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We consider the possibilitie s of applying the laws governing the dis- 
tribution of heat in bodies of finite dimensions to the calculation of 
the heating of bodies by radiative heat. 

The t e m p e r a t u r e  field developed in bodies of f ini te  
d imens ions  a s s u m e s  the p a r t i c u l a r l y  i n t e r e s t i ng  p rop-  
e r ty  of being made to conform by the t e m p e r a t u r e  d i s -  
t r ibu t ion  to the length of the coordinate  axes or to the 
body sur face .  The fo rm of this coordinat ion  r e l a t i o n -  
ship is governed by the condi t ions  under  whieh the 
p r o c e s s  takes place.  If the ma thema t i ca l  desc r ip t ion  
of the phenomenon p e r i n i t s  us to seek the solut ion of 
the p rob l em in the fo rm of the product  of the funct ions  

[1 - -O(X;  Y; Fo)] = U ( X ;  Fo)V(Y; Fo), 

the coordina t ion  r e l a t ionsh ip  is  given s t r i c t ly  by 

11 - -  0 (X; Y; Fo)] 
__-- [ 1 - - 0 ( 0 ;  Y; Fo)l [ l - -  O (X; O; Fo)] , (1) 

[ 1 - -  0 (0; O; Fo)i 

[1 - -  O (X; Y; Fo)] 

= [ 1 - - O ( 1 ;  Y; Fo)] [l - -  O (X; 1; Fo)] (2) 

[ 1 - - 0 ( 1 ;  1; Fo)] 

and it can the re fo re  be t rea ted  as the law govern ing  
the r e l a t ionsh ip  between the t e m p e r a t u r e s ,  or  what is 
the same ,  as the law govern ing  the d i s t r ibu t ion  of heat 
in bodies of f ini te  d imens ions .  If the ma thema t i ca l  de-  
sc r ip t ion  of the phenomenon p e r m i t s  us to seek the 

s o l u t i o n  of the p rob l em in the fo rm of the sum of the 
funct ions  

~) (X; Y; Fo) -=- P (X; Fo) -b D (Y; Fo), 

the coord ina t ion  r e l a t ionsh ip  is  also found s t r i c t ly  as 

o(X; Y; Fo) 
= 0(0; Y; Fo) + O ( X ;  0; Fo)- -O(0;  0; Fo), (3) 

0 (X; Y; Fo) 
= ~(1; Y; Fo)-t-~)(X; 1; F o ) - - # ( l ;  1; Fo) (4) 

and can be t rea ted  as the law govern ing  the r e l a t i o n -  
ship between t e m p e r a t u r e s  or govern ing  the d i s t r i b u -  
tion of heat in bodies of f ini te  d imens ions .  

The f i r s t  fo rm for the h e a t - d i s t r i b u t i o n  law in bod- 
ies  of f ini te  d imens ions  was der ived  in the fo rm of (1) 
and (2) in r e f e r e n c e  [1]o The second form of the law 
was es tab l i shed  in the fo rm of (3) and (4) in [2]. Each 
of these laws is r e m a r k a b l e  in that ne i ther  i nco rpo-  
r a t e s  the va lues  for the t he rmophys i ca l  c h a r a c t e r i s -  

t ics  of the m a t e r i a l s .  Di rec t  m e a s u r e m e n t  of the t e m -  
p e r a t u r e  d i s t r ibu t ions  over  the coordinate  axes or the 
sur face  of the body there fore  makes  it poss ib le  to ca l -  
culate ind i r ec t ly  the t e m p e r a t u r e  field within the body 
without f i r s t  knowing the va lues  of the t he rma l  con-  
duct ivi ty ,  heat capaci ty ,  o r  dens i ty  of the ma t e r i a l .  
As an example  of a case  co r re spond ing  to the f i r s t  
f o rm of the he a t - d i s t r i bu t i on  law we can cite the r e g u -  
l a r  per iod  for the convect ive heat ing of a beam of 
r e c t a ngu l a r  or square  c r o s s  sect ion.  As an example  
of the condi t ions  subject  to the second fo rm of the d i s -  
t r ibu t ion  law we can offer the p roces s  of heat ing a 
beam of r e c t a n g u l a r  or square  c r o s s  sect ion by a con-  
t inuous flow of heat [3 and 4]: 

