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A method is proposed for simultaneously determining the thermal and the moisture diffusiv- 
ity in a porous body during drying. The results of such a determination are presented, to- 

gether with the Lykov number for drying cellulose. 

F o r  the ca l cu l a t i on  of heat  and m a s s  t r a n s f e r  p r o c e s s e s  as  wel l  as for  an exp lana t ion  of the m e c h -  
a n i s m  of i n t e r n a l  hea t  and m a s s  t r a n s f e r ,  it is i m p o r t a n t  to know how the t h e r m a l  and the m a s s  d i f fus iv i ty  
of a s u b s t a n c e  that  has  b e e n  a d s o r b e d  by a d i s p e r s e ,  p o r o u s  body depend on the c o n c e n t r a t i o n  and the t e m -  
p e r a t u r e  of the body.  

Most  me thods  now in u se  y ie ld  e i t h e r  the t h e r m a l  d i f fus iv i ty  or  the m a s s  d i f fus iv i ty ,  without a ccoun t -  
ing for  the i n t e r r e l a t i o n  be tween  the p r o c e s s e s  of heat  and m a s s  t r a n s f e r .  

The p r e s e n t  a r t i c l e  p r o p o s e s  a c o m b i n a t i o n  method  of d e t e r m i n i n g ,  by a s ing le  tes t ,  both the t h e r m a l  
and the moisture diffusivity of a capillary-porous material, as functions of the temperature and the mois- 
ture content during convective drying. 

In order to determine these diffusion parameters, experimental curves of local moisture and tem- 
perature kinetics for two layers of the test material and the integral curve of drying rates are used. The 
calculation formulas have been derived by solving the system of differential equations of one-dimensional 
molecular mass transfer at negligible temperature gradients inside the material. 

The equations of heat and mass transfer with constraints corresponding to the convective drying of a 
moist body have been solved by Lykov [I, 2]. After the initial heating stage there will prevail in the body 
a quasisteady temperature and moisture distribution which can be described by the following simplified 
expressions: 

R ~-  3x ~ u o - -  u (x ,  ~) = ]~ (x) dr - -  Kim(x) - -  (1)  
u0 J RT0uo 6R ~ ' 

0 

t (x, x) - -  t o _ I - -  Ki m (~) Ko Lu to--to 1 - -  . (2) 
t o - -  t o R" ] ' B i q j  

At two s e c t i o n s  (having c o o r d i n a t e s  x 1 and x 2) of a p lane  body le t  us  m e a s u r e  the m o i s t u r e  conten t  
and the t e m p e r a t u r e  throughout  the e n t i r e  d r y i n g  p r o c e s s .  W r i t i n g  Eq. (1) for  each of these  two c oo rd i -  
na t e s ,  and c o n s i d e r i n g  that  

Ki,~ (~) - ]m (T) R , (3)  
amVoUo 
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TABLE I. Diffusivities aq, a m andLykov Num- 

ber Lu as Functions of the Moisture Contentand 
the Temperature during Convective Drying of 
Cellulose 

u, % t, oc aq. 10 8, a m,  10 8 
mz/sec mS/see L u  

10,5 
11,i 
12,0 
12,6 
14,0 
15,0 
15,9 
16,6 
17,4 
18,3 
19,6 
20,4 
21,6 
22,5 
23,4 
24,6 
26,1 

53,0 
52,7 
52,7 
52,6 
52,6 
52,5 
52,4 
52,3 
52,2 
~ ,2  
52,1 
52,0 
52,0 
52,0 
52,0 
52,0 
52,0 

3,4 
4,2 
5,1, 
6,4 
8,7 
8,9 
8,9 
8,9 
8,4 
8,0 
8,2 
7,7 
7,5 
7,9 
7,9 
8,0 
8,3 

0,05 
0,05 
0,06 
0,07 
0,09 
0,09 
0,09 
0,09 
0,10 
0,10 
0,I0 
0,10 
0,11 
0,11 
0,11 
0,12 
0,12 

0,015 
0,013 
0,012 
0,010 
0,010 
O,OIO 
0,010 
0,011 
0,012 
0,012 
0,012 
0,014 
0,014 
0,014 
0,014 
0,014 
0,014 

we obtain, after  subtract ing Eq. (1) f rom Eq. (2): 

u (xl,  ~ ) - -  u (x~, ~) = & (~) 
2amToR (x~-- x~). (4) 

With the mois ture  cur ren t  density expressed in te rms  
of the integral  drying rate 

im ('0 = 7oR du~ (T) , 
dx 

Eq. (4) will finally yield the sought mois ture  diffusiv- 
ity: 

duo (~) _ (x~- -  x~) 
d'~ 

a m =  2[u(xl, "O--u(x2, x)]" (5) 

In o rder  to find the thermal  diffusivity, we sub- 
t rac t  f rom Eq. (2) in the x 2 coordinate the same equa- 
tion in the x 1 coordinate: 

t (X2, T) - -  t (Xl, T) = Kim(x ) e KoLu t h - -  

Using the Kirpichev number (3), the Kossovich number,  and the Lykov number 

r(t) uo " L u =  am 
K o - -  - - -  , - -  , 

Cq (tA.-tO) aq 

we derive f rom (6) the calculation formula  for the thermal  diffusivity: 

tAsr (t) (x~ - -  x~) du~(x) 
dr 

aq 
2cq(t^--ro)It (x~, ~ ) - - t  (xl, ~)l" 

2 X 2 - -  X~ 
2R 2 (6) 

(7) 

Formulas  (5) and (7) apply to any instant of time during the drying process ,  except the initial heating 
stage. 

