Index

a
abrasion 275, 276, 279, 467, 469,
474
absolute pressure transducers 87
acoustic emission measurements 92
462-464
internals erosion 464467
agglomerates 62, 190, 252, 273, 274,
463, 475, 477, 478, 483, 554
agglomeration 2, 87, 94, 98, 173, 190,
192, 194, 270, 273-274, 388, 391,
406, 414, 451, 482
angle of internal friction 18, 67, 82,
85-86
angle of repose
angle of upward jets
annulus 534
fluid flow in 535
anti-static agents 451-452
apparent reaction kinetics 341, 342
Archimedes number 21, 22, 26, 34, 40,
169, 278, 304, 563
attrition 2, 4, 274-278
jet-target 473-474
modeling 276-278
nozzle 472
particle 467-468
278, 474—475
automatic solids flow devices 219-222
automatic solids recirculation systems
212-213
autothermal limits 420
axial gas dispersion coefficient
168-170, 256, 442, 443

defluidized zones

18, 82, 84, 85, 533
466

rate

591

axial solids dispersion coefficient
171-173

b
backmixing coefficient
baffles
advantages of 446
on bed expansion 442

169-170

on bed hydrodynamics 439-445
catalyst stripper 438

for fast fluidized bed risers 446
fixed packings 436-439

in fluidized beds 432

gas dispersion coefficients 443
geometric characteristics of
432-439
high-velocity fast fluidized beds
446-447
horizontal 432-435
industrial fluidized beds
design of 447-449
432,433, 435, 441, 442
low-velocity dense fluidized beds
432, 439-446
vertical 435-436
bed contraction vs. expansion 568
bed defluidization 274
bed diameter 192, 394, 534, 543
bed dynamic pressure drop 562, 563
bed expansion 2,48, 119, 139,
142-143, 159, 173, 408, 442
bed hydrodynamics 439-445
impact of 476
bed pressure drop fluctuations 460
bed-to-surface heat transfer 47-48

445

louver
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Index

bed-to-surface heat transfer (contd.)

correlations for  302-304
fast and circulating fluidized beds
316-318
fluidized bed and immersed surfaces
304-314
gas convection component 298-299
maximum heat transfer coefficient
299-302
methods of augmenting 314
particle convective component
294-298
radiative 314-315
bed transport 560
bed voidage profile 350-351
bed volume fractions 350
bench-scale testing 271
biomass combined heat and power
(CHP) 416-417
bivariate time series
cross-correlation coefficients  96-97
cross-spectral density function 97
joint probability density function 96
boundary conditions 122-123, 133,
348, 377, 535, 558, 578
bubble caps 79, 555, 561
bubbles see also voids
bed expansion 142-143
breakup 137, 564
bursting 184
cloud formation 137-138
coalescence 139
definition of 2
diameter 167
effect on mixing 143-144
flow of gas by translation of
139-140
flow patterns 460
in fluidized beds
form 133
in freely bubbling bed 142
gas-fluidized beds 146
gas mixing 145-146
hydrodynamic properties of
135-138
interactions

134-135

139

inter-phase mass transfer 137-138,
320
in liquids 134-135
maximum stable size 137
mean diameter 140-142
particle segregation 144145
radial non-uniformity of 143-144
rising velocity 135
single 135
solids mixing 144-145
turnover time 144-145
volume fraction 142
wakes 135-137, 567
bubbling
fluidized bed with tube bundle
123-124
freely bubbling beds 129-146
onset of bubbling fluidization 55-57
turbulent fluidized beds 190-191
bulk density
and flowability 16-18
voidage 16-18
buoyancy force 43, 281, 501, 502

C
calcium looping technologies
carryover, see entrainment
catalyst stripper baffles 438
catalytic fluidized-bed reactor
catalytic process 334
CFD models 353
components 76-78
comprehensive reactor modelling
352-353
vs. gas-solid reactors

