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The monograph Fluidization Engineering by the well-known sc ient i s t s  D. KUnii (Japan) and O. Leven-  
spiel  (USA) is of g rea t  in te res t  to r e s e a r c h e r s  working in this new field. 

The authors '  aim, as they exp res s  it in the pre face  of the book, that of emphasiz ing the engineer ing 
aspect ,  m e r i t s  approval .  P r a c t i c a l  manuals  on fluidization with a sa t i s f ac to ry  physical  theore t ica l  bas i s  
a r e  pa r t i cu la r ly  essent ia l .  

Unfortunately,  and somewhat  con t r a ry  to the exp re s sed  aim, ve ry  little space  is  devoted to the design 
of equipment,  and to descr ip t ions ,  and cr i t ica l  appra i sa l  of, the designs  of the mos t  impor tant  components .  

The p resen ta t ion  of the ma te r i a l  is success fu l  - in the fo rm of a textbook with numerous  p rob lems  
and examples  " for  the to r tu re  of students,  " in the au thors '  p ic turesque express ion .  

The book contains 15 chap te r s .  The in t roductory  account of the regions of application of fluidization 
and the mac roscop ic  hydrodynamics  of beds is followed by five chap te r s  in which the hydrodynamic s t ruc -  
ture of the bed, in terphase  heat and m a s s  t rans fe r ,  and the course  of catalyt ic  reac t ions  on a solid and 
fluidized ca ta lys t  a re  cons idered  f r o m  the viewpoint of the authors '  "bubbling bed mode l . "  The following 
chapters  deal with heat  t r a n s f e r  between beds and su r faces  (Chap. 9), the e lut r ia t ion and ent ra inment  of 
pa r t i c les  by the gas  s t r e a m  (Chap. 10), the growth and reduct ion in s ize  of the pa r t i c l e s ,  and the d i s t r ibu-  
tion of their  res idence  t imes  in the bed (Chap. 11). The concluding chap te r s  deal with such p rac t i ca l  ques-  
tions as the organizat ion of the c i rcula t ion  of sol ids in a s y s t e m  (Chap. 12), the pr inc ip les  of design of beds 
for  physical  p r o c e s s  opera t ions  (Chap. 13) and for  the conduction of chemical  reac t ions  in the gas  phase  on 
a solid ca ta lys t  (Chap. 14), and also noncatalytic he terogeneous  reac t ions  (Chap. 15). 

The authors  c l ea r ly  show that the ef fec t iveness  of in te rphase  contact in physica l  and chemica l  p ro -  
c e s s e s  in a fluidized bed is c losely  re la ted  to the nature  of motion of the gas and pa r t i c l e s .  The authors  
examine this motion and contact  p r o c e s s e s  f rom the common  standpoint of the adopted bed model .  This  
model is obtained by simplification of Davidson and Harrison's well-known "bubble theory," the use of some 
experimental data, and the neglect of others. 

We will discuss some features of the proposed model, since it oecupies a central place in the book. 
It is assumed that: 

I. Near each of the numerous ascending bubbles the gas flow conforms to Davidson's well-known 
model with its distinction between slow and fast bubbles, surrounded by "clouds" of circulating gas. 

2. In the proposed very simple model the size of the bubbles is assumed to be constant throughout the 
bed or in the section under consideration, and this is called the effective (theoretical) size. As evidence 
of the validity of this assumption Kunii and Levenspiel cite cases of fluidization in a packed bed, where the 
size of the bubbles is actually limited by the sizes of the packing elements, and also two reasons for slow- 
ing down of bubble growth in a free bed: the instability of large bubbles and the cessation of coalescence 
of the bubbles after reduction of their number due to preceeding coalescence. Unfortunately, the experi- 
mental data of Whitehead, Dent, and Bhat (1967) do not confirm this restriction of the growth of bubbles in 
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a f ree  bed. As regards  fluidization in a packed bed we can expect that the action of the solid phase and gas 
is quite different f rom that in a f ree unimpeded bed. 

3. The velocity of r i se  of a crowd of bubbles is g rea te r  than the velocity of a single bubble by an 
amount equal to the difference between the fi l tration velocity and the minimum fluidization velocity.  

4. At fluidization numbers  g rea te r  than 2 there are  very few bubbles in the bed, and close to the grid 
large bubbles with ve ry  thin clouds are  formed.  

