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ABSTRACT

We find an L2-approximation of a solution of the Navier-Stokes equations. For this, we first set
our model problem with the stationary incompressible Newtonian Navier-Stokes equations in
3D


(u · ∇)u = −∇p+ ν∆u+ f in Ω

∇ · u = 0 in Ω

u = 0 on ∂Ω,

where Ω is a bounded Lipchitz open subset in R3. ν is the Kinematic viscosity, F is a body
force, and (u, s) is the velocity and pressure which is the solution of this model problem.

Since we are going to apply the least squares method to a linearized first-order system, we
transform our model into a first-order system form and then linearize the first-order system by
the Modified Picard method and the Newton’s method.

In the process of the least squares method, we minimize an L2-normed residuals which come
from a first-order linear system. Then we find the minimizer by finite element methods. How-
ever, using L2-norm gives an approximation which is in H1-space (called H1-approximation),
which does not allow us to find an L2-approximation.

In order to find an L2-approximation based on the least squares method, we propose the least
squares method using an L2-adjoint operator. For this method, we apply the least squares
method not to a given first-order linear system LU = F , but to L∗U∗ = U , where L∗ is an
L2-adjoint operator. Then we define an L2-approximation by Uh := L∗U∗h, where U∗h is a
finite elements approximation of U∗. Using this method, we will find an L2-approximation of
the solution to the stationary incompressible Newtonian Navier-Stokes equations. In the end,
we will verify our method by numerical implementation.
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