0 ~ (X; Y; Fo) 

0Fo 
020(X; Y; Fo) R~ O~xS(X; Y; Fo) (5) 

OX 2 + R~ OY ~ ' 

O~(0: Y; Fo) _ a{f (x;  0; F o ) = 0 ,  (6) 
a x  OY 

0~(1; Y; Fo)=Ki~; Of~(X; 1; Fo! =Ki2, (7) 
OX OY 

~(x ;  Y; 0) =~0.  (8) 

The authors  of communica t ions  [5-7] ,  having taken 
the idea f rom [1], were  able to de r ive  approximate  
fo rmu la s  to r e l a t e  the t e m p e r a t u r e s  of bodies with 
f ini te  d imens ions  in the case  of rad ia t ive  heat exchange. 
The p a r t i c u l a r  value of these approximat ion  fo rmulas  
l ies  in the fact that they have demons t r a t ed  the p o s s i -  

0 

,'7# 

~Z4 

o a4 .20 t2 FO 

Heating of s q u a r e  bar  by r ad ian t  heat 
at Ki = 0.5; | = 0.15; 1) f in t e m p e r a -  
ture;  2) side t e m p e r a t u r e ;  3) center  
t e m p e r a t u r e  (curves ,  computer  data; 
poin ts ,  ca lcu la t ion  accord ing  to (10)). 
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D e t e r m i n a t i o n  of T e m p e r a t u r e  in the Cen te r  of a Square  Beam 

Fo 

0,002 
0,006 
0,010 
0.042 
0.092 
0.2 
0.4 
0,6 
0.8 
1,2 

Ki ~0,3, Oo =0,15 

O (1; Y; Fo) 

0.1586 
0,1714 
0.1800 
0.2153 
0.2510 
0.3171 
0.4324 
0,5417 
0j6389 
0.7907 

Computer data 

O(1; 1: Fo) i O(X; I; Fo) 

0,1682 0,1586 
0 1937 0~1714 
0,2110 0,1800 
0.2814 0.2153 
0.3490 0,2510 
0.4457 0~3171 
0.5671 0,4324 
0~6654 0.5417 
0.7463 0,6389 
0.8618 0 7907 

O (0: O: Fo) 

0,1500 
0,1500 
0,1500 
0.1500 
0.1521 
0.1853 
0,2891 
0.4032 
0;5114 
0~6957 

Results 
i[Eq.(lO)] 

O (0; 0; Fo) 

0,1500 
0,1500 
0,t500 
0,1500 
0.1521 
0,1860 
0,2900 
0,4080 
0.5160 
06980 

% of 
diver- 
gence 

0,00 
0.00 
0.00 
0,00 
0L00 
0,38 
0,31 
1,19 
0,90 
0, 33 

bi l i ty  of apply ing  al l  of the concep ts  s ta ted  in [1] even 
to the c a s e  of r a d i a t i o n  heat ing.  

In t h e i r  w r i t i n g s ,  the au thor s  of [5-7]  p r o c e e d e d  
on the b a s i s  of the f i r s t  f o r m  of the h e a t - d i s t r i b u t i o n  
law for  bod ies  of f in i te  d i m e n s i o n s .  F o r  s i m i l a r  p u r -  
p o s e s  i t  is  a p p a r e n t l y  w i s e r  to r e l y  on e x p r e s s i o n s  
c o r r e s p o n d i n g  to the second  f o r m  of the d i s t r i b u t i o n  
law. Us ing  the  subs t i tu t ion .  

