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Absolute pressure, 9
Absolute temperature, 11
Absorption refrigeration, 250
Acceleration of gravity, 6
Added mass, 14
Additive pressures, Dalton's law of, 285
Additive volumes, Amagat’s law of, 285
Adiabatic efficiency;

of compressors, 144

of turbines, 144
Adiabatic flame tfemperature, 314
Adiabatic process, 49, 72

reversible, 135
Adiabatic saturation process, 29
Adiabatic saturation temperature, 290
Advection, 50
Alr:

atmospheric, 346

cxcess, 309

properties of, 378
Air-conditioning processes, 292

adding heat, 292

adding moisture, 292

mixing air streams, 293

removing moisture, 292
Air-fuel ratio, 309
Air-standurd cycles, 180
Alr-water vapor mixtures, 287
Amagat's model, 285
Atmosphere, table of, 346
Atmospheric air, 287
Atmospheric pressure, 9
Availability, 162

steady-flow, 164
Axial-flow compressor, 178

Back work ratio, 19}
Barometer, 9

Base units, 6
Blackbody, 3|
Boiler, 184, 214
Boiling, 23
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Bomb calorimeter; 312
Bore, 181
Bottom dead center. 181
Boundary work, 41
Brayton cycle, 190
with regeneration, 192
with reheating and regenerution, 194
Brayton-Rankine eycle, 227
Btu (British thermu! unit),
Bulk modulus, 27]

Capillary wbe, 272
Carban dioxide, properties of. 381
Carbon monoxide, properties of, 382
Carnot cycle, 122, 182
efficiency, 122, 182
P-v diagram, 122
reversed, 124
T-s diagram, 134
Carnot engine, 121
efficiency, 122
series, 128
Carnot heat pump, 124
Camot refrigerator, 124
in series, 128
Celsius temperature scale, 11
Central difference, 70
Centrifugal compressor, 178
Chemical compound, 308
Chemical energy, 311
Chemical reactions, 308
Clupeyron equation, 266
Clausius-Clapeyron equation, 267
Clausius inequality, 114
Clausius statement of the second law, 119
Clearance volume, 181
Closed feedwater heater, 22)
Coefficient
Joule-Thomson, 272
of performance, 85, 244, 252
of heat pumps, 85, 244
of refrigerators, 85, 244
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CoefTicient (Contd.)
of reversible heat pumps. 124
of reversible refrigerators. 124
Cogeneration, 223
Combined gas-vapor cycle, 227
Combustion, 308
complete, 308
enthalpy of, 311
incomplete, 308
theoretical, 308
Combustor, 190
Comfort zone, 292
Complete combustion, 308
Compressed liquid, 24, 360
Compressed-liquid region, 24
Compressibility chart, 392
Compressibility factor, 28
Compression:
isentropic, 177
multistage, 178
Compression-ignition engines, 184
Compression ratio, 181
effect on thermal efficiency, 183
Compressor:
air, 85
axial-flow, 178
centrifugal, 178
efficiency, 144, 176
first-law analysis, 80
gas, 175
intercooling, 178
reciprocating. 175
Condensation, 289
Condenser, 85, 214
Conduction, 50
Conservation:
of energy, 12, 62
control volumes. 77
cycles, 63
steady-flow, 76
systems, 64, 71
unsteady-flow, 87
of muss
control volumes, 76
steady-flow, 76
Constant pressure process, 72
Constant pressure specific heat,
68, 347, 349
of gas mixtures, 287
Constant temperature process. 71
Constant volume process, 72
Constant volume specific heat, 67, 347
of gas mixtures, 287
Continuity equation, 76
Continuum, 2
Control surface, 2

INDEX

Control volume, 2, 75
second law, 143
Convection, 50
Convection heat transfer coefficient, 50
Canversion of units, 345
Cooling:
with dehumidification, 292
evaporative, 293
Cooling tower, 295
COP (see Cocfficient of performance)
Counterflow heat exchanger, 228
Critical point, 23, 25
tible of properties, 348
Critical properties of gas, 348
Cutoff ratio, 185
Cycle, S, 84, 95
efficiency, 84
irreversible, 140
mechanical, 175
open, 175
power. 175, 214
refrigeration, 243, 252
Cyclic formula for derivatives, 264

Dalton’s model, 285
Dead state, 162
Dehumidification, 292
Density, 2, 7
Dependent property, 3
Dew-point temperature. 289, 309
Diesel cycle, 184
Differential, 264

exuct, 43

inexact, 43
Differential form of first law, 265
Diffuser, 81

subsonic, 82

supersonic, 2
Discharge of a tank, 87
Displacement volume, 181
Drag coefficient. 45
Dry air, 287
Dry-bulb temperature, 288
Dual cycle, 187

