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A (area), 132
a (activity), 386
a (annum) (la=1y), 8
A (Angstrgm), 9
absolute enthalpy, 105, 364
absolute pressure, 11
absolute temperature (7°), 10
absorber, 21
absorption, 21
acceleration of gravity (g), 2
acentric factor, 340
acre-foot (Sigurd’s favorite unit @), 9
acrylonitrile, 81, 87
activation energy (E), 256, 259
activity (a), 386
activity coefficient (), 188, 387
adiabatic, 19
adiabatic expansion, 350
derivation pV"7, 350
irreversible (isenthalpic), 171
reversible (isentropic), 170
adiabatic process, 170
adiabatic temperature change, 112, 120
air, data, 16
airplane wing, 241
algebraic equation, 316
ammonia, 417
chemical equilibrium, 176
combustion, 412
compression, 159
data, 416
flash, 194
Henry’s law, 187
kinetics, 258, 259
refrigerant, 208
synthesis gas, 94
thermodynamic diagram, 419
ammonia plant
heat recovery, 229
analysis, 75
Antoine parameters (data), 190
Antoine’s equation, 181
API gravity, 13
Arrhenius equation, 256, 276
atm (1 atm = 1.01325 bar), 11, 16

atmospheric pressure, 11
atom matrix (A4), 89, 329
atomic balance, 41, 86, 329
atomic mass (weight), 327
auditorium

balance, 40

entropy, 371
autocatalysis, 260
automatic control, 322
availability, see exergy
Avogadro’s law, 334
Avogadro’s number (Na), 327
axiom, 347
azeotrope, 183

B (exergy), 213
balance
degrees of freedom, 66
dynamic, 273-325
no accumulation, 43
over time period, 42
per unit of time, 42
procedure for, 67
solvability, 66
quick analysis, 70
steady-state process, 43
with reaction, 77
balance equation, 66
dynamic, 274
general form, 42
balancing chemical reactions, 328
bank account, 40
bar, 11
barometric formula, 331
temperature change, 352
basis, 66, 67
smart, 48
batch distillation, 396
batch process, 20, 27*
energy balance, 102
recycle, 64
typical batch size, 28
batch reactor, 78, 262

T "Page numbers in stalic refer to definitions.
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bathtub, dynamics, 296
battery, 213
bbl (barrel), 9
BCFD (billion cubic feet per day), 15
Bernoulli’s equation, 240-251
biology, 266
bioproteins, 86
blending
linear mixing rule, 50
blower, 24
boiler, 21
boiling point (73), 16, 378
elevation, 184
pressure variation, 331
boundary, 19
Boyle’s law, 334
BPD (barrels per day), 15
Btu (British thermal unit, 12
bubble point
df, 190
butane
i-butane (refrigerant R600a), 209
n-butane, thermodynamic diagram, 415
bypass, 300

°C (degrees Celsius), 10
C, (valve coefficient), 26
Cp, Cv, see heat capacity
calcium chloride, heat of mixing, 113
calorie, 16
calorie (cal), 11
calorimetry, 347
canonical variable, 332, 389
carbon, 327
carbon dioxide, see CO2
Carnot cycle, 373
Carnot efficiency, see Carnot factor
Carnot factor, 200, 211, 375
log mean, 201, 233
steam turbine process, 233
catalysis, 259
car, 259
Celsius (°C), 10
centrifuge, 26
Charles’ law, 334
chemical bonding energy, 345
chemical equilibrium, 174, 179, 385
ammonia synthesis, 176
methanol reactor, 92
reaction kinetics, 258
chemical potential (u), 385, 390
VLE, 180, 182
chemical reaction, 77
balancing, 328
energy balance, 118
dynamic, 281

choke
flow measurement, 242
valve, 26
choke valve, 114
Clapeyron, 180, 343
Clausius-Clapeyron, 181
closed system, 346, 377
energy balance, 101
0]

