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�
*Ð��+S��57Å3ó§¥�A^, ±9�Ñykê�O��{=Û�u¦)��Î/Ú�ê/
��+S��57Å�¯K. �âC�¡����Ø 9Å56N Navier-Stokes �§Ú�mÅð�§, ¿Äu¦
)Øå�ÝÍÜ�§��Ûª�{Ú����Eâ, �ï�«U
O�?¿/G¶é¡��+É¹l°Ä�SÜ
��57Å�k�NÈ�{. ©Oé�Î/!�ê/Ú�I/��+S���57Å?1�ýO�. ÏL�ykÁ
�(J±9ê��ý(J�é', �y
T�{��(5. ¿¼�Ø7Å(Ø�	�,	�
#�Ôn(J, �)
�Ý!�Ý!§Ý�]�Cz. 3��Î/��+S�)ÀÂ(ØÅ, �ÝÅ/¥Ñy¹G(�. 3�ê/Ú�
I/��+S�)p(ØÌ��7Å, vkÑyÀÂÅ, �ÝÅ/¥þ�uy¹G(�. O�(JL²��+S�
�57Å�Ôná5���+/G�mk��'X.

'�c: ¹l, ��+, ��57Å, k�NÈ{

PACS: 02.70.−c, 43.25.+y, 47.10.ad, 47.11.Df

1 Ú ó

�
ò3¹l°Äe��+S��57Å*
ÐA^u�.C�!�6NC� [1,2] �ó§A^
¥, Lé��+S���57Å��aÔn5�?
1ïÄ. XJæ^¢SÔnÁ���{ïÄ��+
S��57Å, I�éØÓ/GÚØÓº����
+?1�O!�EÚÁ�. du��+�\ó9Ù
Á�C�Ú��¤^'�[B, Ïdê�O��{
¤�ïÄ��+S��57Å�Ì��{.

õc5, ïÄ<
ÏLõ«ê�O��{é
¹l°Äe��+S��57Å?1
O�, ¿
�(ÜÔnÁ�éO�(J?1
�y. Coppens

� [3] *Ð
 Keck-Beyer[4] 6Ä�{, ^d�{5
¦)��î�¡÷��+¶���Øu)Cz�
��+ ({¡��Î/��+) S���57Å¯
K, nØþýÿ
{�Å©þÌ����Ú3Äª
Ú�ª?z�Ì��m��6'X; Saenger � [5]

ïá
�«íN$ÄnØ, ©Û
��Î/��+
S±Ï5ÀÂÅy�Úk�Ì��ØåÅ/. Van

Buren[6] ïá
��Î/��+�ê��.5£ã
��+S��57Å�A5, ¿æ^²0¿[ - �
F¿Å�§ (Helmholtz-Kirchhoff equation) ?1¦
). Ó�¦��Jø
�@Äuù«ê��.�ê
�O�§S, �ù«ê�O��{=Û�uÑyÀ
ÂÅcÏ^�e; Yano[7] |^k��©�ª¥�o
C�~��n (total variation diminishing) ¦)��
Î/��+SØëYÀÂÅ¯K, nØþ©Û
(
ÆXìêÚÀÂÅ�m�'X; Vanhille � [8] ÏL
k��©{é��Î/��+SÃÀÂÅ�k�
Ì�7Å?1
ê�O�, O�L§3��S?1
¦); nþ¤ã, ù
ê�O��{Ñ´�U¦)
��Î/��+S���57Å. ,�X-y
rÝ�O\, ��Î/��+S�(Øòª�u�
Ú, ù«(Æy�¡�(�Úy�. du(�Úy
���3, ��+S�7Å(Ø¸��34��,

