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Abstract  
Microelectromechanical systems as a promising and efficient technologies of present age can bring about a great revolution in the 
industrial and commercial products. The increasing development of technology requires the use of wireless sensors (without power 
supply); so the study and modeling of micro energy harvesters is an important issue. In this paper, a micro flow sensor consists of a 
symmetric multilayer piezoelectric with a micro energy harvester have been modeled and simulated. In order to model this sensor, 
coupled equations between solid mechanics, fluid mechanics and piezoelectric have been solved with finite volume and finite 
element method. To ensure the solution, a fully fluid-structure interaction simulation of micro flow sensor in COMSOL Multiphysics 
have been presented. With the flow rate of 60 micro liter per minute, the transverse displacement of the free end of the beam is 9.5 
Nano meters and the generated voltage is 2.30 millivolt. 
Keywords: Micro flow sensor, Piezoelectric material, Micro energy harvester, Finite volume method, Finite element method 
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 W�/ �� .��
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 �A�	] ���	��:���� �< ���` �� O�< ����	L 8	�25  ��500  	
���	���

7� .��< �H�`� 	< :� �=  ��3<� �< ���	�2 	/ 0� 	���	��� 0�03/0×1×3 

�b�� ���V
/� 	
�   0� 	���	��� 8�� W��/ 	k� W�D;� 
1L .���	�

�� ���� 	�� �< �� M�	D
� 8�	�� 7� .��
 	2 	E� �� �� ��.  O��lD= �=
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�8.[   

 W�/ ��2000>�����D= � ���:�� � �� _�1V� :� _�1�� �<1 � 	5�A
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.�� �A�	]
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>�����D=  �_�1V� O�D= :� ���V
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���H� �M���
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D� :� 20 �
��/ 	
� 	< ����k 
/� ]12.[  
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���� 0�	
����M�� �A�	] ���	� .O�� 	5�A �< ���V
/� :� 	��R� 7��� 

0� 	���	��� ���` �< �:���� 8	�2 7��	L W��/ :� 2 �� 18 	
�� 	< �H�`� 


/� .7��	L :�2 ��
<� :� 0� h�V��� ���; ���� �� ��. � hr/ �< 

s�� 0� 	�� 0� 	/ ���	�2 0�	
����M�� :� h�L ����� 8��  

���U	< �� ��� .7� �= :� ��	E� 	b��� -����	< 8�	< 	�� ���V
/� ���	� � 

\��
� �=�56���:� ��U �� M�� )��M2 ���� ��� ]13.[ 
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���	��� ���V
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] �.�3��� 8X	�� F��:�<�	���15[�  0�	
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��� 8X	�� F��:�<�	��� �[17 8X	�� F��:�<�	��� �[

���	
��� -] ����	A18[ ] �����
/��	
��� 8X	�� F��:�<�	��� �19 [

�
/� ��<��. 8 W���
� �� ��� 7� O�	� F��:�<�	��� �=  8X	�� 8�=

.��
�= ���	
����M�� � �.�3���  W�/ ��2003 7����D= � 8���� � 0�

	�� ���� .���	� �/�	< �� ���	
����M�� 8X���.  �� ��� 7�6� 8:�/

���1< 0�	
����M�� 8X	�� F��:�<  ���5Y ����� �< ���` ��. 8:�/

7���250 �
��/ 	< J�� �	���  P3�� 	
���.�3��� :��  h���	  �<120 

 F�
. � M�	=5/2 �� ����k ��*I� 	< 	
� ] �.�<20.[  

 W�/ ��2003� W�� 7���2� >�� 8�	< �� �b�bC� 8�=  7��� ���<

 :� ���V
/� �< �CV4 0� � ���	�2 	/ 0� 	�� 0� :� 8X	�� F��:�<��	E� 

	b��� 	�� - � ��� �3/�� ����	<  �=�56���:� \��
� �< �� ���� 
/�< \��
�

 � �=�56���:� \��
� 	�� �< ����� 0������= 8�	�� �� .�	� ����H�

 ��3<� �< 	�� 8�	< � ����< 0��M� 9= �< ����< �b�bC�50×200 

�b�� �< ����� 	
�  �:����25 ] ��� 
/�< J�� �	���21[ .  

 W�/ ��2004 
��� � 8���� ���� �0 ��:� �L��8 �� 	<�� 

�=	
�����8 � ��
 	2 	E� �� ��  ��	6   ��K�� 7�D�� :� ���V
/� �<

�6DU � �<�> <��� � ��
 �������� ���	� :�<�F� �=8 X	��8 

��	
����M�� ���
U��	� ���. \��
�  �A�	] ���D� �� ��� 7�6� 8:�/

7� [/�� ��.  7��� ���5Y ����� �< ���` �=375  	< J�� �	���

�
��/ P3�� 	
�  h���	  �< J�.�3��� :�120  F�
. � M�	=5/2  	< 	
�

�� ����k ��*I� ] �.�<22[.  W�/ ��2005 ����� Zm���
  �7����D= �

 W���0 ��:� �L��8 �	< �� 	�  � _	L8 ��:�<�	��F� 8X	��  	E� ��

C� J��	A � J�.�3��� :� �� ��
 	2�v� �	<8 ����� X	��8 	
������ 

����V
/ ���� �� �:���� �<30 ����� �� ��	 ]23[.  

