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Lattice Boltzmann method for rough fracture seepage characteristics of rock

SHENG Jin-chang', WAN Fan', ZHANG Xia®, LI Feng-bin', HUANG Qing-fu'
(1. College of Water Conservancy and Hydropower, Hohai University, Nanjing 210098, China; 2. Water Conservancy and Hydropower
Investigation Design Academy of Yunnan Province, Kunming 650021, China)

Abstract: To study the hydraulic characteristics of rough rock fracture, a pressure model based on the lattice Boltzmann model
is established. Based on simulations of three groups of different specimens (flat smooth fracture, rectangular non-match fracture
and random gap width fracture), the relationship between the flow and the average gap width can be fitted. The research results
show that under the calculated 10 kinds of working conditions, the flows of the three groups of fractures are close to the laminar
ones. Only in parallel smooth cracks, the relationship between the flux and average gap width is approximately a cubic one,
and that for rectangular mismatching crack and random gap width fissure shows a super-cubic relationship. Changing the
average gap width and import and export pressures may lead to the variation of relationship between the flux and average gap
width. In the meantime, the later can also cause the presence of cubic relationship between them.
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Fig. 1 D2Q9 lattice model
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Fig. 2 Flow chart of program realization
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Table 1 Basic situations of specimens
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Table 2 Parameters of specimens

TR € T V& B
30 30 47.96 78
50 50 67.96 98
70 70 87.96 118
90 90 107.96 138
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Fig. 3 Fitting of flow and pressure gradient
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Table 3 Linear fitting values under different gap width
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Table 4 Fitting values of different specimens

A n B R
Pk 3.118 0.04755 0.999
)& 4.088 0.01346 0.997
BEAL 3.700 0.00535 0.996

ST TS A SR RS B AN T B 5~
100, & B ARER BT 0 M1 A

110

=55

1
00 50

l(I)O 15|0 260 2%0 3(|)0 3%0 460
X
E5 % P,=1.01, Py, =1.0FERZEEIFE

Fig. 5 Flow fields of flat fracture (P, = 1.01, Py, = 1.0)
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Fig. 6 Flow fields of rectangular non-match fracture (P, = 1.01,
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Fig. 8 Velocity vectors of rectangular non match fracture of part a
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Fig. 9 Velocity vectors of random gap width fracture of part a
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Fig. 10 Velocity vectors of random gap width fracture of part b
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