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The conjugate problem of heat conduction with a moving boundary is 

formulated and solved in relation to conductive drying. The approxi- 
mate solution of the problem is analyzed and compared with theexper- 

imental data. 

The conduct ive  d ry ing  of ce l lu lose ,  p a p e r ,  t a r  p a p e r  
and o ther  thin f i b rous  m a t e r i a l s  invo lves  two s tages :  
the p e r i o d s  of cons t an t  ( f i r s t  pe r i od )  and fa l l ing  ( s e c -  
ond pe r iod )  d ry ing  r a t e  [10]. The l a t t e r  p e r i o d  i s  i t s e l f  
d iv ided  into two p a r t s ,  the bounda ry  be tween  which is  
the second  c r i t i c a l  m o i s t u r e  content .  W h e r e a s  the 
f i r s t  p e r i o d  c o r r e s p o n d s  to cons tan t  o r  s lowly  fa l l ing  
a v e r a g e  t e m p e r a t u r e ,  the f i r s t  p a r t  of the second  
p e r i o d  i s  c h a r a c t e r i z e d  by a s h a r p l y  fa l l ing  t e m p e r a -  
tu re ,  and the second p a r t  by a s h a r p l y  inc , :eas ing  
a v e r a g e  t e m p e r a t u r e .  

In a c c o r d a n c e  with the d ry ing  m e c h a n i s m  d e s c r i b e d  
by one of the au tho r s ,  the second  p e r i o d  beg ins  with 
the d e p r e s s i o n  of the evapora t ion  zone be low the h e a t -  
ing su r f ace .  Dur ing  the f i r s t  p a r t  of the second  pe r iod ,  
th is  d e p r e s s i o n  p r o c e e d s  much  m o r e  s lowly  than in 
the second.  

Thus,  in the second  p e r i o d  the m a t e r i a l  i s  d iv ided  
into two r e g i o n s - - a  d r y  and a wet reg ion;  e v a p o r a t i o n  
p r o c e e d s  at  the outer  su r f ace  of the m a t e r i a l  andbo th  
at  the bounda ry  be tween  the r e g i o n s  and in the m o i s t  
m a t e r i a l  ad j acen t  to the boundary .  The vapor  f o r m e d  
ins ide  the m a t e r i a l  d i f fuses  th rough  the wet r e g i o n  to 
the f r ee  su r f ace .  The t e m p e r a t u r e  of the evapo ra t i on  
s u r f a c e  at  the bounda ry  be tween  the r e g i o n s  d e c r e a s e s  
with t ime .  W h e r e a s ,  in the f i r s t  p a r t  of the second  
pe r i od ,  m o i s t u r e  i s  t r a n s p o r t e d  in the  fo rm of l iqu id  
and vapo r ,  in the second p a r t ,  i t  i s  t r a n s p o r t e d  p r i -  
m a r i l y  in vapor  fo rm.  

In the second  pe r i od ,  the amount  of hea t  t r a n s -  
f e r r e d  to the m a t e r i a l  f r o m  the hea t ing  s u r f a c e  f a l l s  
cont inuous ly  with t ime .  

It is  i m p o r t a n t  to m a k e  an ana ly t i c a l  d e t e r m i n a t i o n  
of the t e m p e r a t u r e  f i e lds  in the d ry ing  m a t e r i a l  dur ing  
the second p e r i o d  of conduct ive  d ry ing  and c o m p a r e  
them with the e x p e r i m e n t a l l y  obta ined  f i e lds .  This  
would make  i t  p o s s i b l e  to r e f i ne  the p r o p o s e d  m e c h a -  
n i sm  of the p r o c e s s  and deve lop  a t h e o r e t i c a l  me thod  
of ca l cu l a t i ng  conduct ive  d ry ing .  

F o r  th is  p u r p o s e ,  i t  i s  n e c e s s a r y  to so lve  the non-  
s t e ady  conjugate  bounda ry  va lue  p r o b l e m  of hea t  con-  
duct ion with a moving  bounda ry  be tween  the d r y  and 
wet r e g i o n s  of the m a t e r i a l .  The d r y  r e g i o n  g rows  
t h i cke r  and the wet  r e g i o n  g rows  th inne r  with t ime .  

