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acceleration, 14

airfoil, 43

Ampere’s law, 42

angular momentum conservation, 342

angular velocity, 14

Archimedes number, 70

average flux

external flow, 51

internal flow, 50

Avogadro number, 19

Bagnold coefficient, 102

basis function

Cartesian co-ordinates, 195, 200

cylindrical co-ordinates, 246

spherical co-ordinates, 262

Bernoulli equation, 22, 272, 356

Bessel equation, 246

Bessel function

first order, 251

orthogonality relation, 248, 252

zeroeth order, 246

biaxial extension, 350

binary diffusion, 161

Fick’s law, 162

mass average velocity, 162

molar flux, 163

Boltzmann constant, 19

Bond number, 56, 71

boundary condition

mobile surface, 83

no-slip, 83

rigid surface, 83

slip, 83

boundary layer, 10, 12

bubble, 447

concentration/temperature, 86, 206, 422

filament drawing, 453

flat plate, 62

flow past sphere, 439

momentum, 62

natural convection, 478, 483

oscillatory flow, 309

power-law fluid, 435

rigid surface, 424, 444

sphere laminar, 65

sphere turbulent, 65

Boussinesq

approximation, 473

equations, 472

Brinkman number, 39, 44

Brownian diffusivity, 29

bubble

boundary layer, 447

drag coefficient, 69

forced convection, 446

Sherwood number, 451

Buckingham Pi Theorem, 24

Burke–Plummer correlation, 74

capacitance, 20

Capillary number, 55, 70

characteristic velocity

external flow, 51

flat plate, 61

internal flow, 49

natural convection, 96, 477

packed column, 72

chemical potential, 23, 134

Chilton–Colburn
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 factor, 82

analogy, 80

circulation, 267

co-operative motion, 113

Colebrook correlation, 60

colloid, 29

composite

effective conductivity, 414

concentration, 16

conservation equation, 319

conservation principle, 8

constitutive relation, 10

Fick’s law, 16

Fourier’s law, 17, 116

general, 48

Newton’s law, 18, 119

convection, 1, 9

forced, 12, 206

natural, 13, 210

correlation, 7

Burke–Plummer, 74

Colebrook, 60

drag force, 28

Ergun, 74

Kozeny–Carman, 74

Nusselt number, 38, 84, 87, 89, 92, 93, 99

Ranz–Marshall, 90

Schiller–Naumann, 66

Sherwood number, 35, 84, 87, 89, 92, 93, 159

skin friction coefficient, 62

Whitaker, 90

curl

Cartesian co-ordinates, 351

cylindrical co-ordinates, 359

definition, 367

integral relation, 369

orthogonal co-ordinates, 351

spherical co-ordinates, 359

current, 14, 20

current density, 20

curvilinear co-ordinates, 231

Damkohler number, 101, 158

Darcy constant, 42

Darcy–Forchheimer equation, 42

Debye screening length, 154

density, 16

energy, 47

momentum, 47

diffusion, 1, 9, 105

fluid, 1

mass, 107

solid, 1

diffusion coefficient, 16

diffusion length, 206

diffusivity

Brownian, 29

generalised, 147

mass, 16, 48, 109, 114

momentum, 49

thermal, 49, 116

dimension, 13

derivative, 22

derived, 14

equation, 21

fundamental, 14

gradient, 22

integral, 22

dimensional analysis, 24

dimensionless group, 7, 24, 45

convection/diffusion, 53

dependent, 24

dimensionless flux, 53

independent, 25

ratio of diffusivities, 53

dipole

moment, 397

point, 395

Dirac delta function, 185, 392

one dimension, 180

three dimensions, 182

two dimensions, 181

dispersion, 106

mixing length, 127

packed column, 129, 183, 456

Reynolds flux, 125, 127

Reynolds stress, 127

Taylor, 130, 458

turbulent, 122

dispersion coefficient

packed column, 130, 457

Taylor, 132, 463

divergence

Cartesian co-ordinates, 325
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cylindrical co-ordinates, 358

