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A new method is proposed in this article for the determination of the 
moisture-diffusion coefficients on the basis of the integral curve of 
drying kinetics. 

To ach ieve  a r e l i ab l e  method of ca lcu la t ing  the d r y -  
ing r a t e  and the heat  flow r a t e  fo r  va r ious  d ry ing  in-  
s t a l l a t ions ,  we have to e s t ab l i sh  a d i r e c t  r e l a t ionsh ip  
be tween  the t e m p e r a t u r e  of the m a t e r i a l  in the d ry ing  
p r o c e s s ,  i ts m o i s t u r e  content,  and the r e g i m e  p a r a m -  
e t e r s .  

Solution of the s y s t e m  of d i f f e r en t i a l  equat ions  fo r  
hea t -  and m a s s - t r a n s f e r  in d ry ing  p r o c e s s e s  would 
make  it poss ib le  to obtain such a re la t ionsh ip ,  but the 
absence  of e x p e r i m e n t a l  data on the coef f ic ien ts  of 
m o i s t u r e  t r a n s p o r t  and t h e i r  dependence  on the m o i s -  
t u r e  content  p reven t  us f r o m  us ing  t he se  solu t ions .  

The basic transport coefficients are the coefficient 
of potential conductivity--the diffusion of moisture, 
mass conductivity, and the thermal-gradient coeffi- 
cient. 

The existing methods of determining the transport 
coefficients (the Miniovich-Maksimov method, the 
standard-body method, etc.) are complex, since for 
their determination we must know the distribution of 
the moisture content within the body. 

A method has been proposed in [3] for the deter- 
mination of these coefficients from the integral curve 
of the drying kinetics, involving the use of the mois- 
ture content of the entire specimen and its central 
layer at the end of the experiment: 

am = ~ 6 (ut - - U )  " (17 

However, to obtain a complete picture of the nature 

of the change in the coefficients of moisture diffusion 

from the moisture content and the temperature it is 
necessary that we have not only the integral curve of 

the drying kinetics -u = f(r) of the entire specimen, but 
an analogous curve for the drying of its central layer 
ffl = f(T), for which a considerable amount of time 
must be spent. 

The above explains our attempt to ascertain the 
possibility of determining the moisture-diffusion coef- 
ficient by using only the integral curve of the drying 

kinetics. 
For the study we selected a colloidal capillary- 

porous fibrous fabric. 
The experimental method was a more detailed de- 

velopment for specific conditions of the method pro- 
posed by V. D. Ermolenko [3]. 

The t e s t  spec imen  of the m a t e r i a l  be ing  t e s t ed  was 
a s s e m b l e d  f r o m  t h r e e  m o i s t  p la tes ,  each 150 • 100 x 
x 2R 1 m m  in d imens ion .  To e n s u r e  t ight adhesion of 
the pla tes  to each other ,  the spec imen  was p laced into 
a spec ia l ly  f ab r i ca t ed  c a r t r i d g e  with s ide  heat  and 
m o i s t u r e  insula t ion.  The t e s t  m a t e r i a l  was sub jec ted  
to b i l a t e r i a l  convec t ive  d ry ing  at a constant  a i r  t e m -  
p e r a t u r e  in a t h e r m o s t a t  whose  t e m p e r a t u r e  r e g i m e  
was kept a c c u r a t e  to within 0.2 ~ C. The in i t ia l  (true) 
moisture content, corresponding to the initial instant 
of drying, in all of the tests exhibited a constant mag- 
nitude for each type of material. For example, for 

"zhenskii" thick cloth u0 amounted to 1.8 kg/kg (Table i). 
It should be noted that the initial moisture content 

of each individual plate was equal to the initial mois- 

ture content of the entire specimen, i.e., the condition 

Uoi = u0 was maintained. The reading of the integral 
curve for the drying kinetics of the entire specimen 

and for the analogous drying curve for the specimen's 
center layer was accomplished in the following way. 

The test material was dried in the thermostat for some 
period of time, e.g., 30 sec, and on elapse of this 

time it was housed in a weighing bottle, weighed to 

determine~ and ul, which correspond in this case to 
~- = 30 see. 

On completion of the test, the specimen was soaked 
in distilled water to a moisture content of ~0 = -fi01. 
Each subsequent experiment was carried out for a dif- 
ferent drying time, e.g. ,  60, 90, 120 sec, etc., all 
other conditions being equal (t d = eonst, u 0 = u01, ~9 = 
= const) .  

An analogous series of experiments was repeated 
for each of the drying temperatures being considered. 

As a result of this work we obtained the curves for 
the drying kinetics of the specimen and of its center 
layer for various fabrics, including pure wool and 
those containing up to 70% vegetable fibers. 