419

336

mass/mole and energy balances 345

model verification and validation
353-355

programming and numerical solution
356

reaction rate expressions 345-348

requirements 335

scale-up of 419-422

single-phase models 346-348

standard two-phase theory 349-352
CFD-DPM 110

limitations of 119



of small-scale circulating fluidized
bed 124-125
chemical looping assisted by oxygen
uncoupling (CLaOU) 388
chemical looping combustion (CLC)
387, 388
chemical looping processes 387
chemical looping reforming (CLR) 388
chemical looping technology 388
chemical looping with oxygen
uncoupling (CLOU) 388
chemical reactor scale-up 405
choking 2, 63, 534, 535
circulating fluidized bed (CFB)
advantages 241
axial and radial distributions (profiles)
243-246
basic parameters 241-243
characteristics of 240-241
CFD-DPM Simulation of
124-125
circulating turbulent fluidized bed
249-250
definition of 1-2,239-240
fast fluidization and  62-64
flow pattern transitions in 64
gas and solids mixing 256-258
fast heat transfer 316-318
hydrodynamics 261-262
loop configuration 218
micro-flow structure 250-256

pilot plant units 407
radial profiles of solids distribution
246-248

reactor performance of 258-260
solids distribution 246-248
solids holdup/voidage 243-246
circulating fluidized bed combustors
(CEBC) 212,245
circulating turbulent fluidized bed
(CTFB) 241, 249-250
cloud formation 137-138, 157
cloud-wake phase 352
clusters 2,190, 251-253, 256
coal pyrolysis 521-523
coarse-grained particle (CGP) 110
coefficient of restitution 15, 414

Index

coherent frequency 97
column diameter effect
409-411

compartmental flow models
fluidized bed 561
freeboard 562
plenum and fluid distributor
560-561
comprehensive reactor modeling 336,
352-353
comprehensive two-phase reactor
models 354
computational fluid dynamics (CFD)
boundary conditions 122-123
development of 415
discrete element method (DPM)
115-119
for fluidized-bed catalytic reactors
353
gas—solid interaction 119-122
two-fluid model (TFM) 110-115
conical spouted beds 534
contact angle, of liquid 12
contact electrification 269
continuity equations 111, 503
continuous stirred tank reactor (CSTR)
347,431, 432, 556, 580
controlled solids recirculation systems
213-215
conventional spouted beds (CSBs) 543
core—annulus flow structure 64,
165-167, 247, 251, 257, 446
Coulomb’s law 269
cross-correlation function 96, 97, 243
crosser grid 435, 439, 445
cross-spectral density function 96, 97
cyclone diplegs 206, 212, 213,
219-222, 227, 432, 459, 465
cyclone recirculation system 213
cyclones 222-223
dimensions and design  228-229
dipleg 206, 219, 222
flow patterns 225, 226
gas outlet tube (GOT) 228
inlet design 227
inlet gas velocity for
internal vs. external

172-173,

228
227

593



Index

cyclones (contd.)

in parallel 226-227
pressure drop 224
reverse-flow 225,226

in series 226

solid loadings effect 227-228
types 223-225

uniflow 223

vortex length of 228

d
Darcy’s law 535, 537
data analysis
bivariate time series 96-97
frequency analysis 95-96
other signal analyses 98
deep bubbling beds 144
defluidization 94, 210, 274, 390, 436,
471,473, 556
defluidized zones
distributor design 463
low distributor pressure drop
462-463
sticky/agglomerating solids 463
demo-scale systems 419
dense bed height 159, 192, 531
dense phase
definition of 2
interphase 320
solids holdup 167
density, of liquid 12
dielectric constant 16
differential pressure transducers 19,

88, 155
diffusion coefficient 113, 145, 347, 350
dilute phase 2,61, 62,90, 92, 163, 222,

244, 251, 257, 464, 531
dilute-phase spouting 546
dilute transport zone 183
dimensional similitude 413-414
direct numerical simulation (DNS)

