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¾ÌËM���|»�dÌ]�e�ÃZ´�¿Y{�Ê¼¸��ÉZÆ�ÅÁ�a�lËZf¿�{�Â»��{�ÉÂÀ »�Á�É{Z»�dÌ°·Z»�ªu�Ä»Z¿ 

Ä»|¬» :d�ZÌ��Ä]�dËZÀ��Z]�ÊËZ§Â°��Ä»�Ó�Ä¯�ZÆ¿Z�¿Y�d»Y�¯�Á�d·Y|��ª¬ve�ÉZf�Y���{�ÃZ´�¿Y{�É�ÁZÀ§�Á�Ê�ÅÁ�a�ÉZÅ

�� Á�d�Y�ÊÀ§� Á� Ê¼¸��,½ZËÂn�¿Y{� ,Ê¼¸��cPÌÅ�ÉZ��Y�d�Y� ¹�Ó� ,½Y�´�ÅÁ�a� Á� ÃZ´�¿Y{�ÉÂÀ »� Á�É{Z»� ©Â¬u�dËZ�

�¿Y{�½ZËZa� ¾ËÁZÀ��dve� Ä¯� Ê¼¸�� ÉZÆ�ÅÁ�a� lËZf¿� {�Â»� �{� ,s��� ½Y�Z°¼Å� �´Ë{� Á� ½Z´fyÂ»M�Ä»Z¿��ÉZÆu��� Á� Ä·Z��� ,

|ÀËZ¼¿�dËZ���Y���Ë��{�YÂ»�,d�Y�Ã|��¹Zn¿Y�ÃZ´�¿Y{�Ê´ÀÅZ¼Å�Z]�ÊeZ¬Ì¬ve:  

»Ã{Z � - Ä»Z¿�½ZËZa��Ìj°e�Á���¿�ªu /�ÉÂÀ »�©Â¬u�Ê·Á�|�Z]�Ê»�ÃZ´�¿Y{�Ä]�ª¸ f»�ZÆ¿M��Y�¶�Zu�ÉZÅ|»M�{�Á�Ä·Z��

{Â]�|ÅYÂy��Â¨v»�½Z³|¿�ÁM�|Ë|a.  

{Z»�Ã� -Y�½ZËZa��Y�k�zf�»�cÓZ¬»�ZË�Ä·Z¬»��Z�f¿�Ä»Z¿ /�Ê¼¸���»Zn»��{�ÄWY�Y�ZË�Á�Ê¼¸��cZË��¿��{�_Zq�c�Â��Ä]�Ä·Z��

�¿�Ä]�|ËZ]�Ä·Z¬»�cZ^eZ°»�µÂX�»�ÉÂn�¿Y{�ZË�Á��ÁZ�»�,Z¼ÀÅY��|ÌeZ�Y��Y�Ê°Ë�,Ê¸�Y�ÉZ¼ÀÅY��{Zf�Y�|ÌËZe�Z]�Á�Ã{Â]�ÃZ´�¿Y{�¹Z

|�Z] .|�Z]�Ê»�Ân�¿Y{�Á�Z¼ÀÅY��|ÌeZ�Y�Ã|Æ��Ä]�Ä·Z���Á�Ä»Z¿�½ZËZa��Y�k�zf�»�Ä·Z¬»�Ê¼¸��dÌ·ÂX�»�Ê·Á.  

Ã��^e :�¿Y{��Y��a�Ä¯�ÊeÓZ¬»��{�Ì¯�e�c�Â�]�Ê´fyÂ»M½ZËZa��Y�¶�Zu�lËZf¿�Á�|Ë|m�cZ�Ô�Y��Y�Ê^�Ä»Z¿ /��Ì¿�Ä·Z��
Ê»���fÀ»�{Â��k�{�ÃZ´�¿Y{�¹Z¿�|ËZ]��Ì¿�{Â�.  
{Z»�Ã�-f¿Y�½ZËZa�lËZf¿��Y�¶�Zu�Ã�ËÁ��ZiM��ZË�Á��Y�§Y�¹�¿�ZË�Á�[Zf¯��Z��Ä»Z¿ /�ÄÌ¸¯�ÊeZ¬Ì¬ve�ÉZÆu���Ê»Z¼e�Á�Ä·Z��

Ã|°�¿Y{��Y�º�Y�ÃZ´�¿Y{�ÉZÅ|uYÁ¬ve��¯Y�»�,ZÅÃ|°�ÅÁ�a�,ÊeZ¬Ì�Ê^f¯��Ân»�Z]�|ËZ]�ZÅ|uYÁ��´Ë{�Á�É�ÁZÀ§�Á�º¸���Za�,ZÅ

Ä»Z¿�¾ÌWM��Z�Y�]�Á�ÃZ´�¿Y{�Ê�ÅÁ�a�d¿ÁZ »��Y�Ã�{Z�{Â��¹Zn¿Y�[Â�»�ÉZÅ.  

{Z»�Ã�-^i�Äf§ZË�ÄWY�Y�ZË�Á�ÊÀ§��¿Y{�¾ËÁ|e�Á��Y�fyY�dÃ�YÂÀ�m��{�ZÅÄ¬�À»�,Ê¸»�ÉZÅ¾Ì]�Á�ÉY��lËZf¿�¶�Zu�Ä¯�Ê¸¸¼·Y

zf�»½ZËZa��Y�k��Ä»Z¿ /s���Ê»Z¼e�Á�Ä·Z���ªË����Y�s���É�n»� ZË� Z¼ÀÅY��{Zf�Y�Ê´ÀÅZ¼Å� Z]�|ËZ]� ÃZ´�¿Y{�ÊeZ¬Ì¬ve�ÉZÅ

{�Ì³�¹Zn¿Y�ÃZ´�¿Y{�Ê�ÅÁ�a�d¿ÁZ ».  

