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Multi-stage  particulate  material  dryer  having  channelized  discharge. 
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@  A  gravity-flow  grain  dryer  (10)  for  particulate  material 
comprises  first  and  second  generally  vertical  drying  columns 
(68,  100)  spaced  apart  to  provide  a  plenum  chamber  (112) 
therebetween,  the  drying  columns  each  having  opposed 
spaced  walls  (20,  70,  108,  110)  with  perforate  portions.  Drying 
air  is  passed  through  the  perforate  portions  in  a  treating  zone 
in  the  columns  (68,  100).  First  and  second  inputs  (32,  72,  90, 
96)  are  provided  for  introducing  particulate  material  into  top 
portions  of  the  first  and  second  drying  columns  (68,  100),  re- 
spectively.  First,  second,  third  and  fourth  discharge  means 
(84,  82,  126,  124)  are  also  provided  for  removing  particulate 
material  from  bottom  portions  of  the  first  and  second  drying 
columns  (68,  100),  respectively.  Associated  with  the  first  and 
second  discharge  means  (82,  84)  is  a  dividing  wall  (76)  which 
extends  between  a  pair  of  the  spaced  walls  (20,  70)  below  the 
treating  zone  of  the  column  (68)  for  dividing  a  bottom  portion 
of  the  column  into  at  least  two  channels  (78,  80).  The  first  dis- 
charge  means  (84)  is  associated  with  a  first  of  the  channels 
(80)  and  the  second  discharge  means  (82)  is  associated  with  a 
second  of  the  channels  (78).  The  first  channel  (80)  is  adjacent 
the  first  wall  (70)  and  the  first  discharge  means  (84)  is  adapted 
to  discharge  particulate  material  at  a  rate  faster  than  the  sec- 
ond  discharge  means  (82). 

ACTORUM  AG 

@ A  gravity-flow  grain  dryer  (10)  for  particulate  material 
comprises  first  and  second  generally  vertical  drying  columns 
(68,  100)  spaced  apart  to  provide  a  plenum  chamber  (112) 
therebetween,  the  drying  columns  each  having  opposed 
spaced  walls  (20,  70,  108,  110)  with  perforate  portions.  Drying 
air  is  passed  through  the  perforate  portions  in  a  treating  zone 
in  the  columns  (68,  100).  First  and  second  inputs  (32,  72,  90, 
96)  are  provided  for  introducing  particulate  material  into  top 
portions  of  the  first  and  second  drying  columns  (68,  100),  re- 
spectively.  First,  second,  third  and  fourth  discharge  means 
(84,  82,  126,  124)  are  also  provided  for  removing  particulate 
material  from  bottom  portions  of  the  first  and  second  drying 
columns  (68,  100),  respectively.  Associated  with  the  first  and 
second  discharge  means  (82,  84)  is  a  dividing  wall  (76)  which 
extends  between  a  pair  of  the  spaced  walls  (20,  70)  below  the 
treating  zone  of  the  column  (68)  for  dividing  a  bottom  portion 
of  the  column  into  at  least  two  channels  (78, 80).  The  first  dis- 
charge  means  (84)  is  associated  with  a  first  of  the  channels 
(80)  and  the  second  discharge  means  (82)  is  associated  with  a 
second  of  the  channels  (78).  The  first  channel  (80)  is  adjacent 
the  first  wall  (70)  and  the  first  discharge  means  (84)  is  adapted 
to  discharge  particulate  material  at  a  rate  faster  than  the  sec- 
ond  discharge  means  (82). 



T h i s   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  g r a v i t y   f l o w  

d r y e r s   f o r   p a r t i c u l a t e   m a t e r i a l   a n d ,   more  p a r t i c u l a r l y ,  

to  a  m u l t i - s t a g e   g r a v i t y   f l o w   d r y e r   f o r   p a r t i c u l a t e  

m a t e r i a l   w h e r e i n   t h e   d i s c h a r g e   of   t he   d r y e r   i s  

c h a n n e l i z e d .  

I t   is  o f t e n   n e c e s s a r y   or  d e s i r a b l e   to  d ry   f r e s h l y  

h a r v e s t e d   g r a i n   b e f o r e   i t   i s   p r o c e s s e d   or  s t o r e d .  

S t o r a g e   o f   g r a i n   w i t h   e x c e s s   m o i s t u r e   may  c a u s e   q u a l i t y  

d e t e r i o r a t i o n   and   s p o i l a g e   d u r i n g   s u b s e q u e n t   s t o r a g e .  
The  n e e d   to  d r y   g r a i n   p r i o r   to  s t o r a g e   has   l o n g  

b e e n   r e c o g n i z e d   in  t h e   a r t   and   many  g r a i n   d r y i n g  

s y s t e m s   h a v e   b e e n   d e v e l o p e d   to   a c c o m p l i s h   t h i s   p u r p o s e .  
In  many  s u c h   p r i o r   s y s t e m s ,   t h e   g r a i n   is  h e a t e d   by  a i r  

a t   a  p r e d e t e r m i n e d   t e m p e r a t u r e   d u r i n g   a  f i r s t   d r y i n g  

p r o c e s s   and  t h e n   t h e   g r a i n   i s   q u i c k l y   c o o l e d   to  a  
d e s i r e d   s t o r a g e   t e m p e r a t u r e   by  e x p o s i n g   the   g r a i n   to  a  
f l o w   of  a m b i e n t   a i r .   One  s u c h   s y s t e m   is  t he   c r o s s - f l o w  

c o l u m n   t y p e   g r a i n   d r y e r   in  w h i c h   g r a i n   f l o w s   d o w n w a r d l y  

by  g r a v i t y   t h r o u g h   a  c o l u m n   h a v i n g   p e r f o r a t e   w a l l s   a n d  

h e a t e d   a i r   i s   f o r c e d   t r a n s v e r s e l y   t h r o u g h   the   p e r f o r a t e  
w a l l s   of  t he   c o l u m n   to  c o n t a c t   t h e   g r a i n   to  d ry   t h e  

g r a i n   or  r e m o v e   m o i s t u r e .   T y p i c a l   of   s u c h   c r o s s - f l o w  

g r a i n   d r y e r s   a r e   t h e   g r a i n   d r y e r s   shown  and  d e s c r i b e d  
in  U S - A - 3 2 3 8 6 4 0   and  D E - C - 7 1 7 0 5 2 .  

W h i l e   t h e   p r i o r   a r t   c r o s s - f l o w   t y p e   g r a i n   d r y e r s  
a r e   g e n e r a l l y   e f f e c t i v e   in  d r y i n g   g r a i n ,   t he   e n t i r e  



q u a n t i t y   of  g r a i n   is   n o t   u n i f o r m l y   d r i e d .   A  f u r t h e r  

d r a w b a c k   a s s o c i a t e d   w i t h   t h i s   t y p e   of   p r i o r   a r t   d r y i n g  

s y s t e m   h a s   b e e n   t h a t   t he   r a p i d   t e m p e r a t u r e   c h a n g e  

o c c u r r i n g   as  a  r e s u l t   of  e x p o s i n g   the   wet   g r a i n   to  a  

f l o w   of   h i g h   t e m p e r a t u r e   a i r   has   t e n d e d   to  r e s u l t   i n  

s t r e s s   c r a c k i n g   o f   t h e   g r a i n .   A l t h o u g h   s e v e r a l  

d i f f e r e n t   a t t e m p t s   h a v e   been   made  to  i m p r o v e   t h e  

c r o s s - f l o w   g r a i n   d r y e r s   to  a l l e v i a t e   s t r e s s   c r a c k i n g ,  

as  w e l l   as  to   i m p r o v e   t h e   q u a l i t y   of   t h e   g r a i n ,   s u c h  

a t t e m p t s   h a v e   had   m i x e d   s u c c e s s   and  h a v e   r e s u l t e d   i n  

g r e a t e r   c o m p l e x i t y   in  t he   g r a i n   d r y i n g   s t r u c t u r e .   T h e  

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

t y p e   g r a i n   d r y e r   w h i c h   p r o v i d e s   a  g r e a t e r   u n i f o r m i t y   o f  

d r y i n g   o f   t h e   g r a i n ,   w h i l e   m i n i m i z i n g   t h e   p r o b l e m s  

a s s o c i a t e d   w i t h   s t r e s s   c r a c k i n g   of   t he   g r a i n .  

What  c o n s t i t u t e s   t h e   i n v e n t i o n   i s   d e f i n e d   in   t h e  

f o l l o w i n g   c l a i m   1,  t h e   c l a s s i f y i n g   p o r t i o n   of   w h i c h   i s  

b a s e d   on  t h e   known  c r o s s - f l o w   d r y e r   d e s c r i b e d   i n  

D E - C - 7 1 7 0 5 2 .  



The  f o r e g o i n g   s u m m a r y ,   as  w e l l   as  t h e   f o l l o w i n g  

d e t a i l e d   d e s c r i p t i o n   of  p r e f e r r e d   e m b o d i m e n t s   of  t h e  

p r e s e n t   i n v e n t i o n ,   w i l l   be  b e t t e r   u n d e r s t o o d   when  r e a d  

in  c o n j u n c t i o n   w i t h   t h e   a c c o m p a n y i n g   d r a w i n g s ,   i n  

w h i c h :  

F i g .   1  is   a  p e r s p e c t i v e   v i e w ,   w i t h   p a r t s   b r o k e n  

away ,   of  a  g r a i n   d r y e r   in  a c c o r d a n c e   w i t h   t he   p r e s e n t  

i n v e n t i o n ;  

F i g .   2  i s   a  s i d e   e l e v a t i o n a l   v i e w   of   t he   d r y e r  

shown  in  F i g .   1  w i t h   t h e   a d d i t i o n   of  an  a l t e r n a t i v e   a i r  

h e a t i n g   s y s t e m ;  

F i g .   3  i s   a  s e c t i o n a l   v i e w   of   a  s l i g h t l y   m o d i f i e d  

v e r s i o n   of  t h e   d r y e r   of   F i g .   1 ;  

F i g .   4  i s   an  end  e l e v a t i o n a l   v i e w   of   t he   d r y e r   o f  

F i g .   1  and  s h o w i n g   t he   end  w a l l   r e m o v e d ;  



F i g .   5  i s   a  s l i g h t l y   e n l a r g e d   end  e l e v a t i o n a l   v i e w  

of   a  m o d u l e   p o r t i o n   of  t h e  d r y e r   of  F i g .   4  and  s h o w i n g  

t h e   m o d u l e   r e m o v e d   f rom  t he   h o u s i n g ;  

F i g .   6  i s   an  e n l a r g e d   p l a n   v i e w   of  the   d r y i n g  

c o l u m n   m o d u l e   of   F i g .   5 ;  

F i g .   7  i s   an  e n l a r g e d   s i d e   s e c t i o n a l   v i e w   w i t h  

p a r t s   b r o k e n   away  of   t he   l o w e r   p o r t i o n   of  t he   d r y e r   o f  

F i g .   2 ;  

F i g .   8  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g   t h e   l i n e s  

8 - 8   of   F i g .   7 ;  

F i g .   9  i s   an  e n l a r g e d   s i d e   e l e v a t i o n a l   v i e w   of   o n e  

of   t h e   d r y e r   a r r a n g e m e n t s   of   a  p o r t i o n   of   F i g .   7  a n d  

s h o w i n g   p a r t s   b r o k e n   a w a y ;  

F i g .   10  i s   a  s i d e   e l e v a t i o n a l   v i e w ,   w i t h   p a r t s  
b r o k e n   a w a y ,   o f   t h e   a l t e r n a t i v e   a i r   h e a t i n g   s y s t e m   a s  

shown  a d d e d   to   t h e   end  of   t he   d r y e r   in  F i g .   2 ;  

F i g .   11  i s   a  g r e a t l y   e n l a r g e d   s e c t i o n a l   v i e w   of  a  

p o r t i o n   o f   t h e   h e a t i n g   s y s t e m   of   F i g .   10  t a k e n   a l o n g  

t h e   l i n e s   1 1 - 1 1 ,   t h e r e o f ;  

F i g .   12  i s   a  s e c t i o n a l   v i e w   of   t he   h e a t i n g   s y s t e m  
of   F i g .   10  t a k e n   a l o n g   t he   l i n e s   1 2 - 1 2 ,   t h e r e o f ;  

-  F i g .   13  i s   a  s i d e   e l e v a t i o n a l   v i e w   w i t h   p a r t s  
b r o k e n   away   o f   t h e   h e a t i n g   s y s t e m   of   F i g .   10  w i t h   t h e  

u p p e r   t u b u l a r   s t r u c t u r a l   p o r t i o n   r e v e r s e d ;   a n d  

F i g .   14  i s   a  s e c t i o n a l   v i e w   of   t h e   h e a t i n g   s y s t e m  
o f   F i g .   13  t a k e n   a l o n g   the   l i n e s   1 4 - 1 4 ,   t h e r e o f .  

R e f e r r i n g   to  t h e   d r a w i n g s ,   and  p a r t i c u l a r l y   t o  

F i g .   1,  t h e r e   i s   shown  a  c o l u m n   t y p e   g r a v i t y   f l o w   d r y e r  
f o r   p a r t i c u l a t e   m a t e r i a l ,   f o r   e x a m p l e ,   c o r n   or  o t h e r  

t y p e   g r a i n .   The  d r y e r ,   g e n e r a l l y   d e s i g n a t e d   1 0 ,  

i n c l u d e s   a  g e n e r a l l y   s q u a r e - s h a p e d   h o u s i n g   12  c o m p r i s e d  
o f   a  p a i r   o f   s o l i d   end  w a l l s   14  and  16  and  a  p a i r   o f  



s i d e   w a l l s   18  and  20.   Each   of   t he   s i d e   w a l l s   18  and  2 0  

i n c l u d e s   s o l i d   u p p e r   and  l o w e r   p o r t i o n s   22  and  2 4 ,  

r e s p e c t i v e l y ,   and  a  p e r f o r a t e   i n t e r m e d i a t e   p o r t i o n   2 6 .  

The  h o u s i n g   12  f u r t h e r   i n c l u d e s   a  s u i t a b l e   r o o f   28  a n d  

is  s u p p o r t e d   a t   t h e   b o t t o m   by  s u i t a b l e   s u p p o r t   means   o r  

l e g s   30 .   At  t h e   t op   of   t h e   h o u s i n g   12  i s   a  means   f o r  

i n t r o d u c i n g   m o i s t   p a r t i c u l a t e   m a t e r i a l   or  g r a i n   i n t o  

t h e   top  p o r t i o n   of   t h e   h o u s i n g ,   in  t h i s   e m b o d i m e n t ,   a  

s u i t a b l y   s i z e d   wet   g r a i n   i n l e t   3 2 .  

On  t h e   o u t s i d e   of   t h e   h o u s i n g   12  a d j a c e n t   end  w a l l  

1 4 ,   is  an  a s s e m b l y   or   m e a n s   34  f o r   p r o v i d i n g   d r y i n g   a i r  

and  c o o l i n g   a i r   to  t h e   h o u s i n g   12.   The  a s s e m b l y   3 4 ,  

w h i c h   is  s u p p o r t e d   by  a  s u i t a b l e   s u p p o r t   f r a m e   3 6 ,  

g e n e r a l l y   i n c l u d e s   a  b l o w e r   s e c t i o n   38  and  a  h e a t e r  

s e c t i o n   4 0 .  

