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©  Method  and  apparatus  for  adjusting  the  moisture  content  of  a  stored  commodity. 

Method  and  apparatus  for  adjusting  the  moisture  con- 
tent  of  a  stored  commodity  stored  in  a  storage  bin,  the 
integrity  of  stored  commodities  is  maintained  by  creating  a 
controlled  atmosphere  conducive  to  the  removal  or  the 
addition  of  water  by  capillary  action  from  the  pores  of  the 
commodity  and  for  controlling  the  moisture  and  temperature 
around  the  skin  of  the  grain  to  achieve  optimum  storage 
conditions  for  the  specific  commodity  stored.  The  commodi- 
ty  controlled  atmosphere  is  created  by  withdrawing  air  from 
the  storage  bin,  cooling  the  withdrawn  air  and  adjusting  the 
moisture  content  thereof,  the  air  being  reheated  prior  to 
re-entry  into  the  storage  bin,  thereby  adjusting  the  moisture 
content  of  the  air  contained  within  the  storage  bin. 



THIS  INVENTION  r e l a t e s   to  a  m e t h o d   and  a p p a r a t u s   f o r  

d r y i n g   a  c o m m o d i t y ,   f o r   e x a m p l e   g r a i n . ,   s t o r e d   in  a  

s t o r a g e   b i n ,   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   o f  

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

V a r i o u s   e f f o r t s   have   b e e n   made  in  t h e   p a s t   t o  

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

t h e   s t o r a g e   l i f e   and  q u a l i t y   of  w h e a t ,   n u t s ,   c o r n  

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

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

s t a r c h e s   and  s u g a r s   in  t h e   s t o r e d   c o m m o d i t i e s .   A 

p r a c t i c a l   c o m m o d i t y   d r y e r   has   been   r e q u i r e d   in  t h e  

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

y e a r s   bumper   c r o p s   of  v a r i o u s   c o m m o d i t i e s   a r e   p r o d u c e d  

w h e r e a s   in  o t h e r   y e a r s ,   due  to  d r a u g h t   and  a d v e r s e  

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

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

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

As  a  r e s u l t ,   t h e r e   h a v e   been   n u m e r o u s   a t t e m p t s  

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

g r a i n   e l e v a t o r s   and  the   l i k e   to  even   o u t   t he   b u m p e r  

and  l e a n   c r o p s .   The  known  s t o r a g e   d e v i c e s   have   n o t  

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

of  c o m m o d i t i e s   have   no t   b e e n   s u s c e p t i b l e   to  p r o l o n g e d  

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

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

c o m m o d i t i e s .  

The  i n t e r n a l   c o n d i t i o n s   in  t he   s t o r a g e   b in   a r e  

t he   n e t   r e s u l t   of  t he   a m b i e n t   t e m p e r a t u r e   in  c o n j u n c t i o n  

w i t h   t he   c o n d i t i o n   of  t he   c o m m o d i t y   i n s i d e   t h e   b i n  

and  t he   r e s u l t i n g   t r a n s f e r   of  h e a t .   These   t h r e e   f a c t o r s  



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

a t m o s p h e r i c   c o n d i t i o n s   a r o u n d   t h e   mass   of  t h e   c o m m o d i t y ,  

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

In  U .S .   P a t e n t   2 , 6 6 2 , 6 0 3   a  v a u l t   c o n d i t i o n e r  

w i t h   c o n t r o l   means   is   d i s c l o s e d   f o r   c o n t r o l l i n g   t h e  

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

v a u l t s .   T h i s   v a u l t   c o n d i t i o n e r   is  d e s c r i b e d   as  b e i n g  

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

r e q u i r e m e n t s   of  f u r s ,   f o o d s ,   s e e d s   and  o t h e r   p r o d u c t s  

s e n s i t i v e   to  w a t e r   v a p o u r   and  t e m p e r a t u r e .   In  o p e r a t i o n ,  

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

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

c o n t e n t   t h e r e o f ,   and  t h e n   d i s c h a r g e s   i t   a t   t h e   f l o o r  

l e v e l   of  t he   room.   The  a c t i o n   of  t he   v a u l t   c o n d i t i o n e r  

as  d i s c l o s e d   in  U .S .   P a t e n t   2 , 6 6 1 , 6 0 3   a p p a r e n t l y   u t i l i z e s  

c o n v e c t i o n   c u r r e n t s   s i n c e   the   w a r m e s t   a i r   c o l l e c t s  

a t   t h e   c e i l i n g   l e v e l   f rom  w h e r e   i t   i s   w i t h d r a w n   a n d  

r e t u r n e d   to  t he   c o o l i n g   and  d e h u m i d i f y i n g   u n i t   b e f o r e  

r e c i r c u l a t i o n .  

T h e   p r i o r   a r t   has   no t   p r o v i d e d   a  c o m m o d i t y   d r y e r   t h a t  

w i l l   e x t e n d   the   l i f e   of  s t o r e d   c o m m o d i t i e s   by  c o n t r o l l i n g  

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

the   c o m m o d i t y   to  y i e l d ,   a f t e r   t he   r e m o v a l   of  e x c e s s i v e  

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

and  p r e s e r v e   the   v i t a m i n s ,   o i l s ,   m i n e r a l s ,   p r o t e i n s ,  

s t a r c h e s   and  s u g a r s   i n d i g e n o u s   to  t h e   c o n d i t i o n   o f  

t h e   p a r t i c u l a r   s t o r e d   c o m m o d i t y .  

A c c o r d i n g   to  one  a s p e c t   of  t he   i n v e n t i o n ,   t h e r e  

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

of  a  s t o r e d   c o m m o d i t y   r e t a i n e d   in  a  s t o r a g e   b i n ,   c o m p r i s i n g :  

c a u s i n g   t he   a i r   in  the   s t o r a g e   b in   to  c i r c u l a t e   i n  

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

a i r   f rom  one  end  of  t h e   s t o r a g e   b i n ;   u s i n g   c o n t r o l  

m e a n s   to  a d j u s t   t h e   m o i s t u r e   c o n t e n t   of  t h e   w i t h d r a w n  

a i r   to  an  o p t i m u m   v a l u e   f o r   s t o r a g e   of  t he   c o m m o d i t y  

by  b r i n g i n g   the   w i t h d r a w n   a i r   i n t o   h e a t - e x c h a n g i n g  

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



e x c h a n g e r s   o p e r a t e d   by  t he   c o n t r o l   m e a n s ;   and  r e t u r n i n g  

t h e   w i t h d r a w n   a i r   to  t he   o t h e r   end  of  t h e   s t o r a g e  

b i n   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  a i r   c i r c u l a t i n g  

r o u n d   t he   s t o r e d   c o m m o d i t y .  

A c c o r d i n g   to  a n o t h e r   a s p e c t   of  t h e   i n v e n t i o n ,  

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

c o n t e n t   of  a  s t o r e d   c o m m o d i t y   r e t a i n e d   in  a  s t o r a g e  

b i n   c o m p r i s i n g :   means   fo r   w i t h d r a w i n g   a i r   f rom  o n e  

end  of  t h e   s t o r a g e   b in   and  r e t u r n i n g   t h e   w i t h d r a w n  

a i r   to   t he   o t h e r   end  of  t he   s t o r a g e   b i n ;   a  f i r s t   h e a t  

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

w i t h   t he   w i t h d r a w n   a i r   a f t e r   r e m o v a l   f rom  the   o n e  

end  of  t h e   s t o r a g e   b i n ;   a  s e c o n d   h e a t   e x c h a n g e r   p o s i t i o n e d  

f o r   h e a t   e x c h a n g i n g   c o m m u n i c a t i o n   w i t h   t h e   w i t h d r a w n  

a i r   p r i o r   to  t he   r e t u r n i n g   of  t he   w i t h d r a w n   a i r   t o  

t h e   o t h e r   end  of  t h e   s t o r a g e   b i n ;   and  c o n t r o l   m e a n s  

f o r   o p e r a t i n g   t he   f i r s t   and  s e c o n d   h e a t   e x c h a n g e r s  

to  a d j u s t   t he   m o i s t u r e   c o n t e n t   of  t h e   w i t h d r a w n   a i r  

to   an  o p t i m u m   v a l u e   f o r   s t o r a g e   of  t h e   c o m m o d i t y ,  

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

r o u n d   t he   s t o r e d   c o m m o d i t y .  

