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In spite of the growing use of f reons  in indust ry ,  the i r  p rope r t i e s  have not been sufficiently invest igated.  Data 
on the surface  tens ion  of the major i ty  of f reons ,  except for a few of these ,  are  not avai lable .  

In this paper  the dependence of surface  tens ion  of f reons  F - ] I ,  F-12 ,  F-21,  F -22 ,  and F-142  on t e m p e r a t u r e  is 
invest igated by the combined method [1] over a wide range of t e m p e r a t u r e s  in an a tmosphere  of sa tura ted  vapors  of 
these.  

A d iag ram of the exper imenta l  setup is shown in Fig.  1. Capi l la r ies  1 and 2 a re  inse r ted  in tubes 4 and 5 of 
cy l inder  3 which is held in s leeve 7 attached to socket 8. The sleeve is connected to a p r iming  and evacuating unit  by a 
set  of pipes .  The third capi l la ry  6 is intended for record ing  the beginning and end of a working cycle .  The polished 
plunger  9 is sealed in the lower par t  of the socket by a teflon gland. The whole is mounted on the heavy bottom plate  
10 of the rmos ta te  17 of 15-I capacity.  High t e m p e r a t u r e s  a re  produced by two hea te r s  of 700 and 1300 W, respec t ive ly ,  
and low ones by means  of an FAK-0.7M r e f r i g e r a t o r  18. 

Fig.  1 

A TPP 16 p la t inum t h e r m o m e t e r  is used for t e mpe r a t u r e  m e a s u r e m e n t .  

Disp lacement  of the liquid level  is by means  of the polished plunger  actuated by the dc e lec t r i c  motor  11 through 
the reduct ion box 12. The p r iming  and evacuating unit  compr i se s  a tank 14 containing the invest igated l iquid,  a 
be l lows- type  p r iming  pump 13, and a VN-2M-G15 vacuum roughing pump. 

All  components  of this appara tus  were  made f rom 1Cr18Ni9Ti s t a in less  s teel ,  with the exception of cap i l la ry  6 
which is of molybdenum glass .  

For these experiments capillaries 1 and 2 were of the same diameter but different length (15 and 17 mm). The 
formula used in the method of calculation, which takes into consideration the different length of capillaries and the 
corrections for vapor density, is of the form 

L - 

h" - 1  

Here cr is the surface tension of the liquid, p' - p" is the difference of the liquid and vapor densi t ies ,  and C i and 
C 2 a re  constants dependent on the geometrical dimensions of the apparatus. 
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An ana lys i s  of opt imum re la t ionsh ips  between g e o m e t r i c a l  d imensions  of the appara tus  is given in [1]. F o r  these  
e x p e r i m e n t s  c a p i l l a r i e s  of the fol lowing dimensions  w e r e  chosen: r = 0.3 mm,  R = 2 ram, and r a = 1.15 mm.  

P r i o r  to the expe r imen t  the comple te  set  was care fu l ly  washed,  d r ied ,  and evacuated.  F r eon  was fed f r o m  a 
cy l inder  to the smal l  supply tank, and f r o m  there  the r equ i r ed  quantity of the l iquid was supplied to the working par t  
of the apparatus  by me,ms of the p r i m i n g  pump. F u r t h e r  d i sp lacement  of the l iquid l eve l  was made by the plunger .  

The vo lume of l iquid drawn off between s t rokes  was de te rmined  by the number  of revolu t ions  n of the motor .  A 
s ix -p rong  s ta r  wheel  which actuates  the e l e c t rom echan i ca l  revolut ion counter  is mounted on the motor  shaft, and 
i n c r e a s e s  the m e a s u r e m e n t  accu racy  of n. One revolu t ion  of the motor  shaft g ives  six impulses  to the counter .  The 
final  ca lcu la t ion  fo rmula  is 

- C z n  - -  C2 
V--P" (2) 

whe re  n is the number  of impul ses  to the counter ,  and C 1 and C 2 a r e  constants .  These  constants  w e r e  de te rmined  in 
p r e l i m i n a r y  expe r imen t s  with ethyl and butyl a lcohols  and, a lso ,  with carbon  t e t r ach lo r ide .  The re su l t s  of ca l ib ra t ion  
a r e  shown in Fig .  2. The va lues  of constants  w e r e  as fol lows:  C 1 = 0.0618 andC 2 = 4.7. The sca t t e r  of points around 
the  ca l ib ra t ion  l ine was below 1%. 
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Fig.  2 

M e a s u r e m e n t s  w e r e  always made under  steady t e m p e r a t u r e  condit ions.  The e l ec t rom echan i ca l  revolut ion  
counter  was switched on at the instant  of the f i r s t  s t roke,  and off at the second. The t e m p e r a t u r e  was m e a s u r e d .  The 
cyc le  t ime  of one m e a s u r e m e n t  was f r o m  two to th ree  minutes .  The plunger  speed was 0.04 c m / s e c ,  which 
co r r e sponds  to 4 - 5  impul ses  p e r  second. The e r r o r  of a single m e a s u r e m e n t  was es t ima ted  to be 1.5-2%. The sur face  
tension of f reons  was  ca lcu la ted  by fo rmu la  (2), and the va lues  of densi ty  were  taken f r o m  [2]. 

It became  c l e a r  in the course  of expe r imen t s  that r e su l t s  obtained under condit ions of slow t e m p e r a t u r e  
reduc t ion  w e r e  the mos t  s teady.  This s e e m s  to be r e l a t ed  to the absence of vapor  genera t ion.  

