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AN EXPERIMENTAL STUDY OF THE SPEED OF SOUND IN SATURATED AND SUPERHEATED VAPORS OF 

DIFLUOROCHLOROMETHANE 
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Results are  g iven  on the  speed of sound in d i f l u o r o c h l o r o m e t h a n e  a long  

the  sa tu ra t ion  l i ne  f rom 293 ~ K to the c r i t i c a l  t e m p e r a t u r e  and also 

for  the  supe rhea ted  v a p o r  for  the  isotherms at  293, 313, 338, 883, 

363, 369, and 373 ~ K. 

This compound, CHCIF 2, is the compound most widely used in 

r e f r i ge r a t i on ,  and  i t  now appears  p romis ing  as a h e a t  ca r r i e r  in power  

e n g i n e e r i n g .  The  da t a  on the  c o m p o u n d  a re  no t  c o m p l e t e  even  for 

low t e m p e r a t u r e s .  Here  we presen t  the  f irst  s y s t e m a t i c  m e a s u r e m e n t s  

on the  speed of sound in the  v a p o r  f rom 293 ~ K up to a po in t  beyond  

the c r i t i c a l  t e m p e r a t u r e .  

The  speed of sound in a subs tance  is an  i m p o r t a n t  t h e r m o d y n a m i c  

p a r a m e t e r  tha t  not  on ly  g ives  e v i d e n c e  on the  m o l e c u l a r  s t ruc ture  but  

also is of pu re ly  p r a c t i c a l  in te res t ,  s ince  i t  m a y  b e  used wi th  the  den-  

s i ty to cons t ruc t  the  en t ropy  d i a g r a m s  n e e d e d  to c a l c u l a t e  t h e r m a l  

processes  in power  sys tems [ 1 ] .  

The  appara tus  p rov ided  s imul t aneous  m e a s u r e m e n t  of t he  speed of 

sound and the  dens i ty .  An acous t i c  i n t e r f e r o m e t e r  [2]  was used in the  

speed m e a s u r e m e n t .  The  source  was an  X - c u t  q u a r t z  p l a t e .  The  re -  

a c t i o n  of the  s tanding  wave  on the  p l a t e  var ies  as the  r e f l ec to r  is dis-  

p l a c e d ,  be ing  m a x i m u m  or m i n i m u m  when the  s epa ra t i on  is an  in t e -  

g r a l  n u m b e r  of h a g - w a v e l e n g t h s .  

I 'he power  was suppl ied to the  c rys t a l  v ia  an a m p l i f i e r  f rom a t y p e -  

1213 osc i l l a to r  c a l i b r a t e d  to 0.015%; the  v o l t a g e  a t  the c rys t a l  was 

m e a s u r e d  wi th  a VKS-7B v a c u u m - t u b e  v o l t m e t e r ,  whose output  was 

p resen ted  on a m i l l i a m m e t e r  in ser ies  wi th  a s t andard  resis tor .  The dc  

c o m p o n e n t  of the p o t e n t i a l  d i f f e r ence  across this resistor was b a l a n c e d  

with a PMS-48 p o t e n t i o m e t e r ,  wh i l e  the  a c  c o m p o n e n t  was passed to 

an F -16  g a l v a n o m e t e r .  The response of the  c rys ta l  was  r eco rded  by  an  

N16 char t  r ecorde r .  The  r eco rd ing  was processed to g ive  the  w a v e -  
l eng th  wi th  an error not  e x c e e d i n g  0 .2%,  apa r t  f rom points  nea r  the 

c r i t i c a l  t e m p e r a t u r e ,  where  the  error was s o m e w h a t  l a rge r .  The known 

f r e q u e n c y  ~ and  w a v e l e n g t h  k g i v e  the  speed of the  u l t rasound  as c = 

= vX. The  gas t e m p e r a t u r e  was m e a s u r e d  wi th  a c a l i b r a t e d  p l a t i n u m  

res i s tance  t h e r m o m e t e r ,  whose r e s i s t ance  was m e a s u r e d  wi th  a class  A 

p o t e n r i o m e t e r  of  the PMS-48  type .  This  sys tem prov ided  m e a s u r e m e n t  

of the t e m p e r a t u r e  to 0o02-0.04~ K. 

The i n t e r f e r o m e t e r  was set  up in a t h e r m o s t a t ,  in wh ich  the  oi l  

was kep t  at  a t e m p e r a t u r e  cons tan t  to +0 .02  ~ K b y  a c o n t a c t  t h e r m o m -  

e te r  and e l e c t r o n i c  r e l a y .  

