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Abstract 

Numerical simulation was conducted for fluid flow past a circular cylinder with triangular 

control rod in the upstream at low Reynolds numbers. The study focuses on the influences of 

leg length of rod L, rod-to-cylinder spacing ratio S, vertex angle of triangular α of rod on the 

vortex shedding and forces. The results show the equilateral triangle rod in the upstream 

takes effective suppression of not only the lift but also the drag in the range of 0.2R≤ L≤
0.5R and 3R≤ S≤ 6R(R is the radius of circular cylinder), and the vortex shedding between 

the two cylinders maybe lead to sharp increasing of the force on the circular cylinder. 
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1. Introduction 

Flow around a cylinder has been widely studied due to its great importance in off shore 

practical engineering applications and fluid dynamics. The wake of a stationary circular 

cylinder in steady flow consists of two staggered rows of vortex when the Reynolds number 

exceeds about 47 (Williamson, 1996) [1]. The vortices shedding lead to a periodic force 

exerting on the circular cylinder, which generates the lift force has the same frequency as the 

vortex shedding cycle, and the frequency of drag equals twice of the shedding frequency. 

Many research works have done on the flow characteristics and hydrodynamic forces for flow 

past stationary circular cylinder (Williamson, 1989 [2]; Henderson, 1995 [3], 1997 [4]; 

Norberg, 2003 [5]; Baranyi and Lewis, 2006 [6]). The fluctuating lift is dominated by the 

actions from the periodic vortex shedding, which is the principal source of cross-stream flow-

induced vibration. Vortex shedding will be dramatically changed when the cylinder oscillates 

in flow stream. Bishop and Hassan(1964) [7] investigated experimentally the hydrodynamic 

forces exerted on the cylinder in the cross-flow direction, and found that significant changed 

of the mean drag and the lift amplitude when the excitation frequency is close to the natural 

shedding frequency. Due to the alternate vortex shedding and consequently large amplitude 

lift fluctuations, vortex-induced vibrations (VIV) of cylindrical structures draw more and 

more attentions of engineers and researchers. Many methods have been proposed in order to 

suppress VIV responses(Lu, 2014) [8].  

The method with smaller cylinders placing near the main cylinder as the control rods is an 

effective way to reduce the lift and suppress the VIV response if their arrangement is 
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optimized(Lu, 2014)[8]. The problems of the steady flow passing two identical circular 

cylinders in tandem, side-by-side, and generally staggered arrangements have been 

extensively studied (Meneghini and Saltara, 2001 [9]; Cui et al., 2014 [10]). For two 

cylinders in a tandem arrangement, Igarashi(1981) [11] conducted many experiments in a 

large range of Reynolds number and wide span of center-to-center distance. The results 

revealed that the fluid forces greatly depend on the Reynolds number and the spacing ratios. 

Sharman et al., (2005) [12] carried out lots of numerical investigations at Re=100 and found 

the critical spacing of between 3.75 and 4.0 diameters, at which significant jumps in the 

fluctuating forces and the Strouhal number occur. If the gap ratio was small enough, the drag 

force on the downstream cylinder was found to be negative. Experiments of flow past two 

identical cylinders in a side-by-side arrangement was carried out, and  results indicated that 

the vortex-shedding synchronization occurs either in phase or in antiphase as the gap between 

the cylinders exceeds a critical value (Williamson, 1985) [13]. The numerical results by Vakil 

and Green (2011) [14] shown that the flow patterns were significantly different from the case 

of an single cylinder even in very low Reynolds numbers for side-by-side arrangement 

cylinders. The wake interference leads to distinct variations in lift coefficient with spacing 

ratio, which is highly dependent on the Reynolds number. Zdravkovich (1968) [15] 

experimented laminar wake behind a three-cylinder group in various triangular configurations 

with low Reynolds number. Gu and Sun (2001) [16], Bao et al., (2010) [17] conducted the 

numerical simulation for the flow past the three cylinders at low Reynolds number. Lu et al., 

(2014)[8] investigated laminar flow past a circular cylinder with six small-diameter control 

rods. Four different flow regimes are identified based on the mechanism of lift and drag 

reduction. The results shown six-control-rod arrangement have better performance in flow 

control than the arrangements with less control rods, especially in terms of force reduction at 

various angles of attack.  

