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Fig. 1 Experimental equipment
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Fig. 4 Fracture pictures of sandstone samples CO1
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Fig. 5 Fracture pictures of sandstone sample 1
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Fig. 6 Fracture pictures of sandstone sample 2
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Fig. 7 Fracture pictures of sandstone sample 3
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Table 1 Data for fracture experiments
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15 5 22.5
1 5 200 190,150 5
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13 4 16. 9
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15 4 22.5
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3 15 18 20 32.4 200 170,170 5, —4kF 4
15 12 22.5
4 20 170 60,50 4
18 5 32.4
5 25 18 20 32.4 110 5 L, — STk
CO1 0 15 5 22.5 350 70 — T




%53 (ES Y& N VNI POE R AR (o A R SU L AT @ LR A 1055

1 AT AL SO R HR R TR A R L P R I L R RORE 22, i I 2R i A R
ML S S 5 O L L RO R R IR UOBOSUIE U B O R R R R IR T B 2
FL UMK RE IR B R AR . MR [ TT LAFE Y L B K TR 0 10 T o, 2R e 3 R R /s )
A 1) B 2 R R (H 2 B BE Y R B B K R I T R i A2 22

3 & &

BEAT TR KR 1R K A i TR RS D R T A AICR TP AR B T K TR )6 A A
oy He A2 W R o 3K TR 0 0 e SR B 8, R ELA I A AT A () BE R Y S S 1 M b ol Bt
IR ARG T 2™ A ) B I R e Bl K T 0 B T e T O/ S T 2 S BOREE W S RE D T I .
JK H 77 RE W 8 M 52 i ZRAE (TR B A MIAE IS o 5 R TR T B A SRR AT LE LN K I T IR R B 2 R
TE AL BORE 22, A B2 A A A TR) R JBE 1) 25y i L JR) 788 DX i B 1 B0 284

S % Uk -

(1] A5, LR, mRg R R REOR B & BT ], 7% 0% B 2= 4 . 2000,15(5) : 17-21.

SHI Chongbing, LI Chuanle. Development tendency of high energy gas fracturing technique[ J]. Journal of Xi’an
Petroleum Institute, 2000,15(5) :17-21.

(2] SO T7r5e, MRS, S5 KRR PR IR IR LT ] 50 J1 2% 5 TR 4R, 2004, 23(14) : 2476-2479.

ZHANG Baoping, FANG Jing, TIAN Guorong, et al. Near wellbore effects in hydraulic fracturing[J]. Chinese
Journal of Rock Mechanics and Engineering, 2004,23(14) :2476-2479.

(3] Jofd, Wil 407 5. RAE VA 2K ) 28 RALEL I A 52 [T ], A &4 . 2007, 28(5) :109-113.

ZHOU Jian, CHEN Mian, JIN Yan, et al. Experimental study on propagation mechanism of hydraulic fracture in
naturally fractured reservoir[J]. Acta Petrolei Sinica, 2007,28(5):109-113.

[4] RUTGERS W R, JONG I D. Multi-tip sparker for the generation of acoustic pulses[]J]. Sensor Review, 2003,23
(1): 55-59.

[5] SUNY, FUR, FAN A, et al. Study of rock fracturing generated by pulsed discharging under confining pressure
[C]//2015 IEEE Pulsed Power Conference (PPC). Austin, TX, USA. IEEE, 2015:1-4. DOI. 10. 1109/PPC.
2015.7296927.

[6] BEESG L, TYDEMAN A. Capacitor charging power supply design for pulse to pulse repeatability applications[ C]
// Digest of Technical Papers: 12th IEEE International Pulsed Power Conference (Cat. No. 99CH36358). Monter-
ey, CA, USA: IEEE, 1999,1:397-398. DOI:10. 1109/PPC. 1999. 825494.

