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We present  experimental  data on thermal  conductivity of difluorodichloromethane in the gas -  
eous phase. The resul ts  of this investigation are compared with the data of the Mason-Mon-  
chick theory. 

The thermal  conductivity of monatomic gases  and their  mixtures can be  calculated on the basis of the 
r igorous Chapman-Enskog theory [1]. However, for polyatomic gases (polar and nonpolar) the classical  
theory is not suitable. We know the empir ical  Eucken expression for the determination of the coefficient of 
thermal  conductivity for polyatomic gases is 

~'-~ 1+ 9 R (1) 
11c~ = 4 -  c-~" 

A more r igorous analysis  of the phenomenon, with the assumption that the t ransfer  of the internal energy 
comes about as a consequence of molecular diffusion, leads to the so-cal led Hi r sch fe lde r -Eucken  cor rec-  
tion: 

"qc~, ~1~ = PD'----~ Vl +_~_ 3 R (__~_ ~-0 pD,, ) = fH_E "q (2) 

where 

pDil 6 ~(2,2)* (3) 
"q -- 5 ~(1,t)*" 

Toprov ide  for the t rans fe r  of energy.as  a resul t  of inelastic molecular coll isions,  Mason and Mon- 
chick [2] introduced the charac ter i s t ic  t ime into expression (2) - the t ime needed to establish equilibrium 
between the energies  of the translat ional  and the internal degrees of freedom. For nonpolar molecules 
we thus have 

l 2 ( 5  pD[, )2[C~rot+Cvosc]}. (4) 
fza-M - ~c; e-~- Z-fro; 

If we bear in mind that Zosc is so large for all gases  that in calculating thermal  conductivity we need 
not make provision for osci l la tory relaxation, and that 

3 
Corot= ~ R, 

from Eq. (4) we will obtain 

ZB p-- -~-3 (52 PDil ) 2 R c-~ (5) 

Since the direct  measurements  of Zro t and calculation of this quantity from theoret ical  p remises  are 
not sufficiently rel iable [3], and since such data are entirely unavailable for most substances,  the values 
of Zrot in this paper have been calculated for difluorodichloromethane at various tempera tures ,  with 
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cons idera t ion  of (5) and the expres s ion  

rM-ta = fexp = ~exp~ (6) 
11cv 

We chose a method of ve r t i ca l  coaxial  cy l inders  under conditions of a r egu la r  r eg ime  of the f i r s t  kind 
[4] to m e a s u r e  the coeff icient  of t h e r m a l  conductivity. The inside cyl inder  had a d i ame te r  of 14.687 mm and 
a length ef 109.9 ram. The c l ea rance  between the outside and inside cyl inders  was 0.211 ram. The cyl in-  
d e r s  were  kept coaxial  by means  of six Teflon pins.  The pins were  se t  into the inside cyl inder  and then 
machined on a la the to the requi red  s ize.  

The inside cylinder has  a center  hole for  a hea te r  and th ree  pe r iphe ra l  holes  to house the junctions of 
d i f ferent ia l  t he rmocoup les .  The hea t e r  is made of a .eonstantan wi re  whose d i ame te r  is 0.2 ram, pa s sed  
into the or i f ice  of a two-channel  porce la in  tube. The thermocouple  is made of copper  and constantan,  with 
a d i ame te r  of 0.25 mm.  The cold the rmocouple  junctions a r e  posi t ioned in the or i f ices  dr i l led  into the out-  
side cyl inder ,  nea r  its inside sur face .  Atl of the thermocouple  junctions a re  kept under p r e s s u r e  and they 
a r e  thoroughly insulated.  

The re  a r e  two meta l  cy l inders  at each of the ends of the inside cyl inder .  The space  between the cen-  
t e r  and side cyl inders  is 0.211 mm.  The side cyl inders  a re  not insulated,  and in calculat ing the constant of 
the ins t rument  we mus t  take into cons idera t ion  the t r a n s f e r  of heat  through the side su r faces .  Rela t ive  to 
the side su r face ,  the a r e a  of the two ends amounted to about 6.5%. All of the cy l inders  were  fabr ica ted  of 
copper .  