The force suppression of setting triangular rod in the upstream of circular cylinder has not 

been studied in literatures. The structure of the paper is arranged as follows. The numerical 

model is briefly described in the next section followed some numerical verifications and 

validations. The numerical results are presented in Section 3, focusing on the influences of leg 

length of isosceles triangular rod, spacing ratio, vertex angle of the triangular rod on the 

vortex shedding and force coefficient. Finally, conclusions are drawn in Section 4. 

 

2. Computational Model 
 

2.1. Configuration and Computational Domain 

The arrangement of an isosceles triangular rod being placed upstream the circular cylinder 

has been considered in uniform flow. A square computational domain is used for the 

numerical simulations of this arrangement. A sketch definition is presented in Figure 1. 
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Figure 1. Computational Domain and Sketch Definition 

A rectangular computational domain was adapted with a height of 30D in the cross-flow 

direction and a width of 70D in the flow direction. The D is the diameter of the circular 

cylinder, L is the length of legs of isosceles triangle, and S is the rod-to-cylinder spacing 

ratio from the base of isosceles triangular rod and edge of circular cylinder. The rectangular 

computational domain has same symmetry axis with isosceles triangular rod in horizontal. 

The distance between the inlet boundary and the center of the stationary cylinder is 12.5D. 

Edge AD in the computational is the inlet, where the first-type velocity boundary conditions 

of u=1 and v=0. At the outlet edge BC, the velocities are described as 0
i i

u t c u x      , 

where c is the space-averaged exit velocity (Pauleyet al., 1990)[18]. The zero pressure p = 0 

is adopted at the outflow boundary (Gresho and Sani, 1987)[19], whereas 0 np  is 

applied along the other boundaries, and n is the unit outward normal vector. Along the lateral 

boundaries, far from the cylinders, 0 yu and v= 0 are imposed. The no-slip boundary 

conditions of u=0 and v=0 are imposed on the surfaces of the circular cylinder and the 

triangular rod.  

Based on the surface integral along the circular cylinder, the drag coefficient and lift 

coefficient of the cylinder can be get by formula as(Zhou etal.,1999[20];  Baranyi, 2005[21]), 

)2//()()(
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2.2. Configuration and Computational Mesh 

It is well understood that the flow in the wake of a circular cylinder depends greatly on the 

Reynolds number defined by Re = UD/ν, where U the flow velocity, and ν is the kinematic 

viscosity. 

The two-dimensional numerical models are employed to carry out simulations using a 

variety of parameters at low Reynolds number. The governing equations for simulating the 

flow are the two-dimensional incompressible Navier-Stokes (N-S) equations. 
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where x1=x and x2=y are the Cartesian coordinates, uu 
1

is the inline velocity and 

vu 
2

is the cross-flow velocity, and p is the pressure. 

 

2.3. Numerical Validations 

The vortex shedding of an isolated stationary circular cylinder has been simulated to 

validate the simulation model in uniform flow. The results of lift coefficient and drag 

coefficient at the Reynolds number of 60, 80, 100, 150, and 200 are shown in the Table 1 and 

Talble2 respectively. 

Table 1. Drag Coefficients of Single Cylinder at Different Reynolds Number 

Re 60 80 100 150 200 

He(2000)
[22]

 1.39 1.35 1.35 --- 1.36 

Henderson(1995)
[3]

 1.42 1.37 1.35 1.33 1.34 

Baiany(2006)
 [6]

 1.41 1.36 1.34 1.33 --- 

Present 1.429 1.389 1.366 1.349 1.353 

Table 2. Lift Coefficients of single Cylinder at Different Reynolds Number 

Re 60 80 100 150 200 

Farrant(2001)
[23]

 --- --- 0.33 --- 0.71 

Zhang(2008) [
24]

 --- --- 0.34 --- 0.66 

Baiany(2006)
 [6]

 0.13 0.24 0.32 0.51 --- 

Present 0.12 0.23 0.32 0.50 0.64 

 

Table 1 and Table 2 show that the results of the numerical model have good agreements 

between the present numerical results and those of the published literatures. 
 

