appliances
Equipment gpsell  heat gain 0w 00cdcdapgps(manufacturer) a3wopcd name plate
data ¢ q§8Eo0p0n Intermittent use 920305 333es0oEs00m3(allowance copdog€s)oo&aopdi oo 6om
equipment qp:00p5 sensible $& latent heat $6§gocd: 00058E2000n Table 6.15 o3& typical appliance
qpsel heat output qpzod cedlgoonzoopdi  CLF factor gpiod eewdgoondi 24 hours §0§ eentieso0pd
system [g6cq€ CLF factor copdog05qepdi
pow (6-0))
Diane's Deli Diner @3:60005a386 air-conditioned area 22038:5 6330053 equipment gps o3
320%¢g|00200p51 Hood 006e0E0ons(gEs o (without hoods)dh
1 coffee burner (2 burners)
1 coffee heater (1 burner)
I toaster (large)
Equipment gpsoagodaonepd sensible 1 latent $& total heat gains (cooling loads) o303 gpdh
3G
i

Table 6.15 ¢ 00§3:qps(values)od 32034{ge)

Q,(BTU/hr) Q,(BTU/hr) Q70:a(BTU/BK)
Coffee Burner 3750 1910 5660
Coffee Heater 230 110 340
Toaster 9590 8500 18,090
Total heat gains (loads) 13,570 10,520 24,090

eedomgp(motors)sé 326enEsdqpopd(equipment driven)gpe 09050000005 Fa0gpPs q60d
g&s3aE (electrical energy)e 2a¢(heat)=a[g6a3 elgpEsadognigtialopE sapqps(heat output) ogodam(gs
562005

eudom(motor)s¢ driven load o3 0opd§epesepod  ©ooode)  ogadamopdzaugps(heat
generated)o 00g],0080050005 air conditioned space 0328 eepaS§ogasaopdn Table 6.16 03¢ 3eafy

:6s 3§§033 [§0ed00pb heat output o cwSgoonsoogdi
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poen (6-0p)

32082 (060)§20p5 WB000500d90RE 2:09§:03€:5  Fan Coil Unit (FCU) oodeooonsaopdi 0.16
HP motor J§oopbi FCU 6650200090500 9268000520898 cepaddogniepd sagoedan heat gain
(Ioad)0§ §T)(3]||

ey
eebom(motor)s fan o3 conditioned space a303€ oobsolooneomelopE table 6.16 ¢ heat

gain (load) 2005
Q= 1160 BTU/hr x 150 = 174,000 BTU/hr

B:cds B:aqpCagps(lighting) $¢ equipment o303 c832600002081500m gEecpfeomaloé heat
gain 0eNO3ROSGS 320005000MNSE GudC§S(3290[0pdm§$)03GE efgrodqo0pdb 0odel
0060000 33gqI& gEoon§s ©pdglopepdad oSesiqeaideomalopE factor $& copdelgpades
832620001
.00 Infiltration

[gon€sedlobgps(windows) 98ewrdh se§:(room) odskedlodaalopesepgpie ofeepadaonoopd
ecood infiltration air vpesl c0pbi dBecogpselopE sensible & latent heat gain $6§adgded cooopd

Infiltration heat ogo5spd:(calculating procedure)s& p3g(g€:(equations)od g&4g3[G: [&aopd
Air conditioning system oRE mechanical ventilation 006e0l] 68005 =0pE:S

3250005 Jgproopd BzdydesesanEadSsoos(Bs(creating a positive air pressure within the building)
[g€oeco(outside air) copdogseodgtielonné infiltration [gdedl[gE:03 eagpgi(reduces or eliminates)

8820051 a0 cagpspdiesnt [grpd8Eaodi
Ventilation air 20p5 3208:(room) load g eupodeon Central cooling equipment 830305

load [gbo0pSn oodspd:ma0dgC ventilation air elopE [gdedleam load 20p5 air conditioning system
$Co0 200563E20001 :0§:00098:q1C:85E ©200563E0H 2005005000

00656905 3268000538¢ps(modern buildings)og€ 3362000600220005 [gon&sedlodqps(fixed
sealed windows)dl§aooelopé infiltration loss ofgdedleon cpoCaednd agodedind(entrances) gps5om
infiltration loss [gadloopdn

€.0_j Room Cooling Load
Room cooling load 20p5 3208l ¢alE3:(roof) s§qpe(walls) oSgps(glass) eseepE(solar)
cpgps(people) equipment $& infiltration ©20pd component gpso  [gdedlcxa0d cooling load 0o

62803 60IE2002:0005 00§3: (96205
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TABLE 6.1 HEAT GAIN FROM EQUIPMENT

Chapter-6 Cooling Load Calculations (Part One)

Recommended Rate of
Heat Gain, BTU/hr

Without Hood With Hood
Appliance Size Sensible Latent Total Sensible

Restaurant, electric blender,

per quart of capacity ltodqt 1000 520 1520 480
Coffee brewer 12 cups/2 brars 3750 1910 5660 1810
Coffee heater, per warming burner 1to 2 brars 230 110 340 110
Display case (refrigerated),

per #3 of interior 6 to 67 ft° 62 0 62 0
Hot plaie (high-speed double burner} 7810 5430 13,240 6240
ice maker (large) 220 Ib/day 9320 0 9320 0
Microwave oven (heavy-duty commercial) 0.7 ft3 8970 0 8970 0
Toaster (large pop-up) 10 slice 9590 8500 18,080 5800

Recommended Rate of
Appliance Size Heat Gain, BTU/hr
Computer Devices
Communication/transmission 5600-9600
Disk drives/mass storage 3400-22,400
Microcomputer/word processor 16-640 kbytes 300-1800
Minicomputer 7500-15,000
Printer (laser) 8§ pages/min 1000
Printer (line, high-speed) 5000 or more 2500-13,000
pages/min
Tape drives 3500-15,000
Terminal 270-600
Copiers/Typesetters
Blue print 3900-42,700
Copiers (large) 30-67 copies/min 1700-6600
Copiers 6-30 copies/min 460-1700
Miscellaneous
Cash register 160
Cold food/beverage 1960-3280
Coffeemaker 10 cup sensible 3580
latent 1540

Microwave oven £t 1360
Paper shredder 680-8250
Water cooler 8 gal/hr 6000

Abridged with permission from the 1993 ASHRAE Volume—Fundamentals.
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TABLE 6.16 HEAT GAIN FROM TYPICAL ELECTRIC MOTORS

Location of Motor
and Driven Equipment
with Respect to
Conditioned Space
or Alrstream

A B G
Motor Full Motor Motor Motor
Name- Load in, out, in,
plate or Motor Driven Driven Driven
Rated Nom- Effici- Equip- Equip- Equip-
Horse- Motor inal ency in ment in ment in ment out
power Type rpm Percent Btu/h Biw/h Btu/h
0.05 Shaded Pole 1500 35 360 130 240-
0.08 Shaded Pole 1500 35 580 200 380
0.125 Shaded Pole 1500 35 900 320 590
0.16 Shaded Pole 1500 35 1160 400 760
0.25 Split Phase 1750 54 1180 640 540
0.33 Split Phase 1750 56 1500 840 660
0.50 Split Phase 1750 60 2120 1270 B850
0.75 3-Phase 1750 72 2650 1900 740
1 3-Phase 1750 75 3390 2550 850
1 3-Phase 1750 77 4960 3820 1140
2 3-Phase 1750 79 6440 5090 1350
3 3-Phase 1750 81 9430 7640 1790
5 3-Phase 1750 82 15,500 12,700 2790
7.5 3-Phase 1750 84 22,700 19,100 3640
10 3-Phase 1750 85 29,900 24,500 4490
15 3-Phase 1750 36 44,400 38,200 6210
20 3-Phase 1750 87 58,500 50,900 7610
25 3-Phase 1750 88 72,300 63,600 8680
30 3-Phase 1750 89 85,700 76,300 9440
40 3-Phase 1750 89 114,000 102,000 12,600
50 3-Phase 1750 89 143,000 127,000 15,700
60 3-Phase 1750 89 172,600 153,000 18,900
75 3-Phase 1750 90 212,000 191,000 21,200
100 3-Phase 1750 90 283,000 255,000 28,300
125 3-Phase 1750 90 353,000 318,000 35,300
150 3-Phase 1750 91 420,000 382,000 37,800
200 3-Phase 1750 91 569,000 509,000 50,300
250 3-Phase 1750 91 699,000 636,000 62,900

Reprinted with permission from the 71993 ASHRAE Handbook—Fundamenials.

Cooling load og0500pdgesl (b(form)gé 0305[gE:005 dejagudopoopdn H(E-6)RE §ozé
commercial cooling load calculations form o3 eo[goonsoopdn  soe§iondesiqt:d(individual rooms)

a300pod Gooscodaopd 3a6e00053d (small building )3a0305 3034 {g§ 05

©0500pd328] cgudop(convenience)eoq§ 6300503¢ Fa03Gomadencdiqps(following abbreviations)o?
eed[goozaopdn
Component

TCL = Total Cooling Loads

SCL = Sensible Cooling Loads

LCL = Latent cooling loads
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Room
RTCL = Room Total Cooling Loads
RSCL = Room Sensible Cooling Loads
RLCL = Room Latent cooling loads
Building
BTCL = Building Total Cooling Loads
BSCL = Building Sensible Cooling Loads
BLCL = Building Latent cooling loads
Coil

CTCL = Coil Total Cooling Loads
SCSL = Coil Sensible Cooling Loads
CLCL = Coil Latent cooling loads

€.0p Room Peak Cooling Load

Cooling load 6pba3a3 0R09g056epbod croam(Biesnad peak (maximum) value 50393 ¢p
6gqepdad eapang$ cBoopdi Air conditioning system qpsell saguSss02:03 peak load 0gE GomEsgd
eenl:8eamnt egqudoonqepdi Peak load o3 sac[gdq equipment qpscl sogudseon: egeqiud(o)
Gonelopé peak load 00 e&mEG> 03050005qpdI

External heat gain 2005 soqS(time of day) eg $& co 0303 cBodq elgpE:cdaesaodi
:odeopadendd esagcodialopEs e[gpl:ad(orientation of the sun changes) eseome(opE solar
radiation oedn  e[pEicdesglgliclopé [gd0pdn B[E epBporad Badq  [gEusapd§(outdoor
temperature) e[gpE:cdesfgiclops [gooopdn Bmeqod $dqodelopE external heat gain oedn
e[gpE:cdes(glaeloxpE total room cooling load algpE:ad[gEs (&5