The  main   a d v a n t a g e   of  t he   p r e s e n t   i n v e n t i o n   i s  

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

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

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

and  s p o i l a g e .   The  p r e s e n t   i n v e n t i o n   p r o v i d e s   f o r  

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

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

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

s t o r a g e   in  to  p r o v i d e   the   b e s t   s t o r a g e   c o n d i t i o n s  

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

l o c a t i o n   of  the   s t o r e d   c o m m o d i t y .   The  m o i s t u r e   c o n t e n t  

of  t h e   s t o r a g e   b in   a t m o s p h e r e   is  a d j u s t a b l e   no t   o n l y  

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

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

a l l   s t a g e s   of  s t o r a g e .  

The  m e t h o d   and  a p p a r a t u s   in  a c c o r d a n c e   w i t h   t h e  



i n v e n t i o n   a l l o w   a  c o n t r o l l e d   a t m o s p h e r e   to  be  c r e a t e d  

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

b i n   c o n d i t i o n s   and  p r o v i d i n g   e i t h e r   m o i s t   or  dry   a i r  

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

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

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

and  s u g a r s   of  t he   s t o r e d   c o m m o d i t y .   The  i n t e r n a l  

c o n d i t i o n s   of  t he   b i n   and  the   c o m m o d i t y ,   f o r   e x a m p l e  

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

as  a  r e s u l t   of  a  c o r r e l a t i o n   of  t he   i n t e r n a l   c o n d i t i o n s  

of  t h e   s t o r a g e   b i n   w i t h   t h e   e x t e r n a l   a m b i e n t   a i r   c o n d i t i o n s  

and  t h e   r e s u l t i n g   h e a t   t r a n s f e r .   For   e x a m p l e ,   w h e n  

a  wet   c o m m o d i t y   is  f i r s t   s t o r e d ,   d ry   a i r   is   a d d e d  

to  t h e   t op   of  t he   s t o r a g e   b in   and  m o i s t   humid   a i r  

i s   r e m o v e d   f rom  t he   b o t t o m   of  t h e   s t o r a g e   b i n .   T h e  

q u a n t i t y   of  d ry   a i r   a d d e d   and  t h e   a m o u n t   of   wet  m o i s t  

a i r   r e m o v e d   pe r   u n i t   of   t i m e   d e p e n d s   upon   t h e   d e g r e e  

of   m o i s t u r e   r e q u i r e d   to  be  r e m o v e d   to   p r o v i d e   o p t i m u m  

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

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

a p p a r a t u s   in  a c c o r d a n c e   w i t h   t he   i n v e n t i o n   may  f u r t h e r m o r e  

o p e r a t e   to  p r o v i d e   b o t h   h e a t   and  d r y   a i r   w h i c h   i s  

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

c o r n ,   n u t s   and  o t h e r   g r a i n s   s t o r e d   in  t h e   s t o r a g e  

b i n   as  t he   c o n d i t i o n s   b o t h   i n s i d e   and  o u t s i d e   t h e  

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

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

c o m m o d i t i e s .   P r e f e r a b l y ,   t he   c o n t r o l   m e a n s   or  a p p a r a t u s  

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

an  e v a p o r a t o r   to  c o o l   and  r e m o v e   m o i s t u r e   f rom  a i r  

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

t h e   d r i e d   a i r .   C o n v e n i e n t l y ,   a p p a r a t u s   in  a c c o r d a n c e  

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

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

on  a  h e a t   e x c h a n g e r   c o i l   of  the   e v a p o r a t o r   whe re   t h e  

c o m m o d i t y   is   in  an  e s p e c i a l l y   wet  c o n d i t i o n   when  s t o r e d .  

The  c o n t r o l   s y s t e m   of  t he   c o m m o d i t y   d r y e r ,   a f t e r  



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

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

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

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

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

fo r   p r o l o n g e d   s t o r a g e   of  t he   c o m m o d i t y .  

The  a p p a r a t u s   and  m e t h o d   in  a c c o r d a n c e   w i t h  

the   i n v e n t i o n   a c h i e v e   o p t i m u m   m o i s t u r e   c o n d i t i o n s  

by  h e a t i n g ,   a d d i n g   o r  r e m o v i n g   m o i s t u r e   f rom  t h e   i n t e r n a l  

or  c o r e   p o r t i o n   of  t he   g r a i n ,   or  a  c o m b i n a t i o n   t h e r e o f ,  

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

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

and  t h e   a d v e n t   of  d e c a y   and  r o t   w h i c h   d e c r e a s e s   t h e  

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

a c c o r d a n c e   w i t h   the   i n v e n t i o n   a r e   a d v a n t a g e o u s   i n  

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

can   be  r e d u c e d ,  w h i c h   g e n e r a l l y ,   upon   c h a n g e s   in  t e m p e r a t u r e  

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

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

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

c o m m o d i t y   b i n s   u n f i t   for   s u b s e q u e n t   c o n s u m p t i o n .  

A  f u r t h e r   a d v a n t a g e   of  t h e   i n v e n t i o n   is   t h a t  

by  c o n t r o l l i n g   t h e   i n t e r n a l   c o n d i t i o n   of  t h e   c o m m o d i t y  

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

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

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

of  t h e   e n e r g y   r e q u i r e d   to  m a i n t a i n   a  p r e d e t e r m i n e d  

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

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

T h e r e a f t e r   t e m p e r a t u r e   i n c r e a s e s   w h i c h   i n c r e a s e s   t h e  

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

the   p o r e s   of  t he   s t o r e d   c o m m o d i t y   may  be  u t i l i z e d  

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

f rom  t he   s t o r e d   c o m m o d i t y   to  p r o t e c t   the   o i l s ,   v i t a m i n s ,  

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

c o m m o d i t y .  



E m b o d i m e n t s   of  t h e   i n v e n t i o n   w i l l   no  be  d e s c r i b e d ,  

by  way  of  e x a m p l e ,   w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g  

d r a w i n g s ,   in  w h i c h :  

FIGURE  1  is  an  e n l a r g e d   v i e w ,   p a r t l y   in  s e c t i o n ,  

of  a  k e r n a l   of  c o r n   r e p r e s e n t i n g   one  t y p e   of  g r a i n  

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

i n v e n t i o n ;  

FIGURE  2  is   a  s i d e   e l e v a t i o n a l   v i e w ,   p a r t l y   i n  

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

a p p a r a t u s   e m b o d y i n g   t he   i n v e n t i o n   in  t h e   fo rm  of  a  

c o m m o d i t y   d r y e r ;  

FIGURE  3  is  a  s c h e m a t i c   d i a g r a m   of  t h e   c o m m o d i t y  

d r y e r   shown  in  F i g u r e   2:  a n d  

FIGURE  4  is  a  s c h e m a t i c   d i a g r a m   of  an  a l t e r n a t i v e  

e m b o d i m e n t   of  a  c o m m o d i t y   d r y e r   in  a c c o r d a n c e   w i t h  

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

R e f e r r i n g   now  to  F i g u r e   1,  a  c o m m o d i t y   s u c h   a s  

a  k e r n e l   of  c o r n   1  is   d e p i c t e d   p a r t l y   in  s e c t i o n ,  

i l l u s t r a t i n g   t h e   o u t e r   s h e l l   2  h a v i n g   p o r e s   4  t h e r e i n  

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

e n d o s p e r m   of  t he   c o r n .   A  w h i t e   s t a r c h y   p o r t i o n   8 

is   a l s o   i l l u s t r a t e d .  

