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Effects of Fine Water Mist on Flame Propagation Characteristics
and Quenching Behavior in Methane Explosions
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(1. School of Chemistry & Environmental Engineering,Sichuan University of Science & Engineering,
Zigong 643002 , China;2. School of Safety Science and Engineering, Henan Polytechnic University,
Jiaozuo 454003, China)

Abstract: To investigate the influence of fine water mist on gas explosion propagation in pipelines under adverse
pressure conditions,an experimental platform was designed and built to explore the effect of fine water mist on the ex-
plosion characteristics of 9. 5% CH,/Air premixed gas. The experimental study employed a transparent acrylic pipe-
line system to simulate underground coal mine tunnel structures. It systematically investigated the influence of fine
water mist on explosion overpressure ,flame propagation velocity ,and combustion characteristics. The experimental re-

sults demonstrate that fine water mist can significantly attenuate explosion overpressure and intensity while inducing
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flame quenching and backflow phenomena. Through thermal absorption in the combustion zone, the water mist re-

duces internal tube pressure below atmospheric levels, creating a negative-pressure zone where airflow reversal ex-

ceeds the flame-propagation velocity, effectively suppressing flame advancement. Experimental results reveal that fine

water mist exhibits strong suppression of low-velocity flame propagation but is less effective against high-velocity

flames. Furthermore ,in extended pipeline systems with multiple nozzles,the spatial arrangement and configuration of

the nozzles critically influence both the frequency and duration of flame backflow. Fine water mist demonstrates sig-

nificant suppression of gas explosion propagation through combined physical and chemical mechanisms, particularly

during low-velocity flame propagation phases, making it a viable safety technology for coal mine explosion mitigation.
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Table 1 Experimental conditions

2 mKEHEFH 2 m9.5% CH,/Air 251 T
2 m-long pipeline filled with 2 m of 9. 5%
CH,/Air series working conditions

3m KEBEFH2 m9.5%CH,/Air 25 T.4%
3 m-long pipeline filled with 2 m of 9. 5%
CH,/Air in the front section series working conditions

TR ZAE T B2l Bk ki (25 0 )

TR FAE T B 2L B A (2 LW 1)

1 Pure methane explosion without the action of fine water 7 Pure methane explosion without the action of fine water
mist. ( blank control ) mist. ( blank control)

0.5 m L 0 BEAE VS K3 (T B S 0 m LR AVIS R T 0
Methane explosion under the action of a single-nozzle L . . . .

2 i . <t at tion 0.5 b the femiti 8 Methane explosion under the action of double-nozzle fine
ine water mist at a position 0. 5 m above the ignition e-
leetrod P & water mist at the positions 0.5 m above and 0.8 m above
ectrode.

the ignition electrode.
0.5 m i B MU AR (T A 0.2 m LI713 m EIP LA SRS AR
Methane explosion under the action of a single-nozzle Kk . . .

3 f . St at ion 0.5 m below the ieniti 9 Methane explosion under the action of double-nozzle fine
11n<t3 “: e mistat a postiion T 5 hefow Hie ignition © water mist at the positions 0.5 m above and 1. 5m above
eetrode. the ignition electrode.

0.5 m bJ5 {7 EALHIESL 10% NaOH 41K /R 0.5 m FJ5\2.5 m FJ5 {7 # A XU A0 K 554 T Y
F R e A A BEk K

4 Methane explosion under the action of a single-nozzle 10 ~ Methane explosion under the action of double-nozzle fine
fine water mist with 10% NaOH at a position 0.5 m a- water mist at the positions 0.5 m above and 2.5 m above
bove the ignition electrode. the ignition electrode.

0.5 m 1:77.0.8 m 177 {3 &b XUWE Sk 4 7k 254 - e g e
R ” 2.5 m b5 0B AL BT K S5 AR T B HY Be ke
TH e . . . .

5 Methane explosion under the action of sinelenogde 11 Methane explosion under the action of single-nozzle fine

fine water mli)st with 10% NaOH at the positiin 05m water mist at the position 2. 5 m above the ignition elec-
' trode.

above ignition electrode. roce
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6 Methane explosion under the action of double-nozzle
fine water mist at the positions 0.5 m below and 0.8 m
above ignition electrode.
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Fig. 2 Schematic diagram of water mist nozzle layout(unit:m)



Fa3t WL MG RTE, SR, ARSI B KR IO R R R ST O R R DS 229

2 LWHERKESH

2.1 Z/KEE AR N IGYS R & E ST
B3 K 4(a) ~(e) il JEmxm T TH 7, T8
11, TH 8. T0 9 A T0 10 By kAL E 5, W]
PLE 3 m 8 T, 47K 25 7 A A5 IR B
JZH2 m A TN B, B T80 R [ R
R IT KA A5 R I 52, 35 U 0 A S ) [
BR KA BBEZ, - 4(a) i, kG 0ETm
£ 120 ~ 130 ms Z [ LRFEAE  BEART R A G IR,
TR KR BB B R T A B B B, AU [ 9
&5 I RE AT . B 4(b) KA T
123 ~ 130 ms Z B H I T HAAFH S, K4k
ANTZ B BRI REAL T 6 X, HL I Hp A £ (B A 22

