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Abstract

Methane explosion brings huge property losses, casualties, environmental damage and social ad-
verse effects. There are many factors affecting methane explosions, among which ignition energy
is an important factor affecting methane explosion and its destructive characteristics. In order to
investigate the effect of ignition energy on the propagation performance of methane explosion,
fluent simulation software is used to simulate the propagation process of methane explosion in a
two-dimensional confined space and verify the results with previous experiments to obtain the
peak overpressure, temperature and flame propagation rate of methane explosion under different
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ignition energy conditions. The results of the study show that from weak ignition energy to strong
ignition energy, the flame propagation speed in the confined pipe increases, the peak overpres-
sure of the methane explosion increases, the temperature increases, and both the peak overpres-
sure and temperature are logarithmically related to the magnitude of the ignition energy.

Keywords

Methane Explosion, Ignition Energy, Numerical Simulation, Fluent

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 518

IAER, FEEMRI AT, SO R AN, AR SGE BT PG, (EARYE (IR
A TR ) AR R R N P R R OB E R BN RO TR LB R e . SRR
JRI R e, R IR ™ M R AR . DA, ASIR ARG AT TR AT 70T S
BRI RRR L SO e IO AT VF 2, L rp RO R e RN BRSO SR Y s e UEORT R e A
SEMABIAE = K7, B3E R TT i, R KT LA KBER/NA] [2] [3]s T K BER /0T e A 52 DU 5
NIz, BEE WA E AT T ORE TR BRI R AR . IR E, ST 4] [5] [615F 0TI 1 sk AER

K KGR R 2 IEAHDE, ARG 2ER/NEIE K . JUBEsR[9] [10] [11] [12]55 5250 R 78 R I A K g
EIGI, SRIEE VRN, BE R A IR 4R R, GR35 A T ANF
RUKBEFAT N FLITRNE Ml R SRR, IR KRB, AR NE S B A RR FERERIRI 2, 3 v AR M e
VAR R R, A AN G I G AL R RE TRk . 2812 [14] [15]5FSE50 0T T s KRBT FE ot
PRVEE S SO S EIHEZ M0, KT r KBRS & SH 7 2 AR5k B0 R 38 SCHE[16] [17] [18]
SERTCT FUHRIE JIARHIE S JBERRERZE, RILTER—E 2N, 58 KRR KOG RRE R LTS
KEEHIEZ K . S [19) 5 50UE T mi K RE BRI K IZITE R, FEa T AR KA R o« 2% 8 [20]
ESRIGUEI T M AUKRE E> LI B, OGBS BEZ HN: M RUKEE E < LI B, KHEK R K 2 5o R E .
Eckhoff [21]Wll5E T A& LT FeiR & AR /b s KigE . Vishwakarma [22]. Kindracki [23]. Bi [24]
BRI T AEH O BUK EETE S SR R PRI AE TR, BRDAIE AR O UK 208 BE T (1 e VR B

ELRNR, sSKBER M B BRI KGR SRR BRI S ) T R S R F [25] [26],
ESEI A ) A G FEAE TR R AR AR, SEUS KR SR THEAAEZ R . Fluent 4RI T Ak B0 2%
SRR, R A AR R e R TR . ik, AR Fluent BEARAS A i K BE 2614 N 2 14
EE N PR IE I FR[27] [28], FHor b HUGERRNE R HAE TR I R, BOAIE RN 56 5 AH G AT R, HHEE I AU R
REXT 7 FR e A3 0 DA B kD> FR B B s SR R 3 R AR I — B I 255 3

2. iHEE*
2.1 BRigEHE
BRI 2SR N B e R VA i B — AN A 2 S N R, N T RIS, e At R 2R B AR

DOI: 10.12677/me.2023.112025 195 i AR


https://doi.org/10.12677/me.2023.112025
http://creativecommons.org/licenses/by/4.0/

BT 55

TR, R RS (1) ERREEFME T Q) WK RIS, (3) Wk 5= RG],
WA SR R RS T (4) EIEABE TR AR WIVEBE R, A SN AERCHILE ;s (5) EEA
TFEDG o

