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ABSTRACT 

This paper studies vibrissa shaped cylinder as a passive control method for reducing the aerodynamic 

noise of the flow past a cylinder. One elliptical cylinder and a circular cylinder are also investigated 

for comparison. The far-field noise results show that compared with the circular cylinder case, the 

tonal peak almost disappears in the vibrissa shaped cylinder case and the sound pressure level (SPL) 

could be reduced by about 20dB at Re≈36,000. The elliptical cylinder only shows a slight SPL re-

duction by about 4 dB with a shift in the tonal peak frequency from St=0.2 to St=0.36. Furthermore, 

some noticeable variations occur in the noise directivity pattern for the vibrissa shaped cylinder case. 

The shift in the tonal peak frequency, the reduction in noise and modifications in the noise directivity 

are related to the changing and breakdown of the vortex shedding caused by the interference with 

the elliptical and vibrissa shaped cylinder surfaces. The PIV experiments are conducted to the three 

cases for the flow field information to further understand the mechanism of the noise reduction caused 

by the vibrissa shaped cylinder and the elliptical cylinder. 

 

1. INTRODUCTION 

    Flow past a bluff body is a frequently encountered topic in aerodynamic and aeroacoustic research 

due to its extensive engineering application. Circular cylinder is the basic model for the bluff body, 

which has been studied in many previous works. Revell, et al. [1] built the relationship between sound 

pressure level (SPL) and drag coefficient (𝐶𝑑) experimentally for the Reynolds number range from 

45,000 to 450,000. Alemaroglu, et al. [2] used acoustic pressure measurements and hot wire velocity 

measurements to study the relationship between the far field acoustic pressure and the surface bound-

ary layer condition.  The coherence at the fundamental vortex shedding frequency was intense in the 

subcritical and the supercritical regimes, while the value became low in the transcritical regime. 

Through cross-correlation analysis, Oguma, et al. [3] experimentally evaluated that the sound sources 

were near both separation points of two sides of the cylinder and in the near wake. The simulation 

work of Orselli, et al. [4] used the CFD/acoustic analogy method to get the near field and far field 

pressure results. With the correction method of Kato, et al.[5], the SPL calculated from the 3-D LES 

matched well with the experiment of Ref. [1]. Lysenko, et al. [6] simulated the flow past a cylinder 

using LES and concluded that the sound source had a dipole nature. More studies could be found in 

reviews of Blevins [7] and Porteous, et al. [8] .  

For the sake of environment protection, studies about the noise mitigation are of great concern. [9, 

10]. Two classes of methods are usually adapted to reduce the noise: the active flow control, which 
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changes the flow structure using energy inputs; the passive flow control, which modifies the geome-

try. Compared with the active flow control methods which usually introduce extra flow [11, 12], the 

passive flow control methods such as using the porous medium and the geometry modification are 

more robust. The porous medium could mitigate the interaction between the fluid and solid surface. 

[10, 13-15]. The geometry modification introduces various disturbances [9] or changes the surface 

shape to alter the near wall flow structures and will reduce the flow-induced noise [16], which is easy 

to be implemented. This paper focused on a bio-inspired shape based on Harbour Seals’ vibrissa, 

which is reported to change the vortex shedding process and reduce the vibration [17]. 

There has been some research about the flow past a vibrissa shaped cylinder. Wang and Liu[18] 

experimentally studied the wake behind a vibrissa shaped cylinder through time-resolved particle 

image velocity. The vortex shedding process of the vibrissa cylinder was disrupted by the irregular 

surface, which suppressed the vortex-induced vibration. Kim and Yoon [19] conducted LES for the 

flow past an elliptical cylinder and the flow past a vibrissa cylinder. The shear layer of the vibrissa 

case was much longer than that of the elliptical case. When the angle of the attack increased, two 

flow structures between the vibrissa case and the elliptical case became similar because the bluff body 

flow overcame the flow induced by the vibrissa cylinder. Jie and Liu [20] simulated the flow past a 

vibrissa cylinder using LES. The results showed the fluctuation of lift force is reduced by approxi-

mately 79.2% for the vibrissa case compared with the circular cylinder case. The POD analysis re-

vealed the wake shedding processes on the nodal and saddle planes are not synchronous. The flow 

structure near the vibrissa cylinder results in smaller velocity and pressure fluctuations. The LES 

research of Chu, et al.[21] also showed the flow past a vibrissa cylinder presented the three-dimen-

sional separation, and the out-phase vortex shedding on the nodal and saddle planes made a signifi-

cantly influenced the lift fluctuation.  

