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Heating and Air Conditioning

Atmospheric Pressure = 29.921" Hg. at sea level
Total Cooling (Btu/h) = Q X 45 x (h-h,)
Sensible Cooling Btu/h) = Q x 110 X {1,°1)
tLatent Cooling (Blu/h) = Q x 4840 X (w,"W,)

0 - A Volumetnc Flow (Standard) = ctm

h = Enthalpy = Buio

1 = Au Temperature (Ory Buib) = "F

w = Humdity Ratio = It water/b. dry air
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Rate of heat gain from occupants of conditioned spaces®

Total Heat Adult, Total Heat - .
Male Adjusted® Sensible Heat Latent Heat

Degree of Activity Typical Application Watts Btuhr Watts Btu/hr Watts Btuhr Watts Btu/hr
Seated at rest theater, movie 115 400 100 350 60 210 40 140
Seated, very light

work, writing offices, hotels, apts. 140 480 120 420 65 230 55 190
Seated, eating restaurant’ 150 520 170 580° 75 255 95 325
Seated, light work

typing offices, hotels, apts. 185 640 150 510 75 255 75 255
Standing, light work,

or walking slowly retail store, bank 235 800 185 640 90 315 95 325
Light bench work factory 255 880 230 780 100 345 130 435
Walking, 3 mph, light

machine work factory 305 1040 305 1040 100 345 205 695
Bowling* bowling alley 350 1200 280 960 100 345 180 615
Moderate dancing dance hall 400 1360 375 1280 120 405 255 875
Heavy work, heavy

machine work, lifting factory 470 1600 470 1600 165 565 300 1035
Heavy work, athletics gymnasium 585 2000 525 1800 185 635 340 1165
Source: Reprinted from ASHRAE Handbhook and Product Directorv—1977 Fundamentals, with permission of the American Society of Heating. Refrigerating and Air-

Conditioning Engineers, Atlanta, Ga.

“Note: Tabulated values are based on 78°F room dry-bulb temperature. For 80°F room dry bulb, the total heat remains the same, but the seasible heat value should be

decreased by approximately 8 percent and the latent heat values increased accordingly.

bAdjusted total 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 percent of that of an adult male, and that the gain from a child is 75 percent of that of an adult male.

“Adjusted total heat value for eating in a restaurant, includes 60 Btu/hr for food per individual (30 Btu sensible, 30 Btu latent),
“For bowling figure one person per alley actually bowling, and all others are sitting (400 Btw/hr) or standing and walking slowly (790 Btu/hr).

Sensible cooling-load factors (CLFs) for people

Total Hours. Hours after Each Entry Into Space
in Space- 1 2 3 4 5 ] 7 8 9 '\v10 " 12 13 14 15 16 17 18 19 20 21 22 23 24
2 049 058 0.17 0.13 0,10 008 0.07 006 0.05 004 0.04 003 0.03 002 0.02 002 002 001 00! 001 001 0.01 001 0.01
4 049 059 066 0.71 027 021 016 014 0.11 0.10 008 007 006 0.06 005 004 004 003 003 003 002 002 002 001
6 050 060 067 072 076 0.79 0.34. 026 021 0.18 0,15 0.13 0.11 0.10 0.08 0.07 006 006 0.05 004 004 003 003 003
8 051 061 067 072 0.76 080 0382 084 038 030 025 021 018 015 013 0.12 0.10 0.09 008 0.07 006 065 0.05 0.04
10 053 062 069 074 077 080 083 085 087 089 042 034 028 023 020 017 015 0.13 011 010 009 0.08 0.07 0.06
12 055 064 070 0.75 0:79 081 084 086 0.88 0.89 091 092 045 036 030 025 021 0.19 016 0.14 0.12 0.11 009 0.08
14 058 066 072 077 0.80- 083 085 087 0.8 09 091 092 093 094 047 038 031 026 023 020 017 0.15 0.13 0.11
16 062 070 075 079 082 085 087 088 090 091 092 093 094 095 095 09 049 039 033 028 024 020 018 0.16
18 666 074 079 082 085 087 08 09 092 093 094 094 095 09 09 097 097 097 050 040 033 0.24  0.21

