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Abstract

We consider the approximation of second-order elliptic equations on domains that can be described as a union of sub-domains or blocks.
We assume that a grid is defined on each block independently, so that the resulting grid over the entire domain need not be conforming (i.e.
match) across the block boundaries. Several techniques have been developed to approximate elliptic equations on multiblock grids that
utilize a mortar finite element space defined on the block boundary interface itself. We define a mixed finite element method that does not
use such a mortar space. The method has an advantage in the case where adaptive local refinement techniques will be used, in that there is
no mortar grid to refine. As is typical of mixed methods, our method is locally conservative element-by-element; it is also globally
conservative across the block boundaries. Theoretical results show that the approximate solution converges at the optimal rate to the true
solution. We present computational results to illustrate and confirm the theory.

1. Introduction

It is often advantageous to approximate second-order elliptic and parabolic equations by mixed finite element
methods because of their local conservation property and their direct approximation of the vector flux variable.
In many applications the complexity of the domain geometry or the solution itself warrants using a multiblock
domain structure, wherein the domain 2 CR“, d=2 or 3, is decomposed into non-overlapping blocks or
subdomains {2, i =1,...,n, with grids defined independently on each block. On the (d — 1)-dimensional
interface I” between subdomain blocks, the traces of the grids need not coincide. Two typical examples in
subsurface porous medium applications are the modeling of faults, which are natural discontinuities in material
properties, and the modeling of wells, the solution’s response to which can be resolved often only by using
locally refined grids.

We use notation appropriate for applications to porous media, and we consider a model problem. For the
unknown pressure scalar function p(x) and Darcy velocity vector function u(x), we consider the partial
differential boundary value problem

u=—KVp—9yp) in2, n
cp+V-u=gq in 2, (2)
u-v=0 on 342, (3)
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