combustion, 389
CO

combustion, 389

contents in air, 16

data, 416

refrigerant, 208, 209

solubility in water, 186

sublimation, 416

thermodynamic diagram, 415
coal, 17
coalescer, 21
cocurrent flow, 133
coefficient of performance (COP), 204
cogeneration, see combined cycle
cold reservoir, 199
colligative property, 185
column

section, 21
combined cycle, 203, 226
combustion, 119, 226, 229, 412

ammonia, 412

engine, 203

equlibrium between CO and CO2, 389
combustion gas turbine, 203
component balance, 48

concentration

dynamic, 277
with reaction, 78
dynamic, 276

compressibility factor (z), 337

generalized diagram, 336
compressible flow in pipe, 247
compression, 144

intermediate cooling, 151, 152

isentropic, 157

isothermal, 152, 156

real gas, 155, 156

work, 144
compression ratio, 153
compressor, 22, 70
condensation, 333, 358
condenser, 22, 23
conservation law, 40
conservation principle

energy, 40

mass, 40

momentum, 40
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conserved quantity, 40
balance equation, 43
constitutive equation, 20
continuity equation, 126, 240
continuous process, 28
reactor, 79
steady-state, 43
typical production rates, 28
continuous stirred tank
concentration response, 289
temperature response, 290
with heat exchange, 291
continuous stirred tank reactor (CSTR), see
reactor
control, 322
control valve, 26
control volume, 19, 67, 76
conversion (X), 79, 80
total, 85
conversion factors, 815
exercises, 31
cooking plate, dynamics, 293
cooling process
minimum work, 219
countercurrent flow, 133
countercurrent flow principle, 47, 130
critical compressibility (z.), 337
critical data (T¢,pc), 416
critical point, 180, 333, 337, 339
critical pressure (p.), 180, 333, 337, 339, 342
critical pressure ratio, 128
critical temperature (7%), 180, 186, 333, 337,
339, 342
critical volume (V.), 339
crude oil
classification, 13
density (API gravity), 13
heating value, 12, 363
price, 31
crystallization, 62
crystallizer, 22
CSTR, see reactor
cubic equation of state, 338
cyclic process, 198, 373
Carnot cycle, 373
Diesel cycle, 203
Otto cycle, 203
Rankine cycle, 203
Rankine refrigeration cycle, 206
cyclone, 22

d (day), 8
DAE system, 279, 283, 316
Dalton’s law, 335
data, 415
air, 16, 296
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ammonia, pH-diagram, 419
Antoine parameters, 190
data for some gases, 416
heat capacity
gases, 422
liquids, 421
heat of mixing, 417
Henry’s constant, 186
hydrocarbons, 17
methane, pH-diagram, 418
water, 16, 296
H S-diagram, 420
decanter, 22
degrees of freedom, 66
equation counting, 68
quick analysis, 69, 70
delay (0), 286
demister, 22
density (p), 5, 13
deposition, 358
design, 75
heat exchanger, 131
versus simulation, 139
deviation variables, 289
dew point, 191
dialysis, 44
Diesel cycle, 203
differential equation, 273
differential-algebraic equation (DAE) set,
316
distillation, 22, 223
batch, 396
continuous, dynamics, 313
entropy, 168
side stream, 51
dot notation (X), 5, 274
dry basis, 16, 362
dryer, 23
dynamic flash, 316
dynamic model, 273
dynamic pressure, 240
dynamics, 273-325
distillation, 313
gas tank, 393
process, 21
simulation, 303-325
Euler integration, 303

