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Fig. 1 Experimental device
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Table 1 Experimental conditions

Case CO, pressure/MPa Porosity/PPI Case CO, pressure/MPa Porosity/PPI
1 0 10 6 0.2 40
2 0 20 7 0.4 10
3 0 40 8 0.4 20
4 0.2 10 9 0.4 40
5 0.2 20
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Fig.2 Changes of the flame structure at 0 MPa

10 ms 10 ms 10 ms

20 ms 20 ms 20 ms

30 ms 30 ms 25 ms

%

35 ms — 35 ms 30 ms

40 ms 40 ms 35 ms
45 ms 45 ms 40 ms

50 ms 50 ms

45 ms

55 ms 50 ms

i
’..?:(} “65ms ‘ : " 70'ms
(a) 10 PPI (b) 20 PPI (c) 40 PPI

&3 0.2 MPa B kL5 A9 AE 1L
Fig. 3 Changes of the flame structure at 0.2 MPa
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Fig. 4 Changes of the flame structure at 0.4 MPa
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Fig. 5 Velocity curves of flame front

TEZALABHLIREE S 10 PPLEY TBL R, AHEL T TG CO,, MIABE U J1 24 0.2 #1 0.4 MPa ) CO, i, K
K4 T2 W /1, DA 30.71 mi/s 43 50/ 8] 28.27 11 26.52 mi/s, FEWAAM 3 7.9% F 13.64%:; 75 £ LAY
BEFLBREE 7 20 PPT Y TR, M 3R W E I 25.30 m/s 43 10/ 5] 24.66 F 23.57 m/s, 088435
2.53% Fl1 6.84%:; SR 1M, 76 Z AL RLFLEREE Ay 40 PPL A T80 K, KOHE 8 3 WA P AN Dl Sz 388, 4 3 38 0 {1 DA
14.23 m/s 43 3G N3 17.04 F118.01 m/s, B Z8 5351 R 19.75% il 26.49%, X S B T K A 15 486 21 et =K Fh
A, KR /N T AR 1A, AR DRI A A TG ) T S, SO O g
23 BIE8E

Bl 6 R AR 00 TR AR f i 2k, Jorh: p, Ron 4518 L B e i KE s S B I, p, 24538 T il
FHGESRKE S S . XTI 6 wp 8 TR W (B R A5 5 b 20 T2 7 Z2FL A RHFLBR BE R 10 #1120 PPT () T30 T,
F N R R A A SR I, S B 2 B R A TR 2 FLMORHL B BE S 40 PPL Y AL F, R
AN T DA A, LU (I JROMRT T I, 32 by 48 BE 00N A R VAR A K M, DT A 4850 U 1 4 e
Z LA RHLBREE S 10 1 20 PP B : 7E55 1 AN He WA 1 B2 0, i TALBREE BN, 2Lk 78 25 AR
BEASY, B T R e KA R E AL R AR TR I 2R, PVC R R A i Y, R K T IR R
i, R R 5 B I AT TR BE B B, K A BR e TR AR K, R b TR R R, 8 A R PR b
Th, 205 2 AR IEE; BiJS, BAber= P i ik 5 B0 & T 9, 768 f 5 il e Oy SE [Esg ma w0
S5 H S I FEE I N E S M BUR, IR R WK ERE T .

015201-5



%38 4 FTFAEAE . CO,-ZALAPRII RN FH ek AR 51

80 [P 7615 kPa —— 10 PPI, p, 80 —— 10 PPL p,
S P, 67.13 kPa 20 PPI, p, P» 6091 kPa p» 60.05 kPa 20 PPL p,
60 [-ps 52.79KkPa  \% _—p,, 5525 kPa ——40 PPL, p, 60 -p 47‘95‘“,21‘ Py, 51.56 kPa ——40 PP, p,
- 10 PPIL, p, 40 - 10 PPIL, p,
£ pu 2198 kPa 20 PP, p, g - 20 PPL, p,
< 0k T 40 PPI, p, 5 20 - 40 PPI, p,
5 2 ,
L U Z2 BN e i 8 0K N\ et g
g e, g
O> =20 5 -20
-40 -40
-60 & 60
780 1 1 1 1 1 1 1 1 780 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
Time/ms Time/ms
(a) 0 MPa (b) 0.2 MPa
80 —— 10 PPL p,
P> 5638 kPa 20 PPL p,
60 . 46.92 KPa NP1 5542 kPa 40 PPL p,
1, 48.89 kPa
w0l -- 10 PPL, p,
s 92, 20.73 kPa ] -- 20 PP, p,
5 20 S aad -- 40 PPI, p,
2
g 0
5
-2
5 0
40
760 L
—80 1 1 1 1 1 1

