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Abstract. In this paper, we consider the viscous incompressible magnetohydrody-
namic (MHD) system with a new boundary condition for a general smooth domain
in R®. We obtain the well-posedness of the system and the vanishing viscosity limit
result.
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1 Introduction

Let QCIR? be a bounded smooth domain, and satisfy the topology condition Hy (), R)=0.
We study the following MHD system in ():
oru—eAu+u-Vu—b-Vb+Vp=0,
otb—eAb+u-Vb—b-Vu=0,

(1.1)
V-u=0,V-b=0,
u(0,x)=ugp(x), b(0,x)=by(x),
with the boundary condition on 9):
u-n=0, w-n=0, nx(Au)=0,
. (1.2)
b-n=0, j-n=0, nx(Ab)=0,
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where u,b, p denote the velocity, magnetic field and pressure, respectively, e represents the
viscosity and magnetic diffusion coefficient. And w:=V xu, j:=V xb. This boundary
condition is motivated by the generalized Navier-slip boundary condition involving the
vorticity.

The corresponding ideal MHD system is

oru+u-Vu—b-Vb+Vp=0,
0:b+u-Vb—b-Vu=0,

V-u=0, V-b=0, (13
u(0,x)=up(x), b(0,x)=bo(x),
with the slip boundary condition:
u-n=0, b-n=0. (1.4)

We want to study the well-posedness of solutions to (1.1)-(1.2) and whether they converge
to those of ideal MHD system (1.3)-(1.4) as e —0.

For the common viscous incompressible MHD system(i.e.the viscosity coefficient and
magnetic diffusion coefficient may not be equal), there are a lot of literatures on various
topics concerning solvability, regularity in the whole space or with slip boundary condi-
tions, see [1-9], and therein references. For the vanishing viscosity limit problem, we can
find quite a large literature for Navier-Stokes equations, such as [10-18]. However, there
are not so many results for MHD equations. In [8], the authors consider the system in a
cubic domain with the following slip boundary conditions:

u-n=0, nxw=0,
b-n=0, nxj=0.

When () is a bounded smooth domain, Guo and Wang in [19] investigate the vanishing
viscosity limit problem of 3D MHD with the generalized Navier slip boundary condition:

u-n=0, nxw=|[Bul,
b-n=0, nxj=[Bbl.,

where B is a given smooth symmetric tensor on the boundary. When the Dirichlet bound-
ary condition is given,there exists boundary layer which is still a challenge problem in
the fluid dynamics. Xie, et al. [20] study the MHD equations with the non-zero Dirichlet
boundary conditions, and obtain that the solution of MHD equations converges to that
of the ideal MHD equations as viscosity and magnetic diffusion coefficient tends to zero.

In order to avert the appearance of the boundary layer and want to obtain a better
result, we propose the new boundary condition (1.2) for Egs. (1.1) as in [21].

We organize the paper as follows. In Section 2, we give the main results. In Section 3,
we verify the local well-posedness of system (1.1)-(1.2). In Section 4, we obtain the con-
vergence rates of the solutions for (1.1)-(1.2) to the corresponding ideal MHD equations
(1.3)-(1.4).



