iary means. It calculates that the expansion friction angle of the mechanical stop was 30°
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proved and the wide application of carbon dioxide fracturer in gas drainage was ensured.
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Abstract: Based on the fly tube problem of carbon dioxide fracturer during blasting the change law of pressure inside crack and hole me—
chanics were analyzed and the main factors of fly tube were discussed. The results showed that in order to determine the pressure value of
high pressure and high speed gas in the instant of blasting the pressure value in the tube that is the most direct cause of the phenomenon
of flying tube is accurately determined by the pressure measurement system which mean value was 185 MPa. At the same time the influ—
ence of area and direction of vent hole on the flying tube was also analyzed. Through the calculation of stress and three—dimensional fluid
simulation three kinds of anti—flying means were put forward. The length of the sealing material was calculated as the conventional auxil—
and the angle of inclination of the vent was 75°

which were arranged from top to bottom and two radial symmetry. To a great extent the blasting effect of carbon dioxide fracturer was im—

Key words: fly tube of fracture; change law of pressure inside fracture; discharge pressure; sealing hole to stop flying; mechanical stop;



2020 (S1)

1.1

1.2

PV'=C (1)
P Pa: V m’; g
1 C o
2 N ;
15
2
2.1
16
~ ~ ¢57 mm
1 2 o
MIGES T1 HHR

S

Je i At it I 02 20

{’ B AT A
B R RS

1

Fig.1 Layout diagram of pressure release test system

Fig.2 Equipment connection for pressure release test system

¢57 mm- 1 m. 3 mm

10 MPa
135



2020 (S1)

130.150.180 ¢ 3
1. 3 o
1
Table 1 Experimental record of explosive

pressure measurement

/

/m
/mm /g /kg MPa
1 3 130 0.93 181.31
— 3 150 0.96 187.41
0.057 3 180 0.95 186.50
221,762 [ 7~
CH2
CH3 &
CH4 &
CHS O
CH6 @
CH7 O
CHS8
CH9 @
CHI0O O
CHI1 =
CHI2 @
CHI3
CHI4 &
SHH=
-58.238 ! ! ! ! | &
6.30 6.34 6.38 6.42 6.46 6.50
i a)/s
3 150 g

Fig.3 Blasting pressure curve for heating material dosage 150 g
3 mm

185 MPa.

185 MPa

2.2

2.3

136

24

3.1

17-19

90°



2020 (S1)

4 o
I e |
R F 7 F
T P i
________ o —-R |

lG
4

P. G
( ) R
% d*P+F-R=ma (2)
m= wd’ Lp/4
R=md( L-X) AfP " L
X P VA
20 A=pg /(1 =) s f yd
F

F=PS S=md /4 d,

d F
L=X+—+
4\f  wdAfP

X

3.2

1 2 3 4 5 6
| |
R
— 2 3— J4— 5— 6—
5
Fig.5 Mechanical stop device
M=lan o (4)
45
0.57 (4) a  29.683°
30° 30°
3.3
6
180° 4
2N |
i
0
| !
‘ i
: %// .
ek ke lkgen
6
Fig.6  Energy relief valve
4
7 o
Solidworks 45
Q345 Flow Simulation
4
3 mm
185 MPa

137



138

2020 (SI) 48
- 185 MPa 4
\ b o
/ 185 MPa 4
4 o 8
7 o
Fig.7 Oblique energy relief valve
[ =@m HEO WEV EA0) BOW)  BEIH) - & x
G A BOR e T
i i i i bR 1B
Wocrai s 1sesvse-oismea [N EEETG0 ] 5.59184c-0.40 MPa a7k
GG #01E2 186395e-038MPa (LIRS (IT=60) | 5.59184c-0.40 MPa b 5 4k
Wocrsin siEs 186395038 MPa [0 CUEL(TSG0) ] 5.59184c-0.40 MPa 7 hHE
oG s 1.863950-038 MPa D EEEGTG0) 5.59184c-040MPa O TEHRAE
WG BEL 185 MPa [ EEE 60 1.85c-006 MPa HaEEHE
185 Ha xR (A BRI EEIRCRED)
160
140
120
100
80
60
40
i AR
7.20921e-046 0 >0 0 0 @)
8
Fig.8 Calculation and analysis results
4) 3 .
PV=nRT (5)
P vV in i R
T o
a 4 o
( References) :
4R, P,cos a=P,mR,, (6)
. : 2011 30(4):
a=75° J (4)
508-512.
4 LIU Shenggui HE Xiaohei LI Hui. Production mechanism and
control measures of coal powder in coalbed methane horizontal well
1) J .Journal of Liaoning Technical University: Natural Science
2011 30(4):508-512.
J. 2014 42(6) : 122-125.
° LI Rui WANG Shengwei CHEN Lichao et al.Coal powder output
2) dynamic variation and influence factors during coalbed methane
drainage J . Coal Science and Technology 2014 42( 6): 122-
1 ke 125.
185 MPa T
2009 6( 4) ; 34-37.
° LIU Yinghong LIU Qiang LIU Chunyan et al.Study on CBM
ocking removal experiment J . China Coalbed Methane
3) blocki I experiment | . China Coalbed Methane 2009

6(4) :34-37.