A f t e r   h a r v e s t i n g ,   t h e   p o r t i o n s   6  and  8  c o n t a i n  

r e l a t i v e l y   l a r g e   a m o u n t s   of  m o i s t u r e   as  i s   w e l l - k n o w n  

in  t h e   a g r i c u l t u r a l   a r t .   In  a d d i t i o n   to  m o i s t u r e  

i n s i d e   t he   c o r n   s h e l l   2,  m o i s t u r e   may  a l s o   be  p r e s e n t  

e x t e r n a l l y   on  t he   s h e l l   2  p a r t i c u l a r l y   when ,   u n d e r  

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

p a c k e d   in  a  s t o r a g e   b i n .   The  r e m o v a l   of  e x c e s s   m o i s t u r e  

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

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

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

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

t h e   g r o w t h   of  b a c t e r i a   and  t h e   q u a l i t y   of  t he   c o m m o d i t y  

in  s t o r a g e   is  m a i n t a i n e d   by  c r e a t i n g   a  c o n t r o l l e d  

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

to  t h e   r e m o v a l   or  a d d i t i o n   of  w a t e r   by  c a p i l l a r y   a c t i o n  



t h r o u g h   p o r e s   4  of  the   c o m m o d i t y .  

F i g u r e   2  i l l u s t r a t e s   a  s t o r a g e   b i n   10  a s s o c i a t e d  

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

of  t h e   i n v e n t i o n   in  the   fo rm  of  a  c o m m o d i t y   d r y e r  

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

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

m o i s t u r e   c o n t e n t   may  be  s t o r e d ,   d r i e d   and  m a i n t a i n e d  

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

t h u s   r e t a r d i n g   t he   g r o w t h   of  b a c t e r i a ,   f u n g u s   a n d  

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

o t h e r w i s e   s h o r t e n   the   s t o r a g e   l i - f e   of  t he   c o m m o d i t y .  

The  c o m m o d i t y   b i n   10  is  p r e f e r a b l y   of  a  c y l i n d r i c a l  

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

12  f o r m e d   w i t h   m i n u t e   p e r f o r a t i o n s   14  of  a  s i z e   s u f f i c i e n t  

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

a  b a s e   10  of  t he   b in   10,   w h i l e   a l l o w i n g   d r y i n g   a i r  

i n t r o d u c e d   i n t o   a  top   18  of  t h e   c o m m o d i t y   b in   10  v i a  

a  s e a l a b l e   e n t r y   p o r t   to  be  e x t r a c t e d   f rom  a  s p a c e  
20  f o r m e d   a t   t he   b o t t o m  o f   t h e   c o m m o d i t y   b in   10  v i a  

a  s e a l a b l e   e x h a u s t   p o r t   22  c o n n e c t e d   to  an  i n l e t   p o r t  

24  of  c o m m o d i t y   d r y e r   h o u s i n g   2 6 .  

A  b l o w e r   f an   28  p r o v i d e s   a  p o s i t i v e   c i r c u l a t i o n  

of  t h e   c l o s e d   a t m o s p h e r e   o p e r a t e d   by  the   c o m m o d i t y  

d r y e r   t h r o u g h   the   c o m m o d i t y   in  t h e   s t o r a g e   b in   10  

to  w i t h d r a w   m o i s t u r e   l a d e n   a i r   f r om  the   b o t t o m   o f  

t h e   c o m m o d i t y   b i n   and  t r a n s p o r t   t h e   a i r   i n t o   c o m m o d i t y  

d r y e r   h o u s i n g   26.  The  d i s p l a c e m e n t   and  p r e s s u r e   r e s i s t a n c e  

to  f l o w   is  d i m e n s i o n e d   to  p r o v i d e   a  6 3 . 3   X  106  J  ( 6 0 , 0 0 0  

BTU)  d i f f e r e n t i a l   or  g r e a t e r   d e p e n d i n g   on  t he   t i m e  

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

The  c a p a c i t y   of  the   s t o r a g e   b in   s h o u l d   be  i n  

t h e   r a n g e   of  3 6 . 3 7   m3to  3637  m 3 (1,000  to  1 0 0 , 0 0 0  

b u s h e l s )   and  t h e   s t o r a g e   b in   s h o u l d   have   a  h e i g h t  

to  w i d t h   r a t i o   of  g r e a t e r   t h a n   or  e q u a l   to  1 : 1 .   T h e  

c o n f i g u r a t i o n   of  t he   s t o r a g e   b in   i n c r e a s e s   the   e f f i c i e n c y  

of  a i r f l o w   o v e r   t h e   s k i n   or  or  s h e l l   of  the   c o m m o d i t y ,  

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

of  e n e r g y   e x p e n d e d .  



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

an  e v a p o r a t o r   h e a t   e x c h a n g e r   c o i l   30  in  w h i c h   t h e   f i n s   a r e  

s p a c e d   s u c h   t h a t   t h e r e   a r e   f rom  a p p r o x i m a t e l y   6 .6   f i n s   p e r  

m e t r e   (2  f i n s   pe r   f o o t )   to   5 .9   f i n s - p e r   cm.  (15  f i n s   p e r  

i n c h )   d e p e n d i n g   upon  c l i m a t e .   For   e x a m p l e   w h e r e   t h e  

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

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

c o i l s   a r e   e q u i p p e d   w i t h   a p p r o x i m a t e l y   2 .4   to  3 .9   f i n s   p e r  

cm  (6  to  10  f i n s   pe r   i n c h ) .   On  t he   o t h e r   hand   w h e r e  

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

t e m p e r a t u r e s   t he   e v a p o r a t o r   may  be  of   s m a l l e r   s i z e   a n d  

u t i l i s e   an  e v a p o r a t o r   h e a t   e x c h a n g e r   c o i l   h a v i n g   more  t h a n  

3 .9   f i n s   pe r   cm.  (10  f i n s   p e r   i n c h ) .   H o w e v e r ,   in  e n v i r -  

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

b e l o w   f r e e z i n g   p o i n t   t he   e v a p o r a t o r   h e a t   e x c h a n g e r   c o i l  

p r e f e r a b l y   u t i l i z e s   a p p r o x i m a t e l y   1  f i n   pe r   6 . 3 5   to  7 . 6 2  

cm  (1  f i n   pe r   2 .5   to  3  i n c h e s ) .   In  c l i m a t i c   c o n d i t i o n s  

h a v i n g   b o t h   a  low  t e m p e r a t u r e   and  a  low  h u m i d i t y   a n  

e v a p o r a t o r   h e a t   e x c h a n g e r   c o i l   h a v i n g   a b o u t   one  f i n   p e r  

2 . 5 4   cm  (one  f i n   per   i n c h )   p r o v i d e s   a  s y s t e m   t h a t   is   c o n t -  

r o l l a b l e   f o r   a  v a r i e t y   of  c o m m o d i t i e s .   In  c l i m a t e s   w h e r e  

e x t r e m e l y   low  t e m p e r a u r e s   i . e .   a p p r o x i m a t e l y   4 . 4 ° C   t o  -  
1 7 . 8 ° C   (40°   to  OOF)  a re   common  a n d / o r   w h e r e   e x c e s s i v e   h e a t  

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

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

to  r e i n t r o d u c i n g   the   a i r   to  t h e   t o p   of  t he   s t o r a g e   b i n .  

