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Abstract The Helmholtz resonator with a conical neck, which have broad acoustic attenuation band performance in

the low frequency range, have no accurate analytical approach for the acoustic performance prediction. To investigate

its acoustic performance, a general theory model based on the one-dimensional analysis approach with acoustic length

corrections is developed to predict the transmission loss (TL). A segmentation method is used to calculate the acoustic

correction lengths for the sound propagation in the conical tube. And then, an approximate formula is provided to give

correction lengths for conical tubes with different geometries. The TL results obtained by the general theory and the

acoustic correction lengths are compared with the results from the finite element method and experiment, which show

that the deviations of the resonance frequency are less than 2 Hz and experiment, which show that the deviations of

the resonance frequency are less than 2 Hz and much better than the results from one-dimensional approach without

corrections. The method of the acoustic length correction for the conical neck, greatly improved the accuracy of the

one-dimensional analysis approach, which will be quick and accurate to predict the sound attenuation property of the

Helmholtz resonator with a conical neck.
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2.2 ����6�7�8�9�:�;�<�=�>�?�@
4 ���)D v)w O�P E >�G�J K H�I�9 ¯�D�; ªY ¬_�A � ® / � (AFM)

� � >_G_J K H_I_9 ¯_D® / =���� 7 ? R y <   d Q�b ����9"x"y"z ��B
� / (19):

r̃n

r̃n+1
=

1

1 +

(
∆x

r̃n

)
tan θ

. (19)

M � ∆x � r̃n, r̃n

¨�©�5�| �
∆x/r̃n

9�C�9� 
¡ �_¢ ? R_£_¤ ;C� r̃n

9:C ? ¬_ � (r11+r12)/2
=

¥ * ;
r̃n

r̃n+1
≈

1

1 +
2(r12 − r11)

N(r11 + r12)

. (20)

~�� / (20) D�/ (11) D�/ (9) ?�y�0
δn

r̃n

= α(N, r11,12 ). (21)

~�� / (8) D�/ (18) D�/ (21) ?�y O�P E >�GJ K H�I ¯�D ® /�0
δc = [(1 + K1K2)r11 + K1K3r12] α(N, r11, r12), (22)

132 0
K1 =

[
N(r11 + r12)

(N + 2)r12 + (N − 2)r11

]2

,

K2 =
(N − 2)(N + 1)

2N
,

K3 =
(N − 2)(N − 1)

2N
.

(23)

� / (22) /Z? R � < ; OZP E 9Z>_G_J K HZI�E/�O�P E 9 @ <r����� R�F c�Q�b 9 | � �"� � =
4 � r:s ¬� � ¯_D >_G_J K H_I_9:i:j t ; \ Q_b�

(SM)
9 ¯�D ��� / ¬� � (AFM)

9���� @�[ �� ; J�� 8 c � =

�
8 �������������������HGJI

(SM: ¤�¥HKHL AFM: MHNHK )

�"�
8 ? R"� <�¬� � 9�>�G�J K H�I ¯�D �� / Q�b ��O ��P�1 =�¥ ¦ ? R ��	�ª Y / (18) n

/ (21)
� O�P E J K H�I @�[�¯�D =

3 QSRSTSUSVXWXY[ZX\X][^X_[`
4 � r"s O�P E @�[ >�G�H�I�J K v�9"%)&"'( ¯_D �_�:�_I ;ba :� S�c !:#:$ �_�:x:y:z � ;

Q�d ª Y ¢�§_« <_9 O_P E >_G_H_I_J K �_� D v 9O�P E >�G�H�I�J K 9 ��� R�F�e � � ��f ��� @
[Z¯ZD = m 1

c x y z � 0 r11 = 0.03 m, r12 = 0.08 m,

l1 = 0.1 m, l2 = 0.2 m, r2 = 0.08 m;
m

2
c"x"y"z

� 0 r11 = 0.02 m, r12 = 0.04 m, r2 = 0.06 m, l1 =

0.08 m, l2 = 0.15 m
=

�)�
9 ? R)� < ; 9 O�P E >�G�H�I�J K 9 ¯

D �_� / FEM ¯_D �_� O �gPh1_; S�c:x:y�z � ¯
D ����9 !�#�N�i�j ¬ v�'�( 2 Hz

= v 9 O�P E >G�H�I�J K ¯�D ��� / FEM ¯�D ���)¬�k�l)� ;�
9(a) m�n ¬ 17 Hz,

�
9(b) m�n ¬ 7.5 Hz

=
w � n�o ��p > ; ª Y�q�r�s �_� [16]

��p > @
[ � %:&:':(�t r ��u�vxw�y�z r:s ¯_D ����{ p >� F z � J�| 1 c � {



358 � � � �
2014 �

�
1 ������� ���	 ��
 � £ ������� ������
a = 0.0735 m

r11 = 0.025 m

r12 = 0.0788 m

r2 = 0.0788 m

l1 = 0.1110 m

l2 = 0.2037 m

� � : 25 �
��� : 346 m/s� � : 1.16 kg/m3

(a) � 1 ����� (b) � 2 ������
9 ���������HK������JI��

���
10 � R���� v 9 O�P E ��� H�I�J K�� ¯

D ��� / � ��f ��� R�F t r ��� O � P 1 v !"#
N�i�n ¬ ` © 2 Hz R � 8 ¦ v 9 O�P E ��� J K��
¯_D �_� �_� n ¬�l:� v !�#�N�i�n ¬�� 16.5 Hz

{
¥ ¦ v O�P E ��� H�I�J K «� � O�P�°�± !)#)$%�&�'�( y�� ¯�D ��I�{

�
10 ��������!�"�#����HGJI �

4 Y%$
¢�§ * � � 9 O�P�°�± ������	 !"#"$ � y��J K ¯_D'&'( v � � !:#:$ � %:&�':( w [ ����vx�

� ��� / e � � C ¯�D R�F t r ��u ��� w [ �����{ 1 W���) J�K�*
(1)
ª Y Q_b � ¯_D Q �_� Q_b_| � � v:w O I� O_P E �'� J K H_I:�_I �  _¡'+', v.-:E:F � �

Q_b_| �'�::� �g� { - © * �'/�0 * � � O_P E �
� J K H_I ¯_D ®'1 v ¯_D �_� / Q_b � ¯_D �_� O��P�1 {

(2) 2 Y ��� J K H�I�¬� ¯�D ®�1 v ¯�D O�P°�± !"#"$ � %"&"'"(�{ / � ��f ��� R�F t r �� � � |43�v�ª Y �5� J K ��� 3 �56 � v J K��
¯�D ����{ |73 ¢�§�«5� � O�P E J K ¯�D ��� « ��y������ ¯�D ��I v8- � O�P�°�± !)#"$ � t
���� «�9 ��:�D���� {
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