In order  to determine the coefficients a m and a q,  therefore ,  it is neces sa ry  to have experimental  
curves  of mois ture  and tempera ture  kinetics for two layers  of the body, the curve of integral  drying ra tes ,  
and the c r i t e r ia [  phase - t rans fo rmat ion  number e. The remaining quantities in Eq. (7) can be determined 
without difficulties. In the calculation of aq there a r i ses  a ser ious  problem on account of the phase-  
t ransformat ion  number,  however, because the la t ter  can vary  f rom 0 to 1 depending on the mois ture  con- 
tent and the tempera ture .  

This method was applied in determining the thermal  and the mois ture  diffusivity for cellulose cut 
into ashfree  f i l ter  sheets.  The specimens bui[t up of cellulose sheets to a 30 mm thickness were placed 
in a specia[ -purpose  vessel .  P r i o r  to the test, a specimen was moistened to a definite l e v e l  It was then 
dried by convection at both Sides of the plate with heating and evaporation in a symmet r i ca l  tempera ture  
and a symmet r i ca l  hydrodynamic field. The labora tory  apparatus and the test  procedure  have been de- 
scr ibed in [3]. The mois ture  content in the specimen layers  was measured  by the gammascopic  method 
[4] throughout the p roce s s  without dis tor t ion of the pore s t ruc tures .  The tempera ture  in the same layers  
was measured  with res i s tance  the rmomete r s  and was recorded  automatical ly.  

The c r i te r ia [  phase - t r ans fo rmat ion  number for  cellulose during drying, as a function of the mois ture  
content and the tempera ture ,  was determined according to the Lykov formula [2]: 

2 [t (x, ~) - -  t (0, "0l LqR 
8~ .~ -  

r (t) x~l,. ('0 

The data neces sa ry  for  this had been obtained f rom pre l iminary  tests .  Fu r the rmore ,  the values of ther -  
mal diffusivity for cel lulose at var ious  mois ture  levels wore taken f rom [5] and the heat of evaporation for 
water  at var ious  t empera tu res  was taken f rom [6]. The heat of evaporation of water  f rom m a c r o -  and 
microcap i [ la r ies  in f i l ter  paper  was, moreover ,  assumed to be the same as that f rom a free surface.  
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The specific heat of mois t  cellulose was defined as a l inear  function of the mois ture  content: Cq 
= (1.51+ 4.47 u) �9 103 J / k g ' ~  

The thermal  and the mois ture  diffusivity as well as the Lykov number for cellulose obtained in these 
tests  f rom the kinetic charac te r i s t i c s  of the drying p roces s  are  shown in Table 1. The values of mois ture  
content and tempera ture  represen t  averages  for a plate layer  between coordinates x~ = 0 and x 2 = 5 mm. 
The local t empera tures  and mois ture  contents during the drying p rocess  had been measured  at these two 
sections of a plane specimen. 

The values of thermal  diffusivity obtained for cellulose from kinetic charac te r i s t i c s  of the drying 
p roces s  agree fair ly well with the analytic data obtained by other  separate methods [5, 7]. For  instanee, 
at a 15% mois ture  content (corresponding to the hygroscopic  conditions in mic ropores  of f i l ter  paper) we 
obtained aq = 8 .9 .10  .8 m2/sec (see Table 1), while the values in [5] and in [7] were 9 .7 .10  .8 and 7.2 �9 10 .8 
m2/sec ,  respect ive ly .  Also the curves  of thermal  diffusivity vs mois ture  content according to our kinetic 
method have the same shape as those obtained by the s ta t ionary t e m p e r a t u r e - t i m e  point-by-point  method 
[5]. The aq(u) curve passes  through a maximum within the hygroscopic  range of mois ture  content. As 
mois ture  is removed f rom cellulose during drying, f rom 14% downward, the thermal  diffusivity dec reases  
sharply.  

The mois ture  diffusivity for cellulose dec reases  during convective drying within the 26-10% range. 
A sha~p decrease  of am occurs  when the mois ture  content drops f rom 14 to 1170, when mois ture  absorption 
by mierocap i l l a r ies  changes f rom the capi l lary to the adsorptive mode. 

The Lykov number remains  much smal le r  than unity within the test range of mois ture  content. It 
follows that the buildup of the tempera ture  field leads the buildup of the mois ture  field during drying. 

am 
aq 
u(x, r) 
t(x, r) 
X 

T 

Uo, to 
tA 
Lu 
Ko 

Ki m 
Biq 

jm(r) 
R 

70 
duv/dr 
r(t) 
Cq 

NOTATION 

is the mois ture  diffusivity; 
is the thermal  diffusivity; 
is the local mois ture  content in a body; 
is the local tempera ture  in a body; 
is the coordinate of a point f rom the center  of a plane body; 
is the time f rom the beginning of the drying p rocess ;  
are  the initial mois ture  content and tempera ture ,  respect ively;  
is the ambient tempera ture ;  
i s  

is 
is 
is 
is 
is 
is 
is 
is 
is 
is 

the Lykov number;  
the Kossovich number;  
the phase - t rans fo rmat ion  number;  
the Kirpichev m a s s - t r a n s f e r  number;  
the Blot hea t - t r ans fe r  number;  
the current density of moisture evaporating from one plate surface; 
half the thickness of a plate; 
the density of a perfectly dry material; 
the integral drying rate; 
the evaporation of absorbed liquid from a porous material; 
the specific heat of a moist material. 
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