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A me thod  fo r  d e t e r m i n i n g  the t h e r m a l  p r o p e r t i e s  of m a t e r i a l s  i s  d e s c r i b e d ,  which  e n a b l e s  
one to d i s t i n g u i s h  s m a l l  d i f f e r e n c e s  in the t h e r m a l  p r o p e r t i e s  of  two s p e c i m e n s .  Only two 
g a l v a n o m e t e r  r e a d i n g s  n e e d t o  be  t aken .  The  m e t h o d b e l o n g s  to the c a t e g o r y  of " e l e c t r i c a l  

m e a s u r e m e n t s  of n o n e l e c t r i c a l  q u a n t i t i e s . "  

A p l a n e - p a r a l l e l  l a y e r  of the m a t e r i a l  u n d e r  t e s t  M and a s t a n d a r d  p l a t e  A have  a c o m m o n  h e a t  r e -  
c e i v e r  B,  s e p a r a t e d  into  ax ia l  p a r t s  by  a h e a t - i n s u l a t i n g  l a y e r  E (Fig .  1). 

Two g a l v a n o m e t e r s  gI and gII ,  wi th  r h e o s t a t s  R I and RII  a r e  connec t ed  in  the c i r c u i t  of two d i f f e r e n t i a l  
t h e r m o c o u p l e s ,  a s  shown in  F ig .  1. If  the s y s t e m  AMB i s  b r o u g h t  into c on t a c t  wi th  the h e a t e r  H a t  c o n s t a n t  
t e m p e r a t u r e  tH, the  i n c r e a s e  in  the r e l a t i v e  t e m p e r a t u r e  0 = t / t  H with  t i m e  ~ a t  the po in t s  c 4 and c 3 i s  
g iven  r e s p e c t i v e l y  by  the fo l lowing  e x p r e s s i o n s  [1, 2]: 
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0A = (1 + errc eric + eric 
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V a l u e s  of y '  = f l ( y ' / y " )  and e = f2 (y ' /y" )  
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for 1--0'=0,90; 1--0"~0,75 
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O, 995 O, 460 
0,968 0,415 
0,945 0,376 
O, 922 O, 348 
0,899 0,320 
O, 873 O, 298 

for 1--0'=0,75; 1--0"=0,50 

1,75 0,793 0,915 
1,80 0,774 0,836 
1,85 " O, 752 0.,764 
1,90 0,731 0,707 
1,95 0,712 0,650 
2,00 0,690 0,605 
2,05 0,670 0,562 
2,10 0,647 0,524 ' 
2,15 0,623 0,487 

for 1--0'=0,50; 1--0"=0,25 

1,80 0,584 1,618 
1,85 0,567 1,486 
1,90 0,551 1,383 
1,95 O, 530 1,278 
2,00 0,516 1,180 " 
2,05 O, 500 1,098 
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Fig.  1. Sketch of the l a b o r a t o r y  a r r a n g e m e n t  (the switch k t can be u s e d t o  
switch g a l v a n o m e t e r s  gi and gII when  choos ing  the va lues  of  N0i and N0I I, 
and to connec t  g a l v a n o m e t e r  gI into the ope ra t i ng  posi t ion;  the switch k 2 
connec t s  the g a l v a n o m e t e r  gII into the ope ra t i ng  posi t ion) .  

T 

Fig.  2. Graph of  NII aga ins t  N I fo r  the g a l v a n o m e t e r s  gII and g'I (NI and 
N~' a re  a s s igned  sca le  d iv is ions  of the g a l v a n o m e t e r  gI, and N~' and N~I 

a re  m e a s u r e d  sca le  d iv i s ions  of  g a l v o m e t e r  g'ff). 

w h e r e  

e - -  1 )~ )~B . 
( Z = - - ;  e - -  ; b =  __ , 

e +  1 b V a  ~," a B 

"?"A "--" 1 )~A 
f f " A =  ~ "  8 A -  - -  ; (3)  

e A "Jr" 1 ' b V a A 

h~  h a 

Y =  2~. ax ' Y a =  2 V a a .  ~ 

At the s a m e  ins tan t  of  t ime y A / y  = (hA/hM) 4 - h - ~  A. If hA = h M = h, we have 

= �9 (4) 

The r e l a t ion  be tween the quant i t ies  y, a ,  and 0, e x p r e s s e d  by Eqs .  (1) and (2), can be r e p r e s e n t e d  by a table 
of "nodal points"  [2]. 

