A new meshfree method: free element collocation method (FECM)
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Abstract

In this paper, a new type of isoparametric elements, called as Cross-Line Elements (CLES),
are constructed, which have very few nodes to simulate geometries and interpolate physical
variables in both two-dimensional (2D) and three-dimensional (3D) problems. Based on these
CLEs, a completely new numerical method, called as Free Element Collocation Method
(FECM), is proposed based on the element differential formulations [1, 2] for solving general
2D and 3D boundary value problems of partial differential equations. FECM is a strong-form
collocation method, combining the advantages of the finite element method [3] and meshfree
method [4] in the aspects of setting up shape functions and generating computational meshes
through node by node. The distinct feature of FECM is that only one element is needed for
each node and the collocation element can be freely formed by the nodes surrounding the
collocation node, which make the bandwidth of the final system of equations extremely
narrow.

When solving a specific problem using FECM, only the governing differential equations and
boundary conditions are needed, no additional mathematical or mechanical principles being
required and no any integrations needing to be evaluated. In addition, since the free elements
used in FECM can be easily formed by arbitrarily selecting local nodes surrounding the
collocation node, distorted elements can be easily avoided and the stable and accurate results
can be achieved. A number of 2D and 3D numerical examples for thermal and mechanical
problems are given to show the correctness and efficiency of the newly constructed elements
and the proposed numerical method.
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