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body. The goal of the current study was to apply numerical simulation
to examine the development of vortices in a continuous turbulence flow

Keywords at the distanced position of a single splitter plate. As a starting point,
Vortex shedding, turbulence flow, the flow around a fixed circular cylinder and plate is examined at
reynolds number, strouhal number,  various spaced position ratios, where *L ratios are defined as the
ANSYS fluent, vorticity distance between the cylinder's centre and the plate's front edge. In the

wake of the cylinder, when *L is raised, positive and negative vortices
are generated. The pressure distribution following the vortex shedding
core strike is felt at the plate face tip (starting edge). Compared to the
other two positions, the CL created by L2 is larger and receives better
cortex hits.

1. Introduction

The study of flow around a bluff body has long been considered a fundamental challenge, given its prevalence in
natural phenomena and widespread use in engineering applications. A typical scenario involves a bluff body
positioned within a symmetrical two-dimensional channel (2D), whose motion is constrained by stationary no-
slip walls under a finite volume technique. The resulting confinement significantly alters the flow's behaviour,
potentially leading to changes in hydrodynamic forces, heat transfer, and mass transfer properties of the body [1,
2]

Vortex flowmeters, which may be utilised regardless of the fluid phase, are one of these industrial use areas
for flow measurement. The measurement of vortex shedding frequency, also known as von Karman Vortex Street
in the wake zone of bluff bodies, is the core working principle of these fundamentals. The Strouhal number does
not vary as the vortex shedding frequency and free stream velocity change correspondingly, like the von Karman
Vortex Street [3]. Vortex streets are commonly observed in various natural and man-made environments. For
instance, they can be spotted in river currents downstream of bridge support columns and in the wake of steady
winds blowing past the bridges, smokestacks, transmission lines, and missiles preparing to launch vertically. In
addition, above-ground pipelines in arid regions of the world can also generate vortex streets [4, 5].
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Nomenclature:

B blockage ratio

D height of the bluff body
H height of the channel

p fluid density

§) freestream velocity

u dynamic viscosity

Re Reynolds numbers

C.  lift coefficients

Cp  drag coefficients

f frequency of vortex shedding
St Strouhal number

1% kinematic viscosity

L characteristic length

8

The flow characteristics around a confined bluff body are determined by two fundamental parameters, as
reported in the literature: the blockage ratio (8 = D/H), where D represents the height of the bluff body and H
belongs to height of the channel, and the Reynolds number (Re = pU«D / ), where p denotes the fluid density, Ue
is the free-stream velocity, and y is the dynamic viscosity of the fluid.

Confined flow displays distinct characteristics from unconfined scenarios, particularly regarding vortex
shedding patterns. An intriguing phenomenon is the complete suppression of alternating vortex shedding when
the cylinder is close to the confinement wall (or when ( is sufficiently large), as first noted by Shair et al. in 1963
[6]. This article briefly reviews published research on the confined flow around three typical bluff body shapes:
circular cylinder, square cylinder, and flat plate. The focus is on the effects of B and Re on each shape's flow
structure.

Fluid flow behaviour around various bluff body shapes has been the subject of extensive research into the
flow behind bluff bodies for many years [7-11]. In the experiment conducted by researcher Islam (2017), the
laminar flow behind a square cylinder was examined using low Reynolds numbers (Re = 100 and 160). This study
describes and explores the crucial flow physics of various observed flow patterns in terms of instantaneous
vorticity contour visualisation, time-trace analysis of drag and lift coefficients (Cp, CL), and power spectra analysis
of force coefficient [12].

Another research by Kumar studied the flow behind a square-shaped bluff body situated in a confined finite
region domain. Under the Reynolds number Re=100, the constant velocity flow has been studied. Streamline
pattern, vorticity contours, lift-drag coefficients, and their accompanying power spectra are used to display the
results. [t has been shown that both Re and K have a significant influence on the vortex-shedding phenomena [13].
In the research conducted by author Dey, a two-dimensional steady laminar flow has been numerically examined
atlow Reynolds numbers between 5 and 45, under various corner radius conditions, and utilising a blockage value
of 0.05. Under this Re, it is discovered that the boundary layer thickness and the displacement thickness decrease
as the corner radius is reduced. Decreasing Re also causes the boundary layer profile to shift downward [14].

