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An approximate method of calculating the kinetics of convective drying of flat mater ia l s  in the 
period of a decreas ing drying rate is presented.  

The ar t i f ic ial  drying of mater ia ls  has now obtained wide application in industry. It is hard to find a 
fac tory  where the goods, products,  or  mater ia l s  have not been subject to drying at least  once in the course 
of the i r  technological process ing.  Also, the development of drying technology has been inseparably con- 
nected with the development of the scientif ical ly based methods of engineering calculation of drying pro-  
cesses .  

Thus, not only the tasks of the search  for  new, more  efficient drying methods and the creat ion of 
highly productive installations but also those of the development of new engineering methods of calcula-  
tion and their  coordination with the kinetics of the drying process  stand before the technology of drying. 

An engineering method of calculating the kinetics of the convective drying of flat mater ia l s  in the 
period of a decreas ing  drying rate is proposed in the present  repor t  on the basis of the works of A. V. 
Lykov and his students [1-7]. 

The intensity of heat exchange in the period of a decreas ing  drying rate can be found from the funda- 
mental  equation of drying kinetics 

q (r) = porR, ~ (I -J- Rb), (1) 

and the intensity of moisture exchange can be found from the equation 

}__ q('O (2) 
r 

To determine the intensity of heat exchange in the period of a decreas ing  drying rate it is neces sa ry  
to know the dependence between the Rebinder number  Rb and the mois ture  content ~ of the substance. F o r  
a major i ty  of capi l la ry-porous  mater ia l s  this dependence can be expressed (according to our exper iments  
[2, 3, 7]) by the empir ica l  equations 

TABLE 1. 

Material 

Wood (pine) 
Clay 
Fek 
Asbestos 

Constants X' and n in Eq. (5) 

ta, ~ 

90--150 
90--150 
90--150 
90--150 

Drying conditions 

~, % ,, .m/see 

5 3-25 
5 3--25 
5 3--26 
5 3--25 

X', I/% 

0,005 
0,045 
0,007 
0,0355 

1,1 
1,2 
1,1 
1,12 
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Rb = A exp [-- n (u-- Ue)], (3) 

Rb = A (~ - -  ue)", (4) 

where A a n d n  are c~ determined from experiment.  

The use of the number  Rb for  calculating the drying kinetics 
has proved v e r y  convenient and considerably simplifies the calcula-  
tions because the Rebinder number  does not depend on the operating 
pa ramete r s  in a wide interval o f  their  variat ion [2, 3, 7]. 

To determine the drying rate in the second period we will use 
the equation 

dW 
- -  ~ .~ z '  lV ( W  - -  W e )  n . ( 5 )  

�9 d'[7 

The relative drying coefficient • and the constant n are  de te r -  
mined experimental ly f rom the curves  of the drying r a t e .  

An analysis of experimental  data on the drying of a whole 
ser ies  of capi l la ry-porous  moist  mater ia ls  showed that the con-  

s t a n t s  X' and n entering into Eq. (5) do not depend on the operating 
pa ramete r s  or  on the thickness of the mater ia l  in a wide range of 
their  variat ion;  the drYing-rate curve  being descr ibed accura te ly  
enough by Eq. (5). 

The values of the constants X' and n in Eq. (5) for  cer tain ma-  
ter ials  are  given in Table 1. 

To calculate the tempera ture  of the mater ia l  in the period of a 
decreas ing  drying rate one must  know the value of the relative tem-  
perature  coefficient B of the drying. For  a number  of capi l la ry-  
porous mater ia l s  the dependence B = f(u--) can be represented by the 
equations 

B = a exp [-- m (u-- ue)], (6) 

B = a ( u - -  u J " .  (7) 

The constant m in Eqs. (6) and (7) does not depend on the d ry -  
ing conditions and is determined only by the type of mater ia l ,  while 
the value of a is a l inear function of the tempera ture :  

a = K T  m -  _P. (S) 

The values of the constants in Eqs. (3), (6), and (8) determined 
f rom exper iment  a re  presented in Table 2 for  a whole se r ies  of 
capi l la ry-porous  colloidal mater ia ls .  

F rom a determinat ion of the relat ive tempera ture  coefficient 
of the drying we have 

B = dt Au d[ da 
. o r  - -  B - -  ( 9 )  

du AT AT  Au  ' 

where AT and AT are fixed values of the tempera ture  and mois ture  
content of the substance (AT = T; Ag = u 0 o r  Au = ffcrl). 

Using the empir ica l  equation (6) together  with Eq. (9) we ob- 
tain an equation for  calculating the average  volumetr ic  tempera ture  
of the mater ia l :  

t =  t ~  aTm il --exp [-- ra (u -= ue)] }. (10) 
n//,L e l .  ! 
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Fig .  1. Dry ing  c u r v e  and t e m p e r a t u r e  c u r v e s  t = f(7) f o r  an  a s b e s t o s  
plate of 120 x 80 x 6 m m  (a) and c u r v e  of  d r y i n g  in tens i ty  and depen-  
dence  between a v e r a g e  t e m p e r a t u r e  t(~ and m o i s t u r e  content  W (%) 
(b) in the c o u r s e  of convec t ive  d ry ing  with the condi t ions  t m = 120~ 
v = 3 m / s e c ,  and q~ = 57o(1: expe r imen ta l  data;  2: ca lcula t ion) ;  7, min;  
j,  k g / m  2. h. 

