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din 3) anAnsndamiliaruangaugiinnalulii 75°FDB 50%RH TasainAnieuanaanuuuet® 100°FDB
60%RH ANsaunnIlinlueAsAaAnsbeaududa 125,000 Btuh uamifluaoiufauues 22,000 Btuhr 1N
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da 4 aeAurnuniszAiiy Bundaiuuasuiinfnsesemsfidnsuan@eels sruudiuenniAeesanans
191 10l Ineidiasnuundall

_fida latitude 32 °N a1TiBiaeNNsA AL 15.00 . (ABULEEY

- gruugieaniuuniely 74 °Fdb 50%RH

- AUANAANULLAEWAN 100°Fdb 87°Fwb WAz 20°F daily range

q U
v 1

- udshufluuuudenedgaiuyu wu 4 2 (dnetlu group F A1 U = 0.419 Btuh € °F ) fifluit 150
mauenm A
- u¥snaflunszansssuan (ordinary) un 0.25 79 1ﬁﬁqﬂﬂsrﬁﬁqmevammluuazmﬂuﬂn FuTiwtinsing
93 250 ft’
- fiminTassasaenens 70 IbAE Mudias
nuualii CLTD,,, =[(CLTD+LM)k+(78-Ti)+(Toa-85)]f Amiumiiaiiu
CLTD,,, =CLTD+(78-Ti)+(Toa-85) & wiunszan



¥ < dl v a v a v a o dd’ o d”

38 5.1) AININTTANNEIUANAUN LELEN9T9a N ANAN Teludu TnelRaulasa
NUNRIALTANTNLUINNIN 91193 30 AL TAEIENI1981 9.00 W WATIANIIUINAT 18.00 U.
NENUIHLEANINZABINIU AU 40 AL TAENIUIAT 13.00 1 LAZIANIN49487 22.00 1.

gnAmnlitinieanua 100 Au Taedinunluineassw@udinTstiudu 1wan 11.00 1. uareaniaal 14.00 w.
Wi n1szAuiiuy 19an 16.00 .
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da 5.2) 2an1A17zAMNEIRAINLEIaI9 T aalae N Maulass

- AnMUza8Ifiad : Ordinary furniture 8NN

1 a ] Ao v a 1

- N1 AN TALLABYIAMEANT HN13A8ANLLLLNBNANS

“ipaa9tANLTLLLUL Recessed

- 419U watt MNrIvaaanglasalIusiAe 2,500 watt

- Taeas1saaatiaslunmiiniaas 120 lo/ft

- nsldeunaanli - Eudlaianus a0 8.00 w. Taan 18.00 u.

131 n9zANLELIa1 17.00 W,




fin 6.1) unudsnaBuvisuansaalugtl linawuaauiavieasifiu Taedsnis Equal friction taaiiReulaaall
vadntanidnsiniunniaane® 2,000 cfm ANGITRIVIBWINTUAREAT 22 T uazituua i lden

friction Ioss'?i 0.1 in.WG /100 ft
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fin 6.2) WiAwaw nsgayidaadnsuluvia A-G mugl TaaiGeulasialli

ia AB,BC Hauna 40" , via CD uay DE fauna 30", via EF Haue 26" waz FG Hawn 20

v 1
Elbow 90° YiausaiAn /D = 1.5 uaziransanidnsviniuyniaans 2,500 cfm

30°

AHU




Cooling-load temperature differentials (CLTD) for calculating
cooling load from sunlit walls (°F)22

