
R E L A T I O N  B E T W E E N  D I M E N S I O N L E S S  N U M B E R S  

AND D R Y I N G  T E M P E R A T U R E  C O E F F I C I E N T  

P .  S. K u t s  a n d  A. 1. O l ' s h a n s k i i  UDC 536.423 

The resul ts  of an analytical calculation of the relation between dimensionless  number s  and 
drying temperature  coefficient are presented.  

The sys tem of differential equations of heat and mass  t ransfer  for convective drying is solved for 
boundary conditions of the third kind. In this case the boundary conditions relate  the values of the t rans fe r  
potentials on the surface of the bodywith  the corresponding potentials of the medium in t e rms  of the laws of 
convective heat and mass  t ransfer  on the surface.  Newton's law is usually used as the law of convective 
heat t ransfer  and Dalton's  taw as the law of surface mass  t ransfer .  

The coefficients of heat t ransfer  aq and mass  t ransfer  a m figuring in Newton's and Dalton's  laws 
depend in the general  case on the regime pa ramete r s  and are var iables  for the period of a decreas ing  rate 
of drying. 

Usually to simplify the solutions one assumes  the t ransfer  coefficients and temperature  of the med-  
ium to be constant for the entire surface of the body. The sys tem of differential equations of heat and mois -  
ture t ransfer  in generalized variables  for the one-dimensional  problem has the form [1-3) 

aT(X,oFoFO) _ (1 -k- eKoPnLu) I 02T(g'dg 2 Fo) 4- gr OT(X,ax Fo) i 

OUO(X,Fo Fo) _ Lu [ aX'(X' Fo) _- xr av (X,ox So) ] 

_ L u P n [  a~T(X, Fo) F aT(X, Fo) ] 
ax" " + X OX " 

(2) 

The dimensionless boundary conditions of the third kind as applied to the system of Eqs. (i) and (2) 
can be written so: 

OT(I, Fo) - - B i q [ 1 - - T ( l ,  Fo)] + ( 1 - - e )  KoLuKi m(Fo) = 0 ;  (3) 
OX 

_ OU (1, Fo). -t- Pn aT (1, Fo) + Ki m (Fo) = 0. (4) 
OX dX 

The most  typical form of the relation of the dimensionless  flux of mater ia l  for convective heat and 
mass  t ransfer  (2) is the relation 

Ki,~, = Bi n [1 U(I, Fo)], (5) 

i. e . ,  the flux of material on the surface of the body is a function of the mass transfer potential. The pro- 
b[em is considered symmetric, i . e . ,  

T (0, Fo) =/= oo, aT (0, Fo) au (0, Fo) 0, (6) 
OX a x  u (0, Fo) =/= oc. 
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Fig.  1. Dry ing  t e m p e r a t u r e  coef f ic ien t  as a function of the: a) Lu and Kossov ieh  n u m b e r s ;  
b) phase  t r ans i t i on  n u m b e r  and h e a t - t r a n s f e r  Biot  number ;  c) p roduc t  aKo; b = ( d T / d F o ) / d u  
/ d F o ;  1 ) F o  = 0.5; 2) 1.0; 3) 3.0. 

At the end of the per iod  of a cons tan t  d ry ing  r a t e  the d is t r ibu t ion  of T and U follows the pa rabo l i c  
law. However ,  we can use s i m p l e r  init ial  condi t ions  in the f o r m  

T(X, Fo) = U(X, Fo) = 0 (7) 

and the t ime is r eckoned  f r o m  the s t a r t  of d ry ing .  

The solut ion of the s y s t e m  of equa t ions  of  heat  and m a s s  t r a n s f e r  (1) and (2) with boundary  condi -  
t ions (3), (4) fo r  an unbounded plate  has the f o r m  [1] 

T (X, Fol = 1 - -  ~ Ca i cos (v~t=X) exp ( - -  F~ Fo); (8) 
n=l i= l  

co 2 

s Ko C~ (1 - -  v~) cos (%p~X) eXp (--  ~ Fo). (9) 
n-- i  i=[ 

The cons tan t  coef f ic ien ts  Cni a re  de t e rmined  by the c o r r e s p o n d i n g  equat ions  [2]: they depend on the 
n u m b e r s  e, Ko, Biq,  Bim,  and Lu. In this  case  the solut ions  (8) and (9) have an approx ima te  c h a r a c t e r  in 
the sense  that  the laws of convec t ive  m a s s  and heat  t r a n s f e r  a re  inappl icable  to the d ry ing  p r o c e s s  in the 
pe r iod  of a d e c r e a s i n g  r a t e  (2), (4). 

