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A tes t  cell  is descr ibed  which has been designed on the principle of coaxial  cy l inders  and 
with which the the rma l  conductivity of bromided Freons  F-113 V2 and F-114 V2 has been 
de te rmined  exper imenta l ly .  

Bromided Freons are used in centrifugal-type air conditioning compressors, as the refrigerant in 
single-stage compressors, as flame quenching media, as inhibitors of spontaneous combustion of hydrazine 
in nitrogen dioxide [i], as the compensating and as the hydraulizing fluid in instruments, as an anesthetic, 
and in the chemical industry for producing fluoroorganic compounds. Since with fluoroethers they form 
heterogeneous azeotrop~c compounds with a high heat of evaporation and a low compressibility, which would 
make them very effective refrigerants, bromided Freons may have potential applications in thermoenergy 
apparatus. 

In view of this, we made an experimental study to determine the thermal conductivity of Freons F- 
113 V2 and F-II4 V2 over the temperature range from -60 to +80~ under atmospheric pressure. The ab- 
solute method with coaxial cylinders was used for the measurements. 

One of the test cells designed by us is shown schematically in Fig. i. The inner cylinder 7 was 
made of grade M-I copper with an axial bore hole 3 mm in diameter, into which a 24 W electric heater 6 
was installed. This heater consisted of a size 0.12 mm (diameter) manganin wire insulated with heat re- 

sistant enamel and wound bifilarly on a porcelain bobbin. In order to reduce the heat dissipation in current 
and voltage leads, the latter were made of size 0.12 mm and size 0.i mm wire, respectively. The outer 

cylinder 8 was also made of copper. The active surfaces of both cylinders were carefully polished. The 
geometrical dimensions of the cylinders, measured on a model IZA-2 horizontal comparator table, are 
given in Table 1. 

The active segment of the device was contained between two Teflon washers 5, 12, 0.01 mm thick 
and tightened through copper seals, 3, 4 and ii, 13 with nuts at the cylinder ends. The cylinders were 
aligned coaxially by means of set screws I0 with Textolite spacers 2 mm in diameter. The eccentricity 
measured on the comparator did not exceed 0.005 ram, allowing the correction to the test value for ~ to 
be reduced to 0.01%. 

The temperature difference across a layer of test substance was measured with a differential three- 
junction copper-constantan thermocouple 9 made of size 0.I mm (diameter) thermoelectrode wire. The 
thermocouple junctions were installed in holes 2 mm in diameter and 90 mm deep, spaced at 120 ~ around 
the circumference. A preliminary calibration of the thermocouple against a standard PTS-10 resistance- 
type platinum thermometer made at the VNIIFTRI ensured a reliable measurement of temperature drops 
in the clearance within a :~0.001~ accuracy. 

Since heat leakage from the end surfaces of the cylinders would cause large errors in the measure- 
ment of ~ with a coaxial cell [2, 3, 4], special precautions were taken to ensure isothermal conditions 
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Fig. 1. Schemat ic  d i a g r a m  of the tes t  cell  with protec t ive  hea te r s .  

Fig. 2. Compar i son  of t es t  data  on the t h e r m a l  conductivity of toluene: 1) acco rd -  
ing to the data in [5]; 2) the data  in [6]; 3) the data  in [7]; 4) the data in [8]; 5) the 
data  in [9]; 6) the data  in [10]; 7) the data  in [11]; and 8) the data  obtained by the 
authors in this study; 2~, W / m .  deg; t, ~  

throughout the length of the device.  At the end su r faces  of the tes t  cell  were  placed protec t ive  hea te r s  1, 14 
whose power was regulated by means  of an e lec t ronic  heat  control  c i rcui t  responding to the indications of 
di f ferent ia l  two-junction c o p p e r - c o n s t a n t a n  thermocouples  2, 15. Thus,  the t e m p e r a t u r e  di f ference be -  
tween the active cell  segment  7 and the protec t ive  hea te r s  never  exceeded 0.005~ 

Calculations have shown that any e r r o r  in the 2~-measurement which is  due to the heat loss at the 
end su r faces  can be e l iminated a lmos t  comple te ly  by the use of protec t ive  hea te rs .  

The t he rma l  conductivi ty,  on the bas i s  of the configurat ion with coaxial  cyl inders ,  is defined as fol -  
lows: 

k ----- In d~/d I Q 
2~l �9 Attrue (1) 

where  

The t e m p e r a t u r e  drop Atdiss  r e p r e s e n t s  the e r r o r  in measu r ing  Attrue which is due to the heat diss ipated 
through the end su r f aces  of the cell  and the center ing sc rews .  

The bas ic  source  of e r r o r  in the de te rmina t ion  of ~ with a cell  shown in Fig. 1 is the heat lost  through 
the center ing sc rews .  According to calculat ions,  however,  the m a x i m u m  e r r o r  here  does not exceed =~1%. 

