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A method is d i s c u s s e d  for  the des ign  of e l e c t r i c a l  mode l s  c o n s t r u c t e d  of RC ce i l s  to s tudy 
the nons teady  t h e r m a l  p r o e e s s e s  in m u l t i l a y e r  sandwich  wai ls .  

De t e rmin ing  the nons teady  t e m p e r a t u r e  f ield in a mu l t i l aye r  sandwich wal l  is  a c c o m p l i s h e d  quite 
e f fec t ive ly  by the method  of e l e c t r i c a l  mode l ing  with g r id  m o d e l s .  H e r e  we can use  RC ne tworks  [1 ,3 ] ,  R 
ne tworks  [2], and the l ike .  

F r o m  the s tandpoint  of speeding up ca l cu la t ions ,  p a r t i c u l a r  i n t e re s t  has  been e x p r e s s e d  in mode l s  of 
RC ne tworks .  Bas ic  r e l a t ionsh ips  have been de r ived  in [1, 3] which enable us to de t e rmine  the p a r a m e t e r s  
of an e l e c t r i c a l  model  fo r  the solut ion of va r ious  eng inee r ing  p r o b l e m s .  However ,  the d i r ec t  appl ica t ion  
of these  r e l a t i o n s h i p s  to the model ing  of c e r t a i n  bounda ry -va lue  p r o b l e m s  is diff icul t  in a n u m b e r  of e a s e s .  
These  di f f icul t ies  a r i s e ,  in p a r t i c u l a r ,  in the mode l ing  of nons teady  t e m p e r a t u r e  f ields in m u l t i l a y e r  s a n d -  
w i t h  wa l l s .  In connec t ion  with the points  r a i s e d  in this pape r ,  we examine  a method  of des igning RC mode l s  
fo r  sandwich  wal ls  on the a s s u m p t i o n  that the t ime and t e m p e r a t u r e  s ca l e s  for  the va r i ous  l a y e r s  of thg 
sandwich  wall  a r e  ident ica l .  F o r  the model  we e m p l o y e d  a c i r cu i t  cons i s t ing  of m groups  of s e r i e s - c o n -  
nec ted  RC cel ls  (see F ig .  1). 

We know f r o m  [3, 4] that  a o n e - d i m e n s i o n a l  nons teady  the rma l  p r o e e s s  in a plane sandwich  wall and 
the t r ans ien t  e l e c t r i c a l  r e s p o n s e  in the chosen  mode l  a re  d e s c r i b e d  by the fol lowing s y s t e m  of d i m e n s i o n l e s s  
equa t ions  : 
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Here we make the following assumptions: i) the wall layers are in close contact with each other andperfect 
thermal contact exists between them; 2) the thermophysical characteristics of the layer materials are con- 
stant and equal to the average values for the working temperature range; 3) the initial temperature at all 
points and layers of the wall is constant and equal to Tin. 

In the system of equations (i) for the thermal process the dimensionless complexes and simplexes 
have the following values: 
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Fig. i. Circuit diagram of the electrical model of a multilayer 
sandwich wall. 

r = 0i = T i / T *  is  the i n s t a n t a n e o u s  r e l a t i v e  t e m p e r a t u r e ;  r = Ol = T l / T *  and ~r  = O r = T r / T *  a r e  the 
r e l a t i v e  t e m p e r a t u r e s  of the a m b i e n t  m e d i a ;  L i = 5 i / x  i is  the r e l a t i v e  t h i c k n e s s  of the wa l l  l a y e r ,  w h e r e  
T*,  x* ,  and T* a r e  the s o - c a l l e d  r e f e r e n c e  v a l u e s  of the t e m p e r a t u r e  T,  the c o o r d i n a t e  x,  and the t ime  T. 

The d i m e n s i o n l e s s  c o m p l e x e s  and s i m p l e x e s  p e r t a i n i n g  to the e l e c t r i c a l  p r o c e s s  have  the fo l lowing  
v a l u e s :  

T e Yi+tX~, i+l  . 

A i , t e - -  rice.t  (Xe,1)2 ; A ~ . z e =  riXe.i* ' 

r l x ; ' l .  Are rmXe'm" 
A l e =  R--~I-' - -  R r  ' 

r = Ui = u i / u *  i s  the i n s t a n t a n e o u s  r e l a t i v e  v o l t a g e ;  r = Ul = Ul/U* and ~b r = U r = Ur/U* a r e  the r e l a t i v e  
supp ly  v o l t a g e s ;  L i = n i / X e l , i  is  the r e l a t i v e  n u m b e r  of c e i l s  in the g iven  l a y e r ,  w h e r e  u*, X*l, and ~el a r e  
the r e f e r e n c e  v a l u e s  of the vo l t age  u, of the c o o r d i n a t e  Xel , and of the t ime  Tel. 