The g a l v a n o m e t e r  gI m e a s u r e s  the re la t ive  t e m p e r a t u r e  0 at the boundary  of the media  M and B at 
the point  e 2. The g a l v o n o m e t e r  gII m e a s u r e s  the d i f fe rence  A0 = 0 A - 0 .  

The quant i t ies  0 and A0 a re  r e l a t ed  to the r ead ings  N I and NII of g a l v a n o m e t e r s  gI and gII by the 
fol lowing equat ions : .  

0 = 1 - -  N I /Noi;  AO = NII/NoI I. 

H e r e  N0i and N0I I a re  the r ead ings  of g a l v a n o m e t e r s  gI and gII c o r r e s p o n d i n g  to a t e m p e r a t u r e  d i f fe rence  
t H - t 0 ,  w h e r e  t o is the init ial  t e m p e r a t u r e  of the s y s t e m  AM/3. Using the r h e o s t a t s  R I and RII one can se t  
the va lues  of N0I and N0i I which a re  convenient  for  the expe r imen t .  

The the rma l  c h a r a c t e r i s t i c s  a re  m e a s u r e d  as  fol lows.  When the g a l v a n o m e t e r  gI shows a s s igned  
d iv is ions  N~ and N~', r e ad ings  N~I and N~' I a re  taken on the g a l v a n o m e t e r  gII (Fig. 2). Since the quant i t ies  

? ?! T IT 
= = = NII/NoI I a re  known, we a l so  know the va lues  0)k 0 '  1 - N I / N o I ,  0" ] - N I / N o i  , A 0 '  NII/NoII and A0" = 

T = 0 T + ~0 '  and 0~ = 0" + A0". The table of "nodal points"  enables  us for  a given c~ A to obtain  YA = f(0~) 
?t 

and YA = f(0'~k)" 
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F i g .  3. G r a p h  of  0 a g a i n s t  T fo r  t h e o r e t i c a l  
and p r a c t i c a l  h e a t i n g  p r o c e s s e s  in the 
m a t e r i a l s  A and M (the con t inuous  l i n e s  
r e p r e s e n t  the t h e o r e t i c a l  p r o c e s s ,  and the 
d a s h e d  l i n e s  r e p r e s e n t  the p r a c t i c a l  p r o -  

c e s s )  

/ A t h e o r  

~z / M t h e o r  
/ - ~  tMprac 

J 

If  the  m a t e r i a l  of  p l a t e  A and the h e a t  r e c e i v e r  B 
a r e  the s a m e ,  then a A = 0, and Eq. (2) t a k e s  the s i m p l e r  

f o r m  

or 

0a = erfc Ya = 1 --err YA 

erfy A = 1--  0 A . ~ (5) 

In th i s  c a s e  the t a b l e  of "nodal  p o i n t s "  i s  not  r e q u i r e d ,  
' y ~  s ince  i t  i s  e a sy  to c a l c u l a t e  YA and f r o m  the c o r -  

r e s p o n d i n g  v a l u e s  of  0~  and 0 ~ ,  by  us ing  w e l l - k n o w n  
t a b l e s  of  the p r o b a b i l i t y  i n t e g r a l  [3]. 

I t  can  be s e e n  f r o m  e x p r e s s i o n s  (3) and (4), tha t  
a t  the  s a m e  i n s t a n t s  of  t i m e  

Y'alY'~ = y' lg',  

w h e r e  y,  and y"  a r e  the a r g u m e n t s  of  Eq.  (1) c o r r e s p o n d -  
ing to the  va lue s  0 '  and 0". 

The v a l u e s  of  the r a t i o  yT /y ,  for  f ixed  v a l u e s  of 0' and 0" c o m p l e t e l y  d e t e r m i n e s  the p a r a m e t e r s  a 

and y,  [4, 5], wh ich  o c c u r  in the t h e o r e t i c a l  r e l a t i o n s  

a ~ - -  and L ~ bal /a .  
, 4 ~  T 1 

But s i n c e  a A = h ~ / 4 y  T2 Ara, we  have  a = aA(hMY~k/hAYVJ 2. 

