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absolute velocity, see interstitial velo-
city
acceleration of sphere in fluid, 128
see also bubble acceleration
adsorption, 117-18
agglomeration, 2, 7, 89
aggregative fluidisation, 3, 5, 80, 82
expansion of aggregative bed, see
expansion
effect of fine particles, 88
shallow beds, 122
transition to particulate fluidisation,
8o-1, 86, 89—91, 94
two-phase theory, 19-20, 42
air bubble
in fluidised bed, 3, 21, 30-1, 74-5,
82, 8¢9
in liquid, 24, 27, 30, 49, 50, 53, 58
air fluidised bed, 3, 4, 21
bubble: coalescence, 49; formation,
57-8; rising, 30-1, 74-5, 110;
stability, 8o, 82, 856, 89, 92
mass and heat transfer, 122
reaction, 107, 112, 11§—17
slug flow, 41
alumina, g9, 110, 113-14, 117
ammonia, 99, 107, 114
analogy with gas-liquid, 35, 41, 46, 50,
62—3, 82; see also inviscid liquid,
and two-phase
anemometer, 82—3
angular velocity of element, 123, 126
aqueous glycerol, see glycerol
arcton, 8o
argon, 8o
Arnold’s method for estimating Dg,
107, 111
asymptotic conversion, see conversion
axi-symmetric motion, 68-9, 124-7,
129-31

baffles, effect on fluidisation, 7-8

Ballotini, 30, 601, 71

bed depth, see height

bed diameter, see diameter

bed expansion, see expansion, and
height

bed height, see height

benzene, 107, 111

Bernoulli’s theorem, 22-3, 26, 66, 75,
123, 133

boundary conditions
bubble in: fluidised bed, 63, 67, 75;
large volume of liquid, 24~3;
tube, 22
diffusion within bubble, 136
flow round: cylinder,127;sphere, 128
fluidised reactor, 101, 105
fluidising fluid, 65
percolation, 129—30
boundary layer, 134, 137
bubble
acceleration, 52, 54
air, see air bubble
boundary conditions, see boundary
break up, 37, 82, 92,
circulation within, see circulation
cloud, see bubbles
coalescence, see coalescence
concentration within, see concentra-
tion
density, see density
diffusion from, see diffusion
distortion, 54
double formation, see double
effective mass, see inertia
elongation, 49, 82
entrance effect, see entrance
eruption, see bubble surfacing
expansion on rising, 39, 93
flow, see incipient fluidisation
flow to and from, see exchange
frequency, see frequency
gas, see gas
gas film resistance, see diffusion
height, 22-3, 110, 114, 133
injected, see injected
long, see bubble, rising
material balance, seematerial balance
nose, see nose
phase, 19, 42, 63, 98, 102, 108,
112—-14; see also exchange
radius of curvature, 245
Reynolds number, 41
roof, stability, 63, 77, 79
shape, 71; see also bubble, spherical-
cap, angle
size, see bubble diameter
sizes in a fluidised bed, 62
spherical, 76, 78
surfacing, 3, 29, 33, 38-9, 43, 73—4,
92-3
10-2
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bubble (cont.)
thickness, see thickness
through-flow, see exchange
three-dimensional, 39, 54, 67, 69,
72
time of: coalescence, 44—5; forma-
tion 52; rise, 31, 33, 36
transfer coeflicient within, 101, 106,
111-12, 119, 137; See also mass
transfer
two-dimensional, 301, 39, 43, 54,
64, 6970, 79
water, 37, 73—4, 82, 89
bubbles
account for excess flow, see incipient
fluidisation
buffeting due to, 3
circulation due to, see circulation
cloud of, 28, 100, 120
continuously generated, see con-
tinuously
excess flow due to, see incipient
fluidisation
expansion due to, see expansion
in liquids, 21-9
interaction, 42—9, §5—60, 120
maximum size, see bubble stability,
and bubble diameter
origin in fluidised beds, 81
relative velocity between, 45-7
role in two-phase theory, see analogy
stream, 21, 26; in a tube, 26-8;ina
large tube, 28—9
velocity in slug flow, 41-2
water, see bubble, water
bubble area, 1o1, 106, 111, 113-14,
137
bubble-cap, plate or tray, 7, 51, 61,