In summary, most research on the flow past a vibrissa cylinder focus on the aerodynamic charac-

teristics, and it is worthwhile to study the noise reduction effects of the vibrissa cylinder. Detailed 

aerodynamic characteristics and noise performances of a circular cylinder, an elliptical cylinder and 

a vibrissa cylinder are presented in this paper. Furthermore, the PIV measurements are conducted for 

the near flow field results, which contributes to a better understanding of noise reduction mechanism 

of the vibrissa cylinder.    

 

2. EXPERIMENTAL SETUP 

The far-field noise measurement and the near-field PIV measurement are conducted on the flow 

past different cylinders with the freestream velocity at 25m/s with the Reynolds number 𝑅𝑒≈36,000 

based on the cylinder diameter D. The detail configurations of cylinder models are shown in Table 1 

and Fig. 1. The circular cylinder with diameter D=22mm is used as the baseline case. The elliptical 

cylinder and the vibrissa cylinder are designed to make sure they have similar volumes with the cir-

cular cylinder, and their ratios between major and minor axes are close.  

 

Table 1: Geometrical parameters of the cylinders. 

 D 𝜆 𝑎𝑒 𝑏𝑒 𝛼 𝛽 𝐴𝑣 𝐵𝑣 𝑎𝑣 𝑏𝑣 

Circular 22          

Elliptical    7.7 15.7       

Vibrissa  27.5   15.27 17.6 7.26 17.82 8.58 14.3 

 



 

 

 
Figure 1 : Cylinder geometries in this study 

 

2.1. Far-field noise measurement 

    The experiments are performed in the aeroacoustic wind tunnel facility at University of Bristol 

[22]. Figure 2(a) shows the images of the wind tunnel with the cylinder test set-up. The test section 

is connected with a nozzle of 500 mm width and 775 mm height. Far-field noise measurements are 

conducted using an array of microphones mounted on an arc, positioned 1.75m far away from the 

experimental model. The origin is set at the center of the mid-span cross-section of the cylinder, and 

the X direction is the streamwise direction.  
 

 
Figure 2 : (a) Photograph of the anechoic chamber including A. Nozzle, B. Test section, C. far-field 

microphone; (b) photograph of the low turbulence wind tunnel and the PIV measurement setup 
 

2.2. PIV measurement 

The flow field around cylinder are studied using two-dimensional two-component Particle Image 

Velocimetry (PIV) in the low turbulence closed circuit wind tunnel, as shown in Fig.2(b). A total of 

2000 images for each measurement are captured at a frequency of 840Hz, using a Photron FASTCAM 

Mini WX 100 camera with a resolution of 2048 × 2048 pixels2 and 14 bit image depth. The images 

were analyzed using multi-pass cross-correlation algorithm with a final window of 32 × 32 pixels2 

and 50% overlap in LaVision DaVis software, which corresponds to a resolution of 132mm × 106mm 

in the vector field. 

z=0mm

z=27.5mm



 

 

3. RESULTS AND DISCUSSION 

3.1.  Sound Pressure Level     

    Figure 3(a) shows the far-field SPL at 𝜃=90º with freestream velocity 𝑈∞=25m/s. Note that 𝜃=0º 

points to the upstream, while 𝜃=180º points to the downstream. Overall, the SPL value decreases 

with the Strouhal number 𝑆𝑡 (St=𝑓D/𝑈∞, where 𝑓 is frequency), and the SPL values of three cases 

are close when 𝑆𝑡 is higher than 0.3. For the circular cylinder case, the tonal peak with a protrusion 

of 20dB from the broadband component is well captured at 𝑆𝑡=0.19, which is close to the theoretical 

fundamental vortex shedding frequency. A peak at the second harmonic occurs in the circular cylinder 

case at 𝑆𝑡=0.58 with much smaller protrusion compared with the major peak at 𝑆𝑡=0.19. The ellipti-

cal cylinder case shows a tonal peak at 𝑆𝑡=0.36, which means the fundamental vortex shedding fre-

quency of the elliptical cylinder case experiences a shift from the value of the circular cylinder case. 

