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Abstract

The present experimental investigation was carried out using perforated fairing to control the vortex shedding
downstream of the circular cylinder of five different diameter (D;=40 mm, 50 mm, 60 mm, 70 mm and 75 mm) in
shallow water using Particle Image Velocimetry (PIV) technique. Arc angle of cylindrical perforated shell (a=120°)
and porosity of shell (B=0.5) were kept constant through the experiments. If cylindrical perforated shell becomes a
whole circle, its diameter gets value of D,=100 mm and Reynolds number based on the outer diameter (D,=100 mm)
as Re=10000. Perforated the fairing was positioned concentrically with respect to the circular cylinder (D;) along its
downstream direction. The time-averaged contours of vorticity, <T> and Reynolds shear stress, <uv> were
presented. Streamlines and turbulance statistics were also used to explain the flow structure. It was found that
perforated fairing has a significant effect on the flow structure. Suppression of vortex shedding was achieved when
compared with the bare cylinder case by perforated fairing. The peak magnitude of Reynolds shear stress, <uv>
were remarkably decreased and significant extension in the near wake of cylinder were observed for the diameter
ratio of D;/D,=0.5.
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1. Introduction

Suppression of vortex shedding behind a circular cylinder has received much attention due to its
potential applications in various fields. Numerous studies on the suppression of vortex shedding
have been carried out. Some of these studies have been performed with the active control
techniques which bases on using principle of external energy, others have been performed with
the passive control techniques which bases on using principle of modifying the geometry. Chen
and Aubry [1] developed an efficient active control algorithm for suppression of vortex shedding
behind the cylinder in an electrically low-conducting fluid. They used control actuators exert
Lorentz forces that localized two different surface of the cylinder. They introduced that the vortex
shedding behind the cylinder weakens and eventually disappears completely in both position of
the actuators when the Lorentz force is sufficiently large. Ray and Christofides [2] focused on
two-dimensional, incompressible viscous channel flow over an infinitely long cylinder and
examined effect of controlled rotational cylinder oscillation in reducing the drag exerted on the
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cylinder. They reported that the drag exerted on the cylinder consistently reduce for Reynolds
numbers in the range of Re=100-500. Jukes and Choi [3] experimentally studied and they found
that the localized plasma around the cylinder can significantly alter the vortex shedding in the
wake of the cylinder for Reynolds number of Re=6500. Most dramatic effects were observed
when the plasma was located very close to the natural laminar separation point. Gozmen et al. [4]
demonstrated that the mean flow and turbulent quantities change significantly with sizes of the
splitter plates in shallow flow in consequence of the prevention of interaction of shear layers
located on both sides of the cylinder. Sudhakar and Vengadesan [5] numerically investigated the
vortex shedding characteristics of a circular cylinder an oscillating wake splitter plate. They
observed three different patterns of vortex shedding in the wake of the circular cylinder
depending upon the frequency and amplitude of plate oscillation: normal shedding, chain of
vortices and shedding from splitter plate. Their study also indicated that vortex shedding can be
completely suppressed by a short splitter plate (L/D=1) if it is given a simple harmonic
oscillation at very low oscillating frequencies. If the plate is held stationary, such a suppression
requires a plate of length equivalent to five times that of diameter of the cylinder (L/D=5). Ikeda
and Takaishi [6] showed that the stable wake shear layers of the perforated cylinder and
suppression of Aeolian tone are carry out due to the jets emitted from the holes at regular
intervals. The flow through screens is also an important issue in order to understand their effect
on the flow control since they will be used throughout this study. Orug [7] studied flow control
around circular cylinder with a screen which had a streamlined shape. PIV measurements have
indicated that the surrounding of cylinder with a screen significantly suppressed the vortex
shedding from the outer cylinder. Ozkan et al. [8] investigated that the change in flow
characteristics downstream of circular cylinder surrounded by a permeable cylinder in shallow
water using particle image velocimetry technique. They observed that the peak magnitude of
turbulent kinetic energy and Reynolds stress decrease remarkably due to the presence of the outer
cylinder compare with natural cylinder case. Galvao et. al. [9] used two-dimensional hydrofoils
to reduce vortex-induced vibrations (VIV) and drag on the cylinder of circular cross-section.
Their parametric search shows that it is possible to completely eliminate vibrations and reduce
the drag coefficient to about C4=0.5 at sub-critical Reynolds number. Boorsma et. al. [10]
performed experimental study to investigate and optimize the effect of different perforated fairing
on the noise control at different location. The fairing self-noise is reduced remarkably by
breakdown of the vortex shedding process, resulting in a reduction of associated broadband noise
level.

