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Numerical Simulation of the Effect of Ignition Position
on Methane/Air Premix Explosion Characteristics

WANG Jin-gui ,LIANG Zhi-xing ,HU Qiang-qiang ,ZHU Hang-qin ,HU Chao ,WEI Lin-hui
(College of Environment and Safety Engineering, Fuzhou University , Fuzhou 350116, China)

Abstract; The explosion of premixed gas in a closed vessel is very complicated. In order to study the effect of ig-
nition position on the explosion characteristics of methane/air premixed gas,the central ignition explosion experiment
with 10 vol. % methane concentration in a 1 m® closed spherical explosive vessel was carried out under an initial
pressure of 101 kPa and an initial temperature of 300 K. Besides, the effect of different ignition positions( center igni-
tion,0. 5R ignition, R ignition) on the explosion characteristics of methane/air premix in the vessel was studied by
LES turbulence model and Zimont combustion model of the Fluent numerical simulation software. It includes flame
structure evolution , explosion temperature , explosion pressure and explosion pressure rise rate. The results show that
the flame expands around until the wall and profile of the vessel gradually change from the initial “left thin and right
thick” to the “left raised sharp angle” and gradually stretch from the “circular arc” to the “sharp shape” to the left

when the flame is ignited at the center,0.5R and R. And then, there is a temperature gradient in the temperature
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field at different ignition positions. The heating law is continuously released from the energy of the ignition center,and

the temperature continuously accumulates and rises. Furthermore ,the variation trend of explosion pressure under dif-

ferent ignition positions is basically the same. The final maximum explosion pressure is stable at about 766 kPa due to

the wall insulation. Finally, the rise rate of the maximum explosion pressure in the center ignition is the highest,

which is 94.5% and 141.8% higher than that in 0. 5R ignition and R ignition, respectively.
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Schematic diagram of the explosion experiment system

Fig. 1

1 m’® B HBRE 2525 S AN 2 (a) 7, k55
PR e ) AT AL , BRAE K A 2 i i S PN 359 22
FA BARON 250 mm JREJE Ny SO mm {15 W] 47 S B
LA, R B AL (HX-3E) LL 2000 Hz (95510
AN KIGEAL RS LR RERSH

........

ignition position; methane/air premixed gas; flame front; large eddy simulation; hermetically

A S RRADUGS A PN AR AR K ™ A R TRLE A
TR R A A A U B R, o )
SRR IR A, TR AR o Dai 25 Zhang 5575 201
BRI 25 A L A rh o0 A BE T KR AR U S
PR E T RE I AT O B i 2 R R 7
JRE 22 B K, DRI B T A AR AR B 5 /N T
DRK

KA B AR M R B 22 4 v T
EIERA T, R ARG TR BN . J
T, 7ER AR (1 m®) BRIE 2585 A T W e/ 25
SR UASRNE S, IF 6 H] Fluent FAFHFTEA ]
SRR G/ 28 SR U R, A R
PR TR PR A

1 LHRGR = LR

e/ 23 SUBUHRMRAE S50 R GE 1m® 2 P BROE
HRNER G R AL MR RERL WAL
LS R ZRGFHRL, E 1FTR

ERG

SRS RILES WA

Ji BH 2R ) 2 B (ZXP660 ) [ A7 il i 5% X
(MR8847A) ¥ il 35 BRIE 18 1 25 45 B S B RS
SR S, — e SR AT ICEM CFD X JLfnf 457
PEATE AL RIS S 23, N 2(b) Bz

AR S B il AR BE S 109 1 FE b/ 28 < 0



188 5%

1% 2024 4E3 A

RAMR, LIRS R AR NTmE R
ZSIRAS, P S TR A R AR M R AR N R
JE S TG 2h 5, 4 HR T8 SR 0 20 1 G e A AR e i
K 10% 1 F ot/ 25 SR SR, B4 R T 3 B RS B
4 £0.01 kPa, it <58 UG #HE 10 min, DUIESK
RAWEI AR fili & DDS 155 K& L 2 [F)
R Sh B R A R 40, I o R 26 W #4875 e R
i o FEL TR O 5 A AR P A R KA 05 LR
15 kV, Sk AERE 290 500 m), AR SZIG I TERI IR R
7120 101 kPa, WIERIEE Ry 300 K [ IREE T E4T, 5
KBS FEIE ARG, B HZ THOT R 3 Wl R
SRy, I I A S A B B AR Y T S

