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This paper gives a general solution of the second boundary-value 
problem of heat and moisture transfer for bodies of the type of an 
infinite wall and infinite cylinder on the basis of Luikov's generaIized 

system of equations [13 . 

The main  equations and boundary  condit ions of the 
p rob !em a rc  fo rmula t ed  in the following way. 

The s y s t e m  of d i f ferent ia l  equat ions ,  

OT _ a ( O~T i OT ) ep OU 
or  - 5 7 - + 7  . o-7- + ' c Or 

( O'U i OU ) OzU OU ~ = am + _ _ _ _  _}_ 

+ a~f  ( O~-T , i 8T ) 
0 ~  * ~ Og ~ '  

Rz ~ ~ <7 R2, i = 0,1. (1) 

The ini t ial  condit ions,  

T (~, O) = o (~), 

u (L o) = ~ (~), 

ow(L o) _ ~ (~ ) .  (2) 

The boundary  condit ions,  

OT (R~, r) --_ ( _  1)i q~ (t), 
O~ 

OU(R i, r) + 6 0T(Ri' r) (__l)f+l. mi(t ) , 

] = 1, 2. (3) 

To solve the p r o b l e m  we use the finite i n t e g r a l t r a n s -  
f o r m  [2] 

R]. 

with the invers ion  f o r m u l a  

(4) 

R~ 

):(~)= 5%~.. + ~ ~: -fW~176 (5) 

R~ R~ 

We have a s y s t e m  of o rd ina ry  d i f fe ren t ia l  equat ions 

dT e,o d8 ~ - 
- d r  c d r  -}- ~ T = ~ t ( t ) ,  

d ~  d U  
(6) 

with initial conditions 

" .  

T(o) = S ~,o(~) Wo .,~ d ~ = 6, 
R, 

Ra 

- " ( 5 )  d'c = .f ~(DWo o). 
Rt 

(7) 

Where 

c~l(r) 1 [ ~W ( R2~ 
= R2 o % , T )  qz(r)+ c ,% 

'Yo 

We apply the Lap lace  t r a n s f o r m  to (6) and (7) 

v =  v e x p ( - - s r )  d r .  
0 

We obtain 

~q ) ~ _  e~ ~ 8 = ~ + g - ~ ~  
s +  L u ]  c c 

6~ '~  + ( r , ~  + ~ + w ~  = - 'fi~ + r,.~ (s + 1)~-+ rr,,~7. 

Hence 

+ 

S 2 

[ + ~ ~,~ ~=+~-- ~--2--~ (I--,~)~+ 
s C 

~'=  ~,o - s~ I 
c A (s) 

- -  "~rm C ELI 

- -  X r . - -  - -  L ~ 2  ( ~ D  2 - -  

A (S) ' " 

- --2--1 ~, , , , -8o ] ! 
Lu ~ (s) ' 
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where  

U, 

( n S ~ ..[_ A(s)=x~ms ~ +  l + % m  

( ' ) s  ~4 + ~ 2  1 + Fe + _~_u _ u + _ _  
Lu 

By s t a n d a r d  me thods  [3] we find the o r i g i n a l s  T and 

3 

- X oxp( v , { T =  a ' ( sJ  (~ . . s~+  s~ + ~ ) ~ - -  

8p 

8p g 4 -  1 + * ~  
T - -  

c Cyo 
(.,.,s~ + s~ + ~. ) F 6 ,  q) - -  

8p s,F (':, m)} ,  
c Yo 

3 

- 2  / [ * U = exp (s, ~) ~n ~ ~ + %in s2 + 
~=~ A' (sJ  c 

n S v - -  

c L u  

�9 ( % )  } 3 f (% q) 1 n 
- -  - s~ + F (% m)  , 

+ ~ c ~'o ?o 

w h e r e  su is  the roo t  of the cubic  equat ion  

A (s~ = 0, 

A' (s) : 3"CrmS' + 2 s ( l  + r --i-u ) + 

( ') 
+t~2n 1 + Fe + -L-if- , 

~)  

We d e t e r m i n e  the roo t s  of the  cubic  equat ion (8). 
We r e w r i t e  th i s  equat ion as  

Here  

as s + bs 2 + cs + d = O. , 

a = % m ,  b =  l + % m  Lu ' 

c =  ~2(I + F e +  1/Lu), d =  p4/Lu. 

We in t roduce  

2g = 2ba/27a ~ - -  bc/aa ~ + d/a, 

3h = (3ac - -  b~)/3a ~. 

We can infer  that  for  s e v e r a l  s t r u c t u r a l  m a t e r i a l s ,  
such as  c o n c r e t e ,  g > 0, h < 0, and the d i s c r i m i n a n t  
D = g  2 + h 3 < 0 .  

Then,  as  we know f rom [4], 

s l = - - 2 r c o s  q~ b , 
3 3a 

% = + 2r  cos (60 ~ - -  ~ /3 )  - -  b/3a, 

s3 = + 2r  cos (60 ~ + cp/3) - -  b/3a, (9) 

where  cos  ~ = g / r ~ ;  r = •  the s ign of r i s  the  
s a m e  as  the  s ign of g. 

