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A BWRS type EOS based on modified mixing-rule and
its application in phase behavior of CQO,-crude system
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Abstract: CO,-crude systems are rich in non-hydrocarbon gases and are typical non-ideal systems at conditions of high pressure
and high temperature in reservoirs. BWRS-EOS well applied in non-ideal system was chosen, \ as basement, and the mixing-rules
of the EOS was modified to establish a new calculation method suitable for phase behavior of CO,-crude system. With the insitu pe-
troleum samples data of vapor and liquid phase components from actual measurement, the calculation precision was compared be-
tween the components and density parameters by the new method and the common EOS. The results show that this method could be
revised to the dependency relationship of virial coefficients which means a theoretical strictness. The accuracy of the equation is
improved significantly. It is suitable for nonhydrocarbon gas and heavy constituent and can meet the industrial requirement.
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Fig.1 Relation curve of binary interactive parameters

of CO,-hydrocarbon system
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Table 1 Comparison of experimental data and calculation results of sample 1

SERAE/ % WRPRAS TR EAE/ %  BIE BWRS R HHE1E/ %
1 p/MPa iR EE T/°C H4%
S+ i i a i1 Bt
€O, 0.1720  0.0000  0.3903 0.0030 0.3210 0. 0006 0.3764
C,+N, 36.3360  0.1065 82.1634 0.2700 68.0720 0.1392 79.3451
ol 0 C,~C; 17.1050 16.8502 17.4275 0.6520 31.5830 13.6105 20.2586
Cg ~Cyy  12.1420 21.7272  0.0187 25.9390 0. 0020 22.5696 0.0154
C;; ~Cyp 20.3850 36.4976  0.0000 43.5260 0.0230 37.9033 0.0046
Cos, 13.8600 24.8186  0.0000 29.6110 0. 0000 25.7771 0. 0000
CO, 0.172  0.1940  0.0150 0.2522 0.0380 0.2056 0.0196
Ci+N,  36.3360 41.2740  0.9870 52.4014 0.3680 43.4995 0.8632
% as C,~C; 171050 19.4940  0.0006 21.5446 0.0010 19.904 1 0.0007
Cs~Cyy 12,1420  0.0080  98.9970 0. 006 4 99.5930 0.0077 99.1162
C;; ~Cy  20.3850 23.2330  0.0000 15.9097 0. 0000 21.7683 0. 0000
Cos, 13.8600 15.7960  0.0000 9.8857 0. 0000 14.6139 0. 0000
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Table 2 Comparison of experimental data and calculation results of sample 2

LI/ % WHRES BRI/ %  BIE BWRS HRITHAME/ %
FEJ1 p/MPa IRJE T/°C Mo
S+ W = i3 = i =
CO, 22,2029  0.0000  65.2971 0.3410 48.9780 0. 0682 62.0333
C,+N, 8.6630  0.0263  25.4261 0.0710 19. 1860 0.0353 24.178 1
C,~C;  14.4779 17.1722  9.2485 0. 4880 31.6120 13.8353 13.7212
0-1 20 Cs~Cyy  11.6353 17.6155  0.0283  21.1180 0.0210 18.3160 0.0268
Cj ~Cyp 242047 36.6754  0.0000  43.8020 0.2020 38.1007 0.0404
(o 18.8162 28.5107  0.0000  34.1790 0. 0000 29. 6443 0. 0000
o, 22,2029  22.2030 48.4100 20.0910 41.34438 21.7806 46.9970
C,+N, 8.6630  8.6630 29.6360 2.3636 21.6724 7.4031 28.0433
% a6 C,~C;  14.4779 14.4780 21.8550 10.3063 36.8314 13. 6437 24.8503
Cg~Cyy  11.6353  11.6350  0.0050 10. 984 1 0.005 1 11.5048 0.0050
Cyy ~Cy 242047  24.2050  0.0940 32.8358 0.1128 25.9312 0.0978
Cys, 18.8162 18.8160  0.0001 23.4193 0.000 1 19.7367 0.0001
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Table 3 Comparison of experimental data and calculation results of sample 3

