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,
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2 ¤+¥§¦©¨«ª¢¬§­§®;¯°¦;±
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∂U

∂t
+

∂F

∂x
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ã Â ¸�¹�ø á U, ù�ú ú u á F
Éüû�ý�U�þ�µ ¶

U =




ρ

ρu

E


 ,F =




ρu

ρu2 + p

Eu + pu


 , (2.2)

jEÿ�� �����,»2¼
p = (γ − 1)

(
E −

ρ

2
u2

)
, (2.3)

ã Â ρ, u, E
ð

p ��� F���S , 	 S , 
�� á,ð���� , Ì γ
F�
����

.u Í �E� »2¼ É µ·¶ ú�� , ����
 P

F = AU, A =
∂F

∂U
, A = RΛL, (2.4)

ã Â Λ = diag(λ1, λ2, λ3) = diag(u, u− c, u + c)
F�����
����

A
Édù��2ôDÉ c� ��� , R

ð
L = R−1

/�8�F 4 ����É"!,ð�#,ù��¢�Iá�3�BÃÉ��$� , c =
√

γp
ρ % û�& 	 .u á

F 
 ´('�/E����)�r2ð�*Er :

F = F
+ + F

− = A+
U + A−

U = RΛ+LU + RΛ−LU, (2.5)

ã Â Λ+ = diag
(
λ+

1 , λ+
2 , λ+

3

)
,Λ− = diag

(
λ−

1 , λ−

2 , λ−

3

) /�8�F�)�r,ð+*�rDÉRù����$�
, λ+

j ≥

0, λ−

j ≤ 0, j = 1, 2, 3.
jEÿ�/E� u á

F
±
Éü� {�, U 
 ´"-DB�þ�µ�.�U ¶

F
± =




f±

1

f±

2

f±

3


 =

ρ

2γ




2 (γ − 1) λ±

1 + λ±

2 + λ±

3

2 (γ − 1) λ±

1 u + λ±

2 (u − c) + λ±

3 (u + c)

(γ − 1)λ±

1 u2 +
λ±

2

2
(u − c)

2
+

λ±

3

2
(u + c)

2
+

(3−γ)(λ±

2
+λ±

3 )c2

2(γ−1)


 . (2.6)

/�� »,¼0/ 2.5 1 É ».Ù ��2 ¾ , 3 þ Steger-Warming(SW)[8]
u á�/�� ».Ù.ÿ Ë;´�µ ,U þ�
 P�Q F

+ 4
F

− ¶
λ±

j =
λj ± |λj |

2
. (2.7)

Ì�����e�5,ÿ Ë���q Lax-Friedrichs / GLF 1 /E� »,Ù [9] ¶
λ±

j =
(λj ± α)

2
, (2.8)

ã Â α = max {λj}
F�6�= ��� Á���7¦àÃÉRù��.ô . 8�9 G¦Ë GLF

/��°É<����:.à � , ; PQÜÉ Ô É 
�� ú�<�: � .= c ë £ Y�>�. ,
u á�/E��>�? 
�@ ² [10], û Ò���A�B�C .

3 D"®FEHG WENO IKJ$L ®FMHN
½���O Â ,

�°ßQP�ë�û�ý
, ��� ²�³�R / 2.1 1TS -�B;´�µ�,�Y�U¦á+.�UVµDÉ µ ¶h¸2¹¿»

¼+¶
ut + fx (u) = 0, (3.1)
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� MVN ��y
, �V� GÜË+z${�|ET ,

|ET N�}
Ii =

[
xi− 1

2
, xi+ 1

2

]
,
z${ N�}+~ SVû��X�

∆x =

xi+ 1
2
− xi− 1

2
,
N�} Â�C�� { � xi =

x
i+1

2

+x
i− 1

2

2
. ½�� z�{+|<T�� , / 3.1 1 É���K���T�U�� ¶

dui

dt
= −

1

∆x

(
f̂i+ 1

2
− f̂i− 1

2

)
, (3.2)

ã Â , ui

F�,E= c >�ô u(xi, t)
Édó,ô ��� , Ì f̂i+ 1

2

F�,E=,ó,ô u á
.
é����

,
þ���²�³°ßIó

ô u á
f̂i+ 1

2

É<.¦Ø ��� , ��� 1
h

(
f̂i+ 1

2
− f̂i− 1

2

) F ½ x = xi

ì c fx(u)
É<.¦Ø ��� .

t����
É

WENO5-JS »�5 ��
 , �� +!�# $�&�' ( )¢* ß<,�-��ÃÉ �¢¡ ��/�¾E/�0�1 WENO »,Ù
[6], 4Õ»,Ù ÉdùV>DF��,Ë�,������ ' à�HçÉ</��ÃÂ�C 2¿ö 6�7�� � ×¦ØDR�S .

