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CHEMICAL INDEX

Acetaldehyde, 40, 70, 71
Acetic acid, 71
Acetone, 82, 84, 85
Acetylene, 69, 70
Air, 70, 82, 84, 85
Ammonia, 22, 39, 41, 53, 62–65, 91, 95, 96,

99, 105, 143, 144

Benzene, 67, 68, 108
i-Butane, 38, 58, 60, 76–78, 81, 83, 86, 88
n-Butane, 9, 12, 16, 28, 34, 37, 38, 58, 60, 76,

81, 83, 86, 88
Butanol, 71

Carbon dioxide, 18, 22, 38, 39, 43–45, 51, 53,
63, 69, 88, 91, 94, 96, 99

Carbon monoxide, 18, 22, 23, 39, 43–45,
51–54, 145, 146, 169, 228

Chlorine, 68, 69

Ethane, 38, 53, 68, 69, 88, 111
Ethanol, see ethyl alcohol
Ethyl acetate, 40, 71
Ethyl alcohol, 36, 37, 40, 70, 71, 88, 109
Ethyl chloride, 53, 68, 69, 108
Ethylene, 53, 68–70, 111
Ethylenedichoride, 69, 70, 108, 109

Hexane, 38, 88
Hydrogen, 18, 22, 23, 39, 41, 43–45, 51–54,

62–65, 67, 68, 71, 91, 94–97, 99, 108,
111

Hydrogen chloride, 53, 68–70, 108

Methane, 38, 54, 67, 68, 88, 108
Methanol, 23, 39, 52

Nitric oxide, 143
Nitrogen, 22, 38, 39, 41, 53, 62–65, 91, 94,

95, 99

n-Octane, 28, 34
Oxygen, 53, 69, 70, 144

i-Pentane, 38, 58, 60, 76, 81, 83, 86, 88
n-Pentane, 28, 34, 37, 38, 58, 60, 76, 81, 83,

86, 88
Polyethylene, 111
Polyvinylchloride, (PVC), 69
Propane, 28, 34, 37, 38, 58, 60, 76–78, 81, 83,

86, 88

Sulfur dioxide, 53, 121
Sulfur trioxide, 53, 121
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Toluene, 67, 68
1,1,2-Trichloroethane, 69, 108
Tri-methyl benzene, 67, 68

Vinyl chloride, 69, 70, 108

Water, 18, 22, 36, 37, 39, 40, 43–45, 51, 53,
54, 70, 82, 84, 85, 88, 143, 204, 214

Xylene, 67, 68
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COMPUTER COMMAND INDEX

Aspen Plus blocks
compressor, 19, 91, 93, 100
DSTWU, 76, 85, 87, 88, 108, 109
equation-oriented (EO) method, 100
Flash2, 31, 39, 91
heat exchanger, 94, 101
mixer, 96
RadFrac, 81–85, 87, 88

as absorption column, 82
RGibbs, 52, 91, 95, 105
Rstoic, 108
separator, 96
splitter, 96
table of, 90

Aspen Plus commands
block, 20, 33

parameters for, 264
place and delete, 261

change conditions, 266
choosing a property method, 268
choosing an activity coefficient method, 268
component specification, 16, 20, 32, 35, 92,

262
connect units, 262

edit/delete, 262
control panel, 97, 265
convergence, 97, 98, 265
data browser, 260
data entry, 262
export report, summary, input, messages,

259, 265, 266

eye glasses, 260
flowsheet, 264, 266, 267
global, 91
help, 268
material streams, 19, 32, 260
maximize screen, 259
model library, 90, 260
profiles, 81
property analysis, 16, 35
property specification, 17, 20, 32, 35, 74
reinitialize, 264
report, 259, 266–267
results, 20, 21
run, 264
save, 267
setup, 260
streams, 20, 33, 263
stream table, 264, 266
thermodynamic model, 262

