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Abstract: Add-on devices are widely used as one of the means of 
suppressing vortex induced vibrations from bluff bodies. The 
present study numerically investigates flow over a circular 
cylinder attached by an axial slat. The axial slat were of uniform 
and non-uniform openings of 67% and 44% porosity. The 
governing equation was solved using viscous-laminar model at 
Reynolds number, Re=300. It was found that the presence of the 
axial slats significantly suppressed vortex shedding behind the 
circular cylinder. The non-uniform slats showed longer vortex 
formation length with lower drag, in comparison to that of the 
uniform slats. In addition, the slats with 67% porosity of both 
uniform and non-uniform openings suppressed vortex better 
than that of 44% porosity slats, indicated by the longer vortex 
formation length and weaker intensity of vortices. 
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I. INTRODUCTION 

Flow around a circular cylinder has been the subject of 
numerous studies particularly in fundamental fluids 
mechanics problem. It has potential relevance for practical 
application in engineering such as submarines and bridges. 
The vortex shedding in the wake region produces from such 
flow could cause acoustic noise, vibration, fatigue and 
shortens the life of the cylinder. It is important to control the 
flow to avoid unwanted problems in the structural designs. 

In fluid mechanics, flow around a circular cylinder has 
been the focus of many studies and is relevant in real-world 
engineering applications such as bridges and submarines. 
The wake region generates vortex shedding and this may 
trigger acoustic noise, vibration, fatigue and shorten the life 
of the cylinder. Therefore, in structural designs, it is central 
to control the flow to avoid undesirable complications. 
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Suppression of vortices may be carried out via passive or 
active flow control methods. Inhibiting the occurrence of 
vortex shedding along the length of the structure or the 
formation of the wake vortices and their interactions can be 
done by altering the structural profile [1]. In addition, 
vibration suppression may also be achieved through the  

concept of base bleed as showcased in the work of Price 
[2] using perforated shrouds. Boorsma [3] discovered that 
the low frequency noise introduced by solid fairings on 
landing gear models can be reduced by replacing them with 
perforated fairings. Ikeda and Takaishi [4] disclosed that the 
jets emitted from holes of their perforated cylinder at regular 
intervals displayed stable wake shear layers and suppression 
of Aeolian tone. Zhao and Cheng [5] verified that suitable 
selection a porous material will reduce the lift of circular 
cylinder. An experimental study by Kleissl and Georgakis 
[6] on a bridge cable showed that vortex-induced oscillating 
lift forces is significantly reduced with a shroud cylinder. A 
numerical study by Yu et al [7] on steady flow around a 
porous circular cylinder disclosed that contrary to a solid 
cylinder, a recirculating wake develops downstream of or 
within the cylinder but not from the surface. Using the 
penalization method, Bruneau and Mortazavi [8, 9] learnt 
that vortex induced vibrations can be damped by adding a 
porous ring around the riser pipe. Experimental work on the 
control of vortical flow of circular cylinder using a splitter 
plate having different lengths and heights was carried out by 
Gozmen et.al [10]. The results of the study by Pinar et al 
[11] on flow structure of perforated cylinder in shallow 
water revealed that porosity has a significant effect on the 
control of large-scale vortical structures downstream of a 
cylinder. An experiment by Sahin [12] using perforated plate 
as a flow control device ascertained that non-uniformity in 
the velocity is increase as the porosity is decreased.  

An axial slat is one of the shroud examples other than the 
perforated shrouds, with thin narrow flat strips and slots in 
between strips. However, not many studies are done on this 
body despites its simple geometry. The present study 
attempts to enhance the effectiveness of the slats as an add-
on device through non-uniform slots or opening by studying 
the flow over the coupled slat-cylinder body at Reynolds 
number of 300.  

II. METHODOLOGY  

The study of two-dimensional CFD simulation was first 
done by validating the simulation of flow over cylinder with 
the existing studies to confirm the simulation setup and get a 
credible model.  
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The mean drag coefficient, Cd and Strouhal number, St 
were compared with the experimental and numerical results, 
as reported in Table I. The present numerical value of the 
drag coefficient and Strouhal agree reasonably well with 
each corresponding values of literatures, with a difference of 
about less than 10% and 7%, respectively. 

The geometrical setup and computational domain is 
presented in Fig. 1. The flow was set to be two-dimensional. 
The diameter of the circular cylinder (d) was 1 m. The 
diameter ratio of the slatted cylinder to the circular cylinder 
(D/d) was fixed at 2. The domain extent 10d and 40d 
upstream and downstream of the cylinder, respectively. The 
top and bottom boundaries were both located at 20d from 
the cylinder axis. The wall and cylinder setup was stationary 
wall boundary and no-slip condition, respectively. 