In  t h e   f o r e g o i n g   d i s c u s s i o n   t he   number   of  f i n s   pe r   cm 

( i n c h )   i s   d e s c r i b e d   in  r e f e r e n c e   to  a  s t o r a g e   b i n   o f  

a p p r o x i m a t e l y   2182m3  to  3 6 3 7 m 3 ,   ( 6 0 , 0 0 0   to  1 0 0 , 0 0 0   b u s h e l )  

c a p a c i t y .   F u r t h e r m o r e   t he   number   of  f i n s   pe r   cm  ( i n c h )   i n  

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

w i t h   r e f e r e n c e   to  an  e v a p o r a t o r   h e a t   e x c h a n g e r   c o i l   a p p r -  

o x i m a t e l y   6 . 3 5   cm  (2 .5   i n c h e s )   wide  and  1 3 . 9 7   cm  ( 5 . 5  

i n c h e s )   l o n g .   I t   w i l l   be  r e c o g n i z e d   t h a t   t h e   a p p l i c a t i o n  

of   t h e   p r e s e n t   i n v e n t i o n   to  l a r g e r   s t o r a g e   b i n s   h a v i n g   a  



g r e a t e r   f l o w   of  a i r   or  t he   u t i l i z a t i o n   of  e v a p o r a t o r   h e a t  

e x c h a n g e r   c o i l s   of  v a r y i n g   d i a m e t e r   w i l l   r e s u l t   in  v a r i -  

a t i o n   in  t h e   s i z e   and  number   of  f i n s   pe r   cm  ( i n c h )   a s  

h e r e t o f o r e   d e s c r i b e d .  

The  d e p e n d e n c e   of  t he   r e q u i r e m e n t s   of  t he   c o m m o d i t y  

on  a m b i e n t   a t m o s p h e r i c   c o n d i t i o n s   i s   g e n e r a l l y   a  more  s i g -  

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

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

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

a r e   h o w e v e r   a  s i g n i f i c a n t   c o n s i d e r a t i o n   whe re   t he   c o m -  

m o d i t y   r e q u i r e s   a  h i g h   d e g r e e   of  m o i s t u r e ,   s u c h   as  d a t e s ,  

a p r i c o t s   and  r a i s i n s .   In  t h e   a p p l i c a t i o n   of  t he   p r e s e n t  

i n v e n t i o n   to  s u c h   c o m m o d i t i e s   t h e   c o m m o d i t y   d r y e r   can   b e  

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

the   b o t t o m   of  t h e   c o m m o d i t y   b i n   by  v a r i a t i o n   in  t h e   c o m -  

p r e s s o r ,   c o n d e n s e r   and  e v a p o r a t o r   o p e r a t i o n   and  r a t i n g s   o r  

c h a n g e s   in  b l o w e r   v e l o c i t y   a n d / o r   t he   u t i l i z a t i o n   of  f i n s  

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

r e m a i n   in  t h e   s y s t e m .  

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

f rom  t he   s t o r a g e   b in   10  t h e   f i n s   of  t h e   e v a p o r a t o r   h e a t -  

e x c h a n g e r   c o i l   30  a l l o w   i t   to  be  r e m o v e d   by  a  h o t   f l u i d  

b y e p a s s .  

The  a i r   f rom  t he   c o m m o d i t y   b in   10  is   t h e r e b y   c o o l e d  

by  b e i n g   b r o u g h t   i n t o   c o n t a c t   w i t h   t he   e v a p o r a t o r   h e a t -  

e x c h a n g e r   c o i l   30,   so  t h a t   m o i s t u r e   is  w i t h d r a w n   f rom  t h e  

a i r   p r i o r   to  t h e   a i r   b e i n g   b r o u g h t   i n t o   c o n t a c t   w i t h   a  

c o n d e n s e r   h e a t   e x c h a n g e r   c o i l   32  w h i c h   c a u s e s   t he   a i r   t o  

be  r e h e a t e d   to   a  t e m p e r a t u r e   a p p r o x i m a t e l y   e q u a l   to  t h a t  

of  t he   a i r   when  r e m o v e d   f rom  the   s p a c e   20  of  s t o r a g e   b i n  

10  p r i o r   to  i t s   t r a n s p o r t a t i o n   v i a d u c t   3 4 . b a c k   to  t he   t o p  

18  of  c o m m o d i t y   d r y e r   10.  The  d u c t   34  p r e f e r a b l y   b r a c n h e s  

i n t o   one  or  more  s e c o n d a r y   d u c t s   36  and  38  to  a l l o w   t h e  

dry   a i r   to  be  u n i f o r m l y   i n t r o d u c e d   i n t o   t he   top  18  of  t h e  

s t o r a g e   b in   10.  The  e v a p o r a t o r   h e a t   e x c h a n g e r   c o i l   30  a n d  

t he   c o n d e n s e r   h e a t   e x c h a n g e r   c o i l   32  form  p a r t   of  t h e  

c o n t r o l   means   and  a re   o p e r a t i v e l y   c o n n e c t e d   to  a  



c o m p r e s s e r   40  w h i c h   d r i v e s   t he   e v a p o r a t o r   to  a l l o w   r e m o v a l  

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

t h e   r e - i n t r o d u c t i o n   of  t h e   d r i e d   a i r   b a c k   i n t o   t h e   s t o r a g e  

b i n .   The  c o m m o d i t y   d r y e r   may  i n c l u d e   an  i n l e t   42  f o r   t h e  

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

when  t h e   a m b i e n t   a i r   has   a  t e m p e r a t u r e   and  m o i s t u r e  

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

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

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

The  c o m m o d i t y   d r y e r   may  r a n g e   in  c a p a c i t y   f rom  5 . 0 8  

t o n n e s   (5  t o n s )   of  r e f r i g e r a t i o n   up  to   508  t o n n e s   ( 5 0 0  

t o n s ) .   The  e v a p o r a t o r   h e a t   e x c h a n g e r   c o i l   as  h e r e t o f o r e  

d e s c r i b e d   is  d e s i g n e d   to  be  of  a  s u f f i c i e n t   s i z e   and  h a v e  

a  s u f f i c i e n t   s u r f a c e   a r e a   to  r emove   m o i s t u r e   and  g r a d u a l l y  

d r y   t h e   c o m m o d i t y   in  t h e   s t o r a g e   b i n .   F u r t h e r m o r e ,   t h e  

c o m m o d i t y   d r y e r   is   e q u i p p e d   to  add  m o i s t u r e   a n d / o r   h e a t   t o  

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

c a p a b i l i t i e s .   For  e x a m p l e ,   fo r   a  3637  m3  ( 1 0 0 , 0 0 0   b u s h e l )  

s t o r a g e   b i n ,   a  61  t o n n e   (60  ton)   e v a p o r a t o r   c o i l   and  a  

7 6 . 2   t o n n e   (75  t o n )   c o n d e n s e r   h e a t   e x c h a n g e r   c o i l   w o u l d   b e  

e m p l o y e d   to   p r o v i d e   a  3 0 - d a y   d r y i n g   p e r i o d .   H o w e v e r ,   i f   a  

1 5 - d a y   d r y i n g   p e r i o d   is  d e s i r e d   fo r   a  3637m3  ( 1 0 0 0 , 0 0 0  

b u s h e l )   b i n ,   a  122  t o n n e   (120  ton)   e v a p o r a t o r   h e a t   e x -  

c h a n g e r   c o i l   and  152  t o n n e   (150  ton)   c o n d e n s e r   c o i l   a r e  

n e e d e d   to  p r o v i d e   f o r   t he   d r y i n g   of  t h e   c o m m o d i t y .  

