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Spectral finite element methods using hexahedral meshes have been developed by Co-
hen and others but currently, the only way to automatically generate unstructured
hexahedral meshes for a complex geometry is to generate a tetrahedral mesh and split
each tetrahedron into four hexahedra, which introduce needlessly substantial increase
in the cost. However, some mesh generators are able to produce hexahedral-dominant
meshes that include a minor number of tetrahedra, wedges and pyramids. The pur-
pose of our study is to construct high-order finite element methods on hybrid meshes
in order to preserve the efficiency of the method developed for hexahedra.

Finite elements for tetrahedra, hexahedra and wedges are detailed in Hesthaven [2],
Cohen [1] and Solin [3]. In this work, the main effort is devoted to the construction
of pyramidal finite elements, preserving conformity with the other types of elements.
Only few papers are dealing with pyramidal elements (Bedrosian [4], Graglia [5], Chatzi
[6], Nigam and Phillips [7]) since obtaining a proper base for these elements is a tricky
point.

Our work leads to an arbitrarily high-order finite element space for pyramidal el-
ements coupled in a continuous way with other types of elements, such that these
elements can be used in hybrid meshes which include a high percentage of hexahedra,
and some tetrahedra, wedges and pyramids. Numerical results are given to demonstrate
the efficiency of these new elements.
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