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Theoretical model and experimental verification on non-linear flow at low
velocity through rough-walled rock fracture

1 1 . .1 2 .1 I
XIONG Feng', SUN Hao, JIANG Qing-hui, YE Zu-yang", XUE Dao-rui, LIU Ru-yan
(1. School of Civil Engineering, Wuhan University, Wuhan, Hubei 430072, China; 2. School of Resources and Environmental Engineering,
Wauhan University of Science and Technology, Wuhan, Hubei 430081, China)

Abstract: Non-linear flow in rough-walled rock fracture is one of significant issues of rock mass seepage properties. Based on
viscous pressure drop and local pressure drop, a novel non-linear flow model (MT model) at the low velocity though rough-walled
rock fracture is proposed for the assumption of velocity proportional to an aperture in sub-fracture which takes place assumption of
equal velocity in Javadi’s T model. Saturated seepage experiments of five rock fracture replicas at the low flow rate are carried out.
The results show that MT model is preferable to fit experimental data compared with preceding others, so the MT model is more
exact in describing non-linear flow. Furthermore, the MT model is applicable to the case: the fractures with JRC less than or equal to
10 and Reynolds number lower than 1 000. After a thorough study of MT model, it is discovered that there are two flow regimes in
rough-walled rock fractures: Darcy flow in small Reynolds number and Forchheimer flow in large Reynolds number, and a critical
Reynolds number is defined to differentiate between them. The effects of fracture roughness and aperture on non-linear flow are
discussed. The rougher and smaller aperture of fracture is, the smaller critical Reynolds number is, and the stronger non-linear effect
is. A formulation of the critical Reynolds number, hydraulic aperture and absolute roughness is developed. In addition, the
formulation is reasonable in rough-walled fracture with JRC less than or equal to 10.

Keywords: rock fracture; non-linear flow model; seepage experiment; aperture; roughness; critical reynolds number
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Fig.6 Flow rate vs. pressure in G21 rock fracture
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Fig.7 Flow rate vs. pressure in G23 rock fracture
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Fig.8 Flow rate vs. pressure in G25 rock fracture
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Fig.9 Flow rate vs. pressure in G26 rock fracture
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Fig.13 Relationship curve of critical Reynolds number
with roughness and hydraulic aperture
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