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• ν = µ/ρ = 1.4 × 10−5m2/s
�

• f = 1kHz
�

• c0 = 340m/s
�

• λ = c0/f = 34.4m
,48�M

/�)F+�I1+�A�,C3>0�+�IR3>+N,CMFIl/16W,P/�OBEF<H.�,43��=+@OB8F6�3HM�Ik8B0FD?G2+�9R6C\ ,4+@9�6�,�.76�0�I�/�<H.*E�916�GF3>+�DJIk6C\
Reλ = 1× 107
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(
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f(x, t = 0) = 0
:*,CI=I1+7/L/�3>+NM!Z

¬T#�¬T#{¬ ³ ¶!±�®p¯/·@±S²z±;¶¸B²�Õ4®p¶�'ó²6¯

(*)�+`)F<HQC)¨�=+�OB8F6C3�MFIv8B0FD?G2+�9e6C\S,C.76�0�IL/1<�.{/1+�91DJIeI10FQ�QC+�IL/J/1)2,�/&AB<�I1.@6C0�Iv/1+�91DJIe,C91+`8F+@Q�3><HQC<HGF3H+u:=)F+@8¤.76CDWE�,C91+NM
:=<>/1)z64/�)F+@9VI=/�+@9�DWI�Zip8F64/�)F+@9�<HD�E$6C91/�,C8	/\�,C.7//�6eG$+?.76�8�I1<HM5+�91+NM{<HI/1)2,�/�/1)F+?6C9VM5+@9i64\U/1)�+;/1+�91DJIi91+�3H,4/1+NM�/16&,�.76�0�I�/�<H.
E�916�E�,4Q	,�/1<H6C8&<HIAC+�91OeI1DJ,43H3T:=)F+�8{.@6CDWE�,C91+NMe:=<>/1){/�)F+;6C9VM5+�9-6C\X/1)F+P/�+@9�DWIY64\X/1)F+P�20F<HMwMFO	82,4DW<H.PDW6C/1<H6C8TZ-(*)F<HIY3>+N,CMFI
/�6w,e3H<>8�+�,49�<Hd�,�/�<>6�8u6C8z\]0F3H3Uml0F3H+@9[+N��02,�/1<H6C82I@Z r 6�3>6�8F<H0�I�³@´iµ4¶>·HakhN�C�C�&IL)�6�:YIY/�)�,�/P/1)�<HI[,CEFEF9�6�,C.V)zIL6�3>A�+�I/1)F+WEF9�6CGF3H+@D{a
:=<>/1)u,WI1DJ,43H3>+�9*.@6CDWEF05/V,�/�<>6�8�,43T.@6�IL/�a5:=<>/1)F6�05/Y3>6B6	IL<H8FQ�/1)F+[�	0�,C3><>/�Ov64\K/1)�+[8	0�D�+�91<�.@,C3TIL6�3>0F/1<H6C8TZ

p¸:*,�O�/16�<>DWEF9�6�AC+/1)F+�QC+�8F+@9V,43H<_/�OW6C\T/1)F+[.@6CDWEF05/V,�/1<H6C82,43!.765M5+PIL<HDS0�3H,4/1<H6C8e<�IR/16�<>DWEF3H+@DW+�8�/*/�)F+i8�6C85�¢M5<HD�+�8�I1<>6�8�,43
\]6�91D¤64\F�TmkmYZ�(b6=E2+�9L\]6�91D¥/1)F<�I!:-+U<>8	/�9165M50�.@+X/1)F+k8F6C85�¢M5<HDW+@8�I1<>6�8�,434I�.@,C3>+NI@�!� +@8FQC/1)wI1.�,43H+�I

= ∆x = ∆y, ¹ +�3>65.7<>/�O&I�.@,C3>+NI =
c0,

(*<HDW+PI�.@,C3>+NI
= ∆x/c0,

� +�8�IL<>/�O&I�.@,C3>+NI
= ρ0,

©l9�+�I�I10F91+[I�.@,C3>+NI
= ρ0c

2
0

aT:=)F+�91+
∆x = ∆y

,C91+?/1)F+vMF<HIL/�,C8�.7+
G$+7/�:-+@+�8�/�:R6w.76�8�I1+�.70F/1<HAC+WE26�<>8	/VIP<>8�/1)�+Jgz,482MzOzM5<>9�+�.7/1<H6C8�I�a 9�+�I1E$+�.�/�<>A�+@3HOCa ,C8�M

c0

<�I�/1)F+vI16C0F82MzA�+@3H65.7<>/�OuQC<HAC+�8zGBO
c0 =

√

γp0/ρ0

ZlnI1<>8FQ�/�)F+�I1+PE�,49V,4DW+7/�+@9VI@a	/�)F+[8F6C8F��M5<HDW+@8�I1<H6C8�,C3T�Tmlm�.@,C8&G$+[:=9�<_/1/1+@8w,�I@�
∂u