Ã{Z» � -¾ÌËM�¾ËY����{�Ä»Z¿�xË�Ze��{�Ã��^e�®Ë�Á�Ã{Z»��/�/���xË�Ze��{�Á�Ê�ÅÁ�a�ÉY�Â���{���/�/���Ä�ÌW��cPÌÅ��{�

]�ÃZ´�¿Y{m��{�Á�|Ì���|ÌËZe�Ä�w�Â»�Ä�¸��/�/��ÃZ´�¿Y{�ÉY�Â��� �ÃZ´�¿Y{�ÉY�Â���{�\ËÂ�e�xË�Ze��Y�Á�Ã|Ì���\ËÂ�e�Ä]

¹�Ó��Y�Y�mÓYd.  

  



 

 

½ZËZa�_Zq�Ä»Z¿�¾ÌËM��Ä»Z¿)Ä·Z�� (��|»�dÌ]�e�ÃZ´�¿Y{�½ZËÂn�¿Y{�ÉZÅ   

��������Ä»Z¿�½ZËZa��Z�f¿Y�Á�_Zq�Ä°ÀËY�Ä]���¿)Ä·Z�� (´�¿Y{�½ZËÂn�¿Y{�Ê¸Ì�ve�ÉZÅ���|/»�dÌ]�e�ÃZ���¾Ì/^»�,����ÉZ/ÆfÌ·Z §��Y�Ê�/z]

��Ê¼¸�-���ÃZ´�¿Y{�©Â¬u�dËZ���Á�ÊÅZ³M��Â�À»�Ä]�¾ËY�]ZÀ]�d�Y�ÃZ´�¿Y{�Ê�ÅÁ�a��, �����Ä/]�d^�/¿�ÃZ´�/¿Y{�¾/ËY�½Z´fyÂ»M��¿Y{

Ê»�|Æ f»�¶Ë}�{�YÂ»�dËZ���|¿Â�:  

Z»��Ã{� :{��������Ä»Z¿�½ZËZa�_Zq�Ä]�¹Y|«Y�c�Â���)Ä·Z�� (�������̄ ��Â��Ä]�0Ô^«�Y��\eY�»�,{Ây�É���Ä]�Ê^f»�����Ê¼¸��Z/iM���/¿��/f§{  «��ÃZ´�/¿Y{

|Å{��Ô�Y.  

Ã{Z» � :�{�[Zf¯�¹Â��Äv¨��)Ä»ZÀ�ZÀ��±�]��Y��a  (|À¯�_Zq�Y��¶Ë}�c�Z^�:  

»¿�½ZËZa�¶�Zu�,��Zu�[Zf¯�|��Y�Ê�ZÀ��Z¯�Ä»ZÊ¨n¿�|=¼v»�{� Äf�� Ê�|ÀÆ»�Z�§YÂÅ� ��®Ì»ZÀË{Á�ËM�d�Y ���{�Ä/¯��µZ/� 

 �����{Ã|°�¿Y{� �¿Y{�Ê�|ÀÆ»�Á�ÊÀ§��[ZÀm�ÊËZ¼ÀÅY��Ä]���|»�dÌ]�e�ÃZ´���f¯{�ÉZ«Mtf§Ê=»Y�×Yd�Y�Ã|���Z§{�½M��Y� .«  

{Z»��Ã� :�»�Ä]����ÄÀË�Å��Y�Ê�z]�½Y�^m��Â�À��ÃZ´�¿Y{�cY�Z�f¿Y�ÉZÅ���������[Zf¯�½Z³�Z¼��|��{�®Ë�{Y| e�,)���d/]Â¿��Å��{���_Z/q  (���Ä/]�Y�

»Ê¼¸��ZiM���¿��f§{  «|À¯�Y|ÅY�ÃZ´�¿Y{ .Ê»�ÃZ´�¿Y{��ZÌ¿�{Y�Z»�|¿YÂe|Å{��Y�«��Á�§��� »�{���¿��¯�»��¨¿�Ä]�Y��{Ây�.  

�Ã{Z»� :�Ã{Z»�dËZ���¹|��c�Â���{��,�� %ÉZÆ]Y��Ã|��_Zq�½Z³�Z¼�� �d/Ì]�e�ÃZ´�¿Y{�Ä]�c�Z�y�½YÂÀ��Ä]����|/»���Ä/Ë{Pe�,

|À¯.  

{Z»�Ã� :c�Z�y�ÉZÆ]�dyY{�a��Y�É�Y{{Ây�c�Â���{�|À¯�Ê»�µÂ^«�Á�|Æ e�Ân�¿Y{�Ê»�ÃZ´�¿Y{�,�|¿YÂe ��~/»�c�Z�/y��Y�Y���Â¯

������������Ê»�ªu�ÃZ´�¿Y{�Ä]�ÃÁÔ��Ä]�-|À¯�µÂ�Á�Á�Ä^·Z�»�ÊËZ�«��mY�»�ªË�����ÃZ/³{Y{�ªË����Y�,{Ây�©Â¬u�ÉZ¨Ìf�Y��Â�À»�Ä]�|Å{��,

��Â¯~»�ÄmÁ�µ{Z »�Ã{Z»��{�Y��Ã|��Ä����ÉZÆ]Zf¯�¦Ì«Âe�¶v»��Y� ��Á�§�ÉY�]�Ã|¿�Z´¿�|ËZ¼¿�¾Ì»Ze�,.  

