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Modelling Extinction in Turbulent Swirling Non-Premixed Flames
Local and global extinction in turbulent swirling non-premixed flames is investigated with the Large
Eddy Simulation, or LES, and the sub-grid-scale Conditional Moment Closure, or CMC, combustion model.
The Sydney swirling air-diluted methane flame is simulated for validating the newly developed finite
volume CMC model. Good agreements are achieved in terms of velocity and mixture fraction statistics,
averaged reactive scalars in both physical and mixture fraction space. The local extinction level from the
increased central fuel velocity is reasonably predicted. The occurrence of local extinction is typically
manifested by low heat release rate and hydroxyl mass fraction, as well as low or medium temperature. It is also
accompanied by high scalar dissipation rates. It is also found that both micromixing and flow transport may
induce the localized extinction.
Localized extinction features of a swirling non-premixed methane flame in a model gas turbine
combustor are investigated, and it is observed that fast mixing in this burner leads to spatially and temporally
rapidly changing regimes of non-premixed flames. The globally lean blow-off conditions and dynamics in the
same model gas turbine combustor are predicted. The present LES/CMC model predicts an air blow-off velocity
within 25 percent of the experimentally determined value for a range of fuel jet velocities. The predicted blowoff transient lasts finitely long duration quantified by the blow-off time, in good agreement with the
experiments. When the current swirling flame is close to blow-off, high-frequency and high-amplitude
fluctuations of the conditionally filtered stoichiometric scalar dissipation rate on the iso-surfaces of the filtered
stoichiometric mixture fraction are evident.
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