F u r t h e r ,   t h e   h e a t   p r o d u c e d   by  the   c o n d e n s e r   h e a t   e x c h a n g e r  

c o i l   i s   u t i l i z e d   in  who le   or  in  p a r t   to   r e h e a t   t he   a i r  

p r i o r   to  i t s   i n t r o d u c t i o n   back   to  t h e   t o p   of  t h e   b i n   f o r  

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

b o t t o m   12  of  t he   s t o r a g e   b i n .  

The  c o m m o d i t y   d r y e r   a c h i e v e s   i t s   a d v a n t a g e s   by  m o n -  

i t o r i n g ,   c o n t r o l l i n g   and  r e - u s i n g   t h e   same  a i r   by  p r o v -  

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

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

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

v a r i o u s   s t a g e s   of  s t o r a g e   and  the   a m b i e n t   a t m o s p h e r i c   c o n -  

d i t i o n s   a t   t he   s t o r a g e   l o c a t i o n .   In  g e n e r a l ,   f o r   a  g i v e n  



t e m p e r a t u r e   and  c o m m o d i t y ,   as  t he   h u m i d i t y   of  t h e   l o c a t i o n  

of  t he   c o m m o d i t y   d r y e r   i n c r e a s e s   t h e   number   of  f i n s   i s  

d e c r e a s e d   as  d e s c r i b e d   e a r l i e r   in  o r d e r   to  a l l o w   t h e  

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

c o i l .   I t   w i l l   be  r e c o g n i z e d   t h a t   t h e   s i z e   and  c o n f i g -  

u r a t i o n   of  t he   f i n s   of  t he   e v a p o r a t o r   c o i l   may  be  m o d i f i e d  

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

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

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

t h e   w a t e r   c o n t e n t   of  t he   s t o r e d   c o m m o d i t y .   To  a s s i s t   i n  

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

w i t h i n   t he   c o m m o d i t y   b in   10  is   moved  a t   .a  low  v e l o c i t y ,  

g e n e r a l l y   a p p r o x i m a t e l y   14 .2m3  pe r   m i n u t e   (500  c u b i c   f e e t  

pe r   m i n u t e )   w i t h   an  o p e r a t i o n a l   r a n g e   of  a p p r o x i m a t e l y  

5 . 6 8   to  2 8 . 4 m   pe r   m i n u t e   (200  to  1 , 0 0 0   c u b i c   f e e t   p e r  

m i n u t e ) .   The  u n i t   i s   d e s i g n e d   to  f l o a t   f rom  a p p r o x i m a t e l y  

2 9 . 5   kg.  (65  l b s )   to  4 .5   kg.  (10  l b s )   s u c t i o n   p r e s s u r e  
w h i c h   of  c o u r s e   d e p e n d s   upon  d i f f e r e n c e s   in  t he   a m o u n t   o f  

c h a f f   or  s m a l l   p a r t i c u l a t e   m a t t e r   a s s o c i a t e d   w i t h   t he   c o m -  

m o d i t y .  

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

o v e r   t he   e v a p o r a t o r   c o i l   f i n s   in  c o n j u n c t i o n   w i t h   t he   f i n  

s i z e   d e t e r m i n e s   to  a  l a r g e   d e g r e e   the   m o i s t u r e   m a i n t e n a n c e  

c a p a c i t y   of  t he   c o m m o d i t y   d r y e r   fo r   t h e   t y p e   of  c i m a t i c  

c o n d i t i o n s   e n c o u n t e r e d   as  h e r e t o f o r e   d e s c r i b e d .  

F u r t h e r m o r e   t he   c a p a c i t y   of  t he   c o m m o d i t y   d r y e r   fo r   a  

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

r e l a t e d   to  c o i l   l e n g t h   or  a r e a .  

F i g u r e   3  is  a  s c h e m a t i c   d i a g r a m   of  t h e   c o m m o d i t y  

d r y e r   shown  in  F i g u r e   2  and  i l l u s t r a t e s   in  f u r t h e r   d e t a i l  

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

The  c o m p r e s s o r   40  is   c o n n e c t e d   in  a  s e r i e s   l o o p   w i t h  

a  c o n d e n s e r   44  and  in  e v a p o r a t o r   46  by  a  c o n d u i t   48  c a r r y -  

ing  a  r e f r i g e r a n t   to  form  a  h e a t   pump  c i r c u i t .   A  c o n v e n -  

t i o n a l   v a r i a b l e   c o n t r o l   u n i t   (no t   shown)  f o r   c o n t r o l l i n g  

t h e   power   i n p u t   to  c o m p r e s s o r   40  c o n t r o l s   t he   o p e r a t i o n   o f  

t h e   c o m p r e s s o r   w h i c h   may  be  c o u p l e d   to  t he   s p e e d   of  b l o w e r  

fan   28  in  e f f e c t i n g   the   d r y i n g   of  t he   c o m m o d i t y   in  t h e  



c o m m o d i t y   b i n .   The  c o n t r o l   s y s t e m   of  t h e   c o m m o d i t y   d r y e r  

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

c o m p r e s s o r   40  and  r e f r i g e r a n t   c o n d u i t   48  may  c o n t a i n   a  

s t a n d a r d   r e f r i g e r a n t   s u c h   as  f r e o n   or  a n y  o n e   of  a  n u m b e r  

of  o t h e r   a v a i l a b l e   r e f r i g e r a n t s   known  to  t h o s e   s k i l l e d   i n  

the   a r t .  

A  s e c o n d   c o n d u i t   50  c o n t a i n i n g   a  h e a t   t r a n s f e r r i n g  

f l u i d   w h i c h   may  be  w a t e r ,   or  p r e f e r a b l y   a  w a t e r   and  g l y c o l  

or  g l y c o l   s o l u t i o n ,   is  c o n n e c t e d   f rom  t h e   c o n d e n s e r   44  v i a  

the   c o n d e n s e r   h e a t   e x c h a n g e r   c o i l   32,   a  t a n k   52  and  p u m p  

51  to  t he   e v a p o r a t o r   46  f rom  w h e r e   t he   c o n d u i t   50  j o i n s   a  

f u r t h e r   c o n d u i t   50a  w h i c h   c a r r i e s   t h e   h e a t   t r a n s f e r r i n g  

f l u i d   t h r o u g h   t h e   e v a p o r a t o r   h e a t   e x c h a n g e r   c o i l s   30  a n d  

back   to  t h e   c o n d e n s e r   44  w h e r e   t h e   f u r t h e r   c o n d u i t   5 0 a  

c o n n e c t s   w i t h   t h e   s e c o n d   c o n d u i t   50  to   f o rm  a  c l o s e d  

s y s t e m .  

A  b y p a s s   l i n e   a l l o w s   the   h e a t   t r a n s f e r r i n g   f l u i d   o u t -  

pu t   f rom  the   e v a p o r a t o r   h e a t   e x c h a n g e r   c o i l   30  to   j o i n  

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

c o i l   32  p r i o r   to  t he   o u t p u t   f rom  t h e   c o n d e n s e r   h e a t  

e x c h a n g e r   c o i l   32  e n t e r i n g   t he   t a n k   5 2 .  

