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The cons t ruc t ion  of a heated f i lament  m e a s u r e m e n t  device is descr ibed.  The t he rma l  con-  
ductivity of F reon-12  in the liquid phase  is  m e a s u r e d  over  the t e m p e r a t u r e  range -50-100~ 
at p r e s s u r e s  up to 600- l0  s N / m  2, and conductivity of the gaseous  phase of F reon-12  is 
m e a s u r e d  ove r  the range 30-160~ at a tmospher i c  p r e s s u r e .  The r e su l t s  obtained a re  
approximated  by equations and compared  with the data of o ther  authors .  

F reon-12  is widely used in industry  for  m e a s u r e m e n t s  of var ious  technological  p r o c e s s e s  and de -  
v ices .  It is  thus n e c e s s a r y  to know i ts  coeff ic ient  of t he rma l  conductivity (~) ove r  a wide range of s tate  
p a r a m e t e r s .  It should be noted that avai lable  data on ~ of the liquid phase  of F reon-12  a re  quite l imited 
and con t rad ic to ry  (divergences as high as 15-20% in both absolute value of conductivity,  and in i ts  t e m -  
p e r a t u r e  der ivat ive) .  

An expe r imen ta l  study has been made of ~ in the liquid phase  of F reon-12  over  the t e m p e r a t u r e  range 
-50-100~ at p r e s s u r e s  up to 600- 105 N / m  z, and in the gas  phase over  the range 30-160~ at a tmospher i c  
p r e s s u r e .  A m ode rn  va r i an t  of the m e a s u r e m e n t  cel l  [1] using the absolute  s ta t ionary  heated f i lament  
method was  used. 

A schemat ic  of the m e a s u r e m e n t  device is shown in Fig. 1. Thin walled plat inum and nickel  cap i l -  
l a r i e s  were  used as ex te rna l  r e s i s t ance  t h e r m o m e t e r s ,  thus e l iminat ing the significant e r r o r s  p resen t  
in the c l a s s i c  va r i an t  of the heated f i lament  method because  of inaccurac ie s  in m e a s u r e m e n t  of the t e m -  
p e r a t u r e  drop a c r o s s  the g lass  cap i l l a ry  wal l  and uncer ta inty in r e fe renc ing  the t e m p e r a t u r e  m e a s u r e d  
by the ex te rna l  r e s i s t a n c e  t h e r m o m e t e r  wound on the g l a s s  capi l la ry .  

The in ternal  d i a m e t e r  and l inear i ty  of the me ta l  cap i l l a r i e s  were  de te rmined  by a technique de -  
scr ibed  in [1] to an accu racy  of :L3/~. A plat inum f i lament  0.1 m m  in d i ame te r ,  se rv ing  as both the h ea t e r  
and the in ternal  r e s i s t a n c e  t h e r m o m e t e r ,  was  threaded through the capi l la ry .  Potent ia l  leads to f i lament  
and cap i l l a ry  were  p r epa red  of plat inum wire  0.04 m m  in d iamete r .  F o r  insulation, the me ta l  m e a s u r e -  
men t  cap i l l a r i e s  we re  mounted in thick wall  g lass  tubes,  mounted with a rad ia l  gap of 0.3-0.4 m m  in a 
l a rge  b r a s s  body. Center ing of the cap i l l a ry  re la t ive  to the f i lament  was  accompl ished through observa t ion  
windows in the body walls  with a UIM-21 mic roscope  in two mutual ly  perpendicu la r  p lanes ,  using specia l ly  
instal led center ing  sc rews .  The geomet r i c  c h a r a c t e r i s t i c s  of the m e a s u r e m e n t  device a re  p resen ted  in 
Table 1. 

The absence  of significant rad ia l  gaps between walls  of m e a s u r e m e n t  cap i l l a r i e s ,  body, and auto-  
clave pe rmi t t ed  e l iminat ion of convect ive c u r r e n t s  outside the working gap, which is espec ia l ly  significant 
in working with such low boiling point liquids as F reon ,  and a lso  nea r  the c r i t i ca l  region. 

