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The understanding of acoustic instability of propagation flames in a tube is of the most importance in

the field of the combustion, because the instability can lead a high performance combustor to unsteady
operation and serious damage. However, there are still unanswered questions to the mechanism of
combustion driven instability in the acoustic field, and how the initial disturbance on the system grows
to eventual and explosive phenomena. This research has particularly been motivated by an interest in
the growth mechanisms of acoustic instability and the acoustic feedback.
The experiments with flames premixed C,Hs/CO;—0; (Le<1) in a tube have been conducted. The
mixture is ignited at the top, open end of the tube, and a flame front propagated toward the closed
end of tube. The flat and cellular flames were selected as a default at each condition to observe the
transition processes. The premixed gas inside the tube is exposed to the CO, laser beam after activating
the igniter, and then the CO, laser beam preheats the unburned mixture just ahead of the flame surface
locally at the center.

The flame fronts show different and unique behaviors depending on laser powers applied in the
unburned mixture ahead of the reaction zone. The flame tip grows extremely fast. In the experiments,
the fluctuation of flame intensity is augmented by the periodic increase in total flame surface area,
which is induced by the curvature effects and acoustic pressure. This growth cycle is modulated with
acoustic cycle, and it can result in the enhanced acoustic amplitude to reach turbulent motion with the
satisfaction of Rayleigh‘s criterion. In this study, the detailed descriptions of flame front behaviors in
the transient stage are presented, which give the general insight into the transition phenomena from
the primary acoustic instability to turbulent motions, actively induced by the absorption of externally
irradiated CO, laser beam.

The threshold conditions at the transition are examined by applying continuous and limited exposure
of CO, laser beam. The presences of the transition are obtained in terms of laser powers, exposure
time, and flame curvatures. In the detailed observations of curvature dynamics, the growing modes

(decaying modes) are established just prior to the transition (no transition). The maximum curvatures
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at the last cycle prior to the transition are obtained rigorously, and the results showed that the regime of
the transition can be obviously distinguished through the critical curvature in a given tube length. The
existence of the critical curvature is explained by the relationship between the pressure gradient inside
the tube and local burned gas temperature behind the curved flame tip. The experimental findings
show that the flame curvature plays an important role as an indicator of the transition phenomena to
the explosive turbulent motion in the acoustic field. ‘

The CO; laser method employed here could successfully control the initiation of the transition
process by the development of an artificial disturbance, which made it possible to observe the phe-
nomena precisely with highly-resolved imaging. In the present study, it has been pointed out that
the transition phenomena were controlled by the condition such as acoustic amplitudes, flame surface
area, acoustic frequency and flame shapes etc. This work will give the fundamentals to understand the
thermal-acoustic instability, which is prevalent and unwanted in a high-load performance combustor.
Keywords: Acoustic Instability, CO, Laser Method, Diffusive-thermal Instability, Flame Curvature,
Hydrodynamic Instability, Lewis Number, Propagating Flame, Pressure Gradient.
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