The  b l o w e r  s e c t i o n   38  c o m p r i s e s   a  p a i r   of   b l o w e r s  

or  f a n s   42  and   44  b o t h   of   w h i c h   a r e   m o u n t e d   f o r  

r o t a t i o n   on  a  s i n g l e   s h a f t   46 .   The  f a n   s h a f t   4 6  

e x t e n d s   o u t w a r d l y   t h r o u g h   a  g e n e r a l l y   c i r c u l a r   c o o l i n g  

a i r   i n l e t   o p e n i n g   48  in   t h e   b l o w e r   s e c t i o n   38  and  i s  

j o u r n a l e d   f o r   r o t a t i o n  w i t h i n   a  s u i t a b l e   b e a r i n g   39.   A 

s u i t a b l e   d r i v e   p u l l e y   50  i s   m o u n t e d   on  t he   o u t w a r d l y  

e x t e n d i n g   end  of   t h e   f a n   s h a f t   46 .   The  d r i v e   p u l l e y   5 0  

is   d r i v e n   to   r o t a t i o n   by  m e a n s   of   a  s t a n d a r d   d r i v e   b e l t  

s y s t e m   52  w h i c h   a l s o   e n g a g e s   a  s e c o n d   d r i v e   p u l l e y   5 4 .  

The  d r i v e   p u l l e y   54  may  be  d r i v e n   by  any  s u i t a b l e  

m e a n s ,   f o r   e x a m p l e ,   an  e l e c t r i c   m o t o r  o r   a  p o w e r  
t a k e o f f   m e c h a n i s m   on  a  t r a c t o r   or  o t h e r   v e h i c l e   ( n o t  

s h o w n ) .  

The  f an   4 2 ,  w h i c h   is  c l o s e s t   to  t he   c o o l i n g   a i r  

i n l e t   o p e n i n g   48,   is   t h e   c o o l   a i r   f an   and  t h e   f a n   4 4 ,  

w h i c h   is  f u r t h e s t   f r o m   t h e   a i r   i n l e t   o p e n i n g   48 ,   is  t h e  

h o t   a i r   f a n ,   t h e   f a n s   b e i n g   s e p a r a t e d   by  a  v e r t i c a l  



p a r t i t i o n   43  to  f o r m ' i n d i v i d u a l   c h a m b e r s   s u r r o u n d i n g  

e a c h   f a n .   C o o l i n g   a i r   is  d rawn  in  t h r o u g h   t h e   i n l e t  

o p e n i n g   48  by  t he   c o o l   a i r   f a n   42  and  i s   d i r e c t e d   i n t o  

a  p a i r   o f   c o o l   a i r   d u c t s   56  w h i c h   in  t u r n  d i r e c t   t h e  

c o o l i n g   a i r   i n t o   the   d r y e r   h o u s i n g   12.  The  h o t   a i r   f a n  

44  d r a w s   a i r   in  t h r o u g h   a  s e c o n d   g e n e r a l l y   r e c t a n g u l a r  

a i r   i n l e t   o p e n i n g   49  l o c a t e d   in  t he   o t h e r   h o u s i n g   e n d  

w a l l   16  a t   t h e   o p p o s i t e   end  of  the   h o u s i n g   and   t he   h o t  

a i r   f a n   44  d i r e c t s   t he   f l o w   of  a i r   u p w a r d l y   i n t o   t h e  

h e a t e r   s e c t i o n   40 .   The  h e a t e r   s e c t i o n   40  i n c l u d e s   a  

b u r n e r   58  w h i c h  h e a t s   t he   a i r   r e c e i v e d   f r o m   t h e   f a n   4 4 .  

In  t h e   p r e f e r r e d   e m b o d i m e n t ,   t he   b u r n e r   58  may  be  a  

s t a n d a r d   Maxon  gas  b u r n e r .   The  h e a t e d   a i r   f r o m   t h e  

b u r n e r   58  p a s s e s   i n t o   a  c o l l e c t o r   c h a m b e r   60  a n d  

t h e r e a f t e r   i s   d i r e c t e d   i n t o   the   h o u s i n g   12  by  a  p a i r   o f  

g e n e r a l l y   c y l i n d r i c a l   h o t   a i r   d u c t s   6 2 .  

The  h e a t e r   s e c t i o n   40  and  t h e   b l o w e r   s e c t i o n   3 8  

a r e   s e p a r a t e d   by  a  g e n e r a l l y   h o r i z o n t a l l y   d i s p o s e d  

p a r t i t i o n   64  w h i c h   c o n t a i n s   an  a i r f l o w   c o n t r o l   m e a n s ,  

c o m p r i s i n g   in   t h i s   e m b o d i m e n t ,   a  p l u r a l i t y   o f  

a d j u s t a b l e   d a m p e r s   66.  The  a d j u s t a b l e   d a m p e r s   66  a r e  

p r o v i d e d   to  c o n t r o l   t he   f l o w   of   a i r   f r om  t h e   h o t   a i r  

f a n   44  to   t h e   b u r n e r   58.   In  t h i s   m a n n e r ,   i t   i s  

p o s s i b l e   to  e f f e c t i v e l y   r e g u l a t e   the   h o t   a i r   f l o w   i n t o  

t h e   h o u s i n g   12  to  e f f i c i e n t l y   d ry   a  v a r i e t y   o f  

d i f f e r e n t   t y p e s   of   p a r t i c u l a t e   m a t e r i a l .   Fo r   e x a m p l e ,  

i t   may  be  d e s i r a b l e   to  p r o v i d e   a  l a r g e   h o t   a i r   f l o w  

i n t o   t h e   h o u s i n g  1 2   f o r   d r y i n g   h i g h   m o i s t u r e   c o n t e n t  

c o r n   and   a  much  s m a l l e r   h o t   a i r   f l o w   i n t o   t h e   h o u s i n g  

12  f o r   d r y i n g   l o w e r   m o i s t u r e   c o n t e n t   r i c e .  _  T h u s ,   t h e  

a d j u s t a b l e   d a m p e r s   66  may  be  s e t   in  a  s u b s t a n t i a l l y  

f u l l y   o p e n   p o s i t i o n   to  a p p l y   a  l a r g e   h o t   a i r   f l o w   t o  

d ry   c o r n   o r   in  a  s u b s t a n t i a l l y   c l o s e d   p o s i t i o n   to  a p p l y  

a  s m a l l   h o t   a i r   f l o w   when  d r y i n g   r i c e .  



R e f e r r i n g   now  to   F i g .   3,  t h e r e   i s   shown  t h e   i n t e r i o r  

c o n f i g u r a t i o n   of   t h e   d r y e r   of   F i g .   1  w i t h   a  s l i g h t   v a r i a -  

t i o n   w h i c h   w i l l   h e r e i n a f t e r   be  d e s c r i b e d .   The  d r y e r   10  

c o m p r i s e s   a  p a i r   of  g e n e r a l l y   v e r t i c a l   o u t e r   d r y i n g   c o l u m n s  

68,  e a c h   c o l u m n   b e i n g   d e f i n e d   by  f i r s t   and  s e c o n d   s u b s t a n -  

t i a l l y   p a r a l l e l   o p p o s e d   s p a c e d   p e r f o r a t e   w a l l s   70  and  2 6 ,  

w h i c h   d e f i n e   an  u n r e s t r i c t e d   c o l u m n   f o r   t h e   f l o w   of   g r a i n  

in  t h e   c o l u m n   as  i n d i c a t e d   in   F i g .   3.  A  wet   g r a i n   h o p p e r  

72  i s   p r o v i d e d   a t   t h e   t o p   p o r t i o n   of  t h e   d r y e r   f o r   r e c e i v -  

i n g   and  t e m p o r a r i l y   s t o r i n g   t h e   m o i s t   g r a i n   i n t r o d u c e d   i n t o  

t h e   t o p   of   t h e   h o u s i n g   12  t h r o u g h   t h e   wet   g r a i n   i n l e t  

32.  The  wet   g r a i n   h o p p e r   72  i s   d e f i n e d   by  t h e   r o o f   p a n e l s  

28,   t h e   s i d e   w a l l   u p p e r   s o l i d   p o r t i o n s   22  and  a  p a i r   o f  

s l o p i n g   i n t e r i o r   h o p p e r   w a l l s   74.   The  wet   g r a i n   h o p p e r  

72  a l s o   f u n c t i o n s   to   d i s t r i b u t e   t h e   m o i s t   g r a i n   i n t o   t h e  

t o p   p o r t i o n s   of   e a c h   of   t h e   o u t e r   d r y i n g   c o l u m n s   6 8 .  

In  o r d e r   to   p r o v i d e   f o r   a  more   u n i f o r m   and  l e s s   r e -  

s t r i c t e d   g r a i n   f l o w   t h r o u g h   t h e   o u t e r   d r y i n g   c o l u m n s  

68,  t h e   c o l u m n s   a r e   g r a d u a l l y   t a p e r e d   o u t w a r d l y   f rom  t o p  

to   b o t t o m   so  t h a t   t h e   w i d t h   of   e a c h   of   t h e   c o l u m n s   i s  

g r e a t e r   a t   t h e   b o t t o m   t h a n   a t   t h e   t o p ,   and  as  shown  in  F i g .  

3,  t h e   i n n e r   w a l l s   70  a r e   g r a d u a l l y   t a p e r e d   o u t w a r d l y   f r o m  

t o p   to   b o t t o m   w i t h   r e s p e c t   to   t h e   o u t e r   g e n e r a l l y   v e r t i c a l  

w a l l s   26.   By  t a p e r i n g   t h e   c o l u m n s   in   t h i s   m a n n e r ,   t h e  

a i r   f l o w   i s   l e s s   r e s t r i c t e d   a t   t h e   t o p   of  t h e   c o l u m n s  

( w h e r e   t h e   g r a i n   i s   w e t t e r   and  p r o v i d e s   a  h i g h   a i r   f l o w   r a t e  

t h r o u g h   t h e   o u t e r   c o l u m n s   68)  t h a n   a t   t h e   b o t t o m   of   t h e  

c o l u m n s   ( w h e r e   t h e   g r a i n   i s   d r i e r ) ,   t h e r e b y   p r o v i d i n g   f o r  

a  more   v o l u m e   c o n t r o l l e d   a i r f l o w   t h r o u g h   t h e   c o l u m n s  

o v e r   t h e i r   e n t i r e   l e n g t h .  

At  t h e   b o t t o m   of  e a c h   of  t h e   o u t e r   d r y i n g   c o l u m n s   68  

is   o u t p u t   or   f l o w   d i r e c t i n g   m e a n s   i n c l u d i n g   a  d i v i d i n g  

w a l l   m e a n s ,   in   t h e   p r e s e n t   e m b o d i m e n t   a  g e n e r a l l y   v e r t i c a l  

s o l i d   p a r t i t i o n   76,  f o r   d i v i d i n g   t h e   l o w e r   p o r t i o n   o f  

e a c h   of  t h e   d r y i n g   c o l u m n s   68  b e l o w   t h e   p e r f o r a t e   p o r t i o n  

of  t h e   c o l u m n s   i n t o   two  g e n e r a l l y   p a r a l l e l   c h a n n e l s   78  a n d  

80  b e l o w   t h e   t r e a t i n g   zone   in  t h e   c o l u m n s .   Each   of  t h e  

c h a n n e l s   78  and  80  p r e f e r a b l y   c o n t a i n s   s e p a r a t e   d i s c h a r g e  



m e a n s ,   in   t h e   p r e s e n t   e m b o d i m e n t   m e t e r i n g   r o l l s   82  and  8 4 ,  

r e s p e c t i v e l y ,   f o r   d i s c h a r g i n g   p a r t i c u l a t e   m a t e r i a l   f r om  t h e  

c h a n n e l s   78  and  80  a t   p r e d e t e r m i n e d   r a t e s .   B o t h   of   t h e  

m e t e r i n g   r o l l s   82  and  84  a r e   d r i v e n   by  a  s y s t e m   of  d r i v e  

b e l t s   and  p u l l e y s   g e n e r a l l y   d e s i g n a t e d   85.  As  s h o w n ,   t h e  

d r i v e   p u l l e y   f o r   t h e   m e t e r i n g   r o l l   84  i s   of   a  s m a l l e r  

d i a m e t e r   t h a n   t h e   d r i v e   p u l l e y   f o r   m e t e r i n g   r o l l   8 2 .  

A c c o r d i n g l y ,   m e t e r i n g   r o l l   84  r o t a t e s   f a s t e r   t h a n   m e t e r i n g  

r o l l   82  to   t h e r e b y   d i s c h a r g e   g r a i n   f rom  t h e   i n n e r m o s t  

c h a n n e l   80  a t   a  f a s t e r   r a t e   t h a n   t h e   g r a i n   i s   d i s c h a r g e d  

f r o m   t h e   o u t e r m o s t   c h a n n e l   78  to   p r o v i d e   a  d i f f e r e n t i a l  

g r a i n   f l o w   in  t h e   u n r e s t r i c t e d   c o l u m n   in  t h e   t r e a t i n g   z o n e  

f o r   m o r e   p a r t i c u l a t e   m a t e r i a l   p a s s i n g   t h r o u g h   t h e   c o l u m n   t o  

be  d i s c h a r g e d   t h r o u g h   t h e   m e t e r i n g   r o l l   84.  H e n c e ,   i t  

s h o u l d   be  a p p a r e n t   t h a t   more   g r a i n   w i l l   f l o w   t h r o u g h   t h e  

i n n e r m o s t   c h a n n e l ,   and  as  g r a i n   f l o w s   down  t h e   u n r e s t r i c t e d  

c o l u m n ,   i t   i s   p e r m i t t e d   to   f l o w   f r o m   w a l l   26  t o w a r d   w a l l   70  

w h e r e   t h e   f a s t e r   d r y i n g   and  d i s c h a r g e   i s   t a k i n g   p l a c e .  

The  g r a i n   f r o m   b o t h   c h a n n e l s   78  and  80  i s   d i s c h a r g e d   by  t h e  

r e s p e c t i v e   m e t e r i n g   r o l l s   82  and  84  i n t o   a  r e c e i v i n g  

h o p p e r   8 6 .  

