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Abstract

In this paper, a high-resolution entropy stable scheme (ES2) is constructed to solve the shallow
water magnetohydrodynamics equations (SWMHD equation). The main construction process is to
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apply a new slope limiter based on MUSCL (Monotone Upstream-centred Scheme for Conservation
Laws) type reconstruction method to the entropy stable scheme (ES) of the SWMHD equation, and
obtain a high-resolution entropy stable scheme with second-order accuracy, which effectively
suppresses the occurrence of non-physical phenomena by reasonably controlling dissipation in the
discontinuous region. The newly constructed scheme (ES2), entropy stable scheme (ES), and en-
tropy conservation scheme (C) are applied to solve the one-dimensional and two-dimensional
SWMHD equation problems, and the numerical results show that the scheme can accurately cap-
ture the structure of the solutions, achieve high-order accuracy in the smooth region, and have no
non-physical oscillations in the discontinuous region.

Keywords

Shallow Water Magnetohydrodynamics Equation, Entropy Stable Scheme, High-Resolution,
Slope Limiter

Copyright © 2023 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5I8§

WK AR N T RAMs W KBS R WA . WU, KRRk
75 FE(SWMHD) & 7E R /K ik 77 FR IRl 25 18 T RE3A 152, e il Gilman [1]32 Hi - 43 A BH i 5
2R [2] (X BH P9 38 1 4 S DX RO 30 X B — J2 38 2 2 BR O, 3 )2 )2 R Dy DR B i B 2 I I 5 o TR B
SWMHD 77 2t /& B AR LI 4 /) % (MHD) A B2 7E H R T . MRE R S BRI SL T raevE, 5
MHD J7#—Ff, SWMHD J5 #2175 ZEX T B A R AR AT EAT RR R AL B . EROR SWMHD J7 FE AN 22 4 (1)
WU B 7R, AE L ) S5 H 5 AR 5 REARAL, DRI BRATT AT KSR A — A0 it < e A 1Y g i e 3
SWMHD ##2 L.

XU S AR FE A AR I A0 LA SR AR B BUE T VEE R O — B 2R R 5. 00l S e 2
AU I R AE s BOGHT ,  FARLE A 2t ] e 2> ML R Wr, @) i BlE e 7l
BRI RIS . NEYIUZE R, Lax 76 1954 42 H T SR [BIMIMES, RVFIRIWIRAATE: SR 59
ANME—, E AR T S E B 22 A s S AR R TSR T ER AR I I R, X R A AR SR AR 2 A
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%2 fi# (Reference) ¥ 1 CFL = 0.1 A HX 5000 4N34157 kA% i i i A s #8 2R(ES) 15 21

B 1 KB

LS 2 2 T I ES2 A IR BE, FETHELIX 3K Q = [-1,1] B8 i 408 i)

h(x0)=1, u(x0)=0, u,(x,0)=sin(2z(x)), b(x,0)=1, b,(x,0)=v,(x0),
WA g =1, RABEMMELFREIE, HER =12 G SR
h(xt)=1, u(xt)=0, u,(xt)=sin(2z(x+t)), b(xt)=1, b(xt)=v,(xt),
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Table 1. Numerical errors and order of convergence for variables u,

* 1 TEu, WEEREMBSH

Wit % (I(ER e Uiy L2 %L e {ly
40 0.0058 - 0.0012 -
80 0.0014 2.0506 2.4020e-04 2.3402
160 3.4121e-04 2.0452 4.7866e—05 2.3243
320 8.2044e-05 2.0591 9.7587e-06 2.2965
640 1.9761¢-05 2.0493 2.0240e-06 2.2636

Bol2: BRBAE
FEDIR Q =[-1,1] FRfRun R {E i

[10,0,1,0], x<0,

[h,ul,uz,hl.bz]Z{[z,o,o,o.s,l],x >0.
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Figure 1. Numerical results of example 2

1. B2 (BIELR

Hpl3: FEENE
FEX IR Q = [-1,1] bR R AI{E 170

DOI: 10.12677/aam.2023.129400 4083 IR Esid


https://doi.org/10.12677/aam.2023.129400

EH 55

[1,0,111], x<0,
[h.us,Uz.by. b ] = [1-10%,0,1,(1+20) /(2-10),1.0002 |, x> 0.

Heg=1, tFHEH KA Neumann i1 5% 4. B&h, u, u,, b, b,, hu,, hb, 7Et=0.4 K FIEUL
MSEAR I 2. WEE 2 AT LUREL C A& AR W B IHR , ES RN EIR BR T HR % (B /& 7E Al W A 4k
SFILG T, T ES2 M2 TSN T R PR AR R R, AN B TR 9 1T LR A W AL % v
Mo, TEMRWAR SIS R, B m R — BRI

-5
1 9 x10
0.99998 -
0.99996 - N
L Ra ffnentfh
"i\ “,‘ V¥ L oyeeediy ¥
< 0.99994 1
0.99992 -
0.9999 -
0.99988 : - . -1 : - :
-1 05 0 0.5 1 E 05 0 05 1
X
1.00014 ; : ‘ 1.00012
ek
E——
1.00012 | T e
1.0001 |
1.0001 -
1.00008 |
1.00008 -
%
N 1.00006 - S 1.00006 | AN
e feea g p [
L 1P AR sl hnanfitt af [ %)
1.00004 |- AR RS Y|
1.00004 ' iy
1.00002 -
1.00002
1
0.99998 - - . 1 : - -
-1 05 0 0.5 1 K 05 0 05 1
X X
1.00025 : . : 1.0001
—c
1.00008 -
1.0002
1.00006 -
1.00004 -
1.00015 -
1.00002 +
N
N 1.0001 F 2 13
<
0.99998 |
1.00005 -
0.99996 |
; 0.99994
0.99992
0.99995 . . . 0.9999
El 05 0 05 1 -1 1
X

DOI: 10.12677/aam.2023.129400 4084 IR Esid


https://doi.org/10.12677/aam.2023.129400

1.0002

1.00015
1.0001 -

™~

2 1.00005

T

1%

0.99995 |-

0.9999
-1

-0.5 0 0.5 1

Figure 2. Numerical results of example 3
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Figure 3. Numerical results of example 4
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Figure 4. Numerical results of example 5
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