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Thermal Diffusivity and Ultrasonic Velocity of 
Saturated R152a 
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We report thermal diffusivity and ultrasonic sound velocity data for both phases 
of saturated diflourcthanc (R152a) in the temperature range from 278 K to the 
critical temperature. The data were obtained in thermodynamic equilibrium by 
applying dynamic light scancring. For both values comparison with data from 
literature has been made. 
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thermal diffusivity. 

1. I N T R O D U C T I O N  

Strong efforts are necessary to provide  useful da t a  on the thermophys ica l  
proper t ies  of chlorine-free refrigerants to al low fast subs t i tu t ion  of those 
refrigerants deplet ing the ozone layer. As no reference measurement  system 
for da ta  genera t ion  has been accepted so far, for a reliable da t abase  
preferably da ta  sources from several au thors  using different methods  
should  be used. Dynamic  light scat ter ing ( D L S )  or  pho ton-co r re l a t ion  
spec t roscopy  (PCS)  provides  a useful supplement  for da t a  sets which have 
been ob ta ined  by t rad i t iona l  methods ,  e.g., by t ransient  hot-wire  measure-  
ments  for thermal  conduct ivi ty .  In DLS no t empera tu re  or  pressure 
gradients  have to be appl ied  on the sample,  yielding absolu te  results 
wi thout  any necessary correct ion.  

With  the help of the measured  thermal-diffusivi ty da ta  the consis tency 
of thermal  conduct iv i ty ,  density,  and isobaric  heat  capaci ty  of one sub- 
stance can be investigated.  This al lows an es t imat ion  of the accuracy of 

Lehrstuhl fiir Technische Thernlodynanlik, Universitiit Erlangen-Ni.irenberg, Am Weichsel- 
garten 9, D-91058 Erhmgcn, Germany. 

-" To whom correspondence should bc addressed. 

791 

O 95-928X 94 09110-079 SO7.00 0 c 1994 ! Icnum Publi~,hing Corporalion 



792 Kraft and Leipertz 

these data sets. Additionally, the measured data of the sound velocity allow 
us to investigate the accuracy of values calculated with the help of a 
fundamental equation of state. This is done in this paper for the alternative 
refrigerant R 152a. 

2. M E T H O D  

Dynamic light scattering (DLS) is a well-established method for the 
determination of the thermal diffusivity of fluids near the critical point (as 
the easiest application) as well as at much lower temperatures [1-3] .  
Recently, the method has also been applied to determine the ultrasonic 
sound velocity [4-9] .  The experimental setup and the measurement proce- 
dure have been described in detail elsewhere [10, 11 ]. Here only the prin- 
ciple of the technique is indicated. 

In a pure fluid, incident laser light is scattered by hydrodynamic 
modes in all directions. These modes exist in thermodynamic equilibrium 
of the fluid. The spectrum of the scattered light contains three lines (see 
Fig. 1), an unshifted Rayleigh line caused by entropy (temperature) fluc- 
tuations and two symmetrical shifted Brillouin lines which are caused by 
pressure fluctuations due to the Doppler effect (see, e.g., Ref. 12). The 
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Fig. 1. Power spectral density of a pure fluid 
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spectral line widths of these different contributions depend on the modulus 
of the scattering vector q and on either the thermal diffusivity a for the 
unshifted Rayleigh line or the sound attenuation constant Ds for the shifted 
Brillouin lines. For a small observation angle Oc, q can be calculated from 
this angle and the laser wavelength 20 [3] 

The line widths are given by 

a nd 

2~ sin O~ ( 1 ) 

q =  20 

6~('0 R = aq 2 (2) 

6~oi~ = D~q 2 (3) 

for the Rayleigh and Brillouin lines, respectively. The sound velocity Cs can 
bc calculated from the frequency shift of the Brillouin lines relative to the 
laser frequency by 

A o J H  = IcoB - -  ~'J,,I = c , q  (4) 

The very narrow lines usually cannot be resolved in the frequency 
domain by available spectrometers as, e.g., Fabry-Perot interferometers. 
Thus, the determination of the line width has to be done in the time 
domain using DLS [13]. 

In DLS the correlation function of the scattered light intensities is 
calculated, which is the inverse Fourier transform of the frequency spec- 
trum. For the determination of the thermal diffusivity one part of the 
incident laser light (reference light) is superimposed to the scattered light 
from the probe (heterodyne technique). In this case, for pure fluids from 
the Rayleight signal a single exponentially decaying correlation function is 
obtained. From the decay time, which is inversely proportional to the 
Rayleigh line width, the thermal diffusivity can be calculated according to 
Eq. (2). 

