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Mathematical model and nonlinear finite element equation
for reservoir fluid-solid coupling
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Abstract: A mathematical model for fluid-solid coupling in reservoir was constructed based on the equilibrium equation of solid
skeleton and continuity equation of wetting liquid in porous medium. Jaumann stress rate formula was adopted to describe the finite
deformation behavior. The effects such as in situ stress, initial pore pressure, initial fluid density and initial porosity of the medium
was also taken into account in the mathematical model. Finite element discretization was carried out on the mathematical model to
get a fully coupled finite element equation with the parameters of element nodal displacement and element nodal pore pressure as
unknown variables. Finally, the transient nonlinear finite element equation in incremental form for reservoir fluid-solid coupling is
obtained by means of time discretization in implicit difference scheme. The resulted finite element formulation can simulate the
reservoir behavior comprehensively and would have wide applications in petroleum engineering.
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