[7] BIEBACH J, EHRHART P, MULLER A, et al. Compact modular power supplies for superconduting inductive
storage and for capacitor charging[J]. IEEE Trans on Magnetics, 2001,37(1) :353-357.

[8] POLLARD B C, NELMS R M. Using the series parallel resonant converter in capacitor charging application[ CJ //
Proceedings of APEC’92 Seventh Annual Applied Power Electronics Conference and Exposition. MA, USA, USA:
IEEE, 1992:245-252. DOI.10. 1109/APEC. 1992. 228405.

(9] H/NIL, =0 PSS L 5. 35k V/0. 7A 1o R AR A3 4 8 58 L IR [T . R L TR 2R 2006,32(5) :54-56.

YANG Xiaowei,» YAN Ping, SUN Yaohong., et al. 35kV/0. 7A high voltage high frequency constant charging pow-
er supply[J]. High Voltage Engineering, 2006,32(5) :54 -56.
[10] FORSYTH A J, WARD G A, MOLLOV S V. Extended fundamental frequency analysis of the LCC resonant
converter| J]. IEEE Transactions on Power Electronicss 2003,18(6) :1286-1292.

[110 SRz, ™M, w2 i o0 B e I 20 40 2 109 AT 1 [0 . w9 s R HE R L 2006,32(11) : 107-110.

SHAOQ Jianshe, YAN Ping. Constant switching frequency control of resonant converter of high voltage capacitor
charging power supply[J]. High Voltage Engineering, 2006,32(11) :107-110.

(121 R, ERR, TR 5. BBl IR 78 i f I A S B0 HLT ). S8 0 580 7 5, 2004,16(12) : 1611-1614.

SU Jiancang, WANG Limin, DING Yongzhong. et al. Analysis and design of series resonant charging power sup-
ply[J]. High Power Laser and Particle Beams, 2004,16(12):1611-1614.



1056 DS 1 5 et i %38 %

[13] NELMS R M. SCHATZ J E. A capacitor charging power supply utilizing a ward converter[ J]. IEEE Transac-
tions on Industrial Electronics, 1992,39(5) :421-428.

[14]  SRAHE, ™. m A 48 70 i LR A DR g LT ). & R L 2008,34(7) : 1450-1455.
ZHANG Donghui, YAN Ping. Development in high voltage capacitor charging power supply[J]. High Voltage
Engineering, 2008,34(7):1450-1455.

Effect of hydrostatic pressure on fracture of rock
subjected to plasma impact

FU Rongyao"*?, SUN Yaohong'??, XU Xuzhe**, YAN Ping'*”
(1. University of Chinese Academy of Sciences, Beijing 100049, China;
2. Institute o f Electrical Engineering , Chinese Academy of Sciences ,
Beijing 100190, China;
3. Key Laboratory of Power Electronics and Electric Drive, Institute of Electrical Engineering »
Chinese Academy of Sciences, Beijing 100190, China)

Abstract: In order to understand the fracture law of rock by shock wave in deep water, an electric
pulse fracturing device with hydrostatic pressure up to 35 MPa was established, which can simulate
the confining pressure of 3 000 m underground. The experiments of plasma impact fracturing under
different hydrostatic pressures were carried out. The maximum operating parameter of the fracturing
device is 20 kV/40 kJ. Six sandstones were fractured by electric pulse under the hydrostatic pressure
which ranges from 0 to 25 MPa. The experimental results show that the length and width of fracture
decrease significantly with the increase of hydrostatic pressure under the same energy. So the destroy
range of shock wave decreases and the porosity and permeability decline with the increase of confining
pressure. The hydrostatic pressure has obvious influence on the formation, distribution and growth of
the crack after impact fracture. Compared with the cracks formed by atmospheric pressure, cracks are
concentrated in the electrode. The number of cracks is more but the length is shorter and there are
different degrees of bending., even annular cracks occur in the local area.

Keywords: plasma; hydrostatic pressure; shock wave; pulse discharge; rock fracture
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