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1. INTRODUCTION

Present study considered a flow of
incompressible liquid through shallow lid—driven
cavities. In computational fluid dynamics, the shallow
lid—driven cavity fluid flow is the highly important
problem because of its ease of the cavity geometry by
applying a several numerical techniques such as finite
difference, finite volume, Successive over Relaxation
(SOR) method, least square method and Lattice
Boltzmann method (Fletcher, 1991, Sahin 2003, Mussa,
et al. 2008 and Erturk 2009).

Initially, Burggraf (1996) proposed the
analytical method and computational numerical scheme
for the steady solution of separated flow in complex
geometries. After that, the various scholars spawned
many of the papers of computational scientific
algorithms for the lid—driven cavity geometry, only
worried about the requisite accuracy and stability
(Gatski et al..,1986), Ghia et al. (1986) and Gustafson et
al.(1986)). Subsequently, A finite—volume technique is
employed for the steady—state and unsteady solution of
Navier—Stokes equations with effect of fluid inertia up
to 10000 by Sahin (2003). Three (coarse, medium and
fine) meshes were described in order to examine the
grid dependency of the steady —state and unsteady
solution. Analytical and numerical methods were
applied and visualized the primary vortex transfer
towards the right of the cavity wall, two secondary
upstream vortex and downstream vortex in the shallow
cavities.

Mussa, et al. (2008) adopted the computational
fluid dynamics software Fluent and Lattice Boltzmann
method to predict the solution for the incompressible
fluids through deep and as well as shallow lid—driven
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cavities. The influence of the fluid inertia (= 100 to
1000) with various aspect ratios (0.25, 0.5, 1.5 and 4)
was examined on the flow structures. The numerical
results were compared with the CFD software Fluent
and same results as Sahin (2003) were envisioned the
primary vortex and two small upstream vortex and
downstream eddy because of increase a Reynolds
number.

A robust time-dependent finite element
numerical method is adopted to obtain the steady
solutions of shallow cavities. At both low and high—
level Reynolds numbers (200 to 2500), various ratios of
shallow cavities (1: 1, 2:1, 3:1 and 4:1) are simulated by
adopting adequate grid mesh. The numerical results are
contrasted with the Sahin 2003, Mussa, et al. 2008 and
other numerical results of CFD package Fluent available
in literature. Excellent agreements of results are
accomplished here with.

2. Problem description and solution strategy

The liquid flow of Newtonian fluid through
shallow lid—driven cavity the characteristic ratios 1:1,
2:1, 3:1 and 4:1 with different Reynolds numbers 200 to
2500 are chosen. The benchmark problem is extensively
used to evaluate the accuracy, stability and required the
level of convergence measures.

The constant velocity (u) is presented on the
lid and no-slip boundary conditions are used on the
cavity walls. The schematic diagram of the cavity
domain in (Fig. 1) and different fine grids in (Fig. 2) are
displayed. Total number of elements (800, 1600, 2400
and 3200), total number of nodes (1681, 3321, 4961and
6601) and degrees of freedom (3803, 7503, 11203 and
14903) respectively with triangular elements are chosen
in all geometries.
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Fig. 1 Schematic diagram of lid—driven cavity.

Fig.2: Finite Element meshes in the aspect ratio 1:1, 2:1, 3:1 and 4:1.

3. Governing and
numerical scheme

The flow of Newtonian fluid is considered
though lid—driven shallow cavities which are governed
by the continuity and momentum equations in the

absence of body force as follows:

system of equations

1. Continuity equation: with zero divergence due
to incompressibility and explained as the amount of
fluid inflowing the cell is equal to the amount of fluid
exiting from the cell.
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Where u and v are represents the velocity components
in axial (x) and transversal (y) directions respectively.

2. Momentum equation
A, (u-vV)u v
ot Re OX
A (Vv-V)v = 1 vWiv — P
ot Re oy

ou
Here G—denotes the time derivative and for steady—

state solution the time derivative vanishes and

(u -V) U denotes the advection term and is used for the

direction in which the surrounding fluid thrusts a minor
region of fluid. Re defined as the Reynolds number as

UL
Re="

Mo
constant viscosity of the fluid and length of the channel
and vVZudenotes the momentum diffusion term
termed as how rapidly the fluid damps out deviation in

in which p, g and L denotes the density,

0
the viscosity nearby a given fluid and 8_p describe d as
X

the pressure gradient that defines how a fluid is shoved
in a direction from high—level to low-level pressure.

For the steady-state solution of continuity and
momentum  equation adopting a semi-implicit
pressure/correction finite element scheme and this
scheme consisting three stages referred from Baloch, A
et al. (1994). This scheme involve a pair of schemes as
finite difference and finite element methods that is
proposed and corrected by Donea, (1984) and Kan,
(1986) and achieved a required accuracy and stability.
Consequently, the various researchers employed the
semi—implicit schemes for Newtonian, Non—Newtonian
and viscoelastic fluid flows in simple as well as in
complex geometries in the meadow of computational
fluid dynamics.( Townsend and Webster, (1987) and
Hawken, et al. (1990).
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4. Numerical results and Discussion

4.1 The influence of fluid inertia: The streamlines
contours in 2-Dimensional through square and shallow
cavities are examined by adopting a semi-implicit
pressure/correction  finite element scheme. The
Reynolds number varies from 200 to 2500 with aspect
ratios 2:1, 2:2, 2:3 and 2:4 are analysed in the domain.
In (Fig. 3) at low Reynolds number primary vortex
occurred and moves downward in whole of geometry
and small downstream vortex activity starts. With
increasing Reynolds number the primary vortex is
visualised, downward stream vortex on left of cavity
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grows in size and intensity and small activity in size and
intensity of upstream secondary vortex developed in
right of cavity. Consequently with increasing aspect
ratios of geometry, the flow phenomena is altered as
primary—spinning vortex descend in downwards and
proceed towards right of the cavity wall with increasing
Reynolds number. Bigger upstream secondary vortex
are visualized and with increasing Reynolds number, the
upstream vortex expands in size and intensity but
downstream vortex remains small at low and high
Reynolds number. The vortex intensity is also

calculated of all geometries and displayed in (Fig. 4-7).

Fig. 6: Streamline contours of 4:1 cavity for Re = 200, 400, 7500, 1500 and 2500.
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5. CONCLUSIONS

The dynamic numerical results of steady—state
solution of shallow cavity are achieved and visualized
the flow features of the schematic diagram of the
domain at low and high Reynolds number. The counter—
spinning primary vortex declined downwards in the
domain 1:1 and move on right of the cavity wall in other
ratio geometries. In the ratio 1:1, the downstream vortex
is bigger than upstream stream vortex is visualized.
Consequently with increasing ratio of the domain, the
flow features are altered as the upstream vortex is
bigger than downstream vortex are envisioned at low
and high Reynolds number. The vortex intensity in the
function of Reynolds number is also developed of
various ratio geometries.
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