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A method is p resen ted  for de te rmin ing  the the rma l  conductivity and the vo lumet r i c  heat 
capaci ty  when they depend on the t empe ra tu r e .  A block d iagram of the p rog ram is given 
with the r e su l t s  of de te rmin ing  the the rmophys ica l  c h a r a c t e r i s t i c s  of heat- insula t ing m a -  
te r ia ls .  

A method is presented  for  s imul taneous ly  determining the t h e r m a l  conductivity and the vo lumet r ic  
heat  capaci ty  of m a t e r i a l s  when they v a r y  l inear ly  with the t empe ra tu r e :  

~.= A + Bt, c ? =  K + Dt. 

The essence  of the method cons is t s  in compar ing  the exper imen ta l  and calculated t e m p e r a t u r e s  in 
the s ample .  F o r  given values  of the t he rma l  conductivity and the vo lumet r ic  heat  capaci ty  the nons ta t ionary  
heat-conduction equation is solved with the boundary conditions which were  maintained in the exper iment .  
A compar i son  of the exper imenta l  and calculated t e m p e r a t u r e  curves  shows a d i sc repancy ,  and the values  
of the t he rma l  conductivity "and the vo lumet r i c  heat  capaci ty  a r e  chosen to  minimize  the m a x i m u m  d i s -  
c repancy .  Then the },(t) and cy(t) which cor respond  to the calculated t e m p e r a t u r e s  deviating leas t  f rom the 
expe r imen ta l  va lues  will bes t  approximate  the t h e r m a l  eonduetiv.ity and the vo lumet r i c  heat capaci ty  of the 
sample  under  study. 

The p rob lem reduces  to finding the minimum of F(},, cT), where 

t c 3 F (X, c?) = max I L~-- i.}- (1) 

The expe r imen t  was  p e r f o r m e d  by the K r i s h e r - E s d o r n  s cheme ,  with eight s amples  to ensure  s y m -  
met r i c  heating of the spec imen under study [1]. The expe r imen t  was a r r anged  so that on one sur face  (X 
0) of the sample  ; ql = eonst ,  and on the o ther  (X--l)  q2 = 0. During the heating the readings of the t h e r m o -  
couples at  the su r f aces  X = 0 and X = l, i .e. ,  the t e m p e r a t u r e s  t~T= flO) and t e _  = f2(z), were  recorded .  
The experi l i ient  was stopped when the t e m p e r a t u r e  on the heated su r face  increased  to two or  three  t imes  
its initial value.  Thus f rom the expe r imen ta l  data we have for the sur face  X = 0 the values  t~,z = ft(,), qt 
= const ,  and for- the su r face  X = l the values  t~_ = fz(v), q2 = 0; i .e . ,  te.,.will cor respond  to the values  of 
the t e m p e r a t u r e s  t~,T, t~,.~ on the two boundary su r f ace s  X = 0 and X ]Zr in a given t ime interval .  

The values  of tc0,~ and t cl,T cor responding  to t ~  a re  calculated f rom the equation 

Ot O [~(t) Ot ] 
cv (t) o---;- ox ~ (2) 

and the boundary conditions 

- ~ x  x=0---- Ot .~=z (3) ~(t) ot q,; ~ = 0 .  

Equation (2) and boundary conditions (3) a r e  w r i t ~ n  in f in i te -d i f ference  fo rm and solved for  the t e m p e r a t u r e  
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,qA : = ~qC - HP; RR:=,qC+HR; HR: = H,q/2 ; 
8L:=BC-HB; BR:=SC+HB; HB:=HB/2; 
KL:=KC-HK; KR:=KC+HK; HK:=HK/2; 
DL:=DC-HD~ D.q:=DC+HDI HD:= HD/2; 

F i g .  1. B l o c k  d i a g r a m  of  p r o g r a m  
fo r  f inding  the t h e r m a l  c o n d u c t i v i t y  
k = A + Bt  and the v o l u m e t r i c  h e a t  
c a p a c i t y  c7 = K + Dt. 

by the  p i v o t  m e t h o d  a f t e r  s p e c i f y i n g  2~(t) and c~/(t). 