(�Úy���3î��
��57Å3ó§
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¥�A^. Lawrenson � [9,10], 3�X��Á�Ú
ê��ýïÄ¥uy¦^�5ê�°Äüàµ4
�AÏ/G��+ (î�¡÷��+¶���u)
Cz�¶é¡��+, �
���Î/��+?1
«©, òù«AÏ/G��+{¡: ���Î/�
�+) ÷¶��N�Ä, U
3��+S�)ÃÀ
Âr(7Å, ³�
(�Úy��Ñy. Luo � [11]

|^³�7�{ (Galerkin method) 3ª�S¼�

3¹l°Äe�ê/��+SÃÀÂr(7Å
(ØÌ��©Ù�¹, ¿¢y
��57Å3�Å
>¥�A^. �´³�7�{=Û�u(|A�¼
êäk)Û)���Î/Ú�ê/��+.

�
U
¦)?¿/G����Î/��
+ S � � 5 7 Å, � © J ø 
 � « � � + S �
�57Å���ê��{ —– k�NÈ{. d
ê � � { ( Ü 
 ¦ ) Ø å � Ý Í Ü ¯ K � �
Ûª�{ (semi-implicit method for pressure-linked

equations-consistent, SIMPLEC) Ú����Eâ.

¤JÑ�k�NÈê��{kn�²w�`³:

1) ¦)L§´3��S?1�, U
�g¦)Ñ
��57Å/¤�]�Cz. 2) éu¹l°Ä�
ª, �â�mÅð�§Ú���Ø 9Ê56N
� Navier-Stokes �§ïá
¦)��+S��5
7Å��§, vk�äØ�. Ó�|^6N�Äå
ÊÝÚ>.}�å�OÙ¦ê��{¥�k�Å
Ý, ;�
Ù¦ê�O��{¥k�ÊÝ7LÏL
Á�¼��Øv. 3) A^ù«ê��{��±¼�
��+S�
#�Ôn(J, l����Î/�
�+S���57Å�ó§A^C½
nØÄ:.

2 Ä�nØ

æ^ü>�Ä°Ä�ª, ��+L÷v�mÅ
ð�§

d
dt

∫
V

dV =
∫

A

ubdA, (1)

Ù¥, V ���ü�N�NÈ, A ���ü�N�
�¡È, ub ���¡��Ý.

��+S�6N÷vC�¡ Navier-Stokes �
§, �)�þÅð�§ÚÄþÅð�§

∂(ρA)
∂t

+
∂ (ρA (u − ub))

∂x
= 0, (2)

∂(ρAu)
∂t

+
∂ (ρAu (u − ub))

∂x

=A
∂

∂x

(
µ

A

∂ (Au)
∂x

)
− A

∂p

∂x
+ ASwall, (3)

Ù¥, ρ �6N�Ý, t ��m, x ���+�¶��
I, u �6N÷X��+¶���Ý, Swall �9¡
}�åÚå��, p �(Ø, µ �ÄåÅÝ.

���+S�)��57Å�, Lò��+S
�6N�Ä��Ø 6N, Ïdæ^n�íN�G
��§

P = ρRT, (4)

Ù¥, R �6N~ê, T �6N§Ý, P �ýéØå.

ýéØå P �(Ø p �6NÐ©Øå�Ú.

���57Å�)�, (1)—(4) ªØv±¦)
(Ø p!�Ý u!6N§Ý T Ú6N�Ý ρ �o�
Ôn|þ. �d, Ú\n�íN�,�G��§

P = p0

(
ρ

ρ0

)γ

, (5)

Ù¥, ρ0 �6NÐ©�Ý, p0 �6NÐ©Øå, γ �
6N�'9N'.

6NÐ©G���·�, 3ªÇ� f �Si¹
l°Äe�ü>$Ä, ¹l�°Ä�Ý�

u(t) = u0 sin(2πft), (6)

Ù¥, u0 ��Ý�Ì�.

��+üà�Ý>.^��±£ã�

u = 0 3 x = 0 ?, (7)

u = u(t) 3 x = l?, (8)

Ù¥, l ���+��Ý.