As  shown  in   F i g .   3,  h e a t e d   a i r   f r o m   t h e   h o t   a i r   d u c t s  

62  p a s s e s   o u t w a r d l y   t h r o u g h   t h e   o u t e r   d r y i n g   c o l u m n s   68  t o  

c o n t a c t   and  d r y   t h e   g r a i n   in   t h e   c o l u m n s .   S i n c e   t h e   h e a t e d  

a i r   e n t e r s   e a c h   of   t h e   c o l u m n s   68  t h r o u g h   t h e   i n n e r   p e r f o r -  

a t e d   w a l l s   70,   t h e   h o t t e s t   d r i e s t   a i r   i m p i n g e s   upon   t h e  

g r a i n   on  t h e   s i d e   of   t h e   d r y i n g   c o l u m n s   a d j a c e n t   t h e   i n n e r  

p e r f o r a t e d   w a l l s   70.   As  t h e   h e a t e d   a i r   c o n t i n u e s   on  i t s  

p a t h   a c r o s s   t h e   c o l u m n s   in  t h e   t r e a t i n g   z o n e ,   a  c e r t a i n  

a m o u n t   of   h e a t   i s   l o s t   to   t h e   g r a i n   in   t h e   c o l u m n s   and  t h e  

a i r   p i c k s   up  and  r e t a i n s   m o i s t u r e   f r o m   t h e   g r a i n .   By  t h e  

t i m e   t h e   a i r   r e a c h e s   t h e   g r a i n   a d j a c e n t   t h e   o u t e r m o s t   p e r -  

f o r a t e   w a l l s   26 ,   a  s i g n i f i c a n t   p o r t i o n   of   t h e   h e a t   has   b e e n  

l o s t   t o   t h e   g r a i n   and  t h e   same  f l o w   of  a i r   i s   a l s o   s o m e w h a t  

m o i s t u r e   l a d e n   and  n o t   a b l e   to   d r y   t h e   g r a i n   as  e f f e c -  

t i v e l y .   T h u s ,   t h e   d r y i n g   of   t h e   g r a i n   i s   s o m e w h a t  

u n e v e n   a c r o s s   t h e   c o l u m n ,   t h e   g r a i n   a d j a c e n t   t h e   i n n e r  

p e r f o r a t e   w a l l s   70  b e c o m i n g   d r i e r   as  i t   f l o w s   down  t h e  



c o l u m n s   t h a n   t h e   g r a i n   f l o w i n g   down  t h e   c o l u m n s   a d j a c e n t  

t h e   o u t e r   p e r f o r a t e   w a l l s   26.   By  c o n t r o l l i n g   t h e   d o w n w a r d  

f l o w   r a t e   of  t h e   g r a i n   t h r o u g h   t h e   c o l u m n s   68  to   h a v e   t h e  

g r a i n   a d j a c e n t   t h e   i n n e r   p e r f o r a t e   w a l l s   70  f l o w   d o w n w a r d -  

ly   a t   a  f a s t e r   r a t e   t h a n   t h e   g r a i n   a d j a c e n t   t h e   o u t e r   p e r -  

f o r a t e   w a l l s   26,   as  d e s c r i b e d   a b o v e ,   t h e   f a s t e r   d r y i n g  

g r a i n   a d j a c e n t   w a l l   70  i s   more   q u i c k l y   r e m o v e d   f rom  t h e  

c o l u m n s   and  t h e   s l o w e r   d r y i n g   g r a i n   a d j a c e n t   w a l l   26  i s  

r e t a i n e d   in  t he   c o l u m n s   f o r   a  l o n g e r   p e r i o d   of  t i m e   a n d  

is  e x p o s e d   to  t h e   d r y i n g   a i r   f o r   a  l o n g e r   p e r i o d   o f  

t i m e   to  p r o m o t e   more   u n i f o r m   d r y i n g   a c r o s s   t he   c o l u m n .  

In  t h i s   m a n n e r ,   n o t   o n l y  i s   a l l   of  t he   g r a i n   d i s c h a r g e d  

i n t o   t h e   r e c e i v i n g   h o p p e r   86  w i t h   a  m o r e   u n i f o r m  

m o i s t u r e   c o n t e n t ,   b u t ,   by  h a v i n g   t he   g r a i n   a d j a c e n t   t h e  

i n n e r   p e r f o r a t e   w a l l   70  m o v i n g   more   r a p i d l y   d o w n  

t h r o u g h   t h e   c o l u m n s ,   t h e   p r o b l e m s   of   g r a i n   c r a c k i n g   a n d  

c h e c k i n g   i n h e r e n t   in  p r i o r   a r t   g r a i n   d r y e r s   a r e  

r e d u c e d ,   s i n c e   t h e   r a p i d l y   d r i e d   g r a i n   is  e x p o s e d   t o  

the   h o t t e s t   d r i e s t   a i r   f o r   a  s h o r t e r   p e r i o d   of   t i m e .  

In  o r d e r   to   f u r t h e r   c o n t r o l   t h e   d i v i s i o n   of  t h e  

g r a i n   i n t o   t h e   c h a n n e l s   78  and  80,   t h e   u p p e r   end  o f  

e a c h   of   t h e   p a r t i t i o n s   78  i s   p r o v i d e d   w i t h   an  a d j u s t a b l e  

or   p i v o t a b l e   s e c t i o n   or   d i v i d e r   79  b e l o w   t h e   t r e a t i n g   z o n e .  

The  a d j u s t a b l e   or   p i v o t a b l e   s e c t i o n s   79  may  be  a d j u s t e d  

d e p e n d i n g   u p o n   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   and  t y p e   o f  

g r a i n   b e i n g   d r i e d   to   c h a n g e   t h e   r e l a t i v e   p r o p o r t i o n s   o f  

t he   g r a i n   e n t e r i n g   t h e   c h a n n e l s   78  and  80  in  o r d e r   t o  

f u r t h e r   i m p r o v e   t h e   u n i f o r m i t y   of  t he   d r y i n g   a c r o s s   t h e  

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

h i g h   i n i t i a l   m o i s t u r e   c o n t e n t ,   i t   may  be  d e s i r a b l e   t o  

a d j u s t   t h e   p i v o t a b l e   s e c t i o n s   79  to  p r o v i d e   f o r   a  

s m a l l e r   p o r t i o n   of   t h e   g r a i n   f l o w i n g   i n t o   c h a n n e l s   8 0  

t h a n   is  f l o w i n g   i n t o   c h a n n e l s   78.  In  t h i s   m a n n e r ,   m o r e  



of  t h e   c o r n   is   r e t a i n e d   in  t he   d r y i n g   c o l u m n s   68  f o r   a  

l o n g e r   t i m e   p e r i o d .   C o r r e s p o n d i n g l y ,   when  d r y i n g   c o r n  

w i t h   a  v e r y   l o w  m o i s t u r e   c o n t e n t , ,   i t   may  be  d e s i r a b l e  

to  a d j u s t  t h e   p i v o t a b l e   s e c t i o n s   79  to   p r o v i d e   f o r   a  

l a r g e r   p o r t i o n   of   the   g r a i n   f l o w i n g   i n t o   c h a n n e l s  8 0  

t h a n   is   f l o w i n g   i n t o   c h a n n e l s   78,  t h e r e b y   d i s c h a r g i n g  

more   o f   t h e   c o r n   f rom  the   d r y e r   in  a  s h o r t e r   t i m e  

p e r i o d .   T h u s ,   by  a d j u s t i n g   t he   p o s i t i o n   o f   t h e  

p i v o t a b l e   s e c t i o n s   79  in  c o n j u n c t i o n   w i t h   t h e  

p r e d e t e r m i n e d   d i s c h a r g e   r a t e   f rom  e a c h   o f   t h e   c h a n n e l s  

78  and  80 ,   more   u n i f o r m   d r y i n g   of   t he   g r a i n   i s  

a c c o m p l i s h e d .  

The  u n i f o r m l y   d r i e d   g r a i n   d i s c h a r g e d   f r o m   e a c h   o f  

t he   c h a n n e l s   78  and  80  of  t h e   o u t e r   d r y i n g   c o l u m n s   68  

is  r e c e i v e d   and  c o l l e c t e d   in  t h e   r e c e i v i n g   h o p p e r   8 6 .  

M o u n t e d   g e n e r a l l y   in  the   c e n t r e   of   t h e   r e c e i v i n g   h o p p e r  

86  i s   a  t u b e   member   88  w h i c h   e x t e n d s   v e r t i c a l l y  

u p w a r d l y   i n t o   t h e   d r y e r   h o u s i n g   12.   L o c a t e d   w i t h i n   t h e  

v e r t i c a l   t u b e   member   88  i s   a  c o n v e y o r   m e a n s ,   f o r  

e x a m p l e ,   a  g r a i n   c a r r y i n g   a u g e r   90  w h i c h   i s   d r i v e n   t o  

r o t a t i o n   by  m e a n s   of   a  s u i t a b l e   d r i v e   p u l l e y   9 2  

e x t e n d i n g   o u t w a r d l y   f rom  t he   b o t t o m   of  t h e   r e c e i v i n g  

h o p p e r   86 .   The  d r i v e   p u l l e y   92  may  be  d r i v e n   by  a n y  
s u i t a b l e   m e a n s ,   f o r   e x a m p l e ,   an  e l e c t r i c   m o t o r   or   t h e  

p o w e r   t a k e o f f   f r o m   a  t r a c t o r   or  o t h e r   v e h i c l e   ( n o t  

s h o w n ) .  

The  l o w e r   end  of   t he   t u b e   member   88  c o n t a i n s   a  

p l u r a l i t y   o f   o p e n i n g s   9 4  w h i c h   a l l o w   t h e   p a r t i a l l y  

d r i e d   g r a i n   f r o m   t he   o u t e r   c o l u m n s   68  w h i c h   h a s  

a c c u m u l a t e d   w i t h i n   t he   r e c e i v i n g   h o p p e r   86  to  p a s s   i n t o  

t h e   t u b e   m e m b e r   88.   The  g r a i n   p a s s i n g   i n t o   t h e   t u b e  

m e m b e r   88  i s   c o n v e y e d  o r   t r a n s p o r t e d   u p w a r d l y   by  t h e  

r o t a t i n g   g r a i n   a u g e r   90  and  is   d i s c h a r g e d   f r o m   t he   t u b e  



member   88  i n t o   a  s u b s t a n t i a l l y   e n c l o s e d   i n n e r   c h a m b e r  

96.   In  t h e   p r e s e n t   e m b o d i m e n t ,   the   r o t a t i o n   of  t h e  

g r a i n   a u g e r   90  is   s u f f i c i e n t   t o  e v e n l y   d i s t r i b u t e   t h e  

g r a i n   d i s c h a r g e d  f r o m   t he   t u b e   member  88  o v e r   t he   i n n e r  

c h a m b e r   96.   H o w e v e r ,   in  a  l a r g e r   model   of  t he   d r y e r  

h a v i n g   a  l a r g e r   i n n e r   c h a m b e r   96,   c r o s s - a u g e r s   or  o t h e r  

s u i t a b l e   m e a n s   ( n o t   s h o w n )   may  be  e m p l o y e d   to  p r o v i d e  

an  e v e n   d i s t r i b u t i o n   o f   t h e   g r a i n   a c r o s s   t he   l e n g t h   a n d  

w i d t h   of   t h e   i n n e r   c h a m b e r   9 6 .  

The  i n n e r   c h a m b e r   96  s e r v e s   as  a  s t e e p i n g   o r  

t e m p e r i n g   c h a m b e r   f o r   t h e   g r a i n .   By  a l l o w i n g   t he   g r a i n  

to   s t e e p   or  s w e a t   as  i t   moves   d o w n w a r d l y   t h r o u g h   t h e  

c h a m b e r   96,  t h e   m o i s t u r e   r e m o v a l   e f f i c i e n c y ,   d r y i n g  

u n i f o r m i t y   and   q u a l i t y   of   t h e   g r a i n   is  g r e a t l y  

i m p r o v e d .   P r e f e r a b l y ,   t h e   g r a i n   r e m a i n s   in  t h e  

s t e e p i n g   c h a m b e r   f o r   a t   l e a s t   one  h o u r .   The  s l o p i n g  

l o w e r   w a l l s   98  of   t h e   s t e e p i n g   c h a m b e r   96  a r e   a t   a n  

a n g l e   of   n o t   l e s s   t h a n   45°  in  o r d e r   to  p r o v i d e   f o r   a n  

a c c e p t a b l e   f l o w   of   t h e   m o i s t   g r a i n   d o w n w a r d l y   t h r o u g h  

t h e   s t e e p i n g   c h a m b e r .   The  s l o p i n g   l o w e r   w a l l s   98  o f  

t h e   s t e e p i n g   c h a m b e r   i n c l u d e   s u i t a b l e   i n s u l a t i o n   102  t o  

p r e v e n t   t h e   g r a i n   f l o w i n g   t h r o u g h   the   s t e e p i n g   c h a m b e r  

a d j a c e n t   t h e  l o w e r   w a l l s   98  f rom  b e c o m i n g   o v e r h e a t e d  

due  to  i t s   p r o x i m i t y   to  t h e   i n c o m i n g   h e a t e d   a i r   p a s s i n g  

t h r o u g h   t h e   h o t   a i r   d u c t s   62.  The  u p p e r   w a l l s   74  o f  

t h e   s t e e p i n g   c h a m b e r   96  a r e   a l s o   s l o p e d   a t   an  a n g l e   o f  

n o t   l e s s   t h a n   45°   to  a s s u r e   an  a c c e p t a b l e   f l o w   of   t h e  

i n c o m i n g   m o i s t   g r a i n   f r o m   t he   wet   g r a i n   i n l e t   32  i n t o  

t h e   o u t e r   d r y i n g   c o l u m n s   6 8 .  

In  o r d e r   to  p r o v i d e   f o r   m o s t   e f f i c i e n t   u s e   of  t h e  

s t e e p i n g   c h a m b e r   96,  i t   s h o u l d   be  p r e f e r a b l y   k e p t   f u l l  

o f   g r a i n .   To  t h i s   e n d ,   t he   u p p e r   s t e e p i n g   c h a m b e r  

w a l l s   74  i n c l u d e   m e a n s ,   f o r   e x a m p l e ,   a  p l u r a l i t y   o f  



s l o t s   106  e x t e n d i n g   t h e r e t h r o u g h   w h i c h   a l l o w   some  o f  

t h e   i n c o m i n g   m o i s t   g r a i n   to  p a s s   d i r e c t l y   i n t o   t h e  

s t e e p i n g   c h a m b e r   96,  in  o r d e r   t o . m a k e   up  f o r   a n y  

s h r i n k a g e   of   t he   g r a i n   w h i c h   may  h a v e   o c c u r r e d   as  a  

r e s u l t   of   t h e   d r y i n g   of  t he   g r a i n   as  i t   p a s s e d   t h r o u g h  

t h e   o u t e r   d r y i n g   c o l u m n s   68.  The  s l o t s   106  may  a l s o   b e  

e m p l o y e d   to  c o n t r o l   t he   m o i s t u r e   c o n t e n t   of   t h e   g r a i n  

in   t h e   s t e e p i n g   c h a m b e r   in  a  m a n n e r   w h i c h   w i l l  

h e r e i n a f t e r   become   a p p a r e n t .   In  t he   s t e e p i n g   c h a m b e r ,  

t h e   m o i s t u r e   in  the   g r a i n   t e n d s   to  be  u n i f o r m l y   d i s t r i b u t e d  

a m o n g s t   a l l   t h e   g r a i n   in   t h e   c h a m b e r .  

The  r o o f   28  may  a l s o   c o n t a i n   a  l e v e l   c o n t r o l   m e a n s  

104  p o s i t i o n e d   s l i g h t l y   a b o v e   t he   s l o t s   1 0 6 .   The  l e v e l  

c o n t r o l   m e a n s   104  f u n c t i o n s   to  a c t u a t e   an  e l e v a t o r  

b u c k e t   o r   i n f e e d   a u g e r   ( n o t   shown)   to  m a i n t a i n   t h e  

g r a i n   in   t h e   we t   g r a i n   h o p p e r   72  a t   a  l e v e l   a b o v e   t h e  

s l o t s   106   in  o r d e r   to  e n s u r e   t h a t   t h e r e   is   s u f f i c i e n t  

m o i s t   g r a i n   a v a i l a b l e   f o r   a d d i n g   to  t h e   s t e e p i n g  
c h a m b e r   96  to  make  up  f o r   any  s h r i n k a g e   w h i c h   may  h a v e  

o c c u r r e d .  

