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ABSTRACT: Discontinuous Galerkin methods have gained popularity in the simulation of aerodynamic flows because of their ability to discretize hyperbolic equations with high-order accuracy on complex geometries.

However, as of today the methods are rarely used for complex flow problems because of several issues. We present a number of new developments that make the solution of large flow problems feasible:

(i) An inexpensive, accurate, and stable discretization of the viscous terms inspired by the LDG method. (ii) A preconditioner for Krylov solvers based on p-multigrid with a block-ILU smoother, which in particular removes the stiffness due to low-Mach numbers. (iii) A shock capturing technique with subgrid accuracy based on classical artificial viscosity. We show examples of low-Mach flows, transonic and supersonic flows, and high-Reynolds number flows with RANS turbulence modeling.

In the second part of the talk, we present a new technique for generation of unstructured meshes for geometries specified by implicit functions. An initial mesh is iteratively improved by solving for a force equilibrium in the element edges, and the boundary nodes are projected using the implicit geometry definition. The element sizes are prescribed by a mesh size function which is computed automatically in a provably optimal way. The iterative nature of the algorithm makes it particularly useful for moving meshes, and we show how to combine it with the level set method for applications in shape optimization and incompressible flows. Finally, we describe methods for meshing of images and MRI/CT scans with applications in computational biology.
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