As  f a r  a s  the a u tho r s  a r e  aware ,  such p r o b l e m s  
have not been  so lved  or  even app l i ed  fo r  d ry ing  p u r -  
p o s e s  excep t  in the  work  of c e r t a i n  J a p a n e s e  s c i e n t i s t s  
[6] who a t t emp ted  to ana lyze  the d ry ing  p r o c e s s  in r e -  
l a t ion  to the end s tage  of convec t ive  d ry ing  of g r a n u l a r  
and p o w d e r e d  m a t e r i a l s .  

We a t t empt  to f o r m u l a t e  the p r o b l e m  as  i t  app l i e s  to 
conduct ive  d ry ing .  

Cons ide r  a m o i s t  c a p i l l a r y - p o r o u s  body in the fo rm 
of an inf in i te  p la t e  of t h i ckness  l (Fig .  1) in d i r e c t  con-  
t ac t  (x = 0 ) w i t h  a heat ing s u r f a c e  f rom which hea t  is  
t r a n s f e r r e d  to the body e x c l u s i v e l y  by  conduct ion a t  a 
f lux de ns i t y  q(T). The vapor  f o r m e d  can not  be t r a n s -  
p o r t e d  a c r o s s  the su r f a c e  x = 0,. At  the f r ee  s u r f a c e  
x = l, both the vapor  f o r m e d  at  that  s u r f a c e  and the 
vapor  f o r m e d  ins ide  the m a t e r i a l  and t r a n s p o r t e d  
through the body e scape  into the a mb ie n t  v a p o r - a i r  
m e d i u m .  The hea t  flow a c r o s s  an a r b i t r a r y  s u r f a c e  in 
the body i s  c o m p o s e d  of t h e  hea t  t r a n s p o r t e d  by the 
ske l e t a l  s t r u c t u r e  of the body,  by  vapo r ,  and by l iquid .  

The ana ly t i ca l  so lu t ion  of the conjugate  p r o b l e m  of 
hea t  conduct ion fo r  the f i r s t  d ry ing  p e r i o d  with a s t eady  
bounda ry  g ives  the in i t i a l  t e m p e r a t u r e  d i s t r i b u t i o n  
over  the t h i cknes s  of the body ta,~(x, 0) = t4(x, 0) = fl(x), 
which i s  the in i t i a l  d i s t r i b u t i o n  (at T = 0 ) f o r  the s e c -  
ond d ry ing  pe r iod .  Consequent ly ,  the t e m p e r a t u r e  of 
the body (tw) in the p lane  x = 0 i s  known. 

Af t e r  t ime  r = 0, the evapo ra t i on  zone s t a r t s  to be 
d e p r e s s e d  and the body i s  d iv ided  into d ry  and wet r e -  
g ions ,  the pos i t i on  of the b o u n d a r y  be ing  d e t e r m i n e d  
by the funct ion ~(r). The va lue  of th i s  funct ion g ives  
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Fig .  1. F o r m u l a t i o n  of the 
p r o b l e m .  
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the v a r i a b l e  t h i ckness  of the d r y  reg ion .  The t e m p e r a -  
t u r e  at  the b o u n d a r y  fa l ! s  with t ime .  

The r e g i o n  0 -< x -< ~(T), the d r y  r eg ion ,  c o n s i s t s  of 
the  c a p i l l a r y - p o r o u s  ske le ton  of the body.  The r e g i o n  
~(r)  -- x --< l, the wet  reg ion ,  c o n s i s t s  of the  ske le to t io f  
the  body,  l iquid,  and vapor ;  t he i r  t e m p e r a t u r e s  a r e  
i den t i ca l  as  a r e s u l t  of the in t ense  hea t  t r a n s f e r  within 
the body.  In view of the s m a l l  changes  in the t h e r m o -  
p h y s i c a l  p r o p e r t i e s  of the body within each  p a r t  of the 
second pe r iod ,  the  quant i t i es  a and X m a y  be a s s u m e d  
cons tant .  

