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Absolute pressure, 9
Absolute temperature, 11
Absorption refrigeration, 264
Acceleration of gravity, 7
Added mass, 14
Additive pressures, Dalton’s law of,
300
Additive volumes, Amagat’s law of,
300 ]
Adiabatic efficiency:
of compressors, 154
of turbines, 154
Adiabatic flame temperature, 331
Adiabatic process, 51, 77, 129
reversible, 145
Adiabatic saturation process, 305
Adiabatic saturation temperature,
305
Adjusted heat, 177
Advection, 52
Air:
atmospheric, 303
excess, 326
properties of, 395, 401
Air-conditioning processes, 308
adding heat, 308
adding moisture, 308
mixing air streams, 308
removing moisture, 308
Air-fuel ratio, 326
Air-standard-cycles, 193
. Air-water vapor mixtures, 303
- Amagat’s model, 300 - .
* Atmosphere, table of, 363 .
Atmospheric air, 303 -
" Atmospheric pressure, 9-
" Availability, 174 -
. ‘steady-flow, 176 -
Axial-flow compressor, 191"

q Back work ratio, 203 -
o Barometer, 6, 19° 5Ty
o Baseunits, 67 C

o Blackbiody, 52

Blower; 84

SRR Bellg T

Boiling, 24
Bomb calorimeter, 329
Bore, 193
Bottom dead center, 193
Boundary work, 45
Brayton cycle, 202
with regeneration, 204
with reheating and regeneration,
206
Brayton-Rankine cycle, 241
Btu (British thermal unit), 6
Bulk modulus, 285

Carbon dioxide, properties of,
400
Carbon monoxide, properties of,
401
Carnot cycle, 130, 195
efficiency, 130, 195
P-v diagram, 130
reversed, 132
T-s diagram, 144
Carnot engine, 129
efficiency, 130, 132
Carnot heat pump, 132
Carnot refrigerator, 132
Celsius temperature scale, 11
Centrifugal compressor, 191
Chemical compound, 325
Chemical energy, 328
Chemical reactions, 325
Clapeyron equation, 280
Clausius-Clapeyron equation, 281

Clausius inequality, 151

Clausius statement of the second
law, 127
Clearance volume, 189, 193
Closed feedwater heater, 234
Coefficient:
of heat pumps, 89, 258

. Joule-Thomson, 286

- of performance, 89, 258
- ol refrigerntors, 89, 258
of reversible heat putips, 132

- of reversible refrigerators, 132
~o Copeneration, 230

lhdex

Combined gas-vapor cycle, 241
Combustion, 12, 325
complete, 325
enthalpy of, 328
incomplete, 325
theoretical, 325
Comfort zone, 308
Complete combustion, 325
Compressed liquid, 25, 27,379
Compressed-liquid region, 25
Compressibility chart, 411412
Compressibility factor, 29, 30
Compression:
isentropic, 189
multistage, 190
Compression-ignition engines, 197
Compression ratio, 193
effect on thermal efficiency, 196
Compressor:
air, 90
axial-flow, 191
centrifugal, 191
efficiency, 154, 189
first-law analysis, 85
gas, 188
intercooling, 191
reciprocating, 188
Condensation, 304
Condenser, 88, 227
Conduction, 52
Conservation:
control volumes, 80, 82
* cycles, 66
of energy, 12, 63, 68
of mass, 80
steady-flow, 80
systems, 67
unsteady-tlow, 91
Constant pressure process, 76
Constant pressure specific heat,
72:73
of gas mixtures, 301
Constant temperatune pxeess, 73
Constant volutue prowess, 70
Constant valume spevific heat, 71
of gy mixtures, M1

417
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Continuity equation, 81
Continuum, 3
Control surface, 2
Control volume, 2, 80
second law,153
Convection, 52
Convection heat transfer coefficient,
52
Conversion of units, 365
Cooling:
with dehumidification, 307
evaporative, 309
Cooling tower, 310
COP (see Coefficient, of performance)
Counterflow heat exchanger, 204
Critical point, 24, 30
table of properties, 368
Critical properties of gas, 367
Cutoff ratio, 197
Cycle, 5, 88
~ efficiency, 88
irreversible, 150
mechanical, 187
open, 187
power, 187
refrigeration, 257, 266
Cyclic formula for derivatives, 278

Dalton model, 300
Dead state, 174
Dehumidification, 308
Density, 3

table of properties, 366-369
Dependent property, 3
Dew-point temperature, 304, 326
Diesel cycle, 197
Differential, 277

exact, 46

inexact, 46
Differential form of first law, 279
Diffuser, 87

subsonic, 87

supersonic, 87
Discharge of a tank, 91
Displacement volume, 193
Dry air, 303,306
Dry-bulb temperature, 304
<" Dual cycle, 199

 Effectiveness, 177
. Efficiency, 154 -~ ©
_adiabatic, 174
© Carnot, 130 -
compressor, 154
vt oycle 88
- “'second-law, 174 ..
. thermal, 88

© . turbine; 154

-+ volumetric, 189 .

