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The use of the local truncation error to improve arbitrary-order finite elements
for the linear wave and heat equations.

A. Idesman*

Department of Mechanical Engineering, Texas Tech University, Lubbock, TX 79409-1021, USA

Abstract

The local truncation error in space and time can be efficiently used for the analysis and the increase in accu-
racy of the linear and high-order finite elements in the 1-D, 2-D and 3-D cases on uniform and non-uniform
meshes. Several applications of the local truncation error are considered in the paper. It is proven that for
the 1-D wave equation with a piece-wise constant wave velocity, the local truncation error is zero if the
linear finite elements with the element size proportional to the wave velocity, the lumped mass matrix and
the central-difference method with the time increments equal to the stability limit are used. It is shown in
the 1-D and multidimensional cases that the optimal lumped mass matrix can be calculated by the mini-
mization of the order of the local truncation error and yields the maximum possible order of accuracy. The
minimization of the order of the local truncation error allows us to develop the linear finite elements and
the isogeometric high-order elements with improved accuracy; i.e., accuracy is improved from order 2p
(the conventional elements) to order 4p (the new elements) where p is the order of the polynomial approxi-
mations. New high-order boundary conditions are developed in order to keep a high-order accuracy of the
developed technique. The new elements can be equally applied to linear wave propagation and heat transfer
problems. It is also shown that non-uniform meshes may lead to inaccurate results due to the increase in the
local truncation error. The difference in accuracy between the quadrilateral and triangular linear elements is
analyzed with the suggested approach. The presented numerical examples are in good agreement with the
theoretical results. The approach considered in the paper can be easily applied to the analysis of different
aspects of finite elements techniques as well as other numerical approaches.
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This study was first motivated by the analysis and the improvement of accuracy of the linear and high-
order finite element techniques applied to wave propagation. The numerical dispersion error is considered
as one of the most popular and efficient tools for the analysis of such problems; see [1-30] and many others.
The application of the numerical dispersion error is based on the existence of harmonic solutions for an
infinite domain for a system of partial differential equations as well as for a discretized system of these
equations. However, in many cases, the corresponding harmonic solutions do not exist; e.g., in the case of
non-zero load vector of the system of partial differential equations, complicated material properties, non-
uniform meshes and many other cases. Therefore, finding more general tools for the accuracy analysis of
numerical techniques is a very important task.

∗Corresponding author. Tel.: +1 806 834 2606, fax: +1 806 742 3540.
Email address: alexander.idesman@ttu.edu (A. Idesman* )

Preprint submitted to Computer Methods in Applied Mechanics and Engineering January 31, 2018

*Manuscript
Click here to download Manuscript: CMAME-2017.pdf Click here to view linked References



Download	English	Version:

https://daneshyari.com/en/article/6915549

Download	Persian	Version:

https://daneshyari.com/article/6915549

Daneshyari.com

https://daneshyari.com/en/article/6915549
https://daneshyari.com/article/6915549
https://daneshyari.com/

