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Abstraect

An upwind difference scheme was given by the author in [5] for the numeriecal polution of
steady—state problems. The present work studies this upwind scheme and its corresponding boundary
scheme for the namerical solution of unsteady problems. For interior points the difference equations
are approximations of the characteristic relations; for boundary points the difference equatons are
approximations of the characteristic relations corresponding to the cutgoing characteristics and the
“non-reflecting” boundary conditions. Calenlation of a Riemann problem in a finite computational
region yields promising numerical results. -

1. Introduction

Upwind difference schemes have always played important roles in the field of
numerical solution of hyperbolic partial differential equations. We have, amongst
the widely-used ones, the Courant, Isaacson, and Rees scheme [1}, and the Godunov
scheme, which is equivilent 0 an upwind scheme in a certain gsense, see [2]. We
also have[10], [3], [4],and many others. The author presented an upwind scheme in
[6] for the numerical solution of steady-state probloms. Its special feature is that the
viscosity term concerned hag effect in the unsteady process it speeds up convergenoce;
1t hag effect in the steady-state only in the shock region——it yields numerical shocks
with at most one point of transition, but it does not influence the solution in the
smooth region. Actually, the influence of vis-cosity on the smooth part of the
solution depends directly on the boundary conditions. With suitable boundary
conditions, the method under description consists of embedding a steady-state first
order difference problem into an unsteady, second order (in space)difference problem.
In [6] the author discussed the boundary scheme corresponding to the given upwind
scheme and extended the boundary schems to two-dimensional steady-state problems.
This boundary scheme approximates the ‘desired characteristio relations, it is in
conservational form in the steady-state, and its implementation is especially
convenient with implioit schemes.

The present work is an attempt to apply these schemes to the numerical solution
of unsieady problems. A discussion of the upwind scheme and the corresponding
boundary scheme is given in § 2. We shall see that for interior points, the difference
. equations are approximations of the characteristic relations. For boundary points,
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the difference equations are approximations of the oharaocteristic relations
corresponding to the outgoing characteristics, 1. e. the desired characterigtio
relations, and the “non-reflecting” boundary conditions. When the region of solation
ig infinite , it 19 necessary to reducs it to a finite region for numerical solution. Then
the “non-reflecting” boundary conditions have important significance. In §3 the
numerical solution of 2 Riemann problem in a finite computational region with tne
schemes discussed in § 2 is given. We shall see that the shock width is not large and
that even when the rarefaction wave and the shock wave go out of the computational
rogion, there are no apparent reflestions from the boundaries.

2. An Upwind Scheme and Its Boundary Scheme
Consider the hyperbolic system
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where I/ and F are p-dimensional vectors, F'=F(U), Let
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then (1) ean also be written as
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Suppose Ay, As, **v, Ay are the eigenvalues of 4, and 71, 73, ***, Ty the ocorresponding
richt eigenvectors, then
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where R is the matrix (ry, 7s, ==+, 7p). Let L'=R™*, then
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here I; is the left eigenvector corresponding to A, The charaoteristic normal form of

(1) is
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these are also called the characteristio relations.
The explicit form of the upwind socheme given in [8] ig
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