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ABSTRACT

The primary purpose of the present study is to reduce the drag force over the square cylinder by using a
detached splitter plate of length equal to one cylinder height (D) placed at the front and back side of the cylinder.
The thickness of splitter plate is 4% of the dimension of square cylinder. The splitter plate gap between the square
cylinder is equal to the one cylinder height (D) . The Splitter plates are placed horizontally in the upstream of the
cylinder and in the near wake region.

Direct numerical simulation of two- dimensional, unsteady and incompressible laminar flow is numerically
investigated at Reynolds number of 150 and 200. In the present work Navier-Stokes equations are solved by using
finite difference Marker and Cell (MAC) method. The accuracy of the Navier-Stokes solver is validated by the
simulation of flow past a square cylinder without the splitter plate.

The main objective of this study is to investigate the possibility of using a front and back side ofthe flat
plate for passive bluff body wake control. The Success of this mechanisms evaluated by considering the reduction of
aerodynamic loading together with the reduction in drag force on over the cylinder. The test case under
investigation consists of a square cylinder as the primary bluff bodies and a flat plate as a secondary body.

Keyword: - Square Cylinder, Reynolds Number, Wake, Grid Independence ,Drag Coefficient, Lift Coefficient,
Strouhal Number.

1. INTRODUCTION

The problem of flow around the square and circular cylinder with splitter plate has many attractions with regards to
the physics of the flow field as well as practical engineering applications. There is formation of a pair of vortices at
the downstream side of the object, whenever a fluid flows past a bluff body. Behind the bluff bodies, formation of
vortex shedding is of concern for many engineering applications and it is basically responsible for scour
development around bridge piers in channel beds, structural movement of high rise buildings, acoustic radiation
from aircraft landing gear, vibrations of industrial components and other related problems. The geometry of bluff
bodies may be simple, but the flow structure is complex especially in the near wake region. Therefore, this subject
requires investigation, especially when the near wake is interfered with a splitter plate, so that a better understanding
about the flow behaviors for a different range of conditions can be obtained. Due to periodic surface loading,
fluctuating velocity fields and the patterns of vortex shedding behind the bluff bodies can cause structural damage,
which basically diminishes the life of the structure and increases the drag and the acoustic noise. Therefore, in order
to control or suppress the vortex shedding phenomenon and to reduce the amplitude of fluctuating lift as well as
drag, numerous methods have been performed in the literature.
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There are two techniques to control the vortex shedding phenomenon: passive control technique and the active
control technique which are defined as below:

Actiwe Control

In the active control technique, the vortex shedding has been controlled by impacting external energy into the
flow filed [1]. Some of the examples of the active control techniques are the acoustic excitation systems and
feedback control, suction and blowing and rotary oscillation of cylinders.

Passiwe Control

Passive control techniques do not require any external energy in order to control the vortex shedding. It basically
controls the vortex shedding by attaching additional devices in the flow stream or by modifying the s hape of the
bluff body. This technique is easier and simpler to implement compared to the active control techniques and are
widely used for applications of flow control. Some of the examples of passive control techniques are control
cylinders, splitter plates, base bleed, roughness elements and helical wires. In control cylinder, a cylinder is
placed downstream or upstream in order to control the vortex shedding where as in case of splitter plate, a
rectangular plate is used to control the vortex shedding which is attached to the downstream face of the object
inline to the flow direction. Among the passive control techniques, the splitter plate has been one of the most
successful devices for the control of the vortex shedding behind a cylinder.

The main objective of the present study is to investigate the effect of detached splitter plate on the control of flow
structure, downstream of the square cylinder and to identify the gap distance at which all the fluctuating forces are
minimu m.

