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Abstract 

In this study, changes in velocity and turbulence energy in the wake of a Peugeot model and the drag coefficient changes in an 
Unsteady Flow, with increasing vehicle speed (inlet velocity), are Measured and evaluated. The blow open circuit wind tunnel to 
simulate fluid flow is used. The maximum disturbances and nominal maximum speed of the device, respectively are, 0. 1% and 30 
m / s. The inlet wind velocity has been increased continuously by an inverter that causes the changes in rotational speed of the 
wind tunnels electro motor. The results showed three different regimes in the velocity profile of the near wake model. With 
increasing distance from the model and with increasing velocity, three regimes in the wake are close to each other. Turbulence 
intensity is measured in the wake and drag coefficient decreased with increasing the flow Speed and reached to a minimum value 
and then increased. 
Keywords: Unsteady Flow, car model, drag coefficient, turbulence intensity, hot wire anemometry. 
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 ρú#���-2��,́�́����-,́�#-����� 
2

, ,
2 1 2 ,2

p p y u u y u ysa s w
C d d dd q l U U l lU

− ′
= + − −∫ ∫ ∫

∞ ∞ ∞ ∞

        
        
       

)1 (  

+�@0�� �� ��O:
$� ��4 H��!� 	�; /`B �$ ;� ����[� 2�� �)���B  

1-                       :"��!A  

  
,,,

∫ 














 −

∞ l

y
d

q

pp wsas  

2-                        : l�
����   ,12∫ 















−

∞∞ l

y
d

U

u

U

u  

3-                     :";������ /��.2
2

2








′
∫

∞ l

y
d

U

u  

:)���� "� +�
$�R# H�RY� \�O  

,,, qpp wsas ′+=  

.)(
2
1 222 wvuq ′+′+′=′ ρ  

) ����[� �� �� j�B ����[� 	#�1�� 	�; -���, �B �)�0� ��	k (:)�$�  

)2( ,
)(

3

1
12

2

222

∫ ∫ 






′+′+′
+

















−=

∞∞∞ l

y
d

U

uwv

l

y
d

q

q

q

q
Cd

 

  )��� }	A �� ����Q �� �wvu ′=′=′ �� 	�; ����[� �B:)�$�  

)3( ,
3

1
12∫ ∫ 







′
+

















−=

∞∞∞ l

y
d

q

q

l

y
d

q

q

q

q
Cd

 

 :+� �� ��  

.)(
2

1 222 wvuq ′+′+′=′ ρ  

 �B �
$� "�[B�� /���;� ���� 7�� �� ��� �� ;����# +��	< �� "�

"�0	
����� h�A	Q 2��	B��B ����� +��	< /���;� �FGY� ���
�� �� N]A 

����; N$�
�vu , ����� ��<� 7�� ������ �� X�!
5� +�t ��� .

 *�� �� +��	< 	B ��@, 
%< �� �4�!
5� �G��� ����� "�[B �$ 
[��O

 ����k HB�k =�	]� �B �+��	< +��B "�[B �� 
R, �B �� 
4�� )�0��6

�� 	F� b	Q +� ;� .)��� 

X 

5�/*%& �*/* 5�
1
NS,� 

T/%� ��		@ ��&�� 

L 

T/%� 

A,1
� �(,( 

Y 



 

 

$�
	B

� 
B	 

�
� 

��
�� 

;� 
��

�G

$

� �
B �

��
�6

 7
��

 &
� �

���
��

�0
" 

;� 
H

Q
�'

 ... 

36 

    
�$� ���4 ���!� /���;� |n]� }	, ���
�� �� /���;� ���� 7��)