0068l00dg) @uxgpind [0300qenoam(gEs(inspecting the tables)gé peak load [gdedlopd 3a§$
(what time the peak load occurs)o? ©§08:88a0p5 00d6londq) peak load [gbeclopdeag§ad Bqs
0gebqdgaP: [grpdaf cPaadaopde

§eqCs090dongn 305883005 guideline o403 Gw5goon:oopbn CLTD 1 SHGF $C CLF table
03¢ eodoonzoep 2ag0dgP:nd 63305038 GoNS505 Gedlgoozoopdi
(0) e[gpo5o05gd§00000:000d ©SqIO5s[gEqps(west-facing glass)seaog0b sagpsed:(maximum) load

[g6c0l§$2005 egepadancocdel g§:c3§s (mid-summer in the afternoon) [g&aopb

() 3264),0005¢[0550¢000:0000  ©5qd50[gCypi(east-facing  glass)zaogod maximum  solar  load
[§6c0l§§2005 egepadzncuSel §s0508:3a§ (early or mid-summer in the morning) [g62005

(p) omENHY05570000:0000  ©8qEd§[gEqps(south-facing  glass)saogod maximum  solar load
[§0ed§§005 caontiepaBesroudetzag(fall or winter in early afternoon) (&0

(G) 3265205600805 q 055000020000 ©Sq0550(gEgps(southwest-facing  glass)aogo> maximum
solar load [§6cd§§2005 GeonE:epald 3208: Gg0dzqi$(fall in the afternoon) [gdoopSn

(9) ealE3:qps(roofs)zacgod maximum load [gbeol§§00d egepadesodd oBewpod pocsmags

(summer in the afternoon or evening)[g620o5i

6) $qqpe(walls)za0305 maximum load [g6edlq§o005 egepaBegrocdel: adewpdd poesmgS
6-31



Cooling Load Calculations eomio0d03§,

(summer in the afternoon or evening)[g6o0o51

oJeuoonugeomodgodyps(generalizations)od 88 cooling load 030depd 3a6e0005md1 6320
BEep 6eodSqpiyE §Seooz050y(localize approximate times of room peak loads)qepdi

pOE2- 6GoED0D YpdEo0Pd ISy ud[F:S [gontiedladedurgpiagE(south-facing room
with a very large window area) peak load 20p5 GeonEepadegoudq(early afternoon in the fall)
[g6c0lc880bn  egepBapE [3Bedlc86upd wupodeo(not in the summerl c00de] wSedor
325p0:c0500000005 =ve§icudlgdagiC(room had a small glass area) $agps(walls)sé oS(glass) [gbedl
20pd heat conduction owdan 3gpz(dominate)oqi€ peak load [gdedl§§05 egepBel es00d

(summer afternoon) [g&205n

8&C8:c5(design day) [g0c0lopd c585C3§§03 9§08G:e5005 peak load [gbedlepd :>q$5C
peak load oedano? 9§08:0905q/05(determine the exact time and value of the peak load) 62051

poe (6-0g)

320820000 3266, 000593 qods0¢(east facing room)oozoopdi Shelton Motel 20p5 St. Louis,
Missouri 22q0038 00p5§aopdi [qooEsadlod(window)saogdo0pd 60 ft? [gdoopdi saaq88udeome
(aluminum frame)s¢ thermal break Jloopdn [goo€:edod(window)§ 4 in. single heat-absorbing
H§rz00008(glass) 0obso€aonioopdn Light colored interior venetian blind qpod 320gjc00:20001
$Q(wall)oopd metal curtain wall [g8[g: U-value 005 0.14 (9820001 32680005858 0opdesonadoond
(building construction)oopd lightweight [g620051 Room peak cooling load [gdedlopd =oqi$(time)sE

o (value)oB gpoln spe§izapg§oopd 78°F DB [gdoopd

ey

o8edom(glass area)aopd $§edoncond JgpreseomelopE  Feesi(room)sl solar load
G202 [3660l§$0005 peak load [gbed S [gBoopSn

Table 6.6 ¢ 40°N cogdop8(latitude) e§co(Aprilje ©odaqié peak SHGF 00&8:a0p5 224
BTU/hr-ft [9620p51 Conduction heat loss $$05(morning)ogE o8 (glass)s¢ $&(wall) odeloppé [gdedl
2001 [03p0dcu(August)ogE SHGF 00§8:00p5 216 BTU/hr-ft? [9o0pS April coogé [gdedcoeanod
qP2o0pdn [ogpodeo(August)oge total heat gain sagpsads [g6edloopS

Table 6.10 §¢ 6.2 © $505(0)50§2o4$(8 AM Standard Time)ogE o&(glass)el CLF 2005
FgP2eds (952001 $505(00)50§03E(10 AM Standard Time)ogE $¢(wall) 30305 CLTD 20p5 sagp:eds
[§620051 $505(9)$0§ (2)§9§ Bewpod (00)50§i (8, 9, or 10 AM)o30RE peak time [gdedl§E0R5

§°§320305 load 0083sqp0d 0g056] Zogpead:od peak  load s2[gd 2005005qapSH 36505 room
cooling load saqpeads(peak) [gdedloopbeagi§ad peak time m:o[gd 20050050005 3208:(room)aopd

:[g¢ad:32000(top  floor)evpcduy  1reo0os0pdn Za0ude) O3B0 0520000 :B[gEed:
32000960l roof load o3 copdoz05es cd=a62005:

Peak time [g58E2000 $505(0)50§ (2)§°§ Bewrod (00)§7803 9§0SHBies005 §0§320805
peak load 0083sqp:03 03059/05[0300620251 (Proceeding to check the possibilities)

$505(0)508(8 AM) 32§8E
Solar, glass Q= 216 x 60 x 0.53 x 0.80 = 5500
Conduction, glass Q= 1.01 x60 x 1 = 61

Conduction, wall Q = 0.14 x 40 x 48 = 269
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Total = 5830 BTU/hr
$395(@)908(9 AM) sodffpopé
Solar, glass Q = 216 x 60 x 0.53 x 0.76 = 5220
Conduction, glass Q = 1.01 x 60 x 3 = 182
Conduction, wall Q= 0.14 x 40 x 55 = 308
Total = 5710 BTU/hr
$505(00)408(10 AM) 2a§§0pE
Solar, glass Q = 216 x 60 x 0.52 x 0.62 = 4180
Conduction, glass Q= 1.01 x 60 x 5 = 283
Conduction, wall Q = 0.14 x 40 x 56 = 314
Total = 4777 BTU/hr
32083(room) peak load 205 [03005co(August)el (9)50§(8 AM)=og$0R¢ [gdedioopdi [gdedl
cmepd conduction heat gain 2005 w&(glass)sé s (wall) 03opE $5050C:6500538:09E dqpranaodi
Solar gain 00§3: a3a80000003gpreomeloPE 38mn [0300p51 [gontiedod(window) sagudsaon:
GooicoSagi€ peak time [g0epd3a§§ 20505:c0b Gesnodog@Eaopdi

2805 efcoScopd: peak load [gded§Ea00N $s05eeeen 3§ (early morning)ogE
[gom20§8 (outside temperature)aopd sfcooaE sa0&:(room)ei conduction heat loss $& net heat gain

08800000 eaqpspdic8Gepdi Peak load [96opd ma§Secoogpdon 0305 odeso:gs cB=abo0bi
3268000528038 0Ssqp:cl peak load (rooms load)o? coogPogades a3aa600p5i

Cooling load 005005 33680005333¢pizasadiel peak load [gBed§§03 og0de) addgod[Giwom
room load ogoSoRqooén (Each building must be analyzed in a similar way to determine time of room
peak loads so that the proper room load is calculated.)

6.0 Building Peak Cooling Load

Building cooling load s320p5¢0 peak load [gdedla0pdaad§opC air con spefiqpszansads(all
air conditioned rooms)o 2200% c00SeepdsS: aqPadegdo00 (all air conditioned rooms in the

building at the time the building cooling load is at its peak value)

:o:00608:qC:8eN peak cooling load 03 ecAlC:d §a0pd0083:0005 3268000533 (building)
& peak cooling load 0005 Jqpsoopdi 3300056(03pEe86005 peaks load gpiemsad:oopd 006 Esad
s20p(same time) ofgdedlcomelopé [gdo0pdn Bejopt 8&Esogpoopd building cooling load salgeds
(peak) [gbepd sag§(time of year)s¢ eg(time of day)oB ogo5gscd2a60000:

Room peak load o305q§220305 e0€[gE[ge:s¢ odesoggls(reasoning and investigation)so:od

320%¢g[o0pdi

(0) ©0pg§id0ams clgedlogtesmndapoomonpd 3a6amn5md] peak load 2opd egepad pocset:
003E8m§803E [gbeclaopdi spo00Se(opEadeadd Bm§sozt [gCompds salged: [gbeom
alo3p€ (962005 s§qpeeciag solar radiation [g6edlaopdoenan oxfepsg 936eqp: [3eor

() ©onCaqdsé 32650056008:ed 5500038 wSgPigy 00680800000 226800053584PsY
peak load 2005 GeonC:epad esr0dmERE [gdedoopdn saonddelopadensd s
radiation sagpiad: [gbecleomeopE [§6a0pdi coogpesmE 066 RAdgEdy obeso$
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832520001
() ©olC&eorn =rgsypiaopd 006080305 Feed0d=BgPir peak load 0pS egepad
(g$:0§<‘§8:39'3{|$§ @BGGT o;)éu
3200050132/054q20p5 600220 [§Bederdoopd sagEdgp:an [gdaogd

326800053384/055006p(building - orientation)s&  0opSeeonodd(construction) s oF[gp:

§Ecomelopé 0z05¢] 0desoiq$ 832600051 Peak load [gdedlaopdzads(time)od B§Gieso0d total
building heat gain 0% 005030520251

Peak load [gbeclaopdza§§(time) owdan(value) $& building cooling load o3 sacguSooon
§peg8€aopSi Computer software program qpso? saadige] (32060005 esomgp: 8sbsaspdicadel
2$32038: c0pdagEi) 006560050 d: §0§320305 [gbedled load profile o3 oanea0aE: §pegSEadi