The  g r a i n   in  t he   s t e e p i n g   c h a m b e r   96  f l o w s  

d o w n w a r d l y   a t   a  c o n t r o l l e d   r a t e   and  p a s s e s   i n t o   a  p a i r  
o f   i n n e r   d r y i n g   c o l u m n s   100  w h i c h   a r e   a l s o   c o m p r i s e d   o f  

f i r s t   a n d   s e c o n d   p e r f o r a t e   w a l l s   108  and  1 1 0 ,  

r e s p e c t i v e l y .   The  p e r f o r a t e   w a l l s   108  c o o p e r a t e   w i t h  

p e r f o r a t e   w a l l s   70  and  w i t h   t he   h o u s i n g   end  w a l l s   1 4  

and   16  to   f o r m   a - p a i r   of   s u b s t a n t i a l l y   e n c l o s e d   p l e n u m  

c h a m b e r s   1 1 2 .   The  p l e n u m   c h a m b e r s   112  r e c e i v e   t h e  

h e a t e d   a i r   f r o m   t he   h o t   a i r   d u c t s   62  and  d i s t r i b u t e   t h e  

h e a t e d   a i r   so  t h a t   i t   p a s s e s   o u t w a r d l y   t h r o u g h   t h e  

o u t e r   d r y i n g   c o l u m n s   68  and  i n w a r d l y   t h r o u g h   t h e   i n n e r  

d r y i n g   c o l u m n s   100  a l o n g   the   e n t i r e   l e n g t h   of   t h e  

c o l u m n s .   The  p l e n u m   c h a m b e r s   112  may  i n c l u d e   s u i t a b l e  



a d j u s t a b l e   d a m p e r   means   114  e x t e n d i n g   a c r o s s   t h e   p l e n u m  

c h a m b e r s   112  b e t w e e n   t he   end  w a l l s   14  and  16  to   f u r t h e r  

c o n t r o l   t he   d i s t r i b u t i o n   of   t h e   h e a t e d   a i r   to  t he   i n n e r  

and  o u t e r   d r y i n g   c o l u m n s   68  and  1 0 0 .   The  d a m p e r   m e a n s  

114  l i m i t s   t he   a m o u n t   of   a i r   w h i c h   p a s s e s   i n t o   t h e  

l o w e r   p o r t i o n   of   t he   p l e n u m   c h a m b e r   112  to   f o r c e   m o r e  

a i r   t h r o u g h   t he   u p p e r   s e c t i o n   of   t he   c o l u m n s   68  a n d  

100 .   In  o r d e r   to  p r o v i d e   f o r   a  more  u n i f o r m  

d i s t r i b u t i o n  o f   t he   h e a t e d   a i r   w i t h i n   t h e   l o w e r   p o r t i o n s  

of   the   p l e n u m   c h a m b e r s   112 ,   t he   o p e n i n g s   of   t h e  

a d j u s t a b l e   d a m p e r   means   114  a r e   t a p e r e d   e x t e n d i n g  

a c r o s s   t he   p l e n u m   c h a m b e r s   w i t h   t he   l a r g e r   o p e n i n g s  

b e i n g   a d j a c e n t   end  w a l l   14  or   in  c l o s e   c o m m u n i c a t i o n  

w i t h   the   h o t   a i r   d u c t s   62  to   p r o v i d e   a  g e n e r a l l y  

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

p o r t i o n   of   e a c h   p l e n u m   c h a m b e r .  

F i g s .   1,  4  and  6  show  a  s l i g h t l y   d i f f e r e n t  

s t r u c t u r a l   a r r a n g e m e n t   f o r   e v e n l y   d i s t r i b u t i n g   t h e  

h e a t e d   a i r   w i t h i n   t h e   p l e n u m   c h a m b e r s   1 1 2 .   As  shown  i n  

F i g s .   1  and  6,  a  p a i r   of  t a p e r e d   p e r f o r a t e   t u b e s   1 1 6  

( 1 1 6 '   in  F i g .   6)  e x t e n d   a c r o s s   t he   p l e n u m   c h a m b e r s   1 1 2  

b e t w e e n   t he   end  w a l l s   14  and  16.   The  l a r g e r   end  of   t h e  

t a p e r e d   t u b e s   116  a r e   c o n n e c t e d   to  and  c o m m u n i c a t e   w i t h  

t he   h o t   a i r   d u c t s   62  to   r e c e i v e   t he   f l o w   of   h e a t e d   a i r  

t h e r e f r o m .   B e c a u s e   t he   t u b e s   116  a r e   t a p e r e d ,   t h e  

a m o u n t   of  h e a t e d   a i r   t h a t   p a s s e s   a l o n g   t h e   l e n g t h   o f  

the   t u b e   is   r e s t r i c t e d ,   t h e r e b y   p r o v i d i n g   a  u n i f o r m  

s t a t i c   p r e s s u r e   d i s t r i b u t i o n   a l o n g   t he   l e n g t h   o f   t h e  

t u b e   to  e n s u r e  a   u n i f o r m   a i r f l o w   o u t   of   t h e   p e r f o r a t i o n s  

t h e r e i n .   The  u n i f o r m   a i r   f l o w   f r o m   t h e   t a p e r e d  

t u b e s   116  p r o v i d e s   a  g e n e r a l l y   u n i f o r m   d i s t r i b u t i o n   o f  

the   h e a t e d   a i r   a l o n g   t he   t u b e s   and  t h r o u g h o u t   t h e  

p lenum  c h a m b e r   112 ,   t h e r e b y   p r o v i d i n g   a  more   u n i f o r m  



f l o w   of   t he   h e a t e d   a i r   t h r o u g h   t h e   c o l u m n s   68  and  1 0 0  

a l o n g   t h e i r   e n t i r e   l e n g t h .   A l t e r n a t i v e l y ,   t he   t a p e r e d  

t u b e s   116  may  be  r e p l a c e d   w i t h   c o n s t a n t   d i a m e t e r   t u b e s  

( n o t   shown)   h a v i n g   p e r f o r a t i o n s   v a r y i n g   in  s i z e   a n d  

p e r c e n t a g e   of   t o t a l   o p e n i n g   a l o n g   t he   l e n g t h   of   t h e  

t u b e s ,  ( t h e   end  o f   t h e   t u b e s   c o n n e c t e d   to  t he   h o t   a i r  

d u c t s   62  h a v i n g   t he   l a r g e r   d i a m e t e r   p e r f o r a t i o n s   a n d  

g r e a t e r   p e r c e n t a g e   of   o p e n i n g s )   to   p r o v i d e   t he   d e s i r e d  

g e n e r a l l y   u n i f o r m   s t a t i c   p r e s s u r e   d i s t r i b u t i o n   a l o n g  

t he   l e n g t h   of   t he   t u b e s   i n t o   t h e   p l e n u m   c h a m b e r .  

R e f e r r i n g   a g a i n   to   F i g .   3,  t h e   i n n e r   d r y i n g   c o l u m n s  

100  a l s o   h a v e   a  g e n e r a l l y   v e r t i c a l   s o l i d   p a r t i t i o n  

l 1 8 ,   w h i c h   d i v i d e s   e a c h   c o l u m n   i n t o   i n n e r   and  o u t e r  

c h a n n e l s   120  and  122  in   a  m a n n e r   c o r r e s p o n d i n g   to  t h e  

p a r t i t i o n s   76  f o r   t he   o u t e r   d r y i n g   c o l u m n s   6 8 .  

D i s c h a r g e   means   in  t h e   f o r m   o f   m e t e r i n g   r o l l s   124  a n d  

126  a r e   a l s o   p r o v i d e d   f o r   d i s c h a r g i n g   g r a i n   f rom  t h e  

i n n e r   and  o u t e r   c h a n n e l s   120  and   1 2 2 ,   r e s p e c t i v e l y .   As  

w i t h   t he   m e t e r i n g   r o l l s   a s s o c i a t e d   w i t h   t h e   o u t e r  

d r y i n g   c o l u m n s   68,  t h e   m e t e r i n g   r o l l s   124  and  126  a l s o  

t u r n   a t   d i f f e r e n t   p r e d e t e r m i n e d   r a t e s   f o r   d i s c h a r g i n g  

t h e   g r a i n   f r o m   t h e   c h a n n e l s   120  and   122  a t   d i f f e r e n t  

r a t e s .   P r e f e r a b l y ,   t h e   m e t e r i n g   r o l l s   126  a d j a c e n t   t h e  

f i r s t   p e r f o r a t e   w a l l s   108  d i s c h a r g e   t h e   m a t e r i a l   a t   a  

r a t e   f a s t e r   t h a n   t he   m e t e r i n g   r o l l s   1 2 4 .  

As  shown  on  F i g s .   1  and   3,   a  p a i r   of   d i s t r i b u t i o n  

d u c t s   127  h a v i n g   t r i a n g u l a r   c r o s s - s e c t i o n s   e x t e n d  

a c r o s s   t he   p l e n u m   c h a m b e r s   112  b e t w e e n   t h e   end  w a l l s   1 4  

and  16.   One  end  of  t he   d i s t r i b u t i o n   d u c t s   127  i s  

c o n n e c t e d   to  t h e   c o o l   a i r   d u c t s   56  f o r   r e c e i v i n g   t h e  

c o o l i n g   a i r   f l o w .   The  d u c t s   127  h a v e   one  w a l l   p r o v i d e d  

by  t h e   p e r f o r a t e d   w a l l s   1 0 8 ,   w h i c h   p r o v i d e   f o r   t h e  

p a s s a g e   of   c o o l i n g   a i r   i n t o   t h e   l o w e r   p o r t i o n   of  t h e  



i n n e r   d r y i n g   c o l u m n s   100.   A d j a c e n t   e a c h   of  t he   d u c t s  

127  a r e   s m a l l   a c c e s s   or  c l e a n - o u t   d o o r s   129  to  p r o v i d e  

f o r   t he   r e m o v a l   of   d e b r i s   w h i c h   may  a c c u m u l a t e   w i t h i n  

t he   p l e n u m   c h a m b e r s   1 1 2 .  

The  i n n e r   d r y i n g   c o l u m n s   100  may  a l s o   be  w i d e r   a t  

t h e   b o t t o m s   t h a n   a t   t h e   t o p s   in   a  m a n n e r   s i m i l a r   to   t h e  

g r a d u a l l y   t a p e r e d   a r r a n g e m e n t   of  t h e   o u t e r   d r y i n g   c o l u m n   6 8  

f o r   s u b s t a n t i a l l y   t h e   same  r e a s o n s   as  d i s c u s s e d   a b o v e .  

G r a i n   f rom  t h e   c h a n n e l s   120  and  122  of  t h e   i n n e r   d r y i n g  

c o l u m n s   100  i s   d i s c h a r g e d   i n t o   a  s e c o n d   or   i n n e r   r e c e i v i n g  

h o p p e r   130 .   G r a i n  f r o m   t h e   s e c o n d   r e c e i v i n g   h o p p e r   130  m a y  

be  r e m o v e d   f rom  t h e   d r y e r   by  means   of  a  d i s c h a r g e   t u b e   1 3 2  

and  may  t h e r e a f t e r   be  t r a n s p o r t e d   to  a  s u i t a b l e   s t o r a g e  

f a c i l i t y   ( n o t   s h o w n ) .  

The  d r y e r   10  a l s o   i n c l u d e s   a  c e n t r a l   i n n e r   c h a m b e r  

134  s u r r o u n d i n g   t h e   v e r t i c a l   t u b e   m e m b e r   88  and  f o r m e d  

on  o p p o s i t e   s i d e s   by  t he   i n n e r m o s t   p e r f o r a t e   w a l l s   1 1 0 .  

The  c e n t r a l   c h a m b e r   134  e x t e n d s   t h e   e n t i r e   l e n g t h   o f  

t h e   d r y e r   b e t w e e n   end  w a l l s   14  and  16  ( s h o w n   on  F i g .   1 )  

and  p r o v i d e s   t h e   c o n d u i t   b e t w e e n   t h e   h o t   a i r   f a n   44  a n d  

t he   s e c o n d . a i r   i n l e t   o p e n i n g   49  f o r   t h e   m o v e m e n t   o f  

a m b i e n t   a i r   i n t o   t h e   i n l e t   of  t h e   h o t   a i r   f a n   44 .   T h e  

c e n t r a l   c h a m b e r   134  a l s o   r e c e i v e s   and  c o l l e c t s   b o t h   t h e  

h e a t i n g   and  c o o l i n g   a i r   e x h a u s t e d   f rom  t h e   i n n e r   d r y i n g  

c o l u m n s   100  and  r e c y c l e s   or  r e c i r c u l a t e s   t h i s   e x h a u s t e d  

a i r   b a c k   to  t h e   h o t   a i r   f a n   44.   By  m i x i n g   t h e   i n c o m i n g  

a m b i e n t   a i r   w i t h _ t h e   a i r   e x h a u s t e d   f r o m   t h e   i n n e r  

d r y i n g   c o l u m n s   100  in  t h i s   m a n n e r ,   t h e   a i r   e n t e r i n g   t h e  

h e a t e r   s e c t i o n   40  i s   e f f e c t i v e l y   p r e - h e a t e d ,   t h e r e b y  

r e q u i r i n g   t h e   a d d i t i o n   of  c o n s i d e r a b l y   l e s s   t h e r m a l  

e n e r g y   to  r a i s e   t h e   a i r   to  the  d e s i r e d   or  r e q u i s i t e  

d r y i n g   t e m p e r a t u r e .  A l t h o u g h   t he   b e n e f i t s   o f  

r e c i r c u l a t i n g   or  r e c y c l i n g   a i r   in  a  g r a i n   d r y e r   a r e  



w e l l   k n o w n ,   r e c y c l i n g   h e a t e d   a i r   t h r o u g h   an  i n n e r  

c h a m b e r   in  t h i s   m a n n e r   is  h i g h l y   d e s i r a b l e   b e c a u s e   t h e  

h e a t e d   r e c y c l e d   a i r   i s   i n s u l a t e d - b y   t h e   s u r r o u n d i n g  

d r y e r   s t r u c t u r e ,   t h e r e b y   p r e v e n t i n g   any  s u b s t a n t i a l  

r a d i a t i o n   l o s s   of   t h e   h e a t   e n e r g y   c o n t a i n e d   w i t h i n   t h e  

r e c y c l e d   a i r .   In  a d d i t i o n ,   by  e m p l o y i n g   s u c h   a  c e n t r a l  

r e c y c l i n g   c h a m b e r   1 3 4 ,   t h e   d r y e r   s t r u c t u r e   can  b e  

g r e a t l y   c o m p a c t e d .   F u r t h e r m o r e ,   due  to  t h e   i n s u l a t i o n  

of   t h e   s u r r o u n d i n g   s t r u c t u r e ,   m o i s t u r e   c o n d e n s a t i o n   a n d  

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

r e c i r c u l a t i n g   d r y e r s   of   o t h e r   d e s i g n s ,   a r e   a v o i d e d .  

F i g s .   7,  8  and  9  show  a d d i t i o n a l   d e t a i l s   of   t h e  

l o w e r   p o r t i o n   of   t h e   d r y e r ,   i n c l u d i n g   t h e   g r a i n  

d i s c h a r g e   m e a n s .   As  shown  on  F i g .   9,  m e t e r i n g   r o l l   8 2  

i s   r e t a i n e d   w i t h i n   a  p l u r a l i t y   of  a l i g n e d   s p a c e d - a p a r t  

t u b u l a r   m e m b e r s   136 .   A d j a c e n t   to  and  a b o v e   t he   t u b u l a r  

m e m b e r s   136  a r e   a  p l u r a l i t y   of   i n v e r t e d   V - s h a p e d  

m e m b e r s   1 3 8 ,   w h i c h   s e r v e   as  d e f l e c t o r s   to  d i r e c t   t h e  

d o w n w a r d   f l o w   of   g r a i n   i n t o   s p a c e s   140  b e t w e e n   t h e  

t u b u l a r   m e m b e r s   136 .   The  m e t e r i n g   r o l l   82  f u r t h e r  

c o m p r i s e s  a   h o r i z o n t a l   r o t a t i n g   g r a i n   a u g e r   1 4 2  

d i s p o s e d   w i t h i n   t h e   t u b u l a r   m e m b e r s   1 3 6 .   The  g r a i n  

a u g e r   i s   s u p p o r t e d   by ,   f o r   e x a m p l e ,   a  s u i t a b l e   b e a r i n g  

144  and  i s   d r i v e n ,   f o r   e x a m p l e ,   by  m e a n s   of   a  s u i t a b l e  

d r i v e   p u l l e y   o f   t h e   t y p e   h e r e i n b e f o r e   d e s c r i b e d .   G r a i n  

f l o w i n g   d o w n w a r d l y   in  e a c h   of   t h e   c h a n n e l s   of   t h e  

d r y i n g   c o l u m n s   i s   d e f l e c t e d   by  t he   i n v e r t e d   V - s h a p e d  

m e m b e r s   138  i n t o   t he   s p a c e s   140  b e t w e e n   t h e   t u b u l a r  

m e m b e r s   136  w h e r e   i t   is  r e c e i v e d   and  c a r r i e d   by  t h e  

r o t a t i n g   g r a i n   a u g e r   142  as   shown  by  t h e   f l o w   a r r o w s .  