Effectiveness, 165

Efficiency, 144
adinbatic, 161
Carnol. 124
compressor, 144
cycle, 84
plant, 226
second-law, 161
thermal, 84
turbine, 144
volumetric, 176



Electric potential, 48
Electrical work, 48
Emissivity, 51
Endothermic reaction, 312
Energy, 11
chemical, |
conservaton of, 62
equation, 77
internal, |
kinetic, |1, 11, 64
latent, 67
potential, I, 11, 64
Energy efficiency ratio (EER), 125
Energy equation, 78
Engine:
Carnot. 121
external combustion. 188
heat, 117
internal combustion, 184
compression-ignition, 184
diesel, 184
reversible, 120
spark-ignition, 191
turbojet, 206
thrust of, 206
English units, 5
Enthalpy, 65
of air-water vapor mixture, 29|
of combustion, 312, 35|
of formation, 312, 350
of gus mixture, 285
of reactants, 311
of vaporization, 66. 350
Enthalpy change:
of gas mixture, 283
general expression, 268
of ideal gas, 68
of incompressible substance, 68
of reacting mixture, 311
of real gas, 273
Enthalpy departure, 274, 394
Enthalpy-entropy diagram, 138
Entropy. 73. 133
increase in. principle of, 144
production, 144, 151
Entropy change, 134
of gas mixture, 288
general expression, 134, 269
of ideal gas, 135, 136
of irreversible process, 141
of liquid, 139
of real gas, 274
of solid, 139
of universe, 142
Entropy departure. 275, 396
Entropy production, 144
Equality of temperature, 10
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Equutions of state:
ideal gas, 28
Redlich-Kwong, 31, 351
van der Waals, 30, 351
virial, 31
Equilibrium:
of a system, 3
thermodynumie, 3
Ericsson cycle, 189
Evacuated tank, 87
Evaporative cooling, 293
Evaporator. 85, 244
Exact differentiul. 3. 43
Excess air, 308
Excrgy, 164
Exhaust stroke, 1835
Exothermic reaction, 312
Expansion valve, 85
Exiensive property, 4
External combustion, 188

Fuhrenheit temperature scule, 11
Feedwater. 220
Feedwater heater, 221
closed, 221
open, 221
Fmite difference, 70
First law of thermodynamics, 62
control volumes, 77
differential form, 265
liquid flow, 78
reacting systems, 312
steady flow, 78
systems, 64
unsteady flow, 87
Flow rute, 76
Flow work, 77
Force, 8§
Fourier's law of heat trunsfer, 50
Friction, 120
Fuel-air ratio, 309
Fusion, heat of, 67
Fusion line, 25

Gage pressure. 9

Gus compressor, 175

Gus constant, 28
of gas mixture, 285
tuble of, 347
universal, 28

Gas mixtures, 285
properties of, 285

Gas power cycles, 175

Gas refrigeration cycle, 252

Gas turbine cycle (vee Brayton cycle)
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Gas-vapor mixtures, 287 Ideal gas (Conrd.)
Generalized compressibility chart, 392 specific heats, 347
Generalized enthalpy departure chart, 394 tables, 347, 378
Generalized entropy departure chart, 396 Tdeal gas mixture, 287
Gibbs function, 265 Incomplete combustion, 308
Globe valve, 79 Incompressible substance, 76
Gravimetne analysis, 285 enthalpy change, 69
Gravitational force, 14 entropy change, 139
Gravity, 6 internul energy change, 69

specific heat, 69, 347
Increase-in-entropy principle, 144

Heat, 49 Independent property, 3
of fusion, 67 Inequulity of Clausius, 140
latent, 67 Inexact differential, 43
sign convention, 49 Intensive property, 3
specific, 67; see also Specific heat Intercooling, 177
of sublimation, 67 Internal combustion engine:
transfer, 49 compression-ignition engines, 184
of vaporization, 67 spark-ignition engines, 183
Heat capacity (see Specific heat) Internnl energy. 12, 64
Heat engines, 117 Internal energy change:
thermal efficiency, 118 of gas-mixture, 286
Heat exchunger, 83 general expression, 268
Heat pump, 85, 243, 249 of ideal gas, 68
coefficient of performance. 118 of incompressible substance, 69
Heat ratio, specific, 69 of real gases, 273
Heat reservoir, 118 Inversion temperature, 282
Heat sink, |18 Trreversibility, 162
Heat source, 118 causes of, 120
Heat transfer, 49 steady flows. 163
isothermal, 121 systems, 163
reversible, 121 unsteady flows, 163
Heating: Irreversible cycle. 140
value, 312 Isentropic efficiency, 144
of a fuel, 312 Isentropic gas flow, 144
with humidification, 293 Isentropic process, 135
Helmholtz function, 265 of ideal gases, 135
Higher heating value, 312 Isentropic relations of ideal gases, 135
Homogeneous, 3 Isobaric process, 5, 72
Horsepower, 48 Isolated system, 2, 142
Humidification, 292 Isometric process. 5, 72
Humidity: Isothermal process, 5. 71
relative, 288
specific, 288 Joule. 7