SR/ % WS BIEAE/ %  BIE BWRS FRITHAE %
1 p/MPa IR EE T/°C 4%
S+ W = 17 = i at

co, 0.1530  0.0000  0.5380 0. 0030 0.3770 0.0006 0.5058

C;+N,  19.0110  0.0000  66.7300 0.1790 47.1020 0.0358 62. 8044

ol 0 C,~C;  21.5790 17.1840 32.6120 0. 9060 52.4150 13.9284 36.5726
Cs~Cyy 13.2530 18.4830  0.1210 22.1320 0. 0080 19.2128 0.0984

C;; ~Cyp 28.6290 40.0350  0.0000 47.7560 0. 0980 41.5792 0.0196

Cs, 17.3750  24.2970  0.0000 29.0230 0. 0000 25.2422 0. 0000

Co, 0.1530  0.1530  0.3180 0.1620 0.3140 0.1548 0.3172

C;+N,  19.0110 19.0110 67.6930 15.1260 50. 6738 18.2340 64.2892

C, ~C;  21.5790 21.5790 31.9260 15.6500 48.8838 20.3932 35.3176

30 7.3 Cs~Cjy  13.2530 13.2530  0.0030 10.0160 0.0369 12. 6056 0.0098
Cjp ~Cy 28.6290 28.6290  0.0610 36.5201 0.0915 30.2072 0.0671

Cos, 17.3750 17.3750  0.0000 22.5259 0. 0000 18.4052 0.0000
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Table 4 Comparison of experimental data and calculation results of sample 4

FIME/ % WHIRES BB EME/%  BI1E BWRS FEITAME/ %
FES1 p/MPa IR T/°C 4y
S+ i1 = i = i1 =
CO, 0.0660  0.0000  0.3242 0.0020 0.2770 0. 0004 0.3148
C,+N, 18.7000  0.1519 90.8681 0.3310 79.7060 0.1877 88.6357
C,~C, 49550  3.9777  8.7549 0. 4300 19.9850 3.2681 11.0009
0-1 20 Cs~Cjy 12.2830 15.4256  0.0528 15.9810 0. 0020 15.5367 0.0426
C;; ~Cy 31.2480 39.2805  0.0000 40. 6480 0.0290 39.5540 0.0058
Cyy,  32.7480 41.1642  0.0000 42.6080 0. 0000 41.4530 0. 0000
o, 0.0660  0.0660  0.1670 0.0834 0.1170 0.0695 0.1570
C;+N,  18.7000 18.7000 92.9110 14.7405 80. 1940 17.908 1 90.3676
C,~C;  4.9550  4.9550  6.9160 4.8170 19.6810 4.9274 9.4690
30 81 Cs~Cpp 12.2830 12.2830  0.0003 11.7790 0.0003 12.1822 0.0003
Cy ~Cyp 31.2480 31.2480  0.0050 35.4784 0.0077 32.0941 0.0055
Cyy,  32.7480 32.7480  0.0000 33.1017 0. 0000 32.8187 0. 0000
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Fig.2 Comparison among calculation results of current EOS, calculation results of BWRS EOS based

on modified mixing rules in standard condition, and experimental data
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Fig.3 Comparison among calculation results and experimental data
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Table 5 Comparison between experiment density data of samples and calculation results
FE A S ps R T/ FAE/ RS TR ik & 1E BWRS 72 AHXF
BTk MPa C (g+em™) HEME/ (g em™) RZE/ % 5/ (g em™) TRZE/ %
| 0.1 20 0. 842 0.903 19 7.27 0.851179 1.09
30 74.8 0.7427 0.76537 3.05 0. 750635 1.07
5 0.1 20 0.8542 0.85811 0. 46 0. 85596 0.21
30 112.6 0.7986 0. 82882 3.78 0. 806 155 0.95
3 0.1 20 0.8571 0.904 33 5.51 0. 864 185 0.83
30 97.3 0.7757 0. 84166 8.50 0. 785594 1.28
4 0.1 20 0. 8668 0. 82845 4.42 0.857213 1. 11
30 81 0.8243 0. 82256 0.21 0. 823517 0.09
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