T h e r e a f t e r ,   t h e   g r a i n   is  d i s c h a r g e d   f r o m   t h e   g r a i n  

a u g e r   142  t h r o u g h   a  p l u r a l i t y   of   o p e n i n g s   146  l o c a t e d  

b e t w e e n   t h e   l o w e r   p o r t i o n s   of   e a c h   of   t h e   t u b u l a r  



m e m b e r s   136  and  t h e   g r a i n   e n t e r s   t he   r e c e i v i n g   h o p p e r  

8 6 ,   as  shown  in  F i g .   3.   Each   of  the   s p a c e s   140  b e t w e e n  

t he   t u b u l a r   m e m b e r s   136  is   e n c l o s e d   and  i n c l u d e s   a  

r e m o v a b l e   b o t t o m   p a n e l   148 ,   w h i c h   is  r e t a i n e d   in  p l a c e  

as  shown  by  m e a n s   of   a  p a i r   of  s u p p o r t i n g   s i d e   f l a n g e s  

150  and  a  p a i r   o f   s u i t a b l y   s i z e d   U - s h a p e d   c l a m p s   1 5 2 .  

By  r e m o v i n g   t h e   U - s h a p e d   c l a m p s   152,   t he   b o t t o m   p a n e l s  

148  may  be  c o n v e n i e n t l y   r e m o v e d   f o r   c l e a n i n g   o u t   t h e  

spaces   140  and  t h e   g r a i n   a u g e r   142 .   The  c o m b i n a t i o n   o f  

t he   m e t e r i n g   r o l l s   and  the   i n v e r t e d   V - s h a p e d   m e m b e r s  

138  p r o v i d e   f o r   a  u n i f o r m   w i t h d r a w a l   of  g r a i n   a c r o s s  

e a c h   of   c o l u m n s   o f   t h e   d r y e r .   A d d i t i o n a l   d e t a i l s  

c o n c e r n i n g   t h e   s t r u c t u r e   and  o p e r a t i o n   of   t he   g r a i n  

d i s c h a r g e   m e a n s   may  be  o b t a i n e d   f rom  U S - A - 4 1 5 2 8 4 1 .  

The  o t h e r   m e t e r i n g   r o l l s   84 ,   124  and  126  o p e r a t e   a n d  

a r e   c o n s t r u c t e d   s i m i l a r l y   to  m e t e r i n g   r o l l s   8 2 .  

In  c r o s s   f l o w   d r y e r s   of   t he   t y p e   s h o w n ,   i t   i s  

d e s i r a b l e   to  u s e   t h e   same  d r y e r   to  d ry   p a r t i c u l a t e  

m a t e r i a l s   or  g r a i n s   of   w i d e l y   v a r y i n g   d i m e n s i o n s .   F o r  

e x a m p l e ,   i t   may  be  d e s i r a b l e   to  d ry   e i t h e r   c o r n   or  r i c e  

in  t he   same  d r y e r .   In  o r d e r   to  be  a b l e  t o   d ry   s u c h  

d i f f e r e n t   t y p e s   o f   g r a i n s   in  t h e   same  d r y e r   w i t h o u t   a n y  
c o n s i d e r a b l e   l o s s   o f   p r o d u c t   or  d r y i n g   e f f i c i e n c y ,   i t  

is  n e c e s s a r y   to  h a v e   t h e   a b i l i t y   to  c o n v e n i e n t l y   v a r y  
t he   s i z e   o f   t h e   o p e n i n g s   in  t h e   d r y e r ' s   p e r f o r a t e  

w a l l s   f o r m i n g   t h e   d r y i n g   c o l u m n s .  

R e f e r r i n g   to  F i g s .   5  and  6,  e m b o d i m e n t s   o f   t h e   i n v e n t i o n  

e m p l o y   r e m o v a b l e   m o d u l e s   160  to  a c c o m p l i s h   t h i s  

r e s u l t .   E a c h   m o d u l e ,   g e n e r a l l y   d e s i g n a t e d   160 ,   i s  

c o m p l e t e   in  i t s e l f   and  c o m p r i s e s   f o u r   g e n e r a l l y  

p a r a l l e l   p e r f o r a t e   s i d e   p a n e l s   1 1 0 ' ,   1 0 8 ' ,   70 '   and  2 6 ' ,  

w h i c h   a r e   f i x e d   to  a  p l u r a l i t y   of  g e n e r a l l y   v e r t i c a l  



s u p p o r t   m e m b e r s   or  c r o s s   b r a c e s   172 .   In  F i g s .   5  and  6 ,  

p r i m e s   a r e   u s e d   to  d e s i g n a t e   c o m p o n e n t   p a r t s   of  t h e  

m o d u l e   160 ,   t h e   p r i m e s   b e i n g   d r o p p e d   when  the   m o d u l e  

160  is   i n s t a l l e d   in  t h e   d r y e r   10  as  shown  on  F i g .   4  

( F i g .   3  d o e s   n o t   show  t he   m o d u l a r   c o n s t r u c t i o n   f e a t u r e s  

of   t h e   d r y e r   1 0 ) .   The  p e r f o r a t e   p a n e l s   1 1 0 ' ,   1 0 8 ' ,  7 0 '  

and   26 '   may  a l l   be  of   one  p i e c e   c o n s t r u c t i o n   or  may  b e  

made   up  of   a  p l u r a l i t y   of   i n d i v i d u a l   s m a l l e r   p a n e l s  

w h i c h   a r e   a t t a c h e d   to  t he   c r o s s   b r a c e s   1 7 2 .   T h e  

p e r f o r a t e   p a n e l s   1 1 0 ' ,   1 0 8 ' ,  7 0 '   and  26 '   c o o p e r a t e   t o  

f o r m   a  p a i r   of   d r y i n g   c o l u m n s   1 0 0 '   and   68 '   w i t h   a  

p l e n u m   c h a m b e r   1 1 2 '   t h e r e b e t w e e n .   A  t a p e r e d   p e r f o r a t e  
t u b e   1 1 6 ' ,   a  g e n e r a l l y   t r i a n g u l a r l y - s h a p e d   d i s t r i b u t i o n  

d u c t   1 2 7 '   in   c r o s s - s e c t i o n  h a v i n g   a  p e r f o r a t e d   s i d e  

w a l l   1 0 8 '   as  a  p a r t   t h e r e o f ,   and  a  c l e a n - o u t   d o o r   1 2 9 '  

a r e   a l s o   i n c l u d e d   as  p a r t   o f   t he   m o d u l e   160  as  s h o w n .  

When  a  p a i r   of   c o m p l e m e n t a r y   m o d u l e s   160  a r e  

p l a c e d   in  p o s i t i o n   in  t h e   d r y e r   h o u s i n g   12  as  shown  i n  

F i g .   4,  t h e y   f o r m   t h e   d r y i n g   c o l u m n s   68  and  100 .   T h e  

u p p e r   and   l o w e r   p o r t i o n s   o f   t he   m o d u l e s   160  a r e  

s u i t a b l y   c o n t o u r e d   to  e n a b l e   t he   m o d u l e s   to  b e  

a p p r o p r i a t e l y   p o s i t i o n e d   w i t h i n   t h e   d r y e r   h o u s i n g   12  a s  

shown   in  F i g .   4.  The  t a p e r e d   p e r f o r a t e   t u b e s   116  a r e  

c o n n e c t e d   to  and  c o o p e r a t e   w i t h   t he   h o t   a i r   d u c t s   62  

( s h o w n   in  F i g .   1)  f o r   t he   d i s t r i b u t i o n   o f   h o t   a i r  

w i t h i n   t h e   p l e n u m   c h a m b e r   112 .   L i k e w i s e ,   t h e  

t r i a n g u l a r - s h a p e d   a i r   d u c t s   127  a r e   c o n n e c t e d   to  a n d  

c o o p e r a t e   w i t h   t h e   c o o l i n g   a i r   d u c t s   56  ( s h o w n   in  F i g .  

1)  to   p r o v i d e   a  f l o w   of   c o o l i n g   a i r   when  t h e   m o d u l e s  

160  a r e   in  p l a c e   w i t h i n   t h e   d r y e r   h o u s i n g   12.   S u i t a b l e  

s e a l i n g   m e a n s   ( n o t   s h o w n )   may  be  p r o v i d e d   to  p r e v e n t  
a i r   l e a k a g e   f r o m   a r o u n d   t h e   c o n n e c t i o n   of   t h e   p e r f o r a t e  
t u b e s   116  and  t h e   t r i a n g u l a r - s h a p e d   d u c t s   127  w i t h   t h e  



h o t   a i r   d u c t s   62  and  c o o l i n g   a i r   d u c t s   56.   A  n u m b e r   o f  

s m a l l   f l a n g e s   178  on  the   c o r n e r s   of  the   m o d u l e s   1 6 0  

e n g a g e   s u i t a b l e   c o m p l e m e n t a r y   f l a n g e s   180  o n  t h e   d r y e r  

h o u s i n g   12  in  o r d e r   to  p r o p e r l y   p o s i t i o n   and  r e t a i n  t h e  

m o d u l e s   160  in  p l a c e   w i t h i n   t he   h o u s i n g   12.   A 

p l u r a l i t y   of   s e a l i n g   m e a n s ,   f o r   e x a m p l e ,   n e o p r e n e   f l a p s  

182,   a r e   e m p l o y e d   to  c l o s e   any  g a p s   or  o p e n i n g s   w h i c h  

may  o c c u r   a l o n g   t he   j o i n t   l i n e s   w h e r e   t h e   m o d u l e s   1 6 0  

m e e t   t h e  d r y e r   h o u s i n g   12  and  to  p r e v e n t   t he   l e a k a g e   o f  

any  g r a i n   t h r o u g h   any  s u c h   g a p s   or  o p e n i n g s .  

From  the   a b o v e   d e s c r i p t i o n   of  t he   m o d u l e s   160 ,   i t  

i s   r e a d i l y   a p p a r e n t   t h a t  t h e   m o d u l e s   160  may  b e  

i n s t a l l e d   or  r e m o v e d   f rom  the   d r y e r   h o u s i n g   12  shown  i n  

F i g .   4  w i t h   r e l a t i v e   e a s e .   Each   d r y e r   10  h a s   one  o r  

more   p a i r s   of  s u c h   m o d u l e s   1 6 0 .   Each   p a i r   of   s u c h  

m o d u l e s   160  has   p e r f o r a t e   s i d e   p a n e l s   1 1 0 ' ,   1 0 8 ' ,  7 0 '  

and  26 '   w i t h   p e r f o r a t i o n s   of  a  d i f f e r e n t   s i z e   t h a n   t h e  

o t h e r   p a i r s   of  m o d u l e s .   For   e x a m p l e ,   one  p a i r   o f  

m o d u l e s   h a v e   p e r f o r a t i o n s   i d e a l l y   s u i t e d   f o r   d r y i n g  

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

p e r f o r a t i o n s   i d e a l l y   s u i t e d   f o r   d r y i n g   c o r n .   In  t h i s  

m a n n e r ,   g r e a t e r   f l e x i b i l i t y   and  d r y i n g   e f f i c i e n c y   m a y  
be  a c h i e v e d   w i t h  a   s i n g l e   b a s i c   d r y e r   s t r u c t u r e .  

The  d r y e r  1 0   may  be  o p e r a t e d   as  a  b a t c h - t y p e  d r y e r  

or  as  a  c o n t i n u o u s   f l o w - t y p e   d r y e r .   In  e i t h e r   t y p e   o f  

d r y e r   o p e r a t i o n ,   an  o p e r a t o r   makes   a  d e t e r m i n a t i o n   a s  

to  w h a t   t y p e   of   g r a i n   is  to  be  d r i e d   and  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   of   t he   g r a i n .   The  o p e r a t o r   t h e n  

s e l e c t s   t he   a p p r o p r i a t e   p a i r   of  m o d u l e s   160  f o r   t h e  

g r a i n   to  be  d r i e d   and  i n s t a l l s   the   m o d u l e s   in  t h e   d r y e r  

h o u s i n g   12  as  shown  in  F i g .   4.  The  o p e r a t o r   a l s o  

a d j u s t s   t he   a d j u s t a b l e   a i r   f l o w   d a m p e r s   66  ( s h o w n   i n  

F i g .   1)  to  t he   p r o p e r   s e t t i n g   to  p r o v i d e   t h e   d e s i r e d  



a i r   f l o w   to  p r o v i d e   o p t i m u m   d r y i n g   f o r   t h e   p a r t i c u l a r  

g r a i n   b e i n g   d r i e d .   L i k e w i s e ,   t h e   o p e r a t o r   a d j u s t s   t h e  

p i v o t a b l e   s e c t i o n s   79  on  t h e   p a r t i t i o n s   76  and  1 1 8  

( s h o w n   in  F i g .   1)  to   d e t e r m i n e   t h e   r e l a t i v e   p o r t i o n   o f  

t he   g r a i n   w h i c h   w i l l   be  r a p i d l y   d i s c h a r g e d   f rom  t h e  

g r a i n   c o l u m n s   68  and  100  as  d e s c r i b e d   in  d e t a i l   a b o v e .  

In  o p e r a t i o n   as  a  c o n t i n u o u s   f l o w   d r y e r   ( r e f e r r i n g  

to  F i g .   3 ) ,   t h e   d r y e r   is   t h e n   a c t i v a t e d   and  t he   g r a i n  

to  be  d r i e d   i s   f ed   i n t o   t h e   w e t   g r a i n   i n l e t   32 .   T h e  

g r a i n   f r o m   t h e   w e t   g r a i n   i n l e t   32  f l o w s   d o w n w a r d l y   i n t o  

t h e   we t   g r a i n   h o p p e r   72  and  is   i n t r o d u c e d   i n t o   t he   t o p  
of   t h e   o u t e r   d r y i n g   c o l u m n s   68.   As  t h e   g r a i n   f l o w s  

d o w n w a r d l y   t h r o u g h   t h e   o u t e r   d r y i n g   c o l u m n s   68,  h e a t e d  

a i r   f r o m   t h e   p l e n u m   c h a m b e r   112  f l o w s   o u t w a r d l y   t h r o u g h  

t h e   g r a i n   to  h e a t   t h e   g r a i n   and  r e m o v e   m o i s t u r e  

t h e r e f r o m .   The  d r y i n g   a i r   p a s s e s   o u t w a r d l y   t h r o u g h   t h e  

o u t e r   p e r f o r a t e   w a l l   26  to  t h e   a t m o s p h e r e .   As  t h e  

g r a i n   f l o w s   d o w n w a r d l y   t h r o u g h   t h e   c o l u m n ,   i t   b e c o m e s  

i n c r e a s i n g l y   d r i e r   due  to  i t s   c o n t i n u e d   c o n t a c t   w i t h  

t h e   h e a t e d   a i r .   As  d i s c u s s e d   in  d e t a i l   a b o v e ,   t h e  

g r a i n   f l o w i n g   down  t h e   c o l u m n s   a d j a c e n t   to  p e r f o r a t e  

w a l l s   70  i s   d r i e d   more   r a p i d l y   t h a n   t h e   g r a i n   f l o w i n g  

down  t h e   c o l u m n   a d j a c e n t   o u t e r   w a l l s   26 .   A c c o r d i n g l y ,  

as  a l s o   d i s c u s s e d   in  d e t a i l   a b o v e   r e l a t i v e   to  F i g .   3 ,  

t h e   g r a i n   f l o w i n g   t h r o u g h   t h e   c o l u m n s   68  a d j a c e n t  

p e r f o r a t e   w a l l s   70  i s   d i s c h a r g e d   f r o m   t h e   c o l u m n s   68  a t  

a  f a s t e r   r a t e   t h a n   t h e   g r a i n   f l o w i n g   down  t h e   c o l u m n  

a d j a c e n t   t h e   p e r f o r a t e   w a l l s   2 6 .  

