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Moisture t r ans fe r  in an annular ver t ical  channel is considered.  Analytic relations a re  ob- 
tained for velocity and concentration fields, as well as for moisture-transfer rate. 

To dry  out the cavities of some engineering devices by means of hard sorbents  the est imates  are  
needed of the charac te r i s t i c s  of mois ture  t rans fe r  (such as velocity and concentrat ion distributions,  mois -  
t u r e - t r a n s f e r  rate ,  etc.).  In the present  ar t ic le  resul ts  a re  given of solving this problem for a cavity 
formed by concentr ic  cylinders of finite length (Fig. 1). On the sect ion z = 0 the source  of mois ture  input 
is positioned, and on the sect ion z = h a mois ture  d rye r  is placed. 

If it is assumed that the flow in the channel is laminar  and s teady-s ta te  and that the concentrat ion 
gradient  is constant with respec t  to height (0C/0z = A), then the p rocesses  of free convection a re  descr ibed 
by a sys tem of homogeneous l inear equations [1]: 

v A ~  - -  g ~ C  = O, (1) 

Aw = DAC (2) 

with the following boundary conditions: 

1) inside the annular channel the velocities and concentrat ions stay finite, continuous, and single- 
valued together  with the neces sa ry  number of their  der ivat ives;  

2) at the channel walls there exist layers  of fluid adhering to them with vanishing velocities within 
them: 

wip=~, = O, wtp=~z = O: 

2') inside an adhering layer  the concentrations suffer  no jump; 

3) outside the channel there  exist neither sources  nor sinks of moisture;  

4) CI~=R1 = Cma x. 
Z = 0  

A cross  sect ion of the channel can be defined in the polar  (p, r coordinate sys tem as R 2 -< p -< Ri, 
0-< ~--  2~~ By denoting 

one obtains 

Eliminating C f rom (1) and (2), one finds 

r = p - - R 2 ,  ~ = ~ ,  R = R 1 - - R 2 ,  

O ~ r ~ R ,  O ~ q~.% 2a, 

a ' , ,=~ = w/,=o = O, 

Ci,=~ = Cm,x- 
z=O 

haw - -  k4w = O, 

(3) 

( 3 ' )  

(4)  
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Fig.  t .  Computa t ion  

s c h e m e .  

where  

(5) 

(6) 

k 4 - -  g~l  A 
vD 

The r e l a t i o n  (4) is val id  only if  one of the  equal i t ies  

is s a t i s f i ed .  

Aw 1 = k~wl; A~v 2 = - -k~w~.  

As a so lu t ion  of (4) one can  adopt,  fo r  example ,  

w = w l  +w~ =w(x ,  g). 

In p o l a r  coo rd ina t e s  

Awl = O~-wl- + I 0wx 1 O2Wl k2Wl" 
Or s r Or ~ r ~ O~p 2 

Sett ing w t = V(r)O(~0)and us ing  the F o u r i e r  me thod ,  one obtains  

r2V " + rV" - -k2rW ag" 

V 

F r o m  the  p h y s i c a l  c o n s i d e r a t i o n s  (and, in p a r t i c u l a r ,  f r o m  the boundary  condit ions wi r = 0 = 0), as  
well  as  f r o m  s y m m e t r y  condi t ions ,  one has  

r*'Y" + rV' --(k~P + I) V = O. 

If  one deno tes  i k r  = p, then  Eq. (5) a s s u m e s  the  f o r m  

OW OV 
p ~p~ + p ~ - / + ( p ' - l ) v = o .  

Equat ion  (6) is  a B e s s e l  equat ion  of the  f i r s t  o r d e r .  Its so lu t ion  is 

V = dJ1 (p) + d,N 1 (p), 

w h e r e  JI(P) is the  B e s s e l  funct ion of the f i r s t  kind of o r d e r  1; Nl(p) is the Neumann funct ion.  

Thus ,  
wl = ciJ1 (ikr) + c~N~ (ikr). 

Simi la r ly ,  

w t --- c,J 1 (kr) + caN I (kr). 

Fina l ly ,  us ing  the  b o u n d a r y  condi t ions  1, one has  

w = c j~  (ikr) + c3J1 (~r), 

It  is  m o r e  convenient  to  obta in  the e x p r e s s i o n  for  ve loc i ty  in the f o r m  

w = B [ J~ (ikr) Jl (kr) 1 
Jx (ikR) J1 (kR) ' 

w h e r e  the  bounda ry  condi t ions  2 a r e  a u t o m a t i c a l l y  sa t i s f i ed .  

In a c c o r d a n c e  with the a s s u m p t i o n  made  above,  one has  C = Az + C(x, y).  

