
In o r d e r  to explain the sui tabi l i ty of fo rmula  (1) also for  o ther  p r o c e s s e s  taking place in a fluidized bed, 
Fig. 4 graphica l ly  shows the dependence of the  degree  of sa tura t ion  of a i r  by water  vapor  a Z on the height of 
the fluidized bed H fo r  different  values of n and p. The curve  cons t ruc ted  according  to fo rmula  (1) is a lso 
plotted on this graph.  

It can be seen  f rom Fig. 4 that  the curve  plotted according to fo rmula  (1) is c lose  to the curves  cons t ruc -  
ted for  p r o c e s s e s  taking place in the wetted fluidized bed without heat evolution ~u = 0) ove r  the whole height 
of the bed H. In the p re sence  of significant heat evolution, a significant  d i f ference can be seen  between the 
path of the cu rves  (in the d i rec t ion of i nc rea se  of aZ) for  a given height H and the curve  obtained by fo rmula  (D. 
However ,  fo r  values of a z > 0.95, al l  the curves  p rac t i ca l ly  coincide.  Thus,  we may  a s sume  that fo rmula  (1) 
can be used for  es t imat ing  the height of the act ive zone hZ z for  a wide c i r c l e  of heat-  and m a s s - e x c h a n g e  p ro -  
c e s s e s  taking p lace  in a wetted fluidized bed. 

N O T A T I O N  

H, total  height of fluidized bed, m; Z0, | humidity and t e m p e r a t u r e  of the a i r  at the inlet  to the appa-  
ra tus ,  kg /kg  and ~ Z~,  0 ~ ,  humidity and t e m p e r a t u r e  of the a i r  at  the outlet  f r o m  the fluidized bed of 
infinite height; T,  t e m p e r a t u r e  of p a r t i c l e s  in the fluidized bed, ~ #, quantity of heat  evolved p e r  1 kg of 
a s s imi l a t ed  mois tu re ;  gc ,  m a s s  flow ra te  of a i r ,  k g / m  2- h; F,  su r face  a r e a  of pa r t i c les  in the fluidized bed, 
l / m ;  a ,  fl, coeff icients  of heat-  and m a s s - e x c h a n g e ,  r espec t ive ly ;  P0, a tmospher i c  p r e s s u r e ,  a tm;  w, l inear  
veloci ty  of  a i r ,  m / s e c ;  coefficients  of Eq. (1): K 1 = 0.36- 104; K2, shape fac to r  of pa r t i c l e s ,  equal to  1/6 for  the 
case  of sphe re s ;  K3, ra t io  of the gas  constants  of the vapor  supplied to the fluidized bed of liquid and fluidizing 
agent ,  equal to 0.622 in the case  of wa te r  vapor  and a i r ;  HB, d imens ion less  complex ,  where B = f l F P o / g  c .  
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F O R C E D - C O N V E C T I O N  H E A T  T R A N S F E R  IN P O R O U S  
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The heat -conduct ion effect  on the t h e r m a l  field of the thro t t le  effect  is  invest igated c lose  
to the boundary of a porous  medium at low p r e s s u r e  grad ien ts .  

A t h e r m a l  field is cons idered  in two semiinf ini te  media ,  one of which is impene t rab le  and the other  of 
which is a porous  medium; in the l a t t e r  a fluid motion takes  place accompanied  by the Jou le - -Thomson  effect .  
Such a p rob lem a r i s e s  when t h e r m a l  f ields a r e  invest igated in c o l l e c t o r - c a r r i e r s  of oil and gas [1] o r  in 
var ious  insta l la t ions for  studying and util izing the Jou le - -Thomson  effect .  A wide range of heat -exchange 
p rob l ems  on the boundary of two different  throt t le  fluids can be reduced to the above p rob l em.  

It is known that  the heat-conduct ion effect  due to fluid motion is  smal l  [2]. A low p r e s s u r e  gradient  
a r i s e s  in the d i rec t ion of convection so that  the der iva t ive  of t e m p e r a t u r e  due to throt t l ing is  smal l ;  the la t te r  
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Fig. 1 Fig. 2 
F ig .  1. Rela t ive  t e m p e r a t u r e  T / e P ( n )  v e r s u s  Fo/~t f o r  y = 0 fo r  l i nea r  p r e s s u r e  prof i le  P(~t) = 
e14 .  