The study of circular cylinder shapes as bluff bodies has been the subject of an expanding body of literature
in recent years [15-19]. In an earlier experiment, flow characteristics around a modified circular cylinder were
examined at a Reynolds number of Re = 2.67x10%. The experiment investigated changing a circular cylinder with
a slit perpendicular to the incoming airflow to establish a channel for flow communication between the windward
and leeward stagnation regions. According to the findings of the experiments, a slit contributes to lessening the
drag force and decreasing the amplitude fluctuations of the dynamic wind loads operating on the test model.
Additionally, a flip-flop phenomenon is observed, and the frequency of dimensionless vortices is seen to be
switched to a deficient level [20].

Previous studies have used experiments to study the cross-flow around a circular cylinder positioned close to
the wall of a channel with a rectangular cross-section. Utilising flow visualisation and SIV measurements of
instantaneous velocity fields, the researcher investigated the flow pattern evolution behind the cylinder and the
formation of regular vortex structures. The visualisation concludes that the shear layer instability causes the
laminar to have a turbulent transition in the cylinder's wake [21].

In recent research, numerical analysis by Sharma and team examined incompressible and unsteady flow via
a slotted circular cylinder in the laminar regime. The simulation computes the flow field in the 60-180 Reynolds
number range, classified as laminar. According to the results, all Re ranges had periodic vortex shedding, and the
slotted cylinders successfully suppressed it. For Re more than 70, the slotted cylinders' overall drag coefficient
was lower than that of the unslotted cylinders [22]. In a previous computational study, the flow and heat transfer
structure was examined around a very slim bluff body with a rectangular cross-sectional area. The conditional
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Reynolds numberis 100; it is assumed that the flow is laminar for this investigation because it is so low. According
to the simulations, the stagnation point is moved from the centre to a position on the frontal side by changing the
bluff body's incidence angle. More than 95% of net drag and a third of lift forces are attributed to the pressure
component, according to the bluff body's under 45-degree angle of incidence [23].

In summary, it has been demonstrated from this review that there have been few studies exploring vortex-
shedding flow in turbulent conditions. Based on that, the goal of the current work was to use numerical simulation
to investigate the generation of vortices under continuous turbulence flow in varied with the distanced positions
of the single splitter plate.

2. Theoretical Background

The concept of flow instability can explain the theoretical basis of vortex shedding. A zone of low pressure
develops behind a bluff body when a fluid flowing around it separates at some point. The regions of fluid revolving
around a central axis can emerge because of this low-pressure area, creating vorticities. The formation of these
vortices depends on the flow Reynolds number, which is a dimensionless quantity that describes the ratio of
inertial forces to viscous forces in the fluid. The flow becomes unstable, and vortices form as the Reynolds number
rises above a particular point. The nonlinear interaction between the fluid flow and the vortices themselves, which
can intensify and perpetuate the vortex-shedding process, is the cause of this instability [24]. Another
dimensionless number that expresses the correlation between the shedding frequency and fluid velocity is the
Strouhal number, also called the shedding frequency.

2.1 Strouhal Background

The frequency of vortex shedding is related to the fluid velocity and the size and shape of a body in a fluid flow by
a dimensionless quantity known as the Strouhal number (St). It is defined as the ratio of vortex shedding frequency
to the sum of the fluid velocity and the body's characteristic dimension. The Strouhal number is given by:

St = % (1)

Where St is the Strouhal number, fis the frequency of vortex shedding, D is the characteristic dimension of
the bluff body, and U, is the freestream fluid velocity. The Strouhal number is an essential parameter in fluid
dynamics, as it provides a means of characterising and predicting vortex-shedding behaviour for different
geometries and flow conditions [25].

2.2 Reynolds Number

The ratio of inertial to viscous forces in a fluid is the Reynolds number (Re). The Reynolds number is given by:

UL
Re = Iy (2)

Where U is the fluid's velocity, L is the flow's characteristic length scale, and v is the kinematic viscosity of the
fluid. The Reynolds number controls fluid flow, with laminar flow occurring at low Reynolds numbers and
turbulent flow occurring at high Reynolds numbers. Understanding the Reynolds number is essential in various
disciplines, including fluid mechanics, aerodynamics, and heat transport [26].

