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A study has  been made of the dry ing  of a body by pa s sage  of a drying agent; va r ious  s t ruc tu r e s  
have been used.  A s imple  ma thema t i ca l  model  is  p re sen ted  for  this type of d r y i n g .  

Much attention is being given to the drying of g a s - p e r m e a b l e  bodies by pa s sage  of a heat  c a r r i e r  through 
a p lanar  l aye r  of m a t e r i a l  [1-4]. UsuaUy, such a m a t e r i a l  has  l a rge  internal  channels and p o r e s ,  in which the 
hydraul ic  r e s i s t a n c e  is quite low [2]. It  has  been found that  the drying is then considerably  m o r e  rapid  than 
convect ive drying.  

P a r t i c u l a r  i n t e r e s t  a t taches  to r e s e a r c h  on dry ing  of this type for  m a t e r i a l s  d i f fer ing cons iderably  in 
s t ruc tu re  and type of wa te r  binding. We have examined  var ious  m a t e r i a l s  (felt, ca rdboard ,  nonwoven f ab r i c s ,  
sheet  a s b e s t o s ,  woven a sbes to s  s t r ip ,  and the l ike) ,  which dif fer  in nature  and hydraul ic  r e s i s t ance .  The m e a -  
s u r e m e n t s  we re  made over  a wide t e m p e r a t u r e  range  with widely va ry ing  p r e s s u r e  d i f fe rences ,  the main  w o r k -  
ing unit for  the purpose  being that  shown in Fig. 1, which cons is t s  of two sect ions  1 and 2, which a r e  s epa ra t ed  
by the pe r fo r a t ed  baffle 3. Leakage around the edge is p reven ted  by the seal ing r ing 4, which is c o m p r e s s e d  
by the cover  5. The drying is p e r f o r m e d  as follows. The wet  spec imen  6 of d i ame te r  100 m m  is se t  up in s e c -  
t ion 1 on the p e r f o r a t e d  baffle 3, with a vacuum se t  up in sect ion 2. The gas at  a se t  t e m p e r a t u r e  is supplied 
to the sur face  of the spec imen  and p a s s e s  through it as a r e su l t  of the p r e s s u r e  difference.  

Figure  2 shows r e su l t s  for  fel t ,  c a r d b o a r d '  and woven asbes tos  s t r ip  at 100~ and a p r e s s u r e  difference 
of 65,000 N/m 2. The kinetic curves  indicate the mode of drying in the di f ferent  groups of m a t e r i a l s ,  which dif -  
f e r  cons iderably  in s t ruc tu re .  

The fe l t  had coa r se  po res  with low hydraul ic  r e s i s t ance ;  the woven a sbes tos  s t r i p s  we re  much dense r  
and bound the wa te r  in a d i f ferent  fashion. Cardboard  is a typical  colloidal porous  m a t e r i a l  dominated by 
sma l l  cap i l l a r i e s ,  and it has the h ighes t  hydraul ic  r e s i s t ance .  Curve 1 re f l ec t s  the drying of fe l t  of th ickness  
10 m m  and has  three  p rominen t  pa r t s .  The f i r s t  is rapid  mechanica l  d i sp lacemen t  of the wa te r  by the gas ,  
while the second and thi rd  a re  drying p rope r .  About half  of the wa te r  is e l iminated during the f i r s t  per iod.  
Curve 2 r e p r e s e n t s  the a sbes tos  s t r ip  of th ickness  10 m m ,  which takes  the f o r m  of a c lass ica l  curve with two 
per iods .  Here  mechan ica l  d i sp lacemen t  plays  no definite par t .  Curve 3 indicates  the drying of ca rdboard  of 
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Fig. 1. The drying chamber. 

thickness 8 mm. It is dear from curve 3 that the derivative of W with respect to r increases during the pro- 
cess, which is due to systematic increase in the flow rate (speed) of the gas arising from increase in the effec- 
tive porosity as the water content fails for a constant pressure difference. Figure 2 also shows that the struc- 
ture had a decisive influence on the drying, particularly at the start. The drying can be represented as a con- 
vective process within the capillaries, in which the temperature and concentration profiles move along the line 
of the pressure gradient. Figure 2 shows that the drying occurs mainly in the constant-rate period, whereas 
the rate falls mainly in the range from W = 8% to Wp, which can be neglected, since the technical Conditions 
specify that the water content should not be reduced to this level. The differential equations for drying and 
conservation of matter takes the form 

a_x + m aw~_ = o, O)  
OZ aT 
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m = p F / 1 0 0 M ,  n = S K P  8. (3) 

E q u a t i o n  (1) r e p r e s e n t s  the  w a t e r  b a l a n c e  fo r  an e l e m e n t a r y  v o l u m e  (the gas  i n c r e a s e s  in w a t e r  con ten t  a t  the  
e x p e n s e  of  the  m o i s t  m a t e r i a l ) .  E q u a t i o n  (2) i s  a k i n e t i c  equa t ion  c o r r e s p o n d i n g  to the  c o n s t a n t - r a t e  p e r i o d .  