�Ã{Z»� :ËY\¿ZnÀ  Ê¨n¿�|=¼v» Äf���ÉÂn�¿Y{�Æ»�Ê�|ÀZ�§YÂÅ �®Ì»ZÀË{Á�ËM���¬»� ���d¿Z¼/��Á�©Â/§�|Æ e�|��Y�Ê�ZÀ��Z¯�

Ã{�¯�µÂ^«�Y��½M�ÊËY�mY�¹Â��Ê»�¹�f¸»�½M�Ä]�, .  
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»�{Z»�Ä]�ºË|¬eÁ�º¿Z]�ÆÊ»Y�³�|a�sÁ��¹Y.....  

  

ÄÀÌWMÊËZ��Za�Á�Ä¨�Z��,É�Z¯Y|§�ÉZÅ-  

�Ä¯½Z�{ÂmÁ�Á�{Â]�l¿��Ä¼Å�½Z�ËY�]�ºÌ³|¿��ºËY�]��Æ»�Ä¼Å�  

���Á�Ë{  

Á�ºf§�³�½Zm�½Z�f»Z«�Á���ÄËZ���{�,�|a�d»Z¬f�Y��Y�½YÂe�a�Á��{Z»��Æ»��]Ze��Y�¹�³�  

�Á�»Y�  

 ÄfyÂ»M��Y�Ê³�^¸³�Ä¿ZÀeÁ�§�Â]Za�Ä]�Y��ºËZÅÊ»�½Z�ºÀ°§Y.   

  

  

  

  

  



 

 

  

  

  

  

�Zb�É�Y~³  

Zf�Y��Y��°�e�µZ¼¯�Á��Ë|¬e�dËZÆ¿�|¬¿Y�³�{  

�ÉZ«M�[ZÀm��f¯{tf§Ê=»Y�×Y ÊËZ¼ÀÅY����Zz]��ÅÁ�a�¾ËY�½|¿Z���½ZËZa�Ä]�Á�{�^�Ìa��{�¢Ë�{�Ê]�ÉZÅ

Y�Ê³|¿��¶uY�»�¹Z¼e��{�Y��½Z�ËY�dÌ¬§Â»�Á�¹�Y{�Y�Á�¹�Zf�YÂy�µZ f»�|¿ÁY|y��ÊËZ¼ÀÅY���Y�Å�[ZÀm�ÉZ

�ÉZ«M��|ÀÆ»k�§�|ÌuÁ�ÂaÁ��ÅÁ�a�¾ËY�{�^�Ìa��{��¾ÌÀr¼Å���Y«MÉ�ÅZ��|¼=v»�ÉZ�¹Zn¿Y��{�Ä¯�

cZ�ËZ»�M|¿{Â¼¿�Ã|À]�Ä]�Ê³��]�®¼¯� ]�Ê¿YÁY�§��°�eÊ»�¶¼ ¹�ÁM.  

  

  

  

 

 

  

  



 

 

Ã|Ì°q   
ÄÀÌÆ]�Á���Za�|ÀËM�§�©Y�fuY�Ä�¨v»��{�½M�É�Z�®�Â»��ÂeÂ», Ê�Z�Y��Y�Ê°Ë�ZÅ�f»Y�Za�¾Ë�e�|ÀËY�§��{

©Y�fuY,É�Y|ËZa�Ä�Á�a�©Y�fuY��½Y�Ì»�Á�Ê»��¿Y��Ìa�ÉÁ�Ì¿|�Z]¯�½Âq�Ê¸»YÂ��Ä]�Ê´f�]�Ä :��Â¿�Âf¯�¿Y�

,Ã{Z¨f�Y� {�Â» Ìq�Âf¯�¿Y� Äv¨�� �{� ZÅ�Âf¯�¿Y� ½Z»|{�Y{� ©Y�fuY� Ä�¨v»� �Â¿� Á�. µ{Z f»Z¿� �Ë�Âe�Á�

dyÂ��dyYÂÀ°Ë�Ì£Á�d���� Á� Ã�Y|¿Y�Z¿���Za��Á�z»� {ZnËY�\^�� ,É�b�Y�cY�}�[Â¸�»Z¿��Á� ½�Z¬f»

«Z¿�©Y�fuYÊ»��{Â�¿Y�Á�Ê´f�°��Ê¿Y�v]�d·Zu��{�Ä¯�d�Y{�|ÅYÂy�µZ^¿{�Ä]�Y��Ä�¨v»��Zn¨.  

� �{ªÌ¬ve�¾ËY� ,®�Â»��ÂeÂ»Á�°Ì»�®Ë��{���Za�ªÌ«{�Ê���]� �Â�À»�Ä]�¶»Z��ÊeZÌ¸¯�Á�ºÌÅZ¨»� Y|f]Y�

�Âf¯�¿Y� Äv¨�� ,�Âf¯�¿Y� ,½ÂÌ�Y�Ì¼eY� Á�dm�d�°��É�ÂXe� Á��½ZÌ]� Ã|��Ã�Ì¼eY�µZÌ��É�b�Y�ÉZÅ�f»Y�Za

d�Y�Ã|�.��b���fuY�Ä�¨v»�µ|»�dyZ��Á�ÊuY���Z]©Y���Za�ÉZÅ�f»Y�Za�É{|��Á�Ê]�ne�Ê���]�Ä]�,

�Zf�Y��¾ËY��{�Ä¯�d�Y�Ã|��ÄfyY{�a�ÊaÂ°�Á�°Ì»�Á�ÊaÂ°�Á�¯Z»�ÃZ³|Ë{��Y��Ì�Á�{�]�Z¯�Á�ZËY�»�dÆm�Ä]

