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A solution is obtained to the sys tem of different ia l  equations of heat and mass  t r a n s f e r  with 
a pulsating internal  heat source  and with boundary conditions of the th i rd  kind. 

High-f requency pulse heating of ma te r i a l s  is often m o re  effective than desiccat ion by continuous heat -  
ing [1, 7, 10]. F o r  this reason ,  an analysis  of that p r o c e s s  would be of theore t ica l  and p rac t i ca l  value.  

The one-dimensional  p rob lem of heat and mois tu re  t r a n s f e r  through a ma te r i a l  containing a posi t ive 
internal  heat source  and constra ined by boundary conditions of the third kind can be formulated as follows 
[31: 

OT (X, Fo) _ 02T (X, Fo) _ e Ko 00 (X, F o) Po (X, Fo), ] 
0 Fo OX 2 0 Fo [ 

OO (X, Fo) _ Lu 020 (X, Fo) Pn Lu 02T (X, Fo) 
0 Fo OX 2 OX 2 ' 

) 

where 

OT (1, Fo) 
OX 

+ BiqT (1, Fo) + (1 --  e) Ko Lu BimO (1, Fo) = O, 

00(1, Vo) + Pn OT(1, Fo) +BimO (1, Fo)-. 0, 
OX OX 

OT (0, Fo) �9 O0 (0, Fo) 
OX OX 

0 ,  

T(X, 0) = T 0(X), O(X, 0) = O o(x), 

r (x,  Fo) -- t...~ t (x, ~), O (X, Fo) = .  ~ (x, ~) - -  ~ .  
ta - -  ts ~s ' - -  ~ e - -  ' 

- - I ~ X ~ + I ,  0 ~ F o ~  oo. 

(1) 

(2) 

(3) 

All c r i t i ca l  numbers  he r e  a re  assumed constant,  except the P o m e r a n t s e v  number  and the F o u r i e r  number.  

By the method shown in [5, 9], this p rob lem is reduced  to two independent equations of the heat con- 
duction kind with the following initial and boundary conditions: 

c 

OZ~ (X, Fo) 1 02Z~ (X, Fo) 
~- - ~  �9 Pi Po (X, Fo), (4) 

0 Fo ~i OX 2 

oz~ (1, Fo) --  0, (5) ()x + ,~z~ (1, Fo) = O, OZ, (O,oxFO) 

Z , (X ,  O)=Zoz(X) ,  i =  1; 2, (6) 

where the Z i var iab les  r e p r e s e n t  t r a n s f e r  potentials ,  as l inear  combinations of T and | Inside the mate r  
r i a l  
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Z~ (X, Fo) = piT(X, Fo) d- qiO(X, Fo), (7) 

and on ~ s  s u r f a c e  

The  cons tan t  coe f f i c i en t s  p,  q, m ,  

w h e r e  

Z i (1, Fo) = miT(1 , Fo) + niO(1 , Fo). 

and n a c e  def ined  as  fo l lows :  

{ Pn '~ ' - '  ( Pn ~,-2 
~u--1  ] k vl2: - i  J ' 

m ~ =  L V t ~ i q _ ]  , n ~ =  ~t~--Biq 

(8) 

2 1 (I) ~ - ( - - 1 )  i ---L-u 

~ : ~ % %- ', , 

1 
' cD~ = Biq %- B i~ [ 1 + (1 - -  e) Ko Pn Lu],  @1 = 1 @ 8 Ko Pn r Lu ' 

2 v 2 and # i  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 ions  r educ ing  s y s t e m  (1) with the b o u n d a r y  condi t ion (2) 
to  Eqs .  (4) with the  b o u n d a r y  condi t ion (5). 

A s i m u l t a n e o u s  t r a n s f o r m a t i o n  of s y s t e m  (1) into Eqs .  (4) and b o u n d a r y  condi t ions  (2) of the th i rd  
kind into b o u n d a r y  condi t ions  (5) is p o s s i b l e ,  if the  c h a r a c t e r i s t i c  equat ions  of the s y s t e m  and of the  bound-  
a r y  condi t ions  have  c o m m o n  r o o t s  [5]. In th is  c a s e  an i n v e r s i o n  to  t r a n s f e r  po t en t i a l s  T and @ a c c o r d i n g  
to  f o r m u l a  (7) is p o s s i b l e ,  a f t e r  p r o b l e m  (4)-(6) has  been  so lved .  

We p r o c e e d  on the  a s s u m p t i o n  tha t  the  in t e rna l  hea t  s o u r c e  can be e x p r e s s e d  as  Pc(X,  Fo) = P o f  1- 
(X) f2(Fo). 

With  the  aid of F o u r i e r  and L a p l a c e  i n t eg ra l  t r a n s f o r m a t i o n s ,  the  so lu t ion  to  p r o b l e m  (4)-(6) has  been  
obta ined  fo r  two s p e c i a l  c a s e s  with the s a m e  ini t ia l  po ten t i a l  d i s t r i bu t i on  T0(X) = 1 + (1 - XZ)U and @0(X) 
= 1 + (1 + X2)V but with d i f f e r en t  pu l s e  func t ions  of the  in te rna l  hea t  s o u r c e .  

Case I. 