The d i m e n s i o n l e s s  r a t e  of change of  the potent ia ls  of t r a n s f e r  of  heat  and m a t e r i a l  can be obtained 
by d i f fe ren t ia t ion  of Eqs .  (8) and (9) with r e s p e c t  to Fo:  

d~ ~ 2 
= oxp ( - , <  Fo); (10) 

dFo % 
a=l i=1 

du- _ 1 ~ Cn * sin %Fnexp (--  F2n Fo). (11) 
dFo eKq ~14 % 

/~=I /=1 

The d r y i n g  t e m p e r a t u r e  coef f ic ien t  is d e t e r m i n e d  f rom Eqs .  (10) and (11) 

b = - d T / d  Fo 
d u / d  Fo 

The solut ion of the s y s t e m  of d i f fe ren t ia l  equa t ions  of heat  and m o i s t u r e  t r a n s f e r  gives  the d ry ing  
t e m p e r a t u r e  coef f ic ien t  as  a function of a la rge  g roup  of hea t -  and m a s s - t r a n s f e r  d i m e n s i o n l e s s  n u m b e r s  

b = f(Fo, Lu, Biq, Ko, Bi,~, e). 

However ,  not all d i m e n s i o n l e s s  n u m b e r s  equal ly affect  the c o u r s e  of the p r o c e s s .  

As a r e s u l t  of  so lv ing  s y s t e m  of Eqs .  (10) and (11} on a Minsk-22  c o m p u t e r ,  we obtained the r e s u l t s  
of the dependence  of  individual  d i m e n s i o n l e s s  n u m b e r s  of heat  and m a s s  t r a n s f e r  on the d ry ing  t e m p e r a t u r e  
coeff ic ient .  
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The Lu n u m b e r  has  the m a x i m u m  e f f ec t  on the d r y i n g  t e m p e r a t u r e  coe f f i c i en t .  We see  in F ig .  18 

that  wi th  an i n c r e a s e  of  Lu the d r y i n g  t e m p e r a t u r e  c o e f f i c i e n t  i n c r e a s e s .  The m o s t  i n t e nse  i n c r e a s e  of 
c o e f f i c i e n t  b o c c u r s  at  the s m a l l e s t  v a l u e s  of the F o  n u m b e r .  Th i s  i s  e x p l a i n e d  by the fac t  that  a t  the s t a r t  
of the d r y i n g  p r o c e s s  the r a t e  of change  of t e m p e r a t u r e  in the m a t e r i a l  o u t s t r i p s  the r a t e  of  p r o p a g a t i o n  
of the m a s s  of  the bound s u b s t a n c e .  

The s u r f a c e  h e a t -  and m a s s - t r a n s f e r  Blot  n u m b e r s  ]3iq and Bi m have a c o n s i d e r a b l e  e f f ec t  on hea t  
and m a s s  t r a n s f e r .  F i g u r e  l b  shows  the d r y i n g  t e m p e r a t u r e  c o e f f i c i e n t  b a s  a funct ion of Biq.  An a n a l y s i s  
shows  that  for  s m a l l  v a l u e s  of Bi_ the r a t e  of change  of the hea t  t r a n s f e r  po t en t i a l  ( d T / d F o )  o u t s t r i p s  con-  
s i d e r a b l y  the r a t e  of change  of the q po ten t i a [  of the m a t e r i a l  ( d u / d F o ) ,  i . e . ,  the d r y i n g  t e m p e r a t u r e  c o e f f i -  
c i en t  i n c r e a s e s  wi th  a d e c r e a s e  of Biq.  With  an i n c r e a s e  of Biq the t r a n s f e r  p r o c e s s  i n t e n s i f i e s ,  and 
s i m u l t a n e o u s l y  wi th  th is  the g r a d i e n t s  of  the t r a n s f e r  p o t e n t i a l s  i n c r e a s e  in the m a t e r i a l .  The  d i m e n s i o n -  
l e s s  r a t e s  of change  of the p o t e n t i a l s  of hea t  and m a t e r i a l  change  such  that  wi th  an i n c r e a s e  of  F o  the 
Biq n u m b e r  has  an e v e r  l e s s e r  e f f ec t  on b. When F o  = 10 (Fig .  lb )  the d r y i n g  t e m p e r a t u r e  c o e f f i c i e n t  b (for 
Biq > 0.4) does  not depend  on Biq.  