Selar Time, be
1 2 3 4 5 6 7 8 9 10 11 12 13 M 1S M 17 18 19 2B 21 2 13 M
Nerth Lotionde
Wall Faclag Geoup A Walls
N 14 14 4 13 13 13 12 12 11 11 1w 10 10 W0 10 10 11 11 12 12 13 13 14 4
NE 9 19 19 18 17 17 16 15 1S 15 15 15 16 16 17 18 18 18 19 1% 20 20 20 2
E 24 24 23 23 2 21 20 19 19 1@ 19 19 20 21 22 23 24 24 25 25 28 25 25 28
SE 4 23 B3 2 211 20 20 19 13 13 18 18 18 19 20 21 2 B B U U U U U
S 20 20 19 19 18 18 17 16 16 1S 14 14 14 14 4 1S 16 17 18 19 I 20 20 22
Sw 25 25 25 U4 24 23 22 21 20 19 19 18 17 17 17 17 18 19 20 2 23 24 25 25
w 27 27 2% 26 25 U 24U 23 212 21 20 19 19 13 18 18 18 19 20 22 2 25 26 26
NW 210 021 21 20 20 19 19 8 17 16 16 15 IS 14 14 14 IS 1S 16 17 18 19 20 2
Group B Walls
N 1S 14 14 13 12 1 1 10 9 9 9 3 9 9 9 10 11 12 13 4 4 1S 15 IS
NE 19 18 17 16 1S M4 13 12 12 13 14 1S 16 17 8 19 19 20 20 21 21 21 20 20
E 23 2 21 20 18 17 16 1S 1S 1S 17 19 21 2 U 28 2% 2% 27 27 W W 25 AU
SE 22 2 21 20 I8 17 16 i3 14 14 15 16 18 20 21 23 24 25 26 26 26 26 25 U
S 21 2 19 18 17 15 M4 13 12 11 oM o1 12 je 18 17 19 20 21 2 2 2 2
(3 27 26 235 24 2 21 19 18 16 15 14 14 13 13 14 15 17 20 2 25 27 28 28 28
w 2% 22 7 26 24 23 21 1% 18 17 16 15 M4 4 14 15 17 19 22 25 27 2 ¥ B
NW 23 2 21 20 19 18 17 15 14 13 12 12 12 1 12 12 13 15 17 19 21 2 2B B
Greap C Walls
N 1S 14 13 12 1 W 9 8 ] 7 7 ] 8 9 10 12 13 14 185 6 17 17 17 16
NE 19 17 16 14 13 11 10 10 11 13 15 17 19 20 21 2 2 3 2 23 3 2 ua N
E 2 21 19 17 15 14 12 12 14 16 19 22 25 27 2% 29 N W 30 29 28 27 28 AU
SE 2 21 19 17 1S 4 12 12 12 13 16 19 22 4 2% 28 29 29 ¥ 2 28 21 26 M
S 21 19 18 16 1S 13 12 10 9 9 9 10 1 14 17T 20 2 U 25 26 25 25 U
swW 29 7 25 2 20 18 6 1S 13 12 11 11 11 13 1S 18 2 26 29 32 33 3B 312 A
w 31 29 27 23 2 20 18 16 14 13 12 12 12 13 14 16 20 24 29 32 35 3 35 B3
NW 2 23 21 20 18 16 14 13 i1 10 0 10 10 11 12 13 15 18 22 28 27 1 27 2%
Greup D W
N 1S 13 12 10 9 7 6 6 6 6 6 7 gl 10 12 13 1S 17 18 19 19 19 18 16
NE 7 15 13 11 10 B 7 8 10 4 17 20 212\23 23 24 24 25 25 24 23 22 20 18
E 9 17 15 13 1t 9 & 9 12 17 2 27 ¥ ‘32 33 33 32 32 31 0 28 26 4
SE 2 17 15 13 11 10 8% 8 10 13 17 22 26 29 3 32 32 32 31 W B 26 U 22
S 19 17 15 13 1 9 ] 7 [ 6 7 9 12 16 20 24 27 29 29 ¥ 21 % U 22
SwW 22 25 2 19 16 14 12 10 9 L ] 8 8§ 10 12 16 21 27 32 36 38 38 37 M 3
w 31 27 24 21 18 15 13 11 10 9 9 9 10 11 14 18 24 30 36 40 41 40 38 M
NW 2% 2 19 17 14 12 10 9 3 7 1 8 9 10 12 14 18 2 27 31 312 RN B 2
Greup E Walls
N 12 10 ] 7 : § 4 3 4 b} 6 ? 9 1 13 15 17 19 20 21 23 20 18 16 4
NE B3 n 9 7 € 4 5 9 IS 20 24 25 25 26 26 26 26 26 25 24 22 19 17 15
E 4 312 10 &8 6 S 6 1t 18 26 33 3 38 37 3B 34 33 32 W 28 25 2 20
SE 15 12 10 8 7 5 S5 8 12 19 25 3 3% 37 3 3% M 33 3} 28 2 23 20 7
s 15 12 10 8 7 5 4 3 4 5 9 13 19 4 29 32 M 33 31 29 26 23 20 17
sw 2 13 15 12 10 ] 6 5 s 6 7 9 12 18 24 32 3B 43 45 44 4 3 30 26
w 25 21 17 14 1 9 ? 6 6 [ 7 9 11 14 20 27 36 43 49 49 45 O M 2
NW 20 17 14 1] 9 7 6 s s b] [] 8 10 13 16 20 26 32 37 38 36 32 28 24
Group F Walls
N ] 6 b 3 2 1 2 4 [ 7 9 Il 14 17 19 21 2 B 2 23 220 16 13 11
NE s 7 s 312 1 S 14 23 28 3 2% 28 21 1 1 21 2% U 2 19 16 13 1}
E 10 7 6 4 3 2 6 17 28 M 44 45 4 39 ¥ M 32 3N 27 24 21 17 1S n
SE 10 ? 6 4 3 3 4 10 19 28 3% 4 4 4 ¥ 36 34 31 28 25 21 18 15 12
S 10 ] 6 4 3 2 1 H 3 7T 13 20 27 34 38 ¥ 38 35 31 26 2 18 15 12
Sw 15 1 9 [ s 3 2 2 4 s 8 11 17 26 35 44 S0 53 52 45 31 2 23 18
w 17 13 10 7 L ] 4 3 3 4 6 8 11 14 20 28 39 49 57 60 5S4 43 M 27 21
NW 14 10 8 [3 4 3 2 2 3 3 8 10 13 15 21 27 35 42 46 4 3 28 2 18
Group G Walls
N 3 2 1 I | 2 7 8 9 12 1S 18 21 23 24 U 25 B 2 15 1N ] 7 5
NE 3 2 1 0 =-i 9 27 3% 3 35 3N 26 26 27 27 26 25 22 18 14 11 ¢ T 8
E 4 2 | 0 =1 11 31 4 54 S5 S0 4 3B 31 W 29 27 24 1% 15 12 10 & 6
SE 4 2 1 0 - S 18 32 & M 51 4 &£ W 32 0 27 24 19 1S 12 W0 8 6
S 4 2 1 0 -1 0 1 S 12 22 31 39 45 46 43 37 31 28 20 1S 12 10 ] S
swW S 4 3 1 o 0 2 s 8 12 16 26 38 S50 55 & 61 52 37 24 17 13 10 8
w [ b 3 2 1 1 2 s $ I 1S 19 1T 4 36 67 T2 61 48 29 20 15 11 L
NW 5 3 2 1 0 0 2 s 8 11 15 18 21 27 37 47 55 55 41 25 17 13 10 ?

