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Abstract

In this paper, the phenomena of vortex shedding from the circular cylinder surface has been
studied at several Reynolds Numbers (40<Re< 300).The 2D, unsteady, incompressible, Laminar
flow, continuity and Navier Stokes equations have been solved numerically by using CFD
Package FLUENT. In this package PISO algorithm is used in the pressure-velocity coupling.

The numerical grid is generated by using Gambit program. The velocity and pressure fields
are obtained upstream and downstream of the cylinder at each time and it is also calculated the
mean value of drag coefficient and value of lift coefficient .The results showed that the flow is
strongly unsteady and unsymmetrical at Re>60. The results have been compared with the
available experiments and a good agreement has been found between them.

Keywords:-vortex shedding, cylinder, unsteady state, drag coefficient.
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1-Introduction

In fluid dynamics, vortex shedding is an oscillating flow that takes place when a
fluid such as air or water flows past a bluff (as opposed to streamlined) body at certain
velocities, depending on the size and shape of the body. In this flow, vortices are created
at the back of the body and detach periodically from either side of the body [1]. The
flow past a two-dimensional cylinder is one of the most common studies of
aerodynamics. It is relevant to many engineering applications. The flow pattern and
drag on a cylinder are functions of the Reynolds number, based on the cylinder diameter
and the undisturbed free-stream velocity [2]. In addition, the phenomenon of vortex
shedding from bluff bodies is very important in various engineering situations. Its
control leads to the reduction in the unsteady forces acting on the bluff body and can
significantly reduce its vibrations [3]. In reference [4] the authors presented calculations
of unsteady 2D-flow past rectangular cylinders at incidence. The Reynolds numbers are
low so that the flow presumably is laminar. Experimental results, at these low Reynolds
numbers, are rather scarce. The influence of cylinder side ratio (B/A=1, 2, 4) at various
angels of incidences (6=0°-90°) and for Re=100,200 was investigated. A number of
quantities such as Strouhal number lift and drag coefficients and various surface
pressure coefficients are also calculated.

In reference [5] the measurements show that , at a Reynolds number of 60, the
Strouhal number for the shedding of vortices from a rotating cylinder is only weakly
dependent on the value of o, the ratio of the cylinder’s peripheral speed to its
translational speed, up to the a value at which shedding was suppressed. Authors in [6]
experimentally investigated the flow behavior of vortex shedding downstream a dual
equilateral triangle-section of bluff body using oscillating outlet boundary condition.
The motivation was to analyze the behavior of flow meter in unsteady flow. In [7] the
optimal control of flow around a rotating cylinder is formulated and governed by the
unsteady Navier-Stokes equations. In this work, the main objective consists of
suppressing Karman vortex shedding in the wake of the cylinder by controlling the
angular velocity of the rotating body, which can be constant in time or time-dependent.
Since the numerical control problem was ill-posed, regularization was employed.

Reference [8] focused on the two-dimensional numerical simulation of the unsteady

laminar flow past a circular cylinder in a channel, mimicking the effect of the tunnel
wall. This study confirms a decrease in wake length and a shift in flow separation
further downstream at smaller gaps between the tunnel walls and cylinder.
In [9] an investigation of the laminar flow past an elliptical cylinder confined in a
channel. The Lattice Boltzmann (LB) method is used to simulate flow in two
dimensions. The LB method with the used boundary conditions is validated in
simulations of the incompressible flow past a circular cylinder.
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Recently, D.C. Lobaol [10] employed FEM to discretize the governing equations for
a viscous incompressible fluid flow around a circular cylinder inside a 2D channel. The
fluid flow is described by the Navier—Stokes equations. To tackle these equations
minding computational speed the choice is for a simple method called Chorin’s
projection method for discretizing the Navier-Stokes equations.

The aim of this work is to use CFD package FLUENT to find out the pressure
distribution and velocity distribution at upstream and downstream of the cylinder at
each time and also to find out mean drag coefficient and lift coefficient at several
Reynolds numbers. A Fluent package is used to analyze and calculate these variables.

2-Case Study

Consider a uniform viscous fluid flow past an infinitely cylinder whose a unit
diameter. The Reynolds number Re is based on the incident velocity (U) and cylinder
diameter (D), where the direction of the free stream flow is normal to the cylinder axis.
The user flow in this case is air as shown in Fig. (1).

