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Abstract 
The main subject of this article is the simulation of the cavitation including partial and super cavitation over the 

axisymmetric bodies using a boundary element method (BEM) based on potential by re-entrant jet model in closure zone of 
cavity. Re-entrant jet model is one of the closure models of cavity which is in agreement with physics of unsteady cavitating 
flows. To simulate the cavitation region, cavity and body surfaces are modeled with plane panels. Then, by applying the 
integral expression of Green theory, cavitation can be modeled by distributing the source rings on cavity surfaces and dipole 
rings on cavity/body surfaces. The length of the cavity and re-entrant jet are assumed to be fixed as initial predictions. The 
cavitation number and shape of cavity are the main results of this simulation. Furthermore, the pressure coefficient in partial 
cavitation and drag coefficient in super cavitation are predicted. The comparison between these results with experimental and 
analytical ones show that simulation of partial cavitation using BEM with re-entrant jet model modified the overshoot -that 
exists in results of BEM simulation without using re-entrant jet model- at the end of the cavity pressure coefficient. The 
implemented BEM method with re-entrant jet in super cavitation led to very good results in prediction of cavity shape and 
drag coefficient. The main advantage of this method is shortening the time of the desirable convergence. 
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Ê»� Ã{Z¨f�Y� ¹ÂÆ¨»� ¾ËY� �Y��·Zy� c�|«� �Â¼n»� Ä¯� {Â�
Ä¼�q��t���ÉÁ��Ã|���Ë�Âe�ÉZÅÃ�¨u��Y�É�Â^���Z��Z]����¬»

�d�Y��]Y�]�Êf�³�Z]�dm�É{Â¼�]�[��Ê»�½YÂe¹ÂÆ¨»�¾ËY�� Y�Ä]�
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Ä]�� �Y� Ã{Z¨f�Y� �Â�À»ÉZÅ� �Á���cÓ{Z »� É{|�� ¶u
Ê»� ,Ê·Y�´f¿YÄf��³� Z]� Y�� cÓ{Z »� ¾ËY� d�ËZ]Ä]� ,É�Z��c�Â�

{�ÁM�{�É�^m�cÓ{Z »� �Y�ÊÅÁ�³� ��{�¾ËY�¶u� Z]�,cÓ{Z »� ÃZ´f
Ä¼�q�c�|«½Z³Á{�Á�ZÅÄ]�ZÅÊ»�d�{|ËM���¾ËY�ÉY�],�Â�À»��Y|f]Y

|ËZ]��ÉY�]Ã�¨u�Êf�³�Z]�dm�Á,�Ä]�ÄÌ·ÁY�¶°��®Ë��|u�½YÂÀ�
{Â��¦Ë� e�ÄÌ·ÁY� �� ,º�m�t����b�Ã�¨u��Ä]�Êf�³�Z]�dm�Á

½Z¼·YºÌ¬f�»�ÉZÅ�Ã{��\Ë�¬e�Ê�z·Y�{Â�����
�Ä·{Z »�¾f�Â¿�Z]�����½Z¼·Y�ÉY�]ÉZÅ��Ä·{Z »�Á�º�m�t��

�����½Z¼·Y�ÉY�]�t���ÉZÅÃ�¨u{Y| e�,cb NNN ��Ä·{Z »
Ä]�É�^mÊ»�d�{�|ËM���¶»Z��Ä·P�»�cÓÂÆn»bN��½Z³Á{�c�|«

� ,º�m�t���ÉÁ�cN�� t���ÉÁ�� Ä¼�q�c�|«Ã�¨u��®Ë� Á
� ½ÂÌ�ZfËÁZ¯� {|��� t��� ÉÁ�� d���Ã�¨u�� ,ÊÀ Ë1�

Ê»�|�Z]���cÓÂÆn»�{Y| e�¾ËY�]ZÀ]1N��{Y| e��Y�Ê°Ë�Ä¯�d�Y
d�Y� �f�Ì]�cÓ{Z »� ��Ê�y�cÓ{Z »� ÃZ´f�{�½|��¶»Z¯�ÉY�]

Ä¯� ºË�Y{� Ê°¼¯� Ä·{Z »� ®Ë� Ä]� �ZÌ¿�,¶^«��z]� �{�«� �{�\·Z
�Ä·{Z »�����|Ë{�³�Ê§� »��,Ê�y�cÓ{Z »�ÃZ´f�{�¶u�Z]��c�|«
Ä¼�qZÅ½Z¼·Y�É�ÉÁ��ÉZÅÃ�¨u,��c�|«½Z³Á{�ÉÁ��ÉZÅ½Z¼·Y��

� º�m� t��� ÉÁ�� Ã|�� �Ë�Âe� ÉZÅ�Ä]� ½ÂÌ�ZfËÁZ¯� {|�� �Ì¿� Á
|»M�|ÅYÂy�d�{���

� �
���Ä·P�»�Ä�|ÀÅ��

¦·Y� �º�m� ��,ÊW�m� ½ÂÌ�ZfËÁZ¯� ¶Ì¸ve�ÉY�]� ,Ä·Z¬»� ¾ËY� �{
�Ä¿YÂf�Y� ,dze��� Ä¿YÂf�Y� ÊÀ Ë� É�Âv»� ½�Z¬f»� Ä�|ÀÅ� Ä�

Âf�Y�Á�ÉÁ�¯���Ê�Á�z»���Ä¿Y���Á�z»�ºÌ¿�ÄËÁY��Z]���Äm�{��
�,Ã{�f�³�½ÂÌ�ZfËÁZ¯�¶Ì¸ve�ÉY�]�Á�d�Y�Äf§�³��Y�«�Ê���]�{�Â»

d�Y�Ã|��Äf§�³���¿��{�dze�ÉÁ�ËY{��ÂeZfËÁZ¯�®Ë���µÂ�Ã�¨u�
Ä¿YÂf�Y�Ê¿Z�Ìa���«�Ä]�d^�¿Ê]��ÂeZfËÁZ¯�Á�ZÅd�Y�Ã|Ë{�³�| ]��

�¶°���{��Ä��ÉZ¼¿Ä�|ÀÅ�É| ]»�½�Z¬f»�ÉZÅ�,dze���É�Âv
½Z¼·Y�ÃÂv¿�Á�Ê�Á�z»����Á�ÉÁ�¯���Ã{Y{�½Z�¿�½M�ÉÁ��É|À]

d�Y� Ã|�� ��¶Ì¸ve� dÆm� dze� ÉÁ�ËY{� �ÂeZfËÁZ¯� ÉZ¼¿
�dze����Ä¿YÂf�Y�Ê¿Z�Ìa�|À¿Z»��Ì¿�Ã{�f�³�½ÂÌ�ZfËÁZ¯�Ä¿YÂf�Y��

�¨��µÂ��Ä]�ÉY��Ê»|�Z]���

[�Ã�¨u��µ|»��{�µÂ��,Ê¸Ì�¿Zfa�ÉZÅÃ�¨u��Á��Á���Ä�¬¿�Á
� ½M� ÉZÆf¿Yd�Y� Ä·P�»� É{Á�Á� �Ä�|ÀÅ� �{�,Ê´f�°�� Z]� ÉZÅ

