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Abstract

In this study, the visualization of the flow structure around a circular cylinder was investigated with dye injection
experiments. The experiments were carried out in the closed-circuit open water channel in Osmaniye Korkut
Ata University. Experiments have been studied on a circular cylinder at different rotational speeds. Experiments
were carried out at Re = 1000 according to cylinder diameter and free stream velocity. In the study, with the
increase of the rotation speed, an acceleration layer occurs between the fluid velocity in the cylinder wake in
the flow direction and the flow from the circumference of the cylinder and the speed of rotation. This situation
caused the complete disappearance of the vortex ruptures in the flow direction and the emergence of Kelvin
Helmhotz fluctuations. As a result of the study, it is seen that the flow control is insufficient at low rotational
speeds, but the flow can be controllable at high rotational speeds.
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1.INTORDUCTION

The flow created by the rotation of the roller around its
transverse axis reveals a phenomenon known as the ‘Rob-

in Magnus effect. There are many examples of the Robin
Magnus effect in real life, such as the oscillation of cricket or

soccer balls, the rotation of bullets around the axis of sym-
metry, and the transport of particles in liquids. The inter-

actions between the inertial force of the incoming flow and

the centrifugal forces caused by rotation under the effects
of viscous damping lead to complex vortex structures [1].

The investigation of the flow structure around the cylinder

is the subject of many researches due to its academic ap-
peal and its practicality in many engineering applications.
In the counterclockwise rotating cylinder, when the natu-

ral operating frequency of the cylinder is higher than the
separation frequency, a clockwise reactive vortex is formed

that starts in the upper half of the cylinder. When clock-

wise rotation begins, a counterclockwise vortex is formed in

the lower half, resulting in a synchronized vortex mode [2].
It creates an asymmetry in the velocity and pressure fields

around the rotating cylinder, which exerts a force on the
cylinder normal to the flow direction. The average lift and
drag coefficients and the Strouhal number increase linearly
with the rotational speed. When the rotation speed is higher
than the critical value, the Kirman vortex street disappears

and the flow becomes steady [3]. Flow around a rotating cyl-
inder has prevalent uses in many different industrial appli-
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cations. For example, there are many different areas of use,
from heat exchangers, fuel and control rods used in nuclear
power plants, from the paper and textile industry to cylin-
drical cooling devices in the glass and plastic industry [4].
Flow structure around bluff bodies have great importance
in engineering applications. For example, vortex vibrations,
acoustic sound or resonances around the object may occur
[5]. Flow control methods are used to reduce or eliminate
these effects. Flow control provides powerful tools for engi-
neers, scientists and product developers to achieve desired
goals in both internal and external flows [6].

Basically, flow control is examined in two groups as active
and passive. Active flow control allows the flow structure to
be changed at any time and often to eliminate the irregulari-
ties that arise. In fact, active control methods provide flexibi-
lity in control strategies. Therefore, it is possible to see many
different studies in which active flow methods are applied in
the literature [7-12]. Gad-el-Hak and Bushnell [7] conducted
a compilation study in which different methods including
flow control with moving surface boundary layer of a rota-
ting cylinder. Tokumaru and Dimotikes [8] applied a cont-
rol technique by experimentally giving rotary oscillations to
the cylinder in the wake flow region formed in the cylinder
downstream region. Lam [9] experimentally investigated
flow in a rotating cylinder at 3600<Re<5000 and a<2.5 with
PIV. Although the shape of the vortex is very similar to the
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vortex path behind a fixed cylinder, it is seen that the vortex
becomes increasingly narrower and tumbles sideways with
increasing rotation speed of the cylinder. The researcher
found that the length of the vortex formation decreases as
a increases.

In this study, flow visualization was carried out in order
to have preliminary information about the flow structure
around a fixed and rotating cylinder to visualize the flow.
The results obtained in this study are expected to serve as an
example to experimental and numerical studies and to be a
reference for future studies.

2. EXPERIMENTAL SETUP

The experiments were carried out in the open surface water
channel in the Osmaniye Korkut Ata University Advanced
Fluid Mechanics Laboratory. Figure 1 contains the techni-
cal drawing visual of the water channel. The field of view in
the water channel is made of plexiglass material. Two spe-
ed-controlled pumps, two collecting pools, one honeycomb
pattern and mesh equipment are used to regulate the flow.
The water tunnel has a length of 15 m, a height of 1.8 m and
a width of 4 m. The test section where the experiments are
carried out in the water tunnel has an open top and a length
of 6 m with a cross section of 80x80 cm. Before the flow
enters the test section, the flow passes through a sedimenta-
tion tank, a honeycomb and a 2: 1 constriction.

