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Abstract: Hypersonic vehicles can cause shocks yielding temperatures in excess
of 10,000 K. At these conditions, air begins to chemically decompose. The rate and
manner of this decomposition must be accurately predicted, for example to
determine the amount of reactive atomic oxygen near the surface. However, the
extreme nature of these phenomena makes them difficult to study experimentally.
Instead, molecular interactions can be simulated using the quasiclassical trajectory
(QCT) method, using accurate descriptions of atomic forces from quantum
chemistry. QCT calculations are performed for 5 reactions that are relevant for air
chemistry, and the results are presented in the context of the inputs necessary for
CFD. Emphasis is placed on linking the microscopic behavior of these interactions
to the bulk effects that are relevant for vehicle-scale calculations. A new model is
proposed, that captures the dominant mechanisms while remaining
computationally tractable for vehicle design. Results with this new model are
compared to existing methods for several configurations.
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