110, 120
discharge coefficient 80, 82, 106
discrete particle method (DPM)

governing equations 116-119
limitations of CFD-DPM 119

distributor 2
design 48,79, 123, 408, 415, 463, 561
plates 39, 79-82, 84, 88, 105, 272,
274, 275,278, 458
pressure drop 461-462, 465
three-phase system  560-561
actual distributor pressure drop
461-462, 465
downer-based coupled reactors 519
downer reactor
CFD-DEM simulation 512,513
coal pyrolysis  521-522
conception and characteristics
499-501
DCC process 520
definition of 2
downer-riser coupled 518, 519
Eulerian—Eulerian model 509-511
Eulerian—-Lagrangian model
511-514
fast separation of gas and solids
517-518
FCC 519-520
features of 522
with force balance analysis 502
gasification 521
heat transfer in  506-507
high-density 518
hydrodynamic 501-503
inlet design 514-516
mixing 503-506
outlet design 517
reaction engineering model 509
scale-up effect of 511
downer-riser coupled reactor
518-519
downward vertical jets 466
draft tube attachment 482
drag force 14, 40, 43, 111, 117,
119-121, 138, 181, 184, 193, 217,
253, 281, 501
drag models 111, 119-121, 125
dual gasifier 417-419

e
ebullated bed 555, 578—580, 582
sizing 577



electrical conductivity 16
electrical fields 450
electrostatic charge
Faraday cage 272
measurement and prediction of
271-272
mitigation techniques 272-273
electrostatic force 55, 195, 270, 273,
282
electrostatic precipitators
420
elutriation
definition of 2, 184
rate constant 62, 185-186, 190, 191
endothermic reaction 340, 420, 439
energy balance 347, 348
equation 112
for gas phase 111
mass/mole balance 345
energy minimization multiscale
(EMMS) model 121, 557
entrainment 181-196
ejection of particles into the freeboard
184-185
reducing 195
of solid particles from fluidized beds
dense bed height 192
electrostatic charges 194-195
geometry and shape of freeboard
192
internals 192-193
particles properties 191, 192
pressure and temperature
193-194
transport disengagement height
(TDH) 182-183,185-190
from turbulent fluidized beds
190-191
equilibrium reactor simulation 341
equimolar inter-phase mass transfer
353
erosion, see also wear
anti-erosion measures 449
Eulerian—Eulerian computational fluid
dynamics (CFD) model 508
Eulerian—Eulerian (E-E) models 109,
272,415, 475, 509-513

194-195

94, 229, 230,

Index

Eulerian—Lagrangian (E-L) models
109, 115, 119, 272, 508,

511-514

exothermic reactions 293, 317, 340,
437

external mass transfer 341, 365-369,
373, 374, 538

f
fabric filters 229
fast fluidization 411-412

and circulating fluidized bed 62-64
fast Fourier transform (FFT) 95
feeding system 78, 81-83

fines content effect 173

Fischer—Tropsch synthesis 406, 407,
572

fixed-(dense)-fluidized bed (FFB) system
407

fixed packings 432, 436440, 445

flowability 16-18, 84
characterization of 84-86
particles or powders 76

flow regimes

bubbling regime 564565
minimum liquid fluidization velocity
562-564

fluctuation, pressure 59
fluid catalytic cracking (FCC) 3, 25, 63,
140, 174, 183, 239, 245, 274, 435,
478, 508
fluid flow
inannulus 535
in spout 536
fluidizability 17, 18, 75
quality of fluidization 84-87
fluidized bed combustor 1, 273,
291-293, 387, 390, 413,
414
fluidized bed operation
shutdown 94
start-up 94
steady-state operation 94
fluidized bed reactors 112
for gas—solid reactions 364
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Index

fluidized bed reactors (contd.)
design 334
modelling
mass/mole and energy balances
345
model development 337-338
reaction rate expressions
345-348
structure and reaction 338-342
two-phase theory 349-352
fluidized bed systems
acoustic emission measurements 92
configuration and design
auxiliary components  83-84
column material 78-79
distributor or orifice plate 79-81
feeding system 81-83
hopper design 82
plenum chamber 81
gas/solids sampling  92-93
isolated location 76
mixing and residence time
distribution 93
non-invasive measurements
optical probes 89-90
pressure measurement 87-89
scale-up 75,76
secondary injection of fluid 84
solids circulation flux 92
thermal sensors 89
visualization measurements 91-92
fluidized catalytic cracking (FCC)

