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ABSTRACT — In this lecture, a computational methodology based on least-squares variational principles and the finite
element method is discussed for the numerical solution of the Navier-Stokes equations governing viscous incompressible
fluid flows and equations governing shear deformation theories of plates and shells. The use of least-squares principles leads
to variationally unconstrained minimization problems, where compatibility conditions between approximation spaces — such
as info-sup conditions — never arise. Furthermore, the resulting linear algebraic problem will always have a symmetric
positive definite (SPD) coefficient matrix, allowing the use of robust and fast preconditioned conjugate gradient methods for
its solution. In the context of viscous incompressible flows, least-squares based formulations offer substantial improvements
over the (traditional) weak form Galerkin finite element models — where the finite element spaces for velocities and pressure
must satisfy an inf-sup compatibility condition and one must deal with an un-symmetric and indefinite coefficient matrix. In
contrast, least-squares formulations circumvent the inf-sup condition, allowing equal-order interpolation of velocities and
pressure, and result (after suitable linearization) in linear algebraic systems with a SPD coefficient matrix. In this lecture, the
basic theory of least-squares finite element formulations of the Navier-Stokes equations governing viscous incompressible
flows and shear deformable theories of beams, and plate and shell structures will be presented, and their application through
some benchmark problems will be discussed.
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