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Solution of the differential calorimetric equation of the heat balance 
of a fluidized bed leads to a relationship between the moisture content 
and the temperature of the dispersed material during the constant and 
falling drying rate periods. 

One of the most topical problems in the investiga- 
tion of rapid drying of various materials  is the estab- 
lishment of a single-valued relationship between the 
moisture content and the temperature of the material  
during i t s  dehydration [1-6]. The solution of this prob- 
lem is part icularly important for the technology of 
drying of dispersed thermally unstable materials  in the 
suspended state and, in particular,  in a fluidized bed. 
The possibility of considerable acceleration of heat and 
mass transfer,  on the one hand, and the r isk of over-  
heating the material  and adversely affecting the quality 
of the final product, on the other, makes it essential to 
choose optimum process  parameters  and to design dry-  
ing devices which allow a thermally unstable material  
to be heated to the maximum permissible temperature.  

The l i terature contains mathematical descriptions 
of the kinetics of heating of moist dispersed material  
during the constant and falling drying rate periods in 
batch drying in a fluidized bed [5, 7, 8]. In continuing 
these investigations in this paper we will attempt to 
examine analytically the problem of the direct relat ion- 
ship between the moisture content and the temperature  
of the dispersed material  in batch drying in fluidized- 
bed apparatuses.  

It is well known that in general a r igorous analytical 
investigation of  heat and mass t ransfer  in heterogeneous 
dispersed sys tems encounters insuperable difficulties. 
However, the special character is t ics  of fluidized-bed 
apparatuses due to the vigorous mixing of the phases 
throughout the volume of the chamber allow several  as-  
sumptions which simplify the solution of the problem. 
In particular,  as experimental tests have shown, a p e r -  
fectly sat isfactory basis for the development of an ap- 
proximate method of calculating the kinetics of heating 
of a moist dispersed mater ia l  in a fluidized bed is p ro-  
vided by the following simplifying assumptions [5, 7]. 

1. At every instant the fluidized bed of mater ia l  un- 
dergoing drying is assumed to be isothermal, and the 
temperature  of the spent drying agent on emergence 
from the bed is equal to the integral temperature  of the 
part icles in the bed. 

2. The temperature  gradient over the c ross  section 
of the part icles is assumed to be negligibly small  [9]. 

3. In batch drying the moisture content of the par t i -  
cles throughout the volume of the fluidized bed is as -  
sumed to be the same at the same instant. 

Adopting this model and neglecting heat loss to the 
surroundings we can put the ca lor imetr ic  equation of 

the heat balance of a fluidizing bed of moist dispersed 
material  in the following form: 

F s v p c  (t - - O ) d  x ~ Gcmd 0 --Gd.s, rdu. (1) 

For the constant drying rate period 

i d x = - -  du/N. 

Expressing the mass of the material  and its specific 
heat for any instant by 

G = Ga.s (1 + u), 

Cd. s + u 
l q - u  

respectively, we obtain after some transformations 

( B e  - - A ) d u  = (Q.s 4- u)dO, (2) 

where 

B =  F s v p c . ;  A - ~ B t - - r .  
Go. s N 

Separating the variables and integrating in the ap- 
propriate limits we finally obtain 

1 

u-~(ca, s -}-u 0 A _ _ B O  ~ --Ca.s. (3) 

The relationship between the temperature  of the 
fluidized bed and the varying moisture content of the 
material  in the constant rate period in batch drying can 
accordingly be written as follows: 

A (4) 
B \Cd.~ q- u~/ 

Expressions s imilar  to (3) and (4) can be obtained 
after some transformations of the drying time equation 
given in [5]. 

In the general case it can be assumed with sufficient 
accuracy for technical calculations that the drying 
rate var ies  l inearly in the falling drying rate period 
[2]: 

du 
- - ~  = K (u- -uo) .  (5) 

dv 

Using (5) we can write the initial differential heat 
balance equation for a fluidizing bed of moist dis-  
persed mater ia l  in the following form: 

_ _  F~ r) p c (t - -  O) du = Gd. s (Cd.s. q- U) d 0 - -  ~d.srdu. 
K (u - -  u0) 

(6) 
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Omi t t ing  the i n t e r m e d i a t e  t r a n s f o r m a t i o n s ,  we ob-  
ta in  

dO B1 
du (u - -  u~) (u + cd.~) 

where  

r (u -- ue) - -  Blt , (7) 
(u - -  uo) (u + cd.,) 

B1 = Fev p c/KG~.~. 