��¯�»��Y��Ë�³�ÄËZa�Á{�ÉZÅ�Âf¯�¿Y�¶Ì·|]�Á�f]Â¸�»���Za�ÊfyYÂÀ°Ë�Á��Ë�Âe��{�Äv¨� Âf¯�¿Y��ÉÁ�ËY{�Ä¯�

�³� c�Â�� ¾Ì�Ìa� cZ¬Ì¬ve� �{Äf§d�Y� Ã|�� Ã{Z¨f�Y� , .{�°¸¼�� �Y� ½ZÀÌ¼�Y� ÉY�]Á� ��Za� ºf�Ì���

Ä�z�»ÉZÅ É�b�YÄ¯�ÃZ´�ËZ»�M� Á� {���d�e� ÃZ´�ËZ»�M� �{�PDA1  Ã�Y|¿Y�Ã|��É�Ì³�¾ËY� lËZf¿� ,|¿Y

µ|»�lËZf¿�Z]�dËZÆ¿��{�cZ�ËZ»�M��Y�§Y�¹�¿��Y�¶�Zu�É�Z�FLUENT �½ZÌÀÌ�Ìa�cZ¬Ì¬ve�Á�Ä�ËZ¬»�{�Â»

d�Y�Äf§�³��Y�«.  

¯É|Ì¸¯�cZ¼¸ :©Y�fuY�Ä�¨v»�,�Âf¯�¿Y�Äv¨��,�Âf¯�¿Y�,É�b�Y�,��Za®�Â»�,�ËZ»�dyÂ��  

 

    

                                              
1- Phase Doppler Analyzer 



 

  

 

\·Z�»�d��Æ§  

�½YÂÀ�........................................................................................................................................................... ......Äv¨�  
�ΐϟΎτϣ�ΖγήϬϓ....................................�  

ϝϭΪΟ�ΖγήϬϓ�Ύϫ...................................  ϩ 

Ϟ̰η�ΖγήϬϓ�Ύϫ ....................................ϭ 

ϪϧΎθϧ�ϭ�Ϣϼϋ�ΖγήϬϓΎϫ ........................... ρ 

ΕέΎμΘΧ�ΖγήϬϓ....................  .............̭ 

  
 ˺.................  ϝϭ: ...........  ªÌ¬ve�ÄÀÌ�Ìaفصل 

�-��Ä»|¬»�...............................................................................................................................................................�  
�-��Â»��ÂeÂ»��ËZ»�dyÂ��®.................................................. ..........................................................................�  
�-�Ã|��¹Zn¿Y�cZ ·Z�»��]�É�Á�»�.................. ....................................................................................................�  
  

 ˹˺.... ......�ϡϭΩ: ......... Á���Za�Ä¸X�»�¶Ì¸ve½ÂÌ�Y�Ì¼eYفصل 

�-�Ä»|¬»�......................................................................................................................................................  ......��  
�-�Ä�z�»�Á�Ê]�ne�Ê���]���Za�{�°¸¼��ÉZÅ ...................................................................................... �� 

�-�½ÂÌ�Y�Ì¼eY�Á�dm�d�°��É�ÂXe�.....................................................................................  .....................�� 

�-�ºË���Ã��«�d�°��ÉZÅ ............................................................................................................................. ��  
�-�É�b�Y��ZfyZ��-Ê�Á�z»�......................................................  ...................................................................��  
�-�Ã|��Ã�Ì¼eY�µZÌ��É�b�Y�ÉZÅ�f»Y�Za� ..................................................................................................... ��  

     �-�-�É�b�Y�ÊaÂ°�Á�¯Z»�ÉZÅ�f»Y�Za�....  .............................................................................................�� 

          �-�-�-��µZÌ��Ê]{� ............................................................................................................................�� 

          �-�-�-�É�b�Y�ÄËÁY�� ........................................................................................................................ ��  
          �-�-�-��É�b�Y�}Â¨¿�½Y�Ì»�....................................................................... ......................................�� 

          �-�-�-��É�b�Y��{�cY��«��Ë�Âe� ...................................................................................................��  



 

 Ώ 

 

     �-�-�É�b�Y�ÊaÂ°�Á�°Ì»�ÉZÅ�f»Y�Za�.................................  ...............................................................�� 

          �-�-�-��½ÂÌ�Y�Ì¼eY�dÌ=¼¯�¹ÂÆ¨»� ................................................................................................�� 

          �-�-�-�É�b�Y��{�cY�}�É��«�¦Ì��.......  ...................................................................................��  
          �-�-�-�cY��«���Âf»���«�  ........................................................................................................... ��  

�-�dyÂ���Z�f¿Y�|ÀËM�§�.  ................................................................................................................................��  
 

 ̌˻.............   «|ϡϮγ: ...........  ..ÊÅZ´�ËZ»�M�µفصل 

�-�Ä»|¬»�........................................................  ....................................................................................................�� 

�-��ËZ»�dyÂ��®�Â»��ÂeÂ»�©Y�fuY�Ä�¨v»�cZ¬6¸ f»�............................................................................ �� 

�-���Âf¯�¿Y�.............. .............................................................................................................................................�� 

�-�Ê³�ËÁ�Á��Âf¯�¿Y�Äv¨��½M�[Â¸�»�ÉZÅ.........................................................................  .......................�� 

�-�©Y�fuY�Ä�¨v»��YÂ¿Y� ................................................................................................................................... ��  
     �-�-�É�|À¸Ì��©Y�fuY�Ä�¨v»�.......................................  ......................................................................�� 

     �-�-�Ê�Á�z»�©Y�fuY�Ä�¨v»�  .............................................................................................................. �� 