Source: Reprinted from ASHRAE Handbook—1985 Fundamentals, with permission of the American Society of Heating. Refriger-
ating and Air-Conditioning Engineers. Atlanta. Ga.

“ See text material for corrections applied to table values.
" CLTD may be converted to centigrade by multiplying by %.
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CLTD correction for latitude and month applied to walls and roofs, north latitudes (°F)
NNE NE ENE E ESE SE SSE

Latitude Month N NNW NW WNW w WSW Sw SSW S HOR
24 Dec -5 =7 -9 -10 -7 -3 3 9 13 ~13
Jan/Nov -4 -6 -8 -9 ) -3 3 9 13 =11

Feb/Oct -4 -5 -6 -6 -3 ~1 3 7 10 -7

Mar/Sept -3 -4 -3 -3 -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 =3 -7 -10 ~11 -8 -3 2 9 12 -17
Jan/Nov -5 =7 -9 -11 - -8 —4 2 9 12 —-15

Feb/Oct —4 -6 -7 -8 -4 -2 4 8 11 -10

Mar/Sept -3 —4 -4 -4 -2 -1 3 5 7 -5

Apr/Aug -2 ~2 = | -2 4] -1 0 1 1 =]

May/July 1 1 1 0 0 = | =1 -3 -3 1

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 | . 4 7 10 -8

Apr/Aug -2 -3 -2 -2 0 0 2 3 4 -3

May/July 0 0 0 0 0 0 0 0 1 1

Jun 1 1 1 0 1 0 0 -1 | 2

48 Dec -6 -8 =11 —14 -13 -10 =3 2 6 =285
Jan/Nov -6 -8 =11 -13 —11 -8 | 5 8 -24

Feb/Oct —~$ -7 -10 -11 -8 =5 1 8 i -8

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/July 0 -1 0 0 1 1 3 3 4 0

Jun 1 1 2 1 2 1 2 2 3 2

Source: Reprinted from ASHRAE Handbook—1985 Fundamentals, with permission of the American Society of Heating, Refrigerating and Air-Condition-

ing Engineers, Atlanta, Ga.
Notes:

1. Corrections are in °F. The correction is applied directly to the CLTD for a roof or wall as well as given in Table 9-3 or 9-4.

2. The CLTD correction is not applicable to Table 9-10.
3. For south latitudes, replace January through December by July through June.
4. CLTD corrections may be converted to Celsius by multiplying by %.

