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mixtures, 466
Biofuel, 462
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Boiler, 158,279
Boiling, 40
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Bore, 320
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Bourdon gage, 21
Brayton cycle, 163, 34]
back-work ratio, 343
efficiency, 161, 343
pressure ratio, 343
with reheating. and regeneration, 349
with regeneration, 346
Brayton-Rankine cycle, 352
Btu (British thermal unit), 56
Bulk modulus, 261

Calorimetry, 488
Carbon dioxide, properties of, 501, 552. 560
Carbon monoxide, properties of, 501, 553, 561
Carnot cycle, 112, 189
efficiency, 190
P-v diagram, 189
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Carnot heat pump, 191
Carnot refrigerator, 191
Cascade refrigeration, 374
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Clausius inequality, 205

Clausius statement of the second law, 183

Clearance volume, 320
Closed feedwater heater, 294
Coal, 425
Coefficient:

Joule-Thomson, 263

of performance, 186, 368

heat pumps, 187 372
refrigerators, 186, 369,372

of thermal expansion, 24
Cogeneration cycle, 299
Cold-air standard, 317
Combined reheat-regenerative

cycle, 296

Combined gas-vapor cycle, 352
Combustion, 425

complete, 426

enthalpy of, 434

in a bomb, 441

incomplete, 426

theoretical, 426
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Compressed liquid, 42
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Compressibility factor, 66
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effect on thermal efficiency, 324
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efficiency, 226

first-law analysis, 139
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Condenser, 280, 367
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systems, 99
unsteady-flow, 155
of mass,
control volumes, 133
steady-flow, 131
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Constant pressure specific heat, 69
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table, 503 - 506
Constant temperature process, 105
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Continuity equation, 133
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second law, 221
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Stirling, 337
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Dehumidification, 405
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Dew-point temperature, 401
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Differential, 13

exact, I3
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Dissociation, 427
Distillation, 463
Double interpolation, 48, 63
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Dry-bulb temperature, 401
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spark-ignition. 320
turbojet, 350
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of air-water vapor mixture, 396, 401
of combustion, 435, 508
of formation, 434, 507
of gas mixture, 392
of liquids, 38
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of solids, 58
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chart. 568
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production, 209
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Entropy change. 210
general expression, 210
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chart, 570
Entropy production, 209
Equality of temperature, 22
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van der Waals, 67
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Equilibrium:
constant, 448, 509
composition of products, 449
reaction, 447
of a system, 15
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Equilibrium ratio, 427
Equivalence ratio, 427

Ericsson cyele, 112
Evacuated tank, 155
Evaporation, 40
Evaporative cooling, 366, 408
Evaporator, 367

Exact differential, 13
Excess air, 427

Exergy. 230

Exhaust stroke. 322
Exhaust valve, 320
Exothermic reaction. 434
Extensive property, 13
External combustion, 317
External irreversibility, 205

Fahrenheit temperature scale, 22
Feedwater heater, 293
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open, 293
Fermentation, 463
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First law of thermodynamics,
86,99
control volumes, 137
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differential form, 252
liquid flow, 138
reacting systems, 435
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systems, 99, 101
unsteady-flow. 155
Fixed volume, 102
Flame temperature, 442
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Flow rate. 133
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Fluid, 39
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Fourier’s law of heat transfer, 95
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table of, 501
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Gas mixtures, 389
properties of, 392
Gas power cycles, 317
Gas refrigeration cycle. 377
Gas turbine, 341
Gas turbine cycle (see Brayton cycle)
Gas-vapor mixtures, 396
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Geothermal energy, 473
Gibbs function, 252, 447
Gravimetric analysis, 390
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specific, 14
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of fusion, 60
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sign convention, 96
specific, 96 (See also Specific heat)
of sublimation, 60
transfer, 95
of vaporization, 60
Heat capacity (see Specific heat), 69
Heat engines, 185
efficiency, 118
Heat exchanger. 435
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shell-and-tube, 148
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Heat pump, 161, 187 371
coefficient of performance, 187 372
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Heat sink, 180
Heat source, 180
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table, 508
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High-efficiency furnace, 428

