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When Flames Meet Walls: High-Fidelity Modeling for Future Low-Carbon Engines

One of the central challenges in modern combustion science is accurately predicting flame behavior
in confined environments, as typical combustion chambers are enclosed by walls. This challenge
becomes even more pronounced under the ongoing trend of engine downsizing, which increases the
surface-area-to-volume ratio of combustion chambers.

As energy systems transition toward carbon-neutral operation, both conventional fuels such as
methane and emerging alternatives like hydrogen require modeling approaches that can capture the
coupled interactions between flames and walls, including flame quenching, wall heat losses, and
pollutant formation, under complex chemistry and realistic operating conditions.

Addressing these challenges demands advanced numerical frameworks capable of resolving key
physical processes, such as turbulence—chemistry interaction, near-wall quenching, mixture
stratification, and high-pressure kinetics, while remaining computationally efficient for engineering
applications.

In this talk, | will present recent advances in simulation methodologies that integrate detailed
chemical kinetics into reduced-order manifold descriptions, enabling predictive modeling of flame—
wall interactions across a wide range of fuels. Special attention is given to multi-dimensional
manifolds, novel turbulence—chemistry closures, and GPU-accelerated direct numerical simulations
that reveal previously unresolved features of near-wall reactive flows. Targeted experiments provide
high-quality reference data for model validation and ensure that the numerical tools remain firmly
grounded in physical reality. In conclusion, this work outlines a pathway toward next-generation
modeling strategies for partially premixed, turbulent flame—wall interactions—approaches that
ultimately enable predictive simulations of practical combustors operating with methane, hydrogen,
and future carbon-neutral fuels.