�
1 ������� WENO ���F����� �

²y³Öó·ô u á
f+

i+ 1
2

½K� 1
Â°É @ -y6©7 / T1 = {Ii}, T2 = {Ii−1, Ii, Ii+1}, T3 =

{Ii−2, Ii−1, Ii, Ii+1, Ii+2} 1 µ¿ÉRÇ�3�¾ ��U , ����
 P�,E=�¡ ��¢ ��£ q1(x), ¤�¥�¦�§�¢ ��£
q2(x) ¨�¤�¥�©Q§�¢ ��£ q3(x) ª�«�¬�­+®°¯�± ²�§�³�´+µ

1

∆x

∫ xj+∆x/2

xj−∆x/2

q1 (x) dx = f+ (xj) , j = i, (3.3)

1

∆x

∫ xj+∆x/2

xj−∆x/2

q2 (x) dx = f+ (xj) , j = i − 1, i, i + 1, (3.4)

1

∆x

∫ xj+∆x/2

xj−∆x/2

q3 (x) dx = f+ (xj) , j = i − 2, i − 1, i, i + 1, i + 2. (3.5)

¶�· ¢ ��£�¸Q¹�º�»�¼ ³�´+µ
q1 (x) = f+ (xi) , (3.6)

q2 (x) = a0 + a1

(
x − xi

∆x

)
+ a2

[(
x − xi

∆x

)2

−
1

12

]
, (3.7)

q3 (x) = b0 + b1

(
x−xi

∆x

)
+ b2

[(
x−xi

∆x

)2
− 1

12

]
+ b3

[(
x−xi

∆x

)3
− 3

20

(
x−xi

∆x

)]

+b4

[(
x−xi

∆x

)4
− 3

14

(
x−xi

∆x

)2
+ 3

560

]
,

(3.8)

½�¾
an(n = 0, ..., 2) ¨ bn(n = 0, ..., 4) ¿�À�Á q2(x) ¨ q3(x)

¸QÂ�Ã µ
a0 = f+ (xi) , a1 =

f+ (xi+1) − f+ (xi−1)

2
, a2 =

f+ (xi+1) − 2f+ (xi) + f+ (xi−1)

2
,
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b0 = f+ (xi) , b1 =
11f+ (xi−2) − 82f+ (xi−1) + 82f+ (xi+1) − 11f+ (xi+2)

120
,

b2 =
−3f+ (xi−2) + 40f+ (xi−1) − 74f+ (xi) + 40f+ (xi+1) − 3f+ (xi+2)

56
, (3.9)

b3 =
−f+ (xi−2) + 2f+ (xi−1) − 2f+ (xi+1) + f+ (xi+2)

12
,

b4 =
f+ (xi−2) − 4f+ (xi−1) + 6f+ (xi) − 4f+ (xi+1) + f+ (xi+2)

24
.

È�É ¶�·�Ê�Ë�Ì�Í ¸ ¢ ��£ qn, Î�Ï�Ð�Ñ�Ò Ó�Ô�¤�Õ�Ö�× ¸QØ�£ Qn, Ù�ÚFÙ Ê�Ë ¸ Ì�ÍÛ�Ü�Ý�Þ�ß�à ¢ ¿�á�â WENO ã�ä�µ
Q1 (x) = q1 (x) ,

Q2 (x) =
1

γ2,2

q2 (x) −
γ1,2

γ2,2

Q1 (x) , (3.10)

Q3 (x) =
1

γ3,3

q3 (x) −
γ2,3

γ3,3

Q2 (x) −
γ1,3

γ3,3

Q1 (x) .

