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Fig.1 Schematic diagram of supercritical CO; gas explosion device
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Fig. 2 Schematic diagram of two-hole nozzle
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Fig. 3 Physical map of two-hole nozzle Fig. 4 Physical map of impact test piece
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Fig. 5 Assembly diagram of gas explosion nozzle Fig. 6 Gas explosion scene
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Fig.7 Time history curve of impact stress change at Fig. 8 Time history curve of impact stress change under

initial pressure of 14MPa and initial temperature of 40°C different temperatures at initial pressure of 14MPa
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Fig. 9 Time history curve of impact stress change

under different pressures at initial temperature of 40°C
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Fig. 11 Relational diagram between peak value of impact stress and initial pressure and initial temperature

3 it

I B F BTG R CO, AR50 58 G0 MBS SR AR 26 B, X0 A0 aek R o X R XSG L 1 5 114 48 2
SARAE N [R)0 1 W B R 46 0 T 7 A 0 b R ) AR A A R AT SE B B S AR AR 508

(1) X B ORUME FL W St 1 8 A A e o 17 7 75 Ak 6 13 7 7 008 L 7 JRl s R 17 0 0 — A B B
P I 7 R R AR Ak 4 2 Ik i O il 2 KR AE et B T e g R 5 1 ) K S s (R]

(2) ks I 7 B0 G Y N0 G s T 6 38 R TG RS L R0 e e 0 A A T | RS Y AR b i R g AR Ak LA
IR EE AR AL W 3G ORI SRS CO, M) i i 7 4 i 08 b s 0 0 P T 48 i I S CO, Y91 16 TR
JE Ay fd v ek T B W AR g L AT AR S R S I AR TR T

(3) i W S IEE P SPIHIREE T MWGET P BRI 2 Pow=aT+bP+C,

o
L1 FUFEHRG. RS 40050 AE b ARl A TR BL ST 42 v W i FHER ZE (). WL B T 2% B “# ik, 2018, 34(6):48—49 (KONG

Xiangrui. Application of fine blasting in excavation of hard rock deep foundation pit in subway[J]. Journal of
Hubei Polytechnic University, 2018, 34(6):48—49 (in Chinese))
[2] Pk, M€, W, % B TR R 2273 0T]. 3Rk, 2018, 7(7):189—190 (LUO Fuyou.

ZHOU Haocang, Tao Ming, et al. Classification and safety evaluation method of blasting engineering[ J]. Modern



700

Lo (2020 H) 58 35 %

[3]

[4]

[5]

£6]

L7]

[8]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Mining., 2018, 7(7):189—190 (in Chinese))

E&, R, BRUE . . EARA T RIS A B T ORI b TR, 2016(s2):908— 911
(WANG Lei, SU Qiang, OU Mingqi, et al. Construction technology of rock blasting of deep foundation
excavation in complex environment[J]. Construction Technology. 2016(s2):908—911 (in Chinese))

INATI L SRR, B, 5. BIRA CO, MR SR MABRIBT R LT]. hEG LK%, 2017, 46(3):
501—502 (SUN Keming, XIN Linwei, WANG Tingting, et al. Simulation research on law of coal fracture caused
by supercritical CO; explosion[]J]. Journal of China University of Mining & Technology. 2017, 46(3):501—502
(in Chinese))

INATEH . SRR, S, S RN AT RIG R CO. SR BAMAB IR a5 nhd. 2018, 37(12):
232—233 (SUN Keming, XIN Linwei, WU Di, et al. Simulation of fracture law of supercritical CO. explosion
under initial stress condition[J]. Journal of Vibration and Shock, 2018, 37(12):232—233 (in Chinese))

INATWT, SRR AR, R, 45 GBI R CO, AUBMR AP ST R T [T, B 4E 5 vhiki . 2018, 38(2):302—303
(SUN Keming, XIN Linwei, WU Di, et al. Fracture mechanism of coal caused by supercritical carbon dioxide
explosion[ ] ]. Explosion and Shock Waves, 2018, 38(2):302—303 (in Chinese))

Fr, ABRKREEMRZEREMNAMERBOIEID]. B O7 TREARKS, 2015:1—7 (LI Yun. The
numerical simulation research on the law of improving the permeability of low permeability coal seam by air
blasting[ D]. Fuxin: Liaoning Technical University, 2015:1—7 (in Chinese))

PNETIT, SERAR, SRR, 45, G S CO. AURBBURA LT E[ 1], hEZ 24 R EOR, 2016, 12(7) .27
—28 (SUN Keming. XIN Linwei, ZHANG Shucui, et al. Experimental study on laws of crack caused by gas
burst of supercritical carbon dioxide[ J]. Journal of Safety Science and Technology, 2016, 12(7);27 — 28 (in
Chinese))

