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Abstract—Pressure based solver (PBS) is an algorithm to 

solve the pressure equation which is derived from the 

continuity and momentum equations. In this paper, various 

interpolation schemes are used to simulate the velocity 

behaviour of viscous incompressible fluids on standard lid 

driven cavity test case. The simulation is done by varying the 

Reynolds number and the results are validated with artificial 

compressibility method (ACM). 
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I. Introduction 

  In the early techniques to overcome the difficulty of the 

pressure decoupling in motion equation Chorin A. J., et al. [1] 

proposed an entirely different approach called artificial 

compressibility method (ACM). This equation can be used for 

calculating the pressure field at a given velocity field that 

satisfies the incompressibility condition in the computational 

domain. Later on J. L. C.Chang and D. Kwak et.al.[2] have 

shown that the solution obtained using the artificial 

compressibility formulation converges to the incompressible 

limit as the steady state is approached. C. W. Shu and S. Osher. 

et al. [3] have developed The artificial-compressibility 

formulation facilitates the implementation of both explicit and 

implicit schemes family of explicit Runge-Kutta schemes of 

various orders of accuracy. R.M. Gatiganti, K.J. Badcock, F. 

Cantariti, L. Dubuc, M. Woodgate, B.E. Richard.et al.[4]  have 

presents a numerical scheme to solve the incompressible flow 

equations with the target application being the prediction of 

hydrodynamic loads acting on marine structures. later Pietro 

Asinari, Taku Ohwada, Antonio F. Di Rienzo et al. [5] used  

artificial compressibility method for the incompressible 

Navier–Stokes equations is reformulated by a finite set of 

discrete directions on a regular Cartesian mesh. I. Tanno, K. 

Morinishi, N. Satofuka, Y. et al. [6] showed in his study, that 

the artificial compressibility method and virtual flux method 

were implemented on GPU codeinvestigation of the accuracy 

and efficiency of artificial compressibility, characteristics-

based (CB) schemes for variable-density incompressible flows 

by Evgeniy Shapiro, Dimitris Drikakis.et al [7]. P. Nithiarasu, 

C.-B. Liu et al. [8] they improved an artificial compressibility 

method for the solution of incompressible turbulent flow 

problems at moderate Reynolds numbers. Evgeniy Shapiro, 

Dimitris Drikakis.et al.[9] had presents various formulations of 

characteristics-based schemes in the framework of the artificial-

compressibility method for variable-density incompressible 

flows. Whitfield algorithm for a time accurate, three-

dimensional, finite volume, implicit scheme has been proposed 

by Murali Beddhu, Lafayette K. Taylor, David L. et al.[10]   for 

the calculations of flows with a free surface on unsteady 

Eulerian grids. H.S. Tang a , Fotis Sotiropoulos. et al.[11] they 

write a novel, on a time-accurate approach for solving the 

unsteady, three-dimensional, incompressible Navier–Stokes 

equations on non-staggered grids.. To simplify our analysis, 

this study focuses only on the fixed geometry of lid driven 

cavity and comparison between the pressure based solvers with 

artificial compressibility method results have been reported in 

the literature. 

II. Pressure-Based Solver 
The pressure-based solver employs an algorithm which 

belongs to a general class of methods called the projection 

method. In this projection method, where in the constraint of 

mass conservation (continuity) of the velocity field is achieved 

by solving a pressure (or pressure correction) equation. The 

pressure equation is derived from the continuity and the 

momentum equations in such a way that the velocity field, 

corrected by the pressure, satisfies the continuity. Since the 

governing equations are nonlinear and coupled to one another, 

the solution process involves iterations wherein the entire set of 

governing equations is solved repeatedly until the solution 

converges. 

Two pressure-based solver algorithms are: segregated 

algorithm, and a coupled algorithm. These two approaches are 

discussed. 

