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A
absolute humidity, 459, 472
absolute pressure, 459
absolute zero, 5, 6–7, 459, 480
absorption, 459
absorption central air-conditioning

system, 331, 338–341, 366
and compression system

compared, 338–339, 366
cycle of operation, 339–341

acceleration, 459
AC motor controls, 413–418
accumulator, 459
acrolein, 152, 459
activated alumina, 459
adiabatic, 459
adiabatic process, 459
adsorbent, 459
adsorption-type dehumidifiers,

76–77
aeration, 459
agitation, 459
air

ambient, 459
circulation of, 1, 2, 459
cleaning and filtering of, 1, 2–3,

61–62, 97. See also air
filters

components of, 1–2, 12
conditioning of, 1
cooling, 1
defined, 1
dehumidifying, 1, 15, 27, 73–74,

98, 467
dry, 19, 461
fresh, requirements for, 57–58
heating, 1
humidifying, 1, 15, 27, 472
impurities, removal of, 2
moisture in, 15. See also

humidity
recirculated, 461
return, 461
saturated, 461
standard, 461

volume of, required, 58–59, 90,
91

water vapor in, 15
airborne diseases, 60
air changes, 459
air circulation, 1, 2, 459
air cleaner, 2, 460
air-cleaning equipment, 97

classifications of, 61–62
air conditioner(s)

compressors for, 171–172,
176–215

condensers, 173, 214, 217–239
cycle of operation, 214–215
defined, 460
economic considerations and,

29
efficiency mandates for, 189
electrical components of, 171,

172
evaporators for, 173, 241–271
expansion valves, 174
heat loss in selection of, 29, 51
mechanical components of,

171–174, 214
nonportable, 357–361
receivers, 173, 214
refrigerant controls, 174, 214,

245–251
refrigerants, selection of,

175–176
refrigeration cycle, 174–175
room. See room air conditioners
size of, calculating, 11, 29, 51
suspended-type, 361–363
troubleshooting, 140–143,

207–214, 363–366,
444–450

air conditioning
air circulation and, 2
air-mass modification,

adjustments for, 326
air moisture and, 15
atmospheric conditions affected

by, 1, 12, 15

481
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air conditioning (continued)
automatic, 290, 308, 462
automobile, 369–396
building materials and choice of,

30–51
central-fan system, 460
controls, 289–309
defined, 1, 460
elevation, adjustments for, 326
energy consumption

considerations, 328
indoor design conditions,

311–312
maintenance of, 431–451
motors and motor controls,

399–428
outdoor design conditions,

312–325, 328
properties underlying, 3–7
unit, defined, 460
vegetation, adjustments for, 326
water-cooled, winter shutdown

of, 204–205
year-round central, 331–366,

460
Air-Conditioning Contractors of

America (ACCA), 453
air-cooled condenser(s), 217–218,

238, 279–280
head-pressure controls, 230–232
placement of, 217
pressure stabilization in,

230–232
types of, 217

air cooler/cooling, 460
air diffuser, 460–461
air ducts

air velocities, 60, 80, 81
console air conditioners,

installing, 119–122
defined, 468
design of, 77–79
heat gains in, 79–80
location of, 60
resistance in, 59, 85–88, 97
shape of, 85–86
sizing, 80–85, 97

air-duct ventilation systems, 77–88
air velocities, recommended, 80,

81
duct design, 77–79
heat gains in ducts, 79–80
resistance losses in, 85–88, 97
sizing calculations, 80–85
suitable duct velocities, 80

air filters, 60–69, 97
absorbers, 63
central air-conditioning, 335
classification of, 61–62
dry, 2, 12, 62–63, 97
dry plate, 62
electronic, 12
flushing-type, 65
function of, 60
immersion-type, 64–65
inspection of, 137
installation of, 68–69
manually cleaned, 64
need for, 61
purpose of, 12
requirements for, 68
for suspended-type air

conditioners, 383
wet (viscous), 2, 64–67, 97
wet replacement-type, 64

air filtration, 60–61, 97
air humidification, 69
air infiltration, 19, 27, 29, 53,

461, 473
air leakage, 53
air-mass modification, 326
air moisture

grains of moisture, 16, 27
and rate of evaporation, 16
specific volume, 17
See also humidity

Air Movement and Control
Association (AMCA)
International, Inc., 453

air-movement factor, 17
air-operated humidifiers, 72–73
air purifiers, 66–67
air-supply system, central air

conditioning systems, 332
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air volume required, 58–59, 90, 91
air washer(s), 70, 98, 335, 461
air washing, 2–3
alcohol thermometer, 17
algae growth, treating, 276, 287
altitude, 1, 19, 27, 326
ambient temperature, 273, 461
American Institute of Architects

(AIA), 453
American National Standards

Institute (ANSI), 454
American Society of Heating and

Ventilating Engineers, 68, 93
American Society of Heating,

Refrigeration, and Air
Conditioning Engineers
(ASHRAE), 311

ammonia, 153, 166
first aid for exposure to, 168

ammonia machine, 461
analyzer, 461
anemometer, 461
antifreeze, 204, 461–462
artificial cold, properties

underlying the production of,
3–7

atmospheric condenser, 462
atmospheric conditions, 1, 12

measuring. See psychrometry
atmospheric pressure, 8–9, 10, 13

defined, 462
standard at sea level, 9, 13, 19,

27
atomize, 462
attic fans, 94

installation of, 95–97
automatic air conditioning, 290,

308, 462
automatic expansion valve(s),

139, 301
defined, 462
function of, 174, 300, 308–309

automatic viscous filters, 64–67
automobile air-conditioning,

369–396
air distribution, 384, 386
air output, 385–386

components of, 369, 370,
375–384, 395

compressor, 372, 375–376, 395
compressor clutch, 387, 396
compressor malfunction,

386–387
condenser, 376, 387, 396
controls, 384, 386
cooling, malfunctions of, 385
evaporator, 380, 388, 396
hot-gas bypass-valve control,

371, 373
installation of, 389–391, 395
magnetic clutch control, 369,

372, 381–382, 395
operation of, 373–375
receiver-dehydrator, 376–377
refrigerant-flow control,

369–371, 374, 395
refrigerant lines, 388
refrigerant used in, 162, 373,

388
service and maintenance,

384–389
sight glass, use of for diagnosis,

389
solenoid control, 380–381
suction pressures, checking, 386
suction-throttle valve, 382–384,

388, 396
temperature controls, 369, 395
thermostat, 369
thermostatic expansion valve,

377–380, 387–388, 396
troubleshooting, 392–394

B
back pressure, checking, 434
bacteria, 1, 12, 60
baffle, 462
balanced pressure, 462
barometer, 10

defined, 8, 13, 462
using, 8–9

barometric pressure, 9, 10, 27
belt drives, motors, 215, 422
blast coils, 244
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blast heater, 462
bleeder, 462
bleeder shell-and-tube condenser,