å æ�ç�è ¸ Á , é+ê Qn

¾�¸Që�ì�í�î�ï ¨�ð�ñ�ò 1 óõô�³ γ1,2 + γ2,2 = 1 ö . ò�÷�ø�ù Ê�ú Þû°ü ¶ ¸�ý�þ�ÿ��������	��¸�

����� ¨�ø�� û ü ¶ ¸ Ì�Í , � γ1,2 = 1
11

, γ2,2 = 10
11

; γ1,3 =
1

111
, γ2,3 = 10

111
, γ3,3 = 100

111
.� ´�� å æ���� Qn

¸�� �	��� βn, n = 1, 2, 3.
½�¾

β2 ¨ β3 � ³�´�� £ ��� [5] µ
βn =

kn∑

α=1

∫

Ii

(∆x)
2α−1

(
dαQn (x)

dxα

)2

dx, n = 2, 3, (3.11)

½�¾
kn Á�¢ ��£ Qn(x)

¸ § Ã .
¹�º�»�¼ ³�´+µ
β2 =

1

γ2
2,2

(
a2

1 +
13

3
a2

2

)
, (3.12)

β3 = 1
7350

[
1

γ2
3,3

(7350b2
1 + 31850b2

2 + 287091b2
3 + 4594740b2

4 + 1470b1b3 + 17220b2b4)

−
70γ2,3

γ2,2γ2
3,3

(210a1b1 + 21a1b3 + 910a2b2 + 246a2b4) +
2450γ2

2,3

γ2
2,2γ2

3,3

(3a2
1 + 13a2

2)
]
.

(3.13)� ´ ¸�� �	��� β1

¸Q¹�º�»�¼� "!
[11]:

β1 =
1

σ

[
σ0

(
f+ (xi) − f+ (xi−1)

)
+ σ1

(
f+ (xi+1) − f+ (xi)

)]
, σ = σ0 + σ1, (3.14)

½�¾
ζ0 =

(
f+ (xi) − f+ (xi−1)

)2
, ζ1 =

(
f+ (xi+1) − f+ (xi)

)2
, (3.15)

γ0,1 =

{
1
11

, ζ0 ≥ ζ1,
10
11

, ζ0 < ζ1,
γ1,1 = 1 − γ0,1, (3.16)
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σ0 = γ0,1

(
1 +

(ζ1 − ζ0)
2

ζ0 + ε

)
, σ1 = γ1,1

(
1 +

(ζ1 − ζ0)
2

ζ1 + ε

)
, ε = 10−6. (3.17)

F�G � �	���"H�I ë�ì�í Ñ ¸ ���"J�K ³�´�µ
ωn =

ω̂n

3∑
l=1

ω̂l

, ω̂n = γn,3

(
1 +

τ

ε + βn

)
, n = 1, 2, 3. τ =

(
|β3 − β1| + |β3 − β2|

2

)2

. (3.18)

L H�M�Ð F�G ÷ f̂i+ 1
2

L�N ¸�O�P Ñ"Q$µ
f̂+

i+ 1
2

= ω1Q1

(
xi+ 1

2

)
+ ω2Q2

(
xi+ 1

2

)
+ ω3Q3

(
xi+ 1

2

)
. (3.19)

î F ¤�R ¸ Á , f̂−

i+ 1
2

¸ Ñ"Q�S�¬ É xi+1/2 T
U�V ¶ Á�W"X�¬"Y ¸ .

4 Z\[^]`_`acb WENO dce
fhg�i Ö�j [7] k"l�m Í ÿ*n�o ¨�¿�p�H ¸�q�r ã K ¸�s�t�u Ùwv�ò�x r � ����yFË íî µ (1) T 
�� ¨ ��z V�{�| , m Í k�}�~ ��� (2) ¿"p ¸�q�r���r������ Í ¸�� §"��� óõô

³ u3 öA� q��+¹���������ì	� (3)
n�o�� Á T 
�� | ~ � , Ï u Ù��"��R
��� ������¸����ì