0.28

Source: Reprinted from ASHRAE Handbook—1985 Fundamentals, with permission of the American Society. of Heating, Refrigerating and Air-Conditioning Engineers, Atlanta, Ga.
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Cooling-load factors {CLFs) when lights are on for 10 hours

L .ll
Coef-

Class-

“hy

Number of Hours after Lights Are Turned On

ficients ification 0

1

2 3

7

10

n

12

13

14

15

16

17

18

19

20

21

22

23

0.45

0.55

0.65

0.75

0.03
0.10
0.15
0.18

0.02
0.08
0.12
0.15

0.02
0.06
0.09
0.11

0.01
0.04
0.07
0.08

Daws» UOwy TawmE» Towd»

0.47
0.54
0.59
0.62

0.57

0.62°

0.66
0.69

0.66
0.71
0.74
0.76

0.76
0.79
0.81
0.83

0.58 0.66
0.59 0.63

0.63 064

0.65 0.72
0.66 0.69
0.68 0.70
070 0.71

0.73 0.78
0.74  0.76
075 077
0.77 0.77

081 084
0.81 083
0.82 0383
0.83 0.84

0.84

0.78
0.70
0.68
0.67

0.82
0.75
0.74
0.73

0.86
0.81
0.80
0.79

0.90
0.86
0.85
0.85

0.82
0.73
0.70
0.68

0.85
0.78
0.75
0.73

0.89
0.83

0.81

0.79

0.92
0.88
0.86
0.85

0.86
0.76
0.72
0.69

0.88
0.80
0.77
0.74

0.91
0.84
0.82
0.80

0.93
0.89
0.87
0.86

0.88
0.78
0.73
0.69

0.91
0.82
0.78
0.75

0.93
0.86

091
0.80
0.75
0.70

0.92
0.84
0.79
0.76

0.94
0.87
0.84
0.81

0.96
0.91
0.89
0.87

0.93
0.82
0.76
0.7

0.94
0.85
0.81
0.76

0.95
0.89
0.85
0.82

097

0.92
0.89
0.87

0.49
0.39
0.33
0.27

0.40
0.32
0.27
0.22

0.31
0.25
0.21
0.17

0.22
0.18
0.15
0.12

0.39
0.35
0.31
0.26

0.32
0.29
0.25
0.22

0.25
0.22
0.20
0.17

0.18
0.16
0.14
0.12

0.32
0.32
0.29
0.26

0.26
0.26
0.24
0.21

0.20
0.20
0.18
0.16

0.14
0.14
0.13
0.12

0.26
0.28
0.27
0.25

0.2t
0.23
0.22
0.20

0.16
0.18
0.17
0.16

0.12
0.13
0.12

0.11

0.21
0.26
0.26
0.24

0.17
0.21
0.21
0.20

0.13
0.16
0.16
0.15

0.09
0.12
0.12

0.1

0.17
0.23
0.24
0.23

0.14
0.19
0.20
0.19

0.11
0.15
0.15
0.15

0.08
0.10
0.11
0.11

0.13
0.21
0.23
0.23

0.11
0.17
0.19
0.18

0.08
0.13
0.14
0.14

0.06
0.09
0.10
0.10

0.11
0.19
0.21
0.22

0.09
0.15
0.17
0.18

0.07
0.12
0.14
0.14

0.05
0.08
0.10
0.10

0.09
0.17
0.20
0.21

0.07

0.07
0.15
0.19
0.21

0.06
0.12
0.15
0.17

0.4
0.10
0.12
0.13

0.03
0.07

0.09

0.06
0.14
0.18
0.20

0.05

0.05
0.12

0.19

0.04
0.11
0.16
0.19

0.03
0.09
0.13
0.15

0.02
0.07
0.10
0.12

0.02
0.05
0,07
0.09

Source: Reprinted from ASHRAE H,

dbook— 1985 Fi

1

‘with permissi

Design values of a coefficient: features of room furnishings, light fixtures, and ventilation

