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element solution procedure for the simulation
of transient incompressible fluid flows using tn-
angular meshes His algorithm 1s based on the
artificial compressibility technique in connection
with a dual time-stepping approach A higher-
order immersed boundary method was applied
to the two-dimensional unsteady incompressible
Navier-Stokes equations in vorticity-stream func-
tion formulation to solve unsteady incompressible
flow by Linnick and Fasel (2003)

Besides the basic study or development of nu-
merical algorithm to solve flows past circular
cylinders, some researchers have tried to control
the vortex shedding Kang and Chot {1999} m-
vestigated two-dimensional laminar flow past a
circular cylinder rotating with a constant angular
velocity for the purpose of controlling vortex
shedding and understanding the underlying flow
mechamsm  Also, Park et al.(1994) studied the
feedback control of von Karmén vortex shedding
behind a circular cyhinder at low Reynolds num-
bers numernically

Actually, many studies have been accomphished
for flows past circular cylinders because of geo-
metric simplicity However, it would be valuable
attempts to study the flows past elliptic cylinders
Engineering applications often involve flows over
complex bodies like wings, submarines, missiles,
and rotor blades, which can hardly be modeled as
a flow over a circular cylinder In such flows,
cylinder thickness and angle of attack can greatly
influence the nature of separation and the wake
structure (Mittal and Balachandar, 1996)

In 1987, Ota et al (1987) mvestigated a flow
around an elliptic cylinder of axis ratio 1 3 1n the
critical Reynolds number regime, which extends
from about Ke=285,000 to 312,000, on the basis
of mean static pressure measurements along the
cylinder surface and of hot-wire velocity mea-
surements 1n the near wake Nair and Sengupta
{1996} solved Navier-Stokes equations i order
to study the onset of computed asymmetry around
elliptic cylinders at a Reynolds number of 10,000
They found that the ellipses developed asym-
metry much earlier than the circular cylinder
Patel (1981), Chou & Huang (1996), Nar &
Sengupta {1997}, D’Alessio et al.(1999}, and
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Badr et al (2001} solved unsteady Navier-Stokes
equations expressed 1n terms of stream function
and vorticity formulations to study tha flows past
eliptic cylinders for different angles of attack
in the range of Reynolds numbers from 100 to
40,000

The objective of the present research 1s to stu-
dy the effects of elliptic cylinder thickness and
Reynolds numbers on the unsteady flow physics
concentrating on the drag and lift forces exerted
on the body Unsteady viscous flows over various
thickness-to-chord ratios of 06, 08, 10, and 12
elliptic cylinders are simulated at different Rey-
nolds numbers of 200, 400, and 1,000 by solving
unsteady form of imcompressible Navier-Stokes
equations, which 1s written 1n two-dumensional
body intrinsic orthogonal curvilinear coordinate
system

For the temporal integration, Crank-Nicolson
scheme 15 used Patankar {1980} showed that the
power law scheme ideally fits for all the Peclet
numbers, so power law scheme 15 used for spatial
discretization

Current techniques for the solution of mcom-
pressible viscous flow can be categorized as vor-
ticity-stream function methods, aruficial com-
pressibility methods, and projection methods The
projection method 1s a fractional step method
m which an intermediate velocity and pressure
are calculated The SIMPLE (Patankar 1980,
Patankar and Spalding 1972} method and all
related SIMPLE methods fall in this category In
this paper, the discretized equations are solved
using 4 segregated approach where the discretized
equation for each vanable 1s solved sequentially
using SIMPLER method (Patankar, 1980}

2. Governing Equations

2.1 Navier-Stokes equations

For the present analysis, the flowfield 1s as~
sumed to be a two-dimensional unsteady, incom-
pressible, laminar flow The coordinate system 1s
taken to be a two-dimensional, body-intrinsic,
orthogonal curvilinear coordinate system shown
m Fig 1 wherein the &-direction 1s taken to be
along the body while the p-direction 1s perpen-
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