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w7l 2.1 usimash CLTD dmitilidmuat Cooling load TeeitmuvLsTIRignUsuAn

Cooling Load Temperature Differences (CLTD) for Calculating Cooling Load from Fiat Roofs

' Hour
of
Usvalue, - Miaxi- Mial. Mux Difter.
Roof  Duwriptien of Weign, __Bin Solar Time AW B BeE ey
No  Commrugilon /Al h'nl' ‘Fl1 2 3 4 5 & T 5 % 8 11 12 13 14 15 16 17 18 19 20 21 12 1 M CLTDCLTD CLTDCLTD
Withou! Suspended Ceiling
I Sieel sheot with L-in, 7 023 1 =2 =) =3 =5 =} & 19 3 45 61 T} TN TP 7T N0 39 45 XN MM 12 & 5 3 4 =5 MW
for 2-in.) insulmion & (0.124)
2 l«in, wood with l.in, Insulxion & 0470 6 1 0 =1 =3 =3 «2 4 14 27 39 52 62 W M M4 T0 62 51 I 2 20 )4 09 16 =) 14 77
3} 4in, lightweight concrete 1] DAY 9 % 2 0 =2 -3 -} 01 920 2 M 55 41 0TI T 66 ST 48 M 25 1MUY 16 =3 T3 ki ]
4 2-in. heavyweight concrete
with 1-n. F ] 0206 1 8 5 3 D -1 =P X 11 X M0 4L 5L 59 85 66 66 6 54 4% M M 212 17 16 =| £7 o
{or 2-in.) insulation {0.120)
5 l-in. wood with 2-In, insulatlon 9 0000 31 0 =3 =4 =5 =7 =§ =1 § 16 27 19 49 37 43 & 82 57 4 N 6 BT 16 =T & T
§ &in. lightweight concrete M 0158 22 1T 13 9 & I 1 3 7 18 22 33 43 51 3580 62 64 82 57T 0'2 3 u 1 1 L] [}]
7 2.%in. wood with l-in. ins, 13 010 I 24 20 18 13 10 7 6 6 9 13 20 27 M 41 48 33 55 56 34 49 44 % M 19 L] % 2
§  bein, lUghweight concrate £l 002 35 3 24 22 1 14 1 9 T T 9% 13 09 2% 3 MW 46 S0 51 M 53 49 45 &0 7 54 47
¥ 4in. heavyweight concrete
with |-in, 32 0200 25 22 I8 L5 12 9 B 8 10 14 20 26 33 40 46 30 53 5) 52 48 41 M M M 8 8 5 45
{or 2-in.) insviation {32y 0.120)
10 2.5-in, wood with 2-in. ins. 13 0.003 30 24 23 19 16 13 10 9 8 9 ) 17 2) 29 M 41 45 49 5] SO 4T 43 M 33 |9 L 51 43
1L Roof terrace ysiem s 0,006 34 31 23 I5 22 1% i6 14 13 13 1% 18 21 26 3) 36 40 44 45 46 43 41 w0 )7 N L3 L) 3
12 &in. heavyweight concrete
with J.in. 15 0192 3F 28 25 12 20 17 15 13 M4 B6 1B 27 26 31 36 40 43 45 45 &4 42 40 37 M 19 14 43 3
(or 2-in.) Intulation (18)  (0.117)
1} #&in. wood with Lin. 17 D006 38 35 33 30 28 2% 22 20 18 IT 16 IT 08 I 24 I8 D2 36 39 41 43 4) 42 &0 1 8 43 7
for 2-in) lnsulstion (L8  (0.078)
) With Suspended Ceiling
| Steel Shoet with l.in. 9 034 2 0 =2 =3 =4 =4 = 5 23 37 X 62 71 TI I8 M 67 56 42 1% 14 32 % 5 |3 ~4 n
{o¢ I-in.) insulstion {10)  @.092)
2 Fin. wood with 1-dn, ins, 19 0115 30 15 11 4 3 3 2 3 T 13 21 X 40 48 55 60 62 61 S8 S5l 44 T M 25 17 2 6l 60
3 dein, lUghtwoight concree 0 0034 19 M4 10 7 4 2 0 0 4 1D 19 2 W 48 3 61 65 & &1 M 46 M W M 17 ] [ 1] [ 1]
4 lim, ooncrele -
with 1-ln. lasulstion L] GI3 20 28 23 0 17 15 13 13 14 16 20 25 30 X5 )9 4 46 4T 46 44 4l 3% XS N2 18 13 47 k1]
5 l-in. wood with 2.in, ins, [ 0083 2% 20 16 13 10 T S 5 7 2 1B 25 )3 41 48 33 ST 57 S5 52 46 40 M M 14 5 5 52
6 &in. lighweight concrete 6 0108 31 28 21 19 16 15 10 B 7 B Ll 16 22 1% 3 42 48 31 34 N4 5] 47 42 37 W 7 54 47
T 2.3-in. wood with 13 0.006 14 31 20 26 23 21 14 )& 15 15 16 1% 21 25 30 34 3 4] 43 44 & 42 40 T U 15 44 %
Lein, insulstion
¥ B-in. lUghtweight concree EE] Q0P 3% 36 31 ¥ 26 21 30 1X IS 14 14 15 1T N0 25 29 3 M 42 45 46 45 44 42 1 14 af 32
9 4ln, heavywelght concree 5 0128 3 29 27 26 24 21 21 20 20 21 22 24 27 ¥ 31 3 36 M M M O M MV ¥ XN 0B 1
with 1-in, (or 2-In.) Ina. {34}  {0.080) . .
10 1.5.in. wood with 2.n. i, LS 0072 35 33 30 28 26 24 22 20 18 1B )8 20 22 23 28 32 15 38 40 41 41 & 3 N 2 13 4| 21
EHl Roof terrace system b 0082 30 29 28 2r 26 28 24 23 22 22 22 23 N 25 026 28 W 3l 312 0N MM NN O 12 n n
12 &in. heavywelght concrete
with l-jn. ™ 0025 29 28 27 26 25 24 13 22 X1 X 22 ) 2% 26 23 30 32 1) M M Mo0Y 2 O3 W2 34 k)
(or 2-in) insulation (T (0.080) .
13 4n. wood with 1-in 19 0.002 35 34 33 32 3 29 27 W 4 020 22 021 22 2> M 25 021 30 32 )4 35 36 31T W 23 2 37 15
{or 2-in.) insulation {20} (0.084)
(e} fisafactor for attic fan and or ducts xbove ceiling applicd after all other

Direct Application of Table Without Adjustments:
Values were calculated using the following conditions:
Dark Nat surface roof (“*dark’’ for solar radiation absorption)
Indoor temperature of 78*F
Outdoor maximum temperature of 95 *F with outdoor mean temperature of
35°F and an outdoor daily range of 21°F

* Solar radistion typical of 40 deg North Iatitude on July 2t

* Outside surface resistance, R, = 0,333 12+ *F+h/Bru

¢ Without and with suspended ceiling; but no attic fans or return sir ducts in
suspended ceiling space

* Inside surface resistance, R; = 0.685 fi2- *F+h/Btu
(2) Adjusimenis to Table Values:

The fotlowing equation makes adjustments for deviations of design and tolar

conditions from those listed in (1) above,

CLTD g = HELTD + LM) K + (78 = 1g) + (1, = 85)] /

where CLTD is from this table

(2) LM is Intitude-month correction from Table 32 for a horizontal surface,

(b} Kis a color adjustment Factor applied after first making month-latitude
adjustments. Credit should not be taken for a Night-colored roof except
where permanence of light color Is established by experience, as in rural
areas or where there is little smoke.
K = 1.0 if dark colored or light in an industrial arca
K = 0,5 {f permanently light«<colored (rural area)

(c) (7B —rp) is indoor design temperature correction

() {1, — 85) is outdoor design temperature correction, where £, is the average
outside temperature on design day

(8}

adjustments have been made

S = 1.0 no attic or ducts

J = 0,75 positive ventilation
Values in Table 29 were cakulated without and with suspended ceiling, but make
no sltowances for pesitive ventilation or return ducts through the space, If ceil-
ing is insulated and fan is used between ceiling and roof, CLTD may be reduced
25% (/= 0.75). Analyze use of the suspended ceiling space for a return air plenum
or with rewuen air ducts separately, :
(3} Roof Constructions Not Listed in Table:

The U-Values listed are only guides, The actual value of ¢/ as obtained from
lables such as Table 4, Chapter 22 or as calculated for the actual roofl construc-
tion should be used.

