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An experimental study has been made concerning the regular  heating mode of bodies during 
radiative interaction. A method of calculating the temperature  fields in interacting bodies 
has been developed in the basis of relations derived here for the regular  heating mode. 

The subject under consideration has been dealt with ear l ie r  in [1-3]. For  a further study of these 
phenomena, the authors have performed experiments concerned with the thermal  regularization in radia-  
tively interacting bodies. A schematic diagram of the test  apparatus is shown in Fig. 1. The volume of 
the test  chamber 2 0.17 m 3. Vacuum (down to 10-4-10 -5 mm Hg) was produced by a VN-1MG intermediate- 
vacuum pump and an N-2T high-vacuum pump. The thermocouple leads were brought out through a wall 
in the vacuum apparatus through a special gasket 8 with hermetic sealing. The test specimens were steel 
cylinders 3 and 5 thermally insulated along their  lateral  surfaces.  Shields 6 were made of aluminum foil 
0.1 mm thick. There were altogether eight such shields. Axial play of the shields was eliminated by 
round jaws pressing on the specimen from both ends. The back surfaces of cylinders 5 were insulated by 
an envelope of shields 4. Specimen 3 was heated with heaters  1, in the upper par t  of the chamber. After 
the prescr ibed temperature  had been reached, a voltage was applied across  hanger 7 causing it to over- 
heat. Specimen 3 was then gradually (with the aid of a counterweight) dropped into the active position. 
The temperature  field in the specimens was recorded by means of twelve thermocouples through a model 
t~l~P- 9 potentiometer.  

i �84 : 

Fig. I. Schematic diagram of a test stand for studying the transient 
radiative interaction between bodies. 

Tomsk Polytechnic Institute, Tomsk. Translated from Inzhenerno-Fizicheskii Zhurnal, Vol. 23, 
No. I, pp. 20-25, July, 1972. Original article submitted July 20, 1971. 

�9 1974 Consultants Bureau, a division o f  Plenum Publishing Corporation, 227 West I7th Street, New York~ N. Y. 10011. 
No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, 
electronic, mechanical, photocopying, microfilming, recording or otherwise, without written permission of  the publisher. ,4 
copy of  this article is available from the publisher for $15.00. 

818 



0,2 
") 8 76 2o 3.2 E0 

Fig.  2. Logar i thm of the resu l t an t  
flux as a function of t ime:  1) 0oi 
= 1.62, 0o2 = 0.762, k a = 0.57, k i 
= 0.4021, k x = 1.656, Sk 2 = 0.0133; 
2) 001 = 1.67, 002 = 0.731~ k a = 1.00, 
k I = 0.4021, k k = 1.000, Sk 2 = 0.0139. 

The t e s t  r e s u l t s  with t ~  in teract ion modes have been plotted in Fig.  2 in s emf loga r i t hmic  c o o r d i -  
na tes .  According  to the graph,  the r egu l a r  mode occurs  a ce r ta in  t ime  a f t e r  heating has  s ta r ted .  A d i s -  
t inguishing c h a r a c t e r i s t i c  of th is  mode is that  the natura l  logar i thm of the resu l tan t  flux lnE(Fo) is a 
l inea r  function of t ime .  The r a t e  of change of this  logar i thm r e m a i n s  constant  throughout the t r ans i en t  
per iod  of r ad ia t ive  in teract ion.  

With W denoting the r a t e  a t  which the logar i thm of the resu l t an t  flux changes,  one can wri te  

W = - -  0 In E (Fo) =-- .  1 OE (Fo___~) =const. (1) 
0 Fo E (Fo) 0 Fo 

We a re  looking for  an approx imate  cha rac te r i za t ion  of this mode and, for  this purpose ,  we fo rmula te  the 
p r o b l e m  ma the m a t i ca l l y  as  fol lows:  

050: =k~ dO: 0~0~. OO~ 
o x  ~ 3 Fo ; OX 2 = 0 F~-~ ; (2) 

- - k ~ < X ~ O ;  0 .<. X -(.. 1; 

O0~(--k~, Fo) --0;  002(1 , Fo) =0; (3) 
OX OX 

00~ (0, Fo) 
OX =--Sk~ [0~(0, Fo)--0~(0, Fo)] =- -E(Fo) ;  (4) 

003 (0, Fo) 
dX = -SM_ [0~ (0, Fo) - -  0~ (0, Fo)] = - - E  (Fo); (5) 

0~(0, Fo)=0ol; 02(0, Fo)= 0~ (~) 

The boundary conditions (4) and (5) can also be expressed as 

01 (0, Fo) = 01~ (Fo), 02 (0, Fo) = 02~ (Fo). 

System (2)-(6) and s y s t e m  (2), (3), (6), (7) both desc r ibe  the s ame  p r o c e s s .  
solution yields  the following expression. .  

(7) 

Their s imul taneous  

~2 ~2 

In E (Fo)= 4/~7-a -~ Fo+In ~k ,k~2  

Fo 
~- In :~2 go 40o~kfl~ n~ Fo 40o~k~k~ 7 (8) 

0 

Within p rac t i ca l  engineer ing accu racy ,  Eq. (8) can be approx imated  by a s i m p l e r  equation 

In E~ (Fo) ~ Fo 
E (Fo) -- 4 (1-t-k,k~ exp (--Sk~)) @C. (9) 

