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Abstract: CO, foam can effectively reduce gas mobility and improve oil displacement system sweep efficiency, but the presence of oil phase
will have a significant impact on the formation and stability of foam and the control of gas mobility in porous media. Therefore, it is very
important to understand the interaction between foam and oil phase in porous media. This study systematically studied the effects of foam
quality (f,) on its steady—state transport behavior, the effects of oil phase composition on foam strength, and the effects of foam generation mode
(in—situ generated foam, pre—generated foam) on miscible flooding efficiency through supercritical CO, foam steady—state flow experiments
and core displacement experiments. The results show that the apparent viscosity of supercritical CO, foam increases first and then decreases
with the increase of foam quality. In the core with a permeability of approximately 28x107* pm?, the optimal foam quality is about 0.75, and the
foam system shows the best mobility control ability. The oil phase composition significantly affects the foam strength. Compared with n—
decane (C,,), in the process of displacing hexadecane (C), the apparent viscosity and pressure difference of foam are larger, the gas
breakthrough time is lagging behind, the foam strength is larger, and the recovery rate is higher during displacement. In addition, the foam

generation mode has an important influence on the efficiency of miscible flooding. Whether it is displacing C,, or C,, the recovery rate of in—
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situ generated foam is higher than that of pre—generated foam. The specific data show that the recovery rates of in—situ generated foam flooding

C,o and C ¢ are 17.78% and 30.91%, respectively, while the recovery rates of pre—generated foam under the same conditions are 15.91% and

20.83%, respectively. This study clarifies the optimal foam injection quality and provides a direct basis for the optimization of field process

parameters. At the same time, it clarifies the influence of oil phase composition and foam generation mode on CO, foam performance and oil

flooding efficiency, which lays a theoretical foundation for reservoir adaptability evaluation and injection process optimization.

Keywords: mobility control; oil phase composition; foam generation mode; supercritical CO, foam; the steady—state transport characteristics;

miscible flooding behavior
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Fig. 1 Experimental setup for steady—state transport and miscible oil flooding of supercritical CO, foam
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Table 1 Core properties and experimental allocation

% K fmm HA#/mm BBEH/(107 pm?)  FLEAEFEem® LB /% S AL
1 80.36 25.25 31.48 7.45 18.53 JAE AR VR AR SR (C, )
2 80.45 25.29 27.92 6.55 16.22 TS A R IR IEARR (C, )
3 80.31 25.27 28.31 6.41 15.93 JAE AR BV TR AR SR (C, )
4 80.26 25.27 33.97 6.90 17.15 TS BRI AR SR (C, )
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Table 2 Gas-liquid flow rates and pressure gradient values in steady-state flow experiments

5 AR/ (10 m/s)  WRARBEHE/ (107 m/s) BT/ (107 m/s) MR % JE S35/ (MPa/m)
1 3.53 14.11 17.64 20.01 5.150
2 10.58 14.11 24.69 42.85 19.187
3 17.64 14.11 31.75 55.56 28.975
4 24.69 14.11 38.80 63.63 37.362
5 3.53 10.58 14.11 25.02 4.862
6 10.58 10.58 21.16 50.00 17.937
7 17.64 10.58 28.22 62.51 30.412
8 24.69 10.58 35.27 70.00 47.712
9 3.53 1.76 5.29 66.73 6.400
10 10.58 1.76 12.34 85.74 19.037
11 17.64 1.76 19.40 90.93 24.137
12 24.69 1.76 26.45 93.35 29.987
13 3.53 3.53 7.06 50.00 6.087
14 10.58 3.53 14.11 74.98 28.900
15 17.64 3.53 21.17 83.33 36.525
16 24.69 3.53 28.22 87.49 40.412
17 3.53 7.06 10.59 33.33 7.200
18 10.58 7.06 17.64 59.98 17.912
19 17.64 7.06 24.70 71.42 42912
20 24.69 7.06 31.75 71.76 51.099
21 3175 3.53 35.28 89.99 41.312
22 38.81 3.53 42.34 91.66 41.474
23 31.75 1.76 33.51 94.75 33.899
24 38.81 1.76 40.57 95.66 34.312
25 3.53 0.88 4.41 80.05 8.600
26 10.58 0.88 11.46 92.32 12.775
27 17.64 0.88 18.52 95.25 15.187
28 24.69 0.88 25.57 96.56 18.750
29 31.75 0.88 32.63 97.30 18.900
30 38.81 0.88 39.69 97.78 18.912
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Fig. 3 Pressure gradient contour chart for steady—state

supercritical CO, foam flow
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Fig.4 Variation of foam apparent viscosity with foam quality
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Fig. 5 Variation curves of exploitation degree and displacement pressure difference during in—situ generated foam flooding of C; and C,,
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