E, see energy

E (exa), 2

economy, 29

efficiency (n), 22, 26, 209
Carnot, 200, 211
compression, 144
energy, 210
exergy, 211, 215
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heat exchanger, 140
solar cell, 33
thermal, 210
thermodynamic, 209
turbine, 145
Einstein, 41, 97
electric energy, 345
electrochemical work, 98, 344
elementary kinetics, 256
elementary reaction, 257
end time (t5), 76
endothermic, 360
energy, 34/
chemical, 345
conversion factor, 11
electric, 345
fun exercises, 31
global consumption, 37
internal (U), see internal energy
kinetic, 344
latent, 345
potential, 345
pressure correction, 365
rotation, 345
sensitive, 365
surface, 345
thermal, 345, 365
total, 345
energy balance, 95-128
dynamic, 277-283
enthalpy, 100
enthalpy balance, 102
gas tank, 393
general form, 100
isenthalpic, 114
mechanical, 237-251
reaction, 118
reading rule, 102
steady state, 102, 126
with kinetic and potential energy, 125
energy efficiency, 210
energy forms, 96
engine
gasoline, 203
enthalpy (H), 99, 105, 348, 354, 357
absolute, 105, 364
constant pressure, 348
continuous process, 99
dynamic energy balance, 278
heat of reaction, 360
ideal mixture, 355
of reaction, 360
pressure dependency, 356
Joule’s experiment, 353
pressure relief valve, 172
reference state, 364, 365

subprocesses, 106, 122
temperature independency, 355
thermochemistry, 357
vaporization, 358
enthalpy of formation (A:H®), 219, 360,
364, 416
data, 416
from heat of combustion, 363
enthalpy-entropy (HS) diagram, 156
water, 420
entropy (5), 156, 161-179, 371
calculation of, 163, 173, 377
disorder, 369
friction, 249
heat exchanger, 167
ideal mixture, 165, 381
maximum (equilibrium), 384
phase transition, 378
state function, 375
enzyme, 260
equation of state, 20, 334-343
entropy, 167
ideal gas, 334
Peng-Robinson (PR), 340
Soave-Redlich-Kwong (SRK), 340
van der Waals, 337
equilibrium, 173, 179, 383
chemical, 174, 385
Gibbs energy, 384
temperature, 384
vapor/liquid, 179
equilibrium constant (K'), 386
temperature dependency, 388
equivalent work, 215
ethane, 83, 341
data, 416
thermodynamic diagram, 415
ethylene
thermodynamic diagram, 415
Euler integration, 304
algorithm, 304
MATLAB, 306, 307
mixing tank, 304
evaporation, 358
dynamic energy balance, 280
evaporator, 24
energy balance, 280
temperature response, 299
Excel introduction, 59
exergy, 213
exothermic, 360
expansion, 144
closed system, 351
isentropic, 157
isothermal, 156
real gas, 118, 156
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expansion machine, 25
expansion work, 145
extensive variable, 3, 20
extent of reaction (&)
methanol reactor, 92
extent of reaction (&), 79
extraction, 24

Fahrenheit (°F), 10
fan, 24
typical power, 13
feedback control, 322
Fick’s law, 47
filtration, 24
first law of thermodynamics, 161
fittings, 24
flash, 24, 64, 189
uv, 317
pH, 195
T, 193
bubble point, 190
calculations, 64, 189-196
dew point, 191
dynamic, 316, 317
Rachford-Rice, 65, 193
flotation, 24
flow in pipe
gas, 247
friction pressure drop, 242
flow process, 21
flow sheet, 66, 67, 109
flow system, see open system
flow work (Waow), 99
flue gas, 362
fluid ounce (fl.oz.), 10
force (F'), 330
conversion factor, 10
formaldehyde, 412
fossil fuels
exergy, 219
freezing, 358
freezing point depression, 184, 185
frequency response, 285
friction, 26
second law, 249
friction factor (f), 243
friction loss (@), 239
friction pressure drop
rule of thumb, 245
friction pressure drop (Apy), 240
flow in pipe, 242
frictionless, 372
flow, 240
ft (foot, ’), 9
fuel, 12, 17
fuel cell, 98, 102, 213, 226, 344
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fugacity (f), 342, 387

component (f;), 186
fugacity coefficient (¢), 178, 342, 387
fusion (melting), 186, 358

