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Abstract: The simulation of incompressible fluid in lid-driven cavity has been
carried out. In this study, COMSOL Multiphysics 6.0 was used as a tool to obtain
the solution with approximate result. The aim of this study is to apply COMSOL
in solving the problem regarding fluid flow in lid-driven cavity and to analyse and
compare the streamline provided with the existing study. The dimensionless
equations of the flow were modelled in COMSOL to visualize the streamlines and
velocity magnitudes for various values of Reynolds number. This study shows that
the center of primary vortex tends to move towards the center of the cavity as the
Reynolds number increases due to the increased inertia in the flow. Also, the
velocity of primary vortex increases as the Reynolds number increase.
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1. Introduction

An incompressible fluid is a fluid that maintains its volume over a wide range of pressures and has
a constant density throughout the fluid, with no divergence in the flow velocity [1]. The top lid was
applied with a tangential velocity to drive the fluid flow in the cavity, while the other three walls had
zero-velocity with no-slip conditions. The closed cavity was bound to the zero-pressure point constraint
[2]. When the velocity of the lid of a square cavity filled with fluid was fixed to a certain constant value,
a spiral flow pattern and two distinct pressure zones became visible in the upper corners of the lid [3].

A multi-grid technique to solve the Navier-Stokes equations and provided solutions for Reynolds
numbers ranging from 100 to 10,000 by [4]. In the existing study, which was numerically conducted by
[5], a square, deep lid-driven cavity was used, and the finite difference method was applied. According
to the results, when the Reynolds number increases, the primary vortex's center moves downward in
relation to the top lid. However, when the Reynolds number is more than 1,000, the primary vortex's
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center stays the same below the top lid. This indicates how the primary vortex's movement and structure
are significantly influenced by the Reynolds number. To determine whether a fluid is turbulent or
laminar, a dimensionless value called the Reynolds number have been used. It represents the proportion
of inertial and viscous forces [6].

COMSOL Multiphysics is a powerful interactive environment for modelling and solving all kinds
of scientific and engineering problems based on partial differential equations (PDE) [7]. Lid-driven
cavities have been a fluid dynamics research area for years due to the simple geometry and well-defined
boundary conditions [8]. Therefore, this study was conducted for two-dimensional, incompressible, and
laminar fluid flow, similar as the existing study. The objective of this study is to solve a problem
involving incompressible fluid flow in a lid-driven cavity using COMSOL Multiphysics version 6.0.
Apart from that, this study aims to provide streamline of incompressible fluid in lid-driven cavity and
to analyse compare the streamline from the existing study by [5].

2. Methodology

Based on Figure 1, x and y are the coordinate directions and variables u and v are the velocity in
direction x and y, respectively. p is the density while u is the dynamic velocity of the fluid. The
boundary conditions are:

Topwall:u=1,v=20
Bottomwall: u =0,v =10
Right vertical wall: u = 0,v =0

Left vertical wall: u = 0,v =0

u=1,v=0
[ ] ———>
fluid
u=v=0 (pu) u=v=0

y

A
C X
u=v=0

Figure 1: Diagram of lid-driven cavity flow [9]

2.1  Governing Equations

All the equations subjected to the boundary conditions were used in this study since the research of
an incompressible fluid in lid-driven cavity was the same problem as Munir et al. [5]. The equation of
incompressible, steady-state, two-dimensional streamline flow in x and y directions, as well as the
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absence of other effects are considered in this study, resulting in the continuity and combination of mass
and momentum equations (the Navier-Stokes equations) of the mathematical model as follows:

Ou + 9v =0 Eq.1

ax dy 1
ou N ou ou 1 (6p> 0%u N 0%u Ea.2
ot THax TV dy  p\ox W\ 8x2 dy? e
ov N ov N v 1 (ap) N 0%v N 0%v Fa.3
ot THax TV dy  p\dy W\ ox2 0y? T

where v is velocity in direction y, p is pressure, p is density and w is kinematic viscosity.

By eliminating the pressure term from Eq.2 and Eq. 3, the equation is rewritten in terms of vorticity
function w, gives

ow ow N v (0%w N 0%w Eo.d
ot " Yax T Vay = W\ axz T oy T
- . w 9
where vorticity function w = Z 4=
dx  dy
In terms of stream function (y), u = % andv = — g—f , the equation defining the vorticity becomes
%y 9%y
The dimensionless variables are transformed using the following variables
Y _ wH
= u H' ™ ug
u v
U=—,V=— Eq.6
U U
LU
=Xy Y e
H H H
where u,, is lid velocity and H is height of the cavity.
By substituting the dimensionless variables in Eq.6, Eq.4 and Eq.5 become
0 Uaﬂ Vaﬂ_ 1 (9% a2%Q Ba.7
ar "Vax TV oy TRe\axz Tarz e
and
Q= 0’y 0%y Fo.8
=~ \axz Tarr T
where the dimensionless parameter of Reynolds number, Re is defined as
Re = 22! Eq.9
e= W q.
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2.2 COMSOL Multiphysics Simulation

