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Abstract 
This study empirically investigates the effect of turbulence promoter wire installation on the flow parameters of airfoil wake and 
wake flow characteristics such as average velocity and the turbulence intensity in the Reynolds number 3780 for airfoil and 
Reynolds number 30000 for the cylinder. The diameter of the wires was 1, 1.5, and .5 mm. The wire was installed with  in the 
airfoil thickness of NACA0012 and in the circular cylinder α=140.40 angle. The diameter of the wire has changed to obtain 
different turbulence flow. The current study shows the width and height of the velocity profiles have increased with an increase in 
the diameter. The outflow of the wake area was the same for all of the parameters. The rate of change of velocity and the turbulence 
of cylinder and the airfoil has been compared. The results showed that the drag coefficient has increased with an increase in the 
diameter of the wire in airfoil, and the cylinder has changed depending on the wire diameter. For the cylinder in Re=30000, there is 
an optimal state in which the active drag coefficient on the cylinder reaches to the lower value of the cylinder coefficient drag. The 
experiments show that the values of the height profile of turbulence and the decrease of velocity in the cylinder wires have been 
decreased in comparison with that of a flat cylinder.  
Keyword:Hot wire flow meter, turbulence promoter, NACA0012 Airfoil, circular cylinder. 
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)��	-  *��/
� :��;	��� �	��� ����
!�)� .
!� �s	�6 2� 
3� '�! 7�!

 )�8	
����� )�� 	-
=	!  >�,� 
3� ��� ���� ��9�- ������ :��;	��  �

����
!�  � ��, :�P0� � :��;	�� )��� 4�	L ����� ������
!�  ��!�0�

� 	&���� �-  ����/�����,.  )���	- ���� )�	-:��;	�� ��&
��� ��)�8 

5/1 �1 �5/0 �0 x/c=  ���� � )�	- )���	-����
!� �� ��&
���)�820 

�17�15 �10 �5 �1 �25/0x/d= � �� 
!� ��, Y�+�� x  7� �PC�; ���

 ��	;:��;	��  �����
!�� c 	�� :��;	��� d  	DE����
!� ��:�,) �,�-2 .(


=	! T8�� 	
�����1 W0 ������ O5� � R	= O5� ��2   b1/2  ��

 :�,)3( �, � 
=	! T8�� 	
����� .
!� ��, ���� *� � >

- 	�7 <-��� 7� >�,� 
3� ��� 
!�:���� 
 

  
7��2-  ��,9L)M�9"� �, 4,�=,= 4�=,= N<+ 5 4�,=)( ��,9��, 4,)( �>

=�( 7�9* O8���? �P�*, �= 789:)8, 5 �( Q,�E)> ��,9��, 5 789:)8,) .

�P�*, �= ���T,�� 1�9$ O8���? (��)
T �� �,)P  

  

  
7��3-    NA)� O>�E )��,��� W0 V2� �= �;�<�= ���>= V2� 5

 W)Ab ½  

 
     
!� >��C 1��- �� 
!� ��, Y�+�� �P%	� ��"v �� >� ���7�:  

�P%	� � :��;	�� 45� a�� )����
!�  7�! 2� 
3� '�! *��- $E��� ��

 .
!� T���7� ��7� *��	9 
=	! ��, '�g�� m/s 20 ��.�,�-  �-

�,� �- �9��: )4( �� :��;	�� *��/� 
P= �- ��V"; *��� ����
!� �

 :��;	�� � *��/
� ������ 7� S��U �� 
=	!����
!� �  �� j�0C ��D-

.
!� ��, 45� ��- :���  

�P%	� �� 	DE �- '�! �� �Y�� ) mm 5/0  �� ����� �-  
��KL

���# �- :��;	�� )	&�� � ��d�- jD! �� ��� �� )� ������ jD! ��

��	� 45� �,�-  )�	- ���� � ���� ��	E T���7� $E��� �� �� :��;	�� �

 Y�+���	�# ��.  )�	-����
!�  ��  	DE �- '�! mm 5/0 ���# �- �� )�

 ����7 )���� .;� �- 
��� ��40  �140  �9����,�-� ���P�! )�� �

 45���	��  q~!����
!�  �� ��T���7� $E���  ��	E :�������  �

��&
����7���� 	g� ���� )�8 )	�#����, )�	- 	g� ���� )�8����V� .