∂t
+ A

∂u

∂x
+ B

∂u

∂y
= H∗,

s�jCt

�



:=)�+@9�+
H∗

<HI-/�)F+[8F6C8F��M5<HDW+@8�I1<H6C8�,C3TIL6�0F9�.@+/�+@9�D{a�,48�M

u =









ρ′

u′

v′

p′









, A =









M 1 0 0
0 M 0 1
0 0 M 0
0 1 0 M









, B =









0 0 1 0
0 0 0 0
0 0 0 1
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p = ρ = ε1e
−α1r2
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u = 0,

v = 0,
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x = Xmax, y = Ymin
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y = Ymax : p = 0,
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x = Xmin : p = ρ = v = 0,
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p, ρ
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u(x, y, t) =
ε1(x − Mt)

2α1η

∫

∞

0

e−ξ2/4α1 sin(ξt)J1(ξη)ξdξ,
s��	t

v(x, y, t) =
ε1y

2α1η

∫

∞

0

e−ξ2/4α1 sin(ξt)J1(ξη)ξdξ,
s�hN§�t

p(x, y, t) = ρ =
ε1

2α1

∫

∞

0

e−ξ2/4α1 cos(ξt)J0(ξη)dξ,
s�h�hNt
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η = [(x − Mt)2 + y2]1/2
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9V,48�QC+=64\

0 ≤ π/2
ZKc-O�M56C<H8FQP/1)2,�/l/�)F+@O�6CG5/V,4<H8F+�M�6�E5/1<HDW<>d�+�MWI1.V)�+@DW+�Il.�,43H3>+NM � <�ILE$+@9VI1<>6�85���Y+@3�,�/1<H6C8F��©l9�+�I1+@9�AB<>8�Q�s � �=©-t

^28F<_/�+SM5<>�$+�91+�8�.7+PDW+7/�)F65M!Z
c-6�QC+@O?,48�MWc*,4<H3>3HOCa	�4§C§C�iE�91+NIL+�8�/k,C8?<HDWEF9�6�AC+@DW+�8�/X/�6 � �=©«DW+@/1)F65M!ZU(*)F+�O?I1)F6�:~/�)�,�/k,PG$+7/1/1+@9k:-,�O[/�6[6CG5/V,4<H8�/1)F+

^28F<_/�+JM5<_��+@9�+@82.7+W.76B+7£v.7<H+@8	/VI<�I�8F64/�/16&D�<H8F<HDW<>d�+?/�)F+W,4G�I16C3H05/1+?+@9�916�9�a$GF05/�/16�DW<>8�<>DW<Hd@+?/1)F+�91+�3H,4/1<HAC+�,4G�I16C3H05/1+?+@9�916�9�Z
(*)�+@Ov,CMF6CE5/�+�MJ/�)F+�9�,C8FQC+

π/16 ≤ π/2
a	\]6C9=I1.V)�+@DW+�IR64\b�?,48�M`hChiE26�<>8	/�I*,C8�M

π/16 ≤ 3π/5
\]6C9*I�.V)F+@DW+�IR64\Rh��;E$6C<H8	/�I�Z

(*)�+@<H9iEF9�6CE$6�I1+�M`I1.V)F+�DW+;:-,�Ii.�,43H3>+NM � <>8�<_/�+ � <_��+@9�+@82.7+W�iEF/1<HD�<Hd@+NM°s �K� 6	t7Z[(b,CGTZ?h?EF9�+�I1+@8	/�IY/1)F+W.76B+7£v.@<>+�8�/VI6C\U/1)F<�I
G$64/�){D�+@/1)F65MFI�Z

(b,CGF3H+�h�� r 6	+@£v.7<H+@8	/�I-\]6�9*^�8F<>/1+;M5<>�$+�91+�8�.7+;I�.V)F+�D�+NI@a5:=)�+@9�+
a0 = 0

