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A fractal model for predicting irreducible fluid saturation of two-phase flows
in rock media under stress
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Abstract: The irreducible fluid saturation is a significant parameter for predicting the relative permeability in two-phase flows
and plays an important role in engineering fields such as oil and gas reservoir development. To this end, the rock is equated as
an aggregate of solid clusters based on the fractal theory and capillary model, and different fractal dimensions are introduced to
characterize the scale distribution of solid clusters and the tortuosity of flow paths, respectively. Then, a model for predicting
the irreducible fluid saturation under stress is proposed and validated using the experimental data. Finally, the stress sensitivity
of irreducible fluid saturation and the influence mechanism of each parameter in the model are analyzed. The results show that
the irreducible fluid saturation is closely related to the fluid viscosity, pore structure parameters, pressure drop gradient and
elastic modulus. The effective stress increases the irreducible fluid saturation. The fractal dimensions can represent the
thickness of the fluid film formed by the irreducible fluid and the actual flow length, which quantifies the influences of the pore

structure characteristics on the irreducible fluid saturation.
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Fig. 1 Diagram of equivalent simplified model for rock
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Table 1 Parameters of core samples used in experiments
dns KE/em  Hf/em  fLBEE% Amedum Ami/um Adpm Aae/pm Tave Ap/MPa  puw/(MPas)
Al 3.642 2.532 5.587 0.814 0.012 0.200 0.160 9.330 7.350 0.419
A2 4.053 2.535 13.111 5.246 0.032 0.200 0914 4.203 7.350 0.417
A3 4.401 2.539 12.602 2.038 0.020 0.200 0.352 4.357 7.350 0.416
A4 2.282 2.528 14.088 19.894 0.032 0.200 2.174 3.940 7.350 0.414
Bl 4.081 2.537 6.038 0.814 0.008 0.200 0.118 8.662 7.350 0.371
B2 4.126 2.533 12.199 1.260 0.008 0.200 0.242 4.487 7.350 0.360
Cl 4.722 2.545 13.663 2.030 0.020 0.200 0.380 4.050 7.350 0.315
C2 4.807 2.546 14.508 5.196 0.032 0.200 0.862 3.838 7.350 0.316
C3 4.895 2.547 15.921 12.272 0.020 0.200 1.706 3.534 7.350 0.318
C4 4.532 2.548 12.761 5.218 0.020 0.200 0.706 4.308 7.350 0.321
2 FRELF Cheng FHEEMFUME S5 O mSTMERIELE
Table 2 Comparison of predicted values obtained from new model and Cheng et al. model with measured values of core samples
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TR) Ds Dr M k S,,/JO % Cheng %5 S tH R Cheng 4% B A T
i) (k= 0.065) i) (k= 0.065)
Al 1.316 1.181 0.856 49.265 47.42 47.385 1.845 1.880
A2 1.602 1.134 2.703 28.361 27.58 28.369 0.781 0.008
A3 1.552 1.125 1.832 38.241 37.49 37.832 0.751 0.409
A4 1.695 1.148 3.195 24.245 23.59 25.255 0.655 1.010
Bl 1.393 1.169 0.902 51.723 51.14 51.539 0.583 0.184
B2 1.584 1.125 1.401 52.881 50.12 50.651 2.761 2.230
Cl 1.569 1.119 1.836 39.051 36.74 38.080 2.311 0.971
C2 1.621 1.123 2.693 26.683 26.65 28.519 0.033 1.836
C3 1.714 1.123 3.103 28.542 28.29 30.509 0.252 1.967
Cc4 1.630 1.132 2.693 32.217 30.61 32.307 1.607 0.090
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Table 3 Parameter values used in sensitivity analysis
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