The ins t rument  constant  - de te rmined  f rom the r e su l t s  of the m e a s u r e m e n t s  and by weighing - 
amounted to 22.86 3 /deg  at 20~ 

The heat  capaci ty  of copper  is t aken  f rom the Kay and Laby handbook [5]. We should take note of the 
fact  that while at a t e m p e r a t u r e  of ~20~ the hea t - capac i ty  data for technical ly  pure  copper  coincide within 
the l imi t s  of tenths  of a pe rcen t ,  at 100~ the hea t -capac i ty  values  published in var ious  handbooks d iverge  
by s eve ra l  pe rcen t ,  which r e s u l t s  in the s ame  order  of d ivergence  for the values  of the t he rma l  conduc- 
t ivi ty .  Remova l  of heat  through the wir ing of the thermocouples  and t h e h e a t e r  th roughthe  cen t e r i ngp ins , t he  
e r r o r s  a s soc ia ted  with the poss ib le  eccen t r i c i ty  in the posi t ioning of the cy l inders ,  pa r t i cu l a r ly  in view of 
the smal l  space  between the cy l inders ,  all of this  may s e rve  to d i s to r t  the data on the t h e r m a l  conductivity.  
The values  for  the ins t rument  constant  were  co r r ec t ed  on the ba s i s  of the above in accordance  with the more  
re l i ab le  data on the t h e r m a l  conductivity of a i r  [6]. 

This  co r r ec t ion  fac tor  i n c r e a s e s  with a r i s e  in t e m p e r a t u r e ,  but does not exceed  4%. 

The instal la t ion was designed with external  the rmos ta t ing .  Since the accuracy  with which t e m p e r a -  
tu re  is maintained in a TS-24 t h e r m o s t a t  is inadequate,  t e m p e r a t u r e  s tabi l iza t ion is achieved with a U-6 
t h e r m o s t a t ,  s e r i e s - c o n n e c t e d  to the TS-24 the rmos ta t .  With such a the rmos ta t ing  c i rcui t  we can mainta in  
the t e m p e r a t u r e  with an e r r o r  of no m o r e  than :~0.005~ 

The evacuated ins ta l la t ion is f i r s t  filled with the ma te r i a l  to be tes ted .  The di f luorodichloromethane 
is recondensed  f rom a tank into an in te rmedia te  v e s s e l ,  and f rom the l a t t e r ,  d i rec t ly  into the installation. 
The liquid filling the insta l la t ion is subsequently evaporated.  This  opera t ion  is r epea ted  s eve ra l  t imes .  
To moni tor  the r e s u l t s ,  and to obse rve  the effect  of admix tures  of a i r  or other g a s e s ,  the instal lat ion is 
also filled by f reez ing  the d i f luorodichloromethane  in the in te rmedia te  ve s se l ,  and thoroughly evacuat ing 
the instal lat ion.  Within the l imi t s  of m e a s u r e m e n t  accuracy ,  the r e su l t s  proved  to be  identical.  

In all other  r e s p e c t s ,  the methods used in the exper iment  and p roces s ing  of the m e a s u r e m e n t  r e -  
sults  co r respond  to those desc r ibed  e a r l i e r  in [4]. 

In measu r ing  the t he rm a l  conduct ivi t ies  of gases  we find that two phenomena may prove  to be ex-  
ceedingly important :  accommodat ion  and the t r a n s f e r  of heat  by radiat ion.  With an i nc rea se  in the density 
of the gas  being invest igated,  i. e . ,  with a r educ t ion  in the molecu la r  mean f ree  path,  the effect  of a c c o m -  
modation is substant ia l ly  reduced.  Never the le s s ,  its s ignif icance is propor t iona l  to the t e m p e r a t u r e  g r a -  
dient in the l aye r  being studied. The phenomenon of accomodat ion is thus pa r t i cu l a r ly  dangerous  in m e a -  
sur ing ce l l s  in which the t e m p e r a t u r e  gradient  is ve ry  grea t .  Bear ing  in mind the design of our ins t ru -  
ment  - used in the m e a s u r e m e n t s  - we might suppose that the effect  of the t e m p e r a t u r e  jump has beenweakened  
to a cons iderable  extent.  An exper imen ta l  t e s t  of this assumpt ion  was under taken with m e a s u r e m e n t s  at 
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Fig. 1. The t h e r m a l  conductivity of d i f luorod ich lorometh-  
ane at a tmosphe r i c  p r e s s u r e  (t in ~ k in W / r e .  deg): 1) 
the data of Cherneeva  [8]; 2) the data of Sherra t t  and 
Griff i ths  [7]; 3) the data of Markwood and Benning [9]; 4) 
the data of Keyes [6]; 5) the data of the Leningrad Tech-  
nology Insti tute of the Ref r ige ra t ion  Industry.  

p r e s s u r e s  ranging f rom 8 ba r  to a tmosphe r i c  p r e s s u r e ,  so that the e r r o r  resu l t ing  f rom the a c c o m m o d a -  
tion of the gas  v a r i e s  in a re la t ionship  that  is v i r tua l ly  p ropor t iona l  to the change in p r e s s u r e .  