G, see Gibbs energy
g (acceleration of gravity), 2
ge (mystical factor in many US books), 10
G (giga), 2
g-mol, 9
gain (k), 286
gal (gallon), 9
gas, 116
dynamics, 298
emptying container, 393
filling tank, 104
flow in pipe, 247, 248
ideal, see ideal gas
volume, 14
gas constant (R), 2, 335
gas power plant, 236
gas turbine, 226
combustion, 203
gasoline, 32
gasoline engine, 203
gauge pressure (g), 11
Gibbs energy (G), 366, 385
equilibrium, 384
Gibbs energy of formation (A¢G®), 219, 416
data, 416
Gibbs phase rule, 332
Gibbs’ theorem, 381
Gibbs, Josiah Willard (1839-1903), 384
Gibbs-Helmbholtz, 391
global warming, 16
potential (GWP), 209
gpm (gallons per minute), 15
Gr (Grashof number), 296
Grand Canyon, 36
gravity
API, 13
specific (spgr), 13
gross heating value (GHV), 363
natural gas, 33
Guldberg and Waage, 175, 259

H, see enthalpy

h (hour, hr), 8

half time, 269

HAZOP analysis, 273

heat (Q), 329, 345, 345

heat capacity, 16, 349
constant pressure (Cp), 349
constant volume (Cv ), 349
data

gases, 422
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hydrocarbons, 17
liquids, 421
water, 16
ideal gas, 17, 342, 349
ideal mixture, 356
mean (Cp), 355
molar (Cp,m), 4
polynomial form, 355
specific (¢p), 5
heat engine, 198
Carnot cycle, 373
heat exchanger, 24, 70, 129-142
cocurrent flow, 133, 137
countercurrent flow, 133, 134, 137
efficiency, 140
entropy change, 167
logarithmic mean temperature, 132, 394
pressure drop, 245
shell and tube, 130
two tube-pass, 137
typical numbers, 135
heat of combustion, 362
gross heating value (GHV), 363
higher, 362
hydrocarbons, 17
lower, 362
heat of combustion (A.H®), 363
heat of formation, see also enthalpy of
formation
heat of formation (AfH®), 363
heat of reaction (enthalpy), 360
heat of vaporization (AvapH), 16, 281, 358
heat pump, 203
heat reservoir, 199, 373
heat transfer coefficient (h), see also overall
heat transfer coefficient (U), 136
heating value, see also heat of combustion
higher, 363
lower, 219
Henry’s law, 186
Hess’ law, 358, 362
higher heating value, 363
horsepower (hp), 12
humans
artificial kidney, 44
energy consumption, 34
heart work, 34
heat transfer, 35
sweating, 35
hydrocarbons
data, 17
hydrogen
data, 416
synthesis gas, 94, 405
hydrostatic pressure, 330

ideal gas, 334-335

equation of state (gas law), 20, 334
mass basis, 335
heat capacity, 17
mole volume, 14
ideal mixture, 381
density, 54
entropy, 165, 381-383
vapor/liquid equilibrium, 182
ideal solution, see ideal mixture
ideal tank reactor (CSTR), see reactor
implicit equation, 191
impulse response, 285
inch ("), 9
incompressible, 126, 154
flow, 240
independent equation, 68
independent reaction, 88
index problem, 321
industrial ecology, 212
inertia, time constant, 287
initial time (¢0), 76
input, 303
integrator dynamics, 297
intensive variable, 3, 20
internal energy (U), 96, 97, 345, 347
calculation of, 366
constant volume, 347
interpolation, 54
inventory, 39
inverse response, 311, 312
investment cost, 29
irreversible process, 369
isenthalpic, 21
pressure relief, 114, 171
isentropic, 21, 373, 379
expansion, 170, 350
ideal gas example, 172
pressure relief
ideal gas-example, 172
shaft work, 149
isobaric, 21
isochoric, 21
isothermal, 21
reactor, 260
shaft work, 148
iteration, 139
IUPAC, 2