A l l   o f   t h e   g r a i n   d i s c h a r g e d   f r o m   t h e   o u t e r   c o l u m n s  

68  i s   r e c e i v e d   and  c o l l e c t e d   in  t h e   f i r s t   r e c e i v i n g  

h o p p e r   86.   The  c o l l e c t e d   g r a i n   f l o w s   d o w n w a r d l y   w i t h i n  

t h e   h o p p e r   86  and  e n t e r s   t h e   v e r t i c a l   t u b e   member   8 8  

t h r o u g h   t h e   o p e n i n g s   94.   The  r o t a t i n g   g r a i n   a u g e r   9 0  



w i t h i n   t he   v e r t i c a l   t u b e   member   88  t r a n s p o r t s   t he   g r a i n  

u p w a r d l y   to  t h e   top   of   t he   t u b e   member   88  w h e r e   i t   i s  

d i s c h a r g e d   i n t o   t he   s t e e p i n g   c h a m b e r   9 6 .  

A f t e r   an  i n i t i a l   s t a r t u p   p e r i o d ,   t h e   s t e e p i n g  

c h a m b e r   96  is   g e n e r a l l y   f i l l e d   w i t h   p a r t i a l l y   d r i e d  

g r a i n .   Due  to  t he   r e l a t i v e l y   l a r g e   s i z e   of   t h e  

s t e e p i n g   c h a m b e r   96  w i t h   r e s p e c t   to  t h e   i n n e r   d r y i n g  

c o l u m n s   100  w h i c h   r e c e i v e   t h e   g r a i n   d i s c h a r g e d   f r o m   t h e  

s t e e p i n g   c h a m b e r ,   t he   g r a i n   i n t r o d u c e d   to  t h e   t o p   o f  

the   s t e e p i n g   c h a m b e r   96  moves   s l o w l y   down  f r o m   t h e  

s t e e p i n g   c h a m b e r   96  a t   a  p r e d e t e r m i n e d   u n i f o r m   r a t e .  

I t   is  a n t i c i p a t e d   t h a t   t he   g r a i n   r e m a i n s   in  t h e  

s t e e p i n g   c h a m b e r   f o r   a t   l e a s t   a  one  h o u r   p e r i o d .   W h i l e  

w i t h i n   t h e   s t e e p i n g   c h a m b e r ,   t h e   g r a i n   is   s t e e p e d   o r  

s w e a t s   in  a  m a n n e r   w e l l   known  in  t h e   a r t .  

A f t e r   p a s s i n g   o u t   of   t he   s t e e p i n g   c h a m b e r   96 ,   t h e  

g r a i n   e n t e r s   t h e   i n n e r   d r y i n g   c o l u m n s   100  and  p a s s e s  

d o w n w a r d l y   t h e r e t h r o u g h .   At  t he   t op   o f   t h e   i n n e r  

d r y i n g   c o l u m n s   100 ,   t he   g r a i n   is   a g a i n   e x p o s e d   to  a  

f l o w   of  h e a t e d   d r y i n g   a i r ,   w h i c h   p a s s e s   i n w a r d l y   f r o m  

the   p l e n u m   c h a m b e r s   112 ,   t h r o u g h   t h e   c o l u m n s   100  a n d  

i n t o   the   c e n t r a l   c h a m b e r   134 ,   as  shown  in  F i g .   3.  A s  

the   g r a i n   moves   f u r t h e r   down  t h e   i n n e r   c o l u m n s   100 ,   i t  

i s   e x p o s e d  i n   t h e   t r e a t i n g   z o n e   to   t h e   c o o l i n g   a i r   w h i c h  

p a s s e s   i n w a r d l y   f rom  t h e   c o o l i n g   a i r   d i s t r i b u t i o n   d u c t s  

127,   t h r o u g h   t h e   c o l u m n s   100  and  i n t o   t h e   c e n t r a l   c h a m b e r  

134.   The  d r i e d   and  c o o l e d   g r a i n   i s   t h e n   d i s c h a r g e d   i n t o  

t h e   s e c o n d   or   i n n e r   r e c e i v i n g   h o p p e r   130 .   The  g r a i n   m a y  
t h e n   be  r e m o v e d   f rom  the   d r y e r   by  m e a n s   of   t h e  

d i s c h a r g e   t u b e   132  f o r   s u b s e q u e n t   s t o r a g e   a n d / o r   u s e .  

In  a d d i t i o n   to  m a k i n g   up  f o r   t h e   s h r i n k a g e   of   t h e  

g r a i n   w i t h i n   t he   s t e e p i n g   c h a m b e r   96,   t h e   s l o t s   106  m a y  
be  e m p l o y e d   in  c o n j u n c t i o n   w i t h   t he   m e t e r i n g   r o l l s   1 2 4  



and  126  a t   t h e   b o t t o m  o f   t h e   i n n e r   d r y i n g   c o l u m n s   1 0 0  

to  f u r t h e r   c o n t r o l   t h e   m o i s t u r e   c o n t e n t   of  t he   g r a i n  

d i s c h a r g e d   f r o m   t he   d r y e r   10 .   More  s p e c i f i c a l l y ,   b y  

p u t t i n g   t h e   m e t e r i n g   r o l l s   124  and  126  on  a  s e p a r a t e  

d r i v e   ( n o t   s h o w n ) ,   t h e   a m o u n t   of   we t   g r a i n   w h i c h   e n t e r s  

t h e   s t e e p i n g   c h a m b e r   96  t h r o u g h   t he   s l o t s   106  may  b e  

a c c u r a t e l y   c o n t r o l l e d .   For   e x a m p l e ,   by  h a v i n g   t h e  

m e t e r i n g   r o l l s   124  and  126  t u r n i n g   f a s t e r   t h a n   t h e  

m e t e r i n g   r o l l s   82  and  84  of   t h e   o u t e r   d r y i n g   c o l u m n s  

68,  t h e   f l o w   o f   w e t   g r a i n   t h r o u g h   t he   s l o t s   106  i s  

i n c r e a s e d ,   t h e r e b y   i n c r e a s i n g   t h e   o v e r a l l   m o i s t u r e  

c o n t e n t   o f   t h e   g r a i n   in  t h e   s t e e p i n g   c h a m b e r   a n d ,  

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

c o n t e n t   o f   t h e   g r a i n   d i s c h a r g e d   f rom  t h e   d r y e r .   By  

c o n t r o l l i n g   t h e   m o i s t u r e   c o n t e n t   t h r o u g h   g r a i n   m i x i n g  

in  t h i s   m a n n e r ,   t h e   d r y e r   10  is   b e t t e r   a b l e   to  d r y  

v a r i o u s   t y p e s   of   g r a i n s   h a v i n g   v a r i o u s   i n i t i a l   m o i s t u r e  

c o n t e n t s   to   a  s p e c i f i e d   f i n a l   m o i s t u r e   c o n t e n t .  

As  d i s c u s s e d   in  d e t a i l   a b o v e ,   t h e   h e a t e d   a i r  

p a s s i n g   t h r o u g h   t h e   i n n e r   d r y i n g   c o l u m n s   100  e n t e r s   t h e  

c e n t r a l   c h a m b e r   134  and  is   r e c y c l e d   b a c k   to   t h e   h o t   a i r  

f a n   44  f o r   r e u s e .   L i k e w i s e ,   t h e   c o o l i n g   a i r   w h i c h   h a s  

p a s s e d   t h r o u g h   t h e   i n n e r   c o l u m n s   100  and  h a s   p i c k e d   u p  
h e a t   f r o m   t h e   h e a t e d   g r a i n   w i t h i n   t h e   c o l u m n s   i s  

r e c y c l e d   b a c k   to  t h e   h o t   a i r   f a n   44  in   t h e   same  m a n n e r .  

The  h e a t e d   a i r   p a s s i n g   t h r o u g h   t h e   o u t e r   c o l u m n s   68  i s  

t o o   s a t u r a t e d   w i t h   m o i s t u r e   w h i c h   has   b e e n   r e m o v e d   f r o m  

t h e   g r a i n ,   to   be  o f   d e s i r e d   u s e   in  r e c y c l i n g ,   a n d ,  

t h u s ,   i s   e x h a u s t e d   to   t h e   a t m o s p h e r e   t h r o u g h   t h e   o u t e r  

p e r f o r a t e   w a l l s   2 6 .  

R e f e r r i n g   now  to  F i g s .   2  and  1 0 - 1 4 ,   t h e r e   is  s h o w n  

an  a l t e r n a t i v e   a p p a r a t u s   g e n e r a l l y   d e s i g n a t e d   200  f o r  

p r o v i d i n g   a  f l o w   of   h e a t e d   a i r   to  t h e   d r y e r   10.   T h e  



a i r   h e a t i n g   a p p a r a t u s   200  may  be  e m p l o y e d   to  p r o v i d e  

d i r e c t   or  i n d i r e c t   h e a t e d   a i r   to  t he   d r y e r   10.   By 

d i r e c t  h e a t e d   a i r ,   i t   is  m e a n t   t h a t   t he   a i r   p r o v i d e d   b y  

the   a p p a r a t u s   200  to   t he   d r y e r   i n c l u d e s   t h e   c o m b u s t i o n  

g a s .   By  i n d i r e c t   h e a t e d   a i r ,   i t   is  m e a n t   t h a t   t h e   a i r  

s u p p l i e d   by  t h e   a p p a r a t u s   200  to  the   d r y e r   c o n t a i n s   n o  

c o m b u s t i o n   g a s .   The  a i r   h e a t i n g   a p p a r a t u s   200  may  b e  

e m p l o y e d   as  a  r e p l a c e m e n t   f o r   t he   b u r n e r   58  ( s h o w n   i n  

F i g .   1 ) ,   when  i t   i s   d e s i r a b l e   to  p r o v i d e   i n d i r e c t l y  

h e a t e d   a i r   to  t h e   d r y e r   f o r   d r y i n g   c e r t a i n   p a r t i c u l a t e  

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

f l a m m a b l e .  

R e f e r r i n g   now  to  F i g .   10,  the   a i r   h e a t i n g  

a p p a r a t u s   200  c o m p r i s e s   a  g e n e r a l l y   v e r t i c a l   b a s e  

p o r t i o n   g e n e r a l l y   d e s i g n a t e d   202  m o u n t e d   on  a  s u i t a b l e  

s u p p o r t   f r a m e   203  and  i n c l u d e s   a  c o m b u s t i o n   c h a m b e r   2 0 4  

h a v i n g   a  b u r n e r   or  h e a t e r   206  t h e r e i n .   D i r e c t l y   a b o v e  

the   c o m b u s t i o n   c h a m b e r   204  is  a  p l u r a l i t y   of  g e n e r a l l y  

v e r t i c a l   e x h a u s t   t u b e s   2 0 8 .   A  t y p i c a l   a i r   h e a t i n g  

a p p a r a t u s   may  c o n t a i n   as  many  as  784  s u c h   open   t u b e s ,  

e a c h   t u b e   b e i n g   a p p r o x i m a t e l y   3  m e t r e s   l o n g .   The  l o w e r  

end  of  e a c h   of   t h e   t u b e s   208  c o m m u n i c a t e s   d i r e c t l y   w i t h  

t he   c o m b u s t i o n   c h a m b e r   204  f o r   r e c e i v i n g   the   c o m b u s t i o n  

gas  f rom  the   b u r n e r   2 0 6 .  

A  r e v e r s i b l e   t u b u l a r   s t r u c t u r e   210  is   r e l e a s a b l y  

a t t a c h e d   to  t h e   t op   of   the   b a s e   p o r t i o n   202  by  m e a n s   o f  

a  p l u r a l i t y   of   n u t s   and  b o l t s   212  w h i c h   e x t e n d   t h r o u g h  

c o o p e r a t i n g   a l i g n e d   f l a n g e s   214  and  216  l o c a t e d  

r e s p e c t i v e l y   on  t h e   b a s e   p o r t i o n   202  and  t he   t u b u l a r  

s t r u c t u r e   2 1 0 .   The  t u b u l a r   s t r u c t u r e   210  i n c l u d e s   a  

g e n e r a l l y   h o r i z o n t a l   p a r t i t i o n   means   or  p a r t i t i o n   2 1 8  

f o r   d i v i d i n g   t h e   t u b u l a r   s t r u c t u r e   i n t o   two  g e n e r a l l y  

e q u a l   s i z e d   c h a m b e r s   220  and  222 .   The  f i r s t   c h a m b e r  



220  ( a d j a c e n t   t he   b a s e   p o r t i o n   202  on  F i g .   10)  h a s  

g e n e r a l l y   s o l i d   s i d e   w a l l s ,   w h i l e   t he   s e c o n d   c h a m b e r  

222  ( r e m o t e   f r o m   the   b a s e   p o r t i o n   202  on  F i g .   10)  h a s  

s i d e   w a l l s   w i t h   p e r f o r a t i o n s   223  p r o v i d i n g   a i r   i n l e t  

m e a n s   f o r   a d m i t t i n g   f r e s h   a m b i e n t   a i r   i n t o   t he   a i r  

h e a t i n g   a p p a r a t u s .   The  t u b u l a r   s t r u c t u r e   210  may  b e  

r e m o v e d   f r o m   t h e   b a s e   p o r t i o n   202  and  t u r n e d   o v e r   o r  

r e v e r s e d   to   a  p o s i t i o n   as  shown  in   F i g .   13,  w i t h   t h e  

s e c o n d   ( p e r f o r a t e d   w a l l )   c h a m b e r   222  a d j a c e n t   t he   b a s e  

p o r t i o n   2 0 2 ,   and  w i t h   t he   f i r s t   ( s o l i d   w a l l )   c h a m b e r  

220  b e i n g   r e m o t e   f rom  t h e   b a s e   p o r t i o n   202 .   T h e  

r e v e r s a l   o f   t h e   t u b u l a r   s t r u c t u r e   210  i s   a c c o m p l i s h e d  

by  s i m p l y   r e m o v i n g   t h e   n u t s   and  b o l t s   212  f rom  t h e  

f l a n g e s   214  and   2 1 6 ,   r e v e r s i n g   e n d - f o r - e n d   the   t u b u l a r  

s t r u c t u r e   2 1 0 ,   and  r e p l a c i n g   t h e   n u t s  a n d   b o l t s   2 1 2  

t h r o u g h   t h e   c o r r e s p o n d i n g   a l i g n e d   f l a n g e s   214  and  2 1 6 ' .  

