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A s imple  analyt ical  equation for  de te rmin ing  the durat ion of cooling of sol ids,  espec ia l ly  
foodstuffs in the f o r m  of p la tes ,  is obtained. 

Exist ing analyt ical  methods of de te rmin ing  the durat ion of cooling of solids (foodstuffs) a re  compl i -  
cated for  p rac t i ca l  use  [2-4]. The graphic  methods used for  this purpose  [5-7], give approx imate  r e su l t s .  
In [1] one of the authors  c a r r i e d  out ana lys i s  of the t e m p e r a t u r e  field during cooling of foodstuffs,  and a 
graphic  methodwas  p roposed fo r  de te rmin ing  the duration of cooling. 

In this a r t i c l e  we have given a s imple  ma themat i ca l  fo rmula  for  de termining  the duration of the cool -  
ing p r o c e s s .  In addition to this,  a functional re la t ionship  between the individual p a r a m e t e r s  which c h a r a c -  
t e r i ze  the cooling p r o c e s s  is developed graphica l ly .  

The t e m p e r a t u r e  field of the p la te  is descr ibed  by an infinite s e r i e s  [10] 
=o 

0 = ~ 2 sin ~ 
= ~ + sin #i cos #~ 

#i a r e  the roots  of the c h a r a c t e r i s t i c  equation, 

(i) 

1 
ctg ~i= - - ~ t ~ .  

Usually it is impor tant  to know the t e m p e r a t u r e  in the middle  of the plate ,  i .e. ,  where  x = 0. Equation 
(1) will then a s s u m e  the f o r m  

O = ~ 2 sin i x, exp(- -~  Fo) . (2) 
~=1 Ix~ q- sin ~i cos ~ 

Hence it follows that 

0 = f(Bi, Fo). 

The 0values  for  va r ious  va lues  of Bi(0.01 - 0~), and Fo (0-400) we re  calculated according  to fo rmula  (2) 
where  i = 1 . . . . .  6. The r e s u l t s  obtained w e r e  sys t emat i zed ,  and pa r t  of them was exp re s sed  graphica l ly  
in Fig. i. 

We will look for the functional dependence of 0 on Hi and Fo in the form 

Fo = - - k  lg 0 § n, (3) 

where  

k = f (Bi). 

The values k and n were  de te rmined  at different  values  of Bi; n has the s a m e  value 0.12 for  all c a ses .  

A method of a tightened thread was used to de t e rmine  the coeff icients  k and n [8]. 

By examining k as a function of Bi (Fig. 2), we obtain the following analyt ical  express ion:  

C 
k =  + d .  

Bi 
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F i g . 1 .  Re la t ionsh ip  be tween 0 and Fo for  d i f ferent  
va lues  of Bi .  The f igures  on the cu rves  a r e  Bi 
va lues .  
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Fig .  2. Re la t ionsh ip  b e -  

tween k and Bi .  

The coef f ic ien ts  c and d w e r e  d e t e r m i n e d  
a c c o r d i n g  to a method of mean  devia t ion [8], us ing  
a s y s t e m  

rn rn 

c ~ [ ( x O + m d = Z y , .  
i = l  i = 1  

n n 

i=tnzk 1 i = m  :k I 

The n u m b e r  m (which des igna tes  the number  of obse rva t i ons  in the f i r s t  group) is s e l ec t ed  with such  
a ca lcu la t ion  that in the second  group  it was  a lso  equal to m if n was  an even number ,  and equal to m + 1 
if n was  an odd num be r .  We found that  C = 2.3 and d = 0.8. 

Subst i tut ing the va lues  obta ined fo r  k and n into f o r m u l a  (3), we will  find the fol lowing ana ly t i ca l  e x -  
p r e s s i o n  of the funct ional  r e l a t i on  be tween F0 ,  Bi,  and 8: 

F o = - -  ~ -]- 0.8 lg0 +0,12. (4) 

A s s u m i n g  that Fo  = a 'r / s  2, we obtain 

s f 23 ] �9 = - o . l z  (5 )  
a t in -  t o 

If we c o m p a r e  the data  which a r e  found by us ing f o r m u l a s  (4) and (5) with those  f r o m  s e r i e s  (2), a 
good a g r e e m e n t  of r e s u l t s  is noted.  

N O T A T I O N  

0 = t x r  - to; 

t x ~  

to 
80 = tin - to; 
tin 

a 

s 

Fo  = a~-/s 2 
Bi = ( ~ / ~ ) s  

is the t e m p e r a t u r e  at  a point  at  a d i s tance  x f r o m  the middle  plane at a t ime  7"; 
is the t e m p e r a t u r e  of the medium;  

is the initial t e m p e r a t u r e ;  

is the coef f ic ien t  of  dfffusivi ty;  
is half  the th ickness  of the plate;  
is the F o u r i e r  number ;  
is the Blot  n u m b e r .  
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