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M e a s u r e m e n t s  a r e  r e p o r t e d  on the hea t  t r a n s f e r  in a bed  of wet  g r a n u l a r  m a t e r i a l  du r ing  
d r y i n g .  

Heat  and m a s s  t r a n s f e r  within a m a t e r i a l  d u r i n g  d r y i n g  a r e  coup led  p r o c e s s e s ;  u s u a l l y ,  the  coupl ing  
i s  e x p r e s s e d  as  a r e l a t i o n s h i p  be tween  the t e m p e r a t u r e  and the w a t e r  conten t  (the d i m e n s i o n l e s s  t e m p e r a t u r e  
c o e f f i c i e n t  of d r y i n g  B) o r  a s  a r e l a t i o n  be twe e n  the  hea t  c o n s u m e d  in r a i s i n g  the t e m p e r a t u r e  of the  m a t e r i a l  
and in e v a p o r a t i n g  the w a t e r  (the Rb n u m b e r ) .  The  d i m e n s i o n l e s s  d r y i n g  c o e f f i c i e n t  a l so  a l l ows  us  to r e l a t e  
the  m e a n  t e m p e r a t u r e  [ of the  body to the  m e a n  w a t e r  con ten t  u [1]. 

The e f fec t s  of work ing  p a r a m e t e r s  on B and Rb have  been  e x a m i n e d  in e x p e r i m e n t s  o v e r  wide r a n g e s  in 
t e m p e r a t u r e  and d r y i n g - a g e n t  s p e e d .  

We used  g r a n u l a t e d  po ta to  s t a r c h ,  in which  the  d r y i n g  i s  an i n t e r m e d i a t e  s t a g e  in the  p r o d u c t i o n  of  
p o w d e r e d  po ta to  [2], on which  v e r y  l i t t l e  r e s e a r c h  has  been  done.  

The i n i t i a l  m a t e r i a l  i s  p r e p a r e d  in a c c o r d a n c e  with the  t e c h n o l o g i c a l  s p e c i f i c a t i o n  [3]; the  p a s t e  is  g r a n -  
u l a t e d  b y  m e a n s  of a p r e s s u r e  s i e v e  with  ho les  of d i a m e t e r  0.005 m.  The  i n i t i a l  w a t e r  con ten t  i s  74-77%, 
and the d r y i n g  i s  p e r f o r m e d  to  a f ina l  w a t e r  con ten t  of 45-50% [2]. The t e m p e r a t u r e  t d of  the d r y i n g  agent  
was v a r i e d  o v e r  the  r a n g e  70-130~ by s t e p s  of 10~ whi le  the  s p e e d  V d was v a r i e d  o v e r  the  r ange  0 .6 -1 .4  m /  
s ec  by s t e p s  of 0.2 m / s e c .  The  d r y i n g  was p e r f o r m e d  in a dense  l a y e r  of t h i c k n e s s  0.03 m.  

The  t e m p e r a t u r e  was m e a s u r e d  at  t h r e e  po in t s :  at 0.005 m f r o m  the b o t t o m ,  in the  c e n t e r  of the  l a y e r ,  
and at 0.005 m f r o m  the  top;  C h r o m e l - - C o p e l  t h e r m o c o u p l e s  w e r e  u s e d  with w i r e  d i a m e t e r s  of 0.2 r am,  which  
w o r k e d  into an ]~PP-09M a u t o m a t i c  p o t e n t i o m e t e r ,  c l a s s  0.5. 

F i g u r e  1 shows  the m e a n  t e m p e r a t u r e  of the  l a y e r  a s  a func t ion  of t i m e  ( a ) and  the  amoun t  of w a t e r  r e m o v e d  
(b), in each  c a s e  f o r  s e v e r a l  d i f f e r e n t  t e m p e r a t u r e s  of the  d r y i n g  agen t .  

The  c u r v e s  a r e  c l e a r l y  nonmonoton ie ;  the  i n i t i a l  m e a n  t e m p e r a t u r e  a f t e r  hea t  t r e a t m e n t  is  54-57~ a t  
the  s t a r t  of  d r y i n g .  

The  n e g a t i v e  i n t e r n a l  hea t  s o u r c e  i n i t i a l l y  c a u s e s  the  t e m p e r a t u r e  to  f a l l ,  but s u b s e q u e n t l y  the  l a t t e r  
r i s e s  aga in .  

The  t i m e  c o r r e s p o n d i n g  to the  m i n i m u m  sh i f t s  i n i t i a l l y  as  the  d r y i n g  t e m p e r a t u r e  i s  r a i s e d ;  in each  p a r -  
t i c u l a r  c a s e ,  tha t  t i m e  r e p r e s e n t s  40-44% of the t o t a l  d r y i n g  t i m e .  

F i g u r e  1 shows tha t  the  m i n i m u m  in each  c a s e  c o r r e s p o n d s  to the  s a m e  w a t e r  c o n t e n t :  

u' --  1.90 ~ 0.03 kg/kg. 

The  s p e e d  of the  d r y i n g  agen t  has  a s i m i l a r  e f fec t  on the c o u r s e  of  the  c u r v e s  and the p o s i t i o n  of the m i n i m u m .  

F o r  c o n v e n i e n c e  in s u r v e y i n g  the da t a  on B and Rb ,  the e n t i r e  r a n g e  of w a t e r  con ten t s  ( f rom u0 to ~f) is  
s p l i t  up into  two r a n g e s :  f r o m  ~0 to fi' and f r o m  the l a t t e r  to  f ir .  

