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Effects of corner-bridge flow on capillary pressure-saturation
curve in porous media

WANG Guanxiong, HU Ran, LAN Tian, CHEN Yifeng

(State Key Laboratory of Water Resources and Hydropower Engineering Science ; Key Laboratory of Rock Mechanics

in Hydraulic Structural Engineering of the Ministry of Education, Wuhan University, Wuhan 430072, P. R. China)

Abstract: The capillary pressure curve is a fundamental constitutive relationship for simulating unsaturated flow
and water-gas multiphase flow in porous media. As the wetting-phase saturation approaches the residual
saturation, corner films and liquid bridges formed between solid grains become the dominant pathways
governing fluid displacement processes. At present, the mechanisms by which corner films and liquid bridges
influence capillary pressure curves remain insufficiently understood. In this study, a microfluidic visualization
experimental platform was developed, and quasi-static drainage experiments were conducted in six sets of
microfluidic models with different pore structures and surface roughness. The corner film-liquid bridge flow was
directly observed, and its influence on capillary pressure curves was quantitatively evaluated. The results
indicate that corner film-liquid bridge flow mainly occurs at low wetting-phase saturations and leads to a
reduction in the residual wetting-phase saturation by 0.21-0.32. The occurrence of corner film-liquid bridge flow

is closely related to the wettability of the porous medium; rough solid surfaces reduce the contact angle of the

W #s B #8:2023-08-13
EETHE: HK A RFEIEA (52122905 ,51988101,51925906)
EE B : T (1998 ), 55, FENFALBA T 2 AH B WA 5%, E-mail : runlel@whu.edu.cn.
W GEAEER) 9, 8082 L 4 30, E-mail : whuran@whu.edu.cn.
Received: 2023-08-13
Foundation items: National Natural Science Foundation of China (Nos. 52122905, 51988101, 51925906)
Author brief: WANG Guanxiong (1998- ), main research interest: multiphase flow in porous media, E-mail: runlel@whu.edu.cn.

HU Ran (corresponding author) , professor, doctorial supervisor, E-mail: whuran@whu. edu. cn.



% 14

IR, F LN T ABE-RIFANET R A WL R 45

wetting phase, thereby facilitating the formation of corner films and liquid bridges. Moreover, the impact of

corner film-liquid bridges is positively correlated with the number of liquid bridges, and their effect becomes

more pronounced with decreasing porosity and heterogeneity of the porous medium.

Keywords: porous media; capillary pressure-saturation curve; microfluidic experiment; corner film; liquid bridge
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Fig. 1 Visualization experiment system for capillary pressure curve measurement in porous media based on

microfluidic chips
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Fig. 2 Microfluidic chip fabrication procedure
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Fig. 3 Image processing procedure
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Fig. 4 Experimental observation of water-gas multiphase

flow in porous media under drainage conditions
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Fig.7 Impact of corner-bridge flow on capillary pressure

curves with various heterogeneity coefficients
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Fig. 8 Impact of corner-bridge flow on capillary

pressure curves with various porosities
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