The  phase  t r a n s i t i o n  n u m b e r  e has  the s a m e  e f f ec t  on the p r o c e s s  of hea t  and m a s s  t r a n s f e r  as  the 
K o s s o v i c h  n u m b e r .  The d i f f e r e n c e  c o n s i s t s  in the i n t ens i t y  of  the e f fec t  on hea t  t r a n s f e r :  the e f fec t  of e 
i s  c o n s i d e r a b l y  l e s s  than that  of Ko. The g raph  of the e f f ec t  of  e on b i s  ana logous  to the g raph  for  Ko 
(Fig .  l b ) .  With  an i n c r e a s e  of Ko and e the t e m p e r a t u r e  c o e f f i c i e n t  b i n c r e a s e s .  Wi th  an i n c r e a s e  of the 
F o  n u m b e r  the e f f ec t  of the Ko and e n u m b e r s  on b d e c r e a s e s ,  and when F o  = 10 the de pe nde nc e  b e c o m e s  

l i n e a r .  

In c o n c l u s i o n  we should note that  the d e t e r m i n a t i o n  of the de pe nde nc e  of the d r y i n g  t e m p e r a t u r e  co= 
e f f i c i en t  b on d i m e n s i o n l e s s  n u m b e r s  of hea t  and m a s s  t r a n s f e r  p e r m i t s  e s t a b l i s h i n g  the r e l a t i o n  be tween  
the R e b i n d e r  n u m b e r  and the t r a n s f e r  p r o p e r t i e s  of m o i s t  m a t e r i a l .  F o r  th i s  p u r p o s e  i t  i s  n e c e s s a r y  to 
use  a n a l y t i c a l  so lu t ions  of the s y s t e m  of  d i f f e r e n t i a l  equa t i ons  of  hea t  and m o i s t u r e  t r a n s f e r  in c a p i l l a r y -  

p o r o u s  b o d i e s .  

The p r o d u c t  eKo i s  often found in a n a l y t i c a l  so lu t i ons  of the p r o b l e m .  We have p r e s e n t e d  the d e p e n -  
dence  of th is  c o m p l e x  on the d r y i n g  t e m p e r a t u r e  c o e f f i c i e n t  in F ig .  l c .  The c h a r a c t e r  of t he se  c u r v e s ,  
n a t u r a l l y ,  i s  ana logous  to the c u r v e s  e = f(b) and Ko = f(b). 

x = x / a  

T = (t--t*)/tc--t*) 
(u*--u) / (u*--Up)  = g 
F 
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N O T A T I O N S  

is  the d i m e n s i o n l e s s  c o o r d i n a t e ;  
i s  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 ;  
i s  the d i m e n s i o n l e s s  m o i s t u r e  content ;  
i s  the c o n s t a n t  coe f f i c i en t  (for a p l a t e  r = 0); 
a r e  the hea t  and m a s s  t r a n s f e r  c o e f f i c i e n t s ,  
a r e  the r o o t s  of the c h a r a c t e r i s t i c  equa t ion ;  
a r e  the e h a r a e t e r i s t i c  n u m b e r s :  
i s  the p h a s e  t r a n s i t i o n  n u m b e r ;  
i s  the 
i s  the 
i s  the 
~s the 
i s  the 
~s the 
IS the 
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