3 k�NÈ{

æ^����Eâò¦)�y©�Ì��N
ÈÚ u ��NÈ, Xã 1 ¤«. òØå!�ÝÚ§
Ý�;3±!: I �¥%�Ì��NÈ¥; ò�
Ý�;3�Ì��NÈ������Ú�� u �
�NÈ¥.

æ^�Û�ª, 3 u ��NÈþéÄþÅð�
§, (3) ª, ?1È©lÑz?n:(

(ρAu)i − (ρAu)0i
) ∆x

∆t

+
[
(ρAu (u − ub)I) −

(
ρAu (u − ub)I−1

)]
=µ

((
∂ (Au)

∂x

)
I

−
(

∂ (Au)
∂x

)
I−1

)
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− µ

(
1
A

∂ (Au)
∂x

∂A

∂x

)
i

∆x

+ (pI−1 − pI) Ai + (SwallA)i ∆x, (9)

Ù¥, þI 0 L«c���, Ù¦þ��c��, ∆t

Ú ∆x ©O��mÚ�Ú�mÚ�, (SwallA)i ∆x

�>.}�å.

I↩ i I i⇁ I⇁

(a)

i↩ I↩ i I i⇁

(b)

ã 1 ���� (a) Ì��NÈ; (b) u ��NÈ

æ^ Patankar[12] £ã�¦��ªO� u ��
NÈ¥%��Ý, ¿é (9) ª¥�Xê?1|Ü?
n�, �±��'u u ��NÈ¥%�Ý��ªl
Ñz�§

aPiui =aW (i−1)ui−1 + aE(i+1)ui+1

+ (pI−1 − pI) Ai + bi, (10)

Ù¥

aE(i+1) =DI max
(
0, (1 − 0.1 |PI |)5

)
+ max (−FI , 0) ,

aW (i−1) =DI−1 max
(
0, (1 − 0.1 |PI−1|)5

)
+ max (FI−1, 0) ,

aPi =aE(i+1) + aW (i−1) + FI − FI−1

+
(ρI + ρI−1)∆xAi

2∆t
+ µ

Acell

∆yi
,

bi =

(
ρ0

I
+ ρ0

I−1

)
∆xAiu

0
i

2∆t

− µ

Ai

[
(uA)I − (uA)I−1

](
∂A

∂x

)
i

,

Acell � u ��NÈ��¡È, ri ���+��»,

∆yi ½Â� ∆yi = 0.1× ri. ½ÂÏL u ��NÈ.
¡ (X I) �é6�þÏþ FI Ú*ÑD�Ç DI ©

O� FI = (ρA (u − ub))I , DI =
µAI

∆x
. ½Â u ��

NÈ¡þ����ê� PI =
FI

DI
, PI−1 =

FI−1

DI−1
.

�k�Øå|®��, (10) ªâU��(¦).

�du��+S6|�Øå�ÝÍÜ¯K, �U�
½��b�©Ù�Øå�O� p∗, ÏL (10) ªO�
����Ý�´���O�. ÏdI�éØå�O
� p∗ Ú�Ý�O� u∗ ?1S�?�.

rØå�O� p∗ Ú�Ý�O� u∗ �\ (10)

ª�±��

aPiu
∗
i =aW (i−1)u

∗
W (i−1) + aE(i+1)u

∗
E(i+1)

+
(
p∗I−1 − p∗I

)
Ai + bi. (11)

��(�Øå�Ú�Ý�©O� p = p∗ + p′,

u = u∗ + u′, Ù¥, p′ Ú u′ ©O�Øå?��Ú�
Ý?��.

^ (10) ª~� (11) ª�±��Øå?�� p′

Ú�Ý?�� u′ �m�'X

aPiu
′
i =aW (i−1)u

′
W (i−1) + aE(i+1)u

′
E(i+1)

+
(
p′I−1 − p′I

)
Ai. (12)

Äu SIMPLEC �{, �Ý?�� u′ ��£ã�

u′
i = di

(
p′I−1 − p′I

)
, (13)

Ù¥
di =

Ai

api − aW (i−1) − aE(i+1)
.

