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Turbulent Flame Propagation in a Combustion
Bomb (2nd Report)

Kazuo [1NUMA , Yoshimasa [BA and Makoto UENO

Abstract

As the flame propagation behaviors together with structure of flame zone in a
spark-ignition engine have not been understood satisfactorily, the effect of turbulence
on flame propagation in propane air mixtures of different equivalence ratio has been
observed in detail by means of high speed schlieren motion pictures. In this study,
turbulence is generated by moving a pair of perforated plates, in place of a rotating fan
used in the former study, and somewhat similar turbulence to the one in an engine can
be obtained.

Main conclusions are as follows: (1) Reduction of combustion time due to
turbulence is more conspicuous in rich mixture than in leaner one, and variation of
combustion time also decreases with richer mixtures. (2) At the very early period of
flame growth, the effect of turbulence does not depend on the equivalence ratio, but
the effect becomes striking in richer mixtures soon after. (3) Turbulent burning
velocity shows maximum with the equivalence ratio richer than the one where flame
temperature or laminar burning velocity becomes maximum. This is due to the above
mentioned selective nature of turbulence. (4) Such a nature seems to correspond to
the fact that roughness of the flame surface is finer in richer mixtures with the same
degree of initial turbulence.
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Fig.2 System diagram of turbulence generator,

Fig. 1 Combustion bomb with turbulence spark ignition and pressure record

generator
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Fig.3-a Schlieren photographs of flames with different degree of turbulence

Equivalence ratio: 1.12. Spark timing from the end of the stroke of
turbulence generator: upper 0, cenler 20, lower 50 ms. Figures under
the photographs indicate time from the spark in ms.
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Fig.3-b Schlieren photographs of flames with different equivalence
ratio

Spark timing: the end of the stroke of turbulence genera-
tor. Equivalence ratio: upper 1.43, lower 0. 83.
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Fig.5 Change of relative combustion time with equivalence
ratio

Parameters indicate spark timing from the end of
the stroke of turbulence generator. Dashed lines
are reproduction of the results of former experi-
ment with rotating fan in a bomb.
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Fig.6 An example of flame contours obtained
from high speed schlieren motion pic-
tures

Time interval: 0. 375 ms.
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