219
BOCA International, Inc. 456
body heat, 19, 27
boiler, 462
boiler horsepower, 462
boiling point, 7, 15, 27

defined, 462
Freons, 156–157
refrigerants, 147, 148, 152, 154,

245
bore, 462
boxed-in fans, 95
Boyle and Charles, combined law

of, 6
Boyle’s law, 6
brine, 462
brine refrigeration systems,

154–155, 241, 242, 462
British thermal unit (Btu), 4, 10,

27, 463
building materials, effect of on

air-conditioning systems,
30–51

butane, 463

C
calcium chloride (CaCl2),

154–155, 463
calcium sulfate, 463
calibration, 463
calorie, 463
capacitor motors, 91–92, 133–134
capacitors, 91, 411–412, 474
capacitor-start motors, 407–408,

428
capacity

compressor, 205
cooling, 103
evaporator, 251, 252, 269, 271
refrigerant controls, 251
refrigerant cylinders, 167–168
refrigeration, 10–12, 463
room air conditioners, 103–104
ventilator, 56

capacity reducer, 463
capillarity, 463
capillary tube(s), 305, 309, 463
carbon dioxide, 1, 12, 154, 166
carbon dioxide ice, 463
carbon monoxide, 1, 2, 12
carbon tetrachloride (CCI4), 214
Carnot cycle, 163
casement windows, installing air

conditioners in, 111–115
Celsius scale

converting to Fahrenheit, 7–8
defined, 7, 463

central air-conditioning. See
year-round central air
conditioning

centrifugal-and-turbine fans, 334,
335

centrifugal compressor, 171,
192–193, 195–198, 215

component parts of, 195
construction features, 195–196
defined, 192, 463, 464
lubrication system, 196–198
uses of, 192–193, 195

centrifugal fans, 89, 95, 98, 469
centrifuge, 463
change of air, 464
change of state, 464
charge, 464
Charles, law of, 5
check valves, 267–269, 271
chilling units, 247–249
chimney effect, 464
chlorofluorocarbon compounds

(CFCs), 147–148.
ban on use of, 148
See also Freon family of

refrigerants
choke coil, 127
circulating fans, 94
class-A–D motors, 400–401
class 1–3 refrigerants, 150
cleaning

air, 1, 2–3, 61–62, 97
dry filters, 63
compressors, 214
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condensers, 232, 233–235, 239
inhibitor powder, 234

clearance, 464
climatic conditions

and individual comfort levels,
25, 26–27

in U.S., by state, 314–325
clouds, 15
coefficient of expansion, 464
coefficient of heat transfer, 251,

270
coefficient of performance

heat pump, 464
refrigerants, 163–164

coil(s), 244, 464. See also cooling
coils; heating coils

coiled evaporator, 241, 243–244
cold storage, 464
combination gages, 437
combined law of Boyle and

Charles, 6
comfort

air moisture and, 15, 27
atmospheric conditions affecting,

1
designing for, 311–312, 326–328
climatic conditions and, 25,

314–325
recommended indoor

temperatures for, 25–27
temperature-humidity index and,

18
comfort chart, 25–27, 464

optimum comfort line, 26–27
compound gages, 10, 12, 436
compound-wound motors, 399,

425
compression process, 175, 215
compression system, 464
compressor(s)

amperage, 139
automobile air-conditioning,

375–376, 395
booster, 465
capacity, 205
centrifugal, 171, 192–193,

195–198, 215, 463, 464

classification of, 171–172,
176–177, 214, 215

cleaning, 214
closed-type, 178
clutch, 387, 396
components of, 172, 214
connecting rods, 181, 182, 465
cooling, 184
crankshafts, 181–183
defined, 464
flowback protection, 199–200
foundation, 198
function of, 171, 176, 214
hermetic, 178, 179, 184, 215,

472
installation and maintenance of,

198–205
knocks, 202
lubrication, 184
malfunction of in automobile

air-conditioning, 386–387
mechanical efficiency, 205
motor and belts, installation and

maintenance of, 135–137,
199

motor controls, 402–421, 428
open-type, 178, 464
operation of, 214–215
performance, 205
pistons and piston rings,

178–181
reciprocating, 125, 153, 171,

177–184, 215, 465
removal of, 202–203
replacement of, 203
room air conditioner, 101, 103,

124–125
rotary, 153, 171, 184–189, 215,

465
scroll, 189–192, 193
shaft-seal, 183–184, 201
sizes, 171, 214
startup, 203
stuck-up, 202
testing, 134–135, 205–106
tight, 202
troubleshooting, 207–213
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compressor(s) (continued)
valves, 178, 200–201, 435–436,

444
volumetric efficiency, 205
winter shutdown of, 204–205

compressor clutch, 387, 396
compressor valves, 178, 200–201

checking, 435–436, 444
condenser(s)

air-cooled, 173, 217–218, 238,
279–280

atmospheric, 462
automobile air-conditioning,

376, 387, 396
charging, 235
classification of, 217, 238
cleaning, 232, 233–235, 239
defined, 465
evaporative, 235, 239
flushing, 235
function of, 173, 214, 217, 238
gravity and forced circulation,

236–237
head-pressure controls, 228–232
installation of, 232–233
maintenance of, 232–237, 239
outdoor units, 237–238
placement of, 217, 229
room air conditioner, 101, 103
scale formation, removing, 236
types of, 173, 217
water-cooled, 173, 219–227, 238
water sources, 273, 287

condensing
defined, 465
point of, 6
pressure, 159, 228
process, 175, 215

condensing unit
defined, 465
cycling, 255–256
sealed, 465

condensing-water controls, 421
conduction

defined, 3, 12
thermal, 465

conductivity, thermal, 465

conductor, electrical, 465
congealing tanks, 155
connecting rods, 181, 183, 465
conservation of energy, law of, 6
conservation of matter, law of, 5–6
console air conditioners, installing

self-contained units, 116–119
window-mounted units,

119–122
constant-pressure valve, 465
constant-speed motor, 92
constant-temperature valve,

465–466
control(s)

automatic, 290, 308
automobile air-conditioning,

384
dampers, 299, 308
defined, 466
devices for, 290–297, 308
differential of, 467
duct thermostats, 294
head pressure, 228–232
high-pressure, 466
low-pressure, 466
hygrostat, 295–297, 308
immersion thermostats, 295
limit, 297–298, 308
manual, 289–290, 308
pressure regulators, 297, 308
purpose of, 308
refrigerant, 174, 214, 245–247,

300–309
relays, 299–300, 308
room thermostats, 291–294
semiautomatic, 290, 308
suspended-type air conditioners,