Po(X, F o ) - P o ( 1 - - W X  "2) 1 - - c o s - - F o  . 
Fo s 

P r o b l e m  (4)-(6) was  so lved  by  app ly ing  the  L a p l a c e  t r a n s f o r m a t i o n  with r e s p e c t  to both  v a r i a b l e s  X 
and Fo  [2]. A s u b s e q u e n t  i n v e r s e  L a p l a c e  t r a n s f o r m a t i o n  y ie lds  

&(X, Fo) = 

- -  Pi Pc 1 +@v~ 
2 

]=1 n = l  

X A~iB.~ exp (-- k2.~ Fo) cos vik,aX 
tZ~I 

(1 - - X ~ ) - -  3 

A,,~C~uexp ( k2niFo) cosvikniX, (9) 

where 

An ~ =: 2 Sill v~kni 
vik,~ i %- sin v~k,~ cos v~k,~ ' 

2 (k~ - -  1) (p~U b q~V), C,,i~ -- Dn~ 
k~ ' 
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_ [ _ _  2g V,~i - 2 s t  sin 2• Fo + k2~ cos Fo 
C, , , , - -  ( 2 s t  ]~q_k 4, t.: Fos Fo.s ' V~ 

\ F % ]  

2 �9 k~ 1 k,,i exp (--  7~i Fo) exp (k~i Fo), 

D.~ = 1 - - ~  I + 
2 2 ' 

U s - - t c  , V - - t ~ c - - ~ s ,  W- -  P o - - P o  s , 
t a - -  t s ~ s - -  ~e  Po 

kni  ave  the  r o o t s  of the  c h a r a c t e r i s t i c  equat ion co+ i k = k/vi ,  and Po  is the value  of the P o m e r a n t s e v  n u m -  
b e r  at  X = F o = 0. 

When the po ten t ia l  and the heat  s o u r c e  a r e  d i s t r ibu ted  un i fo rmly ,  U = V = W = 0 and the pu l se  funct ion 
v a n i s h e s  (Cni 2 = 0), then  the so lu t ion  b e c o m e s  the  wel l -known solut ion [4] to  the  equat ion  of heat  conduct ion 
with a cons tan t  in te rna l  heat  s o u r c e .  

When m o i s t  m a t e r i a l s  a r e  heated  d i e l e c t r i c a l l y ,  then  the  v a r i a t i o n  of the in te rna l  heat  s o u r c e  with 
t i m e  is m o r e  p r o p e r l y  r e p r e s e n t e d  by  a H-pu l se  funct ion.  Since the d i e l e c t r i c  l o s s e s  in the  m a t e r i a l  d e -  
c r e a s e  with the  r e m o v a l  of m o i s t u r e ,  m o r e o v e r ,  the va lue  of th is  funct ion d e c r e a s e s  with t ime .  

C a s e  2. 

Po (X, Fo) = Po (! - -  WX 2) [ (Fo) exp (--  Pd Fo), 

whe re  f(Fo) is a H-pu l se  funct ion.  

Unlike in the p r e c e d i n g  ca se ,  h e r e  we apply  the  F o u r i e r  cos ine  t r a n s f o r m a t i o n  [6, 8] with r e s p e c t  to  
v a r i a b l e  X. With r e s p e c t  to  v a r i a b l e  Fo,  as  be fo re ,  we apply  the  Lap lace  t r a n s f o r m a t i o n .  Such a c o m b i n a -  
t ion  of in t eg ra l  t r a n s f o r m a t i o n s  y ie lds  the  solut ion to  the  p r o b l e m  in a s i m p l e r  f o r m  than would be obtained 
by  apply ing  the  Lap lace  in tegra l  t r a n s f o r m a t i o n  with r e s p e c t  to  both v a r i a b l e s .  A F o u r i e r  cos ine  t r a n s -  
f o r m a t i o n  in the p r e c e d i n g  case  y ie lds  the s a m e  solut ion (9). 

A f t e r  n e c e s s a r y  ope ra t ions ,  we have 

Z i (X, Fo) = E A"iB"i exp (--  k2~ - Fo) cos v~kn~X 

1 PO~dexp(_PdFo)[E~Q~(X)+W(i_X2q_.~v~_)  ] 

2 

+ pi Po E E AniC'nq exp (-- k2ni Fo) cos vik,,lX, (10, 

/ = 1  n = l  

where  

Foq < 1 ,  E z = I - - W ( 1  + 2 ( P d - - 1 ) ]  
' 

Q~ (X)= 1 - -  " cosy i ! Pd-X C'~il = Bn~D~i 
- -  -1 N-sin v, V-Pd ' k]i -- Pd cosv~) Pd- -v~  ) 

B'ni ~ exp [TI~ Fos'(k~i - -  Pd)l - -  1 
/r exp [Fo s ( ni - -  Pd)l - -  1 
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D m,~ i sin rnnq~ 

m Y 12m  I!* Pd)' 
\ F% / ' 

~,~,~ ~ = arctg Fos .(k~,i - -  Pd) 
2rn~ 

If U = V = W = 0 and the  i n t e r n a l  hea t  s o u r c e  is  con t inuous  in t i m e  (f(Fo) = 1), t hen  so lu t i on  (10) c o -  
i n c i d e s  wi th  the  s o l u t i o n  to  the  p r o b l e m  of h e a t  conduc t ion  with  an  e x p o n e n t i a l  i n t e r n a l  hea t  s o u r c e  [4]. 

NOTATION 

F o  s i s  t he  d i m e n s i o n l e s s  p e r i o d  of the  p u l s e  funct ion;  
FOq i s  t he  d i m e n s i o n l e s s  h e a t i n g  t i m e ;  
U, V, W a r e  t he  n o n u n i f o r m i t y  of t he  h e a t - t r a n s f e r  p o t e n t i a l ,  the  m a s s  t r a n s f e r  p o t e n t i a l ,  and the  i n t e r n a l  

hea t  s o u r c e  d i s t r i b u t i o n  r e s p e c t i v e l y .  

S u b s c r i p t s  

s d e n o t e s  s u r f a c e ;  
c d e n o t e s  c e n t e r ;  
e d e n o t e s  e q u i l i b r i u m ;  
a d e n o t e s  a m b i e n t  m e d i u m ;  

r e m a i n i n g  n o t a t i o n  a s  in [3]. 
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