
APPROXIMATE COMPUTATION METHOD FOR 

UNSTEADY MOISTURE-CONTENT FIELDS OF 

MATERIAL BEING DRIED 
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The approximate computational method presented can be used for unsteady mois ture-content  
and mois ture-di f fus ion fields, as well as for local and layer drying ra tes .  

The problem of the m a s s - t r a n s p o r t  mechanism is an urgent one for  drying technology. Its solution 
requires  that we establish the type of variat ion in both the average (integral) and local moisture  content of 
the body tn the course  of t ime, i.e., that we determine the unsteady mois ture-content  fields for the mater ia l .  

Here we repor t  some results  obtained in an investigation of this problem. 

In the absence of thermal  t ranspor t  of mat te r ,  the analytic solution for the mois ture-content  fields 
during a period of constant drying rate for bodies of c lassical  shape (infinite plate,  cylinder,  sphere) takes 
the form [1] 

u~ - - -  u(x '~) --  K i =  [/7 Fort,. - -  0.5 (:( - -  X'~)]. (1) 
U o 

To make pract ica l  use of (1), however,  we must  know the values of the Kirpichev and Four ie r  m a s s -  
t ranspor t  c r i t e r ia ,  which in addition to other quantities contain the moisture-diffusion coefficient, which 
depends on the mois ture  content and tempera ture  of the mater ia l .  

This considerably complicates  the utilization of (1). Thus it is necessa ry  to seek approximate com-  
putational methods.  

A relat ionship has been proposed in [4] for determining the mois ture  diffusion coefficient from 
the integral kinetic drying curve,  i.e., direct ly under the conditions experienced by the mater ia l  being 
dried: 
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Fig. I. Distribution of moisture 

content (%) over thickness of non- 
fabric  mater ia l  during constant-  
d ry ing- ra te  period. The solid and 
dashed curves were plotted from 
experimental  [9] and computed (5) 
values.  The numbers  on the curves 
indicate the duration of drying 
(hours), measured  from the initial 
instant of drying. 
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Fig .  2. D i s t r i b u t i o n  of local  d r y -  
ing r a t e s  over  th ickness  of l a y e r  
of m i l l e d  peat  [5]: 1) e x p e r i m e n -  
ta l ;  2) c a l cu l a t ed  va lues  of local  
d r y i n g  r a t e s .  

By u s i ng  (2), we can r e p r e s e n t  (1) in the fol lowing f o r m  that is c o n -  

ven ien t  for p r a c t i c a l  use:  

.c-.o- ( n ) 
- -  H - - 0 , 5 / "  ~ - -  X ~- = A(x~, ( 3 )  

U o - -  u U 0 - -  U e ,, F 

where ~c is the average (by volume) cr i t ical  mois ture  content; % 
is the c r i t i c a l  m o i s t u r e  content  at the body s u r f a c e ,  equaI ing  the 
m a x i m u m  h y g r o s c o p i c  m o i s t u r e  content  for col lo idal  bod ies .  

Re la t i onsh ip  (3) can be s i m p l i f i e d  with the e l i m i n a t i o n  of ~c 

and u c if we let  U-rc-U e = 0.56~ 0, Urc = ~c,  and u c = 2 .25%,  which 
is the case  when 

o.8%R (4) 
a,~= /` (~0 -- ~) ~0 

In the g iven ca se ,  Eq. (3) b e c o m e s  

/go - - / g ( x . z )  

/go - -  ~ 

-- 0.375/7 -k 0.625FX 2 = Atx) (5) 

o r  
m 

U(xm = u o - -  A(xl N'q, (6) 

where  A(X ) is a coef f ic ien t  that is cons tan t  in t ime  but  v a r i e s  along the d i m e n s i o n l e s s  coord ina te  X. 
t ime  r 1 is m e a s u r e d  f rom the in i t i a l  i n s t an t  of d ry ing .  

On the b a s i s  of (6), we can f ind the local  d ry ing  r a t e ,  

~A o - -  U(X,-c) N(x) - -  - -  A(x)N. 
"[1 

To f ind the i n t eg ra l  m e a n  d ry ing  r a t e  for  a l a y e r  of m a t e r i a l  with th i ckness  h 
of a p la te ,  for  e x a m p l e ,  we use  (7) to obtain 

The 

(7) 

, a distance h I from the center 

N(m = N [0.375 +1,88 ( hl -t-t~'58h )2 ] " (8) 

The app l i cab i l i t y  of the p roposed  method  for  d e t e r m i n i n g  U(x ' r) was t es ted  by c o m p a r i n g  ea]!culated 
and e x p e r i m e n t a l  data  for  r ad i a t i ve  d ry ing  of a shee t  of non f a b r i c  m a t e r i a l  m e a s u r i n g  100 • 100 • 25 m m  
(if0 = 1 . 0 3 k g / k g ,  qm = 0.54 k g / m  2 -h,  Y0 = 212 k g / m  3, R = 0.025 m [9]). 

The l a y e r - b y - l a y e r  d ry ing  r a t e s  (8) w e r e  found f rom the e x p e r i m e n t a l  data of [5]. 

F i g u r e s  1 and 2 i l l u s t r a t e  the r e s u l t s  of this c o m p a r i s o n ;  as we see ,  the re  is good a g r e e m e n t  be tween 
the e x p e r i m e n t a l  data  and the va lues  computed  f rom (5) and (8). 

As a c o n s e q u e n c e ,  to d e t e r m i n t e  the uns t eady  m o i s t u r e - c o n t e n t  f ie lds  (5), (6) and the local  and l aye r  
d ry ing  r a t e s  (7), (8) du r ing  the pe r iod  unde r  c o n s i d e r a t i o n ,  we need only have the i n t e g r a l  mean  d ry ing  r a t e .  

