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MOISTURE TRANSFER OF CERTAIN BODIES WITH VOLUMETRIC MOISTURE 
ABSORPTION 

Sh. N. P lya t  
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UDC 542.47 

An analytical solution is given to a boundary problem of the third 
kind, that of moisture transfer for bodies in the form of an infinite 
plate and an infinite cylinder, based on the generalized equation of 
moisture conduction, suggested by A. V. Luikov [1]. 

Fo r  a wall  and for  the cy l inder  the p r o b l e m  is fo r -  
mula ted  as fol lows:  

d i f fe ren t ia l  equat ion 
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In ca lcu la t ions  in accordance  with (6), the sum 

is divided into two subsums ,  

n = l  n ~ l  n = s @ l  

The n u m b e r  s is chosen such that 
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Ou(R i, x )  = ( _ 1 ) i h i [ q ) i ( . G _ u ( R  h T)] ( ] =  I, 2). (3) 
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We obtain  a solut ion of p rob lem (1) - (3 )  with the 
method of finite integral transformations due to G. A. 

Grinberg [2], having determined the integral trans- 
formations by the formulas 
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The r e s u l t  is 
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where  
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In the first subsum we put 
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and in the second 

)~ = i X ,  (here  i = V  --1). 

In the r a r e  event  that 

, (12)  
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Let  

%. (~) = u i = const (] = 1, 2 ) ;  r  = u0 = const; 

r =0;  q(x) = qoexp(--~).  

A n exponent ia l  dependence of the in tens i ty  of volume 
m o i s t u r e  absorp t ion  on t ime occurs ,  for example,  in  
the hydra t ion  of concre te .  Then 
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the las t  t e r m  of the f i r s t  subsum should be rep laced  
by the t e r m  
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w(~)=  ~2 L~N~, W (~n-~) 

n=l Bn[ ~-aL---~am ( t - - a ' ~ m ) ]  ' 
(18) 

I t  is not difficult  to show that  the sums  of s e -  
r i e s  (17) and (18) a r e  de t e rmined  as solut ions of the 
following p rob lems :  

i do =0  ( i = 0 ,  1), 
d~ 

(--  1) ~+~ h i [(2--]) + v(Ri)] 

d2f3 + 
d g~ 

dv(1~) 
d~ 

and 

(19) 

(l = 1, 2) 

d~w i dw 
-- 'd~ ~ + - - ~ ' ~  + a,,,a-a (1 -- ~Xr,~) w = -- 1 I 

(i = o, !), 

dw(R~) 
d~ -- ( -  1)i+lhiw(Ri) (j =1,  2). 

(20) 

In a n u m b e r  of c a s e s ,  the solut ions of p r o b l e m s  (19) 
and (20) a re  c u m b e r s o m e ,  and evaluat ion of v(~) and 
w(~) f r o m  f o r m u l a s  (17) and (18) in the gene ra l  context  
of the solut ion of (16) is s i m p l e r .  We shal l  now spec i fy  
the solut ions obtained.  

1. P l a t e  with a s y m m e t r i c  m o i s t u r e  t r a n s f e r  (i = 0, 
= x,  R~ = 0, 1~ = R = L is the plate  width). 

The eigenfunct ion of the p r o b l e m  is  

( 5 )  x W p~ = X . = ~ n c o s l l ~ - ~ - + B i ~ s i n ~ t ~ -  ~ .  (21) 

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

ctg ll~ = ' ~ - -  Bi~Bi2 
~ (Bil -t- Bi2) (22) 
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The in teg ra l s  a re  

N. = (--1)n+lBi2 V + Bi~ , '  (23) 

[ Bi" (la~ + Bif) ] R 2 B n = ~-  ~t~ -t- Bi 2 ~ Bi~ + i% 2 _~_ Bi 2 �9 (24) 

The funct ions a re  

( ) X Bil Bi 2 - -  Bi. 2 - -  1 (25) 
v (x) = (Bi,Bi., + Bi 1 +- Bi.2) R- 

R ~ ! Igi~--xl(  m, gi~) I 

x X (m ~ '  Bi~ ) + c ~  (26) 

