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Abstract

The purpose of this paper is to study the boundary layer problem and zero viscosity-diffusion limit of 
the initial boundary value problem for the incompressible viscous and diffusive magnetohydrodynamic 
(MHD) system with (no-slip characteristic) Dirichlet boundary conditions and to prove that the correspond-
ing Prandtl’s type boundary layer are stable with respect to small viscosity-diffusion coefficients. The main 
difficulty here comes from Dirichlet boundary conditions for the velocity and magnetic field. Firstly, we 
identify a non-trivial class of initial data for which we can establish the uniform stability of the Prandtl’s 
type boundary layers and prove rigorously the solution of incompressible viscous-diffusion MHD system 
converges strongly to the sum of the solution to the ideal MHD system and the approximating solution to 
Prandtl’s type boundary layer equation by using the elaborate energy methods and the special structure of 
the solution to ideal MHD system with the initial data we identify here, which yields that there exists the 
cancellation between the boundary layer of the velocity and that of the magnetic field. Secondly, for general 
initial data, we obtain zero viscosity-diffusion limit of the incompressible viscous and diffusive MHD sys-
tem with the different horizontal and vertical viscosities and magnetic diffusions, when they go to zero with 
the different speeds, and, we prove rigorously the convergence of the incompressible viscous and diffusion 
MHD system to the ideal MHD system or the anisotropic MHD system by constructing the exact boundary 
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layers and using the elaborate energy methods. We also mention that these results obtained here should be 
the first rigorous ones on the stability of Prandtl’s type boundary layer for the incompressible viscous and 
diffusion MHD system with no-slip characteristic boundary condition.
© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

We consider in this paper zero viscosity and diffusion limit for the three-dimensional in-
compressible viscous and diffusive magnetohydrodynamic(MHD) system with Dirichlet (no-slip 
characteristic) boundary conditions

∂tu
ε + uε · ∇uε + ∇pε − ε�uε = bε · ∇bε, in � × (0, T ), (1.1)

∂tb
ε + uε · ∇bε − ε�bε = bε · ∇uε, in � × (0, T ), (1.2)

divuε = 0, divbε = 0, in � × (0, T ), (1.3)

uε = 0, bε = 0, in ∂� × (0, T ), (1.4)

uε(t = 0) = uε
0, b

ε(t = 0) = bε
0, with divuε

0 = divbε
0 = 0 on � (1.5)

and

∂tu
η,ν + uη,ν · ∇uη,ν − ν1∂

2
z uη,ν − η1�x,yu

η,ν + ∇pη,ν

= bη,ν · ∇bη,ν, in � × (0, T ), (1.6)

∂tb
η,ν + uη,ν · ∇bη,ν − ν2∂
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η,ν = bη,ν · ∇uη,ν, in � × (0, T ), (1.7)

divuη,ν = 0, divbη,ν = 0, in � × (0, T ), (1.8)

uη,ν = 0, bη,ν = 0, in ∂� × (0, T ), (1.9)
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η,ν
0 , bη,ν(t = 0) = b

η,ν
0 , with divu

η,ν
0 = divb

η,ν
0 = 0 on �, (1.10)

where � = ω × [0, h] or � = ω × (0, ∞) with ω = T
2 or R2, � = ∂2

∂x2 + ∂2

∂y2 + ∂2

∂z2 is the 
three-dimensional Laplace operator, ε is the viscosity and magnetic diffusion coefficient. Also, 
�x,y denotes the two-dimensional Laplace operator in the variables x and y. The constants ν1
or ν2 and η1 or η2 represent, respectively, the vertical and horizontal viscosities or magnetic 
diffusions. uε, pε, bε or uη,ν, pη,ν, bη,ν are the velocity, the pressure and the magnetic field of 
MHD. Here η = (η1, η2) and ν = (ν1, ν2).

The well-posedness, regularity and asymptotic limit problem on the incompressible viscous 
and diffusive MHD system (1.1)–(1.3) and (1.6)–(1.8) in the whole space or with slip/no-slip 
boundary conditions have been studied extensively, see [2–5,9,10,19,22–25] and therein refer-
ences. When η1 > 0, η2 > 0, ν1 > 0 and ν2 > 0, the MHD system in the whole space and in the 



Download English Version:

https://daneshyari.com/en/article/5773966

Download Persian Version:

https://daneshyari.com/article/5773966

Daneshyari.com

https://daneshyari.com/en/article/5773966
https://daneshyari.com/article/5773966
https://daneshyari.com