3. Numerical Modelling

The simulation is conducted under constant air flow velocity, corresponding to Re = 104. To simulate, a 2D model
schematic of the CFD domain with a circular cylinder plate where the plate was positioned at varied distances in
the wake of the cylinder is shown in Fig. 1.

Fig. 1 shows three different distanced positions *L from the cylinder as samples of the mounted plate. The
numerical models employed under 50D x 20D as computational domain. The circular cylinder positions 10D and
40D, respectively, to reduce the impact of inlet and outlet effects. This simulation aims to investigate and obtain
the coefficient of drag and lift behaviour of the plate, which is under varied positions. The development of vorticity
behind the circular cylinder to identify the vortex shedding together identifies pressure distribution around the
bluff body and plate since this study investigates the plate's behaviour under three different positions required to
create individual domains with dimensions for the simulation, as listed in Table 1.
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Fig. 1 Schematic of the computational domains flow around circular cylinder and plate, including boundary
conditions

Table 1 Physical properties values of the domain geometry structures
Value (unit) /

Properties /

Bluff Bodies Dimensions Symbol Description
Circular Diameter D 0.01 (m)
Cylinder Surface Smt. Smooth

Splitter Plate Thickness t 0.0004 (m)

Span S 0.04 (m)
Distance, *L L1 4D
Lz 5D
Ls 6D

3.1 Validation of Mesh Independency

The entire domain was split into several faces using a structured block method to create better meshing. The
surface body's meshing is set to a quadrilateral mesh with a maximum element size of 0.026 m to generate a fine
and even mesh throughout. At the same time, the sizing of each edge is divided by a selected number of division
methods. By developing this, the meshing will be dispersed equally throughout the bluff body and domain by its
shape, where the mesh skewness maximum achieved around 0.5. Fig. 2 visualises the domain’s mesh outcome and
structured mesh around the bluff bodies

Circular Cylinder

Fig. 2 Mesh grid distribution of the boundary (fluid) domain
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Several mesh independency experiments for flow around the cylinder were conducted as initiating
benchmarks for the investigation. A set of grid-independent experiments with three structured mesh models of
different mesh element counts were performed on a single circular cylinder under Re 100. An overview of the
variations in the drag and lift coefficients concerning the number of grids is shown in Table 2.

Table 2 Mesh independency examinations of a single circular cylinder at Re = 100

Number of grid elements

Flow

Characteristics Type 1 Type 2 Type 3 Type 4
~40,000 ~58,000 ~76,000 ~98,000

Drag Coefficient, Cp 1.315 1.326 1.337 1.338

Drag Coefficient, CL 0.216 0.224 0.235 0.237

Table 3 compares the published results at laminar flows and a single circular cylinder's drag and lift
coefficients at a comparable Re. It has been noted that there is good agreement between the time-averaged values
of the fluctuating lift coefficient (CL) and the drag coefficient (Cp) where researchers released the data. The
comparison proved that Type 3 mesh elements can be used for the remaining simulations with reasonable
accuracy.

Table 3 Mesh independency examinations of a single circular cylinder at Re = 100

References Co Cu

Park, Kwon, & Choi [27] 1.33 0.235
Weilin Chen Chunning Ji (2020) [28] 1.336 0.230
Present - Mesh Type 3 1.337 0.235

3.2 Simulation Method

For this present CFD simulation, ANSYS FLUENT was used as computational software. Since the Re remains for all
three domains (plate position), the FLUENT was set up into the turbulence-based model for all the analysis
systems. The simulation initiates setting with a pressure-based type solver chosen with transient time setup and
absolute velocity formulation in a planar coordinate system 2D space. According to Re, the boundary conditions
of the inlet are uniform flow velocity launch. The cylinder surface, together with the top and bottom walls of the
domain, has no-slip wall condition, and the outlet boundary was continually in zero pressure condition. Using air
as flow fluid for this simulation, the properties where air density and dynamic viscosity are 1.225 kg/m3 and
1.802x10-5 kg/m.s, respectively. The coupled scheme method under second-order implicit formulation is used to
obtain precise results. The residual of convergence criteria has been reduced to generate more accurate results.
The entire simulation per domain setup runs up to 1500 time steps under 0.00015-sec step size. Each time step
required a maximum of 80 steps to iterate and meet the converge condition. Simulation initiates with Hybrid
initialization and monitors the lift and drag coefficient of cylinder-plate bodies.