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

f l u i d   l e a v i n g   t h e   e v a p o r a t o r   46  and  h a v i n g   a  t e m p e r a t u r e  

of  a p p r o x i m a t e l y   1 . 1 ° C   (34°F)   is   pumped   t h r o u g h   the   e v a p -  

o r a t o r   h e a t   e x c h a n g e r   c o i l   30  o v e r   w h i c h   a i r   w i t h d r a w n  

f rom  the   s t o r a g e   b i n   is   b lown  by  t h e   b l o w e r   f an   28.  T h u s ,  

h e a t   is   t r a n s f e r r e d   t o   t he   h e a t   t r a n s f e r r i n g   f l u i d   and  t h e  

w i t h d r a w n   a i r   is  c o o l e d .  

The  h e a t   t r a n s f e r r i n g   f l u i d   is  t h e n   pumped  to  t h e  

c o n d e n s e r   44  a t   a  t e m p e r a t u r e   of  a p p r o x i m a t e l y   4 . 4 0 C  

(40°F)   and  is  f u r t h e r   h e a t e d   to  a  t e m p e r a t u r e   of  a p p r o x -  

i m a t e l y   1 5 . 6 ° C   (60oF)  b e f o r e   p a s s i n g   o u t   of  t he   c o n d e n s e r  

t h r o u g h   t he   s e c o n d   c o n d u i t   50  to  t he   c o n d e n s e r   h e a t  

e x c h a n g e r   c o i l   32  w h e r e   t he   h e a t   t r a n s f e r r i n g   f l u i d   g i v e s  

up  h e a t   to  t he   c o o l   d r i e d   w i t h d r a w n   a i r   b lown   o v e r   t h e  

c o i l   32  by  t h e   b l o w e r   28  p r i o r   to  r e - e n t e r i n g   the   s t o r a g e  

b i n .   The  now  c o o l e d   h e a t   t r a n s f e r r i n g   f l u i d   h a v i n g   a  



t e m p e r a t u r e   of  a p p r o x i m a t e l y   4 . 4 ° C   (40°F)   is   t h e n   p a s s e d  

t h r o u g h   the   t a n k   52  and  pump  54  and  i n p u t   to  t he   e v a p -  

o r a t o r   where   t h e   f l u i d   is  f u r t h e r   c o o l e d   to  1 . 1 ° C   ( 3 4 0 F )  

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

b i n .  

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

t e m p e r a t u r e   of  4 . 4 0 C   (400F)  to   p a s s   f rom  the   f u r t h e r  

c o n d u i t   50a  i n t o   t h e   s e c o n d   c o n d u i t   50  to  mix  w i t h   t h e  

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

e x c h a n g e r   c o i l   32  a t   4 . 4 ° C   (40°F)   t h e   h e a t   f rom  wh ich   m a y  

be  u s e d   in  r e m o v i n g   i ce   f rom  t he   f i n s   of  t he   e v a p o r a t o r  

h e a t   e x c h a n g e r   c o i l .  

The  a p p a r a t u s   and  m e t h o d   in  a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n   a c h i e v e   r e m o v a l   of  m o i s t u r e   f rom  and  a r o u n d   t h e  

c o m m o d i t y   s t o r e d   in  t he   c o m m o d i t y   d r y e r   by  i n d u c i n g  

c a p i l l a r y   a c t i o n   of  t h e   w a t e r   c o n t e n t   in  t he   p o r e s   of  t h e  

c o m m o d i t y ,   f o r   e x a m p l e   g r a i n ,   s t o r e d   in  t he   s t o r a g e   b i n .  

In  a  c o m m o d i t y   s u c h   as  g r a i n ,   t he   m o i s t u r e   and  t e m p e r a t u r e  
d i f f e r e n c e s   b e t w e e n   t he   i n t e r n a l   or  embryo   p o r t i o n   of  t h e  

s h e l l   or  s k i n   of  t h e   k e r n e l   and  t he   a t m o s p h e r e   s u r r o u n d i n g  

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

t h e   s t o r a g e   l i f e   of  t he   c o m m o d i t y .   Each  c o m m o d i t y   has  i t s  

p a r t i c u l a r   r e q u i r e m e n t s   of  i n t e r n a l   and  e x t e r n a l   m o i s t u r e  

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

a d j u s t m e n t s   made  in  t he   c o n t r o l   means   of  t he   a p p a r a t u s   i n  

a c c o r d a n c e   w i t h   t he   i n v e n t i o n .   I t   w i l l   be  r e c o g n i z e d   t h a t  

c o m m o d i t i e s   such   as  d a t e s   r e q u i r e   a  g r e a t e r   m o i s t u r e  

c o n t e n t   t h a n   w a l n u t s .  

A  c o m m o d i t y ,   s u c h   as  g r a i n ,   may  be  s t o r e d   in  a  b i n  

w h i c h   is  a t t a c h e d   to  a p p a r a t u s   in  a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n   fo r   a d j u s t i n g   t he   m o i s t u r e   c o n t e n t   of  t he   c o m -  

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

t h e   s t o r a g e   b in   may  be  a l t e r e d   by  g r a d u a l l y   r e d u c i n g   t h e  

v o l u m e   of  h e a t e d   d r y   a i r   i n t r o d u c e d   i n t o   t he   one  end  o f  

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

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

r e s u l t i n g   in  a  m i g r a t i o n   of  m o i s t u r e   f rom  the   e m b r y o  



t o w a r d   the   s h i e l d   or  s h e l l   p a r t   o f  t h e   k e r n e l .   T h e  

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

t h a t   of  t he   e m b r y o   r e s u l t s   in  t h e  m i g r a t i o n   of  m o i s t u r e   t o  

the   s k i n   of  t he   e m b r y o   w h e r e   t h e   a t m o s p h e r e   s u r r o u n d i n g  

t h e   s k i n   of  t h e  e m b r y o   is  c o o l e r   and  l o w e r   in  h u m i d i t y  

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

w h i c h   is  s u b s e q u e n t l y   r e m o v e d   by  t h e   f i r s t   h e a t   e x c h a n g e r .  

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

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

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

t h e   c o m m o d i t y   a r e   no t   r e m o v e d   w i t h   t h e   w a t e r .   I t   w i l l   b e  

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

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

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

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

r e t a i n a b l e   by  t h e   c o m m o d i t y .   As  a  r e s u l t ,   f u r t h e r   d r o p s  

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

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

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

s t o r e d   in  t he   c o m m o d i t y   d r y e r .  

A d v a n t a g e o u s l y ,   t he   n u t r i e n t s   in  t he   c o m m o d i t y   a r e  

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

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

f i c i e n t   to  s u p p r e s s   t he   dew  p o i n t   of  t he   w i t h d r a w n   a i r  

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

n e a r   t he   f r e e z i n g   p o i n t   of  w a t e r .   In  a d d i t i o n ,   t he   e n e r g y  

r e q u i r e d   to  r e m o v e   t he   m o i s t u r e   i s   r e d u c e d   b e c a u s e   t h e  

r e s i d u a l   h e a t   of  t he   c o m m o d i t y   is   u t i l i z e d   to  e v a p o r a t e  

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

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

r e d u c e s   b a c t e r i a ,   f u n g u s   and  s p o i l a g e . ,   These   a d v a n t a g e s  

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

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

e x c h a n g e r   is  r e c o v e r e d   in  t he   s e c o n d   h e a t   e x c h a n g e r .  