,
½�¾w��q	����q�� F ¢ .� �
��¸���r ¿ r���í ã�� Ê�Ë ,

y í Á�� T ¤�¥� �¡ ¶ , ¤�¢ U�V ¾¤£"¥ ã K ¸ ¿"p��r`¦�r��
� y�§ ¤�¨ í Ñ . ©�¬ É ¦�¢ £"¥ ã K ©�ª ,
å�æ Î x ã ¦ � y ã ¦ ¿�« !�¬ ,

S Ë ã ¦ ¶ ¸ ¿�p ��r`¦�r y�§ ¤�¨ í Ñ .
y í

WENO ã�ä ��­ ¥�®"¯ ¸�° ®�µ ½ ¤�Á	±å�æ"�
� ¤�¨ í�î ,
¹���² � ¸ �
��³ â �T½ ¦�Á y í WENO ã�ä�¬�´¶µ�ã K ¨ ¾QÃ�î��r�¸�· ¥�¿ r�¸�¹�º S Ë ¸�»�¼ .

��½ ,
��¾�È�É ¶�·
¿�À�Á"Â ¢�¿�á�â WENO Ã £ RÅÄ�÷�¤�¥�Æ�¬ É
£�¥ ã K ¸ y í

¢�¿�á�â WENO ã�ä , ò�Ç�È�É�Ê , Ù�´ � ��Ë�ÌÍÄ (2.6)
¾���r ¿ r�¸¤Î�Ï�Ð�Ø ,

¹�º ³
´ :

1. Ñ�¿�p ��r ó 2.6 ö ���"F�G�Ò ¸���Ó ��� x r Γ+
i ,
½�¾

fE Á � ��q�r S�Ô ¸ ¿ r , T ¤
¢ Ð�Ø ´�� fE = f3:

Γ+
i = ρ (xi) p (xi) f+

E (xi) . (4.1)

2.
��� Â�Ã

aE
n (n = 0, ..., 2) ¨ bE

n (n = 0, ..., 4) µ
aE

0 = Γ+
i , aE

1 =
Γ+

i+1 − Γ+
i−1

2
, aE

2 =
Γ+

i+1 − 2Γ+
i + Γ+

i−1

2
,

bE
0 = Γ+

i , bE
1 =

11Γ+
i−2 − 82Γ+

i−1 + 82Γ+
i+1 − 11Γ+

i+2

120
,

bE
2 =

−3Γ+
i−2 + 40Γ+

i−1 − 74Γ+
i + 40Γ+

i+1 − 3Γ+
i+2

56
, (4.2)

bE
3 =

−Γ+
i−2 + 2Γ+

i−1 − 2Γ+
i+1 + Γ+

i+2

12
,
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bE
4 =

Γ+
i−2 − 4Γ+

i−1 + 6Γ+
i − 4Γ+

i+1 + Γ+
i+2

24
.

3.
����Ò � �	��� .

3.1 Õ�Ö ó 4.2 ö ¾ Ò Â�Ã�×� �Ø ã K ó 3.12-3.13 ö ��� βE
2 ¨ βE

3 .

3.2 Ù"ÚÍÑ ó 3.16 ök¨ ó 3.17 ö £ ���"F�G σ0, σ1,
½�¾

ζ0, ζ1

¸ ���"Û�Ü ³�´+µ
ζ0 =

(
Γ+

i − Γ+
i−1

)2
, ζ1 =

(
Γ+

i+1 − Γ+
i

)2
. (4.3)

Ý H"Þ ��� βE
1 :

βE
1 =

1

σ

[
σ0

(
Γ+

i − Γ+
i−1

)
+ σ1

(
Γ+

i+1 − Γ+
i

)]
, σ = σ0 + σ1. (4.4)

4.
 �Ø ó 3.18 ö ����Ò í Ñ ωE

n , n = 1, 2, 3.

5.
����Ò Ñ"Q f̂+

l

(
xi+ 1

2

)
, l = 1, 2, 3.

