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The paper formulates and solves the problems of heat and mass 
transfer in a compact layer of disperse material for the case of a 
drying agent supplied ttlrough the material with constant and fluctu- 
ating schedules of convective drying. 

The genera l  theory of energy  and mass  t r a n s f e r  as 
applied to the dry ing  p rocess  has been co r r e l a t ed  and 
developed by Luikov. However,  individual  p rob lems  
connected with the dry ing  of specif ic  ma t e r i a l s  r equ i re  
fur ther  r e s ea r ch .  

Thus,  for ins tance,  the p rocess  of d ry ing  pas te -  
like m a t e r i a l s  such as po lymers ,  baking or  nu t r i en t  
yeast ,  dyes, e t c . ,  which as a ru le  a re  reduced to the 
form of g ra ins  or g ranu les  before drying,  is com-  
pl icated by the higher  in i t ia l  mo i s tu re  content ,  con-  
s ide rab le  shr inkage in drying,  a tendency to s t icking 
together  and aggregat ion at the beginning  of drying,  
cons iderab le  nonuni formi ty  of the f rac t iona l  compo-  
s i t ion  of par t i c les ,  and r e l a t ive ly  low p e r m i s s i b l e  
heat ing t e m p e r a t u r e  for the ma te r i a l .  Thus, the pro-  
cess  r e q u i r e s  an individual  approach to each specif ic  
ma t e r i a l .  

In this connect ion a number  of diff icul t ies  a r i s e  in 
ca lcu la t ing  the dry ing  kinet ics  of a given c lass  of 
m a t e r i a l s .  In genera l  p rac t ice  (for ins tance ,  with 
conveyer  d r i e r s  of the PKS type), the ad jus tmen t  of 
the p rocess  is made at the expense of the d r i e r ' s  out-  
put. This  in tu rn  adve r se ly  affects the genera l  tech-  
nological  opera t ion  of product ion.  

In o r d e r  to regula te  the p roces s  of drying,  not at 
the expense of the output of a dry ing  ins ta l la t ion  but 
by changing the p a r a m e t e r s  of the dry ing  agent, i . e . ,  
in o rde r  to automate  the p rocess ,  it is n e c e s s a r y  not 
only to e s t ima te  the dura t ion  of the p rocess ,  but also 
to know the k inet ics  of the t e m p e r a t u r e  and mo i s tu r e  
condi t ions  of the ma t e r i a l .  

S ta tement  of the p rob lem.  Let the dry ing  be pe r -  
formed on a cont inuous mul t i s tage  belt  d r i e r  with the 
m a t e r i a l  mixed at points of t r a n s f e r  f rom belt  to belt.  
When we cons ide r  the p rocess  as being made up of 
individual  s tages  (roughly, let  us cons ider  that each 
stage co r r e sponds  to the t ime the m a t e r i a l  r e m a i n s  
on one belt), then in each stage or segment  there takes 
place a s t eady- s t a t e  heat exchange with a 90 ~ c ros s  
movement  of two heat c a r r i e r s - - t h e  a i r  and the 
ma te r i a l - -w i th  a negat ive in te rna l  source  of heat  in 

the la t te r .  
As s ta ted in [2], the p rocess  of s t eady- s t a t e  heat  

exchange in the given case will  be s i m i l a r  to an un-  
s t eady- s t a t e  heat exchange in a s t a t ionary  compact  

l ayer  of d i spe r se  ma te r i a l ,  and the p rob lem of heat 

exchange in the s t a t iona ry  layer  unde r  specif ic  con-  
di t ions may be reduced to the p rob lem of heat  exchange 
in a r egene ra t ive  hea t - exchange r  appara tus  with the 
use  of appropr ia te  d i f ferent ia l  equat ions .  

At the beginning of an individual  s e gme n t  the ma te -  
r i a l  has a l ayer  height hi, the t e m p e r a t u r e  of which 
at the moment  of t ime r = 0 is equal to | Ai r  begins  
to flow through the layer  at a t e m p e r a t u r e  t i. At the 
same  t ime within the l ayer  there  appears  a negat ive  
in te rna l  source  of heat of in tens i ty  q. The physica l  
cons tants  of both heat  c a r r i e r s  a re  known, and we 
have to find the t e m p e r a t u r e  field as a function of t ime 
and the coord ina tes .  

