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Shock Wave Analysis by Non-conservative FEM Formulation

by
Keiji Manabe and Masatomi Nishio

ABSTRACT

The hypersonic-flow including shock wave problems are usually analyzed by solving compressible flow equations written by
conservative form. In this study, shock wave analysis is carried out by solving non-conservative form of governing equations by Finite
Element Method (FEM). First, it is shown that the non-conservative form of 1-dimensional Burgers equation can be properly solved by
using upwind scheme of Finite difference method (FDM). This FDM formulation for 1-dimensional non-conservative Burgers equation
can be obtained from FEM by using 1-dimensional linear shape function and Upwind Petrov-Galerkin (SUPG) method. Consequently the
same computational results of FDM and FEM for kdimensional Burgers equation is obtained. Second, compressible Navier-Stokes
equations are changed to the non-conservative form. It is important for analyzing shock wave to consider artificial viscosity term, therefore,
the non-conservative formulation is conducted for the equation including artificial viscosity term. The detail of the non-conservative
formulations of governing equations are shown. This type of equations are introduced to the program of FEM, and the 2-dimensional axi
symmetric problem is calculated. The calculation result of shock wave around the Re-entry capsule under the condition of Mach 10 are
shown, and the good agreement with experimental result is obtained. It is concluded that non-conservative form of governing equations of
compressible fluid can also analyze the shock wave by considering the artificial viscosity term.
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