A. The Pressure-Based Segregated Algorithm 

The pressure-based solver uses a solution algorithm where 

the governing equations are solved sequentially (i.e., segregated 

from one another). Because the governing equations are non-

linear and coupled, the solution loop must be carried out 

iteratively in order to obtain a converged numerical solution. In 

the segregated algorithm, the individual governing equations 

for the solution variables (e.g.,u,v,w,p,T,k,etc.) are solved one 

after another . Each governing equation, while being solved, is 

"decoupled" or "segregated" from other equations, hence its 

name. The segregated algorithm is memory-efficient, since the 

discretized equations need only be stored in the memory one at 

a time. However, the solution convergence is relatively slow, 

inasmuch as the equations are solved in a decoupled manner. 

With the segregated algorithm, each iteration consists of the 

steps illustrated in Figure1 and outlined below:                                                                               

1.Update fluid properties (e,g, density, viscosity, specific heat) 

including turbulent viscosity (diffusivity) based on the 

currentsolution.  2. Solve the momentum equations, one after 

another, using the recently updated values of pressure and face 

massfluxes. 3. Solve the pressure correction equation using the 
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recently obtained velocity field and the mass-flux.                              

4. Correct face mass fluxes, pressure, and the velocity field 

using the pressure correction obtained from Step 3. 5. Solve the 

equations for additional scalars, if any, such as turbulent 

quantities, energy, species, and radiation intensity using the 

current values of the solution variables.  6. Update the source 

terms arising from the interactions among different phases.7. 

Check for the convergence of the equations. These steps are 

continued until the convergence criteria are met. 

B. The Pressure-Based Coupled Algorithm 

Unlike the segregated algorithm described above, the 

pressure-based coupled algorithm solves a coupled system of 

equations comprising the momentum equations and the 

pressure-based continuity equation. Thus, in the coupled 

algorithm, Steps 2 and 3 in the segregated solution algorithm 

are replaced by a single step in which the coupled system of 

equations are solved. The remaining equations are solved in a 

decoupled fashion as in the segregated algorithm. Since the 

momentum and continuity equations are solved in a closely 

coupled manner, the rate of solution convergence significantly 

improves when compared to the segregated algorithm. 

However, the memory requirement increases by 1.5 - 2 times 

that of the segregated algorithm since the discrete system of all 

momentum and pressure-based continuity equations needs to be 

stored in the memory when solving for the velocity and 

pressure fields. 

                
Fig. 1 Overview of the Pressure-Based Solution 

III Artificial Compressibility Method 

Major advances in the state of the art in CFD have been 

made in conjunction with compressible flow computations. 

Therefore, it is of significant interest to be able to use some of 

these compressible flow algorithms for incompressible flows. 

To do this, the artificial compressibility method of Chorin 

(1967) can be used. In this formulation, the continuity equation 

is modified by adding a pseudo-time derivative of the pressure, 

resulting in 
1

β

∂p

∂τ
+

∂ui
∂xi

= 0 

where β is an artificial compressibility parameter and τ is a 

pseudo-time parameter. This forms a hyperbolic-parabolic type 

of pseudo-time dependent system of equations. Thus, implicit 

schemes developed for compressible flows can be implemented 

to solve for steady-state solution. In the steady-state 

formulation the equations are to be marched in a time-like 

fashion until the divergence of velocity in equation converges 

to a specified tolerance. The time variable for this process no 

longer represents physical time, so in the momentum equations 

t is replaced with τ, which can be thought of as a pseudo-time 

or iteration parameter. 