In f o r m u l a  (26) the following notat ion is introduced: 

( x m ~ ,  ) x x X Bii = m c o s m - R - + B i i s i n m ~ - ,  (27) 

X 1 m ~ - ,  Bi] = - - m s i n m  xR -t-Biicosm R 'x  (28) 

a L 2 m = - -  (1--aTrrn). (29) 
am 

2. P l a t e  with s y m m e t r i c a l  m o i s t u r e  t r a n s f e r  (i = 0, 
= x ,  R 1 = 0 ,  h 1 = 0 ,  Rx = R = L i s  t h e p l a t e  half -  

width). The  solut ion is the s a m e  as in P a r t  1 with 
Bi t = 0. 

3. Hollow cy l inder  (i = 1, ~ = r, R 1 is the r ad ius  of 
the inner  su r face ,  R 2 is  the r ad ius  of the outer  s u r -  
face,  and L = R1). 

The eigenfunct ion of the p r o b l e m  is 

--[10(~,)-t-~i~" L ' a ( l~ , ) ]  Y o ( ~ t n ~ ) .  (30) 

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

Uo(k~.) ~, (31) 
U i (k 9~) Bi~ ' 

where  

- -  lo(p.n)-t" ~ 11(P.,O Y,,(k~,~) ( v = 0 ,  1) ( 3 2 )  

The in teg ra l s  a r e  

Nn R'~ [kBi2Uo(k[~) 2 1  (33) 
P.,, t_ a J  
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n~ Bi~ (~] + Bi2) " (34) 
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The func t ions  a r e  

v ( r ) =  (kBi~+Bil_i_/~BilBi21nk) Billn ~ 4-1 , (35) 
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4. Sol id c y l i n d e r  ( i =  1, ~ = r ,  R i =  0, h 1= 0, R 2 = 
:R:L). 

The eigenfunction of the problem is 

The characteristic equation is 

(37) 

l o ( ~ )  _ ~n 
I1 (~.) Bi (38) 

The i n t e g r a l s  a r e  

R2 
N, = - -  11 (i~,), (39) 

e _  Wl~(~.~) 2~ 2 (92 + BP). (40) 

The functions are 

v(r) = o, 

(r) 
Io (m)- ~ I, (m) 

(411 

(42) 

NOTATION 

u is  the m o i s t u r e  content;  ~- is  t ime ;  ~ is  a c o o r d i -  
na te ;  a m is  the coe f f i c i en t  of m o i s t u r e  d i f fus ion  in the 
body; To is the  de ns i t y  of the  p e r f e c t l y  d r y  body; q is the 
i n t e n s i t y  of v o l u m e t r i c  m o i s t u r e  a b s o r p t i o n ;  ~ r m  is  
the p e r i o d  of m o i s t u r e  t r a n s f e r  r e l a x a t i o n ;  hj (j = 
= 1, 2) is  the r e l a t i v e  m o i s t u r e  t r a n s f e r  coef f i c ien t ;  
Rj a r e  the  c o o r d i n a t e s  of the  f in i te  body s u r f a c e s ;  k = 
= R2/RI; L is the characteristic body dimension; 

Bi! = hiL, Bi 2 = h2L; W(/~n~/L) is the eigenfunction 
of the problem; #n is the root of the characteristic 
equation. 

R E F E R E N C E S  

1. A .  V. Luikov, IFZh  [ Journa l  of E n g i n e e r i n g  
P h y s i c s ] ,  9, no. 3, 1965. 

2. G. A .  G r i n b e r g ,  Se l ec t ed  Top ic s  in the M a t h e -  
m a t i c a l  T h e o r y  of E l e c t r o m a g n e t i c  P h e n o m e n a  [in 
Russ ian] ,  Izd .  AN SSSR, 1948. 

14 July 1966 Vedeneev  I n s t i t u t e  of H y d r o -  
eng ineer ing ,  L e n i n g r a d  