In c a p i l l a r y - p o r o u s  bod ies  with a h ighly  deve loped  
su r f ace ,  evapo ra t i on  t akes  p lace  not  only at  the bound-  
a r y  but  a l so  in the ad jacen t  wet  vo lume.  T h e r e f o r e ,  
hea t  s inks  should  be  taken  into account~ both in the 
bounda ry  condi t ion  a t  the d r y - w e t  bounda ry  and in the 
d i f f e r en t i a l  equat ion of the wet r eg ion ,  in the f o r m  of 
cont inuous ly  d i s t r i b u t e d  hea t  s inks .  

However ,  fo r  s i m p l i c i t y ,  we will  a s s u m e  that  i n t e r -  
nal  evapo ra t i on  t akes  p lace  only at  the moving bound-  
a ry ,  whose pos i t i on  i s  d e t e r m i n e d  by the funct ion ~(T). 

The amount  of hea t  expended on evapo ra t i on  at  the 
bounda ry  can  be  d e t e r m i n e d  f rom the to ta l  hea t  flux 
suppl ied  dur ing  d ry ing  and the modi f i ed  phase  t r a n s i -  
t ion c r i t e r i o n  e [10]. This  c r i t e r i o n  e s t i m a t e s  the f r a c -  
t ion of hea t  t r a n s p o r t e d  by  the vapor  ( formed,  in th is  
p a r t i c u l a r  ca se ,  a t  the  evapo ra t i on  su r f ace )  r e l a t i v e  
to the tOtal hea t  f lux f rom the hea t ing  su r f ace .  I t  has  
d i f f e ren t  va lue s  in  the f i r s t  and second p a r t s  of the 
second  pe r iod .  

M a t h e m a t i c a l l y ,  the p r o b l e m  m a y  be  f o r m u l a t e d  as  
fo l lows:  

Ot~ i~t8 
O-~-=a30-~- at  x > O ,  O ~ < x ~ ( ' r ) ,  (1) 

O--~Ot4 = a4 ox--- UO~t* at ~ > 0 ,  ~ (x) .<~ x ..< l = const . (2) 

The in i t i a l  condi t ions  a r e  

t 3 (X, O) = t 4 (X, O) = [1 (X). (3) 

The bounda ry  condi t ions :  
a) a t  the ou te r  f ixed  bounda r i e s ,  

x = 0  

0is(0' x) = q(x), q(x) =~ 0, (4) 
Ox 

where  q(r)  i s  some  continuous funct ion of t ime;  

x = l  

X40t~(l' ~) ( l - - e )  q('~) = O; (5)  

Ox 

b) at  the moving  i n t e r f a c e  at  x = ~(r), the bounda ry  
condi t ions  wil l  be:  equa l i ty  of the t e m p e r a t u r e s  of the 
d r y  and wet r e g i o n s  

hea t  f lux and the en tha lpy  change of the d r i e d  l a y e r ,  

~30t3(~, 1;) +~40t~(~, ~) = e  rm (x) - -  A I, (7) 
Ox Ox 

where  m(r)  i s  some  cont inuous function of t ime .  
Equat ion (7) i s  the mod i f i ed  hea t  ba l ance  equation.  

The hea t  in t roduced  at  the i n t e r f ace  toge the r  with the 
change of en tha lpy  due to phase  t r a n s i t i o n  (it "makes  
up n the hea t  flux) i s  expended on the evapora t ion  of 
m o i s t u r e  at  the moving  boundary .  

The quant i ty  AI can be  found f r o m  the e x p r e s s i o n  

Al_~capat3(~ ' ~) d~ d~ - ~ -  c~p, q (5, ~) d~  = 

d~ 
= [c~ p3t3 (g, ~) --c4p4t,(~,  ~)1 ~ - .  (8) 

Subst i tut ing (8) into (7), we obtain 

0 t~ (~, , )  + x,  oq(~, T) m (,) r e + [c,,o, t ,  (~, ~) - -  
- -  X3 ~ Ox 

d~ 
- ca p~t~ (~, T)I d-T" (9)  

The hea t  l o s s e s  due to hea t  exchange with the a m b i -  
ent  m e d i u m  a r e  s m a l l .  T h e r e f o r e ,  in condi t ion (5) 
they a r e  not taken  into account .  

We d e t e r m i n e  the t e m p e r a t u r e  f i e ld  in the d r y  and 
wet r e g ions  and the law of mot ion  of the i n t e r f ace .  