97 .
bubble diameter
effect of bed height, see height
equivalent, 24, 26, 29, 32, 40, 77, 82,
85—93, 109; from reaction data,
98-100, 105-6, 109-21, 137
frontal, 5, 32, 38-9, 467, 92
large equipment, 116-17
maXimum) 49, 84_93: 97—8r 117
bubble formation, 50-62
adsorption during, 117-18
at a distributor, 49, 61—2
distortion during, 54
double, see double
effects of: orifice, §5—6; varying air-
flow, 56
experimental results: liquids, 53-6;
fluidised beds, 57-61

from small disturbance, 82
in: fluidised bed, 50,
inviscid liquid, 50-6
irregular, 58
leakage during, 36, 60—1; see also
exchange
multiple, 58, see also double bubble
formation
parallel orifices, 61—2
quadruple, see quadruple
bubble, rising
fluid flow within, see circulation
in: a tube, 21-3, 31—2, 35; an infinite
liquid, 22-6; a quiescent bed,
314
material balance on, 100, 104
motion of: particles, 66—74; fluid-
ising fluid, 66—74, 94-6
particle and fluid streamlines due
to, 667, 6874, 94-6
pressure distribution around, see
pressure distribution
bubble, spherical-cap
angle subtended or included, 3o,
38—41, 92, 132-3, 137; see also
shape
in: liquid, 23-6, 43, 47, 54, 66, 132;
fluidised bed, 31, 48, 66, 71, 74,
76-8, 82—4, 93, 96; see also bubble
wake, circulation, diffusion, and
water bell
bubble stability
effects of: density ratio, 87-8;
particle size, 88—9; viscosity of
fluidising fluid, 89
experiments, 87—93
fluidised beds, 77-96
gas and liquid fluidised beds, 84, 89
governs maximum size, 84—7, 91—3
theory, 936
bubble velocity, 22, 245, 20—42, 48,
77, 85, 99-100, 116, 120, 132,
137
compared with incipient fluidising
velocity, 71—4, 94—6
effects of: bed viscosity, 40-1, 78;
particles, 31, 34-5; shape, 38—40
initial velocity, 31
related to circulation within, 82—4;
see also circulation, and velocity
relative, between bubbles, 45-7
bubble volume, 24, 31, 34, 36-9, 45,
48, 84—5, 132
at an orifice, 48, 51—5, 59-62; see
also bubble diameter, and in-
jected bubble

57-62;
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bubble wake, 22-5, 43-9, 54, 71,
74
pressure recovery in, 132
stability, 82, 84, 93, 96
bulk flow from bubble, see exchange
buoyancy, 50—2, 60
by-passing, 3, 63, 103, 108, 11718,
122} see also exchange

capacitance
meter, 56
probe, 19, 41, 57-8
carbon dioxide, fluidising: micro bal-
loons, 80, 89—go; resin particles, 5
carbon on catalyst, 112
carbon tetrachloride, 107
injection, 117-18
catalyst, 41, 74, 89, 92, 103, 109-10,
112-14, 117
regenerator, 108, 112-13
spent, 112
catalytic
adsorption of carbon tetrachloride,
117-18
conversion: experiments, 99, 106—
15; theory, 98-106, 119
converters, 119; heat and mass
transfer, 1212
cracking, 112-13
dealkylation of cumene, 110-12
decomposition of nitrous oxide, 115
hydrogenation of ethylene, 113-14
oxidation of ammonia, 114-15
reactions, 2, 20; fast, 103; fluidised
bed, 97-122
reactor, 69
cavity, see void
chain of bubbles, see bubbles, stream
channelling, 89
and spouted beds, 6—7, 20, 37
ciné photography, see photography
circle of penetration, see penetration
circulation
current due to bubbles, 54
fluid in bubble, 82—4, 93~6; see also
velocity within bubble
liquid in drop, 26, 82—3
particles in fluidised bed, 18
cloud of bubbles, see bubbles, cloud
of
coalescence of bubbles, 7, 21, 42—9
at an orifice, 55
experiments, 43—7
in a fluidised bed, 62, 91, 97, 120
time of, 445
two-phase hypothesis, 47-8