363
temperature, 466
thermostats, 291–294, 308
twin-type thermostats, 294, 295,

296
types of, 289–290
valves, 298–299, 308

control board, 335–336
control systems, checking, 386
control valves, 298–299, 308
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convection
defined, 3, 12, 466
forced, 466

cooling
capacity, 103
cycle of, 342
evaporative, 469
process, steps in, 175
reciprocating compressors, 184

cooling coils, 334
cooling effect, measurement of, 10
cooling ponds, 278, 287
Cooling Technology Institute

(CTI), 456
cooling tower, 466
cooling unit, 466
cooling water, 466
cooling water circuits, 220
copper plating, 466
corrosive, 466
counter flow, 466
crankcase pressure-regulating

valves, 305–306, 309
crank integral, 181
crankshafts, 181–183
critical pressure, 7, 466
critical temperature

defined, 7, 466
of refrigerants, 160

critical velocity, 467
crohydrate, 467
current-and-thermal-type overload

protector, 419, 428
current supply, testing, 131
cut-in, 467
cycle

Carnot, 163
cooling, 342
defined, 467
defrost, 346, 467
heating, 341–342
refrigeration, 165, 174–175, 467

D
Dalton’s law of partial pressure,

467
dampers, 299, 308

defrosting,
automatic, 255, 432
defined, 467
manual, 255–256

degree day, 467
dehumidification, 73, 98
dehumidifier(s), 73–77, 98

adsorption-type, 76–77
based on honeycomb desiccant

wheel principle, 76–77
controls, 75–76
defined, 467
electric, 74–75
humidistat,75–76
operation of, 74, 75
performance of, 75
stationary-bed type, 77, 78

dehumidify, 15, 27, 73–74, 467
dehydrators, 264–265, 270, 467
density, 467
design conditions

air-mass modification,
adjustments for, 326

altitude, adjustments for, 326
frequency of occurrence levels,

326
indoor, 311–312, 328
outdoor, 312–325, 328
summer, 313
U.S. climate and, 314–325
vegetation, adjustments for,

326
weather-oriented, 326–328
winter, 312–313

dew point, 17, 27, 467
dew-point temperature, 17
dichlorodifluoromethane, 147,

160
differential (of a control), 467
diffusion, 58
direct connected, 467
direct drives, motors, 215
direct expansion, 468
discharge lines, 283–284, 288
discharge valves, 178
displacement, 468
distribution, 1, 12
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double-hung windows, installing
air conditioners in, 106–111

double-pipe condenser, 219
double-seated valves, 299, 308
double-tube condenser, 219,

220–224
drier(s), refrigerant, 263–264, 270,

468. See also dehydrators
dry air, 19, 461
dry-bulb temperature, 16, 17
dry-bulb thermometer, 10, 16
dry capillary-tube system, 305
dry evaporator, 173, 468
dry-expansion evaporators, 247,

248, 249–251, 269
dry filters, 2, 12, 62–63, 97
dry plate, 62
dry-steam humidifier, 71–72, 73,

74
duct thermostats, 294
ducts. See air ducts
dust, 1, 2, 12

components of, 60, 97
defined, 468
effect of on health, 60–61, 97
studies of, 61
sources of, 60–61, 97
types of, 61

E
eccentric shaft, 182
economizer, 468
effective temperature, 17
efficiency

compressor, 205
evaporator, 248
heat-transfer, 243
loss of by superheating, 160
mechanical, 90, 205, 468
Seasonal Energy Efficiency Ratio

(SEER), 189, 192
static, 90
test of, 205–206
volumetric, 205, 468

ejector, 468
electrically-operated humidifiers,

71–72

electrical system, room air
conditioners, 122–129

components, 124–127
cords and plugs, 123
fan motors, 127–128
National Electrical Code for,

122
power supply, 122
thermostats, 128–129
troubleshooting, 426–428
unit control switch, 129

electrical testing, 130–135
capacitor, 133–134
compressor motor overload,

134–135
compressor motor relay, 134
current supply, 131
fan motors, 131–133
relay check, 134

electric dehumidifier, 74–75
electronic filters, 12
electronic leak detector, 442–443
element, bimetallic, 468
elevation. See altitude
eliminators, 335
emulsion, 468
engine, 468
English scale. See Fahrenheit scale
entropy, 468
equalizer, 468
ethyl chloride, 152–153
eutectic solution, 469
evaporating pressure, Freons,

159–160
evaporation, and air moisture, 16
evaporative condensers, 224,

226–227, 239
cleaning, 235
defined, 224, 469
head-pressure controls,

229–230, 231
operation of, 226–227
piping to and from, 230, 231
placement of, 220
schematic view of, 227

evaporative cooling, 469
evaporative-type humidifier, 71
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evaporator(s)
area of, 252–253
automobile air-conditioning,

380, 388, 396
capacity, 251, 252, 269, 271
check valves, 267–269, 271
coiled, 241, 243–244
cycling the condensing unit,

255–256
defined, 469
dehydrators, 264–265, 270
driers, 263–264, 270
dry, 173, 468
dry-expansion, 247, 248,

249–251, 269
efficiency of, 248
exterior conditions, 253
finned, 241, 242, 269
flooded, 173, 247, 248, 269, 470
function of, 173, 215, 241
heat exchangers, 257–260, 270
K factor calculations, 251–252,

270
maintenance, 255–257
mufflers, 266, 270
oil separators, 260–263, 270
operating principle, 269
operation of, 241,269
pipe-coil installation, 249
plain-tubing, 241, 242–243, 269
plate, 241, 242
prime-surface, 242
room air conditioner, 101
strainers, 265–266, 270
subcoolers, 266–267, 268, 271
surface-area determination,

253–255
surge drums, 260, 270
temperature, 138–139
time clocks, 256–257, 270
types of, 173, 241–242,

247–248, 269
wet-expansion, 247, 248, 269

evaporator pressure-regulating
valve, 306, 307, 309

exciter, 404
exhaust fans, 93–94

expansion valves
automatic, 139, 174, 300, 301,

308–309, 462, 469
defined, 175
function of, 174
thermostatic, 174, 300–303,

309, 377–380, 387–388,
396, 469, 478

extended surface, 469
external equalizer, 469

F
Fahrenheit scale

converting Celsius to, 7–8
defined, 7, 469

fan(s)
air volume, 90, 91
for central air-conditioning,

334–335
applications of, 93–94
attic, 94, 95–97
boxed-in, 95
centrifugal, 89, 95, 98, 469
centrifugal-and-turbine, 334,

335
circulating, 94
defined, 469
drive methods, 91–92
exhaust, 93–94
horsepower requirements, 90
-inlet area, 90
kitchen, 94
mechanical efficiency, 90
motors, selecting, 91–92
motors, testing, 131–133
noise, decreasing, 94–95
operation of, 94–95, 97
-outlet area, 90
performance parameters, 89–90
power input/output, 90
propeller, 89, 98, 334–335, 469
room air conditioners, 127–128
selection of, 92–93
speeds, 91, 98
static efficiency, 90
static pressure, 90
total pressure, 90
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fan(s) (continued)
tubeaxial, 89, 98, 469
types of, 89
vaneaxial, 89, 98
velocity pressure, 90
volume handled by, 89