MATERIALS AND METHODS

Numerical Method

The numerical method which used in the present study is Marker and Cell (MAC) method. The MAC method first
appeared in 1965. It was developed by Harlow and Welch [2] specifically for free surface flows as a variant of
Particle-in-Cell (PIC) method. The original Particle-in-Cell (PIC) code [3] was developed in 1958, which used mass
particles that carried material position, mass and species information. Despite the special capabilities of PIC for
following discontinuities, it did not give accurate solutions in general because the transfer of information between
the particles and the underlying grid resulted in numerical diffusion. For solving full Navier-Stokes equations, MAC
method is used. In MAC method, there is an advection of marker particles with local fluid velocity and the
distribution of marker particles determine the configuration of instantaneous fluid flow. If a cell contains a particle
then it is also considered to contain fluid, therefore it provide flow visualization of the free surface. For the
computation of velocity and pressure, Momentum and Poisson equations are used by this method respectively. It
was developed to solve problems with free surfaces, but can be applied to any incompressible fluid flow problems.
There have been many further developments and applications of the MAC method (Tome & Mckee, [4]; Chen, et
al., [5]). Its extension to three dimensions has been difficult and the coalescence and fragmentation of fluid regions
meant enhanced complexity in the algorithm required if at all programmable. The computational domain is divided
into Cartesian cells. Staggered grid arrangements are used in which velocity components are defined at the
midpoints of the cell sides to which they are normal and the pressure is defined at the centre of the cell.

Gowerning Egquations

The simulation for the present problem has been carried out by solving unsteady, conservative form of
Navier-Stokes equations for an incompressible fluid in a two- dimensional geometry. The equations for continuity
and momentum may be expressed in the dimensionless forms as follows:

Continuity equation
du;

0x;
Momentum equation
du;  I(wuy) dp 1 0%y

ot " Tox 0% | R,0x?

The above equations are the non-dimensional form of continuity and momentum equations. The non-dimensional
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parameters are given as x; = %,ui = %i,p = p% where D is the characteristic length scale, U is the average inlet

velocity scale, p is the pressure, p is the density and Re is the Reynolds number given byR, =% (u is the
viscosity of fluid).

Boundary conditions
The boundary conditions for the present problemare:

Inlet B.C: A uniform velocity has been prescribed at the inlet of the 2- D channel i.e u(y) = 1.0 and v =0.

Outlet B.C: The outlet boundary condition should have such specifications that it would not affect the flow in the
upstream. Therefore, the convective boundary conditions which were proposed by Orlanski [35] have been used:
au; ou;
E + u. &
where u. , is the convective velocity in the above equation.
Confining boundaries: The confining boundaries (top and bottom boundaries) are modeled as the slip boundaries for

=0

example, at the transverse confining surfaces, they =+ le,g—; = Oand v=0.

Obstacle: No slip (u =0, v = 0) boundary conditions are used for the velocities on square cylinder as well as on the
splitter plate surface.

Assumptions

The phenomenological near-wake model describes a cylindrical object which translates with constant speed U
through ambient fluid and has lateral dimension D. This model is based on three major experimental and analytical
findings related to the geometry of the vortex street, the energy associated with the streamwise motion.

Problem formulation
The present study is aimed at controlling the formation of vortex shedding and wake region behind the square

cylinder by using detached splitter plate. The flow has been taken from left side to right side of the two -dimensional
channel. A splitter plate of length Lsp is used in order to suppress the vortexshedding, which is expected to have the
effect of unsteady forces on the square cylinder. Figures 1 represent the flow structure of the present problem.
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Figure 1: Flow domain for a square cylinder with a front and back detached splitter plate
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The length of the splitter plate is equal to the dimension of the square cylinder. i.e Lsp= D, where D is the one
dimension of the square cylinder. The separation distance (G2) is measured from the rear surface of the cylinder to
the leading edge of the plate and separation distance (G1) is measured from the front surface of the cylinder to the
trailing edge of the plate. The thickness of the splitter plate is 4% of the dimension of square cylinder. The present
study is done for only one case, by fix the distance of the rear end of the square cylinder to the leading edge of the
splitter plate and fixes the distance of the front end of the square cylinder to the trailing edge of the splitter plate but
the Reynolds number based on cylinder width. Therefore according to the corresponding gap, the grid domain is
extended downstream, so that the distance between the leading edge of the square cylinder and the upstream
computational domain is always same. Some of the important parameters that are considered in the present problem

are Reynolds number ( Re’=p UD /p ), drag coefficient ( CdC=Fp / 0.5pU 2p ) and lift coefficient  ( CIC=F /

0.5pU 2D ). Uniform mesh is used for the present problem.

e

Figure 2: Two-dimensional uniform grid
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Code validation

Code validation of the present problem is done by validating the Navier-Stokes solver by considering the laminar
flow pastasquare cylinderin 2-dimension channel. The Reynolds number based on the square cylinder width and the
average inlet velocity considered in the study is 80 m/sec. The flow direction is from left to right of the domain. The
relevant dimensions pertaining to the present study are: Lu =5, Ld = 12, and H = 10. Fromthe dimension, one can say
that the blockage ratio is 4% and can be considered as the infinite media. For computation, the flow domain is divided
into a number of rectangular cells. The mesh cell is uniform in both the directions The boundary conditions employed
for the present validation are same as described above.

