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The interpolation method i s  outlined, by which the thermal  conductivity of th in - layer  ma te r i a l s  
can be determined without measur ing  the specimen thickness and with the effect of thermal  
contact  r e s i s t ances  el iminated.  

The main source  of e r r o r s  in the thermophysica l  test ing of th in - layer  mate r ia l s  is the contact  r e -  
s is tance,  which may be of the same o rde r  of magnitude as the thermal  res i s tance  of the specimen itself .  
When a specimen is ve ry  thin, fu r the rmore ,  the magnitude of the relat ive e r r o r  in its thickness m e a s u r e -  
ment may become appreciable,  especial ly in the case of specimens not quite homogeneous throughout 
the i r  th ickness .  

A method will be described which, f i rs t  of all, el iminates the need for measur ing  the specimen 
thickness and, secondly, el iminates the effect of thermal  contact r e s i s t ances ,  

A test  plate was placed in a vessel  containing a liquid with a known thermal  conductivity kl. The 
thickness of the liquid layer ,  i , e . ,  the depth of the vesse l  was ei ther  equal to or  slightly g rea t e r  than the 
maximum thickness of the immersed  specimen.  This thickness h could be measured  with sufficient a c -  

T cu racy .  The "effective" thermal  conductivity Xl of the l iqu id-spec imen sys tem was also measured .  
Then, af ter  the specimen had reached the state of equilibrium with the ambient medium, the effective 
thermal  conductivity X~ of the sys tem was measured  with the same specimen immersed  in another liquid 
with the thermal  conductivity X2. 

The true thermal  conductivity of the test  plate is found as follows. The values of ~I and X2 are 
marked on the axis of absc i ssas ,  while the effective values k~ and X~ are marked on the axis of ordinates 
(Fig. 1). If no specimen were placed in the vessel ,  then X~ = Xl and X2 = X2, i . e . ,  these points would lie 
on a straight  line pass ing through the origin of coordinates  at a 45 ~ angle to the axis of absc i s sas  (with the 

�9 " ' d ? same scale on both axes).  The p resence  of a spemmen m the v e s s e l m a k e s  Xt ~ Xl an X2 ~ X2. Consequently, 

TABLE 1. Relation M 2 = f(0) 

o I o,5o t o,55 I 0,60 I o,o  I 0,70 I 0,75 
MS 12,56 I 3,47 [ 4,84 I 7,40 I 11,20 t 17,64 

TABLE 2. Relation T = F(0) 

0 O, 50 

r, sec for celluloid inoil 19,2 

7, sec for celluloid in 
water 15,7 

0,55 0,60 0,65 I 0,70 

27,4 39,5 59,6 91,6 

22,4 32,0 46,8 71,0 
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Fig. 1. Graph of the relat ion X' = f(k). Thermal  eonduetivi t ies k' and 
X (W/m.  ~ 

Fig.  2. Sehematic diagram of the t es t  setup. 

the in tersec t ion  of the s t ra ight  line through points A and B with the straight  line inclined at 45 ~ yields  the 
des i red  value of ~,. 

The relat ion X' = f(k) is represen ted  by a s traight  l ine (as has been ver i f ied on severa l  points,  with 
different  liquids) and may be expressed  in t e r m s  of the equation 

~' = mL ~- n. (i) 

With the values  of Xl, X2, X'i and X~, it  is  not difficult to find the des i red  t he rma l  conductivity ~ by the f o r -  
mula  

n 
1--rn' 

where  

x; - Z, - rex1 mx . 

For  i l lus t ra t ion ,  we de te rmined  the t he rma l  conductivity of a th in  celluloid p la t e .  The plate  was not 
quite homogeneous  throughout i t s  th ickness  and the l a t t e r  was not m e a s u r e d .  The effect ive t he rma l  con-  

! 
duetivi t ies kl and X2 were  measu red  by the method shown in [1]. 

According to. the same method we measured  one t ime in terval  Ar  = r 2 - r l  corresponding to a change 
A0 = 02-01 in the re la t ive  t e m p e r a t u r e .  Here  01 = 1 -N~/N 0 and 02 = 1 -N2/N 0 with N1, N2 denoting any 
a rb i t r a r y  divisions on the galvanometer  scale G convenient for  the m e a s u r e m e n t s  (Fig. 2) and N O denoting 
the division onthe  galvonometer  scale p r i o r  to the beginning of the tes t ,  i . e . ,  before  hea te r  H had es tab-  
l ished contact with the sys tem.  

The thermal  conductivity is  found he r e  by the formula  

)~ = bhM bh ] /  "~' M " , ~ = ~ _ _  / ~ _  ~ (2) 
2 V Ax 2 V A,c 

where the constant b cha rac t e r i ze s  the the rmal  activity of heat r e c e i v e r  B and is  determined by a ca l ib ra -  
tion of the l a t t e r .  

TABLE 3. 