Ê»��Á���Ê´f�°��Ä�¬¿��Y�½ÂÌ�ZfËÁZ¯�Ä�|ÀÅ��{�Á�{Â��ÉZÅ
��Á��� Ä�¬¿� ,½Y�Z°¼Å� Á� ÂÌ�YÁ� cZ�ËZ»�M� ª]Z�»� ,�YÂ¼Å

Ê»��Z£M�½ZË�m��ËY|m�Ä�¬¿��Y�½ÂÌ�ZfËÁZ¯�{{�³]��[���¾ËY�]ZÀ]
,dze�ÉÁ�ËY{��ÂeZfËÁZ¯��Ì¿�Á�Ê�Á�z»���Á�dze���Ä�|ÀÅ��{�

��Á��Ã�¨u��ZÆ¿M�Ê´f�°��Ä�¬¿��Y�Ê¿Z�Ìa�Ä^·� ��Äf§�³���¿��{
Ê»{Â����Ä�¬¿�,d�Y�Ê´f�°��½Á|]�Ä¯�ÉÁ�¯���Ä¿YÂf�Y��{�Z»Y

��Á��Ã�¨u�d�Y�½ZË�m��ËY|m�Ä�¬¿��]�ª^�À»� 

Ê»�Ê¸°�»��Z¯�½ZË�m��ËY|m�Ä�¬¿�¾ÌÌ e�Ä�¬¿� Y�Ë��|�Z]
Ä]� ,½ZË�m��ËY|mf»�c|�P� Á�µZÌ��½ZË�m�d���� �Y� �idm�·�

Ê»� µZÌ�|�Z]� �� �Á��� Ä�¬¿� ,�ÅÁ�a� ¾ËY� �{Ã�¨u��Ä¿YÂf�Y
�Ä¿|]�Z]�Ê¿Z�Ìa�µZ�eY�¶v»��Y�¶^«�½Z¼·Y�®Ë�,ÉÁ�¯���ÄËÁY��ÉY

� �Y� �f¼¯���½Â°��Ä�¬¿� Ä]�d^�¿� Äm�{� ��Ã|�� Äf§�³� ��¿� �{
d�Y� ��ÉZÆf¿Y�Ä�¬¿Ã�¨u��µÂ��Ä¯Ã�¨u�Ê»��z�»��Ì¿� Y��|À¯

Ä]� Á�d�Y� É�ZÌfyY� 0Ô»Z¯� µÂ�� �Y� É��¯�c�Â����¿� �{� º�m
Ê»�Äf§�³{Â�� ��¶°��Ä°ÀËY�Ä]�ÄmÂe� Z]Ã�¨u���ÌÌ¤e��Y�°e��Å��{

Ê»½Z¼·Y� ,|À¯� t��� ÉÁ�� ÉZÅÃ�¨u�½Z¼·Y� Ä]� d^�¿�ÉÁ�� ÉZÅ
Ã|��Äf§�³���¿��{��e�Ë��Ä¿YÂf�Y�t��|¿Y���¶°���{��½Z¼·Y�ÉZÅ

��e�Ë�Ã�¨u�Ê»��z�»|�Z]����
��¦·Y���
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��À·Z¯���Âe�Ä¯��Ë��Ê¸Ì¸ve�Ä�]Y���Y�,Êf�³�Z]]��[��Y�Ã|Ë{�³�ÄWY
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Ä�]Y�� Ä¯� ½ÂÌ�ZfËÁZ¯� {|�� \�u� �]� ÉY���½ZË{Y�³� ,
� �Z�§� \Ë���pC�� ÉZÆf¿Y� �{� ,Ã�¨u� d»Zz�� ÄÀÌ�Ì]� ,Ã�¨u�

�d� ��µÂ��ÁÃ�¨u��l� �d�Y� ��Ä�]Y��µÁY�d¼�«� ,�«YÁ��{�����
�¹Á{� d¼�«� Á� Êf�³�Z]� dm� d»Zz�� �]� ½ÂÌ�ZfËÁZ¯� {|�� �iY

� Ä�]Y����� �� ÉZÆf¿Y� �Z�§� ½ZË{Y�³� �iYÃ�¨u�Ê»� ½Z�¿� Y�|Å{��
c�Z^�)/( lxddC p���Z�§�\Ë����Ë�Âe��Y{Â¼¿�\Ì���Z�Y��]

�ÉZÆf¿Y�Ä¬�À»��{Ã�¨u��Ä�]Y���{�Á�Ä^�Zv»�����Ê»��Zv·{{�³��
�Ä�]Y���Y�Ã|»M�d�{�Ä]�Êf�³�Z]�dm�d»Zz��������Y��f¼¯���

�d»Zz��ÄÀÌ�Ì]�|��{Ã�¨u�Ê»�Ã|����Y�³�lËZf¿� Z]� Ä¯�|�Z]
�{�Y{�d¬]Z�»]��[����

�ÉZËZaZ¿��ËY����]Ze�Êf�³�Z]�dm�µÂ��,dÌ «YÁ��{�Äq��³Y
Ã�¨u���]Y�]� ,Êf�³�Z]�dm�µÂ���Y|¬»� ,�ÅÁ�a�¾ËY��{� Z»Y�d�Y

�Y�É�ZÌfyY�É|��{��µÂ�Ã�¨u�Ê»�Äf§�³���¿��{{Â����dm�µÂ�
�µÂ��¦�¿� �]Y�]� ,�ËY���Ä¼Å� �{�Êf�³�Z]Ã�¨u��{��Äf§�³� ��¿

d�Y�Ã|�����Y�,Ê Ì�Á�Ã{Á|v»��{�lËZf¿�Ä¯�|��|ÅYÂy�Ã{Y{�½Z�¿
d�Y�¶¬f�»�Êf�³�Z]�dm�ÉY�]�Ã|���ZÌfyY�µÂ��� 

����ÄÌ·ÁY�¶°� �¶u�ÊËY�´¼Å�Á��
�¶°��,Êf�³�Z]�dm�Z]�É��»�½Z¼·Y��Á���{�dÌ¼ÅY��Y�ÄÌ·ÁY

Ã�ËÁÄ]�d�Y��Y{�Ây�]�ÉY�¶°���Y�Êy�]�ÉY�]�¶u�Ä¯�ÉÂv¿�ÉZÅ
�ÄÌ·ÁYÊ¼¿� Y�´¼Å{Â�� ��dm�µ|»�¦ ���Z¬¿� �Y�Ê°Ë�Ä·P�»�¾ËY

� d�Y� Êf�³�Z]]�[� �Ä]� Y~·���Y� ,Ä·P�»� ÊËY�´¼Å� d���� �Â�À»
ÄÌ^�� lËZf¿�¾f�]� µ|»� �Y� Ã{Z¨f�Y� Z]� ½ÂÌ�ZfËÁZ¯� ½ZË�m� É�Z�

Y�¶°��½YÂÀ��Ä]�,Ã{Z�d�Y�Ã|��Ã{Z¨f�Y�ÄÌ·Á���¾ËY�¹Zn¿Y�¶uY�»
��Y�Êf�³�Z]�dm��Z¨e�Y�Ä^�Zv»��Y��a�Ä¯�d�Y�c�Â��¾Ë|]��Z¯