3Ì��NÈþÈ©�þÅð�§, (2) ª, �
�lÑz�þÅð�§(

(ρA)I − (ρA)0I
) ∆x

∆t

+
[
(ρA (u − ub))i+1 − (ρA (u − ub))i

]
= 0. (14)

éu�Ø 9Ê56N, ÄuG��§, (4) ª, �
Ý?���L�� ρ′ =

1
RT

p′.

ò�Ý?��L�ª�\ (14) ª, ¿é�Ý�
Ú�Ý?��æ^Hº�©�ª?n�, �±¼�
'uØå?�� p′ �lÑz�§

aPIp
′
I = aE(I+1)p

′
I+1 + aW (I−1)p

′
I−1 + bI , (15)

Ù¥

aE(I+1) =(ρ∗Ad)i+1

− Ai+1

RTI+1
max

(
− (u∗ − ub)i+1 , 0

)
,

aW (I−1) =(ρ∗Ad)i +
Ai

RTI−1
max ((u∗ − ub)i , 0) ,
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aPI =(ρ∗Ad)i+1 +
Ai+1

RTI
max

(
(u∗ − ub)i+1 , 0

)
+ (ρ∗Ad)i −

Ai

RTI
max (− (u∗ − ub)i , 0)

+
AI∆x

RTI∆t
,

bI =(ρ∗A (u∗ − ub))i − (ρ∗A (u∗ − ub))i+1

−
[(ρ∗A)I −

(
ρ0A

)
I
]∆x

∆t
.

ã 2 O�6§ã

du¹l°ÄÚ\#���Cþ��¡�

Ý ub, ò�mÅð�§, (1) ª, ?1lÑz?n
∆V

∆t
= (ub,i+1 − ub,i) AI , (16)

Ù¥, ∆V ´du>.$Ä¤Úå���NÈü�
NÈ�Cz, ub,i+1 Ú ub,i ©O���NÈ¡ i + 1

Ú i þ��Ý.

∆V q�d¹l$Ä £?1O�:

∆V =
[xvib(t + ∆t) − xvib(t)]Avib

N
, (17)

Ù¥, xvib �¹l$Ä� £, Avib �¹l��
¡È, N �÷X��+¶�����NÈü�
�ê8.

ò (17) ª�\ (16) ª¥, ��

ub,i+1 = ub,i +
[xvib(t + ∆t) − xvib(t)]

N · ∆t

Avib

AI
. (18)

� (15) ª¥� bI ªu 0 �, ρ∗ Ú u∗ ÷v�þ
Åð�§, =

‖b‖ 6 ε, (19)

Ù¥, ε �ªu 0 �~ê, b �¤kÌ��NÈ¥%
� bI ¤|¤��þ.

âd, �ï
���Î/��+S��57Å
¦)�k�NÈ�{. ÙO�6§Xã 2 ¤«.

4 ê�O�(J

�âã 2 O�6§ã, ?� Matlab §S¦)�
��Î/��+S��57Å.

4.1 ������ÎÎÎ///������+++

�
�©z [5] ¥�ÔnÁ�(J?1é',

3��Î/��+SW¿�í��ó�x�. 6
Ná5�: Ð©Øå 101 kPa, Ð©§Ý 273 K, (
� c0 = 342.39 m/s, �Ý ρ0 = 1.29 kg/m3, '9N
' γ = 1.4.

1.7 m

Ø
 0

.0
4
8
 
m

u

ã 3 ��Î/��+

��Î/��+AÛ/Gëê�: �Ý Lx =

1.7 m, �» r0 = 0.024 m, /GXã 3 ¤«. �
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â � � Î /� � + S ( | Ä ª O � ú ª ω0 =

πc0/Lx
[10], ÀJ¹l�°ÄªÇ�Äª 100.7 Hz.