4. Result and Discussions

This section discusses the fluidic parameters in the model's boundary domain, including pressure, force
coefficients, and vorticity after the bluff body.

4.1 Pressure Coefficient

The instantaneous pressure coefficient (Cp) is shown in Fig. 3 for distanced increments *L as L1, Lz and Ls. The
pressure wake varies over time along the simulation. A similar time frame was selected to indicate these pressure
coefficients, where the initial vortex shedding for every domain was used to make the comparison.
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Fig. 3 Pressure coefficient (Cp) distribution around the circular cylinder and plate different distance positioned; (a)
L; (b) Lzand (c) Ls

As observed, the plate behind the bluff body is also subjected to differential pressure on each surface side, top
and bottom. Fig. 3.a illustrates the development of the pressure in the cylinder’s wake and the impact of the plate
behind it in different range placements. The plate face tip (begin edge) experiences the pressure distribution after
the vortex shedding core hit. This provides initial values of the pressure experienced by the plate. Moreover, both
surfaces of the plate (top and bottom) begin to get the pressure coefficient consecutively once the vortex shedding
develops fully and constantly.

4.2 Lift Coefficient

To better understand the expansion of forces, the lift coefficients and CL of the cylinder (black plots in Fig. 4) and
plate (blue plots in Fig. 4) are shown in Fig. 4 as a function of *L. All the CL were plotted according to the selected
period step as the initial stage of vortex development. It should be noted that the lift coefficients of the plate were
computed based on the upstream circular cylinder diameter to give a meaningful comparison between the results.
Observing Fig. 4, it is apparent that the cylinder creates a lesser amount of CL. compared to the plate, which almost
reaches 0.8. Also, it is clearly visible that the L2 position makes a large C. compared to the other two positions, L1
and Ls. A comparison of both cylinder and plate indicates that Lz receives a better core vortex after the bluff body.
Furthermore, it is understood that a slight spacing ratio difference can generate a fluctuated force experience for
the plate. This also substantiates that the pressure coefficient for position Lz getting more significant force was
visible in Fig. 3 (b).
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Fig. 4 Lift coefficient (C.) wake around the circular cylinder and plate different distance positioned; (a) Li; (b) Lz;
and (c) L3

4.3 Vorticity Comparison

At first, the flow around a fixed circular cylinder and plate is investigated at various spacing ratios, defined as the
distance between the cylinder's centre and the plate's front edge. The position ratio varied from three difference
spacing *L with an increment similar to cylinder diameter, D. Fig. 5 shows the vorticity contours around the
cylinder and plate at Re equivalent to 104. It has been discovered that when the spacing ratio between the cylinder
and the plate is adjusted to the smallest tested value of L1 = 0.04m, generated shear layers from the upstream
cylinder move downward with minimal to the plate. A similar pattern is also seen once distance increases as L2
and L3. In contrast, positive and negative vortices are formed in the wake of the cylinder when *L is increased to
5D, and they freely migrate and attach to the downstream of the plate more vigorously. It also turns out that
increasing the position ratio to 5D and 6D produces the most vorticity. Maximum vertical force is the lift that can
be imparted to the plate to produce maximum deformation.
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(s?)
125

Fig. 6 Vorticity contours around the stationary circular cylinder and plate at Re = 104 at different distance
positioned; (a) L1; (b) L2; and (c) L3

5. Conclusion

The goal of the present study is to computationally investigate the flow characteristics in the wake of the circular
cylinder and plate behind the bluff with varied distanced position ratios under constant Re. This study was made
with the help of a finite volume technique using commercial software ANSYS FLUENT at subcritical Reynolds
number 104, with distanced ratio as an important factor. The primary findings lead to the following conclusions:

e Itis observed that the lift coefficient, Ci, increases along with the distanced position ratio. Anyhow, the Lz
distance provides a better increment.

e Compared to Lz and Ls, even when the distance increased, the flow carrying high pressure was much
higher in L2. This phenomenon could be reasonable due to the dissemination of the vortex core before
reaching the tip of the L3 plate.

e In turbulence instances, particularly subcritical flow conditions, the amplitude of pressure connected
with the wake zone of the cylinder gradually decreases with increasing distance.

e It was observed that with a more significant force coefficient, the lift creates a well for Lz positions and
possibly has better deformation than other positions; this could contribute more development to
vibrational-based devices as energy harvesters.
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