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Summary

The dielectric constants of six refrigerants have been measured in both gaseous and liquid phases.

The fluids used and the experimental ranges of temperature and pressure are as follows :

R113 (1, 2, 2—Trichlorotrifluoroethane CCIF:CCIL:F)
RI114 (1, 2—Dichlorotetrafluoroethane CCIF:CCIF»)
R114B2(1, 2—Dibromotetrafluoroethane CBrF,CBrF3)

R115 (Chloropentafluoroethane CCIF;CF3)
R116 (Hexafluoroethane CF3;CF3)

: 298.15-423.15K, 0.1—17.3MPa,
: 298.15—423.15K, 0.2—17.2MPa,
1 298.15—423.15K, 0.2—17.3MPa,
: 298.15--373.15K, (0.1—17.1MPa,
: 283.15—373.15K, 0.2—16.9MPa,

R124 (1—Chloro--1, 2, 2, 2, —tetrafluoroethane CHCIFCF3) : 273.15-373.15K, 0.1—10.5MPa.
The measurements were performed using a frequency-counting method on a relative basis with an

uncertainty less than +0.1% . The experimental results are given by polynomial equations. The smoothed

value tables are also given for practical convenience. The pressure dependence of dielectric constants in

liquid phase is represented by a similar expression to the Tait equation. The effects of pressure, temper-

ature, and density on the dielectric constant and the molar polarization defined by the Clausius-Mossotti

relation are discussed in term of polarity of molecules of each refrigerant.

Key words : Dielectric Constant ; Dipole Moment ; Frequency-counting Method; Molar Polarization ; Mo-

lecular Polarizability ; Pressure-dependence ; Refrigerants ; Temperature-dependence
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Table | Physical properties of refrlgerants and experlmental condltlons

