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ABSTRACT

Finite element computation of compressible Euler
equations is presented in the context of the streamline-
upwind/Petrov-Galerkin (SUPG) formulation. The SLJPG
formulation, which is based on adding stabilizing tenns to
the Galerkin formulation, is further supplemented with a
shock capturing operator which addresses the difficulty in
maintaining a satisfactory solution near discontinuities in
the solution field. The shock capturing operator, which has
been derived from work done in entropy variables for a
similar operator, is shown to lead to an appropriate level of
additional stabilization near shocks, without resulting in
excessive numerical diffusion. An imphcit treatrnent of the
impermeable wall boundary condition is also presented.
This treatment of the no-penetration condition offers
increased stability for large Courant numbers, and
accelerated convergence of the computations for both
implicit and explicit applications. Several examples are
presented to demonstrate the abitty of this method to solve
the equations goveming compressible fluid flow.

INTRODUCTION

The physics and dynamics of problems involving
compressible flows in aerospace applications are not yet
fully understood. Particularly, better understanding of
dynamical, thermal, and chemical aspects of the reentry
conditions is needed. While the prediction of aerodynamic
and heating loads is very important for designing space

vehicles (Li, 1986), the conditions, such as altitude and
speed, under which space vehicles operate makes the
simulation by ground test facilities extremely difficult.
Therefore, computational predictions based on the solution
of the appropriate governing equations have become
crucial.

Thus, the objective of this work is to address issues
associated with solving compressible flow problems using
the finite element method. While it is hoped that the
inherent flexibility of the finite element method to model
complicated geometries will enable engineers to model
flows past such vehicles as the Space Shuttle and the
Aeroassist Flight Experiment, this research has
concentrated on developing effective strategies for the
solution of compressible flows in two dimensions, which
can then be extended to more complex three-dimensional
problems.

Among the difficulties associated with numerical
simulation of compressible flows is the rearnent of shocks
and sharp layers. For high-speed flows, the magnitude of
such sharp variations in the flow field can be very large,
making the computation even more challenging. It is well
known that Galerkin finite element (or classical central
difference) schemes result in spurious oscillations for
advection-dominated problems due to their hyperbolic
nature, especially in ttre presence of sharp layen in the
solution. To minimize such effects, a streamline-
upwind/Petrov-Galerkin (SUPG) formulation is employed.
Such schemes, which introduce minimal numerical
diffusion, have been successfully applied to various fluid
dynamics problems (Brooks and Hughes, 1982; Tezduyar
and Hughes, 1982; Tezduyar and Hughes, 1983; Tezduyar
et al.,1988\. Furthermore, to obtain better solutions in the
presence of shocks, a discontinuity capturing scheme was
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