We can  take  any p a i r  of a p p r o p r i a t e  s i m i l a r  p a r a m e t e r s  [5] a s  the r e f e r e n c e  v a l u e s  for  T*,  x* ,  "r* 

and u* x* 1, * ' ~'el" We wi l l  take the fo l lowing quan t i t i e s  a s  the r e f e r e n c e  v a l u e s :  T l , 5 i ,  r e and u l ,  h i ,  Tel,c. 

The quan t i t a t i ve  r e l a t i o n s h i p s  be tween  the t h e r m a l  and e l e c t r i c a l  quan t i t i e s  can  be d e t e r m i n e d  f r o m  
the cond i t i on  of i den t i t y  fo r  the c o r r e s p o n d i n g  g e n e r a l i z e d  equa t ions  of the t h e r m a l  and e l e c t r i c a l  p r o -  

c e s s e s .  

We use  the fo l lowing  no ta t ion :  

T *  _ T l is the temperature scale, (2) k t - u*  u l 

x2 51. is the coordinate scale, (3) 
kl,~ = x,e, i - -  ni  

T *  "~ c 
kx = ~ = - - i s  the time scale. (4) 

T e Te, c 

We should stress that the scales kt and kT are assumed to be identical for the various layers. The 
coordinate scale k I may vary for these various layers. The use of various scales with respect to the coor- 
dinate substantially expands the possibilities of using an electrical model. 

Bearing in mind that when the similar generalized equations of the thermal and electrical processes 

a r e  equa l  the r e l a t i v e  quan t i t i e s  0, l i ,  and t w i l l ,  r e s p e c t i v e l y ,  equa l  the qua n t i t i e s  U , / e l , i ,  and t e l ,  we have :  

T = krU , (5) 

x~ = kz.iXe,~, (6) 

"r = kTTe. (7) 

When the c o r r e s p o n d i n g  d i m e n s i o n l e s s  c o m p l e x e s  - a f t e r  s i m p l e  t r a n s f o r m a t i o n s  - a r e  e q u a l ,  we 
ob ta in  the fo l lowing  b a s i c  equa t i ons  fo r  the d e s i g n  of e l e c t r i c  m o d e l s :  

6~ (8) 
k~ - -  air ice  ~n~ , 

5~ 1 1 
- -  --  = const, (9) 

LF~n~ a l R  t arRr 
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TABLE i. Variants for the Design of the First and 

i-th Model Layers 
/ 

Calculation Specified / Determined 
variant / 

Firs t  l a y e r  

r l  ; Ce.1; kx 

r t ; n l  ; k~ 

Ce,1; n 1 ; kx 

r l  ; ce,1; nl  

i-th l a y e r  

ri 

ni 

Ce.i 

nl ; kt,t; kt 

CeA; kl,1; kt  
r l ;  k/,1; k t  

kx; kl,1; k t 

Ce, i; ni; ~,~ 

Ce, i; ri; kz,i 
hi; ri; kl d 

5~c~y~ = const. (i0) 
niOe,~ 

The  d e s i g n  of the m o d e l  is  b e s t  begun by c a l c u l a t i n g  the e l e c t r i c a l  p a r a m e t e r s  for  the f i r s t  g roup  of c e l l s .  

Thus  we have  to c a l c u l a t e  r i ,  Ce, 1, nl, and kT. F o r  this  we can  use  funct ion (8). Th i s  g i v e s  us fou r  
unknowns and one t h e o r e t i c a l  r e l a t i o n s h i p .  Conse que n t l y ,  fo r  a un ique ly  de f ined  s o l u t i o n  we have to a s s u m e  
t h r e e  q u a n t i t i e s .  The  n u m b e r  of p o s s i b I e  m e a n s  of c a l c u l a t i n g  the p a r a m e t e r s  for  the f i r s t  g roup  of c e l l s  is  
de f ined  as  the m~mber  of p o s s i b l e  c o m b i n a t i o n s  of t h r e e  e l e m e n t s  f r o m  among  four  e l e m e n t s ,  i . e . ,  f ou r .  

F o r  the i - t h  g roup  of c e i l s ,  wi th  the e x c e p t i o n  of the f i r s t ,  we have  to d e t e r m i n e  the qua n t i t i e s  r i ,  
Ce, 1, and n 1. H e r e  we can use  the two r e l a t i o n s h i p s  

6~ 5 i 

)~r~n~ ~iqni 
8iciy i _ 8~c~y, 
niCe,i l'liCe, ! 

The temperature scales k t and the coordinate scales k/, i are calculated according to (2) and (3). All of the 
calculation variants are shown in Table i .  