Fig .  2. Rela t ive  t e m p e r a t u r e  T1 ,2 / eP  0r v e r s u s  y fo r  l inea r  p r e s s u r e  p rof i l e .  

enables  one to neglec t  heat  conduct ion due to th ro t t l ing  in an impene t r ab l e  med ium.  It is  a s s u m e d  that  in-  
s t an taneous  heat  exchange  takes  p lace  between the ske le ton  of  po rous  m e d i u m  and the thro t t l ing  fluid [3]. 

The p r o b l e m  can  t h e r e f o r e  be fo rmula t ed  m a t h e m a t i c a l l y  as  

O~r~ _ u [ OT , OP ] OT1,  
al o :  ax "e -b ) -  =--aU z < ~  x>o, t>o, 

O~T2 OT 2 
a: -- , z>O, />0, x>O 

az z at 

with the  boundary condi t ions  

Tl:z~0 ~ T~[z~0; )~1 = O T  1 " kz  OT~_ [ 
Oz ':z=o OZ z=o 

and the ini t ia l  condi t ion 

In the d i m e n s i o n l e s s  f o r m  it b e c o m e s  

02__T~ = - -  

Oy" 

T1,2rt~=0 ~ 0,  

OP OT 1 OT1 -~ e - -  { 

O• 0z O Fo ' 

O"-T., OT .. 
Oy 2 - -  OFo'  y > 0 ,  F o > 0 ;  

9 < 0 ,  • F o > O ;  

Txlu:=o = T(,~=0; ). OTI ' OT2 
" o y  .=o=--%y- ~=0;  T ~ , , ! ~ o = O  = o .  

In the above one has 

a__tt . x a z . a 2  . ~'1 
F o =  R2, z -  u r n ;  y = ~ - ,  a = - - - ,  ~ . . . . .  . a 1 k, 

In the L a p l a c e - - C a r s o n  t r a n s f o r m  space ,  

v,,, = Pq 7 d Fo 7 exp (--  p Fo - -  q• TI,~ " (g, • Fo) dz,  

the p r o b l e m  (4)-(6) is t r a n s f o r m e d  into 

02Vl -- (q --  p) v 1 -:;- eqP (q); 
Oy 2 

(1) 

(2) 

(3) 

(3') 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 
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O~v" = P-~ v~; 
09 ~ a 

V~'y=o=v~,u~; ~. Ov' l~ Or'Iv 
-ou =o= ou =o" 

The solution of the sys tem (9)-(10) is given by the expressions 

vl= eqP(q) +clexp[~Vp+q[yl]; 
p+q 

To find the coefficients c i and c 2 one obtains f rom the conditions (11) 

I- 

v~ = eqP (q) [ 1 
P+q t 

v.= "P(q)[P'+'q '/-p+qexp(--Y]//-~--~-)_~l V " /  -a-W]/P+q p 

1/ (- l.i vq-4- ) I Y _ ; 

V -~--}-VP*q 

(10) 

(11) 

(12) 

(13) 

y < O; (14) 

; y:>O. (15) 

To obtain inverse  t r ans fo rms  of the solutions (14)-(15) one can use the well-known operational relations 
[4] by analogy with one of the problems in [5]: 

2s OR (u - -  z') _ ~ ] asmr ; (16) T1 = - -  V'~- (Fo--~r exp(--sa)erf [Yl +s~.|/~aali/" F o - - x ' ~  , , , 
2 U Z  

0 0 

"~ Fo- -x"  

T~ = ~-s ffOP(~--W)~l(F~215 O~ o" f V a~.% • x +1 a~)-Z- erfc (2V.FoYz, z~)d~d~d.. (17) 