Overall coefficients of heat transmission (U factors) of windows, sliding patio doors, and skylights for use in
peak load determination and mechanical equipment sizing only and not in any analysis of annual energy

usage, W/m2 - °C (Btu/hr-ft2-°F)

Part A. Exterior® Vertical Panels

Glass Outdoor Storm Sash
No Storm Sash 25-mm (1-in.) Alr Space®
No Shade indoor Shade No Shade indoor Shade
Winter Summer Winter Summer Winter Summer Winter Summer
Flat Glass*
Single Glass, 6.2(1.10) 5.9(1.04) 4.7(0.83) 4.6(0.81) 2.3(0.50) 2.8(0.50) 2.5(0.44) 2.8(0.49)
Insulating Glass, Double® .
5-mm (3/16-in.) air space' 3.5(0.62) 3.7(0.65) 3.0(0.52) 3.3(0.58) 2.1(0.37) 2.3(0.40) 1.7(0.29) 2.1(0.37)
6-mm (1/4-in.) air space’ 3.3(0.59) 3.5(0.61) 2.7(0.48) 3.1(0.55) 2.0(0.35) 2.2(0.39) 1.6(0.28) 2.0(0.36)
13-mm (1/2-in.) air space® 2.8(0.49) 3.2(0.56) 2.4(0.42) 3.0(0.52) 1.8(0.32) 2.2(0.39) 1.4(0.25) 2.1(0.30)
13-mm (1/2-in.) air space ’
low ‘emittance coating”
e = 0.60 2.4(0.43) 2.90.51) 2.2(0.38) 2.7(0.48) 1.7(0.30) 2.0(0.36) 1.4(0.24) 2.0(0.35)
e = 040 2.2(0.38) 2.6(0.48) 2.0(0.36) 2.5(0.43) 1.5(0.27) 1.9(0.39) 1.3(0.22) 1.8(0.35)
e = 0.20 1.8(0.32) 2.2(0.38) 1.7(0.30) 2.1(0.37) 1.4(0.24) 1.7(0.30) 1.1(0.20) 1.6(0.28)
Insulating Glass; Triple
6-mm (1/4-in.) air space' 2.2(0.39) 2.5(0.44) 1.8(0.31) 2.3(0.40) 1.5(0.27) 1.8(0.32) 1.3(0.22) 1.7(0.30)
13-mm (1/2-in. air sp:mc:ei 1.8(0.31) 2.2(0.39) 1.5(0.26) 2.0(0.36) 1.3(0.23) 1.8(0.31) 1.1(0.19) 1.7(0.29)



Shading coefficients for single glass and insulating glass?

A. Single Glass

Shading Coefficient

Nominal
Thickness” Solar f, = 4.0 Btu/(hr ft °F) f, = 3.0 Btu/(hr ft °F)
Type of Glass in. mm Transmittance or 23 W/(m? °C}) or 17 W/(m? °C)
Clear %3 32 0.84 1.00 1.00
Va 64 0.78 0.94 0.95
" 95 0.72 0.90 0.92
2 127 0.67 0.87 0.88
Heat Absorbing 73 32 0.64 0.83 0.85
V4 64 0.46 0.69 0.73
R 95 0.33 0.60 0.64
1% 127 0.24 0.53 0.58
B. Insulating Glass
Clear Out-Clear In Yge 32 0.71¢ 0.88 0.88
Clear Out—Clear In Ya 64 0.61 0.81 0.82
Heat Absorbing?
Out; Clear In Va 64 0.36 0.55 0.58

Source: Reprinted from ASHRAE Handbook—1985 Fundamentals, with permission of the American Society of Heating, Refrigerating and
Air-Conditioning Engineers, Atlanta, Ga.

“ Refers to factory-fabricated units with ¥, V4, or 2 ia. of air space or to prime windows plus storm sash.
b Refer to manufacturer’s literature for values.

« Thickness of each pane of glass, not thickness of assembled unit.

4 Refers to gray, bronze, and green tinted heat-absorbing float glass.
¢ Combined transmittance for assembled unit.

Cooling-load temperature differences (CLTD) for conduction through glass?

Solar Time, h 1| 2
CLTD
i 1 0
°F 1 0

3

=]
-1

5

-1
—2

6

=] =1
—2

7

—2

& 9

0 1
0 2

10 11
2 4
4 7

12 13 14
5 T 7
9 12 13

15 16
8 8
14 14

17 18
7 7
13 12

19 20 21 22 23 24

6 4 3 2 2 1
10 8 6 4 3 2

Source: Reprinted from ASHRAE Handbook—1985 Fundamentals, with permission of the American Society of Heating, Refrigerating and Air-Condition-
ing Engineers, Atlanta, Ga.
“ Corrections: The values in the table were calculated for an inside temperature of 78°F (25.5°C) and an outdoor maximum temperature of 95°F (35°C) with
an outdoor daily range of 21°F (11.5°C). The table remains approximately correct for other outdoor maximums, 93-102°F (33.8-38.8°C), and other outdoor
daily ranges, 16~34°F (8.9-18.9°C), provided the outdoor daily average temperature remains approximately 85°F (29.4°C). If the room air temperature is
different from 78°F (25.5°C) and the outdoor daily average temperature is different from 85°F (29.4°C), the following rules apply: (a) For room air
temperature less than 78°F (25.5°C), add the difference between 78°F (25.5°C) and room temperature; if greater than 78°F (25.5°C), subtract the difference.

