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In Po land  o r g a n i z e d  r e s e a r c h  into the  d r y i n g  of 
a g r i c u l t u r a l  p roduc t s  began  with the  e s t a b l i s h m e n t  of the  
Dry ing  L a b o r a t o r y  of the  Ins t i t u t e  of Mechan iza t ion  
and E l e c t r i f i c a t i o n  of A g r i c u l t u r e  in W a r s a w  in 1954. 
In subsequen t  y e a r s  s i m i l a r  p r o b l e m s  began  to be 
s tud ied  at  the  Ins t i tu te  of P l an t  B r e e d i n g  and A c c l i -  
m a t i z a t i o n ,  the  Ins t i tu te  of A g r i c u l t u r a l  M a c h i n e r y ,  
r e n a m e d  the I n d u s t r i a l  In s t i t u t e  of A g r i c u l t u r a l  M a -  
ch ine ry ,  and the Gra in  Ins t i tu te ,  r e n a m e d  the Ce n t r a l  
L a b o r a t o r y  for  the  Technology,  P r o c e s s i n g  and S t o r -  
age of Gra in .  In 1957 the Ins t i tu te  of Mechan iza t ion  
and E l e c t r i f i c a t i o n  of A g r i c u l t u r e  s e t  up an A g r i c u l -  
t u r a l  P r o d u c t s  D r y i n g  Div i s ion  with  two l a b o r a t o r i e s .  
It now has  four .  

L e c t u r e s  on a g r i c u l t u r a l  p roduc t  d r y i n g  technology  
have been  given at  the  W a r s a w  Po ly t echn i c  Ins t i tu te  
s ince  1958. The c o u r s e  i s  f o l l o w e d b y  about  20 s tuden ts  
each  y e a r ,  t h r e e  o r  four  of whom go on to obta in  d i -  
p l o m a s  in the  Subject .  The s t a n d a r d  t ex tbook  is  " D r y -  
ing of A g r i c u l t u r a l  P r o d u c t s "  [1]. 

Subjec ts  for  r e s e a r c h  inc lude  d r y i n g  p r o c e s s e s  
and d r y i n g  technology  and e c o n o m i c s ,  e s p e c i a l l y  in 
r e l a t i o n  to g ra in ,  s eed  m a t e r i a l  and feed  c r o p s .  The 
s tud ies  of d r y i n g  p r o c e s s e s  a r e  b a s e d  on the w o r k  of 
P r o f e s s o r  A. V. Luikov and his  f o l l o w e r s .  They 
involve  an i nves t i ga t i on  of the ef fec t  of the  t h e r m o -  
p h y s i c a l  p r o p e r t i e s  of the p r o d u c t s  and the condi t ions  
and me thods  of d ry ing  and a r e  a s  f a r  as  p o s s i b l e  

m a t h e m a t i c a l .  
The ob jec t  of th i s  r e s e a r c h  is  to deve lop  new and 

i m p r o v e  old d ry ing  me thods  and a p p a r a t u s .  It i nvo lves  
a combina t ion  of t e c h n i c a l  and b io log i ca l  s c i e n c e s .  

Convec t ive  d r y i n g  s tud ies  a im chief ly  at  d e t e r -  
min ing  the b a s i c  equat ions  of the  t heo ry  of hea t  and 
m a s s  t r a n s f e r  in the d ry ing  p r o c e s s .  Af te r  p r e l i m i -  
n a r y  t e s t s  [2], the ef fec t  of d r y i n g  agent  ve loc i ty  on 
the d ry ing  p r o c e s s  of a thin l a y e r  of co rn  e a r s  [3] 
and the ef fec t  of the p s y c h r o m e t r i c  d i f f e r ence  on 
l uc e rne  [4] w e r e  i nves t i ga t ed .  T e m p e r a t u r e  d i s t r i -  
but ion and m o i s t u r e  m o v e m e n t  du r ing  convec t ive  d r y -  
ing w e r e  s tud ied  on e a r s  of corn  [5]. The effect  of 
the pos i t i on  of the g r a i n  on the cob has  a l so  been  i n -  
v e s t i g a t e d  [ 6]. 