P r o b l e m  (1)- (6) ,  (9) d i f f e r s  f r o m  the c l a s s i c a l  
Stefan p r o b l e m  [2-8]  in that:  a) the bounda ry  cond i -  
t ions  a r e  funct ions  of t ime;  b) the t e m p e r a t u r e  at  the 
i n t e r f ace  i s  not cons tan t  but  v a r i e s  with t ime;  c) the 
bounda ry  condi t ion at  the moving bounda ry  a l so  d i f f e r s  
f r o m  the Stefan condi t ion  in that  i t  conta ins  t ime  in 
exp l i c i t  fo rm;  d) the p r o b l e m  is  conce rned  with the 
t e m p e r a t u r e  f ie ld  in a body of f in i te  d imens ions .  I t  is  
a l so  d i f fe ren t  f r o m  the Ver ig in  p r o b l e m  [9] and the 
T o e i - H a y a s h i  p r o b l e m  [6]. 

Since, with a m i n o r  except ion ,  exac t  ana ly t i c  s o l u -  
t ions  of p r o b l e m s  with a moving  bounda ry  have not ye t  
been  obtained,  we use  an a p p r o x i m a t e  method  that  
y i e lds  a so lu t ion  of eng inee r ing  a c c u r a c y .  This  i s  L e i -  
b e n z o n ' s  method  [3] b a s e d  on r e p l a c e m e n t  of the ac tua l  
t e m p e r a t u r e  c u r v e s  b y  t h e i r  a p p r o x i m a t e  ana logs .  

A m a t h e m a t i c a l  a n a l y s i s  of the e x p e r i m e n t a l  da t a  
on the t e m p e r a t u r e  f i e lds  in d r y i n g  ce l lu lose ,  c a r d -  
boa rd ,  f i b e r g l a s ,  c lay,  and sand [1, 10] has  showntha t  
the t3 and t 4 d i s t r i b u t i o n s  with r e s p e c t  to the x - c o o r d i -  
nate may,  with a suf f ic ient  d e g r e e  of a c c u r a c y ,  be 
a s s u m e d  l i ne a r .  

Then 

t3(x, x) = cl (x) + c~(x)x, (10) 

h (x, ~) = ca (T) + ca (~)x. (11)  

t~ (~, "0 = q (L t) = tw f (~), (6)  

where  f ( T )  i s  all a r b i t r a r y  continuous funct ion of t ime  
equal  to 1 at  r = 0, i . e . ,  at  the in i t i a l  ins tan t ,  the t e m -  
p e r a t u r e  at  the i n t e r f ace  i s  equal  to tw; equa l i ty  of the 
hea t  f luxes  with a l lowance  for  the p h a s e - t r a n s i t i o n  

In th is  case ,  the d i f f e r e n t i a l  equat ions  (1) and (2) 
a r e  r e duc e d  to the fo rm 

a 02t8 = O, (12) 
Ox ~ 
02t4 (13) 

a~ - -  = 0. 
Ox 2 
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F r o m  (12) and (13) and, c o r r e s p o n d i n g l y ,  f rom (10) 
and (11), r e s p e c t i v e l y ,  we find that  

Ot--A = c.~ (~)and Ot_~_~ = c~ (~). 
Ox Ox 

Using boundary  condi t ions  (4) and (5), we obtain 

c~ (~) 1 (1 - -  ~) - -  q (x), c.~ (r) - -  q (x). 
L3 ~ 

We f ind the cons tan t s  c~(7) and cz(7), us ing boundary  
condi t ion  (6) and e x p r e s s i o n s  (10) and (11): 

c~ (~) = t~ f (~) + 1 _  ~ q(~)~, ca(~) = t , , . f( ,)  + (1 - -e )  
Z4 q (~) ~. 