90-91

process 203, 204
fossil fuel combustion 387
freeboard

definition of 2, 562
diameter 192
ejection of particles into 184, 185
gas-liquid separation 578
geometry and shape of 192
voidage profile 350-351
freely bubbling bed 93, 139-146,
450
rising velocity of bubbles in 142
frictional force 14, 280, 282
frictional model 114-115
Froude numbers 425

)
gas backmixing 169, 170, 173, 246,

249, 256, 442, 443
gas cushion 439, 440, 442
gas dispersion coefficients
173, 256, 442, 443
gas distributors
operating problems 459
perforated plates 457, 458
spargers 458
gaseous reactant 241, 364—-367, 369,
371, 373, 374, 376-379, 381-383,
385, 386
gas fluidization
circulating fluidized bed 62-64
fast fluidization 62-64
gas—solid fluidized beds 64—-65
gas—solid vertical transport 65-68
Geldart powder classification for
24-27
onset of bubbling fluidization 55-57
onset of fluidization 55
onset of slugging fluidization 57-58
onset of turbulent fluidization
58-61
pressure and temperature 68—69
termination of turbulent fluidization
62
gas-fluidized beds
advantages 3
applications 5,9
bubbles formation 133
disadvantages 3, 4
effects of hydrodynamics 408
factors influencing bubbles in 146
gas properties 11
gasification 417-419
gasjets 463-465, 467, 469, 478,
481-483, 560
gas—liquid jets
applications
mechanism for 477-478
gas—liquid mass transfer 571, 572, 579
gas—liquid—solid fluidization 552-582
applications 554—556
compartmental flow models
558-562

168-171,

131, 541

478



description and classification
553-554
reactor design 556-558
reactor scale-up 558
gas mixing 145-146, 168-171, 256,
257,443, 445
gas outlet tube (GOT) 212, 223, 225,
228
gas-perturbed liquid model 562
gas—solid conversion 381-386
gas—solid fluidized beds 55, 64, 65,
378, 380, 382, 384
application 475-476
bed hydrodynamics, impact of 476
injection system design 476
jet penetration 476
flow regime diagram for
mechanisms 475
nozzle inclination 476
solids entrainment 476
gas—solid interaction
drag force 119-121
heat transfer 121-122
gas—solid jets entrainment 476
gas—solid reactions 363
fluidized bed reactor for 364
for single particle 364-377
gas/solid sampling 92-93
gas—solid two-phase flows 499, 500
gas—solid vertical transport 65-68
gas-spouted beds 540, 541
gas streamlines 535, 537
gas-to-liquid ratio (GLR) 480
gas transition velocity 577
gas turbulence—solid turbulence model
509
Geldart powder classification 24-27,
57, 86, 191, 408
Geldart powder groups 2, 11, 24, 27
Gidaspow drag model 113, 120
glidants 431, 449, 451-452
governing equations
discrete particle method 115-119
two-fluid model (TFM) 110-115
granular-bed filters 230
gravity force 116, 281, 503, 558

64—-65

Index

grid
crosser 435, 439, 445
definition of 2

h
hard-sphere model 116
Hausner ratio 17, 84
heat and mass transfer
bed-to-surface transfer 47-48
interphase transfer 46-47
heat exchanger 80, 278, 280, 317, 330,
408, 478
heat exchange tubes 435, 437
heat losses 347, 408, 420
heat transfer
augmenting methods 314
bed-to-surface 294-302, 314
correlations, for fluidized beds
302-304
distributor jets 467
downer reactor 506
effect of pressure 303
in fast and circulating fluidized beds
316-318
fluidized bed and immersed surfaces
correlations for vertical tubes
306-309
finned tubes and non-cylindrical
tubes 312-313
horizontal tubes 313-314
Martin’s correlation 309-312
Molerus and Wirth correlation
304

gas—solid interactions 121-122
gas—solid phases 111,112
interphase 293-294

radiative 314-315

spouted beds 538
heat transfer coefficients
bed and vertical tubes 309
measurements of 305
heavy oil hydroprocessing reactors
555
Higbie penetration model 538
high-density downer 518
hopper design  82-83
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Index

horizontal baffles 432-435, 439, 440,
445, 447, 448
horizontal jet 80, 464—467, 472
hybrid standpipes 203, 214
hydrocrackers 575, 577, 580
hydrodynamic force 117, 187
hydrodynamics
fluid inlet diameter and cone angle
532-533
fluid flow in annulus
fluid flow in spout
influence of scale