definition, 365

integral relation, 366

orthogonal co-ordinates, 335

physical significance, 365

spherical co-ordinates, 335

toroidal co-ordinates, 359

velocity, 347

drag

coefficient, 29

correlation, 28

crisis, 66

force, 25

Stokes’ law, 28

drag coefficient, 53, 54

bubble, 69

Schiller–Naumann correlation, 66

sphere laminar, 66

Stokes’ law, 66

drift velocity, 134

droplet break-up, 78

eddy, 57, 123, 292, 294

diffusivity, 127

effective conductivity

composite, 380, 387

eigenvalues

Cartesian co-ordinates, 195

cylindrical co-ordinates, 247, 252

separation of variables, 252, 262

spherical co-ordinates, 262

elasticity, 18

Elasticity number, 101

electric charge, 20

electric field, 20

electric permittivity, 20

electric potential, 20

electrical conductance, 20

electrical conductivity, 20, 134

electrical resistance, 20

electrical resistivity, 20

electrokinetic flow, 153

Debye screening length, 154

slip velocity, 156

Stern layer, 155

surface charge density, 154

zeta potential, 154

energy, 15

density, 47

electrostatic, 42

energy conservation

Cartesian co-ordinates, 141, 142

cylindrical co-ordinates, 234

spherical co-ordinates, 258

vector form, 327

energy dissipation rate

per unit mass, mixing, 78

per unit mass, turbulence, 295

viscous, 150

enthalpy, 16

equivalent diameter, 50, 51

packed column, 73

Ergun correlation, 74

error function, 170, 226

Eucken formula, 117

Fanning friction factor, 40

Fick’s law, 16

binary diffusion, 162

Cartesian co-ordinates, 140, 323

cylindrical co-ordinates, 234

ideal gas, 109

spherical co-ordinates, 257, 334

vector form, 324

field, 8

magnetic, 20

variable, 147

filament drawing, 453

flow

laminar, 57

turbulent, 57

flow consistency index, 19, 160

fluids

gas, 1

liquid, 1

flux

average, 50, 51

convective, 46

cylindrical co-ordinates, 359

diffusive, 48

generalised, 147

mass, 16, 46

momentum, 47

orthogonal co-ordinates, 335
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spherical co-ordinates, 330

vector, 324, 330

force, 14

forced convection, 421

bubble, 446

mobile surface, 446

rigid surface, 423

Forchheimer constant, 42

Fourier’s law, 17

Cartesian co-ordinates, 142

cylindrical co-ordinates, 234

ideal gas, 116

vector form, 327

friction factor, 53

Colebrook correlation, 60

Darcy, 54

Fanning, 40, 54

Moody diagram, 60

packed column, 73

pipe laminar, 58, 288

pipe turbulent, 60

power-law fluid, 291

friction velocity, 298

Froude number, 55

mixing, 76

Galilei number, 100

Gamma function, 469

Gaussian function, 180, 186, 225, 457

three dimensions, 183

two dimensions, 181

variance, 180, 182, 183, 186

gradient

Cartesian co-ordinates, 324

cylindrical co-ordinates, 359

definition, 361

integral relation, 362

orthogonal co-ordinates, 336

physical significance, 362

spherical co-ordinates, 334

toroidal co-ordinates, 359

Grashof number, 96, 477

Green’s function, 403, 407, 409

Dirichlet, 409

Neumann, 410

Green’s function method, 409

Hagen-Poiseuille profile, 287

heat exchanger, 4, 36

heat flux, 17

heat transfer coefficient, 52

heat transfer resistance

Cartesian co-ordinates, 149

cylindrical co-ordinates, 238

parallel, 149

series, 149

spherical co-ordinates, 260

Hertz model, 42

Hertz spring constant, 42

hydraulic radius, 50, 51

packed column, 73

ideal gas, 105

binary diffusion coefficient, 112

Fick’s law, 109

Fourier’s law, 116

mean free path, 110

momentum diffusivity, 119

Newton’s law, 119

shear stress, 118

thermal diffusivity, 116

viscosity, 119

ideal gas constant, 19

incompressible flow, 337

inductance, 20

integrating factor, 470

internal energy, 17

Jakob number, 188

kinematic viscosity, 49

kinetic theory, 105

Knudsen number, 134

Kolmogorov scales, 296

Kozeny–Carman correlation, 74

Kronecker delta, 196, 376

laminar flow, 57

laminar-turbulent transition

flat plate, 62

pipe, 58, 293

sphere boundary layer, 65

wake behind sphere, 65

Laplace equation, 373

www.cambridge.org/9781009005333
www.cambridge.org


Cambridge University Press & Assessment
978-1-009-00533-3 — Fundamentals of Transport Processes with Applications
V. Kumaran 
Index
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Index 497