Load diversity [gB[g€:clo3pé actual building peak load 2005 o305¢jqEopd0n83s(calculated
value)oooS B5p5:00001 2268000593 (building)qpsogE peak load [gdedloopdesaqi$S cvgps(people)
of[aCs S:cds B:eqplagps(lights) ogCaoniglisC equipment wewdCsgs(not operating) odeloyé
[§6 2005 co€eagdaop diversity factor a3ewpod usage factor o3 o§osq) building peak load copdogts
CaloptollopteRtezeRTal !

pown- scdudseqpagps(lighting)el 90%0m saaddgiesepd(9E002c8860)0p egbrotooayé
peak load [gdedlo0pd 3a§$ (time)ogE lighting load 030305¢) §§00pd veranad 0.9 $EalgpoS(multiplied
by a factor of 0.90)qepdn 208eagpaogd diversity factor o3 egegiq§se0305 36a0005958 (building)
:20dg0 | 32603 3[0F|(experience) $& §Ssog(judgment)od c3za60005
6.0g) Cooling Coil Load

Building cooling load 00§3: q§[G:e$005 cooling coil load 03 80050005 0R05LRSERN
Cooling coil load s320p5¢>  air conditioning equipment 5§20p5 cooling coil(s)e sapgp:(heat)o?
0050005 GuIERd5S: [gd0pd

Cooling coil load 00§3:2005 building load 00053 qP:c86epdi 30005e(o3pEed6005  air
conditioning system gp:3 ¢823050 heat gain doeseoomalopElgdoopd

(o) Ventilation (outside air)

() Heat gains to ducts

(p) Heat produced by the air conditioning system fans and pumps §§
() Air leakage from ducts o3[q6o0p5

(.06 Ventilation

32680005208 32038:03 [4Coe srogps(outside air) copdeuig§ a33a600p5m oqfsenees p8ogod
cogf(health)s& c005e00Ea005000(comfort) [g6eoqs qpdgudqiod())qEyE copdeudgs: [gdoopSn

[goecuei sensible heat $& latent heat 3Ea3Eqo0pS room air cood Jgqpseamaelo3pé cooling
load 083264 Sgp:cna0pSi Cooling equipment ¢ 08auo0g| 2o04P:E:03:03 ©uS00d60IgeRdI

Ventilation load o3 cooling load 03¢ copdag€s 0godqodeepdi Ventilation load 20pS building
load 0g€ wdlo€eo (cooling coil load but not the building load. )i
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Sensible $& latent cooling load 030503003 G8230503E Gedlgaonzapdi

Qs= 1.1 x CFM x TC (6.10)
Q.= 0.68 x CFM x (W, — W;) (6.11)
where
Q,, Q, = sensible and latent cooling loads from ventilation air(BTU/hr)
CFM = air ventilation rate(ft/min)
TC = temperature change between outdoor and inside air (°F)
W, , W; = outdoor and inside humidity ratio(gr w./Ib d.a.)
The total heat (Q;) removed from the ventilation air is Qr=Qs+Q,.

Table 6.17 og€ 00g),6o000pScssqps(applications)zacgod  co&eagoopd outdoor  air
ventilation rate qpzo3 Ge5goon:oopdi Ventilation rate gpzaopd oofgrseon state codes and standard
P3¢ opeSlogeopds

0Comp8EEE 2a68000558¢pi0905 83660 ventilation rate qpso? chapter (13)0gE ewdy
002200001 233p000056020003§§03E [§§0r8EE320305 ACMV code wagodeonieomelopE ASHRAE
Standards 62.1 & 62.2 The Standards for Ventilation and Indoor Air Quality 23ewp05 Code of Practice
for Air-Conditioning and Mechanical Ventilation in Buildings (SS 553 : 2016)03 8[G&:8E&a0p5u

Ventilation rate 20p5 table 6.17 o3¢ eedlgoonzaopd minimum listed in earlier standard cood
3qp200p01 pOEd- YOROGLNHHIOR05 Za505:e0: [gEoecw 15 CFM §8:(15 CFM per person) [gdoopSi
Office space 830305 wool 6§§bpg8:(standard)ssq YOROGLNAHIROS Fa50sed: [gEvsL 5 CFM
(minimum of 5 CFM per person) copSeusq$ g&[gioonsaopdn Ventilation rate gp: sa6[o3pEsn? 208:()
o€ 326005805 GqEo0:000:00201

TABLE 6.17 MINIMUM MECHANICAL VENTILATION REQUIREMENT RATES

Outdoor air shall be provided at a rate no less than the greater of either

A. 15 CFM per person, times the expected occupancy rate.

B. The applicable ventilation rate from the following list, times the conditioned floor area of the space.

CFM per Square Foot

Type of Use of Conditioned Floor Area
Auto repair workshops 1.50

Barber shops 0.40

Bars, cocktail lounges, and casinos 1.50

Beauty shops 0.40

Coin-operated dry cleaning 0.30

Commercial dry cleaning 0.45

Hotel guest rooms (less than 500 sq ft) 30 CFM/Guest Room
Hotel guest rooms (500 sq ft or greater) 0.15

Retail stores 0.20

Smoking lounges 1.50

All others 0.15

Abridged from Energy Efficiency Standards. California Energy Commission, 1999.
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pown (G-og)

Stellar Dome &:0dcocdsmimensg(athletic stadium)odogé qpecoieaxEs(40,000 people)os
§8E20p507 05082005 Space design condition 20p5 80°F $& 50% RH 9620051 Outdoor design
condition 2005 94°F DB §& 74°F WB [g&a0p5n Ventilation efo3p€ [geclaopd cooling load o3gpdli

3¢
: Sensible heat equation $& latent heat equation o3 saad4gjoopSi Table 6.17 ¢ AroddELOS
o€ [goeco(outside air) 15 CFM g&:copdeoiqupd(15 CFM of outside air per person)op eedg
000200001
Qs = 1.1 x CFM x TC
= 1.1 x15x40,000 x 14
= 9,240,000 BTU/hr

Humidity ratio a0pd soed:op&s(inside)sé [gEozac[gsacs(outdoor conditions) & 77.0 $&
95.0 gr.w./Ib d.a. [g620251
Q.= 0.68 x CFM x (W, — W;)
= 0.68 x 15 x 40,000 X (95.0 — 77.0)
= 7,344,000 BTU/hr
Qrotal = 9,240,000 + 7,344,000

1ton

= 16,584,000 BTU/hr X —————— = 1382 tons
12,000 BTU/hr

:0000¢) outdoor temperature sa[gEads(maximum)ogE peak load ofgbeclag€ correction

006§ 822600001 Ventilation $¢ infiltration load o3 og(ﬁqxrg& correction (\Pﬁq§sgogor‘5 :200gjqepd
outdoor temperature o3 Table 6.18 0gC cedjgoonsoopd
TABLE 6.18 DECREASE FROM PEAK DESIGN OUTDOOR DB TEMPERATURE, F

Daily hour
Range,F|1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

10 9 910 1001010 9 8 76 4 2 10 001 2 3 5 6 7 8 8

15 13 14 14 15 15 15 14 13 11 8 6 3 2 0 0 0 2 3 5 7 9 10 11 12

20 17 18 19 20 20 20 19 17 14 11 8 5 2 1 O 1 2 4 7 9 12 14 15 16

25 22 23 24 25 25 25 23 21 18 14 10 6 3 1 O 1 3 5 9 12 15 17 19 21

30 26 28 29 30 30 30 28 25 21 17 12 7 3 1 O 1 3 6 10 14 17 20 23 25

35 30 33 34 35 35 35 33 29 25 20 14 8 4 1 0 1 4 7 12 16 20 24 27 29

Reprinted with permission from the /1979 ASHRAE Load Calculation Manual.

6.0q Heat Gain to Ducts (Duct gp:e 220050p[gE:)
eooeaas(conditioned  air)qpsoopd duct 220p8:5 &seoliesod  3p8:08:09E0 (surroundings)

:20qP:0d eduaom gain heat [g6edloopdn Duct 20p5 unconditioned space o3 [goSagning€ heat gain
[g6eclgoopS useful cooling effect [g8a0p5n Duct gpzaopd unconditioned space [goSognsag€ sensible
heat qps es§ognicamnaelopé BSCL 0g¢ edlEscopbeuiqepdi Heat gain o3 heat transfer equation ¢
0305098E2001

Q=UxXAXTD (5.5)

Q = Duct heat gain (BTU/hr)
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U = Overall coefficient of heat transfer (BTU/hr)
A = Duct surface area (ft?)
TD = Temperature difference between air in duct and surrounding air (°F)

Unconditioned area o [gobog2:0000 croesaigpin? aoudesontognoopd duct (cold air ducts)
302 overall value of R-4 (U = 0.25) 0005 0$05:0005 0gobsqpsgE insulate cpdeepdi

powd (6-06)

2000 (p6)00dest =g (0 j)coode §Bk co(go)gpdoopd duct 03 320§S 60°F §2005 603
20056800Eq§ 20305 00680E002:00001 20§ 90°F §oopd F08:03[gode) 0ode0Eaonioopdi Insulation

& overall U 00§3:w0 U=0.25 [96cqi€ duct 30382 ccooz€ [g6edlepd heat gain o8 gpdli
ey

Duct &1 qo5$0[gE e§oon(surface area)

1ft 1ft
! +2 x12in X f)xSOft=400ft2

A =12 X in. X
( 36 X o 12in

Equation 3.5 03 320%4{gjq)
Q=UXAXTD

= 0.25 x 400 x (90 — 60) = 3000 BTU/hr

Return air duct o3¢ [gdedloopd heat gain sacg§qpscqé 0305¢) CSCL 0393 eolCs0pd
20&20001 BSCL 0398 wediEscopdo0&ali

Supply duct gp:og€ [gdedloopd heat gain gp:oopd sacoLIo00 edogngl: wupddeo
Conditioned space 32038:3 saeme0dgp: [g§[gjeq(distribution of cooling) p8ponesn 2003(g|
20&aopdi Cooling distribution 03 ©c8805e0qs 2003[gjoooopdi sacgsqoSagpoopd duct gpogt
600g05e0l050 0gadam0pd supply air &1 ofepsg Bdegpiaoéeo

a3ea0d Groogodediod(out let)gpsgn do8aopd sacgsqoSagpsoopd duct [gbogi€ heat gain
el 329880 (spc0:ad:)er00g056d0%e 320 FE[gE S ecOgPI0gedan8Ea05N Duct oodeagpadopt
:0gp: IBsan(glielopE supply air temperature [g€onoSamn(gEs [gdo0pdn oBeloypé supply air duct
qp:o? insulate cpSe[gs [gbo0pS

o0g),600 8&Esogp:a0pS supply air duct o€ [gdedlepd heat gain vwdMo3 ogodune
opdmoon: BSCL 61 ep§Cgs: 30500:c05 3a8e00E:60:00051 pown- insulated supply duct qps3a0305
Building Sensible Load (BSCL) &1 1% ¢ 3% 0§ copdeil€ieozaopdi