The  pressure was m e a s u r e d  wi th  a c l a s s -0 ,05  c a l i b r a t e d  pis ton 

g a u g e  of the  MP-60  type .  C o n t a m i n a t i o n  wi th  oi l  vapor  was avo ided  
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by  sepa ra t i ng  the  i n t e r f e r o m e t e r  v o l u m e  f rom the g a u g e  v o l u m e  by  

a tube f rom a Bourdon g a u g e  of class  0.35,  0.98 �9 10 a N / m  2. The tube  

was p l a c e d  in a t h i c k - w a l l e d  vessel  c o n n e c t e d  to the  pressure source  

of the  p is ton  g a u g e  and thus o p e r a t e d  as a d i f f e r en t i a l  m a n o m e t e r .  In 
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every  case ,  the  d i f f e r en t i a l  r ead ings  were  c lose  to ze ro ,  so the  Boar-  
don tube in t roduced  only  a l i t t l e  a d d i t i o n a l  error in the  pressure m e a -  

su remen t  ( o v e r - a l l  error  0 . 0 5 - 0 . 0 7 % ) .  The  f r e o n - 2 2  was of A l l -Un ion  

S ta te  S tanda rd  q u a l i t y  and  c o n t a i n e d  0.2% by  v o l u m e  of f r e o n - 2 1  and 

t r a c e s  of o ther  subs tances .  The bo i l i ng  po in t  was g i v e n  as 232.2  ~ K at  

760 m m  Hg and  the  c h a n g e  in b o i l i n g  po in t  on d i s t i l l a t ion  as 0.06 ~ K. 

Impur i t i es  h a v e  l a r g e  ef fec ts  on e ,  so an appa ra tu s  was bu i l t  for 

fu r ther  p u r i f i c a t i o n  of the f reon  (dry ing ,  t r ip le  d i s t i l l a t ion  at 195 ~ K, 

and f r eez ing) .  The  p roduc t  c o n t a i n e d  no impur i t i e s  d e t e c t a b l e  by a 

MKh1303 mass  s p e c t r o m e t e r  ( l im i t  0 .05%).  The  m e a s u r i n g  appara tus  

was  c h e c k e d  on CO 2, and then  c was m e a s u r e d  on the  f reon.  The  over -  

a l l  error f rom a l l  sources did not  e x c e e d  0 .25%.  

The m e a s u r e m e n t s  a long  the  sa tu ra t ion  l ine  (Tab le  1) were  m a d e  

a t  600 and 1500 kHz.  

The  unsa tu ra t ed  vapor  was used at  500 kHz at  293, 313,  333, 353,  

363,  369,  and 373 ~ K (Tab le  2); c on the sa tu ra t ion  l ine  was inde-  

p e n d e n t  of f r e q u e n c y ,  wh i l e  the  i so therms were  smooth  over a wide  

pressure r a n g e ,  so dispers ion was absent  and  the  m e a s u r e d  c could  be  

t a k e n  as the t h e r m o d y n a m i c  v a l u e .  Figure  1 shows c in m / s e e  as a 

f u n c t i o n  of T for the  pressures p g i v e n  in 10 s N / m  2 on the curves; the  

c r i t i c a l  po in t  is deno ted  by  an  aster isk.  
The observed va lues  were  c o m p a r e d  wi th  ones  c a l c u l a t e d  [3]  f rom 

the equa t ion  of s t a te  proposed in [ 4 ] .  Figure  2 shows the pressure de -  

p e n d e n c e  of c,  wi th  e x p e r i m e n t a l  va lues  at :  1) 500 kHz,  2) 1500 kHz.  

Points 3 are the  c a l c u l a t e d  [3]  ones,  wh ich  d e v i a t e  f rom the  observed 

ones by 0.7% in the worst ca se .  The slopes of the c a l c u l a t e d  i so therms 

differ  f rom the  observed ones,  and so the c a l c u l a t e d  c differ  m o r e  sub- 

s t an t i a l l y  f rom the  observed ones near  the sa tu ra t ion  l ine .  This arises 

b e c a u s e  the da t a  used in [4]  were  res t r i c t ed  and not  ve ry  a c c u r a t e .  

The  c h e c k  m e a s u r e m e n t s  wi th  CO 2 g a v e  good  a g r e e m e n t  wi th  the 

c a l c u l a t e d  va lues ,  w h i c h  ind ica t e s  tha t  our va lues  for CHC1F2 are r e -  

l i ab l e  for the ranges  2 9 3 - 3 7 3  ~ K and 2 �9 105 to 60 �9 10 s N / m  ~. 
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Table 1 

Results on c (at 500 kHz) and c' (at 1500 kHz) for the Saturated Vapor of CHC1F2 

T, ~ p t0 -6, c e', OK p t0 -5, c, e', 
N/m 2 m]sec~ m]sec T, N]m 2 m]sec m/sec 

287.47 
294.68 
303.t6 
3t3.~8 
303.23 
322.69 
333.04 
333.19 
343.02 
347.88 
353.05 

