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An analysis is presented of critical comments regarding the packet theory of fluidized-bed 
heat transfer.  

A series of articles has been published in recent years [1-5], particulary inthe Inzhenerno-Fizieheskii 
Zhurnal, containing critical comments with regard to the packet theory of fluidized-bed heat t ransfer .  In 
the most recent of these [5], our expression 
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is analyzed and our experimental results,  including empirical expressions for v e and f0, 
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are used. The extent to which these critical comments actually relate to our equations (1)-(3) should be 
discussed. 

w "According to the comparatively widely accepted packet theory ([6] of the article cited), convec- 
tive heat transfer is considered negligible" [3]. This assertion, in various forms, is found tn all the ar- 
ticles [1-5]. In contrast, it is stated in [7] that the authors of [1-5] "have proposed and experimentally 
verified a new hydrodynamic theory of fluidized-bed heat transfer. It provides an essentially new approach 
to the solution of many important fluidized-bed and vibrating fluidized-bed problems, and, in particular, 
a new explanation of the acceleration of fluidized-bed heat and mass transfer," proceeding from the assump- 
tion that "localized ffas flows play an essential role in fluidized-bed surface heat and mass transfer. These 
flows occur along the submerged surface with velocities which exceed filtration rates by an order of magni- 
tude" ([8], p. 27). 

Many packet models are presently known [6, 9-16], differing from each other and from the original 
primitive Miekley model [6, 16]. They contain various evaluations of the role of convection. According 
to our experimental data [17, 18], which serve as the basis for Eq. (1), the convective component of the 
overall heat-transfer coefficient increases from 5-15% for 0 . l - ram particles of 90-95% for those above 
4-5 ram. The experimental values for CZconv given in [18] agree fairly well with those calculated from the 
expression derived in [11] for C~co n. I? The authors of [3], in discussing the inclusion of convection by 
"the packet theory advocates," refer only to an old American article [6] in which convective heat transfer 
is not considered at all, and in analyzing Eq. (1) in [5] they discard aconv. In this sense, they reduce 
Eq. (1) to the old Mickley equation. 

* More precisely, Syromyatntkov [5] analyzes only the conductive portion of (1), which is related to packet 
heat transfer (editor's note). 
~f The author does not relate this expression (Nu =0.0175 Ar~ to packet heat transfer; it lacks the ap- 
propriate parameters editor 's ). 
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The a s s e r t i o n  that "convect ive  heat  t r a n s f e r  ls considered negl igible  )' is, t he r e fo re ,  not r e la ted  to 
Eq.  (1). On the con t ra ry ,  it follows f r o m  the number s  cited above that,  in a g r e e m e n t  with this equation, 
convection ls the dec is ive  fac tor  in a c o a r s e - p a r t i c l e  bed, although it is not s ignif icant  in a f ine -pa r t i c l e  
bed .  

No quant i ta t ive data for aconv  which might  be compared  with the r e s u l t s  of our equations a r e  p r e s e n -  
ted in [1-5]. 

w In analyzing Eqs .  (2) and (3), Syromyatn ikov  [5] concludes that  "the h e a t - t r a n s f e r  coeff icient  
for  a developed fluidized bed is se l f -mode l ing  with r e spec t  to z c and f0-" Substi tut ing the values  of f0 and 
7c in (1), and d iscard ing  R c and aconv,  he finds that f i l t ra t ion r a t e  and par t i c le  s ize "comple te ly  d i sappear"  
f r o m  this equation.  In his opinion [5], this t es t i f i es  to "the lack of co r r e spondence  between the bas i c  p a c -  
ket  theory  equation and the model  on which it is b a s e d . "  

I t  follows f r o m  E q s .  (2) and (3) that the t e r m  in the denominator  of (1) is 
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As f0 v a r i e s  f rom 0 to1,  this t e r m  v a r i e s  f r o m  ~ to ~, pass ing  through a min imum in the intense f lu idiza-  
tion region (at f0 = 0.33) and r ema in ing  pra ct ieal ly  constant over  the range  f0 = 0 . 2 - 0 . 5 .  

