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Analysis of heat release characteristics of methane/air lean
premixed bluff-body flames

WANG Haiqing, LIU Peijin
National Key Laboratory of Solid Rocket Propulsion, School of Astronautics,
Northwestern Polytechnical University, Xi’an 710072, China

Abstract: To investigate the heat release characteristics of methane/air lean premixed bluff-body flames, this study
employs experimental methods based on CH" chemiluminescence to examine the effects of equivalence ratio, inlet
flow rate, and acoustic excitation with varying frequencies and amplitudes on flame oscillation behavior and heat re-
lease dynamics. Experimental results reveal four typical flame oscillation modes influenced by the equivalence ratio
local extinction oscillation, asymmetric structure oscillation, small-scale symmetric structure oscillation, and stable
combustion. The heat release intensity increases approximately linearly with the equivalence ratio. For BVK ( von
Karman vortex shedding) oscillating flames, the fluctuation in heat release rate initially increases and then decrea-
ses along the axial direction, peaking around x/d=5.5. In contrast, for small-scale symmetric oscillating flames,
the heat release rate fluctuation shows a nearly linear increase with x/d. The influence of acoustic excitation on the
flame’s heat release behavior was also investigated. It was found that with increasing excitation amplitude, BVK-
type oscillations gradually transition into large-scale symmetric structure oscillations. Overall, the amplitude of heat
release rate fluctuations increases with the acoustic excitation amplitude ; a similar trend is observed with respect to

frequency. Under an excitation of 35 Hz and 1.0 V, the fluctuation amplitude of the heat release rate approaches

0.6.

Keywords: lean premixed combustion; combustion stability; equivalence ratio; acoustic excitation; heat

release characteristics
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