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allows information to propagate in any direction instead of only normal to the cell interface.
In addition, local time stepping and the residual smoothing technique have been used
for convergence acceleration. The accuracy and utility of the proposed scheme have been
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obtained using the new scheme are in good agreement with the standard benchmark
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1. Introduction

The main problem of computational fluid dynamics (CFD) for configurations with complex geometry is mesh generation.
The structured grid methods have a disadvantage for complex geometries [1]. The main advantage of the unstructured grid
methods is the facility of grid generation for complex configurations [2]. However, the computational costs and memory
requirements are generally higher than for their structured grid counterparts.

The original characteristic-based method (CB) for the artificial compressibility approach [3] for solving the incompressible
flow equations was proposed by Drikakis et al. [4]. Then the revised CB method was used on unstructured grids for
incompressible flow solutions by X. Su et al. [5]. The multidimensional upwind characteristic-based (MCB) method was
proposed by Zamzamian and Razavi [6] for solving the incompressible flow equations on a structured grid; it is based on the
artificial compressibility method. They showed that the MCB scheme is robust and powerful for modeling incompressible
viscous flows and for achieving high accuracy and remarkable advantages in convergence rate with respect to the
conventional CB scheme. The main objective of the present paper is to use the efficient MCB method on an unstructured grid.

2. The governing equations

The Navier-Stokes equations for two-dimensional incompressible flows modified by artificial compressibility can be
expressed as
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Here W is the vector of primitive variables, and F/, G and F, G” are convective and viscous flux vectors, respectively.
The artificial compressibility parameter and Reynolds number are shown as 8 and Re, respectively. The above equations
have been nondimensionalized on the basis of the following scalings:
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The discretized form of Eqs. (1) at cell i is obtained:
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where A; is the cell area and m is the number of edges for any cells. Examples of computational unstructured grids that are
used for finite-volume MCB flow solvers are shown in Fig. 3.

3. The solution algorithm

3.1. The two-dimensional characteristic structure for artificial compressibility equations

To derive the characteristic relations of incompressible flows, their corresponding “Euler equations” are considered [7].
These equations modified by artificial compressibility for deriving two-dimensional characteristic structures are
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To obtain the characteristic structure of equations, a characteristic surface in the form of f (x, y, t) = 0 is assumed. Using
the kinematics relations for relating the partial derivatives to exact derivatives corresponding to the assumed surface, one
gets the following system of equations [8,9]:
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where the subscripts stand for the partial differentiation and  is defined as
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For compatibility requirements of Egs. (6), the determinant of the coefficient matrix is set to zero; hence,
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