 � :��;	������
!� 2� 
3� '�! �- ("+� t�-	� )�8����V� :��, 7�!

 �- '�! (�� Y�! �P%	� �� .��- �8��U >�,� 
3� � <!�
� 
=	! �-

	DE mm1  � :��;	�� )�	- �P�E 
�QE�� *�V8 �� ������
!�  45�

                                                 
1 Velocity defect  
2 Half with 

  
7��1-   �
*��� =�( 7�9*: X,J�, 7��� 

1-  G9
#8)���� Y:2-  ��		E).�	�3-  4�9*4- ��@ �9<�� 45-  Z�*[,

 O�,�?6-  \���7- P�*,� O8���? 8-  �( ]�
6�) �=�#��, =�9� \��

��
�()��  

w� = 	
�	�
�
	


                                                     ( 3-1 ) 

%Tu = ���������
	


× 100                                              (3-2 ) 
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��	�  ����� )���	-  �� �� )�8�&
��� �� a�� 
 � T���7� $E���

 wK � 
=	! )�	-m/s 20 �� Y�+���	�# (�� Y��"v �P%	� �� .

 ���� 1�V8 T���7� '�! )�	-	DE �- mm 5/1  >��C ���	�#.  

 :�, ��)O��-4( :�;�	� )�8�Q- �- 
=	!  �- t�-	��;	���: 

 � [�C�;	���:  '�! 	DE �! �- �V�! ��OP
K� �� ��8� � �� ��	#

 ���
�� ��x/c'�! 	DE 7� 	g� [	C ������ ���8� ��8�  1��\V8 �S�� 

�8����V� �� �� 
=	! 'V����)�� T8�� � T��(;� 4��	� �- (���� �-��

'�! 	DE �v 	8 ��U ��&
��� $� �� 1��\V8 ��- �8 ���8� ��	# 	
 

�� T��(;� �������-�� - ��G� e=�- �����= �- �� � ��d�- >�/�Z �� 2	

�� :��= a��!.��	#  ���� '�! 	DE T��(;� �- ������ 
=	! >�	��N�

�� >��C $� �-	DE �- '�! 4��	� �- �� )�0� �- �,�- mm5/1 

	DE �- '�! �a�� mm1 	DE �- '�! �Y�� mm 5/0  :��;	�� � Y�!

 '�! *��- �
;	# ��	E �"
�� ��.
!� ��, '�! 	DE T��(;� �- ��8S�� 

 ��&
��� �� �������� ���� T��(;� �c(9 >��C �- ��U���.  [	Z 7�

 ���
���� )�	 �� �- 	&��x/c ���� �E�- *��/
� *��\V8 ������ � �

�s�� ������ ����0� �� >�	�6=	! .�,�- 7� S��U �� ��, �Q- *��- 


����� �P%	� ��"v 	8 )�	- ������ )�� ���.�,�-  �	v ����� :�P0� ��

�� 1�- 7� :��;	�� ������ �:��;	�� 
 � 7� 1
;	# �PC�; �-�� ��� *���

�� ��	E ��7� *��	9 	�6�� 
0� ��9�� �,	- ��d 
G# �+�
� �� � �	�#

 ������ Y�� 
0� �,	- ��d 1
U�! $P"
�� 	- �Q! ��7� *��	9

�� ��� ]22[.  

