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Abstract The semi-discrete central-upwind scheme is a new Godunov type numerical method

which is developed in 1990s. The scheme is widely used in the computational fluid dynamics and its

advantages include the simple calculation process, the high calculation precision and so on. But for

the third-order scheme, the positivity of the weight function and the non-oscillation of the WENO

type reconstruction function in every direction cannot be preserved in two dimensional problems.

In this article, a simple, direct modification is taken to the weight function of the two dimensional

third-order semi-discrete central-upwind scheme. The modified weight function will keep the posi-

tivity all the time while the accuracy of the semi-discrete central-upwind method is preserved. The

revised scheme still has the advantages of central-upwind schemes and it keeps the non-oscillation of
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reconstruction. To explore the potential capability of application of this reformation of weight func-

tion, two Magnetohydrodynamics (MHD) problems are simulated. In simulations, the third order

Runge-Kutta method is used to solve the time evolution and the divergence of magnetic field was

calculated by fourth-order Lax-Wendroff (L-W) scheme. All the numerical results demonstrate the

modified scheme can solve the MHD equations stably, get high resolution and non-oscillatory results,

keep the positivity of the weight function and the reconstruction is non-oscillatory in each direction.

Key words Non-oscillatory high-order scheme, Reconstruction, Central-upwind scheme
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ūj,k(t) = −
Hx

j+
1
2 ,k

(t) − Hx

j− 1
2 ,k

(t)

Δx
−

Hy

j,k+
1
2

(t) − Hy

j,k− 1
2

(t)

Δy
, (1)

�$,

Hx

j+
1
2 ,k

=
a+

j+
1
2 ,k

6(a+

j+
1
2 ,k

− a−
j+

1
2 ,k

)
·

[
f(uNE

j,k ) + 4f(uE
j,k) + f(uSE

j,k)
]−

a−
j+

1
2 ,k

6
(
a+

j+
1
2 ,k

− a−
j+

1
2 ,k

) ·

[
f(uNW

j+1,k) + 4f(uW
j+1,k) + f(uSW

j+1,k)
]
+

a+

j+
1
2 ,k

a−
j+

1
2 ,k

6(a+

j+
1
2 ,k

− a−
j+

1
2 ,k

)
·

[
uNW

j+1,k − uNE
j,k + 4(uW

j+1,k − uE
j,k)+

uSW
j+1,k − uSE

j,k

]
,

Hy

j,k+
1
2

=
b+

j,k+
1
2

6(b+

j,k+
1
2

− b−
j,k+

1
2

)
·

[
g(uNW

j,k ) + 4g(uN
j,k) + g(uNE

j,k )
]−

b−
j,k+

1
2

6(b+

j,k+
1
2

− b−
j,k+

1
2

)
·

[
g(uSW

j,k+1) + 4g(uS
j,k+1) + g(uSE

j,k+1)
]
+

b+

j,k+
1
2

b−
j,k+

1
2

6(b+

j,k+
1
2

− b−
j,k+

1
2

)
·

[
uSW

j,k+1 − uNW
j,k + 4(uS

j,k+1 − uN
j,k)+

uSE
j,k+1 − uNE

j,k

]
,

f(uE
j,k), f(uNE

j,k ), f(uSE
j,k) &O]cD (j, k) >

V x X)L@G2aWM @�??M, f(uW
j+1,k),

f(uNW
j+1,k), f(uSW

j+1,k) &D (j + 1, k) >V x X)L@
G2aWW @�??M. g(uN

j,k), g(uNW
j,k ), g(uNE

j,k )

&O]cD (j, k) >V y X)L@G2aWM @
�??M, g(uS

j,k+1), g(uSW
j,k+1), g(uSE

j,k+1) &O]c
D (j, k + 1) >V y X)L@G2aWW @�??
M. _�$<G u �@L&

uj,k = pn
j,k(xj , yk), uN

j,k = pn
j,k(xj , yk+

1
2
),

uS
j,k = pn

j,k(xj , yk− 1
2
), uE

j,k = pn
j,k(x

j+
1
2
, yk),

uW
j,k = pn

j,k(x
j− 1

2
, yk), uNE

j,k = pn
j,k(x

j+
1
2
, y

k+
1
2
),

uNW
j,k = pn

j,k(x
j− 1

2
, y

k+
1
2
), uSE

j,k = pn
j,k(x

j+
1
2
, y

k− 1
2
),

uSW
j,k = pn

j,k(x
j− 1

2
, y

k− 1
2
),

&O]cD (j, k) >�")LV x, y X)@G2a
WMW @� u ", uNW

j+1,k, uW
j+1,k, uSW

j+1,k, uSW
j,k+1,

uS
j,k+1, uSE

j,k+1 &O]cD (j + 1, k) LD (j, k + 1)>

�AG @� u ". a±
j± 1

2 ,k
) b±

j,k± 1
2

&O& x ) y

 @�YZ@FHI9.

