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HEATING OF A BULKY BODY BY A CIRCULAR HEAT 

SOURCE WITH HEAT ELIMINATION FROM THE 

SURFACE TAKEN INTO ACCOUNT 

L. E .  M e l a m e d  UDC 536.24.02 

Resul t s  of an ana ly t i ca l  and n u m e r i c a l  solut ion of the p rob l em,  in a form sui tab le  for  the d e t e r -  
minat ion of m a t e r i a l  p r o p e r t i e s ,  a r e  given. 

The p rob l em  of heat ing a bulky body by a c i r c u l a r  heat  sou rce  is a computat ional  scheme of an enormous  
number  of l o e a l - h e a t i n g c a s e s  encountered  in engineer ing.  Included h e r e  a r e  the e l e e t r o e r o s i v e  t r e a t m e n t  of 
me t a l s ,  e l e c t r o n - b e a m  and l a s e r  t r e a t m e n t ,  welding,  the act ion of local  heat  sou rces  in a f i r e ,  and p rob lems  
of many o ther  b ranches  of engineer ing.  This r e s e a r c h  is pe r fo rmed  d i r e c t l y  in connect ion with the p rob lem of 
d e t e r m i n i n g  the heat  conduct ivi ty  of s t r u c t u r a l  cons t ruc t ions  (panels ,  etc.  ) under  nondes t ruc t ive  tes t ing - the 
act ion of a c i r c u l a r  heat  sou rce  of given in tens i ty  on the su r f ace  of an i tem. A s t a t i o n a r y  modif ica t ion  of such 
a method is p roposed  in [1]. The t h e r m a l  engineer ing  bas i s  of the nons ta t ionary  modif ica t ion  of the method,  
p roposed  by the s ame  author ,  is examined below. P a r t i c u l a r  cases  of this  computat ional  scheme were  exa -  
mined in [2-6]. 

The problem is formulated thus. The equation 

d0 d~0 1 dO a20 
- -  ~- - r -  , r ,  z ~ O ,  

8~ dr ~ r Or dz ~ 

with the boundary conditions 

0 = 0  for ~ = 0 ,  0- -~0 for r, z---~c~, 

00 
Bi 0 -- A (r, ~) for Z : 0 

OZ 

is solved. 

In quadratures, the solution of the problem has the form 

O(r' z' ~)=; i ~A(~' T - - t ) ,  2t 

0 0 

exp 
r 2 4 -  z ~ 4 -  ~z 

x 

S c i e n t i f i c - R e s e a r c h  Inst i tu te  of Standard and Exper imen ta l  Design,  Moscow. Trans l a t ed  f rom Inzhenerno-  
F i z i c h e s k i i  Zhurnal ,  Vol. 40, No. 3, pp. 524-526, March ,  1981. Or ig ina l  a r t i c l e  submit ted  Sep tember  11, 1979. 
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Fig. 1. Dependence  of 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  T of the c e n t e r  of the hea t ing  
spot  on the n u m b e r  Fo and the c r i t e r i a  Bi (a) and N = BiFo  (b). 

• [ ~--@ -- gi exP ( 2 @  + Bi g t  ) 2 erfc ( 2 @  + Bi V[ ) ] dr dr. 
(1) 

Let  us examine  the c a s e  of cons tan t  hea t  f lux in a c i r c l e  of rad ius  1 : 

A = n ( r ) - - n ( r - -  1), 

w h e r e  ~ is a unit function. In this  c a s e  the  t e m p e r a t u r e  on the z axis  equals  

Z _ exp (Bi z + Bi2~) erfc ( 2 @ ~  + Bi V-~) __ T (0, z, a:) = erfc 2 V'~- 

- -  Bi exp (Bi z) j :  exp (--  ~Bi) erfc ( v ~  + 1 " ) '  2 }/~- V~z2c~+ 1 d~. 

0 

F o r  T --< 0.02 the l a s t  t e r m  can be neglec ted .  

The t e m p e r a t u r e  change at the c e n t e r  of the hea t ing  spot  was computed  by  means  of (1) fo r  z = 0 on a 
Bt~.SM-4M e lec t ron ic  compu te r .  The r e su l t s  a r e  r e p r e s e n t e d  in Fig. l a ,  b, whe re  the dependence  T = f(Bi, 
Fo) is shown in Fig.  l a ,  while Fig.  l b  is used to  so lve  the i nve r se  p r o b l e m  - to d e t e r r n i n e t h e h e a t  conduc t iv -  
i ty ~ of  a m a t e r i a l  by t e m p e r a t u r e  m e a s u r e m e n t s  at the c e n t e r  of the hea t ing  spot  fo r  a known coef f ic ien t  of 
hea t  e l imina t ion  a .  This dependence  has  the f o r m  T = ~o(N, Fo),  whe re  the c r i t e r i o n  N = BiFo  = c~T/cpR does  
not include unknown quant i t ies ,  and t h e r e f o r e ,  the d e t e r m i n a t i o n  of k o c c u r s  without i te ra t ion .  

NOTATION 

0 = k(t - t c ) / (qoR)  and T = 0 Bi = a (t - t c ) / q  o, d i m e n s i o n l e s s  t e m p e r a t u r e ;  qo, hea t  flux, W/m2;  Bi = a R / X ,  
Biot c r i t e r i on ;  R, r ad ius  of the hea t ing  spot ,  the c h a r a c t e r i s t i c  d imens ion ,  m; f% ~, rad ius  and depth,  m; r = 
Z/R,  z = ~ /R,  d i m e n s i o n l e s s  rad ius  and depth; r ,  t i m e ,  sec ;  r = Fo = ar/R 2, F o u r i e r  number ;  N = Bi Fo = ~-~/ 
cpR,  c r i t e r i o n ;  a ,  coef f ic ien t  of hea t  e l imina t ion ,  W / m  2" deg; X, hea t  conduct iv i ty ,  W/re .  deg;  c ,  spec i f i c  heat,  
J / k g . d e g ;  p,  dens i ty ,  kg,/m3; a ,  t h e r m a l  d i f fus iv i ty ,  m2 / sec ;  tc, t e m p e r a t u r e  of the ex te rna l  med ium.  
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2, 

3. 
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