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The Effect of Inert Dilution on Flickering Motions of Jet Diffusion Flames
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Buoyancy has strong impacts on the mechanisms of flame stabilization such as flame flash back, lift-off and blow-off for premixed flames, and lift-off, and blow-out for diffusion flames [1-3]. The low-frequency oscillation or “flickering’’ of laminar diffusion flames induced by buoyancy effects is a well-known combustion phenomenon. In this study, we aimed at investigating instability of jet diffusion flames caused by the buoyancy effects called 'flickering motion', especially with an emphasis on the effect of inert dilution. The experimental apparatus consisted of a coaxial jet burner system, a gases supply system, a high speed camera, and an exhaust suction system, as shown in Fig. 1. Typical diffusion flame flickering is shown in Fig. 2. Low frequency flame oscillation is known as the flame flicker, and it is caused by the instability of the laminar-jet flows. The instability is due to a buoyancy-induced velocity field which surrounds a forced convective flow. There are two distinct vortical structures, i.e., large vortices outside the luminous flame and small roll-up vortices inside the flame. The vortices outsides the luminous flame are due to buoyancy-induced Kelvin-Helmholtz type instability and are also responsible for low frequency flame oscillations. The frequency of these vortices is related to the flame bulge and the flame oscillation frequency. The results showed that the flickering frequency in the high velocity range (from 30 to 120 cm/s) was lower than that in the low velocity range (from 10 to 30 cm/s). In the high velocity range, the flickering frequency was about 11 Hz, which was nearly independent of the flow velocity and gas composition. However, in the low velocity range, the flickering frequency decreased with an increase in flow velocity, and the flickering frequency decreased with increasing methane concentration. The flickering frequencies at low velocities were in the range of about 11-15 Hz.
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Fig. 1. Schematic of jet flow system.
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Fig. 2. Continuous photographs of the methane jet diffusion flames at a flow velocity of 40 cm/s.
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