6.0 Fan And Pump Heat
Fan gqp:sC pump gpsad copbeosaopd gdseal(input power)sag,00p5 godoBodq(friction)gp:
elop€ a9 (heat)mo[963 algpEaadagniaopSi Beapgp:oop sensible heat gain [g620p51

Draw-through fan arrangement o3& cooling coil 2005 fan ©o3EeCopE oopb§(fan down-
stream from the cooling coil)aopSr Draw-through fan arrangement 3¢ eS¢ fan ¢ 0goSaw00d
a2¢(heat)o? BSCL 0g¢ copdedlCseuseoopdi

Blow-through arrangement g€ cooling coil 2005 fan [G:eg00503E 0opd§(fan upstream from
the coil)aopSi Blow-through arrangement o3¢ 6udoms¢ fan ¢ ogodanaop) sap(heat)od CSCL load

o€ copdediEseuiqaopd
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Fan heat 320305 3eson€aoiqupd 9§08:0083:(approximate allowance)ed 6320050120032 [g620251

8aa0: 1 inch WG apobe0:8E0005 fan 320305 BSCL 6l 2.5% 328000 ceonéseusqepdi 8zaos 2
inch WG 920305 BSCL &l 5% $C 8za0s 4 inch WG 320305 BSCL 6l 10% 353006 esonéseusqupdn (For
1 in. w.g. pressure add 2.5% to BSCL For 2 in. w.g. pressure add 5% to BSCL For 4 in. w.g. pressure
add 10% to BSCL.)

Gooico5000) system qps§ chilled water pump ¢ 0ge5a0pd 3300200 F0REe0:
coneopé aqbag)g¥toopdn 9Beadd [p3ken:aopd system qps§ chilled water pump ¢ 052005
3200212000 sensible load &l 1% ¢ 2% of, (9620251 (generally small and may be neglected, but for
large systems it may range from 1-2% of sensible load. )i

Central system gpsogE oobeooonsaopd chilled water cooling coil gp:=ac05 pump ©
[g6e0laopd eaq(heat)aopS refrigeration chiller ol load [g®oopSi Cooling coil &l load eupodeon
00b5p5:3201gE pump 0gada0pd SapgP:ad refrigeration chiller oo vdopodeuigqepdi Cooling coil o>
005000560:q8 ©cd266006[oPE cooling coil 32gudmee:$¢ w0a5e3Ea0I

Refrigeration Load (RL)e3oopSen refrigeration equipment gpion eenCieuqopdos(load)
[§920p51 Direct expansion (DX) system gp:ogC refrigeration load $¢ cooling coil load o3
opR8lo300p5i Chilled water system gp:op refrigeration load 20p5 cooling coil(s) load $& chilled
water pump heat 03 ¢3l€:000:0005 vedN[gdaoEd

6.0@ Duct Air Leakage
Duct system qps§ 00500220009 esep(joint)gpiogé u3Bbe(duct leakage) [96edl§Ea05N
[g6eclaopd B88go0p5 CFM @ecdlCiell 5% cood Segpsaoeon Duct qpsoopd conditioned space

2[gEoncdpEfesag ecoudBogod BSCL $¢ BLCL 030pC 6dlCoopdqepdi 6rood8éggps(air leaks)
20p5 conditioned space 3209208 038630qI€ BSCL $& BLCL 030R¢ copdedltieusq$ ocdenbeaddoopds

ecofsflalrg pBpreoqd w00Bgogasphs
€. jo Supply Air Conditions
Sensible $& latent heat gain 0303 0305qEOGkesP0d 8320000) srefimnclgmees gfqS
320305 supply air condition gp: [gdoopd cro:gsi(flow rate) SadE:so(humidity)s =op§S
(temperature) 0303 200500560gs G605
6. Jo Summary of Commercial Cooling Load Calculation Procedures
Commercial cooling load 03055052 3590890803 63305038 205896 ewdlgoonzoopd
(o) Table 1.1 $& A.9 dBo m:00§:038: $& [4Co 8&E:mve[gzacs(indoor and outdoor design conditions)
Q203 egeg|eddl
() External heat gain [g96eclopd qEds0lgEqpiemscds(all surfaces)el  3203E:3200(measure
dimensions)qpzoB 8ooomd(architectural plans)e 03E:aadh
(?) qo559[g€ e§ooz0ddli(Calculate areas of all these surfaces.)

() 2o8eagpoopd @uxgps(appropriate tables)o heat transfer coefficient U 00§83 (U-values)od
egequddli Element 00d9qC:Baacgod R o0§8s (R-values) 0od9qi:Bod ogodd (calculate from
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individual R-values)

a0&eagpoopdauns(table) qpod ©ode) 3amaon: 0odegE:del heat transfer coefficient U- value
qP203 egeg|eddl

(9) s098: 0008 :B300305 peak load [gdedlopdes(day)sé co(month)o303 ogo5clh Load sagpsed:
[§66dlc880pbup e§wSscons(expected to be a maximum)oopdsa§§ogE external heat gain gp:o3
03050

Table 6.116.21 6.6 $& 6.8 AYo external heat gain 03 0g05¢) 3aqPsadi00$3:(Mmaximum values)o3
§Pegol 0odelondd) Fa[gSads (goepdooloopd saqS3a§),03 0058 8360866pb
Peak load [gbedlepd sog§a§[Biesn0d s00§:038:6i external heat gain $& peak load gp:0B o05dl
6) Beso0d cpgps(people) B:adsdieqpsqps(lights)sé  equipment 02005 internal heat gain gp:od
6AIE:c0p3dl (Calculate each room peak load, using the values for the external heat gains
determined)i 83260000 22620:805 20gdZCVOOGPIY BVONSE ee00H3] 3EGEGPdE
§§$Ea0p0n Infiltration [§8ed§EqE room load ad0z¢ edlE:00pdal
(Q) 2090&(g))0g¢ e0d[g320p5 0g055p5:3203E: 3ea05IP0d:e peak load (Building peak load)
o3 gpagdh

(9) External gain 1 internal gain $¢ infiltration ©20p50303 copbediEss) building load o3 og05cl Supply
duct heat gain 1 duct heat leakage $& draw-through supply fan heat gain o303 cdlC:co0pddl

(@) Cooling coil $¢ refrigeration load c3o3¢pdl Ventilation load (Table 6.17) o3 cAl:copds] building
heat gain o€ blow-through fan 1 return air fan $& pump heat gain g3 c0pdedE:

(00)=2203§00p3 supply air conditionod 0a5cl pows(6-0q)oze sac005ilogndspds(procedures)od powd
2[96 0godlgaon:aopbi H(6-6)oge e30mgpisE qroSyP:od @uonsdd(data and results are tabulated
on a Commercial Cooling Load Calculation form)[g¢ cwS[goonzoopdi eapa3(Giaopdsagiodypis
P06 §EggEdqpPsn? 32620:805 §E:00Dg) GrrERN

poen (6-09)

$(6-6)0g¢ cooling load 005005 @dlwrs0d G0 eudlgoonsoopdi Columbus, Ohio 0gE 005§
20pb1 6lges?ndod  (0)coddoaopd (0)00b0305 saeemnndEasd(one story building) [g620p5
elgeancdaodod  ocdes: sigd(basement used for storage) 3303ggjo0pdn  0opSEE0050N:0

(construction)s¢ 2298:3203C:5¢ [gEomacgercsqp:(conditions)o? 63005038 ewdjgoonsoopdi

(0) ealES:

6aIE8:00p5 0R8mq(G)cvnSeanooobeagr: [g620pdn @sIESs(roof) oopSeamnndoonden 4 in.
h.w. concrete slab, 2 in. insulation, gypsum board ceiling [§620p51 U 0088z cozaonzaopbi (U =
0.09 BTU/hr-ft2-F)i 600050092005 gypsum board o3 insulation 33(gd 3203goopdn

) @Szoﬁs(ﬂoor)
[03620Ex(floor) oopSesonndaoiden 4 in. concrete slab [§BaopSn U 0088k corcon:aogbi (U=
0.35)
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Wegus=ss SE5NV

Receiving
door
Superb Supermarket
3
Doors: double 3' x 7' swinging
Ceiling height 14'-0"
; N <=
b 83 >

6 G- pown(6-0q)=00305 G036
(@) $qps(walls)
$é‘1qp:(wa|ls)ooé 4 in. face brick, 4 in. common brick, 2 in. insulation, 1/2 in. gypsum
wallboard sa§jg3aooggdoopdi U 00§3: cozaonzoopdn (U = 0.11)

(G) [goasadlo’ (window)
26 [gooC:edod(front window) qpsoopd '4 in. single heat absorbing class, 10 ft high,
aluminum frame, not shaded (62005

() od8kgps(doors)
038kqps(doors)oopd 1/2 in. single clear glass, aluminum frame 3a§jzza00: (80005
o39lk(receiving door) 1 and 1/2 in. steel with urethane core sa§je3200: [gd20pd

(6) cpB:eq(occupancy)
cpBeeq(occupancy) 3260005(60)§epdi (60 people)

@ oopéeeoodﬁbooo:{g(construction)
0056800500223 (construction)e> medium (M) weight sa§je3032 [§620251

(0) &:cdu B:aqpCs(lighting)
B:cdu B:eqpCs(lighting) oodoong§domnag€ 3 watts §84gdo0o0n (3 watts per square foot of
floor area, fluorescent fixtures)

(@) Outdoor ventilation rate
Outdoor ventilation rate as per Table 6.17

(00) Operating hours
BEGEFS $505(00)5080 po(0)50§ 203 (9§65 (Store is open from 10 AM to 8 PM (9 AM
to 7 PM Standard Time))

8326000 (required) cooling load o3 005G
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ey

0305$5s(procedure)o? cud(gfds [gdoopdn
(0) Indoor design condition 20p5 76°F DB $& 50% RH [g620p51 Outdoor design condition 2005

W)
)
(%)

90°F DB $& 74 WB [gdo0pdn cogBopd(latitude) 39°N 9266038 00pb§oopdn Daily temperature
range 200 19°F [go0pdn 3208:30038:5¢ [g€o adE:eo(inside and outdoor humidity ratio) 20pd
66 gr w./Ib d.a ¢ 101 gr w./Ib d.a [gd20p5

$0p8 32038:3007 gp0? Gedlgoon:aopdi (Dimensions are shown on the plan.)
egloooo% ogcﬁueoa&su(Areas are calculated and recorded on the form.)