The experimental data have been collected in Table 
1. They are not presented graphically for the reason 
that during the first period of a constant rate, on the 
basis of whose quantitative relationships our proposed 
theory for the determination of a m is constructed, the 
graphical relationships u = f(~-), ul =f(T), du/dT = 
--- f(u-), and dul/dT = f(u) are in the form of straight 
lines. 

Since (1) is valid only in the case of isothermal 
moisture transport, the temperatures are measured 
by means of copper-eonstantan thermocouples mounted 
at various points through the thickness of the specimen. 
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Table I 

Summary Data on the Kinetics of Drying Fibrous Fabrics during 

the First Period (at a Constafit Rate) 

Indices 

Integral drying rate N �9 l0  s 
kg/kg �9 sec for T d 

40 ~ 
60 *C 
80 ~ 

The same, for the center layer of the spe- 
cimen, N~ =" 10 s, kg/kg �9 sec for t d 
40 ~ 
60 ~ 

. 8 0  ~ 
3"om 2, kg/m 2 

R, m m  

R~, m m  

uo, kg/k 

~cr, kg/k 
7o, kg/m3 
k,% 

Designation of material 

"zhenskii" thick 
cloth 

2.69 
6,24 

12,02 

1.08 
3,06 
6,11 
0.700 
3.51 
1,17 
1,80 
1,00 

300 
0 

tricot suiting 

2.53 
4.67 

13~81 

0,87 
2.31 
5.48 
0:595 
2,10 
0.70 
1.28 
0,71 

425 
48 

"fasonnyi" thick 
cloth 

5,84 
12,10 
26.64 

3.06 
6.28 

15.55 
0.410 
1,14 
0.38 
1.00 
0,56 

540 
70 

As was to be expected, in the period of a constant 
drying rate the maximum temperature gradient (t s - 

- t c = 46.8-46.0), equal to 0.8 ~ C, was found in the 
specimen of maximum thickness (R = 3.5 mm) at a 

drying temperature of 80 ~ C. Consequently, we can 
draw the conclusion that for the materials under con- 

sideration (R = 1 . 1 3 " 3 . 5  mm)  the  i n f luence  of  t he  t h e r -  
m a l - g r a d i e n t  t r a n s p o r t  i s  n e g l i g i b l y  s m a l l .  

Thus ,  we  h a v e  e v e r y  b a s i s  f o r  t h e  u s e  of  (1) a s  the  
i n i t i a l  equa t i on  fo r  t he  s tudy  of  m o i s t u r e  d i f fu s ion .  

The c u r v e s  fo r  t he  d r y i n g  r a t e  c o n s t r u c t e d  f r o m  
e x p e r i m e n t a l  d a t a  c l e a r l y  s h o w e d  tha t  d u r i n g  the  f i r s t  
p e r i o d  of the  p r o c e s s  it  i s  not  o n l y  the  d r y i n g  r a t e  f o r  
the  e n t i r e  s p e c i m e n  tha t  has  a c o n s t a n t  v a l u e ,  bu t  f o r  
t he  s p e c i m e n ' s  c e n t e r  l a y e r  a s  w e l l .  In th i s  c a s e ,  t he  
d r y i n g  r a t e  of the  l a t t e r  is  l e s s  than  the  d r y i n g  r a t e  of  
the  e n t i r e  s p e c i m e n  ( see  T a b l e  1). 

A f t e r  t r a n s f o r m a t i o n ,  g i v e n  dff l /dT = N 1 = cons t ,  
Eq.  (1) a s s u m e s  the  f o r m  

4N~R ~ 
am = 27 (N - -  Nx) (~o - - u )  (2) 

Using (2), we can obtain a simple relationship for 

am Uo - -  qcr 
amcr U o - - U  (3) 

The a d v a n t a g e  of (3) l i e s  in i t s  s i m p l i c i t y  and in 
the  f a c t  tha t  i t  m a k e s  it  p o s s i b l e  to f ind a l l  of  t h e q u a n -  
t i t l e s  c o n t a i n e d  wi th in  it  f r o m  the  i n t e g r a l  c u r v e  of 
the  d r y i n g  k i n e t i c s .  