These  e x p e r i m e n t s  w e r e  e s s e n t i a l l y  e x p l o r a t o r y .  
The next  s t ep  was to t e s t  the  a p p l i c a b i l i t y  of the  e q u a -  
t ions  of the  t h e o r y  of hea t  and m a s s  t r a n s f e r  to the 
d ry ing  of i n d i v i d u a l  e l e m e n t s  ( g r a i n s ,  r o o t s ,  e tc .  ). 

The effect  of t e m p e r a t u r e  on the d r y i n g  coe f f i c i en t  
of corn ,  whea t  and r i c e  g r a i n s  was  i n v e s t i g a t e d  in 
[7]. It was  e x p r e s s e d  in the  f o r m  of an exponent ia l  
t e m p e r a t u r e  funct ion.  The effect  of d ry ing  agent  v e l o c -  
i ty dur ing  the s econd  s t age  was s tud ied  in r e l a t i o n  
to the whea t  g ra in .  Changes  in a i r  flow r a t e  had only 

a s l igh t  ef fec t ,  and tha t  only at  the  beg inn ing  of d ry ing ,  
on the va lue  of the  d r y i n g  index [8]. T e m p e r a t u r e  
changes  w e r e  i n v e s t i g a t e d  du r ing  the d r y i n g  of co rn  
g r a i n s .  An equat ion  was  ob ta ined  fo r  g r a i n  t e m p e r a -  
t u r e  a s  a funct ion  of a i r  f low r a t e  and d r y i n g  r a t e  [9]. 
This  has  m a d e  i t  p o s s i b l e  to d raw conc lus ions  con -  
c e r n i n g  the  condi t ions  u n d e r  which i t  is  p o s s i b l e  to 
u s e  a s i m p l i f i e d  m o i s t u r e  conduct ion  equat ion (with 
an a c c u r a c y  su f f i c ien t  fo r  p r a c t i c a l  p u r p o s e s  given 
a cons tan t  va lue  of the  i n t e r n a l  m o i s t u r e  d i f fus ion 
coef f i c ien t  of the  d r y i n g  m a t e r i a l ) .  

An i n t e r e s t i n g  ques t ion  i s  the  p o s s i b i l i t y  of us ing  
s i m p l i f i e d  equat ions  of hea t  and m a s s  t r a n s f e r .  In 
o r d e r  to u s e  ana ly t i c  so lu t ions  of the  equat ions  of 
the  t h e o r y  of hea t  and m a s s  t r a n s f e r  i t  is  n e c e s s a r y  
to d e t e r m i n e :  

a) the  d e g r e e  to  which the d i f f e r en t  shapes  of a g r i -  
cu l t u r a l  p r o d u c t s  can be  r e p l a c e d  by shapes  such as  
a s p h e r e ,  f in i te  and inf in i te  c y l i n d e r s ,  e tc .  fo r  which  
an ana ly t i c  so lu t ion  of the  d i f fus ion  equat ions  with 
bounda ry  condi t ions  c o r r e s p o n d i n g  to a g r i c u l t u r a l  r e -  
q u i r e m e n t s  ex i s t s  ; 

b) the  extent  to which  the  inhomogeneous  s t r u c t u r e  
of a g r i c u l t u r a l  p roduc t s  a f fec ts  the  a c c u r a c y  of r e s u l t s  
ob ta ined  us ing  equat ions  va l id  fo r  homogeneous  bod ies ;  

c) va lue s  of the  b a s i c  t h e r m o p h y s i c a l  p r o p e r t i e s  of 
v a r i o u s  p r o d u c t s  (e.  g . ,  i n t e r n a l  m o i s t u r e  d i f fus ion  
coef f ic ien t ,  m o i s t u r e  t r a n s p o r t  po ten t i a l ,  e t c . )  as  
funct ions  of the  t e m p e r a t u r e  and m o i s t u r e  content  of 
the  m a t e r i a l ;  

d) the extent  to which t h e s e  coef f i c ien t s  v a r y  du r ing  
the d r y i n g  p r o c e s s  and when they can be  t r e a t e d  as  
cons tan t s  independent  of the  t e m p e r a t u r e  and m o i s t u r e  
content  of the  m a t e r i a l .  