�B 2�A	O �� ��B H��� ��O���< yn$ � 
$� �����t /���;� |n]� �

�@� ���, 7�� ����< 
@�k ;� ����	< ~�0   "�� ;� h�A	�Q +���	< .���

�� ���, /���;� ���� 7��) ����[� .(���3   =�	�> ���$�Y� "�	B *�� (

��� �B "�[B�� 7�� ��� -j��[� 2�� ;� �2��	B��B .
$� ���� 
$�  +����

�;���� "�	B  ��B ���� "�	�� =�	> "	�#X��Wake-Survey   H�6�� ��

� �
� � �	� ���G
$� ��B H����B "�0   ]
�$� 	��
[� ����� 
$�22.[  ��

) ����[� ;� \�]Y� 2��3�;���� "�	B (    ���G
�$� ���� "�	��� =�	> "	�#

  ������� 2��; -�	o� 	>�' \�]Y� �� �� 
$� y�>�� �B l;j .
$� ��4

 -��Q �B 7�� �� ;� �� � �� ;� � 
$� ��4 �
A	#   )�0 ��B 
��� ���	k

     	�F� �� �� ���4 ���$�Y� "���� =�	> ;� �@�� �S� 
$� ��4 ���G
$�

�� .)�	�#  
  

5-9��1� 3
� '  
 �$ "�	B � _R
`� -�,�G��� �� ����6 ������ �� 
,	$ -�	��.� ����

.
$� ��4 )$� ���O 
�[k��  	GQ ;� +��	< 
,	$ ����� �B �<�� �B

�
��%� ��" m/s 27  �� 	GQ 2�B ;������ ��, �S� 
$� 	�.
�1.08 ∗ 101  .
$� 	�.
� ��"�0 H�4)4  ��11( �� ��0�!�  �� ��4 ��5 


�[k�� 	��$ "�	B ������ �� 
,	$ /��*A� ���� 7�� ����o  +���� �0

-��G� "���� +��	< 
,	$ /��*A� � +��; 
4S# �B � 
$�  ���4� �0

�� ����6 �B &��*� HQ��A�� .��4)X/L=0.01 ( 
,	$ /��*A� +�*��

 �,�G��� 
�[k�� �� +��; 
4S# �BY=11mm  _]$ �B 	���
�)

 T�G��� /��*A� �B � 
$� 	(�� 
�[k�� �� ;� 	
@� (����6 =], d���Q

 2�� � 
$� 	
!�B 	(�� ���O 
�[k�� �� �B 
��� 
,	$ /��*A� ����

�� ����6 ���k�A 
@�k �� 7��$ 
< ��<� 	O�6 �B .�4�B  ��

���# �B 
,	$ -�	��.� ���� 	� 2���� -�,�G���  ��
B� �� 
$� "�

 ���]� &� �B +��$� ;� U� � ���B �!��*A����!�B  � �
A�� /0��

�� /��*A� ��� �  
�[k�� "�	B ���6� 2�� .�B��X/L=0.01 ��@R�  	�

 "�0 
�[k�� "�	B � 7�� ;� +�4 ��� �B ����� 	(�� =Rn� .
$�

	�j�B �,�G���  ;�Y=11mm  ������ -�	o� (=], d���Q T�G��� 7��[�)


$� �
A� 2�B ;� 7��.   

  

  

 3��4-  +�*,- �(�)�* �* J;%� A/%

U' 

 

 3��5- +�*,- �(�)�* �* J;%� A/%

U'  

 

 

 3��6-  +�*,- �(�)�* �* J;%� A/%

U'  

 

 

3��7- +�*,- �(�)�* �* J;%� A/%

U'  

 

 

 3��8- +�*,- �(�)�* �* J;%� A/%

U'  

0

5

10

15

20

25

0 5 10 15 20

u
(m

/s
)

time

y=1mm

X/L=0.01 X/L=0.5 X/L=1

0

5

10

15

20

25

0 5 10 15 20

u
(m

/s
)

time

Y=3mm

X/L=0.01 X/L=0.5 X/L=1

0

5

10

15

20

25

0 5 10 15 20

u
(m

/s
)

time

Y=5mm

X/L=0.01 X/L=0.5 X/L=1

0

5

10

15

20

25

0 5 10 15 20

u
(m

/s
)

time

Y=7mm

X/L=0.01 X/L=0.5 X/L=1

0

5

10

15

20

25

0 5 10 15 20

u
(m

/s
)

time

Y=9mm

x/l=0.0.1 x/l=0.5 X/L=1



 

 

'��� 
���

;	
B

� 
 �

�j
��

�,
�	 

��
4�

6 
&

B
�

U 

37 

 

3��9- +�*,- �(�)�* �* J;%� A/%

U'  

  

  

 3��10 - +�*,- �(�)�* �* J;%� A/%

U'   

 

 

 3��11-  +�*,- �(�)�* �* J;%� A/%

U'  

  