F o r  h M = h A we  ob ta in  

( (s) a = a A / - ~ - /  " 

F u r t h e r  s i n c e  k A = beA4-aA,  we  have  k = kA(e / eA)  �9 ( y ~ / y ' ) .  If  the m a t e r i a l  of  p l a t e  A and the h e a t  r e -  

c e i v e r  B a r e  the s a m e ,  we  have  e A = 1 and 

= y,&. (7) 

T a b l e s  of  y '  = f l ( y ' / y " )  and e = f2 (Y ' /Y ' )  fo r  the' c a s e s  

1) 0' --- 0.10 and 0" = 0.25, 

2) 0' = 0,25 and 0" = 0.50, 

3) 0 '  = 0.50 and 0" ~ 0.75, 

c o n s t r u c t e d  on the b a s i s  of  the t ab le  of  "nodal  p o i n t s "  a r e  g iven  in a b b r e v i a t e d  f o r m  (see  T a b l e  1). 

W e  wi l l  g ive  an e x a m p l e  of the  c a l c u l a t i o n  of  the t h e r m a l  c h a r a c t e r i s t i c s  f r o m  e x p e r i m e n t a l  d a t a .  
The m a t e r i a l  i n v e s t i g a t e d  w a s  p e t r o l e u m  je l ly .  The s t a n d a r d  p l a t e  and the hea t  r e c e i v e r  w e r e  made  of 
P l e x i g l a s ,  the c h a r a c t e r i s t i c s  of which  a t  r o o m  t e m p e r a t u r e  a r e  a s  fo l lows :  a A = 11 .0 .10  -8 m 2 / s e c ,  and 

h A = 0.173 W / m -  d e g r e e .  

The  cond i t ion  h M = hA = h w a s  s a t i s f i e d  in the e x p e r i m e n t .  

The  v a l u e s  0' = 0.25 and 0" = 0.50,  s e t  on g a l v a n o m e t e r  g I '  c o r r e s p o n d e d  to the v a l u e s  A0 v = 0.084 and 

A0" = 0.088 m e a s u r e d  on g a l v a n o m e t e r  gII .  Then  

0A = 0' + A0' = 0.250 + 0.084 = 0.334, 
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Om = 0" § A0" = 0.500 + 0.088 = 0.588. 

The v a l u e s  of the a r g u m e n t s  y,~ and yX c o r r e s p o n d i n g  to t hese  v a l u e s  of 0' A and 0~, a r e  found f r o m  Eq.  (5) 

erf y~ = 1 - -  0 A = 1 - -  0,334 = 0.666, 

erfy~ = 1 - -  0 A = 1 '-- 0.588 = 0.412. 

T ,? 
Using  t a b l e s  of the p r o b a b i l i t y  i n t e g r a l  [3], we find y ~  = 0.683 and y ~  = 0.383. Then  y ' / y "  = yA/YA = 1.78. 
F r o m  the t a b l e s  of y '  = f~ ( y ' / y " )  and e = f2 (Y'/Y") fo r  0' = 0.25 and 0" = 0.50 (see  Tab le  1) we o b t a i n  y '  
= 0.783 and e = 0.873. 

Consequen t ly  

, (0.683   ' a = a  A ( y A / y )  = I I �9 10 -s  m2/sec, 
\0,783 ] 

-- 11.10-s(0.874) 2 m2/sec = 8.40.10 -s  m2/sec, 

)~ - -  LAe Y ~  = 0, i73. Q.873.0,874 W/m" degree = 0. |32 W/re. degree 
Y 

O b s e r v a t i o n s  a r e  b e s t  m a d e  so a s  to use  at  the s a m e  t ime  two o r  t h r e e  t a b l e s  fo r  y '  and e, c o r r e -  
spond ing  to the fo l lowing  v a l u e s  of 0' and 0": (0.10; 0.25); (0.25; 0.50); (0.50; 0.75). In th i s  c a s e ,  we can  
ob t a in  f r o m  a s i ng l e  e x p e r i m e n t  t h r e e  i ndependen t  v a l u e s  of the c h a r a c t e r i s t i c s  a and ~, the a v e r a g e  of 
which  wi l l  be the m o s t  p r o b a b l e  va lue  for  the g iven  e x p e r i m e n t  in  the c h o s e n  t e m p e r a t u r e  r a n g e .  