,C8�M
aj = −a−j

Z
r 6B+@\�Z � �=© �X� 6	�4E �X� 6�h�h@E �K� 6�hN�4E
a1

§FZÌÀ��C�	�4���4��� §�Z ÁC��hNj	À�§�hN�Cj4� §�Z ÁBÀ4��ÀCj4���C�C��� §�Z ��§	À��C���	j4�FhN�
a2

�¢§FZHh�Á��4��hN�Fh�� ��§�Z �4�C���BÀ�Á��C�Fh�À ��§�Z �CÁC��jFhCh�h�À���� ��§�Z ���	À4§4��Á��C�����
a3

§FZ §��4�	j5hN�C��j §�Z §	j4�4�	�C�	j4Á4�5À §�Z §��C§C�	�4§�§C§Fh�� §�Z>hN�C�4���	�CÁCÁ�jC�
a4

�¢§FZ §C§BÀ��	j4§C��§4�	§ �¢§FZ §��C§	À�À��4�	§�jCÁ ��§�Z §C�	j������C��Á�§��
a5

§�Z §�§����	Á4�Bj4�4�	� §�Z §�hChChN�C�	�4�4�2h
a6

��§�Z §�§Fh��	j4�	j4§�h�À
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pq8F+@:¤^�8F<>/1+;M5<>��+@9�+@8�.@+SI1.V)�+@DW+P<HI=E�916�E26	IL+NMe<H8{/1)F+;.@0F9�91+�8�/Y:-6C9�f�ZUÄ�/Y<HIG�,CI1+�M&6C8uoBE$+�.7/19V,43K�iEF/1<HD�<Hd�,4/1<H6C8«s�o2�Pt�Z
(*)�<HI�DW+7/�)F65M`<�IG2,CI1+�Mu6�8`�T+�3>+�aUh�������/�+�.V)F8F<��	0F+S6C\k6CEF/1<HD�<Hd�,4/1<H6C8`\]6C9P.76CDWE�,�.�/PI1.V)F+�DW+�I�a�,C8�Mu:*,CI�,CM�,4E5/�+�Mw)F+�91+S/16
6�E5/1<HDW<>d�+[+7g5EF3H<H.@<_/=^28F<_/�+;M5<>�$+�91+�8�.7+PDW+7/�)F65MFI@Z

� <>�$+�91+�8�/�3>O�\]9�6CD�(b,CD},C8�M{��+@GFGTaXhN�C�C�J,C8�Mwc-6CQ�+@O&,C8�Mwc*,4<H3>3HOCa!�4§�§4�2a5/1)F+S/1+N.V)F8F<���0�+SM56B+�I8F64/i/19�Oe/�6v6CE5/�<>DW<Hd@+
,C8~6CGFÎ�+�.�/�<>A�+J\]0F8�.7/1<H6C8TZzÄ�/?<�I?MF+7^�8F+NM~,w\�,CDW<>3HO�64\IL/19V,4<HQC)	/[\]6C9�:-,C9�M�.@6C8�IL/19V,4<H8	/�I[/�)�,�/WM5+7^28F+�IS/1)F+e\]6C9�DJ,43k6�9�MF+@9;6C\
/�)F+&I�.V)F+�D�+�aU,48�M�^�82M~,uI16CDW+vE$6C<H8�/VIS6�8~ILE$+�.7/19�0FDÏ:=)F+@9�+J/1)�+e9�+@3�,�/1<H6C8

k′∆x = k∆x
9�+�I10F3>/�IS<>8°,uQC6B65M«ILE$+�.7/19V,43

.V)2,49V,C.�/�+@9�<HIL/1<�.@I�Z
niIL<H8FQ&/1)F<�I[,4E�EF916	,C.V)Ta$/�)F+

k′∆x = k∆x
.@6C8�MF<_/�<>6�8Ta�\]6C9[.7+�8	/1+@9�+�M`+7g5EF3H<H.@<_/;I�.V)F+@DW+NIi:=<>/1)