     W�/ ��2007W�� � Z�bC� >�����D= � ����/ 
�L� �  8:�/

 	< �b�bC� )�� :� ���V
/� �< X�
�� ����� 8�	< �� ���	�2 	/ 0� 	�� 0�

 ��/���	E� 	b��� 	�� -  � ����� _�I�� ���.�D�� 	�� JK��3� � ����	<

� �� 
��A �� O�� O�< \��
�7� .����D� ����H  F��:�< �� ����� 7�6� �=

���1< 0�	
����M�� 8X	�� 7��� ���5Y ����� �< ���` ��. 8:�/250 

�
��/ 	< J�� �	���  :� P3�� 	
� h���	  �< J�.�3���97  � M�	=

 F�
.8/9 �� ����k ��*I� 	< 	
� ] �.�<24.[  

 W�/ ��2009�v<�� OD��� � s���	�� �  8�	< z�	4 8� X�
��

 8:��� � 8	/ W�B�� �< ���	
����M�� ��K��Y 	�� 0� :� 8�����

��K �
 	2 	E� �� 8X	�� F��:�< .������ 
/�< ���	
����M�� 8�=  ��.

7� [/��  ��	` ���� 0�	C� 	�k^� 
C� �� ��< ���	�2 	/ 0� 	�� 0� �=

7� .
.��  ��3<� �< 	�� 0� 8�	< �� ����� 7�6� �=20×100 �b�� 	
� 

 7��� ���5Y8/6 �
��/ 	< J�� �	��� P3�� 	
� h���	  ��6/45  M�	=

 �
���H� ��< �35 �� 
/�< 9=� �b�� ] ���25.[  

 W�/ ��2010 :� ���	
��� 8X	�� ����� 8�� 	< 7����D= � O��A �

7� .���	� ��� W��/ 7��	L J�.�6
{�  ���	�2 	/ 0� 	�� 0� �=
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 �5��5Y O��lD= � 	�� �3��] h���	  �< 8����� X�
�� 
��A O�� ��

7� .���� �5
�< W��/ �� 7� 8	�2 ��	` ZC� �  :� 8�3< �� W�� 0� �=

	���� JK��3� -���. 8�	< �� ���	
����M�� 	�� � h��
/�  	E� �� 8:�/

���. .��
 	2 _	� �� 8:�/ m�b  ��M �
�1  ��3<� �< 	�� 0� 8�	<

2/0×16×30 �b�� 8	D�b� 0�	
����M�� ��K 0� 8���� 	
�  

b�� ����b���O ��b ��2  ���	
��� 7��� � 
 	2 _�I��4  :� J�� �	���

 W��/ 
;	/7 ] ���	2 ����� ����k 	< 	
�26.[  W�/ ��2010 � n�� �

��3  �� ���	� �A�	] �� W��/ 7��	L :� 8X	�� F��:�< 0� 0� :�

��. Z��6� 8	D�b� 0�	
����M�� h�L �< 92�	 ���  :� ���V
/� �< � ��<

 ���	
��� 8X	�� ����� �W��/ �< >������ 	k� �� ��. ��I�� Z�. 	��R�

��  �m��� W�� .�	�  �L�	U 7��� 
/� ���` ��.2/0  ��6  �� J�� �	���

196/1  h���	  � W��/�� �b��26 ] ��� ����� �� M�	=27.[  

� W�/ �2012 0� :� ���V
/� �< 7����D= � ��� n�����= �

 0� ���	
����M�� 	���	���	5�A  7��	L :� 8X	�� F��:�< �	��� �

 W��/ 
;	/ �� ��< ���` 8X	�� F��:�< �	��� O�� .���	� �A�	] W��/

6/15 �����k 	< 	
� �< 8X�
�� �:���� 1/18  
�� �b�� � 7��� ���5Y36/0 

 	< J�� �	����
��/ P3�� 	
�  �������� ]28.[  

      W�/ ��2015 �	��
 �����|  �7����D= ��0  �9b  s:��

��	
����M�0 	L �� ���7� /�W� ���� ��	` / ���U	< �< �� ����W�  >3�	�

�� ��.K �1�� .�� ��	
����M�0 �< �� / J��4�9
�  	�  � _	L�0 

��:� �L��8 ��	� W�� ���� � X�
�� � ���� �< ��	�P  �< 	<�	<60/6 

�b��  
��� 18/0 J�� �	��� ����� ���	� ]29[.  

 ���H� O�� �� ��K�� �< 7��H
� ��K ��Y ���	�2 	/ 0� 	�� 0�

�< �����b�/ ���� ��K 0� � a�	]� �� 0�	
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