An actual rool construction not in this table would be thermaily similar to a
roof in the table, if it has simiter mass, 1b/ft2, and similar heat capacity,
Bru/ft2 +*F. In this case, use the CLTD from this table as corrected by Note (2)
above. .
Example: A MNat roof without suspended ceiling has mass = 18,01b/12, U = 0,20
Bushe ft2+*F, and heat capacity = 9.5 Btu/hi «°F,

Use CLTDypcorr from Roof No. 13, (o obtain CLTD,,,, and use the actual
U value to caleulate g/A = & (CLTDgqp) = 0.20 (CLTD,qyy).

(4) Addirional insulation:

For each R-T increase in R-value from insulation added (o the roof structure,
use & CLTD for a roof whose weight and heat capacity are approximately the
same, but whose CLTD has a maximum value 2 h Later. If this is not possible,
because a roof with iongest time lag has atready been seiected, use an effective
CLTD in cooling load calculation equal to 29 *F,

‘T'm'v-l'm : American Society of Heating, Reffigeranting and Air-Conditioning Engineering, Inc.,
(1989 ASHRAE Handbook Fundamentals I-P Edition, 1989)
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w1 2.2 usmarh CLTD sty Cooling load amerrlefignusunn

Cooling Load Temperature Dilferences for Calculating Cooling Load from Sunlit Walls

Hr of
Mand-  Minl-  Maxk  Differ.
: Solar Tims, b WeR  WUS WU eace
olwmmmmmmmmlmlluimmolmuw:mmotmlmm:m:mmmam CLTD CLTD CLTD
North Latitude
Walk Facing Group A Walls
N 4 M4 14 13 DB o112 o 10 10 10 0 w0 10 11t 1 12 13 13 14 4 2 10 14 4
NE 19 19 19 1 17 17 16 15 15 15 IS 15 16 16 17 18 18 13 19 19 220 W 20 220 2 15 o] 5
E #2111 2 0 19 13 1% 19 19 0 21 22 023 M 24 25 15 35 025 18 % 1] 25 7
SE 4 2 23 R 2 220 M 19 N O 15 18 18 19 I A 22 2 1 24 M M 24 14 2 18 4 [
3 20 M 19 19 18 18 17 16 16 1S 14 14 14 14 14 B5 16 17 I8 19 19 M0 2 20 3 14 0 [
5w 23028 25 M W 23 R A W 9N I8 1T 1T I 17T W 19 W 32 .23 2 28 3 1 25 3
w 20N 2 P M M N 2 U W19 8 1 IEom |9 ¥ o2 o 25 ¥ % ] 1] 27 9
Nw 212 21 20 20 19 19 1B 1T 16 16 IS 15 d4 14 14 U5 13 16 11 43 13 0 2 1 4 21 1
Group B Wy f
N 15 14 4 13 12 ) 11 10 9 % 0§ 3 9 % 9 10 1F 12 I3 M4 4 1% 13 15 ] 15 7
NE 19 38 17 6 15 14 13 12 12 13 M4 1S 16 4T 18 19 19 0 M0 20 A 2 ” W 2 12 1! ?
E 23R 2 220 18 17T 16 13 1S 17 19 2 n 24 15 26 % 2T 21 2 16 25 4 W 13 27 1
SE 202 2 2 18 17 16 1§ 4 W 15 16 I8 20 21 23 M 25 26 26 26 26 35 24 21 14 16 12
s 2130 19 18 (17T 15 M 13 12 0 W 1l 12 w4 15 1T 19 ™ ¥ 2 .1z 1 o 23 1] 2 ]
SW 21 26 25 M 12 21 19 18 16 15 14 14 13 1Y 14 15 17 0 1 15 11 W M u 24 1 bl t5
w 2 M W 2 04 2 2 19 18 1T 16 15 M4 4 04 1S 17 19 22 15 2T W OW W 24 14 L] 18
NW PN 2 X 19 W07 15 14 1) 02 12 82 11 12 02 13 15 17 13 i 13 BN u 11 33 9
Group C Walls
N 15 14 11 12 1 1o » 3 [} 7 7 ] t g 10 12 1 14 1y 16 17 1T 1T 6 B ? 17 10
NE 19 17 16 14 1 IF M0 10 11 1 45 07T 19 10 M 2 2 0 N 223 O 1 N W W [} 23 n
E o2 18 17 15 MR 12 14 16 19 22 18 21 P ¥ XN O3 N 9 2 27 16 24 18 12 k1] 1]
SE o219 N7 18 14 1T 1T 12 13 16 1% 12 4 W H OB A ¥ » M 2 1 4 9 12 29 11
3 19 48 06 1S 13 12 100 9 9 9 10 N 4 17T 20 12 24 35 26 15 25 14 1 9 26 17
sw 2% 27T 25 2 0 U8 16 05 13 12 4L 91 10 03 1S 18 22 2% 29 32 3 3 32 M 1212 n k) 7]
w A ® 27 25 12 20 18 16 14 13 12 02 12 1) 14 16 20 24 9 32 35 35 3 )M 12 12 38 3
NW 2_3 2 20 W 15 4 13 B0 50 10 10 41 12 13 15 a8 2 25 27 1 3 6 1 10 17 17
Group D Walh
N 15 13 12 1w 9 7 (1 L] L] ] ] 7 210 12 1 o7 18 1% 19 19 13 16 N ] 19 13
NE 17 13 13 1 1o ] T 3 0 14 1T X0 22 23 23 24 M 25 25 24 1 22 0 18 19 7 25 18
E 19 47 15 B N 9 89 12 )7 22 21 W N2 M 3 N2 32 3N M M % 24 1 Ik ) 3 3
SE WS 3 1 10 8 B 0 13 17 22 0¥ 9 3 12 32 ONR N N M % 4 2 17 ] n b
s 1917 15 )3 1t 9 8 1T 6 6 7 9 12 16 0 24 21 29 ¥ ¥ 27 1% w 2 19 [ » F1}
sw W25 22 1% 16 4 12 10 9 8 8 & 10 12 16 2 2T 32 3 I8 M 31 ¥ o 8 kL] L]
w M2 4 2l 18 15 13 3 10 9 9 8 10 Ml M4 iF ¥ X ¥ 40 41 M 3 M 2 9 41 n
NW W R IF 17 (4 12 9 T 7 J ] 9 10 12 14 R 1 N 12 W 37 on 7 32 2%
Group E Yralis
N 2 10 & Y 5 4 3 4 5 6 7 9 U 11 15 17 19 0 21 23 0 16 16 14 0 3 ] 19
NE 13 0 9 7 & 4 5§ 9 |5 N 24 25 24 6 26 26 26 6 5 W 22 19 17 15 18 4 % 12
E M2 10 3 & 5 6 11 18 26 3 ¥ B I M M 33 032 30 M 35 12 W 17 13 ] a8 N
SE 15 12 10 8 7 5 5 & 12 49 25 3 3 3T I M M 3B A OB ¥ B W T 15 H 37 n
s 15 12 10 8 1 5 4 3 4 5 9 13 9 24 9 32 M 3B N OB ¥ D W 1T 17 3} M k11
sw 2115 12 10 8 6 5 5 6 7 % 12 U8 24 32 33 4) 45 &4 40 IS M 2% 19 3 45 L]
w 2 2 1T 14 N » ki & [} é 7 9 11 14 20 27 36 43 49 49 45 M 4 ¥ 0 & 49 43
NW W17 M 1 % 7 6 5 5 5 6 B |0 1] 16 20 26 31 3T M 3 32 W 24 2 5 H L)
Group F Wlls
N &8 6 5 3 2 1 2 4 & 1 9 | 417 19 21 2 B 24 023 1 16 13 11 19 1 n 23
NE 9 7 5 3 2 15 M4 23 2 N 2% B 2 27 27 27 W/ W L IS 16 13 "non | » 2
E 10 7 (] 4 3l 2 6 17 28 )3 44 45 43 39 M6 34 32 W 27 24 21 17 S 12 12 2 L] 4)
SE 107 & a4 3 2 4 10 19 28 36 4l 4 42 39 ¥ 34 AW 25 2 18 15 12 13 2 43 4t
5 0 & &6 4 1 2 | | P07 1 W0 2 M4 3B M OO MM O2O8 IS 12 16 1 9 18
sw 15 1 9 [} 5 3 2 2 4 3 E Ul 17 26 ) &4 350 53 52 45 M 28 23 18 8 ) 2 53 4“4
w 17 43 10 7 5 4 3 3 4 6 B 11 14 20 28 19 43 57 &0 34 4 EC R + - [ T 3 60 LY
NW 14 10 § [] 4 3 2 2 3 3 8 10 13 15 21 27 35 42 46 43 13 8 B 18 19 1 44 [l
Group G Wills
N T2 .0 =1 2 7 B 9 12 IS 1§ 20 23 24 M4 25 2% R OIS N9 7T 5 18 -1 28 1
NE 302 0t 0 =1 9 2738 39035 30 26 26 I M 26 3 02 18 M I 1T 5 3 -1 19 0
E 4 2 100 =1 Il 31 47 $4 35 50 a0 33 31 M 29 1 24 19 43 {2 10 & 6 10 -1 58 56
SE 4 2 1 0 =1 S0 02 42 49 4L 4 @ 26 32 W 2 24 19 S 12 10 3 LI B =1 35 52
5 4 1 0 -l 0 1 5 12 22 N 39 45 46 41 3 M 25 0 13 12 o 8 35 14 =1 4% 47
W 34 3 1 0 0 2 5 8 12 16 26 3B 0 35 6 & 52 37 24 17 "1 8 s 0 3] LH
w 6 5 3 2 2 5 B 11 IS 19 27 41 56 67 72 & 48 ¥ 20 15 I 2 " 1 n n
NW 3 3 2 1 0 0 @ 5 8 11 IS 18 2 27 3T 41 35 55 a4t 2 11 13 10 7 13 0 33 83

