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We present an overview of hybridizable discontinuous Galerkin methods for solving par-
tial differential equations (PDEs) in continuum mechanics [1, 2, 3, 4]. The essential
ingredients are a local Galerkin projection of the underlying PDEs at the element level
onto spaces of polynomials of degree k to parametrize the numerical solution in terms
of the numerical trace; a judicious choice of the numerical flux to provide stability and
consistency; and a global jump condition that enforces the continuity of the numerical
flux to arrive at a global weak formulation in terms of the numerical trace. The HDG
methods are fully implicit, high-order accurate and endowed with several unique features
which distinguish themselves from other discontinuous Galerkin methods. First, they re-
duce the globally coupled unknowns to the approximate trace of the solution on element
boundaries, thereby leading to a significant reduction in the degrees of freedom. Second,
they provide, for smooth viscous-dominated problems, approximations of all the variables
which converge with the optimal order of k + 1 in the L2-norm. Third, they possess some
superconvergence properties that allow us to define inexpensive element-by-element post-
processing procedures to compute a new approximate solution which may converge with
higher order than the original solution. And fourth, they allow for a novel and systematic
way for imposing boundary conditions for the total stress, viscous stress, vorticity and
pressure which are not naturally associated with the weak formulation of the methods.
In addition, they possess other interesting properties for specific problems. Their approx-
imate solution can be postprocessed to yield an exactly divergence-free velocity field for
incompressible flows. They do not exhibit volumetric locking for nearly incompressible
solids. We provide extensive numerical results to illustrate their distinct characteristics
and compare their performance with that of continuous Galerkin methods.
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