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Resul t s  a r e  shown of an expe r imen ta l  study concerned  with the k ine t ics  of heat ing and drying 
in thin l a y e r s  of w e t - p r e s s e d  food mix.  The equation of the desiccat ion curve  is der ived by 
the two r anges  method,  and an approx imate  t e m p e r a t u r e  curve  is der ived by the method in [6]. 

Much attention has  been recent ly  paid to the desiccat ion of pe l le t ized  m a t e r i a l s ,  e spec ia l ly  of wet -  
p r e s s e d  food mixes  [1-3]. F o r  expediency,  a study of this  p r o c e s s  should begin under  the s imples t  condi-  
t ions in a thin l ayer ,  where  eve ry  pel le t  is well exposed to the s t r e a m  of drying agent  and where  the condi-  
t ions of heat  and m a s s  t r a n s f e r  may  thus be r ega rded  the same  all around i ts  sur face .  

In the next s tep of such a study, one cons ide r s  c l u s t e r s  of pe l le t s  and the effect  of individual pe l le t s  
on one another  during the des iccat ion p r o c e s s .  

In this  study the au thors  used  pe l le t s  of w e t - p r e s s e d  food mix with an init ial  mo i s tu r e  content 25-28% 
and a final mo i s tu r e  content  not above 14.5% (according to [4]). The pe l le t s  were  cyl indr ica l  in shape (4.5- 
5.0 m m  in d i a m e t e r  and 15-18 m m  long). The food mix had been p r e p a r e d  according  to the r ec ipes  in [5]. 

The des iccat ion p r o c e s s  was studied at va r ious  ve loc i t i e s  of the heat c a r r i e r  V (2.3, 3.3, and 4.3 m 
/ sec) ,  r e f e r r e d  to the f r ee  sect ion of the des iccat ion chamber ,  and at va r i ous  t e m p e r a t u r e s  of the drying 
agent T d {333, 348, 363, and 393~ 

In all t e s t s  we m e a s u r e d  the t e m p e r a t u r e  at the cen te r  of a pel te t  as well as  the t e m p e r a t u r e  of the 
drying agent  in the act ive  chamber ,  with Chromel - -Cope l  t he rmocoup les  (wire d i ame te r  0.1 mm)  through a 
6-point au tomat ica l ly  switching model  PS1-08 e lec t ronic  po ten t iomete r .  The the rmocoup les  had been p r e -  
ca l ib ra ted  for  these  t e s t s .  An axial  hole 0.2 m m  in d i ame te r  was then dr i l led  into a pel le t  with a specia l  
tool. Into this  hole was placed the the rmocouple  bead (the bead d i ame te r  was a lso  0.2 mm) ,  whereupon the 
the rmocouple  wi re s  were  t ightly pas ted  along the hole wall with the same  m a t e r i a l  of which the pel le t  was 
made.  A pel le t  with the the rmocouple  inside was then held above a pe r fo r a t ed  mesh  by means  of a g lass  
tube inside which the the rmocouple  w i r e s  had been care fu l ly  insulated.  

The t e s t s  were  p e r f o r m e d  in an appara tus  shown schemat ica l ly  in Fig. 1. 

The appara tus  cons i s ted  of a des iccat ion c h a m b e r  1, a p e r f o r a t e d  m e s h  2 (active sect ion a r e a  5-6%), 
and a i r - s u p p l y  di f fuser  3, aa  e l ec t r i c  r ad ia to r  4, a fan 5, and a suction pipe 6. 