(b)
B2 1 m' BHERI RS

Fig. 2 1 m’ closed spherical explosive vessel

2 HEiRE

2.1 imimiREl

TR K Ha A% 1 2 LA i o 3 o0 32, AR P9 R
FH R IR, (Large eddy simulation, LES) /E N ERE A
ar N B/ 23 SCTIUR AR O BB AU A i BB A, R
PR T2 T RANS A48 5 DNS #4802 [1] , 38 i
BB pRICKE IRUBE T F1 /N RUBE I3 53 25, RO T it
12338 13 WM Navier-Stokes ( N-S) J5#2 BELEEHHL, 1M
XF /N RUBE I8 i 32 31 2R I R 4% (sub-grid scale,
SGS) t ARV AT AT AL B, AU S 6 v 45 ) 7 R
IR DL I ) = sy i

é‘ﬁ i 0 =0 1
Py +axi(pul) (1)
D L DA GOy gp 0Ty
g P+ G (PUI) =S e T, T O

J i J

(2)

aph,  dpih) o - ap 7
dph. (st>_ip_uvip_i(/\0l)=
at ox; gt ot ox\"T o,

9 ~ o~
- Ei[p(uihs - uih.s) J (3)

p = pRT (4)

Ao =" ~ 7 RIFRIR LES JEIE SRR
Jr A UGB A St sp B s p T 5e g IbTa]
w;, Fl u; RSy b5 oy Ny sk I A R
FERL T shy R SKE s A T T O IRLEE ; S RO A% 5
3% ) Smagorinsky-Lilly #5%Y
2.2 BRIGGAREY

SR B SRR R Tt Yk R Ak S AH B
YEFEE SR AR A L5256 2R T Fluent £ rh 44t
(53 TR AR be 58 AU H0L FH e/ 23 S TR A e 11 AL
SERVAEOL . HBT R MR I TR AR et AL AN
EBRIR BRI (Y 25 &, RN ] SR i 58 423
SYTR A WM I HL mT DL i R A LA IR & 43
7 R E BUR PR B A W B . R, AR SR
FHER 73 R MR Bt AL rp BE T C J7 PR 1Y Zimont 155 Y
B ot - 25 SR SRR BRI M i AR . 7E Zi-
mont AU rp BRI A A0 7R S K Z T2 & AT 01
THONITRA BRI RN K A — AW T ) K M
T, (AR R IRBE S W T A Be 7= W 5 728, T R A
X SHREEX S TF o Zimont FEARYIE 1 K fif— iz Iy
FRAR B S W AR AR B ¢, ¢ S — A SRAE SN FE R B
i, RIFAAX(S) s

2. Y
¢ = (5)
PR
Kb on IRBET R Y, L, Y R 4158
Sy i R

2.3 MEFHEHREY

B BEE A e B BRI 9 4h e g A
G OLE 5 S A A ORI — B BERYAY I AR i
BN wall, BET 11O A2 A 4 PGh Bt R e s
P TG PR AR S, SRR RO YA A R O B
0. R SIMPLE S5k 3K fift it i 22 f A 137, X
Tk B )Xk 2, 9 U b 22 kg e 8 T
PP, R k-omga SST AR 3 ) IEAT 14
ST AR AT BRI AR, S Wi 6] LES
PEATSRAT S . R B R s S B BN 3
B

3 #R5itie

3.1 I REIE
3.1.1 MR X MEEE

BRI 58 AR B RS 2 MR SR A
PR RS/ R RE e, (AR R 2 3 . AR SC
PSS T 00 45 RO BB 28 e, o sam R /1y



w41

S T T, RRAEE WIRR,SF LB T e S IR A R R i ) BB T T

189

RGFERIE A A5 8T R A RS S S o
JEAt L, >R JH ICEM CFD AR X fie /NS RSE o 6

7.8.9 H1 10mm FLFf RS RS0 HIARTR] ¢ 0 4 3] 7
T AT AR AL AR 73T o

I

10.5R10.5R10.5R 10.5R |
vk

- —
'

K3 BRIE A AR B M I 5 B BT O ey P 1T )

Fig. 3

P 4 S AR AR ROSE I kA s B i) 22 A 155
O, TRl LA HE 50 235 2R 1) 22 BBt A S
W/ NI AR /1N 3K R DR Ry 45 ) B R 28 %) TR 4
AR e B A 200 A2 T R AR, T34 SR A PR
A PR RS sl N T 7 A B A2 A I BP0 o A
PEATAAL , A R Ze A 2 AT BRI, {H[R] I
I N0 R 7t e S A & ST
KGR, R 2R IR RSF o 7 mm, B R K iy
223 w TR ST

800 |

700 |

600 |

£ 500
5% 400
% 300

200

100

0

100 150 200 250 300 350
i8] /ms
Bl 4 Mg RS To Mg

Fig. 4 Grid size independence verification

0 50

3.1.2 K Ag

5 Rl R KEE T 10% 0 H g/ 28 S PR
SRR MG S B = B . TR AR SRS
16 A B 1 A K AE R R ] 475K 520 ms
I, CHE 32 R K H AN 18 52 T A 0 ) R T, T o
FIE” KAL) KT R R AL TAE R T, A
HUC RS R, DO IR €, O T ROV X G
WA CH Ml OH 54 DL K — & 43 CO kIt
PSB85 BT B S BN, 40 ms 1
KIGUIEAL BRIE " A4 , e & L BB KB 8%
HRUENS, BTSRRI LE A H