The so lu t ion  of the i n h o m o g e n e o u s l i n e a r  f i r s t - o r d e r  
d i f f e r e n t i a l  equat ion (7)wi th  in i t i a l  condi t ion  | lu_- u '  = 

- l ! 

= | gives 

' + ca.~) (u - -  uo) + 
@ = 0'~ [ ( ~ - - u ~ ) ( u  + c,t.s) 

m--I 

+ - 

w h e r e  

+ Bat [ ( u - - u , )  '~-1 

u +  cd.~/ ( u ' ~ - - u o ) ~ - ~ + ~ J ~  ' 

B 1 

Ca. s -q7 U e 

(s) 

(if m is f r a c t i o n a l  it  m u s t  be rounded off to the  n e a r e s t  
whole  n u m b e r ) .  

An a n a l y s i s  of the ob ta ined  so lu t ion  showed that  fo r  
p r a c t i c a l  c a l c u l a t i o n s  we can  obta in  a s a t i s f a c t o r y  r e -  
su l t  by t ak ing  only the f i r s t  t e r m  in the inf in i te  s u m  con-  
t a ined  in e x p r e s s i o n  (8).  Hence,  the g e n e r a l  a p p r o x i -  
ma te  so lu t ion  can  be put in the fo l lowing form,  which is 
s u i t a b l e  for  p r a c t i c a l  app l i c a t i on :  

[ r ( u l - - u D  B~ ] • o -  O'o (1-m)(u',+~,~) m(~; +c~.~) 

[ (u - ,~) (u] + c,1.~) t "~ + 

r ( u - - u ~ )  + Bjt (9) 
q- ( l - - m ) ( u + c d . ~ )  m(u+c~.s )"  

Equat ion (9) shows that  when the m o i s t u r e  content  of 
the p roduc t  a t t a ins  i t s  e q u i l i b r i u m  va lue  (u = u e) t h e i n -  
t e g r a l  t e m p e r a t u r e  of the f lu id ized  bed  of d i s p e r s e d  m a -  
t e r i a l  b e c o m e s  equal  to the t e m p e r a t u r e  of the  hea t  t r a n s -  
f e r  agent  ( |  t ) .  

In th is  case ,  when the cons t an t  d r y i n g  r a t e  p e r i o d  p r e -  
cedes  the f a l l ing  r a t e  pe r iod ,  the va lue  of | can be c a l -  

cu l a t ed  f r o m  Eq. (4). 
We note  that  the  quant i ty  m, which  i s  con ta ined  in e x -  

p r e s s i o n  (8), depends  on the m a i n  f a c t o r s  a f fec t ing  the 
k i n e t i c s  of hea t  and m a s s  t r a n s f e r  be tween  the m a t e r i a l  
and the d r y i n g  agent .  Hence,  we m u s t  f i r s t  a s s i g n  a t e m -  

p e r a t u r e ,  m a s s  ve loc i ty ,  and  p h y s i c a l  p r o p e r t i e s  to the 
d ry ing  agent,  a spec i f i c  load of m a t e r i a l  o n t h e  s c r e e n ,  
and the in i t i a l  m o i s t u r e  content  and main  p r o p e r t i e s  of 
the m a t e r i a l  undergo ing  d ry ing .  A s  our  i nves t i ga t i ons  
showed,  the  ac tua l  va lues  of p a r a m e t e r  m for  f l u id i zed -  
bed d ry ing  of such t h e r m a l l y  u n s t a b l e  m a t e r i a l s  as  
g r a i n  and s h r e d d e d  pota to  a r e  in the r ange  m = 10 -200 .  
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Fig .  1. Re l a t i onsh ip  | = f (u)  fo r  d r y i n g  
of whea t  g r a i n  in a f lu id ized  bed (vp = 
= 1.98 k g / m  2. s ec ,  G d . s / F  s = 65 k g /  
/ m  ~, u 1= 0 . 3 k g / k g ,  t = 8 0  ~  1) f r o m  

Eq,  (9); 2) f r o m  e x p e r i m e n t a l  da t a .  