2N + 1
IL/1+�8�.7<H3XE26�<>8	/�I

.�,48{G$+[91+�:=91<>/L/�+@8{,CI��

k = 2×

M
∑

j=0

aj sin (jk) ,
s�hN��t

/�6uG$+�IL/;91+�EF91+NIL+�8	/�,�/�<>A�+S/�)F+e.@6C8�M5<>/1<H6C8�EF9�+�I1+@8	/�+�M�<>8�mk�$Z�s�h��	tP,48�Mz/�)F+e.76�8�IL/19V,4<H8�/;.@6C8�M5<>/1<H6C8�/�)F+J\]6C3H3H6�:=<>8FQ{DJ,�/�91<>g

�



\]6�91D�<HI*E�91+NIL+�8�/�+�M!�
























sin m sin 2 × m · · · sin k × m
sin n sin 2 × n · · · sin k × nZZZ ZZZ Z Z Z ZZZ
sin z sin 2 × z · · · sin k × z

CCtt11 CCtt12 · · · CCtt1kZZZ ZZZ Z Z Z ZZZ
CCttk1 CCttk2 · · · CCttkk
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,
sLh@�	t

:=)�+@9�+
m, n, . . . , z

,49�+E$6C<H8	/�I=.76�8BAC+@8�<>+�8�/�3>OJ.V)F6B6	IL+i6C8{ILE$+�.7/19�0FD :=)F+�91+i/1)F+P9�+@3�,�/�<>6�8
k′∆x = k∆x

<�IRA�,C3><�M!Z
CCttuv,C91+�/�)F+;.76B+7£v.@<>+�8�/=6C\b/�)F+;.76�8�I�/�9�,C<>8	/=.76�8�M5<>/1<H6C8{,48�M

aj
,C91+�/1)�+P^�8F<>/1+;M5<>�$+�91+�8�.7+[.@6	+@£v.7<H+@8	/�I�Z

(b6WM5+7^�8�+�,�IL<>gB/1)�6C9VM5+@9k^�8F<>/1+[M5<>�$+�91+�8�.7+PI�.V)F+@DW+�:=<_/�)zh�hiIL/1+@82.7<H3!E26�<>8	/�IR/�)F+iA�,C3>0F+NI-64\
m
a
n
a
p
a
q
,482M

r
,�M56CEF/1+�M

,C91+��

m = 0.2π, n = 0.35π, p = 0.45π,
s�h�jCt

q = 0.5π, r = 0.6π,

,CEFEF3HOB<>8FQ�/�)F<HIYD�+@/1)F65M!aF/1)F+;I1<_gB/�)�6�9�MF+@9Yo��Ð.@6B+7£v.7<H+@8	/�I,49�+C�

a(1) = 0.89862767688255, a(2) = −0.32385996447943, a(3) = 0.12047995924059,

a(4) = −0.03334363299405, a(5) = 0.00458628520861.
s�h��	t
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�Y0F8FQC+@���P0F/L/�,`I1.V)F+�DW+�I;,C91+vGBOz\�,49S/1)F+&D�6	I�/�.76CDWDW6C8�3>O�0�I1+�M«I�.V)F+@DW+J\]6�9;/1<HDW+e<H8	/1+@Q�9�,4/1<H6C8�6C8~.@6CDWEF05/V,�/�<>6�8�,43
,C+@9�6�,�.76C02I�/�<H.�I@ZK(*)F+P/1<HDW+[+@AC6�3>0F/1<H6C8�+��	0�,�/�<>6�8�.�,48�G2+[:=9�<>/L/1+�8w,CI��

∂U

∂t
= F (U) ,

s�h�À4t
:=)�+@9�+

U
9�+@EF9�+�I1+@8	/VIJ/1)�+�A�+�.7/16C9{.76�8	/�,4<H8F<H8FQ~/�)F+�IL6�3>05/�<>6�8¥A�,43H0F+NIe6C\;/1)F+«I1E�,�/�<H,C3\]0�8�.�/�<>6�8�Iw,48�M¨^�8F<>/1+�M5<>�$+�91+�8�.7+

MF+@9�<>A�,�/�<>A�+�I�ZwpY8~+@gBE�3><�.7<>/S3H6�:*��IL/16�9�,CQC+SÔ$Õ�Ö�´�µ�×�³��=0�8FQC+@���P05/1/�,uI�.V)F+�D�+&,CM5A�,482.7+W/1)�+&I16C3H05/1<H6C8�\]9�6CD�/1<HD�+&3>+�AC+�3
tn

/16
tn + ∆t

<H8&/�)F+P\]6C9�D{�

u0 = un,
sLh�Á�t

ul = un + αl∆tF (uul−1

)
\]6C9=3]Ø?hCaHZHZ>a E

,

un+1 = up.