(ao), % I 

AT, s e e  ] 

- i / / - -~  secl/~ ~' - ~ '  ] 
AT, see I 

V~ -, s eclf ~ 

Relation ~ = r  

70--65 70--60 70--55 ] 
3,80 6,36 7,73 [ 
32,0 52,'r 64,2 I 

2,86 2,88 I 
I 

2,91 
I 

24,2 39,0 48,6 I 

2,53 2,48 2,51 I 
J 

I 

70--50 I 65~55 
8,64 I 3,93 
72,4 I 32,2 

2,90 I 2,86 

55,3 [ 24,4 

2,53 I 2,50 

65--50 I 
4,84 [ 
40,4 t!st-test 

2,89 the same 

31,1 ,..12nd-tese 

2,54 Ithe same 
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To e v e r y  va lue  of t he  r e l a t i v e  t e m p e r a t u r e  0 i t h e r e  c o r r e s p o n d s  a de f in i t e  va lue  of M i .  The r e l a t i o n  
M 2 = f(0) i s  shown in T a b l e  1. The  r e l a t i o n  T = F(0) h a s  been  p lo t t e d  f o r  s e v e r a l  v a l u e s  of 0, m a k i n g  i t  
p o s s i b l e  to u s e  s e v e r a l  t e m p e r a t u r e  d i f f e r e n c e s  AO f r o m  which  the  m e a n  v a l u e s  v ~ / M  2 fo r  Eq .  (2) could  
be  o b t a i n e d .  The  r e l a t i o n  M 2 = f(0) i s  va l id  f o r  su f f i c i e n t l y  l a r g e  v a l u e s  of 0 and f o r  e = ~ . / b ~ a  < 1, w h e r e  
b i s  the  h e a t  r e c e i v e r  c o n s t a n t  and a ,  k a r e  t h e r m o p h y s i c a l  p r o p e r t i e s  of the  t e s t  m a t e r i a l .  In o r d e r  to  
s a t i s f y  the  cond i t ion  1 in t e s t s ,  one m u s t  u s e  a hea t  r e c e i v e r  wi th  a l a r g e  c o n s t a n t  b ( m a r b l e ,  c e m e n t ,  
e t c ) .  In o u r  t e s t s  the  h e a t  r e c e i v e r  had been  m a d e  of  m a r b l e  wi th  a t h e r m a l  a c t i v i t y ,  a c c o r d i n g  to o u r  
m e a s u r e m e n t s ,  b = 2430 W . s e c l / 2 / m  ~ .~  The  end s u r f a c e  of  t h i s  hea t  r e c e i v e r  s e r v e d  a s  the  b o t t o m  
of the  t e s t  v e s s e l .  In o r d e r  to r e n d e r  the  r e s u l t s  of m e a s u r e m e n t s  i n d e p e n d e n t  of the  c on t a c t  po in t  b e -  
tween  the  t h e r m o c o u p l e  junc t ion  and the  s y s t e m  (with t he  l iqu id  o r  wi th  the  s p e c i m e n ) ,  the  junc t ion  was  
s e p a r a t e d  f r o m  the  s y s t e m  by a th in  m e t a l l i c  foi l  10 • 10 r a m  2 in a r e a .  The  dep th  of the  v e s s e l  w a s  h 
= 0.50 m m .  A s  r e f e r e n c e  l i qu id s  we u s e d  t e c h n i c a l - g r a d e  o i l  (Xl = 0.124 W / m  .~ and w a t e r  (X2 = 0.580 
W / m "  ~ 

The  r e s u l t s  of m e a s u r e m e n t s  a r e  shown in T a b l e  2 and an e v a l u a t i o n  of  t h e s e  two t e s t s  i s  g iven  in 
T a b l e  3.  

F r o m  the  d a t a  in T a b l e  3 we f ind the v a l u e s  of the  quan t i ty  (A~-/M2)I/2:2.88 sec t /2  fo r  the  f i r s t  t e s t  
and 2.515 s e c l / 2  f o r  the  s econd  t e s t .  F r o m  t h i s  we have  

~,~ -- 2430"5"10-4 = 0,211W/m.~ and ~,~ = 0.241 
2.2.88 

t With  the  v a l u e s  of X1, X2, Xl, and X2 known,  we f ind the  c o e f f i c i e n t s  m and n fo r  Eq .  (1): 

m = 0.066 a n d  n = 0.203 W/m- ~ 

The  d e s i r e d  t h e r m a l  c o n d u c t i v i t y  of  c e l l u l o i d  i s  then  

Z = 0.22W/m.~ 

The s a m e  va lue  can  be  found f r o m  the g r a p h  in F i g .  1.  

X i s  the  t h e r m a l  conduc t i v i t y ;  
k '  i s  the  e f f e c t i v e  t h e r m a l  conduc t iv i ty ;  
t i s  the  t e m p e r a t u r e ;  
t H i s  the  h e a t e r  t e m p e r a t u r e ;  
~- i s  the  t i m e .  

NOTATION 

I. 
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