Humidity ratio, 288

Th fficient, 272
Hydrocarbon fucl, 309 Joule-Thomson coefficien

Kelvin-Planck statement of
the second law, 119

Kelvin temperature scale, 11

Kinetic energy, 11, 64

Ice cubes, 92, 149

Ice point. 11

Ideal gas. 28
enthalpy change, 68
entropy change, 136

equition of state, 28 Latent heat, 67
internal energy change, 68 of fusion, 67
isentropic processes, 136 of sublimation, 67

properties of, 347 of vaporization, 67



Law. |

Lean mixture, 309

Ligquid flow, 78

Liquid-vapor mixture, 25
Liquid-vapor suturation curve, 25
Losses, 79, 227

Lower heating value, 312

Macroscopic forms of energy, |
Mukeup water, 296
Maunometer, 10
Mass, 3

conservation of, 76

of earth, 14

molar, 28

table of, 347

of moon, 14
Mass flux, 76
Mass fraction, 284
Maxwell relations, 263
Mean effective pressure, 181
Mean free path, 3
Mechanical cycle, 175
Mechanical forms of work, 47
Mercury, 10
Metastable equilibrium, 4
Mixture, 3, 285

lean, 309

rich, 309
Molar analysis, 285

table of, 247, 348
Molar specific heats, 69
Mole, 28
Mole fraction, 284
Molecular weight, 28, 284, 347
Mollier dingram, 139
Multistage compression, 178

refmgeration systems. 247

Newton, 6
Newton’s law of cooling. 50
Newton's second law, 6
Newton's third law, 14
Nitrogen, properties of, 379
Nonequilibrium process, 4
Nonequilibrium work, 46
Nozzle, 8]

second-law effectiveness, 165

subsonic, 82

supersonic, 82

Open feedwater, 221

QOpen cycle. 175

Open refrigeration system, 252
Orifice pluce, 79

INDEX

Otto eycle, 182

Overall heat transfer coefficient, 314
Overall plant efficiency, 226
Oxygen, properties of, 380

Paddle-wheel work, 46
Parabolic distribution, 96
Partinl derivative, 263
Partial pressure, 285
Pascal, 7
Path function, 3
PdV work, 43
Percent clearance, 181
Percent excess uir, 309
Percent theoretical air, 309
Perfect gus, 28: see also 1deal gas
Phase, 3
Phase-change processes, 23, 266

property diagrams for, 24
Phase equilibrium, 24
Piston, 43
Plant efficiency, 226
Polytropic process, 74
Porous plug, 271
Potential energy, 1, 12, 64
Power, 41
Power cycle, 173
Power plant, 84, 215
Preheater, 221
Pressure, 8

absolute, 9

atmospheric, 9

critical, 348

gage, 9

mean effective, 181

partial. 286

ratio. 187, 191

reduced, 29

relative, 136

vacuum, 9

vapor, 287
Pressure ratio, 187
Principle of entropy increase, 142
Process:

adiabatic, 49

irreversible, 120, 142

1sentropic. 136

1sobaric, 5

1sometric, 3

isothermal, 3

path, 43

polytropic, 74

quasiequilibrium, 4

reversible, 120, 161
Production of entropy, 144
Products of combustion, 311
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Properties of ideal gases. 347
Property of a system, 3
extensive, 3
independent, 3
intensive, 3
specific, 3
Psychrometric charts, 291, 390
Pump, 80, 214
efficiency, 145
Pump work, 80
Pure substance, 23
P-v diagram of a, 24
P-v-T surface of a, 25

Quality, of a two-phase mixture, 235
Quasiequilibrium process, 4, 73

Radiation, 51
Rankine cycle, 214
cfficiency, 216
regenerative, 220, 23]
reheat, 219, 231
supercritical, 224
Rankine temperature scale, 11
Reactants, 311
Real gases, 28
Reciprocating compressor, 175
Redlich-Kwong equation. 31, 351
Reduced pressure, 29, 342
Reduced temperature, 29, 392
Refmgerant [34n, properties of. 368
Refrigerants, 245
Reflrigeration, 243
absorption, 250
multistage, 247
subcooling, 247
ton of, 246
Refrigeration cycle, 85
actual, 245
ammonia-absorption, 250
gas, 252
vipor, 243
Refrigerator, 85, 117, 243
Carnot, 124
coefficient of performance, 118, 124
Regeneration:
Brayton cycle, 190
Ericsson cycle, 189
Runkine cycle, 220
Stirling cvcle, 189
Regenerative cycle, 193, 220
Regenerator, 188, 192
Reheat Brayton cycle, 194