�â©z [5] ¤�Ñ�¹l°Ä £Ì� X = 1/8

in (0.003175 m), �±O�Ñ¹l�$Ä�ÝÌ
� u0 = 2.0089 m/s.

���+�C�à��Ì��NÈ¥% 
� (�à) Ú�Cmà��Ì��NÈ¥% � (m
à) ��*	:, *	(ØÅ/Cz, Xã 4 Úã 5

¤«. üà½��(ØÅ/ÚÌ��Ó, ¿�]
�(ØÌ�lÐ©·�G���O���¹l-
y�Uþ�ÑÑ²ï������. ò�à(Ø
Å/�©z [5] �(ØÅ/?1
'�, Xã 6 ¤
«. (ØÅ//��Ì��Á�(J (3©z [5] ¥
(Ø�ÀÂrÝ� 216 mm Hg, �: 28797 Pa) þ'

�¬Ü, l�y
¤JÑ�k�NÈ�{��(
5. ÏLFp�C�é��+�à(ØÅ/?1©
)±ïÄÙªÌA5, Xã 7 ¤«. ¤k��ªÑ
�-y, �ª¤éA�ØåÌ��XªÇ�O�
~�. dupg�Å��), (ØÅ/u)
ÆC,

Ñy
ÀÂÅy�, Xã 6 ¤«. Fp�©)¥Ñ
y
~ê��(ØÌ�� 577.4 Pa, Ïd����
(ØÅ/�þ £, Xã 4 Úã 5 ¤«.

ã 8 ���+�à!¥mÚmàn� ��
�ÝÅ/, �±�Ù/w�3��+�à �Ñy

²w�¹GÅ/, ¥m ���ÝÅ/k¤ÆC,

�vkÑy¹GÅ/.

ã 9 �§Ý�]�?§, �±wÑ§Ý�Ì�
Cz�L 10 K, 3��ã�Ñy
ÀÂÅy�.

ã 4 ��Î/��+�à�(ØCz ã 5 ��Î/��+mà�(ØCz

ã 6 ��Î/��+�à(Ø (a) k�NÈ{�ý(J; (b) ©z [5] ¥Á�(J
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a

ã 7 ��Î/��+(ØªÌA5

ã 8 ��Î/��+ØÓ ���ÝCz (a) �à�
Ý; (b) ¥m�Ý; (c) mà�Ý

ã 9 ��Î/��+�à�§ÝCz

4.2 ���êêê///������+++

�
�y¤JÑ�k�NÈ{�UO���
�Î/��+SW¿Ù¦6N����57Å, 3
�ê/��+SW¿ R-12 ��ó�x�.R-12 6
Ná5�: Ð©Øå 306 kPa, Ð©§Ý 300 K, (
� c0 = 153.09 m/s, �Ý ρ0 = 14.74 kg/m3, '9N
' γ = 1.129.

��+�¡È÷��+�¶�u)XeCz:

A (x) = A0 exp
(

α
x

Lx

)
, 0 6 x 6 Lx, (20)

Ù¥, ��+�à�¡È� A0 = 5.0265×10−5 m2,

�ê/��+��Ý� Lx = 0.2 m, �ðXê
� α = 5.75, /GXã 10 ¤«.

0.2 m

u

ã 10 �ê/��+

�â©z [11] ¥¤��ÅêO�úª,

k2
n =

(
ωn

c0

)2

=
(

nπ

Lx

)2

+
1
4

(
α

Lx

)2

,

(n = 1, 2, 3, · · · ).

�¹l°ÄªÇ��Äª 518 Hz. �â©z [11]
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Jø�Ãþjz�ÝO�úª U∗ = u0/ (Lxω0)

Ú Å ê O � ú ª, ?  O � Ñ ¹ l � � Ý Ì
� u0 = 0.0354 m/s.