see also choosing . . .
transfer to word processing program, 265
units, 260

see also optimization

Excel commands
address, absolute, 231
alignment, 230
border, 230
calculation, 9, 232, 233, 322
see circular reference
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cell content
conditional alarm, 230
equation, 230
names, 230
number, 229
word, 229

chart, 231, 234
delete label, 234
display equation, 295
display r2, 295
multiple lines, 234

circular reference, 63, 66, 67
color, 230
column, 229, 230

insert, 231
comment, 230
contour plot, 234–235
copy, 231
documentation, 235
equation, 231
export text, 236
follow up, 237
function, 237
goal seek, 8, 10, 29, 44, 63, 66, 135, 232
help, 238
hide, 230
hyperlinks, 231
import text, 236
INTERCEPT, 295
iteration, see calculation
linear correlation coefficient, 297, 300
MINVERSE, 237
MMULT, 237
parameter estimation

multiple regression, 299–303
nonlinear regression, 304–305
polynomial, 297–298
straight line, 294–295

paste, 232
special, 233

pattern, 230
picture, 231
printing, 231
protection, 237
remove split, 231
residual, 300, 302
row, 229, 230

insert, 231
RSQ, 295
SLOPE, 294
solver, 9, 63, 66, 135, 232, 305
split screen, 231
spreadsheet, large, 232
standard error, 300
text box, 230
trendline, 295, 297
unhide, 230

variables, named, 230
xy-scatter plot, 234

FEMLAB commands
application mode name, 272
artificial diffusion, 165, 166, 168
axes, see grid settings
axial symmetry, 194, 200, 210, 270
axisymmetric geometry, 179
Boolean operator, 168, 281
boundary condition, 199–201, 209–211
boundary plot, 278, 284
boundary setting, 124, 127, 128, 152, 158,

160, 162, 178, 181, 184, 211, 273,
275–277

chemical engineering module, 270
composite object, 213, 281, 287–288
concentration/temperature specified,

209–211
constant, 155, 160
contour plot, 212, 276, 278, 280, 281
convective flux, 211, 215, 226
coupling variable, 282, 285–290
cross-section plot, 181, 278, 282
degrees of freedom, 213
dependent variable, 271
‘did not converge’, 184, 185, 186
domain plot, 124, 128, 152, 156, 158, 160,

162, 168, 178, 181
draw, 160, 178, 179, 213, 272
see also composite object

element, 272
energy balance, 270
error criteria, 184
expression, 128, 155, 159, 165, 168,

185, 281
flux specified, 210–211, 221

with mass transfer coefficient, 210
grid setting, 124, 158, 180, 211
heat flux, 210, 273, 274
inflow/outflow boundary condition, 181,

200
init tab, 128, 162, 165, 192
insulation/symmetry boundary condition,

210–211, 215
integration

boundary, 182, 187, 213, 215, 285
domain, 153, 158, 279, 285

internal boundary, 281
‘internal error in numerical routine’, 129
Lagrange-quadratic element, 272
see also finite elements

legend, 156
line, 152, 154, 165
line/extrusion, 124. 128, 156, 162, 181,

193, 278, 283
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line marker, 156
line plot, 283
line setting, 156
logarithmic wall function, turbulent flow,

190
mass balance, 270
mesh, 124, 152, 154, 158, 160, 178, 211,

272, 274
refine, 212, 272, 276

model library, 270
model navigator, 280
momentum balance, 270
multiphysics, 127, 165, 214, 272, 280, 285

switch between equations, 280
neutral boundary condition, 200, 205
normal flow/pressure boundary condition,

181, 187, 190, 192, 194, 200
no slip boundary condition, 181, 187, 192,

194, 200
open, 160
options/expressions, 128
outflow/pressure, 200
parametric solution, 155–157, 161,

195–196, 309
plot parameters, 160, 278
pseudo 3D, 270
restart, 212
save plot, 168
save work, 160
‘singular matrix’, 129
slice, 223
slip boundary condition, 181, 190, 192, 194,