To solve the given p rob lem it is n e c e s s a r y  to 
ma in ta in  the following e s se n t i a l  condit ions:  

1. A sma l l  t e m p e r a t u r e  g rad ien t  inside the indiv id-  
ual  pa r t i c l e s .  If Bi << 1, it may be d i s r e ga r ded  in 
prac t ice .  (For  ins tance ,  for the case of d ry ing  yeas t  
g ra ins  with an ini t ia l  d i ame te r  of 2 ram, Bi ~ 0.1). 

2. The quanti ty of heat  t r a n s m i t t e d  f rom par t i c l e  
to par t ic le  in the d i rec t ion  of the a i r  flow is negl igibly 
smal l  in c o m p a r i s o n  with the quant i ty  of heat  exchanged 
between the pa r t i c l e s  of the m a t e r i a l  and the a i r  pas -  
s ing through it, i . e . ,  

- -  X m @  ~ a (t - -  Os). 
uy 

Then we can wri te  the following set  of d i f fe ren t ia l  
equat ions of par t ia l  de r iva t ives  [2]: 

f = | --t- Cm 00  q , (1) 
ao O x aOym 

W Ot Wah Ot 
0 = t + - -  ~ (2) 

a b 0"~ a F c)y 

The second t e r m  of Eq. (2), as we see from a 
subs t i tu t ion  of n u m e r i c a l  va lues  for the wors t  case  
which can occur  in prac t ice ,  cons t i tu tes  approx imate ly  
0.05% in re la t ion  to the third t e r m  and we can d i s -  

r e g a r d  it. 
Let us  des ignate  

e = q laoym,  A = a F/Wah, B = a(~/Cm. 

Then a se t  of equat ions may be wr i t t en  in the following 

form: 

l 0 0  (3)  
t = O  ' e, 

B & 
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1 Ot 
o = t + - -  (4) 

A Oy 

In o r d e r  to solve the given set  of equations, it  is 
n e c e s s a r y  to ass ign  a re la t ionship  to the negative 
in ternal  source  of heat  or ,  more  p rec i se ly ,  to the 
complex e = q/a~7m" 

In the genera l  case  q is a function of the layer  
height and t ime.  The form of this functional re la t ion-  
ship is unknown. F rom the theory of drying it follows 
that the intensi ty of evaporat ion of mois ture  from a 
m a t e r i a l  is proport ional  to the pa r t i a l  p r e s s u r e  dif- 
ference between the ambient  vapor  and the evaporat ion 
zone. On the bas i s  of the physical  meaning of the 
proces  s, We can show that q is mainly dependent on 
the t empera tu re  of the medium and mate r ia l ,  the 
dependence of which on T and y is accounted for in the 
sys tem of equations.  

It is noted in [3] that during the f i r s t  drying per iod 
the ra te  of drying depends a lmost  ent i re ly  on the 
product  a F ( t  a - ts)  with ts = twb. Consequently, we can 
assume that dur ing the f i r s t  per iod of drying, the 
value of q is proport ional  to the difference between 
the d ry -  and wet-bulb t empera tu re s  in a i r .  

The second per iod of drying is more  complicated.  
Luikov recommends  cal l ing it a per iod of r i s ing  tem-  
pera ture  of the ma te r i a l  and fall ing ra te  of drying [1]. 
In dry ing  d i spe r se  ma te r i a l  in a l aye r  with a drying 
agent blown through the layer ,  the problem is fur ther  
complicated by the fact that it  is difficult  to de termine  
p rec i se ly  where and when the f i r s t  per iod t e rmina tes  
and the second per iod begins,  since the lower s t r a t a  
dry f a s t e r  than the upper  s t ra ta .  

An approximate  answer to this question is obtained 
by per iodic  sampling of the m a t e r i a l  for mois ture  at 
dif ferent  depths of the layer .  For  example,  in drying 
yeas t  the exper imenta l  data show that within the s t r a -  
tum next to the sc reen  the f i r s t  per iod las t s  approxi -  
mate ly  5 min,  while in the upper  s t ra tum (with per iodic  
mixing of the mater ia l )  the per iod (depending on the 
drying conditions) is s eve ra l  t imes  longer.  Therefore ,  
it  is  of specia l  in te res t  to choose a single law of 
change of q for both drying per iods .  

It is known that the per iod of constant drying ra te  
comes to an end at the moment when the surface 
mois ture  becomes equal to the hygroscopic  mois tu re .  
This leads to the deepening of the evaporat ion zone 
within the mate r i a l ,  while the surface  t empera tu re  
r i s e s  above twb and approaches the ambient  t e m p e r a -  
ture,  i . e . ,  t. It follows that the vapor  leaves the 
surface of the ma te r i a l ,  and passes  into the a tmos-  
phere at  the surface t empera tu re .  