(b6S,C8�,43HOBd@+Y,482MJ.76CDWE�,C91+*/�)F+Y+@�$+N.�/R6C\�/1)F+�,C.@.@6C0FE�3>+�D�+�8	/l64\!/1)�+�=0F8FQ�+7�¢�P05/L/V,;I�.V)F+@DW+=:=<>/1)J/�)F+Y^�8�<_/�+M5<>�$+�91+�8�.7+
I�.V)F+�D�+*/�)F+ � <HQ�I�ZRhY,C8�MJ��EF91+NIL+�8	/�IK/1)�+YDW6BMF0F3>02IU64\$/1)F+i,4DWEF3H<_^2.�,�/�<>6�8?\�,�.�/�6C9U64\$/1)�+

4th ��6�9�MF+@9U�=0F8FQ�+7�¢�P05/L/V,[I1.V)�+@DW+Ca\]6�9�/1)F+ � �Y©¸,C8�Mzo��Ù^28F<_/�+�MF<_��+@9�+@8�.@+�I�.V)F+�D�+NI@a�9�+�I1E2+N.�/�<>A�+@3HOCZ r 6CDWE�,C91<H8FQJ/�)F+S/�)F+ � <>Q	I@ZWhS6�8F+W.@,48`8F64/�+S/�)�,�/�\]6C9

k

|g
|

0

0

1

1

2

2

3

3

0.4 0.4

0.5 0.5

0.6 0.6

0.7 0.7

0.8 0.8

0.9 0.9

1 1

1.1 1.1

1.2 1.2

1.3 1.3

1.4 1.4

1.5 1.5

1.6 1.6

CFL = 0.4
CFL = 0.6
CFL = 0.8
CFL = 1.0
CFL = 1.2
CFL = 1.4

DRP + RK 4th order 4 steps

� <HQC0F9�+~h�� � <HI�I1<>E�,4/1<H6C8¯\�,�.�/16�9v64\;,~��
4th ��6C9VM5+�9:=<>/1) � �=©¯DW+7/�)F65M!Z

k

|g
|

0

0

1

1

2

2

3

3

0.4 0.4

0.5 0.5

0.6 0.6

0.7 0.7

0.8 0.8

0.9 0.9

1 1

1.1 1.1

1.2 1.2

1.3 1.3

1.4 1.4

1.5 1.5

1.6 1.6

CFL = 0.4
CFL = 0.6
CFL = 0.8
CFL = 1.0
CFL = 1.2
CFL = 1.4

SO + RK 4th order 4 steps

� <HQC0F9�+`�5� � <HI�IL<HE�,4/1<H6C8¯\�,C.7/16�9v64\S,«�Y�
4th ��6C9VM5+@9:=<>/1)uo��ÐDW+7/1)�6BMTZ

I1DJ,43H3U:-,�A�+7��8B0FDSG$+@9/1)F+W/�:-6�I�.V)F+�D�+NI�QC<HAC+�I�I1<>DW<H3H,C9P,C8�I1:R+�9�I�ZSpI�/�)F+ r-� �y8B0FD?G2+�9[<>82.79�+�,CI1+�I�I16CDW+�MF<HI�IL<HE�,4/1<H6C8`<�I
8�64/1+NM!Z � �Y©qI1.V)F+�DW+?<�I[M5<�I1I1<>E2,�/1<HAC+WGF0F/SI�/V,4GF3H+�\]6C9[,43H3U:-,�A�+7��8B0FDSG$+@9VIi,C8�M r-� �x8B0FD?G2+�9�IP6�8`/�)F+W9�,C8FQC+W,48�,C3>OBd�+�M!a
,C8�Mwo��ÐI�.V)F+�D�+[.�,48�G2+[0F82I�/V,4GF3H+P\]6C9 r-� �

> 1.3
Z

j
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<H8	/1+�91<H6C9l6C\!/1)F+iM56CDJ,4<H8TZU(*)F+�91+Y,C91+YI1+@A�+@9V,43�I�.V)F+@DW+NIU6C8J3H<_/�+@9V,�/�0F91+�aC6�8F+I�.V)F+@DW+=/�)�,�/*IL+�+@DJIX/16SG2+/1)F+iG2+NI�/k6C\!/1)F+�D|<�I
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(*)�+�DJ,C<>8{,CM5A�,C8�/V,4Q�+64\ /1)F<�I-/1+N.V)F8F<���0�+�:=)�+@8{.76CDWE�,C91+NMJ:=<>/1)�64/1)�+@9VIR<�I-/1)2,�/*/1)F<�I=,4E�EF916	,C.V)vM56W8F6C/-8�+@+�M�IL/19�+7/�.V)�<>8FQ
6�8�/1)F+[DW+�I1)�8F+�,C9*/1)F+[G$6C0F82MF,49�Oe,482Me<>/�IY.@6CDWEF05/V,�/�<>6�8�,43!.76	I�/Y<�I*8F6C/IL6�)F<HQC)TZl(*)F+[+N�	0�,�/�<>6�8e\]6�9*/1)F<�IYI�.V)F+@DW+P<HI��

∂u

∂t
+ A

∂u

∂x
+ B

∂u

∂y
+ σyA

∂q

∂x
+ σxB

∂q

∂y
+ (σx + σy)u +

s�hN��t

+σxσyq +
σxM

1 − M2
A(u − σyq) = 0,

:=)�+@9�+
σx

,48�M
σy

,C91+eMF0FDWEF<>8�Q`\�,�.�/16�9�IS<>8~/1)F+
x
,C8�M

y
M5<H91+�.7/1<H6C8�I�aX91+NILE$+�.7/1<HAC+�3>O�al,48�M

q
<�I�,uAC+N.�/�6C9S6C\,405g5<H3><�,49�O

A�,C91<�,4GF3H+�I�ZRp8�,43HOBd@<H8FQ�/1)F+Smk�$ZihN�W6C8F+;.@6C0F3�M�8F64/�+P/1)�,4/<_\
σx = σy = 0

:R+[Q�6WG�,C.Vfe/16J+��	0�,4/1<H6C8�/16v� mlm¨6�8�<>/�IY8F6C8
MF<>DW+@82IL<H6C8�,C3�\]6C9;s�mk�$ZRjCt7Zl¦Y0Ta2�C§C§�hiM5+@^�8F+�I=/1)F+;M50�D�E�<>8FQW\�,�.�/�6C9VI-,�I@�

σx = σm(1 − M2)|
x − xl

D
|β , σy = σm|

y − yl

D
|β ,

s��4§�t
:=)�+@9�+

xl
,C8�M

yl
9�+@EF9�+�I1+@8	/VIk/�)F+[IL+@/Y64\KE26�<>8	/�I*:=)�+@9�+/�)F+[©kªu��d@6�8F+�I=IL/�,C9L/VI*,48�M

D
<�I-/1)�+�3H+@8�Q4/1){6C\ /1)�+�©Rªu��d@6�8F+CZ

r 6�DWEF3>+@/1<H8FQ[/�)F+EF9�65.7+NM50F9�+Ca46�8F+.76�0F3�MW8F64/�+*/1)�,4/R<H8W/1)F+Y)�6C9�<>d�6C8	/�,C3F91+�QC<H6C8�64\!©kªu�`d@6�8F+
σx = 0

,48�M�\]6�9U/1)�+AC+�9L/�<H.�,43
9�+@Q�<>6�8&6C\b©kª`��d@6C8�+

σy = 0
Zl� +�,CMF<>8FQ�/�6WI16CDW+[I1<>DWEF3H<_^$.@,�/�<>6�8�I*6C8�©kªu��+N�	0�,�/�<>6�8�I*91+�EF9�+�I1+@8	/1+NMv9�+�I1E2+N.�/1<HAC+�3>OeG	O��

∂u

∂t
+ A

∂u

∂x
+ B

∂u

∂y
+ σxB

∂q

∂y
+ σxu +

σxM

1 − M2
Au = 0,

s��FhNt

∂u

∂t
+ A

∂u

∂x
+ B

∂u

∂y
+ σyA

∂q

∂x
+ σyu = 0.

s����Ct
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σm∆x = 2
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β = 2
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∆t = ∆x = 1
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• ∆x = ∆y = 1
�

• Mach = 0.5
�

• ∆t = 1/(1 + Mach).
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