     �-�-�ÉÁ�¯�©Y�fuY�Ä�¨v»�........  ...........................................................................................................�� 

     �-�-��ÉÂ¬¸u�©Y�fuY�Ä�¨v»� .................................................................................................................�� 

�-�©Y�fuY�Ä�¨v»��]YÂ�� ............................................................................................................................... �� 

�-�©Y�fuY�Ä�¨v»�ÊuY����{�ºÆ»�ÉZÅ�Âf¯Z§�............................................................  ..............................��  
�-�©Y�fuY�Ä�¨v»���¬»�t���¾ÌÌ e�ÉZÆ�Á�� ........................................................................................ ��  
�-�ÊÅZ´�ËZ»�M�µ|»�dyZ��...................................................................  .......................................................��  
  
  

 ˹̊.... .......... ϡέΎϬ̩: .......... . �d�e�lËZf¿Ê]�neفصل 

�-�Ä»|¬»�...............................................................................................................................  .............................�� 



 

 Ν 

 

�-���Za�{���d�e�Ä�Â¼n»� ....................................................................................................................... �� 

�-�Ã|ÀÀ¯ZÌuY�Á�Ã|ÀÀ¯|Ì�¯Y�µZÌ��[Zzf¿Y�.....................................  ...........................................................�� 

�-�Ã|��ÊuY����Âf¯�¿Y�Äv¨��Ä]��Â]�»�cZ^�Zv»� ................................................................................. ��  
�-�{���d�e���Za�ÉZÅ�f»Y�Za�Ä ·Z�»�.............................   ........................................................................�� 

     �-�-�Ê]{�d�e�-�Z�§............... ................................................................................ ...............................�� 

     �-�-�Za�ÊfyYÂÀ°Ë�d�e��� ................................................................................................................. �� 

     �-�-�d�e� ÄËÁY� ��Za�É�b�Y........................................................................................................  ....�� 

�-��Z�§�\�u��]�ZÅ�Âf°¸¯��{�Ê]{��Ë�Âe�½Â»�M� ..................................................................................... �� 

�-��ÃZ´f�{���Âe���Za�ÉZÅ�f»Y�Za�Ê���]�PDA.........................................................................  .......�� 

     �-�-�d�e� d��� Á ¾ÌÌ e ��« É�b�Y ��Âe �ÃZ´f�{PDA .................................................... �� 

�-��ÌiZe� Ä¸�Z§ Äv¨� Ze��Âf¯�¿Y �Âf°¸¯ �] ��Za  ....................................................................................��  
�-�Ê]�ne�lËZf¿�¶Ì¸ve� .................................................................................................................................... ��  
  

 ˺̌. ......... �µ|»Ê]�ne�lËZf¿�Z]�Ä�ËZ¬»�Á���Za  ...... :پنجمفصل 

�-�Ä»|¬»�.....................  .......................................................................................................................................�� 

�-�µ|»�Ä°^��Á�Ê�|ÀÅ�É�Z�©Y�fuY�Ä�¨v»�É|À].........................................................................  ......�� 

�-��[Zzf¿Y�Solver½ZË�m�½Y|Ì»�¶u�ÉY�]� .............................................................................................. �� 

�-�Ê�¿ÓÂ]�Âe�µ|»�[Zzf¿Y�....................................................................................  .......................................�� 

�-��Äf��³��Z§�µ|»� ........................................................................................................................................ ��  
�-�É�b�Y�µ|»�É�ÂXe�..................................  ...................................................................................................�� 

�-�Äf��³��Z§��{�É��»������YÂ¿Y� ............................................................................................................. ��  
�-�{Z »�d¯�u�cÓ ........................................................................................................................................... �� 

     �-�-�¹�m�ÉZ¬]�Ä·{Z »�.............................................................................  ...............................................�� 

     �-�-�¹ÂfÀ»Â»�ÉZ¬]�Ä·{Z »� ..................................................................................................................... �� 



 

 Ω 

 

     �-�-�É��¿Y�Ä·{Z »�.............................   .......................................................................................................�� 

     �-�-�Ä¿Â³�µZ¬f¿Y�Ä·{Z »�É�Z§|Àq�ÉZÆ¿ZË�m��{�ÊËZÌ¼Ì��ÉZÅ ..................................................... �� 

�-�µ|»��Y�¶�Zu�lËZf¿�{|��É�Z�É ............................................................................................................ ��  
  

 ̊́... ............ �¿cY{ZÆÀ�Ìa�Á�lËZf... ........: ششمفصل

�-� Ä»|¬»................................................................................. ............................................................................��  
�-�¾Ì�Ìa�cZ¬Ì¬ve�Á�Ê]�ne�Z]�É{|��lËZf¿�Ä�ËZ¬»�  ............................................................................... ��  
�-�ÄnÌf¿�Á�lËZf¿�¶Ì¸ve�É�Ì³.......... .................................................................................................... .........�� 

�-��Z¯�Ä»Y{Y�ÉY�]�cY{ZÆÀ�Ìa�..................................................................................................................  ....�� 

��mY�»�Á��]ZÀ» ...................................................................................................................................................... �� 

  
  
  
  
  
  
  
  
  
  
  
  
  
  



 

 ϩ 

 

|m�d��Æ§ÁµZÅ  
  

�½YÂÀ�............................................ .................................................................................................................Äv¨�  
�µÁ|m�-� �ÉY�]�ZÅ�Âf°¸¯��{�Ã|ÀÀ¯ZÌuY�Á�Ã|ÀÀ¯|Ì�¯Y�Ê»�m�Ê]{)(4 barPO Á)(10 barPf .................. �� 