It can be shown that the expression thus obtained satisfies all the conditions of the problem (16)- (17). To 
verify the co r rec tnes s  of the solution, two par t icu lar  cases  a re  considered:  

a) if P(~) = 0 (constant p r e s s u r e  in porous medium), then (16)-(17) imply the tr ivial  resul t  of Tt, 2 = 0; 

b) for  u ~ oo one obtains f rom (16) by substituting ~r = x'a/uR 2 

I OP(x--x') dx'=--eP(x). T 1 = -- s, Ox 
0 

Substituting 4 '  = xa/uR2; 7- = T'/U, one obtains f rom (17) for  u - -  

(18) 

Y T2=--eP(x)erfc( 2 I f  a-'-F-0- )" (19) 

The expression (19) is identical  with the solution of  the heat-propagat ion problem in the half-space where con- 
stant t empera ture  is maintained at the boundary. This is obvious, since with the rate of convective heat t r ans -  
fer  increas ing one can neglect in a porous medium the effect of heat emiss ion on tempera ture .  Integrating (16) 
or  (17) in the case of y = 0 and for  the l inear p r e s su re  profile [P0r = c~r an expression is obtained which de- 
scr ibes  the tempera ture  at the boundary of the porous medium: 

~, ] / ' a  F o  Fo<~r 

( arctg ~ V-a If V "  aretg ~p(~) = ~ - -~ / -~-  - -  ~ - - I - - ~ V ~ -  (2o) 

• ~Ua • ~--~l; 
\ F ~ ]J ~.Va+ 1 2] 

F o > ~ .  
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In Fig. 1 the resul ts  of the calculations a re  Shown of the relative t empera tu re  at the boundary of the porous 
medium in accordance with (20). To compute the t empera tu re  of the porous and impenetrable media a pro-- 
g ram was prepared  for  the evaluation of the integrals (16)-(17) on the Bt~SM-4M electronic computer .  In 
Fig. 2 the resul ts  of these calculations are  shown verif ied for  the par t icu lar  case (Fig. 1). 

It can be seen f rom the graphs that the time of reaching steady tempera ture  at the boundary of the porous 
medium depends s t rongly on the relat ion between the thermophysical  proper t ies  of the porous (with a filler) 
medium and the impenetrable medium. The highest possible value of X~-~ should be chosen to reduce the time. 

N O T A T I O N  

t, t ime; x , z ,  coordinates;  T1, T2, al ,  a2, kl, k2, t empera tu res ,  thermal  diffusivities,  and thermal  con- 
ductivities in penetrable and impenetrable ha l f -spaces ;  u, ra te  of convective heat t r ans fe r  by fluid; e, Joule--  

l ,  -x > 0; 
Thomson coefficient; P(~), p r e s s u r e  distr ibution in porous medium; R, charac te r i s t i c  length; •(x) = { 0, x < 0. 
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The resul ts  of an analytical and experimental  determination of the local Rebinder number 
of moist  d ispersed solids are  presented.  The manner  in which the number varies with the 
proper t ies  of the d ispersed solids to which it applies is established. 

Many experimental  and analytical investigations have been applied to the determination of the Rebinder 
number,  a quantity which is employed in calculating ra tes  of drying by the Lykov equation [1] and is defined 
by the expression 

Rb = c-z. d~ 
r d~ (1) 

[1-5]. In all the investigations of which we are  aware,  however,  the Rb number which has been studied has 
been that charac te r iz ing  the behavior  of the dispersed solid as a whole (the so-cal led integrated Rb 
number).  In a number  of problems relating to the theory of drying it is nevertheless  important  to know the 
"local" Rebinder number  Rb* relating to an e lementary  volume of the drying mater ia l .  A knowledge of the 
local Rb number is required in the drying of mult i layered porous mater ia ls  and also when calculating heat and 
mass  flows inside the mater ia l ,  which determine the quality of drying (in respect  of cracking,  shrinkage,  local 
overheating,  etc.  ). 

This paper  will be devoted to certain proper t ies  of the local Rb* number and its relationship to the in- 
tegrated Rb number.  

Technological Institute of Light Industry.  Civil Engineering Institute, Kiev. Translated f rom Inzhenerno- 
Fizicheskii  Zhurnal,  Vol.31, No. 1, pp.47-53,  July,  1976. Original ar t icle  submitted May 4, i975. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. I0011. 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 o f  the publisher. A copy o f  this article is available from the publisher for $ Z50. 

783 