(b) For outdoor daily average temperature less than 85°F (29.4°C), subtract the difference between 85°F (29.4°C) and the daily average temperature; if
greater than 85°F (29.4°C), add the difference.

Maximum solar heat gain factor (SHGF), Btu/hr-ft? for
sunlit glass, north latitudes

32Deg
E/

N NNE/ NE/ ENE/ ESE/ SE/ SSE/

(Shade) NW NW WNW W WSW SW SSW § HOR
Jan. 24 24 29 108 175 229 U9 250 46 176
Feb. 27 27 6s 149 205 242 48 22 21 21
Mar. 32 7 107 183 21 27 195 176 2352
Apr. 36 80 146 20 227 219 i87 141 115 27
May 38 111 170 208 20 199 138 9% 4 M
June a2 122 176 208 214 189 139 83 €0 2%
July 40 11 167 204 215 194 150 96 7 m
Aug. 37 79 141 195 219 210 181 136 11l 265
Sept. 33 3s 103 173 215 27 28 189 171 44
Oct. p 28 63 143 195 234 29 225 s 213
Nov. A 24 29 103 173 225 US 46 43 175
Dex. 2 22 2 84 162 218 246 252 252 158




Cooling-load factors (CLF) for glass without interior shading, north latitudes

Femes- Room
wation Con-
Facing  straction Solar Time, &

1 2 3 L) S El 7 1] 9 1 1 12 13 4 15 16 17 18 ¥ ¥ 21 I B M

0.17 0.14 0.1 0.09 008 033 042 048 056 063 071 076 080 032 082 079 075 0.84 0.61 048 038 031 025 €20
023 020 018 0.06 0.4 034 041 046 053 059 065 070 073 075 0 074 075 079 06t 050 04 036 031 027
025 023 02! 020 0.9. 038 045 049 055 060 065 06 072 072 072 070 070 075 057 046 0.3 034 031 028

006 005 004 003 003 026 043 047 044 041 040 0.39 039 035 036 033 030 026 020 016 0.13 010 008 007
009 0.08 007 006 006 024 033 042 039 037 037 036 036 036 034 033 030 027 0.2 048 016§ 01s 012 CI0
011 0.0 009 009 008 026 039 042 039 036 035 03 034 033 032 031 028 025 021 018 016 014 013 012

004 004 003 002 002 023 041 051 051 045 039 036 033 031 028 026 023 0.19 0.5 012 010 008 006 0035
0.07 006 0.06 005 004 021 036 044 045 040 036 033 031 030 028 026 023 021 017 015 013 011 0.09 0.08
009 008 008 0.07 007 023 037 044 044 039 034 031 029 027 026 024 022 020 0.7 014 013 012 o1l 010

004 003 003 0.02 002 021 040 052 057 053 045 039 034 031 028 025 022 0.8 0.4 012 0.09 008 0.06 0.05
007 006 005 005 004 020 035 045 049 047 041 036 033 030 028 026 023 020 017 014 012 011 009 008
0.09 009 008 0.07 007 022 036 046 049 045 038 033 030 027 025 023 021 019 016 034 013 012 011 010

004 003 0.03 002 002 019 037 0.51 057 057 030 042 037 032 029 025 022 0.49 015 012 010 008 006 0.05
0.07 006 006 005 005 0.18 033 044 030 051 046 039 035 031 02 026 023 021 017 015 013 0I1 010 008
0.09 009 008 008 007 020 034 045 049 049 043 036 032 029 026 024 022 019 047 0I5 013 012 611 0.10

0.05 004 003 003 002 0.7 034 049 0358 061 057 048 041 036 032 028 024 020 016 0.3 0.10 0.09 0.07 006
0.08 007 006 005 005 016 031 043 051 034 051 044 039 035 032 029 026 022 039 0.16 034 042 011 009
010 009 0.09 008 0.08 0.9 032 043 0350 0.52 049 041 036 032 029 026 024 021 018 016 014 0.13 012 0.1