Higher heating value, 435
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specific, 397

Humidity ratio, 397

HVAC, 396

Hydrocarbon fuel, 425

Hydroelectric power, 477
dams, 477
pumped storage, 477

Hydrogen, properties of, 501, 554, 562

Hygrometer, 399

Hyperthermia, 492
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constant, 65
enthalpy change, 70
entropy change, 211
equation of state, 65
internal energy change, 70
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law, 64
properties of, 501
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tables, 501
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Incomplete combustion, 426
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enthalpy change, 74

entropy change, 213

internal energy change, 74
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Inequality of Clausius, 205
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Intercooling, 348
Internal combustion engine, 317
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Internal energy, 27,56
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of ice, 74

general expression, 258
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Interpolation, 47

double, 48
IRC Property Calculator, 49

example, 51
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causes of. 231
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Isentropic efficiency, 225
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Isentropic process, 208

of ideal gases, 211
Isentropic relations of ideal gases, 211
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Isothermal process, 105

Jet engine, 438
Joule, 88
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Kelvin-Planck statement of the second law, 182
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Latent heat, 60

cooling, 406

of fusion, 60

of sublimation, 60

of vaporization, 60
Law. 6
Leaf cross section, 485
Lean mixture, 427
Light frequency, 486
Liquid, 8

compressed, 42

flow, 133, 138

subcooled, 42
Liquid-vapor mixture, 42
Liquid saturation curve, 52
Losses, 302
Lower heating value, 435

Macroscopic forms of energy, 27
Makeup water, 411
Manometer, 20
Mass, 9

conservation of, 132

molar, 64

table of, 501

Mass flow rate (flux,) 131
Mass fraction, 389
Maximum flame temperature, 442
Maxwell relations, 253
Mean effective pressure, 320
Mercury, 19
Metabolism, 492
Mixing chambers, 145, 181
Mixing of air streams, 406
Mixture, 389

lean, 427

rich, 427
Molar analysis, 390
Molar mass, 389
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Molar specific heats, 382
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number of, 389
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Mole fraction, 389
Multistage refrigeration systems. 375
Muscle, 490
cardiac, 490
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Muscle fibers, 491
Myosin, 491

Natural gas, 428
Newton's law of cooling, 95
Newton's second law, 9
NIST, 24
Nitrogen, properties of, 501, 550, 558
Nonequilibrium process, 16
Nonequilibrium work, 92
Nozzle, 151
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supersonic, 151

Ocean thermal energy, 475
Open feedwater, 295
Open cycle, 317
Open refrigeration system, 377
Osmotic power, 478
Otto cycle, 112,322

analysis of. 323
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two-stroke, 327
Overall heat transfer coefficient, 314
Overall plant efficiency, 282
Oxygen, properties of, 501. 551, 559

Paddle wheel work, 93
Parallel-flow heat exchanger. 148
Partial derivative, 253
Partial pressure, 391
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Path function, 13
PdV work, 88
Percent excess air, 427
Percent theoretical air, 427
Perfect gas. 64 (See also 1deal gas)
Performance parameter, 185, 368
Phase, 39
diagram, 52
Phase-change processes, 40, 256
property diagrams for, 52

