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The book "Fluidizat ion" was publ ished by Academic  P r e s s  in 1971. I ts  authors  a r e  23 expe r t s  in 10 
count r ies  on 4 continents,  which i s  a s t rong indication of a un ive r sa l  i n t e r e s t  in fluidization and of a wide-  
s p r e a d  r e s e a r c h  development .  

The book is  made up of 19 chap te rs .  The t i t les  indicate the depth to which this subject  has  been 
covered.  

The f i r s t  chap te r  "Fluidizat ion Modes" d e s c r i b e s  the well  known Zenz phase  d iagram,  which c o m -  
p r e h e n s i v e l y  explains  the t r ans i t ions  of d i spe r se  s y s t e m s  f r o m  one hydrodynamic  state to another  --  in-  
cluding the t rans i t ion  f r o m  one fluidization s tate  to another .  A new suggest ion is  made here  that  t h r e e -  
d imens ional  phase  d i a g r a m s  be used. 

An a t t empt  is  a l so  made in this chapte r  to explain,  in s imple  phys ica l  t e r m s ,  the pa r t i cu l a r  location 
a t  which gas  f l ames  pe r iod ica l ly  merge  a f t e r  pa s sage  through the g r id  holes (they m e r g e  underneath,  with-  
in the zone of m a x i m u m  head of f luidized mater ia l ) .  In rush  of m a t e r i a l  into the lower  space in a fo rming  
bubble i s  sugges ted  to t r i g g e r  the lift  mechan i sm.  

The second chapte r  "Min imum Fluidizat ion and Homogeneous Sys tems"  does not cove r  much of the 
work  done in this  field. No mention at  al l  is  made of the in terpola t ion fo rmu la s  developed by 0. M. Todes 
and his a s s o c i a t e s ,  for  ins tance,  which a r e  mos t  convenient  for  calcula t ing min imum fluidization. The 
au thors  of this chap te r  furnish  data on f luidizat ioa under  p r e s s u r e ,  r e f e r r i n g  to expe r imen ta l  work  where 
p r e s s u r e s  of 14-40 a tm  have been at tained,  but do not mention the r e s e a r c h  done by Soviet sc ien t i s t s  with 
much  higher  p r e s s u r e s  (I. P.  Mukhlenov and a s soc i a t e s ,  G. P. Sechenov, and V. S. Al ' t shuler ) .  

The th i rd  chapter  deals  with the hydrodynamic  theory  of a f luidization bed, ba sed  on t rea t ing  the 
l a t t e r  as  a s y s t e m  of two mutual ly  pene t ra t ing  and in te rac t ing  continua. I t  d i scusses  p r o b l e m s  of l i n e a r -  
iza t ion in the s tabi l i ty  ana lys i s  of homogeneous fluidization and some a spec t s  of nonhomogeneous f lu idiza-  
tioa. Nei ther  here  do we find even one r e f e r ence  to the theore t i ca l  work  done by the Soviet r e s e a r c h e r s  
Yu. A. Buevich,  V. P. Myasnikev,  Yu. A. Cherepaaov,  I. N. Taganov, e t  al. 

It  is  noted here  that no s a t i s f ac to ry  theory  of bubble fo rmat ion  has  been developed yet, and the view 
is  s ta ted  that  such a theory  will evolve only f r o m  the solution to a s y s t e m  of nonl inear  equations of motion. 

As to the theor ies  of bubble motion in a f luidization bed, the d isapproving  opinion of the author of this  
chap te r  about the a s sumpt ions  on which they a r e  based  could be c o r r o b o r a t e d  by the d i sc repancy  between 
t e s t s  and calcula t ions  which have been r epo r t ed  at  the Four th  In ternat ional  CHISA Congress  (in 1972). 

The four th  chap te r  d e s c r i b e s  p r o p e r t i e s  of bubbles  in a f luidization bed which can be obse rved  in 
expe r imen t s .  A valuable a spec t  of this  chapte r  i s  that  i t  puts  together  a g r e a t  deal  of e s sen t i a l  ma te r i a l ,  
s c a t t e r e d  al l  ove r  or ig ina l  a r t i c l e s ,  on methods of t r ac ing  bubbles  and the i r  shapes,  measu r ing  the i r  lift 
veloci ty ,  analyzing the m e c h a n i s m s  of the i r  f ragmenta t ion  and m e r g e r ,  and examining the motion of solid 
p a r t i c l e s  induced by  bubbles  as  well  as  the a s s o c i a t e d  gas  flow. Of i n t e r e s t  a r e  data per ta in ing  to the 
s t rong  ef fec t  of " insignif icant"  bed expansion beyond the s tabi l i ty  l imit  on the par t i c le  mixing p r o c e s s .  