Ignition location and monitoring point setting in the spherical vessel ( xy-plane )

A0 250 mm 47 S WA 1 47 U MR X 2o A e S
SIS R, AR = 1B 42 )4
HOE A G h IO RS R KRR/ TR
ZE5t o WAL 6 SEG A EE A SRR
LU, BE SN VLA 0T S 0 TR S A 2 P Y K0
Koo

t=100 ms

t=80 ms

t=20 ms t=40 ms

5 HEHESEEREIR SR = EIX

Fig. 5 Comparison of experimental images

t=60 ms

of explosions with simulated cloud maps

400 r

—a—10% CH, 525l
—e— 10% CH, 5514

350

B2 Ims
[\*] N W
S 3 8

—
W
(=]

100

5020 40 60 80 100 120 140
B [E] /ms
6 JIGREREAR SIS 4 IR SRR 45 SR

Fig. 6 Flame equivalent radius experimental

results compared with simulation results

Sy S TR AR UL 7S O AR A A 18 T Sk
SR R AR A B ¢ = 0.2 AYARE T, AR R TR &
K= HESS A AR Bl o KK S IR A Ak T )= IR



190 5%

1% 2024 4E3 A

A, LUBRIE T SR I IK , AN W 1] A AR DX Sspfi 0 il K
YAANBIEAL , 78 D-L AFREVE P RO ARUE 1
FAAR S A ARG E VESE IR B SR, KT
KA, B i FORAS AL o ¢ =60 ms B, WA H i
A - HE 0 JHE K8 G b R BN I A R A LA K
“HLAR” S5 IR I BE A SO Y AT RSN ¢ =
225 ms [, KRR AT MOIR ™ S5 R4 T fR A 5, e o
LU BRI BT/ 50 = 230 ms J&, KW MR ™S54
AW, KRR T H B R 2 f i, TR AT AR
AR, KPR

- o © © @€
t=20 ms t=40 ms t=60 ms t=80 ms t=100 ms
t=125ms t=150ms ¢=175ms ¢=200ms =225 ms
/ q /’\‘;\R\
R o8
& &
t=230 ms t=250ms  t=270ms ¢=290ms t=310ms

Progress Variable 0.05 0.14 0.23 0.32 0.41 0.50 0.59 0.68 0.77 0.86 0.95

BT JOEHER AR R ¢ =0.2 =R R
Fig. 7 Flame process variable ¢ =0. 2

3D equivalent surface image

3.1.3  KBFAFE

P 6 Sy Y g TR M M KO 2 AP A2
W P 1) 2 P 2, BT v g 2R 52 3 5 4L ) A £
TR E (IR Rt 3R) A2 S FEACAH 7], AP 5
s RV G o BUEASIIAS B JE AR IR T

SCHR Y SFERLAR I e RO AL BRAEIR S, T
ARG, SRR B, T o8 R {ELAE TR RE 5 A kA AL
I EIEEHE , AT B A HERR T
3.1.4 BIERE

P 8 S FH ot/ 2 A TR 8 K i e e ok i) 72 1 114
SLEA R S RNA R . LA R SRS R K
JEH AR — B, (B S W E IS A 22 57 0 &1 51
T 10% PVl JEE T g8 e b s U R 59 308 o s e
e A TR S 6 55 DL 235 SR B AR R, UL 33 25
W TSI M AR . BT A A R AR AU A s B
REURZS , A% I BR300 AN ERE TSR N R A
FRISZE s I 22, R8T 3 5800y PR Y R AT 17 AL, A8
TURE [T BN B AT AR, R Ao -,
BAWRWEIE - TV 2. Zf BRd, 5T R R
SR RERL S, R 5 S0 45 R AU G ROR B, A
AREFAYE 1R /N T 10% , 7615 22 e VF 3 BN,
JIt R FH B8 RS0 AL TR B T 5

800

—=—10% CH, 5236 {H
600 | —*10% CH, I 51E

400

TR VEAB I /kPa

200

0 100 200 300 400 500
B} ] /ms
P8 MR NEE S0 45 R 5 YA R L
Fig. 8 Comparison of explosion overpressure experimental

results and simulation results

&1 10% RkiRE TRERERXSHBNEELKIEE

Table 1 The specific data values of explosion intensity related parameters at 10% methane concentration
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Table 2 Specific data values of explosion intensity related parameters at different ignition positions
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