0.05 0.0¢ 004 003 003 0.3 028 043 0.5 062 063 057 048 042 037 033 028 024 019 015 0.12 010 008 007
009 008 007 006 005 014 026 038 048 054 036 0351 045 040 036 033 029 025 021 018 016 014 012 0.0
.11 0.0 0.10 009 008 0C.1!7 028 040 049 053 0353 048 041 036 033 030 027 024 020 018 0.6 014 013 012

0.07 005 004 004 003 006 015 029 043 055 063 064 060 0352 045 040 035 029 023 018 015 0.12 010 008
0.1l 009 008 007 006 008 0.16 026 038 048 055 057 054 048 043 039 035 030 025 021 0.8 016 0.1 GI2
012 013 01! 010 0.09 0.2 019 029 04 049 054 055 051 044 039 035 031 027 023 020 0.13 Q.16 0.1 0.13

008 007 005 004 004 006 009 0.14 022 034 048 059 065 065 059 050 043 036 028 022 0.I8 015 012 0.10
012 011 009 008 007 008 011 0.14 025 031 042 0.52 057 0358 0.5 047 041 036 029 025 021 0.3 0.6 0.14
0.13 012 042 0.1 040 011 014 037 024 033 043 051 036 0.5 050 043 037 032 026 0.2 020 0.13 0.6 0.5

0.10 008 007 006 005 006 009 O0.31 0.5 019 027 039 052 08 067 065 0358 046 036 028 023 019 Q1S 012
014 032 011 009 008 009 011 0.33 015 018 025 035 046 055 059 059 053 044 035 030 025 02 019 016
015 0.4 013 012 01 012 014 0.6 0.8 021 027 037 046 0353 057 055 049 0.40 032 026 023 020 018 0.16

012 0.0 008 006 005 006 008 0.10 0.12 0.14 0.16 024 036 049 060 065 066 038 043 033 027 0.2 018 0.14
035 014 012 010 009 009 010 012 013 015 0.17 023 033 044 053 0358 059 0353 04! 033 028 024 021 0.18
015 014 013 012 011 012 013 034 0.6 017 019 025 034 044 052 0356 056 049 037 030 025 021 019 0.17

012 010 008 007 005 006 007 009 0.10 012 013 017 026 040 052 0.62 065 06! 044 034 027 0.2 0.18 0.15
015 013 012 010 009 009 0.0 0! 012 013 0.J4 017 024 035 046 054 058 055 042 034 028 024 021 0.18
Q.15 0.4 013 012 011 011 012 013 0.4 015 016 019 026 036 046 053 056 051 038 030 025 021 0.I9 0.17

0.12 010 008 006 0.05 006 007 008 010 011 032 014 020 032 045 057 064 061 0.44 034 027 0.2 018 014
015 013 011 010 009 009 009 030 04! 012 0.3 014 0.19 029 040 050 056 055 041 033 027 023 020 0.17
0.4 0.13 042 011 010 011 0.2 0.13 0.4 0.14 015 016 021 030 040 049 054 052 038 030 0G24 021 0.18 0.16

012 010 008 006 0.05 006 007 009 030 012 0.3 015 0.17 026 040 053 063 062 044 034 027 022 0.8 O.14
015 013 041 0.0 009 0.09 0.0 0.1 012 013 0.]4 0.5 0.7 024 035 047 0SS 055 041 033 027 023 020 0.7
0.4 013 042 011 010 011 012 0.3 014 015 0.6 0.17 0.18 025 036 046 053 0352 038 030 024 020 018 0.16

.11 005 008 0.06 005 006 008 0.0 0.12 014 0.16 0.17 019 023 033 047 059 0.60 042 033 026 021 0.7 0.14
0.14 0.J2 0.11 0.09 008 009 0.10 0.11 0.3 014 0.16 0.17 018 021 030 042 051 034 039 032 026 0.2 019 0.J6
014 012 041 010 010 010 0.12 03 0.5 01§ 018 018 0.19 022 030 041 050 051 036 029 023 020 0.7 0.1

0.12 009 008 006 005 0.07 0.1 0.4 0.18 022 025 027 029 030 033 044 057 062 044 033 026 021 0.7 0.4
015 013 011 010 009 010 0.2 015 0.8 02t 023 026 027 028 031 03 051 05 041 033 027 023 020 0N
0.14 043 012 011 010 012 0.S 017 020 023 025 026 028 028 031 038 049 053 033 03 025 021 0.18 016

011 0.09 0.07 0.06 005 007 0.14 024 036 048 058 066 072 074 0.73 067 059 047 037 029 024 019 016 013
016 044 042 0.1 009 0.1 0.6 024 033 043 052 059 064 067 066 062 056 047 038 032 028 024 021 018
0.17 0.6 0.15 0.14 013 015 020 028 036 045 0352 0359 062 064 062 058 051 042 035 029 026 023 021 0.19

NNW

HOR

7]
X TR~ X X SEC XX oNXe XX XEe XT¥e XX XX XX XX XX IXe DX

Source: Reprinted from ASHRAE Handbook—1985 Fundamentals, with permission of the American Society of Heating,
Refrigerating and Air-Conditioning Engineers, Atlanta, Ga.
L = Light construction: frame exterior wall, $0.8-mm (2-in.) coacrete floor siab, Myl“hmlb)ofmuﬁdlﬂz f12) of floor area.

