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Abstract: In order to investigate the transient effect of flame stretch on flow field and soot forma-
tion, and to further improve the application of laminar flamelet model in turbulent flame, a high-
ly-controllable acoustically-excited counterflow flame burner with flow field and soot concentra-
tion field measurement system is designed and established. Using phase-locked particle image ve-
locimetry (PIV) and laser-induced incandescence (LII) technologies, the characteristics of the
flow field and soot formation with time in counterflow flames with harmonic oscillation are meas-
ured. The results show that the exit velocity profile at the nozzle of the acoustically-excited coun-
terflow burner is non-uniform. Under unsteady conditions, the amplitude of the applied acoustic
excitation voltage signal has a linear relationship with the exit velocity amplitude. At a frequency
of 40 Hz, the ethylene and propane flame’s exit velocities lag behind the voltage signal by 0. 09

and 0. 14 cycles, respectively. As the frequency of the voltage signal increases, the lag of the ve-
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locities expands. In addition, the soot volume fraction of ethylene flame at 40 Hz lags behind the

quasi-steady value by 0. 35 cycles, which exhibits obvious transient effects. The research results

provide a theoretical basis for the development of unsteady laminar flamelet model.

Keywords: acoustic excitation; counterflow burner; soot formation; particle image velocimetry;

laser-induced incandescence
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Fig. 3 Timing diagram of phase locking
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Fig. 10 The functions of soot volume fraction and oxidizer

nozzle exit velocity with time in ethylene flame
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