200
solve, 160, 162, 178, 215, 218, 220, 275

time-dependent, 192
see also restart

‘stepsize too small’, 129
subdomain setting, 124, 127, 128, 152, 154,

158–160, 162, 165, 168, 178, 180, 185,
211, 220, 273, 275

surface plot, 212, 276, 277, 279, 281
symmetry condition, 181, 190, 192, 194,

200
temperature boundary condition, 210–211,

273, 274
thermal insulation, 210–211, 273, 274
tutorial, 160, 178
user modules, 270

MATLAB commands
break, 240
clear, 242
command history, 240
command window, 240
conditional statements, 245
see also switch, if-else

dbquit, 244
dbstop, 244
dbup, 244
debug program, 243–244
directory, 239, 240
display, 50, 242
eigenvalue, 248
fclose, 244
feval, 12, 132, 306
fid, 244
fminsearch, 45, 48–49, 249, 306
format long, 50, 242
fprintf, 244
fscanf, 244
fsolve, 48, 132, 137, 248
fzero, 11, 13, 30, 45, 46, 47, 132,

134, 249
global, 14, 47, 116, 241, 251
help, 257
hold on, 254
if-else-end, 245
if-elseif-end, 245
‘index exceeds matrix dimensions’, 243
initial conditions, 249, 251
integral, 248
legend, 120, 133, 140, 254
loop, 245
matrix, 246

element, 246
element by element calculation, 248
multiplication, 246
transpose, 246

MaxFunEvals, 50
MaxIter, 50
mesh, 256
meshgrid, 256
m-file, 10, 114, 239, 241, 250, 251
name of function, 251
odeset, 251
ode15s, 140, 250, 312, 318
ode23s, 312, 318
ode45, 114, 120, 132, 138, 250, 311, 318
parameter, passing, 117–118, 242, 251
parameter estimation

nonlinear regression, 305–306
polynomial, 298–299
straight line, 295–296

pause, 255
plot, 14, 120, 133, 250, 253–257, 296

axis, 255
colors, 254, 256
contour plots, 256
Greek letters, 257
limit plot, 254–255
line options, 254
log, 253
markers, 254
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method of lines, 251
multiple, 255
subplots, 255
symbols, 256
three-dimensional, 255–256

polynomial curve fit, polyfit, 252, 296–298
polynomial evaluation, polyval, 252,

296–298
set path, 239
spline interpolation, 252
stop, 244
see also dbstop

suppress printing, 242

switch, 245
tic-toc, 246
title, 254
tolerance, 50
TolFun, 50
TolX, 50
Tspan, 250, 251
‘undefined function or variable’, 243
vector, column, 250, 251
‘whos’, 244
workspace, 241
xlabel, 14, 120, 133, 140, 254
ylabel, 14, 120, 133, 140, 254
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Absorption, 73, 82–87
column, 88
refrigerated column, 88

Acentric factor, 7, 22
Activation energy, 228
Activity, 42
Activity coefficient, 29, 37, 74, 80
Adiabatic boundary condition, 219
Adsorbent, 164
Adsorption, 73

linear, 164–167
Algebraic equation, 2, 307–310
Azeotrope, 30, 81, 88

Backward Euler method, 312
Bessel function, 164
Boiling point, normal, 7
Boston-Mathias function, 75
Boundary value problem, 4, 112, 147,

312–317
Brinkman number, 220
Broyden method, 93, 100, 104
Bubble point, 26, 78, 82

Cartesian geometry, 176, 178
Catalyst, 113

Al2O2, 148
platinum, 143, 228
silver, 71

Catalytic converter, 144, 146
Chao-Seader thermodynamics, 75, 78, 81, 85
Charge distribution, 172
Chemical reaction equilibrium, 3, 41–54
Chromatography, 167–169
Compressibility factor, 13
Compression ratio, 94
Compressor, 91, 93, 94, 100
Computational fluid dynamics (CFD), 175
Comsol multiphysics, 269
Condenser duty, 80–82, 85, 87
Convection, strong, see Peclet number, high
Convective diffusion equation, 3, 208–209
Convergence acceleration, 100
see also iterative method

