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Abstract

This work develops finite element methods with high order stabilization, and
robust and efficient adaptive algorithms for Large Eddy Simulation of turbulent
compressible flows.

The equations are approximated by continuous piecewise linear functions
in space, and the time discretization is done in implicit/explicit fashion: the
second order Crank-Nicholson method and third/fourth order explicit Runge-
Kutta methods. The full residual of the system and the entropy residual,
are used in the construction of the stabilization terms. These methods are
consistent for the exact solution, conserves all the quantities, such as mass,
momentum and energy, is accurate and very simple to implement. We prove
convergence of the method for scalar conservation laws in the case of an
implicit scheme. The convergence analysis is based on showing that the
approximation is uniformly bounded, weakly consistent with all entropy
inequalities, and strongly consistent with the initial data. The convergence of
the explicit schemes is tested in numerical examples in 1D, 2D and 3D.

To resolve the small scales of the flow, such as turbulence fluctuations,
shocks, discontinuities and acoustic waves, the simulation needs very fine
meshes. In this thesis, a robust adjoint based adaptive algorithm is developed
for the time-dependent compressible Euler/Navier-Stokes equations. The
adaptation is driven by the minimization of the error in quantities of interest
such as stresses, drag and lift forces, or the mean value of some quantity.

The implementation and analysis are validated in computational tests, both
with respect to the stabilization and the duality based adaptation.
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