N e v e r t h e l e s s ,  i t  i s  of  c o n s i d e r a b l e  i n t e r e s t  to know 
the  v a l u e  of t he  a b s o l u t e  v a l u e  f o r  t he  c o e f f i c i e n t  of  
m o i s t u r e  d i f fu s ion .  L e t  us  dwe l l  on th i s  in g r e a t e r  
d e t a i l .  As  a r e s u l t  of  o u r  s tudy  into t he  d r y i n g  p r o c e s s  
of v a r i o u s  m a t e r i a l s ,  we  d e r i v e d  a r e l a t i o n s h i p  b e -  
t w e e n  the  r e d u c e d  c r i t i c a l  and in i t i a l  m o i s t u r e  c o n t e n t s  
of  t he  m a t e r i a l  [5], i . e . ,  

~red.c~" ~eq = 0 . 5 6 L  = u0/1.80. 

The  u s e  of  a m c r ,  o b t a i n e d  f r o m  -Ucr =-f im.h  + 
+ N R 2 / 3 a m c r  [2], e n a b l e s  us  to w r i t e  (3) in t he  f o l -  
l owing  f o r m :  

a m = (4) 
3 (Ucr--~m.h) (~-0 - - u )  

After a number of transformations under the condition 

thatucr = Ured.cr, Eq. (4) for an unbounded plate as- 
sumes the form 

0,266 N R  2 ~o - -  2,25 Ucr) 
aM - , (5) 

( U o -  u) [ U o -  1.8o (~m.h ~e,}l 

and w h e n  urn.  h = 2.25 ffeq 

a,~ = 0.266 NR2/(uo--u). (6) 

The test specimen may be of some other shape (an 
unbounded cylinder, sphere). In this case, the the- 

oretical formulas will differ from (5) and (6) only in 
the numerical coefficients. 

To verify the validity of (5) and (6), we employed 
our experimental data from the study of capillary-po- 

rous colloidal thick cloth, and the diffusion coeffi- 
cients were calculated from (i), (5), and (6). The 

maximum divergence in the experimental data calcu- 
lated from (I) and (5) does not exceed 5%, while for 

those calculated from (5) and (6) it does not exceed 
21% (Table 2). 

As we see from the cited comparison, (5) yields a 
more exact value of a m than does (6). As regards the 

latter, it can be recommended for approximate prac- 

tical calculations and for those cases in which we do 

not  h a v e  t h e  v a l u e s  of  u m . h  o r  Ueq  a t  o u r  d i s p o s a l .  
V e r i f i c a t i o n  of  the  a p p l i c a b i l i t y  of  (6) to c a p i l l a r y -  

p o r o u s  m a t e r i a l s  was  c a r r i e d  out  w i t h  a c e r a m i c  m a -  
t e r i a l  of  28% p o r o s i t y ,  fo r  wh ich  we  d e t e r m i n e d  the  
c o e f f i c i e n t  of  m o i s t u r e  d i f f u s i o n  at a m e a n - i n t e g r a l  
m o i s t u r e  con t en t  of  0.1 k g / k g  and a d r y i n g  t e m p e r a -  
t u r e  of  40 ~ C.  We h a v e  b o r r o w e d  f r o m  [4] t h o s e  da ta  
in (6) tha t  we  n e e d e d  f o r  t he  c a l c u l a t i o n :  N = 0.425 �9 
�9 10 -~ k g / k g . s e e ,  if0 = 0.18 k g / k g ,  R =0 .774  �9 10 -2 m:  

a,~, = 0.266 10..~0,425 (0,774.10-~) ~ 0.847.10 -~ m'/scc 
0.18--0.10 
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Table 2 

Values of the Diffusion Coefficients for "Fasonnyi"' Thick Cloth 
(k = 48%, Y0m 2 = 0.595 kg/m 2) 

~, kg/kg aral. 101', nl~/sec ams" 10~', mZ/sec I atr~" IOH' m2/secl atn.5"aml ams/aml 
I 

td = 40 ~C, q~ = 67%, Um.h = 0.28, Ucr = O. 14 
1.28 
1.24 
1.19 
Ii14 
I.I0 
1.05 
1,00 
0,96 
0i91 
0.86 
OJ81 
0.76 
0.72 
0,67 
0.62 
0.58 
0,54 

7.18 
3,18 
2.07 
1.50 
1.18 
1.04 
0:87 
0.75 
0.69 
0.61 
0, 55 
0.50 
0.47 
0,43 
O, 40 
0.38 

6.95 
3.25 
1,98 
1.54 
1,21 
0,99 
0,87 
0.75 
0~71 
0,60 
0,54 
0~50 
0,46 
0,43 
0,40 
0~38 

7.42 
3.30 
2.12 
1.65 
1,29 
1,06 
0,93 
O, 80 
0,66 
0L64 
0,58 
O. 53 
0,49 
0,46 
0.43 
0,40 

0.97 
1~02 
0.96 
1.03 
1,02 
O, 95 
1,00 
1,00 
1~03 
0.98 
0,98 
1,00 
0,98 
1.00 
1,00 
1,00 

1,03 
1,04 
1,02 
1,10 
1,09 
1.02 
1,07 
1.07 
1,03 
1,05 
1,05 
1,06 
1,04 
1,07 
1,07 
1,05 