It fol lows f r o m  (1) tha t  

(7) 

(8) 

and h e n c e  

C (x, y) = ~ A w = -  v (Awl + Awd, 

vk ~ 
C = Az + ~ (W,--W~). 

g P l  

Employ ing  (8), 
~,k~B [ J1 qkr) . _ _  

c = Az + ~ [ J1 qkR) 
A (/~r) 
J1 (kR) ]" 
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T A B L E  1. G e o m e t r i c a l  C h a r a c t e r i s t i c s  and T e s t  Cond i t ions  

Parameter 

Hydraulic diameter, m 

Overall height of partitions, m 

Distance between pa~xitions, m 

Gap width, m 

Concentration difference kg/ma 

kR = (GrPr) ~ 

0,01 

0,0025 

0,85 

0,045 

0,00741 

3,I6 

0,0034 

0,02 

0,58 

0,0225 

0,013 

1,71 

Model 

0,055 

0,065 

8,5 

0,125 

O, 00224 

8,4 

0,0149 

0,5 

5,8 

0,05 

0,00159 

7,2 

4. 

0 4 8 kR 

F i g .  2. M o i s t u r e - t r a n s f e r  
r a t e  vs  the  c r i t e r i o n  k!R 
= ( G r P r )  ~ " i,  k g / s e c .  

and ,  

F r o m  the  cond i t i on  (3') 

Cm~x = 2 - -  

hence ,  

vk~B 

B = C ~  g~' 
2vk ~ 

The  r a t e  of m o i s t u r e  t r a n s f e r  fo r  t he  s e c t i o n  z = 0 i s  

]= f S w• = (s} 

2 A (ik/) (kr) = ' CBg l C .x;j' {[ Sl(ik ) j [ A Jz (kR) ] J rdrd% 
(st) 

(9) 

(lo) 

F i n a l l y ,  one has  

To e v a l u a t e  the  doub le  i n t e g r a l  in  (10) one u s e s  f a m i l i a r  r e c u r -  
r e n c e  r e l a t i o n s  t o g e t h e r  wi th  the  e q u a l i t y  [2]: 

I 

0 

o kR l  o(kR) 2_}_ kRJo(kR) 2._ 2 , i -- • nD Ch,~ �9 + 
�9 4A 1, (kR) J1 (kR) 11 (kR) J, (kR) 

w h e r e  Iv(m) = i - v J v ( i m )  i s  t he  m o d i f i e d  B e s s e l  func t ion  of the  f i r s t  k ind  of o r d e r  v .  

The  ob t a ined  f o r m u l a s  w e r e  e m p l o y e d  to d e t e r m i n e  the  r a t e  of m o i s t u r e  t r a n s f e r  in  c o n s t r u c t i o n s  
which  can  be  r e p r e s e n t e d  by  a n n u l a r  v e r t i c a l  channe l s  wi th  p a r t i t i o n s  of c o m p l e x  f o r m .  The  c h a r a c t e r i s -  
t i c s  of the  s t u d i e d  o b j e c t s  a r e  shown in the  T a b l e  1. 

It was  e s t a b l i s h e d  tha t  the  e f fec t  on the  r a t e  of m o i s t u r e  t r a n s f e r  was  not so  much  n o t i c e a b l e  a s  r e -  
g a r d s  the  he igh t  of the  m o d e l s  a s  t he  c h a r a c t e r i s t i c s  of the  gaps  in  the  p a r t i t i o n s .  By r e d u c i n g  the  l eng th  
of t he  m o d e l  s i x  t i m e s  (and by  a p r o p o r t i o n a l  r e d u c t i o n  of the  d i s t a n c e  b e t w e e n  the  p a r t i t i o n s )  the  r a t e  of 
m o i s t u r e  t r a n s f e r  doub led ,  w h e r e a s  in  the  e x p e r i m e n t s  c a r r i e d  out on the  s a m e  m o d e l  but  wi thout  p a r t i -  
t i o n s  the  r a t e  i n c r e a s e d  about  10 t i m e s .  T h i s  s h o w s t h a t  in the  c o m p u t a t i o n s  of t h i s  and s i m i l a r  c a s e s  one 
shou ld  u s e  fo r  the  c h a r a c t e r i s t i c  d i m e n s i o n  the  h y d r a u l i c  d i a m e t e r  of the  gap in  the  p a r t i t i o n s ,  and fo r  h 
the  o v e r a l l  he igh t  of  the  p a r t i t i o n s  shou ld  be  u s e d .  The  c o m p a r i s i o n  of t h e s e  c o m p u t a t i o n s  and e x p e r i m e n -  
t a l  da t a  shows  a s a t i s f a c t o r y  a g r e e m e n t  (Fig .  2). 

\,. 

x, y ,  z 

P,r 
h 

R1, R2 

N O T A T I O N  

a r e  the  r e c t a n g u l a r  c o o r d i n a t e s ;  
a r e  the  p o l a r  c o o r d i n a t e s ;  
i s  the  he igh t ;  
a r e  the  e x t e r n a l  and i n t e r n a l  r a d i i ,  r e s p e c t i v e l y ,  of the  channe l ;  
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is the cbncentrat ion;  
is the veloci ty;  
is the a c c e l e r a t i o n  of gravi ty ;  
is the densi ty;  
is the k inemat ic  v i scos i ty ;  
is the coeff icient  of volume expansion due to change of concentrat ion;  
is  the diffusion coefficient;  
is  the m o i s t u r e  capac i ty .  
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