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A method is proposed for an approximate analytic calculation of the 
heating kinetics of a moist disperse material in a vibro-ftuidized bed 
with conductive heat supply. 

In the  d e h y d r a t i o n  of c e r t a i n  d i s p e r s e ,  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 ,  one of the m o s t  e f fec t ive  me thods  
is  d r y i n g  in a v i b r o - f l u i d i z e d  bed  with  a conduct ive  
hea t  supply .  In equ ipment  of th is  type,  f lu id iza t ion  of 
the  bed  of d i s p e r s e  m a t e r i a l  may  be a c c o m p l i s h e d  
th rough  v i b r a t i o n  of the hea t ing  s u r f a c e - - t h e  bo t tom 
of the work ing  c h a m b e r .  Then the m a t e r i a l  be ing  
d r i e d  e x p e r i e n c e s  p e r i o d i c  d i s t u r b a n c e s  due to the 
h a r m o n i c  mot ion  of the  hea t ing  s u r f a c e ,  is  i n t ense ly  
mixed ,  u n i f o r m l y  hea ted  throughout  i t s  whole m a s s ,  
and moved  f r o m  the  loading  point  to the point  of d i s -  
c h a r g e  of the  end -p roduc t .  

At  the Moscow Techno log i ca l  Ins t i tu te  of the  Food 
Indus t ry ,  e x p e r i m e n t a l  and t h e o r e t i c a l  i nves t i ga t i ons  
have  been  conducted  into the  d r y i n g  of a m o i s t  d i s -  
p e r s e  m a t e r i a l  in a v i b r o - f l u i d i z e d  bed .  The m a t e r i a l  
chosen  for  d r y i n g  was  c r y s t a l l i n e  g r a n u l a r  s u g a r  con-  
ta in ing  ma in ly  s u r f a c e  m o i s t u r e ,  which is  u sua l ly  
r e m o v e d  in the cons t an t  r a t e  s t age .  

The e x p e r i m e n t a l  r e s u l t s  ind ica te  tha t  th is  me thod  
of d r y i n g  a l lows  the p r o c e s s  to be c o n s i d e r a b l y  in-  
t ens i f i ed ,  while fully retaining the quality of the 
thermally unstable material. The intensity of heat 
and mass transfer in a vibro-fluidized bed is deter- 
mined by the temperature of the heating surface, the 
properties of the disperse material, and the vibra- 
tion regime, i. Co, the frequency and amplitude of 

the oscillations of the system. 
It is known that in drying thermally unstable 

materials, the variation and the absolute value of 
the temperature are amongst the most important 
factors influencing the quality of the end-product. 

The present paper attempts an analytic investigation 
of the heating kinetics of the material, applicable 
to the stage of constant drying rate, with the object 
of obtaining a design relationship based on the 

established laws of drying of a moist disperse 

material in a vibro-fluidized bed. 
In deriving the calculation equations the following 

assumptions were made: 
1. The t e m p e r a t u r e  of the  m a t e r i a l  be ing  d r i e d  in 

the s ec t ion  of the c h a m b e r  unde r  examina t i on  ( s e e  
f igure)  i s  a s s u m e d  to be cons t an t  at  a given ins t an t  
of t ime  ove r  the height  of the v i b r o - f l u i d i z e d  bed.  
This  a s s u m p t i o n  e n s u r e s  an op t imum h y d r o d y n a m i c  
r e g i m e  of v i b r o - f l u i d i z a t i o n  with i n t ense  mix ing  of 
the p a r t i c l e s  in the bed.  

2. Zero-gradient heating of the particles is as- 
sumed. This assumption with regard to heat transfer 
in the fluidized bed may be considered permissible 
fo r  va lues  of the  Blot  n u m b e r  l e s s  than un i ty  (Bi < 1). 
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C a l c u l a t i o n  s c h e m e  for  equ ipment  wi th  v i b r o -  
f lu id i zed  bed.  

3. The e f fec t ive  hea t  t r a n s f e r  coef f i c ien t  in the  
s y s t e m  s tudied,  r e f e r r e d  to the h e a t - e m i t t i n g  con tac t  
s u r f a c e ,  i s  a s s u m e d  to be cons tan t .  We note  tha t  the 
va lue  of ef fec t ive  hea t  t r a n s f e r  coe f f i c i en t  t a k e s  into 
account  both hea t  t r a n s f e r  f rom the hea t ing  s u r f a c e  
(see  f igure) ,  and heat  t r a n s f e r  be tween  p a r t i c l e s  in 
the  bed.  

4. The t e m p e r a t u r e  of the hea t ing  s u r f a c e  ove r  
the entire area of the equipment is assumed to be 

invariant and equal to t w. 
5. The heat losses to the external medium are 

assumed to be negligibly small. 
As a result of these assumptions, we have, for a 

volume element of a vibro-fluidized bed of moist 
disperse material of length dx 

G~r dW. (I) ~zeffFsp (t w - -  0~,) dx = G~CMd 0 M -F 1004_W 1 

The length of the e l e m e n t a r y  s e g m e n t  dx of the ap -  
p a r a t u s  in the d i r e c t i o n  of mot ion  of the m a t e r i a l  
may  be r e p r e s e n t e d  as  fol lows:  

dx = v~ d "< (2) 

Substituting (2) into (I), after certain transforma- 

tions we have 

d OM %ffFspV,~ ( tw--  @M) -- dW r (3) 
d'~ G,~C M d'~ CM(IOO-~-W j "  

In the stage of constant drying rate,  (dW)/(dr) = 

= N = eonst. We put 

- -  Nr/C. (100+ W1) = A, (4) 

a eff FspvM/Q~C,~ = B, (5) 
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From (3), taking (4) and (5) into account, wehave  

d ~ = d O~/[A + S (tr OM)]. (6) 

Integrating (6) over  the appropr ia te  l imits ,  we 
obtain the following express ion  for calculating the 
heating kinetics of the mois t  mater ia l :  

capacity of drying equipment; r - -speci f ic  heat of va-  
porizat ion;  r - - t ime ;  vM--ra te  of t ranspor t  of mate r ia l  
along heat t r ans fe r  surface ; CM--heat capacity of 
mate r ia l ;  | |  - a m b i e n t  and initial t empera tu re  
of mater ia l ,  respect ive ly ;  Wi--initial mois ture  con- 
tent mate r ia l ;  tw-- tempera ture  of heating surface .  

1 A + B (tW-- C~) 
.~ = -~ In A + B ( t w _ _ ~ - ~ .  ) . (7) 

The t empera tu re  of the mate r i a l  being t ranspor ted  
over  the vibrat ing heating surface  at any instant of 
t i m e  is 

OM = to) + A/B-5' B-* [A + B (tw--Oi)].e -~a. (8) 

It  may be seen that Eq. (8) takes into account the 
main fac tors  mentioned above as determining the 
heating kinetics of a mois t  d i sperse  mate r i a l  under-  
going drying in a vibro-f luidized bed. 

The resu l t s  of the exper imental  investigation 
indicate sufficiently good agreement  between the tes t  
data and the theoret ical  data calculated f rom Eq. (8). 

NOTATION 

neff- -effect ive  heat t r ans fe r  coefficient,  r e f e r r ed  
to contact a rea  of heating sur face ;  Fsp--speci f ic  a rea  
of contact su r f ace ,  r e f e r r ed  to unit length of appara-  
tus; N-- ra te  of drying in constant rate  s tage;  G M -  
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