@oie U 00§8:qpiod oodopoopdi(U-values specified or found from tables are listed on the
form.)

(©)% (Q) 320800098000 Cloopd 32680005358 [gBa0pdi 00568003 (construction)sé  qESso0ep

(®)

@

g0 (orientation)gpizag 6alCSs(roof)sC¢ west glass 030000 peak load time o [goedl
eoooén (indicates that the roof and West glass will determine the peak load time)

Peak glass load 20p5 July $& August coo303€ [gbedlaopbi oS (glass)eh peak CLF 2005 5 PM
o3¢ [gbeclaopdi edlE8s(roof)el peak CLTD 2005 ac8Ecopoes(s)so§(luly at 5 PM)ogé
[g0edloopd @slEs(roof) sadjrmaentoopd No. 9 (980 BelopE peak load [gdedloopd
32§8 (peak load time)20p5 ac8Ecw poes(§)$0§ (July 5 PM) (9205

p065(G)§2803¢ s§(wall)gpealope [§Bedoopd load 2opd poes(6)50§0gE [gdedlaopd load
0005 Gqpz00di
Item oodogq:d(individual)e [gdedloogd heat gain o3 ogodB: GdoRE GesagEswodasa00N
Basement 3008005 inside $& outside temperature [ogpsogC  [9Bo0pbn  §dgpa(walls)
qJpep02:0005 group B [g6205i
cpgps(people) a3eupod B:ads Seqps(lighting)elo3pé storage effect olgbedleon saonudelopé
86005 003038305 [Giesn0d air conditioning system o3 qboo&(shutdown)oopdn $50508:
BEoglBnqiC qodqts cpgp: eepodecn§enneamelopé godgtiesags cadsadeor
Infiltration o3 copdoz05q$ ©cdmbeon 03kgCoopdm[Rd saeqEagdd spdieom  elopé
ventilation air oo infiltration [48[g€:03 eagpspbieoaopdi (ventilation air is assumed to prevent
any significant infiltration because the doors are not used heavily.) Supply duct ooé store
320380 [godao§sazudonss(exposed)oonieomelopé heat gain $& leakage odefoyp cooling load
3qpegc: o[gd8Eaon
Ventilation load o3 6 (form)og€ [goon:00p582038: cgodu(calculated and shown on the form)
2opbi Return air fan gain o3 aqéag)geos00pdn Pump gp: 006e0€a0nigls §dh Draw-through

unit o3 saaddgjoonsoopdi Fan gain 0005 3% (96200507 vpsoaopdi

(00) Supply air condition o3 gpaopdi
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poen(6-0q)
Fa6[g(Solution to Example 6.17)

p0e(6-0q)0gE R0S0o0pd Feec0dmdel cooling load calculation o3 software program
o3 =paddglg 0R0P0p8E0p5 Program (g€ 03050009326l e30mc0pbewsd 35050 AFlgpa(slightly

different input data)oopdi 3a§§qaqi¢ 0p8qjlem0§oadgé 0godq q§oord saelysddEa? §E:wrdl3d
20&aopbn

Project _Superb Supermarket Bldg./Room _Building (peak)
Location _Columbus, OH Engrs. _ENnergy Associates Calc. by _EP 8/4/01 Chk. by _YL 3/5/01
DB w8 RH W’
F F % ar/lb Daily Range‘lLF Ave. B0 F
Design Qutdoor Q0 74 101 Day _July 21 Time 5 PM (ST)
Conditions Room 76 50 66 Lat._4C°N
Conduction Dir. Color U A, ft? CLTD, F SCL
Gross Net Table Corr. BTU/hr
W 1.01 830 13 i1 9220
Glass W 1.01 42 13 1 470
E 1.01 42 13 11 470
N D 0.11 840 11 9 830
Wall %‘ B S D 0.11 840 17 15 1390
15} E D 0.1 1260 1176 26 24 3100
W D 0.11 1260 388 17 15 640
Roof/celling D 0.09 5400 36 35 17,010
Floor 0.35 5400 7 13,230
Partition
Door E 0.39 42 27 25 410
o
8
Solar Dir. Sh. SHGF A SC CLF " g ;,;
W no 216 830 0.69 0.58 71,750 i OEx
W no 216 42 0.94 0.58 4850 ic.r:% E« -
Glass E no 216 42 0.94 0.22 1880 I Hms
o @
-
[anl O
Lights 18,200 w341k 12 BF x _1.0 CLF 66,290
Lights W x3.41x BF x CLF LCL
People 250 SHG x _60 nx_1.0 GLF 15,000 | BTU/hr
200 LHG x _60 n 12,000
Eguipment _—
Equipment _ ==
Infiliration 1.1 x _— CFM x TC
0.68x _— CFM % gr/lb
Subtotal 206,640 | 12,000
SA duct gain _0
SA duct leakage Y
0 Total CL
SA fan gain (draw through) _8%6 6200 BTU/hr
Room/Building Cooling Load 212,840 12,000 | 224,840
SA fan gain (blow through) ___ S
Ventilation 1.1 x _800 CFM x _14 TC 13,860
0.68 x _200 CFM x 35 grlb 21,420
RA duct gain_0
RA fan gain 0
Cooling Coii Load 226,700 33,420 | 260,120

Pumpgain —

Refrigeration Load 260,120

$ 6-6 Commercial cooling load calculations form.(Example 6.17)
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Residential Cooling Loads

Cooling load 03055p5:03¢  residential 0g055p5:sC  non residential  oRoSsb:ng) SOk
Rlgpsaopdn Non residential 22680005338qpsood  egpotiolomgps  eogpligps Bsagegps
Geosgqp: 0200003 [gBlo300p5n Industrial building gps 220305 non residential 0055p5:03 204
§82005

[B:520p5 cooling load 0g055p5:qp:00pd commercial building $& ©05¢ 2005§qps(industrial
buildings)qpseaogad  00dspdgdoopdn  cpesadEps(residences)sacgod cooling load o305s5:sE
commercial cooling load ogo5g05: $8ad:opE heat transfer principle opoBlogoopdi o3odso5s
F2e0&qps(procedures) opa3[o300p51 236005 Je) qE:cuiagudongd 03058Ee3nE [gyoozaodi

Residential cooling load $&¢ commercial cooling load 0godsp5sqpioge o[gpsepasniqod gpige
§oopd Residential air conditioning equipment $& control 03038 @&qp: wdloeon (Jg)§r§oodad: air
conditioning o3 eed&sconery §eomelogpé humidity control $& part load operation o3 o§eon
o3zagiodgpselopE cooling load calculation o3 cguSorgn c3058E2000

Residential cooling load 03050005324 sensible load 03000 c30500p5i Latent load 0o§3sqpz0d
o§08:0900051 Lighting load qpso? copbeogodeorn Infiltration load qps3a0305 9§08:090005 Peak time
I peak load a3eupod heat storage effect 0303 c0pdoRodgs ©ad=pb[ge: ©o0pbsagodgpieloE
residential cooling load 03 005g05epoz 8ej cgudoraoddi

TABLE 6.19 CLTD VALUES FOR SINGLE-FAMILY DETACHED RESIDENCES?®

Design Temperature, °F

85 ] 95 100 105 110
Daily Temp. Range® L M L M H L M H M H M H
All walls and doors .
North _ 8 3 13 8 3 18 13 8 18 13 18 23
NE and NW "4 9 19 14 9 24 19 14 24 19 24 29
East and West 18 13 23 18 13 28 23 18 28 23 28 33
SE and SW 16 11 21 16 11 26 21 16 26 21 26 31
South 11 6 16 11 6 21 16 11 21 16 21 26
Roofs and ceilings
Attic or flat built-up 42 37 47 42 37 51 47 42 51 47 51 56
Floors and ceilings
Under conditioned space,
over unconditioned room,
over crawl space 9 4 12 9 4 14 12 S 14 12 14 19
Partitions
Inside or shaded 9 4 12 9 4 14 12 9 14 12 14 19

2Cooling load temperature differences (CLTDs) for single-family detached houses, duplexes, or multifamily, with both east and west
exposed walls or only north and south exposed walls, °F.
YT, denotes low daily range, less than 16 °F; M denotes medium daily range, 16 to 25 °F; and H denotes high daily range, greater than
25°F
Reprinted with permission from the 71997 ASHRAE Handbook—Fundamentals.
(a) opesadS(single-family detached houses) duplexes 98owpod multifamily sa0g05 Cooling Load
Temperature Differences(CLTDs) (4620001 306q,0005$& 32650050005¢055000(both east and

west exposed walls) 2360305 north and south exposed walls(°F) qpzogo5 (805
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(b) L denotes low daily range, less than 16°F:
M denotes medium daily range, 16 to 25°F and
H denotes high daily range, greater than 25°F

G. JJ Cooling Load From Heat Gain Through Structure

$qqpe(walls) 6alE8s(roof) qodsnlo3od(ceiling) $& [03608:(floor)odnd [gode] [gBedlanoogd
cooling load 03 63200503 ewdlgoon:a0pd p8q(gE:(following equation)gé ogaddh

Q=U x A XCLTD (6.8)

Where Q = sensible cooling load (BTU/hr)
U = overall heat transfer coefficient (BTU/hr-ft>-°F)
A = area (ft?)
CLTD = cooling load temperature difference (°F)
Table 6.19 o0& CLTD value gp:03 Guodjgoonzaopdi L (low) 1 M (medium) and H (high)

020p5[g¢ outdoor temperature range gp:o3 F[gpiesdlgoozaopdi Table A.6 03¢ 6op [§E8Ea05

CLTD table 20p5 spefizopq$(indoor temperature) 75°F o3 3a6[gdoonsoopdi oofgp: indoor
temperature gp:=oc05  CLTD o3 correction cpde$ c8ea600p51 @oomoopd 75°F o seelgdoons
comelopE 1°F opofgg §odC: 1°F correction cpdeoiqs a33260000n (corrected by 1°F for each 1°F
temperature difference from 75°F)

