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An Experimental Study on Vapor-Liquid Equilibria of HFC and HC
Refrigerant Mixtures
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ABSTRACT: Isothermal vapor-liquid equilibrium (VLE) data have been obtained for the sys-
tems of propane (R290) + 1,1,1,2-tetrafluoroethane (R134a) and 1,1,1,2-tetrafluoroethane (R134a)
+ isobutane(R600a) in the temperature range of 253.15 to 323.15K. Experiments were per-
formed in a circulation type apparatus by injecting vapor through liquid pool using a magnetic
pump. Both systems form azeotropes in the temperature range of this study. The experimental
results were estimated with the Peng-Robinson equation of state. When the temperature-
dependent binary interaction parameter was used in the Peng-Robinson equation of state, the
absolute average deviation of the measured bubble point pressures from the values correlated
by the Peng-Robinson equation was 0.65% and 0.78% for R290+R134a and R134a+600a,
respectively. Azeotropic compositions for both systems were presented.

Key words: R290, R134a, R600a, Vapor-liquid equilibrium(714-<i4 &) Peng-Robinson
equation of state(Peng-Robinson 3% 4]), Binary interaction parameter(2’]#
A3 24 A ), Circulation method(=$4)
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. charging cylinder 2. pressure tranducer
. resistance thermometer

5. equilibrium cell
7. sampling port
9. evaporator

11. stirrer

1

3

4. magnetic pump
6. isothermal bath
8. vacuum pump

10. heater

Fig. 1 Schematic diagram of experimental ap-
paratus.
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Table 1 Vapor-liquid equilibrium data of R290

Table 2 Vapor-liquid equilibrium data of R134a

+R134a +R600a
mole fraction of mole fraction of mole fraction of mole fraction of
P/kPa R290 P/kPa P/kPa R134a P/kPa R134a
liquid vapor liquid vapor liquid vapor liquid vapor
T=253.15K T=20315K T=25315K T=29315K

1329 0000  0.000 570.2 0.000  0.000
2403 0158 0473 7742 0097  0.291
2827 0360 0572 9787 0323 0501
2992 0508 0627 10332 0526 0597
3031 0620 0662 10402 0688  0.665
3030 0720 0702 10226 0787 0725
2047 0874 0.794 9880 0874 0792
2446 1000 1.000 8369 1.000  1.000

263.15K T=30315K

2006 0000  0.000 7689  0.000  0.000
3356 0148 0427 10033 0.09%  0.258
3966 0299 0557 12605 0328 0.483
4218 048 0620 13337 0532 0588
4276 0593 0651 13405 0689  0.663
4290 0712 0691 13136 0790 0.729
4148 0876 0791 12651 0873  0.797
3454 1000 1.000 10796 1000  1.000

T=27315K T=31315K

2925 0000 Q000 10170 0.000  0.000
4570 0131 0390 12807 0.092 0229
5417 0282 0531 15991 0326 0463
5790 0485 0605 16941 0531 0575
5875 0583 0659 16991 0687 0661
5896 0710 0684 16597 0798 0.735
5658 0875 0785 15969 0.873 0803
4748 1000 1000 13705 1000 1.000

T=28315K T=323.15K

4142 0000 0000 13196 0000 0.000
5868 009 0308 16116 0083 0.206
7463 0313 0509 20000 0324 0449
7860 0520 0610 21216 0530 0569
7915 0687 0669 21236 0684 0658
7809 0778 0723 20673 0801 0742
7561 0868 0787 19857 0877 0813
6366 1000 1000 17167 1.000  1.000

=3
Il

Il

it

726  0.000  0.000 301.3 0000  0.000
1328 0118  0.390 4714 0120 0398
1611 0364  0.554 5942 029 0573
1654 0455 0613 6421 0497 0650
1656 0652 0635 660.1 0664 0694
1644 0790  0.702 6596 0795  0.769
1568 0908  0.828 6321 0917 0863
1329 1000 1.000 3369 1000  1.000

T=263.15K T=30315K

109.2 0000  0.000 4042 0000  0.000
1876 0108  0.352 608.2 0109 0362
2344 0303 0560 7724 0318 0562
2443 0546 0675 8443 0502 0656
2417 0672 0691 8715 0675 0716
2459 0771 0.740 8749 079% 0771
2420 0838 0776 8419 0918 0862
2006 1000  1.000 7689 1000  1.000

T=273.15K T=31315K

1564  0.000  0.000 530.7 0.000  0.000
2709 0128 0437 769.3 0110 0345
3174 0281 0573 9849 028  0.526
3434 0418 0629 10889 0503 0647
351.0 0601 0679 11308 0669 0720
3526 0722 0711 11372 0794 0.786
3416 0877 0797 11006 0919 0879
2925 1000 1000 10170 1000 1.000

T=28315K T=32315K

2195 0.000  0.000 6850 0.000  0.000
3512 0102 0370 960.1 0103 0323
4469 0317 0576 12302 0284 0549
4781 0499 06566 13799 0492 0635
4881 0667 0705 14426 0666 0.723
4882 078 0751 14546 0794 0791
4644 0916 0849 14148 0919 0838
4142 1000 1000 13196 1.000 1.000
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Fig. 2 VLE diagram of R290+R134a.
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Fig. 3 VLE diagram of R134a+R600a.
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Table 3 Critical properties and acentric fac-
tors of pure components

R134a R290 R600a

Critical temperature a c ¢
TJK 374.110° 369.85° 408.1
Critical pressure a c c
Po/kPa 4052.0 4248 3650
Acentric factor 0326 0.1523° 0.176°

Temperature [K]

Fig. 4 Bubble point pressure deviation of R290
+R134a system as a function of tem-

perature.
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Fig. 5 Bubble point pressure deviation of R134a
+R600a system as a function of tem-

perature.
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Fig. 6 Optimized binary interaction parameter,
kiz, in the Peng-Robinson equation of
state.
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Fig. 8 Azeotropic composition estimated by
the Peng-Robinson equation of state
with the constant binary interaction
parameter and with the temperature
dependent parameter.
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