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The present study was done to evaluate the effect of parameters like trip strip installation, free stream 
velocity, geometry of model nose (SUBBOF nose and DRDC nose) and putting up model in pitch and 
yaw angle, on drag coefficient. Also, the effect of stand geometry of an axially symmetric model in 
wind tunnel on wake flow structure and drag coefficient in zero and ten degree angles of attack was 
investigated. Choosing the best distance behind the model for data acquisition in order to calculate drag 
coefficient under consideration of turbulence effects in one dimension is the other item investigated in 
present study. All experiments have been done in an open circuit wind tunnel at university of Yazd and 
data acquisitions has been done with a one dimensional hot wire. According to calculations, installation 
of trip strip enhanced drag coefficient in all cases. Also, drag coefficient decreased with increasing free 
stream velocity. Putting up the model in pitch and yaw angle of attack increased drag coefficient. 
Between two nose shapes that were tested, the SUBBOF nose shape was chosen as suitable nose.  A 
stand with NACA0012-64 geometry and Rod stand were selected as the most appropriate stands for 
zero and 10 degree angles of attack.    
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Fig. 2 view of open circuit wind tunnel 
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1 SUBBOF 
2 DRDC 
 

  
Fig. 1 schematic of SUBOFF axially symmetric model 
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Fig. 3 schematic of model, probe and data acquisition sections positions 
(up view) 
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Fig. 4 model mounted on Plate type support in channel section 
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Table 1 The uncertainty of flow parameters 
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3×105  
Table 2 Drag coefficient repeatability of SUBOFF model with trip strip 
at Re= 3×105 

CD  CD    

0.11046  
0.1104 1  
0.1110 2 
0.1100  3 
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3 3×105  
Table  3 Drag coefficient quantity at different distances behind 
SUBOFF model at Re= 3×105 

0.1 0.4 0.8 1  

0.1378  0.1189 0.1136  0.1105  CDm  
0.0037 0.0031  0.0032 0.0030 CDr  
0.1341 0.1158  0.1104 0.1075 CD  
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Fig.  5 Dimensionless velocity distribution of SUBBOF model in Y 
direction and at Z=0, at various distances of X directions, Re= 3×105 

5 YZ=0 
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Fig. 6 Distribution of turbulence term of velocity of SUBBOF model 
in Y direction and Z=0, at various distances of X directions Re= 
3×105 
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Fig.  7 Dimensionless average velocity distribution of SUBBOF 
model in r direction and at Z=0, at various distances of X directions, 
Re= 1.1×106 [9] 

7 r Z=0 
X  1.1×106]9[  
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Table 4 geometrical characteristics of Model stands at zero degree 
angle of attack 
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(mm) 

  

   -  6  50  NACA 0012-64 

   -  10.5  50 NACA 66-021  

   -  2  50    

  5   -   -    

  
Fig.  8 velocity ratio distribution of SUBBOF model ( ), =0.8, 
NACA0012-64 support model, zero degrees angle of attack 

8 ) ( =0.8  
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Fig.  9 turbulence term of velocity ratio distribution (

´
) , SUBBOF 

model, =0.8, for NACA0012-64 stand model, zero degrees angle of 
attack 
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Fig.10 velocity ratio distribution of SUBBOF model ( ), =0.8, 
NACA66-021support model, zero degrees angle of attack 

10 ) (=0.8  
NACA66-021   

  

  
Fig. 11 velocity ratio distribution of SUBBOF model ( ), =0.8, Flat 
plate support model, zero degrees angle of attack 

11 (=0.8  
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Fig. 12 velocity ratio distribution of SUBBOF model ( ), =0.8, Rod 
support model, zero degrees angle of attack 

12 ) (=0.8  
    

5   
3×105  

Table  5  Drag coefficient changes of SUBBOF model because of 
changing support type, Re=3×105, zero degrees angle of attack 

     

0.1104 NACA 0012-64  

0.1150  NACA 66-021 

0.1132     

0.1123    

  
Fig. 13 velocity distribution in Z (horizontal) & Y direction (vertical), 
=0.8, SUBBOF model, NACA 0012-64 support 
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Table  6 geometrical characteristics of SUBBOF model's stands at 10 
degree angle of attack 

