Index

Oth law of thermodynamics 19
1st law of thermodynamics 33
2nd law of thermodynamics 55
3rd law of thermodynamics 524

A

absolute zero 22, 525
acidic electrolyte fuel cell 567
activation overpotential 581
activity 504
activity coefficient 504
adiabatic 40, 61
flame temperature 550
mixing 447
saturation 438
aircraft engine 310
alkaline electrolyte fuel cell 568
Amagat’s law 420
area-velocity relation 331
Atkinson cycle 169
overheated 171
Avogadro constant 15
azeotrope 508

B

barometric formula 29
Bernoulli’s equation 183
boiler, see steam generator
Brayton cycle 221
inverse 226
maximum work 224

optimal pressure ratio 224

regenerative 300

with intercooling and reheat 303
bubble tray column 500
Butler-Volmer equation 582
bypass turbofan engine 318

C

CAES 362
caloric equation of state 36
carbon capture and storage 481
Carnot
COP 89
cycle 155
efficiency 86
engine 86
heat engine 155
heat pump 89
heat pump cycle 158
refrigeration cycle 158
refrigerator 89
statements 86
cascade refrigeration system 276
Celsius scale 20
chemical constant 527
chemical potential 457
as driving force 464
ideal gas mixture 462
ideal mixture 462
chimney 309
Clapeyron equation 407
Clausius statement 64, 89
Clausius-Clapeyron equation 409



592

closed system 11, 131
co-flow heat exchanger
coefficient of performance
cogeneration 273
cold gas approximation 126
combined cycle
regenerative 305
combustion air 546
compressed air energy storage 362
compressed liquid 105
approximation 120
table 120
compressibility 381
compressor
adiabatic 186
irreversible 190
isentropic efficiency 190
isothermal 297
multi-stage 298
with intercooling 297
concentration 416
condensation 106, 115
condenser 211
continuum hypothesis 13
cooling fluids 217
cooling tower 211, 448
COP 88, 217
counter-flow heat exchanger
critical point 106
crossover losses 586
cycle 153
p-v- and T-s-diagrams 154

200, 348
88, 217, 277

200, 349

D

Dalton’s law 420
Darcy’s law 185
degrees of freedom 496
open 126
dehumidification 442
deposition 106
desalination 473
dewpoint 437

Diesel cycle 165
diffuser

adiabatic 188
irreversible 191
isentropic efficiency 191
discharge 357

Index

distillation 500

district heating 275
dry-bulb temperature 439
dual cycle 168

E

efficiency
air engine 313
Froude 313

fuel cell 571
heat engine 85
second law 237
electrochemical process 567
electrolyte 567
electrolyzer 588
energy

conversion 83
ideal gas 123
internal 36
kinetic 35
potential 35
total 35
enthalpy 43

ideal gas 123
measurement 379
of formation 523
of moist air 436
entropy 56, 70
and disorder 73

and life 74
balance 62
flux 59, 75

generation rate 56
ideal gas 123
in equilibrium 57
measurement 379
microscopic interpretation 70
of mixing 419

entropy generation 56
and work loss 85, 93, 236
at anode/cathode 580
by friction 65, 184
in chemical reaction 541
in closed system combustion 552
in compressed air storage 363
in flow devices 190
in fuel cell 576
in heat exchanger 351



Index

in heat transfer

64, 68, 244

in inhomogeneous system 63

in mass transfer 184

in mixing 429

in mixing of streams 202
in resistor 578

in steam cycles 266

in uncontrolled expansion
reduces COP 88

reduces thermal efficiency 85

entropy of mixing

ideal gas 421

ideal mixture 425
equation of state

caloric 36, 103

entropy 103

ideal gas 23

incompressible liquid 128

incompressible solid 128

thermal 22, 103
equilibrium constant 527
equilibrium state, 17, 18, 393
equipartition of energy 126
Ericsson cycle 296
evaporation, 105, 106
evaporative cooling 445
exergy 251

balance 252

closed system 252

flow 246
exhaust water 548
externally reversible 93

F

Fahrenheit scale 20
feedwater heater
closed 262
open 260
filling 355, 360
first law of thermodynamics
closed system 34
combustion 549
for reversible process 41
open system 180
flame temperature 550
flow work 179
freezing 106, 503
friction 47, 65

70

33

Froude efficiency 313

fuel cell 567

efficiency 571
overpotential 570
potential 568

second law efficiency 572
fuels 545

fugacity 504

fugacity coefficient 504
fully reversible 93

G

gas constant 24
specific 123
gas liquefaction 278
gas refrigeration cycle 226
gas turbine cycle, see Brayton cycle
gauge pressure 14
Gibbs equation 59, 104, 371
for mixture 460
Gibbs free energy 374
of activation 539
Gibbs paradox 422
Gibbs phase rule 495
Gibbs-Duhem relation 461

H

Haber-Bosch process 528
heat 34, 39
heat engine 84

heat exchanger 187, 345
closed 200
co-flow 348
counter-flow 349
open 201

heat of mixing 419, 506
heat of reaction 521
heat pump 87
heat pump cycle 216
heat transfer 63
entropy generation 68, 244
reversible 68
heating value 522
Helmbholtz free energy 373
Henry’s law 507
higher heating value 522

593
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humidification 444
humidity ratio 435
hydrogen 589
hydrogen fuel cell 567
hydrostatic pressure 28
hypersonic flow 331