In this study, two-dimensional space dimensions were generated using square geometry for cavity
shape, no-slip wall conditions, and zero velocity at the top lid. The models in COMSOL that have been
used are Laminar Flow and Poisson’s Equation. The models are based on the dimensionless equations
from this study. As the models are related to this study, the equations and boundary conditions are
inserted into COMSOL. Also, the compressibility was changed to incompressible, and the parameter
values were added with Re = 100,400, 1,000,5,000 and 10,000 as in the existing study. Hence, the
streamline and velocity magnitude of each value of Reynolds number were computed.

3. Results and Discussion
3.1 Streamline

In the previous research, the streamlines were computed using FORTRAN language with
three values of Reynolds number, 100, 400 and 1,000 by defining the height of cavity and
constant velocity of the top lid of the cavity. However, in this study two more values of
Reynolds number, 5,000 and 10,000 are added.

Re(1)=100 Streamline: Velocity field

(a) (b)

Figure 2: Streamline for Re = 100 (a) from previous study by Munir et al. [5] and (b) using
COMSOL

Re(2)=400 Streamline: Velocity field
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Figure 3: Streamline for Re = 400 (a) from previous study by Munir et al. [5] and (b) using
COMSOL

Re(3)=1000 Streamline: Velocity field
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Figure 4: Streamline for Re = 1,000 (a) from previous study by Munir et al. [5] and (b)
using COMSOL

Figure 2 to Figure 4 shows the streamline of previous research by Munir et al. [5] and the
streamline computed by COMSOL Multiphysics 6.0. For Re = 100 from both studies, there
are the formation of primary vortex at about one-third of the cavity from the top and two smaller
corner vortices at the bottom of cavity. Due to separation at the corners, the two smaller corner
vortices that rotate anticlockwise are formed when the primary vortex rotates in a clockwise
direction.

As the Reynolds number increase, the center of primary vortex tends to move towards the
center of the square cavity. Also, the corner vortices gradually appear at the bottom corner of
the cavity and become larger.

Figure 5 shows the streamline for Re = 5,000 and Re = 10,000. The primary vortex
remains constant as the Reynolds number increase beyond 1,000. An induced corner vortex in
upper left corner of the cavity appears and become clearer. Also, a tertiary vortex appears at
the bottom left of the cavity for Re = 10,000.

Re(4)=5000 Streamline: Velocity field o Re(5)=10000 streamline: Velocity field
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Figure 5: Streamline for (a) Re = 5,000 and (b) Re = 10,000 by COMSOL
3.2 Velocity Magnitude

Apart from streamline, this study also computes the velocity magnitude to demonstrate the
speed of the primary vortex for each Reynolds number which are 100, 400, 1,000, 5,000 and
10,000.
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Figure 6: Velocity magnitude for (a) Re = 100, (b) Re = 400, (c) Re = 1,000, (d) Re =
5,000 and (e) Re = 10,000

Figure 6 shows the velocity magnitude for Re = 100,400, 1,000, 5,000, and 10,000 computed by
COMSOL. In all cases, the fluid velocity approaches one near the top moving wall and zero near the
no slip side and bottom walls. For the higher Reynolds number flow (Re = 10,000), the vortex extends
more significantly into the cavity due to the increased inertia. The central vortex rotates faster for Re =
10,000 than for Re = 100 due to the increased inertia in the flow for the higher Reynolds number.
Lower velocity regions appear in the bottom and left corners of the cavity where the secondary vortices
are located.

4, Conclusion

In summary, COMSOL Multiphysics 6.0 have been used to solve the problem of incompressible
fluid in lid-driven cavity. In contrast to the FORTRAN language that was applied in the previous studies
by Munir et al. [5], it is easier to compute the solution using COMSOL because it contains a limited
amount of input which makes it easy to set up the analysis. In FORTRAN language, the coding was
required to predict the fluid flow behaviour. The generated streamlines were compared with the previous
study by Munir et al. [5]. It was found that the result computed by COMSOL Multiphysics 6.0 are the
same as previous study. The results show that the center of primary vortex tends to move towards the
center of the cavity when the Reynolds number increase. Also, the central vortex’s velocity of higher
Reynolds number rotates faster than the lower Reynolds number. In conclusion, the position and
velocity of primary vortex are significantly affected by the Reynolds number.
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