2& Kurganov A7E/'$'*'%�EN
+"A7.8�&?\], 2496<7%AAA7
V8–WX!

u(1) = un + ΔtnC[un],



200 Chin. J. Space Sci. ������ 2012, 32(2)

u(2) =
3
4
un +

1
4
(u(1) + ΔtnC[u1]),

u(3) =
1
3
un +

2
3
(u(2) + ΔtnC[u2]).

�$, C[un] &� (1) �Z=e&.

1.2 6789[:\;<
&KGHE, bX]^ t = tn &U�YY" ūn
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o 1 t = 0.15 � KP ��t�������p�
Fig. 1 Pressure by KP method and modified

scheme at t = 0.15
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o 2 t = 0.15 � KP ��t�������s�
Fig. 2 Density by KP method and modified

scheme at t = 0.15

o 3 t = 0.15 � KP ��t������� x �q��
Fig. 3 Magnetic field by KP method and modified

scheme in x direction at t = 0.15

or, $'=;pg=d#;k?R_�FU. %s
5l 2$, KP !�Zl5pg=#^m�FU,G
[M$�OM !ed#;k)%�FU, jE$'
pg=�3pqEu0,0t1�tm=. l 3$@
' !�noZl5&u0, 9!6,@' !$r
<7%Æ7 L-W  !>0no'8, .8)3%/.

. KP !�$'=;;k^m�Z=, GOM !
vktm=. )1ZlN^OM !�"^w% KP

%��.8, )sK6@7.856�Zl, OM�
%,S 5<G @1!#F�,%&OM ! )
$qH>0pgBC, 5noFU _^mC, KP

%�.

2.2 pDqBC
'(MY [17, 19], @7=;& [−0.5, 0.5] ×

[−0.75, 0.75],*%h & 200×200. @7&?& 0.02,

4&Ir_jd#(;@7=;, 24J=>JV&
su=JV, mhtu&

(ρ, vx, vy, vz, Bx, By, Bz) =
(
1, 0, 0, 0,

√
1
2
,

√
1
2
, 0

)
.

o 4 t = 0.02 � KP ��t�������s�
Fig. 4 Density by KP method and modified

scheme at t = 0.02

o 5 t = 0.02 � KP ��t�������p�
Fig. 5 Pressure by KP method and modified

scheme at t = 0.02

5 (0, 0) >#&GEv& 0.1 �P/jbi, M r >

0.1 & p = 0.1, r < 0.1 & p = 10.0. l 4 )l 5 &O
c;% t = 0.02 &U�k8LglP"W.

mhJV)s$&&&G@3(J�m=xu
I)L&G@`(J�vwI. M75N#p β )
lrI, 5 "Iv$wv;kgl&W�GH, 9
67M75RNOM !2,l?R>0�#S4,

l 4 )l 5 c^, @' !rK6%@3(J�l
xuI)L$'�pk8=, 5K�P"Wl2u.

@' !�ZlrmT;$'�pk8=5l
no�w7E$&&BXY-,Æwno�tm=,

5tm=�=>sk6or�uy?R, jExuI
Vz4nrW @(J5x,VY-nrW @(J
5*. .!, l 4 $ KP  !�Zl5xuIx0
L$'�pg+pk8=r;k%n>�FU, l 5

$ KP  !�glZl5lrIx0FUE&yy,
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G)%P"W nJVE, 5OM !�Zl$9I
FUxm, YJ456. 9&75y^OM !^N
%gl)k8hx&M , N#56�T@4.

3�jz

[M$X1�A7E/'$'*'%�, -&%
y#KS �@7, P%^N%KS �#W4, ^
w%%,S 5<G @�FFU4B. ?4@G&
OH,pg>0)lrI>0�n?bBC, RN%
MOM !�"n?bBC�#S4)T@4.

&%RNOM !�T@4F#S4)LFF
U4, [M&O2y#� KP  !+OM !@
7 Rotor BC)xuIBC�Zl1-%)5, c
;)c�k8FglFno�l=Zl, N^%OM
 ![{N#56�T@4,)s%&�"pg)L
lrI?R, jE)swzH1-@7, K6M"�
IvZl. N "75�Zl )p;, [M�OM
 ! )1&Aop?RLpg=;x0�FU, j
E5n?br_$N#$q�T@4)sk?R�
)r, 2,pg=;Fl?R=;�>0bN#6&
1(. 64 ^, 6,�6.8, FFU�.4, 9&
X1 ! )1&Ac7,:?P/jbBC, 5!
n%|BCP, )K6E&."�@7Zl.
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