(1} Direct Application of the Table Without Adjustments;

Values In this table were calculated using the same conditions for wakls as
outlined for the roof CLTD table, Table 29. These values may be used for all
normal sir-conditioning estimaies usually without correction (except as noted
befow) when the load is cakculated for the hottest weather.

For totelly shaded walls use the North orientation values. .

{2) Adjustments to Table Values:

The loliowing equation makes adjustments [or conditions other than those

listed in Note (1), :
CLTDyyr = (CLTD + LM) X + (78 — 1) + {ty = 8%)

where
CLTD is from Table 31 at the wall orientation.
LM is the latituds-monthk correction from Table 32,

X is a color adjustment factor applied wfter first making month-latitude
adfustment
X = 1.0if derk colored or light in an industrial area
K = 0.03 il permanently medium-colored (rural area)
X = 0.65 if permanently light-colored {rural arca)

Credit should not be taken for wall color other than dark except where per-
manence of color is established by experience, as in rural areas or where there
is little smoke,

Colors;

Light = Cream
Medium — Medium blue, medium green, bright red, light brown, unpainted
wood and natural color concrete
Dark — Dark blue, red, brown and green
(78=1rp) is indoor design temperature correction
(o~ B5) is outdoor design temperature correction, where ty Is the average owt-
side temperature on design day.

o]
NN L American Society of Heating, Refrigeranting and Air-Conditioning Engineering, Inc.,
(1989 ASHRAE Handbook Fundamentals I-P Edition, 1989)
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m9¥ 2.3 uamnmandemmenlrumetingusn g

Wall Construction Group Description

Code Numbers of Layers

Group Weight U-Yalue
{see Table 26)

No. Descriplion of Construction (Ib/f1}) {Btu/h- It} -°F)

4-in, Face brick + (brick)

C Air space + 4-in. face brick 83 0.358 A0, A2, B1, A2, E0

D 4.in. common brick 90 0.415 AD, A2, C4, El, EO .

C 1-in. insulation or air space + 4-in. common brick 90 0.174-9,301 AD, A2, C4, Bi/BZ, EIl, E0

B 2.in, insulation + 4-in. common brick 88 0.1 AD, A2, B3, C4, EI, EO

B B-in. common brick 130 0.302 AD, A2, C9, El, EO

A Insulation or air space + 8-in. common brick 130 0.154.0,243 A0, A2, C9, BI/B2, EIl, E0
d-in, Face brick + (heavyweight concrete)

C Air space + 2-in. concrete . 94 0.350 AQ, A2, BI, CS$, El, E0

B 2-in. insulation + 4-in. concrete 97 0.114 A0, A2, B}, C5, El, E0

A Air space or insulation + 8-in. or more concrete 143-190 0.110-0.112 ‘A0, Al, Bl, C10/11, El, EO
4-in. Face brick + {light or heavyweight concrete biock)

E 4-in. block 62 0.319 A0, A2, C2, El, E0

D Alr space or insulation + 4-in. block 62 0.153-0.24¢ A0, A2, C2, BI/B2, EI, E0

D  &in. block 0 0.274 AD, A2, CT7, A6, EO

C Air space or l-in, insulation + 6-in. or 8-in. block 73.89 0.221.0,27% A0, A2, BI, C7/CR, EI, E0

B 2-in, insufation + 8-in. block 89 0.096-0.107 AD, A2, B), C7/C8, EI, E0
4-in. Face brick + (clay tile)

D 4-in. tile 71 0.381 A0, A2, C1, EL, EO

D Air space + 4-in. tile 71 0.281 A0, A2, CI, BI, El, E0

C Insulation + 4-in, tile 7l 0.16% A0, A2, C1, B2, El, E0

C 8-in. tile ' 9% 0.275 A0, A2, Cé, El, EO

B Air space or 1-{n. insulation + 8-in. tile 96 0.142-0.221 A0, A2, C6, B1/B2, El, E0

A 2.in. insufation + 8-in. tile 97 0.097 Al, A2, B3, C6, El, EO
Heavywcight concrete wall + (finish)

E 4-in. concrete 63 0,585 A0, Al, CS, El, EO

D 4-in, conc¢rete + I-in, or 2«in. insulation 63 0.119-0.200 A0, Al, C5, B2/B), Ei, E0

C 2-in. insulation + 4.in. concrete 63 0.119 A0, Al, B§, CS, EI, E0

C 8-in. concrete 109 0.4%0 AQ, Al, Cl0, El, EO

B 8-in. concrete + 1-in. or 2-in. insulation 110 0.115-0.187 A0, Al, Cl0, BS/BS, El, E0

A 2.in. insulation + 8-in. concrete 110 0.115 A0, Al, B3, Cl0, El, E0

B 12-in. concrete 156 0.421 AD, Al, Cl1, EI, E0

A 12-in. concrete + insulation 156 0.113 A0, Cl1, B§, A6, E0
Light and heavyweight concrete block + {finish)

F 4-in. block + air space/insulation 29 0.161-0.263 A0, Al, C2, BI/B2, EI, E0

E 2-in. insulation + 4-in. block 29-37 0.105-0.114 A0, Al, B3, C2/C3, EI, EO

E 8-in. biock 47-51 0.294.0,402 ACQ, Al, C1/C8, EI, E0

D 8.in. block + air space/insulation 41-57 0.149-0.173 A0, Al, C7/C8, BI/B2, El, EO
Clay tile + (finish) '

F 4-in. tile 19 0418 A0, Al, C1, E], EO

F 4-in, tite + air space i 0.303 A0, A1, Cl, BY, E1, E0

E 4-in. tile + 1-in, insulation 39 0.175 A0, Al, C1, B2, EI, E0

D 2-in. insulation + d-in, tile 40 0.110 AD, Al, B3, Ct, EIl, E0

D 8-in. tile 63 0.296 Al, Al, C§, B1/B2, E1, E0

(o B-in, tile + air space/1-in. insulation 63 0.151-0.231 A0, Al, C6, BI/B2, El, E0

B 2-in. insulation + 8-in. tile 63 0.09% A0, Al, B), C6, EI, E0
Metal curtain wal|

G With/without air space + I- to 3-in. insulation 5.6 0.091-0.230 A0, Ad, B5/B6/B12, A3, EO
Frame wall

G l-in. to 3-in, insulation 16 0.081-0,178 Al, Al, Bl, B2/B3/B4, EI, E0

K
NAT9N : American Socisty of Heating, Refrigeranting and Air-Conditioning Engineering, Inc.,
{1989 ASHRAE Handbook Fundamentals |-P Edition, 1989)
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AT 2.4 UTRIN CLTD Correction for Latitude and Month ( LM ) Applied 14 "North Latitude

el
1oy N [NNE{ NE | ENE} E | ESE] SE [ sse| s HOR.
NNW] Nw [ wNe] w | wsw] sw | ssw

