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The theory of corresponding states can be used to investigate the 
thermaI conductivity of narrow fractions of oi l  

This  pape r  gives the r e su l t s  of an expe r imen ta l  in-  
ves t iga t ion  of the t he rma l  conduct iv i ty  ~ and dens i ty  
p of t h i r t y - s e v e n  n a r r o w  (10 and 25 ~ f rac t ions  of h igh-  
paraff in  Ozeksuat  oil. 

The t he rma l  conduct ivi ty  of the f r ac t ions  was m e a -  
sured  by the ho t -wi re  method at t e m p e r a t u r e s  of 20 ~ 
220 ~ C and p r e s s u r e s  of 0 .10-1 .96  MN/m ~. The e r -  
r o r  in m e a s u r i n g  ~ did not exceed • 

The dens i ty  of the f r ac t ions  at 20 ~ C was de t e rmined  
by a p y c n o m e t e r  and in the t e m p e r a t u r e  range  20 ~- 
100~ on a specia l  appara tus  by hydros ta t i c  weighing 
on a ADV-200 ba lance .  The a c c u r a c y  of d e t e r m i n i n g  
p was • 

In the inves t iga ted  t e m p e r a t u r e  range  X and p v a r y  
l i n e a r l y  

~., = L ~  [ 1 - -  a ( t  - -  3 0 ) ] ,  ( 1 )  

p,  = p o0 [ ]  - -  I~ ( t  - -  2 o ) ] .  (2) 

F igure  1 compare s  the va lues  of ~, p, a, and/3 of 
the f rac t ions  and the paraf f ins  compr i s ing  more  than 
50% of the inves t iga ted  f rac t ions .  The data for  p a r a f -  
fins of no rma l  s t r u c t u r e  were  taken f rom [1-3].  
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Fig. 1. Dependence of k, p, c~, and flof 
fractions and paraffins on mean boiling f 
point tb, ~ C of fractions: 1 and i:) for k~0 
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The graphs in Fig. 1 show thatk, p, a, andfiof 

paraffins and the investigated fractions vary in a 

s i m i l a r  m a n n e r .  The p r e s e n c e  of naphthenic  and a ro -  
mat ic  hydroca rbons  in  the f r ac t ions  reduces  the t h e r -  
mal  conduct ivi ty  and i n c r e a s e s  the dens i ty  of the f r a c -  
t ions  in  c o m p a r i s o n  with para f f ins .  
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Fig.2. Potential energy of interaction ~(r) between 
molecules as a function of the distance r, in A, be- 

tween them, for normal paraffins: C5H12 (I), C6H14 (2), 

C7H16 (3), and C8HI~ (4). 

Below we will attempt to find a qualitative rela- 
tionship between the thermal conductivity and the 

molecular structure of the paraffins and investigated 

fractions and to determine the temperature dependence 
of their thermal conductivities from the law of cor- 

responding states. 
For thermodynamically similar substances, such 

as paraffins, the potential energy c0(r) of interaction 

between the molecules can be put in the form [4] 

~ (r) = ~ / (r/~) <3) 

For nonpolar paraffin molecules this universal func- 
tion can be regarded as approximately equal to the 

Lennard- Jones potential 

(r) = 4e l (o / r )  TM - -  (o/r)6] .  (4) 

The curves [5] from Eq. (4) are plotted in Fig, 2. 
A comparison of the experimental thermal conduc- 

tivity data with the potential energy curves shows that 

the higher the boiling point (critical temperature) of 

paraffins, the greater the binding energy between the 

molecules, the higher the lines of the temporature de- 
pendence of the thermal conductivity and the lower the 

temperature coefficient ~0 By comparing experimental 

data for the viscosity and compressibility of paraffins 
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with the poten t ia l  ene rgy  c u r v e s  Gol ik  [5] found that  
the  d e e p e r  the poten t ia l  wel l  (the g r e a t e r  e), the  h ighe r  
the c u r v e s  of the  t e m p e r a t u r e  dependence  of the v i s -  
cos i ty  and the lower  the c o m p r e s s i b i l i t y .  

~55 ~ r 

0.35 

give s a t i s f a c t o r y  r e s u l t s .  The boi l ing  point  cannot be 
a c h a r a c t e r i s t i c  p a r a m e t e r  even for  l iqu ids  of the  
s a m e  homologous  s e r i e s ,  a s  i s  a l so  shown in [6]. 