Furthermore, there is no peak at the first and second harmonics of the elliptical cylinder case. A noise 

reduction of 4dB could been seen for the for the tonal component of the elliptical cylinder case com-

pared with the circular cylinder case. A more obvious reduction of tonal peak value appears in the 

vibrissa cylinder case, which just shows a small bump at around 𝑆𝑡=0.25, and there is no peak at 

harmonics. As a results, the vibrissa cylinder mitigates the noise significantly, though its SPL value 

is a little higher than the other two cases when 𝑆𝑡 smaller than 0.12.  

 

 
Figure 3 : (a) Far-field SPL at 𝜃=90º; (b) OASPL for all cases with 𝑈∞=25m/s 

 

3.2. Overall sound pressure level 

    Figure 3(b) shows the overall sound pressure level (OASPL) and the directivity pattern for the 

circular cylinder, elliptical cylinder, and vibrissa cylinder cases. Only the OASPL from 𝜃=40º to 

𝜃=130º is presented due to the space limitation. The OASPL value of the elliptical cylinder case is 

smaller than that of the circular cylinder case, which is consistent with the SPL value reduction in 

Fig.3(a). Near 𝜃=75º, the OASPL value of the elliptical cylinder case exhibits an increased noise 

level. The reason of which may be the wind tunnel inlet effect or the changes to the directivity pattern, 

which need further investigations in the future. The changes of the OASPL value with angles are also 

obvious for the vibrissa cylinder case, which is strongly influenced by the background noise. Never-

theless, the vibrissa cylinder case shows significant smaller OASPL values at all angles than the other 

two case because of the mitigation of its tonal components.   

 



 

 

3.3. Flow field  

Figure 4 shows the instantaneous streamwise velocity contours in the x-y plane. For the circular 

cylinder case and the elliptical cylinder case, the mid plane in the spanwise direction is chosen, while 

for the vibrissa cylidner case, the saddle plane at z=0mm and the nodal plane at z=27.5mm are pre-

sented, as shown in Fig.1. Note that in this section Y/D=0 is the centerline of cylinder and X/D=0 is 

the line just behind the cylinder. For the circular cylinder case, the vortex shedding is captured, and 

the wake expands along the flow direction. The wake expansion of the elliptical cylinder case is not 

as obvious as the cylinder case, and the vortex shedding is more frequent for the elliptical cylinder 

case, which is related to higher fundamental vortex shedding frequency as shown in Fig.3(a). For the 

vibrissa cylinder case, the vortex shedding is not obvious. The wake size in the saddle plane (z=0mm) 

is smaller than that in the nodal plane(z=27.5mm), and the wake expansions of the vibrissa case are 

weaker than that of the cylinder case, causing less disturbances in the far-field.   

 
Figure 4 : Instantaneous streamwise velocity field in the x-y plane of (a) the circular cylinder, (b) 

the elliptical cylinder, the vibrissa cylinder (c) at the z=0mm, and (d) at the z=27.5mm. 

     

    Figure 5 and 6 show time-averaged streamwise velocity contours on the x-y plane and the time-

averaged streamwise velocity along the center line (Y/D=0). The mid planes of the circular cylinder 

case and the elliptical cylinder case are presented, while four planes from z=0mm to z=41.25mm are 

exhibited for the vibrissa cylinder case. For the circular cylinder case, a big recirculation region oc-

curs just behind the cylinder, and the recirculation bubble length is about 1.5D as shown in Fig.6 

which is consistent with the literature data in Ref. [23]. The elliptical cylinder case shows much 

smaller recirculation region and wake size than the circular cylinder case, contributing to less dis-

turbances in the far-field. The velocity distributions changes along the spanwise direction for the 

vibrissa cylinder case. The recirculation region is very small in the saddle plane at z=0mm, and it is 

obvious in the nodal plane at z=27.5mm. It can be seen from figure 6 that the mean streamwise ve-

locity distributions of the center line exhibit great differences in the spanwise direction of the vibrissa 

cylinder case. The velocity value is relatively high in the saddle plane and low in the nodal plane 

when X/D is smaller than 5.5. The velocity value at other planes, i.e. z=13.75mm and z=41.25mm, 

are within the range between the saddle plane value and the nodal plane value, while the size of 

recirculation region and wake shows similar phenomenon as shown in Fig.5. These differences along 

the spanwise direction indicate that the coherence of the flow structure for the vibrissa cylinder case 

is low, and its vortex shedding process is more three-dimensional, causing weaker far-field acoustic 

pressure fluctuation and lower noise level than the other two cases.  