W h e t h e r   t h e   t u b u l a r   s t r u c t u r e   210  is   in  t he   d i r e c t  

h e a t i n g   p o s i t i o n   as  shown  on  F i g .   10  or   is  r e v e r s e d   t o  

t h e   i n d i r e c t   h e a t i n g   p o s i t i o n   as  shown  on  F i g .   13,  t h e  

c h a m b e r   a d j a c e n t   t h e   b a s e   p o r t i o n   202  s e r v e s   as  a  h e a t  

e x c h a n g e   c h a m b e r ,   w h i l e   t h e   c h a m b e r   r e m o t e   f rom  t h e  

b a s e   p o r t i o n   202  f u n c t i o n s   as  a  m a n i f o l d   c h a m b e r .  

R e f e r r i n g   a g a i n   to  F i g .   10 ,   t h e   v e r t i c a l   t u b e s   2 0 8  

e x t e n d   u p w a r d l y   f r o m   t h e   b a s e   p o r t i o n   202 ,   t h r o u g h   t h e  

h e a t   e x c h a n g e   c h a m b e r   220  and  t h r o u g h   a  p l u r a l i t y   o f  

c i r c u l a r   o p e n i n g s   224  in  t h e   h o r i z o n t a l   p a r t i t i o n   2 1 8 ,  

as  s h o w n   in  F i g . _ 1 2 ,   one  s u c h   o p e n i n g   f o r   e a c h   t u b e  

2 0 8 .   The   p a r t i t i o n   o p e n i n g s   224  r e t a i n   t he   u p p e r   e n d s  

o f   t h e   v e r t i c a l   t u b e s   208  in  p o s i t i o n   as  shown ,   t h e  

p a r t i t i o n   218  t h e r e b y   c o o p e r a t i n g   w i t h   t he   t u b e s   208  t o  

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

c h a m b e r   2 2 2 .   The  l o w e r   e n d s   o f   t he   v e r t i c a l   t u b e s   2 0 8  

a r e   r e t a i n e d   and  s u p p o r t e d   by  a  p a i r   of  g e n e r a l l y  



h o r i z o n t a l   p l a t e s   2 2 6  a n d  2 2 8   l o c a t e d   in  t h e   b a s e  

p o r t i o n   202  j u s t   a b o v e   the   c o m b u s t i o n   c h a m b e r   2 0 4 .   A s  

b e s t   s e e n   in   F i g .   11,   the   u p p e r m o s t   of   t h e   h o r i z o n t a l  

p l a t e s   226  c o n t a i n s   a  p l u r a l i t y   of   g e n e r a l l y   c i r c u l a r  

o p e n i n g s  2 3 0 ,   t he   d i a m e t e r s   of   w h i c h  c o r r e s p o n d   to  t h e  

o u t e r   d i a m e t e r s   of   t he   v e r t i c a l   t u b e s   2 0 8 .   T h e  

c i r c u l a r   o p e n i n g s   230  in  t h e  u p p e r   h o r i z o n t a l   p l a t e   2 2 6  

a r e   t he   same  in  n u m b e r   and  a r e   a l i g n e d   w i t h   t h e  

o p e n i n g s   224  in  t he   h o r i z o n t a l   p a r t i t i o n   2 1 8 .   T h e  

l o w e r   of   t h e   h o r i z o n t a l   p l a t e s   228  i s   p a r a l l e l   to  a n d  

s p a c e d   a p a r t   f rom  the   u p p e r   h o r i z o n t a l   p l a t e   226   a n d  

i n c l u d e s   an  e q u a l   p l u r a l i t y   of   a l i g n e d   c i r c u l a r  

o p e n i n g s   2 3 2  h a v i n g   d i a m e t e r s   s u b s t a n t i a l l y   t h e   same   a s  

t he   i n s i d e   d i a m e t e r s   of   t he   v e r t i c a l   t u b e s   2 0 8 .   I n  

t h i s   m a n n e r ,   t he   v e r t i c a l   t u b e s   a r e   s u i t a b l y   s u p p o r t e d  

by  t he   l o w e r   h o r i z o n t a l   p l a t e   228  and  a r e   m a i n t a i n e d   i n  

p l a c e   by  t h e   p a r t i t i o n   218  and  t h e   u p p e r   h o r i z o n t a l  

p l a t e   2 2 6 .   One  or  more  of  t he   t u b e s   may  b e  

c o n v e n i e n t l y   r e m o v e d   f o r   c l e a n i n g   or   r e p l a c e m e n t   b y  

s i m p l y   r e m o v i n g   c o v e r i n g   member   229  and   s l i d i n g   t h e  

t u b e   s t r a i g h t   u p w a r d l y   u n t i l   i t   c l e a r s   t h e   p a r t i t i o n  

2 1 8 .   The  c o v e r i n g   member   229  i s   n o t   e s s e n t i a l   to  t h e  

o p e r a t i o n   of   t h e   a i r   h e a t i n g   a p p a r a t u s   200  and  i s  

p r o v i d e d   o n l y   to  p r o t e c t   the   h e a t i n g   a p p a r a t u s   f r o m   t h e  

e l e m e n t s .  

The  p a r t i t i o n   218  f u r t h e r   i n c l u d e s   p o r t   m e a n s ,   f o r  

e x a m p l e ,   a  s e c o n d   p l u r a l i t y   of   g e n e r a l l y   c i r c u l a r  

o p e n i n g s   2 3 6 ,   as  shown  in  F i g .   12,   e x t e n d i n g  

t h e r e t h r o u g h   w h i c h   p r o v i d e s   a  c o m m u n i c a t i o n   b e t w e e n   t h e  

m a n i f o l d   c h a m b e r   222  and  the   h e a t   e x c h a n g e   c h a m b e r   2 2 0 .  

A  s u i t a b l y   s i z e d   a i r   e x h a u s t   means   or  o p e n i n g   2 3 4 ,  

w h i c h   is  g e n e r a l l y   s q u a r e   in  t h i s   i n s t a n c e ,   is   p r o v i d e d  
in  the   r i g h t   s i d e   of  the   b a s e   p o r t i o n   202  to  c o r r e s p o n d  



t o  t h e   l o w e r   p o r t i o n   of   t h e   s e c o n d   a i r   i n l e t   o p e n i n g   4 9  

to  t he   d r y e r   10,   t h e   u p p e r   p o r t i o n   of   o p e n i n g   49  b e i n g  

c l o s e d   by  a  p l a t e   or  t h e   l i k e   ( n o t   s h o w n ) .   In  t h i s  

m a n n e r ,   t h e   h o t   a i r   f a n   44  o f   d r y e r   t h r o u g h   t he   c e n t r a l  

d r y e r   c h a m b e r   134 ,   d r y e r   i n l e t   o p e n i n g   49  and  a l i g n e d  

a i r   h e a t i n g   a p p a r a t u s   o p e n i n g   234  p r o v i d e s   a  means   f o r  

m o v i n g   a i r   t h r o u g h   t h e   a i r   h e a t i n g   a p p a r a t u s   200  a s  

w i l l   h e r e i n a f t e r   b e c o m e   a p p a r e n t .  
As  shown  on  F i g .   10,   t h e   a i r   h e a t i n g   a p p a r a t u s   2 0 0  

is   s e t   up  to  p r o v i d e   a  f l o w   of   d i r e c t   h e a t e d   a i r .   As  

s h o w n ,   c o m b u s t i o n   g a s e s   f r o m   t h e   b u r n e r   206  a r e  

e x h a u s t e d   f r o m   t h e   c o m b u s t i o n   c h a m b e r   204  by  means   o f  

the   v e r t i c a l   t u b e s   2 0 8 .   The  c o m b u s t i o n   g a s e s   p a s s  

u p w a r d l y   t h r o u g h   t h e   t u b e s   i n t o   t h e   u p p e r   or  m a n i f o l d  

c h a m b e r   222  o f   t h e   t u b u l a r   s t r u c t u r e .   As  t h e   h o t  

c o m b u s t i o n   g a s e s   p a s s   t h r o u g h   t h e   t u b e s   2 0 8 ,   much  o f  

t he   h e a t   is   a b s o r b e d   and  r e t a i n e d   by  t h e   t u b e s   208 .   A s  

d i s c u s s e d   a b o v e ,   t h e   d r y e r   h o t   a i r   f an   44  d r a w s   a i r  

i n t o   t he   d r y e r   t h r o u g h   t h e   i n l e t   o p e n i n g   49  in  d r y e r  

end  p a n e l   16 .   S i n c e   t h e   i n l e t   o p e n i n g   49  c o m m u n i c a t e s  

d i r e c t l y   w i t h   t h e   o p e n i n g   234  in   t h e   a i r   h e a t i n g  

a p p a r a t u s   2 0 0 ,   t h e   h e a t e r   f a n   44  a l s o   d r a w s   a m b i e n t   a i r  

i n t o   t h e   a i r   h e a t i n g   a p p a r a t u s   200  t h r o u g h   t h e   a i r  

i n l e t   m e a n s   or  p e r f o r a t i o n s   223  in   t h e   w a l l s   of   t h e  

m a n i f o l d   c h a m b e r   2 2 2 .   The  h o t   c o m b u s t i o n   g a s e s  
e x h a u s t e d   i n t o   t h e   m a n i f o l d   c h a m b e r   222  c o m b i n e   w i t h  

t h e   a m b i e n t   a i r   d r a w n   in  t h r o u g h   t h e   a i r   i n l e t   m e a n s  

223  and  t h e   c o m b i n e d   h e a t e d   a i r   f l o w   is   d r a w n   t h r o u g h  

t h e   c i r c u l a r   o p e n i n g s   236  in   t he   p a r t i t i o n   218  and  i n t o  

t h e   h e a t   e x c h a n g e   c h a m b e r   2 2 0 ,   ( as   shown  by  t h e   f l o w  

a r r o w s ) ,   w h e r e   i t   comes   in  c o n t a c t   w i t h   t h e   h o t   t u b e s  

208  a n d . i s   f u r t h e r   h e a t e d .   The  c o m b i n e d   h e a t e d   a i r  

t h e n   p a s s e s   f u r t h e r   down  b e t w e e n   and  a r o u n d   t h e  



v e r t i c a l   t u b e s   208  a n d  t h r o u g h   the   o p e n i n g   234  and  i n t o  

t he   d r y e r   w h e r e   i t   is  u s e d   to  d ry   t h e   g r a i n   in  t h e  

m a n n e r   d e s c r i b e d   in  d e t a i l   a b o v e .  

When  e m p l o y i n g   the   a i r   h e a t i n g   a p p a r a t u s   200  as  a n  

i n d i r e c t   h e a t e r   as  shown  on  F i g .   13,   t h e   t u b u l a r  

s t r u c t u r e   210  is   r e v e r s e d   e n d - f o r - e n d   as  d e s c r i b e d  

a b o v e   and  an  a d d i t i o n a l   p l a t e   238  is   p l a c e d   on  t o p   o f  

t h e   p a r t i t i o n   218 .   The  p l a t e   238  i n c l u d e s   a  p l u r a l i t y  
of   c i r c u l a r   o p e n i n g s   240,   w h i c h   c o r r e s p o n d   in  n u m b e r  

and  a l i g n m e n t   w i t h   t he   c i r c u l a r   o p e n i n g s   240  i n  t h e  

p a r t i t i o n   2 1 8 .   The  v e r t i c a l   t u b e s   208  e x t e n d   t h r o u g h  

t he   c i r c u l a r   o p e n i n g s   2 4 0  i n   t he   p l a t e   2 3 8 .   The  p l a t e  

240  c o n t a i n s   no  o t h e r   o p e n i n g s ,   so  i t   f u n c t i o n s   t o  

b l o c k   o f f   o p e n i n g s   236  in  t he   p a r t i t i o n   2 1 8 ,   a n d  

t h e r e b y   p r e v e n t s   the   c o m b u s t i o n   g a s e s   e x h a u s t e d   f r o m  

t h e   v e r t i c a l   t u b e s   208  f rom  p a s s i n g   d o w n w a r d l y   i n t o   t h e  

h e a t   e x c h a n g e   c h a m b e r .   I n s t e a d ,   t h e   c o m b u s t i o n   g a s e s  

p a s s   u p w a r d l y   and  a r e   e x h a u s t e d   to  t h e   a t m o s p h e r e   a s  

shown  b e t w e e n   c o v e r i n g   member   229 ,   w h i c h   i s   s u p p o r t e d  

by  p r o j e c t i o n s   241 ,   and  f l a n g e   2 1 6 .   A m b i e n t   a i r   i s  

d r a w n   i n t o   t h e   a p p a r a t u s   t h r o u g h   t h e   a i r   i n l e t   m e a n s  

223  (now  l o c a t e d   in  t he   h e a t   e x c h a n g e   c h a m b e r )   as  s h o w n  

in  F i g .   13,   p a s s e s   a r o u n d   t h e   h o t   v e r t i c a l   t u b e s   2 0 8  

and  is  h e a t e d   t h e r e b y .   The  h e a t e d   a m b i e n t   a i r   is   t h e n  

d rawn   i n t o   t he   d r y e r   10  t h r o u g h   t h e   o p e n i n g   2 3 4 .  

A  p l u r a l i t y   of  s m a l l   o p e n i n g s   or  p a s s a g e w a y s   2 4 2  

a r e   p r o v i d e d   in  t he   b a s e   p o r t i o n   202  a d j a c e n t   t h e   l o w e r  

e n d s   of  t he   v e r t i c a l   t u b e s   208 .   The  o p e n i n g s   242  a l l o w  

a  s m a l l   f l o w   of   a m b i e n t   a i r   to  be  d r a w n   i n t o   t h e   a i r  

h e a t i n g   a p p a r a t u s   200  f o r   c o o l i n g   t h e   l o w e r   e n d s   of   t h e  

v e r t i c a l   t u b e s   208  and  the   h o r i z o n t a l   s u p p o r t i n g   p l a t e s  

226  and  2 2 8 .   A f t e r   s e r v i n g   i t s   c o o l i n g   f u n c t i o n ,   t h e  

a i r   d rawn   in  t h r o u g h   the   o p e n i n g s   224  ( w h i c h   i s   t h e n  



h e a t e d   a i r )   p a s s e s   a r o u n d   the   h o t   v e r t i c a l  t u b e s   2 0 8  

w h e r e   i t   i s   f u r t h e r   h e a t e d   and  c o m b i n e s   w i t h   the   r e s t  

o f   t he   h e a t e d  a i r   f o r   u s e   in  the   d r y e r   1 0 .  

From  t h e   f o r e g o i n g   d e s c r i p t i o n ,   i t   can  be  s e e n  

t h a t   t he   p r e s e n t   i n v e n t i o n   c o m p r i s e s   a  m u l t i - s t a g e  

g r a v i t y   f l o w   d r y e r   f o r   p a r t i c u l a t e   m a t e r i a l   in  w h i c h  

t h e   p a r t i c u l a t e   m a t e r i a l   is   d i s c h a r g e d   in  a  c h a n n e l i z e d  

m a n n e r   in  o r d e r   to  p r o v i d e   i m p r o v e d   u n i f o r m i t y   o f  

d r y i n g ,   as  w e l l   as  p r e v e n t s   o v e r h e a t i n g   and  c r a c k i n g   o f  

t h e   p a r t i c u l a t e   m a t e r i a l   b e i n g   d r i e d .   I t   w i l l   b e  

r e c o g n i z e d   by  t h o s e   s k i l l e d   in  t he   a r t   t h a t   c h a n g e s   o r  
m o d i f i c a t i o n s   may  be  made  to  t he   a b o v e - d e s c r i b e d  

e m b o d i m e n t s   w i t h o u t   d e p a r t i n g   f rom  t h e   s c o p e   o f   t h e   i n v e n -  

t i o n   as  d e f i n e d   by  t h e   f o l l o w i n g   c l a i m s .  