INDEX

Reheat Rankine cycle, 219, 23]
Reheat/regenerative cycle, 222
Reheater, 195
Relative humidity, 288
Relative pressure, 136
Relative specific volume, 137
Reservoir, thermal energy, 117
Resistivity, 50
Reversed Carnot cycle, 124
Reversibility, 120
Reversible adinbatic process, 135
Reversible engine, 120, 121
Reversible process, 120, 161
Reversible work, 161

steady flows, 163

systems, 163
Rich mixture, 309
Rotating shaft, 47
Rotor, 178

Saturated liquid, 24
Saturiuted liquid-vapor, 353, 362
Saturated solid-vapor, 361, 367
Saturated vapor, 24
Second law:
closed systems, 135
control volume, 143
mathematical statement, 142
steady flow, 144
Second-law effectiveness, 165
Second-law efficiency, 161
Second law of thermodynamics, 119
Clausius statement, 119
Kelvin-Planck statement, 119
Shaft work, 47, 77
SI units, 5
Sign convention:
heat, 49
work, 41
Simple system, 3, 23, 44
Solid, properties of, 348
Spark-ignition engines, 180, 183
Specific enthalpy of air-water
vapor mixture, 280
Specific heat, 67
at constunt pressure, 68
at constant volume, 67
of a gas mixture, 285
generalized relatons, 270
of ideal gas, 69
of incompressible substance, 69
of superheated steam, 69
tuble of properties, 347-349
Specific heat ratio, 69, 347



Specific heat relations, 271
Specific humidity, 288
Specific properties, 3
Specific volume, 3
critical, 348
relative, 137
Specific weight, 7
Spring work, 48, 59
State, 3
Statistical thermodynamics, |
Stator, 178
Steady flow, 76
conservation of energy, 78
conservation of mass, 76
second-law analysis, 161
Steady-flow devices, 79
Steam generator (see Boiler)
Steam point. 11
Steam power plant, 84
Steam table, 26, 353
Stefun-Boltzmann constant, 51
Stefan-Boltzmann law, 31
Stirling cycle, 188
Stoichiometric air, 309
Stroke, 181
Subcooled liquid, 24
Subcooling, 247
Sublimation, heat of, 67
Subsonic flow, 82
supercritical state, 24
Supereritical vapor power cycle, 224
Superheat region, 24
Superheated vapor, 24
Supersonic flow, 82
Surroundings, |
Swamp cooler, 290
System, |
isolated, 143

T ds relations, 135
Temperature, |0,

absolute, 11

adiabatic flame, 313

adiabatic saturation, 290

critical, 348

dew-point, 289

dry-bulb, 288

reduced, 29

wet-bulb, 291
Temperature scales, 11
Theoretical air, 309
Theoretical combustion process, 309
Thermal conductivity, 50
Thermal efficiency, 84, 118, 183

INDEX
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Thermal equilibrium, |1
Thermodynamic equilibrium, 4
Thermodynamics, |
first law of, 62
second law of, 119
zeroth law of, 11
Throttling device, 79
Thrust of a turbojet engine, 196
Ton of refrigeration, 246
Top dead center, 181
Torque, 47
Transient flow, 86
Triple point, 24, 25
T-y diagram, |35
Turbine, 80, 214
cfficiency, 144, 152, 226
reversible, 145
work, 80
Turbojet engine. 196
T-v dingram, 24
Two-stage refrigeration, 247

Uniform flow, 76
Units, §
table of conversions, 345
Universal gas constant, 28, 285
Universe, entropy change of, 142
Unsteady llow, conservation of energy, 87

Vacuum pressure, 9
VYalves, 79, 272
van der Waals equation, 30, 351
Vapor, 23
Vapor power cycles, 214
Vapor pressure, 287
Vapor refrigeration cycle, 244
multistage, 247
Vaporizution, 23
enthalpy or latent heat of, 67
Vanable specific heats. 136
Vinal coefficients, 31
Virial equation of state, 31
Volume expansivity, 271
Volumetric analysis, 285
Volumetric efficiency, 176

Water, properties of, 353
Water vupor, ideal

gus properties of. 383
Weight, 7
Weight, specific, 7
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Wet-bulb temperature, 291 Work (Contd.)
Woark, 41 shaft, 47, 77
boundary, 42 sign convention, 4]
electrical, 48 spring, 47
flow, 77 Working fluid, |
mechanical, 47
nonequilibrium, 46
quasiequilibrium, 44 Zeroth law of thermodynamics, 11

reversible, 161 Z-factor, 28



