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UDC 536.2 

A method is described for determining thermal conductivity, based 
on solution of the nonlinear equations of heat conduction, for a quasi- 

steady thermal state in the presence of a moving boundary. A formula 

is obtained for evaluating the t ime to establish the quasi-steady state 

with a given accuracy. One possible experimental means of realizing 
the moving boundary is suggested. 

At p r e s e n t  only one me thod  is  known for  d e t e r m i n -  
ing t h e r m a l  conduc t iv i ty ,  b a s e d  on exac t  so lu t ion  of 
the non l inea r  hea t  conduct ion equat ion [1]. The p r o b -  
l e m  has  been  so lved  fo r  a s e m i - i n f i n i t e  body whose 
s u r f a c e  t e m p e r a t u r e  is  kept  cons tant .  

We sha l l  show tha t  a so lu t ion  a l so  ex i s t s  fo r  o t h e r  
bounda ry  cond i t ions ,  in p a r t i c u l a r ,  fo r  the  c a s e  of a 
p l ane ,  c o n s t a n t - t e m p e r a t u r e  f ron t  moving  at  cons tan t  
speed  wi thin  a s e m i - i n f i n i t e  body.  The in i t i a l  t e m -  
p e r a t u r e  of the  body is  a s s u m e d  cons tan t .  

Under  t h e s e  condi t ions  a q u a s i - s t e a d y  t h e r m a l  
s t a t e  is  e s t a b l i s h e d  in the  body [2], such tha t  the  equa l -  
i ty  

body in the  p r e s e n c e  of a c o n s t a n t - t e m p e r a t u r e  p lane  
moving  with cons tan t  v e l o c i t y  ins ide  the  body ,  unde r  
the  a s s u m p t i o n  tha t  the  t h e r m o p h y s i c a l  p r o p e r t i e s  do 
not  depend on t e m p e r a t u r e  [4]: 
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Here ~ is the distance from the moving boundary to the 

the point with coordinate x, ~ = x - v% 
When r ~ ~, Eq. (5) transforms to the well-known 

equation of a quasi-steady state in the presence of 
moving sources [2] 
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i s  va l id .  The non l inea r  hea t  conduct ion  equat ion m a y  
be  wr i t t en  in the  f o r m  [3] 

d l x ( t )  Ot ] 
d~- ~-x --ac(t) v(t)= O, (2) 

w h e r e  

Ot / Ot 
= _ _  ( 3 )  

O~ Ox 

In the  condi t ions  of  th is  p r o b l e m  a = - v .  h l t e g r a t -  
ing (2), t ak ing  into account  that  when x ~ ~ we have 
t --~ t 0, 0t/Ox --- 0, and us ing  (1), we obta in  
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In the  e x p e r i m e n t  i t  is  n e c e s s a r y  to d e t e r m i n e  the 
g r a d i e n t  of t e m p e r a t u r e  with t i m e  at  one point  of the  
s p e c i m e n .  We m u s t  a l so  know the spec i f i c  hea t  and 
the spec i f i c  weight  as  funct ions  of t e m p e r a t u r e .  If 
7 = cons t ,  i t  i s  suf f ic ien t  to know the m e a n  spec i f i c  
hea t  ove r  the  t e m p e r a t u r e  r a n g e  conce rned .  

In o r d e r  to e s t i m a t e  the t i m e  to e s t a b l i s h  the 
q u a s i - s t e a d y  s t a t e ,  we sha l l  emp loy  the so lu t ion  to 
the  p r o b l e m  of the t e m p e r a t u r e  f i e ld  in a s e m i - i n f i n i t e  

We put  
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w h e r e  e i s  a s m a l l  pos i t i ve  n u m b e r  whose va lue  is  
chosen  in t e r m s  of the  r e q u i r e d  a c c u r a c y .  Then 
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and the quant i ty  (t - t0)/(t~ - to) d i f f e r s  f r o m  the 
s t eady  va lue  by l e s s  than e/2. 

We des igna t e  

G = (v +* - -  ~)12 V a T* (7) 

when 

erfc [(vx* - -  ~)/2 ] / ~ ]  = e. (s)  

F r o m  (7) we obta in  a f o r m u l a  fo r  ca l cua t ing  the 
t i m e  to e s t a b l i s h  q u a s i - s t e a d y  s t a t e  with a g iven  
a c c u r a c y  fo r  any 

-~-+ -7" (9) 

The moving boundary may be realized by melting, 

sublimation, grinding, etc., of the surface of the 

material under examination. 
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One method of realizing a moving boundary ex- 
perimentally is to use thermomechanical  destruction 
of the surface by means of friction of the mater ia l  
against a moving grooved plate of siliconized graphite,  
heated to a high temperature  [5]. Heating is accom- 
plished by radiation from a heater  positioned parallel  
to the free surface of the plate. 

NOTATION 

t-temperature; t0-initial temperature; T-time; r*-time to 
establish quasi-steady state; x-coordinate; g-distance from moving 
boundary; k-thermal conductivity; c-specific heat; a-thermal dif- 
fusivity; y-specific weight; v-velocity of moving boundary. 
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