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Simulation on Vapor Liquid Equilibria of R1234yf/R290/R134a Ternary System
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(Institute of Refrigeration and Cryogenic Engineering, University of Shanghai for Science and Technology, Shanghai,
200093, China)

Abstract Based on the Peng Robinson (PR) equation of state combined with the Wong-Sandler ( WS) mixing rule, and combined with
the UNIFAC group contribution method used in the Predictive Soave Redlich Kwong (PSRK) equation, a gas-liquid equilibrium prediction
model of the mixture (PRWS-UNIFAC-PSRK) was constructed. The results indicate that for the R32/R1234yf binary mixture, the devia-
tions between the experimental and calculated data for the pressure and vapor phase mass fraction are within +2.5% and 0.02, respec-
tively. For R134a/R1234yf/R600a ternary mixture, the relative deviation between the measured pressures and calculated results are with-
in +3% and the absolute deviation of vapor phase mass fraction is within +0.04. In ternary phase equilibria diagram of R1234yf/R290/
R134a, the mass fraction of R1234yf/R290/R134a at around 0. 25/0.7/0. 05 has an azeotropic point. The VLE (vapor liquid equilibria)

prediction model can be further improved by using the multi-parameter equation of states, improving the activity coefficient models and ob-

taining more accurate binary interaction coefficient.
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Tab. 1 Critical properties, normal boiling point and acentric factors of pure components
Mo FEIR G M/ (kg/kmol)  IRFNEEE T./K A7 p./MPa T 0 F @ PR AL T, /K
R32 52.024 351.255 5.7 820 0.2 769 221.50
R600a 58.122 407. 810 3.6 290 0.1 840 261. 40
R1234yf 114. 040 367. 850 3.3 822 0.2 760 243.70
R290 44. 096 369. 890 4.2 512 0.1 521 231.04
R134a 102. 030 374.210 4.0 593 0.3 268 247.08
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Tab. 2 Regressed k; from binary system

PRWS-UNIFAC-PSRK

ani WA AR R,
R1234yf R290 0.1 086
R1234yf R134a 0.0 185
R1234yf R32 0.0 259
R134a R290 0.1 647
R134a R32 -0.0 350
R134a R125 0.0 025
R32 R125 0.0 100

H T R1234yf/R290 A A UL A FH 5 5256 5, 1hi
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Tab. 3 Literature summary for mixtures

REWIER E = BTN A W T/K JEF1 p/MPa
R1234yf/R134a/R600a Hu Peng'™’ 2016 283. 15 ~323. 15 0.46 ~1.43
R1234yf/R134a/DME Han Xiaohong'*" 2015 253.15 ~323. 15 0.85~1.10

R. Akasaka'" 2015 350. 62 ~362. 78 0.27 ~0. 85
R1234yl/R134a Chen Qi!? 2014 318.22 ~403.23 0.96 ~2.91
T. Kamiaka® 2013 273.15 ~333. 15 0.318 ~1.724
R1234y{/R32 T. Kamiaka[ *"’ 2013 273.15 ~333. 15 0.318 ~3.93
R1234z¢/R290 Dong Xuegiang >’ 2011 258. 15 ~283. 15 0.29 ~0. 64
J. S. Lim™ 2006 273.15 ~323.15 0.294 ~2.129
R134a/R290
Dong Xuegiang'*”’ 2011 255 ~285 0.14 ~0.83
H. Miyauchi®’ 2012 274.15 ~283. 15 0. 056 ~0. 461
R134a/R32 G. D. Nicola" 1998 240 ~360 0.153 ~4.63
S. Shimawaki’ 2002 263.15 ~293. 15 0.251 ~1.396
R600a/R1234yf Hu Peng' 2014 283.15 ~323. 15 0.22 ~1.30

% 4 UNIFAC HE R ERAREERRHA,, A, E
Tab. 4 UNIFAC group interaction coefficient A,

and A,, based on mathematical fit

x5 HEAKRSHR MEERSHQ,
Tab.5 Volume and surface area used to fit HFC

and HFO refrigerants phase equilibria parameters

e CH, CF, F FEA P TFHA R, O
CH, 0 42.257 117. 766 1 CH, 0.901 0. 848
CF, ~7.474 0 218. 900 2 CH, 0.674 0. 540

CH
F 1538.301  16.030 0 ’ 3 CH 0. 447 0.228
4 C 0.220 0
5 CF, 1. 406 1.380
2 BEINERE S
6 CF, 1.011 0. 920
2.1 t&EARLGHIF CF, 7 CF 0.615 0. 460
WARE TN HT oo R =0iRE TR E
NN s . 8 CH,F 1. 051 0. 980
EE 7 BE e T PSR AR B BRI, S 5k . CHE 01 o8
FEFRY Y 1SR B, AR SO B EL AT SCHR 92 56 504 1) — ’ ' '
. e . CHF . .
TEIRS T R1234y6/R32 HEAFRIBIHE ) Ik 10 2 0. 824 0. 668
F 1 F 0.377 0. 440

