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The speed of sound propagation in the liquid and vapor phases of 
freons has hardly been investigated at all so far. Yet data on the speed 
of sound on the saturation line are of interest both from the practical 
viewpoint and from the viewpoint of corroborating theoretical ideas, 
patticularly the verification of the formula obtained in [1] for ealcula- 
t.ion of the speed of sound in saturated vapors. With this aim we carried 
out investigations for three of the most commonly used freons: F-11, 
F-12, and F-142. 
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The most suitable method for the experimental investigation of 
the s~eed of sound in a liquid and its saturated vapor in a wide range 
of temperature, including the critical region, is the ultrasonic inter- 
ferometer. The method is accurate enough to allow investigations with 
small amounts of substance and has already been used for similar mea- 
surements [2, 3]. 

In this investigation we used a modification of this method in which 
the distance was varied and the frequency kept constant. 

Figure 1 shows a diagram of the working part of the interferometer. 
Ultrasound emitter 3 and receiver 2 (lead titanate zirconate crystalS) 
are mounted on stages with Teflon tings. The tower stage of theemitter 
is provided with adjusting screws. The receiver is fixed in position, 
while the emitter can be moved up and down by means of micrometer 
screw 5 and nut 6. The screw is mounted in two supporting beatings 
and turned by a PR reversing motor. The insertion of the micrometer 
screw from below allows considerable reduction in the height of the 
column of liquid over the investigated volume (from 130 mm in [2] to 
12 mm) and this greatly reduces the gravitational effect in measure- 
merits in the near-critical region. The time required to move the 
emitter through the entire height of 19 mm is 19 rain. After eachhalf- 
turn a short pulse from disk eontaetor 9 is delivered to the measuring 
circuit. The interferometer is placed in a 900-ml copper autoclave 4 

which can withstand a pressure of up to 100 arm abs. The autoclave 
has stainless steel lining 7 to prevent contact of the investigated sub- 
stanee with the copper. Cover 8 of the autoclave, the connecting lines, 
and all the fittings are also made of stainless steel. All the gaskets and 
seals are made of Teflon. Hole 1 is drilled into the autoclave wall, 
for the temperature sensor. The autoclave in turn is placed in a 80-/ 
oil thermostat, in which the temperatt~e is controlled by a mercury 
contact thermometer. 

A complete block diagram of the apparatus is shown in Fig. 2. An 
electric signal from G-4-1A generator 1 of frequency 220 kHz, am- 
plified by tuned amplifier 2, is transmitted to ultrasonic emitter 3, 
where it is converted to an acoustic signal, passes through the investi- 
gated medium, and is received by ultrasound receiver 4. The received 
acoustic signal is again converted to an electrical one, is amplified by 
tuned amplifier 5, and delivered through detector 6 to an EPP-09 re- 
cording potentiometer. 

The frequency of the signal is measured by Ch4-1 wavemeter 8. 
The other numbers on the diagram are; 9) PR motor drive; 10) microm- 
eter screw; 11) resistance thermometer; 12) reversing switch; 13) M 193 
milliammeter; 14) R32 resistance box; 15) PMS-48 potentiometer; 16) 
100-ohm standard resistance coil; a) to freon cylinder; b) to pump. 

The ultrasound emitter moves steadily relative to the receiver. 
During its motion there is periodically a whole number of half-waves 
between the emitter and receiver and the voltage on the receiver reties. 
This variation is recorded by the potentiometer. 

An analysis of traces of voltage on the receiver against time showed 
that the use of the EPP-09 recording potentiometer, despite the large 
permissible transit time of the recording device, did not introduce any 
error into the determination of the position of the peak and, hence, 
was quite justified. 

Figure 3 shows a typical trace of receiver voltage against time, 
obtained in one of the experiments with saturated F-t2 vapor (t = 51.6" C, 
p = 23.7 kg/em z, f=  222.4 kHz). Each peak (from 1 to 26) on this 
curve corresponds to a whole number of half-waves. The curve also 
shows marks (from 1' to 10') of the eontaetor indicating emitter posi- 
tion, from which the distance between the receiver and emitter for 
each peak can be found, i . e . ,  the wavelength can be determined. 

The autoclave temperature is measured with a resistance thermom- 
eter or a set of mercury thermometers with 0.1" G scale divisions. The 
pressure is measured by an MP-60 piston manometer 19 of accuracy 
class 0.05 in conjunction win  standard manometer 18. The latter is 
used to cover the interval between the nearest pressure values corm- 
sponding to two neighboring values of standard weights of the piston 
manometer and also to separate the investigated substance and the oil 
of the piston manometer. The differential manometer is built in the 
form of a chamber which has an inspection window and is connected 
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Fig. 2 

to the piSton manometer. Tt~ chamber is contained in the chamber of 
a standard 6-atm abs. manometer of accuracy class 0.35, which is 
connected to the volume of the autoclave. 



ll
i~

L
~ 

-l
li

ll
 

t 
I 

I 
I 

i,-
~,

i,,
,~

,)-
,,~

,~
,,,

,~
l 

,,-
~-

 

II
II

 

0 

.
o

o
o

 
.

