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As is wel l  known, for a number of reasons there are considerable  

obstacles  to de te rmin ing  the true heat - t ransfer  coeff ic ients  in a f lu id -  

ized  bed.  These inc lude  the d i f f icul t ies  in establishing the average  

m o t i v e  force, i . e . ,  r e l i ab l e  de te rmina t ion  of the tempera tures  of the 

l iquefying agent  and the solid par t ic les .  In fact ,  an unsheathed ther-  

mocoup le  measures not the t empera ture  of the l iquefying agent  of the 

solid par t ic les  but an i n t e rmed ia t e  va lue .  At the same t ime ,  a sheathed 
thermocouple  does not measure  the exac t  t empera ture  of the l iquefy-  

ing agent ,  due to heat  losses and l eakage  through the sheathing system 

of the thermoeouple .  

k method is proposed below for de te rmin ing  file hea t - t ransfer  co-  

ef f ic ient  as an external  problem assuming the solid phase is c o m p l e t e -  

ly mixed  and tha t  the gaseous ( l iquid) phase moves  with i d e a l  d i sp lace -  

men t .  With this method,  which can  also be used to de t e rmine  the 

mass- t ransfer  coeff ic ient ,  i t  is not necessary to measure  the t e m p e r a -  

tures of the l iquefying agent  and the solid par t ic les  in the bed. It is 

only necessary to de te rmine  the tempera tures  of the l iquefying agent  

t in  a t  the in le t  to file bed and of the solid par t ic les  0 0 a t  the i n i t i a l  
momen t  r = 0, and also the t empera ture  of one of the phases (0  or 

tout) a t  the out le t  of the bed at  an arbitrary t i m e  r.  
Let us consider the unsteady hea t ing  (cooling) of a bed that  oper-  

ates without input and output of the  solid phase. Let a l iquefying a -  

gent  (for example ,  a gas) in the  amount  of G kg /h r  (with speci f ic  
hea t  e) enter a f lu id ized  bed conta in ing G T kg of solid part icles-(wifi l  

spec i f i c  heat  eT). As a result  of hea t  transfer with the  gas  a t  the  i n i -  

t i a l  t empera ture  t in,  the bed is hea ted  from tempera ture  00 at  r = 0 

to O at  t i m e  r .  
Let us c a l c u l a t e  the changes  in the tempera tures  of the gas  and sol-  

id m a t e r i a l  for a known contac t  surface Fp and average  heat - t ransfer  

coef f ic ien t  r over Fp, At any t i m e  for an arbitrary uni t  pa r t i c l e  sur- 

face  dF included within a unit  he ight  of the bed, we can  write 

a ( t - -  O) dF = --Gcdt ,  (1) 

hence  

6c dt 
~  G -  - ~ 7 -  (2) 

Let us d i f fe ren t ia te  this equat ion,  assuming that  the pa r t i c l e  t e m p e r a -  

rare is constant  throughout file vo lume  of the bed (and thus over F); 

tha t  is, dO/dF = O: 

d~t ~ dt ~ O, 
dF* q- G--~- dF 

hence  

and 

dt 
dF 

t = A e x p  - - ~ - c  + B  (3) 

a I a F \  
_ - A  - 7  oxp ) (4) 

The constants of in tegra t ion  A and B are  de te rmined  from the  fo l low-  
ing boundary conditions: 

1) at  F = 0, t = t in;  then from (3) 

tin ~ A -~ B; (5) 

2) from (1) and (4), we have  

dt 
dF Gc ( t - - O ) = - - A  Gc exp - -  

and then when F = 0 

A = t i n - - 0 .  (6) 

Combining Eqs. (5) and (6), we obtain B = O, and then from (3) 

we find t at  t i m e  r after contac t  with the  surface F: 

t = ( t i n - - O )  e x p ( - - a F / G c ) @ O =  

: tin exp ( - -  a F/Oc) -~ 0 [ i - -  exp ( - -  a F/Gc)]. (7) 

For file next  ca lcu la t ion ,  we must  know the instantaneous average  
over the ent i re  surface Fp of the gas  t empera ture  tav: 

e l  ldF = 0 ~-~ (tin - -  0) [ 1--  exp ( - -  a Fp/GC) ] a F~p (8) /av = F ~ -  
Fp 

Hence, the ave rage  instantaneous m o t i v e  force over Fp is 

Gc 
t a v - - O = ( t - - O ) a v = ( t i n - - O ) [ 1 - - e x p ( - - ~ f P / G C ) ]  a Fp " (9) 

Now le t  us consider the hea t ing  of the bed with t ime .  For the unit  

i n t e rva l  d r  

a Fp( t  - -  0)avd z ~ GTCTd 0, 

Hence,  considering (9), after in tegra t ion  we obtain 

In tin --  O~ Gc 
[I - -  exp ( - -  a Fp/GC)]. (10) 

tin - -  0 G~c T 

This equat ion can  be solved for 0 = 0( r )  and, with the  aid of expres-  

sion (7), also for t = t ( r , F ) :  

0 = t i n - - ( t i n - -00 )  exp - -  ~ [ l - - e x p ( - - a F p / G C ) ]  , (11) 

a F t ]  x t = t i n - - ( / i n - - 0 ~  [ 1 - - e x p (  - Gc ]J 

Xexp {-- GC~ [ 1 - - e x p ( - -  ~ff-~/]/ 
, o c , J J  " 

(12) 

By s imple  transformations we can  also obtain an expression for the 

ave rage  mo t ive  force over t i m e  r corresponding to the o v e r - a l l  hea t -  

transfer equat ion Q = aFpAavr :  

A a v = a ~  p ]--exp I - - G c ] j ( O - - O o )  In tin__0 . (13) 

Expression (10) is most  convenien t  for ca l cu la t ing  a from expe r imen-  
t a l l y  measured t in ,  0 0 , r ,  and 0, and expression (12) is most  conve-  

n ien t  when ca l cu la t ing  a from t in ,  0 0 , r ,  and t = tou t when F = 
= Fp. It is not d i f f icu l t  to solve these equat ions for c~. For example ,  
from (10) we obta in  

Gc ( Grcr lu t in - -Oo )--r " (14) 
c t ~  

Fp In 1 Gc ": tin - -  0 

Thus, i t  is easy to c a l c u l a t e  a by measur ing O or t a t  a known t i m e  
7" (in the former ease, this can  be done by cut t ing off file pressure at  

t i m e  r; in  file la t te r  ease,  by measur ing  file gas t empera tu re  above  

the  bed) and ff we know 0 0 and t in .  The accuracy  of this  d e t e r m i n a -  
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tion naturally depends upon the correctness of the model used (ideal 
gas displacement and complete mixing of the solid particles) and also 
upon the measurement method (the accuracy with which r, tin, and 
0 0 are determined, eiimination of the input effect, etc.). Moreover, 
the obtained ct values will come closer to the true values as the effects 
that result in effective c~ are reduced (the longitudinal heat conduc- 
tivity of the gas, discrepancy between the calculated and actual con- 

tac t  surfaces, etc.). In particular, at high Reynolds numbers (Re > 
> 10 z), this method should give heat-transfer coefficients that are 
close to the true values. 
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