Federation of European Heating
and Air-Conditioning
Associations, 457

filler panel, 113
filters

absorbers, 63
central air-conditioning, 335
classification of, 61–62
defined, 470
dry, 2, 12, 62–63, 97
dry plate, 62
electronic, 12
flushing-type, 65
function of, 60
immersion-type, 64–65
inspection of, 137
installation of, 68–69
manually cleaned, 64
need for, 61
purpose of, 12
requirements for, 68
for suspended-type air

conditioners, 363
wet (viscous), 2, 64–67, 97
wet replacement-type, 64
See also strainers

finned evaporators, 241, 242, 269
finned-tube condenser, 217
first aid, for exposure to

refrigerants
ammonia fumes, 168
Freons, 168
methyl chloride, 168
sulfur dioxide

flammability
defined, 470
of early refrigerants, 147
of Freons, 158

flare fitting, 470
flash gas, 470
float valves, 303–305, 470

flooded atmospheric condenser,
219

flooded capillary-tube system, 305
flooded evaporator, 173, 247, 248,

269, 470
flue effect, 54–55, 97
fluid, 470
flushing-type air filters, 65
foaming, 470
fog, 15
freezing point, 7, 160, 470
freeze-up, 470
Freezol, 154
Freon family of refrigerants, 147,

156–160, 169
amount of liquid refrigerant

circulated, 158
boiling point, 156–157
chemical properties of, 157
common types of, 156–157
condensing pressure, 159
early types of, 147
environmental effects of, 148,

157, 169
evaporating pressure, 159–160
first aid for exposure to, 168
flammability, 158
handling of, 166
leaks, testing for, 441–442
physical properties of, 157–158
volume (piston) displacement,

158–159
Freon-11, 156
Freon-12, 156, 158, 159, 162,

281, 373, 470
Freon-13, 156
Freon-21, 156
Freon-22, 156–157, 281
Freon-113, 157
Freon-114, 157
Freon-115, 157
Freon-502, 157
frequency of occurrence levels,

326
fresh-air requirements, by

building/room type, 57–58
frostback, 470
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frostbite, 166, 168
fumes, 2
furnace, 470
fusible plug, 470

G
gage(s), 436–437

combination, 437
compound, 10, 12, 436
defined, 471
high-pressure, 10, 436
low-pressure, 10, 436
pressure, 10, 12, 245, 436–437,

475
gage pressure, 9, 436
gas, 1, 4, 12, 471
gas-compression air-conditioning

system, 331, 366
generator, 471
glossary of terms, 459–480
grain, defined, 16, 27
grains of moisture, 16, 27
gravity, specific, 471, 477
grille, 471

H
halide-torch leak testing,

441–442, 451, 471
head pressure

air-cooled condensers, 230–232
checking, 432–433, 451
evaporative condensers,

229–230, 231
refrigerants, 160
water-cooled condensers,

228–229
heat

body, 19, 27
defined, 12, 471
from electrical apparatus, 19, 27
latent, 4, 13, 18–19, 473
latent heat of evaporation, 5, 13,

162–163, 473
latent heat of fusion, 4–5, 13
mechanical equivalent of, 474
pressure–temperature

relationship, 5–7

sensible, 4, 12, 18–19, 471
specific, 4, 12, 163, 471, 477
superheat, 5, 13, 245–247, 478
total, 18–19, 27, 479
transfer of, 3, 12, 243, 270

heat-anticipation device, 294
heat exchangers, 248, 257–260,

270
heat gain

in air ducts, 79–80
preventing, 286

heating coils, 333, 361
heating cycle, 341–342
Heating, Refrigeration, and Air

Conditioning Institute of
Canada (HRAI), 455

heating system
defined, 471
electric, 471–472
steam, 472
vacuum, 472
warm-air, 472

heat leakage, 29–51
brick veneer, frame walls, 50
brick veneer on hollow tile wall,

37
brick wall, 4-in cut stone, 41
calculating, 30, 51
cinder and concrete block wall,

35
cinder and concrete block wall,

brick veneer, 36
concrete floors, on ground, 46
concrete floors and ceilings,

47–48
concrete wall, brick veneer, 33
concrete wall, exterior stucco

finish, 32
concrete wall, 4-in cut stone,

34
concrete wall, no exterior finish,

31
formula for, 29
frame floors and ceilings, no fill,

44
frame floors and ceilings, with

fill, 49
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heat leakage (continued)
hollow tile wall, 4-in cut-stone

veneer, 38
hollow tile wall, stucco exterior,

39
interior walls and plastered

partitions, no fill, 44
limestone or sandstone wall,

40
masonry partitions, 45
reference tables for determining,

30–50
solid brick wall, no exterior

finish, 42
specifying, 29, 51
wood siding clapboard frame or

shingle walls, 43
heat leveling device, 294
heat loss

in air conditioner selection, 29,
51

caused by leakages. See
infiltration

estimating maximum, 29, 51
through surfaces, 29

heat of fusion, 471
heat of vaporization, 471
heat pump(s), 341, 464, 471. See

also reverse-cycle
air-conditioning system

heat-pump principle, 306
heat transfer, 3, 12

conduction, 3, 12
convection, 3, 12
efficiency, increasing, 243
equation, 270
radiation, 3, 12

hermetically sealed unit, 178, 179,
184, 215, 472

high-pressure cutout, 472
high-pressure gages, 10, 436
high side, 472
high-side float valve, 305, 472
hold over, 472
holdover tanks, 155
honeycomb desiccant wheel

principle, 76–77

horsepower
calculating, 423–425
defined, 472
power-conversion factors, 425
required for fans and blowers, 90

hot-gas bypass-valve control,
automobile air-conditioning,
371, 373

HP-20 model, scroll compressor,
192, 193

HS-22 model, scroll compressor,
192, 194

humidifier(s), 69–73, 98
air-operated, 72–73
air-washers, 70, 98
defined, 69, 472
dry-steam, 71–72, 73, 74
electrically-operated, 71–72
evaporative-type, 71
pan-type, 71
purpose of, 98
types of, 69

humidify, 15, 27, 472
humidistat, 71, 75–76, 295, 472.

See also hygrostat
humidity, 1, 12

absolute, 459, 472
and comfort levels, 25–26
control methods, 69–77, 290
relative, 9, 15–18, 27, 311–312,

328, 473
specific, 473

HVAC Excellence, 454
hydrocarbons, 473
hydrofluorocarbons (HFCs), 162,

169
hydrolysis, 473
hygroscope, 473
hydrostatic pressure, 473
hygrostat, 72, 295–297, 308, 336.