Physically, this means that waves of finite speed are 

introduced into the incompressible flow field as a medium to 

distribute the pressure. For a truly incompressible flow, the 

wave speed is infinite, whereas the speed of propagation of 

these pseudo waves depends on the magnitude of the artificial 

compressibility parameter. In a truly incompressible flow, the 

pressure field is affected instantaneously by a disturbance in the 

flow, but with artificial compressibility, there is a time lag 

between the flow disturbance and its effect on the pressure 

field. Ideally, the value of the artificial compressibility 

parameter is to be chosen as high as the particular choice of 

algorithm will allow so that the incompressibility is recovered 

quickly. In viscous flows, the behavior of the boundary layer is 

very sensitive to the stream wise pressure gradient, especially 

when the boundary layer is separated. If separation is present, a 

pressure wave traveling with finite speed will cause a change in 

the local pressure gradient which will affect the location of the 

flow separation. This change in separated flow will feed back to 

the pressure field, possibly preventing convergence to a steady 

state. When the viscous effect is important for the entire flow 

field as in most internal flow problems, the interaction between 

the pseudo-pressure waves and the viscous flow field is 

especially important. 

IV. Standard Test Case Lid Driven Cavity  

 

                   Fig. 2 Geometry of the lid driven cavity. 

     Incompressible flow in a two-dimensional square domain. 

The geometry is shown in Figure 1: in which all the boundaries 

of the square are walls. The top wall moves in the x-direction at 

a speed of 1 m/s while the other 3 are stationary. Initially, the 

flow is assumed 2-d laminar and solved on a uniform mesh 
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using the icoFoam solver for laminar incompressible flow and 

the effect of increased mesh resolution and mesh grading on the 

walls is observed. 

V. Results and Discussions 

A. Comparison of present pressure based solver (PBS) 

with Artificial Compressibility method (ACM) 

 

 
Fig. 3 Distributions of x-components of velocity profile on 

square cavity centrelines at Re=400 

 

 
Fig. 4 Distributions of y-components of velocity profile on 

square cavity centrelines at Re=400 

The above figure 3&4 shows the interpolation schemes of the 

velocity profile inside the square cavity for both x-y direction is 

exactly converged for same time steps. 

B. Pressure plots  
    

 
 
Fig. 5 variation of pressure throughout the cavity for Re=400. 

      

 
Fig. 6 Variation of pressure throughout the cavity for Re=1000.  

The figure4&5 shows the variation of pressure inside the cavity 

according to the different Reynolds numbers ie Re=400, 1000. 

When the Reynolds numbers increases the pressure gradually 

increases at the top and decreases at the bottom of the cavity.  

Velocity Vector plots 

 

 
 

Fig. 7 variation of velocity vector through out the cavity for 

Re=400 using (PBS) 

 

 
 

Fig. 8 variation of velocity vector throughout the cavity for 

Re=1000 using (PBS) 

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

0 0.5 1 1.5

V
e

lo
ci

ty
 (

m
/s

e
c)

Distance from base cavity in (m)

Linear

Cubic

ACM

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

1.2

0 0.5 1 1.5

V
e

lo
ci

ty
 (

m
/s

e
c)

Distance from base cavity in (m)

Linear

Cubic

ACM



                      International Journal of Engineering Research                                      ISSN:2319-6890)(online),2347-5013(print) 

                       Volume No.3, Issue No.7, pp : 472-475                                                                                                 01 July 2014 

 

IJER@2014 Page 475 
 

 

Velocity vectors of the steady state solutions for the Reynolds 

numbers Re=400 and 1000 are shown in Figure7&8. 

Magnitude (Velocity) Plots  

 

Fig. 9 variation of velocity magnitude throughout the cavity for 

Re=400 using (PBS) 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 variation of velocity magnitude throughout the cavity 

for Re=1000 using (PBS) 

The purpose of the figure9&10 is to show the variation of 

velocity magnitude at Reynolds number, Re=400, 1000 inside 

the cavity. The velocity is seen to be continuously varying with 

the varying Reynolds numbers. 

VI. Conclusion 

In this paper, the PBS algorithm is used to solve the 

pressure equation by using different interpolation methods on a 

lid driven cavity geometry for uniform grids and the results are 

converging throughout the cavity with varying the Reynolds 

numbers the approach is to study the behaviour of velocity 

profile and also comparing results with the ACM. The results of 

two interpolation schemes are converged but the ACM results 

require convergence. 
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