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Abstract:
Hydrogen (H2) has attracted considerable attention in recent years as a promising alternative fuel. However, its applications in advanced propulsion and energy conversion systems still face significant challenges due its unique thermochemical properties, such as low energy density, high diffusivity, and high flame speed, etc. These characteristics (1) substantially complicate fuel-air mixing and combustion processes, which strongly affect the efficiency, pollutant emissions, and stabilities of H2-fueled combustion systems, and (2) bring difficulties to the development of predictive numerical tools that are essential for rapid engine design and optimization in industry. To address these challenges, we have conducted a series of direct numerical simulations (DNS) of turbulent H2 mixing and combustion processes to advance the fundamental understanding and to develop accurate reduced-order numerical models. This seminar will present two DNS studies of the H2 jet in air crossflow and turbulent statistically planar lean premixed hydrogen/air flames. Based on these DNS data, a novel turbulent scalar mixing model and an improved turbulent combustion model were developed, both of which demonstrated good predictive performance in the modeling of an industrial H2-fueled heavy-duty engine.
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