5 I R113 R114 RI114B2 R115 R116 R 124
{t % & | CCIF.,CCl.F CCIF5CCIF, CBrFoCBrF. CCLF2CCIFs  CFsCFq  CHCLFCF,
5 F | 187.376 170.922 259.824 154,487 138.012 136.477
WM - & — S0.5% 0.52°" 0
A2 (D) 0.58°" 0.3%'
B R OR | 214.36% 145.88"" 214,52 80.0° 19.89%" 122,310
o
BORIE N 3.4l 3.26 3. 44 3.16 3.04 3.55
(MPa)
R E | 570 557 740 613 617 565
kg
mlom | & R i R G- i R
R BECC) | 25-150 25-150 25-150 25-100 10-100 0-100
S EHWP) 0.1-17.3  0.2-17.2  0.2-17.3  0.1-17.1 0.2-16.9 0.1-10.5
f
OB R 99.5 99.5 99.91 99.5 99.5 99.40
(%) f
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Table 2 Dielectric constant of R113 (smoothed values) Table 5 Dielectric constant of R115 (smoothed values)
I I— i
e IS A Heoh Whoom /e
MFa o5 50 75 100 125 150 MPa a5 40 50 60 75 80 90 100
JaM RS 0.08 [P O.2T 0. 44 Q.75 1.21 AT 0,89 1030 1.632 2.04 2.77
ReRPAAL 2. 807 2,308 2.214 2.120 2.027 1,955 Rl 1.086 1.058 1.080 1.102 1.172
RORIRIK 1.890  1.812 1.750  1.6B2  1.549
1
5 2,216 20120 0.1 | 1.007  1.005  1.004 1,004  1.003  1.003  1.003  1.003
o 2,218 2.124 a.5 | 1,024 1,02t 1,019 1,018 1,017 1.017  1.017  1.017
5 1.959 1.0 ] eI 42 1.040 1.037 1,035 1.034 1.033 1,032
[4 1.965 1.5 | 1.897 TIIB15T 1.049  1.062 1,054  1.053  1.050  1.048
5 1,971 2.0 | t.902 .e22 Til788" L 1.078  1.073  1.048
o 1.976 2.5 | 1.907  1.82%  1.748 1.114 1,103 1.093
5 1,982 3.0 | 1.912  1.836 1.777 1.189  1.144  1.125
o 1.987 3.5 | 1.917  1.B42  1.78% 1.547  1.224  1.163
s 1,992 4,0 | 1922 1.848  1.793  1.735 1.634 1.588B  1.435  1.242
5L 0 1.997 4.5 | 1.926  1.85%  1.8B00  1.745  1.651 1.616 1.502  1.74%
6.0 2.006 5.0 [ 1.930  1.859 1.B07 1.754 1.466 1.633  1.554  1.440
7.0 2.015 6.0 | 1.9738  1.869  1.820  1.770  1.6%1  1.6462 1.601  1.525
8.0 2,023 7.0 | 1.946 1.878  1.831 1.784  1.710 1.684 1.631  1.571
9.0 2,031 8.0 | 1.95%  1.887 1.B4Z  1.796  1.727 1.703 1.655 1,402
10.0 z.038 9.0 | 1.960 1.895 1.851 1.B67 1.741 1.719  1.675  1.627
11.0 2,045 10.0 | 1.966 1.902  1.860  1.817  1.754 1.73T 1,691  1.647
12,0 2,052 11.0 | 1.972 1.909 1.86B  1.827 1.765 1.745 1.706 1.664
2,059 12.0 | 1.978  1.916 1.B76 1.835 1.776 1.756 1.719  1.4679
2,065 15.0 | 1.98%  1.922 1.882 1.847 1,785 1.766 1.731  1.493
2,071 14.0 | 1.989 1.929 1.890 1.BS1 1.794 1.774 1.741 1.70S
16.0 2,077 15.0 | 1.994 1.934 1.897 1.88  1.802 1.784 1.7S1 1.716
17.0 .082 16.0 [ 1.999 1,940 1.907  1.865 1.810 1.792  1.760 1.726
17.0 | 2.004 1,945 1.909 1.871 1.817 1.800 1.76% 1.73
3 RIMDFEA (D
Table 3 Dielectric constant of R114 (smoothed values)
- * 7 R1247 %04 (CFariin)
AR W s ocC Table 7 Dielectric constant of R124 (smoothed
/ MPa o5 S0 75 100 120 130 140 150 values)
TR 0.21 Q.45 o.82 1.41 2,04 2.47 A aooom s oeo
fa Al 1,045 1.064  1.101 10137 /MFa o 25 50 5 100
i FLif 2,152 2.08B4  1.956  1.842  1.730  1.659
i T2 U
0.1 .04 1.004 1.004
0.5 020 Al A
1.0 il Rtk (A
1.5
2.0 o.1
2.5 | Z.164 2.067  1.971 © 1.860 " 1.744 " 1. 661 0.5
o0 1.759 1.0
3.9 1,771 1.5
4.0 1.783 2.0
4.5 1.79% 2.5
5.0 2 1.802
6.0 | 2,180 2,088 2 1.903  1.818
7.0 2,093 2 1.913 1,833 843
8.0 z.098 2 1.922  1.845 4,852
?.0 2,103 2 1.971 1.857 1.827 4.862
10,0 2.108 2 1.939 1.867 1,835 4.880
11.0 2,113 2 1.947  1.876  L1.B46 4.899
12.0 | 2 20117 e 1.954 1,885 1.857 4.917
130 | 2 2,122 2 1.9861 1.892 1.866 4.974
14,0 | 2,213 2,126 2 1.967  1.901 1.87% 1.8535  1.846 10.0 4. 950
15.0 | 2,217 201300 2 1.974  1.908  1.883  1.8&T 1.8S6
is.0 | z.oo0  2o134 0 2 1.%79  1.915  1.891  1.872  1.865
7.0 | 2.2 2.8 o 1.985  1.921 1.898 1.879 1.873
% 6 Rl6DEWH (Furii)
Table 6 Dielectric constant of R116 (smoothed values)
% 4 RildBaoisillds (Jaide) T 9 wow s oec
Table 4 Dielectric constant of R114B2 (smoothed ) m
MF'a 10 25 40 50 50 75 90 100
values)
mHEGE 2.39
e oG BTN, 1599
MFa 25 50 73 100 125 150
0.1 | 1,002 1,002 1.002 1,002 1.002  1.002  1.002  1.002
2 2 0.5 L012 1,011 1.011 1,010 1,010 1,009 1.009  1.009
2 2 1.0 [ 1.026  1.023 1.021  1.020 1,019  1.018 1.018  1.018
2 o 1.5 L041 1,037 1.034  1.032  1.030  1.029  1.027  1.026
= 2 2.0 | 1,059 1.053  1.048  1.045 1.042  1.03 1,037  1.036
2 2.5 | 10363 1,075 1,065 1.060 1,055  1.050 1.047  1.0846
2 2 3.0 | 1.417] 1.114 1.085 1.078 1,072 1.065 1.058 1.05&
2 2 S | 1.428  1.785 1.115  1.099 1,090  1.079  (.071  1.068
2 E 4.0 | 1.437  1.340  1.160  1.127 1,110  1.095 1,084 1,080
2 j-N 4.5 | 1.444  1.371  1.221  1.160  1.134  1.113 1,099 1,092
2 2 5.0 | 1.451  1.388  1.277  1.202  1.164  1.1Z3  1.114  1.10&
= 2 6.0 | 1.463  1.410 1.3IT5° 1.276  1.226 1.177 1.147  1.135
2.3 2 7.0 | 1,473 1,426 1.366  1.322 .277 1,182 1.166
2,343 2 a.0 | 1.481 1.440 1.388 1.352  1.313 1,217 1,197
2,347 2 9.0 | 1.488 1.451 1.404 1.T74 1,340 1.248  1.22
2,350 0.0 | 1.494 1,460  1.418 1.391 1.275  1.252
2,354 2 1.500 1.469  1.429  1.404
2.357 2 1.506  1.476  1.438  1.415
2 = 1.511  1.48%7 1.447  1.426
2 .2 1.516  1.489  1.455  1.47%
2.366 2 1,921 1.495  1.462  1.444 3
2.3 2 1.525 1.500  1.468  1.451 1.430  1.402
17.0 2 2 1.529 1.505  1.474  1.458  1.438  1.411
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® 9 Owen-Brinkleys\ 7 %k j ' T K
Table 9 Coefficients of Owen-Brinkley equation Iy
) e - R124 14
B % - o TR okl - |
o °C ;F“« I‘lga : % 0.10 L4
K112 4
o
.| S ]
- A
R1ta 0.06988 —~ Ao
0. OAGTY °
3 K |
[]
w 0.05~ QO%
Ri14E2 & o 25°C
gaf o 50
X A 75 4
© 100
- 5 0
Fi1s
Of 1 ) 3 3
116 0 0.05 0.10
(9-9)19
m 75 Do o BT RIUD (e -e0)/ e £ Co-po)/p DB
150 ; 0. 01 0,02 Fig.7 Relation hetween (& ~€4)/ & and
100 2.98 0.08419 0. 02 0.05 (p ,O U)/p for R124
% o S R L T AEENEORMEARIGC>OTIT - 22 3).
8 REOABREETE £ o a1 .
Tabte 8 Polarizability, and dipole moment of 4%5%11154%& FRD S o S - TERAFLH <
refrigerants Z BTHRUE L Cailletet - Mathias® B RGO
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