This  is  the  t h e m e  of r e f e r e n c e  [10] whose  a im  was  
to d e t e r m i n e  the ex ten t  to  which a s i m p l i f i e d  ana ly t i c  
so lu t ion  of the d i f fus ion  equat ion i s  su i t ab l e  as  the 
d r y i n g  equat ion fo r  co rn  g r a i n s  ( a s s u m e d  to be p a r a l -  
l e l ep ipeds )  or  the  extent  to which the d i f fus ion equat ion 
fo r  an inf in i te  c y l i n d e r  can r e p r e s e n t  the d ry ing  equa -  
t ion fo r  r h u b a r b  [11]. In [12] the  concept  of a thin 
l a y e r  i s  examined .  A thin l a y e r  i s  a m o n o g r a n u l a r  
l a y e r  of g r a i n  o r  a l a y e r  to which i t  is  p o s s i b l e  to 
apply  the  equat ions  of convec t ive  d r y i n g  of ind iv idua l  
g r a i n s  at  r e s t  in an a i r  f low. The author  g ives  a 
method  of c a l cu l a t i ng  the  d r y i n g  curve  and the  d ry ing  
t i m e  and r a t e  a s  a funct ion of the  in i t i a l  and f inal  m o i s -  
t u r e  content  of the d r i e d  m a t e r i a l ,  g r a i n  s i ze ,  g r a i n  
shape ,  and the t e m p e r a t u r e ,  r e l a t i v e  humid i ty  and 
v e l o c i t y  of the  d r y i n g  agent .  The r e s u l t s  of n u m e r o u s  
e x p e r i m e n t s  c on f i rm  the c o r r e c t n e s s  of th i s  concept  
and hence  the  d e s i r a b i l i t y  of f u r t h e r  s tudy in th is  d i -  
r e c t i o n .  
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Convective drying has been studied in thick station- 
ary layers  [4, 6] and in a layer of corn ears  moving in 
a eounterflow [13]. 

Grain drying in a fluidized bed has been invest i-  
gated chiefly with the object of obtaining paramete r s  
for designing dryers  [14-16] and determining the 
effect of drying conditions in the bed (relatively high 
tempera ture  and much greater  drying rate) on the 
quality of the dried grain [17, 18]. 

The drying of feed in drum dryers  has been investi-  
gated in order  to determine the pa ramete r s  controlling 
drying conditions, economics,  and quality [19-21]. 

Infrared drying has been studied to determine its 
suitability for drying vegetable seed [22,23]. 

In Poland various air heaters  and air-heat ing 
systems have been tested [24, 25] to determine their 
efficiency and reliability. 

The thermophysical properties of agricultural pro- 
ducts significant in relation to the application of theo- 

retical drying equations are now receiving much atten- 

tion. In particular, the determination of the specific 

heat of dried products as a function of moisture con- 
tent is being investigated [26]. It should be noted that 

the recommended linear formulas are invalid for a 
broader range of moisture contents. The effect of the 

moisture content of various seeds on their specific 
weight, size and viability is also being investigated 
as a function of temperature  and heating time during 
the drying process  [27, 28]. The thermal  conductivity 
of a layer of granular agricultural  products is likewise 
being studied [29]. Finally, the working conditions of 
dryer  operators  are being investigated f rom the stand- 
point of safety and health [30]. 
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