To determine the sound velocity, the frequency shift of the Brillouin 
lines is measured. For this, the reference light, which is superimposed to the 
scattered light, is frequency shifted by means of an acousto optical 
modulator. If the frequency difference between the reference light and the 
Briliouin signal is not too high, a damped oscillation, which is generated 
from the beating of both contributions, is measured. From the frequency of 
this oscillation and the shift of the reference light, the sound velocity can 
be calculated according to Eq. (4) [9, 10]. 
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In all experiments, the sample remains in thermodynamic equilibrium 
with coexisting vapor and liquid phases. Which of both phases is measured 
can be chosen simply by the height of the incident laser beam passing the 
sample cell. The sample temperature is measured by means of a calibrated 
Ptl00 probe with an accuracy of 50 mK. 

Based on error analysis, the overall system accuracy for the thermal 
diffusivity and the sound velocity has been estimated to be within + 3 and 
+0 .5%,  respectively, for a single measurement. These values include 
already the errors of the angle measurement and of the data ewfluation 
procedure. To this value the temperature error must be added according to 
the thermodynamic state of the sample [10]. 

3. RESULTS AND DISCUSSION 

Prior to the measurements the refrigerant was filtered and cleaned to 
remove high boiling fractions and water. The analysis after the cleaning 
process indicated a purity of better than 99.8 %, which is the resolution of 
the used analysis system (Perkin Elmer Q-Mass 910) based on gas 
chromatography and mass spectrometry. 

3.1. Thermal Diffusivity 

Tile thermal diffusivity of R152a has been measured along the satura- 
tion line. The results are given in Table I and are displayed in Fig. 2. In no 
case was a correlation found between the laser power and the measured 
thermal diffusivity. This indicates that the dissipated laser energy was 
neglegible even near the gas liquid critical point. 

In the literature two reference data sets can be found providing 
measurement results on the thermal diffusivity of liquid R152a [14, 15]. 
Figure 3 gives a comparison of all three data sets. The temperature 
dependence of our results is similar to that found by Gross et al. [14] 
within the common temperature range investigated. The absolute values 
are nearly 5 % lower, which is typical for DLS data in comparison to data 
measured by more conventional techniques such as the transient hot-strip 
method used by Gross et al. The accuracy of these results is estimated to 
be within 3 to 4%. Taking into account our estimated measurement accu- 
racy, the difference between both data sets is well within the accumulated 
inaccuracies of both techniques used. 

Ibreighith et al. [15] used the same measurement technique as ours. 
Near room temperature their results agree with ours within the estimated 
inaccuracy of the techniques. For higher temperatures the data of lbreighith 
et al. are systematically larger and also differ in their temperature 
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Table I. Thermal Diffusivity of Saturated R152a 

795 

Tem pera 1 u re 
I C) { I0 Sm-'-s l) 

(a) Liquid phase 

5.54 6.69 
15.58 6.43 
25.67 6.14 
35.53 5.82 
45.59 5.51 
55.72 5.20 
65.73 4.93 
75.80 4.54 
85.91 4.07 
95.93 3.46 

106.05 2.24 
108.58 1.73 
110.07 1.35 
I 11.59 0.860 
111.58 0.858 
112.61 0.475 

(b) Vapor phase 

86.94 10.2 
92.00 8.30 
97.05 6.42 

102.02 4.61 
110.12 1.54 
112.67 0.492 

dependence. We are not able to explain this difference, in particular, not as 
the results of RI42b given in the same paper agree with out results within 
+ 1 %  over the entire temperature range El l ] .  We assume that the sub- 
stance under investigation was different in its chemical composition, which 
has not been proved analytically for the former measurements [153. 

A comparison with the results of the thermal conductivity 2 in the 
literature can be done by using available data for the density p and the 
isobaric heat capacity %. For the saturated liquid available data sources 
for density (Refs. 16-21 and references therein) and isobaric heat capacity 
[22 ,23 ]  show a consistency of 0.5% for the density and 1% for the 
isobaric heat capacity. 



796 Kraft and Leipertz 

7 

O 

D 
>,, 

( n  

N-. 