AR ¥IRYY -2.65 kPa, El4(c) K 4(d) FE 4
(e) /8 T WA KM B G, o 0.5 m I
1.5 m 6788 R RUE Sk B[] AR 306 9 B 4% A o A
B, BRF S A i AR O B 58 BE RN R 3Kt
AR TE], T U H 3 T 00 T 47K 25 060 18 K Ok B
TRl o FERIEET 4 (c) FIET 4 (d) H i it ik
W T 4(e) , X TEZEM TAKE WL 07 B
Wi o 2 N LU AL = 5L A0 B, A0 SRz AR
UFBEE Tk AR 2 BE S AT R i XS ) ki A
SR WA DX I8 A 1) s g, DT 1) 5555 K B 9K 8l 7
I LI 4 (b) P 4 (e ) Hh ik KR A& 6 ik 1), T
PAFE HH 7K 5555 KO BRI 3R A 0T Y 11 X AN T
I, FRITAR K 557 KO o 3 A R RS T 0 AR A i
DXFR I SR A BR

40 ms L 8 40 ms
50 ms 4 50ms
60 ms -»Q‘" 60 ms
8 70 ms . ”‘%I 70 ms
% 80 ms e i 80ms
00 ms - 1 90ms
1 = % 100 ms
| [00ms SN 103 ms
103 ms SN 105 ms
105ms ] 107 ms
107ms o 110ms
110 ms 8 120 ms
118 ms 8 129 ms
Om 2m 1m Om 2lm 1m Om
(a) CH/AIriRKE (b) 0.5 m L B2k Bk (c) 0.5 m I, 0.8 m_F BU4HK Z Mtk
(a) CH,/Air explosion (b) Single fine water mist nozzle (c) Double fine water mist nozzles at 0.5 m

at 0.5 m above the ignition electrode

above and 0.8 m above the ignition electrode

302 m B RIIAE TALT I KA LR A

Fig. 3 Flame propagation images of a 2 m pipeline series under different working conditions
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Fig. 4 Flame propagation images of 3m pipeline series under different working conditions
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Fig. 5 Average flame propagation velocity under different working conditions
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Fig. 6 Variation curve of explosion overpressure with time

under the action of water mist in 2 m pipe

R2 2mERINTRVG

LB ARSI LG T, 25 KA AL TR AL 1
ARZSI , 407K 55 REAS A A I A 5 107 S A A K
FAME T R AL AR S 5, 07K 55 9 400 1 R AN B
o PR B A U B B, 20 1E 83 ms I,
B T8 ) e 06, LA P 9 08 AT 22 A8 K5 7 105 ms
I, UGS Sk T 00 A4 01 [ Ay T T ) i BE 5/, L
FREUEEAE W Al T b 0 T 00 . HRERAE T, 4K %
TR HEA SN A Z 5 8 3 W BRI 2 A HTRR A T
RN BRIV PP i 1 e DA B 2, AT A T i AR
URBSC, TR 1 S IXC AR A8 56 J32 T il 671 X
W, X—HRYE 2 m FiH TR SIS — 2 HAE
3 mAFIE A, 24 IH KR IR, % B g 3
BT E

ImER KEEBENELER

Table 2 Maximum explosion overpressure at the initial end of 2 m pipe series under working conditions

TH R AV IR B TR T RN ARV IR EE

. Maximum explosion Variation . Maximum explosion Variation
Condition Condition

overpressure/kPa range/ % overpressure/kPa range/ %

1 6.5150 - 4 5.1195 -21.42

2 4.9942 -23.34 5 5.1998 -20.19

3 5.9436 -8.77 6 5.3451 -17.96

TE 1 28 FOM IRSEE 2 ~ 6 T iR EEAR AR 1 1 o

Note ; Condition 1 is the blank control experiment,and the decline ranges of Conditions 2 ~6 are relative to Condition 1.
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Fig. 8 Variation curve of explosion overpressure with time under the action of water mist in 3 m pipe
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Table 3 Variation of explosion intensity under different working conditions

T i%ﬂf’l??‘é%ﬁl /Eﬂ?flﬁifﬁ T ‘J%JF’E?E"@I @21@%@2
Condition Explosion Index/ Variation Condition Explosion Index/ Variation
(kPa - m)/s Range/% (kPa - m)/s Range/%
1 120 - - 7 209 - -
2 93.48 -21.87 199 -5.34
3 113 -5.88 9 153 -26.78
4 97.10 -18.85 10 303 +45.11
5 95.48 -20.20 11 234 +12.01
6 99. 66 -16.71 - - - - - -

TE: AT S as FO RSS2 ~ 6 ARUR BEARSEARXT 1155 ,8 ~ 11 AR AL IR EEA AR XS 1 1T o

Note : Conditions 1 and 7 are blank control experiments. The variation ranges of Conditions 2 ~ 6 are relative to Condi-

tion 1,and the variation ranges of Conditions 8 ~ 11 are relative to Condition 1.
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