The fifth chap te r  shows r e su l t s  of l abo ra to ry  t e s t s  and pi lot  runs  p e r f o r m e d  at high gas  ve loci t ies  
making  the p r o c e s s  go into the p is ton mode. Attention is  focused on the descr ip t ion  of va r ious  kinds of 
"pis tons"  appear ing  in tubes of r a t h e r  la rge  d i ame te r  (50-500 mm) with p a r t i c l e s  of the above 50/~m 

*Academic  P r e s s ,  New York (1971). 

T r a n s l a t e d  f r o m  Inzhene rno -F iz i chesk i i  Zhurnal ,  Vol. 24, No. 2, pp. 367-370, F e b r u a r y ,  1973. 

�9 1975 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part o f  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming, 
recording or otherwise, without written permission of  the publisher, A copy of  this article is available from the publisher for $15.00. 

270 



fract ion.  In this case  p is tons  a re ,  so to speak,  s t ra ightened  gas  bubbles of constant  d imensions  and a con-  
stant  ve loci ty  --  all  de te rmined  by the tube d iamete r .  Solid p a r t i c l e s  pour  down along the walls  of these 
p i s tons  like rain,  al lowing them to r i s e  r a t h e r  f reely .  The actual  hydrodynamic  c h a r a c t e r i s t i c s  of developed 
p i s tons  c o r r e s p o n d  c lose ly  to those theore t i ca l ly  calculated,  but the ca lcula ted  convers ion  ra te  is  below the 
actual  o n e  and this is ,  probably ,  a r e su l t  of intensive reac t ion  in the gr id  zone. 

Unfortunately,  not enough data a re  given here  per ta in ing  to the p e r h a p s  mos t  in te res t ing  aspec t  of the 
applicat ion of the pis ton theory  to the design and const ruct ion of r e a c t o r s ,  namely  the feas ib i l i ty  of eva lua t -  
ing the ef fec t  of ve r t i ca l  i n s e r t s  (tubes) in a f luidization bed and using as  the bas i s  for  this the hydraulic  
d i ame te r  of  the in te rs t i t i a l  "channels .  " The data on bed expansion indicate that p is tons  may be fo rmed  in 
these channels,  but no comparab le  data a re  given on chemica l  reac t ions .  

The sixth chapte r  ana lyzes  the rheologica l  behavior  of f luidized s y s t e m s  and the view p reva i l s  here  
that a fu r the r  development  of the r e spec t ive  hydrodynamic  theory  is  poss ib le  only with a p r o p e r  cons ide ra -  
tion of s ta t ic  and dynamic in te rac t ions  between p a r t i c l e s  of the solid phase .  This would, in turn, make it  
poss ib le  to rep lace  the theory  of potent ia l  flows by a more  r ea l i s t i c  one, although this would requi re  aa  
a m a s s m e n t  of rheologica l  tes t  data. Considerable  space in this chapter  i s  a l lot ted to an evaluation of p r o -  
cedures  for  tes t ing  under  var ious  conditions. Exis t ing  tes t  data a re  analyzed and a ce r ta in  pa r t i c l e  o r i en t a -  
tion undetectable by x - r a y s  is  hypothet ical ly  sugges ted  to cause the s o m e t i m e s  obse rved  reduct ion in the 
effect ive v i s cos i t y  of the s y s t e m  during an i nc r ea se  in the shea r  ra te .  

The la rge  seventh chapte r  "Mixing in a Fluidizat ioa Bed" is  app rox ima te ly  90 pages  long, quite j u s t i -  
f ied by the impor tance  of this subject,  and contains all  kinds of informat ion  about the f i r s t  expe r imen ta l  
s tudies ,  the more  r ecen t  e x p e r i m e n t s  with the use of t r a c e r s ,  about theore t ica l  models ,  about the use of 
chemica l  reac t ions  for  the study of mixing,  and, finally, about mixing in beds  f luidized with liquid droplets .  
A shor tcoming  of this chapter  i s  the somewhat  i m p r e c i s e  presenta t ion .  Thus, i t  is not a lways  c l ea r  here  
what appl ies  to the gas  and what appl ies  to the fluidized ma te r i a l .  It i s  noted, co r rec t ly ,  that  not enough 
has  been l ea rned  about the effect  of i n s e r t s  in a fluidization bed on the mixing p r o c e s s e s ,  but it  fu r the r  
de t r ac t s  f r o m  the p resen ta t ion  that nothing is  said about ma t e r i a l  publ ished on this subject  in the Soviet and 
in the Japanese  technical  l i t e ra tu re .  

