Subject Index

a
accumulation

— of non-condensable gas
activity coefficient 7

air separation plant 249
Antoine’s equation 6, 134, 214, 233
apparent end effect 227f.

argon column 249, 251

aspect ratio 116

1921, 203

b

Bassel function 93

binary diffusion 12

— coefficient 12, 14f.

- flux 12ff.

binary distillation physical picture 216

— effect of partial condensation 218ff.

— vapor phase temperature distribution 218

Blasius’ empirical correlation 154

Blasius’ equation 154

blowing parameters 82,172

boundary layer 53

— concentration distribution 64

— polynominal concentration approximation
71

— polynominal velocity approximation 70

— velocity distribution 57

boundary layer equation 53

- dimensionless 56

- integral form 57

— numerical solution 62

bubble

— continuous phase mass transfer

— point 189, 217, 234

— shape 121f.

Buckingham's Pi theorem 50

buffer layer 152

140

271

c
calculation of ternary distillations  239ff.
Chilton and Colburn’s analogy 113, 158ff.
— comparison with data 159

circulation flow, effect of 140

circulation velocity 124

classical model for distillation 212, 214
concentration

— binary system 22

— multi-component system 23
concentration distribution

— boundary layer, integral form 61
— one-seventh law 171
concentration driving force 20, 228
— binary distillation 220
condensation heat transfer coefficient
— circular cylinder 201

— total condensation 191f.

186

condensation
— dropwise 183
— of avapor 192

condensation with non-condensable gas
— heat and mass transfer 193

— horizontal tube 203

conduction of heat 4

continuity equation 28f.

continuous phase 122

continuous phasestream function 122
convective mass flux 3,17, 20

— binary distillation 219

— gas absorption 221

— multi-component distillation 221

— ternary distillation 220

convective velocity 18

— correlation, cryogenic flux 249
creeping flow 101ff., 122

— stream function 102

cryogenic distillation 249 ff.

— cylindrical coordinate 260
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Subject Index

d

Deissler analogy 153, 162ff.

dew point 217, 234

— curve 189

diffusion 5,9, 21

— coefficient 265

— — multi-component 15

diffusion equation 29ff.

— boundary layer 55, 60

— male fraction 31

— mass fraction 30

diffusional flux 3,9, 14, 17

— correlation of binary distillation 228

— correlation of ternary distillation 229

— binary distillation 219

— mass 11,13

— molar 11f.

— ternary distillation 22

— turbulent 148

diffusivity 6

— turbulent 149

dimensional analysis 47ff.

dimensional homogeneity 47f.

dimensionless

— concentration 59

— number 44ff.

dimensionless 59

dispersed phase 122

— mass transfer 141

— Sherwood number 137

— stream function 122

displacement thickness 168

distillation

— binary, non-adiabatic 221

classical model 212, 214

- path 213,232

— rate controlling process 217

— setup, double-column 249

— ternary, non-adiabatic 239

distillation calculation, multi-component

— convergence of terminal composition
242

— flow chart 242

drag coefficient 103

— bubble 125

— correlation 105

— dropingas 125

— effect of mass injection or suction 126

— Hadamard’s flow 123

— interaction effect 117

— numerical solution 104f.

— spheroidal particle 115

dropwise condensation 183

dumping factor 150, 153

dynamic simulator, oxygen 18
— separation process 255

e
eddy

— diffusional flux 148

— diffusivity 149

— heat flux 147

— kinematic viscosity 148

- thermal diffusivity 149

effective diffusion coefficient 15, 235
effective interfacial area 225/226
energy equation 33

— boundary layer 55, 60

enriching section 241

equation of motion 33

equilibrium, local 20, 178
equilibrium stage 241

— model 209

equimolal counterdiffusion 18f.
error function 35
Eucken's equation 265
evaporating drop 126
— drag coefficient 131
— falling freely in gas

— heat and mass transfer
— simulation 135
evaporation of fuel spray 126

1321f.
128,131

falling liquid film 73
— gas absorption, long exposure time  76ff.
— thickness 75

— velocity distribution 73 ff.

Ficks Law 5, 10, 12f., 30f.

— film condensation 183

— physical representation 184

— pure vapor, circular cylinder 200f.

— variable physical property 187

film model 34f.

flow around and evaporating drop 126 ff.
fluctuation velocity 145

fluid friction 3

fluidized bed

— heat and mass transfer 117

form drag 103

forward stagnation point
Fourier number 137
Fourier's law 4

free stream 53

free surfaces 121
friction factor 58f.

— average

— — laminary boundary layer 59

112,118



- turbulent boundary layer 170
circular pipe 90

— local

- laminar boundary layer 59

— — turbulent boundary layer 169f.
turbulent flow, circular pipe 153 ff.
friction velocity 151

frictional drag 102

fundamental dimension 47

g
gas absorption

— falling liquid film, short contact time
75

governing equation

— cylindrical coordinate 260

— spherical coordinate 261

Graetz number 223

— for heat transfer 91

— for mass transfer 92, 99

GraetZs problem 95

h

Hadamard’s flow 122

Hausen's approximation 96

heat conduction equation 93

heat flux

— turbulent 147

heat transfer boundary layer 65

— small Prandtl number 69

heat transfer entrance region

circular cylinder 201

circular pipe  93f.

— fully developed flow

— — circular pipe 95

— interaction effect, two particle 117

— spheroidal particle 115

— — stationary fluid 109ff.

