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Material Fluid Flow, in Zurich, Switzerland. I was the only undergraduate student who gave an oral presentation, along with a couple
graduate students and numerous professors and researchers from universities, laboratories, and companies around the world. It was
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(Please use the space below to describe your research project and objectives, any findings and results you can share, and

graphs, charts, and other visuals to help us understand what you achieved as a result of this research experience.)
Traditional methods for modeling radiation hydrodynamics can present problems when encountering
discontinuities. By leveraging shock tracking, an alternative method to shock capturing, we aim to generate
a mesh such that element faces align with shock surfaces and other non-smooth features to perfectly
represent them with the inter-element jumps in the solution basis, e.g., in the context of a finite volume or
discontinuous Galerkin (DG) discretization. These methods lead to high-order approximations of high-
speed flows and do not require nonlinear stabilization or extensive refinement in non-smooth regions
because, once the non-smooth features are tracked by the mesh, the high-order solution basis

approximates the remaining smooth features.

In my research, we have demonstrated the viability of radiation hydrodynamics modeling using the High
Order Implicit Shock Tracking (HOIST) method that re-casts the geometrically complex problem of
generating a mesh that conforms to all discontinuity surfaces as a PDE-constrained optimization problem.
The optimization problem seeks to determine the flow solution and nodal coordinates of the mesh that
simultaneously minimize an error-based indicator function and satisfy the discrete flow equations. A DG
discretization of the governing equations is used as the PDE constraint to equip the discretization with
desirable properties: conservation, stability, and high-order accuracy. By using high-order elements, curved
meshes are obtained that track curved shock surfaces to high-order accuracy. The optimization problem is
solved using a sequential quadratic programming method that simultaneously converges the mesh and DG
solution, which is critical to avoid nonlinear stability issues that would come from computing a DG solution
on an unconverged (non-aligned) mesh. The method is used to solve several well-known problems in

radiation hydrodynamics including subsonic Marshak waves and radiation shock solutions.



In the future, this reseach can be expanded to higher dimensions for more interesting applications and
more benefit to the inertial confinement fusion research community. This modeling has shown promise
and an opportunity for further developments to address issues in high-fidelity modeling and simulation for

fusion experiments in the pursuit of nuclear fusion energy research.