UGS R 5 Sk 52 58 BOHE A 32 = bR o B R B 5T B
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R,
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Fig. 1 The relationship between pressure and composition
in R32(1)/R1234yf(2) system
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% 6 R32(1)/R1234yf(2) R&R7E 273. 15 ~333. 15 K THHFEHEHE
Tab. 6 VLE data for the R32(1)/R1234yf(2) a system at 273. 15 ~333.15 K

SRE PRWS-UNIFAC-PSRK 181 REFPROP9. 0
dp/ % Ay,
X exp Yt e Pey/kPa Pea/kPa Yt cal Yt ret Ay,

T=273.15 K

0 0 318.7 315.1 0 1.13 0 0 0
0. 196 0. 408 569. 2 561.6 0. 394 1.34 0.014 0. 398 0.010
0.297 0. 521 636. 1 623.2 0.510 2.03 0.011 0. 484 0. 037
0. 397 0.591 686. 4 675. 4 0.599 1. 60 -0. 008 0. 558 0.033
0. 497 0. 679 723.0 718.7 0.671 0.59 0. 008 0.628 0. 051
0. 698 0. 780 774. 8 779.9 0.785  -0.66 -0. 005 0. 769 0.011
1.000 1.000 817.8 816.5 1.000 0. 16 0 1.000 0
T=283.15 K

0 0 438.2 437.0 0 0.27 0 0 0
0.195 0.392 763.0 763.2 0.378  -0.03 0.014 0. 382 0.010
0.297 0. 502 854.0 843.9 0. 494 1.18 0. 008 0. 471 0. 031
0. 396 0. 582 922.5 913. 4 0. 585 0.99 -0. 003 0. 549 0.033
0. 497 0. 651 973.5 972.0 0. 660 0.15 -0. 009 0. 622 0. 029
0. 697 0.784  1044.1 1 056.5 0.780  -1.19 0. 004 0.767 0.017
1.000 1.000 1 106.9 1113.9 1.000 -0.63 0 1.000 0
T=293.15 K

0 0 592.2 591.7 0 0. 08 0 0 0
0.194 0.370 1 006.0 1 007. 8 0.362  -0.18 0. 008 0. 366 0. 004




$38% F5H

LR

Vol. 38,No. 5

2017 £10 A Journal of Refrigeration October, 2017
“gxeo
I PRWS-UNIFAC-PSRK 1 {f REFPROP9. 0
dp/ % Ay,

X exp Flexp Pey/kPa Pea/kPa Yt ca Pt et Ay,
0. 296 0. 490 1128.3 1117.8 0. 478 0.93 0.012 0. 458 0. 032
0. 395 0.573 1219.7 1208.3 0.570 0.93 0. 003 0.539 0. 034
0. 496 0. 649 1290.0 1285.9 0. 648 0.32 0. 001 0. 615 0. 034
0. 696 0.779 1388.6 1401.1 0. 774 -0.90 0. 005 0. 765 0.014
1.000 1..000 1475.2 1486.5 1.000 -0.77 0 1.000 0
T=303.15 K
0 0 783.3 784.7 0 -0.18 0 0 0
0.194 0.352 1300.6 1314.0 0. 345 -1.03 0. 007 0. 349 0. 003
0.296 0. 475 1462.3 1452.1 0. 461 0.70 0.014 0. 444 0. 031
0. 395 0. 559 1582.0 1567.6 0. 555 0.91 0. 004 0.527 0. 032
0. 495 0. 643 1675.4 1 668. 4 0. 634 0.42 0. 009 0. 606 0. 037
0. 695 0.772 1.807.4 1822.1 0.767 -0.81 0. 005 0. 762 0.010
1.000 1.000 1927.6 1945.9 1.000 -0.95 0 1.000 0
T=313.15K
0 0 1017.8 1023 0 -0.51 0 0 0
0.193 0. 341 1 648.0 1681.9 0.328 -2.06 0.013 0.332 0. 009
0.296 0. 454 1 860.0 1853.9 0. 443 0.33 0.011 0. 428 0. 026
0. 394 0. 549 2015.7 1.998.6 0.538 0. 85 0.011 0.514 0. 035
0. 495 0. 627 2142.0 2127.2 0.619 0.69 0. 008 0. 596 0. 031
0. 695 0. 768 2319.8 2329.4 0.758 -0.41 0.010 0.757 0.011
1.000 1.000 2 480. 1 2497.0 1.000 -0.68 0 1.000 0
T=323.15K
0 0 1298 1306.5 0 -0.65 0 0 0
0.192 0.324 2 062.0 2105.6 0.311 -2.11 0.013 0.314 0.010
0.296 0. 428 2328.8 2 330. 1 0. 423 -0.06 0. 005 0.411 0.017
0. 395 0.511 2 526.2 2 508.3 0.519 0.71 -0.008 0. 499 0.012
0. 495 0.610 2692.5 2 669. 6 0. 602 0. 85 0. 008 0. 584 0. 026
0. 694 0. 761 2929.3 2 930.7 0.748 -0.05 0.013 0.751 0.010
1.000 1.000 3 144.2 3158.7 1.000 -0.46 0 1.000 0
T=333.15K
0 0 1 636. 4 1645.3 0 -0.54 0 0 0
0.193 0.294 2549.0 2 624.8 0.291 -2.97 0. 003 0. 294 0
0.298 0. 425 2 885.8 2 886.9 0. 401 -0.04 0. 024 0.391 0. 034
0.397 0. 494 3130.5 3102.6 0. 496 0.89 -0.002 0. 481 0.013
0. 497 0. 601 3347.1 3301.7 0. 582 1.36 0.019 0. 568 0.033
0. 693 0.754 3 646. 4 3 644.7 0. 734 0.05 0. 020 0.742 0.012
1.000 1.000 3927.5 3948.8 1.000 -0.54 0 1.000 0