1.24 
1.19 
1.15 
I,II  
1.06 
1.02 
0.98 
0,94 
0i90 
0.85 
0,81 
0.76 
0.72 
0,68 
0,64 
0,59 
0.55 

t d : 6 0  ~ 

15.24 
7~62 
4,68 
3,59 
2,90 
2644 
2~11 
1~85 
1,65 
1,49 
1~36 
1.25 
1,15 
1,07 
1,02 
0,98 
0,95 

q~ = 45%, urn.h= 0.28, Ucr= 0,10 

15,15 
7.17 
4,68 
3:57 
2,82 
2~39 
2,03 
I~79 
1,60 
1,43 
1,29 
1,15 
1.10 
1.02 
0,95 
0~89 
0,90 

13,76 0.99 
6.44 0,94 
4~22 1.00 
3.22 0.99 
2~54 0,97 
2t15 0.98 
1,83 0,w 
1,61 0.97 
1.44 0,97 
1,29 0,96 
1,16 0.95 
1,06 0,92 
0,99 0~6 
0.92 0.95 
0t86 0,93 
0,80 0.91 
0.75 0,95 

0.90 
0.85 
OfiO 
0~90 
0..88 
0,88 
0.87 
0,87 
0:87 
0,87 
0~85 
0,85 
0,86 
0,86 
0,84 
0:82 
0.79 

The  v a l u e  of t h e  a n a l o g o u s  c o e f f i c i e n t ,  c a l c u l a t e d  

f r o m  (1) in  t h e  c i t e d  r e f e r e n c e ,  a m o u n t s  to  0 .834  �9 

�9 10-9 m a / s e c .  
We  s e e  f r o m  t h e  c i t e d  e x a m p l e s  t h a t  (57 a n d  (6) a r e  

s u i t a b l e  f o r  t h e  d e t e r m i n a t i o n  of  t h e  m o i s t u r e - d i f f u s i o n  

c o e f f i c i e n t  in  t h e  p e r i o d  of a c o n s t a n t  r a t e  b o t h  f o r  
c a p i l l a r y - p o r o u s  a n d  f o r  c e r t a i n  c o l l o i d a l - c a p i l l a r y -  

p o r o u s  m a t e r i a l s .  U s i n g  t h e s e  e x p r e s s i o n s ,  we c a n  

d e t e r m i n e  t h e  v a l u e  of a m f o r  t h e  i n s t a n t a n e o u s  m o i s -  

t u r e  c o n t e n t  u -<- Ucr  a t  v a r i o u s  d r y i n g  t e m p e r a t u r e s ,  

v - - 4  

4 

I _ .  

0 gO l.o 
F i g .  1. M o i s t u r e  d i f f u s i o n  c o e f f i -  
c i e n t  ( m 2 / s e c )  v e r s u s  m o i s t u r e  
c o n t e n t  (kg /kg )  a n d  t e m p e r a t u r e  
of t h i c k  c l o t h  " z h e n s k i i : "  1) 22 .5  ~ 

C;  2) 40 ;  3) 60;  4) 80.  

p r o v i d e d  t h a t  w e  know t h e  d r y i n g  r a t e  in  t h e  f i r s t  p e r -  

iod ,  in  a d d i t i o n  to t h e  e q u i l i b r i u m  m o i s t u r e  c o n t e n t .  

F i g u r e  1 s h o w s  t h e  c u r v e s  a m = f ( u )  a t  v a r i o u s  
d r y i n g  t e m p e r a t u r e s  f o r  " z h e n s k i i "  t h i c k  c l o t h  (k = 0, 

Y0m 2 = 0 .700 k g / m 2 ) .  The  s a m e  c u r v e s ,  in  t h e  c o o r -  
d i n a t e s  1 / a  m - if, s t r a i g h t e n  out ,  i n t e r s e c t i n g  t h e  a x i s  

of t h e  m o i s t u r e  c o n t e n t s  a t  a s i n g l e  p o i n t ~ 0 0  =-~0 ( F i g .  
2). I ndeed ,  K00 i s  t h e  t r u e  i n i t i a l  m o i s t u r e  c o n t e n t ,  i f  

i t  d o e s  no t  e x c e e d  t h a t  m a x i m u m  v a l u e  at  w h i c h  t h e  