Thus, the drying ra te  d e c r e a s e s  when the surface 
t empera tu re  r i s e s ,  and drops to zero when the su r -  
face t empera tu re  becomes equal to the ambient t em-  
pera tu re .  In connection with this phenomenon, K r i s c h e r  
[4] recommends  the construct ion of d ry ing - r a t e  curves  
based on g raph ica l -ana ly t i ca l  calculat ions of the ap- 
parent  ra te  of drying propor t iona l  to (t L - tE),  where 
t L is the ambient  t empera tu re  and t E is the t empera -  
ture in the evaporat ion zone at the end of the period.  

In the drying of thermolabi le  ma te r i a l s ,  to p r e s e r v e  
the quality of the product,  the p rocess  takes place at 
compara t ive ly  low t empera tu re s  (c r i t e r ion  Bi, as 
shown above, is smal l ) .  Taking this into account, we 
can assume the evaporat ion intensity of the p rocess  
as a whole to be proport ional  to the difference be-  
tween the ambient t empera tu re  and the t empera tu re  
of the ma te r i a l .  However, this will  hold fully only 
for  the case when the ma te r i a l  is de l ivered  to the 
d r i e r  at the wet-bulb t empera tu re .  In prac t ice ,  the 
ini t ial  t empera tu re  of the ma te r i a l  fed | differs  from 

twb. 
Thus, for example,  if | < twb, then f rom the ac-  

cepted re la t ionship  q = q0 (t - 0 )  it  wil l  follow that, 
at the beginning of the p rocess ,  the source q at | 
must  be g r e a t e r  than at twb, and this does not co r -  
respond to fact. Never theless ,  if one accepts  the 
exper imenta l  data showing that the whole l ayer  (of 
optimum height) of the ma te r i a l  a s sumes  the wet-  
bulb t empera tu re  during the f i r s t  2 -3  min, it  may 
r ight ly be assumed that, af ter  an init ial  t ime lapse of 
5 min, the accepted re la t ionship  must  cor respond to 
the actual nature of the process ;  that is, with a r i s e  
in | within the lower s t ra ta ,  when these s t r a t a  pass  into 
the second drying period,  the difference t - | de-  
c r e a s e s  and produces a diminution of the source .  In 
the l imit ing case  this difference becomes zero,  i . e . ,  
the ma te r i a l  reaches  a mois ture  equi l ibr ium and 
evaporat ion ceases .  On the other hand, the source 
will  be at its maximum at the beginning of the p ro-  
cess  (after 3-5  min) when the difference is at a 
maximum. 

Thus, if we accept  the re la t ionship  

= e0 (t - -  O) (5) 

and de termine  exper imenta l ly  e 0 for each individual 
sect ion (of the d r i e r  belt), then, substi tut ing these 
values in the express ion  for the t empera tu re  of the 
m a t e r i a l  obtained from the solution of the set of 
different ia l  equations and comparing the r e su l t  with 
the exper imenta l  data, it  wil l  be possible  to judge how 
valid the accepted law is.  

By its physical  meaning the d imensionless  com- 
plex e0 = q0/a~Tm cha rac t e r i ze s  the in te r re la t ionsh ip  
between the external  and internal  t r ans fe r  of mois ture ,  
account being taken of the shrinkage of the ma te r i a l .  

The coefficient of heat  t r ans fe r  ~ which enters  into 
this complex, as shown in [5], has somewhat higher 
values than in the case of "pure" heat exchange due to 
the effect of mass  exchange on heat exchange. However, 
if we bea r  in mind that when the mois ture  content of 
the ma te r i a l  is higher,  there  is g r e a t e r  st icking to- 
gether  and aggregation of par t i c les ,  which leads to a 
s m a l l e r  surface of the ma te r i a l  being exposed to heat 
exchange (2), and that humidification of the a i r  as i t  
passes  through the layer  of mois t  ma te r i a l  br ings the 
values of a c lose r  to the values of Npure~ heat ex-  
change (5), we may assume that the effect of the 
coefficient ~ will  be insignificant,  since one phenom- 
enon is super imposed upon the other .  
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With an i n c r e a s e  in a i r  ve loc i ty ,  a i n c r e a s e s .  
However ,  at the s ame  t ime  e v a p o r a t i o n  is  in tens i f ied ,  
being a c c o m p a n i e d  by an i n c r e a s e  in the spec i f i c  
s u r f a c e  ~ and a d e c r e a s e  in the spec i f i c  weight  of  the 
m a t e r i a l  Ym" Apparen t ly ,  in the fu ture  i t  wi l l  be 
p o s s i b l e  to ob ta in  for  c e r t a i n  spec i f i c  m a t e r i a l s  an 
e m p i r i c a l  r e l a t i o n s h i p  for  d e t e r m i n i n g  e0, depending 
on the schedule  p a r a m e t e r s  and the in i t ia l  m o i s t u r e  
of the m a t e r i a l  for  the indiv idual  s t age s .  