This assumption is wrong in principle because the fluidization number does not determine the hydro-  
dynamic state of the bed (it depends great ly  on the par t ic le  diameter) .  

5~; As usual, the presence  of solid par t ic les  in the bubbles is ignored, and the voidage of the emulsion 
"phase" is assumed to be equal to the voidage of the bed at the stability limit.  

Kunii and Levenspiel then adopt severa l  more  "pos tu la tes ."  

1. Immediately  above the gas -d is t r ibu tor  the solids are  entrained by r is ing bubbles like a wake. The 
wake is ca r r i ed  up the bed with the velocity of the bubble and is continuously exchanged with f resh  emulsion 
mater ia l .  The exchange ra te  depends on the fact that the solids enter the wake only f rom the space bounded 
by the gas -c i rcu la t ion  cloud. 

2. As a bubble r i ses ,  it pushes the emulsion aside and the solids passing close to the bubble enter its 
cloud and are  shown into its wake, the breadth of which is approximately equal to the bubble d iameter .  The 
solids are  completely mixed in the wake, and this gives r i se  to lateral  mixing of the bed. Solids far ther  
f rom the bubble are  displaced somewhat as the bubble passes  by and then re turn  close to their  original 
posit ion. Latera l  mixing of solids oscil lating in this way is negligible. 

3. Gas exchange between the bubbles and emulsion in the bed is assumed to be purely  molecular .  
This does not cor respond with the experimental  data of Toei et al. (1968). 

A fault of the Kunii and Levenspiel  model is that it ignores special  features  of the exchange p rocess  
iri the lower par t  of the bed near  the grid, but this is a fault of the models of other authors also. 

As a resul t  of the above-mentioned and other simplifying assumptions Kunii and Levenspiel derive 
design formulas  and a consistent  method of calculating severa l  p roces ses .  The formulas  contain only one 
quantity, which is difficult to determine,  but it is, unfortunately, a basic one - the effective bubble size in 
the bed. In view of the assumptions made, an agreement  between the calculated bubble size and the actual 
size would be accidental,  as the authors themselves  admit.  In fact, the model at present  can be used only 
for a qualitative analysis  of the experimental  data. 

We can only wish for the real izat ion of the authors '  hope that there may be found a simple (as yet un- 
known) relat ionship between the calculated and actual bubble size, which would allow the model to be used 
for scaleup f rom labora tory  apparatuses  to large industrial  plant and for quantitative engineering calcula-  
tions of the kinetics of the physical  and chemical  p rocesses  occurr ing  in a fluidized bed. 

The bibliography in the book, given at the end of each chapter,  contains approximately 360 re fe rences  
(the works are  a lmost  exclusively of Western and Japanese scientists) .  The incompleteness  of the biblio- 
graphy, especial ly as regards  heat t ransfer  between beds and surfaces ,  reduces  the value of the monograph.  
The only cited Soviet work on these questions is that of Kharchenko and Makhorin (!964), which is an out-of-  
date t reatment  of experimental  resul ts ,  long rejected by the authors themselves .  

Kunii and Levenspiel  also overlook some interest ing work of Japanese sc ient is ts .  In par t icular ,  they 
make no mention of Yukio Tanaka~s papers  on e lec t ro thermal  fluidized sys tems .  

Recommended res i s tances  for gas dis t r ibutors  are  given without physical  justification and no l i te ra-  
ture on this question is mentioned. 

Nevertheless,  Kunii and Levenspie l ' s  book does give a basical ly true picture of the p rog re s s  of 
Western countries and Japan in the field of fluidization. As distinct f rom other monographs on general  
questions of fluidization, the book devotes a great  deal of attention to chemical  react ions in a fluidized bed. 

The authors give a great  deal of space to the problem of the organizat ion of rel iable circulat ion of 
mater ia l  in sys tems  and co r rec t ly  regard  this question as one of the keys to the success  of the introduction 
of any complex sys tem.  