INDEX 149

coefficient, see transfer, and diffusion
column diameter, see diameter
combustion in a catalyst regenerator,
99, 11213
complete mixing in the particulate
phase, 100-3, 105, 113; see also
mixing
computer, 24, 116
concentration of reactant, 101
difference between phases, 112
entering and leaving bed, 100-3,
117
particulate phase, 1005, 108
within bubble, 100-5, 108, 117,
134-7
constant temperature bath, 1
contacting, gas-particle, 119, 122
continuity equation, 29, 123—4, 129
fluidising fluid, 65, 100
particles, 64
continuity of operation, 2
continuous phase, 26, 83; see also
particulate phase
continuously generated bubbles, 26—,
41-2
velocity in: fluidised bed, 41—2;
water, 26—9; see also bubbles,
cloud; and bubbles, stream
convection within bubble, 134-5
conversion
asymptotic, 103, 1079, 122
effects of height, velocity, diameter,
108
fast reaction, 103, 108, 119, 122
in terms of bubble diameter, 105-6
near bed support, 119, 122
overall, 97, 102-3, 105, 119, 121~2
perfect mixing, 100-3
piston flow, 103-5
see also catalytic conversion
converters, see catalytic converters
cracking, see catalytic cracking
cross-flow ratio, 116; see also exchange
cubic mode of packing, 13
cumene, 99, 107, 110—12
curtains of particles, 79
curvature, see bubble, radius of cur-
vature
cylinder, irrotational motion past, 123,
127
cylindrical void, percolation, 69, 129~
30; see also exchange

D’Arcy’s law, 64-5, 129
dealkylation, see cumene
degree of conversion, see conversion

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9780521047890
www.cambridge.org

Cambridge University Press
978-0-521-04789-0 — Fluidised Particles
J. F. Davidson

Index

More Information

150 GENERAL INDEX

density
bubble phase, 37, 85
continuous phase, 26, 81
difference, solid-fluid, 85-6, 88
drops, 26
fluidising fluid, go—1
liquid, 52
particles, 85—, 9o—1, 110, 117-18
particulate phase, 37, 41, 75
ratio, particles to fluid, 81
dense phase, see particulate phase
depth of bed, see height
diameter of bed, column, vessel or
tube compared with bubble dia-
meter, 22, 31-2, 35-8, 41, 46-7,
82, 92, 99, 109-11, 113—14, 116,
118, 120
effect on conversion, 108—9
see also bubble diameter, hydraulic
mean diameter, particle diameter,
tube diameter
diffusion
coefficient, gas-phase, 107, 109, 111,
113-16, 118, 134, 137
from bubbles, 97, 99, 106, 120—1
in the particulate phase, 99, 104,
121
velocity, 137
within bubble, 134~7
dilute-phase fluidisation, 6, 16
disadvantages of fluidised systems, 2
distributor, 7, 49, 61-2, 97, 122
double-bubble formation, 55, 58
drag coefficient
isolated sphere, 12—13, 15
sphere in a packed bed, 14
drag forces
particulately fluidised bed, 14-15
regular array of spheres, 14
drift, due to motion of sphere, 54
drops, 82—3
rising velocity, 267
drying, 2, 122
dumping from sieve trays, 62
dye injection, 73—4
dynamical similarity, 120—1

eddy diffusion, see diffusion

effective mass, see inertia

empirical correlations, 120—1
emulsion, 113-114; see also particu-

late phase

entrance effect on injected bubble, 31,
45, 118

equilibrium with volatile particles,
121-2

equivalent bubble diameter, see bubble
diameter
equivalent flow through bubble, 101,
106; see also exchange
eruption of bubbles, see bubble sur-
facing
ethylene, 107, 113-14
excess flow as bubbles, see incipient
fluidisation
exchange between bubble and particu-
late phases, 20, 61, 63—79, 83, 106,
113, 116, 119-21
high rate, 103
theory, 69, g4—106
see also flow through void
expansion
aggregative bed, 29, 99-100, 109,
116
liquid column, 29
particulate bed, 15—-19, 80
see also bubble expansion, and height

