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Experimental and Numerical Simulation Study on Directional Gas Fracturing Based on Radial Guide Groove Technology
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Abstract: Among the rock mass weakening technology. gas fracturing is more likely to form complex fracture networks
compared with hydraulic fracturing. In order to study the fracture propagation mechanism of gas fracturing in the field of
directional fracturing technology, laboratory physical experiments and numerical simulation studies on directional gas fracturing
based on the radial guide groove technology were carried out. A preparation method of radial guide groove was proposed. a
special sealing fixture was designed to simulate the principle of packer, and the acoustic emission device was used to monitor
the gas fracturing process in real time. The experimental results show that the radial guide groove can obviously change the
propagation direction of gas fracturing fractures within a certain scale, and the {racture initiation pressure is reduced by about
30% compared with that without guide groove. Under the dynamic loading method of gas fracturing, a unique fracture network
of primary fracture and secondary micro-fracture appears, and the fracture width increases by 2 —3 times compared with the
quasi-static loading method. On this basis, LS-DYNA was used to simulate the dynamic dynamics of transient gas fracturing
with or without guide groove. Indicators such as effective plastic strain and von mises stress of the models with and without
radial guide grooves were compared and analyzed, and the simulation results are consistent with the laboratory experimental
results. The research results can promote the development of directional fracturing technology and rock mass weakening
methods for deep hard rocks, and provide technical support for the engineering application of directional gas fracturing
technology.
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Fig.1 Guiding mechanism of guide groove
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Fig.2 2D geometric model of radial guide groove
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Fig.3 Shape of guide groove after hollowing out

L7 B AR K ) R 2 B AL — R TR
R VA K AR I R A A R B R O 2
A 2™ 1 2REE T 5 1 & 1 2 I g, Hoih
TARRIE T /KA v 1 R 46 e 5 0 s o R
JEE R A U5 2 3 RE B SUHORE B AR AR
TE R A B AL AL L 45 A 31 0 A Bl AL ol e 2R
TR R A A Y 2 /N SRR L W B e B T U
MG, AURBEGRE (3 R AT
JIEAEBBLA-JRIA LA b O U A 22 2
FHE R AR A B B G Rk . AR F 52 AR 4l 5
Pn A v Bl 2 ) S B R RO B IR il 4 T e
BI AN 4 B PR R R A9 BE B AT IS
A R AL B Al A 1 S A b AU RE 1 2 i i AR
FHAERGFLALEE . T 2o i rhofs AR SO A i A1 B
U BB AL N S P AR et i R a0
WERWR S 2 109 SJe Al o3 i) 5 R UL R 1 ) T S i
S I P A A 7P - Pl L 22 18] 4 18] B v s AR
Ji P 5t B P AR S T AB ik — L% B, WA LR
HARBCR I SO E AR, R AL S A 2
)75 P8 A — R TR B DA 2 13 R 5 oK

ERO

— £tk

TEHIE

IR

200 mm
B4 HHEHEKR
Fig.4 Special sealing fixture
22 SHEEREBRS
AU R G AL % N AR ORI A XUl N
BB RS RCE R AL LR AU I 5 B
7N o BRI S =R e BN ) 7w 4 Oy s 24



24 g L B R

5 7 A& 2026,46(2)

FLIAE [h T A9 S5 1] 4 A Aol FL A 1] o RIS IO 7 5 1l
R B AIEAR 6] S 1] Rl A8 LB e T 1] O RICR IR IR 5T
B S I 25 3 R SRR AR T 5T U T8

R R OBH AHED

OO0 TR
o=
Nt ¢
(]

VR SRS A O IR A AT IR AT R
FEARAE R A TR & i i RETT R 52 A 2 [ H mi S
U NS 5 IR R A

e ——
@ O0OOOOOOOOOO
ooooooooooo

00000000000

il |

R EES

=

PRI 7= RS R 5

Bs5 SEERLERS

Fig.5 Experimental system of gas fracturing
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Fig.6 Fracture section of the specimens
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Fig.7 3D location points of acoustic emission event
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