£D 

-6 
E 
%.- 
(D 

.,C 

1 0  

8 

6 

4- 

2 

0 
0 

I I I 

D 
D 

,, v a p o r  

o l iquid 

2'o 

I 

[3 
O 

D 
D 

D A 

O 

I I I I 
4O 6O 8O 100 

Temperoture ,°C 

Fig. 2. Thermal diffusivity of saturated R152a. 
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Fig. 3. Thermal diffusivity of liquid saturated R152a measured by different authors. 
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Fig. 4. Thermal conductivity of liquid saturated R152a measured by different authors. 

In Fig. 4 the thermal conductivity of the saturated liquid measured by 
different authors [24-26] is compared with our data, which have been 
transformed into the thermal conductivity by 

2 = apcp (5) 

with the isobaric heat capacity measured by Nakagawa [22] and the den- 
sity proposed by McLinden [20]. All data sets are found to be consistent 
within _+ 2.5 %. For low temperatures, the results of Gross, Tauscher, and 
Yata are consistently 5% higher than the values calculated from our 
thermal-diffusivity data, which is often found when comparing DLS data 
with those gained by methods applying a temperature gradient on the 
sample. For higher temperatures, the results of Yata approach our values, 
while the thermal conductivity given by Gross remains above these values 
by approximately 3 %. 

3.2. Sound Velocity 

The results for the ultrasonic sound velocity of R152a on the satura- 
tion line are given in Table It and are shown in Fig. 5. The measured 
frequencies cover the range fi'om 80 MHz for the lowest temperature down 
to 10 MHz near the critical point [ 10-1. 

84O, 5'5-3 
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Table !1. Sound Velocity of Saturated R152a 

Temperature (s 
(C) (m-s i) 

(a) Liquid phase 

5.55 743 
15.59 692 
25.67 642 
35.52 596 
45.57 542 
55.69 490 
65.72 435 
75.79 382 
85.85 321 
95.94 256.2 

106.05 180.8 
108.56 158.6 
110.08 144.3 
111.56 127.6 
112.62 115.4 

(b) Vapor phase 

86.94 155.8 
92.00 151.0 
97.04 145.5 

102.03 139.6 
110.12 125.6 
112.68 117.3 

Especially near the critical point a frequency dependence of the sound 
velocity (dispersion) can occur. In Fig. 6 the measured sound velocity of 
the saturated liquid at 106~C is shown as function of the frequency. 
A linear regression to zero frequency yields a correction of the average 
value of about 0.5 %. However, all measured values are very well within the 
estimated inaccuracy, so no frequency correction is neccessary. 

At the moment  no measured values of the sound velocity for R152a 
can be found in the literature. However, with the aid of a fundamental 
equation of state (EOS), a comparison between calculated and measured 
values can be performed. A fundamental equation of state for R152a has 
been developed by Tillner-Roth [27], which is not based on measured 
sound velocity data. 

Figure 7 displays the deviation of our results from the calculated 
values of the sound velocity using the EOS [27]. In the liquid phase we 
find an agreement within +0.5 % between our data and the calculated 
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Fig. 5. Ultrasonic sound velocity of saturated R152a. 
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Fig. 7. Comparison of measured and calculated sound velocity of saturated R I52a. 

values for temperatures up to 80 C. This indicates a good reliability of the 
thermal and caloric data sets of this refrigerant for this temperature range 
and of the DLS technique as a measurement method for the determination 
of the sound velocity. The obvious deviations when approaching the critical 
point may be caused by the lack of caloric data for setting up the 
fundamental equation of state. Here only one data set of isobaric heat 
capacity in compressed liquid is available [23], showing strong deviations 
between measurement and calculation, in particular near the critical point 
1-283. 

4. CONCLUSION 

In this paper, thermal-diffusivity data for both phases are provided 
also near the critical point, extending the range of available data sets. 
A comparison with thermal-conductivity data of liquid saturated R152a in 
the temperature range from room temperature up to 90 C shows that the 
available data sources give higher thermal conductivity values than we 
have found when converting our thermal-diffusivity data. The obtained 
difference is bigger than the estimated inaccuracy of the measurements 
and the additional error from data conversion from thermal diffusivity to 
thermal conductivity predicts. This situation is still unsatisfactory and may 
be cleared by further measurements. 
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The sound velocity data presented in this paper are the first available 
for this refrigerant. These data can help to improve future equations of 
state, in particular near the critical point. 
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