J (Joule), 2, 11

Joule’s experiment, 353
Joule-Thompson coefficient (u), 357
Joule-Thompson effect, 116, 117
Joule-Thompson valve, 26, 171

K (Kelvin), 2, 10
k (kilo), 2
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K value, 188

Kelvin’s postulate, 372

key reactant, 81

kg (kilogram), 2, 8

kidney, artificial, 44

kinetic energy, 96, 125, 344
neglect, 97

kinetics, see reaction kinetics
elementary, 256

KTPA (kilo ton per annum), 15

kWh (kilowatt hour), 12

1 (liter), 9

laminar flow, 243, 297
Lang-factor, 30

Langmuir, 257

latent energy, 345

latent heat, 364

law of mass action, 175, 259
Ib (pound), 8

Ib-mol (strange unit in US books), 9
Ib; (pound force) (strange unit in US

books), 10
Le Chatelier’s principle, 173
length, conversion factor, 9
Levenspiel plot, 265
lever rule, 54
light, speed of, 41
limiting reactant, 81
linearization, dynamics, 301-303
linearized model, 303
liquid, 116
LNG (liquefied natural gas), 219
log-mean Carnot factor, 201, 233

logarithmic mean temperature, 132, 394

lossless, 372
lower heating value, 219

M (molar mass), 3, 328
m, see mass
M (mega), 2
m (meter), 2, 9
m (milli), 2
M (roman numeral for 1000), 15
mass (m), 40
conversion factor, 8
mass balance, 47-76
component, 48, 276
dynamic, 275
matrix formulation, 90, 254
mixing, 49
mixture, 51
recycle, 55
total, 43
with reaction, 77-94

mass flow (mass rate) (mh = w), 5, 41
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mass flow rate (1h = w), 274
material balance, see mass balance
MATLAB

ammonia equilibrium, 177

DAE system, 319

distillation, 314

Euler integration, 307

fmincon, 321

isothermal CSTR, 311

odelbs, 319

odeeuler.m, 307

rank, 89

stirred tank, 306

three stirred tanks, 309

vector calculations, 315
matrix, 303
matrix formulation of mass balances, 90, 254
Maxwell, 339
mean velocity (v), 125
mechanical energy, 239
mechanical energy balance, 237-251
melting point depression, 185
membrane unit, 24

artificial kidney, 44
methane

combustion, 119

data, 416

thermodynamic diagram, 418
methanol, 412

data, 416

energy balance, 120

equilibrium, 92

mass balance, 92

synthesis gas, 94
MIGD (million imperial gallons per day), 15
mile, 9
min (minute), 8
mixer, 24, 70
mixing rule

linear blending, 50

SRK equation of state, 341
mixing tank

dynamics, 306
mixture, 381

energy balance, 107

heat of mixing (AmixH), 112, 281, 359,

365, 381

ideal, 381

mixing entropy (AmixS), 381

mixing volume (AmixV), 55, 381

mixing work

natural gas power plant, 220
non-ideal, 188
separation work, 222
distillation, 223

MM (million), 15
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mol, 2, 9
molar enthalpy (Hyp), 4
molar flow (mole rate) (n = F), 5
molar flow rate (n = F), 274
molar fraction, see mole fraction (z;)
molar heat capacity (Cp,m), 4
molar mass (M), 3, 328
data, 416
mixture, 328
molar quantity (X,), 4
molar volume (V;,), 4
ideal gas, 14
mole, 327
mole fraction (z;), 4
molecular weight, 3, 328, see also molar mass
(M)
momentum (mv), 40
momentum balance, see mechanical energy
balance
bath tub, 297
Mount Everest, 331
MTPA (million ton per annum), 15
multivariable systems, 303

