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Research on flame oscillation phenomena by utilizing microgravity environment
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Abstract: Effect of external radiation on flame propagation phenomena of ethylene premixed gas
was investigated. The mixture is charged in the combustion tube of 50mm in diameter at 0.1MPa
and CO, laser was irradiated along the centerline of the tube. With this configuration it was found
that oscillatory flame propagation appeared in some gas mixture conditions. The flame oscillation
pattern was influenced by the component of gas mixture and gravitational condition. It was
suggested that this phenomena is caused by the transformation of flame front curvature by locally
increased flame speed, which closely relates with thermal-diffusive flame instability in
combination with flame stretch effect.

Key words; Premixed Combustion, Flame Instability, External Radiation

1.
CO,
2.
[1-2]
CO, Smm
(3]
1
CO,
CO,
SYNRAD firestar v20
10.6um nac HSV-500C°
[4-5] (5001ps)
(6]
[7] Laser power meter
[8] Flame
_.--""'-"- z
A
|
High speed camera 1 7=
Solenoid valve Propagation
(Taylor ) Laser beam (10.6 1 m) gt tbe
\ I lgniter
i (f Mirror
ens
COg Laser Shutter
CO, Fig.1 Experimental setup

This document is provided by JAXA.



CO,
(ZnSe ) ( )
Smm
50mm
450mm
0.1MPa
1G G 1G G
( FX-20MR) H K
uG Gasl Gas2
Fig.2 Instantaneous flame shapes with different
gravity conditions
2
CHEMKIN3.7
(25.2cm/sec 23.7cm/sec)
1.1,1.2
¢ Le
Table 1.1 Tested gas compositions 2
(C,H; 9% burning velocity 25.2cm/sec)
No. C,Hy 0, CO, other [0} Le
Gasl 9% 20% | 65.7% He 1.35 0.68
Gas2 9% 17% | 18.8% N, 1.59 0.94
Table 1.2 Tested gas compositions
(C,H4 7.5% burning velocity 23.7cm/sec)
No. C,Hy 0, CO, other [0} Le
Gas3 | 7.5% | 175% | 591% | He | 129 | 057 | 32
3 9%
Gasd | 7.5% | 14.4% N, 1.56 1.02
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Fig.3 Flame front position vs. time

(ethylene 9% conditions)
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(a) Gas 3 in 1G and pG
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Fig.5 Hypothesis of flame oscillation mechanism
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