:�, ��)f-4( :�;�	� )�8�Q- �- 
=	!  �- t�-	�����
!�  [�C

 �����
!�  '�! 	DE �! �- �V�! �� �- �� ��	&�� ��8� � OP
K�

 ���
�� �� a�� 7� �PC�; T��(;�x/d 
U����� *��	9 x�7�� � 	�

��  ��� ; *��- '� :��� �- (a�� 
 � �/�E� )a�� ��&
��� �� .��,

� ��9�- :����
� *��	9 �- ���7 �� ; [b
U� 
��% 1�� �� .��� �

 ���, a�� 1���� � d�- �� :����
� *��	9 �- ������ 7� 
=	! >�	��N�

 � d�- �� 
=	! 	&�� >���= �- .
!� ���� )���, *����	# a�� 1����

��  � ��� U/Uref ���% 7�2/0 ��3/1  )��� �� 	��N� Uref 
=	!

 *�, ��� �- ^���� �- .(
!� x9	� 
=	! �� ��7� *��	9 1�� a�� 7�

�� 1�- 7� *����	#.���  )�8�&
��� �� 
=	! )�8 :�;�	� �- �9�� �-

 �� ��, �� ��8� � OP
K� �- ����
!� ������ 
=	! >�	��N� ����

�V� 
U��� $� >��C�� .�,�- *��- ���&��� �� ����� 1�� :��� *���

 �� ���V�
;	# >��C ����
!� )�� 7� *��	9 T���9 ����
!� a�� �� �

 
 � � [�	Z� <�0� .
!� ��	� ���� ��V� ����
!� �- ��+� *��	9 �

�
G,� ����
!��� ���� ���, �# 
 � �� a��! �� ��+� ��V� .���

�� 	��N
� �&
G,� >�, ��9� �- �9�� �- '�9�-��	# 7� *� � �����

 )�8�g0�q���	; � �7���� �- 	��N
� � )� ����
!� 
 � �� OP
K� )�8

.�,�- �� �� 
=	! � 8�� ���� *��- 'g��- �� �P��� ��U �����

�,�- ����
!� �� ������]23[. 

  

  

(O��)  

  

  
(f )  

7��4 - )789:)8, 4,)( �^( �5�( NA)� �,=9��V;,)��,9��, 5 (ب(           

4�> )_P �= ��� -�.�/, 0
� �( 5 ��� -�.�/, 0
� �5�(          

mm  5�./1�5/1   NA)� �=20  �
��+ )( )��  

  

 :�, ��)O�� -5( �� ��8� � >�,� 
3� >�, ����V� �� �� '���

:��;	��  >�, ����V� :�;�	� �"V�! 	DE T��(;� �- 	
�"� �,� 
3�

���� � ��	#'�! 	DE T��(;� �- 
G# *��� ���/� �8S�� - >�,� 
3� �

�� T��(;� �c(9 >��C 	8 �� ����� 	&�� �
�� .�-��4  ��-(� 
��%

 ����V� ����� � ��, �G% ����V� �P� :�,��	= �
;� �
;� 	�

�� �- ���	# ���#��&
��� '�8��K- 	#� �� )� )�81=x/c 0و =x/c  �-

'8 '��� ����/�  
�QE�� >�,� 
3� >�, �� ��, �� ��8� �

1=x/c  �- 
���0 =x/c  �
!� �
;�� T8�� ��8� � 1��\V8

��  ���G
!� �� '���7� 2� 
3� '�!V v >�	��N� 7�! ���/� �� )	�&

S�� �V� ��+�� >�,� 
3� >�, ����V�T��(;� e=�- )���% �� � ��� 

S��  �- >�,� 
3� )��"� T��(;� e=�- � ��, ������ :U�� �� >�,� 
3�

'�! 	DE T��(;��� �8 .��,  

     :�, ��)f-5(  ���!�	- ������ �&
G,�  ����
!���8� � �� ��	#

�� �- )�	 �� �� ��&
���)�8 	��P9 R	= :�;�	��8 7�- 	� �����	# �- 

���#)� ��  S�� �8����V� 7� ��&
��� Y�! �- �Q- 7� �� S�� ���9�� :�, 

$� �V"! �- ��U ����	�#- . � >�	��N� �- ���
;� 1�� �� �!� �� 	g�

- .�,�- t�-	� �-��	# �� 
�� ����	; �� 1�����-:�, 7� �Q �-��	# )	�#
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������ ���-��	# �$��(� ) :/
�� *��	9 
!� 1���� 
V! �- �8