�Ä�]Y������ÊËZÆf¿Y�Ä�¬¿�,Ã�¨u��{�Ä¯�Ã{Z��¾f�]�µ|»��ÉÁ���]
Ê»�Äf�]�º�m�Ä]�Á�º�m�½�Z¬e��Âv»��]�{Â¼��ÉZf�Y���{�,{Â�

Ê»� Y|m� º�m� t��� �Y� ,dm� �Z¨e�Y� Ã�Y|¿YÌe�e� ¾Ë|]� Á� {Â��\
�½Á�{�Ä]�dm�d�³�]��Á���Ä�¬¿Ã�¨u���z�»�Ã�Y|¿Y�Ä]�Á�Ã|�

� ½Á�{� Ä]� ,Êf�³�Z]� dm� ÉY�]� Ã|�� Äf§�³� ��¿� �{� µÂ�Ã�¨u�
Ê»� ÉÁ��Ìa|À¯� ��dm� ÉÁ��Ìa� ½Y�Ì»� ,É��»� ½Z¼·Y� �Á�� �{

�½Á�{�Ä]�Êf�³�Z]Ã�¨u�d�Y�Ä·P�»�É{Á�Á���¾ËY�Ä°ÀËY�Ä]�ÄmÂe�Z]
�­�f�»�¶�§��{�,µÂ�Ã�¨u�Y{��Y�«�dm�½ZË�m�Á�Y��½M�Y~·�,{�

Ä]�|ËZ]�½YÂÀ�Êf¼�«���YÃ�¨u��Ã�Y|¿Y� Z]�\�ZÀf»�Á�d§�³���¿��{
½Z¼·Y½Z¼·Y� ,Ä·Z�»� �´Ë{� ÉZÅ{Â¼¿� É|À]� ��¶u� �{� \Ìe�e� ¾Ë|]

�t���ÉÁ���]�¾Ë�³�cÓ{Z »�ÃZ´f�{Ã�¨u�½Z¼·Y�,��Ì¿��Â¯~»�ÉZÅ
�¶uÊ»|¿Â����Êf�³�Z]�dm�É{Â¼����¬»��Ä�¬¿�¾Ë�yM��Y�Ä¯

Êf�³�Z]� dm� ÉÁ��Ìa�� ½Á�{� Ä]Ã�¨u�� t��� Ä]� Á� �Á�����{
ÊW�m� ½ÂÌ�ZfËÁZ¯� �� �ÂeZfËÁZ¯� ½�Z¬e� �Âv»� Á��½ÂÌ�ZfËÁZ¯� �{

Ã{�f�³��yÊ»� ºf{Â���� �Ì¿Ê»½Z¼·Y� d�ËZ]{{�³� É|À]���{� Á
{�Ì³��Y�«�Ã{Z¨f�Y�{�Â»�¾Ë�³�cÓ{Z »���c�|«�Ä°ÀËY�Ä]�ÄmÂe�Z]

Ä¼�q�µÂÆn»� ,dm�É{Â¼����¬»�ÉÁ�� �]� Ã|�� Ã{Y{� �Y�«�ÉZÅ
¸¬f�»Ê¼¿� Ê�Á� ½ÂÌ�ZfËÁZ¯� {|�� ½|»M� d�{� Ä]� Z]� Á� |�Z]

�Êf�³�Z]�dm�½ZË�m�d����ÄnÌf¿�{�1���ÃZ´f�{�¶u��Y
cÓ{Z »,�� Ä�]Y���Z�Y� �]����� ,»� Ä^�Zv�Ä]� É�ZÌ¿� ,|�� |ÅYÂy

½Z¼·Y�¶uÄ]� 0Z§��� Á�d�Ì¿�dm�É{Â¼����¬»�ÉÁ��ÉZÅ�½YÂÀ�
�Â»�¾Ë�³�cÓ{Z »� �{� ÃZ´f�{�É��»����Ê»� �Y�«� Ã{Z¨f�Y� {��

{�Ì³��Ê»�Ã{Z»M�ÄÌ·ÁY�¶°��c�Â��¾Ë|]{Â����¾ËY�lËZf¿��z]��{
�µÂ�� �Y�¶u� ,É{ZË�� {Á|u� Ze� Ä¯� |�� |ÅYÂy� Ã{Y{� ½Z�¿� ,Ä·Z¬»

d�Y�¶¬f�»�Êf�³�Z]�dm�ÉY�]�Äf§�³���¿�{���
½Z¼Å�ÉÁ�� Ê°ÌeZ¼ÀÌ�� ���� ,|Ë{�³� ½YÂÀ�� 0Ô^«� Ä¯� Ä¿Â³
� t��Ã�¨u�� Ä�]Y�� ÊÀ Ë����cÓ{Z »� �]� ,���� �� Á���� ��µZ¼�Y
|Ë{�´¿���,Ä·Z¬»�¾ËY��{�t���ÉÁ��Ê°ÌeZ¼ÀÌ�������YÃ�¨u��ÉY�]

� ÄÌ·ÁY� ¶°�� tÌv�eÃ�¨u�¶u�ÊËY�´¼Å����� Á�� Ã{Z¨f�Y�Ã|�
d�Y��]�� Ä¯� |�� |ÅYÂy� Y�´¼Å�Ê¿Z»��¶u� �´Ë{�c�Z^�� Ä�d��

½Z¼·Y� �]� {Â¼�� ÉZÅÃ�¨u�|À¯� ¶Ì»� �¨�� Ä]�ÊÀ Ë���Y{�]� \Ì�
���»�\Ì��Á�d���Ã�¨u�¬¿��Å��{��]Y�]�ºÅ�Z]�|ËZ]� ,½M�ÉÁ��Ä�

{Â�¿� k�Zy� ½M� �Y� ZË� Á� {�YÁ� ��»� Ä]� Ê¿ZË�m� pÌÅ� Á� |À�Z]� ���{
Êe�Â�� �Y� ½Z¼·Y� ®Ë� ÄÌ·ÁY����� Á� µÂ�� Ä¯Ã�¨u�� ÄËÁY�� Z]�

½�Z¬e� �Âv»� Ä]� d^�¿�]Y�]� ,),( yx ��| ]� �Y�°e� �{� Á� |�Z]
Ä]�½Z¼·Y�cZ�fz»),( yyxx  �|À¯� Y|Ìa��ÌÌ¤e��½Z¼·Y�Á

� Ã�Y|¿Y� Ä]�m� �{Æ|y�r]� {�´f�Z�{Za�dZ]� ,�e����� Ä]� ÄmÂ
���»�ÉÁ��Ê°ÌeZ¼ÀÌ�Ã�¨u�,Ä]��ÌÌ¤e�¾ËY��Y|¬»]��Ë��c�Â��d�|

|»M�|ÅYÂy���
������
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xy

yx



���

��� ,½M� �{� Ä¯���y�q� ÄËÁY�� ½Y�Ì»��Y�°e� Á{� �{� ½Z¼·Y
d�Y�Ê·YÂf»� �� �Y|¬»� ,Ê�|ÀÅ��]YÁ�� �Y� Ã{Z¨f�Y� Z]�Ä]�c�Â�

��Ë�Ê»�Ä^�Zv»{Â����
������

yvxu

yuxv




���

Ä¯u�Áv�Ä]d����\Ìe�e�É{Â¼�� Á�Ê¬§Y�ÉZÅ�½Z¼·Y�ÉÁ�
|Àf�Å.�]|¬»�\Ìe�e�¾Ë|�Y),( yx ��½Z¼·Y��Å�ÊËZÆf¿Y�Ä�¬¿�ÉY�]
Ã�¨u�Ä]Ê»�d�{Ä]� Á�|ËM� Ä�|ÀÅ�tÌv�e� �Â�À»Ã�¨u���Z¬¿� Ä]