Subst i tut ing c~(z) and c2(7- ) into (10) and e3(~) and e4(~) 
into (11), we obta in  the f inal  e x p r e s s i o n s  fo r  the 

t e m p e r a t u r e  d i s t r i b u t i o n s  in the d r y  and wet r e g i o n s  
of the body: 

t~ (x, ~) = t w f (~) - -  ~ -  q (~) [x --  ~1, 
(14) 

t , ( x , ~ ) = t ~ f ( ~ )  1 -  q ('0 ix - ~]. (15)  

It fo l lows f r o m  (15) that  a t  ~-= 0, which c o r r e s p o n d s  
to ~(0) : O, 

t~(x, O) = f ~  (x) = t w 1 - - e q ( O ) x .  " 
X~ 

Thus, the in i t i a l  condi t ion m u s t  be a l i n e a r  function 
of x, which c o r r e s p o n d s  to the e x p e r i m e n t a l  data .  

F ind ing  the e x p r e s s i o n s  Ot3(~, T)/~x, Ot4(~, 7-)/~x, 
t3(~, T) and t4(~, 7-)from (14) and (15) and subs t i tu t ing  
them into Eq. (9), a f te r  t r a n s f o r m a t i o n s  we obta in  

eq ( z ) - -  errn(~) = twf(~ ) [c4p~--cap~] d~ . (16) 
d~ 

In t eg ra t ion  of the l a t t e r  d i f f e r en t i a l  equat ion g ives  

f eq( 'r)--erm( 'r)  d ' r+C.  (17) 

The cons tan t  of i n t eg ra t ion  C can be found us ing the 
condi t ion  acco rd ing  to which ~ = 0 at  T = 0. 

Solut ions (14), (15), and (17) have been used  to c a l -  
cu la te  the p r o c e s s  of conduct ive  d ry ing  of ce l lu lose  
( spec i f i c  weight  0.3 k g / m  2) on a hea t ing  su r f ace  at  a 
t e m p e r a t u r e  of  130 ~ C [1, 10]. 

The funct ion m(7-) was d e t e r m i n e d  f rom the d ry ing  
r a t e  [11]: 

du 
m(x) =--g-d~-- - -gk~er  exp (--k~). (18) 

F r o m  an a n a l y s i s  of the h e a t - t r a n s f e r  data ,  obta ined 
us ing  the Reb inde r  number ,  i t  was found tha t  

q (x) = q0 exp ( - - v  x).  (19) 

An a n a l y s i s  of the t e m p e r a t u r e  f i e lds  ob ta ined  by 
v a r i o u s  au thor s  [10] has  shown that  the t e m p e r a t u r e  at  
the w e t - d r y  i n t e r f ace  v a r i e s  with t ime  acco rd ing  to an 
exponent ia l  law: 

~(~) =exp (--h~). 
(20) 

Subst i tu t ing (18), (19), and (20) into (17), i n t e g r a t -  
ing, and d e t e r m i n i n g  the a r b i t r a r y  constant ,  we find 
the p a r t i c u l a r  so lu t ion  of Eq. (17), 

I ~ eq~ [1- -  exp [- -  (v - -  h) ~r]] - -  
: t w [c494 - -  c39~1 (v - -  h 

B [1--exp [--(,~--h) ~]]}, (21) 
k - - h  

where  

B = e rgku~.  (22) 

Equat ion (21) e x p r e s s e s  the law of d e p r e s s i o n  of the 
evapo ra t i on  zone dur ing  conduct ive  d ry ing  and i s  the 
s t a r t i n g  equat ion fo r  d e t e r m i n i n g  ~. 

If we know the e x p e r i m e n t a l  dependence  of ~ on 7-, 
we can use  Eq. (21) to ca l cu l a t e  the p h a s e - t r a n s i t i o n  
c r i t e r i o n  e. 

The curve  in Fig .  2 r e p r e s e n t s  the d e p r e s s i o n  of 
the e v a p o r a t i o n  zone for  the e x p e r i m e n t  in ques t ion  
b a s e d  on Eq. (21). 

The ca lcu la t ion  da ta  c o r r e s p o n d i n g  to th is  e x p e r i -  
men t  a re :  t w = 102.5 ~ C; q0 = 16 550 W/m2; c3P 3 = 2.46 �9 
�9 106 J / m  3. deg; c4P4 = 3.39 �9 106 J / m  3. deg ( f i r s t  p a r t  
of the per iod) ;  c4p 4 = 3.16.106 J/rn 3- deg (second p a r t  
o f t h e p e r i o d ) ;  v = 1.695 �9 1 0 - 2 s e c - l ;  h = 0.575.  102 s e e - l ;  
k = 3.420- 102 sec  -1 ( f i r s t  p a r t  of the per iod) ;  k = 4.25" 
�9 102 sec  -1 (second p a r t  of the per iod) ;  -ficra = 0 . 6 2 k g /  
/ kg ;  ~cr2 = 0.22 k g / k g ;  e = 0.08 ( f i r s t  p a r t  of the per iod) ;  
e = 0.20 (second p a r t  of the per iod) .  