3. Numerical Results 
 

3.1. Various of Forces Versus Leg Length and Distance at Re=200 and α=60
o
 

The nondimensional force of the circular is defined as Fi=(Fi_max-Fi_min)/2 (i=x, y). The 

Fx_max and Fx_min are the maximum and the minimum drag force in the flow direction cylinder 

in not less than 80 periods of vibration. Fy_min and Fy_min are the maximum and the minimum 

lift force in the cross-flow direction.  

In this section, the Re is 200 and the vertex angle is 60
o
 of the isosceles triangular cylinder. 

The aim is to find variation of force when the distance S changes from 0 to 10R, and the leg 

length is in the range of 0.2R and 0.7R. Figure 2 presents forces variation versus leg length L 

and distance S at Re=200 and α=60
o
. 
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Figure 3. Lift Variation at Re=200, and α=60o 

Figure 2 shows the arrangement of setting an equilateral triangular rod upstream the 

circular cylinder can take effective suppression of the lift in most cases. When L are 0.2R, 

0.3R, 0.4R, 0.5R, 0.6R, and 0.7R, the most lift force reduction are 21.6%, 31%, 41.4%, 

52.3%, 62.5%, and 56.9% with the appropriate distance S, respectively. 

When L increases from 0.2R to 0.5R, the suppression of lift becomes more and more 

effective at the same distance S, except the cases of S>0.9R in L=0.5R. The suppression 

effect of lift enhances with the growing of S in the range of S≤5R, and drops with the 

growing of S when S>5R in the range of 0.2R≤L≤0.5R.When L=0.7R, the lift drops with 

the growing of distance of triangular rod and circular cylinder if S≤3R. But if S 

increases to 4R, the lift sharply jumps to 0.62 which is almost like the lift acting on the 

single cylinder without the triangular rod. For the case of L=0.7R, the analogue happens 

when S changes from 5R to 6R. 

Figure 3 presents instantaneous vorticity contours for S=5R and 6R at L=0.6R, 

Re=200, and α=60
o
. 

 

 

 
(a) S=5R 

 

 
(b) S=6R 

Figure 3. Instantaneous Vorticity Contours at L=0.6R.((a) S=5R, (b) S=6R) 
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The nondimensional vorticity is defined as )//()//( DUyuxv  . In the 

Figure 3(a), the separated shear layers from the two legs of the isosceles triangular rod do not 

form vortices before they pass the circular cylinder. The circular cylinder is between the two 

shear layers from the two sides of the triangular rod. It can be seen that the circular cylinder 

delay the interaction between the shear layers from the two legs of the isosceles triangular 

rod. The interference of the circular cylinder on the vortex shedding from the triangular rod 

leads to the reduction of the force. 

In the Figure3 (b), vortex shedding from the triangular rod occurs in the gap between the 

triangle and circular cylinders. After a vortex is separated from the triangular rod, it reaches 

the circular cylinder. The circular cylinder is trapped in the alternative negative and positive 

vortices from the triangular rod, which enhance the force not only in the streamwise but in the 

cross-flow direction.  

Figure 4 is the time-history of lift for S=5R and 6R at L=0.6R, Re=200, and α=60
o
. 
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Figure 4. Time History of Force at L=0.6R, Re=200, andα=60o. ((a) S=5R, (b) 
S=6R) 

Figure 4 shows that the lift on the circular changes regularly with a single dominate 

frequency at S=5R, but irregularly with multiple frequencies at S=6R. This is in accordance 

with the vortex shedding shown in Figure 3. The fast Fourier transform (FFT) has been used 

to determine frequency components of lift and Drag. Figure 5(a) and (b) are the spectra of lift 

and drag for S=5R and 6R.  