, -4 -6 -8 -8 -4 -1 4 9 13 -8
un, /o -4 -6 -7 -6 4 -1 4 8 12 -6
m./an | -3 -5 -4 -4 2 0 2 4 6 -3
/oo ] -3 -3 -2 2 -1 -1 0 -1 -1 -1
my./on| 0 0 0 -1 -1 3 4 | -6 -6 0
nn/on {5 4 3 0 -1 -4 -6 -8 -7 0
3. 7 4 4 1 -1 -4 -6 -8 -7 0

w1910 : 13 amgd, Mseenuuuszumlueinmuazisuenn, 2529

AN 2.5 HarAan] Cooling Load Temperature Difference for Conduction Through Glass ( 'F)

{ Baseed on 78" F Room Temperature )

Solartime( he) | 112137 4) 58] 7)8) 910|411 12£13| 14) 15| 16] 17 18] 19| 20] 21| 22| 23| 24

CLTD("F) (2| tfof-1]-1]-1]-1]1]3]s Bli1o] 13114 15] 15| 14 13] 11} 9| 7]|5]|4]|3

190 : 13 wngA, 13 oonuuVITULS IO IMIMLAZIZINYe NN, 2529
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AN 2.6 UORIA Maximun Solar Heat Galn Factor for Sunlit Glass 14° N ( BTU/HR.SF )

_ -
hou N INNEJ NE | ENE| E [ ESE] SE | ssE | s [ nor
NNW | Nw JwNE| w | wsw)] sw | ssw
un, 31 | 3 59 | 151 | 214 | 245 | 249 | 248 [ 191 | 255
on. 34 | 34 (100 | 183 | 233 | 248 | 230 | 183 | 144 | 281
iin. 36 | s6 | 144 | 208 | 240 | 234 | 194 | 131 | 83 | 24
. 40 | 104 [ 175 | 218 | 227 | 202 | 146 | T 43 | 2%
. 56 | 136 192 | 219 | 214 | 176 | 11 | 23 | a1 281
i, 71| 146 | 196 | 217 | 206 | 154 | 95 | 41 | a1 276
o, 59 [ 136 | 189 | 215 | 209 | 171| w07 | 43 [ 4 | 276
an, 42 | 105 | 171 | 211 | 219 | is4 | 139.| 68 | a4 | om
nu. 38 1 54 | 138 | 199 | 228 | 221 | 187 | 128 | 83 | o285
an, 34 | 34| 99 | 177 | 225 | 234 | 23 | 118 | 140 | 275
ny. 3 3] 59 | 149 | 210 | 241 | 245 | 215 | 188 | 253
B, 36 | 30 | 44 | 37 | 203 | 242 | 253 | 228 | 205 | 242

90 : v nemgd, mavenuuuszLN e IMIAIAZIRI B I, 2529
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Cooling Load Factors (CLF) for Glass Hithout Interior Shading, Norlh Latitudes, General
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L = Light consttuction: frame exterior wall, 2+in,

Moor stab

M = Medium construction: 4-in. concrete exterior walt, 4:In,

H = Heavy construction: 6-in.

sely 30 16 of macerial/fe? of floor aeeq,

concrete Noor slab. approximately 70 1b of building material?fid of foor area,

concrete gxterior wall, &-In. concrete foor slab, approximately 130 Ib of building malerials/n: of fNoor area.

i . . . .
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Solar Time

Dir. Mass 0100 0300 0300 0400 0300 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 3300 2400

L .00 .00 00 00 01 .64 .7 J4 B 88 95 .98 98 .94 B8 .79 .79 .55 31 .12 .04 .02 01 .00
N M .03 .02 02 .02 .02 44 69 6% .77 .84 .91 54 .95 9] A6 .79 79 56 32 16,10 .07 .08 .04
' H .10 09 .08 07 .07 .62 .64 .64 7 77 .83 .87 .88 .85 .81 .7% J60055 3 22 17 s 13
L .00 00 00 .00 01 31 .83 88 .12 47 .33 27 .24 .23 .20 .18 408 .03 00 00 00 00 00
NE M 01 .00 00 .00 .00 .50 .78 .B2 .67 44 32 28 .26 .24 .22 905 01 05 03 02 02 01 .0 -
H .03 .03 0} 02 .03 47 .11 72 59 40 30 .27 .26 .25 .23 .20 AT 13 08 06 05 08 04 g
L .00 .00 00 .00 .00 42 .76 91 .50 .75 $I .30 .22 .18 .6 .13 A6 07 02 01 00 00 00 00
E M 0l 01 00 .00 01 41 72 86 .84 .71 48 30 .24 .21 .18 Jd60013 09 .4 03 02 .00 01 L0l
H .03 .03 .03 .02 .02 .39 66 .76 .74 .61 .43 .29 .24 22 .20 .18 .15 A2 .08 06 05 .05 04 04
L .00 .00 .00 .00 00 .27 .58 Bl .93 .91 Bl .59 .37 .27 .21 .E .14 09 03 01 00 .00 .00 .00
SE M 01 .01 .01 00 .00 .26 .55 .77 .88 .87 .76 .56 .37 .29 .24 20 .16 11 08 4 03 02 .01 .01
H 04 064 03 03 03 .26 51 69 .78 .23 .66 .51 .35 .29 285 .22 .19 S5 .09 08 07 06 .05 .08
L .00 00 00 .00 00 07 .05 .23 39 62 .82 .94 .93 .80 .59 .18 .26 606 .02 01 00 00 .00
§ M 0 0 0 01 W 07 4 22 3B 59 78 B8 B8 .76 .37 .38 28 18 09 06 4 03 .02 .02
H .05 .05 .04 04 .03 09 .15 21 .35 .84 30 .79 .79 .69 .52 :37 .29 .3 A3 .00 0% 08 07 .06
L .00 .00 .00 00 .00 .04 09 U3 1§ .19 21 39 .62 .82 94 .94 .81 Sd 019 07 03 01 00 .00
SwoM 02 .02 00 .01 01 .05 09 .13 .46 .19 .22 35 .60 .78 .89 8¢ J7 .52 20 .10 .07 .05 .04 .03
H 07 06 .05 05 4 .07 .1 .14 .16 .18 .21 .38 .55 .71 .80 .19 .69 .48 20 .14 01 10 08 .07
L 00 00 .00 .00 .00 .03 .07 .10 43 .15 .16 .18 .3t .55 .78 .92 83 .73 .25 .10 .04 01 .01 .00
WM 02 02 01 .00 01 04 07 .0 .13 M4 06 .7 .30 .53 .74 87 BB .69 .24 .12 .07 05 .4 03
-H 06 .06 05 .04 04 06 09 .11 .13 1S 06 .17 .28 49 .67 .18 .19 62 .23 .14 .11 08 08 07
L 00 00 00 .00 .00 .04 .09 .14 .17 .20 .22 23 .24 .31 .53 .18 92 81 28 10 4 02 01 .00
NwW M .02 .02 .01 .00 00 05 40 .13 .17 .08 21 .22 .23 .30 .82 J5 .88 77 26 .12 .07 05 .4 .03
H 06 .05 05 .04 04 07 .11 .04 A7 .19 20 21 .22 .28 .48 .68 J9 69 23 14 .10 09 08 .07
L .00 00 ,00 00 .00 083 .25 .45 .64 B0 91 .97 .97 .91 80 .64 .44 .23 08 03 01 00 .00 00
Hor. M 02 .02 01 .0 .01 .08 .24 43 60 .75 86 92 .92 .87 .17 .6 45 .26 .12 07 05 .04 03 .02
H 07 .06 .05 .05 .04 .1l .25 .41 .56 .68 .77 .83 .83 .80 .71 .59 .44 .28 L4713 U1 10 09 .08

Values for nominal 15 ft by 13 it by 10 ft. high space, with ceiling, and 50% or less glass
in exposed surface at listed orientation.

L = Lightweight construction, such as 1-in. wood floor, Group G wall,

M = Mediumweight construction, such as 2 to d-in, concrete floor, Group E wall,

H = Heavyweight construction, such as 6 Lo 8-in. concrete Noor, Group C wall.

