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A description is given of a method of electrical modeling of a system 
of heat and mass transfer equations [1]. A comparison with actual 
experiment [2, 5] is made. 

Uns teady  t e m p e r a t u r e  and m o i s t u r e  content  f i e l d s  
a r e  d e s c r i b e d  by a s y s t e m  of non l inea r  d i f f e r e n t i a l  
equat ions  in p a r t i a l  d e r i v a t i v e s  [1], which, a l lowing  
fo r  s o u r c e s  (or s inks)  of hea t  and m o i s t u r e ,  has  the  
f o r m  
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with the bounda ry  condi t ions  
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and with the a s s i g n e d  in i t i a l  condi t ions  fo r  the  t e m -  
p e r a t u r e  and m o i s t u r e  content  f i e ld s ,  The coef f i -  
c ien ts  of E q s  (1)--(4) and the s o u r c e s  (or s inks)  of 
hea t  and m o i s t u r e  a re ,  in g e n e r a l ,  v a r i a b l e s  depen -  
ding on t, U, the  c o o r d i n a t e s ,  the  t i m e ,  etc .  

F o r  cons tan t  va lue s  of the t h e r m o p h y s i e a l  p r o p e r -  
t i e s ,  Eqs.  (1)-(4)  may  be  wr i t t en  in p a r a m e t r i c  fo rm.  
The method  of ca l cu l a t i ng  the  e l e c t r i c a l  m o d e l  and the 
method  of m o d e l i n g  do not d i f fe r  in th is  e a s e  f r o m  
those  d e s c r i b e d  above.  

The s y s t e m  of Eqs.  (1)-(4)  may  be so lved  on two 
ne tworks  of ohmic  r e s i s t a n c e s  (see the f igure) .  Since 
t h e r e  a r e  t e r m s  depending  on U in (1), and t e r m s  
depending  on t in (2) and (4), a p p r o p r i a t e  c o r r e c t i o n s  
to the  ne twork  p a r a m e t e r s  a r e  made  at  each s t ep  of 
the so lu t ion  a f t e r  d e t e r m i n a t i o n  of t and U. Thus, at 
each s tep  we c a r r y  out a so lu t ion  by s u c c e s s i v e  a p -  
p r o x i m a t i o n s .  T e s t s  have  shown tha t  one o r  two a p -  
p r o x i m a t i o n s  a r e  suf f ic ien t .  The method  of so lu t ion  
has  been  d e s c r i b e d  in de ta i l  in [3, 4]. E x p r e s s i o n s  
a r e  given be low fo r  the  p a r a m e t e r s  of the t - n e t w o r k  
(solving the hea t  equat ion)  and of the U - n e t w o r k  (so l -  
ving the  m o i s t u r e  equation) f o r  a m o r e  g e n e r a l  c a se  
than in [3, 4]. 

F r o m  the ana logy  be tween  the equat ion of the c u r -  
r e n t s  p a s s i n g  th rough  the nodes  of the t and U ne t -  
w o r k s  (see  the  f igure)  and Eqs.  (1)-(4), w r i t t e n  in 

f i n i t e - d i f f e r e n c e  f o r m ,  we obta in  the  fo l lowing e x -  
p r e s s i o n s  f r o m  the  t - n e t w 0 r k  p a r a m e t e r s :  
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h R o (9) 

2 (adefYO) i 

R~ - A~ R u N,  (10)  
yo. 2h 

= (V~" , ,u v u - -  Vo,n) le hRN (11) 
2 l(a d 6efVO)L ~ (&,~ - -  to,,,) q- (ad6efy,,).. (t2,,, - -  &.~)J ' 

u V u , k U 
R~)= (V,~ - -  I), ,,) R,V. (12) 

2hDn 

Since the method of solution of finite-difference 
equations on the networks shown in the figure is an 
implicit method, only the accuracy of solution depends 
on the values of the space and time integral while 

the convergence and stability are assured. 
Expressions (i)-(4) were written for simplicity 

fo r  a o n e - d i m e n s i o n a l  p r o b l e m .  The d e r i v a t i o n  of 
e x p r e s s i o n s  fo r  the  ne twork  p a r a m e t e r s  in the c a s e  of 
two-  and t h r e e - d i m e n s i o n a l  p r o b l e m s ,  and the  t r a n -  
s e r i p t  of the equat ions  to o t h e r  c oo rd ina t e  s y s t e m s  o r  
to d i m e n s i o n l e s s  fo rm  is  ana logous  and is c a r r i e d  out 
in the  s a m e  way as  in [3]. 

