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Effects of Wall on Flame Propagation and Shape in Tubes
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Abstract
In previous numerical investigations of flame

propagation in circular tubes, for simplicity, the tube wall
is assumed either adiabatic or isothermal. However, heat
conduction through the tube wall can modify the
thermodynamic state of the unburned gas ahead the
flame, and hence affect the flame propagation and the
flame shape. This effect is very important and needs to
be considered. In addition, one-step global chemical
reaction is also frequently assumed in the previous
numerical modeling works. This over-simplified kinetic
mechanism only models the effect of heat-release of real
combustion. In fact, the wall can destroy radicals
necessary in the real combustion reaction, and
consequently depresses the chemical reaction. This has
great effect on the flame propagation and its shape. The
purpose of this study is to correct the above two
shortcomings. For that purpose, in this study we (1)
consider the heat conduction in the tube wall, and (2)

adopt 4-step reduced kinetic mechanism, which includes
the radical initiation and destruction to model the real
chemical reaction.

Computational results show that with the increase
in the wall thickness, the heat transfer coefficient for the
outer wall, the wall-flame relative velocity and the wall
thermal conductivity, or with the decrease in the wall
thermal diffusivity, the inner wall-temperature and the
flame propagation speed tend to decrease. In addition,
the mushroom flame is easily formed. Otherwise, the
wall temperature and flame speed increase, and the
tulip-flames tend to form. The computational results also
show that the higher the wall-temperature, the stronger
the effect on the flame propagation of the action of wall
on the radical becomes.

Keywords: flame propagation, heat conduction, reduced
kinetic mechanism
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