Cooling Load Factors (CLF) for Glass Without Interjor Shading,
In North Latitude Spaces Having Uncarpeted Floors

Room Solar Time
Dir. Mass 0100 0200 0300 0400 0500 0600 0700 0300 (900 1000 1100 1200 1300 1400 1300 1600 1700 1800 1900 2000 2100 2200 1300 2400
L 00 .00 00 00 01 &4 73 74 31 BB 8% 98 98 .94 88 79 .79 .85 3 .12 .4 .02 .01 00
N M 12 .09 07 06 05 .33 45 531 .61 .69 .76 .62 85 .86 B85 81 .80 .70 .60 .43 .32 4019 L8
H 240021 19 08 18 43 48 81 .56 .81 .66 .71 23 7473 7t 71 62 .51 42 .36 A2 .9 26
L 00 00 00 00 01 .51 .8} .88 .72 .47 .33 .27 24 .23 20 08 14 09 03 01 .00 .00 00 .00
NE M 03 02 .62 02 .02 24 45 .57 8 49 4] .36 32029 .27 24 2 07 .13 .10 .07 06 05 04
H .08 07 07 06 06 27 43 49 45 37 32 29 .28 .27 26 .24 .22 19 .16 4 12 11 .10 .09
L 00 00 00 00 00 42 76 91 %0 .75 .51 30 .22 .18 .16 .13 07 02 01 00 00 00 .00
E M 03 .02 .02 .02 00 20 41 .57 .65 .64 55 .44 360 .31 .26 .23 .19 .16 12 .09 .07 06 04 04
H 08 08 07 .08 06 .24 .40 .50 .83 .0 41 .33 J0 280 26 .24 22 19 .16 .14 .13 Al 10 09
L 00 00 00 00 00 27 .58 LB1 .93 93 .81 .59 37 .27 210 18 4 0% 03 .01 .00 00 00 00
SE M .M 03 02 02 02 .13 .31 4B .62 69 .69 .61 S0 4l 3§ 30 25 20 .15 .12 .09 .07 .06 0%
H .10 .09 08 .08 .07 18 .32 .45 .53 86 .84 .47 .39 3532029 .26 .23 .19 .17 S L4 g2 1
L 00 00 00 00 00 07 1523 .39 .62 82 .94 .93 .30 .19 A8 26 16 06 02 01 .00 00 .00
s M 05 04 04 03 02 .05 09 .14 24 35 .83 .65 J2 71 63 52 42 33 24 .18 14 .11 .09 07
H 13 .12 00 .9 .09 .1t .14 37 2% 36 .47 5% .58 56 49 41 36 30 25 . 19 a7 L6 .14
L L0 00 00 00 00 04 09 13 .16 .19 23 .3 62 .82 94 94 81 84 .19 07 .03 .0l 00 00
SW M 08 07 .05 04 03 05 W07 .09 .02 50 17 .26 40 54 86 73 .72 61 43 31 2307 .y L0
H A5 L1402 10 10 L1 .12 14 15 17 LB 26 37 4B 56 59 87 47 1) .17 23 .21 A9 .17
L 00 .00 00 00 00 .03 .07 .00 13 LIS .16 08 .31 S5 L7882 93 T3 25 10 .4 0L .01 .00
w M 08 07 05 04 4 04 06 .08 0,12 13 1S 2F .35 50 .63 .71 .67 46 .33 240 08 L1411
H d4 13 02 001 0 00 a1 .02 N N L T ] 2133 45 %4 58 52 33 26 22 .19 I8 16
L 00 00 .00 .00 .00 .04 .09 .14 .17 20 .22 .23 24 .3 53 78 92 Bl .28 .10 .04 .02 .01 .00
NW M 08 06 .05 .04 .03 .05 .07 P [+ IS i TS 1 TS o B 20 .24 36 51 64 66 46 32 1. AT 03 L0
H A3 12 01 0 0% 10 a2 3 185 .16 .17 .18 A9 .23 33 46 55 53 .33 .35 . A8 16 18
L 00 .00 .00 00 00 .08 .25 .45 .64 80 .91 .97 97 91 80 84 44 23 08 .03 01 .00 00 .00
Hor. M .07 06 05 .04 .03 D06 .14 .28 40 53 &4 T J8 80 77 70 .59 45 .33 .M A9 4 1) 09
H A6 L1513 12 10 13 .20 29 .39 .48 .56 .61 .65 &5 83 .57 49 40 .32 .28 .25 2220 1B

Values for rominal 15 ft x 13 [ x 10 f1. high space, with ceiling, and 50% or less glass
in exposed surface at listed orientation.

L = Lightweight construction, such as 1-in. wood floor, Group G wall,

M = Mediumweight construction, such as 2 Lo 4-in, concrete foor, Group E wall.

H = Heavyweight construction, such as § to 8-in, concrete Mooe, Group C wall,

o
NUTNIN : American Society of Heating, Refrigeranting and Air-Conditioning Engineering, Inc.,

(1989 ASHRAE Handbock Fundamentals I-P Edition, 1988)
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meal 28 usmih CLF dwiunseenitfigunecitiuanimiluzams Refectve
ussHeat absorbing glass)

Cooling Load Factors (CLF) for Glass with Interier Shading, North Latitudes
(All Roem Constructions)

Fenes-
tration
Facing Solar Time, h

0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2100 1300 2400
N 0.08 0.07 0.06 0.06 0.0? 0,73 0.66 0.65 0.73 0.80 0.86 0.89 0.89 0.86 0.82 0.75 0.78 0.9 0.24 0.I18 0.1 0.13 0.11 0.10
NNE 0.03 0.03 0.02 0.02 0.03 0.64 0.77 0.62 0.42 0.37 0.37 0.37 0.36 0,35 0.32 0.28 0.23 0.17 (.08 0.07 0.06 0.05 0.04 0.04
NE 0.03 0,02 0.02 0.02 0.02 0.56 0.76 0.74 0.58 0.37 0.29 0.27 0.26 0.24 0.22 0,20 0.16 0.12 0.06 0.05 0.04 0.04 0.0} 0.03
ENE : 0.03 0.02 0.02 0.02 0.0 0.52 0.76 0.80 0.71 0.52 0.3] 0.26 0.24 0.22 0.20 0.18 0.15 0.11 0.06 0.05 0.04 0.04 0.03 0.0.3
E 0.03 0.02 0.02 0,02 0.02 0,47 0.72 0.80 0,76 0.62 0.4] 0.27 0.24 0.22 0.20 0.17 0.14 0,11 0.06 0,05 0.05 0.04 0.03 0.02
ESE 0.03 0,03 0,02 0.02 0.02 0.4] 0,67 0.7¢ 0.80 0.72 0,54 0.34 0.27 0.24 0.21 0.19 0.15 6.!2 0.07 0.06 0.05 0.04 0.04 0.03
SE 0.0} 0.03 0.0z 0.02 0.0 0.30 0.57 0.74 0.81 0.79 ‘0.65 0.49 0.3 0.28 0.25 0.22 0.18 0.13 0.08 0.07 0.06 0.05 0.04 0.04
SSE 0.04 0.03 0.03 0.03 0.02 0.2 0.31 0.54 0.72 0.81 0.81 0.71 0.54 0,38 0,32 0.27 0.22 0.16 0.09 0.08 0.07 0.06 0.05 0.04
) 0.04 0,04 0.03 0.03 0,03 0.09 0.16 0,23 0,38 0,58 0.75 0.83 0.80 0.88 0.50 0.35 0.27 0.19 0.1l 0.09 0.08 0.07 0.06 0.05
55w 0.05 0.04 0,04 0,03 0.03 0.09 0.14 0.18 0.22 0.27 0.43 0.63 0.78 0.84 0.80 0.66 0.46 0.25 0.13 0.11 0.09 0.08 0.07 0.06
5w 0.05 0.05 0.04 0.04 0.03 0.07 0.11 0.14 0.16 0.1%9 0.22 0.38 0.5% 0.75 0.83 0.3l 0.65 0.45 0.56 0.I2 0.10 0.09 0.07 0.06
WIW 0.05 0.05 0.04 0.04 0.03 0.07 0.10 0.12 0.14 0,16 0.17 0.23 0.44 0.64 0.78 0.84 0,78 0.55 0,16 0,12 0,10 0.0% 0.07 0.06
w 0.05 0.05 0.04 0.04 0.03 0.06 0.09 0.11 0.13 0.15 0.16 0.17 0.31 0.53 0,72 0.R2 0.81 0.61 0.16 0.12 0,10 0.08 0,07 0.06
WNW 0.05 0.05 0.04 0.03 0.03 0.07 0.10 0.12 8,14 0.16 0.17 Q.18 0.22 0,43 0.65 0,80 0.84 0.66 0.16 0.12 0.10 0.08 0.07 0.06
NW 0.08 0.04 004 .03 0.03 G.OT 0.0 O.14 0T 019 0.20 0.21 0.22 030 0.52 0.73 0.82 0.69 0.16 012 0.10 0.08 0.07 0.06
NNW 0.05 0.05 0.04 0.03 0.03 0.11 0.17 0.22 0.26 0,30 ¢.32 0.33 0.34 0.34 0.39 0.61 0.82 0.76 0.17 0.12 0.10 0.08 0.07 0,08
HOR. 0.06 0.05 0.04 0.04 0.03 0.12 0.27 0.44 0.59 0.72 0.8] 0.85 0.85 0.81 0.71 0.58 0.42 0.25 0.14 0.12 0.10 0.08 0.07 0.06

#u'wln : American Society of Heating, Refrigeranting and Air-Conditioning Engineering, Inc.,

{1989 ASHRAE Handbook Fundamentals |-P Edition, 1989)




MIUT 2.9 usne Design Values of a and b 85 Cooling Load Factors for Lighting

Design Values of o

a Furnishings Air Supply Type of
and Return Light Fixture
0.45  Heavyweight, Low rate; supply Recessed,
simple furnish- and return below not vented

ings, no carpet ceiling (V€0.5p

0.55  Ordinary furni- Medium to high ven- Recessed,
ture, no carpet tilation rate; not vented
supply and return
below ceiling or
through ceiling grill
and space (F»0.5)

0.65  OQudinary furni- Medium to high ven- Vented
ture, with or  tilation rate or fan .
without carpet coil or induction type

air-conditioning
terminal unit; supply
through ceiling or
wall diffuser;

return around light
fistures and through
ceiling space.