Index

Phase equilibrium, 24
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Photon energy, 486
Photosynthesis, 485
Photovoltaic cells, 467
Piloerection, 492
Piston-cylinder, 87
Planck’s constant, 486
Plant efficiency, 282
Poikilothermic, 492
Polytropic process, 110
Potential energy, 27
Power, 92
Power cycle, 315
Power plant losses, 302
Preheater, 293
Pressure, 17

absolute, 17

atmospheric, 18

critical, 52, 502

gage, 17

mean effective. 320

measurement, 21

partial, 396

ratio, 335, 343

reduced, 67

relative, 219

units, 18
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vapor, 396
Pressure ratio, 335,343
Primary dimensions, 40
Principle of entropy increase, 209
Problem solving, 98
Process, 15

adiabatic, 106

irreversible, 205

isentropic, 208

isobaric, 102

isometric, 102

isothermal, 105

polytropic, 110
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reversible, 205
Production of entropy, 209
Products of combustion, 426
Propane, 437
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Properties of ideal gases, 501. 549
Property of a system, 12
dependent, 40
extensive, 13
independent, 40
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Psychrometric charts, 401, 564
Psychrometrics, 401
Psychrometry. 396
Psychrometer, 401
sling, 401
Pump, 139
cfficiency, 228
Pump work, 139, 281
Pure substance, 38
P-v diagram, 52
P-p-T diagram, 53

Quality, 42
of a two-phase mixture, 42
Quasi-equilibrium process, 16
adiabatic, 107

R134a,61
tables, 530
Radiation heat transfer, 96
Rankine cycle, 158, 282
cogeneration cycle, 299
combined cycle, 296
efficiency, 158, 282
regenerative, 293
reheat, 290
supercritical, 287
Rankine temperature scale, 22
Ratio of specific heats, 71
table, 501
Reactants, 426
enthalpy of, 434
Reaction, stoichiometric, 426
Real gases, 66
Reciprocating engine, 320
Reduced pressure, 67
Reduced temperature, 67
Refrigerant 134a, properties
of, 530
Refrigerants, 61,373

Refrigeration, 367
absorption, 377
multistage, 374
ton of, 376
Refrigeration cycle, 160, 183, 367
actual, 370
ammonia-absorption, 377
gas, 377
vapor, 367
Refrigerator, 161, 183
Carnot, 191
coefficient of performance, 186, 369, 372
Regeneration;
Brayton cycle, 346
Ericsson cycle, 337
Rankine, 293
Stirling, 337
Regenerative cycle, 293
Regenerator, 338, 346
Reheat Brayton cycle, 349
Reheat Rankine cycle, 290
Reheater, 349
Reheat-regenerative cycle, 349
Relative humidity, 397
Relative pressure, 219
Relative specific volume, 219
Reservoir, thermal energy. 180
Resistivity, 95
Reversed Carnot cycle, 191
Reversible engine, 189
Reversible process, 181,205
Reversible work, 231
R-factor, 95
Rich mixture, 427
Rotating shaft. 92
Running lean, 427
Running rich, 427

Saturated:

liquid, 42

line, 52

mixture, 42

vapor, 42

vapor line, 52
Saturated liquid-vapor, 510
Saturated solid-vapor, 529
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Saturation temperature, 40
Seasonal EER (SEER). 188
Second law of thermodynamics, 182
Clausius statement, 183
control volume, 143, 221
Kelvin-Planck statement. 182
steady-flow, 222
systems, 208
steady-flow, 144
Second-law efficiency, 231
Seebeck coefficient, 472
Semiconductor, 467
Sensible heat, 405, 407
Shear force, 92
Shaft work, 92
S1 units, 9
prefixes, 10
Sign convention:
heat, 96
work, 89
Significant digits (numbers), Y. 437
Simple substance, 38,211
Sling psychrometer, 401
Solar energy, 467
active heating. 468
passive heating, 469
Solid, 8
properties of, 503
Spark-ignition engines, 320), 322
Specific enthalpy, 57
Specific enthalpy of air-water vapor mixture,
396,401
Specific gravity, 14
Specific heat, 69
at constant pressure, 69
at constant volume, 69
as cubic function of temperature, 504
of a gas mixture, 285
generalized relations, 258
of ideal gas, 69
of incompressible substance, 73
of nonideal gas, 260
of superheated steam, 72
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at various temperatures, 505
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Specific properties. 14, 56
Specific volume. 14
critical, 502
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relative, 219
Specific work. 88
Speed of light, 486
Spring constant, 92
Spring work, 92
State. 12
State postulate, 16, 58
Statistical thermodynamics, 8
Steady-flow devices. 139
Steadv-flow, 133
conservation of energy, 138
conservition of mass. 131
sccond law analysis, 222
Steam, 41,47
Steam generator (see Boiler), 279
Steam power plant, 282
Steam table. 44.510
Steffan- Boltznann law, 96
Steffan-Boltznann constant, 96
Stirling cycle, 112,337
Stoichiometric:
air, 309
coefficient, 447
reaction. 426
Stroke. 320
Subcooled liquid, 42
Sublimation, 53
Sublimation, heat of, 67
Supercritical state, 52
Supercritical vapor power cycle, 287
Superheat region, 48
Superheated vapor, 42, 47
Surroundings, entropy change
of.214
Sustainability. 7 279, 462
Swamp cooler, 388
Svstem, 7.86
isolated, 7
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Tds relations. 211
Temperature, 22

