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Abstract

We propose a new sixth-order finite volume scheme to solve the bidimensional linear
steady-state Stokes problem on staggered unstructured meshes and complex geometries.
The method is based on several classes of polynomial reconstructions to accurately eva-
luate the diffusive fluxes, the pressure gradient, and the velocity divergence. The main
difficulty is to handle the div-grad duality to avoid numerical locking and oscillations.
A new preconditioning technique based on the construction of a pseudo-inverse matrix
is also proposed to dramatically reduce the computational effort. Several numerical
simulations are carried out to highlight the performance of the new method.
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1. Introduction

The Stokes problem together with the Darcy system are two classical prototype mo-
dels of mixed problems where the pressure function derives from the divergence-free
velocity constraint. The finite volume method turns to be a natural framework to design
built-in conservation schemes since the pioneer book of Patankar [39] and we refer to the
textbook of Ferziger and Peric [17] for an overview of the finite volume for the Navier-
Stokes equations. A large range of schemes has been developed to provide both accurate
and stable solutions where one can distinguish different kinds of approach namely stag-
gered or collocated discretizations, structured grids or unstructured meshes for complex
geometries, and coupled or segregated velocity and pressure leading to a saddle point
problem or a projection method in the divergence-free space (see the introductions of
[22, 44] for a short overview). Another fundamental challenge concerns the precondition-
ing of the linear system deriving from the space discretization.

Second-order methods are a standard in industry for the computation of incompress-
ible flow and in commercial software development. There exists an important liter-
ature and books on the subject using the finite difference [8, 41], the finite element
[43, 52, 7, 23, 54], or the finite volume approach [39, 20, 53, 49, 15, 5]. However, there
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