Obvious ly  

cos (60 ~ + cp[3) ~.< I/2, r = V [c/3a--  ty/9a*[ < b/3a, 

Hence 

But [4J 

Whence 

% <  O. 

%" s2" s~ = - -  d / a  < O. 

s 2 <  O. 

Formulas (9) with due regard to the temporarily 
introduced symbols give three real different and ne- 
gative r o o t s  s v of the t h i r d - d e g r e e  equat ion (8). 

Thus,  the  f inal  so lu t ion  of the p r o b l e m  posed  has  
the fo rm 

R~ 

S 
R~ 

+ r ~ . [R2q~(t) + R~q~(t ) la t - -  

o 

- -  c ' 2 ~ P i [R~ m, (t) + R] mr (t)l dt + 
~o (R~ + R~ ) (G--  G) 

o 

2 
3 

~=~ a' (s,) 

ep 

C C 

(~m s~ + s~ + .~) e (~, q) - v ~, F (~, m) , 
c~0 

R~ 
2 ; ~ p ( ~ ) d  ~ - -  

u = (R~ + R~ ) ( G - -  G) 
Rt 

2 i ~m - -  - -  [R2 2 ( t ) + R ~ t n ~ ( t ) l d t +  
vo (R~ + R~ ) (G - R3 

o 

+ --g, • 

3 

exp (s, ~) F~ N + %,n s, + 
• A' (s,) c 

c ~o 
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'~ - -  - F (% q) - -  

1 2 

The symbols  in t roduced he re  a re  obvious f rom the 
foregoing.  

We p a r t i c u l a r i z e  the obtained solut ions .  
1. Pla te  

( i  = 0 ,  ~ = .3(, R 1 = 0, R~ = R = L). 

The e igenfunct ion of the p rob lem is 

Wo (% x/R) = cos c0. x/R. 

The c h a r a c t e r i s t i c  equation is 

s i n o ~ = 0 ,  r  ( n = l ,  2 . . . . .  w ) .  

The function 

The in tegra l  

W~ (o= x/R) = s in  % x/R. 

sin 2 n a  ~ 2 
o 

2. Hollow cy l inder  

( i=  1, ~ = r,  R l i s t h e  radius  of the i n t e rna l  
sur face ,  R z is the rad ius  of the ex te rna l  s u r -  
face,  L = R1). 

The e igenfunct ion of the p rob lem is 

Wo (c% rlR~) = Y~ (c%) Jo (o,~ rlR~) --J~ (con) :go (o, r/R~). 

The c h a r a c t e r i s t i c  equat ion is  

'Zl (k on) = Y~ ( ~ )  J1 (k (on) - -  J~ ((on) Y~ (k (on) = 0, 

where 

k = RJR~. 

The function 

W~ (o.r/RO : YI (o~) Jl (oj. r/R1) - -  J1 (o~) Yl (o. r/R1). 

The in t eg ra l  

R, [ o r ~ 2R~ [J~ ((on)--J~ (k t%)] 
.f rW~ i ~ ~ ] dr = 2-----Y-- J~ (k o.) 
R, ~ O n  

3. Solid cy l inder  

( i = l ,  ~---r, R~=O, R~- - -R=L) .  

The eigenfunct ion of the p rob lem is 

W o (o~ r/R) = Jo (o~ r/R). 
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The characteristic equation is 

J1 (cox) = 0.  

The funct ion 

The in t eg ra l  

W~ (% r/R) = J~ (o. r/R). 

0 2 

The second bounda ry -va lue  p rob lem of heat  and 
m o i s t u r e  t r a n s f e r  with Trm = 0 has been solved for  a 
solid cy l inder  and sphere  by Prudnikov  [5] and for  a 
hollow cy l inde r  by Plyat  [6]. 

NOTATION 

T is the t e m p e r a t u r e ;  U is the m o i s t u r e  content;  
T is the t ime;  ~ is the coordinate ;  a is the t h e r m a l  
diffusivi ty;  c is the specif ic  heat;  Y0 is the dens i ty  of 
absolu te ly  dry  body; a m is the coeff ic ient  of m o i s t u r e  
diffusion in body; p is the specif ic  heat  of phase t r a n s -  
ition; e is the phase t r a n s i t i o n  n u m b e r ;  6 is the t h e r -  
mograd ien t  coefficient ,  equal  to ra t io  of t he rmod i f -  
fusion coeff ic ient  to coeff ic ient  of m o i s t u r e  diffusion 
in body; Trm is the m o i s t u r e  t r a n s f e r  r e l axa t ion  per iod;  
Rj (j = 1, 2) is the coord ina tes  of su r f aces  bounding 
body; L is the c h a r a c t e r i s t i c  d imens ion  of body; mj is 
the r a t e  of evapora t ion  of m o i s t u r e  f rom sur face ;  qj is 
heat  flux on sur face ;  W0(Wn~/L ) is the e igenfunct ion of 
p rob lem;  ~o n is the roo t  of c h a r a c t e r i s t i c  equation;  

k n - -  a m  a~ n [ L , L u  = a m ~ a ;  Fe = ~ [ c ;  W1 r = 
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