~} (X; Y; Fo) 

1 
- -  2 [ArthO(X; g; F o ) + a r c t g O ( X ;  Y; Fo)], (9) 

it  is  p o s s i b l e ,  in a c e r t a i n  a p p r o x i m a t i o n  [8], to r e -  
p lace  Eqs. (5 ) - (8 )  by the fo l lowing  s y s t e m :  

0 0 ( X ;  Y; Fo) 

O Fo 

O ~ O (X; Y; Fo) R~ O -~ 0 (X; Y; Fo) 
= OX 2 + R--~2 OY ~ ' 

0 0 (0; Y; Fo) = d 0 (X; 0; Fo) = 0, 
OX OY 

00(1 ;  Y; Fo) ____ Kil [l __ (94 (1; Y; Fo)], 
OX 

0 0 ( X ;  1; Fo) =Ki2[1 - - 0 4 ( X ;  1; Fo)I, 
OY 

O(X; Y; O)=  Oo 

Th i s  s y s t e m  d e s c r i b e s  the p r o c e s s  of hea t ing  a r e c -  
t angu la r  o r  s q u a r e  beam by r a d i a t e d  heat .  A c c o r d i n g  
to law (4) and subs t i t u t ion  (9), we wil l  now have 

[Arth 0 (X; Y; Fo) § arctg 0 (X; Y; Fo)] 

= [ArthO(1; Y; Fo) - -  

+ arctgO(1; Y; Fo)] § [ArthO(X; 1; Fo) 

+ arctgO(X; I; Fo ) l - -  

- - [ A r t h O ( l ;  1; F o ) + a r c t g O ( 1 ;  1; go)l. (10) 

Equat ion  (10) g ives  the a p p r o x i m a t e  r e l a t i o n s h i p  
be tween the t e m p e r a t u r e s  in r a d i a t i o n - h e a t e d  bodies  
of f in i te  d i m e n s i o n s .  Using  this  equat ion,  w e  can d e -  
t e r m i n e  the t e m p e r a t u r e  of any point  within the body 
f rom the known t e m p e r a t u r e s  at the su r f ace .  He re  
t h e r e  is  a l so  no need to know the t h e r m a l  eonduet iv i ty ,  
the heat  capac i ty ,  nor  the dens i t y  of the m a t e r i a l .  E q u a -  
tion (10), j u s t  as  law (4), i s  va l id  fo r  a l l  s t a g e s  of the 
hea t ing  p r o c e s s  ( inc luding  the in i t i a l  and o r d e r e d  p c -  

r iods ) .  And it is  only because  of the a p p r o x i m a t e  na -  
tu re  of subs t i tu t ion  (9) that  the use  of (10) is  l im i t ed  
to the va lues  of the K i r p i e h e v  r a d i a t i o n  number  ( l e s s  
than 0.6) ( see  the f igu re  and the table) .  In any event ,  
the ca lcu la t ion  e r r o r  is  r e d u c e d  with a r educ t i on  in 
the K i r p i c h e v  n u m b e r ,  an i n c r e a s e  in the d i m e n s i o n -  
l e s s  in i t i a l  t e m p e r a t u r e ,  and with i n c r e a s i n g  d i s t ance  
between the point  under  c o n s i d e r a t i o n  and the c e n t e r  of 
the body. 

A f o r m u l a  such as  (10) can be d e r i v e d  for  a p a r a l l e l -  
epiped and a sho r t  cy l inde r .  

Thus on the b a s i s  of the laws govern ing  the d i s t r i b u -  
tion of hea t  in bodies  of f in i te  d i m e n s i o n s  we can d e -  
r i ve  a p p r o x i m a t e  r e l a t i o n s h i p s  which a r e  s i m i l a r  to 
these  in t e r m s  of t h e i r  s ign i f i cance  and which a r e  ap-  
p l i c a b l e  to the condi t ions  of r a d i a t i v e  hea t  exchange at  
the bounda r i e s .  

NOTATION 

| = T / T  m is the d i m e n s i o n l e s s  t e m p e r a t u r e ;  X and 
Y a r e  d i m e n s i o n l e s s  coo rd ina t e s ;  F o  = a T / R  2 is  the 
F o u r i e r  number ;  Ki = q m R / k T  m is  the K i r p i e h e v  num-  
ber .  
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