TABLE 1 

T d, K 

333 
348 
363 
378 
393 

0,75 
0,78 
1,0 
1,0 
1,0 

0,25 
0,22 
0 
0 
0 

#FI On, 1/se, c I k- ~-103, I/'SP--C a, 102 

0,467 4,33 0,68 
0,817 5,5 1,3 
t ,83 oo 2 , 0  
2,83 r 2,6 
4,5 Qo 3,2 

--0,18 
--0,16 
--0,19 
--0,19 
--0,19 
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Fig. 1. Schematic  d i ag ram of the t es t  appara tus :  1) de s -  
s icat ion chamber ;  2) pe r fo ra t ed  mesh;  3) a i r - supp ly  
diffuser; 4) e lec t r i c  radia tor ;  5) fan; 6) suction pipe; 
7) contact  t h e r m o m e t e r ;  8) r e lay  sys tem;  9) magnet ic  
s t a r t e r ;  10) thermocouple ;  11) model PSI-08 potent io-  
mete r ;  12.) P i to t - -P rand t l  tube; 13) model MMN-240 
m i c r o a m m e t e r ;  14) p s y c h r o m e t e r .  

The veloci ty  of the a i r  s t r e a m  was m e a s u r e d  with a P i to t - -P rand t l  tube inside the suction pipe. The 
readings  were  r eco rded  through a model MMN-240 m i c r o a m m e t e r .  P r i o r  to the exper iment ,  this  Pi tot  
- -P rand t l  tube had been ca l ib ra ted  against  a s tandard  gage. The re la t ive  humidity of the a i r  inside the 
des icca to r  chamber  was m e a s u r e d  with a p s y c h r o m e t e r  cons is t ing  of a dry-bulb  and a wet-bulb t h e r m o m e -  
te r .  

The t e m p e r a t u r e  of the drying agent was set  and held constant  by means  of a control  s y s t e m  con s i s t -  
ing of a t h e r m o m e t e r  7, a re lay  8, and a magnet ic  s t a r t e r  9. 

The e r r o r  of m e a s u r e m e n t  was e s t ima ted  and found not to exceed  • 

All t e s t s  were  p e r f o r m e d  with pel le ts  of the s ame  batch. The pe l le t s  were  placed on the pe r fo ra t ed  
m e s h  in amounts  of 100 g. The ma te r i a l  was sp read  on the mesh  in a single l aye r  so that the pe l le t s  did 
not touch one another.  

The var ia t ion  of the mo i s tu re  content in pe l le t s  with t ime  is shown in Fig. 2a for  va r ious  ve loc i t ies  
of the drying agent. According to an ana lys i s  of the t es t  data, the desiccat ion p roceeded  he re  in the de-  
c r e a s i n g - r a t e  mode.  The t e s t  va lues  follow the same  t rend (Fig. 2a) within the 2.3-4.3 m / s e c  range of 
ve loc i t i es  of the drying agent. It has  a lso  been es tab l i shed  that,  while the  veloci ty  of the drying agent at a 
constant  t e m p e r a t u r e  of 363~ var ied ,  the t e m p e r a t u r e  at the center  of a pel le t  r ema ined  a lso  constant  
(Fig. 2b). The effect  of the t e m p e r a t u r e  of the drying agent  on the desiccat ion p r o c e s s  is  indicated in Fig. 
3a and i ts  effect  on the t e m p e r a t u r e  at the cen te r  of a pel le t  is indicated in Fig. 3b. 

It would be worthwhile to use he re  the r e su l t s  of the theore t ica l  e s t ima te  made by A. V. Lykov [6], 
subsequently ref ined by A. I. Ol ' shanski i  [7], and P.  S. Kuts [8], r egard ing  the desiccat ion k inet ics  and 
the pel le t  t e m p e r a t u r e  as a function of the mo i s tu r e  content. 
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a) Mois ture  content in a w e t - p r e s s e d  food mix  (W, %) and 

b) t e m p e r a t u r e  at the cen te r  of a pe l le t  (t c, ~ as functions of 
t ime  (T, see),  at va r ious  a i r  ve loc i t i es  V: 1) 2.3 m / s e c ;  2) 3.3 m 
/ sec ;  3) 4.3 m / s e c ;  T d = 363~K, ~ = 15.3%. 
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Fig. 3. a) Desiccation curves  for pellets  (W, %) and b) heating 
curves  for  the center  of a pellet (t c, ~ of we t -p re s sed  food mix 
at var ious  a i r  t empera tu re s  Td: 1) 333~ at go = 25.3%; 2) 348~ 
at go= 18.9%; 3) 363~Kat go = 15.3%; 4) 378r go = 12.7%; 5) 
393r at go = 8.5%; a i r  veloci ty V = 3.3 m / s e c .  

