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Abstract:

This seminar outlines progress in predictive modeling of chemically reacting flows in high-speed propulsion systems. At
high speeds, fluid-dynamic and chemical time scales are tightly coupled, and experiments are often too costly for iterative
design. Computation is therefore essential, yet existing reduced-order models do not extend naturally to these regimes,
making scale-resolving simulations necessary to capture the underlying physics. My work develops accelerated numerical
methods for systems such as dual-mode ramjets and detonation engines that require robust, scalable modeling of shocks,
turbulence, and chemistry. A central focus is the development of structure-preserving, conservative formulations for
unstructured grids, paired with chemistry-acceleration tools for modern high-performance computing architectures. In
parallel, my research integrates reduced-order and network-based compression strategies to accelerate simulations and
reduce computational cost. Together, these efforts will be essential to build a unified framework for simulating complex
propulsion environments and advance next-generation high-speed transport.
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