"

Figure 1. Technical drawing of closed-circuit open water channel

In the study, the flow field was examined by visualizing in
order to have preliminary information about the flow stru-
cture. For the visualization of the flow, images of at least 66
seconds were taken with a Canon EOS M50 (24MP) model
digital mirrorless camera at 1280 * 720-pixel resolution can
be capable of shooting 100 frames per second, then the ima-
ges were analyzed and images representing the flow struc-
ture were obtained for each experiment. In order to obtain
a non-pulsed laser beam, a horizontal laser beam was obta-
ined using a cylindrical lens in front of the point laser and
the flow was visualized. In the flow visualization, the dye /
water mixture obtained by mixing Rhodamine 6G in powder
form with water, which reflects under laser light used for
detailed observation of the flow structure. During the ex-
periments, dye was injected into the flow with a thin needle
from a distance without affecting the flow from the front
of the cylinder. A laser beam was sent to the channel from
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a certain height and images were obtained by means of the
camera located under the channel (Figure 2-1). Collected
images were analyzed through package programs. In addi-
tion, a servo system has been designed to give the desired
rotational speed to the cylinder. The experimental setup de-
signed for flow visualization is given in Figure 2-2. In Figure
2-2, 1- dye tank, 2-dye injector fixing plate, 3-dye injector,
4- cylinder, 5-servo motion system.

Servo system
= Laser

Servo motor

Cylinder

= = |
Servo motor
Moving system
]
ﬁ €
Camera

Figure 2. 1) Schematic and 2) Real image of the experimental setup

3. RESULTS AND DISCUSSION

In order to have preliminary information about flow charac-
teristics around the rotating cylinder, flow visualization was
carried out with dye injection experiments. In the study, the
cylinder with D = 25mm was produced from resin material
by 3D printing method. Different rotational speeds (rpm)
and different rotation angles (0) are given to the cylinder
with servo motion system. In Figure 3-8, snapshots of the
flow visualization experiments performed at Re = 1000 for
the fixed cylinder are given. Reynolds number is calculated
based on cylinder diameter and free stream velocity (V).
The images taken as a result of the flow visualization were
created by selecting the snapshot interval at a certain time
interval. In the figure, the time interval between two snap-
shots is selected as 0.03 sec. Dye experiments at different ro-
tational speeds (rpm) were repeated for the rotating smooth
cylinder, thus the effect of the rotation speed on the flow was
investigated. In the figures, there are visuals taken at differ-
ent time intervals in the flow visualization made in straight
fixed, clockwise direction, 15 rpm, 30 rpm, 45 rpm, 60 rpm
and 120 rpm, respectively. The formation of the Karman vor-
tex street with a certain frequency and its progress in the di-
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Figure 4. Flow structure formed behind the cylinder at 15 rpm rotation
clockwise at Re = 1000
rection of flow can be clearly seen from the figure (Figure 3).
It is seen from the figure that the vortices (A-B-C-D) formed
by separating from the cylinder boundary layer progress in
time and grow (D) as they move away from the cylinder. At
low rotational speeds, eddies began to form and the Karman
vortex street was formed in the direction of rotation. How-
ever, the narrowing of the vortices formed by the effect of
the rotation shrinks the Karman vortex street compared to
the non-rotating cylinder (Figure 3-4). It has been observed
that the wake region where the boundary layer separation is
shifted at high rotation speeds narrows towards the cylinder
and that the Karman vortex street formed in the flow di-

Figure 5. Flow structure formed behind the cylinder at 30 rpm rotation
clockwise at Re = 1000

Figure 6. Flow structure formed behind the cylinder at 45 rpm rotation
clockwise at Re = 1000

rection and the instability of Kelvin Helmhotz do not occur.
With the increase in the rotational speed, an acceleration

layer occurs between the fluid velocity in the cylinder wake

in the flow direction and the flow from the circumference of
the cylinder and the increasing flow (Figure 5-8). This sit-
uation caused the vortex ruptures in the flow direction to
disappear completely and the flow to proceed in the direc-
tion of rotation without distortion. When the snapshots are
examined, it is seen that the flow is insufficient in controlling
the flow at low cycles (15 rpm, 30 rpm and 45 rpm), but that
the flow is controlled at high speeds (60 rpm and 120 rpm).
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Figure 7. Flow structure formed behind the cylinder at 60 rpm rotation
clockwise at Re = 1000

T=0.03s T=0.15s

Figure 8. Flow structure formed behind the cylinder at 120 rpm rotation
clockwise at Re = 1000

4. CONCLUSIONS

In this study, flow around a circular cylinder (D = 25mm
diameter) has been visualized at Re = 1000 for different ro-
tational conditions.

+ Ithasbeen observed that the formation of the Karman
vortex street with a certain frequency for the fixed
cylinder and its progress in the flow direction. It is
observed that the vortices formed by separating the
cylinder from the boundary layer progress in time and
grow larger as it moves away from the cylinder.
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+ The clockwise rotation was given one-way rotation
speed and it was observed that the wake region, where
the boundary layer separation was shifted at high
rotation speeds, narrowed towards the cylinder and
that the Karman vortex street and Kelvin Helmhotz
instability formed in the flow direction did not occur.

+ It has been determined that the wake region zone,
where the boundary layer separation is shifted at high
rotation speeds, narrows towards the cylinder and
does not occur in the Karman vortex street and Kelvin
Helmhotz instabilities that are formed in the flow
direction.

« With the increase of the rotational speed, an accel-
eration layer occurs between the fluid velocity in the
cylinder wake in the flow direction and the flow from
the circumference of the cylinder with the increasing
speed. This situation caused the vortex ruptures in
the flow direction to disappear completely and Kelvin
Helmbhotz fluctuations to occur.
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