The boundary resistance R l and R r are calculated according to the relationshps 

~irln A ; a l  

R l -  ~ l  Rr . . . .  ar Rl" 

The s e l e c t i o n  of a g i v e n  c a l c u l a t i o n  v a r i a n t  is  g o v e r n e d  by the s u i t a b l e  and m o s t  c onve n i e n t  cond i t ions  
fo r  the f a b r i c a t i o n  and o p e r a t i o n  of the e l e e t r i c a l  m o d e l .  Thus ,  fo r  e x a m p l e ,  the c o o r d i n a t e  s c a l e  k l ,  as  a 
r u l e ,  is  not  a d e c i s i v e  quan t i ty ,  s i nce  i t  is  a funct ion  of the n u m b e r  of e l e c t r i c a l  c e l l s  in the g i v e n  " l a y e r "  
of the m o d e l .  The  t e m p e r a t u r e  s c a l e  k t is  a l s o  not  a d e c i s i v e  quan t i ty ,  s i n c e  i t  depends  on the supp ly  v o l t a g e  
whose  m a g n i t u d e  is  c o n t r o l l e d  wi th  c o m p a r a t i v e  e a s e .  

On the o t h e r  hand,  qui te  f r e q u e n t l y  we have  to so lve  p r o b l e m s  in the a r t i f i c i a l  t ime  s c a l e ,  and the s c a l e  
kT i s  t h e r e f o r e  f r e q u e n t l y  a d e c i s i v e  quan t i t y .  

In c o n s t r u c t i n g  an  e l e c t r i c a l  m o d e l  i t  is  a d v i s a b l e  to choose  such  a d e s i g n  v a r i a n t  and to  c a l c u l a t e  i t s  
b a s i c  p a r a m e t e r s  in such  a m a n n e r  that  i t  i s  p o s s i b l e  to e m p l o y  e l e c t r i c - c a p a c i t a n c e  c o n s t a n t s  of s t a n -  
d a r d i z e d  r a t i n g s  in e a c h  " l a y e r "  of the m o d e l .  

P r o c e e d i n g  f r o m  the a b o v e ,  we should  r e g a r d  those  c a l c u l a t i o n  v a r i a n t s  which  among  the s p e c i f i e d  
p a r a m e t e r s  inc lude  the e l e c t r i c  c a p a c i t a n c e s  and the t ime  s c a l e  a s  the m o s t  r a t i o n a l  f r o m  the s t andpo in t  
of m o d e l  d e s i g n  s i m p l i c i t y  and the cond i t i ons  of s i m u l a t i o n .  

Thus ,  on the b a s i s  of  the r e l a t i o n s h i p s  d e r i v e d  fo r  m - l a y e r  w a l l s  we have  d e v e l o p e d  a me thod  fo r  the 
d e s i g n  of  m o d e l s  which  r e d u c e s  the d e s i g n  o p e r a t i o n  to an  o r d e r l y  s y s t e m  and e l i m i n a t e s  the a r b i t r a r y  a p -  
p r o a c h  in the s e l e c t i o n  of the p a r a m e t e r s .  We have  e s t a b l i s h e d  that  in d e s i g n i n g  m u l t i l a y e r  m o d e l s  we m u s t  
e m p l o y  the r e l a t i o n s h i p s  which  a s s o c i a t e  the c a p a c i t a n c e  and i m p e d a n c e  of the v a r i o u s  l a y e r s  in the e n t i r e  
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system. This imposes additional conditions on the modeling and imparts great methodological orderliness 
to the design. The proposed design method makes it possible to predetermine the values of some of the 
most desirable parameters of the model. 
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N O T A T I O N  

is the instantaneous temperature;  
a re  the tempera tures  of the ambient medium, to the left and to the right of the wall, r e spec -  
tively; 
are  the thermal  conductivity and thermal diffusivity, respect ively;  
a re ,  respect ively ,  the hea t - t rans fe r  coefficients for the lef t -  and right-hand boundaries of 
the wall; 
is the specific heat capacity;  
is the density;  
is the t ime; 
is a coordinate;  
is the thickness of the wall layer ;  
a re  the relative tempera ture ,  coordinate,  and time, respect ively;  
is the instantaneous voltage; 
are  the supply voltages;  
are  the e lec t r ica l  res i s tances ;  
is the e lec t r ica l  capacitance; 
is the coordinate of the e lec t r ic  circuit ;  
is the number  of e lect r ic  cells;  
is the duration of the e lect r ical  p rocess ;  
are  the relative voltage, coordinate,  and time for the e lec t r ic  circui t ;  
are  the durations of the nonsteady thermal  and transient  e lec t r ic  p roces se s .  
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