I

ice 107
ice skating 409
ideal gas 123
cold gas approximation 126
energy 123
enthalpy 123
entropy 60, 123
entropy of mixing 421
equation of state 23
mixtures 420
monatomic 125
polyatomic 126
speed of sound 329
tables 124
temperature scale 21
ideal mixture 425
inhomogeneous state 15
internal combustion engine 159
internal energy 36
ideal gas 42
incompressible liquid/solid 42
measurement 378
internally reversible 93
irreversibility 93, 235
irreversible process 18, 39, 68, 73
isentropic 61, 135
isentropic efficiency 190
isobaric 134
isochoric 133
isothermal 137

J
Joule-Thomson coefficient 387

K

Kelvin-Planck statement 86, 89
kinetic energy 35

L

Laval nozzle 337
law of mass action 526
for ideal mixtures 526
for multiple reactions 531
laws of thermodynamics
first 33
second 55
third 524
zeroth 19
Le Chatelier principle
for ideal mixtures 530
Linde method 278
liquid
compressed 105, 120
incompressible 128
saturated 105
lower heating value 522

M

mass 14
balance 178
balance for reacting mixtures
conservation 178
flow 179
fraction 416
mass transfer loss 576
Maxwell relations 371
melting 106
mixing
adiabatic 447
reversible 476
mixing volume 418
mixture
composition 415
of ideal gases 420
properties 417
moist air 435

mole 15
fraction 416
number 416

mole balance 520
moving boundary work 37

N

Nernst equation 575
net heat 153

Index

520



Index

net work 153

Newton’s law of cooling 67

nozzle
adiabatic 188
converging 334
converging-diverging 337
irreversible 191
isentropic efficiency 191
sub- and supersonic 333

(0]

one inlet, one exit system 182
open heat exchanger
open 201
open system 177
first law 180
mass balance 178
one inlet, one exit 182
power 183
reversible steady-flow work 183
second law 181
steady state 181
osmosis 469
inverse 473
osmotic
power generation 476
pressure 469
Otto cycle 162
overpotential 570
oxy-fuel process 482

P

p-T-diagram 107
p-V-diagram 37
p-v-diagram 110
p-v-T-surface 110
perpetual motion engine 91
Pfeffer tube 471

phase changes 105

phase diagram with azeotrope 508
phase diagrams 497
phase equilibrium 404, 495
phases 104

pipe flow 187

polytropic 138

potential energy 35
power 34, 36

open system 183

pressure 14, 27

barometric 29

hydrostatic 28

pressure retarded osmosis 479
pressure table 113

problem solving 24

process 17

adiabatic 40

adiabatic reversible 61
condensation 115
inhomogeneous 345
irreversible 18, 91
irreversible adiabatic
isentropic 61, 135
isobaric 134
isochoric 133
isothermal 137
polytropic 138
quasi-static 17
reversible 18, 91
steady state 181
transient 345
properties

extensive 14
intensive 14
measurement 377

46, 69

molar 15
specific 15
state 39

propulsive power 311
psychrometric chart 439
psychrometrics 435
pump 187

Q

quality 112
quasi-static process 17

R

R12, 217
R134a 217
ramjet 339

Rankine cycle 209
condenser 211
regenerative 259
with closed feedwater heater
with cogeneration 273
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with open feedwater heater 260

with reheat 212
Raoult’s law 496
reaction rate 538
real gases 127
refrigeration cycle

cascade 276

flash chamber 277

heat exchanger 276
refrigerator 87
regenerative Brayton cycle 300
regenerator 250, 257, 300
reheat 212
relative humidity 436
relative pressure 136
relative volume 136
reversible mixing 476
reversible process 18, 57
reversible steady-flow work 183
rocket 338

216, 226

S

safety valve 336
saturated
liquid 105, 108
liquid-vapor mixtures 111
solid 109
vapor 105
saturation
curve 106
p-T-diagram 107
pressure 106
pressure of solvent 500
pressure table 113
temperature 106
temperature of solvent 503
temperature table 113
scramjet 339
second law efficiency 237
second law of thermodynamics
closed system 62
combustion 549
isolated system 56
open system 181
separation work 429, 482
solar tower 306
solid
incompressible 128

55

solubility 507
space heating 241, 352
specific heat
at constant pressure
at constant volume
relation between 376
speed of sound 329
stability 397
state
equilibrium 17
identify 113
inhomogeneous 15
saturated 105
superheated 106
state properties 13, 39, 103
measurable 103
steam cycle, see Rankine cycle
steam generator 209
with regeneration 257
steam table 117
Stirling cycle
as Carnot engine 290
history 295
ideal 289
reverse 294
working principle 291
stirring 12
stoichiometric coefficients 519
sublimation 106
subsonic flow 331
superheated vapor
supersonic flow 331

106, 117

system
closed 11
open 177
T

T-S-diagram 60
T-s-diagram 110
Tafel equation 582
temperature 19
Celsius 20
Fahrenheit 20
ideal gas 21
thermodynamic 22, 90
temperature table 113
thermal
efficiency 85

43, 123, 376
41, 123, 376



Index

equation of state 22
expansion 382
thermodynamic

cycle 153

equilibrium 17, 55, 393
potentials 371
stability 397, 402
temperature 22
thermodynamic temperature 90
thermometer 20

third law of thermodynamics 524
throttle 188

thrust 311

trend to equilibrium 55
triple point 106, 496
turbine

adiabatic 186
irreversible 190
isentropic efficiency 190
turbofan engine 318
turbojet engine 314

A%
vacuum pressure 14

van der Waals gas
constants 384

energy and entropy 386
equation of state 127, 383
inversion curve 388
phase equilibrium 406
vapor
saturated 105
saturation table 113
superheated 106, 117
table 117
vapor heat pump cycle 216
volume 13
of moist air 437

w

wet-bulb temperature 438
work 36

moving boundary 37
work loss 85, 93, 235

in steam power plant 556
work potential 245

of fuel 553

Z

zeroth law of thermodynamics

19

597