Aim of this study is to investigate the effect of perforated fairings on control of the vortex
shedding downstream of the circular cylinder for five different diameter values of cylinder.
Results from PIV measurements were compared with each other, as well as with the bare cylinder
case.
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2. Materials and Method

Experiments were conducted in a closed-loop water channel and a width of 1000 mm, a length of
8000 mm and a free-surface height of 750 mm located at Cukurova University. The flow motion
was provided by a centrifugal pump with a speed control unit. Circular cylinders (D; )of five
different diameter values (Di=40 mm, 50 mm, 60 mm, 70 mm and 75 mm) were used in order to
investigate the effect of diameter ratio (Di/D,) on the unsteady flow structure created in the near
wake of the circular cylinder. The porosity ratio, B, is defined as the ratio of the gap area on the
whole body surface area. Arc angle of cylindrical perforated shell (a=120°) and porosity of
cylindrical shell (B=0.5) were kept constant through the experiments. If perforated cylindrical
shell becomes a whole circle, its diameter gets value of D,=100 mm and Reynolds number based
on the outer diameter (D,) as Re=10000. Perforated the fairing was positioned concentrically
with respect to the circular cylinder (D;) along its downstream direction. All measurements were
done on plan view for water height of h,= 50 mm which corresponds to the Froude number of
Fr=0.14, laser sheet was located parallel to the bottom of the water channel at h, =25mm for each
case. The schematic diagram of water channel and experimental arrangements are given in Fig.

|
w
I

D CCD Camera

a ) Experimental system for side view



H. AKILLI et al./ ISITES2014 Karabuk - TURKEY 2023

.»"';.D\.
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Figure 1. Hlustration of basic experimental system and cylinder-perforated fairing configuration

The experiments were performed and the measured data were processed using Dantec Dynamics
PIV system and FLOW MANAGER Software installed on a computer. The illumination of
measurement field was supplied with a thin and an intense laser light sheet by using a pair of
double-pulsed Nd:YAG (yttrium aluminum garnet) laser source energy level of 120 mJ at 532 nm
wavelength. The time interval between pulses was 1.75 ms for all experiments and the thickness
of the laser sheet was approximately 2 mm. The time interval and the laser sheet thickness were
selected such that the maximum amount of particles in the interrogation window was obtained.
The image capturing was performed by an 8 bit cross-correlation charge-coupled device (CCD)
camera having a resolution of 1016x1016 pixels, equipped with a Nikon AF Micro 60 f/ 2.8 D
lenses. In the image processing, 32x32 integration window pixels were used and an overlap of
50% was employed. A total of 3844 (62x62) velocity vectors were obtained for an instantaneous
velocity field at a rate of 15 frames / s. The field of view of measuring planes covers the
downstream of the cylinder with the area of 200mm x 200mm for all configurations and the
image magnification was 0.0709 mm / pixel. The water was seeded with 12 um diameter hollow
glass sphere particles. The number of particles in an interrogation area was in between 20 and 25.
The uncertainty in velocity relative to depth averaged velocity is about 2% in the present
experiments. The instantaneous images were captured, recorded, and stored in order to obtain
averaged-velocity vectors and other statistical properties of the flow field. Spurious velocity
vectors (less than 3%) were removed using the local median-filter technique and replaced by
using a bilinear least squares fit technique between surrounding vectors. All experiments were
carried out above a platform, having a length of 2300 mm to obtain fully developed shallow flow
conditions.

3. Results

The flow structure downstream of bare cylinder and cylinder-perforated fairing configuration are
displayed together to compare to the flow characteristics with existence of the perforated fairing.
The first column of letter figures presents the bare cylinder results. Time-averaged vorticity, <T>
contours and streamline topology, <p> are illustrated in figure 2 for the cases of bare cylinder and
perforated fairing.
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Figure 2. Time averaged vorticty, <T> and streamline topology, <P> distribution of bare cylinder and cylinder-
perforated fairing configuration at different diameter value of the circular cylinder.
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Time averaged vorticity contour, <T> in the near wake of bare cylinder, which is seen first
column of figure 2, is relatively narrow and have a symmetrical structure and also get closer to
each other in wake region. It is clearly seen that the shear layers on the both side of cylinder
shorten with increasing diameter value of bare cylinder while the magnitude of time averaged
vorticity, <T> increases. Time averaged streamline topology, <P> shows that two well-defined
foci points (marked as F1 and F2), which coincide with the centers of streamline swirls, and a
saddle point (marked as S), which represents the location of intersection of streamlines are
occurred in the near wake of bare cylinder. Presence of perforated fairing significantly effects the
flow structure and shear layer extends along downstream direction and gets close to each other in
the second field of view up to diameter ratio of D;i/D, =0.75. Magnitude of time averaged vorticty
is also decreased, when compare with bare cylinder case. Two foci points and a saddle point,
which occur in the wake of bare cylinder, is completely disappeared at diameter ratio of
Di/Do=0.4. Although some weak circulation is seen in the wake of diameter ratio of Di/D,=0.5
and Di/D,=0.6, it is observed that remarkably interaction and stream swirls do not consist as
regards bare cylinder cases. This is a distinct evidence of effect of perforated faring on the
suppression of vortex shedding. Perforated fairing starts to become ineffective on the flow
structure at diameter ratio of Di/D,=0.7 and completely loses its effect at diameter ratio of
Di/D,=0.75. Two clear foci points and a saddle point occurred in the wake of diameter ratio of
Di/D,=0.75 similar to the bare cylinder case.