— turbulent boundary layer 171

— — high mass flux effect 202

Henry's constant 6, 262

Henryslaw 6

Higbie's model (see penetration model)

Higbie’s penetration model 75

high mass flux effect 3, 80, 126, 128, 130,
172,220

— correlation 84

— drag coefficient 131

— friction factor 172

— heat and mass transfer of drop 132

— heat transfer 172

— mass transfer, turbulent boundary effect
173

— numerical solution 84

Subject Index

high-pressure column 249
Hirshfelder's equation 235
— viscosity 265

- diffusion coefficient 265
HTU 209, 211, 214, 221
humidity chart 264

i

ideal solution 6
incompressible fluid 29
interfacial velocity 18, 20
isotope-exchange reactor 254

J
jfactors 158

k
Kronig-Brink model 141

I

laminar flow 27, 90

laminar sub-leyer 152

Lapple—Shepard correlation

— drag coefficient 106

latent heat 177

law of conservation

— of energy 33

— of mass 28f.

Leveque’s approximation 96

Lewis number 180

local distribution of heat

— diffusional flux, spherical particle 112

logarithmic mean concentration driving
force 92

logarithmic mean temperature driving
force 92

logarithmic velocity distribution layer 168

low-pressure column 249, 251

m
mass average velocity 11,13

mass flux 16

— cryogenic distillation 249

mass transfer 16

— boundary layer 65

— circular cylinder 201

— — high mass flux effect 202

— coefficient 20, 43

— — overall 24

— definition 23

— entrance region, circular pipe 93f.
fully developed flow, circular pipe 95
inactive entrance region 72
interaction effect, two particle 117

273



Subject Index

large Schmid number 67
spherical particle, stationary fluid
1091f.

spheroidal particle 115

— tray tower 210

turbulent boundary layer 171

- wetted-wall column  97ff.
6-method of convergence 245
Mickley's film model 81ff., 129, 172
mixing length  149f.

molar average velocity 13, 20
molar flux 17

momentum thickness 168
motion of drop

— gas phase 125

n
Navier-Stokes equation 33

Newton's law of viscosity 3f.
Newtonian fluids 4

non-ideal solution 6

non-Newtonian fluids 4

number of transfer unit 211, 214

— discontinuity 213

Nusselt equation, falling liquid film 75
Nusselt number 41

— local 60

Nusselt's model 183 ff., 195

[
oblate spheroid 121

one-nth power law 151, 168
one-seventh power law 151
operating line 214
Othmer’s experiment 194 ff.
oxygen-18 252

— separation process 253 ff.
— — flow diagram 254

packed columns 209

— calculation, finite reflux ratio 244
parabolic velocity distribution

— circular pipe 89

partial condensation 189, 220
— binary distillation 229
particle Reynolds number 103
penetration model  35f.

PET diagnostics 253

phase equilibrium 2
phaserule 178

Prandtl number 39ff.
psychrometric ratio 180

— correlation 181

q
quasi-linearization method 62

r
Ranz-Marshall correlation 112ff.
Raoult'slaw 6, 233

Rayleigh's method of indices 49f.
reboiler 241

reboiler-condenser 249

reference temperature 187
reference velocity diffusion 11
Reynolds analogy 157f.
Reynolds number

— average, boundary layer 58

— critical 39, 145

— local, boundary layer 58

— particle 103

— physical interpretation  38f.
Reynolds stress  146ff.

s
saturated temperature 177
Schmidt number 39ff.

— multi-component 230
Sherwood number 42f.

— local 61
— mass 42
— molar 42

— mutual relation 43

similarity transformation

- boundary layer equation 55
similitude, principle 47f.

simulation

— pilot-plant scale air separation 251
simultaneous heat

— mass transfer model 177, 179, 209, 2311,

251, 254
solid wall dissolution
— falling liquid film  78ff.
solid-sphere penetration model 136
spheroidal particle 115
spray absorption 136
Stokes’ flow 103f., 115
— liquid phase mass transfer 115
Stokes’ law of resistance 103
stream function 56
— dimensionless 56
stripping section 241
summation theorem
— for mass diffusional flux 17
super cryogenic distillation 255
surface-contaminated fluid spheres
— motion 126
surface renewal model 36f.



surface temperature
— evaporation 178f.

t

temperature boundary layer 39f.
temperature distribution

— boundary layer, integral form 60
— near the interface 177
terminal velocity 106ff., 124, 135
— bubble 125

— calculation 107

— dropin gas 125

ternary distillations

— calculation 239ff.

ternary packed column distillation
— total flux calculation 233
thermal conductivity 5

thermal diffusivity 148

— turbulent 149

time-averaged velocity 145

total condensation 189

— vapor phase temperature distribution 190
transfer number 83, 128

— for heat transfer 85

— for mass transfer 85

tray efficiency 209, 221

— discontinuity 212

— Murphree 211

tray tower 209

turbulent boundary layer

— velocity distribution 168

Subject Index

turbulent core 152
turbulent flow 27, 90, 145

u
ultra-pure grade oxygen 254
unidirectional diffusion 18, 34
universal velocity distribution law 153
— circular pipe  151ff.

v
vapor-liquid equlibrium 214
velocity boundary layer 38
viscosity 3

void function 117,119

— simulation 118

voidage 119

volume average diameter 117
von Ka'rman analogy 161

w

wake 118

wet-bulb temperature 134, 179

— evaporating drop 135

wet-bulb temperature 179

wetted area 225

— metal-structured packing 226

wetted-wall column, binary distillation 222

Wilke’s effective diffusion coefficient 230,
251

Wilke’s equation 265

Wilsor's equation 214
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