He re  Sk 5 is the l a r g e r  of the two number s  Sk i o r  S k  2. ~ is evident f rom gqs .  (10) and (9) that  the 
1r2/4(1 + k k~ exp (-Sk6)) is the r a t e  W at  which the logar i thm of the resu l t an t  flux changes.  Equation (9) 
g ives  a ra~her  adequate desc r ip t ion  of the r egu l a r  s tage of the p r o c e s s  during a t r ans ien t  rad ia t ive  in te r -  
act ion between bodies  of finite d imens ions .  The appl icabi l i ty  c r i t e r ion  for  express ion  (9) is the quality of 
W calculated by the t heo re t i c a l  f o rm u l a  and found by t e s t s .  Both se t s  of va lues  a r e  compa red  in Table  1. 
Exp re s s ion  (9) is valid for  bodies with 0.1 - Sk i <-- 8. The data for  bodies with a s m a l l e r  m a s s  fit c lose ly  

819 



TABLE 1. Compar i son  of Calculated Values for  W 

Problem conditions 

0o1=1,4 0o~=0,8 Sk1=5 Sk~=0,125 
ka=l kl=2 k~=0,5 
0o~=2,5 0o~=0,7 Sk1=0,5 Sk2=0,2 
ka:0,5 kl=2 kk=0,2 

0o1=2 0oz:0,5 Skl=l Skz=0,5 
ka=I kl=l kx:O,5 
0ox:1,5 0o2~0,5 Skx:3 Sk2=0,6 
ka=0,5 k/=10 kx=O,2 

0o1=1,5 0o2=0,6 Skx=0,4 Skz=0,32 
tea: 1 kl= 1 k~=0,8 
0o1=1,75 0o~=0,4 Ski=0,2 Sk~=0,21 
ka=0,8 k/-0,92 k~:1,0869 

0oi=2 0o~:0,1 Ski=2 Sk~=3,6 
ka=0,2 kl=2,5 k~=1,8 
Oox=2 0o~=0,1 Sk1=0,5 Sk~:0,889 
ka=0,46 kl= 1,1 kx= 1,778 

0o1=1,6 00~=0,1 Skl=l Sk~=5 
ka:0,15 kl=2 kk=5 
0o1:2,5 0o~:0,7 Skl:l  Sk~:O,2 
ka=l kl=l k~ =0,2 

numerical Veaccording to 
l analysis the formula 

0,721 0,720 

1,100 1,114 

1,81 1,803 

0,665 0,706 

1,471 1,477 

1,551 1.590 

2,285 2,384 

2,09 2,008 

2,46 2,457 

1,801 1,803 

a,% 

0,139 

1,23 

0,387 

4,4 

0,407 

2,45 

4,1~ 

3,9 

0,121 

0,11 

into the re la t ion  

~2 r-- 2 
]/G kz 

w = --- ( lo)  
4 4 (k~+r ~k~ ) exp (--Sk,)exp (--Sk~) 

Thus, (9) and (I0) characterize approximately the regular mode during a transient radiative inter- 
action between bodies. 

On the basis of these relations, it is possible to develop an engineering method of caleulating the 
temperature fields after the initial stage of heat transfer. We rewrite Eq. (9) as 

E (Fo) = E  0 exp ( - -C+W Po), (11) 

where  C = In (EoSk2/W(i - 0 02)) is a constant  found f r o m  the eondition that  the m e a n - i n t e g r a l  t e m p e r a t u r e  [3 ] 
app roaches  the s ingular  equi l ibr ium t e m p e r a t u r e  when Fo -~0~. The f o r m a l  solution to s y s t e m  (2)-(6) is 
well  known [2]: 

l 01(X , Fo)=0ol-- Ski E (Fo)dFo+  2Skl (_l)ncos ~t~ (k~+X)exp 

0 n = l  

Fo 

[ l d • E(Fo) exp t . - - J | k ~  k--7~-|, Fo; 
0 

FO Fo 
02 (X, Fo) = 0o2 + Sk 2 S E (Vo) d Fo + 2Sk~ X ( -  1)= cos ix= (1-- X) exp [--  ~t~ Fo] S E (Fo) exp [ ~ Fo] d Fo, 

0 n = l  0 

where ~n = 7rn. 

Ot 

1,4 , "  

I 

6 f2 16 FO 

Fig.  3. Compar i son  between t e s t  values  of the t e m -  
p e r a t u r e  (solid line) and analyt ical  values  of the 
t e m p e r a t u r e  (dashed line), for  001 = 1.62, 002 = 0.762, 
k a = 0.57, k K = 1.656, k l = 0.4021, Sk 2 = 0.0133. 
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Insert ing the values of E(Fo) in accordance with (11) yields 

01 (X, Fo) ~ 001 + E~ Sk~ exp (--C) [exp (-- W Fo)-- 1] --  2Eok z Sk 1 exp (-- C) 
Wk~k~ 

n ~ l  

c~ [ ~ -  (ki+ X)] 

2 2 
~ n  - -  W k a k l  

• [exp (-- WFo)--exp ( - -  - -  

0 2 (X, Fo) = 0oz E~ Sk2 exp (--C) 
W 

kok~ Fo , 

[exp (--WFo) --  I] 

(12) 

Z cos [~,~ (1 -- X) [exp (--W Fo) --  exp (--~] Fo)]. + 2E o Sk 2 exp (--C) (-- l)~ ~t]--iV 

The tempera ture  field based on Eq. (12) and based on measurements  is shown in Fig. 3. 

(13) 

0 = T /T  E 
T E 
k l = l / R  
k a =a2/a~ 
k k = AI/~ 2 
Sk i = o-T~R/X i 
(Y 

FO = a2T/R 2 

L I T E R A T U R E  C I T E D  

is the dimensionless tempera ture ;  
is the equilibrium tempera ture ;  
is the re la t ive thickness of f i r s t  layer;  
is the rat io of thermal  dfffusivities; 
is the ra t io  of the rmal  conductivities; 
is the Stark number; 
is the r e f e r r ed  emissivi ty;  
is the Four i e r  number (dimensionless time) 

S u b s c r i p t s  

1 and 2 denote the f i rs t  and second body respect ively.  
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