Acco rd ing  to the  law of c o r r e s p o n d i n g  s t a t e s ,  fo r  
the r ange  of p a r a m e t e r s  in which the effect  of p r e s s u r e  
on the t h e r m a l  conduct iv i ty  of a l iquid can be neglec ted ,  
a va l id  e x p r e s s i o n  is  [4] 

~,* = ~,* (r*). ~5) 

The f o r m  of th i s  funct ion depends  only on the fo rm 
of the  po ten t ia l  funct ion f .  F o r  s p h e r i c a l  n o n p o l a r m o l -  
eeu le s  the  r e d u c e d  t e m p e r a t u r e  can be r e p r e s e n t e d  as 

T *  = k T / s .  (6) 

E x p r e s s i o n  (6) shows that  the  r educed  t e m p e r a t u r e  
is  i n v e r s e l y  p r o p o r t i o n a l  to the  depth of the poten t ia l  
wel l  ( i . e . ,  to r the  value  of which for  c he mica l l y  s i m -  
i l a r  m o l e c u l e s  v a r i e s  in a c c o r d a n c e  with a def in i te  
law. 

Compar ing  the  v a r i a t i o n  of k / s  (Fig.  3), /3, and 
(Fig. 1) we conclude  that  the va r i a t i on  of k / a  and fi 
i s  qua l i t a t i ve ly  the s a m e .  Hence,  the  u n i v e r s a l  func-  
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Fig. 4o Generalized thermal conductivity relationship for: 
a) Paraffins; b) fractions of Ozeksuat oil; c) fraction (260 ~ 
-270 ~ C) of Anastas'ev oil; d) fraction (340~ ~ C) of 

Anastas'ev oil. 
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Fig. 3. Relationship between k{~ 
(first approximation) of normal 
pa ra f f i n s  and bo i l ing  point  t b,~ C. 

The above  r e l a t i o n s h i p s  wi l l  obv ious ly  be va l id  fo r  
the n a r r o w  f r a c t i o n s  too, s i n c e  the  v a r i a t i o n  of the 
phys i ca l  p r o p e r t i e s  of p a r a f f i n s  and the i n v e s t i g a t e d  
f r a c t i o n s  in r e l a t i o n  to the bo i l ing  point  is  qua l i t a t i ve ly  
the s a m e  ( i .e . ,  s i m i l a r ) .  

In the  inves t iga t ion  and g e n e r a l i z a t i o n  of e x p e r i m e n -  
ta l  da ta  fo r  homogeneous  pu re  subs t ances  by the s i m i -  
l a r i t y  method T e r ,  P c r '  a~d V c r  o r  o the r  p a r a m e t e r s  
which d e t e r m i n e  the  p r o p e r t i e s  of the  m o l e c u l e s  of 
the subs tance  [e and ~ f r o m  f o r m u l a  (3)] a r e  u s u a l l y  
chosen as  c h a r a c t e r i s t i c  p a r a m e t e r s  [4]. In the gene-  
r a l i z a t i o n  of e x p e r i m e n t a l  data  fo r  m i x t u r e s  g r e a t  d i f -  
f i cu l t i e s  a r i s e  in the  choice  of the  c h a r a c t e r i s t i c  and, 
hence,  r e d u c e d  p a r a m e t e r s ,  which s a t i s f y  the  g e n e r a l -  
ized  r e l a t i o n s h i p s .  

As our  ca l cu l a t i ons  showed, the  mean  boi l ing  point  
of the f r a c t i ons ,  which might  have been  a v e r y  con-  
venient  p a r a m e t e r  in the g e n e r a l i z a t i o n  of the  e x p e r i -  
men ta l  t h e r m a l  conduc t iv i ty  da ta  fo r  m i x t u r e s ,  did not 
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tion (5) can be put in the form 

~,* = ~* (~ T) = ~.* (~). (7) 

In addi t ion,  the qua l i t a t i ve ly  s i m i l a r  va r i a t i on  of 
and (~ i s  con f i rmed  by V a r g a f t i k ' s  wel l -known ru le  

~,~/~,~ = (p j@4/3  (8) 

which can be r e g a r d e d  a s  a spec i a l  ca se  of (7). 
The va lue  of fi when the  de ns i t y  v a r i e s  l i n e a r l y  

with the  t e m p e r a t u r e  can be  ca l cu l a t ed  f rom Eq. (2). 
It should be noted,  however ,  that  the  va lue  of the 

t e m p e r a t u r e  coef f ic ien t  ~ depends  on the t e m p e r a t u r e  
at which the initial density is taken (P~0, for instance). 
The value of ~ changes when this temperature changes, 
but its variation is qualitatively the same for similar 
substances. 

For the generalization of the experimental data it 
is much more convenient to take the initial density at 
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T = 0 ~ K [7]. In th is  case  the t e m p e r a t u r e  coefficient  
is d e t e r m i n e d  f rom the exp res s ion  

~' = (P' - -  P2)/(Pl T2 - -  P~ TI). 