�µÁ|m�-� Ê]{ÉY�]�ZÅ�Âf°¸¯��{�Ã|ÀÀ¯ZÌuY�Á�Ã|ÀÀ¯|Ì�¯Y�Ê»�m�)(6 barPO Á)(8 barPf .................... �� 

�µÁ|m�-��Âf¯�¿Y��Z�§��ÌÌ¤e�\�u��]�Ê]{��Ë�Âe�..................................................................................... �� 

�µÁ|m�-� �ÃZ´f�{�ºÌ�Àe�cZ�z�»PDA��¿�{�Â»��Âf¯�¿Y�ÉY�]�....................................................... �� 

�µÁ|m�-��d�e��Y�¶�Zu�lËZf¿��PDA�Z�§�ÉY�]��ÉZÅ)(6 barPO �Á�)(8 barPf ......................... ............�� 

�µÁ|m�-�Zu�lËZf¿���d�e��Y�¶�PDA�Z�§�ÉY�]��ÉZÅ :)(4 barPO �Á�)(10 barPf ................................ �� 

�µÁ|m�-�Ê]�ne�Á�É{|��¶u�cY��«�d����Á���«�Ä�ËZ¬»� ...................................................................�� 

  
  
  
  
  
  
  
  
  
  
 

 

  
  
  



 

 ϭ 

 

¶°��d��Æ§ZÅ  
�½YÂÀ� .............................................................................................................................................................Äv¨�  
¶°� �-��Âf¯�¿Y��Z�§�Ä]�d^�¿�cY��«�Ã�Y|¿Y�Á���Za�µZÌ��d»Zz���ÌÌ¤e�................. ............ ..........�  
�¶°��-��Âf¯�¿Y��Z�§�Ä]�d^�¿���Za�ÄËÁY��cY�ÌÌ¤e�............................................................. ... ................� 

¶°� �-��µ�Z¿�Z]��Âf¯�¿Y�ÉY�]�cY��«�Ã�Y|¿Y�µZ¼fuY�Ê·Z´q��]Ze���Äm�{�................................ ...........  .� 

¶°� �-��Ë�°�Y�Á��¸�YÁ���Âe�Ã|��Ã{�]��Z°]��Âf¯�¿Y��........................................................................ ... ..� 

¶°� �-�cY��«���«�Ä]��Â]�»��Y�e�ÉZÆÌÀvÀ»��................................................................ .... .......................�  
¶°� �-� cY�}�ºnu�|uYÁ��{�{Y| e�Ä]��Â]�»��Y�e�ÉZÆÌÀvÀ»........................................... ...  ....................� 

¶°� �-�cY��«�d����Ä]��Â]�»��Y�e�ÉZÆÌÀvÀ»................................................................ ... .....................�  
¶°� �-� �µ�Z¿��Y�ÊmÁ�y��{�¶¯�d�����Ë�Âe��Âf¿Z¯)m/s(............................................. ... ...................� 

¶°� �-� �cY��«���Âf»���«�cY�ÌÌ¤e)½Á�°Ì»�\�u��](�Âf¯�¿Y��Âv»�µÂ���{....... ... ....................� 

¶°� �-���ºË�{|��Ä]�ÄmÂ¿�Z]�dm�d�°��¦¸fz»�ÉZÅReÁ� )Z(OH ............................................ �� 

¶°� �-� ±��¿ÁY�¹Y�³ZË{ :ºË��dm�d�°��ÉZÅ .................................................................................... �� 

¶°� �-� ºË��Á�z»�É�b�Y�d�°��ÉZÅ¶°��Ê� ................................................................................... �� 

¶°� �-� Ê�Á�z»�É�b�Y��ZfyZ�-¶°�� ................................................................................................. ��  
¶°� �-�Za��Á�z»�ÄËÁY���ËZ¼¿�É�b�Y��� ............................................................................................ �� 

¶°� �-�d¼�«�Á��ZfyZ��É�b�Y�®Ë�¦¸fz»�ÉZÅ .................................................................................. �� 

¶°� �-��É��«��Ë�Âe�ÃÂv¿�É�b�Y�®Ë��{�cY��«  ................................................................................... �� 

�¶°��-��ËZ»�dyÂ��®�Â»��ÂeÂ»�Y�mY .................................................................................................... �� 

�¶°��-��Ä¿Â¼¿��ËZ»�M��{�Ã{Z¨f�Y�{�Â»��Âf¯�¿Y.....................  .................................................................�� 

�¶°��-�ÉÁ�ËY{��ËY�M�Z]��Âf¯�¿Y�Äv¨�...................................................................................................  .�� 

�¶°��-�©Y�fuY�Ä�¨v»�Ã{�Ây���]�ÉZ¼¿ ................................................................................................ �� 

�¶°��-�É�|À¸Ì��©Y�fuY�Ä�¨v»........................................................................................  .......................��  
�¶°��-�Ê�Á�z»�©Y�fuY�Ä�¨v» .............................................................................................................. �� 

�¶°��-�ÉÁ�¯�©Y�fuY�Ä�¨v»...............................................................  ......................................................�� 



 

 ί 

 

�¶°��-�ÉÂ¬¸u�©Y�fuY�Ä�¨v»� ................................................................................................................... �� 

�¶°��-��É�|À¸Ì��Ê^Ì¯�e�©Y�fuY�Ä�¨v»�-ÉÁ�¯�.........   .......................................................................�� 

�¶°��-��d]Zi�ºnu�®Ë��{�©Y�fuY�Ä�¨v»�µÂ��Ä�ËZ¬» ................................................................... �� 