535

536

408-412

maximum spoutable bed height
534-535

minimum spouting velocity
533-534

pressure drop 536-537

solid particles 537-538

i
injection system design 476, 479-482
draft tube attachment 482

gasjets 482
impact attachment 481
laboratory nozzles 480

non-rodable commercial nozzles
480
rodable commercial nozzles
480-481
481
spray nozzle 480
upstream piping 479-480
inlet gas velocity 226-228
in situ gasification chemical looping
combustion (iG-CLC) 388
instrumentation documentation 423
internal porosity 13-14, 373, 376
internals, see baffles
internals erosion 464—465
112,

shrouds

interphase mass transfer
137-138, 318, 355
bubble to dense-phase 320
bubble-emulsion 431
equimolar 353

interphase transfer 46-47

intrinsic reaction kinetics 341, 342,
558

inverse fluidization 39

J
jet grinding 471
jet-in-fluidized-bed 540
jet milling mechanisms
jet penetration 471, 478
bed hydrodynamics, impact of 483
depth 476
injection system design 479-482
lengths 80
spray jets, interactions between 483
nozzle inclination 482
solids entrainment 478-479
jets
formed in fluidized bed grinding
469-471
nozzle design 472
solids entrained into  471-472
jets coalescence 466-467
jets, gas distributors  457-467
actual distributor pressure drop
461-464
merging and coalescence 466—467
uniform 459-461
upward vertical jets
jet-spouted bed 546
jet-target attrition 473-474
joint probability density function 96

469

465

k

kinetic energy 277

kinetic granular theory 112-114, 123

Kunii and Levenspiel (K-L) bubbling
bed model 351-352, 382-384

/
laminar flow 158, 304
Langmuir—Hinshelwood type rate

expressions 365
laser Doppler velocimetry (LDV) 90
256

laser sheet methods 90
layer inversion 41-43
condition 42



velocity 46

voidage 43-46
Le Chatelier’s principle
liquid

properties 12

recirculation 578
liquid fluidization 33-48

field of existence 33-35

layer inversion 41-46

superficial velocity 37-40
liquid-fluidized bed 35, 36, 40, 46

distributor design 48

heat and mass transfer 46-48

homogeneous expansion 35, 36

particle segregation and mixing

40-41

voidage 37-40
liquid—solid mass transfer
local void size 166
lockhopper 232
log-normal distribution 16
loop seal 2,219, 222,239
louver baffles  432-435, 440—442
low-density circulating fluidized beds

(LDCEB) 245, 258

lumped model, single-phase 346

339, 340

571-572

m
macro solids circulation 447
magnetic fields 146, 450-451
mass transfer
bubble to dense phase interphase
320
in distributor jets 467
particle and fluid 318-319
spouted beds 538

mass transfer coefficient 350, 367,
368
bed-to-surface 47
interphase 138, 320, 553
gas—liquid 572
liquid 572
mass/mole balance 345, 346, 352

Mathur—Gishler equation 533
maximum heat transfer coefficient
299-304, 309, 312

Index

maximum spoutable bed height 532,
534-535
mean particle diameter
136, 169, 278, 424
membrane reactor 2
2,317
membrane water-wall assembly 317
mesh grids 432, 433, 442, 443, 445
methanol-to-olefin (MTO) 5, 438
micro flow structure 250-256
minimum bubbling velocity 24, 26, 55,
131, 206
minimum fluidization velocity 11,
18-25, 27, 34, 39, 55, 83, 104,
131, 147, 190, 205, 299, 314,
321, 330, 349, 383, 501, 534,
547, 577
minimum spouting velocity 532-534
mixing time distribution 93
model balance 347
model development, reactor 337-338
molecular diffusivity 169, 347, 368
multiphase computational fluid
dynamics 547
multiphase particle-in-cell (MP-PIC)
methods 110, 119, 123, 512
multiphase reactor modeling 557,
558
multiple spouted bed 543
multistage spouting 544