See also humidistat

I
ICC Evaluation Services, Inc., 456
ice-melting equivalent, 473
immersion thermostats, 295
immersion-type air filters, 64–65
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indirect cooling system, 473
indoor design conditions,

311–312, 328
inductive reactance, 401
infiltration, 19, 27, 29, 53, 461,

473
inhibitor powder, 234
installation

of air filters, 68–69
of automobile air conditioner,

389–391, 395
of attic fans, 95–97
in casement window,

111–115
of compressors, 199, 203
of condensers, 232
of console units, 116–122
in double-hung window,

106–111
of reverse-cycle units, 346–347,

348, 349
support brackets, 115
of window air conditioners,

general, 104–105
of window-mounted console air

conditioners, 119, 120
insulation, 286–287, 473
International Institute of

Ammonia Refrigeration
(IIAR), 455

irritant refrigerant, 473
isobutane, 154, 473

K
K factor calculations,

evaporators, 251, 270
kilowatt, 473
kitchen fans, 94
knocks, compressor, 202

L
lag of temperature control, 473
latent heat, 4, 13, 18–19, 473
latent heat of evaporation, 13

defined, 5, 473
refrigerants, 162–163

latent heat of fusion, 4–5, 13

laws of pressure–temperature
relationship

Boyle’s law, 6
combined law of Boyle and

Charles, 6
critical pressure, 7
critical temperature, 7
law of Charles, 5
law of conservation of energy, 6
law of conservation of matter,

5–6
point of liquefaction or

condensing, 6
leakage

air, 53
heat, 29–51
refrigerant, 139, 151, 152, 153,

154
around shaft seals, 201
system, room air conditioners,

137
leak detection, 473

electronic device for, 442–443
halide-torch method, 441–442,

451, 471
limit controls, 297–298, 308
liquefaction, point of, 6
liquid, 4, 474
liquid lines, 281–282, 474
liquid receiver, 474
load, 474
low-pressure control, 474
low-pressure gages, 10, 436
low side, 474
low-side float valves, 303–304,

474
lubrication

centrifugal compressors,
196–198

oil circulation, 283, 287
reciprocating compressors, 184

M
magnetic-clutch control,

automobile air-conditioning,
369, 372, 381–382, 395

main, 474
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maintenance
adding oil, 439
adding refrigerant, 437–439
of automobile air-conditioning,

384–389
back pressure, checking, 434
combination gages, use of, 436
compressor, checking, 444
compressor, malfunctioning,

386–387
of compressor valves, 435–436
of condensers, 232–237, 387
of console air conditioners, 119
evacuating the system, 443–444
of evaporators, 255–257, 388
gages, use of, 436–437
general procedures for, 431–432,

450–451
head pressure, checking,

432–433, 451
leaks, testing for, 441–443, 451
of motors, 422–423
purging the system of

noncondensables, 441, 451
refrigerant charge, 434–435
refrigerant lines, 388
removing oil, 439
removing refrigerant, 439
of reverse-cycle units, 346–347
of room air conditioners,

129–139
sight glass, use of, 389
suction pressure, checking, 386,

433
suction-throttle valve, 388
system pump-down, 440–441
of thermostatic expansion valve,

387–388
See also troubleshooting

manometer, 474
manual control, 289–290, 308
manually cleaned filters, 64
measurements and measuring

devices
barometer, 8–9, 10, 13, 462
British thermal unit (Btu), 4, 10,

27, 463

pressure gages, 10, 12, 245,
436–437, 475

refrigeration capacity, 10–12
relative humidity, 16
sling psychrometer, 9–10, 11, 16,

27
thermometer, 7–8, 13, 16, 17,

478
mechanical efficiency

compressor, 205
defined, 474
fan, 90

mechanical equivalent of heat, 474
mechanical ventilation, 97

defined, 53, 58
duct-system resistance, 59–60
and natural ventilation

compared, 58
volume of air required, 58–59

mercury thermometer, 17
methyl chloride, 151–152

defined, 474
first aid for exposure to, 168

micron (µ), 474
mixing chamber, 332–333
moisture condensation,

preventing, 286
Mollier chart, 474
motion, 1, 12
motor(s)

alternating current (AC), 399,
428

belt drives, 215, 422
capacitors, 91, 411–412, 474
capacitor-start, 407–408, 428
classes, compared, 400–401
compound-wound, 399, 425
compressors, 199
constant speed, 92
controls. See motor controls
defined, 474
direct current (DC), 399, 425
direct drives, 215
exciter, 404
fan, 127–128
horsepower calculations,

423–425
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maintenance, 422–423
oiling of, 137
permanent split-capacitor,

408–409, 428
permanent split-phase capacitor,

127
polyphase, 399–406, 428
positive, 299
power source, 399
pull-in torque, 417
repulsion induction, 409, 428
repulsion-start induction,

409–410, 428
reversing, 299
series-wound, 399, 425
shaded-pole, 91, 127
shunt-wound, 399, 425
single-phase, 91, 399, 406–412,

428
slip-ring, 92
split-phase, 91, 406–407, 428
squirrel cage, 400–401, 402,

428
synchronous, 403–406, 428
torque, 416, 417
troubleshooting, 425,

426–428
two-value capacitor, 408
types used for air-conditioning,

399
voltage, 399
windings, 417
wound-rotor, 401–403, 428

motor controls
AC, 413–418
compressor, 420–421
condensing-water, 421
pressure, 421
single-phase, 418–420
solenoid valves, 421, 428
squirrel cage motors, 413–414
synchronous motors, 416–418
temperature-motor, 420–421
wound-rotor motors, 414–416,

417
mufflers, 266, 270
multi-blade dampers, 299

N
National Association of Fan

Manufacturers, 89
National Electrical Code, room-air

conditioners, 122
National Electrical Manufacturers’

Association (NEMA), 400
National Fire Protection

Association (NFPA), 455–456
natural ventilation, 53–56, 97

combined wind and temperature
forces, 55

defined, 53
and mechanical ventilation

compared, 58
roof ventilators, 55–56
temperature-difference forces,

54–55
ventilator capacity, 56
wind forces, 53–54

neon, 1, 12
night-and-day thermostat, 294
nitrogen, 1, 12
noise

evaporators, 270
fans, 94–95

noncondensables
defined, 474
purging the system of, 441, 451

nonportable air conditioners,
357–361

construction principles, 358
heating coils, 361
plumbing connections, 358–359
water-cooling tower, 359–360

