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Abstract :  A narrow strip has been introduced as a control  element  to suppress vortex shedding 
from  a  cylinder. The strip is set parallel to the cylinder axis, and the key parameter of control in 
this study is the strip position, which  is determined by the angle of attack of the strip and the 
distance between the strip and the cylinder axis. A circular cylinder and a square cylinder were 
tested respectively. Flow  visualization and hot-wire measurement were performed in a low 
turbulence wind tunnel in the range of Reynolds number RRe = 4.0 × 103 ~ 2.0 × 104. Test results 
show that, vortex shedding from both sides of the cylinder can be effectively suppressed if the 
strip is located in a certain zone in the wake. The effective zones in circular cylinder wakes at 
different Reynolds numbers  have been found out, and the mechanism of the suppression has 
been discussed.  
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1. Introduction 
In the past decades, great efforts have been devoted to suppression of vortex shedding from bluff 
bodies and a number of techniques for special engineering purposes have been developed 
(Zdravkovich, 1981; Mohamed, 2000; Modi and Yokomizo, 1999; Boak and Lemay, 2000; Tensi et al., 
2002; Fujisawa et al., 2005; Wang et al., 2005; Yamagishi and Oki, 2005). Some suppression methods 
of theoretical importance have also been studied (Roussopoulos, 1993; Schumm et al., 1994; Ozono, 
1999) and a good example has been given in Strykowsky and Sreenivasan (1990). In their experiment, 
a much smaller circular cylinder is inserted into the wake of main circular cylinder. Vortex shedding 
from the main cylinder can be suppressed if the position of the small cylinder is located in a certain 
region called effective zone. Unfortunately, their results show that the effective zone shrinks as the 
Reynolds number RRe (based on the main cylinder diameter) increases. Vortex shedding cannot be 
suppressed if RRe surpasses a critical value. The critical value various within the range of order 102 as 
the relative size of additive circular cylinder changes from 0.05 to 0.33.  Sakamoto and Haniu (1994), 
Bouak and Lemay (1998), Alam et al. (2003) also applied a small circular cylinder in the vicinity of 
main circular cylinder, tried to extend Strykowsky and Sreenivansan 1990’s work to higher RRe. By 
choosing special positions of the small cylinder, they could reduce more or less the mean or 
fluctuating force acting on the main one. However, none of them declared to suppress vortex 



Visualization Study on Suppression of Vortex Shedding from a Cylinder 
 
 

   

58 

shedding. 
In this study, a narrow strip, rather than a small circular cylinder, is introduced and set behind 

the main body to improve the suppression at much higher Reynolds  numbers..  

2. Experimental Arrangement  
The experiment was carried out in a wind tunnel in 
Peking University (shown in Fig. 1). The test section of 
the tunnel was 4 m long, 0.6 m wide and 0.6 m high. 
The turbulence intensity of free stream was not higher 
than 0.2 % in the range of mean speed 1.0~20 m/s.  

As shown in Fig. 2(a), the cylinder model was 
installed at the center of the test section. Two circular 
cylinders of diameter DD = 3 cm and 5 cm and a square 
cylinder of width DD = 6 cm were tested respectively. 

A strip of thickness 0.04 ~ 0.06 cm, length 56 cm 
and variable width bb was introduced as a control element and set parallel to the cylinder. A bracket, 
consisting of a row of parallel steel rods was used to fix the strip (Fig. 2).  

In installing the bracket on the circular cylinder model, the rods were perpendicularly and 
tightly connected to the surface of the cylinder and distributed along a meridian. The size of each rod 
was 0.045  ~ 0.067 DD in diameter and 1.5 ~ 2.0 DD in length. The cylinder could turn around a short 
shaft fixed at the wall to adjust the angle of attack, β. 

In installing the bracket on the square cylinder model, a circular cylinder of diameter 5 cm was 
nested symmetrically inside the model, and the rods were connected to the nested circular cylinder in 
the same way as that described above. Slots of width 0.07 DD were made on the upper-right part of the 
model (from β = 00 to 900) to let the rods move freely when turning the nested circular cylinder to 
adjust the angle of attack. The slots were sealed before each test.  

As shown in Fig. 2(b), the distance between the cylinder axis and the length-wise centerline of 
the strip is  denoted by λ, and the distance between neighboring rods is denoted by �. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Picture of the Wind Tunnel.
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Fig. 2. Sketch of Experimental Apparatus and Arrangement of Control Element. 
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A Ni-chrome wire (50-μm in diameter) was set perpendicularly in front of the cylinder at the 

mid-span and connected to an automatically recharging capacitor. Glycerin mucilage was daubed 
onto the wire before each test. A smoke sheet would be made in the wind when the wire was heated 
by an impulse of electric current. Flashlights were used to make a sheet of impulsive light to 
illuminate the smoke. In the test the shutter of the camera was opened in darkness waiting for the 
lighting flash. A time delay was set between the emanations of smoke and light. The delay time 
varied from 135 ms to 800 ms according to the change of wind speed from 6.0 m/s to 1.0 m/s. 