Res i s t ance  t h e r m o m e t e r  ca l ibra t ion  was done with two r e f e r ence  points (triple point and boiling point 
of wate r ) ,  and a lso  with a spec imen  plat inum re s i s t ance  t h e r m o m e t e r  PTS-10,  p r epa red  and ca l ibra ted  
at  VNIIFTRI eve ry  20 deg ree s  over  the range -80-160~ 

The m e a s u r e m e n t  device was  instal led in a s ta in less  s t ee l  autoclave,  mounted within a la rge  copper  
block. To c rea t e  i so the rma l  conditions over  the length of the device the copper  block was located beneath 
a l ayer  of the rmos ta t i c  liquid with a l o w i n e r t i a  t he rmos t a t  and sens i t ive  e lec t ronic  t e m p e r a t u r e  regula tor ,  
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Fig. 1. Schematic diagram of m e a s u r e -  
ment device: 1, 6, 11) glass  capi l lar ies ;  
2, 3) potential leads; 4) body; 5) m e a -  
surement  capil lary;  7) platinum filament; 
8) center ing screws;  9) spring; 10) screw 
for  filament tension adjustment. 

ensuring no measurable  temperature  fluctuations within the autoclave. P r e s s u r e  was generated and m e a -  
sured by a type MP-600, c lass  0.05 manometer .  All voltage measurements  were made with semiautomatic 
dc potent iometers  type P-348,  c lass  0.002 and P-309,  class  0.005. 

To allow for the effect of p re s su re  and spring tension on res is tance  the rmomete r  indication the 
internal the rmomete r  was calibrated against the external  before every experiment.  Over the entire tem-  
pera ture  and p res su re  range studied the cor rec t ion  to initial temperature  did not exceed 0.01~ To verify 
the absence of convection experiments  were  per formed with 2-3 different values of tempera ture  drop in the 
layer  (from 2.5 to 6~ and values of the complex G r P r  < 1500. In calculating ~ cor rec t ions  were introduced 
for fi lament eccentr ic i ty ,  loss of heat f rom the ends, and changes in the measurement  cell  geometry ,  which 
did not exceed 0.3% in total. Due to the absence of IR absorption spectra  of the liquid Freon-12 no c o r r e c -  
tion for heat t ransfer  by radiation was made,  while for gaseous Freon  this cor rec t ion  did not exceed 0.7%. 
The values of thermal  conductivity obtained were re fe r red  to the ar i thmetic  mean temperature  of the layer. 
Analysis  of the e r r o r s  involved in the method indicates that the maximum relative e r r o r  in the exper imen-  
tal data does not exceed =L1.2%. 

In control  experiments  the thermal  conductivity of toluol was measured  over  the temperature  interval 
0-160~ at p r e s s u r e s  up to 600- 105 N / m  2. Also used was nitrogen at a tmospher ic  p res su re  over  the 
range 40-160~ The ~-values obtained for  toluol agreed within 0.5% with those published ea r l i e r  in [3], 
as well as those recommended in [4]. 

The Freon-12 used in the experiments  was synthesized at the State Institute for Applied Chemistry.  
Pur i ty  analysis  performed with KhL-69 and KhT-8 chromatographs  indicated that the basic component 
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T A B L E  1. G e o m e t r i c  C h a r a c t e r i s t i c s  of M e a s u r e m e n t  D e v i c e s  

Platinum fila- ~ength of work u 
ment diameter,mm ing section, mm 

0,100 
0,100 
0,I00 
0,100 
0,100 

81,471 
87,170 
89,192 
81,460 

105,070 

Measurement 
capillary 
material 

Platinum 
t 

Nicke~ 

~ternal din-[External d fa - Mean 
:neter of cap Jmeter of cap- eccentricity, 
[llary, mm illary, mm mm 

1,100 
1,398 
1,900 
0,900 
1,450 

1,200 
1,600 
2,002 
1,000 
1,550 

0,012 
0,015 
0,022 
0,012 
0,018 

T A B L E  2. Smoothed  V a l u e s  of T h e r m a l  Conduc t iv i ty  of 
L iquid  F r e o n - 1 2  (2`. 104, W / m -  deg) 

Tempera- Pressure, p .10 -s N/m 2 

ture, ~ 

--50 
--40 
--30 
--20 
--10 

0 
20 
40 
60 
80 

100 

50 

952 
916 
881 
847 
814 
782 
722 
665 
612 
564 
519 

100 

976 
940 
906 
872 
840 
808 
749 
694 
643 
596 
553 

200 400 600 

1019 
984 
951 
918 
887 
857 
800 
747 
699 
656 
617 

1089 
1056 
1024 
994 
964 
937 
885 
838 
796 
760 
728 

1139 
1107 
1077 
1049 
1022 
996 
949 
908 
872 
842 
818 

c o m p r i s e d  99.90/o, s a t i s f y i n g  g o v e r n m e n t  s t a n d a r d  GOST 8501-57.  E x p e r i m e n t s  w e r e  p e r f o r m e d  in m e a -  
s u r e m e n t  c e l l s  wi th  gaps  of 0.4 and 0.5 m m  on i s o t h e r m s  a t  20-30~ s t e p s  a t  p r e s s u r e s  of  50.0,  197.1,  
393.2,  and 589.4 �9 105 N / m  2. M o r e  than 50 e x p e r i m e n t a l  v a l u e s  fo r  ?, of  l iqu id  F r e o n - 1 2  w e r e  ob ta ined  
o v e r  the t e m p e r a t u r e  and p r e s s u r e  r ange  s tud ied .  The e x p e r i m e n t a l  da t a  a r e  p r e s e n t e d  in F ig .  2, wi th  
s m o o t h e d  v a l u e s  a f t e r  a d j u s t m e n t  in 2 ` - p  and 2 ` - t  s e c t i o n s  in Tab le  2. 

