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An approximate solution is obtained for the problem of the unsteady 
temperature field in solids wit~ internal heaters cooled by radiation, 

It iS knmrn that the heat r e l e a s e  from the sur face  
of many heat ing e lements  operat ing at low p r e s s u r e s  
is accompl ished  p redominan t ly  by rad ia t ion .  To find 
the t e m p e r a t u r e  field, which de t e rmines  the safe 
l imi t s  of t he rma l  loading, in these  conditions,  we 

r e q u i r e  the in tegra t ion  of the d i f fe rent ia l  equation of 
heat conduction 

O@(X, Fo) V'-'O(X, Fo)@Po (1) 
0 Vo 

with a non l inear  boundary condit ion expressed  by the 
S te fan-Bol tzmann  law 

00(1,  Fo) 
SklOL(l, Fo)- -  li, (2)  

OX 

the condit ion of s y m m e t r y  

,) O (0. Fo) _ 0 (3) 
OX 

and the ini t ia l  condit ion 

Here  

e ( x ,  0) = (-),,. (4) 

0 - . ~ X = x ' R , g l .  0~<Fo a . R  e < m ,  
�9 .3  �9 N(X, Fo)- :T.  Tc, Sk:=%I,R,/~.  Po=:q:,R"/).T c, 

: O ~ _:. .~ ~) 
V ~ 0X e X dX 

and ~ is a coefficient which is equal to 0, I, and 2 in 

the plane, cylindrical, and spherical problems, re-  

spectively. 
B y  putting 

(4 ( X .  F o )  = ~ (X, Fo) + l (X) K, (5) 

where the function t(X) is a solut ion of the l)roblem 
(1)-(4) when Fo ~ ,  i . e . ,  the steady t empe r a t u r e  

t)o 
t (X)  - -  (1 -- .\.e) -i- K ,  

' 1~  - ] -  O 

K : l l - i - l h ) ( ~ +  l ) S k l  II  

we obtain a sys tem of equations for the de t e rmina t ion  
of U, (X, Fo) = U (X, Fo)/K: 

~)~'...(X Fo) . -  gaL. * (.\. Fo). (6) 
0 Fo 

O~'. (1. Fo) 

OX 
- -  {.{1, Sk: = K:'Sk. (7) Sk: I1 " Fo)l. 

OU (0. Fo) 

0X 
o, (8~ 

1 -@ U.~ (X, 0) = ~ - 1  0 Po 
' 2~4-2 

- -  (1 --X'2)l = U,o(X). (9)  

In o rder  to find the unsteady t e m p e r a t u r e  U.  (X, Fo), 
we employ the subst i tu t ion 

lntV(X, Fo) _ 

P 

= ---1 [ArthU. (X, Fo) + arctgU. (X, Fo)l, (10) 
2 

in which p is a p a r a m e t e r .  
The function W(X, Fo) l i nea r i ze s  the boundary  con-  

di t ion (7), r educ ing  it  to the form of a boundary  con-  
dition of the 3rd kind: 

OW (1, Fo) _ pSk.  W(I, Fo): (11) 
OX 

The s y m m e t r y  condit ion (8) does not change, 

OW (0, Fo) = O, (12) 
OX 

the ini t ia l  condit ion (9) is  wr i t ten  in the form: 

( X ,  0) = 

= e x p i - - ~ [ A r t h U . o ( X ) + a r c t g U , o ( X ) l  ~,, (13) 

and the d i f fe rent ia l  equation of heat conduction takes 
the form 

dW(X,  Fo) --V-'W(X, F o ) + ] ( X ,  Fo), (14) 
0 Fo 

] 0U -- 1 ~ (4U~ - -  p) /(X, Fo)=Pk~ / (1  L'I; ) W. (15) 

We note that s ince  Arth (v exis ts  when ]ct]< 1, the 
subst i tu t ion (10) may be employed in the case  when 

Ju,0(x)] < 1. 
The quantityf(X, I:o) in Eq. (14), an internal heat 

source of variable power, is equal to zero when X -: 0 
(condition (8)) and reaches its maximum value at the 
sur face .  By apl)rol)riate ( 'hoice of the l m r a m e t e r  p, the 
non l inea r  complex (15) may be reduced to such a de-  
g ree  that it p rac t i ca l ly  ceases  to have an inf luence on 
the t e m p e r a t u r e  fiehl W : W(X, Fo). 

S incef (X,  I'o) ~ 0  when 4 U ~  p and U, (X, Fo) 
changes throughout the p rocess  from U,0(X) with F~ = 

= 0 to 1.0 with 1:o ~ . o ,  we divide the region of t e m -  
p e r n t u r e  var ia t ion  U.(X, Fo) into a s e r i e s  of in te rva l s  

(U. 0 -  U,I ,  . . . ,  U, i_  l -  U . i  . . . .  ), and choose Pi for 
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each in te rva l  accord ing  to the r e l a t ion  

Pi = 4U3~ . .  

Then the t e m p e r a t u r e  d is t r ibu t ion  for  the i - th  in-  
t e r v a l  is used as the ini t ial  condit ion for the next 
in terva l ,  and so on. 

Such a choice  of the p a r a m e t e r  Pi leads to the fact  

that  f (X,  Fo) ~ 0. In this ca se  the t e m p e r a t u r e  U.(X, 
Fo) is found on the bas is  of the solut ion of the p rob lem 
(11)-(15) with f(X, Fo) = 0, as p r e sen t ed  in [1], and of 
r e l a t ion  (10), as cons t ruc ted  in [2]. 

Data  reduc t ion  on a compute r  has al lowed us to 
es tab l i sh  that  for  the c a s e  ~ = 0, [1 - U.0(X) -< 0.85, 
the e r r o r  in ca lcu la t ing  U,  (X, Fo) does not exceed  5o/o 
for  al l  X, if  the number  of i n t e rva l s  is equal  to one 
when Sk,  < 1.0, two when 1.0 -< Sk.  < 2.0, t h ree  when 
2.0_<Sk.  < 3.0, and four when 3.0_<Sk.  < 4.0. With 
i n c r e a s e  of 4, and a lso  with d e c r e a s e  of I1 - U.01, the 
a c c u r a c y  of the ca lcula t ion  i n c r e a s e s .  I n c r e a s e  of the 

number  of i n t e rva l s  leads to a reduct ion  in the value  
o f f ( X ,  Fo), and to an i n c r e a s e  in the a c c u r a c y  of 
de t e rmina t ion  of U .  (X, Fo). 

The r e s u l t s  obtained h e r e  may be used to ca lcu la te  
the t e m p e r a t u r e  f ie lds  in heat ing e l emen t s  cooled by 

radia t ion ,  as wel l  as to e s t i m a t e  the t imes  needed to 
heat  s e p a r a t e  l aye r s  to a given t e m p e r a t u r e .  
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