(V0.5
0.75 or  Any type of Ducted returns Vented or free-
greater  furniture through light hanging in air
fixtures stream with

ducted returns

¥ Is room air supply rate in cfm/ft? of Roor area.

Dcsign Values of &

Room Envelope Room Air Circulation and
Construction? Type of Supply and Return®
(mess of Moor aren, ib/1')  Low Medium High Very High

2-in. Wood Floor (10} B A A A
3-in. Concrete Floor (40) B B B A
6-in, Concrete Floor (75) Cc C 9§~ B
8-in, Concrete Floor (120) D D C C
I2-in. Concrete Floor (160) D D D D

*Floor covered with carpet and rubber pad; for a floor covered only with floor
tile take next classification to the right in the same row.

BLow: Low ventilation rate-—minimum required to cope with cooling load from
lights and occupants in‘interior zone. Supply through Moor, wall or ceiling dif-
fuser. Ceiling space not vented and A = 0.4 Biu/h« fi2« °F {where A =« jnside sur-
face convection coefficient used in calculation of &,

Medium: Medium ventiltation rate, supply through floor, wall or ceiling dif-
fuser, Ceiling space not vented and A = 0.6 Btu/h- 12« *F.

High: Room air circulntion induced by primary air of induction unit or by fan
coil unit. Return through ceiling space and & = 0.8 Blu/h-fi+ *F,

Yery High: High room air circulation used 1o minimize temperature gradients
in @ reom. Retura through ceiling space and A = |.2 Btush-fi2-*F,

I _
MU : American Society of Heating, Refrigeranting and Air-Conditioning Engineering, Inc.,
(1989 ASHRAE Handbook Fundamentals I-P Edlition, 1989)




m519M 2.10 uaMas Cooling Load Factors for Lighting

Cooling Load Factors When Lights Are on for 8 Hours
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0.12
o.13
0.9
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Cooling Load Factors When Lights Are on for 10 Hours
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Cooling Load Factors When Lights
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N{IRN : American Society of Heating, Refrigeranting and Air-Conditioning Engineering, inc.,
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Cooling Load Factors When Lights Are on for 14 Hours
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0.14

0.12
0
0.7
o.m

.09
0.8
0.12
0.24

0,07
0.14
0.17
0.8

0.05
0.10
002
0.13

.00
0.20
0.25
0.28

o0.08
0.16
0.21
0.23

0.08
0.1
0.16
0,18

0.0¢

0.11
0.13

Cooling Load Factors When Lights Ave on for 1§ Hours

ll.llcwf"

fMiclenty

Y. e
iflestion

Number of boury sfter lighla aee turned on
5 (] 7 ] ¥y 19 1 2 13 14 [¢]

1]

17

2

11

0.63

0.7

A

Uhw>» UNe> onw>» gawn

0.12
0.23
0.2
o

0.10
0.19
0.24
0.7

0.07
.15
018
0.20

0.05
o1l
0.13
0.4

0.54
0,66
0.72
0.7%
0.63
0.2
0.77

-0.00

0.7)
0.78
0.2
0.H

o™
0.35
0.87
0.8y

0.63
0.69
0.74
0.76

0.7¢
0.75
079
2%

orn
[ H
0.8
043

o8
.54
.58
0.89

0.70
0.722
0.75
on

0.7
.77
0.80
0.81
041
0.82
084
a.55

(X
0.37
o
0.39

0.76
0.75
0.77
.77

011
0.0
0.61
0.42

0.35
0.84
0.55
0.06

X
0.1
0.
.90

0.8l 035 088 0.9 092 0% 0.9 0% 097 0.97 0.9
078 080 082 044 035 0BT 085 0N 0% 09 052
078 040 O8Nl 042 08) 084 045 086 057 0. 043
078 0.7 079 080 0.1 08 042 0.8 08 0.8 O

084 007 030 097 091 035 0% 097 047 098 0.0
0.52 084 085 087 0.8 08 050 09 092 091 0.4
0402 0483 03 095 086 057 083 084 089 050 0.9
082 08) 081 084 0354 085 035 086 0.8 086 087

OB 090 052 054 095 0.9 097 097 098 098 0.9
0.86 007 088 0.9 09 052 092 055 0.9 054 0.9
086 047 08 009 0.BF 0.90 090 0.9 05 097 093
0.06 047 087 047 035 081 038 089 049 039 0.50

091 083 0% 055 09 097 038 098 0985 0.9 099
0% 091 091 093 05 094 055 095 0.9 09 0,9
050 091 0% 092 092 093 093 0% 054 094 095
090 0.9 091 051 091 081 092 092 052 092 0.9

0.9
0.9}
.89
0.84

0.99
0.54
0.91
0.5

0.99
0.9
0.9
0.%0

[ ]
0.97
0.95
0.9]

0.34
0.49
0.45
0.40

0.44
0.40
0.37
0.33

0.4)
o4
0,42
0,39

0.3
0.36
0.4
0.32

027

o
0.25

0.0
0.20
0.19
0.1%

0.34
0.9
0.)%
0.37

0.28
012
0.2
0.3

0.22
0.23
0.2%
0.24

0.16
0.8
0.1%
0,17

0.28
0.33
0.7
0.36

0.2]
0.9

0.3

0.1t
01
0.24
0.2}

0.3
0.6
0.7
0.17

0.2}
0.3
0.35
0.35

0.18
0.26
0.29
0.29

0.4

0.22
0.22

0.10
0.13
0.16
0.1§

Q.18
0.1
0.31
0.34

015
0.24
0.27
0.28

0.1z
0.11
0.21
0.22

0.08
o.n
@15
0.18

0.1%
0.26
0.31
0.3

0,12
0.21
0.2%
o0.27

0.0
Q.16

0.1
0.07
012

0.14
0.1%

CLF = 1.0 when cooling system operates only during occupied hours or when lights are on 24 h/day,

#m'ﬂn : American Society of Heating, Refrigeranting and Alr-Conditioning Engineering, Inc.,

(1989 ASHRAE Handbook Fundamentals I-P Edition, 1988)
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M919M 2.12 uamash Sensible Heat Cooling Load Factors for People

Sensible Heat Cooling Load Factors for People
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Hours Afur Esch Entry Jato Spuce

Totsl houts
n space 1 1 3 4 $ [] 1 § b 14 11 13 13 W 13 16 17 i3 1% 20 2 1 13 4
2 049 038 017 0.3 0.10 608 €07 008 005 004 0.04 0.0} 0.0} 002 002 002 002 001 001 00! 001 001 001 001
4 049 0,59 086 07 027 021 016 004 011 0.0 008 0.07 006 008 0.05 004 00«4 003 003 003 00 0.02 9.02 0.0l
L) 050 060 067 07 0.7 079 0.4 02 021 0.5 0.8 013 01l 0.0 008 0.07 0.06 0.06 005 004 0.04 0.03 0,03 0.0
[ 051 061 657 072 075 040 082 084 OM 030 025 021 048 0.5 043 042 0.10 009 0.4 007 0.0 005 005 0.0¢
10 0.53 041 089 074 077 080 08) 085 087 049 042 034 0N 023 020 017 015 013 0.1 040 009 008 007 004
12 035 044 070 075 079 OBl 034 0.85 ORF 099 09 092 045 0.3 030 02§ 02F 049 016 0.4 012 011 000 008
14 050 066 0.22 077 080 043 085 047 O 090 091 092 09 0.9 047 08 031 02 01 030 01T 045 013 0.1
16 0.61 0.7 075 079 082 085 047 08 090 051 052 091 0.9 091 095 0 049 0.3% 033 038 024 020 013 0,16
18 066 0.T4 079 042 045 087 083 05 092 08 0% OM 085 0.9 0.9 097 0.9 097 0.3 040 033 028 024 021