To a p p r o x i m a t e  the t h e r m a l  conduc t i v i t y  v a l u e s  ob ta ined ,  a f o r m  of equa t ion  w a s  c h o s e n  which  
r e l a t e s  2, d i r e c t l y  to the m e a s u r e d  p a r a m e t e r s  t e m p e r a t u r e  and p r e s s u r e .  A s  a r e s u l t  of p r o c e s s i n g  by 
the me thod  of l e a s t  s q u a r e s  on an e l e c t r o n i c  c o m p u t e r  the e x p r e s s i o n  

s 104 ~ 754,9 - -  3,196 t ~- 0,0049 t ~ -~- (5,615.10 -6 '-- 1,167.10 -s t + 3,750.10 - n  t ~) p - -  2,661- 10-1~p :, (1) 

w a s  ob ta ined ,  d e s c r i b i n g  the e x p e r i m e n t a l  da t a  wi th  a m a x i m u m  e r r o r  of  0.6% and m e a n  s q u a r e  e r r o r  of 

0.270. 

Tab le  3 shows  v a l u e s  of h c a l c u l a t e d  by Eq. (1) on the s a t u r a t i o n  l ine.  C o r r e s p o n d i n g  s a t u r a t i o n  

p r e s s u r e s  w e r e  t aken  f r o m  [5]. 

A c o m p a r i s o n  of  the e x p e r i m e n t a l  2`-values of l iquid F r e o n - 1 2  on the s a t u r a t i o n  l ine wi th  the da t a  of 
v a r i o u s  a u t h o r s  i s  p r e s e n t e d  in Tab le  4. A n a l y s i s  of the da ta  p r e s e n t e d  i n d i c a t e s  that  the r e s u l t s  of s t u d i e s  
[13, 14] us ing  the h e a t e d  f i l a m e n t  m e t h o d ,  a s  w e l l  a s  R i e d e l ' s  da t a  [7], u s ing  two i n d e p e n d e n t  m e t h o d s ,  
a g r e e  qui te  w e l l  wi th  the v a l u e s  of  ~ m e a s u r e d  h e r e .  The  da t a  of  M a r k w o o d  and Benning  [8] and Dani lova  
[9] show s i g n i f i c a n t l y  h i g h e r  v a l u e s  (15-30%), e v i d e n t l y  connec t ed  wi th  the p r e s e n c e  of  c onve c t i ve  h e a t  

t r a n s f e r  in t h e i r  m e a s u r e m e n t s .  

The r e s u l t s  of  [15], e x t r a p o l a t e d  a long  the s a t u r a t i o n  l i ne ,  l ie  4-7% h i g h e r  than ou r  r e s u l t s ,  whi le  
a t  a p r e s s u r e  of 5 .105  N / m  2 they  a r e  3-4% high.  U n f o r t u n a t e l y ,  the a b s e n c e  of a d e t a i l e d  d e s c r i p t i o n  of  
the e x p e r i m e n t a l  a p p a r a t u s  and m e t h o d o l o g y  in [15] did not  a l low an a n a l y s i s  of the c a u s e s  of  th i s  d i v e r -  

gence .  

I t  should  be noted tha t  the t h e r m a l  con duc t i v i t y  of F r e o n - 1 2  at  p r e s s u r e s  up to 250 .105  N / m  2 w a s  
c a l c u l a t e d  in the s t u d i e s  of  T s v e t k o v  [16, 17], wi th  2̀  of  F r e o n - 1 2  in the s a t u r a t e d  l iquid s t a t e  t aken  f r o m  

T A B L E  3. T h e r m a l  Conduc t iv i ty  of  F r e o n - 1 2  on S a t u r a t i o n  Line 
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Fig.  2. E xpe r i m e n t a l  va lues  of coe f f i c i en t  of t h e r m a l  conduct iv i ty  ( W / m .  deg) of  
liquid F r e o n - 1 2 :  1) at  589.4; 2) 393.3; 3) 197.1; 4) 50.0-  105 N / m  2. X, W / m - d e g ;  
t, ~ 