ã 11 �ê/��+�à�(ØCz

ã 12 �ê/��+mà�(ØCz

ã 13 �ê/��+¶�����m(ØÌ�©Ù

3¹l°Äe, ���ê/��+�àÚmà
�(ØÅ/, Xã 11 Úã 12 ¤«. �à�(ØÅ
/®��½, mà(ØÅ/ÿ���½, ,
	mà�(ØÌ���u�à�(ØÌ�. ��+

S(ØÌ�÷¶��©ÙXã 13 ¤«. l�à�
màò¶���(ØÌ�Åìü$. �à(ØÌ�
��½G��� 4.705× 105 Pa, ²w�pu��
Î/��+S���Ú�(ØÌ� 1.914 × 105 Pa,

�ó§A^¥¼�pØåÌ�Jø
ûÐ�Ä:.

Ó�, ÏLFp�C�é�à(ØÅ/?1©)±
ïÄÙªÌA5, Xã 14 ¤«. lªÌA5þ�±
wÑ, 3Äª �Ñy
���(Ø, pg�Å
?�(Ø��
³�. ù�U
)º�Û3���
Î/��+SU
�)�pÌ���57Å, ¿�
k�³�
ÀÂÅ��). Ó���©z [11] ¥
JÑ³�7�{?1
é', Xã 15 ¤«. I�`
²�´, ©z [11] ¤�Ñ�þj�zØåÌ��L

 1.5, �´·�?�
�Ó�³�7§S, ¤��
�þj�zØåÌ�=�Cu 1.5. �
�y¤?
�§S��(5, ·��ò¤?��³�7§S�
(J�©z [13] ¥�(J?1
é', �y
§S
��(5, `²©z [11] ¥¤�Ñ�(JkØ.

ã 14 �ê/��+(ØªÌA5

ã 15 k�NÈ{�³�7�{é'
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ã 16 �ê/��+�à��ÝCz

ã 17 �ê/��+ØÓ ���ÝCz (a) �à�Ý;

(b) ¥m�Ý; (c) mà�Ý

ã 16 ��ê/��+�à�Ý�Cz, �±
wÑó�x���ÝCzÌ�� 4.8 kg/m3, `²¹
l°Äe��+S6N�ÝkwÍ�Cz.

ã 17 ��ê/��+�à!¥mÚmàn�
 ���ÝÅ/, 3�ê/��+S¿vkuy¹
G(���ÝÅ/.

4.3 ���III///������+++

ÏL3��Î/Ú�ê/��+S��57
Å�O�Úé', �y
¤JÑ�k�NÈê��
{��(5. �
�y¤JÑ�k�NÈê��{
U
¦)?¿/G����Î/��+S���
57Å, �?1
�I/��+S��57Å�ê
�O�.

� I / � � + A Û / G ë ê � � Ý Lx =

0.2 m, �à��» r0 = 0.005 m, �Ç α = 0.2,

/GXã 18 ¤«. �â©z [14], �¹l°Ä�°
Ä-yªÇ� f = 491 Hz. �
��ê/��+
(J?1é', 3�I/��+SW¿��ê/�
�+S�Ó�6N, ¿ò¹l°Ä��ÝÌ���
� u0 = 0.0354 m/s.

u

0.2 m

Ø
 0
.0

1
 
m

ã 18 �I/��+

ã 19 �I/��+�à�(ØCz
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ã 19 ��I/��+S�à(Ø©Ù, ��
ê/��+�(J?1é', uy�I/��+
S�(ØÌ���u�ê/��+S�(ØÌ�.

ã 20 ��à(Ø�ü�Å/, ã 21 ��à(Ø�
ªÌA5. lã¥�±uy, 3�I/��+�Ó
�³�
ÀÂÅ�Ñy.

ã 22 ��I/��+�à!¥mÚmàn�

 ���ÝÅ/, l¥�±uy, �ÝÅ/��Ñ
yaqu��Î/��+S�¹G(�.