n (nano), 2
N (Newton), 2, 10
N (normal), 14
natural convection, 296

air, 296

water, 296
natural gas, 225

combustion, 119

heating value, 33

heating value (GHV), 33

sales gas, 33

sales gas specification, 33

ton oil equivalent (toe), 33
natural gas power plant, 225
negative feedback, 322
Newton’s 2°¢ law, 41, 238
nitric acid, 359

production, 412, 413
Nm?® (Normal cubic meter), 14
non-flow system, see closed system
non-ideal mixture, 188
normal boiling point, 378
normal boiling point (73), 16
normal cubic meter [Nm?], 14
notation, I

simplified, 7
Nu (Nusselt number), 296
number of heat transfer units (N, ), 141

oil, 12, 17
open system
energy balance, 95, 100

osmotic pressure, 221, 382
seawater, 382
Otto cycle, 203
ounce (0z), 10
output, 285
overall heat transfer coefficient (U), 132,
135, 293, 295
conversion factor, 135
typical values, 135

p, See pressure
P (peta), 2
b (pico), 2
packings, 22
paper machine, 69
partial molar enthalpy, 281
partial molar quantity (X; or X;), 381
partial pressure (p;), 335
Pascal (Pa), 2
Peng-Robinson (PR) equation of state, 340,
342
perpetuum mobile, 162, 239
phase rule, Gibbs, 332
phase transition, 358
dynamic energy balance, 280
entropy, 378
physical chemistry, 327-391
PID controller, 322
platinum catalyst, 259, 260
poise (P) (unit for viscosity), 243
polytropic, 148
polytropic process, 149
postulate, 347
potential energy, 96, 125, 345
neglect, 97
pound (Ib), 8
pound force (Iby) (strange unit in US
books), 10
pound mole (Ib-mol) (strange unit in US
books), 9
power
conversion factor, 12
Poynting factor, 183, 188
ppb, 4
ppb (parts per billion), 2
ppm, 4
ppm (parts per million), 2
Pr (Prandtl number), 296
PRBS response, 285
pressure
atmospheric (1 atm)), 11
pressure (p), 330
absolute, 11
barometric formula, 331, 352
conversion factor, 11
gauge pressure, 11
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standard (p® = 1 bar), 3
thermodynamic, 390
pressure drop
friction (Apy), 242
gas, 247
heat exchanger, 245
pressure dynamics, 299
pressure ratio
critical, 128
pressure relief
ideal gas, 114
isenthalpic, 114
real gas, 118
pressure-enthalpy (pH) diagram, 118, 156,
333
ammonia, 419
methane, 115, 418
pressure-volume (pV') work, 99
process, v, 18
batch, 20
continuous, 21
dynamic (non-steady state), 21
reversible, 20, 331
semi-batch, 20
steady-state, 21
process design, 75
production cost, 31
production rate, 28
propane
thermodynamic diagram, 415
propylene
thermodynamic diagram, 415
psi (pounds per square inch), 11
psia (pounds per square inch absolute), 11
psig (pounds per square inch gauge), 11
pump, 25, 70
pump work (W), 154
pumping head, 242
purge, 56
methanol process, 71