Ù"Ú  �Ø ó 3.6-3.10 ö ��� Ql,n, l = 1, 2, 3:

Ql,n

(
xi+ 1

2

)
, n = 1, 2, 3, (4.5)

Ý H ��� f̂+
l

(
xi+ 1

2

)
, l = 1, 2, 3:

f̂+
l

(
xi+ 1

2

)
= ωE

1 Ql,1

(
xi+ 1

2

)
+ ωE

2 Ql,2

(
xi+ 1

2

)
+ ωE

3 Ql,3

(
xi+ 1

2

)
. (4.6)

5 ß¶àâáâã
T ��ä�¾ ­�Ö�¤"å�æ�ç ¸���è�Ã�î � ô ,

� J���é O�P���ê�ë ¿�¢�¿�á�â WENO Ã £¸	��²
, ì
í ÷�î
R\Ä ¸ Æ�¬ £�¥ ã K ¸ Ò ¸�O	P��`ê�ë ¿ y í ¢�¿+á�â WENO Ã £�¸ì
q

. ò�÷�ï Á�ð�Û ����ñ�ò�o ,
��¾ ¬�¤�¢ � ô�Õ�Ö�ó�ã�ô
õ ë ó RMSE öT¨�ø�ó�ö�¬�õë ó MAE ö=��ù r Ê�Ë�� � ¸ ³�ð :

RMSE =

√√√√ 1

n

n∑

i=1

(
yi −

∧

yi

)2

, MAE =
1

n

n∑

i=1

∣∣∣yi −
∧

yi

∣∣∣, (5.1)

½ ¾
yi ò Ã�î�÷ ,

∧

yi ò  �!�÷ . ©�¬ É ¦�¢ � ô
ø�Á�Ì`Ä+÷ Ô�ù ­ Õ O�P ã
� ó WENO5-

JS[5] ¨ WENO5-Z[12] ö ¸¤ú�û"÷ ��ü�ý�¬ � . Ô"ù ,
��¾ T � V ¶ Õ�Ö �
P"þ Ã - ÿ���ã

����� ÷
£�¥ ã K µ 



U (1) = Un + ∆tL (Un) ,

U (2) = 3
4
Un + 1

4
U (1) + 1

4
∆tL

(
U (1)

)
,

Un+1 = 1
3
Un + 2

3
U (2) + 2

3
∆tL

(
U (2)

)
,

(5.2)

½�¾
, L � » U�V � � , Un Á tn ��� ¸w÷ . ¬ É ¤�¢��
	"©
ª , � V���
 Õ�Ö :

∆t =
δ∆x

maxi (|ui| + ci)
, (5.3)
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(b) ���������
�

2 sod ����� ��! , "�#�$�% 200
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(a) ���
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0.3
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0.45

(b) ���������
�

3 sod ����� ��! , "�#�$�% 300

¦"¢ � ô�ø�Á�Õ�Ö�µ
∆t = δ

∆tx∆ty

∆tx + ∆ty

, ∆tx =
∆x

maxi,j (|ui,j | + ci,j)
, ∆ty =

∆y

maxi,j (|vi,j | + ci,j)
, (5.4)

CFL
Ã�& Ö δ = 0.5. γ

�"¾�' ò ��Ã 1.4.(
1 ¤�¢ sod


��*) �
	 , +,�
	 ¸.-�î�/�0 ³�´+µ
(ρ, u, p) =

{
(1, 0, 1) −0.5 ≤ x ≤ 0,

(0.125, 0, 0.1) 0 < x ≤ 0.5.
(5.5)

1 ¥2�.	�3� *4 G t = 1.4, ¿�À � 200 ¥�¨ 300 ¥,5�Ã�® ­ Õ Ð�Ø T26 2 ¨ 6 3
¾ 3�7�8 ,

Ì`Ä+÷  �!�÷ � ¢�¿�á+â WENO Ã £ ¨ y í ¢�¿�á+â WENO Ã £ ����F�G ¸ m Í ¿*9 .½F¾� �!�÷ Á È+É 3000 ¥�5�Ã$®ÅÑ WENO5-JS Ã £ �
� ¸�ú�û�÷ . 6 2 ¨ 6 3
ï V ¸ ¬�.: · ÷�;�<,5�Ã$® Ã�¸�=�� ,

Ã�î Á"ð ¸¤ú�û�Ð*> x�? .
»