The coef f i c ien t s  A and B, which account  fo r  the 
ef fec t  of e x t e r n a l  hea t  exchange  and m a t e r i a l  sh r inkage  
on the k ine t i c s  of heat ing,  a r e  g e n e r a l l y  funct ions of  
the height  of the l a y e r  and the t ime .  The so lu t ion  of a 
g iven  p r o b l e m  with coef f i c ien t s  having t w o - p a r a m e t e r  
v a r i a b l e s  wi l l  have a v e r y  complex  fo rm and would be 
d i f f icul t  to apply.  In any case ,  we would have to e x -  
p r e s s  these  coef f i c ien t s  through ~- and y by us ing  the 
e m p i r i c a l  r e l a t i o n s h i p s  obta ined  by e x p e r i m e n t .  

Spec ia l  t e s t s  to inves t iga te  the sh r inkage  of m a t e -  
r i a l s  of the c l a s s  under  c o n s i d e r a t i o n  showed that  
(by b reak ing  up the p r o c e s s  into 5 - 6  s tages)  i t  is  
p o s s i b l e  to a s s u m e  with suf f ic ient  p r e c i s i o n  for  the 
ind iv idua l  s t ages  that  the coef f ic ien t s  A and B a r e  
cons tan t  and equal  to the mean  ef fec t ive  va lues .  

Solut ion of the p r o b l e m .  1. The ca se  of a i r  en ter~  
ing at  a cons tan t  t e m p e r a t u r e .  By subs t i tu t ing  (3) in 
(4), account  being taken of (5), we obta in  

02@ ] A 0 0  + B ( l + e o )  0 0  = 0 .  (6) 
ago �9 aT ay 

F o r  a m o r e  rough eva lua t ion  ( i n c r e a s i n g  the e r r o r  
to 10~), we may  l imi t  o u r s e l v e s  to the f i r s t  t e r m  
alone,  i . e . ,  we a s s u m e  I0(2VAb~)=l .  Then 

O-.~Oi + ( l i - -  Oi)exp(--Ay)[1 - - e x p ( - - b x ) ] ,  (9) 

t ~ ,Oi  + ( t i  - -  Oi) exp ( - -  Ay). (10) 

2. The case  involving f luctuat ion.  At the p r e s e n t  
t ime  e v e r - i n c r e a s i n g u s e  is  being made  of a f luc tuat ing  
schedule  in d ry ing  t h e r m o l a b i l e  m a t e r i a l s ,  as  th is  
method makes  i t  p o s s i b l e  to obta in  a d r i e d  p roduc t  of 
h igher  qual i ty .  The p r o b l e m  c o n s i d e r e d  above may  
a lso  be so lved  for  the c a s e  of d ry ing  on a f luc tuat ing  
schedule .  

Let  the a i r  be d e l i v e r e d  under  the d r i e r  s c r e e n  
(belt) a t  a f luctuat ing t e m p e r a t u r e ,  v a r y i n g  f rom 
tma  x (heating) to tmi  n (cooling) with a f requency  w = 
= 2~r/T, whe re  T is the p e r i o d  of f luctuat ion.  Then, 
if  we des igna te  the ampl i tude  by k = ( tmax - t m i n ) / 2  
and a s s u m e  that,  b e c a use  of the i n e r t i a  of the s y s t e m ,  
the t e m p e r a t u r e  changes  do not p r o c e e d  in j u m p s  but  
follow the s inuso ida l  law, the boundary  condi t ion  (6a) 
for  Eq. (6) wi l l  take the fol lowing form: 

/lv=o = tar + ksincox, 

where  

tav= (tmax + tmln)/2, 

and the so lu t ion  wil l  be 

Let  us  des igna te  

B(1 + c o ) = b .  