@op8 eedlgoon:aopd sapd§(listed outdoor temperature values)sajogpso CLTD value
qp:od interpolated cpdes B=abo0pdi gEds0[gE(exposed surfaces)qpiel saeepCaopd ss0deepe
[§920p507 0peo0RdN
pow (6-00)

FOoodadzel 6alES: 8§oxnaopd (dboo)oopgsico [gdoopdn soedioimpgS(inside  design
condition)o0p5 78°F [gdoopdi [g€usapqi (outdoor design condition)aopd 90°F [gbo0pS Outdoor daily
temperature range 20p5 20°F [g6o0pSi ealE:d:5C qiodsnlogedediEsoontanpd(combined roof-ceiling)
U-factor 2095 0.09 [8ag€ roof cooling load o3 gpdli

ey
Equation 6.8 32033gjg) 030500051 CLTD 00§8:03 Table 6.19 ¢ ©odopaopdi 2005a3E200d
32081098 83C:30§8(inside design temperature)oopd 78°F [gdoopSi Outdoor temperature range

20p5 M class [g5aop5

CLTD = 42 — (78 — 75) = 39°F
Q = 0.09 x 1600 x 39 = 5620 BTU/hr

6. Jp Cooling Load From Heat Gain Through Windows

[gon&sedlodsCodel:(windows and doors)e $(glass)qp:od [gode)(through) ofeepadaonoopd
heat gain gpseloppE sensible cooling load [g8edloopbn Table 6.20 o€ Glass Load Factors (GLF)
eedlgoonzaopdn GLF value gpzoopd solar radiation $& conduction through glass $6§elopé
[gbeclaopdowan [gdoopdn Value gpzoopd euxiogl ewdlgoonioogd 320§ (listed outdoor temperature
values) safo3p203E eepadesayC interpolate cpdq§ 83260005

Equation 6.11 o3 3203qjq] glass sensible cooling load o8 og050p2005
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Q =A x GLF (6.9)

Where Q = sensible cooling load due to heat gain through glass (BTU/hr)

A = area of glass (ft?)

GLF = glass load factor (BTU/hr- ft?)
pow (6-op)

cpesI30(residence)ond3362005 80 ft? onpdo:00051 32650053005¢055§90003EWE00dcEaN

(regular single glass on the west side) dloopSi 0§:e8: a300pcd Bodom(draperies) claopdi  [g€o
320§ (outdoor design temperature)aopd 95°F [g620p0n ©$(glass)ad [godej(through)  [gbeclaoned
cooling load o3 gpdh

ey
Table 6.20 ¢ GLF 20p5 50 BTU/hr-ft? 9620051 [gon&sadlod(window)e [gbeclaogd cooling
load §g§ equation 6.9 03 sad4gjoo5N
Q = 50 BTU/hr-ft? x 80 ft> = 4000 BTU/hr

2[gEoncdogE me2000680800:00p) overhang ¢ [goosedlodesgpieclad sa§doespadeo
Gomelopé 0godspbidducncon vaoedign oyeapaepdzadosagudsannin’d ogode§adoopd Table 6.21
o3 2aaddgj0opdn

[gon€iedndesed ol 3a§0oqeapadoond e3lEaBodenlgé (vertical length of shading)o3oodq$
@ux(Table 6.21)0g8 cudlgoonzaopd shade line factor $¢ width of the overhang o3 elgrodeepdi oSal
oog,q05520E esepS 2§0oyeepod(part of the glass which is shaded) e$00p5958C:320305 table
6.20 0on§8:qp:ad 3a0digjoopSi Table 6.20 ¢ 00§8:gqp:a0S 6[pr532q003 GES§E0oR0pd ©S(north
facing glass)qpeg620p5n GE:032005 3a§0mjeapodesopd esel o§8:gqpisE orpdo0di

32650056[p0d 3aq0(northwest)sé 3364, 6[gpod3aq0(northeast)odsecg05 shade line factor
qpod codjqeconeon :2o00de(opEadendd odgdsreepanad(orientations)az€ overhang gps 0obe0E
eped comelopE [96a0pSi esnadelpadsrqds 326q),6gp0d30q040550035 overhang o3ewrod
sun shade 026s08e0y wfeomalopé 3320 GEd§oqP:820305 shade line factor gp:od @oonsozd
eedlg eoodl

2' pow (6- jo)
GomE0540550000008¢(south wall)og€ (6)eolg&oopd [gootsedlod

Y
2'

T (6 ft high picture window) 0089&§aop51 Roof overhang 06808002003 6(6-q)
6‘

o€ [goodsaopdi  Savannah, Georgia 22q00RE  Ge0d05pECOa0R) 3386
onbesoné(house) [gdoopdi  =a§5oqeapadesaopd oSefox(shaded glass
area)a? gpoli

oG-

=alg

Savannah 2095 32°N cogdop§(latitude)saqbogt 0opb§oopdn Table 6.21 voodag€ shade line
factor 20p5 5.0 [gdaopSi 328661 e3lEc8odea[gE(vertical length of shade)aopd 2 x 5.0 = 10.0 ft
[§620051 086l eamadelg(bottom of the glass)oopd overhang esp05(e)eoogE (8 ft below the

overhang)§oopdi aBefopE 9800690520005 32§6myeepad[gis(glass is completely shaded) (805
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2n0dE]  $§oopd  3265005600ENMHNY  qodsoeaqiC(wall faced southwest) sa§Sel
edlEad0daa(gE (shade extends vertically)oopb 1.6 x 2 = 3.2 ft [gdaopdi  (0)evef§om 20§Ea386wpd
(barely covers one foot of glass) go5soeepsaqd(orientation)$& design 030005 3a6e0005353 (building)
g6:3aC00:86 $p0:600009 208m=ag)0d [§d20dI
G. JG People And Appliances

cpgudadeunade  ogodoopdeap(sensible heat gain per person)od qésqj(average) 225
BTU/hr 23(gd opsooopdi soedimncglsl §esepd cpseeqaacgod(number of occupants)od sao3seoy
©038Eaqi€ 23698:(bed room) 2acqE0R0561 $&0m:[gd vr90§EA5N Maximum load 2005 egouded:s
6§20538:(late afternoon)oz€am [gdedlenoogdi

cpgp:ooRd 8pdesisC coulione§iodopl §esepdur 0pe0200deodClaoddi(it is usual to

assume that the occupants are in living and dining areas for purposes of load distribution.)

1200-1600 BTU/hr oeaano? 8:3eqpE(typical for kitchen appliances)sao305 sensible heat gain
allowance 22[96200500520051 2200004) 8:3aqpE (kitchen)oopd 3a8:§8008:5& 0GqESGagE(open to
an adjacent room) §0% o3 Gon:08:03 (50% of this load should be assigned to that room) eepodago:
a860pdup vpeoddec5oodi  [Brensaopd(large) special appliance g saaddgioonayE output
a84gp: 0g050qeRdI

TABLE 6.20 WINDOW GLASS LOAD FACTORS (GLF) FOR SINGLE-FAMILY DETACHED RESIDENCES®

Heat-Absorbing Clear Triple
Regular Single Glass Regular Double Glass Double Glass Glass

Design
Temperature, °F 85 90 95 100 105 110 85 90 95 100 105 110 85 90 95 100 105 110 85 90 95

No inside shading

North 34 36 41 47 48 50 30 30 34 37 38 41 20 20 23 25 26 28 27 27 30
NE and NW 63 65 70 75 77 83 55 56 59 62 63 66 36 37 39 42 44 44 50 50 33
Eand W 88 90 95 100 102 107 77 78 81 84 B85 88 51 51 54 56 59 59 70 70 73
SE and SW® 79 81 86 91 92 98 69 70 73 76 77 80 45 46 49 51 54 54 62 63 65
South® 53 55 60 65 67 72 46 47 50 53 54 57 31 31 34 36 39 39 42 42 45

Horizontal skylight 156 156 161 166 167 171 137 138 140 143 144 147 90 91 93 95 96 98 124 125 127

Draperies, venetian blinds, translucent roller shades fully drawn

North 18 19 23 27 29 33 16 16 19 22 23 26 13 14 16 18 19 21 15 16 18
NE and NW 32 33 38 42 43 47 29 30 32 35 36 39 24 24 27 29 29 32 28 28 30
E and W 45 46 50 54 55 59 40 41 44 46 47 50 33 33 36 38 38 41 39 39 41
SE and SW® 40 41 46 49 51 55 36 37 39 42 43 46 29 30 32 34 35 37 35 36 38
South® 27 28 33 37 38 42 24 25 28 31 31 34 20 21 23 25 26 28 23 24 26
Horizontal skylight 78 79 83 86 87 90 71 71 74 76 7779 58 59 61 63 63 65 69 69 71
Opague roller shades fully drawn

North 14 15 20 23 25 29 13 14 17 19 20 23 12 12 15 17 17 20 13 13 15
NE and NW 25 26 31 34 36 40 23 24 27 30 30 33 21 22 24 26 27 29 23 23 26
Eand W 34 36 40 44 45 49 32 33 36 38 39 42 29 30 32 34 35 37 32 32 35
SE and SW° 31 32 36 40 42 46 29 30 33 35 36 39 26 27 29 31 32 34 29 29 31
South® 21 22 27 30 32 36 20 20 23 26 27 30 18 19 21 23 24 26 19 20 22
Horizontal skylight 60 61 64 68 69 72 57 57 60 62 63 65 52 52 55 57 57 59 56 57 59

*Glass load factors (GLFs) for single-family detached houses, duplexes, or multifamily, with both east and west exposed walls or only north and south ex-

posed walls, Btu/h « ft2.

PCorrect by +30% for latitude of 48° and by —30% for latitude of 32°. Use linear interpolation for latitude from 40 to 48° and from 40 to 32°.

To obtain GLF for other combinations of glass and/or inside shading: GLF, = (SC,/SC)(GLF, — U,D,) + U,D,, where the subscripts a and f refer to the al-

ternate and table values, respectively. SC, and U, are given in Table 5. D, = (1, — 75), where 1, = 1, — (DR/2); £, is the outdoor design temperature and DR is
the daily range.