The dependence of su r face  tension of f reons  F -11 ,  F -12 ,  F-21 ,  F-22 ,  and F-142 on t e m p e r a t u r e  was obtained 
with the use  of reasonab ly  pure  subs tances .  A m a s s  s p e c t r o m e t r i c  ana lys is  of the F-11 and F - 1 2  f reons  had shown the 
absence  of contaminants .  Chromatograph ic  and m a s s  s p e c t r o m e t r i c  ana lys is  of the F-21 and F-142 f reons  had shown 
a m o i s t u r e  content  of not m o r e  than 0.19%, and 0.004% of nonvolat i le  m a t t e r  in f reon 21, while  0.28% of F -12  and 
0.06% of o ther  contaminants  w e r e  found in f reon  142. The f reon  F -22  was of c o m m e r c i a l  quali ty.  

The r e su l t s  of m e a s u r e m e n t s  a r e  p re sen ted  in Table 1. In Table 2 a re  given: the range of t e m p e r a t u r e  
m e a s u r e m e n t s  AT,  the number  n of read ings  taken for each f reon ,  the r m s  of s ca t t e r  of 5%, and the coeff ic ients  in 
the in terpola t ion  fo rmula  for  the inves t iga ted  f reons ,  

= a - -  b t  brg/cmZ] (3) 

As p rev ious ly  noted, data on the sur face  tension of f reons  a re  m e a g e r ,  and the i r  r e l i ab i l i ty  is not v e r y  high. 
Laine [3] had obtained two va lues  for  F-12 :  ~ = 8.1 dyne/em 2 at t = 30 ~ C and ff = 11.7 dyne/cm 2 at t = 0 ~ C, which 
coincide  with the obtained r e s u l t s .  Steinle [4] had m e a s u r e d  the sur face  tension of F -12  and F-22  by the method of 
cap i l l a ry  r i s e ,  and his data coincide with the data obtained by us within the e r r o r  (8%) admit ted  in his  paper .  No data 
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a r e  ava i l ab le  on the su r f ace  tens ion  of f r eons  F - 1 1 ,  F - 2 1 ,  and F-142 .  

Use of the p a r a e h o r  method for  ca lcu la t ing  the su r f ace  tension of f r eons  was sugges ted  by P lank  [5]. However ,  
t h e r e  is  no e x p e r i m e n t a l  conf i rma t ion  of that  method.  The sur face  tens ion  of the inves t iga ted  f reons  was  ca lcu la ted  by 
us ing  the a tom p a r a c h o r s  given in [5], and the r e s u l t s  ag reed  to within 5% with our expe r imen ta l l y  obtained data .  Hence 
such ca lcu la t ions  may  be r e c o m m e n d e d  for  eng ineer ing  pu rposes .  
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Fig .  3 

Since f r eons  belong to a group of t h e r m o d y n a m i c a l l y  s i m i l a r  subs t ances ,  it  is i n t e r e s t i ng  to c o m p a r e  the obtained 
r e s u l t s  in d i m e n s i o n l e s s  c o o r d i n a t e s .  The fo rm of the l a t t e r  was taken f rom [6], and the r e s u l t s  a r e  shown in F ig .  3. 
The obtained r ead ings  can be app rox ima ted  by function 

i T ~z.27 106~ ~~ \ - - ~ )  , o ~  (4) 
3 (p.RT~pk~) '/* 

The s c a t t e r  r m s  was 4%. Data on F - 2 2  were  not included,  s ince  at t e m p e r a t u r e s  below ze ro  these  devia te  cons id -  
e r a b l y  f r o m  the gene ra l  pa t t e rn ,  which could have been due to the use  of F -22  of c o m m e r c i a l  g r ade ,  i . e .  containing 
con taminan t s ,  while the  r e m a i n i n g  f reons  can be cons ide red  as  pure .  It should be noted that  publ i shed  da ta  on CC14 
a r e  a l so  wel l  def ined by Eq. (4). Al l  th is  m a k e s  i t  p o s s i b l e  to r e c o m m e n d  the de r i ve d  fo rmu la  for  ca lcu la t ing  the 
su r f ace  t ens ion  of o ther  f r eons .  

R E F E R E N C E S  

1. A. N. Solov 'ev ,  O. P .  Makarova ,  and A. A. Ki r iyanenko ,  "Expe r imen ta l  inves t iga t ion  of su r face  tens ion of 
mol t en  a lka l i  m e t a l s , "  co l lec t ion :  Inves t iga t ion  of T h e r m o p h y s i c a l  P r o p e r t i e s  of Mat t e r  [in Russ ian] ,  Nauka, 
Novos ib i r sk ,  1967. 

2. I. S. B a d y l ' k e s ,  Work ing  Media  and P r o c e s s e s  of R e f r i g e r a t i o n  [in Russ ian] ,  Gos to rg izda t ,  Moscow, 1962. 
3. P .  La ine ,  "Pr[ifung v o n K ~ l t e m a s c h i n e n t e i l e n a u f D i c h t h e i t , "  K~ilteteehnik, vol .  5, no. 6, p. 173, 1953. 
4. H. Ste inle ,  "Uber  d ie  Oberf l i iehenspannung yon K~l temi t te ln ,  Ki i l temaschinenSlen und de ren  Gemisehen , "  

K~l te technik ,  vol .  12, no. 11, pp. 334-339 ,  1960. 
5. R.  P lank ,  "Die Oberf l i ichenspannung d e r  F r e o n e , "  K~ltetechnik,  vol .  6, no. 3, p. 58, 1954. 
6. M. P .  Vukalovich and I. I. Novikov, Technica l  T h e r m o d y n a m i c s  [in Russ ian] ,  Gose 'nergoizdat ,  Moscow-  

Len ing rad ,  1952. 

23 July  1968 

N o v o s i b i r s k  

92 