142 



T A B L E  1. G e o m e t r i c a l  D i m e n s i o n s  of the  T e s t  Cel t  

Parameter Cell with protective 
heaters 

Diameter of inner cvlinder d,. mm 
�9 Inside diameter to outer c[lihder d 2, mm 
Length of ae[ive segment /. mm 
Eccentricity e. ram 

12,974___0,003 
[ 14,484-0 003 
/[7fi,05+0,01 " 
/ 0,005 

>< o, o7 - ~  

"-8O -~0 0 ~ 8O "~ 

Fig .  3. T e s t  v a l u e s  f o r  the t h e r -  
m a l  c o n d u c t i v i t y  of b r o m i d e d  
F r e o n s :  1) F r e o n  F - 1 1 4  a c c o r d -  
ing  to the data in  [13]; 2) Freon 
F - 1 1 3  V2 a c c o r d i n g  to our  da ta ;  
3) F r e o n  F - 1 1 4  V2 a c c o r d i n g  to 
ou r  da ta ;  4) F r e o n  F - 1 1 4  V2 a c -  
c o r d i n g  to the d a t a  in [12]; 2,, 

W / m -  deg;  t,  ~ C. 

T A B L E  2. A d j u s t e d  V a l u e s  fo r  
the T h e r m a l  Conduc t iv i t y  of 
B r o m i d e d  F r e o n s  

T.emp~a- 
t ~ e ,  ~ 

--60 
--50 
--40 
--30 
--20 
--lO 

0 
IO 
20 
30 
40 
50 
60 
70 
80 

Thermal conductivity k, 
W/m. ~ 
Iof Freen of Freon 
~-I13 V2 F-If4 V2 

0,0799 0,0767 
0,0788 0,0752 
0,0777 0,0736 
0,0766 0,0721 
0,0754 0,0706 
0,0743 0,0690 
0,073t 0,0675 
0,0720 0,0600 
0,0709 0,0644 
0,0698 0,0629 
0.0687 0.0616 
0,0676 
0,0664 
0,0653 
0,0641 

The  t e s t  c e l l  was  p l aced  i n s i d e  a t h i n - w a l l e d  a l u m i n u m  au toc l ave  16 i m m e r s e d  in  a t h e r m o s t a t i c  f lu id  
i n s i d e  a TS-24  t h e r m o s t a t .  The  t h e r m o s t a t  t e m p e r a t u r e  was m a i n t a i n e d  c o n s t a n t  wi th in  :~0.01~ by  m e a n s  
of an e l e c t r o n i c  r e g u l a t o r  and,  b e c a u s e  of the t h e r m a l  i n e r t i a  of the a u t o c l a v e - a i r g a p - c e l l  s y s t e m ,  no 
t e m p e r a t u r e  f l uc tua t i ons  w e r e  ob ta ined  in  the ce l l .  The  t e m p e r a t u r e  g r a d i e n t  a long the au toc l ave  which  
was  d e t e r m i n e d  in  s p e c i a l  t e s t s  wi th  a d i f f e r e n t i a l  c o p p e r - c o n s t a n t a n  t h e r m o c o u p l e ,  d id  not  e x c e e d  0.02~ 
In o r d e r  to r e d u c e  the  c o n v e c t i v e  hea t  d i s s i p a t i o n  f r o m  the ends  of the d e v i c e ,  the  l a t t e r  w e r e  f i l l e d  wi th  
wooly  g l a s s  f i b e r ,  The  t e s t  s u b s t a n c e  was  then  i n j e c t e d  wi th  h y p o d e r m i c  i n s t r u m e n t s  t h r o u g h  t h i n - w a l l e d  
c o p p e r  c a p i l l a r i e s  in to  the ac t i ve  gap  r e g i o n .  The h e a t e r  was  e n e r g i z e d  th rough  a U 1136 dc v o l t a g e  s t a b i l -  
i z e r  comlec ted  to the power  l ine  t h rough  an S -0 .750  s t a b i l i z e r .  Al l  e l e c t r i c a l  m e a s u r e m e n t s  w e r e  m a d e  
wi th  a c l a s s  0.015 R-306  p o t e n t i o m e t e r  and an F 1 1 6 / 2  m i c r o v o l t a m m e t e r .  

