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Abstract 
Axial turbines can be applied in our country for low heads and high flows, especially in off- grid low 

capacities. In this research, an axial turbine was designed for flow ranged between50 l/s to 150l/s and for 2 to 5 
meters of head. Firstly, primer design software was established to calculate all required geometrical parameters 
of turbine. Indeed, this software  is able to show the 3D shape of runner in CATIA. In the next step for 
evaluation of design, turbine was simulated by Numeca using a verified numerical method by experimental data 
for a similar geometry. Simulation results did not show a suitable efficiency for axial turbine. Therefore, to 
improve the performance of machine, runner shape was optimized by genetic algorithm and neural network. 
Final geometry had 15% more efficiency than the initial one. 
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2.  Source terms� 
3. Stokes law� 
4. Fourier & Fick law� 
5. Dynamic Viscosity 
6 �� Conductivity 
7. Diffusion energy 
8. Static Enthalpy� 
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1. Blade to blade� 
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Ê»�Ã�YÂË{�®Ë{�¿�ÉY�]�¾ÌWZa��|·ÂÀË�

� �
� �
� �
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� µ|»Ê´f¨�M�� ¾ËY� �{� Ä¯¶Ì¸ve�d�Y� Ã|�� Ã{Z¨f�Y� �
K-ſ��Ã�YÂË{��]Ze�Z]�Äf§ZË�Ä �ÂeÊ»|�Z]���É{Á�Á��{�É��»��ËY��

Ê»�m�Ê]{Z»{�Á�d����dÆm�,�É�Y®ÌeZf���Z�§�ÊmÁ�y��{�Á
d�Y�Ã|��Ã{Y{��Y�«��¨�¼eY���Ä��Ä°^��µÔ¬f�Y��Y�½ZÀÌ¼�Y�ÉY�]

Ä°^���Â¿�É|À]�d��{��������,���Âf»�����������Ë�� Á�
���������|��Äf§�³���¿��{����Y�Ã{Z¨f�Y�Z]¹Y|¯��Å,��c�Â��Ä]

ÄÌ^��Ä¿Z³Y|md§�Ë~a�¹Zn¿Y�É�Z�� ��µÁ|m���¶°��Á����Ë{Z¬»
Ä]��Â]�»��ÁZf�³� Á� Ã{�Z]�Ê»�½Z�¿� Y�� Ä°^�� Ä��¾ËY|Å{� ���{

Ä»Y{Y�ÉY�]�,dËZÆ¿ÄÌ^���Z¯�É�,É�Z�Ä°^���Y�É�Ã{Z¨f�Y���Âf»
d�Y�Ã|�.��
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�Y{Â¼¿�Ã|¿Z¼Ì«Z]� ÉÊ¸¯�� Ze� Ä¯� ½M�����d�Y� Ã|�� Y�´¼Å,���{
��¶°���d�Y�Ã|��Ã{Y{�½Z�¿���
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���ÊnÀ��Z^f�Y��
�É�Z�� ÄÌ^�� �Y� Ã|»M�d�|]� lËZf¿� Ê���]� � Ä]�d¼�«� ¾ËY� �{

�¾Ì]�Âe���A�¹�¿��{�Ä¯��Y�§YNumeca��ÄfyY{�a�,Äf§�³�¹Zn¿Y
d�Y� Ã|�� �� {ÂmÂ»� Ê]�ne� lËZf¿� Z]� ¶�Zu� É{|�� lËZf¿����
�Ä�ËZ¬»ÄÌ^���Á���Z^f�Y�Ze�Äf�³{Â��Ã|ÌnÀ��É�Z����
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�¶°�����Ã|¿Z¼Ì«Z]�ÊËY�´¼Å��Y{Â¼¿É�Ê¸¯��
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�Z¨e�Y��{�Ã{�Z]�Ê]�ne�lËZf¿Ê]{�Á�ZÅ�cÁZ¨f»�ÉZÅ{�µÁ|m��

��d�Y� Ã|ÅZ�»�¶]Z«� �¶°�� �{�¾ÌÀr¼Å�ÉZÅ��� Á����Y�ÊËZ¼¿
�Y|»���ËZ»�M�Áw�q��¾Ì]�Âe���A��¶]Z«Ê»�Ã|ÅZ�»|�Z]���

¶°���{ÉZÅ����Á����Ä°^��ÉZ¼¿�É|À]Ã�a�Ä]�Ã�a��ÉZ¼¿�Á
Ä°^�¾Ì]�Âe�Ã�a�É|À]��Â¯~»d�Y�Ã|��Ã{Y{��ËZ¼¿���
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�¶°����w�q�¾Ì]�Âe���� A  
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�¶°�����Ä°^��ÉZ¼¿�É|À]Ã�a�Ä]�Ã�a��¾Ì]�Âe���A� �
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�¶°�����Ä°^��ÉZ¼¿Ä��É|À]¾Ì]�Âe�Ã�a�É| ]���A��

� �{¶°�ÉZÅ����� Á��Ä�ËZ¬»� ,É�ÄÌ^�� �Y�¶�Zu�lËZf¿��

É{|��É�Z��Ê]�ne�lËZf¿�Á�ÉY�]��\Ìe�e�Ä]Ã{�Z]���Z¨e�Y�Á¿�½Z�
d�Y� Ã|�� Ã{Y{� �d�Y� �z�»� Ä¯� �Â�¿Z¼Å,�� ÉZ�y��Ë{Z¬»

�Y�¶�Zu�ÄÌ^�É{|��É�Z�,�Ê»�|��{�Ã{��Y��f¼¯�¾ËY�Ä¯�|�Z]

Ê»�Z�y�|¿YÂe��Â]�»]�ÄÊ «YÁ�Ä�|ÀÅ�cZ¨¸e��½Âr¼Å��Y�Ã{Z¨f�Y
�µ|»��{�ÊËÂ¿Y��ËZ»�M�Ã|�É�]��,�Ã�a�t���Á�Êf�¿ |�Z]� 
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�¶°�����Ê]{�\�u��]�Ã{�Z]��Y{Â¼¿� �

 
 

 
 

�¶°�������Y{Â¼¿Ê]{�\�u��]��Z¨e�Y 
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���ÄÀÌÆ]Ä�|ÀÅ�É�Z��¾Ì]�Âe�w�q��

d�Y� Ã|�� Ã{Z¨f�Y� Ê¸»Z°e��Á�� �Y� ,ªÌ¬ve� ¾ËY� �{���¾ËY
ºfË�Â´·Y�cZ¬f�»� Ä^�Zv»� ÉZm� Ä]� ÄÀÌÆ]� Ä�¬¿� ¾f§ZË� ÉY�]� ZÅ

Ê»�Ã{Z¨f�Y�¥|Å��]Ze�{Ây��Y|¬»��Y�,¥|Å��]Ze|ÀÀ¯���¾Ì¼Å�Ä]
ÄÀÌÆ]� ¶WZ�»� Ä¼Å� �{� Ã{Z¨f�Y� dÌ¸]Z«� d¸�� É�Z��½Á|]� ¶°�

|¿�Y{� Y��¥|Å��]Ze�cZ¬f�»�Ä]�ÄmÂe� �ºfË�Â´·Y�¾ËY�¾ÌÀr¼Å�ZÅ
ÄÀÌÆ]�dÌ¸]Z«|¿�Y{�Y��½Z»�¼Å��Â��Ä]�¥|Å��]Ze�¾Ë|Àq�É�Z�����

ºfË�Â´·Y� �Y� Äf�{� ¾ËYºfË�Â´·Y� ¥Ôy� �]� ZÅ�Ä¯� Ê¿ZË{Y�³� ÉZÅ
Ê»� �Z£M�ÊuY���ÉZ�§� �{�Ä�¬¿�®Ë� �Y� Y�� ÄÀÌÆ]� Ä�¬¿�¾f§ZË��
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� �{� Ä�¬¿� |Àq� �Y� ,|ÀÀ¯�ÄÀÌÆ]� Ä�¬¿� d¼�� Ä]� ÊuY��� ÉZ�§
Ê»�®Ë{�¿|¿Â����Á�Ã|�¿��Zf§�³�Ê¸v»�ÄÀÌÆ]��Z¬¿��{�ÄnÌf¿��{

Ê»�½Z�¿�Y��ª¸�»�ÄÀÌÆ]�Ä�¬¿�|ÀÅ{�������
ÄÀÌÆ]� �{¾Ì�Z»Â]�Âe� �{� ¶°�� É�Z�� ZÅ� �Y� Ã{Z¨f�Y� Z]¾ËY�

ºfË�Â´·Y,ZÅ�Ä�Â¼n»ÉY�0Ô»Z¯�Ê§{Z�e��Y�Ä�|ÀÅÉZÅ�¦¸fz»�
Ê»� |Ì·Âe|¿Â�� �µZu�ºfË�Â´·Y�ÉY�]�Ê]ZË��Y�Ä�|ÀÅ� ¾ËYZÅ�Ä]�

�Y|¬»��]Ze�¥|Å�½MZÅ�kZÌfuY�{�Y{� �¾ËY��z]��Y�Ä]��Z¯�®¼¯�
®Ì»ZÀË{�cÓZÌ��ÊeZ^�Zv»�¹Zn¿Y�|ÅYÂy�d§�³��a��Ä^�Zv»�Y�

�]Ze�,¥|Å�Ä�|ÀÅ�Ë{Z¬»�Z]�ÉZÅ�Æ]�f,�d^�¿�¥|Å��]Ze�Ä]�ÄÌ¬]�
�Y�½ZÌ»�¼m dÌ�ÄÌ·ÁY�[Zzf¿Y�Ê»|¿Â�� �¾ËY�Ä�|ÀÅ� ZÅ�b��

���Âe�ÊfiY�Á�ÉZÅ�´¸¼���Y�¹Á{�dÌ ¼m�Á�Ã|��¹Z£{Y��´Ë|°Ë�Z]
Ä�|ÀÅÊ»� {ZnËY� Y�� ZÅ|ÀÀ¯� ��¶uY�»� ºÅ�¶�¿�¾ËY� ÉY�]� Ã�Z]Á{

Ê»� �Y�°e�Ê¸^«{Â�� ��Y��{� Ä¯� Zn¿M��Å�Ä�|ÀÅ� ZÆÀe�Ê¸�¿�ÉZÅ
Z]�\�ZÀ»��fÆ]�¥|Å��]Ze� �Ë{Z¬»�Ê»� Y|Ìa� ÃY��É| ]�¶�¿� Ä]��

�a�,|ÀÀ¯�¶�¿�|Àq��Y�ZÆÀe�½M��{Äf��Y�Ä�|ÀÅÊËZÅ�Ä¯��]Ze�
¥|Å�É�fÆ]�Äf�Y{�Á�Ê§��� �Y�{ÂÌ«�µZ¼�Y�Ã|��Y���Ì¿�Z��Y�
Ã{�¯|¿Y,�Ê«Z]�|ÀÅYÂy�|¿Z»� ��{�d�ZnÀËY�Ä¯�ºfË�Â´·Y��¦«Âf»

Ä�|ÀÅ�Á�Ã|��ÄÀÌÆ]�¦�¯�|ÅYÂy�|������ 
�¶°���Ê»�½Z�¿�Y��É�Z��ÄÀÌÆ]�ºfË�Â´·Y�,|Å{���

������Ì¤f»Ã�Ä�|ÀÅ�½{�¯��
ÄÀÌÆ]� �{�É�Z��Ä�|ÀÅ�|¿YÂf]� Ze�d�Y�Ê�Á��|À»�ZÌ¿�sY��

|Å{��Y�«�Ê���]�{�Â»�Á�Ã{�¯�{ZnËY�Y��{Ây���¿�{�Â»��¾ËY�¶¼��
�Á�Ä�¬¿�|Àq�®¼¯�Ä]�É| ]Á{���¬»�|Àq��{�Ä�|ÀÅ�{ZnËY� Z]

Ä��Ä�|ÀÅ���Z¬»�¾ËY�¾f§�³��Y�«�ºÅ��ZÀ¯��Y�,�b��Ã�a�É| ]
Ê»� {ZnËY{Â�� �� ZË� Ê·�fÀ¯� �Z¬¿� ½Z¼Å� �Z¬¿� ¾ËY�Ì¤f»�ÉZÅ

�Å� �ÌÌ¤e� Z]� Ä¯� |Àf�Å�ÊuY���Ä�|ÀÅ� ,®ËÉ��{ZnËY�É|Ë|m
Ê»{Â�����Z�§�Á��°»�d¼��{ZnËY�Ã�a�¾fyZ��ÉY�]��Á��®Ë

Ê»�Ê·�fÀ¯��Z¬¿�®¼¯�Z]�¶¬f�»�c�Â��Ä]�Ã�a|�Z]����´Ë{��Á�
��b��Á�Ã�a�ÉÁ��Ê]Zzf¿Y���¬»�|Àq��{�Ã�a�Ê¿ZÌ»��y�{ZnËY

