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Effects of Primary Fracture Length on High—Voltage Electrical Pulse
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Abstract: [Purposes] As a new method of fracturing, high-voltage pulse discharge in water has
been widely used in coalbed methane fracturing owing to its green, safe, efficient, and controllable
characteristics. Since to the abundant primary cracks in coal and rock mass, the water shock wave gen-
erated by high-voltage pulse discharge in water will produce transmission and reflection at the primary
fracture, and the reflected wave and the next water shock wave will superimpose to form interference,

resulting in more cracks. The cracking effect of high—voltage pulse discharge in water on rock mass un-
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der different primary fracture lengths is studied. [Methods] The parameters such as crack length,
force chain fracture number, crack width, and vibration velocity measured at fixed point were counted
through discharge fracture test and numerical simulation of large—size rock specimens with triaxial pres-
sure in the laboratory, and the influence of primary fracture length on the initiation and propagation of
rock fractures was studied. [Results] The results show that the number of pulse discharges has a signif-
icant effect on the initiation and propagation of cracks in coal and rock mass, and the growth rate of
crack width increases with the increase of the length of the cracks. The presence of primary cracks in-
creases the total length and total number of cracks generated when electrical pulse induces cracking.
The existence of primary fractures changes the stress distribution in coal and rock mass, and with the
increase of the length of primary fractures, the compressive stress in the wavefront region decreases,
and cracks are more likely to occur under the same impact load. With the increase of the length of the
primary crack, the number of force chain fractures increases, the peak value of the vibration velocity at
the measured point in the frontal side region increases, and the number of time steps required to reach
the maximum vibration velocity decreases. [Conclusions] The research results provide a theoretical
basis for the dynamic fracturing technology of high—gas coal seam discharge.

Keywords :high—-voltage electrical pulse; water shock; prefabricated cracks; crack propagation
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Fig. 1 Test platform and flow chart
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Fig.3 Morphological crack distribution photos of test block
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Fig.4 Crack length changes with different prefabricated
crack lengths
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Fig. 5 Fixed-point crack width changes with different prefabricated
crack lengths
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Fig. 6 Crack width images through HD microscope
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Fig.7 Numerical simulation model of fracturing
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Fig.8 Uniaxial compressions of numerical model and
laboratory test result
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Fig. 10  Static stress distributions of different prefabricated cracks
PRV HL AN [ IR B 3l 35 N T 43 AR K T i T 5
T8 0 40 & 11 BT s (R 24 4% K B2 A 100 mm) |, Bk
2 K R 250 ps, B H 4510 0.50,100, 150,
200 F1 250 ps B 14 B Fy K W7 54 0 85 oy A iR 2 . AT LA
L KB AR SO LA e e AR R
K 45 % 18] Sh 7 5K (50~100 ps) , JE 46 9% 28 3 e 1Y 1X
B A R N A7 X (100~200 ps) , 2440 F2 588 1 7E K
PO T B TRT s Be, BIVRE R g X7 A e ) 1] B

E1ll BRBARISEASE

Fig. 11 Dynamic stress distributions for a single fracturing
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Fig. 14 Vibration velocity analyses
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