7.505 
9.780 

1t.900 
t5.273 
11.884 
19.180 
24.161 
24.204 
29.802 
32.933 
36.460 

162.6 
160.8 
159.6 
t55.9  
t59.4 
t52.7 
t47.8 
t47.6 
t4 t .9  
t38.4 
t34.0 

t ~ . 6  
t56.4 

1 ~ . 4  
148.3 
t47.6 
t4 t .8  
138.5 
134.3 

357.89 
363.15 
366..12 
367.07 
367.65 
367.98 
368.28 
368.61 
368.75 
369.00 
369.27 

40.310 
44.365 
46.92t 
47.739 
48.269 
48,533 
48,790 
49.t5~ 
49.298 
49.514 
49,779 

t30.0 
124.0 
119.1 
t t T A  
t15.3 
t l b . 4  
114.(/ 
11t.2 
t i 0 .0  
1(~8.8 
t02.6 

130.0 
t23.8 
119.3 
t t 7 . 4  
115.2 
115.8 
114.0 
t l t . 1  
t t 0 . t  
109.0 
162.6 

Table 2 

Results On c for Superheated Vapor of CHC1Fz 

I I N/m2 /i I 
T, *It p 10_~, p 10-r, c, N/m2 c, m/sec T, ~ P 10-5' c, m/sec T ~ K . m/sec N/m 2 

293 ~ K 

293.17 2.003 178.3 
293.15 3.008 176.4 
293.t2 4.179 t73.1 
293.2i 5.392 t70.9 
293.t6 7.366 i66.0 
293.t4 8.729 t62.3 
293,t6 8,899 t62.1 

313~ 

313.16 2.023 i84.6 
313.t8 3.057 t83.0 
3t3.16 3.530 t8 t .9  
3 i3 . t8  5.405 i78.5 
313.16 7.495 i74.3 
313.15 9.003 171.3 
313.16 10.573 168.0 
313.19 11.728 165.5 
313.14 13.669 160.7 
3t3. t7  t4.797 157.6 

333~ 

333.t6 2.009 190.2 
333.i8 4. i20 187.1 
333.t6 4.297 t86.8 
333.i6 6.989 i82.7 
333.13 9.499 178.8 
333.16 12.454 173.8 
333.t7 t5.347 t68.6 
333.t5 18.203 i62.6 
333.t8 21.854 154.1 
333.i5 23.269 150.4 
333.t5 23.964 i48.2 

353 ~ K 

353.15 2.499 135.6 
353.1~ 3.965 193.5 
353.14 7.487 188.9 
353.t4 t0.268 t85.3 
353.12 14.337 i7~.8 
353.14 t8.466 173.8 
353.15 21.579 t 6 ) . t  
353.t5 27.168 t58.0 
353.t5 27.170 t58.5 
353.t6 3t.581 t48.1 
353.t6 36.130 t36.1 

363 ~ K 

363.16 3.629 196.3 
363.16 5.994 t94:1 
363.t6 6.9~6 133.2 
363.17 i0.097 188.8 
363.15 12.857 185.9 
363.16 t4.834 183.2 
363.t6 17.769 179.5 
363.14 20.123 176.3 
363.t6 24.650 163.7 
363.15 29.682 t6 t .6  
363.t5 34.356 153.1 
363.15 39.238 t42.4 
363.15 44.097 t25.4 
363.16 44.t83 125.1 

369 ~ K 

369.28 4.477 197.8 
369.28 9.609 t~ i .4  
369.28 t5.378 185.2 

369.28 {9.879 179.5 
369.29 24.649 173.2 
369.27 2).490 t65.9 
369.23 34.527 158.5 
369.28 39.31~) t49.5 

369.27 4{.348 138.4 
369.29 ~7.t77 t23.9 
369.28 49.t~98 120.9 
369.28 49.5~i 115.8 

373~ 

373.17 2~.287 t80.6 
373.19 25A~72 174.8 
373.i4 2).9(~8 i68.1 
373.t7 34.433 161.6 
373.t6 40.()60 1 5 2 . t  
373.i5 44.253 ~44.3 
373.16 4~.30t 150.0 
373.t7 ~9.()6() t32.9 
373.t3 49.415 t32.2 
373.t0 52.363 t2 t .1  
373.16 52.649 119.6 
373.12 53.(.54 t t6 .0  
373.12 53.2~8 t15. t  
373.20 53.557 t t5 .4  
373.t2 53.848 1t8.5 
373.t2 54.12t t22.7 
373.19 54.190 122.9 
373.20 55.670 i35.2 
373.15 56.352 153.2 
373.20 58.456 i71.0 
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