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Multi-Modal Transition of Thermoacoustic Oscillations in
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Abstract: In this paper, a Rijke tube experimental rig with openings at both ends was constructed to study the
methane-air premixed flame over porous ceramic plates. The effect of equivalence ratio on multi-modal transition
was investigated, and the instability characteristics of the flame in different self-excited oscillatory modes were
analyzed. It was found that the change of equivalence ratio induces the transition of self-excited oscillation modes.
When the thermal power was fixed at 0.96 kW, the air flow rate was increased, and the equivalence ratio de-
creased from 1.17 to 0.71, the dominant frequency of pressure oscillations in the tube hopped from 163 Hz to 355
Hz. The acoustic eigenfrequency of the Rijke pipe was determined using the Green’s function method. The domi-
nant frequencies of the self-excited oscillation in the experimental tests corresponded to the first and second-order
acoustic eigenfrequencies of the Rjike tube. The images of the average heat release rates of the flames at different
equivalence ratios show that the flames at higher equivalence ratio are more likely to be coupled to the lower order
oscillation frequencies of the system due to the greater flame length and the smaller premixed gas flow rate, which
means a longer convective delay time. The flame oscillatory modes at different oscillation frequencies were ob-
tained using phase-averaged and proper orthogonal decomposition methods. It was found that low-frequency flame
oscillations are dominated by the longitude pulsation mode, while the high-frequency flame oscillations are domi-

nated by the blinking mode.
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