Electric potential, 50
Electrical work, 50
Emissivity, 52
Endothermic reaction, 328
Energy, 11
conservation of, 65
equation, 82
internal, 12
kinetic, 11
latent, 70
potential, 12
Energy efficiency ratio (EER), 132
Energy equation, 82
Engine:
Carnot, 129
compression-ignition, 197
diesel, 193
external combustion, 201
heat, 126
internal combustion, 187
reversible, 128
spark-ignition, 193, 195
thrust of, 207
turbojet, 207
English units, 6
Enthalpy, 70, 282
of combustion, 328, 371
of formation, 328, 370
of gas mixture, 301
of reactants, 328
of vaporization, 68, 370, 371
Enthalpy change:
of gas mixture, 300
general expression, 282
of ideal gas, 71
of incompressible substance, 70
of reacting mixture, 328
of real gas, 286
Enthalpy departure, 287, 413414
Enthalpy-entropy diagram, 149
Entrance, 83
Entropy, 78, 144
increase in, principle of, 154
production, 144, 154
Entropy change:
of gas mixture, 303
general expression, 283
of ideal gas, 145
of irreversible process, 151
of liquid, 148 -
of real gas, 288
* of solid, 148
of universe, 152

Entropy departure; 288, 415-416

Entropy production, 154
Equality of temperature, 11

. Equations of state:

.ideal gas, 29
Redlich-Kwong, 31, 371

INDEX

Equations of state (Contd.):
van der Waals, 31, 371
virial, 31

- Equilibrium:

metastable, 4

of a system, 5

thermodynamic, 3
Ericsson cycle, 200
Evacuated tank, 91
Evaporative cooling, 309
Evaporator, 89, 258
Exact differential, 4, 46
Excess air, 326
Exergy, 177
Exothermic reaction, 328
Expansion valve, 89
Extensive property, 4
External combustion, 201

Fahrenheit temperature scale, 11
Feedwater heater, 234
closed, 235
open, 233
Filling a tank, 91
First law of thermodynamics, 65
control volumes, 79
differential form, 279
liquid flow, 80
steady now, 80
systems, 66
unsteady flow, 91
Flow rate, 81
Flow work, 82
Fluid property calculator, 28
Force, 8
of attraction, 14
Fourier’s law of heat transfer, 52
Friction, 128
Fuel-air ratio, 326
Fusion, heat of, 70

Gage pressure, 9
Gas compressor, 188
Gas constant, 29
of gas mixture, 300
table of, 364
universal, 29
Gas mixtures, 300
properties of, 301
Gas power cycles, 187
Gas refrigeration cycle, 266
Gas turbine cycle (see Brayton cycle)
Gas-vapor mixtures, 303
Generalized compressibility chart, 412
Generalized enthalpy departure
chart, 413

Generalized entropy departure chart,’
415 :
Gibbs function, 279
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Globe valve, 83
Gravimetric analysis, 300
Gravitational, constant, 7
Gravitational force, 14
Gravity, 7, 19

Heat, 51

of fusion, 70

latent, 70

specific, 70

of sublimation, 70

transfer, 51 _

of vaporization, 70
Heat engines, 126

thermal efficiency, 127
Heat exchanger, 86, 262
Heat pump, 89, 126, 263

coefficient of performance, 89, 127
Heat ratio, specific, 73
Heat reservoir, 126
Heat sink, 126
Heat source, 126
Heat transfer, 51

isothermal, 129

reversible, 129
Heating:

with humidification, 309

value, 329

of a fuel, 329

Helmbholtz function, 279
Higher heating value, 329
Homogeneous, 3
Horsepower, 44
Humidification, 309
Humidity:

relative, 303

specific, 304
Humidity ratio, 303
Hydrocarbon fuel, 326

Ice cubes, 158
Ice point, 11
Ideal gas, 29
enthalpy change, 70
entropy change, 145
equation of state, 29
internal energy change, 70
isentropic: pmcesses, 145,
: law, 29 -
= 'pr,opcmcs of, 367 .
specific heats, 369
- tables, 367, 397-408
. Ideal gas mixture, 300 -
Imomplcw combustion, 325
!ncumprcsmblc substance, 285