The  fo l lowing  r e l a t i o n s h i p s  app ly  [1] fo r  Rb and B fo r  a c o l l o id  wi th  c a p i l l a r y  p o r e s :  
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Fig ,  2 
F i g .  1. Mean t e m p e r a t u r e  t" (~ of m a t e r i a l  f o r  v a r i o u s  t e m p e r a t u r e s  of  the  d r y i n g  agen t  a s  a f u n c -  
t ion  of: a) t i m e  ~- (min);  b) w a t e r  con ten t  fi (kg /kg) .  

F i g .  2. D i m e n s i o n l e s s  t e m p e r a t u r e  coe f f i c i en t  B a s  a funct ion  of w a t e r  con ten t  fo r :  a) fou r  t e m -  
p e r a t u r e s  o f  the  d r y i n g  agent ;  b) s p e e d s  v ( m / s e e )  of  the  d r y i n g  agent :  1) 0.6; 2) 1; 3) 1.4. 

Rb = aff'~, 

B = cun. 

The m e a s u r e m e n t s  fo r  u s e  in (1) and  (2) w e r e  p r o c e s s e d  s e p a r a t e l y  fo r  e a c h  of  the  r a n g e s  in w a t e r  
con ten t .  

(b). 

(1) 

(2) 

F i g u r e  2 shows  B a s  a func t ion  of  fi f o r  v a r i o u s  t e m p e r a t u r e s  (a) and v a r i o u s  s p e e d s  in the  d r y i n g  agent  
The  fo l lowing e m p i r i c a l  r e l a t i o n s h i p s  w e r e  d e r i v e d :  

B = (0.088--0.052.10-2td)u '~ for u'~< U~Uo, (3) 

B = (0.052.10-~/d--0,019)u -1"34 for uf ~ u ~ u ' .  (4) 

The  da ta  on Rb w e r e  p r o c e s s e d  s i m i l a r l y  to g ive  the  fo l lowing e m p i r i c a l  r e l a t i o n s :  

Rb = (0.0200 - -  0,0118- 10-~/d ~ u 2.~ for u ' -~ u -~ u0, (5) 

Rb = (0.022.10-2/d--0.088) u -~ for ~f ~ u ~ u ' .  (6) 

The  c o e f f i c i e n t  of v a r i a t i o n  in the  r e s u l t s  f r o m  (3)-(6) does  not e x c e e d  6%. 

An equa t ion  has  p r e v i o u s l y  been  g iven  [1] fo r  the  m e a n  t e m p e r a t u r e  of the  m a t e r i a l ,  which  can  be u sed  
with  (3) and (4) to g ive  an equa t ion  f o r  the  m e a n  t e m p e r a t u r e  of  the  bed:  

__ • _ _  ..!1,7 - -  2,59. lO-2/d--  2,53. lO-'t~ (u2,O~ __u2.O~) 
U o 

for u' ~ u <~ Uo, (7) 

g'= -t~+, 15.3.  lO-~t~ - -  36.2. lO-2td - -  15.3 
u' 

(-u-o. 3~ . _ ~ , - o . 3 4 )  

fo~ ~r K ~ K ~ ' .  (8) 

When (8) i s  u s e d ,  the  m e a n  t e m p e r a t u r e  of the  bed  (for u = f i ' ) ,  n a m e l y ,  t~,  i s t a k e n  as  the  r e s u l t  f o r  
the  t e m p e r a t u r e  f r o m  (7) with fi = fiT. 
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The coefficient of variat ion obtained in using (7) and (8) does not exceed 7%. 

N O T A T I O N  

B, dimensionless tempera ture  coefficient;  Rb, Rebinder number; t ,  mean tempera ture  of the material ;  
td, t empera tu re  of drying agent; Td2 absolute tempera ture  T d = t d + 273~ ~, mean (bulk) water content of 
mater ia l ;  ~0, initial water  content; u f ,  final water content. 
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The separation of hydrocarbon gases in a turbulent tube is calculated by means of the 
mater ia l -ba lance  method. The resul ts  are  compared  with experimental  data. 

At present ,  there  are  very  many works on turbulent tubes u s e d  in the gas - r e t r ea tmen t  industry.  How- 
ever ,  there are  few data on the possibility of calculating the separat ion of hydrocarbon gases in such tubes 
[1-61. 

The process  of gas separat ion in a turbulent tube may be represented  as follows: tangential introduction 
of gas through a taper ing nozzle; condensation of heavy hydrocarbons at the exit f rom the nozzle; centrifugal 
separat ion of the result ing g a s - l i q u i d  mixture to give an axial (cold) gas flow depleted in heavy hydrocarbons 
and an enriched (hot) gas flow at the wall. 

For  considerable velocities at the nozzle outlet (Mach number 0.9 < M < 1.5) condensation is a nonequi- 
l ibrium process  [3]. However, if a se r ies  of assumptions is made (for example,  assuming the nozzIe to be 
sufficiently large),  it is possible to proceed as for equilibrium separat ion of multicomponent sys tems using 
the mater ia l -ba lance  method 

n 

x~ = 1 + e (ki  - -  1) 
i ~ l  i-- 

2 klzi 
x~ = 1 + e(k~ --1) 

i = i  /=1 

= l ,  

--1.  

The equilibrium constants k i are  determined by expressing them as a function of the convergence p res -  
sure  according to the NGPA atlas.  As the pa rame te r s  for  the calculation of the ki, we take the measured  sta-  
tic p r e s su re  at the outlet f rom the turbulent-tube nozzle and the corresponding calculated static temperature:  

Transla ted f rom Inzhenerno--Fizicheskii Zhurnal,  Vol. 31, No. 1, pp. 126-128, July,  1976. Original 
ar t icle  submitted April  1, 1975. 
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