Conversion, 57
per pass, 95

Cost
capital, 85, 94
cooling cost, 79, 85
distillation column, 79
electricity, 98
gas, 98
heating cost, 79, 85
operating, 80, 85
raw material, 55, 85
refrigeration, 85
separation, 68
steam, 80
utility, 97, 103
water, 98, 102
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Curve fit
multiple regression, 298–304
nonlinear regression, 304–306
polynomial, 296–299
straight line, 294–296

Cylindrical geometry, 178

Damköhler number, 138
Derivative, numerical, 309
Design choices, 89
Dew point, 26
Differential equation, 3
Differential-algebraic equation, 312, 318
Diffusion, 148, 312

artificial, 165, 166, 168, 319
polymer, 73
porous catalyst, 73
streamline, 319
see also Petrov-Galerkin method, reaction-

diffusion
Diffusivity, 129, 148, 208

effective, 149, 165
polymer, 171
isotropic, 214

Direct numerical simulation (DNS), 175, 176
Dispersion

axial, 121
radial, 121

Disproportionation, 67
Distillate flow rate, 77
Distillation, 58, 70, 73, 79

control, 79
multicomponent, 75–82
plate-to-plate calculation, 75, 80–82
short-cut method, 75–80
see also Aspen Plus blocks DSTWU,

RadFrac
Drag

on sphere, 204
on cylinder, 205

Drawdown ratio, 172

Eduljee equation, 78
Eigenvalues, 139, 311
Electric potential, 172
Electrochemical cell, 224
Electrolyte, 74
Enzyme, 144

loading, 144
Epoxy, 145
Equation of state, 3, 5–23

cubic equation, 7
Hayden-O’Connell, 74
HF hexamerization, 74
ideal gas, 6, 22, 42, 74, 130

Peng-Robinson, 7, 75
Redlich-Kwong, 6, 22, 74
Redlich-Kwong-Soave, 6, 22, 32, 74, 75
van der Waals, 6

Equilibrium composition, 53
Equilibrium constant, 42, 52, 129
Equilibrium conversion, 41, 52, 63
Euler-Lagrange method, 167
Euler’s method, 310

Federal test cycle, 146
Fenske equation, 77, 85
Fiber spinning, 172, 173
Finite difference method, 148, 312–314

elliptic equation, 321
first derivative, 313
in Excel, 317
partial differential equation, 318
second derivative, 313

Finite element method, 147, 175, 177,
314–316

partial differential equation, 319
second derivative, 315
see also Petrov-Galerkin method

Finite elements
bilinear, 320
constant interpolation, 314–315
linear interpolation, 315–316

Finite volume method, 175
Flash, isothermal, 26–29
Flow, 3

between flat plates, 203
entry

Newtonian fluid, 179–184, 203
Non-Newtonian fluid, 184–186
power-law fluid, 203

in a pipe, 149, 150, 156–162, 172,
179–186, 189–191, 191–193, 203,
205

past flat plate, 204
through orifice, 193–198

finite thickness, 194
viscous dissipation, 218

Fluoresce, 214
Flux, 149
Flux-corrected method, 168
Force

normal, 200
tangential, 200

Friction factor, 190, 197
Fuel cell

hydrogen for, 41, 43
Fugacity, 29, 42
Fugacity coefficient, 29, 42
Fully developed flow, 183, 188
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Galerkin method, 320
Gear’s backward difference formula, 312
Gibbs free energy, 42, 52
Gilliland correlation, 78
Graetz problem, 225, 226

with axial conduction, 225, 226
Grayson thermodynamics, 75
Grid point, 148
Grid refinement, 314–316, 319, 322

Hagen-Poiseulle law, 150
Heat exchanger, 91–92, 101

duty, 94
counter-current, 109

Heat generation, 219
Heat of reaction, 42, 135, 149
Heat transfer, 148, 152–153

from sphere, 225
in square, 210–213
in square with a hole, 213–214
lumped parameter model, 171
radiation, 171
unsteady or transient, 4, 151, 162–164,