�� ����� .���,�- d�VQ� �� $��(� ) ���%�� >��C 1�- :U��� )

����
!�  *��	9 ��� O�	Q� ��,��9����]24[ .�� ��g
���+�
� �� ��� 

� �"�� �a�/
�� 1��
�V� �� ��v�� >�	��N�7���� )�8 �� ��, )	�#

 *��	9 
"9��� ��+��. 7� [	Z 	&�� S�� >�,� 
3� (�� �- )�	 �� �- 

��&
���)�8 	��P9 ���� � ��(;�-� 8�� �� a���� �����.  

  

  
 (O��)  

  
 (f)  

)��5  )ب() 5 ,��9,��ا��(��9=,���1 ,/�.���1 )(,4 ,8(:789 -7��5

-�.�/, 0
� )_P �= ��� -�.�/, 0
� �( 5 ���4�> mm 

5�./1�5/1   NA)� �=20  �
��+ )( )��  

  


=	! T8�� ����V� �� ) :�,O��-6 1�- )���/� [b
U� �8�, (

/�2� 
3� '�! �- ("+� :��;	�� 	��� '�! *��- :��;	�� �- 7�!

�� 
�QE�� �� �� ��U 4PD� 1�� .'�,�- 5/0 =x/c  *� ��� ��� .�8�

 )	�&V v >��G� �7�! 2� 
3� '�! �- :��;	�� �- t�-	� 	���/�

 ��������� �7� *��� ����V� 4�, �� ��V"; ����V� )�� '8 �- ���	/�  �8

�� 	-�	-�� 	&�� �����= �- �� ��,�- 
=	! T8�� k�8� 
G# *���

 �- t�-	�4 �� 	-�	- '8 �- 
��%� </; � ��,�-
G�, �� �"�� >��G 

�� *�, ����V� � �8����V� 	8�� 7� 1��\V8 .�,�-�� ��8� �� ��	#

��&
��� �- )�	 �� �-�P9 )�8 T8�� t�-	�  )�8����V� 4�, 	�

�� �-�� .  


=	! T8�� ����V� �� :�, )f-6 1�- )���/� [b
U� �8�, (

 	���/�����
!� 2� 
3� '�! �- ("+� �- 7�!����
!�  '�! *��-

�� '�,�-. ��
G# *��� � ��� ��&
�5x/d= S�� ;�	��:�8)  
=	!

V�)�) ������ �� ��9�� 
=	! ��W0(( T8�� � 7� ��� 1� �� ��&
�

�� ��&
�10x/d= �(;��� T�� 7� q~! ��	� �����&
� 10 x/d= �Q- �-

� T8�� 7�-�� ���  ���������= �- �� ���� 
=	! :L�G� 	
�����)  ����

 8���-�(;�� �- 8��� ���,�-.  

 �� ����/� �-:�, )O�� -6( �)f -6( �� �� 
;	# �+�
� *���

'�! 45�2� 
3�7�!  ��� �- 
��KL )�� 	- OP
K� )�8	DE �-

��;	��W���	/� T8�� e=�- : �� 
U����� ������ 
=	! 1�� �� ��,

 ���� �� ��� ���� ����� ������ ��&
��� �� ��������
!� �	��� T��(;� )�

 �- �� ��, �5K � ��&
��� �� ������ 
=	! T8�� e=�- '�! 	DE

 1�� *�����	
�# �N� �����	DE T��(;� � ��, R�= 
=	! >�	  '�!