arrangements
a Furnishings Air Supply and Return Type of Light Fixture
0.45 Heavyweight, simple Low rate; supply and return below ceiling Recessed, not vented
furnishings, no [V<25(0.5)*
carpet
0.55 Ordinary furniture, Medium to high ventilation rate; supply and Recessed, not vented
no carpet return below ceiling or through ceiling grill and
space [V = 2.5 (0.9))*
0.65 Ordinary furniture, Medium to high ventilation rate or fan coil or Vented
with or without induction type air-conditioning terminal unit;
carpet supply through ceiling or wall diffuser; return
around light fixtures and through ceiling space,
[V=250.5)*
0.75 or Any type of furniture Ducted returns threugh light fixtures Vented or free-hanging
greater in air stream with

ducted returns

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

Air-Conditioning Engineers, Atlanta, Ga.

* V is room air supply rate in L/s m? (CEM/ft?) of floor area

of the American Society of Heating, Refrigerating-and Air-Conditioning Engineers, Atlanta, Ga.
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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,
(kg/m?, Ib/ft2)]

Room Air Circulation and
Type of Supply and Return**

Medium High

Low Very High

50.8-mm (2-in.)

Wood Floor (48.8, 10) ~
76.2-mm (3<in.)

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

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

Concrete Floor (585.8; 120)
304.8-mm (12-in.)

Concrete Floor (781.1, 160)

A

e
A o w. >
w >

o U o w =

g U 0

C
D D

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

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

** L ow: 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 Bw/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 12 °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 ft2 °F).

Recommended and maximum duct velocities

Recommended Velocity (feet psr minute)
Schools

Maximum Velocity (feet per minuts)
Schools

Theaters Theaters
Public Industrial Public Industrial
Designation Residences Bulidings Buiidings Residences Bulidings Bulidings
OQutside 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 13002000 1600-2400 1500-2000 1700-2800 17002800
Main ducts 700-900 10001300 1200-1800 800--1200 1100-1600 1300~-2200
Branch ducts 600 600-900 800-1000 700-1000 800-1300 1000-1800
Branch risers 500 600-700 800 " 650-800 800~1200 10001600

“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)

Cornly
Coefficients for 90° Elbows:
r/D 0.5 0.75 1.0 1.5 2.0 2.5
(o 0.71 0.33 0.22 0.15 0.13 0.12

For angles other than 90° multiply by the following factor:
@ 0 20 30 45 60 75 90 110 130 150 180
K 0 0310450600.78090090 1.13 120 128 140

(a) Elbow, smooth radius, round.
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FRICTION LOSS {IN. WG PER 100 FT OF EQUIVALENT LENGTH)
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Side