fabric, drying of, 3
fast reaction, see conversion
film, high speed, see photography
filters, 65
fingers of particles, 79
first-order reaction, 97-118
experimental results, 106-15
Fischer-Tropsch process, 2
fixed bed of particles
compared with fluidised bed, 16—
19
drag force on sphere in, 14
heat and mass transfer, 121
oxidation of ammonia in, 114
ozone conversion in, 107
percolation, 712, 129—31
pressure: distribution, 65; drop,
9-12, 18
voidage fraction, 10, 129
flow
as bubbles, see incipient fluidisation
through bubble, see exchange
through void, 69, 95-6, 130-1;
see also exchange
within bubble, see circulation
fluorination of uranium, 2
formation, see bubble formation
form drag, 13
free-falling velocity of particles, 1, 16,
84-5, 93
frequency of bubbles
in a fluidised bed, 30, 48, 57-60,
62
in inviscid liquid, so
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friction coefficient
packed beds, 10-12
pipes, 9
friction factor, 15
frontal diameter, see bubble diameter
Froude number, go—1
full-scale plant, ¢8, 121
full-size reactor, see large fluidised
beds

y-ray method, 19, 30, 60
gas bubble, 21
diffusion within, 1347
in a fluidised bed, 30, 34-7, 93;
forming, 57-62
in a liquid, 27, 31-2; forming, 50—
6
gas film resistance, see bubble, transfer
coefficient, diffusion, and mass
transfer
gas-fluidised bed, 1, 3-8, 34-8, 402,
48, 54, 61, 74, 80, 82, 84, 87, 89,
107
gauze, 1, 7, 62, 97
glass
beads, 30, 34, 75, 80, 110; bubble
velocity in, 31, 35; fluidised by:
air, 4, 30, 74; paraffin, 81, 89, 91;
water, 4, 18, 8o
spheres, 41
glycerol, aqueous, fluidising lead shot,
81, 89, 91
grid, see porous plate, and gauze

heat transfer, 1, 8, 1212
height of bed, 3—4, 29, 42, 44, 113
at incipient fluidisation, 3, 29
effect on: bubble diameter, 42-3,
48-9, 59, 99, 109-12, 114-16,
119-22; catalytic conversion, 103,
108, 111, 117
see also expansion
height of bubble, see bubble height
height of liquid, 29
helium, 107
injection, 115-17
Hill’s spherical vortex, 136
Hirschfelder’s method for estimating
DGy 107
hollow resin, see resin
hydraulic mean diameter of passage,
9-10
hydrocarbons, 2
hydrogen, 107, 113
bubbles formed in water, 53
hydrogenation, see ethylene

INDEX 151
hydrostatic pressure, effect on bubbles,

43
hysteresis in pressure drop curve, 3

ideal fluid, see inviscid liquid
incipient fluidisation, 50, 102, 115
bubbles account for excess flow, 29,
42, 61—=2, 64, 85, 98, 100, 116
condition for, 67, 75
definition, 1, 3, 8-13
importance in two-phase theory, 19
viscosity of the bed, 40
incipient fluidising velocity, 8-15, 61,
67, 115
compared with bubble velocity, 41,
714, 946
measurement, 8
prediction, 13-15, 113, 118
incipiently fluidised bed, 73
density of, see density
formation of bubbles, 57-61
injection of carbon tetrachloride,
117-18
liquid-like behaviour, see analogy,
and two-phase
single bubble: velocity, 30—4, 40-1;
theory, 65, 74, 94-6
incomplete fluidisation, 111
incompressible fluid
fluidising fluid treated as, 65
particulate phase treated as, 64, 73,
79
theory, 123—9
inertia
air within bubble, 52
fluid round a bubble, 75
forces: bubble in a fluidised bed,
40; drops and bubbles, 21; fixed
beds, 12; particle motion, 75, 77
liquid round a bubble, 50, 52, 56,
128
particulate phase round a bubble,
6o, 75
injected bubble, 30-1, 36, 43—4, 74-5,
82, 89, 92, 11718
volume: compared with bed ex-
pansion, 36; lost on injection, 37
injection orifice, see orifice
instability of the lower surface of a
fluidised bed, 62, 81
interchange, see exchange
interfacial tension, 26
inter-particle
forces, 67, 79
pressure, 66~7, 74-9
interstitial velocity, 65—9, 75, 129
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inviscid liquid
bubble formation in, 50-3, 56, 60
bubble rising in, 22-6, 32, 66
equations of motion, 123-8
particulate phase behaves as, 20, 50,
65, 79; see also analogy, and two-
phase
ion-exchange resin, see resin
iron-oxide particles, 99, 103, 107, 109
irregular bubble formation, see bubble
formation
irrotational motion
bubble, 24, 70, 72, 74
cylinder and sphere, 123-8
isolated sphere or particle in a uni-
form stream, 9, 1217