The t e m p e r a t u r e  at  the s u r f a c e  of  the m a t e r i a l  [4] in the c o u r s e  of  the d r y i n g  can be d e t e r m i n e d  f r o m  
the equat ion 

Ts = Tin-- N *~ (Tin-- Tw). (11) 

In the period of a constant drying rate the moisture in the substance moves mainly.in the form of a 
liquid (E = 0), i.e., the temperature is the same at every point of the material and equal to the wet-bulb 
temperature t w. The wet-bulb temperature can be found using Eq. (10) if the moisture content is taken as 
u > Then -- Ucr 1, 

7 _ _ t w  = t m  a T ~  {I - -exp [ - - m  (Uch-- Ue)]}. (12) 
mUcr 1 

In the per iod of a d e c r e a s i n g  d r y i n g  ra te  the t e m p e r a t u r e  d i s t r ibu t ion  o v e r  a c r o s s  sec t ion  of  the m a -  
t e r i a l  obeys  a pa rabo l i c  law. Using this ,  the ave r age  t e m p e r a t u r e  o v e r  the vo lume of the m a t e r i a l  is 

t -= tc + / / ( t s  --re), (13) 

where  II  is a cons tan t  n u m e r i c a l  coef f ic ien t  (for a pla te  II  = 1/3).  

T h e  t e m p e r a t u r e  at  the c e n t e r  of the m a t e r i a l  is d e t e r m i n e d  f r o m  Eq. (13): 

tc _ -{-- Tits 
1 - - / 7  " ( 1 4 )  

We can find the dura t ion  of the d r y i n g  p r o c e s s  by in tegra t ing  Eq. (5). Then 

"r = W~ - -  Wcrl + 1 - -  (15) 
N (1 - -  n)•'N . W c h - - W e ]  ] 

Thus ,  the given method of ca l cu la t ing  the d ry ing  k ine t ics  a l lows one to d e t e r m i n e  all  the m a i n  p a r a m -  
e t e r s  of the p r o c e s s  and a g r e e s  well  with expe r imen t .  

A c o m p a r i s o n  of  e xpe r i m e n t a l  da ta  with the ca lcu la ted  va lues  computed  f r o m  the equa t ions  p r e s e n t e d  
is g iven  in Fig .  l a  and b fo r  an a s b e s t o s  plate  when it is dr ied  under  the condit ions of fo rced  convect ion .  
I t  is  seen  f r o m  the f igure  that  the m a x i m u m  e r r o r  in the d e t e r m i n a t i o n  of the main  c h a r a c t e r i s t i c s  of the 
d ry ing  k ine t ics  ( intensi ty of hea t  and m o i s t u r e  exchange ,  t e m p e r a t u r e  of the m a t e r i a l ,  dura t ion  of the p r o -  
cess )  does  not  exceed 3-5%,which is fully accep tab le  f o r  app rox ima te  e n g i n e e r i n g  ca lcu la t ions .  

In conc lus ion ,  we note  that  the equa t ions  p r e s e n t e d  above  a l low one to solve p r o b l e m s  of d ry ing  kinetic s 
r a t h e r  a c c u r a t e l y  and to c o n s i d e r a b l y  s i m p l i f y  the ca lcu la t ions .  

B 

Rb 

N O T A T I O N  

is the r e l a t ive  t e m p e r a t u r e  coef f ic ien t  of d ry ing ;  
is the Rebinder  number ;  
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~is the m o i s t u r e  content; 
is the d ry ing  ra te  in t h e  f i r s t  period;  
is the heat capaci ty  of mois t  ma te r i a l ;  
is the t e m p e r a t u r e  coeff icient  of drying; 
is the equi l ibr ium m o i s t u r e  content; 
is the re la t ive  drying coefficient;  
a r e  the constants  d e t e r m i n e d  f rom exper iment ;  
is the durat ion of drying; 
is the rat io  of volume of the ma t e r i a l  to its sur face ;  
~s the specif ic  heat of evaporat ion;  
m the densi ty  of dry  mater ia l ;  
m the intensi ty  of heat  exchange; 
m the intensi ty of m o i s t u r e  exchange; 
m the m o i s t u r e  of m a t e r i a l  pe r  d ry  weight; 
~s the equi l ibr ium mois tu re ;  
is the wet-bulb t empera tu re ;  
m the f i r s t  c r i t i ca l  mo i s tu re  content of ma te r i a l ;  
a r e  the t e m p e r a t u r e s  of medium;  
is the average  vo lumet r i c  t e m p e r a t u r e  of ma te r i a l ;  
a r e  the t e m p e r a t u r e s  at  su r face  of ma te r i a l ;  
is the t e m p e r a t u r e  at cen te r  of ma te r i a l ;  
is the f i r s t  c r i t ica l  mois tu re  of ma te r i a l ;  
a r e  the fixed moi s tu re  content and fixed t e m p e r a t u r e ;  
is  the p h a s e - t r a n s f o r m a t i o n  number .  
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