16, 18, 25,77,

membrane walls

n
Navier—Stokes equations 120
Newtonian fluid 112
Newton’s equations 116, 120
Newton’s law 15,511
non-conventional spouted beds
543-546
non-invasive measurements 87, 90-91
non-mechanical solids flow devices
automatic solids flow devices
219-222
control mode of operation 216-218
non-porous particles, reaction models
for 365-373
shrinking particle reaction 365-366
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Index

non-porous particles, reaction models
for (contd.)

shrinking unreacted core particle

reaction 369-373

non-rodable commercial nozzles
nozzle design

bed hydrodynamics, impact of 473

inclination 472

laboratory nozzle 480

480

opposing jets 473
Nusselt number 122, 293, 298, 310,
318

Nyquist sampling theorem 87

(o]

opposing jets

optical probes 89-90, 94, 96, 107, 243

Orcutt’s model 351

ordinary differential equations (ODEs)
337, 524

orifice plate 79, 321

overflow fluidized-bed dipleg 222

473, 474

overflow fluidized standpipe 207-208,
212,219

oxy-fuel 387

oxygen carrier (OC) 387

oxygen carrier aided combustion
(OCAC) 387,390

p
packed-bed flow 20, 206

packet theory 294-297, 301
pagoda-shape internals 437, 442, 4445
parallel cyclones 226-228, 408
partial differential equations (PDEs)
337,377
particle aggregation processes
255
particle attrition 274-276
modeling 276-278
tribocharging at distributor holes
467-468
particle-bubble interaction 570
particle clusters 35, 193, 252, 256
particle density
definition of 86
nonporous particles 13

253,

particle entrainment 62, 568—569
particle fluidizability 18, 86, 196
particle mixing 5, 40-41, 139, 144,
171,173, 569
particle segregation 20, 40—41,
144145, 542
model 43,45, 49
particle shape 12-13,17, 27, 562
particle sheets 253
particle size 12, 26
critical 191
distribution 3, 16, 23, 24, 27, 173,
187, 275, 413, 541
transfer for 296
mean 68, 86, 541
particle streamers/strands
particle swarms 253, 255
particle terminal velocity 38-40, 62,
172, 257, 575, 577
particle velocity
jet in fluidized bed 469, 470
on jet centreline 469-470
parvoids 35
Peclet number
perforated plates 79, 433, 457, 458
phase holdups 565-569, 579
estimation of 578
in gas—liquid—solid fluidized bed
588-589
phase mixing 569-570
phosphorus particle tracer technique
258
pierced sheet grids 79
piezometric pressure 34
pilot scale unit 405, 408, 412
biomass combined heat and power
(CHP) 416-417
calcium looping technologies
dual gasifier 417-419
purpose of 415-416
piping and instrumentation diagrams
(P&IDs) 422
piston test 85
plenum chamber 3, 78, 81, 84, 88, 96,
458, 560, 561, 578
plug flow reactor (PFR) 347, 361,
556

253, 255

145, 169, 506

419



porous particles 373
particle density 86
reactions of complete consumption
373-374
of unchanging overall size, reactions
374-377
positron emission particle tracking
(PEPT) 91, 466
Prandtl number 122,318
pressure drop 536-537
actual distributor 461
cyclone 223,224
dry distributor 461
fluidized underflow standpipes 210
in overflow fluidized standpipe 207,
208
vs. superficial velocity method
18-20
underflow packed bed standpipe
208
pressure fluctuations

in bubbling fluidized beds 441
in fluidized beds 95, 459
standard deviation of 20, 56, 59-60,
163
pressure gradient force 111, 117
pressure measurement 87-89, 95
pressurized vessels 78
primary cyclone diplegs 212, 219, 220,
232
primary diplegs 219-220

process control documentation 423
process flow diagrams (PFDs) 420,
422
pulsating fluidized bed 451
pulsating vertical gas jet
expansion cycle 464

