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ABSTRACT 

 

This work explores the solution of heat conduction problem with embedded gap. The 

introduction of such gap implies that the physical solution contains a discontinuity, potentially in 

both the primary variable (the temperature) and in its gradients. Such feature makes difficult to 

approximate the solution with a standard, continuous, finite element approach, unless the mesh is 

body-fitted to the gap geometry. Perhaps eXtended Finite Element Method (X-FEM) [1-8] is a 

well known method with the ability to treatment of this difficulty by adding degrees of freedom 

with special (enrichment) functions to the cut element nodes. In X-FEM the numerical model 

consists of two types of elements at region near the discontinuity: fully enriched elements (the 

elements which are cut by the gap) and partially enriched elements or blending elements (the 

elements which are not cut but have one or more enriched nodes). 

 

Here we introduce two distinct methods with the objective of capturing discontinuities within the 

element but without the blending elements issue. The first one consists in a purely local 

enrichment of the Finite Element (FE) space. The key difference of this method with respect to 

standard X-FEM is that we add two special functions whose amplitude is governed by two 

internal degrees of freedom, which do not depend on any of the neighboring elements. One of the 

features of this method is that since the new degrees of freedom are purely local, we can also 

define the additional Lagrangian Multipliers (to impose Dirichlet constraint at the discontinuity)  

locally to the enriched element and the system formed by the enrichment variables and the 

Lagrange Multipliers can be statically condensed at once prior to assembly. Therefore the graph 

of the final system to be solved is not change.  

 

The second method with the ability to capture discontinuities within the element not by 

enrichment functions but by local modification in nodal shape function of the elements also has 

been explored. These modifications are local and can be computed element–by–element. So 

finally, it can be concluded, the proposed methods have the capability to be a suitable alternative 

to other existing finite element spaces with embedded discontinuities. 
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