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Critical-pressure ratio, 590 
Critical temperature, 38 
Critical-temperature ratio, 590 
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Cubic equations, 60, 470 
Cubic equation of slate, 683 
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Dallon model of gas mixtures, 420-425 
Dead stale, 307 
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Desuperheater, 162 
Device efficiency, entropy analysis, 277-283 
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Diesel cycle, 336-339 
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Dry saturated vapor, 37 
Dual cycle, 339-340 
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Energy conservation, entropy analysis, 277-283 
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Energy conversion, 113-114 
Energy conversion devices, 178 
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engineering applications, 1IL--118 
enthalpy, thermodynamic property, 98- 100 
gas-vapor mixtures, 430-432 
heat, definition of, 88 
heat transfer modes, 89-93 
internal energy, enthalpy and specific heat of 

ideal gases, 102-108 
problem analysis and solution technique, 93-97 
simple compressible system, 80-87 
transient heat transfer process, 109-11 1 

Energy resources, I 11-113 
Energy storage, 114-116 
Energy transfer, 116--118, 135 
Energy transformation, 113-114 
Engineering applications: 

chemical reactions, 533-536 
energy conversion and transformation, 113-114 
energy resources, 1 11-1 I 3 
energy storage, 114-116 
energy transfer, 116-118 
entropy analysis, 277-283 
exergy, 316-317 
gas mixtures, 434-440 
phase and chemical equilibrium, 570-572 
pure substance, 61-63 
second law of thermodynamics, 204-206 
thermodynamic relations, 488-491 
thermodynamics, 24-28 

English Engineering System of Units, 9, 10, 23 
Enthalpy: 
at constant temperature, 472-475 
energy equation, 102-108 
and internal energy of combustion, 516-521 
thermodynamic property, 98-100 
thermodynamic relations, 458-464 

Enthalpy-entropy diagram for steam, 218 
Enthalpy of formation, 629 

chemical reactions, 509-511 
Entropy: 

and chaos, 246-248 
control mass during irreversible process, change of, 235-236 
energy conservation and device efficiency, 277-283 
engineering applications, 277-283 
entropy balance equation, for control volume, 260-26 1 
entropy balance equation, rate form, 242-246 
entropy generation and entropy equation, 236-238 
ideal gas, change of, 226-231 
principle, increase of, 238-241, 273-277 
property of system, 215-217 
of pure substance, 217-219 
reversible polytropic process, for ideal gas, 231-234 
reversible processes, change in, 219-224 
solid or liquid, change of, 225-226 
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J 
Jet engine, ideal gas-turbine cycle for, 358 
Jet pump, 161 
Joule (J), 76 

K 
Kalina cycle, 407 
Kay's rule, 485 
Kelvin-Planck statement, 182-185 
Kilogram (kg), 9 
Kinetic energy of the control mass, 76-78 

L 
Large axial-flow gas turbine compressor rotor, 161 
Large butterfly valve, 160 
Large wind turbine, 162 
Lee-Kesler equation, 61, 471-473, 476, 489, 684 
Lee-Kesler simple fluid, 684, 685 
Lewis-Randal rule, 482 
Linde-Hampson system, for liquefaction of gases, 400 
Linear polyatomic gases, 681-682 
Liquefaction of gases, Linde-Hampson system for, 400 
Liquefied natural gas (LNG), 6.2 
Liquid: 

constant-volume and constant-pressure 
specific heats, 101-102 

entropy change, 225-226 
properties of, 616 

Liquid crude oil, 501 
Liquid hydrocarbon fuels, 500, 501 
Liquid hydrogen, 501 
Liquid metal-water binary power system, 406 
Liquid octane, 522-523 
Liquid oxygen plant, 400 
Liquid propane-gaseous water, 520 
Liquid propane-liquid water, 519 
Liquid pumps, 161 
Liquid states, 49-50 
Liquid-vapor surface, 42, 43 
Liquid water, submerged in, 55 
Lost work, 299 
Lower healing value (LHV), 518 
Low-pressure ammonia vapor, 40 1 
Low-pressure region, of compressibility chart, 468 
Low-temperature fuel cells, 531 

Manual oil pump, 161 
Mass and energy transfers, 297 
Mass, conservation of, 134-137 
Mass-flow rate, 54, 136, 139 

of ideal gas, iscntropic nozzle, 590-595 
Maxwell relations, 455-458 
Mean solar day, 8 
Mean temperature of heat addition, 378 
Mechanical systems, 115 
Mercury barometer, 17 
Mercury (Hg) manometer, 17 
Metastable equilibrium, 551-552 
Methane, 505, 508 
Micro, 8 
Microscopic points of view, 5-6 
Miller cycles, 341-344 
Milli, 8 
Mixing chamber, 162 
Mixture: 

property relation for, 478-482 
of two gases, 420 

Mole-basis analysis, of gaseous mixture 
yields, 419 

Mollier diagram, 217 
Momentum equation, for control volume, 580-582 
Monatomic gases, 681 
Multiflow devices, control volume, 162, 163 
Multiple-flow devices, 152-154 