A f t e r  the  e x p e r i m e n t a l  and c a l c u l a t e d  t e m p e r a t u r e s  a r e  
found an o p t i m i z a t i o n  p r o c e s s  i s  begun.  The  m i n i m a x  (1) is  
found by v a r y i n g  the r e q u i r e d  q u a n t i t i e s  A, B, K, and D d e t e r -  
m i n i n g  the t h e r m a l  c onduc t i v i t y  and the  v o l u m e t r i c  h e a t  c a p a -  

c i t y .  To do th i s  the r a n g e s  of the  q u a n t i t i e s  A m i n ,  Ama  x,  B m i  n, 
B m a x ,  Kmin ,  Kmax ,  Dra in ,  D m a x  a r e  s p e c i f i e d  and then each  of 
t h e m  is v a r i e d  f r o m  i t s  m i n i m u m  to m a x i m u m  v a l u e s  in s p e c i -  
f i ed  s t e p s  with the  o t h e r  q u a n t i t i e s  held  cons t an t .  Of c o u r s e  
F (h ,  c7) is  found fo r  e ach  new v a l u e  of  one of the  c o e f f i c i e n t s .  
F r o m  a l l  the  v a l u e s  ob ta ined  fo r  F (k ,  c7) the  m i n i m u m  is  chosen .  
T h i s  va lue  wi l l  a l s o  be o p t i m u m  and the  q u a n t i t i e s  A,  B,  K, and 
D c o r r e s p o n d i n g  to it a r e  o p t i m u m  in the e x p r e s s i o n s  f o r  the 
r e q u i r e d k =  A +  Bt a n d c T  = K + D t .  F r o m  t h e s e  v a l u e s  new 
n a r r o w e r  r a n g e s  of v a r i a t i o n  of the q u a n t i t i e s  A, B, K, and D 
a r e  c h o s e n  e t c .  By s u c c e s s i v e l y  d e c r e a s i n g  the  r a n g e s  of v a r i a -  
t ion  of A,  B, K, and  D the v a l u e s  of  k(t) and cT(t) a r e  ob ta ined  
with  the p r e s c r i b e d  a c c u r a c y .  

The  p r o g r a m  fo r  f i nd ing  the m i n i m a x  (_1) is  w r i t t e n  in 
A L G O L ;  the b l o c k  d i a g r a m  i s  shown in F ig .  1. 

B e f o r e  p e r f o r m i n g  e x p e r i m e n t s  on the s a m p l e s  of  m a -  
t e r i a l s  the p r o g r a m  was  t e s t e d  in the fo l lowing way.  The  t e m -  
p e r a t u r e s  ob ta ined  by so lv ing  Eq. (2) wi th  b o u n d a r y  c o n d i t i o n s  
(3) and h = 0.058 + 0.0058t  W / m ' d e g  and c~ = (83.7 + 0.418t} 
x 103J /m 3. deg in the  r a n g e  15.5-126~ w e r e  taken  as  the e x p e r i -  
m e n t a l  t e m p e r a t u r e  d i s t r i b u t i o n .  The m i n i m a x  (1) was  found for  
the  fo l lowing  r a n g e s  of v a r i a t i o n  of  the  q u a n t i t i e s :  fo r  A , 0 . 0 3 5 -  
0 .093,  f o r  B ,0 .0035-0 .0093 ,  f o r K ,  41.8 • 102-167.5 "103, fo r  D, 
0.41 �9 103-1.67 �9 103. A 3 7 - m i n o p t i m i z a t i o n  p ~ o c e s s  gave  o p t i -  
m u m  v a l u e s  f o r  the t h e r m a l  c onduc t i v i t y  of Aop t  = 0 .058,  Bop t 

0.0058, and fo r  the v o l u m e t r i c  hea t  c a p a c i t y  K o p t = 8 3 . 7  �9 103, Dopt  =0.418 �9 103. Tha t  i s ,  t h e r e  i s  c o m p l e t e  
a g r e e m e n t  b e t w e e n  the  unknown and the  s p e c i f i e d  v a l u e s .  Th i s  o c c u r r e d  f o r  a wide  r a n g e  of the s p e c i f i e d  

i n i t i a l  v a l u e s  of A, B, K, and D. 