 
Table -I: Drag Coefficient and Strouhal Number 

Shape Cd St 

Circular 
Cylinder 

B.N Rajani (2005) 
[13] 

1.37 0.2150 

Mittal & 
Balachandar (1997) 

[14] 
1.38 0.213 

Present study 1.34 0.200 

Experiment [15] 1.22 - 

Experiment [16] - 0.203 

67% 
Slatted 
cylinder 

Uniform slat 
opening 

1.17 0.060 

Non-Uniform slat 
opening 

1.12 0.060 

44% 
Slatted 

Cylinder 

Uniform slat 
opening  

1.21 0.065 

Non –Uniform slat 
opening 

1.15 0.065 

 
 

 

 
Fig. 1. Computational domain and slat geometry of 67% 

porosity (uniform and non-uniform holes) and 44% 
porosity (uniform and non-uniform holes)  

The geometry of 67% and 44% slatted cylinders was 
shown in Fig. 1 respectively. The opening or porosity, β of 

the axial slat is defined as follows: 
                    (1) 

where n is number of opening and s is the arc length of 
one opening (s=( ). The angle, θ defines the opening 

size and = was set for the uniform slat 

opening. Therefore,   = ; where 

n=24 and 16 for  β= 67% and 44% respectively. 
For the non-uniform opening, three different values of θ 

were used, i.e. θ=5°, 10° and 15° where each angle was 

assigned to different numbers of opening, depending on the 
porosity. The general equation to calculate the porosity for 
non-uniform opening is: 

        (2) 
where s1, s2 and s3; and p, q and r; are the arc length and 

number of opening representing  opening size 
respectively.  For β = 0.44 the value of (p, q, r) = (2, 4, 2) 
and for β = 0.67, (p, q, r) = (4, 4, 4). 

Mesh structure is important in order to get accurate and 
credible result. Fig. 2 shows the mesh structure using 
structured meshing. 

 
Fig. 2. Structured meshing 

                                                                
Table -II: Grid information 

Geometry Grid Cd St 

67% Slatted 
Cylinder 

(Uniform slat) 

Coarse 1.11 0.055 
Medium 1.15 0.060 
Fine 1.17 0.060 
Superfine 1.18 0.060 

67% Slatted 
Cylinder 

(Non-Uniform 
Slat) 

Coarse 1.09 0.060 
Medium 1.10 0.060 
Fine 1.12 0.060 
Superfine 1.12 0.060 

44% Slatted 
Cylinder 

(Uniform Slat) 

Coarse 1.17 0.065 
Medium 1.19 0.065 
Fine 1.21 0.065 
Superfine 1.21 0.065 

44% Slatted 
Cylinder 

(Non-Uniform 
Slat) 

Coarse 1.14 0.060 
Medium 1.15 0.065 
Fine 1.15 0.065 
Superfine 1.17 0.065 

The model used in this study was viscous laminar model in 
transient time to simulate unsteady flow at Re=ρVd/μ=300, 

where V is the incoming velocity. A second order implicit 
solution method was used in 
the computational simulation 
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for better accuracy. The simulation was initialized by hybrid 
initialization where the calculation was run at time step size 
of 0.001s for 1500 number of time step with 50 maximum 
iterations per time step. 

Grid independence study was performed to increase the 
numerical accuracy of computational results and the 
influence of the number of grid size as shown in Table II. 
The study was done by increasing the numbers of cells and 
nodes of the mesh which are fine, medium and coarse 
meshing. The fine mesh was sufficient to be used for the 
simulations. 

III. RESULTS AND DISCUSSION 

  Fig. 3,4,5,6, and 7 show the time history of lift and drag 
coefficients, Cl and Cd for the circular cylinder and slatted 
cylinder respectively. It can be seen clearly the periodic 
nature of the flow in the circular cylinder due to the presence 
of correlated vortex shedding. However, for the slatted 
cylinders, the oscillation are significantly suppressed 
indicating low correlation of vortex especially for that of 
67% porosity slatted cylinder, with an order less than one 
tenth magnitude in comparison to that of 44% porosity.  The 
value of drag coefficient of the slatted cylinders reduced 
significantly, about 17% reduction than that of the circular 
cylinder case. The uniform slats have a slightly higher drag 
coefficient than that of non-uniform slats for both porosity 
values. 

   

 
Fig. 3. (a) Time history of Drag coefficient (b) Time 

history of Lift coefficient for circular cylinder at Re=300. 
 

 

 
Fig. 4. (a) Time history of Drag coefficient (b) Time 
history of Lift coefficient for 67% uniform of slatted 

cylinder at Re=300. 

  

 
Fig. 5. (a) Time history of Drag coefficient (b) Time 

history of Lift coefficient for 67% non-uniform of slatted 
cylinder at Re=300. 

