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A me thod  f o r  j o i n t l y  d e t e r m i n i n g  t h e r m a l  p r o p e r t i e s  by a r e l a t i v e  p r o b e  me thod  is  d e s c r i b e d ,  
and the  c o r r e s p o n d i n g  equa t ions  a r e  g i v e n .  R e s u l t s  found fo r  c e r t a i n  l u b r i c a n t s  a r e  r e p o r t e d .  

The t h e o r e t i c a l  b a s i s  fo r  p r o b e  m e t h o d s  i s  the s o l u t i o n  of the  h e a t - c o n d u c t i o n  p r o b l e m  fo r  the  hea t ing  
of o b j e c t s  of v a r i o u s  s h a p e s  ( s p h e r e s ,  c y l i n d e r s )  in an unbounded m e d i u m  with a c o n s t a n t  hea t  s o u r c e .  

S e v e r a l  i n v e s t i g a t o r s  [1-3] use  the  h e a t - c o n d u c t i o n  p r o b l e m  of the h e a t i n g  of an inf in i te  c y l i n d e r  in 
an unbounded m e d i u m ,  s i n c e  the  p r o b e s  a r e  usual ly"  c y l i n d r i c a l  o r  a p p r o x i m a t e l y  so.  The s o l u t i o n s  found 
by L a p l a c e  t r a n s f o r m s  f o r  l a r g e  F o u r i e r  n u m b e r s  Fo  = a ' r / R  2 a r e  c o m p l i c a t e d  func t ions  of  the  type  

4a?~ R ~ -  - - 7 -  f (C H) , ( l )  

w h e r e  the t e r m  f(C, H) i n c o r p o r a t e s  the  hea t  c a p a c i t y  of the p r o b e  i t s e l f  and the t h e r m a l  c on t a c t  r e s i s t a n c e  
be tween  the  p r o b e  and the  m e d i u m  u n d e r  s tudy .  A n a l y s i s  of the  e x p e r i m e n t a l  d a t a  on the b a s i s  of so lu t ion  
(1) i s  a c o m p l i c a t e d  m a t t e r ,  r e q u i r i n g  knowledge  of the  s p e c i f i c  p r o p e r t i e s  of the p r o b e .  

F o r  th i s  r e a s o n ,  m a n y  i n v e s t i g a t o r s  [4-6] t u r n  to a s i m p l e r  equa t ion ,  t ak ing  the  l i m i t  f(C, H) - -  0; 
th i s  a p p r o a c h  i n t r o d u c e s  s o m e  a d d i t i o n a l  e r r o r .  As  was  shown p r e v i o u s l y  [7-9], t h i s  e r r o r  i s  n e g l i g i b l e  
when m i n i a t u r e  p r o b e s ,  m a d e  f r o m  w i r e  m a t e r i a l s  which a r e  good c o n d u c t o r s  and hav ing  a good c o n t a c t  
wi th  the  m e d i u m  ( i . e . ,  when t h e r e  i s  no p r o t e c t i v e  shea th ) ,  a r e  u sed .  

Al l  the e q u a t i o n s  which  have  been  p r o p o s e d  fo r  c a l c u l a t i n g  t h e r m a l  p r o p e r t i e s  on the  b a s i s  of  p r o b e  
m e t h o d s  a r e  a p p l i c a b l e  f o r  long t i m e s ;  thus  only  the  t h e r m a l  c o n d u c t i v i t y  can  be d e t e r m i n e d .  I t  is  t h e r e -  
f o r e  n e c e s s a r y  to w o r k  out a m e t h o d  f o r  a n a l y z i n g  the e x p e r i m e n t a l  d a t a  in which  i t  is  a l s o  p o s s i b l e  to  

T A B L E  1. T h e r m a l  P r o p e r t i e s  of C e r t a i n  O i l s  

Oil t, ~ 

Transformer 12 208050 

Industrial type , 20 
50 
80 

Industrial type 20 208050 

Vaseline 20 
50 
8O 

ThermaleonductivRy ~, W/ 
!m.deg) 

expt. 

0,114 
0,111 
0,109 

0,130 
0,125 
0,120 

0,133 
0,128 
0,123 

0,125 
0,124 
0,121 

value ]% 
from it discrep. 

