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RELATIVE DIFFUSION RESISTANCE IN DRYING WHEAT 

P. S. Kuts, A. I. Lyuboshits, 
L. V. Nikolaichik, and I. G. Korateev 

UDC 66.047.7 

An apparatus  is desc r ibed  for  examining var ious  methods of convective drying. 

Convective drying of mois t  grain under opt imal  conditions re ta ins  all  the technological  and other  fea tures ,  
and somet imes  can even improve them. 

P r o p e r  organizat ion of the drying r equ i r e s  o rd e r ed  movement  of the water  toward the surface  of the p a r -  
t ic les  without excess ive  depth of the evaporat ion zone and t empera tu re s  below the upper l imit  [1-3]. 

The diffusion ra te  within the grain is dependent on the fo rm of water  binding, the diffusion r e s i s t ance ,  
and the working conditions. 

The re la t ive  diffusion r e s i s t ance  can [4, 5] be de te rmined  for  any instant as the ra t io  of the drying ra te  
in the cons t an t - r a t e  per iod  (drying at  the surface)  to the drying ra te  in the second per iod when the outward 
diffusion ra te  is  l ess  than the sur face  evaporat ion ra te ,  i .e . ,  the d ry  l aye r  i nc reases  the res i s t ance .  

Drying is accompanied by molecu la r  diffusion and by molar  diffusion [6]; t he re fo re ,  by diffusion he re  we 
mean the overa l l  p rocess .  

A labora tory  equipment has been built  [7] that  enables one to p e r fo rm  tes t s  with the grain layer  in var ious  
s ta tes  and with the t empe ra tu r e  and speed of the drying agent adjustable over  wide ranges  (Fig. 1). 

If the drying curve is known (Fig. 2), then the re la t ive  diffusion re s i s t ance  R can be der ived f rom 

R =  tg~ NI (1) 
tg• �9 ( d W r  

This  R indicates the reduct ion fac tor  for  the diffusion ra te  in the mate r i a l  re la t ive  to the ra te  in a l aye r  
of a i r  at the same p r e s s u r e  and t empera tu re .  The drying curves  and drying ra te  (Fig. 2) give R as a function 
of wate r  content W c (Fig. 3), which can be approximated as a power law: 

A 
R - -  (W c _ llTe)~ ~ -  7 .  (2) 
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TABLE 1. 

Drying method 

Approximat ion  of R(WC) by a Function of the F o r m  of (2) 

Values of coefficients Standard 
i deviation, 

A ~z 7 I I < R - - / ~ x p  >~' 
I 

Dense bed 
F luidized bed 
Pneumatic-transport mode 

3,42 
9,27 

15,30 

0,91 
1,00 
0,93 

0,90 
1,21 
0,96 

0,21 
0.35 
0,5t 

/ 

16 I7 I~ 

t.._ 

Fig. 1. The appara tus :  1) p n e u m a t i c - t r a n s p o r t  pipe; 2) i n t e r -  
med ia te -coo l ing  sect ion;  3) feed sys t em;  4) e l ec t r i c  moto r ;  5) 
bunker ;  6) gra in  s e p a r a t o r ;  7) f lu id ized-bed chamber ;  8) g a s -  
d is t r ibut ing grid;  9 and 13) outlet  p ipes;  10 and 14) g a t e v a l v e s ;  
11) dense bed chamber ;  12) inlet  and outlet  conical sec t ions;  15) 
fan; 16) gas input; 17) mixing chamber ;  18) e l e c t r i c  hea t e r s .  

Table  1 gives the theore t i ca l  coeff icients  for  (2) and the s tandard  deviation of R f r o m  the obse rved  value.  
I t  is c l ea r  that  (2) ag r ee s  r easonab ly  well  with exper iment .  

I t  follows f r o m  (2) that  R is min imal  for  high wa te r  contents ,  with R --* ~ for  W c - t  W c. 

The value of R i n c r e a s e s  l eas t  during pneumat ic  t r a n s p o r t  (curve 2 of Fig. 3) in the t i m e  up to at ta in-  
ment  of the conditioned wa te r  content (15-16%), while the f lu idized-bed and dense -bed  cases  give higher  values  
(curves  1 and 3 of Fig. 3). This  is due to the mode of t r a n s p o r t  of the wa te r  in the ma te r i a l .  The drying 
during pneumat ic  t r a n s p o r t  can be spl i t  up into s eve ra l  s tages .  A smal l  p ropor t ion  of the wa te r  is los t  in the 
f i r s t  s t age ,  main ly  f r o m  the su r face ,  which occu r s  in the drying tube with the drying agent  at  a high t e m p e r a -  
tu re  (573~ but where  the exposure  is only br ief .  In the second s tage ,  m o s t  of the wa te r  is r emoved  by con- 
t ac t  t r a n s f e r  and spontaneous evapora t ion  in the cooling zone. A m a j o r  point h e r e  is that  the t e m p e r a t u r e  
gradient  within the grain  r e v e r s e s  in the cooling zone,  so the flows of heat  and wa te r  coincide in direct ion.  
This  fac i l i ta tes  outward m ovem en t  of the w a t e r ,  and wa t e r - so lub l e  nut r ien ts  m i g r a t e  ou~vards  a l so ,  which 
has  advantageous e f fec t s  on the g ra in  as  seeds  [8]. 