MRI measurements 464, 465

punched plate distributor 463

pure liquid jets 477

pycnometer 86

r

radial gas dispersion coefficient 170,
171,173

radiative heat transfer 299, 310,
314-315

Index

radioactive particle tracking (RPT) 91
rate-controlling step 365, 371, 373,
376, 377

Rayleigh—Taylor instability 137

reaction engineering model 508, 509

reaction equilibrium  339-340

reaction kinetics 340-342, 344, 378
apparent 342

intrinsic 342, 558
reaction rates 345-348
reactor compartments 579
reactor configurations 334

reactor design 582
fluidized bed catalytic reactors
gas—liquid—solid (GLS), fluidized
beds 556-558
gas—solid 364
reactor economics 421
reactor energy balance 347, 348
reactor geometry 262, 555, 560
580
reactor performance
coarse particles 385-386
fine particles 382-385
of circulating fluidized beds
258-260
evaluation of 581
reactor pressure balance 348
rectangular fluidized bed 321
relative humidity 17, 82, 273
residence time distribution (RTD) 93,
168, 169, 514
reverse-flow cyclones 223-226
Reynolds number 21, 22, 34, 38, 40, 46,
80, 120, 133, 169, 172, 368
Richardson-Zaki equation 37-40
riser
bubble cap 561
CFB 63,219, 239, 243, 249, 253, 255,
256, 258, 260, 270
definition of 3, 63
vs. downer 514, 520, 522
FCC 63,214, 245, 258, 482, 483
HDCFB 247
particle clusters in 252
two-stage 518

334

reactor model
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Index

rise velocity 57, 166, 167

of gas bubbles 568
rodable commercial nozzles 480-481
Rosin—Rammler distribution 16
rotameters 83, 84
rotary valves 231
round-nose slugs 57, 153—154, 158
S
saturation carrying capacity 62

Sauter mean 12, 16, 25, 44, 77, 278, 533

scale-up
dimensional similitude 413-414
framing questions 412
hydrodynamic studies
pilot-scale units 412
Schaeffer’s model 115
Schmidt number 169, 318, 368
scrubbers 229
secondary cyclone dipleg 212, 213,
219, 220, 236
secondary diplegs
236
segregation 3, 4041, 144-145
separation devices

412

212, 213, 219, 220,

electrostatic precipitators 230
fabric filters 229
granular-bed filters 230
scrubbers 229
U-beam separator 230
series cyclones 226
Sherwood number 318, 368
shrinking particle
chemical reaction control 366—367

combined chemical reaction 369
external mass transfer control
367-368
external surface 374
stepsin 366-370
shrinking unreacted core model
chemical reaction control 371
combined chemical reaction
372-373
internal diffusion control
shrouded jet 468, 481
shrouds 80, 481, 482
single bubbles, rising velocity of 135

371-372

single-phase models 346-348
single slugs

cloud formation 157

properties 156-157
slot-rectangular spouted bed (SRSB)

544, 545

slotted distributor
slug

definition of 156

frequency 159

rising velocity 158

single (gas) 156-157

spacing and length 158, 159
slug flow  153-160

continuous, hydrodynamics of

464

158-159

experimental identification of
155-156

gas in slugging beds 159-160

in fluidized beds 155
in liquids 155
mixing of solids 159-160
round-nosed 153-154
square-nosed 154-155
transition to 156
types of 153-155
uniformity and symmetry of 159
slugging bed
as chemical reactors 160
mixing of solids and gas  159-160
slugging fluidization, onset of 57-58
soft-sphere model 116,117, 511
solid flow control devices/feeders
230-232
solid fuel combustion 386, 387, 389
solid particles 3
and bed transport 560
behaviour of 537-538
heat capacity of 116
parameters affecting entrainment of
191-195
reactions of 377-378
shrinking core reaction modulus
372
single 364
solids
circulation flux 92, 241