M= Medium construction: 101.6-mm (4-in.) concrete exterior wall, 101 .6-mm (4-in.) concrete floor slab, approximatety 341 kg (70 Ib) of building maserial/m? (f12) of floor ares.
H = Heavy construction: 152.4-mm (6-in.) concrete exterior wall, 152.4-mm (6-in.) floor slab, approximately 635 kg (130 1b) of building materials/m? (fi2) of ficor ares.
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The b classification values calculated for different envelope
construction and room air circulation rates

Room Envelope
Construction*
[mass of floor area,

Room Air Circulation and
Type of Supply and Return**

(kg/m?, Ib/#t2)] Low Medium High Very High

50.8-mm (2-in.)

Wood Floor (48.8, 10) - B A A A
76.2-mm (3-in.)

Concrete Floor (195.3, 40) B B B A
152.4-mm (6-in.)

Concrete Floor (366.2, 75) C C C B
203.2-mm (8-in.)

Concrete Floor (585.8, 120) D D C C
304.8-mm (12-in.)

Concrete Floor (781.1, 160) D D D D

Source: Reprinted from ASHRAE Handbook—1985 Fundamentals, with permission of the
American Society of Heating, Refrigerating and Air-Conditioning Engineers, Atlanta, Ga.

* 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.

** Low: Low ventilation rate—minimum required to cope with cooling load due to lights and
occupants in interior zone. Supply through floor, wall, or ceiling diffuser. Ceiling space not
vented and f = 2.27 W/m? °C (0.4 Btu/hr ft? °F) (where f/ = inside surface convection
coefficient used in calculation of b classification).

Medium: Medium ventilation rate, supply through floor, wall, or ceiling diffuser. Ceiling
space not vented and f = 3.41 W/m? °C (0.60 Btu/hr ft? °F).

High: Room air circulation induced by primary air of induction unit or by fan coil unit. Return
through ceiling space and f = 4.54 W/m? °C (0.80 Btu/hr ft2 °F).

Very High: High room air circulation used to minimize temperature gradients in a room.
Return through ceiling space and f = 6.81 W/m? °C (1.2 Btu/hr ft* °F).

Recommended and maximum duct velocities

Recommended Velocity (feet per minute)

Maximum Velocity (feet per minute)

Schools Schools
Theaters Theaters
Public Industrial Public Industrial
Designation Residences Buildings Buildings Residences Buildings Bulidings
Qutside air intakes” 500 500 500 800 900 1200
Filters” 250 300 350 300 350 350
Heating coils” 450 500 600 500 600 700
Air washers 500 500 500 500 500 500
Suction connections 700 800 1000 1000 1400 1400
Fan outlets 10001600 1300-2000 1600-2400 1500-2000 1700-2800 1700-2800
Main ducts 700-900 1000-1300 1200-1800 800-1200 1100-1600 1300-2200
Branch ducts 600 600-900 8001000 700-1000 800-1300 10001800
Branch risers 500 600-700 800 650800 800-1200 1000-1600

“The velocities are for total face area; not the net free area. Other velocities are for net free area.
Source: Used by permission, Reynolds Metal Company.

Loss coefficients for duct elbows (round)

ey
-]
Co» %l
Coefficients for 90° Elbows:
r/D 0.5 0.75 _ 1.0 1.5 2.0 2.8
C, 0.71 0.33 0.22 0.1$ 0.13 0.12

For angles other than 90° muitiply by the following factor:
8 0 20 30 45 60 75 9 110 130 150 180
K 0 0310450600.780900.90 1.13 1.20 1.28 140

(a) Elbow, smooth radius, round.
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Side

