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Abstract

In this paper, concerned with the Cauchy problem for 2D nonlinear hyperbolic
conservation laws,we construct a class of uniformly second order accurate finite
difference schemes, which are based on the E-schemes. By applying the conver-
gence theorem of Coquel-Le Floch [1], the family of approximate solutions defined
by the scheme is proven to converge to the unique entropy weak L*-solution. Fur-
thermore, some numerical experiments on the Cauchy problem for the advection
equation and the Riemann problem for the 2D Burgers equation are given and the
relatively satisfied result is obtained.

1. Convergence of A Class of Uniformly Second Order Accurate
Difference Schemes

In this section, we consider the Cauchy problem for nonlinear hyperbolic scalar
conservation laws with two space variables:

Ou + 0. f(u) + d,g(u) =0, u(t,z,y) € R,t € (0,T),(x,y) € R?, (1.1)

n(O,x,y) = ug(;r,y), (:L"y) € R27 (12)

where f and g: R — R are Lipschitz continuous functions and the initial data ug is a
bounded function with compact support.

Let At, Az, Ay be the time, z-space and y-space increments of the discretization
respectively. The mesh ratios, A, = At/Axz, A\, = At/Ay, will be kept constants.
Ay “'?4-%‘]' = Uy Uiy A+uzj+% = Ui T U

In [2], the authors have discussed a class of high order accurate schemes constructed
from E scheme by the flux limiters. The scheme is in the form (n € N)

n
,7"

n+l _ . n 7 n oo <
U = Ui — /\IA“*’fi,Ll LT AyA+.(1i L1 t,J € Z, (1.3)
. RV »J 2
1 1
n — h(un R u. 4+ = n )
fi+%,j w1 TP Ly M T %50

* Received January 20, 1995.



312 J. CHENG AND J.Z. DAI

1 1
n =l("- — noy _gn .jeZ 1.4
i+l Yait1 T T b "”J+2si,j+%)’ Wi €2 (14)
where
|A+UZ+ ]l
= oU(t7 5 A4} 3 O(——2")
l+ ¢( ' ) + ’l+%,] ( Clhal
|A+u:‘_lj|
n 1 n n PA
— St YA 9(————)
Tt A i+%,j) Tingi U crhen
[Ayu” ]+§
2 A
= t Aiu™
1J+2 = ) + = ( cah®? )
[A+u ; 1'
= w Ay 0(— 2 neN,i,jc Z, 1.5
,J+2 ¢( 2) + i,j-—% C2h°‘2 ) 2V ( )
A+u_ 1. A+un 1
tn ) — 1_57] n :] §
i+5.9  Agu® LR | T ALun
2 + i+%,j 2 * ,J+%
w" -1 w" g neN,i,9€ Z
A T IO HJ
i+, ij+i
1 Ir] <1
0(7') = , b>0
bh Ir| > 1

0<afF <1, ¢ >0, fork=1,2

h(u,v), I(u,v) are the numerical flux functions of any two three-point E-schemes. ¢!, ¢?
are flux limiters.
We list two results of the authors in [2] which will be needed in this paper.
Lemma 1.1. [2] Suppose that the condition

¢t (r)

0<¢*(r) <p, ¢%0)=0, 0<—2<1, fork=1,2, (1.6)
r
holds true and Az, Ay satisfy the condition
1
Ao max{lhal, ]} + Ay mae{liol, 1]} < 54—, (17)

where hg = Oh(u,v)/0v, hy = Oh(u,v)/du, ly = dl(u,v)/dv, l; = Ol(u,v)/Ou. Then
the scheme (1.3)~(1.5) can be of the form (n € N)

upt! = uf RO L Al | =Dy Ayl 4B G Agut G —F" At
i+ 21.7 Z+2y] 7"‘27.1 27] 17]""2 tLJt5 LTy LI—g
where
CT‘IQZO,DT’l.zO,E” 120, F* | >0, ¢j€Z, (1.8)
1+5.J i+5,] 4,J+3 L,i+3
Cn 1 +Dn 1 +ETI. '*'Fn 1 Sl 'L,JEZ. (1.9)
i+35.3 =35 ,J+2 .ij—3

Lemma 1.2. [2] If the function ¢F(k = 1,2) satisfies ¢*(x) = akz + af, where
a¥ >0,ad5 >0, dk+ ak =1, for k = 1,2 , then the scheme (1.3)—(1.5) is uniformly
second order accurate in space.