.
.

.
.

 

! 

0
o

o
0

)
~

1
7

6
 

.
.

.
.

 
0

o
0

o
o

o
o

 
)

o
0

o
 

! 

o o 

~
] 

I 

I 

.~
 

o 

8 

o o 

--'
4 9 Z -]
 

Z 



76 Z H U R N A L  P R I K L A D N O I  M E K H A N I K I  I T E K H N I C H E S K O I  F I Z I K I  

Before being filled with the investigated liquid the whole system 
is throughly washed and evacuated to a pressure of l0 -2 mm Hg. The 
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Fig. 3 
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system is first filled with freon through the main line a directly from 
the cylinder. Ballast vessel 20 with a heater can be filled simulta- 
neously; this vessel can be used later to alter the amount of substance 
in the autoclave. In measurements of the speed of sound in vapor the 
liquid level must be below the emitter and with measurement in a 
liquid the liquid must be above the receiver. In both cases the vapor 
phase is essential and its presence is determined from the agreement 
between the saturation pressure and the tabulated values. When the 
liquid level lies between the receiver and emitter, there is no signal 
on the receiver. The phase in the space between the emitter and re- 
ceiver is determined from the magnitude of the signal on the reees 

The sound speed measurements were made only in the steady state, 
which was established in 2-3 hr. In these series of experiments the 
temperature was measured with a set of mercury thermometers and 
the pressure by a set of standard manometers graduated on a piston 
manometer. The temperature, pressure, and signal frequency were 
determined before and after the voltage on the receiver was recorded. 
During the recording the temperature and pressure usually varied by 
not more than 0.1% and the frequency by not more than 0.01~ 

For each freon we carried out several series of measurements with 
different amounts of substance and found no systematic discrepancies. 
The wavelength was determined from the trace of the voltage on the 
receiver by the method used in [2]. Using the scale marks we deter- 
mined the coordinates of several peaks at the beginning and end of the 
trace. We then calculated the distance between corresponding pairs of 
peaks and divided it by the number of half-waves. In the calculation 
we used the arithmetic mean of these measurements. The mean devia- 
tion in the wavelength was 0.2 to 0.3~ 

We investigated the speed of sound in the liquid and vapor phase 
on the saturation line in freons F-11, F-12, and F-142 at t = -1O to 
+160" C and from p = 1 to p = 43 arm abs. 

The F-1I,  prepared in the State Institute of Applied Chemistry, was 

subjected to chromatographic analysis, within the limits of error of 
the method the analysis did not reveal any impurities. Technical F-12 
and F-142 were subjected to multiple distillation and the central frac- 
tion was taken. They were then dried with silica gel and freed from 
noncondensing impurities by evacuation at -190" C. Inallcases the p-t 
relationship on the saturation line agreed within the limits of accuracy 
of the instruments used with the tabled relationship [4, 5]. This provided 
indirect evidence of the adequate degree of purity of the investigated 
freons. 

The results of measurements of the speed of sound from the smoothed 
curves are given in Table 1 and in Fig. 4, where curve 1 H relates to 
liquid F-11, 2' to liquid F-12, 3' to liquid F-142, 1" to saturated F-11 
vapor, 2 ~ to saturated F-12 vapor, and 3" to se turated F-142 vapor. 
The mean deviation from the interpolating curves is 0.4%. The points 
in Fig. 4 are the results of calculation of the speed of sound e" (m/see) 
in saturated vapor from the formula which we previously obtained [1] 

\ % / J . (1) 

After analysis of numerous ep/e v data for various freons we took 
the value of ep/C v on the saturation line as comtant and equal to 1.1 
for each of the freons. As Fig. 4 shows, the difference between the 
calculated and experimental values of the speed of sound in the tem- 
perature range from 0.6 T to 0.9 T (as fractions of critical) for all the 
freons does not exceed lqo. This indicates the high accuracy of formu- 
la (1) and its applicability for calculation of the speed of sound in 
saturated Freon vapor. 

Calculations at temperatures above 0.9 T, were not made owing to 
the absence of ep/e  v data for these temperatures, nor below 0.6 T., 
owing to the absence of experimental data on the speed of sound. We 
think that the difference between the experimental and calculated 
values of the speed of sound in the case of saturated F-11 vapor and in 
the ease of saturated F-142 vapor at low pressUres is due to the effect 
of dispersion on the results of the measurements. This is confirmed by 
the fact that at frequencies and pressures close to actual values disper- 
sion has a/xeady been discovered in F-40 vapor [8]. In addition, cal- 
culation of the speed of sound for Freon-ll  at 20* C from the formula 
for an ideal gas gives a result which is lower than the experimental 
result. From formula (1) we calculated the speeds of sound in saturated 
vapors of five freons: F-40, F-13, F-21, F-118, and F-114. The results 
of this calculation are given in Table 2. The p-v-t  data for the calcu- 
lation were taken from [6,7]; ep/C v was taken as constant and equal to 
1.1. 
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