Figure 3 shows Reynolds shear stress, <uv> concentrations for the cases of bare cylinder and
cylinder perforated fairing configuration. The minimum and incremental values of Reynolds
shear stress, <uv> contours were taken as +0.004. The solid and dashed lines present positive
(counterclockwise) and negative (clockwise) Reynolds shears stresses, <uv> respectively. The
distribution of positive and negative Reynolds shear stress, <uv> is nearly symmetric with respect
to the cylinder centerline. While shear layer on the both side of cylinder occurs in the near wake
of bare cylinder, shear layers are expanded and the magnitude of Reynolds stress, <uv> is
decreased with the presence of perforated fairing. The flow emanating through the holes on the
fairing causes a jet flow effect, prevents the vorticity on each side of the cylinder by preventing
the interaction of vortices thus reducing the momentum entry into the wake region. Therefore,
vorticity occurrence and breakage is shifted to the farther regions of downstream flow. As a
result, magnitude of Reynolds shear stress, <uv> in the wake region reduced when compared
with the bare cylinder case. The distance between the circular cylinder and perforated fairing is
decreased with the increasing diameter ratio and due to this reason flow entry in to the wake
region through the perforated fairing is reduced. Therefore, jet effect of the flow is decreased and
vorticity couples interact in a closer region and increase turbulence accordingly. Therefore the
magnitude of Reynolds shear stress, <uv> tends to increase again and flow structure exhibit like
bare cylinder case for Di/D,=0.75.



H. AKILLI et al./ ISITES2014 Karabuk - TURKEY 2026

SR
R
N

'E

D,/D,=0.75 5 5
Figure 3. Distribution of Reynolds shear stress, <uv> for different bare cylinder and cylinder-perforated fairing
combination.




H. AKILLI et al./ ISITES2014 Karabuk - TURKEY 2027

0.15 -
4 012 1
=]
v
o 0.09 -
]
S
&a
v
T 0.06 4
o
c
>
()
€ 003 -
= @ Bare cylinder
0 =fe== Configuration of cylinder- perforated fairing
20 30 40 50 60 70 6
Diameter value of cylinder (mm)

Figure 4. The variation of maximum Reynolds shear stress, <uv> with diameter of cylinder

The variation of maximum Reynolds shear stress, <uv> with the cylinder diameter are presented
in the figure 4 to demonstrate the effect on the turbulence statistics of flow structure. Although
the peak magnitude of Reynolds shear stress, <uv> of D;=40 is approximately same with the
Di/D,=0.4, it is seen that the point where the peak magnitude of maximum Reynolds shear stress,
<uv> occurred in further region of cylinder-perforated fairing configuration in the figure 3. Effect
of perforated fairing is seen with the increasing diameter ratio and the peak magnitude of
Reynolds shear stress, <uv> is significantly reduced by %45, %40, %33 for diameter ratios of
Di/D,=0.5, Di/D,=0.6 and Di/D,=0.7, respectively. Maximum Reynolds shear stress, <uv> of the
Di/D,=0.75 case is close to the bare cylinder case and the decreasing effect on the turbulence
statistics at high diameter ratio.

Conclusions

This study was performed to investigate the effect of using perforated fairing on the suppression
of vortex shedding in shallow water. In order to explain the flow structure downstream of the
circular cylinder, PIV measurements were used and compared by different cylinder cases. The
most effective controls were obtained from the case of Di/Do=0.5. The vortex shedding is
controlled by reducing turbulence statistics up to % 45. Furthermore, where it location of the
peak magnitude of Reynolds sheer stress, <uv> was remarkably removed further region of
cylinder in this case. The time averaged vorticy contours and streamline topology, <pP>
demonstrate that the suppression of vortex shedding is achieved with using perforated fairing
around circular cylinder.
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