
 
www.tjprc.org                                                                                                                                                                         editor@tjprc.org 

 

FLUID FLOW SOLUTION IN REGULAR GEOMETRY 

RAMESH CHANDRA MOHAPATRA 

Reader, Mechanical Department, Government College of Engineering, Keonjhar, Orissa, India 

ABSTRACT 

A computer code has been developed for regular geometry. SIMPLE algorithm based on finite volume method 

on staggered grid has been used. Deferred QUICK scheme have been implemented for all calculations. A standard code 

is used for lid driven cavity. This code can be used for mean flow solution of the problem i.e. U and V can be obtained 

after modifying the code for boundary condition at the left wall for the given problem. The computational results for lid 

driven cavity problem are compared with benchmark solution for Re = 100, 400, 1000, 3200, 5000 and Pr = 0.71.                   

The results are very good agreement with benchmark solution. 
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INTRODUCTION 

The motion of a fluid can be described by the Navier-Stokes equations, which are the continuity and the 

non-linear transport equations for the conservation of momentum with additional equation for temperature                

(scalar field). In this study, the discretization schemes and SIMPLE scheme are described for regular geometry. At 

the end the flow solver is applied to benchmark problems as test of the correctness of the implementations.                            

The solution methods developed for compressible flows can not be adopted for incompressible flows. From the 

mathematical point of view, the incompressible and compressible flow equations are not similar [9]. The major 

difference between them is their mathematical character. The compressible flow equations are hyperbolic, which 

means that they have real characteristics on which the signal travel at finite Propagation speeds. By contrast, 

incompressible equations have a mixed parabolic elliptic character. The pressure correction approach is the most 

common way of solving incompressible flow. An implicit pressure correction method was proposed by Patankar 

and Spalding[1] in 1972. The correction of the pressure field using the continuity equation was the principle idea. 

The method proposed by Patankar and Spalding became very popular and is better known as the SIMPLE 

algorithm [2] (Semi- Implicit Method for Pressure-Linked Equations). Ghia et al. [3] solved lid driven cavity flow 

using finite difference vortices-stream function method using central difference approximation. Many 

improvements to increase the convergence rate have been presented, and the version proposed by Van Doormaal 

and Raithby [6] is nowadays popular 

Like SIMPLE. Van Doormal and Raithby's version is better known as the SIMPLEC algorithm where C 

refers to the word consistent. Maliska and Raithby [7] developed a finite volume method for solving elliptic                

two-dimensional (2D) and three dimensional (3D) uid ow problems using non-orthogonal grids for complex 

geometries. They used SIMPLER algorithm. They tested the code to lid driven cavity flow, laminar entrance flow 

in a circular duct and parabolic flow in ducts with changing cross-sectional areas. Natural convection in enclosures 

is a topic of considerable engineering importance and a great deal of research effort has been dedicated to its study 
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[4, 5, 8]. 

COMPARISON WITH BENCHMARK SOLUTION  

A Lid Driven Cavity flow is the most commonly used computational experiment to demonstrate 

The performance of an incompressible Navier-Stokes solver. A comprehensive collection of results for different 

Reynolds numbers has been presented by Ghia et al [3]. An extraordinary feature of the article is that numerical results are 

presented, which makes the comparison more accurate than usual. 

Mean Flow Solution 

A standard code is used for lid driven cavity. This code can be used for mean flow solution of the problem i.e. U 

and V can be obtained after modifying the code for boundary condition at the left wall for the given problem. In the flow 

computation part, a computer code of SIMPLE algorithm introduced by Partankar [2] to solve Navier-Stokes equations has 

been developed for computation of fluid flow in regular geometry. Flow computation has been done by finite volume 

method in staggered grid for laminar, incompressible, steady flow. The discetized algebraic equations can be solved by 

line- by- line TDMA (Tri-Diagonal Matrix Algorithm) method. The results of developed code has been compared with 

Benchmark solution [3]. 

Lid Driven Cavity Flow 

The top wall of the closed cavity moves with uniform velocity U causing a flow field via the viscous effect at the 

fluid solid interface. The big vortex is called the primary vortex and the smaller vortices are secondary vortices. The size of 

secondary vortices depend upon Reynolds number. 

υ
UL=Re  

The distribution of thermal energy within the recirculating flow is calculated solving energy equation.                 

The non dimensional parameter describing the temperature distribution is the prandtle number. For present problem it is 

taken as 0.71. 

α
υ=Pr  

The Diriclet boundary conditions are taken for temperature calculation also. Geometry and boundary conditions 

are shown in figure 1. 

 

Figure 1: Geometry and Boundary Conditions of the Problem 
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RESULTS AND DISCUSSIONS 

The discretized algebraic equations are solved by line

the residuals for continuity is less than 1x10

on a 129x129 mesh using the deferred QUICK scheme

and the v- velocity profile along the horizon

solutions of the Ghia et al [3] being included for comparison for diff

agreement with the Benchmark solution. Two

corners and right corner vortex for Re = 

vortex is larger than left corner vortex. For Re = 5000 tertiary

Figure 2.1: Comparison of u and v velocity with Ghia et. al for Re 100 and 400

                                                                                                                                                    

                                                                                                                                                                         

 

The discretized algebraic equations are solved by line-by-line TDMA (Tri - Diagonal Matrix Algo

the residuals for continuity is less than 1x10-7 converged solutions are assumed to be achieved. All computations are done 

on a 129x129 mesh using the deferred QUICK scheme The u- velocity profile along the vertical 

the horizontal centre line is shown in Figure 2.1 and Figure 

included for comparison for different Reynolds numbers. The results are ve

solution. Two small counter rotating vortices (secondary vortices)

for Re = 100, 400, 1000, 3200 and 5000 as shown in figure 

For Re = 5000 tertiary vortex is in the upper left corner as shown in Figure 

.1: Comparison of u and v velocity with Ghia et. al for Re 100 and 400
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Diagonal Matrix Algorithm). When 

converged solutions are assumed to be achieved. All computations are done 

le along the vertical centre line of the cavity 

tal centre line is shown in Figure 2.1 and Figure 2.2 with the Benchmark 

erent Reynolds numbers. The results are very good 

small counter rotating vortices (secondary vortices) are located in the lower 

gure 2.3. For each right corner 

corner as shown in Figure 2.3. 

 

.1: Comparison of u and v velocity with Ghia et. al for Re 100 and 400 
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Figure 2.2: Comparison of U 

Figure 2.3: Streamline Plot 

                                                                                                                                                       

                                                                                                                                             

U and v Velocity with GHIA et al for Re =1000, Re = 3200 and

Streamline Plot for Re = 100, Re = 400, Re = 1000, Re = 3200 and Re = 500
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Re =1000, Re = 3200 and Re =5000 

 

Re = 3200 and Re = 5000 
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CONCLUSIONS 

The code was applied to lid driven cavity problem and the results were compared to the benchmark solution of 

Ghia et al. [3] for Re = 100, 400, 1000, 3200, 5000 and Pr = 0:71. The results were in good agreement with the benchmark 

solution. Pseudo-transient approach was followed to overcome stability problem. 
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