jet of air or gas, 51, 55, 61

kinematic viscosity, fluidised bed,
40

kinetic energy due to a moving
sphere, 128

Laplace’s equation, 1267, 129
large fluidised beds, 8, 103, 108, 112,
115-17, 119-21
incipient fluidising velocity, 8
lead shot, fluidised by
air, 8z, 89, 92
glycerol, 80—1, 91
paraffin, 81, 889, 91
water, 5, 37, 734, 8°a 82, 89; 92
leakage
from bubble, see bubble formation,
and exchange
particles through a distributor, 62
level of liquid, see height of liquid
light probe, 30
light transmission, 19
limiting size of bubble, see bubble
diameter
limit of penetration, see penetration
liquid-fluidised beds, 1, 4-6, 8, 37, 8o,
82, 84, 87, 89
liquid-like character of fluidised beds,
see analogy, inviscid, and two-
phase
long bubble, see bubble, rising, in a
tube
longitudinal mixing, see mixing

magnetite, 110

mass transfer, 79, 119, 1212
coefficient, 112, 137
within bubble, 1347

see also bubble, transfer coefficient,
and transfer coefficient
material balance, 123—4
bubble: rising, 100, 104; within,
134-5
infinitesimal bed height, 104
particulate phase, 64, 101—2
maximum size of bubble, see bubble
diameter
micro-balloon particles, 8o, 8g—90
minimum fluidisation velocity, 14; see
also incipient fluidising velocity
mixing, 117
bubble wake and particulate phase,

74
due to bubbles, 48
particulate phase, 98, 100-5, 109
streams leaving bubble and par-
ticulate phases, 102
see also complete mixing,
piston flow
molecular diffusion, see diffusion
momentum
jet,importance in bubble formation,
50~1
liquid surrounding bubble, 52
multiple bubble formation, see bubble
formation

and

naphthalene, 1212
Newtonian fluid, 40
nitrobenzene, 24
nitrogen dioxide, 31, 71, 74—5
nitrous oxide, 115
nose of bubble, 22, 24
number
bubbles per unit volume, 29, 100,
102
spheres or particles per unit packed
volume, 11, 15, 102

orifice, 48
bubble formation at: fluidised beds,
49-50, 57—61; two-phase systems,
50-6
oscilloscope, 57
overall conversion, see conversion
oxidation of ammonia, 114-15
oxygen, 1078, 112, 114
ozone, 99, 103, 107—9, 122

packed bed, see fixed bed
paddle viscometer, 40
paraffin, 81, 88—91
particle diameter, 110
effect on: aggregative and particu-
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late fluidisation, go—1; bed visco- perfect mixing in particulate phase,
sity, 40—1; bubble diameter 9g; 100—3; see also mixing

bubble stability, 85—9; bubble perforated plates, see sieve trays
velocity, 31, 34-5; free-falling permeability constant, 64

velocity, 85; mass transfer, g9, petroleum, 2

112-13 phenolic micro-balloons, see micro-
particle motion, 30, 65~7, 70, 72, 74, balloons

