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Abstract: The reliable prediction of system response exposed to non-equilibrium
and non-continuum flows is crucial to solving grand challenges in space exploration,
national defense, and energy. Creative application of high-fidelity multi-physics
tools that span several lengths and timescales is essential because the macroscale
behavior is driven by competing microscale and atomistic scale physics. Direct
simulation Monte Carlo (DSMC) is a particle-based method ideally suited to
simulate flows in non-equilibrium and non-continuum conditions. My talk will
discuss the application of DSMC to help improve our understanding of the effect of
material microstructure on the macroscale oxidation of carbon composites. I will
also discuss the development of a new state-of-the-art macroscale oxidation model
from atomic scale information. The model provides important insights into the
design of heat shield materials for high-speed cruise vehicles.
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