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We consider the possibility of reducing the heat flows through a flat 
multilayer wall with internal heat release. 

The e x i s t e n c e  of i n t e rna l  hea t  s o u r c e s  in t h e r m a l  
i n su la t ion  l e a d s  to a l a r g e  v a r i e t y  of p r o b l e m s  which 
a r i s e  in c a l cu l a t i ons  dea l ing  with spec i f i c  c o r r e s p o n d -  
ing s i t u a t i o n s .  With cons t an t  i n t e n s i t i e s  of hea t  r e l e a s e  
and of the  p h y s i c a l  p r o p e r t i e s  for  each  of the  l a y e r s  -- 
only the  t h i c k n e s s e s  of the  l a y e r s  changing - we can  
find the  r e l a t i o n s h i p  be tween  the t h i c k n e s s  of the  
l a y e r s  at which  the  hea t  flow to the  m e d i u m  with the  
l ower  t e m p e r a t u r e  is  a t  a m i n i m u m ,  o r  we can  find the 
r e l a t i o n s h i p  at  which the flow of hea t  to the  m e d i u m  
with  the  l ower  t e m p e r a t u r e  is  at a m i n i m u m  whi le  
the  hea t  flow f r o m  the hea ted  m e d i u m  to the  wai l  i s  
equal  to ze ro .  These  v a r i a t i o n s  on the  p r o b l e m  a r i s e  
in the  d e s i g n  of n u c l e a r  r e a c t o r s .  

Let  us  dea l  i n i t i a l l y  wi th  the f i r s t  e a se .  
In r e f e r e n c e  [1] we d e r i v e d  the  r e l a t i o n s h i p s  which 

d e t e r m i n e  the s t eady  flow of hea t  t h rough  a m u l t i -  
l a y e r  wa l l  with hea t  r e l e a s e .  

Applying  the f o r m u l a  for  a f la t  wa l l  to the  c a l c u l a -  
t ion of the  hea t  flow to a m e d i u m  with a low t e m p e r a -  
t u r e ,  we find that  the  magn i tude  of the flow 
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H e r e  the  l a y e r s  a r e  n u m b e r e d  f r o m  the  hot  m e d i u m  to 
the  cold.  

Let  us  i s o l a t e  a l a y e r  with the  number  l and le t  us  
c o n s i d e r  the  magn i tude  of the  hea t  flow as  a funct ion 
of the  L a y e r ' s  t h i c k n e s s .  

If we employ  the  no ta t ion  
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F r o m  (3) we find the  op t imum th i eknes s  of th is  l a y e r :  

~ l o p t  (4 )  
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This value corresponds to a minimum for qx. 

Indeed, with a reduction in the thickness of the wall we 

find a reduced thermal resistance on the part of the 
wall, while with an increase in the wall thickness 

there is a corresponding rise in the quantity of heat 

generated within the wall. 

When there are only a few layers, the formulas can 
be derived in a more convenient form. 

The heat is transported through a single-layer wall. 

this event 
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Having substituted (5) into (4), we find that the wall 

thickness at which the heat flow to the medium with 

the lower temperature is at a minimum is given by 

6 opt = 
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while the magnitude of the minimum flow 
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It follows from (6) that 5opt is positive if we 
satisfy the condition 
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However, if this condition is not satisfied, the use of 

this thermal insulation leads to a rise in the heat flow 

to the medium that has not been heated as much. 

Equations (6) and (7) can be written in criterial 

form 
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The f igure shows Biop t as a function of K=ATo~2/qv X 

and oh/O~ 2 .  

The i n t e r s e c t i o n  of the cq/(~ 2 = coast  l ines  with the 
axis  of a b s c i s s a s  occurs  in the reg ion  K > 1 in a c c o r -  
dance with condi t ion (8)0 
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For  the second l ayer  
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Substut ing (9) and (10) into (4), we find the o p t i m i -  
zat ion re la t ionsh ips :  
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Graph for ca lcu la t ion  of op t imum th ickness  of 
s i n g l e - l a y e r s  heat  insu la t ion  with inne r  heat  gene ra t ion  
(numbers  nea r  cu rves  a re  va lues  of a ~ / ~ ) .  

