Advances in Geosciences HiERF} 22T ¥, 2025, 15(5), 752-765 Hans X
Published Online May 2025 in Hans. https://www.hanspub.org/journal/ag
https://doi.org/10.12677/ag.2025.155073

SEMRMRSE AR REGEERLSE
A

wmEEY, R—m@, £EF', A £, dand, AEE, RKELY

U RE A AR SRR A I A T L, S SRR 2 M

2 E R A TR AR, VL8 4RI

SRER LR 2 S R TR, VL5 AR

e MR SR TR R RE I S R RIS A 4 [ SR, VIR RO

Weks H i 20254F4 H8H ;s A HB: 202545 H15H; &AHB: 202545 H27H

R

NRAFRARSE RS R K. E)HEBEARAY R AERRHMERER, B ER
B R RN, NEETEBNEREEVKESEAEERFEE, FAMatDEMEHITHK
HrEFILN AR BERE, SaRNNSHRET BEAEL/RITERESES K, EUE
HEASEESEEABRSEATHRAY R, REASHAREEREIE. SRR, RIUER>™
AN SREIBERS, KRG HEII%, HABEAY HEER/MEREERERE; —FRE
ZILRENT BEERK, ERIBENARSN50%; TAERBRERT, HEEREEEZKTE
[ RERMERREREBAN AN H, RVUREHERANAEAGLEMEL. SBAREER
BERARKERERERICE, RRERNERAGRARMRCAEMRPMRIBEANRRER, REFHER
SMETER. 2B TN REHE B ERE) TERARAE T EIR K.

X 5in
KEAA, R, RAT R, REHK, BEHouiil

Effects of Gas Types on Crack Propagation
and Energy Evolution Characteristics in
Low-Permeability Rocks

Yingbing Yang!?*, Yiyang Zhao3, Baofu Wang!, Zhong Zhou3, Xiaoji Shang?, Jiazhi Hus3,
Zhizhen Zhang34#

T
IR

XEFH: ok, ®—F, TEE, Ax, mbed, H5EE, kB SEMISHRBE AR B KR EiE LR E
FISEI[]. HhBREL2ERTVE, 2025, 15(5): 752-765. DOI: 10.12677/ag.2025.155073


https://www.hanspub.org/journal/ag
https://doi.org/10.12677/ag.2025.155073
https://doi.org/10.12677/ag.2025.155073
https://www.hanspub.org/

Ventilation Research Center, China Energy Shendong Coal Group Co. Ltd., Ordos Inner Mongolia
2School of Safety Engineering, China University of Mining and Technology, Xuzhou Jiangsu

3School of Mechanics and Civil Engineering, China University of Mining and Technology, Xuzhou Jiangsu
4State Key Laboratory of Intelligent Construction and Healthy Operation and Maintenance of Deep
Underground Engineering, China University of Mining and Technology, Xuzhou Jiangsu

Received: Apr. 8™, 2025; accepted: May 15%, 2025; published: May 27, 2025

Abstract

To investigate the influence of different gases (nitrogen, CO,, and air) on crack propagation and en-
ergy evolution in low-permeability rocks, and to elucidate the mechanisms of gas fracturing while
evaluating its engineering potential, this study establishes a mechanical model of gas fracturing
based on the superposition principle. A two-dimensional numerical rock model with a central bore-
hole was constructed using MatDEM discrete element software. By integrating macro-micro param-
eter conversion methods and adjusting gas properties via the van der Waals equation, the crack
propagation, pore pressure distribution, and energy evolution under coupled confining pressure
and constant gas injection pressure were simulated. The results demonstrate that nitrogen fractur-
ing generates the highest total crack count, with tensile cracks accounting for over 99% of the total.
Despite exhibiting the smallest pore pressure diffusion range, nitrogen achieves optimal crack con-
nectivity. CO; fracturing shows the widest pore pressure diffusion range but produces only 50% of
the cracks observed in nitrogen fracturing. Air fracturing yields the least effective results, with a
significantly lower heat generation rate compared to nitrogen. Energy evolution analysis reveals
that the dissipated energy during nitrogen fracturing is five times that of CO,, indicating its capacity
to drive more intensive rock structural reorganization. The viscosity differences among gases gov-
ern fracturing efficiency through fluid loss rates. High-viscosity nitrogen accumulates energy pref-
erentially within microcracks due to its low fluid loss rate, thereby promoting the formation of
dense fracture networks. This study provides theoretical insights for optimizing gas fracturing pro-
cesses in low-permeability reservoirs.
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Figure 1. Stress simplification diagram of gas fracturing in low-permeability rocks based on
superposmon principle
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Figure 2. Gas fracturing model estab-
lishment in low-permeability rocks
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Figure 3. MatDEM numerical model of low-permeability rock
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Figure 4. Gas fracturing borehole configuration
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Table 1. Material parameters of low-permeability rock formation
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Figure 5. Gas pressure application on peri-borehole fractures in
rock particles
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Figure 6. Crack change curves Under different fracturing fluids
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Figure 7. Fracture distribution characteristics under different fracturing fluids
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Figure 9. Heat curves during fracturing with different fracturing fluids
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