½Z¼·Y�ÊËZÆf¿YÊ»�Ä§Z�Y�ZÅ{Â���Ê»�c�Â��Ê·Zu��{��Z¯�¾ËY�{�Ì³
� �Á��� Ä�¬¿� Ä¯Ã�¨u�Ê»�Ê«Z]�d]Zi� º�m�ÉÁ�� �]�ÄÌ¬]� Á� |¿Z»
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Ê»��ÌÌ¤e�½M�Ä]�d^�¿��Z¬¿|ÀÀ¯� ��¾ËY�c�Â��ÊËZm� Ze�tÌv�e

Ê»���»�Ê°ÌeZ¼ÀÌ��É��»�����Ä¯�{�Ì³Ã�¨u�{Â��Z��Y���]��¾ËY
� ,�Z�Y� ¶°�� ,¶u� ¦¸fz»� ÉZÅ�Y�°e� �{� ÄÌ·ÁYÃ�¨u��tÌv�e

� |�� |ÅYÂyÁ�Á� Ã|�� Y�´¼Å�¶u�dËZÆ¿� �{��ÊËZÆ¿�¶°��½ZË�m
�½ÂÌ�ZfËÁZ¯�ÊW�m�Á�Ã{�f�³��|��|ÅYÂy�¶�Zu���

� µÔ¬f�Y� ,�ÅÁ�a� ¾ËY� �{[YÂm�¼·Y� {Y| e� �Y½Z��Ë�Âe� ÉZÅ
º�m�t���ÉÁ�� Ã|�� ,Ã�¨u��Êf�³�Z]�dm� Á�Ã|��Ê���]� �Ì¿

d�Y� �½Z¼·Y� {Y| e� �ËY�§Y� Z]� Ä¯� |Ë{�³� �z�»�{|�� ,ZÅ
Ä]�½ÂÌ�ZfËÁZ¯�Ê»�¶Ì»�Ê�Zy��Y|¬»�d¼�|À¯����Â¼n»��{�lËZf¿

¶u�Ä�|ÀÅ� �{,¦¸fz»� ÉZÅ�½Z¼·Y� {Y| e� �Y� �Y��Ì]� ÉZÅ����
�ÉÁ��Ä·P�»�ÉZÅ��»d�Y�Ã|��¶¬f�»��| e½Z¼·Y�{Y��Y��Ì]�ÉZÅ
���º�m�t���ÉÁ�,�½Z¼·Y� {Y| e� �Y��Ì]�ÉZÅ����t���ÉÁ�

Ã�¨u½Z¼·Y� {Y| e� ,�ÉZÅ����¶yY{� Ä]�dm�ÉÁ��Ìa� ½Y�Ì»�ÉÁ�
Ã�¨u�½Z¼·Y�{Y| e�Á�ÉZÅ���dm�ÉZÆf¿Y�É{Â¼����¬»�ÉY�]���Á

\Ì¯�e�ÉY�]½Z¼·Y� {Y| e� �Y�¦¸fz»�ÉZÅ��Y|¬»�¾ËY� �Y��Ì]�ÉZÅ
{Y| e� �Y� ¶¬f�»� ¶u� �Ì¿�½Z¼·Yd�Y� Ã|Ë{�³� ZÅ� ��Ä]� �ZÌ¿� ¹|�

Ä°^�� �{� ¶u� µÔ¬f�Y� Á� �Ë�� É|À]½Z¼·Y� {Y| eº¯� ÉZÅ��{� Á�
dË�»� �Y�ÓZ]�ÊËY�´¼Å�d����ÄnÌf¿¶]Z«�ÉZÅ�¾ËY�ÄmÂe�ÄÌ^���

Ê»�É�Z�|�Z]���

���ÄnÌf¿É�Ì³��
¦·Y� �ÊW�m� ½ÂÌ�ZfËÁZ¯��¶°�� �{��Ä�� ÉZ¼¿� ,��Y� É| ]

Ä¿YÂf�Y� ÉÁ�� ÊW�m� ½ÂÌ�ZfËÁZ¯e��� ÉZÅ�Á� Ê�Á�z»��� ,dz
�½ÂÌ�ZfËÁZ¯�{|��ÉY�]�¶Ì¸ve�¾ËY��Y�¶�Zu�ÉÁ�¯���
���½Z�¿

d�Y�Ã|��Ã{Y{� ��µÁ|m��{���µÂ���Ì¿Ã�¨u�Ä]�ÉY�]�Ã|»M�d�{
Ä�|ÀÅ�Ä��¾ËY��½ÂÌ�ZfËÁZ¯�{|���{�
���Ã|Ë{�³�Ä�ËZ¬»�ºÅ� Z]

d�Y����
��

µÁ|m���µÂ��Ä�ËZ¬»Ã�¨u�Ä�|ÀÅ��{�ÊW�m��{�¦¸fz»�ÉZÅ
�½ÂÌ�ZfËÁZ¯�{|��
�� �

ÀÅÄ�|  dze�� Ê�Á�z»�� ÉÁ�¯��� 
cylindercavity dL /�����
�  ��
�  ��
�  

� µÁ|m�lËZf¿��Ê»�½Z�¿�½ÂÌ�ZfËÁZ¯� {|��®Ë� �{� Ä¯� |Å{
� µÂ�� ,�z�»Ã�¨u���{� Á� �Y|¬»� ¾Ë�f�Ì]�dze��� Ä¿YÂf�Y� �{

{�Y{�Y���Y|¬»�¾Ë�f¼¯�ÉÁ�¯���Ä¿YÂf�Y���Ä¯�d�Y�d¸��½Y|]�¾ËY
�Y{� ,º�m�t���ÉÁ��É�YÂ¼ÅZ¿� Äq� �Å�,|�Z]�É�e|Àe�\Ì��ÉY

�µÂ��ÄnÌf¿�{�Á��f�Ì]�t���½M�ÉÁ���Y�µZÌ����a�½Y�Ì»Ã�¨u�
{Â]�|ÅYÂy��f³��]���µÂ��½{Â]��f�Ì]Ã�¨u�Á�dze���Ä¿YÂf�Y��{�
� µÂ�� ½{Â]� �f¼¯Ã�¨u��Z�Y� �]� �Ì¿� ÉÁ�¯��� Ä¿YÂf�Y� �{��¾ËY

|��|ÅYÂy�ÄÌmÂe�Ê°Ë�Ì§�¹ÂÆ¨»����
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��
��
��
��
��
��
��
��
��
��
��
��
��
��
��

� �
¶°�����Ä��ÉZ¼¿fËÁZ¯�É| ]¦·Y�Ä¿YÂf�Y�ÉÁ��ÊW�m�½ÂÌ�Z��

[�,dze����k�Á�Ê�Á�z»�����½ÂÌ�ZfËÁZ¯�{|���{�ÉÁ�¯���
�� �
��

¶°���{���,dze���Ä¿YÂf�Y�Ä¿|]�ÉÁ�� �Z�§�\Ë����Ë�Âe� ,
�lËZf¿� Z]� ,Êf�³�Z]�dm�µ|»� �Y�¶�Zu�ÉÁ�¯��� Á�Ê�Á�z»��
Ã{Z�� ¾f�]� µ|»� �Y� Ã{Z¨f�Y� Z]� É��»� ½Z¼·Y��Á�� �Y� ¶�Zu��Á

Ã{Y{¬»� Ê]�ne� ÉZÅd�Y� Ã|Ë{�³� Ä�ËZ� �½Z¼Å�Ã|ÅZ�»� Ä¯� Ä¿Â³
Ê»�½Z¼·Y��Á��lËZf¿�Ê^�¿�sÔ�Y�¾¼��,�ÅÁ�a�¾ËY�lËZf¿�{Â�

�\Ë���µÂ¬ »�Ì£���a�½{�]�¾Ì]��Y�Á�Ã{Z��¾f�]�µ|»�Z]�É��»
�ÉZÆf¿Y�Ä¬�À»��{��Z�§Ã�¨u���½Â°��Ä�¬¿�®Ë�{ZnËY��Y�Ê�Z¿�Ä¯

Ä]� Ä�¬¿�¾ËY� �{�Ê «YÁ�Ì£� Ã{Z��¾f�]� µ|»� �Y� Ã{Z¨f�Y�d¸���{
� ÉZÆf¿YÃ�¨u�d�Y��Ê]�ne� Á� É{|�� lËZf¿� Z]� Y�� Ê]Ây� ª]Z�e� ,
Ê»�½Z�¿|Å{���¶°���{�Ã|��ÄWY�Y�Ä�|ÀÅ�Ä���Å��{���ÌÌ¤e�®Ë�,

�ÉZÆf¿Y� �Z�§�\Ë��� �{�Ê¿ZÆ³Z¿Ã�¨u�Ê»�Ã|ÅZ�»�d¸��Ä¯� {Â�
� ��»� ÉÁ�� d]Zi� d���� ��§� ª]Z�e� ¹|�� ½MÃ�¨u��dÌ «YÁ� Z]

d�Y�Ä·P�»���¶°���{���Ìa�|��{��ÌÌ¤e��iY�Êf�³�Z]�dm�ÉÁ�
�½Á�{�Ä]Ã�¨u��Êf�³�Z]�dm�µÂ��,cavityjet LL�\�u��]� ,

,½ÂÌ�ZfËÁZ¯�{|�d�Y�Ã|��Ã{Y{�½Z�¿�,��Ê»�Ã|ÅZ�»�Ä¯�{Â�
� {Á|u� Ze%75cavityjet LL�Êf�³�Z]�dm� µÂ�� �Y� ,¶u� ,

d�Y� ¶¬f�»� �Ê»� ½Z�¿� ÊÅZ´�ËZ»�M� lËZf¿Á��Ìa� Z]� Ä¯� |Å{�É
��Y� ,Ä¸¼u� Ä^·� Ä]� Êf�³�Z]� dm� ½|��®Ë{�¿� Á� Êf�³�Z]� dm

�Ê¸yY{�t���Ä]�dm�¥��Ã�¨u����Á���Ä�¬¿�Ê°Ë{�¿��{Ã�¨u��
Ê»� {�YÁ� Ä]��� Ê^¬�� d¼�«� Á� {Â�Ã�¨u��®Ë� Ä]� Á� Ã|�� Y|m

Ê»�¶°�� �ÌÌ¤e� ¶°��É�]Y�[Z^u|Å{� ��Ä]� ½ÂÌ�ZfËÁZ¯� ¶u� �{
�½Á�{�Ä]�dm�{ZË��ÉÁ��Ìa�Z]�,É��»�½Z¼·Y��Á�Ã�¨u���Á�½|Ì�

�¦·Y� 

�[� 

�k� 
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Ê°Ë{�¿� Ä]Ä]� ½ÂÌ�ZfËÁZ¯� {|�� ,Ä¸¼u� Ä^·�ÉZÅ�Á��ËY�§Y�d���
|��|ÅYÂy� Y�³YÁ� �Ì¿�¶u� ��Z]�É��»�½Z¼·Y��Á�� Ä¯�d�Y�\·Zm

� ¶°�� ª]Z�»� ,Êf�³�Z]� dm��½|�� Y|m� Ã|Ë|a� É{Á|u� Ze� ,
�\¬��d¼�«Ã�¨u��®Ë�½|¿Z»�Ê«Z]�ÁÃ�¨u��Ä¸¼u�Ä^·��{�®qÂ¯

�Ìa�Y�Ê»�ÊÀÌ]|À¯���
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�k���

��

¶°����¦·Y�Ä¿YÂf�Y�ÉÁ���]��Z�§�\Ë����ÌÌ¤e���,dze��
[�k�Á�Ê�Á�z»����½ÂÌ�ZfËÁZ¯�{|���{�ÉÁ�¯���
���Á

�É��»�½Z¼·Y��Á��lËZf¿�Z]�½M�Ä�ËZ¬»��m�»]��[��lËZf¿�Á
��m�»�É{|�]��[� �

��
�¶°���{�����¶°�Ã�¨u��µÂ���{Ã�¨u�]�¦¸fz»�ÉZÅ�®Ë�ÉÁ�

�µÂ��Ä]�dze���Ä¿YÂf�Y��Y�Ã|��Ã{Y{�½Z�¿d���¾ËY��Y{Â¼¿���Y
É{�]�Z¯� �Y{Â¼¿� Ê¸¼�� �Zv·�� �{� Ä¯� d�Y� É|Ì¨»� ÁÊuY���

Ä¿YÂf�YÊ»� ½ÂÌ�ZfËÁZ¯� ½ZË�m� Z]� ÉZÅ��Y�«� Ã{Z¨f�Y� {�Â»� |¿YÂe
{�Ì³� �� ¶°�� �{����cY�ÌÌ¤e� Ä¯� É�´Ë{� É{�]�Z¯� �Y{Â¼¿� �Ì¿

� d»Zz�� ÄÀÌ�Ì]Ã�¨u� ÉZÅ� ¶°�� �{� Ã|�� ÄWY�Y���Ä]� d^�¿� Y�
½Z�¿�½ÂÌ�ZfËÁZ¯�{|���ÌÌ¤e�Ê»d�Y�Ã|Ë{�³�ÄWY�Y�|Å{���
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½Z¼Å¶°���{�Ä¯�Ä¿Â³�ÉZÅ���� Á���Ê»�Ã|ÅZ�»�ÄÀÌ�Ì]� ,{Â�

�µÂ���{�d»Zz�Ã�¨u�ÉZÅ��{Á|u�����{�Á�º�m�µÂ��|��{
�{Á|u�½ÂÌ�ZfËÁZ¯� {|��
��Ê»�w�|Å{� ��µÂ���f�Ì]��ËY�§Y� Z]

Ã�¨u���f�Ì]��ÅZ¯�½ÂÌ�ZfËÁZ¯� {|���d»Zz�� ÄÀÌ�Ì]� ,Ã�¨u�
d§ZË�|ÅYÂy��ÅZ¯��Ì¿��Ê»�Y��d¸��Ä¯�{Â¼¿�ÄÌmÂe�Ä¿Â³�¾ËY�½YÂe

�t���ÉÁ���]Ã�¨u���Âv»��]��Z¼»�Á�{Â¼��d����Ä¨·Â»� Á{� ,
�µÂ���ËY�§Y�Ä¨Ì�Á�d����Ê�Z¼»�Ä¨·Â»�Ä¯�{�Y{�{ÂmÁ�½�Z¬e

Ã�¨u��d»Zz���ËY�§Y� Ä¨Ì�Á� ½M� É{Â¼�� Ä¨·Â»� ÁÃ�¨u���]� Y�
Ã|Æ��{�Y{���µÂ��Ã{Á|v»�ZeÃ�¨u��{Á|u����Ä¨·Â»�Á{�¾ËY�,|��{

Ê»��ËY�§Y��´Ë|°Ë�Z]�¹Z´¼Å�µÂ���{�Z»Y�,|À]ZËÃ�¨uÉZÅ�±��]�,�e
¾ËY�d^�¿�Ê»�ºÅ�Ä]�Ä¨·Â»�Á{R»��iY�Á�{�Ây�d����É{Â¼��Ä¨·
Ê»� �ÅZ¯� ÄÀÌ�Ì]� d»Zz�� ÄnÌf¿�{� Á� |]ZËÃ�¨u���ÅZ¯� �Ì¿
d§ZË�|ÅYÂy���

[��Ã{�f�³�½ÂÌ�ZfËÁZ¯����
{¶°��������¶°�Ã�¨u�]�®�Ë{�d�aÉY���Á{�µÂ�Ã�¨u�

�¦¸fz»��� Á���Ä]Ä�� Á�É| ]Á{�c�Â��Ã|�� Ã{Y{� ½Z�¿�É| ]
d�Y���µÂ�Ã�¨u�Ê]�®�Ë{���«�Z]d�Y�Ã|��| ]����{�¾ËY�,Ä·Z¬»

��Y� ,®�Ë{�d�a�½ÂÌ�ZfËÁZ¯�½ZË�m�ÉZ�a�\Ë���Ä^�Zv»�ÉY�]
Ê]�ne�Ä�]Y����§Z��Á�d�¸a�Ê¸Ì¸ve��\�u�]��ÄWY�Y���{�Ã|�

��m�»]��[��Ã{Z¨f�YÃ|��d�Y����
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¶°�����®�Ë{�d�a�Ã{�f�³�½ÂÌ�ZfËÁZ¯��Y�ÊËZ¼¿�� �
¦·Y��5dc DL��Á2715.0� �
[��10dc DL��Á1489.0�� �

�¶°���{��u�ÉZ�a�\Ë���,�Z]�É��»�½Z¼·Y��Á���Y�¶�Z
�Êf�³�Z]�dm�µ|»���Zu�Ä·Z¬»�Ã{Y{�Z]�,��m�»�Ê]�ne�ÉZÅ]�[�

� �m�»�É{|��¶u�lËZf¿� Á]��[�d�Y� Ã|Ë{�³� Ä�ËZ¬»� ���Y|¬»
�Ìa� ÉZ�a� \Ë��ÊÀÌ]�{|�� �{� ��Zu� �Á�� ��Âe� Ã|�

½ÂÌ�ZfËÁZ¯� �j¯Y|u� ,¦¸fz»� ÉZÅ��Ã{Y{� �Y� �f¼¯� |��{�ÉZÅ
��m�»�Ê]�ne]�[���¶u�lËZf¿�Á��m�»�É{|]��[�d�Y� ���{ÁÁ

��m�»��{]�[��dm�µ|»�Ä¯�d�Y�Ã{�¯�Ã�Z�Y�Ä·P�»�¾ËY�Ä]��Ì¿
�Ìa��{�Êf�³�Z]d�Y�ÃY�¼Å�Z�y�Ê¯|¿Y�Z]�Z�a�\Ë���ÊÀÌ]���

� ¶°�� �{���� ��«� ÄÀÌ�Ì]� cY�ÌÌ¤eÃ�¨u��{|�� \�u� �]
Ä]���Zu�É��»�½Z¼·Y��Á���Y�Ä¯�½ÂÌ�ZfËÁZ¯�,d�Y�Ã|»M�d�{

�»� É��»� ½Z¼·Y� �Á�� lËZf¿� Z]� �m]��[��m�»� Ê]�ne� lËZf¿� ,
]�[��m�»�É{|��lËZf¿�Á�{�ZrË��Ê¸Ì¸ve�lËZf¿� ,]��[��Ä�ËZ¬»

d�Y� Ã|�� �� ¶°�����É��»� ½Z¼·Y� �Á�� Ä¯� d�Y� ½M� �´¿ZÌ]
Ê»�Ê]Ây�Ä]���Zu��µÂ��cY�ÌÌ¤e�|¿YÂeÃ�¨u��\�u��]�Ã{�f�³

�,®qÂ¯�½ÂÌ�ZfËÁZ¯�{Y|�Y��{�Z»Y�|Å{�½Z�¿�Y��½ÂÌ�ZfËÁZ¯�{|�
»�¶Ì¸ve�¾ËY�lËZf¿{�Y{�¥ÔfyY�Ê]�ne�lËZf¿�Z]�Ê¼¯��Y|¬���

��
��

��

¶°������ÉY�]�½ÂÌ�ZfËÁZ¯�{|��\�u�]�Z�a�\Ë����ÌÌ¤e
Ã{Y{�Z]�lËZf¿�Ä�ËZ¬»�Á�®�Ë{���m�»�Ê]�ne�ÉZÅ]�[��lËZf¿�Á

��m�»�É{|�]��[� �
��

� ¶°�Ã�¨u�Ä�|ÀÅ� d�a� Ã{�f�³��,É�Âv»� ½�Z¬f»� ÉZÅ
Ä]� 0ÓÂ¼ »Ê�Ì]� c�Â��Z¯� Ä�|ÀÅ� �Y� ¶¬f�»� Á� ½Â³��ÂeZfËÁ

Ê»��|�Z]]�[� ��Ê»Ä�]Y��®Ë�� Y��Ê¸Ì¸ve�µÂ��d^�¿�ÉY�]Ã�¨u�
Ä�|ÀÅ� d�a� Ã�f�³�� É�Âv»� ½�Z¬f»� ÉZÅ�cavityL� ����«� Ä]

�ÂeZfËÁZ¯ �cavitatorD���d�Y� Ã{Â¼¿� ÄWY�Y]��[� �� ¶°�� �{���
� µÂ�� �ÌÌ¤eÃ�¨u��½ZË�m� ÉY�]� ½ÂÌ�ZfËÁZ¯� {|�� \�u�]

f�³�½ÂÌ�ZfËÁZ¯�Z]���Zu�É��»�½Z¼·Y��Á��Ä]�®�Ë{�d�a�Ã{�
� �m�»� Êf�³�Z]� dm� ½Á|]� É��»� ½Z¼·Y� �Á�� lËZf¿]��[�,