04; see also particle velocity photography, 30, 38—9, 49, 55, 64, 71,
particle size distribution, 88— 73, 82—3, 92

particle velocity, 8, 64, 68, 70, 74—5, pilot plant, 112, 119
100; see also free-falling velocity pipe flow, 9

particles, 62 piston flow, 110
agglomeration, 2, 7, 89 in particulate phase, 98, 103-5,
catalytic, see catalytic 113-14
fine, or small, 7, 72, 89, 92—4, 113 plastics, 8o
fixed bed, see fixed bed pneumatic transport, 6, 20, 37
fluidised, behave as liquid, see Poiseuille equation, 11
analogy porous plates, 7, 28
free-falling velocity, see free-falling potential flow, 22, 24; see also velocity
velocity potential
incipiently fluidised, see incipiently = prediction of incipient fluidising velo-
large, 8, 59-60, 72 city, see incipient fluidising velo-
terminal velocity, see free-falling city
velocity pressure
velocity, see particle velocity, and equivalent to inter-particle forces,
bubble velocity see inter-particle
particulate fluidisation, 6 in: bubble, 21, 66, 76,133 ; drop,26;
definition, 4-5 fluid flowing round spherical-cap
expansion of particulate bed, see bubble, 132—3; fluidised bed, 63,
expansion 66—7, 74-9, 113-14; fluidising
relation to aggregative fluidisation, fluid, 64-8, 74—9, 90; irrotational
4-5, 802, 85, 89—91, 94, 122 motion, 123, 126; percolating
particulate phase, 19, 60-1, 63—79, 94, fluid, 129—31; wake, 23, 26, 1323
969, 122 pressure distribution, 24, 65
concentration within, see concentra- around a rising bubble, 64—7, 69,
tion 74-9, 1323
density of, see density pressure drop in fluidised beds, 3—4,
diffusion within, see diffusion 9, 12-13
exchange of fluid with bubble pressure gradient
phase, see exchange at infinity, 67, 75—6, 129-30
mixing within, see mixing fixed bed, 11, 129—30
motion of fluid and particles in, in fluidising fluid, 64, 73
63-6, 70, 72 pressure recovery in wake, 132-3

treated as an incompressible, in- propylene, 107, 111
viscid fluid, see incompressible, pseudo-first order reaction, 114
inviscid, analogy, and two-phase pyrites, 2

velocity, 100

velocity constant within, see velocity  quadruple bubble formation, 53

constant quality of fluidisation, see aggregative
viscosity of, see viscosity fluidisation, and particulate fluid-
penetration isation
circle of, 71 quartz, 40
limit of, 73—4, 96 quiescent bed, 301 ; see also incipiently
percolation, 42, 65, 72, 77, 129-31 fluidised bed
through: cylindrical void, 71, 129—
30; spherical void, 1301 radiation, 30
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radius
bubble, see bubble radius
circle of penetration, see penetration
range of fluidised state, 58
rate of exchange between bubble and
particulate phases, see exchange
rate of rise of bubbles, see bubble
velocity
reaction, see ammonia, ethylene, cum-
ene, nitrous oxide, ozone
catalytic, see catalytic
velocity constant, see velocity con-
stant
reactor, see catalytic
reduction of uranium, 2
regenerator, see catalyst
relative velocity between bubbles, see
bubble velocity
resin particles, 5, 81, 88-9, 91, 110
Reynolds number
bubble, 401
fluidised bed, 1618, 65
packed bed, 9-12, 635
sphere, 12-13
rise of bubbles, see bubble, rising
roasting pyrites, 2

sand, 3, 31, 34-5, 40, 43—4, 48, 65, 80
scaling-up, 98, 119-21
screen, see gauze
sedimentation, 16
seeds, swede, 31, 34—3
semi-angle, see bubble, spherical-cap
shallow beds, 121-2; see also height
shape of bubbles, 96; see also bubble,
spherical-cap, angle
shear, 9, 82, 123, 125
short circuiting, 131; see also flow
through void, and exchange
sieve tray, 51, 61—2
silica, 99
gel, 122
single particle or sphere, see isolated
size of bubble, see bubble diameter
skin friction, 13
slug, 22, 27, 36
slug flow or slugging, 27, 32, 37, 41-2,
109, 111, 114—15, 120~
definition, 5-6
reduction, 7
small bubbles, see bubbles, stream
smooth fluidisation, 7, 8o-1, 8s,
87—90, 93; see also particulate
fluidisation
solids flow through perforations, see
leakage