+[( 
Bi'2~t = - -  1 % Bil 

(2'2 

(21 )2__. + ( 1  
1 - - 1  '/ 

1 
• (Bil + 2) Bil + 2/q| ~-, ~ 

] 
(12) 

where  t2 =qv~y~/q u17 i and the notat ion in t roduced into 
(6a) 

81.2 {21 A Ta~ 
Bi12 -- - - ,  K1.2 -- - - .  

These  equat ions,  in which the th ickness  of one of 
the l a y e r s - t h e  m a i n  l ayer  f rom the s tandpoint  of 
s t r u c t u r a l  cons ide ra t ions  - is constant ,  enables  us 
to d e t e r m i n e  the phys ica l  c h a r a c t e r i s t i c s  and the 
th ickness  for the m a i n  l ayer  at which the use  of 
addi t ional  insu la t ing  l aye r s  would be effective for the 
r educ t ion  of the heat flow through the wall .  

The value of 5 1 opt will  be pos i t ive  if 5 wil l  vary  
in the l im i t s  
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These relationships are no simpler than the initial 

equation, and it is therefore better to use Eqs. (Ii) 

and (12). 
The simultaneous solution of Eqs. (11) and (12) yields 
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The r e su l t i ng  nonposi t ive  solut ion shows that the 
use  of a s i n g l e - l a y e r  wall  with the s m a l l e s t  m a g n i -  
tude for qv k is  m o r e  effective than a mu l t i l aye r  wall .  
Thus,  in s t r u c t u r e s  with in t e rna l  heat r e l e a s e  the 
se lec t ion  of a m a t e r i a l  exc lus ive ly  On the bas i s  of the 
t he r ma l  conductivi ty is without suff icient  jus t i f ica t ion .  

Let us now cons ider  the case  in which the insu la t ion  
is chosen to ensu re  that the flow of heat f rom the hot 
med ium to the wall  is equal to zero.  This  imposes  
the addit ional  condit ion 
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F or  a s i n g l e - l a y e r  wall  we have 

Bi, op t=  8 o p t a 2 . = _ _ l  2_ V / h T 2 
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q x  = q v  6 o p t ,  (15) 

while for a two- l aye r  wall  condit ion (14) makes  p o s -  
s ib le  the following express ions :  

Bi I opt ~- - -  1 - -  Bi2 
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The h e a t - t r a n s f e r  coef f i c ien t  a s is  conta ined  in the  
c o m p l e x e s  of f o r m u l a s  (15), (16), and (17). 

In anatogy with the p r e v i o u s  ea se ,  it  m a y  develop 
that  even h e r e  the  u se  of a s i n g l e - l a y e r  in su la t ion  
wi th  a s m a l l e r  va lue  fo r  q v X is the  m o r e  e f fec t ive .  

T h e s e  f o r m u l a s  can be used  for  c a l cu l a t i ons  i n -  
volving m u l t i l a y e r  w a i l s  with i n t e rna l  hea t  r e l e a s e  
when the use  of s e v e r a l  l a y e r s  i s  d i c t a t ed  by condi t ions  
of m a t e r i a l  compa t ib i l i t y ,  s t r eng th  c o n s i d e r a t i o n s ,  
and the t ight .  

NOTATION 
qx is the hea t - f lux  dens i ty ;  qv is ~ e  power  of i n t e r -  

nal hea t  s o u r c e s ;  6 is the plate  th i ckness ;  ~/is the t h e r -  
real  conduct iv i ty ;  T i s  the t e m p e r a t u r e  of med ium;  a is 
the hea t  t r a n s f e r  eoeff iciento 
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