2020 (S1)

Co,

] : 2015 34( 1) :
1-5.
WANG Zhaofeng SUN Xiaoming LU Tingkan et al. Experiment
research on strengthening gas drainage effect with fracturing tech—
nique by liquid CO, phase transition J . Journal of Henan Poly—
technic University: Natural Science 2015 34( 1) : 1-5.

Co, J. 2013

44(12) : 76-81.
ZHAO Lipeng. Technology of liquid carbon dioxide deep hole blas—
ting enhancing permeability in coal seam ] . Safety in Coal

Mines 2013 44( 12) : 76-81.

J. 2017 45(6) :67-72.
HE Chao. Gas control of low gas permeability seam based on deep
borehole fracturing and permeability improved technology with car—
bon dioxide J . Coal Science and Technology 2017 45( 6) : 67—
72.

2015 43(2) : 80-83.
HUO Zhonggang. New technology of carbon dioxide fracturer
applied to deep borehole pre—cracking blasting for seam permeabil—
ity improvement J . Coal Science and Technology 2015 43( 2) :
80-83.

2015 34(8):123-124.
HUANG Yuanyue YIN Lanlan NI Hao et al. Development and
application of carbon dioxide fracturing device J . Coal Technolo—

gy 2015 34(8) : 123-124.

- I 2015 36( 8) : 2419-2425.
YAN Chenzeng SUN Guanhua ZHENG Hong e al.Simulation of
explosive gas—driven rock fracture by FEM/DEM J . Rock and
Soil Mechanics 2015 36( 8) : 2419-2425.

J. 2006 28( 4) : 460-463.
LI Ning CHEN Lijing ZHANG Ping. Dynamic analysis for frac—
turing progress by detonation gas J . Chinese Journal of Rock
Mechanics and Engineering 2006 28( 4) : 460-463.
SWOBODA G. I
1994 13( 4) : 357-364.
LI Ning SWOBODA G. A numerical model for blast load and its

application J . Chinese Journal of Rock Mechanics and Engi—

20

neering 1994 13(4) : 357-364.

J. 2011 ( 11) : 65-68.
YANG Xiaolin SUN Bo CHU Huaibao. Analysis on effect of
detonation gas in the process of coal blasting J . Metal Mine

2011 (11) : 65-68.

] 2008 40(2):16-22.
LI Wei. Advancement of study on numerical analysis and simula—
tion of rock crack growth under action of gas generated by explo—
sion J . Engineering Construction 2008 40( 2) : 16-22.

J.

1990 15(1) :73-82.
LING Weiming YANG Yongqi. Effect of explosion gas on smooth
blasting J .Journal of China Coal Society 1990 15( 1) :73-82.

J . 2011 34(6) :75-80.
ZHAO Xintao LIU Dongyan CHENG Guihai. Analysis of
blasting gas mechanism and rock crack growth J . Journal of

Chongging University 2011 34( 6) : 75-80.

2011 24(9) :21-24.

I 2011 42(6) :4-6.

WANG Shengcheng PANG Yeqing ZHANG Yunfeng. Research
and application of borehole grouting sealing under pressure tech—
nology J . Safety in Coal Mines 2011 42( 6) : 4-6.

J .
2015 24(9):10-12.
CHENG Chunyang. Deep hole pre —splitting joint sealing holes
blasting technology research J . Safety in Coal Mines 2015 24
(9):10-12.

2014 45( 11) : 72-73.
LIU Sijia WANG Zhiya ZHAO Rongkuo. Study on deep—hole
pre—splitting blasting hole sealing technique J . Safety in Coal
Mines 2014 45( 11) : 72-73.

2011 33(7):785-789.
GUO Deyong YANG Xiong SHAN Zhiyong. Sealing technology
of coal bed deep—hole cumulative blasting J . Journal of Univer—

sity of Science and Technology Beijing 2011 33( 7) : 785-789.

139