Rectan-

gular

Duct 6 7 8 8 10 11 12 13 14 15 18 17 18 19 20 22 24 26 28 30
6 66
7 11 17
8 75 82 83
9 80 86 93 99
10 84 9.1 98 104 109
11 88 95 102 108 114 120
12 91 99 107 1.3 119 125 131
13 9.5 103 1.1 11.8 124 13.0 136 142
14 98 107 115 122 129 135 142 147 -153
1S 100 11.0 1L8 126 133 140 146 153 158 164
16 104 1.4 122 1306 137 144 151 157 163 169 175
17 107 117 125 134 141 149 155 161 168 174 18.0 186
18 110 119 129 1.7 145 153 160 166 17.3 17.9 185 191 197
19 1L2 122 132 141 149 156 164 17.1 17.8 184 190 196 202 208
20 115 12.5 13.5 14.4 152 159 168 17.5 182 188 19.5. 20.1 207 213 219
22 120 131 141 150 159 167 17.6 183 191 187 204 210 217 23 29 4.1
M 124 136 146 156 166 I7.5 183 191 198 206 213 219 26 2.2 239 251 262
26 128 141 152 162 17.2 181 190 198 206 214 221 228 25 241 248 261 272 284
28 132 145 156 167 17.7 187 19.6 20.5 213 221 229 23.6 244 250 257 271 282 295 306
30 136 149 161 172 183 193 2027211 220 29 B7 44 52 259 267 R0 B3 NS 3.6 3238
3 140 1537165 17.7 188 198 208 218 27 2.6 244 252 260 267 275 289 301 314 326 338
34 144 157 170 182 193 204 214 224 233 242 251 259 267 27.5 283 297 310 323 33.6 343
36 147 161 174 18.6 198 209 219 23.0 239 248 258 266 274 283 290 30.5 320 330 346 358
38 150 164 17.8 190 203 214 225 23.5 245 254 264 273 281 290 298 314 328 342 355 367
40 153 168 182 194 207 219 230 240 251 260 20 279 288 297 305 321 336 351 364 376
42 156 17.1 185 19.8 21.1°223 234 24.5 256 266 21.6 285 294 304 312 323 344 359 373 386
4 159 175 189 202 215 207 239 250 261 272 282 29.1 300 310 319 335 352 367 381 395
4 162 178 192 206 219 232 243 255 267 2.7 287 297 306 316 325 42 359 374 389 403
48 165 181 196 209 223 23.6 248 260 27.2 282 292 302 312 322 331 349 366 382 39.7 412
50 163 18.4 199 213 2.7 240 252 264 27.6 287 298 308 318 328337 355373 389 404 420
52 170 187 202 21.6 23.1 24.4. 256 268 28.1 292 303 314 324 334 343 362 380 396 412 428
S4 173 190 205 22.0 234 248 261 213 285 297 8 319 329 339 349 368 387 403 420 436
56 176 193 209 24233 252265 217 289 0.1 312 2.4 334 M35 355 374 393 410 27 43
S8 178 195 210 2.7 242:255 269282 23 305 317 329 339 350 360 380 393 417 434 450
60 181 198 214 ‘B0 245 258 273 287 298 310 322 334 345 355 365 386 404 423 4.0 458
€ 183 201 217 233 248 262 276 290 302 314 326 338 350 360 371 392 4100 429 447 4635
64 186 203 220 23.6 252 265 279 293.30.6 318 331 342 ‘355 365 3.6 397 416 435 454 472
66 188 206 223 239 255 269 283.297 310 322 335 347 359 370 381 402 422 41 460 478
68 190 208 22.5 242 258 27.3 287 301 314 326 339 351 363 37.5 386 40.7 428 447 466 434
70 192 211 28 245 261 27.6 291 0.4 318 331 343 356 368 379 1 413 433 453 472 460
() 39.6 418 438 459 478 497
74 400. 423 444 46.4 484 503
76 40.5 428 449 470 49.0 508
78 409 433 455 415 49.5 SUS
80 413 438 460 480 501 520
8 41,8 442 464 486 50.6 52.6
84 422 46 469 492 511 532
86 426 450 474 496 516 537
88 43.0 454 479 504 522 543
90 434 459 483 506 52.8 548
92 438 463 487 511 534 554
94 42 467 49.1 516 539 559
9% 4.6 47.2 520 544 563

49 5

* Somrce: R, G Hucbscher Tm ASHVE Vol. 54 (1948), P 112-1 !3 Repm\tedfmmASHRAE Handbook and Product Dlrectm—-l 77 FunJamenlals
wnhpemnssnononheAumnSocmyofﬂeanng Remwmncand Air-Conditioning Engincers, Atlanta, Ga. -