absolute, 22,23

adiabatic flame, 442

adiabatic-saturation, 400

Celsius, 22

critical, 502

dew-point, 401

dry-bulb, 401

kelvin, 23

measurement, 24

Rankine, 23

reduced, 67

relative scale, 212

scale, 22

wet-bulb, 401
Temperature scales, 22
Theoretical air, 427
Theoretical combustion process, 426
Thermal conductivity, 95
Thermal efficiency, 158, 185
Thermal equilibrium, 15
Thermal pollution, 280
Thermistor, 27
Thermocouple, 26
Thermodynamic equilibrium, 15
Thermodynamics. 5

first law of, 86

future of, 6

history of. 6

second law of, 182

zeroth law of. 22
Thermoelectric generator, 472
Thermogenesis, 493
Thermometer, 24

bi-metalic strip. 25

Bourdon gage, 25

thermister, 27

thermocouple, 26
Thermoregulation, 492
Throttling device. 143, 376,373

calorimeter, 143
Throw. 329
Ton of refrigeration, 375
Top dead center, 320
Torque, 92

Torricelli barometer, 19
Transducer, 21
Transient flow, 155
Triple point, 54
I-s diagram. 217
Turbine, 139, 280
cfficiency, 225
work, 139
Turbojet engine, 350
Turboprop engine, 351
T-v diagram. 52
Two-stage refrigeration, 374

Uniform flow, 132
Units, 9
of heat, 96
of work, 88
table of conversions, 498
Units, conversion of. 498
Universal gas constant, 65, 389
Universe, entropy change of, 209
Unrestrained expansion, 182
Unsteady-flow. energy. 155
discharging a tank, 155
filling a tank, 155
U.S. standard atmosphere, 499
Utilization factor. 300

Vacuum, I8
Valves, 143,263
van der Waals equation, 67
constants, 509
Vapor, 39,41
saturated, 42
superheated, 47
Vapor refrigeration cycle,
160, 367
multistage, 347
Vapor power cycles. 158. 282
Vapor pressure, 396
Vapor saturation line, 52
Vaporization, 40, 53
enthalpy or latent heat
of. 60
Variable specific heats, 218
Virial coefficients, 67



Virial equation of state, 67

Voltage, 93

Volume, 14
pseudo-reduced, 67
specific, 14

Volume expansivity. 261

Volumetric analysis, 390

Volumetric flow rate, 133

Wankel engine, 328
Water vapor, ideal gas properties of.
501,555,563
Wet-bulb temperature, 401
Work, 88
battery. 88

electrical, 92
flow, 88
nonequilibrium, 83
paddle wheel, 93
pressure, 88
quasiequilibrium, 89
rate (power), 137
reversible, 231
shaft, 92
sign convention. 89
spring, 92

Working fluid, 39

Zeroth law of thermodynamics, 22
Z-factor, 66
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