3
� ' �X��@%K  

X�!
5� "3	�� 	
]�k� �$�	B ��F�� �B 7��$ +��	< "�0�  ��4�


$� ;��� ��%�� H�RY� � ��* � � �@� X�!
5� 2�� ��  �;�' �� �0

X�!
5� �� ���(�0 .��4 �$�	B U���	A  �;�' ;� +��	< 
,	$ "�0

�� H���� U���	A �;�' �B +��;  ��4u2#�f�  	(���B "3	�� ���]�

.
$� X�!
5� "��Y� �G��� �B ��B	� �(
G4�  

H���� ����A "�%���(�$ 7��$ �4�!
5� "3	�� "�	B �;���� "	�# ���]� 

U���	A ��S# "�%���(�$ � )e�� ��G� 
$�. 2�	
@%� �	B��� H���� 

����A "	$ �� X;��	� 7��(�$ 
$�. +�@0 ��O +��
�� �� �6	B ;� 

|B��� �� �B -��Q N�B ��R�� ;� |B��� �R@< ��t "� �
4�� �� +��� 

|B��� m���
� �� �B �B�6 	B |B��� =�' �$���$ �B ;�A ����� � =�	> 

���`�� 
4��. 7�' H�4 H���� 7��(�$ �B "	$ ����A �B X�� "�0 

H���� "	$ l� �� ����A �� ��4. �B �R�$� H���� �
��# ����A 

�� +��� |B��� "�%���(�$ � �
��# �� ;� �;�' +��; �B �;�' U���	A 

H���� �	�. �� 2�� /0�1� �B ��F�� H�RY� ��Y� |�;�� "3	�� 7��(�$ 

-�,�G��� �� _R
`� H�RY� "	$ ����A "�	B 7��(�$ �� -�,�G��� 

_R
`� ���� �<�� ��	k �
A	# 
$�. H�4 "�0 13  �14 -�	��.� "3	�� 

�B U���	A �n]� �� �� �y=1mm �7�� _� ;�y=11mm  T�G��� 7��[�

 T�G��� �� � =], d���Q17mm ����6 _]$ 7��[� �� +�!� �0�.    

�$�	B �� +�!� �0 �0�R�4) "�%12  ��15 (  �4�!
5� "3	�� +�*��

 P���� �B 7�� �B &��*� HQ��A �� T�G��� /��*A� �B ������ �� +��	<

�� /��*A�  7�� ;� +�4 ��� �B � �B�� _R
`� -�,�G��� "�	B +� +�*��

 +�*�� "���� +��	< 
,	$ /��*A� �B 
$� y>�� .
$� +���� ����'

�4�!
5� "3	�� +�*�� +� 7���� �B � +��	< -�4�!
5� �� /��*A� .�B��   

  

 
3��12-  J
NS,� �* �(�)�* 2��%� ���G1Y/ 5Z%�/x/l=0.01  

 

  
3��13-  J
NS,� �* �(�)�* 2��%� ���G1Y/ 5Z%�/x/l=0.5  

  

  
3��14-  J
NS,� �* �(�)�* 2��%� ���G1Y/ 5Z%�/x/l=1  

0

5

10

15

20

25

0 5 10 15 20

u
(m

/s
)

time

Y=11mm

X/L=0.01 X/L=0.5 X/L=1

0

5

10

15

20

25

30

0 5 10 15 20

u
(m

/s
)

time

Y=15mm

X/L=0.01 X/L=0.5 X/L=1

0

5

10

15

20

25

30

0 5 10 15 20

u
(m

/s
)

time

Y=17mm

X/L=0.01 X/L=0.5 X/L=1

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

0 100 200 300 400 500

�′^2
 (
4)

frequency

y=1mm y=11mm y=17mm

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

0 100 200 300 400 500

�′^2
 (
4)

frequency

y=1mm y=11mm

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

0 100 200 300 400 500

�′^2
 (
4)

frequency

y=1mm y=11mm



 

 

$�
	B

� 
B	 

�
� 

��
�� 

;� 
��

�G

$

� �
B �

��
�6

 7
��

 &
� �

���
��

�0
" 

;� 
H

Q
�'

 ... 

38 

  
3��15-  J
NS,� �* �(�)�* 2��%� ���G1Y/ 5Z%�/x/l=2  

  

"�0 H�416  ��21 H�A�	�  �;�B �� ����6 7�� ������ �� 
,	$ "�0

 ����;0  ��20  ���O 
�[k�� �� � ����oX/L=2 �� +�!� ��  .�0�

�� �F'��  ������ �� 
,	$ ����6 
�	' 2�;�5� -�FY� �� �� ��4

*A� UV$ � �
4�� /0�� ��
B� 7���� /�� 5� �� .�B��� 
R, �B 
�	' ;