Ê»��Â�y�¾ËY� Ä]�d»Zz�� �Ë�Âe� ½{�¯� Ä§Z�Y|�Z]��Z]�µZ�eY�
�´Ë|°Ë�Ä]���Z¬»�®Ë�Ä�|ÀÅ�0Ô»Z¯�Äf�ÂÌa�Ê»�{ZnËY{Â����{| e

�{ZË��Ì¤f»½Z»��h�Z]� ZÅ�]ÄÀÌÆ]�½|���Ì¿�½M�½{Â]�º¯�Á�É�Z�
µ|»�¹|��\mÂ»Ê»�Ä�|ÀÅ�\�ZÀ»�É�Z�{Â����

�ÉY�]�ªÌ¬ve�¾ËY��{�Ì¤f»Ã�Ã�a�½{�¯w�q��Ê°Ë���¬»�Ä�
�Ê°Ë{�¿� �{�Ê°Ë� ,[ZÅ�Ê°Ë{�¿� �{kZe���{� ºÅ� �´Ë{� ��¬»� � Á

� Á�[ZÅ�¾Ì]� Ä¸�Z§kZe��{Ã|��Äf§�³� ��¿�d�Y� �� Á�[ZÅkZe��Z]
ÊÀvÀ»� �Y� Ã{Z¨f�YÊ]� ÉZÅ¾ËÔb�Y��� Z]�®Ë�Å���Ê·�fÀ¯� Ä�¬¿

�Ì¤f»Ã|��Ã|¿Y��Ê]�ÊÀvÀ»�Z]��Ì¿�Ã�a�ÊmÁ�y�Ä^·�Á�É{Á�Á�Ä^·��

                                                 
1. B-Spline� 

�Z]�®Ë�Å�¾ËÔb�Y��¦�¿�ÉZ¼¿��{�Ê·�fÀ¯�Ä�¬¿�É�ZÆÀ·Y�Ì¤f»�Ã
Ã|�|¿Y���

��
�¶°�����ÄÀÌÆ]�ºfË�Â´·YÉ�Z���

��
�ÉY�]� ZÀ^»� ½YÂÀ�� Ä]� Ã�a� É{Á�Á� Ä^·� [Zzf¿Y� Ä]� ÄmÂe� Z]

Ê]�ÊÀvÀ»��Y� ,Ê�Z¼»�ÉZ¼¿��{�Ã�a�¾fyZ��Z]�¾ËÔb�Y���Ä�¬¿
Ã|��Ã{Z¨f�Y�Ê·�fÀ¯�d�Y���¾ËY��{�Ã�a�Ê¿ZÌ»��Â�y��Y�®Ë��Å

Ê]�ÊÀvÀ»� Z]�ºÅ���¬»�lÀa� Z]�¾ËÔb�Y��Ê·�fÀ¯�Ä�¬¿�¤f»�Ì�
Ã|��d�Y���Ã�a�Ä]�½�Z¬f»�c�Â��Ä]�d»Zz��½{�¯�Ä§Z�Y�ÉY�]

xa�ÉZÆf¿Y� Z]�Ë�]�ÊÀvÀ»��Y�ºÅ��Y{���Z]���Ã{Z¨f�Y�Ê·�fÀ¯�Ä�¬¿
,d�Y�Ã|��¶°���{�\Ìe�e�Ä]�Ä¯�ÉZÅ����Á���Ê»�Ã|Ë{|¿Â����

��

�¶°�����¾Ì]�Âe�w�q�ÉY�]�Ã|��Äf§�³���¿��{���Z¬»��
��

                                                 
2. Bezier� 
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�{�ÊuY���ÄÀÌÆ]�¶°��Ä]�®¼¯�ºfË�Â´·Y�� Á� ®Ìf¿�Ä°^��
kZÌfuY�,Ê^���Ä]�|Ì·Âe�Ä�|ÀÅ¦¸fz»�ÉZÅ�dÆm�{ZnËY�ÃZ´ËZa�

Ã{Y{�Ê§{Z�e�ÉY�]���Â»M�Ä°^��Ê^����µ|»�®Ë�½YÂÀ��Ä]�Ä¯
Ê»�|Ì·Âe� Y��®Ìf¿��ºfË�Â´·Y� �ZÌ¿� {�Â»�dÌ ¼m� ,Ê^Ë�¬e�,|ËZ¼¿

Ê»|�Z]���

 
�¶°������Z�§�Á��°»�t���ÉÁ��Ê·�fÀ¯��Z¬¿� �
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� ªÌ¬ve� ¾ËY� �{Ä�|ÀÅ� Ê§{Z�e� ÉZÅ��Â�y� �{� �ÌÌ¤e� Z]
� ¥|Å� Ã�a� Ê¿ZÌ»Ã|�� |Ì·Âe|¿Y� �Ã{Á|v»É���{� cY�ÌÌ¤e� �Zn»

