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Index

Activity coefficient, 37
Adiabatic flame temperature, 49–50
Alternating direction implicit (ADI) method,

208–220
for steady heat conduction, 208–214
for transient heat conduction, 214–220

Antoine equation, 34
Axial dispersion, 119

Backward difference scheme, 86
Batch reactor, 69–74
Block tridiagonal matrix, 150
Boundary conditions, 87

Dirichlet, 87
mixed, 87
Neumann, 87

Boundary value problem (BVP), 85
Bubble point temperature, 33–34, 38

using modified Raoult’s law, 38
using Raoult’s law, 33–34

Central difference scheme, 86, 113
Chemical reaction and diffusion

first order reaction, 155–158
non-isothermal conditions, 161–168
in a pore, 97
second order reaction, 158–161
in a spherical catalyst pellet, 155–168

Chemical reaction engineering, 68–79, 119–170
boundary value problems, 119–170
initial value problems, 68–79

Chemical reaction equilibrium—two simultan-
eous reactions, 47–48

Classification of partial differential equations,
171

elliptic, 171
hyperbolic, 171
parabolic, 171

Colebrook equation, 20
Comparison of central and upwind difference

schemes, 113–114
Control volume, 193
Convection–diffusion problems, 105
Crank-Nicolson method, 173
Cubic equations of state, 31–33

Peng-Robinson, 33
Redlich-Kwong, 32
van der Waals, 31

Danckwert’s boundary conditions, 121
Dew point temperature, 34–35, 39–40

using modified Raoult’s law, 39–40
using Raoult’s law, 34–35

Diffusion, 97–99, 105, 155, 186–188
of drug from a spherical gel matrix, 186–188

Dirichlet boundary condition, 87
Discretization

in one-dimensional space, 86, 172
in two-dimensional space, 192–194
of differential equations, 86, 172, 192–194

Double pipe heat exchanger, 55–56
Drag coefficient, 23, 60

Effective diffusion coefficient, 114
Elliptic partial differential equation, 171
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Ergun equation for packed beds, 21
Explicit method, 172

Fin, 94
Finite difference schemes, 86, 105–107, 172–173

backward difference, 86
central difference, 86
forward difference, 86
FTCS Crank-Nicolson scheme, 173
FTCS explicit scheme, 172
FTCS implicit scheme, 173
upwind difference, 105–107

Flash calculations, 35–37, 40–42
using modified Raoult’s law, 40–42
using Raoult’s law, 35–37

Forward difference scheme, 86
Forward in time and central in space (FTCS)

difference scheme, 172–173
Fourier stability analysis, 174–176
Friction factor, 20–21

Gamma-phi approach, 43–44
Gauss-Seidel method, 10
Gaussian elimination method, 5

Heat conduction, 93, 176, 195, 208, 214
one-dimensional steady, 93
one-dimensional transient, 176
two-dimensional steady, 195, 208
two-dimensional transient, 214

Implicit method, 172
Initial value problems (IVP), 53–79

batch reactor, 69
in chemical reaction engineering, 68–79
nonisothermal plug flow reactor, 76
plug flow reactor, 74
stirred tank reactor, 69

L’ Hospitals rule, 182, 187
Line-by-line TDMA (see ADI method)
Linear algebraic equations, 1–12
Log mean temperature difference, 56

Minimum fluidization velocity, 21

Neumann boundary conditions, 87
Newton’s method, 17
Newton-Raphson method (see Newton’s method)
Nonlinear algebraic equations, 17–29
Numerical diffusion term, 114

One-dimensional
steady heat conduction, 93
transient diffusion in a sphere, 186–188
transient heat conduction, 176–185

in a cylinder, 181–183
in a rectangular slab, 176–181
in a sphere, 183–185

Optimum step size, 53
Ordinary differential equation, 53, 87, 105, 155
Overall heat transfer coefficient, 56

P-x-y diagram, 43–47
using cubic equation of state, 44–47
using gamma-phi approach, 43–44

Partial differential equation (PDE), 171
parabolic, 176–185, 214–220

Particle Reynold’s number, 24
Peclet number, 108–114

local, 109
effective, 114

Plug flow reactor, 74
Pneumatic conveying, 60
Pressure drop in a pipe under nonlaminar

conditions, 20

Raoult’s law, 33–37
Rate constant, 69, 120, 129, 155, 158

first order reaction, 69, 120, 155
second order reaction, 129, 158

Red-black Gauss-Seidel method, 195
Relaxation

parameter, 194
technique, 194–195

Gauss-Seidel, 194
overrelaxation, 195
underrelaxation, 195
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Reynold’s number, 20
Round-off error, 53, 87
Runge-Kutta fourth order method, 54

Stability, 87, 174–176
Standard enthalpy change of reaction, 49
Step size, 53
Stirred tank with coil heater, 57

series of, 66
System

of linear algebraic equations, 1–12
of nonlinear algebraic equations, 25
of ordinary differential equations, 63, 131

boundary value problem, 131
initial value problem, 63

Taylor series expansion, 85
Terminal velocity, 23
Thomas algorithm (see Tridiagonal matrix

algorithm)
Tridiagonal matrix, 1

algorithm (TDMA), 2
diagonal elements, 1
sub-diagonal elements, 1
super-diagonal elements, 1

Tridiagonal set of linear algebraic equations, 1,
94, 96, 99, 110, 111, 124, 126, 128, 130,

158, 160, 166, 168, 178, 180, 182, 185,
188, 210–214, 217–219

Truncation error, 53, 87
Tubular reactor with axial dispersion, 119–153

first order reaction, 120–128
multiple reactions, 131–153
second order reaction, 129–131

Two-dimensional
steady heat conduction, 192–214

using ADI method, 208
using Gauss-Seidel method, 194
using red-black Gauss-Seidel method, 195

transient heat conduction, 214–220
using ADI method, 214–220

Upwind difference schemes, 105–108
first-order, 105
second-order, 106–108

Vapour–liquid equilibrium calculations, 33–47
using Gamma-Phi approach, 43–44
using modified Raoult’s law, 37–42
using Phi-Phi approach, 44–47
using Raoult’s law, 33–37

Vapour pressure using cubic equation of state,
42–43

Von Neumann stability analysis, 174–176
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