M 
Macroscale, 20 
Macroscopic point of view, 5-6 

N 
Nano, 8 
Naphthalene, 500 
Natural gas furnace, 152 
Newton's second law of motion, 8, JO 
Nitrogen, 56 

compressibility of, 57 
NJFB, 38 
Nonequilibrium process, 84 
Nonlinear polyatomic molecules, 682 
No phase, JO 1 
Nozzle: 

adiabatic, one-dimensional, steady-state flow, 
incompressible fluid, 583-584 

control volume, 159-160 
and diffuser coefficients, 601-603 
normal shock in ideal gas, 595-601 
reversible, adiabatic, one-dimensional flow, 

ideal gas, 587-590 
steady-slate process, 144-145 

Nozzle pressure ratio, 592 
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0 
Ocean exploration, research submarine for, 18 
One-dimensional flow, 583-584 
One-dimensional isentropic compressible-flow 

functions, 609, 610 
One-dimensional normal shock, 595 
Open cycle, 325 
Organic Rankine Cycles (ORC), 392 
Otto cycle, 325, 333-336 
Oxy-combustion, 533 
Oxygen, pressure-enthalpy diagram for, 691 

p 
Partial derivatives, 454, 455 
Pascal (Pa), 13, 14, 16 
Passive devices, control volume, 159-160 
Path function, 81 
Percent theoretical air, 505 
Perpetual motion machines, 204 
Petroleum distillation column, 502 
Phase boundaries, 36-42 
Phase equilibrium: 

coal gasification, 567-568 
engineering applications, 570-572 
equilibrium, requirements for, 545-547 
ionization, 568-570 
metastable equilibrium, 551-552 
pure substance, two phases of, 547-551 
simultaneous reactions, 563-567 
ico, 8 
i±ach point, 412 
Pipeline gate valve, 160 
Piping losses, 389 
Piston cylinder, 73 
Piston/cylinder-type compressor, 147 
Point functions, 81 
Polyatomic molecules, 21 
Polymer electrolyte cell (PEC), 532 
Polytropic process, 231,232 

simple compressible system, 85-87 
Pound, JO 
Power-generating devices, 2 
Power plant, steady-state process, 149-152 
Power systems, 325-327 
air-standard cycle for jet propulsion, 356-359 
air-standard power cycles, 327-328 
Atkinson and Miller cycles, 341-344 
Brayton cycle, 344-350 
Diesel cycle, 336-339 
Dual cycle, 339-340 
gas-turbine power cycle configurations, 352-356 

Otto cycle, 333-336 
reciprocating engine power cycles, 331-333 
simple gas-turbine cycle with regenerator, 350-352 
Stirling cycle and Ericsson cycle, 328-331 

Pressure, 13-19,24 
Pressure-enthalpy diagram: 

for ammonia, 690 
for oxygen, 691 

Pressure ratio, 350 
Pressure relief valve, schematic of, 26 
Problem analysis and solution technique, 93-97 
Products, 503 
Propane, 59, 519-521 
Property relation for mixtures, 478-482 
Pseudopure substance models, for real gas mixtures, 482-487 
Psychrometer, 434 
Psychrometric chart, 434-440, 692 
P-T diagram, 40 
Pump, steady-state process, 146-148 
Pump losses, 389 
Pure substance, 35-36 

compressibility factor, 56-60 
engineering applications, 61-63 
entropy of, 217-219 
equations of state, 60-6 1 
ideal gas states, 53-56 
liquid and solid states, 49-50 
phase boundaries, 36--42 
P-v-T surface, 42-45 
superheated vapor states, 50-53 
thermodynamic properties, tables of, 45-47 
two phases of, 547-551 
two-phase states, 47-48 

P-v diagram, 80 
polytropic process on, 232 
reversible and irreversible processes on, 238 
transient flow process, 158 

P-v-T behavior: 
pseudopure substance models for real gas mixtures, 482-487 
real-gas behavior and equations of state, 467 

P-v-T surface, 42-45 

Q 
Quasi-equilibrium process, 80-83 

R 
R-134a, 142, 143, 179, 398 
Radiation, 199 
Railroad tracks, 62 
Rankine cycle, 375-378, 407 
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