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Abstract

To address the difficulty in accurately characterizing the microscopic distribution of residual oil in
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reservoirs after long-term water flooding, a pore-scale numerical model for water flooding was es-
tablished based on the lattice Boltzmann method. A multicomponent multi-relaxation-time lattice
Boltzmann model was employed to describe oil-water two-phase flow in complex porous media,
and the displacement process was simulated using half-way bounce-back boundaries, a Zou-He ve-
locity inlet, and a zero-gradient outlet boundary. Contact angle validation and Poiseuille flow vali-
dation demonstrated that the proposed model has good numerical accuracy and reliability. On this
basis, a porous medium model was constructed from binarized CT images of cast thin sections, and
comparative simulations of water flooding under water-wet and oil-wet conditions were carried
out. The results show that wettability significantly affects the advance path of the water phase, the
morphology of the displacement front, and the distribution characteristics of residual oil. Com-
pared with the oil-wet condition, the water-wet condition exhibits a larger sweep area, a more dis-
persed residual oil distribution, and higher displacement efficiency. The results provide a useful
reference for pore-scale residual oil characterization and the study of enhanced oil recovery mech-
anisms.
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Figure 1. Simulation diagram of contact angle
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Figure 2. Schematic illustration of contact angles under different virtual density values
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Figure 3. Schematic diagram of Poiseuille flow
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Figure 4. Comparison between the analytical and simulated velocity profiles for Poiseuille flow
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Figure 5. Porous medium domain used for
numerical simulation
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Figure 6. Distribution of residual oil in the pore space after water flooding under water-wet and oil-wet conditions: (a) step =
0, (b) step = 5000, (c) step = 10,000, (d) step = 15,000, (e) step = 20,000, (f) step = 25,000

6. AGEFREFLARK IR FFFLBRZS B RIS B 7R: (a) step=0, (b) step= 35000, (c)step= 10,000, (d)step= 15,000,
(e) step = 20,000, (f) step =25,000
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