APPLICATION OF BARYCENTER REFINED MESHES IN LINEAR ELASTICITY AND INCOMPRESSIBLE FLUID DYNAMICS^∗

MAXIM A. OLSHANSKII^† AND LEO G. REBHOLZ^‡

Abstract. The paper demonstrates that enhanced stability properties of some finite element methods on barycenter refined meshes enables efficient numerical treatment of problems involving incompressible or nearly incompressible media. One example is the linear elasticity problem in a pure displacement formulation, where a lower order finite element method is studied which is optimal order accurate and robust with respect to the Poisson ratio parameter. Another example is a penalty method for incompressible viscous flows. In this case, we show that barycenter refined meshes prompt a “first penalize, then discretize” approach, avoiding locking phenomena, and leading to a method with optimal convergence rates independent of the penalty parameter, and resulting in discrete systems with advantageous algebraic properties.

Key words. finite element method, barycenter-mesh refinement, locking-free penalty method, Navier-Stokes equations, linear elasticity

AMS subject classifications. 65F05, 65M60, 65M12, 76D05, 74B05

∗Received February 17, 2011. Accepted for publication September 14, 2011. Published online October 5, 2011 Recommended by A. Klawonn.

†Department of Mechanics and Mathematics, Moscow State M. V. Lomonosov University, Moscow 119899, Russia; Maxim.Olshanskii@mtu-net.ru, partially supported by the RFBR Grants 08-01-00415 and 09-01-00115.

‡Department of Mathematical Sciences, Clemson University, Clemson, SC 29634, rebholz@clemson.edu, http://www.math.clemson.edu/∼rebholz, partially supported by the National Science Foundation grant DMS0914478.