R e f e r r i n g   now  to  F i g u r e   4  a  f u r t h e r   e m b o d i m e n t   of  a  

c o m m o d i t y   d r y e r   in  a c c o r d a n c e   w i t h   the   i n v e n t i o n   i s  

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



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

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

In  t h i s   e m b o d i m e n t   the   s t o r a g e   b i n s ,   s u c h   as  c o r n   b i n s   7 0 ,  

72,   74  and  76,   e a c h   have   an  a i r   o u t l e t   p o r t   78  t o  

t r a n s p o r t   a i r   f rom  the   b o t t o m   of  t h e   b i n   to  an  e v a p o r a t o r  

h e a t   e x c h a n g e r   c o i l   80  f rom  w h e n c e   t h e   a i r   is  t r a n s p o r t e d  

to  a  c o n d e n s e r   h e a t   e x c h a n g e r   c o i l   82  and  t h e n   back   t o  

t h e   t o p   of  t h e   s t o r a g e   b i n   v i a   an  a i r   i n l e t   p o r t   8 4 .  

P r e f e r a b l y   a  v a r i a b l e   s p e e d   b l o w e r   and  c o n t r o l   f o r   t h e  

e v a p o r a t o r   and  c o n d e n s e r   h e a t   e x c h a n g e r   c o i l s   a r e  p r o v i d e d  

to  a s s i s t   in  t h e   c o n t r o l   of  t h e   c o n d i t i o n s   in  e a c h   of  t h e  

c o m m o d i t y   b i n s .  

C o m m o d i t y   d r y e r   86  d r i v e s   e a c h   of  t he   e v a p o r a t o r   h e a t  

e x c h a n g e r   c o i l s   80  and  c o n d e n s e r   h e a t   e x c h a n g e r   c o i l s   8 2  

by  c o n t r o l   means   f o r m e d   by  a  c o m p r e s s o r   40,  c o n d e n s e r   44  

and  e v a p o r a t o r   46  c o n n e c t e d   by  a  r e f r i g e r a n t   c o n d u i t   48  i n  

a  m a n n e r   s i m i l a r   to  t h a t   shown  in  F i g u r e   3.  S i m i l a r l y ,  

e v a p o r a t o r   46  p r o v i d e s   v i a   a  h e a t   t r a n s f e r   f l u i d   c o n d u i t  

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

e x c h a n g e r   c o i l s   80  w h e r e   h e a t   i s   r e m o v e d   f rom  t h e  

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

80.   A  r e t u r n   c o n d u i t   90  t r a n s p o r t s   t he   warmed  g l y c o l  

s o l u t i o n   f rom  t he   e v a p o r a t o r   h e a t   e x c h a n g e r   c o i l s   80  t o  

t h e   c o n d e n s e r   44  where   t he   g l y c o l   s o l u t i o n   is  f u r t h e r  

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

c o n d u i t   92  to  c o n d e n s e r   h e a t   e x c h a n g e r   c o i l s   82  to  r e h e a t  

he  w i t h d r a w n   s t o r a g e   b in   a i r   p r i o r   to  t he   r e i n t r o d u c t i o n  

of  t he   a i r   i n t o   the   top  of  t he   r e s p e c t i v e   c o m m o d i t y   b i n s  

70,   72,   74  and  76.  The  now  c o o l   g l y c o l   s o l u t i o n   i s  

r e t u r n e d   v i a   c o n d u i t   94,  t a n k   52  and  pump  54  to  e v a p o r a t o r  

46  to  t h e r e a f t e r   a g a i n   be  t r a n s p o r t e d   to  e v a p o r a t o r   h e a t  

e x c h a n g e r   c o i l   80  v i a   c o n d u i t   88  to  c o n t i n u e   t he   c o o l i n g  

and  h e a t i n g   c y c l e   of  t he   s t o r a g e   b in   a i r .   A  s e p a r a t e  

v a r i a b l e   s p e e d   b l o w e r   (no t   shown)  is  a s s o c i a t e d   w i t h   e a c h  

of  t h e   c o r n   b i n s   70,  72,  74  and  76  to  a s s i s t   in  t he   s e p -  

a r a t e   c o n t r o l   of  e ach   of  t he   b i n s   by  v a r y i n g   the   v e l o c i t y  

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



c r i b e d .   I t   w i l l   be  r e c o g n i z e d   t h a t   t h e   u t i l i z a t i o n   o f  

g l y c o l   f i l l e d   l i n e s   88,  90,  92  and  94  a l l o w   one   c o n t r o l  

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

d r i v e   e a c h   p a i r   of  h e a t   e x c h a n g e r   c o i l s   w i t h o u t   t he   n e e d  

f o r   i n d i v i d u a l   c o n t r o l   means   or  a  number   of  i n d i v i d u a l  

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

i s i t i o n   and  o p e r a t i o n   of  a p p a r a t u s   in  a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n .  

P r e f e r a b l y ,   t h e   or  e a c h   c o r n   b i n   i s   of  c y l i n d r i c a l  

c o n f i g u r a t i o n   h a v i n g   a  h e i g h t   to  w i d t h   r a t i o   of  g r e a t e r  

t h a n   or  e q u a l   to  1 : 1 .   I t   w i l l   be  r e c o g n i z e d   t h a t   o t h e r  

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

c o m m o d i t y   d r y e r   to  v a r i o u s   a r r a y s   of  c o r n   b i n s   or  o t h e r  

t y p e   of  c o m m o d i t y   b i n s   may  be  a c c o m p l i s h e d   by  t h o s e  

s k i l l e d   in  t h e   a r t .   F u r t h e r m o r e ,   a p p a r a t u s ,   in  t he   f o r m  

of  a  c o m m o d i t y   d r y e r ,   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n   m a y  

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

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

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

i n d i v i d u a l   c o m m o d i t y   in  an  a r r a n g e m e n t   of   b i n s   in  w h i c h  

e a c h   b in   may  c o n t a i n   a  d i f f e r e n t   c o m m o d i t y .  

I t   w i l l   of  c o u r s e   be  r e c o g n i z e d   t h a t ,   w h e r e   d i f f e r e n t  

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

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

c o n d i t i o n s   a r e   r e q u i r e d   so  t h a t   t he   c o m m o d i t y   d r y e r   s h o u l d  

be  s e t   up  to   a c c o m m o d a t e   the   o p t i m u m   c o n d i t i o n s   fo r   e a c h  

of  t h e   c o m m o d i t i e s   s t o r e d .  

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

t h e   b i n s   or  by  i n d i v i d u a l l y   a n a l y z i n g   and  t r e a t i n g   a i r  

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

e v a p o r a t o r   and  c o n d e n s e r   h e a t   e x c h a n g e r   c o i l s .   F u r t h e r ,  

i n d i v i d u a l   c o n d i t i o n s   f o r   e ach   s t o r a g e   b i n   may  be  f u r t h e r  

o p t i m i z e d   by  h a v i n g   a  h e a t e r   l o c a t e d   j u s t   p r i o r   to  t h e  

i n t r o d u c t i o n   of  t h e   a i r   f rom  the   c o m m o d i t y   d r y e r   a i r  

r e t u r n   l i n e   i n t o   t h e   p a r t i c u l a r   b in   to  p r o v i d e   h e a t ,   w h e r e  

i t   is   n e c e s s a r y   to  h e a t   t he   a i r   i n t r o d u c e d   to  t he   top   o f  



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

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

G e n e r a l l y   i t   w i l l   be  r e c o g n i z e d   t h a t   t he   c o n t r o l  

means   of  a  c o m m o d i t y   d r y e r   e m b o d y i n g   t h e   i n v e n t i o n   may  b e  

a c h i e v e d   by  u t i l i z i n g   any  c o o l i n g   d e v i c e   t h a t   is   c a p a b l e  

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

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

s t o r a g e   b i n .   The  s a t u r a t i o n   t e m p e r a t u r e   may  be  b e l o w   t h e  

s a t u r a t i o n   t e m p e r a t u r e   of  t h e   w a t e r   due  to  dew  p o i n t  

s u p p r e s s a n t s   t h a t  m a y   s t i l l   be  s o l u b l e   in  t he   m o i s t u r e  

b e i n g   r e m o v e d   f rom  t h e   s t o r e d   c o m m o d i t y .  