1.  A  g r a v i t y   f l o w   d r y e r   (10)   f o r   p a r t i c u l a t e  

m a t e r i a l   c o m p r i s i n g   a  g e n e r a l l y   v e r t i c a l   d r y i n g   c o l u m n  

(68)   h a v i n g   f i r s t   and  s e c o n d   o p p o s e d   s p a c e d   w a l l s   ( 7 0 ,  

2 0 ) ,   e a c h   of  s a i d   w a l l s   h a v i n g   a  p e r f o r a t e   p o r t i o n ,   t h e  

c o l u m n   b e i n g   a d a p t e d   to  r e c e i v e   p a r t i c u l a t e   m a t e r i a l  

and  d i r e c t   t h e   m a t e r i a l   t h r o u g h   t h e   d r y e r ,   m e a n s   ( 3 2 )  

f o r   i n t r o d u c i n g   m o i s t   p a r t i c u l a t e   m a t e r i a l   i n t o   a  t o p  

p o r t i o n   of  t he   c o l u m n   ( 6 8 ) ,   means   ( 4 0 ,   62)  f o r   p a s s i n g  

d r y i n g   a i r   i n t o   t h e   c o l u m n   (68)   t h r o u g h   t h e   p e r f o r a t e   p o r -  

t i o n   of  t h e   f i r s t   w a l l   (70)   and  ou t   t h r o u g h   t h e   p e r f o r a t e  

p o r t i o n   (26)   of  the   s e c o n d   w a l l   (20)   f o r   d r y i n g   t h e  

m a t e r i a l   in  a  t r e a t i n g   zone   in  t he   c o l u m n   ( 6 8 ) ,   a n d  

o u t p u t   means   ( 8 2 ,   84,   76 ,   79)  f o r   r e m o v i n g   d r i e d  

p a r t i c u l a t e   m a t e r i a l   f rom  a  b o t t o m   p o r t i o n   of  t h e  

c o l u m n   ( 6 8 ) ,   c h a r a c t e r i s e d   i n   t h a t   s a i d   o u t p u t   m e a n s  

( 8 2 ,   84,   76,   79)  i s   l o c a t e d   g e n e r a l l y   b e l o w   t h e  

t r e a t i n g   zone   of  t h e   c o l u m n   ( 6 8 ) ,   t he   o u t p u t   m e a n s   ( 8 2 ,  

84,   76,   79)  i n c l u d i n g   a  f i r s t   d i s c h a r g e   m e a n s   (84 )   a n d  

a  s e c o n d   d i s c h a r g e   means   (82)   a t   t he   b o t t o m   of  t h e  

c o l u m n   ( 6 8 ) ,   t he   f i r s t   d i s c h a r g e   means   (84 )   b e i n g  

a d j a c e n t   t h e   f i r s t   w a l l   (70)   and  t he   s e c o n d   d i s c h a r g e  

means   ( 8 2 )   b e i n g   a d j a c e n t   t he   s e c o n d   w a l l   ( 2 0 ) ,   t h e  

f i r s t   d i s c h a r g e   means   (84)   b e i n g   a d a p t e d   to  d i s c h a r g e  

p a r t i c u l a t e   m a t e r i a l   a t   a  r a t e   f a s t e r   t h a n   t h e   s e c o n d  

d i s c h a r g e   means   (82)   to  p r o v i d e   a  d i f f e r e n t i a l   f l o w   o f  

p a r t i c u l a t e   m a t e r i a l   in  t he   c o l u m n   ( 6 8 ) ,   s a i d   c o l u m n  

(68)   b e i n g   u n r e s t r i c t e d   to  t he   f l o w   of   p a r t i c u l a t e  

m a t e r i a l   in  t he   t r e a t i n g   zone   so  as  to  p e r m i t  

p a r t i c u l a t e   m a t e r i a l   to  f l o w   f rom  t he   s e c o n d   w a l l   ( 2 0 )  

t o w a r d   t h e   f i r s t   w a l l   (70)   as  t he   p a r t i c u l a t e   m a t e r i a l  

p a s s e s   down  t he   c o l u m n   in  t he   t r e a t i n g   z o n e ,   so  t h a t  



more   p a r t i c u l a t e   m a t e r i a l   i s   d i s c h a r g e d   t h r o u g h   t h e  

f i r s t   d i s c h a r g e   m e a n s   (84)   to  e n a b l e   f a s t e r   d r y i n g  

p a r t i c u l a t e   m a t e r i a l   a d j a c e n t   t h e   f i r s t   w a l l   (70)   i n  

t h e   c o l u m n   (68 )   to   p a s s   t h r o u g h   t h e   c o l u m n   (68)   f a s t e r  

f o r   a  c h a n n e l i z e d   d i s c h a r g e   t h r o u g h   t h e   f i r s t   a n d  

s e c o n d   d i s c h a r g e   m e a n s   ( 8 4 ,   8 2 ) .  

2.  A  d r y e r   as   c l a i m e d   in   c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   s a i d   o u t p u t   m e a n s   ( 8 2 ,   80 ,   76,   79)  i n c l u d e s  

d i v i d i n g   w a l l   m e a n s   ( 7 6 ,   79)  e x t e n d i n g   b e t w e e n   t h e  

f i r s t   and  s e c o n d   w a l l s   ( 7 0 ,   20)  g e n e r a l l y   b e l o w   t h e  

t r e a t i n g   zone   in   t h e   c o l u m n   (68)   f o r   d i v i d i n g   t h e  

p a r t i c u l a t e   m a t e r i a l   d i r e c t e d   t h r o u g h   t h e  c o l u m n   i n t o  

f i r s t   and   s e c o n d   c h a n n e l s   ( 8 0 ,   78)  a f t e r   s a i d  

p a r t i c u l a t e   m a t e r i a l   has   b e e n   e x p o s e d   to  s a i d   d r y i n g  

a i r   in   t h e   t r e a t i n g   z o n e .  

3.  A  d r y e r   as  c l a i m e d   in   c l a i m   2,  c h a r a c t e r i z e d  

in  t h a t   s a i d   d i v i d i n g   w a l l   m e a n s   ( 7 6 ,   79)  i n c l u d e s   a  

g e n e r a l l y   v e r t i c a l   s o l i d   p a r t i t i o n   (76)   e x t e n d i n g  

g e n e r a l l y   p a r a l l e l   to   t h e   f i r s t   and  s e c o n d   w a l l s   ( 7 0 ,  

20)  g e n e r a l l y   b e l o w   t h e   p e r f o r a t e   p o r t i o n   (26)   of   a t  

l e a s t   one  of   t h e   f i r s t   and   s e c o n d   w a l l s   ( 7 0 ,   20)  a n d  

g e n e r a l l y   b e l o w   s a i d   t r e a t i n g   z o n e .  

4.  A  d r y e r   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r i z e d  

in  t h a t   a  s e c o n d   g e n e r a l l y   v e r t i c a l   d r y i n g   c o l u m n   ( 1 0 0 )  

s u b s t a n t i a l l y   t h e   same  as  t h e   f i r s t   d r y i n g   c o l u m n   ( 6 8 )  



i s   p r o v i d e d ,   t h e   f i r s t   and  s e c o n d   d r y i n g   c o l u m n s   ( 6 8 ,  

100)   b e i n g   s p a c e d   p a r t   to  p r o v i d e   a  p l e n u m   c h a m b e r  

(112)   b e t w e e n   t he   f i r s t   w a l l s   ( 7 0 ,   108)   t h e r e o f ,   t h e  

d r y i n g   a i r   p a s s i n g   i n t o   t h e   p l e n u m   c h a m b e r   ( 1 1 2 )   b e f o r e  

e n t e r i n g   t h e   p e r f o r a t e   p o r t i o n   of  t he   f i r s t   w a l l s   ( 7 0 ,  

108)   i n t o   t he   t r e a t i n g   z o n e s   of  t h e   d r y i n g   c o l u m n s   ( 6 8 ,  

1 0 0 ) .  

5.  A  d r y e r   as  c l a i m e d   in   c l a i m   4,  c h a r a c t e r i s e d  

in  t h a t   s e c o n d   d i v i d i n g   w a l l   means   ( 1 1 8 )   e x t e n d   b e t w e e n  

t he   f i r s t   and  s e c o n d   w a l l s   ( 1 0 8 ,   110)   of   t h e   s e c o n d  

d r y i n g   c o l u m n   ( 1 0 0 )   g e n e r a l l y   b e l o w   t h e   t r e a t i n g   z o n e  

of  t he   s e c o n d   c o l u m n   ( 1 0 0 )   f o r   d i v i d i n g   t h e   p a r t i c u l a t e  

m a t e r i a l   d i r e c t e d   t h r o u g h   t h e   s e c o n d   c o l u m n   ( 1 0 0 )   i n t o  

f i r s t   and  s e c o n d   c h a n n e l s   ( 1 2 2 ,   120)   a f t e r   s a i d  

p a r t i c u l a t e   m a t e r i a l   has   b e e n   e x p o s e d   to  s a i d   d r y i n g  

a i r   in  t he   t r e a t i n g   zone   of   t he   s e c o n d   c o l u m n ;   t h i r d  

d i s c h a r g e   means   ( 1 2 6 )   a s s o c i a t e d   w i t h   one  of   t h e  

c h a n n e l s   ( 1 2 2 )   of   t he   s e c o n d   c o l u m n   ( 1 0 0 )   and  f o u r t h  

d i s c h a r g e   means   ( 1 2 4 )   a s s o c i a t e d   w i t h   a  d i f f e r e n t  

c h a n n e l   ( 1 2 0 )   of  t h e   s e c o n d   c o l u m n   ( 1 0 0 )   t h a n   t h e   t h i r d  

d i s c h a r g e   means   ( 1 2 6 ) ,   t h e   t h i r d   d i s c h a r g e   means   ( 1 2 6 )  

b e i n g   a d j a c e n t   t h e   f i r s t   w a l l   ( 1 0 8 )   of  t h e   s e c o n d  

c o l u m n   ( 1 0 0 )   and  b e i n g   a d a p t e d   to  d i s c h a r g e   p a r t i c u l a t e  

m a t e r i a l   a t   a  r a t e   f a s t e r   t h a n   t h e   f o u r t h   d i s c h a r g e  

means   ( 1 2 4 ) .  

6.  A  d r y e r   as  c l a i m e d   in  c l a i m   5,  c h a r a c t e r i s e d  

in  t h a t   s a i d   s e c o n d   d i v i d i n g   w a l l   means   ( 1 1 8 )   i n c l u d e s  

a  g e n e r a l l y   v e r t i c a l   s o l i d   p a r t i t i o n   ( 1 1 8 )   e x t e n d i n g  

g e n e r a l l y   p a r a l l e l   to  t he   f i r s t   and  s e c o n d   w a l l s   ( 1 0 8 ,  



110)   of  t h e   s e c o n d   c o l u m n   ( 1 0 0 )   g e n e r a l l y   b e l o w   t h e  

t r e a t i n g   zone   of  t h e   s e c o n d   c o l u m n .  

7.  A  d r y e r   as  c l a i m e d   in   any   p r e c e d i n g   c l a i m ,  

c h a r a c t e r i s e d   in  t h a t   t h e   or   e a c h   d r y i n g   c o l u m n   ( 6 8 ,  

100)   i s   s u b s t a n t i a l l y   r e c t a n g u l a r   in   c r o s s   s e c t i o n   a n d  

a t   l e a s t   one   of   t h e   f i r s t   and  s e c o n d   w a l l s   ( 7 0 ,   20)  o f  

t h e   d r y i n g   c o l u m n   (68)   i s   g r a d u a l l y   t a p e r e d   o u t w a r d l y  

f rom  t o p   to  b o t t o m   so  t h a t   t h e   c o l u m n   (68)   has   a  

g r e a t e r   w i d t h   b e t w e e n   t h e   f i r s t   and  s e c o n d   w a l l s   ( 7 0 ,  

20)  a t   t h e   b o t t o m   t h a n   a t   t h e   t o p .  

8.  A  d r y e r   as  c l a i m e d   in  c l a i m   2,  c h a r a c t e r i s e d  

in  t h a t   a t   l e a s t   an  u p p e r   p o r t i o n   (79)   of   t h e   d i v i d i n g  

w a l l   means   (76)   i s   a d j u s t a b l e   to   v a r y   t h e   r e l a t i v e  

s i z e s   of   t h e   c h a n n e l s   ( 7 8 ,   8 0 ) .  

9.  A  d r y e r   as  c l a i m e d   in   c l a i m   8,  c h a r a c t e r i s e d  

in   t h a t   t h e   r e l a t i v e   s i z e s   of   t h e   c h a n n e l s   ( 8 0 ,   78)  o f  

t h e   f i r s t   c o l u m n   (68)   and  t h e   r e l a t i v e   r a t e s   o f  

d i s c h a r g e   of  t h e   f i r s t   and  s e c o n d   d i s c h a r g e   m e a n s   ( 8 4 ,  

82)  a r e   c o o r d i n a t e d   to  p r o v i d e   f o r   p r e f e r r e d   d r y i n g   o f  

p a r t i c u l a t e   m a t e r i a l .  

10.   A  d r y e r   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in   t h a t   t h e   f i r s t   and  s e c o n d   d i s c h a r g e  

means   c o m p r i s e   s e p a r a t e   m e t e r i n g   r o l l s   ( 8 0 ,   7 8 ) .  

11.   A  d r y e r   as   c l a i m e d   in  c l a i m   5,  c h a r a c t e r i s e d  

in  t h a t   a t   l e a s t   an  u p p e r   p o r t i o n   of  t h e   s e c o n d  

d i v i d i n g   w a l l   means   ( 1 1 8 )   i s   a d j u s t a b l e   to  v a r y   t h e  

r e l a t i v e   s i z e s   of  t h e   c h a n n e l s   ( 1 2 2 ,   120)   of  t h e   s e c o n d  

c o l u m n   ( 1 0 0 ) .  



12.  A  d r y e r   as  c l a i m e d   in   c l a i m   11,   c h a r a c t e r i s e d  

in  t h a t   t he   r e l a t i v e   s i z e s   of  t h e   c h a n n e l s   ( 1 2 2 ,   1 2 0 )  

of  t he   s e c o n d   c o l u m n   ( 1 0 0 )   and  t h e   r e l a t i v e   r a t e s   o f  

d i s c h a r g e   of  t h e   t h i r d   and  f o u r t h   d i s c h a r g e   means   ( 1 2 6 ,  

124)  a r e   c o o r d i n a t e d   to  p r o v i d e   f o r   p r e f e r r e d   d r y i n g   o f  

p a r t i c u l a t e   m a t e r i a l .  

13.  A  d r y e r   as   c l a i m e d   in  c l a i m   4,  c h a r a c t e r i s e d  

in  t h a t   a  s t e e p i n g   c h a m b e r   (96)   i s   p r o v i d e d   to  r e c e i v e  

m a t e r i a l   f rom  t h e   f i r s t   and  s e c o n d   d i s c h a r g e   means   a n d  

to  p e r m i t   t h e   p a r t i a l l y   d r i e d   m a t e r i a l   to  s t e e p   t h e r e i n  

p r i o r   to  f e e d i n g   t h e   m a t e r i a l   on  to  t h e   s e c o n d   d r y i n g  

c o l u m n   ( 1 0 0 ) .  
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