sphere
force on, 12, 14
irrotational motion past, 25, 123,
128
isolated, in uniform stream, see
isolated sphere
spherical-cap bubble,
spherical-cap
spherical void
flow of fluid in, 94-6
percolation through, 69, 129—31
see also exchange
spouted beds, 20, 37, 61
definition of, 6—7
stabilising fluidised beds, 7-8
stability of bubbles, see bubble sta-
bility, and bubble wake, stability
stability of fluidised beds, 81—4
stagnation point, 22, 133
steady rise of bubbles, see bubble
velocity
steel particles, 80-1, 89, 91
Stokes law, 12, 14, 17
stream function, 68, 70, 94, 124-31,
135
streamline, 23, 70, 72, 124, 127, 129,
1345
streamline flow, 13
streamlines in fluidised beds
comparison with experiment, 70—4
fluid, 68, 70—4
particles, 66, 70—4, 83
superficial velocity
at incipient fluidisation, 3, 13-153;
see also incipient fluidising velo-
city
fluidising fluid, 3—4, 19, 95, 1089,
111-12, 114-16
through packed bed, 11, 131
surface area of bubble, see bubble
area
surface tension, 21, 48, 50, 54, 93
swede, see seeds
symmetry about an axis, see axi-
symmetric

see bubble,

Teeter beds, 8
temperature
fixed beds, 107
fluidised beds, 1, 107, 110, 113-14,
122
tension, see interfacial, and surface
terminal velocity, see free-falling
thickness of bubbles, 30; see also
bubble height
through-flow for bubble, see exchange
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time
coalescence of bubbles, 445
formation of bubbles, 52
interval between bubble injections,
43-5, 117
rise of bubbles, 31, 33, 36
tracer experiments, 31, 71, 73-5, 99,
115-16
transfer, see heat transfer, and mass
transfer
transfer coefficient
between bubble and particulate
phases, g8, 11012, 114
within bubble, see bubble, transfer,
and mass transfer
transfer units, 108
transient experiments, 115-16
transition between aggregative and
particulate fluidisation, 5, 8o-2,
86, 8991, 94, 122
transport between bubble and particu-
late phases, 120; see also exchange,
and transfer coefficient
tube
bubble in, 21-3, 35
diameter, 22, 32
stream of bubbles in, 26-8
see also diameter
turbulence, 23, 25, 28, 132
two-dimensional
fluidised beds, 30-1, 39, 43—4, 54,
6371, 74, 79
motion, 123-6, 129—-30
two-phase
systems, 29, 38, 83, 93
theory of fluidisation, 19—20, 110
see also analogy, and incipient flui-
disation; application to bubble
coalescence, 47-8

UOP catalyst, 110
uranium, 2
uses of fluidised beds, 1—3

velocity
between fluid and particles, 64, 69
bubble, see bubble velocity
continuously generated bubbles, see
continuously
drops, 26—7
fluidising fluid, absolute, 95
see also interstitial
incipient fluidisation, see incipient

interstitial, see interstitial
irrotational motion, 123-8
particles, see particle velocity, and
free-falling velocity
percolating fluid, 129031
relative, between bubbles, see bub-
bles
superficial, see superficial
wake, see bubble wake
within bubble, 83—4,
134
velocity constant of reaction, 98,
102—3
oxygen, 112
ozone, 107
velocity potential, 25, 66, 70, 126—
30
vertically unmixed emulsion, 113; see
also piston flow
viscometer, 40
viscosity, 9, 23, 26, 50, 85, go—1, 123,
125
viscosity of fluidised bed, 40-1, 75,
79, 81
viscosity of fluidising fluid, 81
effect on bubble stability, 89
viscous forces, 12, 21, 401
void, 37, 69, 82, 129-31
volume in packed bed, 10
see also cylindrical void, and spheri-
cal void
voidage fraction, 16-18, 30,801,901,

92-3, 96,

94
fixed or packed bed, 10, 129
incipient fluidisation, 3, 13, 19, 63
minimum, see voidage at incipient
fluidisation
volatile particles, 121
volume of bubble, see bubble volume,
and bubble diameter
vortex, 136

wake, see bubble wake

wall effect, 314, 36, 39, 46, 118, 120;
see also diameter

water, 53, 74; see also bubble, water

water bell, 82, 934

water bubbles, see bubble

water fluidised bed, 4, 18, 37, 734,
80, 82, 85, 88—9, 92

waxes, 2, 7

X-ray, 30, 38-9, 79
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