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Flame Speeds in Vortex Rings of Methane/Air and Propane/Air Mixtures

Takashi HAMASAKI, Ryo HASEGAWA, Kiminori KOUMURA,
Satoru ISHIZUKA** and Shiro TAKI

** Hiroshima University, Dept. of Mechanical Engineering,
1-4-1 Kagamiyama, Higashi-Hiroshima, 739-8527 Japan

The flame speed in vortex rings of methane/air and propane/air mixtures has been measured by
a high speed video camera and the maximum tangential velocity in the vortex ring has been
estimated from the hot-wire measurements on the cold-air vortex rings. Results show that in
accordance with the back-pressure drive flame propagation mechanism the flame speeds increase
almost linearly with the maximum tangential velocity and their slopes are around unity for all the
lean, stoichiometric and rich mixtures investigated. However, it is found that the flame speed is
lowered down when the flame diameter becomes small, and the flame can never propagate in lean
mixtures if the flame diameter becomes less than the order of the laminar flame thickness. Also, it
is found that in the near rich-limit methane/air mixture the flame speed becomes almost constant
independently of the maximum tangential velocity. It would appear that the flame should propagate

in the mixing zone with the ambient air.
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Fig.1 Sequential photographs of the propagating flame
in the vortex ring (Fuel: Propane, Orifice Diam-
eter Do: 40 mm, Driving Pressure P: 0.8 MPa,
Equivalence Ratio @ : 1.0)
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Fig.2 Variations of the flame speed V; and the ratio of the flame diameter to the core diameter ds/d. with the
maximum tangential velocity Vemax in various methane/air mixtures (A : Do=60 mm, O: Do=40mm, []: D=
30 mm, solid symbols (A, @, B) : full mean flame speed)
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Fig.3 Two different modes of flame propagation obser-
ved for (@) Dy=40 mm and for (b) Do=30 mm
in the methane/air mixture of @®=1.2
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Fig.4 Variations of the flame speed V, and the ratio of the flame diameter to the core diameter d;/d. with the
maximum tangential velocity Vsmax in various propane/air mixtures (A : Do=60mm, O : Do=40mm, [1: D=
30 mm, solid symbols (A, @, W) : full mean flame speed)
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