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Fig. 1 Schematic diagram and physical of fracturing tube

2 HAEEERE

21 HEKRE

SO IR IR R G B CO, T R G0 B I
TR0 BB R AR RGELUR WP 2 0% 5 B S I 46
W 3 FiR

i COfERL 1l BCAMWIRR%K |
L BEER cosmg 1) FEAMEEGE  RAER i
i | :
| I g = |
1 [N !
1 [N} :
E @ s = EE HE i
1 u 1

E IKIBAY R :: B Pl SR i
I::::::::::::::::::I::-:::::::::::::::::-'I
| |
D BRRERS es :
: = :

2 HEHRGREE
Fig. 2 Schematic diagram of experiment system

CO, Fe%E R 50 R F EWF & A ks B 8 DU TR
1, TSR BB H CO, P 7ok  BEIR R 500
FRAZPR AR R 51 BSOS 1 S 28 TR AR AR
Bl R4 RGBS SAYL203Y Y R B =% 1%
SRS i TR IR A R AL e B K R
m, /M2 R 51 mm, K808 0.58 L s AL BEs i i o
T 600 MPa, HATH R B, Wl A i B0 225K 5 1A
SRARNT AN 250 kHz B RIER G, e s g
FOTFAL , R AR 11 5 R 5 1300 o) R S0l A il 5 1)



513

BT LRI, 45 < I 5 CO, AR Z BRI AR h SR BRI 5T 347

T2 [ T T AR IR  fof T A Tl e 3 5 4
PIESE , A OB A A g 1 281

e/
— %

DAY YD o
(b) wirlAAY (0) BORAT St
E3 ey
Fig. 3 Physical of experiment instruments

22 REHHR

Z:7% TRRSEER 00 2 T8 T AN W) 3 Ak R o
AN[A] CO, e i it AN [ ik BB JR X S A48 R R
LRSI o 1 AR BT 23 3] B 70,90 120 g, CO, FE%
JE 143 1% R 7.5.9.5.11.5 MPa, It GE F 5 8 43 5]
B01.9.2.6.3.4 mm. it 5E 7 Q235 89, Jaii ik 5 FE Ay
235 MPa, HiLhi5m &k 375~460 MPa,

RSB GE T AR R T IE SRS, T b ik f 75t
SR I AN B S A, T ELRE X R
PRIEATEE A HUARR IR, A TF AR I, 53 T
9 2350 100, FARINER 1 R

F=1 BEERETR

Tab. 1 Cavity pressure test conditions

T AR CO, 7% o, e HHRE
Jiii/g Jiii/kg JEJ/MPa JEE/mm
1 70 0.385 7.5 1.9
2 70 0.438 9.5 34
3 70 0.461 11.5 2.6
4 90 0.387 7.5 34
5 90 0.431 9.5 2.6
6 90 0.467 11.5 1.9
7 120 0.390 7.5 2.6
8 120 0.436 9.5 1.9
9 120 0.464 11.5 34

23 RESE

B, 1 MR T AL B AR L Y T RE A TR KT

AT, 58 LA O L8, R T S A 5
W B R G RS LA BB | e e e U
AR e R 2 RS N B W Bt Bk 4T
TR R G0 PR, PR UFAL B b TR TR
Pt F BT R T8 CO, Tl BRI, Fe3E5E AL,
Je PR PR B T LIS 3 CO, By e ke i i s Bl
P B AR e T e 248 L B R e g
e  BEEE R ERIES, AR ERG I
REBGYE R 5 I LR BRI R J5 200 .
24 RWLER

TR T 94N R] T T By B e ik, 3L
e 55 1 2H U DR 28 B Il B e ke S CO, it L AR BB
IERWOR s Hoax 8 i 45 AR i 2 s .

Fz2 REWER
Tab. 2 Test results

T R ke MR BE( frgE Ik
Fik/g JEJi/MPa JEE/mm JEJ)/MPa Bf[a]/ms H}[E]/ms
2 70 9.5 3.4 13376 3511 2048
3 70 115 26 10333 47.86  35.57
4 90 7.5 3.4 13591 2581 1149
5 90 9.5 2.6 106.60 3350 1853
6 90 11.5 1.9 77.64 2045  8.08
7 120 7.5 2.6 11249 2219  7.42
8 120 9.5 1.9 7869 1320  8.16
9 120 11.5 3.4 140.94 4413 32.08
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fracturing tube

32 AEEZXIEEE N RFAEREIF N
32,1 RREBREMEMEEH 0

F A 23 B4, 38 3 Pearson AH 56 2 $UR AT I
(B F143 3 S5 I AR R i L CO, o i i ke R
3ANIE 2R Z ] A AH G 56 2R 15 55 1, 0 25 M KO a B

0.01 HHAR M R BN 3 PR
®3 IBEENSEEREXAY
Tab.3 Correlation coefficients between peak pressure
and influencing factors

T CO, TR ARN (RS
Jhite/g fH/kg JEE/mm  MPa

AL /g 1.000
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WHRE AR /mm 0.014
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Fig. 5 Distribution of peak pressure and the thickness of
energy release plate
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Fig. 6 Distribution of peak pressure vs. activator qual-
ity and CO, filling pressure
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Pressure Release Characteristics of Fracturing Tube in Supercritical CO,
Phase-transition Fracturing Technology
ABI Erdi ', WU Fayou', LIU Mingwei'", ZHANG Jie', ZENG Qifu', JIANG Mingjing’, HU Zunrong', LI Peilun'