 7�� "�� �+��	< 2���� 
,	$�� {� �4*6 +��	<  +��	< �S� � �0�

 7�� ������ 
,	$ 	
!�B /��*A� �B �� "��O �B 
$� 	
!�B ������ ��

�� /0�� 
,	$ � �
A	# H�4  +��	< 
,	$ 	
!�B /��*A� �B .�B��

 �
A�� /��*A� ������ �� 
,	$ �S� � ��	� r�G� ������ H6�� �B "	
!�B


[$� ����6 
,	$ 	
!�B /��*A� �B .
$�  /0�� P���� �B ������

 2�;�5� ����o �� �� .
$� 	
@� *�� ������ �� 
,	$ -�	��.� � �
A��

 �� c`!� ��O �B � 
�	'5  �� 
,	$ -�	��.� +�*�� 7�� ����o

 2�	
!�B � 
,	$ 2�	
@� ������ l�$ ����o �� .
$� ���; ����6 ������

 �� .
$��� �� 
[$�5 �*A� ���� 
�	' ;�5� l�� ����o ������ 
,	$ /�

 
[$� l�� ����o �� �� ��� .���� ����� +��?@0 +� 
[$� /0�� �

 .���� ����� -�	��.� ������  

H�4 ��19  ���� /0�� ����� ����6 ������ �� 
,	$ )
��B ����o ��

�� j�@
'� ��  "�� +��	< /���< +��� +�4 � B�< H��� �B �����

 ������ ����Y� 2
A�� /��*A� �  7�� .�4�B  

H�4  "�020 �21  2�' �� +��	< -�4�!
5� -�4 -�	��.� ����

 ���O 
�[k�� �� �� ����6 
,	$ /��*A�X/L=2  +�!� ������ ��

�� �� ���� .�0�  -�4 +�*�� 
�	' 2�;�5� -�FY� �� �� ��4

 2
A	# 
,	$ �B � P���� �B � 
$� ���; ����B 7�� ������ �� -�4�!
5�

 ���' 
,	$ �B +��$� ;� U� � �
A�� /0�� +� ���]� ����6

Km/h40 .���� �!��*A� ���� ������ -�4�!
5� -�4 +�*�� ��� �   ��

� -�4�!
5� -�4 +�*�� 
�	' 2�;�5� -�FY� ����' ����6 ������ �

 �
,	$ �;�B �� ����� 2�� �� 
$� ��;� +��	< -�4�!
5� -�4 7��[�

 2�B37  ��42  �� +� 	B ���, .
$� ��4 ��0�!� *�� 
,�$ 	B 	
��R��

 ���]� &� �B �B ��	� �B ������ -�4�!
5� -�4 
�	' 2�;�5� -�FY�


,	$ �� 	�� 2�� �� �B�� �� /��*A� 
B�o � j�B "�0�@� ��0�!  .��4


,	$ �� ������ +��	< -�4�!
5� -�4 ����@� 2��?@0  2���� "�0


6����� ���� 
,	$ �B ����]� �� "	�  �
�� .���� ����6 	
!�B "�0

 �� -�4�!
5� -�4 +�*�� �0 
�[k�� l�@� �� �� 
$� 2�� �<�� HB�k

����
�� 2�� � �4�B �� ������ w��6 �� +� ���]� ;� 	
@� ������  2�� �B

 ���]� � 
$� ��4 |k�� X�!.� +��	< &� �� 7�� �� �4�B H���

 w��6 �� �G��� 2�� ���]� ;� 	
@� ����6 ������ �� ���$�� 
,	$ �G���

 ���]� 
$� 2�� �	� ���4� +��B �
���B �� 	(�� =Rn� .�4�B �� ������

 
,	$ �� ������ -�4�!
5� -�4Km/h    76  =��5 ���� b�6 	B


!�B 
,	$ �� +� ���]� ;� 	Km/h 84   ����� 2�� j�@
'� �� �4�B ��

�� � 
$� /���< 2
$��� T�k� �B +��� 	��.� H��� �B  �B 	 �� �����

  .��	# ������ +�4 	
[�$�  

  

 
 3��16 -  �* J@%4 .+/ �
��[ 9	� �* +�*,- �(�)�* �* J;%� A/%

U'

 J
NS,�X/L=2  

  

0

200

400

600

800

1000

1200

1400

1600

1800

2000

2200

0 100 200 300 400 500

�′^2
 (
4)

frequency

y=1mm y=11mm y=17mm

-80

-60

-40

-20

0

20

40

60

80

0 0.5 1 1.5

Y

u/Uref

t=1s t=2s t=3s t=4s t=5s



 

 

'��� 
���

;	
B

� 
 �

�j
��

�,
�	 

��
4�

6 
&

B
�

U 

39 

 3��17-   J@%4 I+* �
��[ 9	� �* +�*,- �(�)�* �* J;%� A/%

U'

 J
NS,� �*X/L=2  

 