It should be borne  in mind in the ca lcula t ion  of fi' 
that the accu racy  of d e t e r m i n i n g  it depends  on the 
se lec ted  t e m p e r a t u r e  d i f fe rence  between T 1 and T 2. 
The a c c u r a c y  i n c r e a s e s  with i n c r e a s e  in the t e m p e r -  
a ture  dif ference.  

On the graph (Fig. 4) 160 expe r imen ta l  va lues  of 
the t h e r m a l  conduct ivi ty  of na r row f r ac t i ons  of Ozek- 
suat  oil in  the t e m p e r a t u r e  range  20~ ~ and 29 
values  of the t he rma l  conduct iv i ty  of some paraff ins  in  
the t e m p e r a t u r e  range  2 0 ~ 2 2 0 ~  C f rom [3] a r e  plotted 
in the reduced coord ina tes  X'* = k~-/k~-, = 0.31 and 
~-' = fl 'T; the value XT,=0.31 is taken at the r e f e r e n c e  
value of the reduced t e m p e r a t u r e  r '  = 0 .31.  The n u m b e r  
0.31 is  chosen to include al l  the expe r imen ta l  data in  
the inves t iga ted  t e m p e r a t u r e  range.  

The graph shows that  the expe r imen ta l  va lues  of 
the t he rma l  conduct ivi ty  of n a r r o w  f r ac t i ons  and p a r a f -  
fins deviate  f rom the genera l  l ine,  g iven by the equa-  
tion 

~J~'=031 = 1.728 - -  2.559 C, 

by not more  than 2.4%. The mean  squa re  devia t ion does 
not exceed 1.0%. 

To conf i rm this  we d e t e r m i n e d  the t h e r m a l  conduc- 
t ivi ty  and dens i ty  of two f rac t ions  (with boi l ing point 
260~270  ~ and 340o--350 ~ C) of A n a s t a s ' e v  oil. A n a s -  
t a s ' e v  oil has a p a r a f f i n - n a p h t h e n e - a r o m a t i c  base  and 
differs  cons ide rab ly  in its p rope r t i e s  f rom Ozeksuat  
oil [11]. The graph in Fig .  4 shows that the exper i -  
menta l  points for the inves t iga ted  f rac t ions  of A na s -  
t a s ' e v  oil deviated cons ide rab ly  (by as much as 10%) 
f rom the genera l  l ine .  

We also tes ted  expe r imen ta l  data for  c o m m e r c i a l  
oil products  [8-10].  The expe r imen ta l  points  for  B - 7 0  
benz ine  ~nd T-1  fuel [8], s amp le s  No. 3 and No. 4[9], 
DL d iese l  fuel and t r a c t o r  ke rosene  [10] f i t ted the 
genera l  l ine fa i r ly  well.  The data for  T-5  fuel [8], 
T-1 and TS-1 fuels  [10], and B-70 benz ine  [9], dev ia -  
ted cons ide rab ly  f rom it. In view of this ,  Zenkev ich ' s  
conc lus ion  [7] that l ow-v i scos i ty  oil products  (fuels), 
fo rm a group of s i m i l a r  subs tances  is  not cor rec t .  

The t h e r m a l  conduct ivi ty  of oil p roducts  and its 
va r i a t ion  evident ly  depend on the na tu re  of the oil, on 
i ts  group hydroca rbon  composi t ion.  Hence, the r e l a -  
t ionships  obtained above a r e  not valid for  all  oil prod-  
ucts, but only for products  obtained f rom oils of the 

same  or ig in .  In th is  case,  as the graph in Fig.  4 
shows, not only low-v i scos i ty ,  but a lso h igh -v i s cos i t y  
f rac t ions  with a bo i l ing  point up to 550 ~ C, fit the 
genera l  l ine  quite well .  

These  inves t iga t ions  have shown that  t he re  is a 
defini te  r e l a t ionsh ip  between the t h e r m a l  conduct ivi ty 
and m o l e c u l a r  s t r uc t u r e  of the inves t iga ted  l iquids  and 
that the theory  of s i m i l a r i t y  can be applied not only to 
homogeneous  pure  l iquids,  but  a l so  to complex mix -  
tu re s ,  such as f r ac t ions  of h igh-para f f in  Ozeksuat  oil. 

NOTATION 

e and (~ are constants characterizing the chemical 
nature of the interacting molecules (~ has the dimen- 
sions of length and e the dimension of energy); r is the 
distance between molecules; k* is the reduced thermal 

conductivity; T* is the reduced temperature: f(r/~), 
l*(T*) are universal functions for similar substances: 

k is the Boltzmann constant; T is the absolute tem- 
perature. The superscripts p and f refer to paraffins 

and fractions, respectively. 
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