The e x p e r i m e n t a l  po in ts  a r e  p lo t ted  in the same  
f igu re .  C lea r ly ,  these  po in ts  co inc ide  with the a n a l y t -  
i ca l  curve .  In the second  p a r t  of the second per iod ,  the 
ana ly t i ca l  cu rve  given by Eq. (21) can be c l o s e l y  
a p p r o x i m a t e d  by  a l i n e a r  funct ion.  

As for  the f i r s t  p a r t  of the second  pe r iod ,  the e x -  
p e r i m e n t a l  da t a  a r e  too few (only one point) ,  and i t  is  
n e c e s s a r y  to r e s o r t  to the ana ly t i ca l  dependence .  

The r a t e  of d e p r e s s i o n  of the w e t - d r y  i n t e r f ace  
i n c r e a s e s  s lowly  in the f i r s t  p a r t  of the second  p e r i o d  
to a m a x i m u m  tha t  r e m a i n s  a l m o s t  cons tan t  through 
the second  p a r t  of the pe r iod .  

F r o m  (14) and (16), us ing  (18), (19), and (20) we 
c a l c u l a t e d  the t e m p e r a t u r e  c u r v e s  (Fig .  3) fo r  the 
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F ig .  2. Ana ly t i ca l  curve  s h o v d ~  
the d e p r e s s i o n  of the e v a p o r a t i o n  
zone (~ in m) with t ime  (T in see )  
fo r  conduct ive  d r y i n g  ( e x p e r i m e n -  
ta l  po in t s  i n d i e a t e d b y  c i r c l e s ) .  
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Fig .  3. Ana ly t i ca l  c u r v e s  showing 
the v a r i a t i o n  of t e m p e r a t u r e  t (~ 
in the l a y e r s  with t ime  T (sec)  in 
the second  p e r i o d  of conduct ive  
d ry ing  of ce l lu lose :  1) x = 0; 2) 8 .  
�9 10 -5 m; 3) 22 .10-5 ;  4 )35 -  10-6; 

5) 4 3 . 1 0  -~. 

s a m e  e x p e r i m e n t  a t  x = 0; 0.08; 0.22; 0.35 and 0.43 
mm,  on the a s sumpt ion  that  Xa = 0.116 W / m .  deg; X 4 = 
= 0.392 W/re .  deg ( f i r s t  p a r t  of the per iod) ;  )~4 = 0.290 
W / m .  deg (second p a r t  of the per iod) .  

The c h a r a c t e r  of the ana ly t i ca l  t e m p e r a t u r e  cu rves  
c o r r e s p o n d s  to that  of the e x p e r i m e n t a l  c u r v e s  [1, 10]; 
f r o m  the s t a r t  of the second  pe r iod ,  the t e m p e r a t u r e  
of a l l  the l a y e r s  f a l l s  s imul t aneous ly ;  then,  a s  d ry ing  
p r o c e e d s ,  the t e m p e r a t u r e  beg ins  to r i s e .  This  t e m -  
p e r a t u r e  r i s e  s t a r t s  f i r s t  in the l a y e r s  n e a r e s t  to the 
heat ing su r f ace .  

The c o r r e s p o n d e n c e  of the ana ly t i c  and e x p e r i m e n -  
ta l  t e m p e r a t u r e  c u r v e s  p r o v e s  the  v a l i d i t y  of our p r e -  
v ious  a r g u m e n t s  [10] conce rn ing  the m e c h a n i s m  of 
conduct ive  d ry ing .  

