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Abstract. In this article, a locally stabilized finite element formulation of
the two-dimensional Navier-Stokes problem is used. A macroelement condition
which provides the stability of the Q1 −P0 quadrilateral element and the P1 −P0
triangular element is introduced. Moreover, the H 1 and L2 -error estimates
of optimal order for finite element solution (uh , ph ) are analyzed. Finally, a
uniform H 1 and L2 -error estimates of optimal order for finite element solution
(uh , ph ) is obtained if the uniqueness condition is satisfied.

1. Introduction. The development of appropriate mixed finite element methods is
a key component in the search for efficient techniques for solving the incompressible
Navier-Stokes problem. Using a primitive variable formulation, the importance of
ensuring the compatibility of the component approximations of velocity and pressure
by satisfying the so-called inf-sup condition is widely understood. It is also well
known that the simplest conforming low-order elements like the P1 − P0 (linear
velocity, constant pressure) triangular elements are not stable. This impinges on
efficiency, since the simple logic and regular data structure associated with loworder finite element methods makes them particularly attractive on modern vector
and parallel processing architectures.
The stability of the mixed approximations has become crucially important with
the advent of “fast” iterative solution algorithms, for example, based on multigrid or
preconditioned conjugate gradient iterations. Numerical experiments show that in
the solution of the Stokes or Navier-Stokes problems, ensuring stability is essential
if a reasonable rate of convergence of such iterations is to be achieved. For details,
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