  
 3��18-  J@%4 I,� �
��[ 9	� �* +�*,- �(�)�* �* J;%� A/%

U'

 J
NS,� �*X/L=2  

  
 3��19-   J@%4 I��
> �
��[ 9	� �* +�*,- �(�)�* �* J;%� A/%

U'

 J
NS,� �*X/L=2  

  

 
 3��20-   +�*,- J;%� \X4 %& �(�)�* �* A���G1Y/ A�� A/%

U'

 J
NS,� �* + J@%4 .+/ �
��[ �* �*X/L=2 

-80

-60

-40

-20

0

20

40

60

80

0 0.2 0.4 0.6 0.8 1 1.2

Y

u/Uref

t=6s t=7s t=8s t=9s t=10s

-80

-60

-40

-20

0

20

40

60

80

0 0.5 1 1.5

Y

u/Uref

t=11s t=12s t=13s t=14s t=15s

-80

-60

-40

-20

0

20

40

60

80

0 0.5 1 1.5

Y

u/Uref

t=16s t=17s t=18s t=19s t=20s

-30

-20

-10

0

10

20

30

0 20 40 60 80 100

Y

Tu%

v=0.9(km/h) v=1.8(km/h) v=4.6(km/h)

v=9(km/h) v=14(km/h) v=18.5(km/h)

v=23(km/h) v=28(km/h) v=32.5(km/h)

v=37(km/h)



 

 

$�
	B

� 
B	 

�
� 

��
�� 

;� 
��

�G

$

� �
B �

��
�6

 7
��

 &
� �

���
��

�0
" 

;� 
H

Q
�'

 ... 

40 

 
 3��21-  +�*,- J;%� \X4 %& �(�)�* �* A���G1Y/ A�� A/%

U'

 J
NS,� �* + J@%4 I+* �
��[ �* �*X/L=2  
  

 H�423 �	��.� �����G��� -  =�	>  ";������ /�� � l�
���� "�0

��� "�	�� �� +�!� �� H� "��� =�	> -�	��.� � .�0�  

�� ��0�!� �� ���(��@0  -�	��.� ���� ��4�R@<  ��
B� l�
����

h��� � 
��%� �� � �
A�� /0�� UV$ � �!��*A�  .
$� �
A�� /��*A�

h��k �� ��n��@0 �B	� "�0����@� ���  �4 ���4� 7�� ������ 
,	$ �B

���� �� 
,	$ ����6 
,	$ /��*A� �B� /0�� ��
B� ���  	
[�$�) �B��

 7	
�� ) ' l�
���� /0�� x,�B 	�� 2�� � (������ ��'�� +�4

�B�`
�� H�4)22( � ��4  /��*A� �0�4 �S��R@<  ��� =�	> l�
����

 +��	< r�G� � ����6 
,	$ /��*A� �B � P���� �B ��� .��B )�0��6

 l�
���� /0�� +�*�� ������ 
,	$ /��*A� �  ������ H6�� �B 	
!�B

 /0�� �0�4 �S� � ��4 	
@� �B�`
�� 7	
�� ) ' l�
���� �R@<

�� ��� =�	>  .)�4�B���!�B  �B ��B	� ���]��R@<  =�	> l�
���� ���

 ���' ����6 
,	$ �� �0� �� {� ����;Km/h10  ;� U� � .�4�B

 ���' 
,	$ �;�B �� .���� �!0�� ���� +�Km/h40  ��Km/h80 

�R@< h���	]� ��� =�	> l�
����  �B �<�� �B ����� 2�� �� ���B 
B�o

.
$� ��<�� HB�k ������ �� 
,	$ �B ��B	� "�0����@�  

 H�423  -�	��.� ���� 2��?@0 �R@< �� ��� =�	> ";������ /��

�� +�!�  b�6 	B .�0� �R@< l�
���� �R@< ��
B� ";������ /��

5� �� X�!
5� +�*�� .�B�� �� /��*A� UV$ � /0��� ����B 
�	' ;

/�� ���; +�*�� 2�� �S� � ���B ���;  ���4 /��*A� x,�B ";������ "�0

/��  H��� �B .
$� ��4 ��� =�	> /��*A� +� 7���� �B � �4	B "�0

 2�� +��B ��*B �R@<5� -�FY� ������ ��0�!� HB�k �S� � 2�;� ���� +

 2�� 	���]� +���� ;� 
�	' ����� �� -�	��.� �R@< ��5  7�� ����o

 
�@� ���]� �� ��� �� ;� .
$� ��4 "����6 ����@� �� 
�	'