Rectan-

gular

Duct 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 22 24 28 28 30
6 66
T 11 17
8 75 82 88
9 80 86 93 99
10 84 91 98 104 109
1 88 9.5 102 10.8 11.4 120
12 91 99 107 113 119 125 13.1
13 9.5 103 111 11.8 124 13.0 13.6 142
14 98 107 115 122 129 13.5 142 14.7 153
15 101 11.0 11.8 12.6 13.3 140 146 153 158 164
16 104 114 122 130 137 144 151 157 163 169 175
17 107 117 12.5 13.4 141 149 155 161 168 174 180 18.6
18 1.0 119 129 13.7 145 153 160 166 17.3 179 185 19.1 19.7
19 112 122 132 141 149 156 164 17.1 17.8 184 19.0 19.6 202 20.8
20 115 12.5 13.5 144 152 159 168 17.5 182 .18.8 19.5 20.1 207 21.3 219
22 120 130 141 150 159 167 17.6 183 191 197 204 210 21.7 23 29 241
24 124 13.6 146 156 166 17.5 183 191 198 206 213 219 226 232 239 251 262
2  12.8 141 152 162 17.2 18.1 19.0 198 20.6 21.4 22.1 22.8 235 24.1 248 26.1 272 28.4
28 132 145 156 167 177 187 196 20.5 213 22.1 229 23.6 244 250 257 27.1 282 295 30.6
30 136 149 161 172 183 193 202 211 220 29 2.7 244 252 259 267 280 293 30.5 316 3238
32 140 153 165 (7.7 188 19.8 208 21.8 22.7 23.6 244 252 260 267 2.5 289 30.1 314 326 338
34 144 157 17.0 182 193 20.4 214 22.4 233 242 251 259 267 27.5 283 297 31.0 323 33.6 348
36 147 16.1 17.4 18.6 19.8 209 219 23.0 23.9 248 258 266 27.4 28.3 290 30.5 32.0 33.0 346 358
38 150 164 17.8 190 203 214 225 23.5 245 254 264 273 28.1 290 298 314 328 342 355 36.7
40 153 168 182 19.4 207 219 23.0 240 251 260 27.0 279 288 297 30.5 32.1 33.6 35.1 364 37.6
42 156 17.1 185 198 21.1 223 234 245 256 266 27.6 28.5 29.4 304 312 328 344 359 373 3856
44 159 17.5 189 202 21.5 227 239 25.0 261 272 282 29.1 30.0 310 319 335 352 367 381 39.5
46 162 178 192 20.6 21.9 232 243 255 267 277 287 297 30.6 316 325 342 359 37.4 389 403
48 165 18.1 19.6 209 223 23.6 248 260 27.2 282 292 302 312 322 33.1 349 366 382 397 412
50 168 184 199 213 227 240 252 264 27.6 28.7 298 30.8 318 328 337 355 37.3 389 404 42.0
52 17.0 18.7 202 21.6 23.1 24.4 256 268 28.1 292 303 314 324 334 343 362 380 396 412 42.8
54 173 19.0 205 220 23.4 248 261 273 285 297 308 319 329 339 349 368 387 403 420 43.6
56 17.6 193 209 22.4 238 252 265 27.7 289 30.1 312 324 334 345 355 37.4 393 41.0 42.7 443
58 17.8 19.5 211 22.7 24.2 255 269 282 29.3 30.5 317 329 339 350 360 380 39.8 41.7 434 450
60 181 198 21.4 23.0 24.5 258 273 287 298 31.0 322 33.4 345 355 365 38.6 40.4 423 440 458
62 183 20.1 217 233 248 262 27.6 29.0-30.2 314 32.6 33.8 350 360 371 392 410 429 447 46.5
64 186 203 220 23.6 252 265 279 293 30.6 31.8 33.1 342 355 365 37.6 39.7 41.6 435 454 472
66 188 20.6 223 239 255 269 283 297 31.0 322 335 347 359 37.0 38.1 402 422 44.1 460 47.8
68 190 20.8 22.5 24.2 258 27.3 287 301 314 326 339 351 363 375 38.6 407 428 447 466 484
70 192 211 22.8 245 26.1 27.6 29.1 30.4 31.8 33.1 343 356 368 379 39.1 413 433 453 472 49.0
7 396 41.8 438 459 478 49.7
74 400 423 444 46.4 484 503
76 40.5 428 449 470 49.0 5038
78 409 43.3 455 47.5 49.5 515
80 413 43.8 460 480 50.1 52.0
2 418 44.2 46.4 436 S0.6 52.6
84 422 446 469 492 51.1 532
86 42.6 450 47.4 496 51.6 537
88 430 454 479 50.1 522 543
90 434 459 483 506 528 548
92 438 46.3 487 511 53.4 554
94 442 467 49.1 51.6 539 559
% M6 472 49.5 520 544 563

Source:R. G. Hucbscher, Trans. ASHVE, Vol. 54 (1948), pp. 112-113. chnntcd from ASHRAE Handbook and Product Directory—1977 Fundamentals,
with permission of the American Society of Heating, Refrigerating and Air-Conditioning Engineers, Atlanta, Ga.



