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1. Introduction

Structural vibrations are always of the most important
challenges in the design and proper operation of all types
of ground structures exposed to flow, such as buildings
and stairs, marine structures like marine risers, and even
aerial structures. Now, if the source of these vibrations is
aerodynamic forces, the problem analysis of flow-
structure interaction is very difficult. The instabilities
caused by the flow can cause irreparable damages to the
structures exposed to the flow. Usually, the fluctuations
caused by aerodynamic forces are divided into flutter,
vibrations caused by vortex separation, and galloping.
Vibrations caused by vortex shedding are seen when the
frequency of vortex shedding approaches the natural
frequency of the oscillator system. Galloping is specific
to structures with a non-circular and pointed cross-
section, where the movement of the structure increases
the range of aerodynamic forces and further increases the
range of vibrations. Usually, the range of galloping
fluctuations is greater than the range of vibrations caused
by vortex separation, while it occurs at higher flow
speeds. To model and analyze the instabilities caused by
the flow, a cylinder with a circular cross-section is mainly
used. Although the circular cylinder provides a basic and
simple geometry for researchers, it cannot be used to
observe other phenomena. A cylinder with a square cross-
section as a non-circular geometry with sharp corners has
recently received much attention from researchers.

Significant progress in material engineering has
reduced the weight and flexibility of structures, which
shows the need for flow control methods in order to
reduce the vibrations caused by the flow. Suppression of
these fluctuations is done by correcting the flow forces
that cause vibrations by passive and active flow control
methods. In the flow suction or blowing method, a groove
or grooves are installed on the front or rear the surfaces
of the cylinder, which can change the behavior of the
flow-structure around the cylinder by suction or blowing
the flow and consequently change the process of vortex
shedding. This method has recently been used for
controlling the flow around cylinders with a fixed square
section (without vibration). But until now, the method of
suction or blow flow control has not been used for
reducing the fluctuations caused by the flow of a cylinder
with a square section. Therefore, the main goal of the this

study is to use this method in order to change the flow
behavior and consequently reduce the vibrations caused
by the cylindrical flow with a square section that freely
oscillates in the transverse direction in both the frequency
locking and galloping regions. For this purpose, the
effectiveness of flow suction method and flow blowing
method were evaluated separately.

2. Numerical solution method

In this study, the external flow is considered on a square
cylinder that vibrates freely in the direction perpendicular
to the flow (Figure 1). Due to the application of
oscillating forces that are applied to the square cylinder
placed on the elastic bed by means of the current, the
cylinder can freely oscillate in the transverse direction.
Therefore, for the present fluid interaction problem, the
cylinder can be modeled as a mass-spring-damper

system.
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Figure 1. Square cylinder exposed to flow on an elastic bed

In each time step, the repetition process of equations is
solved using Fluent commercial software. For this
purpose, a user defined function is used. As can be seen
in Figure 2, the mesh network includes unorganized
triangular meshes and organized quadrilateral meshes
(inside the square central part). In each repetition of the
numerical solution process, the function of changing the
shape of the displacement of the grid under the name of
moving mesh changes the shape of the cells of the grid
along with the movement of the cylinder, while the square
central part that includes quadrilateral cells is moved
along with the movement of the cylinder in the computing
field and causes the mentioned tetrahedral cells to remain
rigidly in the field.
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Figure 2. The dimensions of the computing field, the way of
meshing and placement of the cylinder in the computing
field
As can be seen in Figure 3, the obtained results are in
very good agreement with those reported some others

researches.
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Figure 3. Maximum displacement changes of the square cylinder in
terms of Reynolds number

3. Results and discussion

In this section, the numerical results related to the
application of the flow surface suction and blowing
method are presented in order to reduce the instabilities
caused by the flow (vibrations caused by the separation
of vortices and galloping) of a square cylinder placed on
an elastic bed. As mentioned earlier, once the suction
method and the blowing method were used to reduce the
vibrations caused by the flow. For the suction method, a
groove is used on the front surface of the cylinder, and a
groove on its back surface is used for the tail. Moreover,
the effectiveness of the mentioned methods was
investigated in both frequency locking and galloping
areas. Figure 4 shows the maximum changes of the
transverse displacement range of the square cylinder
according to the surface suction and blowing speed of the
flow and the length of the groove. As can be seen in this
figure, in the flow suction method, with the increase of
the suction speed, the maximum displacement range of
the square cylinder decreases. Here, the rate of
displacement amplitude decreases with increasing suction
speed. For the flow blowing method, increasing the
power of the flow blowing leads to a significant decrease
in the displacement range of the square cylinder. In the
flow blowing method, it is possible to see a sharp
reduction in the displacement range of the square cylinder
between the dimensionless blowing speeds, after which
the fluctuations caused by the square cylinder flow have
been completely suppressed.
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Figure 4. The maximum variation of the displacement
range of the square cylinder according to the speed of
suction and blowing for Re =87.5

Moreover, by comparing the suction and blowing
diagrams in Figure 4, it can clearly be seen that the

blowing method is much more effective than the current
suction method for the frequency locking region.

Figure 5 shows the maximum changes of the transverse
displacement of the square cylinder in terms of the
suction speed and the surface blowing of the flow as a
representative of the Reynolds number located in the
galloping region per groove length.
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Figure 5. The maximum displacement range changes of the
square cylinder according to the speed of suction and
blowing for Re =250
Table 1 summarizes different modes of control

parameters.

Table 1. The percentage of vibration reduction in each of
the investigated modes

. . Reynolds Percentage
blowing/suction Number diD | ugp/ue reduction (%)
suction 0.2 30
blowing 1 70
suction 875 0.05 45
blowing 05 0.2 95
suction ' 0.25 71
blowing 0.5 97
suction 250 0.2 41
blowing 1 31
suction 0.4 18
blowing 1 28
suction 87.5 0.2 65
blowing 0.7 02 98
suction 0.1 ' 49
blowing 0.6 87
suction 250 0.2 44
blowing 1 17

4. Conclusion

In this study, the flow suction and blowing method was
used to reduce the fluctuations caused by the flow of a
cylinder with a square section that freely oscillates in the
transverse direction for both frequency locking and
galloping regions. According to the flow-structure
interaction simulations, the mentioned method has
succeeded in reducing the amplitude of vibrations caused
by the separation of vortices and galloping. For the
Reynolds number located in the frequency locking
region, it can be seen that the suction of the flow at the
suction speed u,/u, = 0.2 and groove length d/D >
0.5, it can significantly reduce the range of cylinder
vibrations. It can also be seen that under the mentioned
conditions, the vortex shedding formed behind the
cylinder, are completely stopped in the uncontrolled state
in the frequency locking region. Moreover, for the
Reynolds number located in the galloping region, it can
be seen that the flow suction can significantly reduce the
galloping range.
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5.4 Vorticity contours
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