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Study on ultra lean combustion using swirl stagnation flow burners
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In recent studies it was found that backflow of burned gas enables ultralean
premixed combustion. In this study, we developed four swirl flow burners that can form a stable
recirculation zone and a counterflow of burned gas and unburned gas, i.e., a bugle-shaped burner, a
frustum-shaped burner with a flame holder, a sudden expansion burner, and a frustum-shaped burner without
a holder, and tried to realize ultralean premixed combustion by using them. As a result, we succeeded in
realizing almost steady ultralean combustion for both of methane-air and hydrogen-air in the three burner
cases other than the bugle-shaped burner. It was found that in all the three cases larger Swirl number
flow generally makes leaner combustion possible. Furthermore, a detailed-kinetics numerical simulation
revealed that in a hydrogen-air flame there occurs a very strong combustion point at the leading edge of
the flame due to so-called thermal-diffusive imbalance that is one of the Lewis number effects.
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