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Propagation of premixed combustion wave of methane/air in packed bed

LING Zhongqian, ZHOU Hao, QIAN Xinping, LI Guoneng , CEN Kefa
(State Key Laboratory of Clean Energy Utilization, Zhejiang University , Hangzhou 310027, Zhejiang, China)

Abstract: Combustion wave propagation experiments in porous media were carried out for premixed
methane/air mixtures with an equivalence ratio ranging from 0.7 to 1. 0. Wave velocity, peak combustion
temperature, and flame structure were studied. The parameters that affected these characteristics included
inlet velocity, equivalence ratio, and structure of porous media. Experimental results showed that
combustion wave propagation of a premixed mixture of methane/air combustion was possible at a very low
velocity, and the wave velocity was determined by equivalence ratio and pore size of porous media. A larger
equivalence ratio resulted in a larger combustion wave velocity. Porous media consisted of 6 mm diameter

spheres had a larger combustion wave velocity than those consisted of 3 mm diameter spheres at the same

porosity.
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Fig. 1 Schematic diagram of experimental apparatus

1—compress air; 2, 8 —decompress valve;

3, 9—mass flow controller; 4—flow readout box;
5—premix house; 6—combustion house;
7—CH,; 10—HP temperature acquisition;

11——computer; 12— thermocouple (TC1—TC11)
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Table 1 Experimental conditions

. . . ate/]. ¢ min !
Diameter of Porosity, Equivalence Flow rate/L + min

Condition Al; O3 /mm 3 ratio, CH, Air
1 3 0. 37 0.7 0.698 9.502
2 3 0. 37 0.8 0. 790 9.410
3 3 0. 37 1.0 0. 969 9.231
4 6 0.42 0.7 0. 698 9.502
5 6 0.42 0.8 0. 790 9.410

2 B Z I TN TR MK B K R R B

2R B A

BEAKHE w H IS em s ' ¥ mll ¢
M 0.7 T . 3 mm NERAL N E i HERRZ LA R
P TCLL 3 B B B (] A2 AR i 2k an &1 2 e . izl
LR TR BE A I T G m R R 58 X 06 T 2 1 ]
ZAN RS R . EARHDIRETT . H B A
BT Sl IE R B «=28 cm « s ' WRIR G
ST w KT UG ET I B ) 09 1F R B v
SRR s MR, WIRIRE A SR w
T U 0 TR OE R ORE o, BE 4y s B[] ok B
o T2 BAAEAE, A HALB I3 w K
FIRASMHE w, FLBRWHE w FEFLB R, &
I w<u<we, FFLARNIIFIRIREA SR L EEZL
FLA 5T TR AR

1400

1200

1000

800

temperature /K

600

400

0 1.0 2.0 3.0 4.0 5.0
time /h

K2 s A (TCLD IR R ) A2 4k
Fig. 2 Temperature profiles (TCI11)

during start-up period
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Fig. 3 Self-propagation combustion wave
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Table 2 Combustion wave at conditions of

m=8.2 L+ min"',$§=0.7,£=0.42

Peak . Combustion
Time .
Thermocouple temperature wave velocity
/h _
/K Jem s s !
TC10 1177 0. 405 2.74X103
TC9 1120
TC9 0.525 2.12X10 %
TC8 1182
TC8 0. 437 2.55X107°
TC7 1114
TC7 0.377 2.95X10%
TC6 1120
TC6 0.492 2.26X10°°
TC5 1122

Note: Distance of TC was 4 cm.
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Fig. 5 Combustion wave velocity at

different time periods
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Fig. 6 Propagation of combustion wave at $=0. 7
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Fig. 7 Propagation of combustion wave at $=0. 8

1600 + L0254 !
— TC3 =
1400f - TC2 N
% 1200} /
g o i /
{_‘.: 1vvu :.' /
S v
2 800} [
=
2 600 |
/
400
200 — —_—
0 0.2 0.4 0.6 0.8 1.0
time/h

K8 ¢=1.0 WH#ALE I Y12

Fig. 8 Propagation of combustion wave at $=1. 0
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