When mentioning (p. 301) the r e s u l t s  of l a r g e - s c a l e  expe r imen t s  by Askins and a s s o c i a t e s  (in 1951) 
and by Dankwertz  and a s s o c i a t e s  (in 1954), i t  should have been added that  the r e s e a r c h  of the f o r m e r  con-  
ce rned  the behavior  of a gas  in the emuls ion  phase  of f i ne -d i spe r s ion  beds, where the mixing of the gas  and 
solid p a r t i c l e s  ks e s sen t i a l l y  mechanica l ,  while the r e s e a r c h  of the l a t t e r  concerned  the behavior  of  a gas  
in the ent i re  fluidization s y s t e m  (including bubbles which move through it  with a l m o s t  complete  dislodgement).  

The eighth chapter  desc r ibes ,  unexpectedly before  the chap te r s  on heat  and m a s s  t r ans f e r ,  the p e r -  
fo rmance  of fluidization beds as  catalyt ic  r e a c t o r s .  The development  of ma thema t i ca l  models  is d i scussed  
he re ,  along witch the p r o b l e m s  of t rans i t ion f r o m  l a b o r a t o r y  appara tus  to l a r g e - s c a l e  appara tus  - -  including 
p r o b l e m s  in se lec t ing the hor izonta l  and the ve r t i ca l  bed dimensions  as  well as  the opera t ing  gas  velocity,  
the pa r t i c l e  size,  and the type of gas  d is t r ibutor .  

The p r o b l e m s  of upscal ing a r e  analyzed on the bas i s  of the s impl i f ied  concept  that, as  the r e a c t o r  
d i ame te r  i n c r e a s e s ,  the r e a c t o r  p e r f o r m a n c e  worsens  because  the pa s sage  of l a rge  gas  bubbles p r o c e e d s  
more  and more  along p r e f e r r e d  paths  -- e spec ia l ly  with a low-grade  gas  d is t r ibutor .  

The ninth chapter  deals  with m a s s  t r a n s f e r  in fluidization beds.  Cons idered  a re  the m a s s  t r a n s f e r  
between bed and body, o r  wall, the in te rphase  m a s s  t r ans f e r ,  and de termina t ion  of the r e a c t o r  height for  
at taining the m a x i m u m  degree  of convers ion  (the convers ion  problem)  or  the m a x i m u m  total  p roduc t  output 
(the se lec t iv i ty  problem) .  As an example ,  the oxidation of naphthalene s e r v e s  to i l lus t ra te  that the s e l e c -  
t ivi ty p r o b l e m  is  t ied to more  complex functional re la t ions  than i s  the convers ion  p rob l em,  but that the 
added complex i ty  is  compensa ted  by a weaker  effect  of gas  mixing inthe emuls toa  "phase"  on the op t imum 
r e a c t o r  height - -  although a flow with comple te  d is lodgement  is  des i rab le .  

The tenth chapter ,  which deals  with the impor tan t  p r o b l e m  of heat  t r ans f e r ,  i s  not a p a r t i c u l a r l y  good 
one. The s t a tement  in the in t roduc tory  sect ion about a fluidization bed being " a lmos t  i so the rma l "  is  r a t h e r  
outdated. This concept  has evident ly  made the au thors  ignore the work  done concerning one of the three  
mos t  impor tan t  a spec t s  of heat  t r a n s f e r  in a f luidization bed: the effect ive t he rma l  diffusivity. This con-  
cept  puts  up an a r t i f i c ia l  obs tac le  to the t r e a t m e n t  of data on heat  t r a n s f e r  at  low fluidizat ioa n u m b e r s  and 
during modera t ion  with in se r t s ,  o r  during vibrofluidizat ion;  it  is  an obs tac le  to an understanding of the 
impor tan t  deta i ls  in the complex heat  t r a n s f e r  a t  a wall  at high t e m p e r a t u r e s .  There  i s ao th ing  said in this 
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chapter about the heat t ransfer  between a vibrofluidization bed and immersed  surfaces,  about the effect of 
static electrification on the heat t ransfer ,  and no explanation is given for the effect of the part icle size. The 
authors do not reveal  the new developments in the "packet model" treatment of heat t ransfer  between bed 
and wall, where account is taken of the different velocities of heat wave propagation through the solid phase 
and through the gaseous phase in a dispersion system (research work done at the Institute of Heat and Mass 
Transfer ,  BSSR Academy of Sciences), nor is anything said about another method of analysis (research by 
Botterille, Gabor, and at the Institute of Heat and Mass Transfer).  Quite limited in scope and somewhat 
obsolete is the material  presented here concerning the heat t ransfer  between bed and wall at high tempera-  
tures. Along with all these and other shortcomings, the chapter is overloaded with less important material  
such as calculation of heat t ransfer  coefficients for a bed and wall under various boundary conditions, the 
pseudokinetic equation of the (10-38) type, or  the analysis of equilibrium, external, and internal heat t rans-  
fer  between gas and solid part icles,  presumably the three stages of the process ,  which seems rather  far -  
fetched. Besides, the last "stage" with character is t ical ly  low values of the Blot number for a fluidization 
bed is altogether insignificant or is usually accounted for in the  external heat t ransfer  according to the well 
known simple Kitaev method. 