O
odors, 1, 12, 75
oil

adding, 439
automatic lubrication system,

centrifugal compressors,
196–198

circulation of, in water-cooling
systems, 283, 287

pour point, 475
removing, 439
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oil separators, 196, 260–263,
270

oil trap, 475
optimum comfort line, 26–27
outdoor condensing units,

237–238
outdoor design conditions,

312–325
summer, 313
U.S. climatic conditions,

314–325
winter, 312–313

output, 475
overload protectors

current-and-thermal type, 419,
428

room air conditioners, 126,
134–135, 136

single-phase motors, 418–419
thermal type, 419, 428
testing, 134–135

oxygen, 1, 2, 12
ozone, 12

and chlorofluorocarbon
compounds (CFCs), 148

defined, 475
and Freons, 157
source of, in air, 1

P
packing, 475
packless valve, 475
pan-type humidifiers, 71
parallel pass condenser, 217
performance factor, 475
permanent split-capacitor motors,

408–409, 428
permanent split-phase capacitor

motors, 127
phenolphthalein paper, 153
phosgene, 373
phosphorous pentoxide, 475
piping

cooling-unit, 280–281
discharge lines, 283–284
insulation, 286–287
liquid lines, 281–282
oil circulation, 283

pressure-drop considerations,
280–281

purposes of, 281
refrigerant, arrangement of,

284–287, 288
selection of, 280
suction lines, 282
supports, 285–286

pistons, compressors, 178–181
plain-tubed condenser, 217
plain-tubing evaporators, 241,

242–243, 269
plate evaporators, 241, 242
plate-type condenser, 217
pneumatic relays, 300
point of liquefaction or

condensing, 6
polyphase motors, 399–406, 428

squirrel cage motors, 400–401,
402, 428

synchronous motors, 403–406,
428

wound-rotor motors, 401–403,
428

poppet valves, 178
portable air conditioning units,

101
positioning relays, 300
positive motors, 299
pounds per square inch (psi), 9
pour point, oil, 475
power, 475
power-conversion factors, 425
power factor, electrical devices,

475
power input/output, fan, 90
preheater, 333—334
pressure

absolute, 459
air, at sea level, 9, 13, 19, 27
atmospheric, 8–9, 10, 13, 19, 27,

462
back, checking, 434
balanced, 462
barometric, 9, 10, 27
condensing, 159, 228
control devices, 291
critical, 7, 466
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defined, 475
evaporating, Freons, 159–160
gage, 9, 436
head, 160, 229–232, 432–433,

451
hydrostatic, 473
regulators, 297, 308
stabilization of, in air-cooled

condensers, 230–232
static, 90
suction, 386, 433
total, 90, 479
velocity, 90

pressure drop, 287
defined, 475
piping and, 280–281, 287
refrigerants, 164

pressure gages, 245, 436–437
combination, 437
compound, 10, 12, 436
defined, 10, 475

pressure-motor control, 421
pressure-reducing process, 175,

215
pressure-regulating valves,

305–306, 307, 309
pressure regulators, 297, 298,

308
pressure-relief valve, 475
pressure–temperature relationship

Boyle’s law, 6
combined law of Boyle and

Charles, 6–7
critical pressure, 7
critical temperature, 7
law of Charles, 5
law of conservation of energy, 6
law of conservation of matter,

5–6
point of liquefaction or

condensing, 6
refrigerants, 160, 161

prime-surface evaporators. See
plain tubing evaporators

professional organizations, list of,
453–457

propeller fans, 89, 98, 334–335,
469

psychrometer, sling, 9–10, 11, 16,
27

psychrometric charts
calculation examples, 19, 21–25
defined, 18, 475
instructions for using, 19, 20

psychrometry
air and water-vapor mixtures, 15
comfort charts, 25–27
defined, 15
humidifying and dehumidifying,

15
psychrometric charts, 18–25
relative humidity, 15–18

pull-in/pull-out torque, 417
pump-down procedure, 440–441
purging, 475
purifiers, air, 66–67
pyrometer, 476

Q
quick-connect couplings,

350–353, 476

R
R-134a refrigerant, 162, 169, 373
radiation, 3, 12, 476
reactor, room air conditioners, 127
Reamur scale, 7
receiver-dehydrator assembly,

automobile air-conditioning,
376–377

receivers, 173, 214
reciprocating compressors, 125,

153, 171, 177–184, 215
closed-type, 178
component parts, 177, 178, 179,

180
connecting rods, 181
crankshaft, 181–183
drive methods, 177–178
hermetic-type, 178, 179, 215
lubrication and cooling, 184
open-type, 178
pistons and piston rings,

178–181
shaft seals, 183–184
valves, 178, 180, 181
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reed valves, 178
refrigerant(s)

adding, 437–439
ammonia, 153, 166, 168
automobile air-conditioning,

162, 373, 388
boiling point, 147, 148, 152,

153, 154, 169
Boyle’s law and, 6
calcium chloride (CaCl2),

154–155, 463
carbon dioxide, 154, 166
charge, checking, 434–435
chlorofluorocarbon compounds

(CFCs), 147–148
circulation of, 159, 258
classification of, 148–150, 169
coefficient of performance,

163–164
controls. See refrigerant controls
critical temperature, 160–161
cylinder capacity, 167–168
cylinders, storing and handling

of, 166–167
defined, 175, 476
desirable properties of, 147,

175
driers, 263–264
early types of, 150
environmental effects of, 148,

157, 169
ethyl chloride, 152–153
first aid for exposure to, 168
flowback, protection from,

199–200
freezing point, 160
Freezol, 154
Freon family of, 156–160, 166,

168, 169
handling, 166–168
head pressure, 160
hydrofluorocarbons (HFCs),

162, 169
irritant, 473
isobutane, 154
latent heat of evaporation,

162–163

leaks, detecting, 139, 151, 152,
153, 154

methyl chloride, 151–152, 168,
474

piping arrangement, 174,
284–287, 288

power consumption, 163–164
pressure–temperature

relationships, 149, 160,
161

R-134a, 162, 169, 373
receivers, 173, 214
refrigerating effect of, 162–163
removing, 439
selection of, 147, 169, 176
specific heat, 163
spillage, 259–260
sulfur dioxide, 151, 160, 166,

168
toxicity of, 147, 166
tubing, reverse-cycle air

conditioning, 348–350
typical, characteristics of, 148
vaporization of, 166
volume of liquid circulated, 148,

164
refrigerant controls, 174, 214,

245–251, 300–309
automobile air conditioning,

369–371, 374, 388, 395
automatic expansion valves,

300, 308–309
capacity requirements, 251
capillary tubes, 305, 309
chilling units, 247–249
crankcase pressure-regulating

valves, 305–306, 309
dry-expansion coil

arrangements, 249–251
evaporator pressure regulating

valve, 306, 307, 309
high-side float valves, 305
low-side float valves, 303–304
reversing valves, 306–308, 309
superheat, 245–247
thermostatic expansion valves,

300–303, 309
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refrigerant cylinders
capacity, 167–168
handling and storage of,

