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Abstract

Simulation of turbulence flow over a ring is connected using k-epsilon and k-omega methods, In order to investigate the
flow characteristics over the ring. In case of sphere at R,= 3000, the shear layer is elongated in the direction of flow and
forms a cylindrical vortex sheet and its instability begins to appear at x~2d. But in case of ring at R,= 10°, the instability

of shear layer occurs right behind the ring and near wake, the flow becomes turbulent.
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1. Introduction

Unsteady behavior can be observed behind any object
even at low Reynolds numbers (Sakamoto and Haniu
1990; Johnson and Patel 1999; Mittal 1999). Therefore
flow through a ring has not been well understood when
compared to that over a sphere, even though the ring
geometry is simple. Previous studies on flow over ring
have been mostly based on experimental methods, using
flow visualization vertical structures behind the ring is
presented and the low frequency and high frequency
characteristics in shear layer. When Re-exceeds about
1000, the wake flow behind the ring changes from laminar
to turbulent flow. A few numerical studies have been
made on turbulent flow over ring, however detailed
information on statistics of turbulence behind the ring is
still limited in the literature.

The objective of the present paper is to investigate the
turbulent flow characteristics over ring at different
Reynolds numbers 3000 & 10° based on the velocity of
free-stream u,, and the external diameter of ring d.

2. Numerical method and Computational Setup

The numerical method used is based on immersed
boundary method in a cylindrical coordinate. Here ring in
the flow is treated as forcing momentum in the N-S
equations. Therefore, flow over the ring can be easily
handled with cylindrical grids (orthogonal) that do not
coincide with the surface body. At two different Reynolds
numbers numerical simulations are performed. The
Reynolds numbers are R (= u,, d/v= 3000 and 10°. The
computational domain used is -15d<x<15d, 0<r<15d and
0<0<2m. The number of grid points is 75(x)x81(r)x40(0).
Here v, r and x respectively denote the azimuthal, radial
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and stream-wise directions. Finally 461701 quadrilateral
wall faces, 911416 triangular interior faces, 876520 nodes
are generated. The grid which displays the ring and the
surface is attached.

Fig.1 Grid of the ring and the surface

At high Reynolds number, for convection dominated flow
serious dispersion errors were created by second order
central difference scheme and hence in the region of
velocity acceleration 2-A waves appear (at leading surface
of ring for example). Two different approaches have been
taken to resolve this problem. One approach is to apply a
filtering procedure which helps in adding numerical
dissipation in the manner of an adhoc and the other
approach is to use upwind-biased schemes. However in
these approaches, the numerical dissipation will become
larger than the subgrid-scale velocity dissipation (Beaudan
and MO, 1994).

A hybrid approach for flow over a bluff body had
proposed for the spatial discretization of the convection
terms. In regions of laminar accelerating flow, a high order
up-wind scheme is used and the central difference scheme
of second order is used elsewhere. With the help of
second-order central difference scheme, the diffusion
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terms are discretized. With this approach, there is a
possibility of avoiding contamination of solutions
resulting from the dissipative schemes application to the
whole flow filed.

3. Mathematical Modeling

The dimensionless form of Navier-Stokes equations for
Newtonian Viscous fluid is

Bu Vu +V ! Vu=0,V 0
—+ wVu + ——Vu=0,V.u=
at P~ Re

R. is the only dimensionless parameter in the equation.
The assumption of Re<<1 is very interesting and relevant
to many practical problems.

At high Reynolds number, the Kkinetic energy
dissipation rate € is equal to the fluctuating vorticity
multiplied by the viscosity. The turbulent kinetic energy
equation for K-Epsilon model is

k
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The turbulent generation rate is represented by G
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The Kolmogorov-Prandtl expression used for the turbulent
viscosity in the implementation of this model is
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v, =0,—
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4. Results

Fig 2. Path lines of Velocity magnitude(Re=3000)

Figure 2 shows the velocity magnitude path lines for
Reynolds number 3000. It is very clear that there is no
formation of wakes near the ring.
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Figure 5 shows the path lines of velocity magnitude for
Reynolds number 100000. The formation of wakes can be
seen near the ring.

Figures 3 and 6 shows the path lines of turbulent
kinetic energy at Reynolds numbers 3000 and 100000
respectively.

The formation of wakes is seen near the ring and also
mixing is so stronger such that wakes recover so quickly
for Reynolds number 100000 than for Reynolds number
3000. This is very clear from Figures 4 and 7.

Fig 3. Path lines of Turbulent kinetic Energy(Re=3000)

FLUENT 6.3 (3d, ap, pbns, ske.

Fig 5. Path lines of Velocity Magnitude(Re=100000)
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Fig 6. Path lines of Turbulent kinetic Energy(Re=100000)
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Fig 7. Path lines of Turbulent Viscosity(Re=100000)
4. Conclusion

The flow characteristics are quite different between two
different Reynolds numbers of R.= 3000 and 10°. At R,=
3000, elongation of shear layer is observed to form a
cylindrical vortex sheet in streamwise direction. At R,=
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10°, the instability of shear layer occurs right behind the
ring and near wake, the flow becomes turbulent. The flow
behind the ring at R,= 3000 is nearly laminar with few
vertices. Hence at R.= 3000, the base pressure is high than
at R,= 10°. At R.= 10°, mixing is much stronger near wake
than at R.= 3000 and thus more quickly the wake recovers.
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