. -
air

Fig. (1) Flow over a Cylinder

3-Geometrical Model

The flow field around the cylinder is modeled in two dimensions with the axis of the
cylinder perpendicular to the direction of flow. A flow domain of Fig.(1) is created
surrounding the cylinder. The upstream length is 15 times the radius of the cylinder, and
the downstream length is 40 times the radius of the cylinder. The width of the flow
domain is 50 times the radius of the cylinder. To facility meshing, a square with a side
length of six times the radius of the cylinder is created the cylinder [11]. The square is
split into four pieces as shown in Fig. (2). the geometry and dimension of the flow field
is chosen to accurately predict the contours of velocity and pressure distribution and the
lift and drag coefficients.
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4-Mathematical Model

It is considered the following assumption:-
The flow is assumed 2D, unsteady state, laminar and incompressible. Using these
assumptions the mass and momentum equations can be written as [12]:-
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The above equations are solved by using FLUENT package after selecting the correct
options from the windows of this package.
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5- Boundary Conditions

At the inlet boundary (upstream of the cylinder), uniform axial velocity is assumed
(U). A constant atmospheric pressure boundary is imposed downstream at the outlet
which was placed far from the cylinder (p=101325 Pascal). No slip conditions are used
at the rigid walls.

6-Numerical Solution

Gambit program is used to create and mesh the geometry of Fig. (2) Once

preprocessing in complete, fluent will be used to solve the flow problem. The mesh
generation of Fig.(2) using Gambit program is illustrated in Fig. (3).The 2D unsteady
Navier —Stokes was solved by means of a commercial CFD Fluent package based on the
finite volume method.
The first-order accurate differencing scheme for time derivative and the PISO algorithm
for pressure-velocity coupling is used to allow the use of higher time step size without
affecting the stability of the solution. The unsteady formulation is first order implicit.
Second order upwind was used for momentum and the allowable error in FLUENT
package for continuity, x-velocity and y-velocity is 0.001.

Fig.(3) Meshed Flow Domain Around the Cylinde
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Fig.(4) Mesh Generation Around the Cylinder — Zoom- in View

7-Results and Discussions:

In general, altering the value of Re will be reflected on the flow properties. This is
associated with the phenomena of vortex shedding. When Re is sufficiently low
(Re<40) the flow is symmetric and steady. When the Reynolds number is slightly
larger, Re<60, the trailing vortex street becomes unstable and develops an unsteady
wavy pattern. For Reynolds numbers 60<Re< 300, the Karman vortex shedding occurs
in the near wake behind a cylinder due to the flow instability accompanying a large
fluctuating pressure and, thus, a periodically oscillating lift force. At higher Reynolds
numbers (i.e. Re>300) the flow becomes more turbulent and vortex shedding also
occurs.

The drag force on the cylinder is resulting from low-pressure region downstream of
the cylinder created by the flow-separation process and generation a wake due to its
lower pressure compared with the flow upstream of the body, this wake produces a
large pressure differential.

When Re=40, it is found that the flow is symmetric and steady as shown in Fig.(5)
and the pressure distribution is uniform as shown in Fig.(6). It is also found that the
flow is unsymmetrical and unsteady at Re values of (100, 125, 150and 300) as shown in
Figs (7-14).
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As the flow progresses upstream of the cylinder, the pressure would decrease and
then increase downstream of the cylinder as shown in Figs (15-22), resulting in an
increase in free-stream velocity upstream of the cylinder and a decrease downstream.

Fig. (23), Fig. (24), Fig. (25) and Fig. (26) show the relation between the mean drag
coefficient and the time at Re=100, Re=125, Re=150 and Re=300respectively and the
mean values of drag coefficient at Re=150 is compared with experimental work in [12]
to make sure that the use of FLUENT package was true and the agreement is reasonable
as shown in Table (1). From these figures the mean values of drag coefficient at
Re=100, Re=125, Re=150 and Re=300 are illustrated in table (2), which shows a
decrease in drag coefficient when Re is increased.

The values of lift coefficient at each time for Re=100, Re=125, Re=150 and Re=300
are illustrated in Fig. (27), Fig. (28), Fig. (29) and Fig. (30) respectively and these

figures can be used to compute the correct value of Strouhal Number (S, = L—D).

From Fig.(29) the shedding cycle time is 6.2 sec. at Re=150 then f=1/(shedding cycle
time)=1/6.2=0.161 Hz ,non-dimensionalized is used in Fluent package (i.e. the diameter
is equal 1 & the velocity is equal 1) then S;=0.161 and this value is compared with
experimental work in [12] and the agreement is reasonable as shown in Table (1).

The drag force on the cylinder is resulting from low-pressure region downstream of the
cylinder created by the flow-separation process and generation a wake due to its lower
pressure compared with flow upstream of the body, this wake produces a large pressure
differential.