317–318
Heavy key, 76–78, 80
Homotopy method, 309

Implicit method, 312
Incompressible fluid, 176
Inert gas, 70
Inhibition constant, 143
Initial value methods for boundary value

problem, 317
Initial value problem, 3, 112, 249–251,

310–312
Interpolation, 314
Iterative method

direct, 93
equation-oriented (EO) in Aspen Plus, 100
see also Wegstein and Broyden methods,

tear stream, sequential solution
method, simultaneous solution
method

Jacobian, 309, 311

K-value
phase equilibrium, 27, 29–30, 37, 39, 52,

64, 78
see also equilibrium constant

k-1 model, 176, 189

Lab-on-a-chip, 207
Laminar flow, 175
Langmuir isotherm, 167
Laplace’s equation, 224
Large eddy simulation (LES), 176
LBB condition, 177
Least squares residual, 293, 300, 305
Lewis number, 138
Light key, 76–78, 80
Liquid-liquid extraction, 73
Limit cycle, 141
Linear correlation coefficient, 293, 300
Lower-upper (LU) decomposition, 309
Lumped parameter model, 112, 171

MacCormack method, 167, 168
Mass transfer coefficient, 132, 144, 164
Mass transfer equipment, 3
Mass transfer resistance, 144
Matrix, tridiagonal, 314
m-file, 10, 114, 239, 241, 250, 251
Michaelis-Menten reaction, 144, 154, 228
Microelectromechanical system (MEMS), 207
Microfluidic device, 73

dispersion in, 214
see also flow through orifice, serpentine

mixer, T-sensor
Microfluidics, 175
Mixer, MIXR, 56, 62, 65, 96
Monod constant, 143
Monod kinetics, 143

Natural gas, 88, 98
Navier-Stokes equation, 4, 175, 176–177,

201–202, 209
Newtonian fluid, 149, 150, 156–160, 172,

179–184, 225
Newton-Raphson iterative method, 308
Nodal point, 148
Nondimensionalization

convective diffusion equation, 209
Navier-Stokes equation, 201–203

Non-Newtonian fluid, 151, 159–162, 172,
173, 177–179

Bird-Carreau fluid, 151, 159, 160, 184–186,
204

power-law, 203, 204
Non-polar compound, 74
Nonrandom two-liquid (NRTL) equation, 30,

52, 74, 75, 95
electrolyte NRTL, 74, 75

NRTL, see Nonrandom two-liquid equation
Number up, 207
Nusselt number, 226
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Oil reservoir, 38
Optimization, 105–107, 137
Ordinary differential equation, 3, 112, 114,

123, 249–251, 310–317
high order, 310

Packed bed, 170
absorption, 82–87
reactor, 227

Pair-interaction parameter, 30, 32
Partial differential equation, 4, 317–322
Partial pressure, 25
Peclet number, 165, 209, 215

high, 216, 222, 318
Perfect gas, see Equation of state, ideal gas
Perimeter, 144
Petrov-Galerkin method, 165, 166, 168, 319
Phase equilibia, see Vapor-liquid equilibria
Polar compound, 30, 74
Polymer melt, 175
Polymeric composite, 145
Pressure

critical, 67
discharge, 91
drop, 150, 198
partial, 25, 297, 299
vapor, 7, 25

Process simulation, 2, 3, 89–109
Purge stream, 65, 70, 91, 94
p-xy diagram, see Vapor-liquid equilbria

Rachford-Rice equation, 28–29, 37, 39, 64, 66
Random choice method, 167
Raoult’s law, 74, 76
Reaction rate, 299

maximum specific growth, 143
Reaction-diffusion problem, 154–157, 169,

170, 312
cylindrical pellet, 225

Reactor, 3
adiabatic, 135
axial dispersion, 169, 170
batch, 113
bioreactor, 143
continuous stirred tank (CSTR), 114, 134,

