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Abstract;  In order to swiftly elucidate the influence of internal parameters on the fracturing performance

of a liquid CO, fracturing tool and optimize its functionality for enhanced coal seam gas extraction
efficiency, a rapid assessment experimental apparatus was designed. A set of 9 orthogonal experiments
involving 4 horizontal and 3 influencing factors was conducted utilizing a 38 mm mining-specific fracturing
tool. The study analyzed the relative significance of the internal charge quantity in the heating tube, liquid
CO, filling volume in the main pipe, the thickness of the fracture plate, and the caliber of the release
aperture on the fracturing tool’s performance. Furthermore, pivotal influencing factors were subjected to
fixed-variable experiments to explore their impact patterns on the fracturing performance of the liquid CO,
fracturing tool. Results indicate that, for the 38 mm mining-specific CO, fracturing tool, the thickness of
the fracture plate exerts the most substantial influence on the fracturing tool’s performance, followed by the
internal charge quantity in the heating tube. The impact of the liquid CO, filling volume in the main pipe
and the caliber of the release aperture is comparatively weaker. The fracturing performance of the liquid
CO, fracturing tool gradually stabilizes with an increase in the thickness of the fracture plate, reaching a
point where the plate does not rupture. When the internal parameters of the 38 mm fracturing tool are set to
a CO, mass of 0.33 kg, a release caliber of 18 mm, a charge quantity of 60 g, and a fracture plate

thickness of 2. 0 mm, the tool’s fracturing performance corresponds to a TNT ( Trinitrotoluene ) equivalent

of 0.202 kg which is enhanced by 21.9 % compared to the current on-site parameters.

Keywords: CO, fracturing tool; internal parameters;
volume; internal charge quantity in heating tube;
of release aperture
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Table 1 Parameters of Feng equation

c 0.376 194 Cis -2.794 98
c, 0.118 836 Cie 5.623 93
Cy -3.043 79 cyy -2.938 31
cy 2.274 53 Cig 0. 988 759
Cs —1.238 63 Cio -3.047 11
Co 0.250 442 Cyp 2.323 16
¢, -0. 115 350 Cy 1.073 79
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Cy 0.216 124 Coy 0.003 164 18
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Cpy 0.011 974 7 Cy6 50
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Table 2 Parametric influence study orthogonal test

R | MEERJE | CO, B/ | Rk | Rk
2 J&/mm kg #/mm g
1 1.0 0.33 18 40
2 1.0 0.36 20 50
3 1.0 0.39 22 60
4 L5 0.33 20 60
5 L5 0.36 22 40
6 L5 0.39 18 50
7 2.0 0.33 22 50
8 2.0 0.36 18 60
9 2.0 0.39 20 40

1.3 EXKEER

IERIRE E A W E T e an &l 3 frs , &
RATR IR 1 W3R 3, 345 8 2R A5 4 N I TR
JJE TRl Feng J7 BT R4S B E B A4 N CO, BT
TRE, WK 4,

R3 ERBR/ENEE

Table 3 Peak pressure of constant volume vessels MPa

[ ass 1 2 3 4 5 6 7 8 9
TE AR A 1.23 1.21 1.34 1.76 1.30 1.39 1. 65 1. 80 1.35

F4 FRXEITR CO, HEE

Table 4 Corresponding CO, internal energy for each test kJ

R I 2 3 4 5 6 7 8 ?
CO, Mg 176. 14 183.02 196. 70 225.12 188.79 201. 29 218. 07 238.24 198. 87
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Fig.3 Pressure curve of constant pressure vessel
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Table 5 Orthogonal test results table
g | R | co, B | %z | Co, W
= JEERE Joigs M iy fiE/kJ
1 K1 IKF 1 K1 K1 176. 14
2 K1 K2 | KFE2 | KFE2 | 183.02
3 KFET | KFE3 | KFE3 | KFE3 | 196.70
4 | KF2 | KFET1 | KFE2 | KFE3 | 22512
5 KFE2 | KFE2 | KFE3 | KFET | 188.79
6 K2 | KFE3 | KFETL | KFE2 | 201.29

BAENZR T 0 K AER R RS R %

M R Z7KF- 28 1 3 4Ll B 9 COo, NREZ MLk, =
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A | MHREAERE | CO, B | BrAr | i

K, 555. 86 619. 33 617.67 563.8
K, 615.2 612. 05 607. 01 602. 38
K, 657. 18 596. 86 603. 56 662. 06
k, 185.29 206. 44 205. 89 187.93
k, 205. 07 204. 02 202. 34 200. 79
k, 219. 06 198.95 201. 19 220. 69
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Fig.4 Run chart of each factor level
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Table 7 Orthogonal design anova table

B N
ae | EEE b sy | | e
MBE AR [ 1664.90| 2.00 | 832.45 | 64.16 | 0.015
CO, FTfE | 85.00 | 2.00 | 42.50 | 3.28 | 0.233
B 4% 25.95 | 2.00 | 12.98 1 0.5
RzhE | 1564.60| 2.00 | 782.30 | 60.29 | 0.016
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Table 8 Experimental study on the influence of energy
release plate thickness on the work capacity of a cracker

under different working condition

g | WEER R Co, it R 2]
= B/ mm H/kg &/mm B/g
1 1.0 0.33 18 60
2 1.2 0.33 18 60
3 1.4 0.33 18 60
4 1.6 0.33 18 60
5 1.8 0.33 18 60
6 2.0 0.33 18 60
7 2.2 0.33 18 60
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Fig. 6 Comparison of pressure in fixed volume
vessels corresponding to different thickness of

energy release plates
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