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Flow around a circular cylinder placed in an incompressible uniform stream is investigated via two-
dimensional numerical simulation in the present study. Some parts of the cylinder are replaced with 
moving surfaces, which can control the boundary layer growth. Then, the effects of the moving surfaces 
locations on the power and drag coefficients are studied at various surface speeds. The flow Reynolds 
number is varied from 60 to 180. To simulate the fluid flow, the unsteady Navier-Stokes equations are 
solved by a finite volume pressure-velocity coupling method with second-order accuracy in time and 
space which is called RK-SIMPLER. In order to validate the present written computer code, some 
results are compared with previous numerical data, and very good agreement is obtained. The results 
from this study show that some of these surfaces reduce the drag coefficients and the coefficient of the 
total power requirements of the system motion. The optimum location and the speed of the surfaces 
which cause the minimizing the power coefficient are also obtained. By observing the results it is found 
that in all Reynolds numbers, the minimum power coefficient or in other words, the optimum drag 
coefficient occurs at surface angle of 700. 
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Fig.  1 Configuration of moving surfaces on the cylinder as boundary 
layer control surfaces with their independent variables 
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Fig. 2 Control volume for the curvilinear system 
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Fig. 3 A part of grid used in flow computations 
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Fig. 4 Boundary conditions applied to flow equations 
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Fig. 5 Variation of mean drag coefficient and the Strouhal number with 
respect to L/D for k=1, Re=180 s=70° and =10° 
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k=1Re=180 s=70°  =10°  

 1   
Table  1 Comparison of mean drag coefficients with results from 
previous 2-D simulation 

 Re 
 60 100 140 180 

 1.42 1.35 1.33 1.33 
[29] 1.44 1.36 1.34 1.32 

[30]  1.42 1.35 1.33 1.33 
 [31]   -  1.35  -  -  

  

  
Fig.  6 Temporal variation of drag coefficient for Re = 300 in 2-D 
simulation 

6 Re = 300   
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Fig.  7 Comparison of mean drag coefficients of rotating cylinder for 
k=0-4 and Re=200 

7 k=0-4 Re=200 

2   
Table 2 Independent variables data for studied cases 

 Re k S (deg)  (deg) 
1 60 0 70 10 
2 60 1 70 10 
3 140 0 70 10 
4  140  1  70  10  

  

Fig.  8 Comparison of boundary layer growth for k=0,1, S =70° and 
=10° 

8 k=0,1S =70°  =10° 
  

  

  
Fig.  9 contours of non-dimensional velocity magnitude for k=0, 1, S 
=70°, =10° and Re=60 
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Fig. 10 contours of non-dimensional velocity magnitude for k=0, 1, S 
=70°, =10° and Re=140 
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Fig. 11 Skin friction coefficients on the moving surface for some speed 
ratio and S =70°, =10° and Re=60, 140 
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Fig. 12 Power coefficients for various k and S and Re=60 
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Fig. 13 Power coefficients for various k and S and Re=100 
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Fig. 14 Power coefficients for various k and S and Re=140 
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Fig. 15 Power coefficients for various k and S and Re=180 
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3   
Table  3 Optimum conditions corresponding to the minimum power 
coefficients 

  S (deg.) k Re 
1.285 1.340 70 0.5 60 
1.082 1.214 70 0.9 100 
1.037 1.142 70 1.1 140 
0.965 1.084 70 1.3 180 

  

  
Fig. 16 comparison of the optimum and standard mean drag 
coefficients 
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Fig. 17 comparison of vortex shedding for optimum and standard 
conditions, Re= 180 

17 Re= 180 
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