Another i tem for  comment are the improper bibliographic references:  more recent ra ther  than the 
original sources are cited. This, by the way, we find wrong in some other chapters too. 

Valuable in this chapter are the test data on heat t ransfer  in beds with vert ical  or horizontal tube 
bundles, but these data should have been compared with those obtained by N. V. Antonishia (in 1963) for 
horizontal bundles. 

The eleventh chapter "Analogy between a Fluidization Bed and Fluids" analyzes those processes  in a 
fluidization bed which correspond to the fusion of solids and the evaporation of liquids, along with a few 
other aspects of the analogy. 

V. L. Prizhetslavskii  should have been mentioned here, who before others in the USSR studied the 
parti t ion of mechanical mixtures in a fluidization bed. 

The twelfth chapter deals with desiccation. It is to be commended that the author has skilfully utilized 
the space in this short chapter with a concise presentation of the subject matter and with an elaborate list 
of re ferences  most of wMch are easily found in the technical l i terature (not dissertations) and cover a given 
topic in detail. 

As is well known, packing a bed or  inserting ba r r i e r s  can be important means of controlling its 
hydrodynamics. The thirteenth chapter reviews many studies concerned with the effect of horizontal and 
ver t ical  ba r r i e r s  and of stationary packing on the fluidization process.  A lot of material  recently published 
in the USSR and in Japan is missing, however, such as certain studies concerning the heat t ransfer  with 
immersed  surfaces, the effective thermal diffusivity and the expansion of beds moderated by means of 
packing (Institute of Heat and Mass Transfer ,  BSSR Academy of Sciences), and studies concerning the ef-  
fective thermal diffusivity of flnidization beds with horizontal meshes and grids (institute of Heat and Mass 
Transfer ,  BSSR Academy of Sciences). 

It is noted that moderation of a bed, while useful for effeeting chemical reactions, may, however, 
set up stagnation zones and impede the dissipation of heat. ~ s ,  in the authors'  opinion, is the reason 
why the introduction of moderate beds into large-scale  production plants has been so slow. The main 
reason is, however, that evidently not enough fundamental r e sea rch  has been done on moderated systems 
and not sufficient field test  data are available. In the final analysis, the basic question is still left open, 
namely whether (and when) a small apparatus with moderated fluidization bed may be regarded as a single 
cell  of a large industrial apparatus and, then, how are  such large aggregates to be designed and built. 

Another important practical  problem not yet sufficiently explored is the erosion of material  from a 
fluidization bed, and this problem is dealt with in the fourteenth chapter of the book. This chapter analyzes 
the mechanism by which the fine fractions of part ic les  are blown off and washed off, also test  data and their 
correlat ion are evaluated here. No reliable correlat ions have been established so far  for  calculating the 
erosion with a free separation height above a bed of lower height. It is noted here that these problems 
have been discussed thoroughly in the monograph by Cooney and Levenspiel ("Fluidizatinn", Wiley, New 
York, 1969), and it  is suggested that erosion be tentatively calculated according to the empirical  Lewis 
formula with the Cooaey--Levenspiel modification. 

The fifteenth chapter deals with the fluidity of the dense phase in a fluidization bed, it analyzes the 
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flow through or i f ices  and nozzles ,  also the flow a f ine-d i spers ion  mate r ia l  along ver t ica l  tubes. A grea t  
deal is  known qualitatively.  The pecu l ia r  cha rac t e r i s t i c s  of a bed discharge through smal l  o r i f ices  have to 
do with a pa r t i a l  defluidization before  passage  through such or i f ices .  The quantitative analysis  is based on 
predominant ly  empi r i ca l  relat ions.  A given stable flow of a f ine-d i spers ion  mate r i a l  through tubes is  
es tab l i shed  with difficulty and not by design, as  a rule,  but by regulat ing the aera t ion of that mate r ia l  and 
the posi t ions of the valves.  