definition of 3

distribution 246-248

entrainment 478-479

holdup/voidage 243-246

mixing 144-145,171-172

return systems 203-206

sampling 92-93

solid—solid reactions
378

spargers 79, 458, 459

pipe 211,459

tube configuration 458

uses 459

sphericity

definition of 13

for nonspherical particles 15

363, 377,

splash zone 182
spouted beds 531-548
applications  546-547

chemical reaction 538-539
fluidized bed 541-542
heat and mass transfer 538
hydrodynamics 532-538
non-conventional 543-546
slot-rectangular 544
spout-fluid beds 540, 543, 545, 546
spouting vs. fluidization 539-540
spray nozzle design 478, 480
square-nosed slugs 154, 155, 157
standpipes 203, 206
automatic solid recirculation systems
212-213
configurations 207
controlled solid recirculation systems
213-215
function 215-216
gas-solids flow in 214
hybrid 203
for nonmechanical solids flow devices
216-222
overflow fluidized 207-208, 219
in recirculating solid systems 212
relative gas velocity flow 205
types of 206-212
underflow fluidized 210-212
underflow packed bed 208-209

Index
stoichiometric coefficients 345, 366,
369
Stokes law 22
Stokes terminal velocity 15
streamtube model 539
subsonic jets 465, 466, 471, 474
superficial gas velocity 241, 257
superficial velocity
definition of 3
gas 4, 25,408, 577
liquid 47,571, 575, 577, 587
vs. pressure drop  18-20
spout 536
surface roughness 14, 17
surface tension, of liquid 12
surface-to-bed heat transfer
569-571

339,

t
tangential force
teetering 1
terminal settling velocity 14-15, 31,
39, 49, 58, 62, 66, 67, 119, 181,
184, 191, 193, 194, 580
thermal conductivity
effective 295, 297, 298, 302
of gas phase 122
probes 89
thermal conversion 363
of solid fuels 386-390
thermal flux probes 89
thermal properties, particle
thermal response time 89
thermal sensors 89
thermal stresses 275, 418, 421, 449
thermoconductivity detector 93
thermocouples 89, 93, 278, 461, 555
thermodynamic equilibrium 339, 363
three-phase fluidization 554
three-phase spouting 546
tracer-observed gas streamlines 535
transition velocity 59, 64, 69, 163, 173,
411, 565, 577
transport disengagement height (TDH)
62,139, 182-183, 185-190, 313,
410, 569

116,117,511

16, 47
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Index

tribocharging 270-272
in distributor jets 467-468
triboelectric charging 269, 270, 272,
273
turbulent fluidization
flow regime 410-411, 442, 457
onset of 58-61,95
termination of 62
transition from bubbling to 164
turbulent fluidized beds 165, 166, 172
axial and radial voidage distribution
165-166
column diameter, effect of 172-173
fines content, effect of 173
gas mixing 168-171
local void size and rise velocity 166
solids mixing 171-172
void phase and dense phase solids
holdup 167
void phase volume fraction 167
turnover time 144-145

two-fluid model (TFM) 110
frictional model 114-115
governing equations 110-112

kinetic granular theory 112-114

limitations of 115

bubbling fluidized bed with tube
bundle, simulation 123-124

u

U-beam separator 230

underflow fluidized standpipes
210-212, 214

underflow packed-bed standpipe
207-209, 217, 219

uniflow cyclones 223

uniform gas composition 378-381

uniform gas distribution 459-461

uniform reaction model 373

uniform voidage slip velocity 256

unsteady state gas convective heat
transfer 295

upstream piping design 479-480

upward vertical jets 465
|4
van der Waals forces 14,55, 116, 181,

192, 270, 301
vertical baffles 432, 435-437, 445
viscosity, of liquid 12
visualization measurements
voidage
bulk 16
contour plot 124
definition of 3
distribution 165-166
layer inversion 43-44
at minimum fluidization 27-28, 147
relationship 37, 40
107, 108

91-92

time-average
voids 131
fraction 14, 16,111, 167, 168, 345
phase volume fraction 167
von Mises yield conditions 115
vortex length, of cyclone 228

w

wastage, see wear

wear 4, 278-280, 464—465

wheat particles 531, 533

wheat spouting 536

windbox 3, 81, 83, 458, 460, 468, 541
Waurster tube 482

y

Young’s modulus 117