�¶°��-��Ã�Y|¿Y�ÂeÂ»�Ê «YÁ�ÉZÅ�ÉZÅRD � 105, RD � 106 ........  ............................................��  
�¶°��-���ÊÅZ´�ËZ»�M�©Y�fuY�Ä�¨v»�{Z ]Y�...............................................................................................��  
�¶°��-�©Y�fuY�Ä�¨v»�cZ¬6¸ f»�Ã|¿�Y{�Ä´¿�|Àf�Y.........................  ........................................................�� 

�¶°��-� Ê�Z ��Á�Ê�Z�«�ÉZÅ�Âf°¸¯ ......................................................................................................... �� 

�¶°��-� ��Za�®Ì»ZÀË{Á�|ÌÅ�d�e�ÃZ´�ËZ»�M...............  .......................................................................�� 

�¶°��-� �Z�§�¥ÔfyY�Ä]�d^�¿�Êm�Zy��Âf¯�¿Y�Ê]{�cY�ÌÌ¤e  .............................................................. �� 

�¶°��-� �Z�§�¥ÔfyY�Ä]�d^�¿�Ê¸yY{��Âf¯�¿Y�Ê]{�cY�ÌÌ¤e.......   .........................................................�� 

�¶°��-� �dÆm��{�Ä¿Â¼¿��Âf¯�¿Y�É�b�Y�Ê]{��Ë�Âeè ............................................................................ �� 

�¶°��-� Êm�Zy�Á�Ê¸yY{�ÉZÅ�Âf¯�¿Y��{���Za�ÄËÁY�.....................  .....................................................�� 

�¶°��-���Za�ÉZÅ�fq�{�Ây�]��ËZ¼¿� .................................................................................................... �� 

�¶°��-� �fq��ËZ¼¿��{�½Â»�M�{�Â»��Âf¯�¿Y�Äv¨����Za�)(4 barPO Á)(10 barPf ..... ............  ...�� 

�¶°�� -�� �{�½Â»�M�{�Â»�©Y�fuY�Ä�¨v»�½Á�{���Za��fq��ËZ¼¿ )(4 barPO Á)(10 barPf 
 .............. �� 

�¶°�� -�� Ê�Z�«��Âf°¸¯��{���Za�É�b�Y�Á{�Ê]{��Ë�Âe) )(4 barPO Á)(10 barPf 
(.... ................ ...�� 

�¶°�� -���Âf¯�¿Y�Äv¨����Za�É�b�Y�Á{�Ê]{��Ë�Âe) )(6 barPO Á)(8 barPf 
( �dÆm�{ ........... �� 

�¶°�� -��Ê�Z�«��Âf°¸¯��{���Za�É�b�Y�Á{�Ê]{��Ë�Âe�|��{� ) )(4 barPO 
Á10( )fP bar(. .............. .�� 

�¶°�� -�� �Ê�Z�«��Âf°¸¯��{���Za�É�b�Y�Á{�Ê]{��Ë�Âe�|��{ ))(6 barPO Á)(8 barPf 
( ................ ��  

�¶°�� -����Z�§��Ë{Z¬»�ÉY�]���Âf»���«��)(6 barPO Á)(8 barPf 
 �ÉZf�Y���{X................................. �� 

�¶°�� -���Á���Âf»��«�SMD��Z�§��Ë{Z¬»�ÉY�]�)(6 barPO Á)(8 barPf �ÉZf�Y���{�X..... .......��  
�¶°�� -����Z�§��Ë{Z¬»�ÉY�]���Âf»���«��)(4 barPO Á)(10 barPf 

�ÉZf�Y���{�X............................. ��  
�¶°�� -���Á���Âf»���«��SMD��Z�§��Ë{Z¬»�ÉY�]�)(4 barPO 

Á)(10 barPf �ÉZf�Y���{�X ............��  
�¶°�� -�� �ÌiZe Ä¸�Z§ �] �Ë�Âe Ê]{ �Â¼n» Á{ µZÌ� d�|] Ã|»M �Y �Âf°¸¯ Ê�Z � ..................... ��  
�¶°�� -�-�©Y�fuY�Ä�¨v»�É{Z ]Y�µ|»�Á�ZÅ�Âf¯�¿Y�½Z»|Ìq�ÃÂv¿�Á�ÉÁ�ËY{��Âf¯�¿Y�Äv¨�� ...........�� 



 

 Ρ 

 

�¶°�� -�-Ä°^��µ|»�Ä°^���Á�]�©Y�fuY�Ä�¨v»�Ã|��É|À]É�ZfyZ��ÉZÅ  ....................................�� 

�¶°�� -�¶aÂ¯�Á�Y�n»�d·Zu�Á{��{��Z�§��Z�Y��]��´¸u�ÉZÆ¼fË�Â´·Y�¹Y�³ZË{� .................................. �� 

�¶°�� -� Äf��³��Z§�ÉY�]�Ê�Z° ¿Y�É��»���� ....................................................................................... �� 

�¶°�� -�Ä¸e�É��»�����Äf��³��Z§�ÉY�]�ÉY...............................................  .............................................�� 

�¶°�� -�Äf��³��Z§��{�ÊËZÅ��É��»����� ............................................................................................... �� 

�¶°�� -�dm�É��»����� -µZ=Ì��Äf��³��Z§�ÉY�]�Ã�YÂË{........................  ...............................................�� 

�¶°�� -�-�»�Á�½Z»|Ìq�©Y�fuY�Ä�¨v»�µ|»��{�ZÅ�Âf¯�¿Y�É|À] ........................................................�� 

�¶°�� -��Ê¿ZÌ»��Âf¯�¿Y��{�d����¶Ì§Á�a�Á���Za��fq�.......................................... ...............................�� 