An examinat ion  of the curve  showing the t h e r m a l  conductivity as a function of p r e s s u r e  r e v e a l s  no 
s ingula r i t i es  for  this function near  a tmospher i c  p r e s s u r e .  To reduce  the contr ibut ion of r ad ia t ive  heat  
t r a n s f e r  through the l aye r  of the m a t e r i a l  being invest igated,  the cy l inders  were  carefu l ly  machined,  a 
l aye r  of ch romium was subsequent ly  applied,  and the su r face  pol ished.  Calculation of the poss ib le  e r r o r  
leads  to values  of 0.73% at 500~ the e r r o r  at 40001< is 0.45%, and at 300~ it is 0.32%. The value of 
emi s s iv i t y  for the total  no rm a l  radia t ion  in the case  of burnished copper  was a s sumed  to be 0.05. 

The co r r ec t i on  fac tor  for  the t e m p e r a t u r e  d i f ference  a c r o s s  the walls  of the inside and outside cy l -  
inders  for  smal l  values  of the c l ea rance  thickness  may be quite substant ia l ,  pa r t i cu l a r ly  for  subs tances  
exhibiting re la t ive ly  high t h e r m a l  conductivity.  For  t he rma l  conductivi t tes  of ~. = 0.01-0.03 W / r e .  deg in the 
m a t e r i a l s  which we invest igated,  the total  t e m p e r a t u r e  d i f ference  a c r o s s  the cyl inder  wal ls ,  r e spec t ive ly ,  
did not exceed (1-3) �9 10 -3 of a f rac t ion  of the t e m p e r a t u r e  d i f fe rence  a c r o s s  the gas  l aye r .  

We paid no attention to the t r a n s f e r  of heat  by convection,  s ince the Rayleigh number  did not exceed 
600, nor did we consider  the col lect ion fac tor  for the heat capaci ty  of the gas  l aye r  and the heating of the 
outside cyl inder  in the p r e s e n c e  of a liquid t he rmos ta t .  The cooling r a t e s  were  measu red  with an M195/1 
m i r r o r  ga lvanomete r .  P a r t i c u l a r  at tention was devoted to p ro tec t ion  against  poss ib le  spur ious  t h e r m a l  
e m f ' s .  With this pu rpose  in mind, the hot and cold junctions of the di f ferent ia l  the rmocouple  were  kept 
under  p r e s s u r e ,  the connection tubes of the the rmocoup les  were  thoroughly insulated,  and they were  
shielded.  In addition, we used a shielding c i rcui t  that was insulated both f rom the measur ing  c i rcui t  and 
f rom the ground. The c i rcui t  was  initiated at the housing of the c a l o r i m e t e r ,  and it then was followed by 
shielded wir ing  and the meta l l ic  housing of the ga lvanomete r .  

The coo l ing- ra te  values  der ived  exper imenta l ly  were  ~0 .0 i5-0 .005  sec -1. 

For  the t e m p e r a t u r e  of the m e t e r i a l  being studied we took the ave rage  between the t e m p e r a t u r e s  of the 
two su r f ace s  bounding the gas  l aye r .  The d i f fe rences  between the exper imen ta l  and the smoothed values 
of the t h e r m a l  conductivity amounted to =~1.2%, on the average .  

F igure  1 com pa re s  the der ived  data with the m e a s u r e m e n t  r e su l t s  of other  authors .  F i r s t  of all ,  
we should note that the d i f fe rences  among the exist ing data a r e  substant ia l ly  g r e a t e r  than the exper imenta l  
e r r o r  indicated by the cited authors .  For  example ,  at 0~ the e r r o r  is ~16%, while at 90~ it is about 10%. 

