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Research on evolution law of rock damage under CO, phase change impact

LI Haotian, ABI Erdi, HE Linlin, PU Yunjie, LIU Mingwei, HAN Yafeng
(National Engineering Research Center for Inland Waterway Regulation of Chongqing Jiaotong University, Key Laboratory of
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Abstract: [Purposes] CO, phase change fracturing technology has the advantages of
environmental protection, low risk, and easy control, and it is widely used in mineral mining,
engineering construction, and other fields. Exploring the evolution law of CO, phase change
fracturing-induced damage is of great significance for the selection of blasting construction
parameters. [ Methods] In response to the limitations of the damage model of equivalent explosives

to describe CO, phase change rock breaking process, the ideal gas state equation was used to
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describe the supercritical CO, phase change process. Combined with the Mises criterion, a
calculation model for rock damage radius under phase change was given. Based on LS-DYNA
software, a rock damage calculation model under phase change was established, and the evolution
law of rock damage under phase change was analyzed. Furthermore, the influence of parameters
such as the fracturing pressure and the type of fracturing tube on the evolution of rock damage was
analyzed. [Findings] The established model for calculating the rock damage radius under phase
change can effectively evaluate the damage range of rocks. Phase change impact causes radial
cracks in the rock, and CO, phase change gas is embedded in the cracks near the main crack. The
crack tip effect promotes the formation of denser circumferential cracks and smaller axial cracks in
the rock mass. According to numerical simulations, the range of crack zones generated by the type
85 fracturing tube is 0.42, 0.43, and 0.46 m, respectively, under fracturing pressures of 174,
250, and 290 MPa. The increase amplitude of crack length slows down with the increase in pipe
diameter. The average length of cracks generated by the three types of fracturing tubes including
type 51, type 85, and type 100 under a fracturing pressure of 290 MPa is 13.2%, 5.75%, and
1.41% higher than that under 174 MPa, respectively. When the fracturing pressure is 250 MPa,
the range of crack zones generated by the three types of fracturing tubes is 0.42, 0.43, and 0.47
m, respectively. Under the three fracturing pressures, the average crack length generated by the
type 100 fracturing tube increases by 14.2%, 11.1%, and 2.4% compared to that generated by the
type 51 fracturing tube. In addition, with the increase in the fracturing pressure and the diameter of
the fracturing tube, the main and circumferential cracks generated by phase change fracturing
increase, and the average crack length of the rock increases. [ Conclusions] The results can
provide a reference for damage control and technical parameter selection in CO, phase change
fracturing construction.

Key words: CO, phase change fracturing; equivalent explosive; damage radius; influencing

factor; crack size
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Fig.1 Calculation model and its boundary conditions

BRI R SF R 1.0 m(E42)x0.5 mm (JE) o fL
AR T O [E] 1A A 6], 43 531035 ok 34.00,
7.32.23.00.42.00 mm. AR LR ST TSR i
PER A3 B WIS o A PRAIE X B A T A R
F G2 0.6 mm. BRI S = A I
3981 176 N BATCAK K2 7 965 120 45 i . % B
AT 7 A8 25, AR A BRI i AL SR FH 8 o i SR
DAY BR300 8500 5%

22 HESERIR

CO, M AAFATBP =R Co, ¥ RM
MAT_NULL BAR SR RIS SR I S A5 7R
e U F B, DA ) B0 T AR AR i 1 15 3 A
el S8 R (2) BUE .

AHAS B BE T 51/ 8571 100 I = F 7l |
)RR R B M 5.8.8.3.9.6 mm, AL A7 Ky
A FERD A 0 FAR R R LS-DYNA B4 F 7 () 3
IAPEAELTY , SERESHILER L, S AYHSE
L2, Bl 5 Co, M AR B ny Bk T 0L 2 4L
W23,

F1 RAHATAHK

Table 1 Parameters of different fracturing tubes

o5 B | BT | ek WEAERY | 2 co,
K /mm | SME/mm | H%/mm | (107 m*) Fitt/g
517 | 1000 51 23 5.8 900
85 1 938 83 34 15.7 1 400
100 % | 1520 95 42 42.1 3500

K2 HEWEEK

Table 2 Physical parameters of sandstone

R A VA, YUESRJE | Prpism s/
(kg-m™) MPa - MPa MPa
2600 8 031.6 03 150 5

R3I RBBERCOMEHIXIE TR
Table 3 Working conditions of supercritical CO, phase

change fracturing test

T éﬂf%ﬂ% é;f;)j)# ﬁ%}fh/

227 7/ /mm a
GK1 85 1 5.8 174
GK2 85 7l 8.3 250
GK3 85 7 9.6 290
GK4 5171 8.3 250
GKS5 85 7 8.3 250
GK6 100 %4 8.3 250
GK7 AR ME 2
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Fig. 10  Variation of number of main cracks with fracturing

pressure under different pipe diameters
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types of fracturing methods during formation of crushing zone
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