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Numerical simulation of flow fields and permeability evolution in real fractures under

continuous loading stress
LIANG Yunpei'?, ZHANG Huaijun"’, WANG Lichun®, QIN Chaozhong'?, TTAN Jian'?, CHEN Qiang'?, SHI Bowen'”

(1. State Key Laboratory of Coal Mine Disaster Dynamics and Control, Chongqing Universily, Chongqging 400044, China;
2. School of Resources and Safety Engineering, Chongqing University, Chongqing 400044, China;
3. Institute of Surface—Earth System Science, Tianjin University, Tianjin 300072, China)

Abstract: In the study of fracture conductivity evolution under stress using direct numerically generated fracture models, a key
issue is the neglect of the real fracture’ s heterogeneous microstructure. To address this, the Brazilian splitting method is used to
create [ractures in various types of rocks. A 3D optical topography scanner then captures the actual fracture morphology and
aperture information. This data forms the basis for establishing a contact mechanics model and a single-phase seepage model,
which are used to study the evolution of the fracture flow field and permeability under continuous stress loading. The study also
evaluates the applicability of traditional empirical formulas to real fracture cases. The findings are significant: (D The 25 mmx50
mm real fracture in Brazilian splitting shows obvious heterogeneity in the microstructure of the original aperture and surface

roughness, which is obviously different from the fracture that reaches the average scale directly generated by numerical method. @
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In the process of stress loading, the fracture aperture, contact area and spatial correlation length show different evolution

characteristics in the x direction and y direction due to the fracture heterogeneity, and the control mechanism of permeability

change is different; @) When the traditional empirical formula is used to fit the stress—sensitive permeability evolution of fracture,

the deviation of the fitting degree increases with the increase of the heterogeneity of fracture samples. This study suggested that the

traditional empirical formula has a good application basis in the study of the fracture reaching the averaging scale, but it is limited

in the application of the fracture with strong heterogeneity or failure to meet the averaging scale.
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Fig. 1  Photos of artificial fracture sample via Brazilian

splitting method
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Fig. 2 Results of fracture aperture distribution and corresponding aperture probability density distribution
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Fig. 7 Changes of fracture correlation length with increasing effective stress
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