 

(a) 

(b) 

(a) 

(b) 

(a) 

(b) 
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Fig. 6. (a) Time history of Drag coefficient (b) Time 
history of Lift coefficient for 44% uniform of slatted 

cylinder at Re=300. 

 

   

 
Fig. 7. (a) Time history of Drag coefficient (b) Time 

history of Lift coefficient for 44% non-uniform of slatted 
cylinder at Re=300. 

 

Fig. 8, 9, and 10 show the power spectral density of lift 
coefficient of the circular cylinder and slatted cylinders, 
respectively. From the observation, the magnitude of power 
spectral density for a circular cylinder is significantly 
reduced with the addition of the slatted cylinders, with the 
most reduction achieved by the 67% non-uniform slats. The 
Strouhal number corresponding to the main shedding 
frequency is obtained from the maximum peak where for the 
slatted cylinders, they are in the range of 0.06 and 0.065 
compare to the circular cylinder of 0.2. 
 

 
Fig. 8. Strouhal number for circular cylinder 

 

    

 
 

Fig. 9. Strouhal number of (a) 67% uniform (b) 67% 
non-uniform for slatted cylinder 

 

(a) 

(b) 

(a) 

(b) 

(a) 

(b) 

(b) 
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Fig. 10. Strouhal number of (a) 44% uniform (b) 44% 
non-uniform for slatted cylinder 

 
Fig. 11, 12, and 13 show the pressure coefficient contour 

for all cylinders. The low pressure region is indicated by the 
blue colour where vortices form closer to the circular 
cylinder in comparison to that of the slatted cylinders where 
the low pressure regions are not observed immediately 
behind their wakes, particularly that of 67% porosity. 

 

 
Fig. 11. Pressure coefficient contour for circular cylinder 

 
 

 
 
 
 

 
 

 
Fig. 12. Pressure coefficient contour (a) 67% uniform (b) 

67% non-uniform for slatted cylinder 

 

 
 

 
Fig. 13. Pressure coefficient contour (a) 67% uniform (b) 

67% non-uniform for slatted cylinder  
Fig. 14,15,16,17, and 18 show the velocity and vorticity 

contours for all cylinders respectively. The slatted cylinders 
significantly suppress the vortex shedding from a circular 
cylinder. The stagnation point can be seen in front of the 
circular cylinder and the slatted cylinders. However, the flow 
passes through the slats opening with moderate velocity in 
the annular region, and becomes zero at the central wake 
region of all slatted cylinders. This low velocity region is 
formed farther in the slatted cylinder wakes of high porosity 
(67%) compared to that of low porosity (44%) of both 
uniform and non-uniform slat openings. In the normalized 
vorticity contour, the red colour indicates clockwise vorticity 
and blue colour signifies counter clockwise vorticity. The 
high intensity Karman vortices occurs immediately behind 
the circular cylinder while low intensity small vortices occur 
within the annular region of the slatted cylinders and extend 
in the shear layers. A Karman-like vortices of fairly low 
intensity are only observed later in the wake of the slatted 
cylinders, where the formation length is longer for the high 
porosity 67% cylinder than that in the 44% porosity 
cylinder. 
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(a) 
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Fig. 14. (a) Normalize velocity contour (b) vorticity 

contour for circular cylinder 
 

 

 
 

 
Fig. 15. (a) Normalize velocity contour (b) vorticity 

contour for 67% uniform slatted cylinder 
 
 
 

 
 

 
 

 
Fig. 16. (a) Normalize velocity contour (b) vorticity 

contour for 67% non-uniform slatted cylinder 
 
 

 
 

 
Fig. 17. (a) Normalize velocity contour (b) vorticity 

contour for 44% uniform slatted cylinder 
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Fig. 18. (a) Normalize velocity contour (b) vorticity 

contour for 44% non-uniform slatted cylinder 

IV. CONCLUSION 

The effects of axial slats on the wake behind a circular 
cylinder was numerically investigated at Re=300. The slats 
were of 67% and 44% porosity with uniform and non-
uniform openings.  The simulations revealed that the 
presence of the slats significantly affected the flow region 
behind the circular cylinder. In terms of drag reduction, the 
non-uniform slats gave lower drag in comparison to the 
uniform slats for both porosities. In addition, high porosity 
slats showed better drag reduction in comparison to the low 
porosity slat with the exception of non-uniform slats of 44%. 
The magnitude of power spectral density was also reduced 
significantly using the non-uniform slats and high porosity 
slats. Pressure, velocity and vorticity contours also showed 
better vortex suppression effect of the non-uniform and high 
porosity slats with longer vortex formation length and 
elongated low velocity region observed from the contours in 
comparison to that of uniform slats and low porosity slats. 
This study could be extended to three dimensional flow and 
at high Reynolds numbers. 
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