The hype rbo l i c  equat ion of the second  o r d e r  thus ob-  
ta ined  is so lved  by the L a p l a c e - C a r s o n  method of 
i n t e g r a l  t r a n s f o r m a t i o n s  for  the fol lowing boundary  
condi t ions :  

01~=o = Oi, t ]u=o --- ti. (6a) 

The so lu t ion  has  the fo rm 

0 = Oi +(t i - -Oi )bexp( - -Ay) •  
(7) 

• i' exp ( - -b r ) l o  (2 t Abyx)d~. 

By subs t i tu t ing  (7) in (3), we obta in  the fo rmu la  for  
d e t e r m i n i n g  the a i r  t e m p e r a t u r e :  

t - -  Oi -~- ( t i - -Oi)exp(--  Ay)Iexp(--bx)lo(2 ~" AbyT ) + 

(8) 
+ b ( exp (- -  b ~) Io (2 ]/")t@T) d x. 

0 

The in t eg ra l  p r e s e n t  in f o r m u l a s  (7) and (8) may  be 
ca l cu l a t ed  e i t h e r  g r a p h i c a l l y  o r  a n a l y t i c a l l y  by a 
s e r i e s  expans ion  of the B e s s e l  function.  Af t e r  i n t e g r a -  
t ion we obta in  he re  a r ap id ly  d imin i sh ing  s e r i e s .  Also ,  
by l imi t ing  n u m b e r s  to the f i r s t  t h r e e  t e r m s ,  the e r r o r  
wi l l  not amount  to m o r e  than 1%. 

O = O i + b e x p ( - - A g )  �9 

�9 [ ( t av- -Oi ) . i exp( - -b '0 I~  + 
0 

(11) 

- - k . f  s i n o ( ~ - ~ )  e x p ( - - b ~ ) I o ( 2 V r ~ d ~  , 
0 

t -  oi + (tar- oi)exp ( -  A  ){[exp (- b e/Io (2 (Ab:j 

+ b  Iexp(--b~)Io(2l-Aby-Od-r + k ; s inco(~- -~ )X 
o u6 

"/'< exp(--b~)Io(Zl/X6y~)d~ - (12) 

--r ,t' cos co(T - -  ~)exp(--  b ~) Io(2 k ~ y ~  )d ~ . 
o 

If we l i m i t  o u r s e l v e s  to the f i r s t  t e r m  of the s e r i e s  
expans ion  of the B e s s e l  function, as  we did in the f i r s t  
case ,  then, a f t e r  comple t ing  the in tegra t ion ,  we ob-  

ta in  

O~.~.Oi+exp(--Ag){(tav--Oi)[l  e xp ( - -b r ) ]  + 

(13) 

kb [b sin r -4- r COS~0T --r exp( - -  b-c)]}, 
b2+&_ 

t ~ O i ~'- ex p ( - -  A!/) { (tav-- Oi) + 

k 2 ~ (14) + b2~--~jl(b ~r + 2b~ocosorl I '  
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F r o m  a c o m p a r i s o n  of f o r m u l a s  (9), (10), (13), and 
(14), i t  fol lows that  the c u r r e n t  t e m p e r a t u r e s  of the 
m a t e r i a l  and a i r  wi th in  the l a y e r ,  in the ca se  of d ry ing  
on cons tan t  and f luctuat ing schedu le s  (with t i = t a r ) ,  
d i f fe r  by the p r e s e n c e  of an addi t iona l  t e r m ,  in the 
c a s e  of the f luc tuat ing  schedu le .  This  t e r m  conta ins  
s in  c0r and cos  wr combined  wi th  an exponent  which 
t a k e s  account  of the ef fec t  of the height  of the l a y e r .  
This  points  to the fact  that  a change in t e m p e r a t u r e  
with an i n c r e a s e  in the he ight  of the l a y e r  wi l l  lag in 
phase  a s  c o m p a r e d  with the change in a i r  t e m p e r a t u r e  
at  the in le t .  This  p i c tu re  of t e m p e r a t u r e  r e d i s t r i b u t i o n  
with  r e s p e c t  to the he ight  of the l a y e r ,  which is e x p e r -  
i m e n t a l l y  conf i rmed ,  l eads  to m e r e  un i fo rm d r y i n g  of 
the m a t e r i a l .  

An a n a l y s i s  of f o r m u l a  (11) shows that  the a v e r a g  e 
t e m p e r a t u r e  of the m a t e r i a l  in the ca se  of f luctuat ions  
should be somewha t  lower  than in the ca se  of d ry ing  
without  f luc tuat ions  ' s ince  in f o r m u l a  (13), a s  c o m p a r e d  
with  f o r m u l a  (9), t h e r e  is  an addi t ional  negat ive  t e r m  
which does  not conta in  t r i g o n o m e t r i c  funct ions (b is  
a lways  g r e a t e r  than 0). 