166–167
refrigerant system

automatic expansion valves, 139
brine systems, 154–155
components of, window air

conditioner, 101
compressor amperage, 139
congealing tank, 155
evaporator temperature,

138–139
holdover tank, 155
servicing, 138–139

refrigerating effect, 162–163, 258
refrigerating system, 476
refrigeration

calculating amount needed, 19,
27

capacity, 10–12, 463
cooling process, steps in, 175
cycle, 165, 174–175
defined, 147, 169
necessary, calculation of, 27
simple system, operation of,

164–166
ton of, 10, 51, 103, 144, 478

refrigeration cycle, 165, 174–175
refrigerator

components of, 164
controls, 174

reinstallation
of compressor, 203

relative humidity, 328
calculating, 15, 27
defined, 15, 27, 476
as a design condition, 311–312,

328
dew-point temperature, 17, 27
dry-bulb temperature, 17
effective temperature, 17
grains of moisture, 16, 27
measurements of, 9, 16, 27
specific volume, 17
temperature-humidity index, 18
total heat content, 18, 27

wet-bulb depression, 18
wet-bulb temperature, 17

relays, 134, 299–300, 308,
419–420

relief valve, 476
repulsion induction motors, 409,

428
repulsion-start induction motors,

409–410, 428
resistance

air-duct, 59, 85–88
electrical, 476
thermal, 476

reverse-cycle air conditioning
system, 341–354, 351–354

control equipment, 344–346
cooling cycle, 342
defrost-cycle operation, 346
heating cycle, 341–342
indoor arrangement, 347–348
installation and maintenance,

346–347, 348, 349
quick-connect couplings,

350–353
refrigerant tubing, 348–350
reversing valve operation,

342–344, 345, 354,
355–356

system troubles, 353–354
reversing motors, 299
reversing valves, 306–308, 309

operation of, 342–344, 345
troubleshooting, 354, 355–356

revolving roof ventilator, 56
ridge roof ventilator, 56
ring-plate valves, 178
roof ventilators, 55–56
room air conditioners

advantages of, 101
automatic expansion valves, 139
capacity requirements, 103–104
casement window installation,

111–115
checking capacitors, 133–134
cleaning, 137, 144
components of, 102, 144
compressor amperage, 139
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room air conditioners (continued)
compressor motor, 135–137
compressor motor overload,

134–135
compressor motor relay, 134
compressors, 124–125, 144
console-type systems, 116–122
cooling capacity, 103
cords and plugs for, 123, 144
defined, 101, 143, 460
dismantling, 130
double-hung window

installation, 106–111
electrical components, 124–127,

144
electrical system, 122–129, 144
electrical testing, 130–135, 144
evaporator temperature,

138–139
fans in, 127–128
filters, 137, 144
installation methods, 104–122,

144
National Electrical Code, 122
oiling of, 137
operation of, 101–103,

143–144
outside support bracket, 115
overload protector, 126
portable units, 101
power supply, 122
refrigerant leaks, 139
refrigerant-system service,

138–139
relay check, 134
run-capacitors, 127
servicing, 129–139, 144
starting capacitors, 126–127
starting relay, 126
system leaks, 137
thermostats, 128–129
troubleshooting, 140–143,

145
unit control switch, 129
window units, 101, 102
winter care, 137–138, 144

room cooler, 476
room thermostats, 291–294

rotary compressor, 153, 171,
184–189, 215

commercial applications, 189
defined, 184, 476
operation of, 184
rotating blade, 184, 187–189
stationary-blade, 184–187
types of, 184–189

rotating blade rotary compressor,
184, 187–189

run-capacitors, room air
conditioners, 127

running time, 476

S
saturated vapor, 476
saturation temperature, 17, 27
Schraeder valve, 476
scroll compressor, 189–192

efficiency and, 189
HP-20 model, 192, 193
HS-22 model, 192, 194
operation of, 191–192
scroll compression process,

189–191
seal, shaft, 476
sealed unit, 476
sea-level air pressure, 9, 13, 19, 27
Seasonal Energy Efficiency Ratio

(SEER), 189, 192
self-cleaning air filters, 64–67
semiautomatic control, 290, 308
sensible heat, 4, 12, 18–19, 471
series condenser, 217
series-wound motors, 399, 425
shaded-pole motors, 91, 127
shaft seals, 183–184

leaks in, 201
shell-and-coil condenser, 219, 224,

226
shell and tube, 219, 476–477
shunt-wound motors, 399, 425
sight glass, use of, 389, 434
silica gel, 477
single-blade dampers, 299
single-phase motors, 406–412,

428
capacitors on, 411–412
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capacitor-start, 407–408, 428
controls, 418–420
fans, 91
overload protectors, 418–419,

428
permanent split-capacitor,

408–409, 428
repulsion induction, 409, 428
repulsion-start induction,

409–410, 428
split-phase, 406–407, 428
start relays, 419–420
two-value capacitor, 408

single-seated valves, 299, 308
sling psychrometer, 9–10, 11, 16,

27
slip-ring motor, 92
sludge, 477
smoke, 2
soda lime, 477
solenoid valves, 71, 380–381, 421,

428, 477
solid, 477
solubility, 477
solution, 477
specific gravity, 471, 477
specific heat

defined, 4, 12, 471, 477
refrigerants, 163
of water, 4

specific humidity, 473
specific volume, 17, 477
split-phase motors, 406–407, 428
spray-cooling ponds, 279
spray pond, 477
squirrel cage motors, 400–401,

402, 428
controls, 413–414

squirrel cage winding, 417
starting capacitors, room air

conditioners, 126–127
start relays

room air conditioners, 126
single-phase motors, 419–420

stationary-bed type dehumidifier,
77, 78

stationary-blade rotary
compressor, 184–187

stationary roof ventilator, 56
steam, 15, 477
steam-jet central air-conditioning

system, 331, 366
steam trap, 477
strainers, 265–266, 270
subcoolers, 266–267, 268, 271
subcooling, 258, 282, 477
sublimation, 477
suction accumulators, 260
suction lines, 282, 287, 478
suction pressure

checking, 386, 433
defined, 478

suction valves, 178
suction-throttle valves, 382–384,

388, 396
sulfur dioxide, 151, 160, 166

first aid for exposure to, 168
superheat, 245–247

checking, 246–247
defined, 5, 13, 478

superheater, 478
support bracket, window air

conditioners, 115
surge accumulators, 260
surge drums, 260, 270
suspended-type air conditioners,