1 ÌÅÄ�÷ ­ Õ�Ã £�¸ ó�ã�ô�õë ¨�ø�ó�ö�¬
õ ë\��² , @ Ý î�RÍÄ ¸ Ò Ã £ Ê qBA�C���z Ê�ú Þ ®�D�E ¸�Ã�î���� , F+Ï
v�òBG�H ¸ ¿ r"��í ã"� u Ö É � ÷
£�¥ ã K .
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I
1 J 1 K�LNM�O�P�Q�RTS RMSE UWV�X�Y�M�Z�[BQ�RTS MAE UWV

5�Ã+® ¢ ¿�á�â WENO
y í ¢ ¿�á�â WENO

RMSE MAE RMSE MAE

50 0.02410001999 0.01375961765 0.02096501074 0.01116281471

100 0.01504258692 0.00710205050 0.00957652716 0.00492781040

200 0.00827211670 0.00335918657 0.00485229845 0.00234207015

300 0.00714363364 0.00239335880 0.00296160052 0.00136724784

500 0.00591441244 0.00144481457 0.00184744171 0.00081999830
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(b) ���������
�

4 Shu-Osher ��! , "�#�$�% 200
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(b) ���������
�

5 Shu-Osher ��! , "�#�$�% 300
(

2 ¤�¢ Shu-Osher �
	 , +,�
	 ¸.-�î�/�0 ³�´+µ
(ρ, u, p) =

{
(3.857143, 2.629369,10.333333) −5 ≤ x < −4,

(1 + 0.2 sin (5x) , 0, 1) −4 ≤ x ≤ 5.
(5.6)

T 1 ¥ Ã�î � ô ¾ M�Ð�ÌÍÄ t = 0.038 ����¿�À T 5�Ã�® Ã ò 200 ¨ 300 � ¸�­ Õ Ð�Ø , ¿
À�³ 6 4 ¨ 6 5 î�8 ,

½�¾ 6 4(b) ¨ 6 5(b) Á*\�] Ã�î Á"ð | ¸�^�Ï�_
� 6 .
� J 6 4(b)

¨ 6 5(b)
ï V m Í ¿�9 ¸ ¬ � , M�Ð q�� Û ��`Ba�b ¬ � F Ä y í ¢�¿�á�â WENO Ã £�¸Ã�î�÷ Û�c E  "!�÷ ,

¹�� Û�d ¸"Ã�î�e�f
.
»

2 ø�Á r�g�b �	Ä�÷wî"R�ã"� ¸�°�h .
î F ¤

R ¸ Á ,
� � ô ¸� "!�÷�i"Ý Á È�É 3000 ¥�5�Ã+® , Ñ WENO5-JS Ã £ ��� ¸�ú¤û�÷ .
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I
2 J 2 K�LNM�O�P�Q�RTS RMSE UWV�X�Y�M�Z�[BQ�RTS MAE UWV

5�Ã+® ¢ ¿�á�â WENO
y í ¢ ¿�á�â WENO

RMSE MAE RMSE MAE

50 0.28961068080 0.17990099412 0.27652414831 0.11990244706

100 0.17657522665 0.08537721980 0.16733756117 0.06012751782

200 0.15107160637 0.06527818259 0.12748924543 0.04715019925

300 0.07744095152 0.03307076113 0.06288711075 0.02432283654

500 0.05552246301 0.01833755928 0.04188419677 0.01481195908

(a)WENO5-JS (b)WENO5-Z

(c) j�k�l�m WENO (d) n�o�j�k�l�m WENO

�
6 p�qr��! , "�#�$ 400 × 400

(
3 ¦"¢�s�t��
	 , +,�
	 ¸.-�î�/�0 ³�´+µ

(ρ, u, v, p) =





(1.5, 0, 0, 1.5) 0.8 ≤ x ≤ 1, 0.8 ≤ y ≤ 1,

(0.5323, 1.206, 0, 0.3) 0 ≤ x < 0.8, 0.8 ≤ y ≤ 1,

(0.138, 1.206, 1.206, 0.029) 0 ≤ x < 0.8, 0 ≤ y < 0.8,

(0.5323, 0, 1.206, 0.3) 0.8 ≤ x ≤ 1, 0 ≤ y < 0.8.