(1.National Inland Waterway Improvement Engineering Research Center, Chongqing Jiaotong University, Chongqing 400074, China;
2.School of Civil Engineering, Suzhou University of Science and Technology, Suzhou 215009, China)
Abstract:

Objective As the core components responsible for energy release in supercritical CO, phase transition fracturing, the fracturing tube faces chal-
lenges related to successful activation and the calculation of the pressure generated after activation. Successful activation of the fracturing tube is
essential for effective energy release. After activation, the magnitude of the generated pressure is a key factor for evaluating the fracturing effect.
The depressurization characteristics of the fracturing tube are mainly influenced by the activator quality, CO, filling pressure, and energy release
plate thickness. Current research primarily focuses on qualitative analyses of influencing factors, and no unified expression exists for calculating
the peak pressure in the fracturing tube. Therefore, further investigation of the energy release characteristics of the fracturing tube is crucial for
improving the efficiency and safety of supercritical CO, phase transition fracturing.

Methods An independently built experimental system was utilized to conduct cavity pressure tests under different activator qualityes (70, 90, and
120 g), CO, filling pressures (7.5, 9.5, and 11.5 MPa), and energy release plate thicknesses (1.9, 2.6, and 3.4 mm) to determine the dynamic pres-
sure response inside the fracturing tube. Correlation analysis methods were utilized to examine the relationships among activator qualityquality,
CO, filling pressure, energy release plate thickness, and peak pressure inside the fracturing tube. The effects of these parameters on the pressure
rise time inside the fracturing tube were analyzed based on the pressure-volume-temperature characteristics of the gas. The calculation method for
peak pressure was discussed in conjunction with the stress state and failure mode of the energy release plate. A quantified method for determining
activator quality, CO, filling pressure, and energy release plate thickness was proposed by comparing and analyzing the experimental results of
this study with existing results reported in the literature.

Results and Discussions Under different experimental conditions, the peak pressure inside the fracturing tube ranged from 77.64 to 140.94 MPa,
the pressure rise time ranged from 7 to 36 ms, and the time required for pressure decay from the peak value to atmospheric pressure was relatively
short, ranging from 5 to 15 ms. The analysis indicated that the loading rate during supercritical CO, phase transition fracturing for rock fracturing
was approximately 10* MPa/s. The pressure response curve inside the fracturing tube consisted of a pressure rise stage before reaching the peak
pressure and a release stage after the peak pressure. During the pressure rise stage, the pressure inside the fracturing tube initially increases slowly

and then surges linearly with time. During the release stage, the pressure inside the fracturing tube initially drops rapidly and then gradually de-



354 TRER2ESH AR 55 58 4

creases to atmospheric pressure over time. The correlation between peak pressure and both activator quality and CO, filling pressure was weak,
whereas a strong correlation existed between peak pressure and energy release plate thickness. When the activator quality and energy release plate
thickness were constant, higher initial CO, filling pressure resulted in a shorter pressure rise time and a greater final pressure increase. When CO,
filling pressure and energy release plate thickness were constant, faster activator combustion led to a shorter pressure rise time, while greater acti-
vator quality produced a higher pressure increase. Increasing energy release plate thickness resulted in higher peak pressure and longer pressure
rise time. The destruction pressure of the energy release plate calculated using the punching shear method exhibited the smallest error relative to
the experimental results, at 2.11%, whereas the welding flat cover method produced the largest error, at —190.12%, and the tensile failure methods
yielded errors of 18.87% and —19.75%, respectively. These discrepancies primarily resulted from differences in the applicable conditions of the
calculation methods. The dominant failure mode of the energy release plate was punching shear, indicating that the punching shear method better
represented actual conditions. Comparison of the experimental results of this study with existing literature demonstrated that, within the com-
monly used range of energy release plate thicknesses (1.9~6.0 mm), the CO, filling pressure ranged from 7.5 to 14.4 MPa, with an average value
of 10.18 MPa, while the K values mainly ranged from 150.0 to 258.0, with an average value of 203.5.

Conclusions The results indicate that the dynamic pressure response curve within the fracturing tube primarily consists of an exponential ascent
stage before peak pressure and a rapid release stage after peak pressure. The duration of pressure increase in the fracturing tube is jointly influ-
enced by the CO, filling pressure, activator quality, and energy release plate thickness. The pressure rising capacity is jointly controlled by the ac-
tivator quality and the CO, filling pressure, whereas the ultimate peak pressure is predominantly governed by the thickness of the energy release
plate. The maximum pressure during fracturing tube excitation can be characterized by the failure pressure of the energy release sheet calculated
using the punching shear failure formula. The initial CO, filling pressure in the fracturing tube should not be less than 7.5 MPa, and the activator
consumption coefficient K is recommended to be 200. These findings provide a theoretical basis for parameter optimization of supercritical CO,
phase transition fracturing technology and for the evaluation of rock-breaking effectiveness.

Key words: supercritical CO,; rock blasting; fracturing pipe; pressure release characteristics
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