Reprinted with permission from the 1997 ASHRAE Handbook—Fundamentals.
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€. jg Infiltration And Ventilation
Table 6.22 03¢ infiltration rate qp:od Air Changes per Hour (ACH) §$4s¢ ewSgoonzoopdi
eocdgmeend (p)soé(three categories of construction tightness)3q) cwS{goonsoopdi

(o) 3a0g§ecocdoopd (Tight)
[gon€sedlodypisl oddkgqpiod comignerondesmne ondsol(well fitted windows and doors)
consoopdi Weather stripping qps 006808002:00001 6e0nCiea8l F30200p8:S Sscdaopd 35C
ealE:03¢E (fireplace) o§dl

() @03200E3200&0o0p5r (Medium)
[gon€sedlodgpisl oddlgpiod 320080n¢ erocdesmE onbsol(average fit windows and
doors) co2:00001 Gaonlimad] 336mosy S:doodd 8:35C GalC:odE(fireplace) ondeofoons
Ga0500p5s ©od:00pd926] 8odaos(closed off)oopd

(p) ecocdes5:0005n (Loose)
[gon€seilodgpisC odelgpiaopd eroecd(Poorly fitted windows and doors)oli ceonlssadl 336

32098:3 8:0h20p08:35C lC:03E (fireplace) 00680E000:600500p5: wado0pd96l Bodoonze] ve
(without shutoff)Sli
TABLE 6.21 SHADE LINE FACTORS (SLF)

Direction Latitude, Degrees N

Window
Faces 24 32 36 40 44 48 52
East 0.8 0.8 0.8 0.8 0.8 0.8 0.8
SE 1.8 1.6 1.4 1.3 1.1 1.0 09
South 9.2 5.0 34 2.6 2.1 1.8 1.5
SW 1.8 1.6 14 1.3 1.1 1.0 0.9
West 0.8 0.8 0.8 0.8 0.8 0.8 0.8

Shadow length below the overhang equals the shade line factor times the overhang width. Values
are averages for the 5 h of greatest solar intensity on August I. Reprinted with permission from
the 1997 ASHRAE Handbook--Fundamentals.

TABLE 6.22 AIR CHANGE RATES AS A FUNCTION OF
OUTDOOR DESIGN TEMPERATURES

Outdoor Design Temperature, °F

Class 85 90 95 100 105 110
Tight 0.33 0.34 0.35 0.36 0.37 0.38
Medium 0.46 0.48 0.50 0.52 0.54 0.56
Loose 0.68 0.70 0.72 0.74 0.76 0.78

Values for 7.5 mph wind and indoor temperature of 75°F.
Reprinted with permission from the 1997 ASHRAE Handbook—Fundamentals.

ea:05dR8¢[gC:03 30addg)g) F008:(room)sr0p8:8 rudgoamepduwran(quantity of air
infiltrating)o? 0g050p8Ea0di
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4
CFM = ACH x — (5.12)
Where CFM = air infiltration rate into room (CFM)

Q = sensible cooling load due to infiltrating air CFM = from Equation 5.12
TC = temperature change between inside and outdoor air

320000 infiltration air oer20p5 0.5 ACH 000555509 GrozaqpdaaGags(indoor air quality)
2000 C00598E200 mefgeacs vafSeon Bn3ad melgzacsjrort [gEueco(outdoor air) copdeoqs
83260005
€. J& Room, Building, And Air Conditioning Equipment Loads
Room Sensible Cooling Load (RSCL)

Room Sensible Cooling Load(RSCL)a0p5 3208 00d9§:qC:80 [g6edlaopd sensible cooling load
[g2005
Building Sensible Cooling Load (BSCL)

308 0dS:qC8Y [gdedlaopd room sensible cooling load @eedlCsoopd Building Sensible
Cooling Load (BSCL) (5205

Duct Heat Gains
(on) Ducts in attics
Ducts in attics gpzs20305 building sensible cooling load & 10% copdbediieoiq c3aodi

(®) Ducts in crawl space or basement
elgeamnndesisC crawl space 220p8:§ duct gp:eaogod building sensible cooling load & 5%

c0pdedlE:e0ig§ a30000N

Duct Leakage
Duct qpse ecoudBba(air leakage)qp:eaogod building sensible cooling load & 5% copdeilEs

cog§ cGoopdi

1.4
1.3
Construction:
(1N
. Loose
= 1.2+ Medium
1] .
w Tight
|
1.1 .
foom =75"F
th =50%
1 0 | | ] I 1 i
0.010 0.012 0.014 0.016

2.5% Design Humidity Ratio
<} G- Effect of infiltration on latent load factor.

(Reprinted with permission from the 1993 ASHRAE Handbook—Fundamentals.)
Equipment Sensible Cooling Load

Equipment Sensible Cooling Load oaé building sensible cooling load §.§ duct heat gain

leakage o3 GolE:q) §20p500§8: (962051
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Latent Cooling Load

Residential ~ calculation — ogo5spSs(procedure)aopd  saoydegjpoonsaopd(abbreviated)

0305652 [gbcooeloppé latent load o3 a8:00§ copdogadgEs o§ch Building sensible load o} o§0s:
00030000 0088s(approximated)o? Latent Factor(LF)[g¢ efgpode] building total load §§oopbsods

(5820051

Outdoor design humidity ratio 00501@ psychrometric chart ¢ Latent Factor(LF) value o%

q§8E00p5 e2300538¢[gE:03 32034g|q) equipment total cooling load o3 c3050p8E205N
Qr= Qs X LF (6.10)

Where Qr= equipment total cooling load (BTU/hr)
Qs = equipment sensible cooling load (BTU/hr)
LF = latent factor (¢ G-o)
0g05000:00p9(calculated) equipment total cooling load o3 3a6[gdq) air conditioning unit o3
egeqiudo0pdn Unitary (packaged) equipment qp:o3 0005c0bapgpieeplsgoopd sagudsaon: 2203800
0050pq§8€a051  Central system 03E oo&eooonzanpd Air Handling Unit (AHU)qpea30d 320880000
sensible cooling load $¢ latent cooling load sagj(SHR)03 e§jg§ o[gdSEe0n

G. JQ Summary of Residential Cooling Load Calculation Procedures
Residential cooling load ogodspd:sasnqps(steps)od eeanadapd seaqdiqibesdly(summarized
as follows)aon:00001
(0) Table 1.1 $& A9 dBo spefemnogts(inside)sC 320§{gCo 320qS (outdoor design temperatures)
qpod egeqiuddl
() =09§:038:(each room)§ external heat gain [gbecleoepd qES$o[gEqp: a:d:el 3203E: Sa0mgp:
qes?E dooomdgps(architectural plans)e o3&:opdl
() qod50[gEgprzmmadiei 8§00 0gaddli (calculate areas of all these surfaces)

(G) Table A.7 930005 A.8 ¢ cd§eq:Bel heat transfer coefficient 00§3:03 egegSali 0od9g:dai
R 00§8:0303050l (calculate from individual R-values)

(9) Table 6.19 © CLTD 0o§3:qpsod =oadige] $Gqpa(walls) ealEds(roof) $& [036:08:(floors)
:208§:03Es(each room)=e0305 heat gain gp:o3 o05dl

(6) Table 6.20 $& Table 6.21 0303 3203qjq) 209§:038:(each room)e ©&(glass)o? [gode)(through)
[g6ecloonaopd heat gain venna? 03a5dl

@ cpgps(occupancy)s$é o3§on(appliance) load 0303 900560053k

() Infiltration $& ventilation load 2005¢a5dli

() godcon00pd load codegs(individual loads)o? GOl oode§iqC:B(each room)sE 360005
28 (building) 00690d:ai sensible load 03 0ga5dl

(00) Duct heat gain $& ecoudBog(leakage)odod Building Sensible Cooling Load (BSCL)ogé
copdealCsdl

(00) O(6-0)op¢ eudlgoonsaogd latent load factor 92038 Building sensible cooling load o3 Latent
Factor(LF) elgpoSoln g§oopd qosoopd air conditioning equipment &l total cooling load [g620251
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Residential cooling load calculation form o &(G-g)s¢ Appendix o€ eedlgoozoop

0g05gp5s3a908e0¢ (calculation  procedure)ad  powdsalgd  ogodlgoonsoopdn  Grocmopgpimees(yt

3608BE:08 00500056308 ey Eal

pow (G- jo)

0(6-00)03€ [qoonzoopdse03E: cpess36(residence)sa0305 room and building cooling load o8 og05dl

ey
[B:32005 03055p5:2003¢E: 0g050p00001 codsolqEide q§oopd Feegypid (E-R)ozE eudly

000200001

(©) B83E:m08: 30§85E [gEume0gE (indoor and outdoor design temperatures)aopd 75°F &
96°F [g®20p5n

(J- ) 226800053530(building plans)e 3203&:3a0gn(dimensions)qp: qopdi  §& el odsk
0200503 element 0o69q|C:BeN gross area $& net area g3 0050l §(G-g)opE [goon:opd
form odog€ copdoglsdi a3dgniodsli(separating door) o§eommelopE Hallway o living
room el 2280535383096 2005050001

() Table A7 $& A8 ¢ 6a000500500:0005 0gES:gpi(Materials)el heat transfer coefficient
00§3: qupdl

(§) Table 6.19 ¢ CLTD value o3 egegddli Outdoor temperature range 20p5 22°F (992001
326800053380000 M class [§900pbn 20§:00d08:qC:861 wall heat gain o3 0050920001
Equation 6.8 $& (6-g)03 32034gjq) oofeps element gp:od saconion dddjs 0g05al (Other
elements are calculated in the same way.)