CLF = 1,0 for systems shut down #t night and for high otenpant densities such a3 in theniess and auditoriums,

#mﬂn : American Society of Heating, Refrigeranting and Air-Conditioning Engineering, Inc.,

(1988 ASHRAE Handbook Fundamentals I-P Edition, 1989)
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N1 : American Society of Heating,

Inc

3N 2.13 ( AB) LEMF Heat Gain from Appliances

Rate of Heat Gain from Selected Office Eqaipment

189

Mazimem jopei Standly lnpat lod Rate

Appllance Size Ratlog, W * ltnlg:.,w > w“v
Check processing work station 12 pockets 4800 2450 2460
Compuler deviers
Card puncher - 80010 1800 540 10 §410 4010 14)p
Card reader - 1200 1520 1520
Communicstion/iransmisslon - 1800 10 4600 16480 10 2010 164010 281
Disk drives/mass storuge - 1000 1o 10000 1000 to 6570 1000 1o 657y
Magnetic ink reader - 960 10 4700 760 10 4220 6010 42
Microcomputer 16 to 640 Kbyee* 100 1o 600 10 530 90 10 530
Minicomputer -_ 200 10 6600 1200 to 6600 2200 to
Optica reader - 3000 to 6000 2350 10 4980 2350 10 49
Plotters - 75 7 63
Priaters
Letter quality 30 to 45 char/min 330 178 292
Line, high speed 3000 or more lines/min 1600 10 3300 300 10 2530 730 w 2840
Line, low speed 30010 600 lines/min 430 22% 176
Tape drives - £200 10 6500 1000 10 4700 100010 4709
Terminal —_— 90 10 200 830 180 801to 180
Coplers/Duplicators
Blue print —_ 1130 10 12300 300 to 5000 1150 to 12300
Copiers (large) 30 10 §7* copies/min 1700 10 6600 900 1700 1o &80y
Copicrs (smali) 6 10 30" copies/min 460 to 1700 300 10 900 460 10 1709
Feeder — 30 - 30
Microfilm printer - 450 — 4350
Sorterscollntor - 60 10 800 - &0 to 600
Electronic Equipment
Casgette recorders/players - 60 - 60
Receiver/tuner : - 100 - 100 |
Signal analyzer — 25 10 650 —_ 25 to 630
Mailprocessing
Folding machine —_ 125 —_ 80 .
Inserting machine ) 3600 Lo 6800 pleces/h 600 to 1300 -— 19010 21% ,
Labeling machine 1500 to 30000 piccessh 80010 6600 —_ 390 10 4300 :
Fostage meter —_— 230 — 150 '
Wordprocessors/Typawrliers |
Letter quality printer 3010 45 char/min 350 175 292
Phototypesetter - 1725 - 1520
Typewriter —_ 80 —_ 67
Wordprocessor —_ 10010 600 -— B810 530 )
Yending machines
Cigarette —_ 12 15to 25 72
Cold food/beverage —_ 11500 1920 - $75 1o 960
Hot beverage - 1725 -— 862
Snack - 240 10 275 - 240 10 275
Miscelluneous
Barcode printer —_ 440 —_ N0
Cash register - 0 - 48
Coffee maker 10 cups 1300 1030 sensible

430 Intent
Microfiche reader - a5 - 85
Microfilm reader - 520 — 520
Microfilm reader/printer - 150 - t150
Microwave oven 8L 600 - 400
Paper shiedder - 250 10 3000 - 200 (o 2420 ’
Water cooler JOL/h 700 —_ 1780

“Input is not proporiional to eapacity.

Refrigeranting and Air-

Conditioning Engineering,
. (1993 ASHRAE Handbook Fundamentals S} Edition, 1993)
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Sensible Heat Cooling Load Factors for Appliances—Hooded

190

Tots! Operaiionsl

Houry Hours afur spptiseces are on
lzJ4s¢1|guuuunuunuwmunuu
z 0.7 040 021 018 014 Ol 009 008 007 0.06 0.05 004 054 001 003 0.07 002 002 002 002 001 001 001 0.0
4 0.1 041 051 059 039 0.0 024 019 016 004 0.2 0.0 009 0.4 007 0.0 005 005 004 004 003 003 0.03 o007
6 0¥ 04 032 0.9 085 0.7 o4 037 0.3 025 02 0.1 0.4 0.4 012 o011 00y 0.08 007 006 0.05 007 0.04 0.04
5 031 044 034 06 066 071 075 078 035 043 035 030 023 022 014 g1 0.14 0.13 01l 010 00 007 006 008
1o 0.1 04 011 062 08 072 076 079 031 0M 060 048 039 03] 038 026 021 0.8 006 0.4 042 0.1 0.0 008
1 038 049 038 064 00 074 077 080 0N ON5 047 OB 064 031 042 06 030 026 023 020 O3 015 01) 0.2
1a 040 0352 041 067 07 076 019 042 OBL 086 048 0.0 091 092 067 o084 045 038 022 0u 02 021 019 0.6
16 045 0ST 065 070 075 078 08t 084 004 087 O 080 092 09 09 08¢ 068 0358 046 039 034 0.9 025 022
1 052 043 07 075 o079 042 03¢ 0.6 0B OB 091 092 0% 0% 095 095 0.9 0.9% 071 038 048 04 033 0N

Sensible Heat Cooling Load Factors for Appliances—Unhooded
Totsl Operniionsl

Hours Hours afier spplinnces are on
1 ] J 4 5 7 L) * 0 11 11 13 14 15 15 17 1] 19 0 11 1 FA) M
2 0.56 0.64 015 o011 0.4 007 004 005 0.04 0.04 0.0} 0.03 002 002 002 0.02 0.01° 000 o.M 0.01 00! o0 o0 0.01
4 0.57 065 071 075 023 0.1 0!4 042 010 0.4 007 006 005 005 04 0N 0.0 0.03 0.02 002 0.02 0.02 001 o001
[] 037 0485 0 07 0.7 08 029 022 048 013 o0 01 ol0 oo 007 Q.06 0.06 005 004 0.04 003 001 0.03 002
8 038 08 072 07 o080 082 038 0487 03) 026 02) o.f 015 0.13 00l olo 0.09 008 0.07 006 005 o004 0. 0.0
19 060 048 071 077 08I 00 08 087 049 030 0.3 0.29 024 020 017 015 o0.13 0.11 010 008 0,07 o0.07 0.08 093
1z 062 08 075 079 041 0.M 0.3 o4 0.6 091 092 093 038 0N 025 021 0.8 016 0.4 0,12 041 0.9 0.0 .07
4 044 071 0.7 080 0.8) 0.85 087 089 090 092 09 093 094 095 040 032 0.7 0.1 019 017 ol5 0.0 o011 o010
16 O.67 074 079 041 045 047 059 090 091 092 097 0.9 095 056 0.5 097 042 04 028 024 020 008 0.5 ‘o)
18 0.71 0.7 082 045 0487 0.89 0.9 092 0% 09 0% 095 09% 0.9 0% 097 097 0.9 043 035 0.9 024 021 0.3

L

-ﬂmﬂn : American Soclety of Heating, Refrigeranting and Air-Conditioning Engineering, Inc.,

(1989 ASHRAE Handbook Fundamentals I-P Edition, 1989)
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Heat Gain from Typical Electric Motors