The detailed local information of the wake was measured by a DANTEC hot wire anemometer 
at many points on the intersection line of the plane XX/D = 12.5 and the plane of mid-span. A single 
wire probe was used and the probe wire was set parallel to the Y-axis. The sampling frequency was 
1024 Hz, and the sampling time was 40 ~ 60 seconds. 

3. Results 
The variable parameters are β = angle of attack of the strip, λ/D = distance between the cylinder axis 
and the length-wise centerline of the strip, �/D = distance between neighboring rods of supporting 
bracket, and RRe = V∞D/ν = Reynolds number, where DD is the diameter of the circular cylinder  or  the  
side  width of the square cylinder,, V∞ is the speed of oncoming flow, ν is the kinematical viscosity. 
Strip width bb/D is fixed at 0.18 in this study.  
 
3.1 Influence of Bracket 
The influence of bracket has been investigated for different sizes of rods in the ranges of  RRe = 4.0 × 
103  ~ 2.0 ×�104, β = 00 ~ 900, �/D = 1.0 ~ 4.0 for circular cylinder and  �/D = 1.0 ~ 2.0 for square cylinder. 
Hot-wire measurement and visualization results show that, the differences in flow field, velocity 
profile, turbulence intensity distribution, probability density of magnitude of fluctuating velocity and 
power spectrum of fluctuating velocity between the cylinder wake with and without bracket are very 
small. The influence of the bracket in the range tested is negligible, which is different from the 
influence of a bracket of larger rod diameter at lower RRe (Shao et al., 2002). Limited by the extent of 
the paper, here only a typical circular cylinder case of visualization is shown in Fig. 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.2 Suppression Effect on Circular Cylinder Wake 
A broad wake appears and vortex shedding naturally occurs if no strip is applied (Fig. 3). The 
situation is changed when a strip is present. Figure 4 shows the influence of strip distance λ/D on the 
wake at a fixed angle of attack β = 300. Vortex shedding on both sides of the cylinder can be well 
 

                           (a) Bare cylinder                        (b) Cylinder with a bracket, β = 300, �/D = 2.0 

Fig. 3. Comparison between circular cylinder wakes with and without a bracket, Re = 5.25 x 103. 
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suppressed and a much narrower wake appears  if  λ/D is set in the range 1.05 ~ 1.8. However, vortex 
shedding and broad wake recover when λ/D is outside this range.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 shows the influence of  angle  of attack β at a fixed distance λ/D = 1.45, Re = 9.1 × 103. 
The wake is changed little if β is small. With the increase of β, the effect of strip appears. Vortex 
shedding on both sides of the cylinder is suppressed and the wake is narrowed when the angle is set 
in the range 300 ≤ β ≤ 550. However, slight and irregular waves still appear in the shear layers due to 
their instability nature (Unal and Rockwell, 1988). Vortex shedding  recovers gradually when the 
angle is further increased from β = 550  to  650 or even larger. 

From Fig. 4 and Fig. 5 we may deduce that, there exists an effective zone of strip position 
behind the cylinder, in which vortex shedding can be suppressed. Hot wire measurements at every 
strip position have been performed at points of YY/D varying  from −3.0 to 3.0 on the intersection line of 
plane XX/D = 12.5 and the plane of  mid-span. The tested strip positions form a net of intervals Δββ = 
2.50 and Δ(λ/D)  = 0.1 that covers the area of 00  �  β �  900  and 0.55 � λ/D � 1.75. A sharp peak appears 
in the power spectrum of fluctuating velocity when vortex shedding is not suppressed. On the 
contrary, the velocity fluctuation at any point is weakened and there appears no obvious peak in the 
spectrum when vortex shedding is suppressed. Combining this criterion with the results of 
visualization we can determine the effective zone. Effective zones of strip (width bb/D = 0.18) position 
in the wakes of circular cylinder at different Re numbers have been found out and shown in Fig. 6. 

 
 
 

(a) λ/D = 0.55                                                          (b) λ/D = 0.75   

                           (c) λ/D = 0.95                                                            (d) λ/D = 1.15 

(e) λ/D = 1.35                                                            (f) λ/D = 1.85 

Fig. 4. Suppression effect of λ/D on circular cylinder wakes, Re = 5.25 × 103, β = 300, �/D = 2.0, b/D = 0.18. 
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(a) Bare Cylinder                                                      (b) β = 00 

(c) β = 250                                                                (d) β = 300 

(e) β = 450                                                                 (f) β = 550 

     (g) β = 600                                                                 (h) β = 650 

Fig. 5. Influence of β on the wake control, Re = 9.1 × 103, λ/D = 1.45, strip width b/D = 0.18. 