/�� �  ";������ "�0 
$� l��� +��	< ;� 	
#�*B ����B )0�� +��	< �

 �B ��B	� 	���]� �S� �R@< 	>�' ��� �� ��� =�	> ";������ /��

.
$� �F'�� HB�k  

 ���' 
,	$ �B ����6 �� ����;Km/h40  ���]� 
$� 
�	' 7�' ��

 ����6 
,	$ 	
!�B /��*A� �B � 
$� 	GQ ����' ��� =�	> �G��� 2��

�� 
�@� 2�� ���]��� /��*A� *  .�B�� 

h�
��%� �� ��0�!� �� �� ����B ���; ��
B� H� "��� =�	> �� ��4  �����

 
,	$ /��*A� �B P���� �B � �.�4�B ����� �$	��� ��<� l�, H��� �B

 
,	$ ���' �� � �
A�� /0�� ����6Km/h40  �� ��6 ���]� ���@�

 �� � �
A�� /��*A� ��� =�	> ����6 
,	$ 	
!�B /��*A� �B � 
$����

 
,	$ ���'Km/h80  
B�o ���]� �B25 /0 �� .�$�  

 ��� �� ��� =�	> -�	��.� ���� �� 
$� 	�r �B l;j �� "��� �B 	>�'

N$�� 2�� ;� /�� ]23[  
]B�n� 
$� ��4 l� �� 	R�	� 7�� &� "��

.���� ����k HB�k  l� �� ��� �$��0 �B �R[A ��� �$��0 �� ��� �� ;�

N$�� ��4 ]23[  � ���� -��G� *�� ��� =�	> 	���]� �S� .
$� -��G
�

�A	Q � ��� ��"  ��� �B ��� =�	> -�	��.� ����]23[  .
$� ��4 ����]�

	���]� �� 	��.� �S�  � �B�� 7�� �$��0 �� -��G� H��  H�4).�4�B31(  

  

  
 3��22- �&�P1�/ .%1	@ 8�4  

  

  

 3��23-  J;%� D�/�K/ �& 2E 5�6 �!(,� + �X� \�%] A/%

U'

+�*,-  

  

  

3��24-    +�*,- 5�X� \�%] A/%

U' ��+�+  A�," �&�G� 5�6��@

�1K%^  

-30

-20

-10

0

10

20

30

0 20 40 60 80 100

Y

Tu%

v=42(km/h) v=46.5(km/h)

v=51(km/h) v=56(km/h)

v=60.5(km/h) v=65(km/h)

v=70(km/h) v=74.5(km/h)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 20 40 60 80 100 120

C
d

v(Km/h)

Watkins work present work

Probe traverse  

probe 

Pitot tube 



 

 

'��� 
���

;	
B

� 
 �

�j
��

�,
�	 

��
4�

6 
&

B
�

U 

41 

6 - �M- 3
� '  

�iB 	�; �nB�� ;� ���S# �� 
,	$ "�� 	
����� 	0 �� ���n6 	�o �

�� 
$�  +��B ���� ������
$� 
�[nk l�, +���, �B �� ���

�� ��4]24 .[  

56676�%� � 	 1: ∗ 1� ∗ ∆�< 
k                         ���	(@0 =�	>  1� ∗ ∆�=    ���[� b�	Y��  

�%� �� �	
����� ;� �4�� "�0�n6 T�@ � 
�"�0  
,	$ "�� _R
`�

�FY� B 	�; �nB�� ;� "� �]��� �� 
$�24.[  

56676�%� � 2>?�1: ∗ 1� ∗ ∆�<�# 

 	�; ����� H��4  �
A	# -��Q -�!���;� �� ���� ��<�B "�0�n6

 :
$�  

 	I���'1 	
����� � -�
�� ���� �B +��$�	����� ;� �4�� �n6 �Q�� �

 	I���'1  �
,	$ =�' 	B 3�
�� ��Y�� X;�	B ;� �4�� �n6 �Q��

 	I���'12/0  H���� �B ��B	� 
�[nk l�, ;� �4�� �n6 �Q��

 m�	� 
�[k�� 2
A	# ��	k ;� �4�� "�n6 �7�
� �� �B ������ 7��(�$

 �� H��4 �� ��� -�	��.� ;� �4�� "�n6 �
$� 	F�A	Q HB�k ��

�� 
@�k :�4�B �	��.� (_�� 	I���' �� +��$�	����� 2�' �� ��� -

�� �<�� &�  ��4 �� �� "�n6 ���]� ��4�B  003/0 .�4�B �� �Q�� 

 /���;� 2�' �� ��� -�	��.� :/���;� 2�' �� ��� -�	��.� (m

  ��4 �� �� "�n6 ���]� �� �4�B �� �<�� �� 	I���'04/0  �Q��

�� N�Y� ��!A � 
B�O� -�	��.� ;� �4�� "�n6 ��4�B  *�t�� ��


$�]24.[  

�;���� H� "�n6 +�*�� d�A H���, l�@� 2
A	# 	F� �� �B  "	�#

�FY� 
,	$   /���;� 2�' �� "�03/4 �Q�� .�4�B ��  

 