361–363
Suva™ refrigerant. See R-134a

refrigerant
sweating, 478
switching relays, 300
synchronous motors, 403–406,

428
controls, 416–418

syphonage roof ventilator, 56
system, 478
system evacuation, 443–444

T
temperature, 1, 12

ambient, 273, 461
average annual minimum, 312
control devices, 290
critical, 7, 160–161, 466
critical, refrigerants, 160–161
defined, 478
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temperature (continued)
dew-point, 17
dry-bulb, 16, 17
effective, 17
evaporator, 138–139
indoor, recommended for

comfort, 25–27, 311–312
median of extremes, 312
and pressure, relationship with,

5–7
saturation, 17, 27
wet-bulb, 16, 17

temperature-humidity index, 18
temperature-motor control,

420–421
thermal conductivity, 478
thermal effect, 54, 97
thermal-type overload protector,

419, 428
thermistor, 478
thermocouple, 478
thermodynamics, 478
thermometer, 7–8

alcohol, 17
defined, 7, 13, 478
dry-bulb, 10, 16
Celsius scale, 7–8
Fahrenheit scale, 7
mercury, 17
Reamur scale, 7
wet-bulb, 10, 16

thermostat(s), 308
automobile air-conditioning, 369
defined, 478
duct, 294
electrical circuitry for, 293
immersion, 295
microprocessor-based, 128
night-and-day, 294
room, 291–294
in room air conditioners,

128–129
twin-type, 294, 295

thermostatic expansion valve,
300–303, 309

automobile air-conditioning,
377–380, 387–388, 396

defined, 478
function of, 174, 300–301
operation of, 301
sizing of, 302–303

three-way valves, 299, 308
time clocks, 256–257, 270
ton of refrigeration, 10, 51, 103,

144, 478
total heat, 18–19, 27, 479
total pressure, 90, 479
toxic gases, 1, 12
trichlorofluoromethane, 147
troubleshooting

air conditioners, general,
207–214, 444–450

automobile air-conditioning,
392–394

central air-conditioning,
363–366

compressors, 207–213
electrical system, 426–428
reverse-cycle air conditioning

system, 353–354, 355–356
room air conditioners, 140–143,

145
tubeaxial fans, 89, 98, 469
tube quick-connect (TQC)

couplings, 350
turbine roof ventilator, 56
turbulent flow, 479
twin-type thermostats, 294, 295
two-value capacitor motors, 408

U
unit control switch, room air

conditioners, 129
unit coolers, 244
unit heater, 479
unit system, 479
unloader, 479

V
vacuum, 479
valve(s)

automatic expansion, 139, 174,
300, 301, 308–309

check, 267–269, 271
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compressor, 178, 200–201,
435–436, 444

constant-pressure, 465
constant-temperature, 465–466
control, 298–299, 308
crankcase pressure-regulating,

305–306, 309
defined, 479
discharge, 178
double-seated, 299, 308
evaporator pressure-regulating,

306, 307, 309
external adjustment of, 378
float, 303–305, 470
maintenance, 200–201
packless, 475
poppet, 178
pressure-relief, 475
pressure-regulating, 305–306,

307, 309
reed, 178
reversing, 306–308, 309,

342–344, 345, 354,
355–356

ring-plate, 178
Schraeder, 476
single-seated, 299, 308
solenoid, 71, 380–381, 421, 428,

477
suction-throttle, 382–384, 388,

396
thermostatic expansion, 174,

300–303, 309, 377–380,
387–388, 396, 469, 478

three-way, 299, 308
water-regulating, 219, 220, 228,

276–278
vaneaxial fan, 89, 98
vapor, 479
vapor-compression refrigeration

cycle, 174–175
vaporizing process, 175
vegetation, 326
velocity pressure, 90
ventilation

air-duct systems, 77–88
air filters, 61–69, 97

air filtration, 60–61
air leakage, 53
defined, 53, 97
dehumidifiers, 73–77, 98
fans and blowers, 89–97, 98
fresh-air requirements, 57–58
humidifiers, 69–73, 98
mechanical, 53, 58–60, 97
natural, 53–56, 97
requirements, 90

ventilators
airflow in, 55
capacity, 56
mechanical, typical, 59
roof, 55–56
wind stream and, 54

viscosity, 479
volume, fans, 89
volumetric efficiency, 205, 468

W
water-cooled condensers,

219–227, 238
bleeder shell-and-tube, 219
configurations of, 224, 225
cooling-water circuits, 220
double tube, 219, 220–224
evaporative, 224–227
flooded atmospheric, 219
head-pressure controls, 228–229
metal combinations in, 223
shell-and-coil, 219, 224, 226
types of, 219, 220–227
winter shutdown of, 204–205

water cooler, 479
water-cooling systems, 273–288

ambient temperatures and, 273
atmospheric cooling methods,

274–279
combination units, 273
cooling ponds, 278, 287
cooling-unit piping, 280–287
discharge lines, 283–284, 288
liquid lines, 281–282
oil circulation, 283, 287
piping insulation, 286–287
piping supports, 285–286
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water-cooling systems (continued)
refrigerant-piping arrangement,

284–287, 288
selection of, 273
spray-cooling ponds, 279
suction lines, 282, 287
water sources, 273, 287
water towers, 274–278, 279, 287
winter operation of, 273

water filters, 12
water-regulating valve, 219, 220,

228, 276–278
water towers, 274–278, 287

algae growth in, 276, 287
operation of, 275–276
as source of cooling water for

nonportable air conditioner,
359–360

water-regulating valves in,
276–277

winter preparation of, 276
water vapor

defined, 5, 27
percent of in total air by volume,

15
weight of, 16, 27

wax, 479
weather, as a design consideration,

326–328
weather stripping, 53
wet-bulb depression, 18, 479
wet-bulb temperature, 17
wet-bulb thermometer, 10, 16
wet compression, 479–480
wet-expansion evaporators, 247,

248, 269
wet replacement-type filters, 64
wet (viscous) filters, 2, 97

air purifiers, 66–67
automatic-type, 64–66
flushing-type, 65
immersion-type, 64, 66
manually cleaned type, 64, 65
wet replacement type, 64

wind, 53–54
window air conditioners, 101

dismantling, 130
installation of, 104–115

window frosting, preventing, 53
window-mounted console air

conditioners, installing, 119,
120

wound-rotor motors, 401, 403,
404, 428

controls, 414–416, 417

X
xylene, 480

Y
year-round central

air-conditioning
absorption system, 331,

338–341, 366
advantages of, 331–332, 366
air-supply fans, 334–335
air-supply system, 332
air washers, 335
classification of, 331, 366
controls, 335–336
cooling coils, 334
filters, 335
gas-compression system, 331,

366
heating coils, 333
mixing chamber, 332–333
noise, 335
nonportable units, 354,

357–361
preheaters, 333–334
purpose of, summer vs. winter,

331
reverse-cycle systems, 341–354
steam-jet vacuum system, 331,

366
suspended-type air conditioners,

361–363
system selection, 337–338
troubleshooting, 363–366
zone control, 336–337

Z
zero, absolute, 5, 7–6, 459, 480
zone, 336

comfort (average), 480
zone control, 336–337