PAATI . ZEREF . E AT AF. OGS CO. AT IR I AL AR AT 52 [T ], 9C8eJ12# . 2017, 32(1) 94—
95 (SUN Keming, LI Tianshu, XIN Linwei, et al. Experimental study of coal swelling deformation under
supercritical carbon dioxide action[]J]. Journal of Experimental Mechanics, 2017, 32(1):94—95 (in Chinese))
VAT, ALWE, SRBIR, S5 GBI SR CO. TRMMB EMIZH B WM AR SLRBIIRELI]. S8 JI1%, 2013, 28(1):117
—120 (SUN Keming, REN Shuo, ZHANG Shucui, et al. Experimental study of supercritical carbon dioxide
seepage flow in low permeability coal seam[J]. Journal of Experimental Mechanics, 2013, 28(1):117 —120 (in
Chinese))

EALH . PVATEE. I S CO, MERR BEBOI A 518 i3 AL A S F 58 [T, 5238 )%, 2017, 32(3):397—
406 (YUE Lixin, SUN Keming. Experimental study of coal microstructure and permeablility variation after of
supercritical CO, penetration[J]. Journal of Experimental Mechanics, 2017, 32(3):397—406 (in Chinese))
Quinn W R, Militzer J. Effects of nonparallel exit flow on round turbulent free jet international[J]. Heat and
Fluid Flow. 1989, 10(2).:375—383.

Khan M E H, Geskin E S. A Numerical investigation of turbulent behaviors of water flow inside nozzle[ C]. Proc
7th US Water Jet Conference, Seattle, Washington, 1993:273—285.

Katsuya Y, Masao N, Kensaku E. Water jet cavitation performance of submerged horn shaped nozzles| D]. Osaka
Prefectural Technical College, 2004:92—107.

Schadow K C, Gutrnark E, Parr D M, et al. Selective control of flow coherence in triangular jets[ J]. Experiments
in Fluids, 1988, 6:129—135.

FEFME, FARE, R, & RIG R S AL W b K S ECE LT, Al AR, 2014, 35(4):756—
769 (CHEN Yuxiong, LI Gensheng, SHEN Zhonghou, et al. Impact pressure and parametric sensitivity analysis
of supercritical CO; jet[J]. Acta Petrolei Sinica, 2014, 35(4):756—769 (in Chinese))

FEI, ERGH, G0, A ORIG R A ARG A I L], EA R . 2012, 36(4):93—96 (DU
Yukun, WANG Ruihe, NI Hongjian, et al. Rock-breaking experiment with supercritical carbon dioxide jet[ J].
Journal of Safety Science and Technology, 2012, 36(4):93—96 (in Chinese))

XUk, AEME AR, FE. DU S A AR K o g v R > B 5 S AT LT ). MLRRRE S S R 2017, 36(12) 11817 —
1821 (DENG Rong. LI Xiangdong. FENG Bo. et al. Numerical analysis and experimental research of a dual

chamber self-excited oscillation pulsed jet nozzle [J]. Mechanical Science and Technology for Aerospace



a4l PIVFT TS . AN TR R IG F CO. A MEFL il 0 7 722 fb LA 2 4R AT Y 701

Engineering, 2017, 36(12):1817—1821 (in Chinese))

Experimental study on variation rules of impact stress for
the supercritical CO; explosion nozzle at different

temperatures and pressures

SUN Ke-ming"?, ZHOU Hang®, XIE Meng®, JI Hong-jie’, CHEN Shuai’
(1. School of Science, Qingdao University of Technology, Qingdao 266520, Shandong, China; 2. School of Mechanics and Engineering,

Liaoning Technical University, Fuxin 123000, Liaoning, China)

Abstract: In order to study the variation rules of impact stress on the object from the explosive gas
injected by the gas detonation tube during the supercritical CO, explosion under different temperature
and pressure conditions, we have designed the supercritical CO; explosion experimental system and
the data acquisition unit independently. The results show that the variation rules of impact stress of
the explosive gas injected by the symmetric double nozzle under different initial temperatures and
pressures can be obtained. The variation of impact stress on the explosive object generated by the
explosive gas from nozzle undergoes the stress surge, stress drop and stress deceleration processes.
The impact stress time history curve is characterized by a pulse waveform, and the duration of the
impact stress deceleration process is greater than that of the stress surge process. The impact stress
increases with the increase of the initial temperature and the initial pressure. The influence of the
initial pressure change on the explosive impact stress is more obvious than that of the initial
temperature change. Increasing the initial pressure of supercritical CO; is better than increasing the
initial temperature to increase the gas explosion impact stress. The relationship between the peak
value of the impact stress P,,, and the initial temperature T and the initial pressure P can be given as
Prw=aT+bP+C.

Keywords: supercritical CO. explosion; explosive gas; impact stress; nozzle