It fol lows f r o m  e x p r e s s i o n  (8) that  the  m a t h e m a t i -  
ca l  e r r o r  due to s i m p l i f i c a t i o n  of the  ob ta ined  so lu t ion  
depends  ma in ly  on the va lue  of the  s i m p l e x  (u - u e ) /  
/(u + Cd. s )" With r educ t ion  in the m o i s t u r e  content  u 
the va lue  of s i m p l e x  (and, hence,  the magni tude  of the 
e r r o r  in t roduced  into the  ca l cu la t ion )  is  a l so  r e d u c e d .  
This mus t  be taken  into account  in the  e s t i m a t i o n  of the 
o v e r - a l l  e r r o r  of the method,  s i n c e  in the  d e t e r m i n a -  
t ion of the r e l a t i o n s h i p  ~ = f {u)  the  m o s t  i n t e r e s t i n g  
r eg ion  is that  of low m o i s t u r e  contents ,  when the t e m -  
p e r a t u r e  of the bed c o m e s  c l o s e s t  to the m a x i m u m  p e r -  
m i s s i b l e  (based on t echno log ica l  c o n s i d e r a t i o n s )  t e m -  
p e r a t u r e  of the  p roduc t .  

F i n a l l y ,  dev ia t ion  of the  c a l c u l a t e d  va lue s  of the  
t e m p e r a t u r e  of the  m o i s t  m a t e r i a l  f r o m  the ac tua l  v a l -  
ues  depends  l a r g e l y  on the n a t u r e  of the d r y i n g  p r o c e s s  
and on how a c c u r a t e l y  the  cu rve  of d r y i n g  r a t e  in the 
f a l l ing  r a t e  p e r i o d  is g iven by Eq. (5). An a n a l y s i s  of 
th is  e r r o r  was made  in [7]. 

The a p p l i c a b i l i t y  of the  p r o p o s e d  a p p r o x i m a t e  s o l u -  
t ion is c o n f i r m e d  by  a c o m p a r i s o n  of the  r e s u l t s  of 
c a l cu l a t i on  f r o m  Eq. (9) with e x p e r i m e n t a l  da t a  ob -  
t a ined  in an i nve s t i ga t i on  of g r a i n  d r y i n g  in a wide  r a n g e  
of v a r i a t i o n  of the p r o c e s s  p a r a m e t e r s .  The r e s u l t s  of 
th is  c o m p a r i s o n  ind ica te  a p e r f e c t l y  s a t i s f a c t o r y  a g r e e -  
ment  be tween  the e x p e r i m e n t a l  and c a l c u l a t e d  da ta .  The 
dev ia t ion  of the e x p e r i m e n t a l  poin ts  f r o m  the c u r v e s  
c a l c u l a t e d  f r o m  the above  f o r m u l a  did not exceed  12% 

(see  Fig .  1).  
In conc lus ion  we note  that  the ob ta ined  r e l a t i o n s h i p s  

can  be used  to s e l e c t  e f f i c ien t  r e g i m e s  of d r y i n g  of d i s -  
p e r s e d  t h e r m a l l y  u n s t a b l e  m a t e r i a l s  in f l u i d i z e d - b e d  
a p p a r a t u s e s  wi th  due r e g a r d  to the  m a x i m u m  p e r m i s -  
s ib l e  t e m p e r a t u r e  of the p roduc t  and to de s ign  an au to -  
m a t i c - c o n t r o l  s y s t e m  for  s~ch d r i e r s .  The a n a l y t i c a l l y  
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established direct  relationship between the moisture 
content and the temperaturelof the product can provide 
a basis for a program of automatic control of drying 
based on the change in the mean temperature of the 
fluidized bed of material .  The initial parameter  fnthis 
case could be the temperature of the spent drying agent, 
the measurement  of which presents no practical diffi- 
culties and can be effected by a thermometr ic  gauge of 
any type. 

NO TA TrON 

F s is the area of gas-distributing screen;  vp is the 
mass velocity of the drying agent; c and Cm are the 
specific heats of the gas and the material ,  respect ive-  
ly; t is the initial temperature  of the drying agent; | 
is the temperature  of material ;  ~- is time; Cd. s is the 
specific heat of the dry substance; N = (du/d•) n is the 
drying rate in constant rate period; K is the drying 
coefficient; ul, u~, u e are  the initial, reduced, and 
equilibrium moisture contents of the material ,  r e -  
spectively; | is the temperature  of the product with 
moisture content u~; r is the heat of vaporization. 
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