
The �nite element solutions of the Simpli�ed

MagnetoHydroDynamics Equations with time step methods and

the e¤ects of di¤erential time �lter on the solutions

G. Yuksel

Abstract

Magnetohydrodynamics (MHD) consider the dynamics of electrically conducting �uids and

described by a set of equations which are a combination of the Navier�Stokes equations of �uid

dynamics and Maxwell�s equations of electromagnetism. When the magnetic reynolds number

Rm � 1, then the magnetic �eld associated with induced currents, J � �u � B is negligible by

comparison with the imposed magnetic �eld, thus MHD reduces to the simpli�ed MHD (SMHD).

Here, Rm = uL=� > 0; u is the characteristic speed, L is the length of the problem, � > 0 is the

magnetic di¤usivity, B is an applied (and known) magnetic �eld. There are three distinct cases for

Rm � 1: The �rst, the imposed magnetic �eld is static, the �ow is induced by some external agency.

The second, the imposed magnetic �eld travels or rotates uniformly and slowly. The third,the imposed

magnetic �eld oscillates extremely rapidly [1].

In this study, the Crank-Nicolson (CN) [2] and Backward-Euler (BE) [3] �nite element solutions

of SMHD are considered with numerical analyses, at �rst. Then, the di¤erential �lter term �(u�u) is
added to SMHD equations to obtain SMHD Linear Time Relaxation Model (SMHDLTRM) [4]. The

model is discretized by both CN and BE methods to obtain �nite element solutions and numerical

analysis are also proved for two methods [5].

Finally, in which cases, to may get more accurate solutions of SMHD and SMHDLTRM by using BE

and CN methods are compared comprehensively. All computations are conducted by using FreeFem++

programme.
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