() Table 6.20 ¢ [g€0s0§8 95°F $E 3208:038: 30§18 75°F 500305 60mE0dgnd§0600pd
[gon€:edlod(windows on the south side)sacgod o&(glass) $¢ shading 80305 CLF 2005 28
BTU/hr-ft? [§8a0p5i Heat gain gpzod 030500001

(Q =3698:( j)os:Alo0pd338(two bedroom house) [gdeomeopé cpecieuntd 6503005
(occupancy of four)op opsooopdi Peak load [gbeclaopd 3§85 cpsdeoodoopd
6p508:038 Jesopdur 0vrea0pdi oyfcpsdeounndaopd coelionedig §esedup vpso
(assumed)oopdi Kitchen appliance load gps 220305 1200 BTU/hr ©§00p903058 0pso
00220005

() Infiltration owdar q§oopd Table 6.22 $& equation 3.12 o3¢ infiltration $054gCs clopE
Indoor Air Quality(IAQ) p3qi€:8E20051 [gEoecu(outside air)gp:o? fan 3¢ eenliaopdeodgls
alo3p¢ cooling load Sgpscon§Eaodi

(@) 2068000533 (building)§| 329§:03E:(each room)el RSCL q§jq$ individual gain qps 330303203
eAICs00p 2005

(00) elgesmnadefe(basement)ogé duct system ooGsoaon:oopdn Building Sensible Cooling
Load (BSCL)oSog€ heat gain 220305 §% $¢ ecoud8y(leakage)sa0305 §% 3536e00E:
00p56dIEs Gosgepd

(00) Total load g§320305 BSCL o3 LF factor $& c[gpod(multiply)dli $(G-0)e latent load factor

Beges:Ol
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RESIDENTIAL COOLING  Project _A- Jones Residence out.bB 98 ___F n.DB_75__F DR.22 __F
LOAD CALCULATIONS Location _Hometown, MO out.wWB_77__F in.RH 50 %  ACH_ 05
Room Name Living Room Dining Room Bedroom No. 1 Bedroom No.2
Plan Size 21x12+21x4 9x10 14x12 + 3 x4 10x 11 +3x4
D.l U] A [CLTD|BTU/r|D.l] U| A |CLTD|BTU/r|D.] U| A |CLTD|BTU/r|D.|] U| A |CLTD|BTU/hr
Wall S|.20| 104 16 333| N| .20 58 13 151| W| .20 106 23 488 | W| .20 74 23 340
E|.20| 128 23 589| E | .20 66 23 304|S | .20 82 16 262| N | .20 74 13 192
Roof/ceiling 10| 336 47| 1579 .10 90 47 423 10| 180 47 846 0| 122 47 573
Floor
Partition
Door s[.a7] 21| 18] 188 ] | |
D. CLF D. CLF D. CLF D. CLF
S 40 28| 1120 N 14 23 322 W 14 50 700 W 14 50 700
Windows E 14 50 700 S 14 28 392 N 14 23 322
Infiltration 443 119 238 161
People 2 x 225 450 2x275 550
Appliances
RSCL 4672 2569 2926 2288
Room Name Kitchen Bathroom
Plan Size 9x10 6x7
Dl U| A |CLTD(BTU/r|D.l] U| A |CLTD|BTU/r|D.| U| A |CLTD|BTU/nr|{D.| U| A |[CLTD|BTU/hr
Wall N|.20 37 13 96| N| .20 34 13 88
Roof/ceiling .10 90 47 423 10 42 47 197
Floor
Partition
Door N|.4a7] 21] 13] 128 |
D. CLF D. CLF D. CLF D. CLF
N 14 23 322 N 14 23 322
Windows
Infiltration 119 55
People
Appliances 1200
RSCL 2288 662
Building Total NOTES: Ceiling ht. = 8'0". Single clear glass, blinds.
Sum RSCL = 15,405 Uy =0.20, U,=0.10, Uy = 0.47.
Ductgain_5 %= 770 Windows 3.5' W x 4' H, except as noted.
Ductleak 5 %= __ 770 Doors 3" x 7.
BSCL = _16,945

BTCL=_1.25 «BscL= 21,181 BTU/hr
Unit size = _21tons _

Q(@-@)Residential cooling load calculations form.

Bedrm 2
10'x 11

Kitchen

9'x10' Dining rm

9'x10'

Basement

— L

Bedrm 1 Living room
14'x 12' 21'x12'
10'Wx9'H

Scale 1/16" = 1'-0"
¢ 6-00 Plan for pows (6- jo)
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G. Jo Energy Conservation

Building cooling load o3 eaqpspdiesang[gpd8E[gts(reducing)oopd g&iaaegomndtas
(energy conservation)sao305 sag&encqz(major opportunity)eomEs [gdoopSi Building cooling load
eqpsp0:e08E005 $pdi008iqp03 caI0dopEewd(goozoopd
(0) 32680005333 (building) 0od9cd:cpE R-value [§E20p3 insulation qpsa? od:Cl

(J) Table A.9 o3 =aaddgs) summer outdoor design co$3:qpegdo0pd DB temperature $& coincident
WB temperature o3 gpCli

(p) 3208:30038: 8&C:m0gS (inside design DB temperatures)o? 78°F ¢ 80°F sa0p8: saads{gdl 78-
80°F 2000 20056o0¢a00d0m [gdeoa0pd 320qS(adequate comfort for most applications)
[00p5n woalamag§ odsoopd(past practice) 75°F 83C:3§8o0pd wo9msl gdimad[gsicBep
eepoda0pdur(even lower is wasteful) vasocdjogoopd

(G) 2200608E2005 w8 (heat-absorbing glass)gqp:ad saaddqqs opson:Cl
(§) Beepad0pd 3§0mea8Epd o3§ux(effective interior shading devices)qps oo&so&dli

(6) 2068000533361 G5eapER:00pd50RE e8ap: 23:g[gE: caqpg)(minimize use of glass in building)
C;lll

(Q) Overhang 986005 sun shade ©20p) F:o[gConade =§Smyeo§taoopd oB§um(external shading
device)qp: 006808000: i (Consider outside construction features that provide shading of glass.)

() egepBagE solar radiation ofeepodgspdicoqiecgod cofeaydaopd 3eeco0dmBEl oS50
p0d egequdSall 0odspSiandgé solar radiation gp:oopdonchozl wSedoxn sagpdicuSom
0068080 Bewrod solar radiation $p5:00050005038 o&gpigp: 06e088E205N (Orient the
building so that solar radiation in summer is minimum on sides with large glass areas.)

(@) 0322693 co:aBEesesnt SsgprogioogielopE cooling load Sgp:aopdi odelopE lighting
level 03 c3320§00 conzo0&oopdi (Avoid unnecessarily excessive lighting levels.)

(00)Energy efficient [§doopd LED 1 T8 1 T5 sadjmaaniqpzo’ 3203gjdli (Use types of lighting that more
efficiently convert electrical energy into light.) LED light 2005 T8 co0b copdseomEa T8 aopb T5
000500pb:e0mE: 34 efficient [goopd

(00)Heat storage $¢ time lag oedneqs oSo§a0pd0R05505:qps(proper calculation procedures)gé
0305Ch

€. Je Problems
(0) A building with a 120 ft by 80 ft roof, located in Cincinnati, Ohio, has a roof constructed of
I in. wood with R-5.5 insulation and a suspended ceiling. The inside design condition is 78°F.
Determine the net roof cooling load at
A. September 21 at noon
B. Time of peak roof heat gain
(J) A southeast facing wall of a building located in Las Vegas, Nevada, is 90 ft by 24 ft. The wall is
constructed of 8 in. concrete, R-5 insulation and %2 in. gypsum wallboard. The inside design
condition is 77°F. Determine the cooling load through the wall at
A. June 15 at 11 AM
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)

(%)

©)

©)

@

(®)

(@

B. Time of peak wall heat gain"
A building in Baltimore, Maryland, has 2300 ft? of exterior single glass with no interior shading.
The inside design condition is 78°F. Determine the net conduction heat gain through the glass at
2 PM in summer.

A building in Dallas, Texas, has 490 ft? of windows facing west, made of 1/4 in. single clear
glass, with medium color interior venetian blinds. The building is of light construction. Find the
maximum net solar cooling load through the windows. In what month and hour is this?

A room in a building in New York City has a 12 ft (W) by 6 ft (H) window facing south. The
building is of medium weight construction. The window is 1/4 in. single clear glass, with dark
roller shades. There is a 3 ft outside projection at the top of the window. Find the solar cooling
load through the window at 12 noon on July 1.

A room has four 40 W fluorescent lighting fixtures and two 200 W incandescent fixtures in use.
The cooling system is shut down during unoccupied hours. What is the cooling load from the
lighting?

Find the sensible and latent load from 180 people dancing in the Get Down Disco. The

temperature is 78°F.

The Squidget factory, which is air conditioned 24 hours a day, operates from 8 AM to 5 PM. It
has 76 (male and female) employees doing light bench work. What is the cooling load at 1 PM?
The temperature is 78°F.

The Greasy Spoon Cafe has a 20 ft? steam table, without a hood. What are the sensible and
latent heat gains?

(00) Find the peak cooling load for the general office shown in Figure 6.11, with the following

conditions:

Location: Sacramento, California. Inside conditions 78°F DB, 50% RH
Wall: U = 0.28 BTU/hr- ft?-F, Group E

Window: 20 ft W x 6 ft H single clear glass, dark interior blinds
Occupancy: 10 people. Lights 4 W/ft? with ballast

Floor-to-floor height: 10 ft

(09) The building shown in Figure 6.12, located in Ottawa, Canada, has the following conditions:

Roof: 4 in. h.w. concrete, R-5.5 insulation, finished ceiling Inside design conditions: 77°FF, 55%
RH

Occupancy: 80 ft2/person. Lighting is 2.5 W/ft%. Determine the peak cooling load and the load at
11 AM June 30.
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B Office

Office
N

|
==

< 20

—_—
Corridor \/

Note: Lightweight construction

& 6-00 ogr(00)320305 &( Plan for Problem 6.10)

(o) Repeat Problem 6.12 for the building turned 45° clockwise, and 90° clockwise, and located in or
near your community.

A

80’

T ~

A

Warehouse
/ N
Ceiling height 13-0"

3 .

6 G0 J ogn(00) 220305 &( Plan for Problem 6.11)

(09) A room in a building in Memphis, Tennessee, has one exposed wall, facing east, with the
following conditions:
Wall: A = 68 ft3, U = 0.21 BTU/hr-ft>-°F, Group E
Glass: A = 130 ft?, single heat-absorbing glass, no shading Lightweight construction.
Room temperature = 78°F. Find the peak cooling load.

(0G) The Beetle Concert Hall in London, England, seats 2300 people. Inside design conditions are
75°F and 50% RH. Calculate the ventilation loads in summer.

(og) Perform a complete cooling load calculation for the one story office building shown in Figure
6.13.Conditions are as follows:
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Location: Your town
Walls: U = 0.20 BTU/hr-ft?-°F. Group C
Glass: Single heat absorbing glass, light interior blinds
Roof: 2.5 in. wood, R-2.8 insulation Orientation as assigned by instructor. Light construction.
People: 1 per 60 ft>. Make assumptions based on recommendations in the text on all other data
(ventilation, duct and fan heat gains, and so on).

(oB) Perform a complete cooling load calculation for the residence described in Problem 5.20, to be
located in your town.

o
_ l"—Window

Lighting fixture

Office fixtures 200 W/each
Corridor fixiures 100 W/each
Ceiling ht 10 ft

[ All windows 15 f2

Scale 1/8" = 1'-0"

Equipment
room

¢ G-op Plan for Problem 6.15

-End -
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