E x p e r i m e n t s  w e r e  p e r f o r m e d  on 250 x 250 m m  s a m p l e s  of c e l l u l a r  p o l y u r e t h a n e  ( P P U - 3 S )  50 m m  
t h i c k  fo r  s y m m e t r i c  hea t i ng  with ql = 36.5 W / m  2 in the  t e m p e r a t u r e  r ange  19-76~ on s a m p l e s  of phospha t e  
s t y r e n e  c e l l u l a r  p l a s t i c  (PSP) 40 m m  t h i c k  fo r  h e a t i n g  with  ql = 34.9 W / m  2 in the  t e m p e r a t u r e  r ange  of 20 
to 15~ and on s a m p l e s  of m i n e r a l i z e d  s l a b s  of i n c r e a s e d  r i g i d i t y  40 m m  t h i c k  fo r  hea t ing  with  q = 34.9 W /  
m 2 in the  18-62~C t e m p e r a t u r e  r a n g e .  

F o r  P P U - 3 S  the o p t i m i z a t i o n  p r o c e s s  gave  a t h e r m a l  c onduc t i v i t y  h = 0.036 + 0.00023t  W / m  �9 deg  and 
a v o l u m e t r i c  hea t  c a p a c i t y  c~/ = {91.69 + 1.256 0"103 J / /m 3 " d e g f o r  P S P - 2 3 3  h = 0.0485 + 0.000238t  W/m �9 deg  
and cy = (155.16 + 1.256t) �9 10 3 J / m  3. deg;  f o r  m i n e r a l i z e d  s l a b s  ~ = 0.043 + 0.00024t  W / m  �9 deg  and c~/= 
= ( 1 6 0 . 7 7  + i . 4 6 5 t  �9 103 J / m  3 �9 deg.  

F o r  c o m p a r i s o n  the s a m p l e s  w e r e  t e s t e d  by the K r i s h e r - E s d o r n  m e t h o d  fo r  t e m p e r a t u r e  c h a n g e s  
s m a l l  enough so  tha t  c h a n g e s  in t h e r m o p h y s i c a l  p r o p e r t i e s  could  be n e g l e c t e d .  F o r  e x a m p l e  f o r  P P U - 3 S  
a t  tav  = - 1 0  ~ ~, = 0.0342 W / m -  deg and cT = 114.71" 103 J / m  3 deg;  a t  tav  = - 2  7~ k = 0.0314 W / m .  deg  and 
c~/= 104.67" 10 3 J / m  3 �9 deg.  

On the b a s i s  of the r e s u l t s  ob ta ined  we can  r e c o m m e n d  the  me thod  d e s c r i b e d  fo r  f inding  the t e m -  
p e r a t u r e  d e p e n d e n c e  of the t h e r m a l  c o n d u c t i v i t y  and the  v o l u m e t r i c  hea t  c a p a c i t y .  In one e x p e r i m e n t  r e -  
q u i r i n g  f r o m  0.5 to  2 h the  me thod  y i e l d s  s i m u l t a n e o u s l y  the v a l u e s  of the  t h e r m o p h y s i e a l  c h a r a c t e r i s t i c s  
a s  a funct ion of t e m p e r a t u r e .  

The s i m p l e  c o m p u t a t i o n a l  p r o c e d u r e  m a k e s  i t  p o s s i b l e  to a s s u m e  in i t i a l  a p p r o x i m a t i o n s  of  the  un-  
known q u a n t i t i e s  o v e r  a wide  r a n g e .  Thus  the m e t h o d  has  a d v a n t a g e s  o v e r  e a r l i e r  p r o c e d u r e s .  
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N O T A T I O N  
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A , B , K , D  

is the vo lumet r ic  heat capacity;  
is the thermal,  conductivity; 
is the heat flux densi ty;  
is the t empera tu re ;  
is the th ickness  of sample ;  
is the t ime;  
a r e  the constants  de te rmin ing  the vo lumet r ic  heat  capaci ty  and the the rma l  conductivity.  
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