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VIRTUAL ELEMENT METHOD FOR THE
LAPLACE-BELTRAMI EQUATION ON SURFACES

We present a Surface Virtual Element Method (SVEM) of arbitrary poly-
nomial order k ∈ N for the Laplace-Beltrami equation on a surface in R3.
The method combines the Surface Finite Element Method (SFEM) [Dz-
iuk, Eliott, Finite element methods for surface PDEs, 2013] and the recent
Virtual Element Method (VEM) [Beirão da Veiga et al, Basic principles
of VEMs, 2013]. The proposed approach handles polygonal, possibly non-
conforming approximations of the surface made of elements of arbitrary
polygonal shape. As a consequence, the method is well posed on composite
nonconforming meshes that naturally arise when two polygonal meshes are
pasted along a straight line. This property implies a significant computa-
tional advantage in that, in contrast to many existing pasting algorithms
for standard FEMs, the meshes to be pasted do not require any intermedi-
ate step, such as deformation or node matching. We prove existence and
uniqueness of the numerical solution and, in the case k = 1 of linear Virtual
Elements, we prove a first order H1 error estimate for the numerical method.
We provide numerical experiments to confirm the convergence result and to
show the application of the method to mesh pasting.
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