The sixteenth chapter  "Systems with a Dilute Phase"  contains much information, about horizontal  and 
ver t ica l  t r anspor t  of solid pa r t i c l e s  by means of gas s t reams ,  including t ranspor t  through a dense phase;  
new data are  p resen ted  on horizontal  pneumatic t ranspor t .  In the paragraphs  on a suspension bed there is,  
however,  conspicuously no r e fe rence  made to the work done by L M. Fedorov  (in 1955) and Z. R. Gorbis 
(in 1964), also some of the calculation formulas  in this chapter  are  in a r a t h e r  poor  agreement  with tes t  
data. With such a chapter  included in the book, i t  would seem logical  to add, at leas t  br ief ly,  something 
about the hea t - and -mass  t r an s f e r  in that kind of sys tem,  espec ia l ly  since the hea t - and-mass  t r an s f e r  as 
well as  the chemical  reac t ions  in the t r anspor t  l ines of fluidization apparatus  become often v e ry  significant. 

The seventeenth chapter  deals with the spouting bed and has been well organized,  containing a long 
bibliography and including impor tan t  information not only about the hydrodynamics  but also about the heat-  
and-mass  t r a n s f e r  and the p rac t i ca l  application of such a system. It does not p r e sen t  data, however,  ob-  
tained at the institute of Heat and Mass Trans fe r  (BSSR Academy of Sciences) as a r e su l t  of feasibi l i ty  
studies per ta ining to the development  of heavy-tonnage apparatus  with spouting beds and a low hydraulic 
drag, it does not discuss  the advantages of pulsat ing the gas s t ream,  nor  does it d iscuss  the outstandingly 
high thermal  ef f ic iency and simple construct ion of multistage apparatus  with a spouting bed. 

The eighteenth chapter  p re sen t s  a broad survey,  not yet  found in o ther  monographs,  of studies con-  
cerning the th ree-phase  fluidization p rocess .  All three basic var iants  of th ree-phase  fluidization a re  
covered  here:  fluidizing a bed of pa r t i c l e s  with concur ren t  ascending s t r eams  of gas and liquid, fluidization 
with an ascending gas s t r e a m  through a bed sprayed  with liquid f ro m  above, and (very briefly) fluidizing a 
bed of l ight-weight pa r t i c l e s  with a descending s t r e a m  of heavy liquid and simultaneous gas inject ion (through 
a l imiting gr id  above the bed). Another var iant  of th ree-phase  fluidization is also mentioned, namely  fluidi- 
zation with two immiscible  liquids, which may be of i n t e re s t  in ex t rac t ion  p roces se s .  

The concluding nineteenth chapter  d i scusses  cer ta in  genera l  p rob lems  not per ta ining specif ical ly  to any 
individual technological  p r o c e s s  but encountered in the design of large fluidization apparatus.  Discussed 
here  a re  the cha rac t e r i s t i c s  of gas d is t r ibutors ,  the behavior  of gas bubbles and of the solid mate r ia l  in such 
apparatus ,  and the management  of ma te r i a l  routing through mult is tage fluidization plants.  All these p rob -  
l ems  are  of t remendous  p rac t i ca l  and scientif ic in te res t ,  but they have been t r ea ted  r a the r  scanti ly and not 
enough data are  available for  answering many essen t ia l  questions. The authors  enumera te  well known 
reasons  for  this deficiency in published information on large fluidization apparatus ,  such as t rade sec re t s  
and actual ignorance of what occurs  in a large sys tem -- due to the difficulty in pe r fo rming  full-value 
exper iments  under industr ia l  conditions and due to the common tendency of p rac t i ca l ly  minded individuals 
to terminate  a study p ro jec t  a f t e r  economical ly  sa t i s fac tory  resu l t s  have been obtained. 

It s t r ikes  one that the book has been too " f ree ly"  edited. F o r  instance,  there  appear  isola ted chapters ,  
comple te ly  unconnected with one another,  dealing with the rheology of fluidization sys tems  (Chapter 6), the 
analogy between such sys tems  and fluids (Chapter 11), and the fluidity of the dense phase in a fluidization 
bed (Chapter 15). 

On the whole, this bopk can hardly  be cal led a monograph, since it  lacks in comple teness  in present ing  
even concisely,  at least ,  the modern  state of the a r t  in a r eas  of i n t e r e s t  here .  Never the less ,  this book 
should be of considerable  value to the Soviet r eade r ,  since it contains a wide range of mate r ia l  and it  in-  
dicates  the state of the a r t  in fluidization r e s e a r c h  in Western  countr ies ,  also because the views of indivi-  
dual expe r t s  -- the authors  of each chapter  -- a re  given here  on respec t ive  specif ic  p rob lems .  
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