�¶°�� -���Âf¯�¿Y�®e���Za�ÉY�]�d����Ã�Y|¿Y��Âf¿Z¯� ...........................................................................��  
�¶°�� -����Âf¯�¿Y�®e���Za�ÉY�]�d����Ã�Y|¿Y��Âf¿Z¯�)ÓZ]��Y�Z¼¿ (............................... .....................�� 

�¶°�� -���cZ�fz»��{��Âf¯�¿Y���Za�d�����Âf¿Z¯�x,y,z) ( .............................................................�� 

�¶°�� -��½Z»��\�u��]�cY��«�d�����ÌÌ¤e��Y{Â¼¿�...................................................................... ........�� 

�¶°�� -����Za�ÉZÅ�fq�{�Ây�]��Y�¶^«�ZÅ�Âf¯�¿Y�¹Z¼e���Za��fq� ..................................................�� 

�¶°�� -��¶»Z¯�ÊËY�´¼Å��Y��a���Za�ÉZÅ�fq�{�Ây�]� .......................................................................�� 

�¶°�� -��¼¿�¶»Z¯�ÊËY�´¼Å��Y��a�©Y�fuY�Ä�¨v»�½Á�{���Za��fq��ËZ ........................................�� 

�¶°�� -���Âf¯�¿Y�Äv¨��Ê�y�ÉZÅ�Âf¯�¿Y�ÉY�]�d�����Âf¿Z¯� ............................................................�� 

�¶°�� -��{���Za�ÉZÅ�fq�Äf§ZË�Ä �Âe�Ô»Z¯�½ZË�m�©Y�fuY�Ä�¨v»�½Á� ........................................�� 

�¶°�� -���ÉZf�Y���{�d����cY�ÌÌ¤e��Y{Â¼¿�y) meanV( .............................................................................�� 

�¶°�� -���Y�Ê�Z¿�É�b�Y�cY��«���«�¶Ì§Á�a�Á���Za��fq�É�b�Y�Á{�{�Ây�]� ................................�� 

�¶°�� -��½Z»��\�u��]�cY��«���«��ÌÌ¤e��Y{Â¼¿� ...................................................................................�� 

��¶°�-��Y�¶�Zu�lËZf¿�Ä�ËZ¬»� PDAÉY�]�É{|��lËZf¿�Z]��Z�§� )(6 barPO �Á�)(8 barPf 
....... ......�� 

�¶°��-���Y�¶�Zu�lËZf¿�Ä�ËZ¬»�PDAÉY�]�É{|��lËZf¿�Z]��Z�§� )(4 barPO �Á�)(10 barPf 
... ... ..�� 

�¶°��-�Â·Z�Á�lËZf¿�Z]��Âf¯�¿Y�®Ë�ÉY�]�d�����Âf¿Z¯�Ä�ËZ¬»�Vessalo, P.)  (.................... .......�� 

 

  



 

 ρ 

 

�Á�ºWÔ��d��Æ§Ä¿Z�¿ZÅ  
  

�Z�a�ÉÁ�Ì¿)d»ÁZ¬»(  D  
�Ê¼nu�¹�m)Ê·Z´q(    
��¬»�t��  A 

µZ=Ì��d���  V 

�±�{�\Ë�  dC 
�|·ÂÀË��{|�  Re  

µZÌ��ÄfË�Â°�ËÁ    
Ê�¿ÓÂ]�Âe�ÄfË�Â°�ËÁ  t 

Ê]�{|��]Á�| ]  We 

Ê]�{|�±��¿M�| ]  Z 

Êv�����¯   

Ê¼nu�Ê]{  Q 

Ê «YÁ�cZ^Ì¯�e�d^�¿  mk 
dyÂ��Ê]{�c|�  q 

Ê]{�\Ë��   
©Y�fuY�Ä�¨v»���¬»�t��  

KF  
µ�Z¿�ÃZ³Â¸³�t��  KPF  

Ê»�m�Ê]{  

m 
©Y�fuY�Ä�¨v»��Z�§  

KP  
Z»{  T 

Ê·Z´q�d^�¿   

Ê]{�\Ë��  i 
µZÌ��Z°��Y�\Ë��    

��Za�ÄËÁY�   

�d���Ä�z�»   

Ã�ËÁ��·Zb¼ËY  SI  
ÊËZ»�³�dËY|Å�\Ë��  k 

¥ÔeY�w�¿    
µZÌ����Âf»�d���  u 



 

 ϱ 

 

µZÌ��Ê�Z�f£Y�d���  tu  
�¿Y�³�[Zf�  g  
�e�ÄËÁY�{�Ây�]��Y��a�Ã��«�   

Ä¼�q�¹�e  mS 
�Àe��Â�¿Ze    

É��¿Y  E 

Êb·Zf¿Y  h  
�Ê»�m���¯jÃ{Z»��Â¿�  jY

   
  

  

  

  

  

  

  

  

  

  

  

  

  



 

 ϙ 

 

  

cY�Z�fyY�d��Æ§  
  

Phase Doppler Analyzer(Anemometer)  PDA  
Laser-Base Visualization LBV 

Particle Image Velocimetry  PIV 

Probability Density Function PDF 

Phase Doppler Particle Analyzer PDPA 

Fluid Volume Method  FVD  
Volumetric Mean Diameter VMD 

Sauter Mean Diameter  SMD 

Computational Fluid Dynamics CFD 

Pressure-Base Solver PBS 

Density-Base Solver DBS  
Discrete Phase Model DPM 

Taylor Analogy Break-up  TAB 

Convection Diffusion Equation CDE  

  