�{Á|u����ÄÌ¬]�Á�Ã|��Äf§�³���¿��{�|��{�Ì¤f»�ÊuY���ÉZÅ
Ã|��Äf�Y{�Ä´¿�d]Zi|¿Y��ÃZ´ËZa�Ê^���Ä°^����Â»M�ÉY�]�Ã{Y{��

¶»Z��ÉY���Ä�|ÀÅÉ��{� �ÌÌ¤e� Z]�¦¸fz»���Ä�¬¿É��Ê·�fÀ¯
Ã|�� {ZnËY� ,Ã|�� �¯}� É{|�� ¶u� lËZf¿� Á� d�YÄÌ^�� Á�É�Z�

½M�ÉY�]�½ZË�m¹�¿��Y�Ã{Z¨f�Y�Z]�ZÅ��Y�§YFine Turbo ��d�{�Ä]
Ã|»M|¿Y����

����ÄÀÌÆ]Ã{�Z]��ËY�§Y�ÉY�]�É�Z��½M�lËZf¿�Á�� �
��������¥|Å��]Ze��

Ä�|ÀÅ�dÌ¨Ì¯d�{� Ä]�ÉZÅÄÀÌÆ]� |ÀËY�§� �{� Ã|»M�Z]�É�Z�
Ê»� Ã|ÌnÀ�� ¥|Å� �]Ze� �ZÌ »ÄÀÌÆ]� �{� ,{Â�|Àq� É�Z��,Ä§|Å

®e� Ê¿�Á� \Ì¯�e� c�Â�� Ä]� ÊËZÆ¿� ¥|Å� �]Ze�¥|Å� �]YÂe�®e
Ê»|�Z]���¾ËY� �{,Ä·Z¬»�� Á{¿� �]Ze� �Â¥|Å�f§�³� ��¿� �{�Ã|�� Ä
d�Y��Ä�]Y��É�����Á��Z¨e�Y� �Y�Ê^Ì¯�e�c�Â��Ä]� Y��¥|Å��]Ze
� Ã{�Z]Ê»� ½Z�¿|Å{� �{� ¥|Å� �]Ze� dËZÆ¿� ��� Ä]�\Ì¯�e� c�Â

�Ê¿�Á�d^�¿�Z]�Ã{�Z]�Á��Z¨e�Y�����¥|Å��]Ze�¾Ë�fÆ]�½YÂÀ��Ä]
|Ë{�³�Ã|Ë�³�]����

��

������
� Ä¯OF� ,eff� ,Pres�� Ák��,Ã{�Z]� ,¥|Å��]Ze� �´ÀËZ¼¿�\Ìe�e� Ä]

Ê»�Ê¿�Á�\Ë��� Á� �Z�§|À�Z]� ��Ë|¿Y� 0�Ä�|ÀÅ�Ä]��Â]�»�É
Ê»�ÄÌ·ÁY|�Z]���

� Ä�]Y�� Ä]� ÄmÂe� Z]����Ê»� Ã|Ë{�dÌ¼¯� Ä¯� {Â�ÄPt���¥ÔfyY
¾Ì]�Âe�ÊmÁ�y�Á�É{Á�Á��Z�§��{�Y{��Y�«���¯�k�z»��{���

������������������������������������������������������������
QP

T

t




.
��
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� Ä¯T� ,�� ÁQ�Ê»�Ê]{� Á�Ê¿Y�Á{�d���� ,�ÁZf�³�\Ìe�e� Ä]��

|À�Z]� 

� Á{� �Y� Ê^Ì¯�e� c�Â�� Ä]� ¥|Å� �]Ze� [Zzf¿Y� Z]Ä¸¼m��Z¨e�Y��Á
Ã{�Z]ÄÀÌÆ]� |ÀËY�§� �{� ,�Z]�dÌ¼¯�¾ËY�½{�¯�º¯� �{�Ê ��É�Z�

Ê»�cZ¨¸e��Y|¬»��ÅZ¯�Ze�{Â�Ã{�Z]�|]ZË��ËY�§Y���{Á|v»�Z]�Ê·Á
��{�dÌ¼¯�¾ËY�½{�¯Ä¸¼m��Z¨e�Y���Â�À»�Ä]�¥|Å��]Ze�É�Z�§
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