Ó�, �Ñ
�I/��+S�ÝÚ§ÝCz
�Å/ã, Xã 23 Úã 24 ¤«. ������
+S�Ý�CzÌ�� 0.6 kg/m3, §Ý�CzÌ�
3 1.5 K �m.

ã 20 �I/��+�à(Ø�ü�±ÏÅ/
ã 21 �I/��+�à(ØªÌA5

(a) (b)

(c)

ã 22 �I/��+ØÓ ���ÝCz (a) �à�Ý; (b) ¥m�Ý; (c) mà�Ý
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ã 23 �I/��+�à��ÝCz

ã 24 �I/��+�à�§ÝCz

òþã(J��ê/��+éA(J?1é
', �±uy3�I/��+S¤¼��«Ôná
5Ì�Ñ�u�ê/��+S¤¼��éAÌ�,

�´�I/��+%�Ð/³�
pª©þ (X

ã 21 ¤«), l¼�
�Ð�7Å(ØÅ/ (X
ã 20 ¤«).

5 ( Ø

JÑ
3¹l°Ä�¹e��S¦)��+
S��57Å�k�NÈê��{. |^¤ïá�
k�NÈ{¦)
��Î/Ú�ê/��+S�
��57Å¯K, ¿òk�NÈ{¤���(J�
³�7�{±9®k©z¥�Á�(J�
é',

�y
k�NÈê��{��(5. é�I/��
+S��57Å?1
ê�O�, �y
��{U

A^u¦)?¿/G���Î/��+S��
57Å�Uå. Ó�, ¼�
Ø
(Ø�	�#�
Ôná5, �)�Ý!�Ý!§Ý�]�Cz�¹.

3��Î/��+S§ÝXÓ(Ø���Ñy

ÀÂÅy�, ¿uy¹G(���Ý©Ù. 3�ê
/Ú�I/��+S, U
¼��ÃÀÂ���5
7Å. ¿��ÝvkÑy¹G(��©Ù, ´¥
yé¡©Ù. ÃÀÂ���57ÅÚé¡��Ý©
Ù, (½
�ê/Ú�I/��+�·ÜA^uó
§¢S. ¿é�ê/��+Ú�I/��+S�7
Å�Ôná5?1
é', uy
ü«��+��
g`":. Ïd, �
÷vó§¥�I�, �±(Ü
ü«��+�`:, ÏL`z�{é/Gëê?1
`z. k�NÈê��{m8
�«¦)���Î
/��+S��57Å��{, ���+S��5
7Å�ó§A^C½
ûÐ�Ä:.
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Abstract

In order to expand the engineering application area of nonlinear standing waves in acoustic resonators, a new numerical algorithm

is proposed for simulating nonlinear standing waves in resonators. It also can be used to overcome the shortages of the existing

numerical methods, which restrict the solution to the nonlinear standing waves in cylindrical resonators and exponential resonators.

The numerical algorithm is constructed based on the Navier-Stokes equations in the resonators with variable cross-section for an

unsteady compressible thermoviscous fluid without truncation, and the space conservation law. The numerical algorithm-finite volume

method for solving the nonlinear standing waves in acoustic resonators by piston driving is built based on the semi-implicit method

for pressure-linked equations-consistent algorithm and staggered grid technique. Simulations for solving the nonlinear standing waves

in cylindrical resonators, exponential resonators and conical resonators are carried out. By comparison with the existing experimental

results and numerical simulation results, the accuracy of the developed finite volume algorithm is verified. Some new physical results

are obtained, including unsteady velocity, density and temperature. The shock-like pressure wave shapes are found in cylindrical

resonators, simultaneously, and the results show that the sharp velocity spikes appear in the cylindrical resonators. High amplitude

acoustic pressures are generated in exponential resonators and conical resonators. Shock-like pressure waves and the sharp velocity

spikes are not found. The strong dependence of the physical properties of nonlinear standing waves on resonator shape is demonstrated

through the simulative results.
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