0 20 40 60

K7 7R T 4% 0T KR K 0 A XF b 45

B, R 2PN T & T 00N B 1R R (A % CO,
W55 H I 0 MPa B8 R W A 0% . AT LR
L 2 CO, BIBESE 1R 0 MPa I, 78 22 FLA RHL
B EE 43512 10, 20, 40 PPI A T80 K, b i 8 s 0
{8 Py peac 779K 6713, 5525, 15.90 kPa, Fiif#
WE(H p, e 77 3R 76.15. 52.79, 21.98 kPa; 24 CO,
H TS T8 0.2 MPa B, 78 ZFL AT RHL B 7351
10, 20, 40 PPI {9 T30 T, I Ui A e 0 {5403 Ky
60.05. 51.56, 9.00, #H Lt 7> CO, Wi < % 714 0 MPa
I B E U8 T 10.54% ., 6.68% F1 43.40%, T i

W B 43 91 60.91., 47.95, 20.11 kPa, #H L T
CO, WS JE J1 4 0 MPa A 43 51 5 20.96%., 9.17%

1
80 100
Time/ms

(c) 0.4 MPa
K6 4 TO0 T KRR AR b i 2k

Fig. 6 Explosion overpressure curve under different conditions
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Table 2 Peak overpressure under each working condition and the attenuation rate of peak overpressure

Peak explosion pressure/kPa Attenuation rate/%
CO, pressure/MPa Porosity/PPI

P1peax P2peak Pipeax P2peax

10 67.13 76.15

0 20 55.25 52.79

40 15.90 21.98
10 60.05 60.91 10.54 20.96
0.2 20 51.56 47.95 6.68 9.17
40 9.00 20.11 43.40 8.51
10 55.42 56.38 17.44 25.96
0.4 20 48.89 46.92 11.51 11.12
40 7.50 20.73 52.83 5.69
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Co-Inhibition of Methane Explosion by CO,-Porous Materials
XIANG Kaijun', DUAN Yulong*’, HE Guogin*’, HUANG Wei*’

(1. Hainan Tuolite Technology Co., Ltd., Haikou 570100, Hainan, China,
2. School of Safety Engineering, Chongqing University of Science and Technology, Chongqing 401331, China;
3. Chongqing Key Laboratory of Oil and Gas Production Safety and Risk Control, Chongging 401331, China)

Abstract: In order to explore the influence of CO, and porous materials on methane explosion characteristics,

the 100 mmx100 mmx1000 mm explosion pipeline was independently designed. The influence of porosity

of different porous materials and CO, injection pressure on methane explosion flame structure, flame

propagation velocity and explosion overpressure were examined. The results show that: the porous material

has two opposite effects on flame wave attenuation and promotion. When the porosity of the porous material

is 10 and 20 PPI, it fails to resist the explosion, but when the porosity is 40 PPI, the explosion resistance is

evident. CO, jet pressure has a certain effect on explosion resistance. When the porous material is 10 and

20 PPI, the peak flame velocity decreases gradually with an increase in CO, jet pressure, the maximum

attenuation rate is 13.64%, and the maximum attenuation rate of the peak explosion overpressure is 52.83%.

According to the variations of flame velocity and pressure, the porosity of the porous material is 40 PPI, and

the CO, jet pressure is 0.4 MPa, the explosion suppression effect is the optimal.

Keywords: CO,; porous material; methane explosion; coordinated detonation suppression; porosity
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