Fig. 6. Effective zones of strip position at different Reynolds numbers, b/D = 0.18. 
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3.3 Suppression Effect on Square Cylinder Wake   
Strong vortex shedding occurs and a broad wake appears behind a bare square cylinder (Fig. 7(a)). 
Vortex shedding can hardly be influenced by merely a bracket (Fig. 7(b)). It is well suppressed and 
the wake is narrowed when a strip is applied and set in a certain zone behind the cylinder.  Fig. 7(c) is 
a typical case to show the suppression effect at RRe = 1.25 × 104.   
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

4. Discussions 
The mechanism of vortex shedding suppression by a small circular cylinder has been discussed in 
Strykowsky & Sreenivasan 1990 from physical as well as stability point of view. The physical 
viewpoint originally comes from Gerrard 1966’s model of vortex generation, which describes the role 
of interaction between the separated shear layers. The model predicts that the circulation in the 
shear layer must be of a sufficient magnitude before one shear layer draws the other across the wake 
centerline, and this interaction must take place before a critical distance (formation length) is 
reached. In the model, the frequency of vortex shedding is also determined by the interactions. It is 
deduced in Strykowsky & Sreenivasan 1990 that vortex shedding can be inhibited if either the two 
shear layers are prevented from interactions over a critical formation length, or one shear is diffused 
over a critical thickness (diffusion length). The effect of a long splitter plate  is said to prevent from 
the interactions. The function of a small circular cylinder is said to diffuse the vorticity in the shear 
layer. The circulation in the diffused shear layer is then reduced below a threshold, so that the 
mutual attraction between the opposing shear layers is too weak to form the vortex roll up on both 
sides. However,, a phenomenon of mono-side vortex shedding has been found in this study. It happens 
when the strip is installed at certain places close to the outer border of the effective zone, where the 
shear layer is diffused and vortex shedding on that side is suppressed, but vortex shedding as well as 
its shedding frequency on the opposite side is not notably influenced. This phenomenon is a negative 
example to Strykowsky and Sreenivasan 1990’s physical explanation and Gerrard 1966’s model of 
vortex generation. 

The properties of the wake have been investigated by introducing the concepts of global 
instability and local absolute & convective instability. Stability analyses (Koch, 1985; Triantafyllou, 
1986; Monkewitz, 1988) show that, there is a region in the near wake of bluff body, where the velocity 
profiles are absolutely unstable. Relations among local absolute instability, temporally growing 

(b) The wake of square cylinder with a 
      bracket,  β = 450,  �/D = 1.55 

 

(c) The wake of square cylinder with a strip, 
λ/D = 1.5, β = 450, �/D = 1.55, strip width b/D = 0.18

        (a) Bare square cylinder wake 

Fig. 7. Suppression effect of a strip on the wake of square cylinder, Re = 1.25 × 104. 
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global modes and vortex shedding have been explored in Strykowsky and Sreenivasan 1990, but 
have not yet been established. Latter advances in stability theory of weakly non-parallel flow 
(Monkewitz et al., 1993; Chomaz, 2005) indicate that, a sufficiently large region of absolute 
instability is responsible for global instability and vortex generation. Test results show that, the 
velocity profiles in the near wake are altered locally by the presence of the strip. The local 
modifications of the profiles may induce changes in their stability nature. We may deduce that, when 
the strip is installed in the effective zone, the absolute instability region in the wake is eliminated or 
reduced to sufficiently small, so that large-scale vortex shedding cannot generate, but it has to be 
proved by further study.  

5. Conclusions 
A narrow strip is introduced as a control element to suppress vortex shedding behind a cylinder.  A 
circular cylinder and a square cylinder have been tested respectively in a low turbulence wind tunnel 
in the range of Reynolds number from 4.0 × 103 to 2.0 × 104. The strip is set parallel to the cylinder 
axis and the key factor of control in this study is the strip position, which is determined by the angle 
of attack of the strip and the distance between the strip and the cylinder axis. Vortex shedding on 
both sides of the cylinder can be effectively suppressed and the wake narrowed if the strip is located 
in an effective zone in the wake. Effective zones in circular cylinder wakes at different Reynolds 
numbers have been found out by visualization and hot-wire measurement. The results mean that, 
local passive interference of the narrow strip can induce global changes of the cylinder wakes at high 
Reynolds numbers.  
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