Q, see heat
Qatar, 33
quench, 25

R (gas constant), 2
R134a (refrigerant), 159, 209
thermodynamic diagram, 415
R600a (isobutane), 209
R717 (ammonia), 208, see also ammonia
Rachford-Rice flash equation, 193
radiator, 129
Rankine (R), 10
Rankine cycle, 203, 226
power plant, 227
reverse (refrigeration), 206
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Rankine refrigeration cycle, 203, 206
Raoult’s law, 182
Rashig-ring, 22
rate, 5
rate of reaction, see reaction rate
Rayleigh distillation, 396
Re (Reynolds number), 243
reaction, 77
energy balance, 118
independent, 88
reaction engineering, 253-271
reaction kinetics, 253
chemical equilibrium, 258
reaction mechanism, 256
reaction order, 257, 267
reaction rate (r), 258, 277
reaction rate constant (k), 256
reactor, 25, 70, 260-271
batch, 78, 262, 299
continuous, 79
continuous stirred tank (CSTR), 262, 277
dynamic energy balance, 281
dynamics isothermal, 311
dynamics, first-order reaction, 299
dynamics, second-order reaction, 313
plug flow (PFR), 264
similarity batch and plug flow, 267
real gas, 335-343
compression, 155, 159
generalized diagram, 336
pressure relief, 118
reboiler, 23
recycle, 55
batch process, 64
mass balance, 62
methanol process, 71
Redlich-Kwong equation, 340
reduced pressure (pr), 337
reduced temperature (7.), 337
reference state, 106, 364
elements, 364
other, 365
reflux, 23
refrigerant, 208
CO2 (R744), 208, 209
ammonia (R717), 208
CFCs, freons (R12, R22), 208
i-butane (R600a), 209
R134a, 159, 209, 415
refrigerator, 129, 203, 205
ammonia cycle, 206
R134a cycle, 159
relative volatility (a), 183
reservoir, 199, 373
residence time, 290, 291
reactor, 267
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residence time distribution (RTD), 285
restriction, pressure drop, 241
reversible process, 331, 372, 377
entropy, 371
Reynolds number (Re), 243
rotational energy, 345
rule of thumb
friction pressure drop, 245
heat exchanger ATmin, 137
heating value of oil and natural gas, 32
Trouton’s rule for AS, 378
vapor pressure water, 181

s (second), 2, 8
S (standard), 3, 14
salt power, 221
saturated, 16, 116
saturation pressure, 65, 180, see also vapor
pressure (p>*)
scaling, 66, 67
scaling exponent, 29
SCMH (standard cubic meters per hour), 15
scrubber, 25
sea water
boiling point, 185
freezing point, 186
second law of thermodynamics, 161
selectivity (¢), 82
semi-batch process, 20
sensitive heat, 365
separator, 25, 70
settler, 25
shaft work (W), 98, 344
adiabatic, 149
ideal gas, 148
important example, 150
isentropic, 149
isothermal, 148
real gas, 155
reversible, 145
shell and tube heat exchanger, 130, 136
shift reaction, 92, 405, 412
SI units, 2, 7
simulation, 75
dynamic, 303-325
heat exchanger, 139
versus design, 139
Sm? (standard cubic meter), 14
®, 9, 93, 210, 250
Soave-Redlich-Kwong (SRK), 178, 187, 188,
340, 357
solar cells, 33
solubility
Henry’s constant, 186
solubility of gas, 186
solute, 184

solvent, 184
specific enthalpy (h), 5
specific gravity (spgr), 13
specific heat capacity (cp), 5
specific quantity, 5
speed of sound (cs), 127, 247
split fraction, 70
splitter, 25, 70
spreadsheet introduction, 59
standard ambient temperature (298.15 K), 3
standard cubic meter [Sm®], 14
standard pressure (p©), 3
standard state, 3
standard temperature and pressure (STP),
3
state, 19
state diagram, 109, see also thermodynamic
diagram
state function, 371
state variable, 19, 332
dynamics, 303
number of, 332
static pressure, 240
steady-state process, 21, 43
balance, 283
component balance, 78
steady-state value (*), 283
steam
low pressure, 216
steam, H20 (g), 16
steam reformer, 405
steam turbine, 158, 227
thermodynamic diagram, 420
steam engine, 197
step response, 285, 286
first-order, 289
higher-order, 308
stirred tank
dynamics three tanks, 308
stoichiometric coefficient (v), 79
stoichiometric matrix (N), 90
STP (standard temperature and pressure),
3
stream, 20
stream data, 67
stripping, 25
styrene, 124
subcooled liquid, 206
sublimation, 358
COo, 416
supercritical, 116
superheated vapor, 228, 232
surface energy, 345
symbols, 1
synthesis, 76
synthesis gas, 94, 405
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heat exchanger, 137
system, 19
adiabatic, 19
boundary, 76
closed, 19, 346
isolated, 19
open, 19
system boundary, 19

