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Flame propagation characteristics for premixed methane-air
with coal-dust in square tube
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Abstract: In order to study the influence of coal dust on premixed methane-air flame propagation in tube the typical
coal dust was well-distributed at the bottom of square plexiglass tube with its section 100 mmx100 mm and 1. 5 meters
long. The high speed video camera/photoelectric sensors subtle thermocouples and pressure sensors were adopted to
obtain the premixed methane-air flame. parameters including flame propagating velocity flame transient temperature
and deflagration pressure along the tube respectively. And the mechanisms of the coal dust influencing flame propaga—
tion were preliminarily analyzed. The experimental results show that coal dust can accelerate the methane-air flame
propagation in tube and the flame propagating velocity is increased but the combustion duration is also increased; the
half-peak width of the temperature is broadened under the condition of coal dust in tube and the transient temperature
values of methane-air premixed flame at testing points obviously presents the wave of “twin peaks structure” which
suggests that the reactive coal dust and the methane forms the methane /coal-dust composite flame; there is no obvious
difference for the combustion peak-pressure with or without coal dust but the pressure pulse width is broadened in coal
dust condition.

Key words: coal dust; methane; premixed flame; propagation characteristic; square tube; twin peaks structure

100

12012-03-26 :

: (51134012) ; ( HZ2011-KF09) ;
(2010SQRLOS7ZD)

(1980—) o E-mail: quanwang@ mail. uste. edu. cn



1694 2012 37
22 19 g i A 4 4 4
1 ALK ELAR
o ST
[ BN RO
2-9 r,__ltl ,— e
° 4“(}5{ YA Ao =N VU AN LA
'_I_\
N L
. B l s
v
N 1~7 — e AR A
« =7 Ee =5 B4 =3 m2 =l |AB— BURAGEE
- onN oM M,N— & )ik
1
n-1s- Fig. 1 Experimental setup
5
0 CY-YD
589 1 130 mm 46
N Y ) (e}
HIOKI8841
o YES853A HIOKI8841
’ 2
1
2.1
1.5 m
(100 mmx100 mm) o 2( a)
o I=2 ms
65.2% - 12.3% . 13.8% . ;
8. 7% 200 ( <75 pm) o 7 “ ” t=62 ms
80 ~ i t=64 ms
100 mg/cm2 1 mmo, v 1 t=68 ms
( 100 ms
1~7) . ( A B) . °
( M N) 2('b)
~ ~ o L= 2 ms
1 o
Dalton “finger” 10 t=60 ms
CJG
10. 58% - 230 ms
14 J.
0 51 319 589
862 1 130 1405 mm 1 3(a) (b)
o 25 pm
13- 0~1600 C 0



10 1695
2.2
A B
4 o
1400 F T\ — A
1200} s
= M xiB
3 1000 pa N\ Q=207 ms
800 T — ) 55 B U (L I 1
2= 600[ AT N\ Al BIR
ToapoHx \ S E
] AN
or—* L
0 02 04 06 08 10 12 14
KK G (8] /s
2 (a) KRR}
Fig.2 High-speed video camera images for methane-air flame 1400F 7.
propagation with or without coal dust in tube 1200 F
o 1000 3
T: 24 Jd*-\l( 800 [°
$21r —=— TR mE 600.f 2
st =
K e — of |\ T~
BE 1e e 4 (U L ! L L L 1 1 !
o7 = 0 02 04 06 08 10 12 14
SN SRR AL /s
£ of (b) HHH:
’ 0 300 600 900 1200 1500 4
B 3 B 25 /mm
(a) e H A Fig. 4 Methane-air flame temperature variation
=24 with and without coal dust in tube
= 21T —=Jhtn
§ 18} —e frHH) 4 B
= 15F
% 12t A
& 9r 468 389 ms.
g 6r &
X 3L / B
&
H_ O C | 1 i 1 1 1 266
0 300 600 900 1200 1500
T ° A
B 1 KRB B /mm 207 ms
(b)) AR H 141 ms 1214 C
3 B 180 ms 1362 C,
Fig. 3 Methane-air flame propagating velocity with A
or without coal dust in tube 158 ms 1 296 °C B
3 189 ms 1306 C
“ ”»
_ 17
( 266 ms)
( ) o .
6 2.3

