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Abstract

Controlling the flow path of injected fluids in layered heterogeneous oil Received: 9 July 2024
reservoirs remains a critical challenge for enhancing the performance of Accepted: 8 April 2025
gas-based enhanced oil (EOR) recovery processes. Foaming the injected Page Number: 8-20

gas is a promising method to address this challenge by creating selective
flow resistance and improving fluid diversion. Foam generates resistance
in high-permeability layers, effectively diverting injected fluids toward
lower-permeability zones and improving sweep efficiency. To optimize
this process, a pore-scale understanding of foam flow behavior and
the underlying mechanisms of fluid diversion is essential. In this study,
the flow behavior of foam was investigated under two conditions: (1) in
the absence of oil (simulating aquifer conditions) and (2) in the presence
of water-flood residual oil. A micromodel with two interconnected layers
of contrasting permeabilities was designed to simulate layered
heterogeneous porous media. Results demonstrated that in the absence of
oil, foam generation effectively diverted the injected fluid flow into
the lower-permeability layer. In the presence of oil, foam effectively

controlled the injected gas front, significantly increasing residual oil Keywords:
production from 3% to 75%. These findings support the significant Foam Injection,
potential of foam to enhance gas-based EOR processes and increase Gas Injection,
incremental oil recovery. This study also highlights foam injection as Heterogeneous
an effective strategy for controlling fluid flow paths in layered Micromodel,
heterogeneous porous media and significantly boosting residual oil Fluid Diversion,
production. By increasing fluid viscosity and flow resistance in Mobility,

high-permeability layers, foam diverts fluids to low-permeability zones,

. - S Enhanced Oil Recovery
thereby enhancing the efficiency of gas injection processes.
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Figure 1. Schematic of the micromodel pattern.
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Table 1. Micromodel Physical Parameters.
. Pore
Average Porosity Pore throatavg
depth(cm) (%) (cm) volume
(cm?)
A 8 1.6 0.02 27.29 0.073 0.142
B 8 1.6 0.02 21.7 0.035 0.113
1. CoreIDRAW 2. HF
1\ Iranian Chemical Engineering Journal — Vol. 24 - No. 143 (2026)
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Table 2. Properties of the oil used in this study.
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Figure 2. Schematic of the micromodel injection system.
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Figure 3. Micromodel images during gas injection in the absence of oil at different times, in order from
Figures (1) to (4): 240, 480, 720, 1500 seconds.
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Figure 4. Micromodel images during foam injection in the absence of oil at different times, in the order of
Figure (1) to (4): 480, 720, 1200, 1560 seconds.
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Figure 5. Micromodel images during gas injection under residual oil conditions at different times, in the order of
Figures (1) to (4): 240, 480, 720, 1500 seconds.
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Figure 6. Micromodel images during foam injection under residual oil saturation conditions at different times, in the order of
Figures (1) to (4): 480, 720, 1200, 1560 seconds.
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Figure 7. Pore- scale image during foam injection under residual oil saturation conditions at a specific location
at two different times, respectively: 480 and 2880 seconds.
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Figure 8. Breakthrough time during gas and foam injection scenarios.
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Figure 9. Effect of oil presence on foam and bubble size.
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Figure 10. Comparison of oil recovery factor during gas and foam injection.
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Figure 11. Comparison of foam generation in high-permeability and low-permeability layers in the absence and presence of oil.
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