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1. Introduction

Vortex-induced vibration (VIV) is a frequently reported
phenomenon in nature and engineering technologies. The
vibration in "locking" region cause fatigue and damage to
various structures such as marine structures, tall buildings,
etc. As a result, a considerable endeavor has been done to
control and suppress the VIV. Vibration suppression can
be done through the active (open loop and closed loop) and
the passive control methods. The existence of a sensor is
necessary for the closed-loop active control methods,
while in passive methods, the flow is modified without
entering energy and external force. In the closed-loop
active control methods, the controller input is changed by
changing the flow characteristic, but in passive methods, it
is often associated with the modification of the structure's
geometry and can be intrusive and non-intrusive. The
control device should be connected to the considered
structure in numerous methods of controlling the flow-
induced vibrations. The magnitude of vibrations and
instability may be amplified if the flow around the
structure is interrupted due to the connection of the control
device (or control actuator) with the structure.

The fact that the actuator is not connected to the structure
is one benefit of employing the magnetic field to suppress
the VIV. Recently, the impact of applying a magnetic field
in the stream-wise and transverse directions (x and y) on
the flow-induced motion ofa circular cylinder was
numerically evaluated by Mosafari et al. They concluded
that unlike the magnetic field perpendicular to the flow
direction, the application of the magnetic field in the flow
direction at reduced velocities greater than 5 not only does
not reduce the vibrations, but also leads to an increase the
vibrations amplitude.

In this research, numerical simulations were used to
evaluate the fluid flow around a circular cylinder placed on
an elastic support when the external magnetic field is
acting in the zdirection of the coordinate axis. The
purpose of the study is to determine whether installing
magnets perpendicular to the cylinder's axis (in the
z direction) can effectively decrease and suppress

vibrations. This pointis valuable from a practical
standpoint since the method of arranging magnets to apply
magnetic fields in some directions may be impractical. The
influence of magnetic field intensity (increasing
Stuart number) on VIV reduction is also addressed in the
present study.

2. Modeling and Numerical Solution Method

The rigid cylinder containing diameter D is placed on the
elastic support in this research and can oscillate freely in
longitudinal and  transverse  directions.  Before
the vibration onset, the center of the cylinder matches up
to the origin of the coordinates. It is impacted by a uniform
flow with free-stream velocity of U,. Figure 1
schematically depicts the computational domain and the
applying magnetic field. This investigation only considers
the magnetic field perpendicular to the xy-plane (in the z-
direction).

Ansys Fluent software and the finite volume method
are used to numerically solve the unsteady, incompressible
continuity and momentum equations in each time step. To
apply the impacts of the magnetic field in the z-direction
employing the UDF, a source term was incorporated into
the momentum equations. Figure 2 shows a square region
with a structured grid surrounding the cylinder and a
region with a unstructured triangular grid surrounding the
circular areas make up the various configurations of the
computational grid.

Flow

Figure 1. Computational domain in the flow over an
elastically supported circular cylinder impacted by an axial
magnetic field.
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.“A:‘A.":?Z.‘Z,‘?L‘ﬁ'f‘:"fe"“ In the present study, the impact of a uniform magnetic field

ERE perpendicular to xy-plane (z-direction) on the active
control of VIV of a circular cylinder placed on an elastic
support. The cylinder is rigid and capable of free vibration
in the X and Y directions. The most significant finding of
the present fluid-structure interaction modeling is that
decreasing the cylinder's transverse displacement at all
reduced velocities was achieved by the magnetic field
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Figure 2. A close-up view of the region around the cylinder intensification in the z-direction. Additionally, the
for various computational grids findings of the frequency response diagrams
demonstrated that although the application of the magnetic

3. Results field was able to decrease the cylinder's displacement

Figure 3 shows the variations of Y., in terms of  range, it had little impact on the frequency response.
reduced velocity for the various magnetic field intensities

applied in the z direction. In addition, the findings for the

N = 0 are provided for the comparison. The vibrations

were controlled appropriately at all reduced velocities, as

shown in this figure, by applying the B, and intensifying

the magnetic field.
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Figure 3. The impact of intensifying the z-
direction magnetic field (increasing the Stuart number) on
the maximum of transverse vibration amplitude
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VIV suppression in the flow over a circular cylinder using axial magnetic field
Amir Aslan Mosaferi Mostafa Esmaeili Amir Hossein Rabiee

Abstract The present study numerically evaluates vortex-induced vibration (VIV) for an electrically conductive fluid
around a cylinder on an elastic support. The flow is subjected to a uniform magnetic field in the z-direction to evaluate
the VIV attenuation performance of this open-loop active control method. To analyze this fluid-structure interaction (FSI)
problem, the finite volume method (FVM) was employed based on the SIMPLE algorithm to solve the governing continuity
and momentum equations of the fluid flow and an explicit integration method to solve the motion equations of the rigid
structure. Simulations were carried out at reduced velocities of 2-9 and different Stuart numbers. The simulation results
demonstrated that the magnetic field was significantly effective and wholly (100%) suppressed transverse and
longitudinal VIVs. Arise in the magnetic field magnitude eliminated vortex shedding for all the reduced velocities, leading
to a symmetric wake. The symmetric vortex even disappeared above the critical Stuart number.

Key Words Vortex-Induced Vibration, Fluid-structure interaction (FSI), Magnetic field, Numerical simulation.
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