The desiccation kinetics during the period of decreas ing rate can be represented  formal ly  by var ious  
methods [6, 7, 9, 10]. Most accura te  is the two ranges  method of calculat ing the desiccat ion curve [7, 9], 
a fur ther  extension of the Lykov method. The gist  of this method is to replace the desiccation curve  by two 
exponential functions. The period of decreas ing  rate  is divided into two ranges.  Within each of them the 
desiccation rate va r i es  proport ional ly  to the  excess  mois ture  content. The second cr i t ica l  point is the b o r -  
der point between both ranges.  As a result ,  one obtains two independent equations applicable to var ious  
limiting levels  of excess  mois ture  content. 

We have used the two ranges  method for  express ing the desiccation curve  analytically.  The test  r e -  
suits pertaining to the desiccation kinetics were approximated by the express ion 

W - -  We A exp (-- k,'c) B exp (-- le~z). (1) 
W o - -  W e 

A compar ison  between theoret ical  and tes t  data has yielded a sa t i s fac tory  agreement in values of the 
constants,  as shown in Table 1. 

Pe l le t ized  food mix contains vi tamins,  antibiotics, medicat ions,  growth stimulants,  and other  heat 
sensit ive ingredients.  For  this reason,  determining the t empera tu re  of such a mater ia l  as  a function of 
the mois ture  content during desiccation is ve ry  important  for the design of technological  p r o e e s s e s i n  this 
industry. 

The calculation of the t empera tu re  curve here  was checked by the method in [6], with the aid of an 
equation relat ing the mean t empera tu re  of a body to its mean mois ture  content: 

td -7. a 07 u~) ''+~ 

T d (m ' 1)u0 

As a result ,  we have obtained the following l inear  relation between coefficient a and the t empera ture :  

(2) 
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Fig. 4. Relation between (td--~)/T d 
and (a(U--ue)m+l)/((m + 1)u0) during 
desiccation of we t -p ressed  food mix 
pellets,  at var ious  air  t empe ra tu r e s  
Td: 1) 333~ and go = 25.3%; 2) 348~ 
and go = 18.9%; 3) 363~ and go = 15.3% i 
4) 378~ and go = 12.7%; 5) 393~ and 
go = 8.5%; a i r  velocity V = 3.3 m / s e c .  
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a = 4.2.10-4Td - 13.3.10 -2. 

This result  is shown in Fig. 4, the numerical values of coefficients a and m appearing in Table 1. 

Our study of wet-pressed food mix has yielded approximate equations for the desiccation time and 
for the temperature curve under most favorable hydrodynamic conditions. 

(3) 

V 

T d  
W 
W0 
We 
A, B, a, m 
kl, k2 
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tc 

N O T A T I O N  

is the velocity of the drying agent, r e fe r red  to the free  section area of the desiccator 
chamber, m/sec;  
is the temperature of the drying 'agent, ~K; 
is the instantaneous moisture content in the material ,  %; 
is the initial moisture content in the material ,  %; 
is the equilibrium moisture content in the material ,  70; 
are  dimensionless constants; 
are constants, see-l; 
is the time, sec; 
is the 
is the 
is the 
is the 
is the 
is the 
is the 

temperature of the drying agent, ~ 
mean-integral temperature of the material ,  ~ 
mean instantaneous moisture content in the material ,  kg/kg; 
mean initial moisture content in the material ,  kg/kg; 
equilibrium moisture content in the material ,  kg/kg; 
temperature at the center of a pellet, ~ 
relative humidity of air, 70. 
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