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Abstract e
: When one compares a differencs mhemﬂ with a.nuther, unly a quahta.twe comparison is 113113113" .'
given. Such a comparison is not encugh. :E‘ormmple, sohemaﬂmfnom accurate than scheme B, but .
it would take more time to use scheme 4 ‘than to use scherhe ‘B, Ino;de:todetermme which schems is

the best, it is necessary to make a quantitative comparison among difference schemos.
‘When the state equation is non-convex, the numerical solution’is semsitive 1o methodst ), Wa

make a numerical tast with 10 different schemes for such a problem. From the computed results the
following conclusions are obtained: B Ry

The physically relevant solutions can ha ubta.med if. the Godunov scheme and the first-order E-O
sch me are used, but the solutions are not so accurate. Iu onr. p:toblem. it i® mecossary to take at least
80000 mesh points inghe space direction in order to obtain a solution with an error of 10-3, The
physically relevdnt solotion can also be obtained by using the Laxmhm& but its accuracy is lower

than those of the Godunov schemse ard the B-O scheme.. - .- I
The physically relevant solutions cannot be obtained by: umng tha L—W ﬂcheme, the MacCormack

scheme, the Murman auhame, the Richimyer scheme, the Oomnt .achame and the second—order
one-sided scheme.

The physically relevant solutions can also be obtained by using the second-order gingularity-
separating method (88 scheme for short). For our problem, 15—25 mesh poinis in the space direction
are enough for a solation whose error is 10-3. That is, in this Ca30 the number of mesh points for the

5-8 method is ,321{) - 53’;0 of that for the Godunov scheme or the first—order E-O scheme. We know

f£rom the computation that the convergence tates of the Godunov schems and the first-order E-O scheme
are about O(4t17%) in L, space, but that of the B-8 method is O(4%) . We can see that the higher the
required accuracy, the larger the difference of the computation amount. Moreovar, because of the
rounding errors, wo cannot make the computational error infinitely small. If we solve our problem
using a computer with a word length of 82 bits (the Jongth of mantissa is 24 bits), the smallest poesible
error i3 7% 103 for the E-O scheme, but it iz 10-5 for the 88 method. This is becauss the amount of

computation for cur method is less, and the problem of rounding errors is not so serious.

§ L The Problem

We consider the followmg initial~boundary—-value problam with a non—convex
equatmn nf state:
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[U( —0.001, t) =), 6566 — 4:51(5)

U(0.001, t) =0.014—
where the equation of state is

3 %(t)

F(O) =-=U‘/2-— 19U“/30+U“‘/4 33U /1000,
‘and z,(t), #2(t) are implicitly given by the followmg formulag

&4 (t)
ﬂig (t)

§

=1f'(0.8566—42,()),
=-tf (0. 014 3. 45,.(4:))

2, The Schemes

The following schemes are used for the a.boﬁ prdblem
1. The smgulanty—saparatmg method: (‘tha 8-8 method)®1®

Thigs method has been proven
both in theory and in practice to

be a very good method for the

initial ~-boundary—value problem
of the first—order . quasi—linear
hyperbohc equ&tlpns. The discon-
tinuity conditions are used on the

discontinuity lines and there is

no difference across the discon-
tinuity lines in the system of dif-
ference equations. More accurate
solutions can be obtained by using
g foew mesh points because of the

gmall truncation errors. The figure

of the solution for our problem is

right cnntact discontinuity left mntact discontinuity.
=X 0 — 0L

Fig. 1 Locations of the diseontinuities of U(z, &) in
plane (z, #) (the -8 method)

shown in Fig. 1. In order to solve this problem by the 8~8 method, we introduce a
new coordma.te gystem through the following ¢ coordinate transformation:

2 (4) —2i-1(3)

t=1,

{§-= % —213(1) +I—1 ﬁm;_i(t)ﬁmﬁm;(t),_

Here 2;(t) Tepresents a boundary ]JJJ.E OT 2 dmcontmuity line (From Fig. 1 it is clear

that there are several discontinuity lines).
Through the above transformation, a prﬂblem w;lth movable boundarieﬂ is

changed into a problem wﬂsh fixed
accurately. Suppose

boundaneﬂ Tis eonvamant for treating boundaries

then the equation in the new courdmsa.te syshem can be written as: Py
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