The r e su l t s  of this paper  a re  in good a g r e e m e n t  with the Keyes  data [6] and the data of Sher ra t t  and 
Griff i ths [7] at no rm a l  t e m p e r a t u r e s .  At higher  t e m p e r a t u r e s ,  the data of [7] a re  somewhat  h igher ,  with 
the Keyes  data cor respondingly  lower .  
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TABLE 1. Resul ts  of Calculations According to Eq. (5) 

T*-- T 
T, ~ a/ie pDII/'fl cv ~exp "I~ fexp Zrot 

293 
313 
333 
353 
373 
393 
413 
433 

1,302 
1,391 
1,489 
1,569 
1,658 
1,747 
1,836 
1,924 

1,319 
1,317 
1,318 
1,315 
1,316 
1,314 
1,313 
1,313 

63,94 
66,47 
68,55 
70.57 
72,42 
74,17 
75,74 
77,21 

9,588 
10,562 
11,538 
I2,513 
13,487 
14,463 
15,437 
16,412 

1,473 
1,465 
1,465 
1,462 
1,462 
1,459 
1,460 
1,462 

2,27 
2,27 
2,40 
2,53 
2,65 
2,81 
3,08 
3,36 

The experience of previous investigations compels us to deal with ex t reme care  in evaluating the ac-  
curacy  of the derived resu l t s .  The random e r r o r s  are  compared with the smoothed values of the thermal  
conductivity and amount to 1.2%. 

We should also take into considerat ion the possible e r r o r s  in the determinat ion of the cor rec t ion  fac-  
to r  for the constant of the instrument  in the experiments  with air ,  a s  well as the e r r o r  in conversion,  the 
e r r o r  in the t ime measurement ,  etc. Altogether this gives an evaluation for the measurement  accuracy  
at about 2.5%. Considering the large  number of e r r o r s  and the low probability that they a re  all operative in 
the same direct ion,  we can assume that the accuracy  in measur ing thermal  conductivity will be higher. 

The value of Zro t is calculated f rom (5). 

To calculate the complex in (3) we must  know the coll ision integrals  f~ (2.2) �9 and ~2 (u l ) . ,  whose values 
have been tabulated in [t] for var ious  potentials.  In the case  of a sys tem of nonpolar molecules,  which 
a re  either spherical  or  vir tually spher ical  in shape (this type of molecule includes the dif iuorodichloro-  
methane molecule),  we most  frequently apply the L e n n a r d - J o n e s  12 : 6 potential. Thus, to obtain the 
values of the coll ision in tegrals ,  we must  have at our disposal the values of the force pa rame te r s  cr and 
e /k  of this potential. The values of the pa r ame te r s ,  calculated inva r iousways ,  may differ substantially; 
it is therefore  des i rable  to use p a r a m e t e r s  determined with respec t  to viscosi ty  for purposes  of calculating 
the t ranspor t  coefficients.  

According to the Svehla data [10], for dif luorodichloromethane ~ = 5.25/~ and e /k  = 253~ 

The pa rame te r  values for the 1 2 : 6  potential,  derived here from the experimental  v i scos i ty  data [11, 
12], amounted to cr = 5.4/~ and e /k  = 225~ and were used as the basis  for subsequent calculations.  

We took the heat capacity for the dif luorodichloromethane from the Albright data of [13] and from the 
Masi data [14]. These data are  in good agreement  with each other,  and the difference in the tempera ture  
interval of interest  to us did not exceed 0.1%. 

The resul ts  f rom the calculations of the number of coll isions in the case of rotational relaxation are  
given in Table 1 . We see f rom the table that Zro t increases  with a r i se  in temperature .  At the same 
t ime,  the values of the factor  fexp and of the complex pDll/)? vary  quite insignificantly. 

Finally, we note that these conclusions confirm the resul ts  obtained with respect  to Zro t for carbon 
dioxide [15] and ammonia [3]. 

k is the 
~3 is the 
c v is the 

is the 
R is the 
D II is the 

P 
~2(2'2) * and f~(l.l)* 

Cv rot  and c v osc 
Zro t and Zosc 
cr and e /k  

N O T A T I O N  

coefficient of thermal  conductivity; 
v iscosi ty  coefficient; 
mole heat capacity; 
molecular  mass;  
universal  gas constant; 
coefficient of self-diffusion; 

is the gas density; 
a re  the coll ision integrals;  
a re ,  respect ively ,  the rotational and osci l la tory capacities;  
a re ,  respect ively ,  the numbers  of rotat ional  and osci l la tory  relaxation; 
are  force  pa rame te r s .  
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