The drag coefficient is determined by integrating pressure on the forward and rear faces of the cylinder and the
Strouhal number is obtained by the vortexshedding frequency.

Results and Discussion

The Reynolds number used for the present study is 150 and 200. The dimension of the square cylinder is same as
that of the plate length. The structure of the flow is studied by using streamlines, velocity vector and vortices
contours. Some useful physical quantities such as drag coefficient, Strouhal number and lift coefficient are
computed in the present study. To keep the splitter plate at the same distance towards the front and back side of the
square cylinder is to alter or suppress the vortex shedding phenomena. Aimof the present study is to find the drag
coefficient; Strouhal number and lift coefficient fluctuation are minimum and also analysis the behavior of wake
structure behind the cylinder due to detached plate.

Case I: Cylinder without front and back splitter plate

Figures 3.1 and 3.2 shows instantaneous velocity contours and corresponding streamline topology
respectively if Reynolds number is 150 and Figures 3.3 and 3.4 shows instantaneous velocity contours and
corresponding streamline topology respectively if Reynolds number is 200 .when the cylinder is without front and
back splitter plate.
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Figure 3.1: Instantaneous velocity contours Re=150

1602 WwWWw.ijariie.com 375



Vol-2 Issue-1 2016 IJARIIE-ISSN(O)-2395-4396

7 Figure 3.2: Streamline topology R(::=150

Figure 3.4: Streamline topology Re=150
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Case Il: Cylinder with back splitter plate and without front splitter plate

Figures 4.1 and 4.2 shows instantaneous velocity contours and corresponding streamline topology
respectively if Reynolds number is 150 and Figures 4.3 and 4.4 shows instantaneous velocity contours and
corresponding streamline topology respectively if Reynolds number is 200 .When cylinder is back splitter plate and
without front splitter plate.

1602 www.ijariie.com 377




Vol-2 Issue-1 2016 IJARIE-ISSN(O)-2395-4396

Case llI: Cylinder with back splitter plate and front splitter plate

Figures 5.1 and 5.2 shows instantaneous velocity contours and corresponding streamline topology
respectively if Reynolds number is 150 and Figures 5.3 and 5.4 shows instantaneous velocity contours and
corresponding streamline topology respectively if Reynolds number is 200 .When cylinder is back splitter plate and
without front splitter plate.
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Table 1: Variation of integral parameters with different Situation of cylender at Re=150 & Re=200.

Reynolds Drag
S.No. Situation of Cylinder Number Coefficients Lift coefficients | Strouhal Number
Re Cowmin Cimax St
Case I: Cylinder without
front and bgck splitter plate 150 o738 0.1065 0.1608
1 200 1.274 0.1767 0.1518
Case Il: Cylinder with back 150 1.5296 0.14779 0.086
splitter plate and without
2 front splitter plate 200 1.2055 0.18289 0.07882
Case I11: Cylinder with 150 1.4815 0.23776 0.0516
back splitter plate and front
3 splitter plate 200 1.1617 0.37639 0.099

CONCLUSIONS

The effects of downstream detached splitter plate on the suppression of vortex shedding have been
numerically investigated at a Reynolds number of 150 and 200. Splitter plate having a thickness of 4% of dimension
of square cylinder (D) is placed horizontally in the wake region and front side . The length of detached plate (L) is
same as the dimension of square cylinder (D).

In the present study, The major conclusions are drawn as follows:

o The value of drag coefficients Cpmin Value is decreases if the situation of cylinder is changed .
o The value of lift coefficients Cuax Value is increases if the situation of cylinder is changed .
o The value of Strouhal Number St value is decreases if the situation of cylinder is changed .

o The value of Reynolds number is increases then the value of Strouhal Number St is also
decreases.
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