The ca l cu la t ed  va lues  of the t e m p e r a t u r e s  t4 a r e  
c lose  to the e x p e r i m e n t a l  va lues  (the m a x i m u m  d e v i a -  
t ion i s  v e r y  s m a l l - - 2 . 5  ~ C). The m a x i m u m  dev ia t ion  
of the ca l cu l a t ed  and e x p e r i m e n t a l  va lues  of the t e m -  
p e r a t u r e  t3 for  the l a y e r  x = 0.08 m m  is  10 ~ (at the 
37-th second);  for  the o ther  l a y e r s ,  the dev ia t ions  a r e  
be tween 0 and 1.5 ~ C. 

F o r  the 0 .08 -mm l a y e r ,  the c a l cu l a t ed  va lues  of ta 
a r e  h igher  than the e x p e r i m e n t a l  va lues  in the f i r s t  
p a r t  of the pe r iod ;  for  the 0 .43- ram l a y e r ,  on the o ther  
hand, they  a r e  lower ,  while for  the 0.22 and 0 .35-ram 
l a y e r s  they a l m o s t  co inc ide .  These  r e g u l a r  dev ia t ions  
a r e  a consequence  of the somewhat  s c h e m a t i z e d  f o r -  
mula t ion  of the p r o b l e m ,  with evapo ra t i on  a s s u m e d  to 

take  p lace  only at  the i n t e r f ace ,  w h e r e a s ,  in r e a l i t y ,  
i n t e rna l  evapo ra t i on  ex tends  ove r  a c e r t a i n  volume of 
the m a t e r i a l  c lo se  to the i n t e r f ace ,  so that  the evapo -  
r a t i on  at  the su r f a c e  is  l e s s  in tense .  

The a g r e e m e n t  be tween  the ana ly t i ca l  and e x p e r i -  
men ta l  cu rves  for  the d e p r e s s i o n  of the evapora t ion  
zone, and be tween  the ca l cu l a t ed  and e x p e r i m e n t a l v a l -  
ues  of the t e m p e r a t u r e s  in the l a y e r s ,  t oge the r  with 
the fac t  that  the l a t t e r  v a r y  s i m i l a r l y  with t ime ,  ind i -  
ca t e s  that  the p r o b l e m  has  been c o r r e c t l y  f o r m u l a t e d  
and, hence,  that  the m e c h a n i s m  has  been  p r o p e r l y  
unders tood .  

NOTATION 

x i s  the coord ina te ,  m; l is  the t h i ckness  of the 
body, m; T i s  the t ime ,  sec ,  t is  the t e m p e r a t u r e  of 
the body, ~ ~ i s  the moving  coo rd ina t e  of the we t -  
d r y  in te r face ;  ~ is  the t h e r m a l  conduct iv i ty ,  W / m .  deg; 
a i s  the t h e r m a l  d i f fus iv i ty ,  m~/sec;  e is  the mod i f i ed  
p h a s e - t r a n s i t i o n  c r i t e r i o n ;  q(T) is  the dens i ty  of the 
hea t  f lux f rom the heat ing s u r f a c e  to the d ry ing  m a t e -  
r i a l  (function of t ime) ,  W/m2; f(T) is  a funct ion of t ime  
d e t e r m i n i n g  the law of t e m p e r a t u r e  v a r i a t i o n  at  the 
in t e r f ace ;  m(T) i s  the d ry ing  r a t e  in the second  p e r i o d  
(function of t ime) ,  k g / m  ~" sec;  AI is  the entha lpy  change,  
J /kg ;  c is  the spec i f i c  heat ,  J / kg .  deg; p i s  the dens i ty ,  
kg/ma;  g i s  the spec i f i c  weight,  kg/m2; k i s  the d ry ing  
coeff ic ient ,  s e e - l ;  ~ is  the in t eg ra l  m o i s t u r e  content ,  
k g / k g ;  v and h a r e  p a r a m e t e r s ,  s ec  -1. Subsc r ip t s :  w 
r e p r e s e n t s  the s u r f a c e  of body with coord ina te  x = 0; 
1 and 2 denote  r e g i o n s  of the body in the f i r s t  d ry ing  
pe r iod ;  3 and 4 r e p r e s e n t  d r y  and wet  r e g i o n s ,  r e s p e c -  
t ive ly ;  c r  i nd i ca t e s  c r i t i c a l ;  0 i s  in i t i a l .  
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