In o r d e r  to  c h e c k  the p e r f o r m a n c e  of the  a p p a r a t u s ,  we r a n  c o n t r o l  t e s t s  in  which  the t h e r m a l  c o n -  
d u c t i v i t y  of to luene  was  m e a s u r e d .  I n a s m u c h  as  to luene  has  p r o p e r t i e s  which  m a k e  i t  s u i t a b l e  as  a r e f -  
e r e n c e  s u b s t a n c e  fo r  check ing  the c a l i b r a t i o n  of t h e r m a l  c o n d u c t i v i t y  m e t e r s ,  i t s  t h e r m a l  c o n d u c t i v i t y  
was  e x a m i n e d  wi th  s p e c i a l  c a r e .  We used  f o r  the t e s t  a to luene  of the " S c i n t i l l a t i o n  To luene ,  E x t r a  P u r e "  
g r a d e  in  a c c o r d a n c e  wi th  the GOST (Gove rnmen t  S t a nda rds )  11144-65.  Twenty  t e s t  v a l u e s  fo r  2  ̀w e r e  ob -  
t a i ned  wi th in  the t e m p e r a t u r e  r a n g e  f r o m  - 4  to +95~ In F ig .  2 we c o m p a r e  our  d a t a  wi th  t h o s e  ob ta ined  
by  o t h e r  a u t h o r s  [5-11] by  the m e t h o d  of c o a x i a l  c y l i n d e r s .  An a n a i y s i s  of c a l c u l a t i o n s  shows  tha t  the  
d i s c r e p a n c i e s  b e t w e e n  the m o s t  r e l i a b l e  d a t a  on 2̀  of to luene  and our  t e s t  v a l u e s  a r e  wi th in  1-2%. 

F o r  m e a s u r i n g  the t h e r m a l  c o n d u c t i v i t y  of b r o m i d e d  F r e o n s  we used  g r a d e  F - 1 1 3  V2 and F - 1 1 4  V2 
s p e c i m e n s  which  had been  p u r i f i e d  c h r o m a t o g r a p h i c a l l y  at the  S t a t e  In s t i t u t e  of App l i ed  C h e m i s t r y .  The  
con ten t  of t h e s e  s p e c i m e n s  was  99.97% pure .  Al l  m e a s u r e m e n t s  w e r e  p e r f o r m e d  at  v a r i o u s  t e m p e r a t u r e  
d i f f e r e n c e s  a c r o s s  the l iquid l a y e r  ( f rom 1 to 4 ~ and at  p r o d u c t s  of Gr  P r  << 1000, s i g n i f y i n g  the a b s e n c e  
of c o n v e c t i v e  h e a t  t r a n s m i s s i o n .  In c a l c u l a t i n g  2  ̀we added c o r r e c t i o n s  fo r  the e c c e n t r i c i t y  of the c y l i n d e r s ,  
f o r  the hea t  l e a k a g e  t h rough  the  c e n t e r i n g  s c r e w s ,  fo r  changes  in  the  g e o m e t r i c a l  d i m e n s i o n s  due to t e m -  
p e r a t u r e  changes ,  and fo r  the p r e s e n c e  of t h e r m o c o u p l e s .  

The  t e s t  v a l u e s  f o r  the  t h e r m a l  c o n d u c t i v i t y  of b r o m i d e d  F r e o n s  F - 1 1 3  V2 and F - 1 1 4  V2 a r e  shown 
in  F ig .  3, the a d j u s t e d  v a l u e s  a r e  l i s t e d  in  T a b l e  2. 
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The t empera tu re -dependence  of the thermal  conductivity can be descr ibed,  within a ~l~c accuracy,  
by the following l inear  equation: 

~t  = ks0[  1 - -  cr (t - -  30)], (2) 

where a is equal to 1.6088 �9 10 .8 deg -1 and 2.4387 �9 10 -3 deg -1, respect ive ly .  

Our tes t  values for  the the rmal  conductivity of F r eo n  F-114 V2 agree closely with the tes t  values 
obtained by Tauscher  [12] (the dif ference does not exceed 1.2%), but differ  considerably f rom those ob- 
tained by Powell  et  al. [13], according to which the t empera tu re  coefficient  of thermal  conductivity is 
posit ive.  

The Freons  in [13] were  measured  by the re la t ive  method with a plane layer ,  with the thickness 
of the Freon  layer  in d i f ferent  configurations varying f rom 10 to 25 mm and with the t empera tu re  drop up 
to 42~ in some tes ts .  Under these conditions, evidently, convection took place causing the thermal  con- 
ductivity of Freons  to appear higher and, in some cases ,  causing the t empera tu re  coefficient  to become 
positive. Thus, fo r  example,  the values  for  the thermal  conductivity of F reon  F-113 at 10~ are  8% higher 
in [13] than the re l iable  values in [14]. 

The thermal  conductivity of F reon  F-113 V2 had been measured  ea r l i e r .  
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quantity of heat supplied by the heater ,  W; 
true t empera tu re  drop across  the layer ,  ~ 
measured  t empera tu re  drop ac ross  the layer ,  ~ 
co r r ec t ion  for heat dissipated through the end surfaces ,  ~ 
co r rec t ion  for  the thermocouple  installation, ~ 
d iamete r  of the outer cyl inder ,  m; 
inside d iamete r  of the outer cyl inder ,  m; 
length of the active segment,  m; 
thermal  condpctivity, W / r e .  deg. 
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