7 - 1�5%
^ ��
  

 ������ �� -�4�!
5� "3	�� � �
,	$ -�	��.� �/0�1� 2�� ��

 ����6 7��  �1�405  2��?@0 � "	�# �;���� ������ +��	< &� ��

.
$� ��4 �$�	B � ����6 
,	$ /��*A� �B ��� =�	> -�	��.� ����  

)%� ;�� �
� 2�	��B "�0�� \�]Y� 2�� �� ���� 
$� 	�; ����� �B +���

:�	� ���4�  

 

1-  
$� "� ���# �B 
,	$ -�	��.� ���� 	� 2���� -�,�G��� ��

 ���]� &� �B +��$� ;� U� � ���B �!��*A� ��
B� �����!�B 

.�B�� �� /��*A� ��� � � �
A�� /0�� 

2-  7�� ������ �� 
,	$ ����6 
�	' 2�;�5� -�FY� ��

.�B�� �� /��*A� UV$ � �
4�� /0�� ��
B� 

3-  �� T�G��� /��*A� �B ������ +��	< �4�!
5� "3	�� ���]�

 ��� �B � �B�� �� /��*A� P���� �B 7�� �B &��*� HQ��A

�G��� "�	B +� +�*�� 7�� ;� +�4 ����' _R
`� -�,

.
$� +���� 

4-  -�	��.� ���� �R@< /0�� UV$ � �!��*A� ��
B� l�
����

h��� � 
��%� �� � �
A�� .
$� �
A�� /��*A� 

5-  b�6 	B �R@< l�
���� �R@< /0�� ��
B� ";������ /��

�� /��*A� UV$ � .�B�� 

6-  l�, H��� �B ����
�� �� ����B ���; ��
B� H� "��� =�	>

 
,	$ /��*A� �B P���� �B � ��4�B ����� �$	��� ��<�

 
,	$ ���' �� � �
A�� /0�� ����6Km/h40  ���@�

 ����6 
,	$ 	
!�B /��*A� �B � 
$���� �� ��6 ���]�

 
,	$ ���' �� � �
A�� /��*A� ��� =�	>Km/h80  �B

 
B�o ���]�250/0 �� .�$�  

 
8_`; J�%
K  

dc ��� =�	> 

h 7�� T�G��� 

L ����6 7�O 

tp �R� ��!A 

 ����
$� ��!A� 

q ������� ��!A� 

q  ������� ��!A� N$�
� 

Tu 4�!
5� -�4 -��′/�∞   

U  
,	$��;� +��	<  

wvu ,, �G���
,	$ "�0 

wvu ′′′ ,, �G���
,	$ �4�!
5� "�0 

x ����6 "�%
�� ;� �RQ�A 

 
 

 

8- L�/%�  
[1] Barlow  B., Rae W., Pope A., Low-Speed Wind Tunnel 
Testing, John Wiley & Sons,1999.Kumagai,    S., and   Isoda, H.,  
Proc.  Combust, Vol. 7, No.5, pp.129-137, 1984. 
[2] Ahmed S. R.‚ Ramm R. and Faltin G.‚ Some Salient Features 
of the Time Averaged Ground Vehicle Wake‚ "SAE Technical 
Paper Series 840300‚ Vol. 3, No.20, pp.104-115, 1998. 
[3] Gilli P., and Chometon F., Modelling of Stationary Three-
Dimentional Separated Air Flows around an Ahmed Reference 
Model, Third International Workshop on Vortex, ESAIM 
Proceedings, Vol. 7, No.10, pp.124-135, 1999. 
[4] Hanaoka Y., And Kiyohira A., Vehicle Aerodynamic 
Development using PAMFLOW,Vol. 3, No.5, pp.112-120, 2003. 