0,Ill 2,70 
0,108 2,78 
0,106 2,84 

0,129 0,77 
0,126 0,79 
0~123 2,44 

0,132 0,76 
0,128 0,00 
0,125 1,60 

0,127 1,57 
0,122 1,64 
0,117 3,42 

Thcrmaldfffusivity a �9 I0 T, 
,ffl2/SeC 

[value % 
expt. [from it ]discrep. 

l 
0,69 0,74 I 6,75 
0,64 0,67 4,50 
0,60 0,63 4,75 

0,75 - -  - -  
0,69 --  - -  
0,63 --  --  

i 

0,71 0,79 10 
0,67 - -  - -  
0,63 --  - -  

0,79 - -  - -  
0,70 - -  : - -  
0,60 - -  I - -  
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Fig.  1. The aaa ly t ic  funct ions  
- E i ( - 2 X ) / - E i ( - X )  = f(x) (1) 
and - E i ( - X )  = f(X) (2). 
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Fig .  2. T h e r m o g r a m s  of  the 
s t anda rd  (1) and tes t  (2) media .  

ca l cu la t e  the t h e r m a l  di f fus ivi ty ,  i .e . ,  to  use the solut ion of the hea t - conduc t i on  p rob lem f o r  smal l  ,values 

of the F o u r i e r  n u m b e r  a l so .  

F o r  this pu rpose  we use the solut ion of the h e a t - t r a n s f e r  p rob lem in an unbounded med ium fo r  the 
c a s e  of a line heat  s o u r c e  of  cons tan t  s t r eng th :  

R 2 

It  should be noted that  the so lu t ion  in (1) b e c o m e s  a p a r t i c u l a r  c a s e  of (2) in the l imi t  f(C, H) ~ 0 and 
can be found by means  of a s e r i e s  expans ion  of the in tegra l  exponent ia l  function.  

In de r iv ing  the equat ions  fo r  ca l cu la t ing  the t h e r m a l  p r o p e r t i e s  it is m o r e  convenien t  to take a r e l a -  
tive a p p r o a c h ,  i .e . ,  to c o m p a r e  the t h e r m a l  p r o p e r t i e s  of the t e s t  med ium with those  of a s t anda rd  med ium.  
This  a p p r o a c h  speeds  up the e x p e r i m e n t s  c o n s i d e r a b l y  and r educes  the e r r o r s  ment ioned  above.  

We can thus wri te  the t e m p e r a t u r e s  of the probe  s u r f a c e  at the two ins tan ts  r and 2r  in the t e s t  and 
s t anda rd  med ia ,  a long with the i r  r a t i o s ,  a s  fo l lows:  

t 1 -  q - - E i  , to-- q - - E l  - -  �9 (3) 

t~ q - -  Ei ( R2 , t., s -  q - -  Ei ; (4) 
s 4a),~ \ 4as~ - 4a)~ s ., 8as~ . 

]/ - ~ , (5) 

We denote the a r g u m e n t s  of the in teg ra l  exponent ia l  funct ion by 

R ~ R ~ 
X -  ; Xs= 

8a, 8as~ 

Then Eqs .  (5) and (6) can be wr i t ten  

(7) 

= - -  E~ (--  2X)/-- E~ (--  X), (8) 

t he se  equa t ions  a r e  plot ted in Fig .  1. 

Acco rd ing ly ,  a f t e r  some  s t r a i g h t f o r w a r d  ana ly t ic  manipu la t ions ,  us ing (2), (7), and (8), we find the 
fol lowing s imp le  equat ion  fo r  the t h e r m a l  di f fus ivi ty :  

L = ), t2s [ _  Ei ( - -  X)]/[-- Ei ( --  Xs)], (9) 

a = asXs /X .  (10) 
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The t empera tu re s  and t empera tu re  ra t ios  at the indicated t imes  a re  indicated f rom the exper imenta l  
t h e r mogra ms  (Fig. 2), while X and X s are  de termined f rom the analytic curve (Fig. I ) .  

Since Eqs.  (9) and (10) contain a t empera tu re  rat io,  it is not n e c e s s a r y  to ca l ibra te  the t empera tu re  
probe.  

The maximum e r r o r  of these measu remen t s  was less  than 80, which is completely tolerable for  
engineering calculations.  

This new procedure  was Used with an exist ing exper imenta l  apparatus [10] to measure  the thermal  
p roper t i es  of ce r ta in  oils over  the t empera tu re  range 20-80~ The exper imenta l  resul t s  a re  l is ted in 
Table 1. Comparison of these resu l t s  with data f rom the l i t e ra tu re  [11-13] revea ls  that the e r r o r  l ies  
within the calculat ion e r r o r .  This ag reement  consis tutes  evidence for  the applicabili ty of this method for  
studying liquid and finely d ispersed  mate r i a l s .  
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1S 

N O T A T I O N  

the t empera tu re ;  
the time; 
the thermal  conductivity; 
the thermal  diffusivity; 
the probe radius; 
the Eu le r  constant; 
the specific thermal  power; 
the heat capaci ty  of probe;  
the conductivity at p r o b e - m e d i u m  interface .  
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