Fig .  3. Deviat ion (%) of  data of va r ious  au thors  f r o m  values  of  t h e r m a l  c o n d u c -  
t ivity of ga se ous  F r e o n - 1 2  m e a s u r e d  in p r e s e n t  s tudy:  1) [8]; 2) [17]; 3) [18]; 4) 
[191; 5) [201; 6) [14]; 7) [101; 8) [21]. t ,  ~ 

the r e s u l t s  of [12] and p r e s s u r e  cons ide red  by m e a n s  of  e x p e r i m e n t a l  data  on X of liquid oxygen,  p r o -  
c e s s e d  in the f o r m  of the dependence  of c o r r e c t e d  t h e r m a l  conduct iv i ty  on c o r r e c t e d  t e m p e r a t u r e  and 
p r e s s u r e .  C o m p a r i s o n  of  our  X-values  with the r e s u l t s  of [16, 17] shows that the d i s a g r e e m e n t  at 5 ,105  
N / m  2 r e a c h e s  s ign i f ican t  va lues ,  and OX/Op along the i s o t h e r m s  p roves  to be i n c r e a s e d  by a f ac to r  of  
3 -4  t imes .  

Thus  the method of data  p r o c e s s i n g  used in those e x p e r i m e n t s ,  poss ib ly  valid fo r  t h e r m o d y n a m i c a l l y  
s i m i l a r  s u b s t a n c e s ,  is of  little appl ica t ion  in ca lcu la t ing  ~ of F r e o n - 1 2  under  p r e s s u r e .  

F o r  gaseous  F r e o n - 1 2  m o r e  than 30 e x p e r i m e n t a l  va lues  of X w e r e  obtained in the t e m p e r a t u r e  range 
30-160~ under  a t m o s p h e r i c  p r e s s u r e .  The r e su l t s  w e r e  app rox ima ted  by the equat ion 

~.. 10 ~ = 86.3 --  0.502 t, (2) 

which  d e s c r i b e s  the e x p e r i m e n t a l  data with a m a x i m u m  e r r o r  of  0,5% and m e a n  square  e r r o r  of 0.2%. 
F i g u r e  3 shows the devia t ion  of data  of  va r ious  au thor s  f r o m  the X-values obtained h e r e  f o r  gaseous  F reon .  
The r e s u l t s  of  Tsve tkov  [17], Keyes  [18], S h e r r a t t - G r i f f i t h s  [19], Mas ia  [21], and G r u z d e v - S h e s t o v a  
- S e l i n  [20] at  p = 1.5 ba r  d i f fe r  f r o m  our  data  by no m o r e  than 2-3.5%. The d i s c r e p a n c i e s  with the r e s u l t s  
of  [8, 10], lying beyond the l imi t s  of  e xpe r i men t a l  e r r o r ,  a re  6-8%, while d ive rgence  with [14] is 12%. Thus 

T A B L E  4. Comparison of Experimental Data on Thermal Conductivity 
of Freon-12 

Authors 

Griffkhs, Awbery, Powell 
Pdedel 
Markwood, Benning 
Danilova 
Cherneeva 
Powell, Challoner 
Tsvetkov 
Djalalian 
Sadykov, Gabdrakhmanov i 

B~ykov, 
Mukhamedzyanov 

Gmzdev. Shestova 
ShumsRaya 

Present study I 

f f 
I ~Me- Temperature 

interval, "C 
[Source 

4thod 

J 

[61 ] p 
[7] ' Isi iP7 c 

l J0j i 
[ i l l  

[13] f 

[14] f 

[151_ 

5--20 
20 

0--75 
--30--0 
--55--20 
--20--20 
--80--90 
--5T--20 

--150to--40 

30--200 
--50--100 

X20. 104, I Pressure, W !aX/0t �9 104, 
N/m ~ /m .deg FW/m .deg 

saturation 
. pressure 

m 

R 

10--55.105 
50--600.103 

645 
720 
890 
826* 

5,2 

6,0 
6,8 

720 4,7 
750 3,0 
.731 3,9 
720 2,9 

- -  3,8 
I 

670* 2,8 
696* 2,8 

Note. p) plane layer method; c) coaxial cylinders; f) heated filament; r) regular thermal 
regime method. 

*Extrapolated values. 

84.5 



the data on ~ for gaseous Freon-12 agree  with each other  be t t e r  than for the liquid state,  a fact evidently 
connected with the dec rease  in exper imenta l  difficult ies in measu remen t  of thermal  conductivity of gases.  

It should be noted that the exper imenta l  data on thermal  conductivity of liquid Freon-12 at high p r e s -  
sures  have been obtained here  for  the f i r s t  time. 
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