�� ������ 
=	! T��(;� e=�- )�	 �� �- �� ��,��&
��� �� )�8

�� ��8� � )�Q- .
!� ��	� ���� T8�� ���-�� ���� 1�� �� ��, 
  

  
(O��)  

 

(f)  

7��6-  NA)� )

b* �,=9��)W0( 789:)8,)V;,��,9��, 5 ()c ( �=

��I��8,V��3� 4�> 
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 ��:�, )O��-7 ���
�� �� ( x/c O5� �� ������ ���8� O5� 	�d�-

 .V=b1/2  �- � �-�� �� T��(;� )�� ��, 45� )�8 '�! 	DE T��(;�

��� �- :��;	�� 
��KL  1��\V8 � ������ ���8�  ��U ��&
��� $� ��

S�� V�) 
=	! :�;�	� )�8����V��� ���� T��(;� (������ 
=	! ���-

��� 	 �� �- 1��\V8��&
��� �- )��� ���� 	��P9 )�8 1�	
V� ��,

 ���/�S��  �� ���8� O5� � (������ �� 
=	! ���/� 1�	
 �-) 
=	!

 �- t�-	� .V= O5�����
!� '�! 	DE �- �V�! ��  mm1 �� .�,�-

 )�	-����
!� ����V� �� )f-7(  �)f -6(  7� �� 
!� ���,�5x/d=  �-

�Q-  1�	
 �-W0  �b1/2  �- t�-	� 4��	� �-����
!�  � [�C����
!�  �-

'�! 	DEmm  5/1 ���,�-. 

  

  
(O��)  

 

(f)  

7��7-  �,=9�� 1,)

b*  d�A V2� �= �;�<�= V2�)b1/2( 

789:)8,)V;,��,9��, 5 (c) (��I��8, �= V��3� 4�> 

  

      ��:�, )O�� -8 ( :��;	�� )�	- T8����� �-  ������ �� >�,� 
3�

:�, ����V� q�= )����	; )O�� -7( �� �Z �����# �- .��� �- �� )�

��&
��� �� )�	 �� ���/� 7� 	��P9 )�8��� �-  ������ �� >�,� 
3�

 � ��, �
!��S�� �� ���� T8�� ����V� .���
!� ��
G#  	���/�

 �- t�-	�3 2� 
3� '�! 
��% �C�U ���,�� '8 )���� 7�! �- 
!�

���#��/� 1�� :�P/� k�8� �
% �� )��� 	&��V8 ���, (�� 	� .�,�-  

      ����V� ��)f -8( ����
!� )�	- S�� >�,� 
3� �- )�	 �� �- 

��&
���)�8 	��P9 ���� � ��(;� -� 8�� �� a���� ����� -� ���#)� 

�� )�	- $� a�� ��U ��� �- >�,� 
3� �� �� ��&
���0 x/d= 

��P- �� ��&
��� 1x/d= u�G�� ���
;� � 1�� ���� )�	- 	8 ��"v a�� 

�� ��	����, .1��\V8 ��*��� 
G# 1�	
 �- ���/� 	
����� ��� �- 

>�,� 
3� 7� ��&
��� 5x/d= �- �Q- �- 4��	� �� ����
!� �[�C 

����
!� �- 	DE '�! mm 5/1� q~! �� ����
!� �- 	DE '�!  

mm5/0� ����
!� �- 	DE '�!  mm1 u�G�� �� �
;�.  

  

  
(O��)  

  
(f)  

7��8-   )

b* �,=9���	
.
( 789:)8, 1���.�/,)V;,(  

 5��,9��, )c (�;�<�= �=  
  

     ��7�� � �	-) !�	-� 	9 � ��- :��� ��&
!� �	�PV= 
0C�*� 

! ^�!�' Z �� ��, Y�+�� ]��� ;�	� *��: -� � 
=	! �Q-�&���1  �

 �� 2� 
3� >�,mm30 x = � ��= ���7���� 18750  �- � ��!�0�

�
��^ /0��. ] ���#�� � ������25�� �[mm 49 x= � ��= ���7���� 

97000 �/����  :�, �� �� �,9 
!� ��" � .  
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