Cartesian co-ordinates, 374

Dirichlet Green’s function, 409

Green’s function method, 409

method of images, 407

Neumann Green’s function, 410

spherical co-ordinates, 383, 387

Laplace number, 101

Laplacian

Cartesian co-ordinates, 325

cylindrical co-ordinates, 359

orthogonal co-ordinates, 336

spherical co-ordinates, 335

toroidal co-ordinates, 359

Legendre equation, 383, 418

Legendre polynomial, 383, 418

associated, 389

orthogonality relation, 389, 419

length, 14

Lewis number, 53

lift force, 43

light intensity, 14

liquid

co-operative motion, 113

Lorentz force, 42

Mach number, 134

magnetic field, 20

magnetic flux density, 20, 42

magnetic moment, 20, 44

magnetic permeability, 20, 42

Marangoni number, 100

mass, 14

mass conservation

Cartesian co-ordinates, 139, 140, 324

cylindrical co-ordinates, 234

Navier–Stokes equation, 336

spherical co-ordinates, 257

vector form, 325, 326

mass diffusion

ideal gas, 107

mass diffusivity, 16, 48

ideal gas, 109, 112

liquid, 114

mass flux, 16

mass fraction

binary diffusion, 161

mass transfer coefficient, 52

mass/heat transfer equivalence, 80

material derivative, 325

Maxwell equations, 43

mean free path

ideal gas, 110

method of images, 407, 416

mixing length, 127

Model-H equations, 23

molar average velocity, 162

molar flux, 163

mole, 19

momentum

density, 47

momentum conservation

Cartesian co-ordinates, 144, 145

cylindrical co-ordinates, 234, 235, 250, 286

Navier–Stokes, 355

momentum diffusivity, 49

ideal gas, 119

Moody diagram, 60

multipole expansion, 392

natural convection, 13, 96, 210, 471

boundary layer, 478

Boussinesq approximation, 473

characteristic velocity, 477

Grashof number, 477

high Prandtl number, 485

low Prandtl number, 483

momentum boundary layer, 483, 486

Nusselt number, 482, 485, 488

Rayleigh number, 477

thermal boundary layer, 485

Navier–Stokes equation

mass, 336

momentum, 22, 355

Newton’s law, 18

Cartesian co-ordinates, 145

cylindrical co-ordinates, 234, 236, 286

ideal gas, 119

tensor form, 354

no-slip boundary condition, 83

Nusselt number, 37, 52

bubble, 93

falling film, 92

filament drawing, 454

flat plate laminar, 89
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flat plate turbulent, 89

low Peclet number, 84

natural convection, 99, 482, 485, 488

pipe laminar, 87, 434

pipe turbulent, 88

power-law fluid, 436

rigid surface, 429

sphere laminar, 89, 442

spherical diffusion, 259

stagnation point, 432

Onsager coefficient, 23, 134

orthogonality relation

Bessel function, 248, 252

Cartesian co-ordinates, 196, 201, 227, 376

cylindrical co-ordinates, 248, 252, 268

Legendre polynomial, 389, 419

spherical co-ordinates, 262

spherical harmonic, 390

packed column

dispersion, 129, 183, 456

dispersion coefficient, 130, 457

heat transfer, 214

mean square displacement, 457

superficial velocity, 73, 456

Peclet number, 35, 53

penetration depth

Cartesian co-ordinates, 171

reaction-diffusion, 159

permeability

magnetic, 20

relative, 20

vacuum, 20

permittivity

electric, 20

relative, 20

vacuum, 20, 42

pipe

friction factor, 288

laminar flow, 283

laminar-turbulent transition, 293

logarithmic law, 300

Nusselt number correlation, 434

oscillatory flow, 302

shear stress, 287

shell balance, 284

turbulent flow, 292

velocity profile, 287

von Karman plot, 299

pitot tube, 313

planar extension, 350

Planck’s constant, 43

point source, 392

Poisson equation, 373

polymer

radius of gyration, 41

porosity, 72

potential flow, 272

irrotational, 356

velocity potential, 356

power, 16

electrical, 20

Power number, 76

power-law fluid, 19, 159, 290

power-law index, 19, 160

Prandtl number, 38, 53, 97

pressure, 16

stress tensor, 344

thermodynamic & dynamical, 271

pressure gradient, 40

quadrupole, 398

radius of gyration, 41

Ranz–Marshall correlation, 90

rate of deformation

antisymmetric, 346

extensional strain, 347

isotropic, 347

symmetric traceless, 347

tensor, 344

Rayleigh criterion, 266

Rayleigh number, 97, 477

regular perturbation, 307

relative permeability, 20

relative permittivity, 20

resistance

electrical, 20

heat transfer, 149, 238, 260

Reynolds analogy, 82

Reynolds flux, 125, 127, 135

Reynolds number, 28, 53

mixing, 76
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oscillatory flow, 302