A c o m p a r i s o n  of  the jux taposed  c a s e s  is  a l so  of  
i n t e r e s t w i t h  r e s p e c t  to the in tens i ty  of evapora t ion ,  i .e . ,  
wi th  r e s p e c t  to the magni tude  of the in t e rna l  s o u r c e .  

Without  f luctuat ion 

e=eo(ti--Oi)exp(--Atj--b~). (15) 

With f luctuat ion 

e = e0/(lay-- Oi) e x p ( - - A g - -  bx) + k~exp(--Ay)• 
b ~ + 0) 2 

X[(2b--1) c o s m ~ -  ~o sint0r + exp ( - -b  ~ ) ] } .  (16) 

In f o r m u l a  (16) t h e r e  is  an addi t iona l  t e r m  exp ( - b  T) 
which a lways  has  a pos i t i ve  va lue .  Consequent ly ,  in 
the second  ca se  the p r o c e s s  of evapo ra t i on  wil l  be 
m o r e  rap id ,  s ince  the t r i g o n o m e t r i c  funct ions r e -  
f lec t  the effect  of f luc tuat ions  of the sou rce  r e l a t i v e  
to a c e r t a i n  a v e r a g e  va lue  and do not p roduce  any 
e s s e n t i a l  ef fec t  on the in t ens i f i ca t ion  of the p r o c e s s  
in the s e g m e n t  as  a whole.  

Here  we mus t  e m p h a s i z e  the fact  that  the b a s i c  
i m p o r t a n c e  of f luctuat ion l i e s  not in the in t ens i f i ca t ion  
of  the p r o c e s s ,  s ince  the i n c r e a s e  for  the p r o c e s s  as  
a whole  amounts  only to a p p r o x i m a t e l y  5-10%, but  in 
ob ta in ing  a p roduc t  of  h igher  qua l i ty .  Each spec i f i c  
p roduc t  wi l l  have i ts  own op t imum f luctuat ion  schedule  
b e c a u s e ;  s t r i c t l y  speaking,  the e m p i r i c a l  coef f i c ien t  
a0 wil l  a l s o  depend on the pe r iod  and ampl i tude  of  the 
f luc tua t ions .  

Then i t  is  pos s ib l e ,  a f t e r  the i n t eg ra t ion  of f o r -  
mu la s  (15) and (16)wi th  r e s p e c t  to ~- and y, to obta in  
a r e l a t i o n s h i  p for  d e t e r m i n i n g  the quant i ty  of  e v a p o r -  
a ted  m o i s t u r e ,  which in tu rn  wi l l  p e r m i t  us  to d e t e r -  
m i n e  the d ry ing  t ime  for  the s e l e c t e d  schedu le .  

NOTATION 

c~) heat transfer coefficient; t, | variable temperatures of air and 
material in layer; h) total height Qf layer; y) variable thickness of 
layer; r) drying time; W) water equivalent of air filling the spaces 
between particles of material; Wa) water equivalent of nix passing 
through the laYer; ~) surface area of material; o) specific surface of 
material; q) negative internal heat souxce. Subscripts: a) air; m) mate- 
rial; i) initial value of pararneter; s) surface; av) average value of 
parameter. 

RE FERENCES 

1. A. V. Luikov, Heat  and Mass  T r a n s f e r  in D r y -  
ing P r o c e s s e s  [in Russ ian] ,  Gosene rgo i zda t ,  1956. 

2. G. D. Rabinovich,  Theory  of Heat  Ca lcu la t ions  
for  R e g e n e r a t i v e H e a t - E x c h a n g e  A p p a r a t u s  [in Russ ian] ,  
Izd.  AN BSSR, 1963. 

3. A. S. Ginzburg ,  Dry ing  of Food P r o d u c t s  [in 
Russ ian] ,  P i s h c h e p r o m i z d a t ,  1960. 

4. O. K r i s c h e r ,  The Scient i f ic  Bas i s  of Dry ing  
Techniques  [Russ ian  t r ans l a t ion ] ,  IL, 1961. 

5. B. M. Smol ' sk i i ,  Ex t e rna l  Heat  and Mass  
T r a n s f e r  in the Dry ing  P r o c e s s  [in Russ ian] ,  Izd. 
BGU, 1957. 

15 J a nua ry  1965 

Ins t i tu te  of Heat  and Mass  
T r a n s f e r  AS BSSR, 

Minsk  