The d e r i v a t i o n  of e x p r e s s i o n s  fo r  the  p a r a m e t e r s  
fo r  nodes  l o c a t e d  on a body s u r f a c e  does  not d i f f e r  in 
any way f r o m  the  d e r i v a t i o n  fo r  nodes  ins ide  a body. 
Equat ions  (3) and (4) a r e  w r i t t e n  in f i n i t e - d i f f e r e n c e  
fo rm,  and f r o m  ana logy  with the  e x p r e s s i o n s  f o r  c u r -  
r e n t s  a e c o r d i n g  to K i r c h h o f f ' s  law, we obtain fo r  the  
t - n e t w o r k  
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and for  the U-ne twork  
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In the case  when 

q = a ( t s - -  tin), 

] = e (Us - -  Urn), 

e x p r e s s i o n s  (14) and (15) wil l  be t r a n s f o r m e d ,  r e -  
spect ively,  to 

R r = ~ ef R r /2a  (~ef@ rad 5ef~Y0), (17) 

R~ u := RuN/'2z, ( l S )  

and potent ia l s  will  be supplied at the  end of the s u r -  
face r e s i s t a n c e s  ca lcula ted  f rom (17) and (18) to the 
t -  and u -ne tworks ,  co r r e spond ing  to tm and Um (Um 
is  a f ic t i t ious  value de t e rmined  f rom the equ i l i b r i um 
moi s tu r e  content  of the su r round ing  medium).  

Thus, it is poss ib le ,  by the method descr ibed ,  to 
find a solut ion of the sys t em (1)-(4) by compara t ive ly  
s imple  means .  

There  a re  d i f f icul t ies  in d e t e r m i n i n g  a n u m b e r  of 
the quant i t i es  appear ing  in (1 ) - (4 ) ( the  heat  and m a s s  
t r a n s f e r  coefficients ,  and the power of the ex te rna l  
and the i n t e rna l  heat  and m o i s t u r e  sources) .  

F r o m  the expe r imen ta l  data ava i lab le  in  the l i t e r -  
a ture  ana ly t ica l  r e l a t ions  have been  obtained to de-  
t e r m i n e  the t he rmophys i ea l  p rope r t i e s  and ce r t a in  
b iochemica l  c h a r a c t e r i s t i c s  of a g r a n u l a r  m a s s  of 
wheat. * 

*This .number  of the jou rna l  c a r r i e s  an a r t i c l e  by Za-  
goruiko on this  topic. 

The p r o b l e m s  of d e t e r m i n i n g  the heat  and m o i s -  
tu re  f ie lds  of the gra in  have been  solved by the above 
method. 

The r e s u l t s  of e l ec t r i ca l  model ing  have been com-  
pared  with the data f rom na tura l  exper imen t s  [2, 5]. 

The g r ea t e s t  and average  e r r o r s  of the data f rom 
the model did not exceed 12% (and 3%) in t empe ra tu r e ,  
and 6.5% (and 3%) in m o i s t u r e  content,  in compar i son  
with the na tu ra l  exponents [2, 5]. 

A co r r ec t ion  to the heat  and m a s s  t r a n s f e r  by f i l -  
t e red  a i r  d e c r e a s e s  the e r r o r s  in the inves t iga t ion  by 
a fac tor  of 2 -2 .5 ,  in compar i son  with model ing  without 
al lowance for  f i l t ra t ion .  

The coeff icient  ~, appear ing  in (18), was cleter- 
mined f rom the exp re s s ion  

Ps--Pm a Ps--Pm (19) 
o = ~p Us - -  Um~ cp Us - -  Urn' 

which was obtained f rom the condit ions 

] = % (('s - -  Ore), 

j = c~ (Us - -  Urn 

and the Lewis r e l a t ion  

~3p = a / C  o . 

The method of e l ec t r i ca l  model ing  d e s c r i b e 6  above 
has the advantage over  that  de sc r ibed  in  [61 that at 
each step of the solut ion it  is poss ib le  to in t roduce  
co r r ec t i ons  which take account  of v a r i a t i o n  of the 
quant i t ies  and of n o n - l i n e a r i t y .  