T, see temperature
t, see time
T (tera), 2
t (ton), 8
Taylor-series expansion, 301
T, (normal boiling point), 16
temperature, 329
absolute (77), 10
Celsius (¢), 10
conversion factor, 10
dynamic energy balance, 279
thermodynamic (7"), 390
thermal conductivity (k), 136, 296
thermal energy, 345, 365
thermal expansion coefficient (3), 296
thermal power, 197-236
thermochemistry, 357
thermocouple, 293
thermodynamic diagram, 115, 156, 333
H S-diagram, water, 420
pH-diagram, 333
ammonia, 419
ammonia cooling cycle, 207
methane, 418
pV-diagram, 333
other components, 415
thermodynamics, 329, 327-391
Oth law, 161
15 law, 101, 161, 345
2" law, 161, 173, 372
3* law, 163
fundamental equation, 389
history of, 197
partial derivatives, 389
third law of thermodynamics, 163
time (t), units for, 8
time constant (7), 286
bathtub, 298
continuous stirred tank, 290
with heat exchanger, 291
continuous stirred tank reactor (CSTR)
first order reaction, 299
second-order reaction, 313
cooking plate, 293
first-order system, 287
gas tank, 298
outflow sink, 302
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thermocouple, 295
time delay (6), 287
time response, 284—290
toe (ton oil equivalent), 12, 17, 363
ton, 8

long, 8

metric (tonne), 8

short, 8
torr (mm Hg), 11
tower, 21
TPA (ton per annum), 15
TPD (ton per day), 15
trays, 22
triple point, 416
Trouton’s rule, 378
turbine, 25, 70, 144
turbulent flow, 243, 297, 302

U, see internal energy
U, see overall heat transfer coefficient
UNIFAC, 188
unit operations, 21
units

check , 7

conversion, 8

exercises, 31

SI, 2

unsteady state, see dynamic

V', see volume
v, see velocity
valve, 26
relative capacity coefficient (Cy), 245
choke, 26
energy balance
leak, 126
isenthalpic, 114, 172
Joule-Thompson, 26
pressure drop, 244
valve coefficient (Cy), 26
valve equation, 26, 244
van der Waals equation of state, 155, 337
van der Waals, Johannes (1837-1923), 337
van’t Hoff, 176
equation, 388
osmotic pressure, 382
van’t Hoff, Jacobus (1852-1911), 382
vapor (= saturated gas), 16, 179
vapor pressure (p***), 16, 180, 182, 340
water, 16, 180, 181
vapor/liquid-equilibrium (VLE), 179-189
distillation, 314
non-ideal, 188
Raoult’s law, 182
relative volatility, 183
SRK, 188, 342
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UNIFAC, 188
velocity (v), 97, 125, 126, 127, 239
viscosity, 243
viscosity (u), 296
volume (V)

conversion factor, 9

gas, 14

standard, 14
volume change work, 99, 346-347
volumetric flow rate (V =q), 5, 274

W, see work
W (Watt), 2
water, 16
boiling point elevation, 185
boiling point variation
elevation, 331
pressure, 182
data, 16, 416
freezing point depression, 185
Henry’s law, 186
thermodynamic diagram, 420
vapor pressure, 16, 181, 182
experimental data, 181
rule of thumb, 181
water fall, 96
water turbine, 155
wet basis, 362
window pane, heat loss, 135
wood, 17
work (W), 344, 345
expansion, 145
flow, 99
forms, 98
from heat, 197-377
lost, 239
sign convention, 3, 98
volume change, 99, 346-347
working fluid, see also refrigerant, 208

X, see conversion
z; (mole fraction), 4

y (year), 8

yard, 9

yield (Y), 82
total, 85