In  a  s i m i l a r   m a n n e r   i t   w i l l   be  r e c o g n i z e d   t h a t   t h e  

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

c o m p r i s e   any  d e v i c e   t h a t   has   a  c o n t r o l l a b l e   h e a t   s o u r c e  

w h i c h   w i l l   r a i s e   t h e   d e l i q u e s c e n c e   l e v e l   of  t he   a i r   b e i n g  

r e t u r n e d   to  t h e   c o m m o d i t y   d r y e r .   C o m m o n l y ,   t h i s   i s   a  

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

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

of  a b o u t   3 .6   kJ  p e r   w a t t   of  power   u s e d   (2545  BTUs  p e r  

h o r s e - p o w e r   u s e d )   to  p r o d u c e   the   r e f r i g e r a t i o n   n e c e s s a r y  

to  c o o l   t he   c o n d e n s i n g   c o i l .   S i n c e   t h e   r e f r i g e r a n t s   h a v e  

g e n e r a l l y   l o w e r   w a t t s   per   J o u l e   ( h o r s e p o w e r   pe r   BTU) 

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

d r i e r   t h e   c o m m o d i t y   b e c o m e s   t he   l e s s   power   is  r e q u i r e d   t o  

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



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

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

c a u s i n g   t h e   a i r   in  t he   s t o r a g e   b in   to  c i r c u l a t e   in  t he   b i n  

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

f r o m   one  end  of  t he   s t o r a g e   b i n ;   u s i n g   c o n t r o l   means   t o  

a d j u s t   t h e   m o i s t u r e   c o n t e n t   of  t h e   w i t h d r a w n   a i r   to  a n  

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

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

s u c c e s s i v e   f i r s t   and  s e c o n d   h e a t   e x c h a n g e r s   o p e r a t e d   b y  

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

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

2.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   t h e   m o i s t u r e  

c o n t e n t   of  the   w i t h d r a w n   a i r   is   a d j u s t e d   by  r e d u c i n g   t h e  

t e m p e r a t u r e   of  t h e   w i t h d r a w n   a i r   as  t h e   a i r   is   w i t h d r a w n  

f rom  t he   s t o r a g e   b i n   and  r e h e a t i n g   t h e   w i t h d r a w n   a i r   t o  

a p p r o x i m a t e l y   t he   t e m p e r a t u r e   of  s a i d   a i r   when  w i t h d r a w n  

f rom  the   s t o r a g e   b i n   p r i o r   to  r e t u r n i n g   t he   w i t h d r a w n   a i r  

to  t h e   o t h e r   end  of  t h e   s t o r a g e   b i n .  

3.  A  m e t h o d   a c c o r d i n g   to  C l a i m   2,  and  f u r t h e r   c o m p r i s i n g  

h e a t i n g   t h e   w i t h d r a w n   a i r   to   a  t e m p e r a t u r e   h i g h e r   t h a n  

t h a t   of  t h e   w i t h d r a w n   a i r   when  r e m o v e d   f rom  t h e   s t o r a g e  
b i n   p r i o r   to  r e t u r n i n g   t h e   w i t h d r a w n   a i r   to  t h e   s t o r a g e  
b i n .  

4.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1,  2  or  3  and  f u r t h e r  

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

b i n   when  t he   a m b i e n t   a i r   has   a  t e m p e r a t u r e   and  a  m o i s t u r e  

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

t h e   s t o r a g e   of  t h e   c o m m o d i t y .  



5.  A  m e t h o d   a c c o r d i n g   to  C l a i m   1,  w h e r e i n   t he   m o i s t u r e  

c o n t e n t   of  t he   w i t h d r a w n   a i r   is   a d j u s t e d   by  m o i s t e n i n g   t h e  

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

of  t he   s t o r a g e   b i n .  

6.  A  m e t h o d   a c c o r d i n g   to  a n y  o n e   of  c l a i m s   1  to  5,  a n d  

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

w i t h d r a w n   a i r   p r i o r   to  r e t u r n i n g   s a i d   a i r   to  t he   s t o r a g e  

b i n .  

7.  A p p a r a t u s   f o r   a d j u s t i n g   t h e   m o i s t u r e   c o n t e n t   of  a  

s t o r e d   c o m m o d i t y   r e t a i n e d   in  a  s t o r a g e   b i n   c o m p r i s i n g :  

means   fo r   w i t h d r a w i n g   a i r   f rom  one  end  of  t he   s t o r a g e   b i n  

and  r e t u r n i n g   t he   w i t h d r a w n   a i r   to  t h e   o t h e r   end  of  t h e  

s t o r a g e   b i n ;   a  f i r s t   h e a t   e x c h a n g e r   p o s i t i o n e d   fo r   h e a t  

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

r e m o v a l   f rom  t he   one  end  of  t h e   s t o r a g e   b i n ;   a  s e c o n d   h e a t  

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

w i t h   t he   w i t h d r a w n   a i r   to  t he   o t h e r   end  of  the   s t o r a g e  

b i n ;   and  c o n t r o l   means   f o r   o p e r a t i n g   t h e   f i r s t   and  s e c o n d  

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

w i t h d r a w n   a i r   to  an  o p t i m u m   v a l u e   fo r   s t o r a g e   of  t h e  

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

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

8.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   7,  w h e r e i n   the   f i r s t   a n d  

s e c o n d   h e a t   e x c h a n g e r s   a r e   p r o v i d e d   in  a  h e a t   pump  c i r c u i t  

c o m p r i s i n g   a  c o m p r e s s o r ,   e v a p o r a t o r ,   c o n d e n s e r   and  c o n -  

t a i n i n g   h e a t   t r a n s f e r r i n g   f l u i d ,   t he   f i r s t   h e a t   e x c h a n g e r  

b e i n g   o p e r a t i v e l y   c o n n e c t e d   t o t h e   e v a p o r a t o r   and  t h e  

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

c o n d e n s e r .  

9.  A p p a r a t u s   a c c o r d i n g   to  C l a i m   7  or  8,  w h e r e i n   t h e  

means   for   w i t h d r a w i n g   a i r   f rom  one  end  of  t he   s t o r a g e   b i n  

and  r e t u r n i n g   the   w i t h d r a w n   a i r   to  t he   o t h e r   end  of  t h e  

s t o r a g e   b in   c o m p r i s e s   a  v a r i a b l e   s p e e d   b l o w e r   c a p a b l e   o f  



d i s p l a c i n g   f rom  a p p r o x i m a t e l y   5 .7   to  2 8 . 3   c u b i c   m e t r e s   o f  

a i r   p e r   m i n u t e .  

10.   A p p a r a t u s   a c c o r d i n g   to  c l a i m   8  or  9,  w h e r e i n   t h e  

e v a p o r a t o r   of  t h e   h e a t   pump  c i r c u i t   i s   c o n n e c t e d   to  a  

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

t h e   h e a t   pump  c i r c u i t   is   c o n n e c t e d   to  a  p l u r a l i t y   of  f i r s t  

h e a t   e x c h a n g e r s   and  the   c o n d e n s e r   of  t h e   h e a t   pump  c i r c u i t  

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

e a c h   p a i r   of  f i r s t   and  s e c o n d   h e a t   e x c h a n g e r s   b e i n g   a s s -  

o c i a t e d   w i t h   a  s t o r a g e   b i n .  
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