[5] Gillieron  P., and Spohn A., Flow Separations Generated by a 
Simplified Geometry of an Automotive Vehicle, Vol. 21, No.12, 
pp.31-44, 2007. 
[6]   Lienhart H., and Stoocks C., Flow and Turbulence 
Structures in the Wake of a Simplified Car Model (Ahmed 
Model), DGLR Fach Symp. Der AG STAB, Stuttgart UNIV.  
Vol. 14, No.4, pp.98-105, 2010. 
[7] Khalighi B., Zang S., Koromilas C., Balkanyi S., Bernal L.P., 
laccarino G. and Moin P., Experimental and Computational 
Study of Unsteady Wake Flow Behind a Body with a Drag 
Reduction Device, SAE PPR, , Vol. 14, No.17, pp.12-21, 2006.  
[7] Javareshkiyan M. H., Shayesteh Sadafiyan R., Azarkhish A., 
Numerical and Experimental investigation of Aerodynamics 
forces on the base model of vehicle  SID, Vol. 18  No. 1, pp. 49-
64 (1385 in Persian)  
[8] Shayesteh R., Numerical Investigation wake          shape of 
base model of vehicle at different angle Thesis Report. 

sp



 

 

$�
	B

� 
B	 

�
� 

��
�� 

;� 
��

�G

$

� �
B �

��
�6

 7
��

 &
� �

���
��

�0
" 

;� 
H

Q
�'

 ... 

42 

Mechanical engineering, Tabriz University, SID, Vol. 10  No. 3, 
pp. 19-34 (1381 in Persian)  
[9] Javareshkiyan M. H.,  Zehsaz M., Azarkhish  A., 
Exprimental Optimazation of Aerodynamcs forces on the base 
model of vehicle 9th Fluid Dynamics Conference , Shiraz 
University, SID, Vol. 15  No. 3, pp. 19-34 (1383 in Persian ) 
[10] Watkins S., Vino G., The Effect of Vehicle Spacing on the 
Aerodynamics of Representative Car Shape, J. of Wind 
Engineering and Industrial Aerodynamics 96 1232-12393ED., 
Vol.96, No.3, pp.1232-1239, 2011. 
[11] Mathieu R., Patrick G., analysis and control of the neare-
wake flow over a square-back geometry computr& fluids Vol. 
21, No.38, pp.60-70, 2009. 
[12] Ghaligne s., Thomas c., active control of the flow behind a 
two-dimentional bluff body in ground proximity, comptes rendus 
mecanique, Vol. 2, No.341, pp.289-297, 2013. 
[13] Spohn a., gillieron p., Flow separeated generated by a 
simplified geometry of an automotive vehicle, Vol. 23, No.41, 
pp.89-97, 2011. 
[14] Indinger  T., Nikolaus  A., Interferenc effects of cooling 
airflows onageneric car body, Vol. 13, No.119, pp.146-157, 
2013. 
[15] Saha A. K., Muralidhar K., and Biswas G., Experimental 
Study of Flow Past a Square Cylinder at High Reynolds 
Numbers, Experiments in Fluids, Vol. 29, No. 4, pp.553-563, 
2008. 
[16] Shadaram A., Azimifrad M., and  Rostami N., Study of 
characteristic flow at the near wake of square cylinder, J. of 
Mechanical- aerospace Vol. 3, No.4, pp.15-23, (1386 in persain  
[17] Goldstein S., A Note on the Measurement of Total Head 
and Static Pressure on a Turbulent Stream, Proceedings of the 
Royal Society of London, Series A, Vol. 155, No.32, pp. 570-
575, 1936. 
[18] LU B., and Bragg M. B., Experimental Investigation of the 
Wake-Survey Method for a Bluff Body with Highly Turbulent 
Wake, AIAA3019, Vol.23, No.11, pp.130-1430, 2002. 
[19] LU B., and Bragg, M B., Experimental Investigation of 
Airfoil Drag Measurements with Simulated Leading-Edge Ice 
Using the Wake-Survey Method,AIAA3919, Vol.17, No.13, 
pp.14-22, 2000. 
[20] LU B., and Bragg, M. B., Airfoil Drag Measurement with 
Simulated Leading Edge Ice Using the Wake-Survey Method, 
AIAA1094, Vol.26, No.9, pp.98-107, 2003. 
[21] Van Dam C. P., Recent Experience with Different Methods 
of Drag Prediction, Progress in aerospace. Science, Vol. 35, 
No.8, pp.751-798, 1999. 
[22] Chowdhury H., Moria A., Ali Iftekhar Khan F., Alam and 
Watkins S., A study on aerodynamic drag of a semi-trailer truckو 
Procedia Engineering Vol.2, No.56, pp201 – 205, 2013. 
[23] Jogensen Finn, E., How to measuer turbulence with hot-
wire anemometers, Dantec Dynamics, 2002. 
 