This book fully deserves  t ranslat ion into Russian.  
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A .  G .  S h a s h k o v  a n d  T .  N .  A b r a m e n k o  

T H E R M A L  C O N D U C T I V I T Y  O F  GAS M I X T U R E S *  

Reviewed by G .  N.  D u l ' n e v  a n d  Y u .  P .  Z a r i c h n y a k  

Gas mix tu res  a re  widely used as raw ma te r i a l  or a re  a final product  in the chemica l  industry,  or  the 
working substance (hea t - t r ans fe r  medium) in power  engineer ing and the newest  f i e lds  of sc ience and engi- 
neer ing  (gas l a se r s ) .  The the rma l  conductivity of gas  m ix tu r e s  depends on the p r o p e r t i e s  of the compo-  
nents,  thei r  volume concentrat ion,  the t empera tu re ,  and the p r e s s u r e ,  and can v a r y  by seve ra l  o r d e r s .  
The unlimited combinations of effective p a r a m e t e r s ,  the complexi ty  of the design of exper imenta l  ap p a ra -  
tuses ,  and the work entailed in conducting the m e a s u r e m e n t s  make exper imenta l  invest igat ions of the the r -  
ma l  conductivity of gas  mix tu res  ve ry  difficult.  Hence, in addition to an improvemen t  in the technique of 
measu remen t ,  the development  of theore t ica l  methods of calculat ing the the rma l  conductivity of gas  mix -  
tu re s  on the bas i s  of molecu la r -k ine t i c  theory  is of g rea t  value.  A mix ture  of he terogeneous  gases  is r e -  
garded as a pseudohomogeneous gas,  the p a r a m e t e r s  of which (dimension and m a s s  of molecules ,  p a r a m -  
e t e r s  of i n t e rmolecu la r  in terac t ion  potential) a re  averaged  by specia l  methods.  The solution of the inte-  
grodi f ferent ia l  Bol tzmann equation for  the energy fluxes through a l ayer  of pseudohomogeneous gas leads 
to equations for the the rma l  conductivity of a gas mix ture .  

A g rea t  number  of pape r s  in our own and, in par t i cu la r ,  in Western  pe r iod ica l s  show an apprec iable  
d i s ag reemen t  with the smal l  number  of monographs  which can be r ecommended  for  p rac t i ca l  acquaintance 
with methods of calculat ing the the rma l  conductivity of gas  mix tu re s .  In the smal l  number  of monographs  
on this question attention is centered  on pure  gases  and the the rma l  conductivity of gas  mix tu res  is dealt  
with cu r so r i ly  without a detai led account of the physical  na ture  of heat  t r an s f e r  in mix tu re s .  

A. G. Shashkov and T. N. A b r a m e n k o ' s  monograph T h e r m a l  Conductivity of Gas Mixtures  is the 
mos t  comprehens ive  Russ ian  publication on this question and re f lec t s  the development  of the m o l e c u l a r -  
kinetic theory  of heat  t r an s f e r  in gas  mix tu re s  in the las t  decade.  

The f i r s t  chapter  expounds the main  ideas of the molecu la r -k ine t i c  theory of heat  t r an s f e r  in gases .  

The second and third chapters  a re  devoted to a descr ip t ion  of the p re sen t  s ta te  of kinetic theory of 
monatomic  and polyatomic gases  and gas mix tu res  and methods of solving the in tegrodif ferent ia l  equation 
of the gas s ta te  near  equi l ibr ium. 

Different  theore t ica l  ideas re la t ing to heat  t r an s f e r  in gas mix tu res  a re  compared  in the fourth chap-  
t e r .  Methods of calculat ing the t he rma l  conductivity of mix tu res  by means  of exact,  s emiempi r i ea l ,  and 
empi r i ca l  re la t ionships  a re  d iscussed .  The r e su l t s  of calculat ions a re  compared  with the extensive ex-  
pe r imen ta l  data.  

The fifth chapter  desc r ibes  the development  of the theory of the rma l  conductivity of gas  mix tu re s  
at low t e m p e r a t u r e s  with the inclusion of quantum effects .  It is shown that heat  t r an s f e r  at low t e m p e r a -  
tu res  is due mainly to the rotat ional  degrees  of f reedom of the molecules ,  and the t rans i t ional  deg rees  of 
f r eedom degenera te .  One would like to see  a fu r ther  development  of theory for  the in te rmedia te  t e m p e r a -  
ture region (between room and low t empera tu re s )  with due r ega rd  to the contr ibution of each of the heat  
t r an s f e r  mechan i sms .  
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The sixth chapter  is devoted to exper imen ta l  methods of de termining  the the rma l  conductivity of 
gases  and gas  mix tu re s .  

This  book will ce r t a in ly  be of in te res t  to a wide c i rc le  of scientif ic worke r s ,  engineers ,  and t eachers  
and students in higher  educational  inst i tut ions.  
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