TEDHEEE w(T) = £0.015 K,u(p) = +0.7 kPa,u(x,) =u(y,) = £0.001;2)8p =100% X (p,y, =Pen)/Pury33) DY ZV1 ey = V1 cato
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Fig. 2 Deviations of the vapor phase mass fraction and pressure between experimental data and
calculated data for R32(1)/R1234yf(2) system
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% 7 R134a(1)/R1234yf(2) /R600a(3) R 18 TR
Tab.7 Experimental VLE data and correlated results for the R134a(1)/R1234yf(2)/R600a(3)

A PRWS-UNIFAC-PSRK i1

T/K Py’ kPa %) exp %3 exp Vi e Y2 e Y1 cal Y2 cal Do/ kPa Ay, Ay, dp/ %
283.15  460.2  0.2057 0.4723  0.2908 0.5213  0.2793  0.5131  465.4 -0.0115 -0.0082 1.14
283.15  462.3  0.2428 0.5269 0.2979  0.5285 0.2939  0.5342  469.1 -0.0041 0.0057  1.47
283.15  463.8  0.3076  0.3609 0.4021 0.3928  0.4021 0.3856  473.3 0.0000 —-0.0072  2.04
283.15  465.1  0.3428 0.3074 0.4498 0.3285 0.4501  0.3306  469.7 0.0003  0.0021  0.98
283.15  469.7  0.4494  0.1599  0.5806 0.1793  0.5906 0.1740  469.9 0.0100 -0.0053  0.03
283.15  475.8  0.4211  0.4433  0.4599  0.4241 0.4387 0.4293  487.8 -0.0213 0.0052  2.51
283.15  475.3  0.4623 0.3159  0.5090 0.3212 0.5107 0.3121  484.9 0.0017 -0.0091  2.02
283.15  477.1  0.6907 0.2345 0.6719 0.2176  0.6573 0.2390  478.4 —0.0146  0.0214  0.28
283.15  476.4  0.6684 0.3027 0.6565 0.2721  0.6330 0.3187  465.8 -0.0235 0.0466 -2.23
293.15 6125  0.2057 0.4723 0.2766 0.5242 0.2760 0.5123  618.6 -0.0006 -0.0119  0.99
293.15  622.8  0.2428 0.5269 0.2948  0.5343  0.2923  0.5348  629.1 -0.0025 0.0005  1.01
293.15  621.5  0.3076  0.3609 0.3957 0.3811 0.3984 0.3851  632.1 0.0027  0.0040  1.71
293.15  624.3  0.3428 0.3074  0.4399  0.3301 0.4460 0.3300  627.7 0.0061 —0.0001  0.54
293.15  630.4  0.4494  0.1599 0.5725 0.1748 0.5854 0.1735  628.3 0.0129 -0.0013 -0.34
293.15  641.0  0.4211  0.4433  0.4593  0.4254  0.4409 0.4299  657.5 -0.0184 0.0045 2.57
293.15  641.8  0.4623  0.3159 0.5094 0.3330 0.5111 0.3124  652.2 0.0017 -0.0207  1.62
293.15  647.0  0.6907 0.2345 0.6744 0.2246 0.6647 0.2374  648.7 —0.0098 0.0128  0.26
293.15  644.8  0.6684 0.3027 0.6621 0.2762  0.6398 0.3154  633.7 -0.0222 0.0391 -1.72
303.15  807.5  0.2057 0.4723 0.2731 0.5173 0.2723 0.5112  806.0  —-0.0008 —-0.0061 -0.18
303.15  820.2  0.2428  0.5269 0.2947  0.5397 0.2904 0.5353  826.6 -0.0044 -0.0044  0.79
303.15  818.6  0.3076  0.3609 0.3908 0.3881 0.3942 0.3847  827.5 0.0034 -0.0034  1.09
303.15 822.2  0.3428  0.3074 0.4382 0.3349 0.4412  0.3296  822.0 0.0030 -0.0052 -0.03
303.15  829.6  0.4494  0.1599 0.5715 0.1801 0.5795 0.1732  823.1 0.0081 -0.0070 —0.78