Ã{Y{�� �m�»� Ê]�ne� ÉZÅ]�[��m�»� Ê¸Ì¸ve� Á� É{|�� lËZf¿� Á� ,
]��[�d�Y�Ã|Ë{�³�Ä�ËZ¬»����Á��lËZf¿�¶»Z¯�©Z^�¿Y�,¶°��¾ËY

Ã{Y{�Z]���Zu½ÂÌ�ZfËÁZ¯�{Y|�Y�ÄÌ¸¯��{�Ê]�ne�ÉZÅ��Ê���]�{�Â»

Z�
a�\

Ë��
��

½ÂÌ�ZfËÁZ¯�{|���
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

Numerical [17]

Exprimental [2]

BEM (present)



���
����������������������������������������������������������������������������������������������Ë�^e�ÃZ´�¿Y{�®Ì¿Z°»�Ê�|ÀÆ»�Ä¸n»������������������dm�µ|»��Y�Ã{Z¨f�Y���� �

�ÁºÅ�Ê¸Ì¸ve�lËZf¿� Z]��Á��¾ËY�lËZf¿�[Ây��ZÌ�]�©Z^�¿Y�¾ÌÀq
��Y� �f³��]�½ÂÌ�ZfËÁZ¯�{Y|�Y� �{�
��Ê»�½Z�¿� Y�|Å{� ��Ä�ËZ¬»� Z]

��m�»�Êf�³�Z]�dm�½Á|]�É��»�½Z¼·Y��Á��Z]��Á��¾ËY]��[�
Ê»�Ã|ÅZ�»Ê»�ÄWY�Y�Y��É�fÆ]�lËZf¿��Á��¾ËY�Ä¯�{Â���{�Á�|Å{

�µÂ��,�z�»�½ÂÌ�ZfËÁZ¯�{|��®Ë�¨uÃ���Á���Y�Ã|»M�d�{�Ä]
��m�»�É��»�½Z¼·Y]��[�µÂ���Y��f³��]�Ê¯|¿Y� ,Ã�¨u�Ã{Y{�ÉZÅ

d�Y���Zu��Á��Á�Ê]�ne����
��

��

��

��

��

��

��

��

��

��

��
��

¶°��������«�ÄÀÌ�Ì]��ÌÌ¤e�Ã�¨u�½ÂÌ�ZfËÁZ¯�{|��\�u�]
�lËZf¿�Z]���Zu�É��»�½Z¼·Y��Á��lËZf¿�Ä�ËZ¬»�Á�®�Ë{�ÉY�]

��m�»�É��»�½Z¼·Y��Á�]��[Ê¸Ì¸ve�Ä�]Y��,�Ã{Y{�Á�{�ZrË���ÉZÅ
��m�»�Ê]�ne]�[���m�»�É{|��lËZf¿�Á]��[� �

��
��

��

��

��

��

��

��

��

��

��

��
��

¶°������µÂ���ÌÌ¤e�Ã�¨u�ÉY�]�½ÂÌ�ZfËÁZ¯�{|��\�u�]
�lËZf¿�Ä�ËZ¬»�Á�®�Ë{�d�a�Ã{�f�³�½ÂÌ�ZfËÁZ¯�½ZË�m
�dm�½Á|]�É��»�½Z¼·Y��Á��Z]���Zu�É��»�½Z¼·Y��Á�

��m�»�Êf�³�Z]]��[Ã{Y{�,���m�»�Ê]�ne�ÉZÅ]�[�lËZf¿�,
��m�»�É{|��Á�Ê¸Ì¸ve]��[� �

��
�Z]�Ä¯�d�Y�¾ËY�É��»�½Z¼·Y��Á��{�Â»��{�ÄmÂe�¶]Z«�Äf°¿

Ê»�½M��Y�Ã{Z¨f�Y�½ZË�m�ÊfuY��Ä]�½YÂe�½ÂÌ�ZfËÁZ¯�{Y|�Y�Z]�ÉZÅ
�®qÂ¯�Ê¸Ìy�µÂ�ÉZÅ�Ã�¨u�±��]�Ê¸Ìy���Y��dË{Á|v»�½Á|]
Ä°^�� ��¿� �Y���Y�«�¶Ì¸ve� {�Â»�Ê·Â¼ »�ÉZÅ�eÂÌb»Z¯� Z]� Á�É|À]

{Y{���Ä¯�d�Y�Ê·Zu��{�¾ËY¿ZfÉ{|��lË���m�»]��[��{Y|�Y�¶»Z�

�®qÂ¯�½ÂÌ�ZfËÁZ¯�µÂ��ÉZÅÃ�¨u�±��]� �Ê¼¿��ÉY�]� Y�Ë�� {Â�
½ZË�m�¾ÌÀq�¶Ì¸veÄ°^��Ä]��ZÌ¿�,ÊËZÅ���Y�Ã{Z¨f�Y�Á�ºÌnu�É|À]

dÌ¸]Z«� Z]� ÊËZÅ�eÂÌb»Z¯Ê»� ÓZ]� Ê¸Ìy� ÉZÅ�|�Z]� ��Z]� ¾ÌÀr¼Å
É{ÂmÁ�µÂ��ÉY�]�Ê¸Ì¸ve�lËZf¿�Ä¯Ã�¨u�Ê]Ây�[YÂm�±��]�ÉZÅ
Ê¼¿�ÄWY�YµÂ��¾ËY��{���Zu�É��»�½Z¼·Y��Á��Z»Y�|Å{��Y|¬»�,ZÅ

�Ìa�Ê]Ây�\Ë�¬e�Z]�Y��½ÂÌ�ZfËÁZ¯�{|�d�Y�Ã{Â¼¿�ÊÀÌ]���dË�»
�ÃZeÂ¯� ½Z»�� c|»� �{� ÊËY�´¼Å� ,��Zu� É��»� ½Z¼·Y��Á�� �´Ë{

�Ä¬Ì«{�|Àq��j¯Y|u���Á��0ÓÂ¼ »�Ä¯�d�Y�Ê·Zu��{�¾ËY�-d�Y��

¶Ì¸ve� ÉZÅ��ËÁZ¿� cÓ{Z »� ¶»Z¯��{ÂmÁ� Z]� Êfu� ,�¯Âf�Y
½Z»�� �ZÌ�]� É�Á�»Y� d���� �a� ÉZÅ�eÂÌb»Z¯d«Á� Á� �]Ê»� �Ì³��

|À�Z]���
��
�����¼mÉ|À]��

�¾ËY� �{,Ä·Z¬»�É��»�½Z¼·Y��Á�� �Y� Ã{Z¨f�Y� Z]��dm�µ|»� Á
�ÉZÆf¿Y� �{�Êf�³�Z]Ã�¨u�Á�ÊW�m�½ÂÌ�ZfËÁZ¯� Z]� ÃY�¼Å�½ZË�m� ,

