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FINITE VOLUMES AND FINITE ELEMENTS:
TWO ‘GOOD FRIENDS’

S. R. IDELSOHN* AND E. ONATE

Internatiohal Center Jor Numerical Methods in Engineering, Universidad Politecnica de Catalufia,
Edificio C1, Gran Capitan s/n, 08034 Barcelona, Spain

SUMMARY

In this paper a comparison between the finite element and the finite volume methods is presented in the
context of elliptic, convective—diffusion and fluid flow problems. The paper shows that both procedures
share a number of features, like mesh discretization and approximation. Moreover, it is shown that in many
cases both techniques are completely equivalent.

1. INTRODUCTION

The Finite Volume Method (FVM) evolved in the early seventies via the Finite Difference
Method (FDM) and today has many proponents in the field of fluid mechanics. Several
applications of FVM show this method to be specially attractive for the solution of convective
dominant equations and many of the problems existing in the solution using the Finite Element
Method (FEM) are not explicitly present in the solution via the FVM. On the other hand, the
FEM is a more general and mathematically consistent approach, which can provide many other
alternatives and possibilities to solve the same problems and where the rate accuracy/computa-
tional cost may be easily adjusted to the desired problem.

A general FVM-FEM format has been proposed in Reference 1, in which the differential

equation system
Au=f inQ 1)

is solved by a weighted residual method
J W,(All — £)dQ = 0 @
Q

in which W;(i = 1, . . . , n) are weighting functions and @ are the approximations to the unknown
Ilgﬁ=ZNJII_, {j=}.,...,n) (3)

where N; are some basis functions and u; the nodal values of the unknown.
In self-adjoint problems with constant parameters, the optimal weighting for FEM is the
Galerkin one, with

W, =N;
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