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Abstract

We study the weak Galerkin finite element method for Stokes problem. A new weak
Galerkin finite element velocity-pressure space pair is presented which satisfies the dis-
crete inf-sup condition. Based on this space pair, we establish a stable weak Galerkin
approximation scheme without adding any stability term or penalty term. Then, we
further derive the optimal error estimates for velocity and pressure approximations, re-

spectively. Numerical experiments are provided to illustrate the theoretical analysis.
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1. Introduction

Recently, the weak Galerkin finite element method has attracted much attention in
the field of numerical partial differential equations [7, 9, 10, 11, 13, 15, 16, 17, 18, 19, 20].
This method was introduced and analyzed originally in [15] for second order elliptic prob-
lems in multi-dimensional domain. In general, a weak Galerkin finite element method
can be considered as an extension of the standard finite element method where classical
derivatives are replaced in the variational equation by the weakly defined derivatives
on discontinuous weak functions. The main feature of this method is: (1) the weak
derivatives are introduced as distributions for weak functions; (2) the weak Galerkin
finite element function uj, = {uY, u}} is used in which u} is totally discontinuous on the
partition and the value u% of up, on element edge may be independent with its value u% in

the interior of element. The readers are referred to articles [9, 11, 16] for more detailed
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