-~ ‘enthalpy change, 71 -

“entropy change, 148 - e
“intemal energy change, 71-

- epecific heat, 73,368 -

Increase-in-entropy principle, 154
Independent property, 4
Inequality of Clausius, 150
Inexact differential, 46
Intensive property, 4
Intercoolmg, 190, 206
Internal combustion engine:
compression-ignition engines,
197
spark-ignition engines, 195
Internal energy, 12, 282
Internal energy change:
of gas mixture, 300
general expression, 282
of ideal gas, 70
of incompressible substance,
71
of real gases, 286
Inversion temperature, 295
IRC Calculator, 28
Irreversibility, 129, 174
causes of, 129
steady flows, 175
systems, 175
unsteady flows, 175
Irreversible cycle, 150
Isentropic efficiency, 184
Isentropic gas flow, 153
Isentropic process, 145
of ideal gases, 145
Isentropic relations of ideal gases,
145
Isobaric process, 5, 77
Isolated system, 2, 152 '
Isometric process, 5
Isothermal process, 5

Joule, 7, 47
Joule-Thomson coefficient, 286

Kelvin-Planck statement of the
second law, 127

Kelvin temperature scale, 11

Kinetic energy, 11

Latent heat, 70
of fusion, 70
. of sublimation, 70
" of vaporization, 70 -

‘Law, 2

Lean mixture, 326
Liquid-vapor mixture, 26
Liquid-vapor saturation curve, 26

I_.’_ossés. 83,239
. Lower heating value, 329 ..

“Macroscopic forms of energy, 2
‘Makeup water, 311
‘Manometer, 10
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Mass, 3

conservation of, 80

of earth, 14

molar, 29

of moon, 14

table of, 367-368
Mass flux, 81
Mass fraction, 299
Maxwell relations, 279
Mean effective pressure, 194
Mean free path, 3
Mechanical forms of work, 49
Mercury, 10
Metastable equilibrium, 4
Mixture, 3, 300

lean, 326

rich, 326
Molar analysis, 300
Molar mass, 29
Molar specific heats, 72
Mole, 29
Mole fraction, 299
Molecular weight, 29, 299
Mollier diagram, 149
Multistage compression, 190

refrigeration systems, 261

Newton’s law of cooling, 52
Newton’s second law, 7
Newton'’s third law, 14
Nitrogen, properties of, 398, 404
Nonequilibrium process, 5
Nonequilibrium work, 48
Nozzle, 87

second-law effectiveness, 177

subsonic, 87

supersonic, 87

Open feedwater, 233

Open cycle, 187

Open refrigeration system, 266
Orifice plate, 89, 286

Otto cycle, 195

Overall heat transfer coefficient, 331
Overall plant efficiency, 239
Oxygen, properties of, 399, 405

Partial derivative, 288

Partial pressure, 300

Pascal, 8

Path function, 3, 40

Percent clearance, 193

Percent excess air; 320 -

Percent theoretical air, 326
Perfect 3._.\\\. 29 (see alyo Tdeal gas)

Phase, 3

Phase-change vu\\ sses, 24, 280
propesty .ll.\w\m\ for, 24
Plait elMciency, 230
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Polytropic process, 78
Porous plug, 286
Potential energy, 12, 68
Power, 44
Power cycle, 88
Power plant, 88, 229
Preheater, 154
Pressure, 5
absolute, 9
atmospheric, 9
critical, 368
gage, 9
" mean effective, 194
partial, 303
ratio, 199
reduced, 30
relative, 147
vacuum, 9
vapor, 303
Pressure ratio, 199
Principle of entropy increase, 152
Process:
adiabatic, 51, 129
irreversible, 128
isentropic, 145
isobaric, 5
isometric, 5
isothermal, 5
path, 46
polytropic, 78
quasi-equilibrium, 4
reversible, 129
Production of entropy, 154
Products of combustion, 328
Properties of ideal gases, 397
Property of a system, 3
extensive, 4
independent, 4
intensive, 4
specific, 4
Psychrometric charts, 307,
409410
Psychrometry, 303
Pump, 84, 229
efficiency, 154
Pump work, 85
Pure substance, 23 -
P-v diagram of a, 25
,l’-v-’r surface of a, 25

: Quahty, of a two-phase mlxlurc. ]

1. 26,68 -

: Quw cqunhbnum prdccss 4 45 =

Radmlum. 52 i
R.mkmuydc 227 =
E efficiency, 23)
with losses, 240
rc;,mcrmwc. 213

Rankine cycle (Contd.):

rcheat, 232

supercritical, 237
Rankine temperature scale, 11
Reactants, 328
Real gases, 30, 286
Reciprocating compressor, 188
Redlich-Kwong equation, 31, 371
Reduced pressure, 30, 287
Reduced temperature, 30, 287
Refrigerant 134a:

properties of, 387-396
Refrigerants, 259
Refrigeration, 257

absorption, 264

multistage, 261

subcooling, 261

ton of, 260
Refrigeration cycle, 89

actual, 259

ammonia-absorption, 265

gas, 266

vapor, 257
Refrigerator, 89, 126, 257

Carnot, 132

coefficient of performance,

89,127

Regeneration:

Brayton cycle, 202

Ericsson cycle, 200

Rankine cycle, 233

Stirling cycte, 200
Regenerative cycle, 205, 206, 233
Regenerator, 200
Reheat Brayton cycle, 206
Reheat Rankine cycle, 232
Reheat/regenerative cycle, 235
Reheater, 207
Relative humidity, 303
Relative pressure, 147
Relative specific volume, 147
Relative temperature, 11
Reservoir, thermal energy, 126
Resistivity, 52
Reversed Camot cycle, 132
Reversibility, 128
Reversible adiabatic process, 144
Reversible engine, 128, 129
Reversible process, 128, 173

Reversible work, 173

steady flows, 175
. systems, 175
Rich mixture, 326
Rotating shaft, 48
Rotor, 191

Sawrated liq\ud 24,25
Saturated solid-vapor, 27, 350
Suturated vapor, 24, 25,

INDI

Second law:
closed systems, 145
control volume, 153, 175
steady flow, 153
Second-law effectiveness, 177
Second-law efficiency, 174
Second law of thermodynamics, 1
Clausius statement, 127
Kelvin-Planck statement, 127
Shaft work, 49, 92
Sign convention:
heat, 51
work, 44
Simple system, 4, 46
SI units, 6
Solid, properties of, 24, 368-369
Spark-ignition engines, 193, 195

LA

Specific enthalpy of air-water, vapor

mixture, 301
Specific heat, 71
at constant pressure, 72
at constant volume, 71
of a gas mixture, 302
generalized relations, 286
of ice, 73
of ideal gas, 72, 367
of incompressible substance, 73
of superheated steam, 73
tables of properties, 368-370
Specific heat ratio, 73, 368
Specific heat relations, 284
Specific humidity, 304
Specific properties, 4
Specific volume, 4
Specific weight, 7
Spring work, 49
State, 3
Statistical thermodynamics, 2
Stator, 191
Steady flow, 80
conservation of energy, 82
conservation of mass, §0
second-law analysis, 178
Steady-flow devices, 83
Steam generator (see Boiler)
Steam point, 11
Steam power plant, 88
Steam table, 26, 372-386
Stefan-Boltzmana constant, 52
Stefan-Bolzmann law, 52
Stirling ¢ycle, 200
Stoichiometric air, 326
Stroke, 193 ,
Subcooled liquid, 24, 28
Subeooling, 261
Sublimation, heat of, 70
Superritical state, 23

Superctitical vapor power evele, 237

Superheat tegion, 23

-

25
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Superheated vapor, 25
Surroundings, 2
Swamp cooler, 306
System, 2

isolated, 152

Tds relations, 145
Temperature, 10
absolute, 11
adiabatic flame, 331
adiabatic saturation, 305
critical, 30
dew-point, 304
dry-bulb, 304
reduced, 30
wet-bulb, 305, 307
Temperature scales, 11
Theoretical air, 326, 331
Theoretical combustion process, 326
Thermal conductivity, 52
Thermal efficiency, 88
Thermal energy reservoir, 126
Thermal equilibrium, 11
Thermodynamic equilibﬁum, 4
Thermodynamics, |
first law of, 65
second law of, 125
zeroth law of, 11
Throttling device, 83, 286
Thrust of a turbojet engine, 207

Ton of refrigeration, 260
Top dead center, 193
Torque, 49
Transient flow, 91
Trap, 235
Triple point, 25
I-s diagram, 148
Turbine, 84

efficiency, 154
Turbojet engine, 207
T-v diagram, 24
Two-stage refrigeration, 261

Uniform flow, 80
Units, 6 )
table of conversions, 361 -

Universal gas constant, 29, 300

Universe, entropy change of,
152

Unsteady flow, conservation of
energy, 91

Vacuum pressure, 9

Valves, 83
van der Waals equation, 31, 371

Vapor, 24

Vapor power cycles, 227

Vapor pressure, 303

Vapor refrigeration cycle, 258
multistage, 261

421

Vaporization, 25

enthalpy or latent heat of, 70
Variable specific heats, 146
Virial coefficients, 31
Virial equation of state, 31
Volume expansivity, 285
Volumetric analysis, 300
Volumetric efficiency, 189

Water, properties of, 372-386
Water vapor, ideal gas
propertics of, 372-386
Weight, 7
Weight, specific, 7
Wet-bulb temperature, 303, 307
Work, 44
boundary, 45
clectrical, 50
flow, 82
mechanical, 49
nonequilibrium, 48
quasi-equilibrium, 45
reversible, 174
shaft, 49
sign convention, 44
spring, 49
Working fluid, 2

Zeroth law of thermodynamics, 11
Z-factor, 29



