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Characteristics of flame propagation.velocity of gas explosion in
duct based on image. processing

NIE Bai-sheng' > YANG Longdong' %, MENG Jun—ging' > HE Xue-giu'

(1. State Key Lab of Coal Resources and Safe Mining China University of Mining and Technology( Beijing) Beijing 100083 China; 2. School of Resource &
Safety Engineering China University of Mining and Technology( Beijing) Beijing 100083 China)

Abstract: A gas explosion at 9. 5% concentration was performed in an experimental system and the images of propaga—
ting flame were shot by a high-speed photography system in order to investigate the flame velocity of premixed gas/air
mixture explosion. A new computational “‘method of methane explosion flame propagation velocity was proposed based
on the correlation coefficient between two adjacent flame images. Variation of gas explosion flame velocity of the whole
process was obtained and the characteristics of dynamic changes were analyzed. The results indicate that the explosion
flame undergoes a process of acceleration deceleration reverse acceleration and reverse deceleration until it is
quenched. Further research was performed by analyzing the details of explosion flame images and the flame propagation
velocity of different regions in observation window. Comparison of two kinds of results proves that this method is accu—
rate and reliable. The process of calculating the propagation velocity of gas explosion can be applied to the condition
that flame is full of pipe.
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12015 -07 -29 :2015-11-24 :
: ( KFJJ12 - 10M) ; (2009KZ03)
(1973—) o Tel: 010 —82375620 E — mail: bshnie@ 163. com



4 : 885

N - 24 h
2-7
(PIV- ) R
J (%oo—:n—:f o HAEE B
. . ‘ oen|) HER
U e Edn MR S 9
38 BAFL IR SRR 190 X
° wwma|__|=]
0 18 000 ! 2000 B
1
Fig. 1 Experimental system of gas explosion
. PIV ( PIV) 1.2
100 kPa 298 K. 2 9.5%
0 2000 /s 252 x 186,
PIV 2 20 o
L N - Park
12-14
1 2 (9.5% CH,)
Fig. 2 Explosion flame propagation images of full
1.1 methane-air in the pipe (9. 5% CH,)
6 ? 80 .
mm X 80 mm 20 m 10 mm 15 N
MPa 1 o N N
190 mm x 70 mm
NAC MEMRECAMci -3
2 m 2000 /s 252 x 186, o
70 ) 6 ~12

/S °



886 2016 41
’ ¢ A TNy’qllist o
’ 80 m/s
2.5 ms 0.5
o Zhang P ms ]
2.2.2
18
2
1
2.1 ,
0-3ms 3 2.2.3
ALy P A0 A1) ALN-1) [
Q‘(N—l 0) AN-11) - AN-1N-1) U
(3)
(N, xN,)
flxy)  glxy)
( correlation coefficient)
T "
o0,
’ r Loy
Fig. 3 Original and disturbancefiltered images of two Lo o, .
adjacent explosion flame images ) S
O
2.2 P = N%Zﬂxy = M My
x ¥y x ¥
g Ny=1 N, -1 i
2.2.1 [ ) 2]
|:| NN, ;5 Z’ {f{xy) My
2 Nye=1 Ny -1 -
- (5)
19 D [NYN‘;) Zo{g ¥ y)} Mg]
(1) O N
f Z Zﬂx y)
fNyquisl = zfmax ( 1) g’l‘ XN} x=0 y=
: Ny=1 N, -1
fxyquisl ’fmax o %L z zg . y
: x 1 x=0 y=
1 4

Nyquist ~= -
zfmax



4 : 887

12 N, N_ 72
N, =17 oy, =
Oy 0y O T Oy pe 0.9225
N, N=17. 5(b) 5( a)
oy, = max o; i=01:+-- N2 (6) =14 o, =0.978 1.
N, ° 2.2.4
N, N
N, AL, k
o AL=N_k At( At =0.5 ms)
V.
v = AL/At = N_k/At (7)
3
3.1
6
(30.89 m/s)
11 ms 0
4
Fig. 4 Schematic of two adjacent flame propagation images
0 o
€ 2% 47.89 m/s
» 9.5%
21
2
1
15
5
Fig. 5 Correlation coefficient computing results of the 6 9.5%
two adjacent images in the process of clipping Fig. 6 Propagation velocity variation of explosion

5( a) flame at 9. 5% methane concentration



888 2016 41
1
Table 1 Comparison of computational and meas— 2/2 :
urement results of flame front velocity 1/2
/ / / °
1% (mes™h) (me+s7h) % 9
1 8 29.23 29.13 0.34 0.02 s 1/4 30 m/
9.5 17. 05 16.57 2.80 S 2/4 10 m/s 3/4
11 49.31 48. 14 2.37
4/4 -25 m/s
3.2 2
3.2.1
o 7 9.5%
2 4 o
7 2 4 (9.5% )
Fig. 7 Image that divided into halves and quarters
3.2.2
8 9.5% 2
9 4 (9.5%CH,)
Fig. 9  Flame velocity variation by vertical cutting into
quarters( 9. 5% CH,)
3.2.3
8 2 (9.5%CH,) 0
1/2

Fig. 8 Flame velocity variation by vertical cutting into

halves( 9. 5% CH,)

10



4 : 889

2/2 0.01 s 1/2

2/2
0.05 s
0.07 s

10 2 (9.5%CH,)
Fig. 10  Flame velocity variation by lateral cutting into

halves( 9. 5% CH,)

11 4 1/4
0;2/
4 172
13/4 474 2/2
3/4 2/2 4/4
4/4 11 4 (9.5%CH,)
° Fig. 11 Flame velocity variation by lateral cutting into
3.3 quarters( 9. 5% CH,)
12 0
o O
2D
4.2
2 o
4
4.1 o
2 4



890

2016 41

12
Fig. 12 Schematic diagram of methane explosion flame
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