In accordance  with this ,  the h e a t - t r a n s f e r  coefficient  of (1) i n c r e a s e s  with inc reased  fluldization ra t e  
f r o m  aconv  at f0 =0 to a max imum,  and then begins  to dec rea se  slowly,  both f r o m  the i nc rea se  in (4) and 
the i nc r ea se  in the ra t io  R c / ( 1 - - f 0 )  [Syromyatnikov [5] does not cons ider  the l a t t e r  effect ,  or ana lyzes  Eq .  
(1) without Rc]. All expe r imen t s  yield this re la t ionsh ip  between h e a t - t r a n s f e r  coeff ic ient  and fluidization 
r a t e ,  which is convincing evidence of the c o r r e c t n e s s  of the a s sumpt ions  under lying Eq.  (1). 

The phys ica l  meaning of this " se l f -mode l ing"  was disc losed in [6]; with inc reased  fluidization r a t e ,  
the f rac t ion  of contact  t ime  f0 between sensor  and gas  bubbles i n c r e a s e s ,  but the contact  t ime ~'c with the 
sur face  of the individual par t ic le  packet  d e c r e a s e s .  

In the expe r imen t s ,  as  genera l ized  by E q s .  (2) and (3), the par t i c le  s ize af fec ts  the value of a in E q .  
(1) chiefly through aconv  and the contact  r e s i s t a n c e  R c, which i n c r e a s e s  l inear ly  with inc reased  d [11, 19]. 
Syromyatn ikov  [5] examines  only the effect  of pa r t i c le  d iamete r  on the t e r m  (4), i . e . ,  he actual ly  ana lyzes  
the old Mickley model .  The a s s e r t i o n  that the ef fec t  of par t ic le  d i ame te r  is not cons idered  "in the mod i -  
fied equation proposed by the author"  (1) is i nco r r ec t .  

w " F o r  all  f luidization num ber s  {W=l-8) ,  s t ruc tu ra l  and hydrodynamic  conditions (e >0 .7  and 
w > Wcr) for  p la tes  a r e  c rea ted  such that the fluidized bed goes f rom two-phase  to a dilute phase (pneumatic 
t ranspor t ) ,  i . e . ,  a situation in which the mechan i sm assumed  in the packet  theory is not cons idered  r e l i -  
able ~ [1]. In accordance  with this ,  it is stated in [2] that the sur face  is  usual ly  in contact  with a d i sc re te  
phase  (gas l aye r s  or  bubbles) and not with par t i c le  packe t s .  

This  is apparen t ly  a question of di f ference in te rminology,  since the authors  of [1-5] accep t  the quan-  
t i tat ive re la t ionsh ips  obtained by the packet  model  advoca tes .  In [20] a compar i son  is made between the 
t i m e - a v e r a g e d  poros i ty  va lues ,  m e a s u r e d  with x r a y s  in an uncontaminated bed, with those calculated f r o m  
the express ion  

8 = fo + (I - -  fo) ap. (5) 

Values for the fraction of contact time of surface with bubbles, f0, and with particle packets, (1--f0), are 
taken from Mlckley and our studies, in neither of which was the contact time with a dilute phase considered 
at all. Good correlation was found in [20] between Eq. (5) and experimental data, 

A more detailed analysis of the critical comments on our presentation will be given in the future. 

N O T A T I O N  

A, d imens ion les s  coefficient  which allows for  nonuniform veloci ty dis tr ibut ion at the body surface ;  
CM, par t ic le  heat  capaci ty;  d and D, pa r t i c le  and c a l o r i m e t e r  d i amete r s ;  f0, f rac t ion  of t ime during which 
the sur face  is in contact with gas bubbles;  g, gravi ta t ional  constant;  Rc ,  contact  t he rma l  r e s i s t ance ;  w 
and Wcr, actual  and cr i t ica l  fluidization ra t e s ;  W, fluidization number ;  ~ and aconv ,  total and convective 
h e a t - t r a n s f e r  coeff icients  between fluidized bed and surface;  a and ep, t i m e - a v e r a g e d  poros i t i e s  of 
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fluLdtzed bed (at a given point) and particle packet; kp and pp, particle packet thermal conductivity and 
density; T c, contact time between particle packet and surface. 
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