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This study investigated a high-fidelity turbulent combustion LES method
based on detailed reaction mechanisms that reproduce turbulent combustion phenomena using coarse
grids. To establish the high-fidelity LES method, we first proposed the localized thickened flame
(LTF) model that spatially expands the flame thickness while maintaining the accurate laminar
burning velocity and auto-ignition without changing the chemical species distributions inside the
flame. Then, based on the LTF model, the turbulent combustion LES method that models the fame
curvature effects was proposed and validated through the turbulence and flame interaction problem.
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1 Flame propagation speed under 10 atm in terms of the dimensionless constant of y for three
different grid sizes.
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2 Comparisons of flame propagation behaviors caused by autoignition.
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3 Temporal development of flame structures in flame and vortex interaction. Left, temperature
distributions obtained by DNS; right, comparisons of flame structures at £ = 4.0 (black lines, DNS grid
resolution of 10 um; blue line, LTF model with 100 pm and Cy, = 100; red line, LTF model with 200 pm
and Cy, = 100; orange line, LTF model with 200 um and Cy = 1000).
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4 Effects of f model in LTF simulation in flame and vortex interaction at ¢ = 4.0. Left, comparisons
of flame structures (black line, DNS grid resolution of 10 um; blue and green lines, LTF model with 3
model; red line, LTF model without 3 model (same as the red line in Fig. 3)); right, B distributions for
the case of LTF model with 3 model.
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