Ã{�f�³�Ä�|ÀÅ� ÉÁ�� �]�v»� ½�Z¬f»� ÉZÅÉ�Â�ÄÌ^��Ã|�� É�Z�
d�Y���Ê]�ne�lËZf¿�Z]��Á��¾ËY�lËZf¿�\�ZÀ»�0Zf^�¿�©Z^�¿Y�¾¼�

��{� �Z�§�\Ë���sÔ�Y� �{� ,µ|»�¾ËY� �Y� Ã{Z¨f�Y� ,�´Ë{�É{|�� Á
�ÉZÆf¿YÃ�¨u�d�Y�Ã{�¯�¶¼��ª§Â»��ZÌ�]�ÊW�m���½ÂÌ�ZfËÁZ¯��{

� ¶°�� ,�Ì¿� Ã{�f�³Ã�¨u��Ìa��{��Á�� ¾ËY� ��Âe� Ã|�� ÊÀÌ]
{|�� �Y�Ê Ì�Á� Ã{Á|v»��Ê¸Ì¸ve� Á�Ê]�ne�lËZf¿� �]� ½ÂÌ�ZfËÁZ¯

d�Y�ª^�À»� �Ê³�ËÁ� �Y� ,ÊËY�´¼Å�ÉÓZ]� �ZÌ�]�d����ºÆ»�ÉZÅ
Ê»��Á��¾ËY|�Z]���

���
�mY�»��

[1] Pasandidehfard M., Noroozi M., Rashidi I.,�
�Numerical Simulation Of Partial Cavitation Over 
Axisymetric Bodies Using The Boundary Element 
Method Based On Potential�, Ankara International 
Aerospace Conference, Turkey, Ankara, AIAC-
2009-037, 2009� 
[2] Franc J.P., Michel J.M., �Fundamental Of 
Cavitation�, Kluwer Academic Publisher, 
Netherlands, pp. 131-161, 2004.  

���� �� ,É|Æ»� ,É�Á�Â¿�Ë�m� ¶Ì¸ve�½ÂÌ�ZfËÁZ¯� Z]� ÃY�¼Å� ½Z
É��»�½Z¼·Y��Á���Y�Ã{Z¨f�Y�Z]�É�Âv»�½�Z¬f»�¹Z�mY �ÄËZa��]

µ|»� Z]� ¶Ì�¿ZfaÊf�³�Z]� dm� É�Z��½ZËZa� ,�Ê�ZÀ��Z¯� Ä»Z¿
|��Y� �,|Æ�»�Ê�Á{�§�ÃZ´�¿Y{�,Ê�|ÀÆ»�Ã|°�¿Y{��������,
����� 

[4] Birkhoff G., Zarantonello, E.H., �Jets, Wakes 
and Cavities�, Academic Press, New York, 1957. 
 [5] Gilbarg D., �Jets and Cavities�, Handbuch der 
Physik, Vol. 9, Springer-Verlag, Berlin, Germany, 
1960.  
[6] Furness R. A., Hutton S. P., �Experimental and 
Theoretical Studies of Two-Dimensional Fixed-

µÂ
�

�
Ã�¨

u
��

½ÂÌ�ZfËÁZ¯�{|���
0 0.05 0.1 0.15 0.2 0.25 0.3

0

10

20

30

40

50

Exprimental [2]

BEM without jet [15]

Numerical [17]

BEM with jet (present)

Analytical [2]

���
«�Ä

ÀÌ�
Ì]

Ã�¨
u

��
½ÂÌ�ZfËÁZ¯�{|���

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
1.5

2

2.5

3

3.5

4

4.5

5

5.5

6

Numerical [17]

Exprimental [2]

BEM without jet [15]

BEM with jet (present)

Analytical [2]



���
����������������������������������������Ë�^e�ÃZ´�¿Y{�®Ì¿Z°»�Ê�|ÀÆ»�Ä¸n»�����������������������������������������������������������������������dm�µ|»��Y�Ã{Z¨f�Y���� �
� 

 
Type Cavities�, Trans. ASME: J. Fluids Engineering 
97, pp. 515-522, 1975. 
[7] Pellone E. and Rowe A., �Super Cavitating 
Hydrofoils in Nonlinear Theory� in Proceedings, 
Third International Conference on Numerical Ship 
Hydrodynamic, 1981. 
 [8] Fine, N.E., Kinnas, S.A., �A Boundary Element 
Method for the Analysis of the Flow Around 3-D 
cavitating hydrofoils�, Journal of Ship Research, 
Vol. 37, No.1, 1993. 
[9] Krishnaswamy P., �Flow Modeling for Partially 
Cavitating Hydrofoils�, Ph.D. thesis, Technical 
University of Denmark, ch.4, p.45, 2000. 
[10] Uhlman J.�S., �A Note On The Development Of 
A Nonlinear Axisymmetric Reentrant Jet Cavitation 
Model�, Engineering Technology Center, Anteon 
Corp, 2006. 
[11] Labertaux K.R., Ceccio S.L., �Partial Cavity 
flows�(Part 1), �Cavities Forming on Models without 
Span Wise Variation�, J. Fluid Mech., Vol. 431, pp. 
1-41, 2001. 
 [12] Fine N. E., �Nonlinear Analysis of Cavitating 
Propellers in Non-Uniform Flow�, Ph.D. Thesis, 
Massachusetts Institute of Technology, Cambridge, 
1992. 
[13] Callenaere M., Franc J.P., Michel J.M., Riondet 
M., �The Cavitation Instability Induced by the 
Development of a Re-Entrant jet", J. Fluid Mech., 
Vol. 444, pp. 223-256, 2001. 
 [14] Washio S., Takahashi S., and Yoshimori S., 
�Study on Cavitation Starting at the Ppoint of 
Separation on a Smooth Wall in Hydraulic Oil 
Flow�, Proceedings of the I MECH E Part C, Journal 
of Mechanical Engineering Science, Vol. 
217, Number 6, 1 June 2003, pp. 619-630(12), 2003. 

�������,½Z¼ËY� ,Ê«���É|Ì����½ÂÌ�ZfËÁZ¯�Ã|Ë|a�É{|��¶u
Ä�|ÀÅ�ÉÁ���]�½Z¼·Y��Á���Y�Ã{Z¨f�Y�Z]�É�Âv»�½�Z¬f»�ÉZÅ

¶Ì�¿Zfa� ÄËZa� �]�É��»�½ZËZa� ,|��Y�Ê�ZÀ��Z¯� Ä»Z¿���ÃZ´�¿Y{
�,Ê�|ÀÆ»�Ã|°�¿Y{�,|Æ�»�Ê�Á{�§�������

[16] Farouk M.O., and Ali H.N., �Numerical 
Simulation of 3-D Incompressible Multi-Phase 
Flows over Cavitating projectiles�, European 
Journal of Mechanics, B/Fluids, Vol. 23, pp. 339-
351, 2004. 
 [17] Passandideh-Fard M., Roohi E., �Transient 
Simulations of Cavitating Fows Using a Modified 
volume-of-fluid (VOF) technique�, International 
Journal of Computational Fluid Dynamics, Vol. 22, 
Issue 1-2, pp. 97-114, 2008.  
 
 
 
 
 