T h e s e  e q u a t i o n s  can  be t r a n s f o r m e d  to 
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w h o s e  s o l u t i o n  i s  

t - -  % (5)  W = 1 - - T a e x p ( - - a Z ) ,  a - -  n. 
Wo Wo 

Equa t ion  (5) is  the  f ina l  r e s u l t  f r o m  the above ;  i t  i s  n e c e s s a r y  to d e t e r m i n e  the k i n e t i c  c o e f f i c i e n t s  a and a in 
o r d e r  to  u s e  th i s  a n a l y t i c a l  r e l a t i o n s h i p ,  and  fo r  t h i s  p u r p o s e  we c o n v e r t  (5) to the f o r m  
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Fig. 4. Compar ison of observed and 
calculated values for  dimensionless  
quantities for :  1) felt; 2) asbestos  strip.  

Figure 3 shows data on felt  p roces sed  in accordance with (7), and it is c lear  that the s traight  lines are 
a lmos t ipa r~ l~L These resu l t s  for  felt  and other mate r ia l s  show that ~ is dependent on the pa rame te r s  of the 
p r o c e s s ,  whereas  a is the constant  for  a given mater ia l  and i sdependent  only on the s~ructure (a = 0.058 for 
felt ,  as against  0.0182 m -1 for asbes tos  strip). Figure 4 indicates the justification for using (5), since it has 
been constructed f rom data for the var ious  mate r ia l s  in the coordinates  used in (7). The coefficient of v a r i -  

ation does not exceed 14%. It i s  c lear  f r o m  (5) that ~ se rves  to charac te r ize  the pe r fo rmance  for  a given 
mater ia l  in relat ion to drying conditions, since it inc reases  with the rate.  Quantitative descript ion requi res  
a knowledge of ~ as  a function of T and Ap.  

Numerous studies have shown that the gas tempera ture  affects ~ considerably;  Fig. 3 confirms this for 
felt  (~ is determined as the intercept  on the ordinate). The p r e s s u r e  difference and thus the gas speed also 
appreciably influence the value of ~, which tends to increase  with the p re s su re  difference. 

However,  a is independent of the mater ia l  thickness;  the effects of thickness Z on the drying rate are  
represented  by (5). As ~ is dependent only on the nature of the mater ia l  and not on the thickness,  we can use 
c~ =f(T, &P) in o rde r  to descr ibe  the drying quantitatively. 

The values for  ~ for  the above mater ia l s  were  represented  as 

o~ = KoT  mo Ap'o.  (s) 

Table 1 gives values for  K0, m0, and n o for the var ious  mater ia ls .  
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TABLE 1. Values of Constants K0, m0, and n o 

Material 

Asbestos strip 10 mm 
thick 

Felt 
Asbestos cloth 
Bonded felt 

Ko 

31.10-5 
! 12,8"10 -~  

33,6.10-s 
400.10-s 

Constant 

?n O 

1,00 
1,31 
1,00 
2,35 

h, 1/'0 

0,226 
0,74 
O, 123 
0,870 

F r o m  (5) and (8) together  with K0, m0, and n o one can readi ly derive a general  relat ionship for  the c u r -  
rent  water  content as a function of T, T,  Z, and AP. The studies were  based on mater ia ls  that are difficult 
to dry industrial ly not only f rom the viewpoint of rate but also f rom the viewpoint of energy consumption. The 
above style of drying acce le ra tes  the p rocess  by a factor  10 by compar ison with convective drying. The r e a -  
sons for the accelera t ion va ry  f rom one mater ia l  to another. An appreciable par t  is played by di rec t  d isplace-  
ment of the water  by the gas,  although there are effects  f rom the increase  in the surface area and the d i r e c t  
heat and mass  t r ans fe r  in the capil lar ies .  

For  instance,  the drying of asbestos  s tr ip is acce le r s ted  by compar ison with convective drying by a lmost  
a factor  of 60, the corresponding fac tors  for  c a r d b o a r d b e i n g l 8 - 2 0 ,  and for  felt  more  than 100. There is also a 
reduction in the energy  consumption and an improvement  in the quality of the product.  

These measurements  and theoret ical  conclusions can serve  as the basis for h igh-per formance  drying s y s -  
tems.  
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N O T A T I O N  

is the absolute humidity; 
is the thickness of mater ia l ;  
,s the mois ture  content; 
is the drying t ime;  
is the relative humidity;  
is the saturat ion vapor  p r e s s u r e ;  
is the ba romet r i c  p r e s s u r e ;  
is the density of a i r ;  
,s the c ross  section of sample;  
is the mass ;  
is the evaporat ion area;  
is the coefficient of proport ional i ty;  
are the kinetic drying coefficients for air ;  
is the relat ive humidity at 7 = O; 
is the initial mois ture  content. 
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