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Abstract:- In this paper, the flow problem of constant 

velocity of a square cavity whose lid is solved and 

obtained a numerical solution on 2 grid levels, having 

32x32 and 64x64 cells. Reynolds number of 1x102, 1x103 

was selected for laminar flow and 8x103 was selected for 

turbulent flow. The problem is identified in Navier-

Stokes equations. The finite volume discretization is 

based on the numerical model. The simulated results 

are in valid agreement with those that are available in 

the given report. The numerical solution of these works 

are accurately obtained for this problem. 
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I. INTRODUCTION 

 

The recent researches have witnessed a great deal of 

progress in Lid-driven square cavity flow problems. 
Developments in computer technology hardware with 10th 

Generation Intel@core*i7 processor workstation computer 

system as well as in the analysis and numerical solution of 

highly complex flow problems advanced numerical 

algorithms have enabled the attempts to be made towards 

various lists such as Lid-driven square cavity. Harlow et al. 

[1] developed a new method for the boundary of which is 

partially confined and partially free numerical investigation 

of the time dependent flow of an incompressible fluid. Ghia 

et al.[2] investigated the vorticity-stream function 

formulation of the two-dimensional Navier-Stokes 

incompressible equations and used the efficacy of the 

Coupled Highly Implicit Multi Grid (CSI-MG) approach to 

evaluate high-refine-mesh flow solutions. Carbs et al.[3] 

solved the flow problem inside a square cavity, whose lid 
has constant pace. Zhang[4] found that multi-grid 

techniques are used to model the two-dimensional square-

driven cavity flow with small to large Reynolds numbers in 

fourth-order compact finite difference schemes. Erturk et 

al.[5] examined the 2-D steady incompressible driven 

cavity flow numerical calculations. The present study 

represents an effort to employ the multigrid method in the 

solution of the Navier-Stokes equation for a Lid-driven 

square cavity flow problem with a goal of obtaining 

solutions for Reynolds numbers and mesh  refinements as 

high as possible. 

 
 Mathematical Model 

The considered physical system has a steady state two 

dimensional (2-D) length L of lid-driven square cavity is 

represented in figure 1. The flow inside a square cavity of 

which the top wall (lid) is moving with a uniform velocity. 

Here, u and v are the parameters of the velocity vectors x 

and y directions, ρ and µ are the fluid density and their 

constant viscosity.  

 

 
Fig 1:- Physical system of Lid-driven Square Cavity 
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The incompressible two dimensional Navier-Stokes 

equation with the lid velocity Ulid , the mass and 
momentum equations can be written in dimensionality form 

as  

 

𝜕𝑢/

𝜕𝑥/
+

𝜕𝑣/

𝜕𝑦/
= 0 

𝜌
𝜕𝑢/

𝜕𝑡/
+ 𝜌𝑢/

𝜕𝑢/

𝜕𝑥/
+ 𝜌𝑣/

𝜕𝑢/

𝜕𝑦/
= −

𝜕𝑝/

𝜕𝑥/
+ (

µ𝜕2𝑢/

𝜕𝑥/2 +
µ𝜕2𝑢/

𝜕𝑦/2 ) 

𝜌
𝜕𝑣/

𝜕𝑡/
+ 𝜌𝑢/

𝜕𝑣/

𝜕𝑥/
+ 𝜌𝑣/

𝜕𝑣/

𝜕𝑦/
= −

𝜕𝑝/

𝜕𝑦/
+ (

µ𝜕2𝑣/

𝜕𝑥/2 +
µ𝜕2𝑣/

𝜕𝑦/2 ) 

 

After non-dimensionalising, the mass and momentum 

equations can be written as  
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2   with Re being the Reynolds 

number, 𝑅𝑒 =  
𝜌/𝑈𝑙𝑖𝑑𝐿𝑙𝑖𝑑

𝜇/   and p is the pressure. No slip 

boundary condition has been applied for u and v directions 

at bottom and side walls as 

𝑢 = 0 𝑎𝑛𝑑 𝑣 = 0 
 

and in the top wall  

𝑢 = 𝑈𝑙𝑖𝑑 = 1 𝑎𝑛𝑑 𝑣 = 0  
 

Second Ordered Central (SOC) with finite volume 

method is fixed to discretize the governing functions and 

finite volume operator on the x-momentum and y-

momentum equations are utilized to obtain the numerical 

solutions. Pre and Post processing is done using Matlab 
software. 

 

II. RESULTS AND DISCUSSIONS 

 

 Mesh Grid 32 x 32  

The lid-driven square cavity flow relates to the two-

dimensional flow evolution as the wall velocity increases. 

In the absence of instability, the steady, two-dimensional 

flow should develop into a vortex with a viscid center of 

uniform vorticity surrounded by viscous boundary layers 

that connect the vortex center to the boundary conditions 

for large Reynolds numbers.However, At large Reynolds 
numbers, the two-dimensional steady flow is not stable and 

smaller scale vortices are shed from the downstream end of 

the moving wall into the cavity when the Reynolds number 

rises above a critical value. 