 

 



 

 

 
Figure 5 : Time-averaged streamwise velocity field in the x-y plane of (a) the circular cylinder, (b) 

the elliptical cylinder, the vibrissa cylinder (c) at the z=0mm plane, (d) at the z=13.75mm plane, (e) 

at the z=27.5mm plane, and (f) at the z=41.25mm plane. 

  

 
Figure 6 : Time-averaged streamwise velocity in the center line (Y/D=0) 

 

3.4. Velocity power spectral density 

    The power spectral density (PSD) of streamwise velocity from the PIV results is presented in Fig.7. 

The studied probes are in the mid plane of the circular cylinder case and the elliptical cylinder case, 

while for the vibrissa cylinder case, the probes are in the saddle plane at z=0mm and the nodal plane 

at z=27.5mm. The position of shear layer line is different according to the cylinder, which is Y/D=0.5 

for the circular cylinder, Y/D=0.35 for the elliptical cylinder, and Y/D=0.39 for the vibrissa cylinder 

respectively. The PSD calculation is conducted by the ‘Pwelch’ function in Matlab. The velocity PSD 

data are referenced to 25m/s. Overall, the PSD value in the shear layer line is higher than that in the 

line of Y/D=1, indicating stronger velocity fluctuation. The broadband components of the elliptical 

cylinder case and vibrissa cylinder case are smaller than that of the circular cylinder case, except for 

the probe in the shear layer of the nodal plane of the vibrissa case. The reason of which is that the 

elliptical cylinder and the vibrissa cylinder cases cause smaller vortices and weaker velocity fluctua-

tions than the circular cylinder case. An obvious tonal peak appears in the circular cylinder case at 

the fundamental vortex shedding frequency at 𝑆𝑡=0.19, which is consistent with the SPL results in 
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section 3.1. The elliptical cylinder case also shows a tonal peak at 𝑆𝑡=0.35, at almost the same fre-

quency with its major SPL peak. It can be concluded that the frequency of the major SPL peak is the 

same with the near-field vortex shedding frequency. For the vibrissa cylinder case, a tonal peak with 

relatively small protrusion occurs at 𝑆𝑡=0.25 in the nodal plane, and there is no tonal peak in the 

saddle plane. As a result, the SPL of the vibrissa cylinder case just shows a small bump near 𝑆𝑡=0.25. 

The low-correlated vortex shedding and the small tonal peak value induce much less noise level for 

the vibrissa cylinder case than its counterparts. 

 

 
Figure 7 : Velocity power spectral density for all cases at X/D =2 in (a) the shear layer line and (b) 

the line of Y/D=1.   

 

4. CONCLUSIONS 

    The far-field noise measurement and the near-field PIV measurement are conducted to study the 

aeroacoustic performance of the flow past a vibrissa cylinder. A circular cylinder case and an elliptical 

cylinder case are also investigated for comparison. Compared with the circular cylinder case, the 

elliptical cylinder case shows a shift in the tonal peak frequency from St=0.2 to St=0.36 as well as a 

4dB reduction for the SPL tonal peak value, resulting in a smaller overall sound pressure level 

(OASPL). The SPL tonal peak almost disappears in the vibrissa case with just a small bump around 

𝑆𝑡=0.25, and the OASPL value of the vibrissa cylinder case is significantly smaller than the other 

two cases. The sizes of vortices and the wake regions in the vibrissa cylinder and elliptical cylinder 

cases are smaller than that of the circular cylinder case, causing the weaker far-field acoustic pressure 

fluctuation and lower noise level. The frequency of the major SPL peak is the same with the vortex 

shedding frequency of the cylinder. The vortex shedding process of the flow past a vibrissa cylinder 

is less correlated along the spanwise direction. The low-correlated vortex shedding and the small 

tonal peak value contribute to the noise mitigation effect of the vibrissa cylinder. 
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