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A method is p resen ted  for  simulating the t empera tu re  distribution in an object when there  is 
no convective heat t r an s f e r .  Similari ty of boundary conditions is ensured by a heat shield 
with a control led t empera tu re  serving as a f r ee  p a r a m e t e r .  

High-vacuum studies of t empera tu re  distributions in smal l - sca le  objects containing fuel e lements  a re  
difficult because  the introduction of t empera tu re - sens i t i ve  elements  dis tor ts  the t empera tu re  distribution 
being studied. It becomes n e c e s s a r y  to produce l a rge - sca l e  models having a t empera tu re  distr ibution s imi -  
l a r  to that under  study. 

The model must be geometr ica l ly  s imi la r  to the object,  and the ra t io  of physical  constants in the va r i -  
ous regions of the model must be the same as in the object [1]. 

In the case under discussion the physical  constants are  the surface  emiss ivi ty  e and the the rmal  con-  
ductivity •. 

Thus the requi rement  of constant ra t ios  of physical  constants has the fo rm 

)~iob : )~ i a  ; elob - - , e t a  (1) 
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where  ~tio b and Xia a re  the the rmal  conductivities of the i- th region of the object and the model r e spec t ive -  
ly; ~iob and eia a re  the surface  emiss iv i t ies  of the i - th  region of the object and model.  

In addition the boundary conditions on the sur face  of the model must be s imi la r  to those on the surface  
of the object .  This  r equ i res  p rese rv ing  the Blot number 

~Z~a/ia _ C~io b I iob (2) 

)~ a )~i ob 
Here ~iob and OZia are the radiative heat-transfer coefficients for the i-th region of the object and 

the model, and lio b and lia are characteristic linear dimensions of the i-th region of the object and model. 

It is clear from (2) that a model having linear dimensions c times as large as those of the object lia 
]/iob = c, must be made of materials having thermal conductivities c times as large as those of the corre- 
sponding regions of the object:  

~qa = c)~ ob (3) 

or  the sur faces  of the corresponding regions of the object and model must have emiss iv i t ies  eiob and eia 
such that 

l (4) 
CCia C C~/~ ~ 

In this case  identical t empera tu re s  at corresponding points of the object and model a re  achieved by 
a change in the dissipated power P,  so that the dimensionless  combinat ion P / / i l i T i  remains  unchanged. 

Thus the simulation of the t empera tu re  distribution in a vacuum requ i res  only the geometr ic  s imi -  
laxi ty of the model and object .  The construct ion of a model corresponding to requ i rements  (3) or (4) does 
not r ep re sen t  a prac t ica l  possibi l i ty .  
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We cons ider  the boundary conditions on the sur face  of the model surrounded by a heat shield [2] with 
a control led  t e m p e r a t u r e  in var ious  regions  : 

)~ia dT~a = - - I i aa i  a (Ti a - -  Tis). (5) 
dn 

The boundary  conditions on the su r face  of the object have the f o r m  

)~ dTmb  
iOb-dn ~ - - l ~ 1 7 6 1 7 6  To). (6) 

Here  Tio b and T ia  a re  the mean  sur face  t e m p e r a t u r e s  of the i - th  region of the object and the model;  T O is 
the ambient  t e m p e r a t u r e ;  Tis  is the t e m p e r a t u r e  of the i - th  region of the shield rece iv ing  radia t ion f r o m  
the cor responding  region of the model ,  n = Zia / / ia  = Ziob//io b is a d imensionless  vec tor  no rma l  to the s u r -  
face  of the model and the object ,  where  z i is the no rma l  to the su r face .  

F o r  s i m i l a r  boundary conditions on the su r face  of the model and the object ,  Eqs .  (5) and {6) wr i t ten  
in t e r m s  of r e l a t ive  quanti t ies  must  be identical .  The t r ans fo rma t ion  of (5) and (6) to d imens ion less  f o r m  
gives  

dn )h 'a To 

and a ( T,.oQ 
To / 

dn 
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Under the condition 

~i~176 (T/o b -  To) = ~i~lia (Tia - -  Tis), (9) 
~ob ~tla 

denoting p r e s e r v a t i o n  of the genera l i zed  Blot number ,  (7) and (8) will have identical  f o r m  and the t e m p e r a -  
t u r e s  at co r responding  points of the object and model will be equal: 

T~ =-- Tia ---- Tiob. 

If  the emi s s iv i t y  of the shield ~is = 1 

ala = S*aaf(TirU).  (10) 

Here  ~ is the S t e f a n - B o l t z m a n n  constant ,  and f ( T i T i s  ) = T. 3 + T i l l s  +TiT~s + T 3 
1 is" 

Fo r  the object 

r = eiotP/ ( Ti To), (11) 

where  f(TiT0) is analogous to f ( T i T i s ) .  

Substituting (10) and (11) into (9) and taking account of the fact  that l i a / l i o b  = c we obtain 

c eiag (Ti - -  Tis)f(Tiris)  =e i~ (r:  - -  To) f (TiTo) 

Setting ~ia = eiob and Xia = )~iob, i .e . ,  the model is made of the s a m e  m a t e r i a l s  as the object,  we have 

Tr To 
- = c .  ( 1 2 )  T 4. 4 

- -  Tis 

By choosing the t e m p e r a t u r e  of the cor responding  regions of the shield so that (12) is sa t i s f ied  we 
can obtain a t e m p e r a t u r e  dis tr ibut ion in the model s i m i l a r  to that in the object .  To obtain identical  t e m -  
p e r a t u r e s  at cor responding  points the power  d iss ipa ted  in the model must  be inc reased  by a fac tor  c. 

N O T A T I O N  

is the su r face  emiss iv i ty ;  
is the t he rm a l  conductivity; 
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P 

Tiob, Tia, Tis, To 

{7 

is the radiative heat-transfer coefficient; 
is a characteristic linear dimension; 
is the length scale for the model; 
is the power; 
are the respectively the temperatures of the object, the model, the shield, and the en- 
vironment; 
is the Stefan-Boltzmann constant. 
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