303.15  848.6  0.4211  0.4433  0.4578  0.4293  0.4423  0.4307 868.2 -0.0155 0.0014  2.31
303.15  848.4  0.4623  0.3159 0.5101  0.3392 0.5107 0.3127  859.4 0.0007 -0.0265  1.29
303.15  858.9  0.6907 0.2345 0.6782 0.2240 0.6708 0.2361  861.5 -0.0074 0.0121  0.30
303.15  857.5  0.6684 0.3027 0.6606 0.2846 0.6457 0.3124  844.2 -0.0149 0.0279 -1.55
313.15  1041.7  0.2057 0.4723  0.2712  0.5092  0.2682 0.5100 1032.0 —0.0030  0.0008 —0.93
313.15  1061.5  0.2428  0.5269 0.2882  0.5449  0.2878  0.5359 1066.8  —-0.0004 —-0.0090  0.50
313.15  1057.3  0.3076  0.3609 0.3856  0.3987  0.3893  0.3842 1063.9 0.0037 -0.0145  0.63
313.15  1063.2  0.3428  0.3074 0.4286  0.3436  0.4357  0.3290 1057.2 0.0072 -0.0146 -0.56
313.15  1071.0  0.4494  0.1599  0.5688  0.1812  0.5727  0.1728 1059.0 0.0039 -0.0084 —1.12
313.15  1101.9  0.4211  0.4433  0.4555 0.4325 0.4430 0.4316 1125.8 —0.0126 —0.0009  2.17
313.15  1100.4  0.4623  0.3159  0.5061  0.3401  0.5096 0.3131 1111.9 0.0035 -0.0269  1.04
313.15  1120.1  0.6907  0.2345  0.6828 0.2246  0.6759 0.2350 1123.2  -0.0069 0.0104  0.28
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SEEE PRWS-UNIFAC-PSRK 1 {E
/K po,/kPa xp %3 exp Yt Yarew ¥t cal Yo Pa/kPa Ay, Ay, dp/ %
313.15  1115.5  0.6684  0.3027 0.6627 0.2896  0.6506 0.3099 1103.6 -0.0120 0.0203 —1.06
323.15  1320.9  0.2057 0.4723  0.2664 0.5204 0.2634 0.5085 1300.7 -0.0030 -0.0119 -1.53
323.15  1350.5 0.2428  0.5269 0.2888  0.5463 0.2846  0.5363 1354.7 —0.0042 -0.0100 0.31
323.15  1340.5 0.3076  0.3609  0.3880 0.3960 0.3835 0.3835 1346.1 —0.0045 -0.0125 0.42
323.15  1350.1 0.3428 0.3074 0.4220 0.3521  0.4293 0.3284 1338.0  0.0073 —0.0237 -0.90
323.15  1359.2  0.4494  0.1599  0.5630 0.1809 0.5648 0.1724 1340.5  0.0018 -0.0085 —1.37
323.15  1407.2  0.4211  0.4433  0.4563  0.4346  0.4428  0.4328 1436.5 -0.0135 -0.0018 2.08
323.15  1403.9  0.4623  0.3159  0.4988 0.3497 0.5075 0.3137 1415.4  0.0086 -0.0360 0. 82
323.15 1435.7  0.6907 0.2345 0.6884 0.2256  0.6802 0.2343  1440.9 —0.0082  0.0086 0.36
323.15  1429.1 0.6684 0.3027 0.6670 0.2917  0.6548  0.3079 1419.0 -0.0122 0.0163 -0.70

HEAERE u(T) = £0.005 K, u(p) = £0.5 kPa, u(x,) =u(y,) = +0.003,
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Fig. 5 Phase equilibria of R1234yf(1)/R290(2)/R134a(3) system at p =0.3 MPa T =256 K & T =266 K
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Fig. 6 Phase equilibria of R1234yf(1)/R290(2)/R134a(3) system at p =1.2 MPa T =303 K & T =313 K
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