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Abstract Understanding the coupled multiphase flow and solid deformation processes in porous media is a significant
issue in the area of developing and utilizing underground resources. This study first established the coupled modeling of
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compressible two-phase flow and deformation of porous media, which considers capillarity and gravity. Meanwhile, the
strong form and the corresponding weak form of coupled multiphase flow and solid deformation model were presented.
Then, the capacity of the proposed DG method for the coupled hydromechanical model was verified by comparison with
analytical and numerical results of the one-dimensional Terzaghi consolidation problem. Subsequently, the two- and
three-dimensional cases were performed to study the flow behaviors and deformation characteristics, respectively. In
addition, the effects of the penalty factors d; and d¢ on the stability of the numerical results were analyzed. The
simulation results show that gas saturation and pore pressure continually increase with the injection of gas. The increment
of pore pressure reduces the effective stress, which results in deformation and expansion of the porous medium. The gas
floats up and gathers at the top boundary due to gravity. The decrease of the penalty factors ds and Jf trends to cause the
fluctuation of saturation, pressure, effective stress, and displacement. The increases in penalty factors are beneficial to
suppress the discontinuity of the finite element function crossing the elements.
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Table 1 Parameters for two-phase flow simulation
Parameter Value Unit
elastic modulus, £ 30.00 GPa
poisson's ratio, v 0.25 _
permeability, k 1.00x 10714 m2
porosity, ¢ 0.20 B
water density, pwo 1000.00 kg/m?
water viscosity, iy 1.00x 107 Pa-s
water compressibility®?, cy 3.84x10710 P!
hydrogen density, pnwo 3.18 kg/m?
hydrogen viscosity, tnw 9.02x107° Pa-s
hydrogen compressibility?®?, cpy 7.71x 1077 P!
entry pressure, pe 1.00x 10* Pa
distribution index, A 0.46 _
relative permeability variable, w 2.00 _
variable, wf 1.00 _
penalty factor®”), ¢ 1.00 _
variable, wg 0.00 _
penalty factor?”], &g 10.00
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