The d i f f e r e n t i a l  m e t h o d  i s  s u i t a b l e  fo r  i n v e s t i g a t i n g  m a t e r i a l s  which  d i f f e r  on ly  s l i g h t l y  in t h e i r  
t h e r m a l  p r o p e r t i e s  f r o m  the c h o s e n  s t a n d a r d  m a t e r i a l .  F o r  e x a m p l e ,  the me thod  i s  s u i t a b l e  for  m a k i n g  
m e a s u r e m e n t s  of the c h a r a c t e r i s t i c s  of s o l u t i o n s  a s  a func t ion  of  the c o n c e n t r a t i o n .  In th i s  c a s e  the s t a n -  
d a r d  p l a t e  can  be e i t h e r  p u r e  so lven t ,  o r  a so lu t i on  of known c o n c e n t r a t i o n .  

The  m e t h o d  a l s o  e n a b l e s  c e r t a i n  e x p e r i m e n t a l  e r r o r s  to be  e l i m i n a t e d .  

In fac t ,  b e c a u s e  of e r r o r s  which  d i s t o r t  the r e s u l t s  ( l eakage  of hea t ,  the p r e s e n c e  of c on t a c t  r e s i s -  
t ance ,  i n s u f f i c i e n t  h e a t i n g  p o w e r ,  e t c . ) ,  the ac tua l  r i s e  in t e m p e r a t u r e  a t  the po in t s  c 3 and c 4 m a y  d i f f e r  
f r o m  the ac tua l  p r o c e s s  0 = f(T) g iven  by  Eqs .  (1) and (2). 

B e c a u s e  of  t h e s e  e r r o r s  the s p e c i f i e d  va lue  of 0 wi l l  be r e c o r d e d  not  a t  the i n s t a n t  % bu t  a t  the i n s t a n t  
T' >~-. At th i s  i n s t a n t  ~-' the m e a s u r e d  d i f f e r e n c e  A0 -k lk  2 (see  F ig .  3) d e t e r m i n e s  the  quan t i t y  

0 A = 0 + h0. 

S inze ,  to o b t a i n  the a r g u m e n t  YA we  u s e d  the t h e o r e t i c a l  equa t ion  (2), the va lue  of  YA ob ta ined  c o r -  
r e s p o n d s  to the t ime  70 < -r'. 

A s s u m i n g  the v a l u e s  ~- = T O in the equa t ions  YA = b /24aAT and y = h /2  ~ afafafafafafafafafa~ to be  the s a m e ,  the quan t i ty  
0 w i l l  r e l a t e  not  to the i n s t a n t  of  t i m e  T', but  to the i n s t a n t  T O < T' .  

If  the d e l a y  due to the i m p e r f e c t i o n  of  the e x p e r i m e n t  is  the s a m e  for  both p l a t e s  A and M, i . e . ,  i f  
1 - ' - T  = T' - T  O (see  F ig .  3), in  th i s  c a s e  z0 = % which  i s  e q u i v a l e n t  to e l i m i n a t i n g  the e x p e r i m e n t a l  e r r o r .  

In the d i f f e r e n t i a l  me thod ,  no t ime  m e a s u r e m e n t  i s  r e q u i r e d .  A l s o ,  the t h i c k n e s s  of the m a t e r i a l  
d o e s  not  o c c u r  in the t h e o r e t i c a l  e q u a t i o n s .  The cond i t i on  h A = h M can  be s a t i s f i e d  by  combin ing  a s o l i d  
p l a t e  wi th  a l i qu id  o r  f r e e - f l o w i n g  m a t e r i a l .  

Only the r e a d i n g s  of two g a l v a n o m e t e r s  a r e  r e q u i r e d  in th is  me thod .  Consequen t ly ,  the method  
be longs  to the c a t e g o r y  of  " e l e c t r i c a l  m e a s u r e m e n t s  of n o n e l e c t r i c a l  q u a n t i t i e s , "  which  e n a b l e s  the a c c u r a c y  
of t h e r m a l  m e a s u r e m e n t s  to be i n c r e a s e d .  
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