m o i s t u r e - d i f f u s i o n  c o e f f i c i e n t  b e c o m e s  a c o n s t a n t  
q u a n t i t y .  F o r  e x a m p l e ,  w i t h  e x t r e m e l y  m o i s t  d i a t o -  
m i t e  p l a t e s  a m c e a s e s  to  b e  a f u n c t i o n  of t h e  m o i s t u r e  

c o n t e n t .  T h i s  i s  e x p l a i n e d  b y  t h e  f a c t  t h a t  t h e  p o r e  

r a d i i  c h a n g e  o n l y  s l i g h t l y  [1]. 
I f ~  0 =-u00, t h e  l a t t e r  d o e s  no t  d e p e n d  o n  t e m p e r a -  

t u r e .  H o w e v e r ,  f o r  a n u m b e r  of m a t e r i a l s  i t  i s  n e c e s -  
s a r y  t h a t  s u c h  a r e l a t i o n s h i p : b e  m a i n t a i n e d .  L e t  u s  

c o n s i d e r  t h e  c u r v e s  a m = f ( u )  a t  v a r i o u s  t e m p e r a t u r e s  
f o r  d i a t o m i t e  f r a g m e n t s ,  a s  d e r i v e d  b y  V. I. D u b n i t -  
s k i i  [2]. In t h e  c o o r d i n a t e s  1 / a  m - u ,  t h e  c u r v e s  
s t r a i g h t e n  out ,  i n t e r s e c t i n g  t h e  m o i s t u r e - c o n t e n t  a x i s  

a t  s e v e r a l  p o i n t s ,  w i t h  m a x i m u m  d i v e r g e n c e  a m o u n t -  

i ng  to 4 - 5 %  of  t h e  m o i s t u r e  c o n t e n t  ~00, i . e . ,  t h e  r e -  
l a t i o n s h i p  b e t w e e n  t h e  l a t t e r  and  t h e  t e m p e r a t u r e  i s  

i n s i g n i f i c a n t  (F ig .  3). 
As  d e m o n s t r a t e d  b y  o t h e r  s i m i l a r  s t u d i e s ,  in  t h e  

m a j o r i t y  of c a s e s  we  c a n  a s s u m e  t h a t  t h e  i n i t i a l  m o i s -  
t u r e  c o n t e n t  ( c o n d i t i o n a l )  i s  i n d e p e n d e n t  o f  t e m p e r a -  

t u r e .  
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O.6 

0 t,O t.~ u 

Fig.  2. i / a  m v e r s u s  m o i s t u r e  
content  (kg/kg) and t e m p e r a t u r e  
of th ick cloth "zhenski i . "  Nota- 
t ion the s ame  as for Fig.  1. 

1 / a m ,  s e c / m  2. 

t 

�9 ~2 o,~ a~ t3 

Fig.  3. 1/a m ver sus  m o i s t u r e  con-  
tent  (kg/kg) and t e m p e r a t u r e  of d i -  
a tomi te  f r agmen t s :  1) 25 ~ C; 2) 30; 
3) 50; 4) 60; 5) 65; 1 / a m m s e c / m  2. 

If we take this into account, the straight lines of 

the functions amo/a m = f(u) for various temperatures 
merge into a single straight line, and the relationship 
of the moisture-diffusion coefficients in the case of a 
fixed moisture content for various regimes will be 
directly proportional for a given material to the ratio 
of the constant drying rates of corresponding regimes. 

NOTATION 

a m , am cr, aml, am~, am6, and am0 are the mean 
integral moisture diffusion coefficient, moisture diffu- 
sion coefficient at critical moisture content, moisture 
diffusion coefficient calculated from (i), (5), and (6), 
and moi sture diffus ion coeffie ient of absolute dry mate- 
rial, respectively; td, ts, tc are the drying tempera- 
ture, surface temperature, and temperature in the 
middle of the material, ~ respectively; q~ is the air 
humidity, %; d~/dT = N is the drying velocity of the 
whole sample in the first period, kg/kg.see; d~i/dT = 
= N I is the velocity of the central layer 2/3 R, m; 
and ul are the mean integral moisture content of the 

whole sample and its central layer, kg/kg; u0 and-fi00 
are the initial moisture content (true one) and con- 

ventional; Ucr, -fired.cr, urn.h, and Ueq are the critical, 

reduced critical, maximum hygroscopic, and equilib- 
rium moisture contents, kg/kg, respectively; R is the 
characteristic dimension of the body, m; R I is the 
half-thickness of the central layer of sample, m; Y0 is 
the density of absolutely dry material, kg/m3; Y0m 2 is 
the density of 1 m 2 of absolutely dry material, kg/m 2, 
k is the content of plant fibers, %. 
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