Drying in a dense bed and (especially) in a fluidized one is accompanied  by a m a r k e d  inc rease  in R as the 
conditioned wa te r  content is a t ta ined,  s ince the t e m p e r a t u r e  gradient  then becomes  cons iderable .  In other  
words ,  t h e r m a l  diffusion he re  const i tu tes  an obs tac le  to outward movemen t ,  while producing conditions that  
f avor  evapora t ion  within the g ra ins ,  which adverse ly  af fec ts  the quali ty of the dr ied  ma te r i a l ,  

The depth of the evapora t ion  zone gradual ly  extends during the f a l l i ng - ra t e  pe r iod ,  because  the mode of 
t r a n s p o r t  is dependent on the f o r m  of binding to the ma te r i a l .  This  s t ipula tes  that  the t r a n s p o r t  of wa te r  out-  
ward  f r o m  the pa r t i c l e  depends on i ts  f o r m  of binding with the substance.  The e a p i l l a r y w a t e r i s  los t  as the evap-  
ora t ion  su r face  p e n e t r a t e s  inward,  while the adsorbed  w a t e r  is los t  g radua l ly  throughout the evapora t ion  thickness .  
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Fig .  2. Dry ing  and d r y i n g - r a t e  cu rve s  fo r  grain:  1 )  dense bed (W~ = 40.6%; 
T = 348~ V = 0.5 m / s ec ;  2) pneumat ic  t r a n s p o r t  (W~ = 39.9%; T = 573~ 
V = 20 m / s e c ) ;  3) f luidized bed (W~ = 38.1%; T = 393~ V = 2 m / s e c ) .  W c, 
%; r ,  min.  

Fig.  3. Re la t ive  diffusion dis tance  as  a function of wa t e r  content: 1) dense 
bed; 2) pneumat ic  t r a n s p o r t ;  3) f h i d i z e d  bed. The dashed curves  a re  the 
approx imat ions  given by (5). 
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Fig. 4. Rela t ive  diffusion r e s i s t a n c e  as a func-  
t ion of drying t ime:  1) dense bed; 2) pneumat ic  
t r a n s p o r t ;  3) f luidized bed. 

The re la t ive  diffusion r e s i s t a n c e  enables  one to de t e rmine  when the evapora t ion  zone begins to pene t ra te  in-  
wa rd ,  and the cu rves  of Figs.  2 and 3 enable  one to r e l a t e  R to r (Fig. 4). This  kinetic curve  is l inea r ,  ex -  
cept  at the end,  and it is  c l ea r  that  the evapora t ion  su r face  a rea  is a l m o s t  equal to the geomet r i ca l  su r face  
a r ea  in dry ing  to the conditioned s ta te  only for  the p n e u m a t i c - t r a n s p o r t  mode (1 < R < 3.2) ; then the point where  
the R(r) curve  m e e t s  the a b s c i s s a  c o r r e s p o n d s  to extension of the evapora t ion  zone. 

A m a j o r  c h a r a c t e r i s t i c  is  the su r face  t e m p e r a t u r e ,  which is dependent on the drying technique; for  in-  
s t ance ,  the m a x i m u m  p e r m i s s i b l e  t e m p e r a t u r e  for  grain  dr ied  in solid beds  is 50~ as  agains t  55-60~ for  a 
f luidized bed and pneumat ic  t r anspor t .  

The fo rmula  

= r a _  N,O.43 ( L - -  (3) 

has  [9] been  sugges ted  fo r  a colloidal  porous  m a t e r i a l ,  which al lows one to de t e rmine  the t e m p e r a t u r e  in the 
second dry ing  s tage.  Our e x p e r i m e n t s  show that  this  f o r m u l a  is appl icable  for  the sur face  t e m p e r a t u r e  and 
gives  an e r r o r  of 10-15%. 
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Our r e s u l t s  indicate that  the re la t ive  diffusion r e s i s t a n c e  is ve ry  impor tan t  in the choice of opt imum d r y -  
ing designed to provide  specif ied grain  p r o p e r t i e s .  The working conditions can be adjusted to control  the hea t  
and wa te r  t r a n s p o r t  m e c h a n i s m s  to influence the phys icochemica l  and b iochemica l  feat-ares in the des i r ed  
dire  ction. 

NOTATION 

tan ~ = N I is the drying r a t e  in the f i r s t  per iod;  
tan • = (dWC/d ~)II is the drying r a t e  in the second per iod;  
T is the dry ing  t ime;  

c W e is the equi l ibr ium wa te r  content; 
WC is the wa t e r  content of grain on dry  m a s s ;  
N* = (1/Ni)(dWC/dr) is the d imens ion less  dry ing  r a t e ;  
Tsu  r is the su r face  t e m p e r a t u r e ;  
T a is the ambient  t e m p e r a t u r e ;  
T w is the wet -bulb  t e m p e r a t u r e ;  
A, a ,  7 a re  the expe r imen ta l  coefficients .  
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