  
 (mm)  

  
 (mm)  

 
  

 (mm)  

 

  ---  ---  650  

  5  22  105    

 ---  --- 105     

  
Fig. 14 A view of wiry support in wind tunnel 

14     
  

  
Fig. 15 velocity ratio distribution of SUBBOF model ( ), =0.8, 
wiry support model, 10 degrees angle of attack 

15 ) (=0.8  
  

  
Fig. 16 velocity ratio distribution of SUBBOF model ( ), =0.8, 
airfoil support model, 10 degrees angle of attack 
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Fig. 17 velocity ratio distribution of SUBBOF model ( ), =0.8, rod 
support model, 10 degrees angle of attack 
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Table 7 effects of Reynolds number and trip strip on drag coefficient of 
axisymmetric model (SUBBOF nose) 

CD CDr  
  

0.1697 0.0110   1.04×105  
0.1572  0.0104   1.48×105  
0.1215 0.0068  2.22×105 
0.1045  0.0041   3×105 
0.2277 0.0135  1.04×105  
0.1970 0.0110  1.48×105  
0.1777 0.0074   2.22×105 
0.1104 0.0032   3×105  

8 
 ( )  

Table 8 effects of Reynolds number and trip strip on drag coefficient of 
axisymmetric model ( DRDC nose) 

CD  CDr     

0.1620 0.0105   1.04×105  
0.1452  0.0093    1.48×105  

 ---  ---  2.22×105 
 ---   ---   3×105 

0.2440 0.0137  1.04×105  
0.2100 0.0123  1.48×105  
0.1842 0.0066    2.22×105 
0.1273 0.0034   3×105  

9  
Re = 2.22×105   

Table  9 effects 10 degree  pitch and yaw angles of attack, nose shape 
and mounting trip strip on drag coefficient, Re = 2.22×105 

CD CDr   

0.2420  0.0080    

0.2170 0.0070   

0.2310 0.0080   

0.2090  0.0070    

 . 7 9 
         

  30 
 . 

8 9  
   

  
31.5   

4 -   
  

 0.1, 0.4, 0.8, 1 =  
   

   ( ) 
 

   
)  

 (
  

1 - = 0.8 

  = 1 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

7.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                            10 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.7.9.4
https://mme.modares.ac.ir/article-15-2593-en.html


    

     

1395167  81  

    
 

  .  
2 - 

 . 
      NACA0012-64 
   

    
 .   

 
 .  

  
3 - X 

   
4 -    

 .

   .    
                

1.48×105        25.3   30.1 
  .  

5- 
 

  
  

6 -   
 

  .
2.22×105  

4.5  
  .

 3×105 
15.5   

7 - 

  

5 -   
 

 .
 

  

6 -    
A  (m2)

   
CDm    
CDr  

 (N)

D (m)

   
L  (m)  
 (m)  

n   

,    
   

 
  

  
Re    
S1 & S2& Sside  (m2)

 X )ms-1(  
  )ms-1(  
  )ms-1(  

 
)ms-

1(  
( )   

( )   
( )   

uaverage )ms-1(  
Ue    

 
Ue  

X

 X

=  XY Z  
 Y

 Z

X   (m)

Z&Y   
(m)

   
 ) kgm-1s-1(  
 (kgm-3)

7 -   
[1] T. Huang, H. L. Liu, N.  Groves, T. Forlini, Measurements of flows 

over an axisymmetric body with various appendages in a wind 
tunnel: The darpa suboff experimental program, National Academy 
Press, 19th Symposium on Naval Hydrodynamics, Seoul, Korea, 
pp. 321-346, 1994. 

[2] A. R. J. M. Lloyd, I. M. C. Campbell, Experiments to investigate 
the vortices shed from a submarine-like body of revolution, 
Proceedings of the 59th meeting of AGARD Fluid Dynamics Panel 
Symposium, Monterey, CA, 1986. 

 [3] S. Farokhi, R. Taghavi, R. Barrett, Pressure drag reduction 
concepts for maneuvering submarines, 10th European Drag 
Reduction Working Meeting, Berlin, Germany, March 19-20, 1997. 

