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Abstract

To investigate the effect of polymer viscosity on oil recovery in heterogeneous reservoirs, a two-
dimensional VOF-Navier-Stokes model incorporating shear-thinning polymer flooding was devel-
oped. Numerical simulations were conducted using the Carreau rheological model. The study ana-
lyzed interfacial evolution and stability under different polymer viscosities within a micromodel
featuring high- and low-permeability channels. The results reveal that viscosity plays a critical role
in stabilizing the displacement front and enhancing oil recovery. Low-viscosity polymers tend to
induce viscous fingering, thereby reducing recovery in low-permeability zones. Conversely, a mod-
erate increase in viscosity enhances front stability, mitigates instabilities, and improves sweep ef-
ficiency in low-permeability channels. However, excessively high viscosity may lead to increased
viscous resistance, negatively affecting displacement efficiency in high-permeability zones. This
study elucidates the varying impacts of polymer viscosity on oil recovery and provides a pore-scale
theoretical basis for optimizing viscosity in polymer flooding applications.
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Figure 1. Schematic diagram of the micromodel geometry used for polymer flooding simulation
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Table 1. Physical properties of the fluids used in the simulation
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Figure 2. Comparison of simulations under different mesh densities. (a) Fine mesh generation; (b) Medium mesh generation;
(c) Coarse mesh generation; (d) Two-phase distribution with fine mesh; (¢) Two-phase distribution with medium mesh; (f)

Two-phase distribution with coarse mesh
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Figure 3. Total oil recovery under different mesh resolutions
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Figure 4. Phase distribution during polymer flooding with viscosity ranging from 0.001 to 0.1 Pa-s. (a) t = 0.001 s; (b) ¢ =

0.002's; (c) £=0.003 s; (d) £ =0.004 s
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Figure 5. Variation in oil recovery across channels. (a) Recovery in high-permeability channel; (b) Recovery in low-permea-

bility channel
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Figure 6. Phase distribution at #=0.004 s under different polymer viscosity ranges. (a) Viscosity: 0.001~0.1 Pa‘s; (b) Viscosity:
0.002~0.2 Pas; (c) Viscosity: 0.003~0.3 Pa's
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Figure 7. Phase distribution at # = 0.004 s under higher polymer viscosity ranges. (a) Viscosity: 0.003~0.3 Pa-s; (b) Viscosity:

0.004~0.4 Pa‘s; (c) Viscosity: 0.005~0.5 Pa's
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Figure 8. Channel-specific oil recovery under varying polymer viscosities. (a) Recovery in high-permeability channel; (b)
Recovery in low-permeability channel
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Figure 9. Y-direction velocity profile at X = 0.35 mm
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