In p r inc ip le  the "method of composi te  model ing"  
[6], in solving p rob l ems  on mode l -ne tworks  of r e -  
s i s t ance  and capaci tances ,  unde r  the c u r r e n t  tech-  
nique of solut ion of p r o b l e m s  on such networks,  is 
appl icable  only for p r o b l e m s  with cons tant  eoeff ici-  
ents .  

We have given a m o r e  genera l  solut ion for  a heat  
and m a s s  t r a n s f e r  p rob lem than in [3, 4]; although 
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Network of r e s i s t a n c e s  for  solut ion of a 1 - d i m e n -  
s iona l  heat  and m a s s  t r a n s f e r  p r o b l e m ;  a i s  the t -  

network;  b is  the U-ne twork .  
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the method of solut ion de sc r i bed  in [3, 4] and above 
is more  l abor ious  than that in [6], i t  p e r m i t s  con- 
s ide rab le  e n l a r g e m e n t  of the range  of inves t iga t ions  
of impor t an t  p r o b l e m s  which a r e  p r ac t i c a l l y  always 
non l inea r .  

NOTATION 

t is the t empe ra tu r e ,  ~ U is the m o i s t u r e  con-  
tent, kg m o i s t u r e / k g  dry  mass ;  T is  the t ime, sec; 
C is the reduced specif ic  weight heat  capacity,  j / k g  
of dry  m a s s  �9 degree ;  70 is the dens i ty  of dry mass ,  
kg of dry  m a s s / m S ;  Cp is the specif ic  i sobar ic  
weight heat  capaci ty  of a i r ,  j / k g . d e g r e e ;  kef  is  the 
effective t h e r m a l  conduct ivi ty ,  * W/re .  degree ;  r is  
the specif ic  heat  of phase  t r ans i t i on ,  j / kg  of m o i s -  
ture;  adef  is the effect ive diffusion coefficient ,  * m 2 /  
/ s ee ;  5el is the effect ive t h e r m a l - m o i s t u r e  conduct-  
ivity,  * kg of m o i s t u r e / d e g r e e . k g  of dry  m a s s ;  e is  
the phase t r a n s f o r m a t i o n  coeff icient ;  Q is the spec i -  
fic power of the heat  sou rces  (sinks), W/m ~ ; D is 
the specif ic  power  of mo i s tu r e  sources  (sinks), kg of 
m o i s t u r e  / in  3o see;  q is the specif ic  sur face  heat 
flux, W/m2; j is  the specif ic  su r face  flux of m o i s -  
ture,  kg of m o i s t u r e / m 2 ,  see; c~ is the heat t r a n s f e r  
coefficient,  W / m  a. degree ;  ~ is the mass  t r a n s f e r  
coefficient,  kg of m o i s t u r e  m 2. see;  p is the concen-  
t r a t ion  of vapor  in the v a p o r - a i r  mixture ,  kg of m o i s -  
t u r e / k g  of mo i s t  a i r ;  R t and R U, respec t ive ly ,  a re  

the e l ec t r i c a l  r e s i s t a n c e s  of the t -  and U-ne tworks ;  

* See the a r t i c l e  by Zagoruiko in this same n u m b e r  of 
the journal~ 

h and AT, respec t ive ly ,  a re  the space and t ime  i n t e r -  
val  (7 = n lA7  j + n2A72 4- . . . ) ,  i . e . ,  the t ime  i n t e rva l s  
dur ing  the solut ion may be var ied ;  k T and k U, r e s p e c -  
t ively,  a r e  the sca le  fac to rs  in t r a n s i t i o n  f rom te rn-  

contents  to vol tages;  R T and p e r a t u r e s  and m o i s t u r e  
R U a re  the s tandard  r e s i s t a n c e s  and sca le  fac tSrs  of 
the t r a n s i t i o n  f rom na t u r a l  to e l e c t r i c a l  quan t i t i e s ;  
V M is the m a x i m u m  or  m i n i m u m  vol tage in the p rob-  
lem (when the c o r r e s p o n d i n g  t e r m  re f l ec t s  a source  
of heat  or  mo i s tu re ,  V M is the m a x i m u m  voltage, a 
s ink is the m i n i m u m ) .  The s u b s c r i p t s  s and m r e f e r  
a quant i ty  to the su r face  or to the med ium,  r e s p e c -  

t ively.  
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