As for  the uns teady  m o i s t u r e  di f fus ion f ie ld ,  us ing  (6), (7) in (4), we obta in  

o r  

0.SA(x)qmR (9) 
%(x~ = r% (5 o --~) 

0.8qmR 
am(x~ = r% [uo -- u(x,~A (10) 

F o r  the second  pe r iod  (dec r ea s ing  d r y i n g  ra te ) ,  the equat ion  for  the d ry ing  c u r ve  has the fol lowing 
f o r m  [1]: 

_ u  - -  up -- exp ( - -  • (11) 
tlr.  c - -  l ip  

The t ime  T 2 is m e a s u r e d  f rom the beg inn ing  of the s econd  pe r iod ,  which c o r r e s p o n d s  to the t ime  at which 
the r educed  c r i t i c a l  m o i s t u r e  content  ffrc is r e a c h e d .  
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�9 Fig.  3. Loca l  cu rves  and combined  cu rve  (I) fo r  d ry ing  of pea t - i n su l a t ed  
p la tes  (u,%; % h). Dry ing  condi t ions :  T d = 373~ r = 0.04, v = 4 m 
/ s e c  [6]: 1) expe r imen ta l  c u r v e s ;  2) ca lcu la ted  c u r v e s ;  3, 4) at cen te r  
and at s u r f a c e  of spec imen .  

Fig.  4. Loca l  cu rves  and combined  curve  (I) fo r  d ry ing  of lumps of peat  
[8] (u, %; % h): 1-4) see  Fig .  3. 

Replacing the integral mean drying rate N by the local rate N(X ) in (11), we obtain 

u(x~ ) - up = (ur. c - -  Up) exp (--  • (12) 

Equat ions  (6), (12) can be r e p r e s e n t e d  as the g e n e r a l i z e d  f o r m u l a  

U(x,~ ) - -  Up = [u-0 - -  A(x)N~I -- up] exp (--  • (13) 

In fac t ,  we obtain (13) f r o m  (6) when r 2 = 0, as is the case  dur ing the f i r s t  pe r iod  of the dry ing  p r o c e s s ;  
when ~'1 = ~-c, which c o r r e s p o n d s  to the t ime at which the f i r s t  pe r iod  ends and the second  beg ins ,  Eq. (13) 
is r e p r e s e n t e d  as (12). 

It fol lows f r o m  (13) that U(x ' 1-)-Ue is a funct ion of the new complex  p a r a m e t e r  A(X)7 [3]. 

If we a s s u m e  that the n u m e r i c a l  value of the r educed  c r i t i c a l  m o i s t u r e  content  does not change ove r  
the th ickness  of the s p e c i m e n ,  the fami ly  of cu rves  u(x  ' ~.)-u e = f(T) can be r educed  to the gene ra l  curve  

u(x,~ > - -  up = [ [A(x)~]. 

F i g u r e s  3, 4 show expe r imen ta l  [6, 8] and ca lcu la ted ,  Eq. (13), cu rves  for  d ry ing  of pea t - i n su l a t e d  
p la tes  and peat  lumps .  

S imi l a r  t r e a t m e n t  of local  d ry ing  cu rves  for  f ab r i c  [4], peat  [8], f lax f ibe r s  [7], pea t - i n su l a t ed  pla tes  
[6], and o ther  m a t e r i a l s  indica tes  that the combined  dry ing  cu rve  is widely  appl icable .  

The g r e a t e s t  d i s c r e p a n c y  be tween the expe r imen t a l  da ta  and the values  found f r o m  (5) fo r  local  wa te r  
content  does not exceed  20-25% (see F igs .  1, 3, 4). 

Thus our  method ,  al though app rox ima te ,  s t i l l  o f fers  a ce r ta in  advantage:  the in tegra l  mean  dry ing  
cu rve  can be used as a bas i s  fo r  comput ing  the nons t a t i ona ry  m o i s t u r e - d i f f u s i o n  f ields dur ing  the pe r iod  of 
cons tan t  d ry ing  r a t e ,  and the uns teady  m o i s t u r e - c o n t e n t  fields for  any t ime dur ing the dry ing  p r o c e s s .  

am,  am(X) _ 
U, Uo, Urc  ~ u c ,  uc~ u e 

N, N(X), N(h ) 

qm 
Td, ~, v 
R 

N O T A T I O N  

are the mean-integral and local moisture diffusion coefficients, m2/h; 
are the local, integral-mean, initial, reduced critical, mean (volume) critical, sur-  
face critical, and equilibrium moisture contents, %, kg/kg; 
are the mean-integral and local drying rates, and the drying rate for a layer of 
thickness h during the first period (constant rate); 
is the drying rate, kg/m 2 �9 h; 
are the temperature, moisture, and rate of motion of the air; 
is the characteristic length of the body, m; 
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is the hydrau l i c  r ad ius ,  m; 
is the dens i ty  of the pe r fec t ly  dry  m a t e r i a l ,  kg/m3; 
is the r e l a t i ve  drying coeff icient ;  
a re  the t imes  r e s p e c t i v e l y  pe r t a in ing  to the pe r iods  of constant  and de c r e a s i ng  drying ra t e ,  h; 
is the d imens ion le s s  coord ina te  equaling x / R  for  a p la te ,  and r / R  for  a cy l inder  or  a sphe re ,  where  
r is the radius  of the cy l inder  or  sphe re ;  
is the cu r r en t  coordina te ;  
a re  fo rm constants  of the body: for  an infinite p la te ,  F = 3, II = 1; for  an infinite cy l inder ,  F = 4, 
I I = 2 ;  for  a s p h e r e ,  F = 5 ,  I I = 3 ,  X = I I / r .  
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