(5.7)

t = 0.8 � ­ Õ�ã�ä�Õ�Ö 400 × 400 5�Ã$®�� ÷F¸ m Í Ö î�ë ¿�À�³ 6 6(c) ¨ 6 6(d) î*8 .×Bu Tv6 6(a) ¨ 6 6(b)
¾

,
�"¾�w Ì�Ä�÷ WENO5-JS Ã £ ¨ WENO5-Z Ã £�¸�ú¤û�÷ . S� 6 6(a) ¨ 6 6(b)

¾�¸"Ã�î Á�ð
, M�Ð u ÙBx�® b�y G ,

y í ¢ ¿�á�â WENO Ã £ T Ë ¤
5�Ã�z ¶ ¸�» l °�É ¤�{ ¸ ¢�¿�á�â WENO Ã £ , |�}�~�� G ÷ Û���� ÿ Û \�] ¸ Á Q .
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(a)WENO5-JS (b)WENO5-Z (c) j�k�l�m
WENO

(d) n�o�j�k�l�m
WENO

�
7 ��� - ��������� ��! , "�#�$ 240 × 960

(
4 v�ò�¤�¥��"ì
� P Ã £�Ã�î*e�fF¸ æ�ç � ô , ¦�¢��*� - �*� Ê ��� �.	 : · ÷� ��� Í�� Ñ ��º��¶¦��
��º � ,

Ê Ë m Í ¸¤��º$ï V ¸��*� Ê �	��ì .
¹�º�-�î�/�0 ³

´+µ
(ρ, u, v, p) =

{
(2, 0,−0.025α cos (8πx) , 2y + 1) 0 ≤ y < 0.5,(
1, 0,−0.025α cos (8πx) , y + 3

2

)
0.5 ≤ y ≤ 1.

(5.8)

½�¾
α =

√
5p
3ρ

,
��� ü ò (x, y) ∈ [0, 0.25] × [0, 1]. ����� � Õ�Ö������ ��/�0 , T�� Ï � � ,�"r�î��B� ò (ρ, u, v, p) = (1, 0, 0, 2.5), ©�� Ï � �B/�0 ò (ρ, u, v, p) = (2, 0, 0, 1). 5�Ã�Õ�Ö

240× 960, 6 7(c) ¨ 6 7(d) ¿�À"Ì�Ä�÷ ­ Õ+¢ ¿�á�â�Ã £ T t = 1.95 � ¸"Ã�î  �4 Á�ð .
!

¬ 6 7(a) ¨ 6 7(b)
¾�¸�ú�û�÷

,
u*� Ñ É�e�f�²*� , S �QÉ ¤�{ ¸ ¢�¿�á�â WENO Ã £ ,y í ¢ ¿�á�â WENO Ã £B� }�÷ Û \�] ¸ Ê ��� Á Q .

6  ¢¡
��¾ T ¢�¿�á�â WENO Ã £$¸"È�£ ¶,¤¦¥�y í ¿"À ¬ £"¥ ã K ü
ý U�V Ñ�Q ,

× ÌÅÄ
÷�+�Ã £ � ÷�£�¥ ã K ¸ ¹�º J�K .

� J Ã�î�§ ì ��é ¢�¿�á+â WENO Ã £ Ö�ü�ý�¬ � ,F Ä�÷wî"R�ã"� ¹�� ¤ ��¸¦¨�©�ì ¨ ú�û Ì�Í .
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A FIFTH-ORDER FINITE DIFFERENCE COMMON-WEIGHTS

MULTI-RESOLUTION WENO SCHEME BASED ON THE FLUX

VECTOR SPLITTING FOR EULER EQUATIONS

ZHANG Xue-ying, WU Yang-jiong

(School of Mathematics, Hohai University, Nanjing 210098, China)

Abstract: This article studies the high-precision numerical solution of Euler equations and

introduces the common-weights idea into the multi-resolution WENO numerical scheme, obtaining

a new fifth-order finite difference common-weights multi-resolution WENO scheme. Numerical

experiments have shown that this method can achieve consistent high accuracy in the smooth

region of the solution and maintain the essentially oscillatory nature of the numerical solution near

strong discontinuities, thus verifying the effectiveness of the algorithm.

Keywords: euler equations; multi-resolution WENO scheme; common-weights
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