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Abstract:

Vehicles flying at high speeds can induce strong shock waves, resulting in flight environments
rich in coupled flow phenomena, including thermal nonequilibrium, vibrational excitation, and
dissociation. To gain molecular-level insight into the thermophysics that drive macroscopic fluid
processes, we have incorporated ab initio potential energy surfaces in the Direct Molecular
Simulation (DMS) method. In this unified framework, energy exchange, chemical reactions,
transport, and fluid mechanics naturally arise from a single input. This has enabled us to derive
transport properties and generate benchmark numerical solutions from first-principles, and
leverage these results to evaluate and refine reduced order models of thermochemical
nonequilibrium effects.
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Dr. Ashley Verhoff is an Aerospace Engineer in the Aerospace Systems Directorate of the Air
Force Research Laboratory (AFRL), where she leads a research team conducting first-principles
investigations of thermochemical nonequilibrium effects in high-speed flows. She earned her
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