International Journal of Control and Automation 

Vol.8, No.12 (2015) 

 

 

Copyright ⓒ 2015 SERSC  213 

0.0

0.1

0.2

0.3

0.0 0.5 1.0

CD

CL

f

CL

CD

(a)

CD

CL

    

0.0

0.1

0.2

0.3

0.4

0.0 0.5 1.0

CD

CL

f

CL

CD

(b)

CD

CL

 

Figure 5. Spectra of Lift and Drag for S=5R and 6R at L=0.6R, Re=200, and 
α=60o. ((a) S=5R, (b) S=6R) 

Figure 6 is the drag various at L=0.6R, Re=200, and α=60
o
. The arrangement of the 

triangular rod in the upstream of the circular cylinder can also reduce the drag effectively in 

the suitable situation. 
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Figure 6. Drag Variation at L=0.6R, Re=200, and α=60o 

It can be seen from this section, in the ranges of 0.2R≤ L≤ 0.5R and 3R≤ S≤ 6R with α
=60

o
, the arrangement of setting equilateral triangular rod in the upstream of the circular 

cylinder can take effective suppression on not only the lift but also the drag. 

Based on these results, the next section focuses on the effect of vertex angle of the 

isosceles triangular α  and rod-to-cylinder spacing ratio S at L=0.4R and Re=200. 

 

3.2. Various of Forces Versus Vertex Angle α and Distance S at Re=200 and L=0.4R 

Figure 7 presents lift variation versus vortex angleαand distance S at Re=200 and L=0.4R. 
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Figure 7. Lift Variation at L=0.4R, Re=200 

When a≤ 70
o
, the suppression of lift becomes more and more effective with the increasing 

of S in the range of S≤ 5R. But if S>5R, the suppression decreases with the increasing of S. 

When α increases from 10
o
 to 70

o
, the suppression of lift becomes more and more effective at 

the same value of S. For the case of a =0
o
, the effect for lift suppression is better than the case 

of α =20
o
, and is worse than the case of a=30

o
. For the same vertex angle α , the suppression 

of lift enhances with the growing of S when S≤ 4R, and drops with the growing of S when 

S>4R in the range of 0≤ a≤ 70
o
. 

When a=80
o
, the lift drops with the growing of distance S in the range of S≤ 5R. But if S 

increases to 6R, the lift sharply jumps to 0.484. Time history of lift for S=5R and 6R are 

shown in Figure 8 at Re=200, L=0.4R, and a=80
o
. 
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Figure 8. Time History of Force at Re=200, L=0.4R, and a=80o.((a) S=5R, (b) 
S=6R) 
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The phenomena in Figure 8 is very similar to the time history of lift for S=5R and 6R at 

L=0.6R, Re=200, and α=60
o
. 

For the case of α=90
o
 and 100

o
, the same thing happens when S increases from 3R to 4R. 

Figure 9 is the variation of drag at L=0.6R, Re=200, and α=60
o
. 
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Figure 9. Drag Variation at Re=200, L=0.4R 

Figure 9 shows that the suppression of drag is similar to that of lift, when vertex angle α is 

between the 0
o
 and 70

o
. The difference is the minimum value for lift at about S=4R but for 

drag at about S=5R. 

 

3.3. Various of Forces versus Re and S at α=60
o
 and L=0.4R 

Figure 10 presents lift and drag variation with the Re and S at α=60
o
 and L=0.4R with a 

larger range of rod-to-cylinder spacing ratio S. When the spacing ratio S is between 0 and 

20D, 3R≤ S≤ 6R is the more effective range for the force suppression of setting a triangular 

rod upstream the cylinder. 
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Figure 10. Lift and Drag Variation for the Triangular Nod with L=0.4R, and a=60o 
at Re=60, 80, 100, 150, and 200 
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4. Conclusion 

The arrangement of an isosceles triangular rod in the upstream to suppress the force on the 

circular cylinder was simulated numerically at Re=200, 100, 150, 100, 80, and 60. Navier-

Stokes (N-S) equations are solved numerically for predicting the lift and the drag acting on 

the circular cylinder, respectively. 

The results indicate that the arrangement of setting the equilateral triangular rod in the 

upstream of the circular cylinder can take effective suppression of not only the lift but the 

drag in the range of 0.2R≤ L≤ 0.5R and 3R≤ S≤ 6R. 
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