Locstion of Motor ang

Driven Equipment with

Respect 10 Conditloned
Space or Airstream

A

C

Motor Motor Motor Motor
Name- Fulf in, out, in,
plate Losd Driven Driven Driven
or Motor Equip. Equip- Equip-
Rated Effic- ment ment ment
. Horse- Nominat ency in in, in, out,
power (W) MolorType rpm % Watt  Wait  wage
0.05  (0.04) Shaded pole 1500 35 105 130 )
0.08 (0.06) Shaded Pole 1500 s 170 5% 110
0.125 (0.09) Shaded Pole 1500 a5 264 9 In
0.16 (0.12) Shaded Pole 1500 s 340 117 223
0.25 (0.19) Splitphase 1750 54 346 188 158
033 (0.25) Splitphase 1750 56 439 246 194
0.50 (0.37) Split phase 1750 60 621 in 249
0.73 (0.56) 3-Phase 1750 72 776 551 217
1 {0.75)  3-Phase 1750 15 993 M1 29
1.5 (I.L})  3-Phase 1750 7 1453 1119 334
2 (1.5)  3-Phage 1750 79 1887 1491  19¢
3 (2.2) 3-Phase 1750 8] 2763 2238 828
5 Q.7 3-Phase 1750 B2 4541 321 817
7.3 (5.6) 3-Phasze 1750 84 6651 5596 1066
10 (7.5)  3-Phase 1750 85 8160 7178 218
15 (1.2)  3-Phase 1750 86 13009 11192 1820
20 (14.9) _ 3.Phase 1750 87 17140 14913 2230
25 (18,6} 3.-Phase 1750 B8 21184 18635 2545
C 30 (22.4)  3-Phase 1750 89 25110 22370 2765
40 (30}  3-Phase 1750 89 33401 29835 3690
50 (37)  3-Phase 1750 89 41900 37210 4600
60 (45)  3-Phase 1750 8% 50395 44829 ss38
75 (56) 3-Phase 1750 90 62115 55962 6210
100 (75)  3-Phase 1750 90 82918 74719 8290
125 {93) 3.Phase 1730 90 103430 93172 10 342
150 (110}  3-Phase 1750 S 123060 111 925 11 075
200 (150)  3-Phase 1750 91 163 785 149 135 14 738
250 (190) 3-Phase 1750 91 204 805 186 346 18 430

ﬁu"mn : American Society of Heating, Refrigeranting and Air-

Conditioning €n

Inc., (1993 ASHRAE Handbook Fundamentais Si Edition, 1993)

gineering,

191



92 2.16 uRIAN Infitration Through Windows

{cfh por 1)

YRR WiND YRLOGITY,
or T
WINDOW DEBCRIFTION OF WiNDOW
4 T t/e 1
TOTAL FOR AVENAGE WIN-
DOW, NONWEATHIR-
BTRIPPED, 1/18 IN. CRACK
UBLE-HUNG | AND 3/84 IN. CLEARANCE 14 »
M
WOOD SASH [DITTO, WEATHERSTRIPPED a 24
(uNnLOCKED) | TOTAL FOR POORLY FITTED
. WINDOW, MONWEATHEN-
STRIPPED, 3/32 [N. CRACK
AND 3/32 IN, CLEARANCE a8 111
DITTO, WEATHERSTRIPPED t3 b7 ]
NOMWEATHEIRSTRIFPPED,
DOUBLE-HUNG|LOGKED................ 3 0
NONWEATHERBTRIFFED,
METAL UMLOCKED ........ tererenens o a4 74
BASH WEIATHERSTRIPPED,
UNLOCKED ....iivuineerayens 13 32
ROLLED INDUSTRIAL FIVOTED, 118
By CRACK. o iniisirness 8o 178
SECTION ARCHITECTURAL PRO-
JECTED, /64 IN, CRACK 36 a8
STREL RESIDENTIAL CASEMENT,
1/32 IN. CRACK, ciuviiiinis a3 ua
han HEAVY CASEMENT SEC.
TION. PROJECTED t/32
IN, CRACK ........ “sen
11} 38

* Cubic feet of air per hour per lineal foot of crack.

Data

RuprintedBIszermiuion from ASHRAE, 1965 Guide and

#mﬂnn : TRANE, TRANE AIR CONDITIONING MANUAL, pp.375.
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RTWN 2,17 LAIMIAN Outdoor Air Requirements’

CFfm
PrER

CFu PER |rT OF

renson? | ruocon
AFPLICATION SMOKING
REC- | Ming:| mimg.
coMm- | Mmum? mum?
MEND
[{.]
APARTMENT
AVERAGE ..ccoicvrivnenees | BOME..ouinerenne. |20 10
DELUXL....., e | BOMK...... wrersns §2O 10
BANKING EPACE, + | OCCARBIONAL ... [10 7Y ...
BARBER SHOPS.,,,. . | CONSIDERABLE [18 10
BEAUTY PAALORS............ | OCCASIONAL... |10 ™a |......
BROKENS’ BOARD ROOME | VERY HEAYY ... [SO -
COCKTAIL BARS ....cvvininnn fuvneenrnennnnnes ee |40 Fs
CORRIDOAS (BUPPLY OR
EXHAUBST) coceuivicennesns | sonmnennn ssonsasnitr faranes [eenere |O.28
DEPARTMENT STORE NONE .1 iiinnnae wjTV | B 0.085
DIRECTORS® ROOMS ......... | EXTREMEK...... “ [SO 20 ... .

DRUG sTomEs®,, .

FACTORIES'" . el 0.10
FIVE AND TEN CENT

BTORES .overannrnneninnsn
FUNERAL PARLOAS ........
GARAGESY,.........eeernrans 1.0
HOSPITALS

QPERATING ROODMS*" 2.0

PRIVATE ROOMS,....... .33

WARDS ...ovuviniinnenarses
HOTEL ROOMS ..ivviunrnann. 0.33
KITCHENS

RESTAURANT............ reesan JlR

RESIDENCE ,uuunnsrnseas vees [2.0
LABGRATORIESS.............. s ...
MEETING ROOMS............. |VERY HEAYY ... [SO e 1.28
orrFICEs

GENERAL.......,. BOME. . visrerranan 15 10 veees

INoNK ........... |28 19 0.258

PRIVATE .overeranansen COMSIDERABRLE |30 P8  |oa2s
RESTAURANTS

CAFETERIAY .. civvieneen. |CONSIDERABLE {12 to

oiNiNg moomd.......... [consipEraBLE |18 12
SCHOOLAGOMS®.............. |NONE..... FETa TP M. .
SHOP, RETAIL. siseen |NOWE ..., 10 ™V . eeen-
THEATER® ... vhririineeenns | NONE 7% | B 3.
THEATER ..ooirinnnraineanens w |some... 8 10
TOILETS! (EXHAUST),,...... ennaees O S X

! Takan from present-dey practice.

193

2 This is contaminant-free air.

3> When minimum is used, take the larger of the two.

* See local codes which may govern.

* May be governed by exhaust.

‘x;y be governed by special scurces of contamination or local

ef,
7 All outside air recommended to overcome explosion hazard
of enesthelics.

g:g;inud by permission from 1965 ASHRAE Guide and Data”

#mmn : TRANE, TRANE AIR CONDITIONING MANUAL, pp.375.
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19199 218 WAaAY Over-all Heat Transfor Coefficient (U) for Ductwork

DESCRIPTION OF DUCTWORK u
SHEET METAL, NOT INSULATED 1.18
$/2 IN. THICK INBULATION SBOARD WITH OR
WITHOUT BHEET METAL 0.38
1 u;d. DITTO 0.2z
1 1f2 IN, DITTO .18
2 IN. DITTD o.12

finman TRANE, TRANE AIR CONDITIONING MANUAL, pp.373.
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TOTAL COOLING LOAD [ APR )

21.00 200 2.00 24.00

16.00 m.oo

5.00 .00 T B.00 9.00 10.00 11.00 1200 13.00 14.00 15.00 16.00 17.00 1800

200

1.00

C roof1 [ piehed roof )

Q. oul-2 { concrete stab )

Q. Wal-N1

Q. Wall- N2

1287

2445 2445 a0 2385 2325 2148 907

1438 1368 1248 128 1009 1) 1006 1188 1488 1787 2086 2256 2385

1607

Q, Wai-£1

G wakg2

Q. wel-51

Q. War-s2

Q. wai-wt

Q. waiwe

G Gass-51 ( conduction }

Q Giazs-N1 { conduction )

2426 =13 s

3180

4312 “n 834 3557

4312

4173

1671 ' 1482 1204 1264 1204 1204 1671 2048 2426 2881 3369 I3

1860

Q Glass-£1 { conduction )

Q. Glayy-W1 { comduction *
Q. Glass-51 ( ractigtion }

C. Glazs-N1 { radtiztion )

73

5667 5152 4379 3508 2833 1545 1283 1263 1030

5182

15712 10861

19576

18548 20606

515 515 515 12106

55

Q Glage-E1 { radiation )

Q Glass-W1 { mcrtation )
Q Do

F{ ]

.

148

183

233

220

218

78

It

78

78

Q. Pantition-N

Q. Partlion-E

5

1536

405

767
4530 435 423 3485
11308

750
1198

470

215

1204
10

232

249
1394
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