 [4] D. K. Pantelatos, D. S. Mathioulakis, Experimental flow study over 
a blunt-nosed axisymmetric body at incidence, Journal of Fluids 
and Structures, Vol. 19, No. 8, pp. 1103-1115, 2004. 

 [5] C. Suryanarayana, B. Satyanarayana, K. Ramji, A. Saiju, 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

7.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

                            11 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.7.9.4
https://mme.modares.ac.ir/article-15-2593-en.html


    

     

  

82  1395167  

Experimental evaluation of pumpjet propulsor for an axisymmetric 
body in wind tunnel, International Journal of Naval Architecture 
and Ocean Engineering, Vol. 2, No. 3, pp. 24-33, 2010. 

[6] B. H. Beheshti, F. Wittmer, R. S. Abhari, Flow visualization study 
of an airship model using a water towing tank, Aerospace Science 
and Technology, Vol. 13, No. 8, pp. 450-458, 2009. 

[7]  J. M. Jimenez, M. Hultmark, A. I. Smits, The intermediate wake 
of a body of revolution at high Reynolds number, Journal of Fluid 
Mechanics, Vol. 659, No.22, pp. 516–539, 2010. 

[8]  J. M. Jimenez, R. T. Reynolds, A. J. Smits, The effects of fins on 
the intermediate wake of a submarine model, Journal of Fluids 
Engineering, Vol. 132, No. 3, pp. 8-14, 2010. 

[9] A. Ashok, A. J. Smits, The turbulent wake of a submarine model in 
pitch and yaw, The 51st AIAA Aerospace Sciences Meeting 
including the New Horizons Forum and Aerospace Exposition, 
Grapevine (Dallas/Ft. Worth Region), Texas, 2013. 

[10] A. Saeidinezhad, A. A. Dehghan , M. Dehghan Manshadi, M. 
Kazemi Esfeh, Experimental investigation of the vortex structure 
on a submersible model. Modares Mechanical Engineering, Vol. 
13, No. 15, pp. 98–109, 2014. (in Persian ) 

[11]M. DehghanManshadi, S. Esfandeh, A. A. Dehghan, A. 
Saeidinezhad, Experimental investigation of the wake of a 
submarine model by five-hole probe in a wind tunnel, Modares 
Mechanical Engineering, Vol. 15, No. 8, pp. 29-40, 2015 (in 
Persian ) 

[12]A. Saeidinezhad,A. A. Dehghan,M. Dehghan Manshadi, 
Experimental investigation of hydrodynamic characteristics of a 
submersible vehicle model with a non-axisymmetric nose in pitch 
maneuver, Journal of Ocean Engineering, Vol. 100, No. 3 ,pp. 26–
34, 2015. 

[13] M. Javadi, M. Dehghan Manshadi, S. Kheradmand, M. Moonesun, 
Experimental investigation of the effect of bow profiles on 
resistance of an underwater vehicle in free surface motion, Journal 
of MARINE Science And Technology,Vol.14, No.7, pp.53–60, 2015. 

[14] N. C. Groves, T. T. Huang, M. S. Chang, Geometric 
Characteristics of DARPA SUBOFF Models (DTRC Model 
Numbers 5470 and 5471), Report DTRC/SHD-1298-01, March, 
1989. 

[15] M. Mackay, The Standard Submarine Model: A Survey of Static 
Hydrodynamic Experiments and Semiempirical Predictions, 
DRDC-Atlantic-TR2003-079, Defence R&D Canada-Atlantic, 
June, 2003. 

[16]C. P. van Dam, Recent experience with different methods of drag 
prediction,  Progress in Aerospace Sciences, Vol. 35, No. 8, 
pp.751-798, 1999. 

[17] M. A. Ardakani, Low Speed Wind Tunnel, pp. 15-21, Tehran: 
Khaje Nasir Toosi University Of Technology, 2010. (in 
Persian ) 

 [18]  J  .  Barlow,  W.  Rae,  A.  Pope, A low Speed Wind Tunnel Testing, 
3rd    Edittion, Wiley press, pp.176-179, 1999. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

7.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
25

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.7.9.4
https://mme.modares.ac.ir/article-15-2593-en.html
http://www.tcpdf.org