packed column, 73

transition, 57

Reynolds stress, 127

root-mean-square velocity

ideal gas, 109

liquid, 113

rotating liquid, 281

Savage number, 101

scale factors

spherical co-ordinates, 330

Schmidt number, 35, 53

Schrödinger equation, 43

separation bubble, 65

separation of variables

basis function, 195, 200, 246, 262

Cartesian co-ordinates, 191, 374

cylindrical co-ordinates, 245

eigenvalues, 195, 247, 252, 262

homogeneous boundary condition, 193

orthogonality relation, 196, 201, 227, 248,

252, 262

spherical co-ordinates, 261, 387

separation variables

spherical co-ordinates, 383

settling sphere, 25

shear stress

ideal gas, 118

pipe, 287

wall, 39

shell balance

Cartesian co-ordinates, 138, 321

cylindrical co-ordinates, 232, 284

pipe, 284

spherical co-ordinates, 256, 330

Sherwood number, 34, 52

bubble, 93, 451

falling film, 92, 175

flat plate laminar, 89

flat plate turbulent, 89

low Peclet number, 84

pipe laminar, 87

pipe turbulent, 88

reaction-diffusion, 159

sphere laminar, 89

suspended particle, 35

similarity solution

Cartesian co-ordinates, 171

cylindrical co-ordinates, 243

decay of a pulse, 180

mobile surface, 449

penetration depth, 171

rigid surface, 428, 429

time-dependent length, 188

wire conduction, 243

similarity variable

bubble, 448

Cartesian co-ordinates, 169, 178

cylindrical co-ordinates, 242

flow past sphere, 438

mobile surface, 452

rigid surface, 425, 431, 444

time-dependent length, 186

singular perturbation, 311

skin friction coefficient, 53, 55

correlation, 62

slip boundary condition, 83

slip velocity

electrokinetic flow, 156

source

distributed, 403

point, 392

specific heat, 16

spherical harmonic, 390

decaying, 390

growing, 390, 398

orthogonality relation, 390

spray drier, 5

stagnation point, 64, 430

Nusselt number, 432

Stanton number, 53

Stern layer, 155

stirred tank reactor, 2

Stokes’ drag law, 28

Stokes–Einstein relation, 114

stream function

Cartesian co-ordinates, 337

physical significance, 337

polar co-ordinates, 339

spherical co-ordinates, 339

stress, 18

stress tensor

Cartesian co-ordinates, 339
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pressure, 344

sublimation, 205

substantial derivative, 325

surface charge density, 154

surface tension, 18, 55

Taylor dispersion, 130, 458

coefficient, 132, 463

Taylor number, 101

temperature, 14

thermal conductivity, 17

effective, 380, 387, 414

ideal gas, 116

thermal diffusivity, 49

ideal gas, 116

thermal expansion coefficient, 96

time, 14

time of flight, 134

time-dependent length, 186

toroidal co-ordinates, 359

torque, 15

transformation, 1

turbulence

cascade, 297

energy production rate, 295

friction velocity, 298

integral time, 294

Kolmogorov scales, 296

logarithmic law, 300

structure, 293

viscous sub-layer, 298

wall unit, 299

turbulent flow, 57

uniaxial extension, 350

unit, 13

unit operation, 7

unit vectors

Cartesian co-ordinates, 320

cylindrical co-ordinates, 358

spherical co-ordinates, 330

toroidal co-ordinates, 359

vacuum permeability, 20

vacuum permittivity, 20

variance

Gaussian function, 180, 182, 183, 186

velocity, 14

characteristic, 49, 61, 96, 477

curl, 351

divergence, 347

mass average, 162

molar average, 162

pipe laminar, 287

potential, 356

root-mean-square, 109, 113

superficial, 73, 456

velocity gradient

biaxial extension, 350

planar extension, 350

principal directions, 350

uniaxial extension, 350

Venturi meter, 276

viscosity, 18

ideal gas, 119

viscous sub-layer, 298

void fraction, 72, 456

voltage, 20

von Karman plot, 299

vortex, 65, 267

vorticity, 351

wake, 65

turbulent, 65

wall roughness coefficient, 59

wall shear stress, 39

wall unit, 299

wave function, 43

Weber number, 55

mixing, 76

weir, 278

Whitaker correlation, 90

Wiedemann–Franz law, 135

wire-coating, 266

work, 15

yield stress, 102

zeta potential, 154
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