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A differential equation is given for the heat and mass transfer accompanying the passage of 

a rapid stream of air through a capillary-porous substance. 

There are differential equations for molar-molecular mass and heat transfer in capillary-porous 

substances [1-3]. 

It was assumed in the derivation of these equations that the vapor-air mixture moves slowly through 

the pores and, hence, is in thermal and molecular equilibrium with the liquid and "skeleton." 

There are cases in practice where air is blown through a porous material to accelerate heat and mass 

transfer. Moisture is transported mainly in the form of vapor, which is entrained by the air flow and forms 

a binary mixture with it. The temperature of the vapor-air mixture in this case may differ from the tem- 

perature of the "skeleton" and the liquid-phase moisture in contact with it. 

An example of such a process is the drying of raw cotton by blowing air through it. 

A step towards the obtention of an analytical expression connecting the physical characteristics of 

the effects occurring in such processes is to derive an appropriate differential equation. 

We consider a capillary-porous or colloidal capillary-porous substance with a lyophilic "skeleton." 

The mass-transfer equations can be written in the form [3] 

O(p~ --  div(Jmi + Jh~) -t- I~ ( i =  1,2, 3). (1) 
O~ 

In  the  c a s e  of  a r a p i d  f l ow  of  a i r  we  c a n  a s s u m e  t h a t :  

j,~ =0, 

j~  = O, 

Then  (1) can  be w r i t t e n  in the f o r m  

div]~3=O, (2) 

I t ~ - -  I2, 

13 ~ O+ 

a u  l 
Po - ~  ---- - -  12, 

Ou 2 
Po --~- = O, 

Oua 
po-~-  T = O. 

(3) 
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Using (2) and (3) we can put the differential heat-transfer equation 

_o 3 3 

(hop o § ~hiOoU,) = - -  div [Jo § ~ (Jm, § ]hi) hi] 
0 T  i = 1  i = 1  

fo r  a m a t e r i a l  l i ke  r a w  co t ton ,  which  has  low t h e r m a l  c o n d u c t i v i t y ,  in the f o r m  

Ot 00 = (cd - -  qO) I~. 
C0o 0-T + %%00 

(4) 

(5) 

H e r e  c = c 0 + c lu  i is  the s p e c i f i c  hea t  of the m o i s t  m a t e r i a l ;  evu v = e2u 2 + cau 3 is  the s p e c i f i c  hea t  of the 
v a p o r - a i r  m i x t u r e ;  the s u b s t a n t i a l  d e r i v a t i v e  is  

dO 00 
- -  = - -  + wgrad0. 
dT 0"c 

If we i n t r o d u c e  a bulk  h e a t - t r a n s f e r  c o e f f i c i e n t  a v and a s p e c i f i c  l a t e n t  h e a t  of v a p o r i z a t i o n ,  the fac t  
tha t  the hea t  t r a n s f e r r e d  f r o m  the v a p o r - a i r  m i x t u r e  goes  t o w a r d s  he a t i ng  of the m o i s t  m a t e r i a l ,  p h a s e  
t r a n s i t i o n ,  and hea t i ng  of the v a p o r ,  can  be w r i t t e n  in the f o r m  

~ (o t) = Coo ot + 0r [r + c a (0 - -  t) 1I 2. (6) 

The s e c o n d  t e r m  in the s q u a r e  b r a c k e t s  can  be n e g l e c t e d  in v iew of i t s  s m a l l n e s s  in c o m p a r i s o n  wi th  the 
f i r s t  t e r m  and then 

0 = t +  al Cpo~-T § rI2 ' (7) 

d~ % &c ~ \ % 0~ a v c]-~- " (8) 

E q u a t i o n  (5) f o r  the o n e - d i m e n s i o n a l  c a s e  is  w r i t t e n  in the f o r m  

o2t % I i + % ot r 0.1 
0--- 7 + wx ~ + . . . . . . . .  \ 0. (9) 

Po %% C ] Or poC Ox Ccvuv P0 & 

The b o u n d a r y  and i n i t i a l  c o n d i t i o n s  a r e  d e t e r m i n e d  by the t e m p e r a t u r e  and m o i s t u r e  con ten t  of the 
v a p o r - a i r  m i x t u r e  b e f o r e  e n t r y  into the l a y e r  and  the i n i t i a l  t e m p e r a t u r e  and m o i s t u r e  con ten t  of the p o r o u s  
m a t e  r i M .  

I n t r o d u c i n g  the d i m e n s i o n l e s s  q u a n t i t i e s  

t* --,t--ti u* = U i - - u ~ ,  x = - - x  (10) 
0 i - - t i  u i R ' 

w h e r e  t i ,  0i ,  and u i a r e  the  i n i t i a l  t e m p e r a t u r e s  and m o i s t u r e  conten t ,  we  can  put  Eq .  (9) in the d i m e n s i o n l e s s  
f o r m  

02t * 02t * [ . , 0t* PeK Or* Ou*] 
c)F---oWPeoFoO X + N u ~ / ( 1  § r,,C)~o + ~ - ~  + K o  = 0 .  (11) 

0FoJ  

H e r e  Nu v = a v R 2 / k v  - t h e  bu lk  t h e r m a l  N u s s e l t  n u m b e r  - c h a r a c t e r i z e s t h e  i n c r e a s e  in hea t  t r a n s f e r  b e -  
tween  the v a p o r - a i r  m i x t u r e  m o v i n g  th rough  the p o r e s  of the " s k e l e t o n "  o v e r  that  due to hea t  conduc t ion  
a lone  in a s t a t i o n a r y  m e d i u m ;  Kc = CvUv/C is  a p a r a m e t r i c  c r i t e r i o n .  The  o t h e r  c r i t e r i a  a r e  deno ted  by 
the u sua l  s y m b o l s .  

/90 

ui 
Jmi  
Jki 
I i 
hi  

NOTATION 

is  the d e n s i t y  of the  " s k e l e t o n " ;  
is  the s p e c i f i c  m a s s  con ten t  of i - t h  s u b s t a n c e ;  
i s  the s p e c i f i c  m o l e c u l a r  f low of i - t h  s u b s t a n c e ;  
i s  the c o n v e c t i v e  f low of  i - t h  s u b s t a n c e ;  
is  the s t r e n g t h  of s o u r c e  of  i - t h  s u b s t a n c e ;  
is  the s p e c i f i c  e n t h a l p y  of i - t h  s u b s t a n c e ;  
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jq is the heat  flow according  to the Four i e r  law; 
c i is the specif ic  heat;  
t is the averaged  t e m p e r a t u r e  of the " s ke l e ton" - l i qu id  sys tem;  

is the t e m p e r a t u r e  of the v a p o r - a i r  sys tem;  
k is the the rma l  conductivity;  
w is the veloci ty  of the v a p o r - a i r  mixture .  

S u b s c r i p t s  

0 denotes the "skeleton"; 
1 denotes the liquid; 
2 denotes the vapor ;  
3 denote s the a i r ;  
v denotes the v a p o r - a i r  mix tu re .  

l~  
2. 

3. 
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