 

(a) 

 

(b) 

 

(c) 

 

Fig 2:- Streamlines of the stokes stream function in a lid-driven square cavity with 32 x 32grid (a) Re = 100  (b) Re = 1000 and 

(c) Re = 8000 

 

Figure 2 displays standard streamline patterns of the two-dimensional global re-circulating vortex powered by the moving 

wall with a 32x32 grid for Re=100, 1000 and 8000. In the case of Re=100 shown in Figure 2a, the streamlines are almost 

symmetrical due to the symmetries of the governing equation in the flow limit of stocks Re → 0. In Figure 3a, the contour 

visualization of the x-momentum stokes stream function along the u-direction is shown. Figure 4a also demonstrates the contour 

visualization of the y-momentum stokes stream function along v-direction. Near the moving lid, where the greatest velocities 

emerge, the streamlines are slightly crowded, and two distinct eddies in the lower corners are signaled by the two separating 
threads. 
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(a) 

 
 

(b) 

 
 

(c) 

 
 

Fig 3:- Contour Visualization  of the stokes stream function in  x-momentum along u direction in a lid-driven square cavity with 

32x32 grid  (a) Re = 100  (b) Re = 1000 and (c) Re = 8000 

 

For Re=1000 shown in Figure 2b, the main vortex, whose center for high Reynolds number forms circular streamlines, 

drives another weaker separated and counter-rotating vortex, and so forth. Figure 3b displays the contour visualization of the 

stokes stream function in x-momentum along the u-direction. In addition, the contour visualization of the y-momentum stokes 

stream function along v-direction is shown in figure 4.While the two-dimensional flow is steady for small and moderate Reynolds 

numbers, as inertia impacts become strong, it undergoes a Hopf bifurcation and becomes time-dependent for higher Reynolds 

numbers. 

 

(a) 

 

(b) 

 

(c) 

 

Fig 4:- Contour Visualization  of the stokes stream function in function in  y-momentum along v-direction  in a  lid-driven square 

cavity with 32x32 grid  (a) Re = 100  (b) Re = 1000 and (c) Re = 8000 

 

For the broad Re=8000 shown in figure 2c, inertia 

terms in governing equation kill the reflective symmetry 

relative to x=0 of the flow. In Figure 3c, the contour 
visualization of the x-momentum stokes stream function 

along u-direction is shown. Figure 4c also shows contour 

display of the stokes stream function in y-momentum along 

v-direction.The separate vortices at the bottom become 

stronger, in the lower right corner also a second separate 

vortex is visible and a third separate region is formed, close 

to the moving lid's upstream corner. The new quaternary 

vortex at the bottom left corner increases with the Reynolds 

number, and a new tertiary vortex is observed in the flow 

field at the top left corner of the cavity.For this problem, 

detailed exact results have been visualized. The results 
presented here comply with [2] reported solutions for fine 

grids. 

 Mesh Grid 64 x 64 

Typical streamline patterns of the globally 

recirculating two-dimensional vortex powered by the 
moving wall for Re=100, 1000 and 8000 with 64x64 grid 

are shown in figure 5. For Re=100 shown in Figure 5a, due 

to the symmetries of the governing equation in the stokes 

flow limit Re → 0, the streamlines are almost symmetrical. 

In Figure 6a, the contour visualization of the x-momentum 

stokes stream function along the u-direction is shown. 

Figure 7a also shows contour visualization of the stokes 

stream function in y-momentum along v-direction. Near the 

moving lid, where the greatest velocities emerge, the 

streamlines are slightly crowded, and two distinct eddies in 

the lower corners are signalled by the two separating 
threads. 
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(a) 

 

(b) 

 

(c) 

 

Fig 5:- streamlines of the stokes stream function in a lid-driven square cavity with 64 x 64 grid  (a) Re = 100  (b) Re = 1000 and 
(c) Re = 8000 

 

For Re=1000 shown in Figure 5b, the main vortex, whose center for high Reynolds number forms circular streamlines, 

drives another weaker separated and counter-rotating vortex, and so forth. In Figure 6b, the contour visualization of the x-

momentum stokes stream function along the u-direction is shown.Also, Contour visualization of the stokes stream function in y-

momentum along v-direction is shown in figure 7b. While the two-dimensional flow for small and moderate Reynolds numbers is 

steady, it undergoes a Hopf bifurcation and becomes time-dependent for higher Reynolds numbers when inertia effects becomes 

large.  

 

(a) 

 

(b) 

 
 

(c) 

 
 

Fig 6:- Contour Visualization  of the stokes stream function in  x-momentum along u-direction in a lid-driven square cavity with 

64x64grid  (a) Re = 100  (b) Re = 1000 and (c) Re = 8000 
 

For the broad Re=8000 shown in figure 5c, inertia terms in governing equation kill the reflective symmetry relative to x=0 of 

the flow. In Figure 6c, the contour visualization of the x-momentum stokes stream function along u-direction is shown. Figure 7c 

also demonstrates the contour visualization of the y-momentum stokes stream function along v-direction.The separate vortices at 

the bottom become stronger, in the lower right corner also a second separate vortex is visible and a third separate region is formed, 

close to the moving lid's upstream corner. The new quaternary vortex at the bottom left corner increases with the Reynolds 

number, and a new tertiary vortex is observed in the flow field at the top left corner of the cavity. For this problem, detailed results 

have been visualized. The results presented here comply with [2] reported solutions for fine grids. 

 

(a) 

 

(b) 

 

(c) 

 

Fig 7:- Contour Visualization  of the stokes stream function in function in  y-momentum along v-direction  in a  lid-driven square 

cavity with 64x64grid  (a) Re = 100  (b) Re = 1000 and (c) Re = 8000 
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III. CONCLUSION 

 
For the laminar flow with Re=100, 1000 and turbulent 

flow with Re=8000 fine mesh solutions were obtained very 

efficiently. The finest mesh size used in the grid series, 

32x32 and 64x64, remains a very important parameter.It 

was shown that the smoothing factor of the iteration 

schemes was affected by the Reynolds number physical 

problem parameters. Using this Lid-driven square cavity 

issue, the robustness and efficiency of the overall solution 

techniques has been demonstrated. For this question, 

comprehensive specific outcomes have been presented. The 

present findings comply with published fine-grid solutions. 
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