22. WEFER

R RN, A SCAE RS AR A SRR 5108 FRpe e K R A S mime A 2, R v B U 1
Jikes shESFEIIRE. e SRR DR - P AR DY R DT RE[20], IR A (1)~(3)-

JRE S E TR
o\ pu.
ot OX;
B IE TR
o(pyu;) 9oy ou; o
(p I)+ ( ! ):_a_PJr_i He 1 _Eéij pk+uei (2)
ot OX; % 0X ox, ) 3 OX,
R &SP E
d(ph
ﬁ.Fi pu_h_u_ea_h :d_P+Sh (3)
ot o |7 o ) dt
121 o3P T HE
oYy, O u, oYy
Ly 2 puy,, —— =R 4
6’[ an (p fu N aXi J fu ( )

A FAR ik RFILE: p AR t ARTE: u NEET7 ) LR 7 x NS ARAR: e 2 RLIAE))
NEEG o5 N RTURF S PO g NEIIMGERL: h NESE: on NTIRIKEN SN e BN A R0
BIREEL Sy ORI Y AIREHI TR EG Ry AL RS

2.3. BAJLTHRE SHR XI5

A B C D E

Figure 1. Pipeline model
B 1 EERE

SN T AR RS UL B e 7 B PR N PRI AR, @ PR ),  DAELAR N 80 mm IR IE N
JEAY, K 2 my 8 0.08 m Y GERT AR AL, PR T AN A5, 43 52 AU A (0.1, 0.04).B (0.5, 0.04).
C (1.0,0.04). D (1.5,0.04). E (1.9,0.04), 44l 1 Fras(ABCDE 7 5 M ). AR ik BE/N T 100 md
PR p K BE, s KBERT 100 md RO HE 2K BE. R mesh AR A% K50 L mm, 43 51150 8 55 5K
B 5 a5 K BE P AR 2 1F T 1 R BE TR A SR EA T AL

DOI: 10.12677/me.2023.112025 196 i AR


https://doi.org/10.12677/me.2023.112025

(S

2.4. DREFBSIEEE
TERTTER S 24 7 B Ui I F e R MR I AR e 2, RIIa L4 A E R, HiEEEBEEANE.
IS R s K RERT B R YRR M OS2I, AR B B I aE 54 a0 1 s, ZRg S CO,
5 H,0 KI5z .

Table 1. Initial conditions

=1 st

ZH 1
Oy, 0.053
@, 0.021
TolK 273
Py/Mpa 0.101

R4 B R IR &SR B AR, JRERA R A B AN 4R 0.005 m R AUKIR, AT
KALE 9(0.04 m, 0.04 m)o EHF k-g MR, FTIFREE TR, TRMAHKRSECRA Il kg =, KRS
PRI A, I TRV B OAWERS, AL R KA 0.00005 s, 5% 8000. RS, WnH kS
AR BAE R e BRI AR TR R 2 R (8] =) 5% (B) 7= 4, TR R ) methane-air-2step (7 20 462 | M,
I PISO 5ik 54 FRARF G B e e i R AT Bl 5

3. RUGERMBAES T34
3.1. BB RAMIE
RIS, AR B L KB 10 SRIEAT FPGEARAE O B, BERLA SR 2 B .

3500
3000
2500

4 2000

ng
1500
1000

500

0.00 0.05 0.10 0.15 0.20 0.25 8 00 0.05 0. 10 0.15 0. 20 0.25
I 1a] /5 i A] /5
@) E (b) #E

Figure 2. Methane explosion simulation results for E=1J
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Figure 3. Methane explosion flame propagation diagram
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Figure 4. Methane explosion temperature under different ignition conditions
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Figure 5. Maximum temperature of methane explosion under different ignition conditions
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Figure 6. Methane explosion overpressure under different ignition conditions
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Figure 7. Peak overpressure of methane explosion under different ignition conditions
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Figure 8. Flame propagation speed under different ignition energy conditions
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