Table(1): comparison of fluent results and experimental results[12] for unsteady laminar
flow over a circular cylinder at re=150

St CD
Experimental 0.18 11to1.4
Fluent 0.161 1.19

Table(2): mean values of Cp at several Re by using Fluent package

Re 100 125 150 300
Co 1.27 1.22 1.19 1.08
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Contours of Velocity Magnitude (m's)

FLUENT 6,3 (2d, dp, pbns, lam)

Fig.(5) Contour of Velocity Magnitude(m/s) at Re=40
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Contours of Static Pressure (pascal)
FLUENT 6.3 (2d, dp, pbns, lam)

Fig.(6) Contour of Static Pressure Magnitude(pas) at Re=40

35



Wasit Journal of Engineering Science

Contours of Velocity Magnitude (m/s) (Time=8.0000e+01)

FLUENT 6.3 (2d, dp. pbns, lam, u

Fig(7) Contour of Velocity Magnitude (m/s) at Re=100 & time=80Sec
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Contours of Velocity Magnitude (m/s) (Time=8.0000e+01)
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Fig(8) Contour of Velocity Magnitude (m/s) at Re=125 & time=80 Sec
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Cortours of Velocity Magnitude (m/s) (Time=80000e+01)

FLUENT 6.3 (2d, dp, pbns, lam, unsteady)

Fig(9) Contour of Velocity Magnitude (m/s) at Re=150 & time=80 sec
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Jan 01,2015
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Fig (10) Contour of Velocity Magnitude (m/s) at Re=300 & time 80Sec
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781001
7 4Tein

Contours of Velocity Magnitude (m/s) (Time=1.2000e+02)
FLUENT 6.3 (2d, dp. pbns, lam, unsteady)

Fig (11) Contour of Velocity Magnitude (m/s) at Re=100 & time 120 Sec
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Cortours of Velbocity Magnitude (m/s) (Time=1.2000e+02)

FLUENT 6.3 (2d. dp, pbns, lam, unsteady)
Fig (12) Contour of Velocity Magnitude (m/s) at Re=125 & time 120 Sec
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Cortours of Velocity Magnitude (m/s) (Time=1.2000e+02)

FLUENT 6.3 (2d, dp, pbns, lam, unsteady)
Fig (13) Contour of Velocity Magnitude (m/s) at Re=150 & time 120 Sec
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Fig (14) Contour of Velocity Magnitude (m/s) at Re=300 & time 120 Sec
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Fig (15) Contour of Static Pressure Magnitude (pas) at Re=100 & time 80 Sec
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Contours of Static Pressure (pascal) (Time=8.0000e+01)
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Fig (16) Contour of Static Pressure Magnitude (pas) at Re=125 & time 80 Sec
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Cortours of Static Pressure (pascal) (Time=80000e+01)
FLUENT 6.3 (2d. dp, pbns, lam, unsteady)

Fig (17) Contour of Static Pressure Magnitude (pas) at Re=150 & time 80 Sec
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Contours of Static Pressure (pascal) (Time=8.0000e+01) Jan 01,2015
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Fig (18) Contour of Static Pressure Magnitude (pas) at Re=300 & time 80 Sec
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Fig (19) Contour of Static Pressure Magnitude (pas) at Re=100 & time 120 Sec
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Fig (20) Contour of Static Pressure Magnitude (pas) at Re=125 & time 120 Sec
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Fig (21) Contour of Static Pressure Magnitude (pas) at Re=150 & time 120 Sec
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(22) Contour of Static Pressure Magnitude (pas) at Re=300 & time 120 Sec
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Fig (23) Drag Coefficient history with Time at Re=100
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Fig (24) Drag Coefficient History with Time at Re=125
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Fig (25) Drag Coefficient History with Time at Re=150
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Fig (26) Drag Coefficient History with Time at Re=300
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Fig (27) Lift Coefficient History with Time at Re=100
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Fig (28) Lift Coefficient History with Time at Re=125

46



Wasit Journal of Engineering Science Vol. (3), No. (2), 2015

0.1500 RN

0.1000

0.0500 i

(;Io.oooo"\l “ -

-0,0500

-0,1000

0.1500 m
-0.2000 | 1

-0.2500 t
0 20 40 60 80 100 120 140 160 180 200

Flow Time

Lift Convergence History (Time=2.0000e+02)
FLUENT 6.3 (2d, dp, pbns, lam, unsteady)

Fig (29) Lift Coefficient History with Time at Re=150
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8-Conclusions:

In this paper, flow around a circular cylinder simulated using FLUENT software.
The results agree well with the available experiment results of other investigators. Flow
parameters such as drag and lift coefficient, pressure and velocity contours are also
investigated. The results of FLUENT software was shown that the upstream cylinder is
found higher compared with downstream cylinder. As Re is increased, the frequency of
the vortex shedding, the amplitude of the oscillation of the lift coefficient is increased.
In the other hand, the drag coefficient is slightly decreased as Re is increased. Also the
flow is strongly unsteady and unsymmetrical at Re>60.

9-Nomnchrature

Symbol | Description Unit Symbol | Description Unit

A The Shortest Side of the Cylinder m Re Reynold Number | -

B The Longest Side of the Cylinder m St Strouhal Number | e

Co Drag Force Coefficient | - T Time Sec

C. Lift Force Coefficient | - U Velocity in x-direction m/Sec

D Diameter of Cylinder m \% Velocity in y-direction m/Sec

F Vortex shedding Frequency Hz 1} Viscosity Kg/m.Sec
P Pressure pas P Density Kg/m®

R Radius of Cylinder m A Angle of incidence Degree
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