22 m/s 7



2012 37

1696
M N
5 o
0.35
— WM
s 0257 N — RN
& [ \
= o015} I\
5 o I N
BO00SE 1 N \
L
-0.05 %
-0.15 L4 L L L L
0 0.1 0.2 0.3 0.4
RUKJE I TE] /s
(a) iR
0.35
K I — M
0.25 HEFIKHE TSN
£ oisf ) EPRE
s
R 005 | <
ot ] S~ N\
-0.05 | N
\
-0.15 1 1 1 1 1
0 0.1 0.2 0.3 0.4
RKJERSE]/s
(b) A HEH
5
Fig. 5 Methane-air flame pressure with and
without coal dust in tube
5
( ) o
M
250 ms N 125 ms
M
N
N L
M 267 ms N
(43 »
276 ms.
(
230 ms)

113 ”

I 2007 7(4):129-131.
Liu Yi Sun Jinhua Chen Dongliang et al. On lower limit of explo—
sive coal dust in coal dust mixture with methane J . Journal of Safe—
ty and Environment 2007 7(4):129-131.
Yuriy Shoshin Grzegorz Gorecki Jozef Jarosinski et al. Experimental
study of limit lean methane/air flame in a standard flammability tube
using particle image ‘velocimetry method J . Combustion and
Flame 2010, 157( 5).: 884-892.
Selle L Poinsot T Ferret B. Experimental and numerical study of the
accuracy of flame ‘speed measurements for methane/air combustion
in_a slot burner J . Combustion and Flame 2011 158( 1) : 146—
154.
Zhu Chuanjie Lin Baiquan Jiang Bingyou. Flame acceleration of
premixed methane/air explosion in parallel pipes J . Journal of

Loss Prevention in the Process Industries 2012 25( 2) : 383-390.

J. 2011 35(2) :246-249.
Chen Xianfeng Chen Ming Zhang Qingming et al. Experimental in—
vestigation of gas explosion microstructure and dynamic characteris—
tics in a semi~vented pipe J . Journal of China Coal Society 2011

35(2) :246-249.

J. 2011 36( 1) :98-100.
Jia Zhiwei Liu Yanwei Jing Guoxun. Propagation characteristics
about shock wave of gas explosion at laneway corner ] . Journal of

China Coal Society 2011 36( 1) :98-100.

] 2010 20( 12) :52-56.
Ding Yibin Guo Ziru Wang Quan et al. Study on the influence of
solid obstacles on premixed methan flame propagation J . Chi-
na Safety Science Journal 2010 20( 12) : 52-56.
/
] 2008 28(5) :385-390.
Chen Dongliang Sun Jinhua Liu Yi et al. Propagation characteris—
tics of premixed methane-air flames J . Explosion and Shock

Waves 2008 28(5) :385-390.

J. 2007 35( 11) :95-97.

Wang Quan Guo Ziru Li Zhimin et al. Test on flame spreading



10

1697

characteristics of premixed methane-air in tube ] . Coal Science

and Technology 2007 35(11) :95-97.

I 2001 11(6) :36-40.
Xu Jingde Zhou Xinquan Wu Bing. Study on the size effect in the
propagation of gas explosion in mine pit J . China Safety Science
Journal 2001 11(6):36-40.
Kuai Niansheng Li Jianming Chen Zhi et al. Experiment-based in—
vestigations of magnesium dust explosion characteristics J . Jour—
nal of Loss Prevention in the Process Industries 2011 24(4):
302-313.
Amyotte Paul R Mintz K J Peeg M J. Solid inerrant and their use
in dust explosion prevention and mitigation J . Trans IChemE

PartB 1995 73:89-100.

2010 35(4) :609-612.
Gong Guangdong Liu Qingming Hu Yongli et al. Experimental re—

search on methane and coal dust explosion characteristics in tube

J . Journal of China Coal Society 2010 35(4) :609-612.

J. 2011 36( 11) : 1879-1883.
Liu Dan Li Runzhi Si Rongjun et al. Pattern of gas explosion in—
duced coal dust explosion J . Journal of China Coal Society 2011
36(11):1879-1883.

J. 2007 17(12) : 76-79.

Tan Yingxin Wang Zhijie Gao Yun et al. Study on the effect of
solid intermediums on the pressure of coal dust explosion J . Chi-
na Safety Science Journal 2007 17(12) :76-79.

Akkerman V’ yacheslav Law Chung K Bychkov Vitaly et al. Anal—-
ysis of flame acceleration induced by wall friction in open tubes

J . Phys. Fluids 22 2010 053606: 1-14.

Lu Shouxiang Guo Ziru Li Yuanlong et al. Experimental and theo—
retical analysis of acceleration of a gas flame propagating over a
dust deposit J . Proceedings of Combustion Institute 2002 29
(2) :2839-2846.





