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Abstract

Gas-water two-phase displacement in porous structures is a fundamental and critical flow behavior
in the microscopic seepage of tight sandstone. At the microscale, the dominant capillary forces due
to tiny pore sizes lead to heterogeneous flow, making it challenging for conventional methods to
accurately track the dynamic behavior of bound water. Therefore, it is essential to develop a novel
technique for recording the motion trajectories of gas-water two-phase flow in microchannels to
investigate displacement efficiency and distribution patterns. This will provide reliable technical
support for oil and gas extraction and CO: geological sequestration. In this study, the pore-scale
fluid migration of gas-water under supercritical conditions is visually investigated using a high-
pressure microscopic seepage experimental system and numerical simulations of gas-water two-
phase seepage. By integrating experimental observations and simulation results, the dynamic be-
havior of gas-water interfaces is revealed, offering valuable insights for unconventional hydrocar-
bon development and carbon sequestration.
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Figure 1. Real rock thin section and pore network-etched micromodel
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Figure 2. Micromodel displacement system
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Figure 3. Water saturation in the model
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Figure 4. Gas-water mutual displacement results under different injection pressure differentials
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Figure 5. Throat width under different phenomena
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Figure 7. Flowchart of physical-geometric model construction
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Figure 9. Boundary condition configuration
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Figure 10. Transient solver timestep settings
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