142, 143
multiple solutions, 136
non-isothermal, 145
transient, 137–141, 145

mass transfer, 131–134
microfluidic, 221
mole change, 130–131
plug flow, 112–113

isothermal, 118–121, 125–126, 142, 143
non-isothermal, 121–123, 127–129, 145

radial dispersion, 227
REAC, 56, 57, 62
variable density, 130
wall reaction, 221

Reboiler duty, 80–82, 85, 87
Recovery fraction, 77
Recycle, 3, 55–71, 91, 92, 94
Reflux rate, 75, 77, 78

minimum, 77
Reflux ratio, 75–81, 87

infinite, 76, 85
minimum, 77, 79, 80, 85, 87

Relative volatility, 76, 77
Residual, variance, 293
Reynolds number, 177, 186, 189, 193–205
Runge-Kutta method, 311

Scale up, 207
Secant iterative method, 104, 309
Semiconductor, 172

inertia, 173
non-Newtonian fluid, 173

Sensitivity, 108
Separator, SEPR, 56, 57, 62
Sequential solution method, 60, 93, 100
Serpentine mixer

flow, 199–200
mixing, 222

Shear rate, 159, 172, 178, 185
Shear thinning, 161
Shwartzentruber-Renon solution, 75
Simultaneous solution method, 61, 93, 100
Singularity, 224
Solutions

ideal, 29–30, 39
regular solution theory, 29
two liquid phases, 30
see also Wilson equation, Non-random two

liquid equation, UNIFAC group
contribution method, UNIQUAC
equation, Shwartzentruber-Renon,
azeotrope

Split fraction, 56, 59
Stability limits, 311, 312
Stages of distillation column, 75, 78, 79, 85, 87

minimum, 77, 79, 80, 87
Start-up flow

Newtonian, 191–193
power-law, 204

Steam reformer, 54
Step-size adjustment, 311, 312
Stiff equations, 139, 311, 318
Stoichiometry, 46
Stoichiometric coefficient, 57, 144
Stoichiometric equation, 57
Stoichiometric feed, 62, 70
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Stokes flow, 204
Streamlines, 184, 187, 188, 196
Substrate, 143
Successive substitution iterative method, 308

Taylor series, 308
Taylor-Galerkin method, 167
Tear stream, 104
Temperature

average, 153
critical, 6, 7
reduced, 6

Thermal conductivity, 129, 148, 152, 153
effective, 149

Thermal diffusion, coefficient of, 151
Thermodynamic choice for

coal processing, 75
gas processing, 75
oil and gas production, 75
petrochemicals, 75
refinery, 75

Transalkylation, see disproportionation
Transport process, 3
Trial functions, 314
see also finite elements

Trim heater, 109
see also heat exchanger

T-sensor
flow, 186–189, 204
dispersion, 214, 227

Turbulent flow, 175, 176, 189–191, 205
eddy viscosity, 189
kinetic energy, 189, 191
rate of dissipation, 189, 191
see also wall layer

T-xy diagram, see Vapor-liquid equilbria

Underwood equation, 77
UNIFAC group contribution method, 30, 74

UNIQUAC equation, 74, 75
Unstable solution, 137
Utilities, 97
see also cost, utility

Van Laar equation, 74
van’t Hoff equation, 42
Vapor-liquid equilibria, 3, 35–40, 65

T-xy diagram, 35
p-xy diagram, 35

Variational principle, 320
Velocity

average, 150, 158, 160, 183, 184, 188
normal, 200
gradient, 159
see also shear rate

tangential, 200
terminal, 209

Vena contracta, 196
Viscosity, 150

kinematic, 189, 190
concentration dependent, 217–218

Viscous dissipation, 194, 218–221
Void fraction, 164
Volume of mixture, 18
see also Equation of state

Vortices, 175

Wall effect, 204
Wall layer, turbulent flow, 189

logarithmic wall function, 190
Wall stress, 190
Water-gas shift reaction, 41, 43, 53
Wegstein iterative method, 93, 100–104, 309
Wilson equation, 30, 35, 37, 74, 75, 83, 88

Yield, 95
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