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SOME DECAY ESTIMATES OF SOLUTIONS FOR THE 3-D
COMPRESSIBLE ISENTROPIC MAGNETOHYDRODYNAMICS*

JIANWEN ZHANG! AND JUNNING ZHAOf

Abstract. This paper is concerned with the time-asymptotic behavior of solutions to the three-
dimensional magnetohydrodynamics (MHD) for viscous compressible isentropic fluids. By exploiting
some LP-L9 estimates of solutions for the heat equation and the linearized Navier-Stokes system,
the optimal decay estimates of the solution in L9 with 2<¢<6 and its first order derivative in L?
are obtained when the initial perturbation around a constant state is sufficiently small in H3 and
is bounded in LP with any given 1<p<6/5. As a byproduct, the global existence theorem is also
proved.
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1. Introduction

Magnetohydrodynamics (MHD) concerns the motion of a conducting fluid
(plasma) in an electromagnetic field with a very wide range of applications. Due
to the interaction between the dynamic motion of the fluid and the evolutions of the
magnetic field, the hydrodynamic and electrodynamic effects are strongly coupled.
The governing equations for three-dimensional compressible magnetohydrodynamic
flows, derived from fluid mechanics with appropriate modifications to account for
electrical forces, have the following form (see, e.g., [3, 15, 30, 31, 42]):

pt +div(pu) =0,
(pu) +div(puu)+ Vp(p) = (V X B) x B+ Au+ (A+X)Vdivu, (1.1)
B;—Vx(ux B)=-V x (vV x B), divB=0,

where the unknown functions p, u€R3, BER3 and p=p(p) are the density, the
velocity, the magnetic field, and the pressure of flows, respectively, A and )\ are
the viscosity coefficients of flows satisfying A >0 and 2A/3+ X >0, and v >0 is the
resistivity constant acting as the magnetic diffusion coefficient of magnetic field.
There have been a lot of studies on MHD by many physicists and mathematicians
due to its physical importance, complexity, rich phenomena, and mathematical chal-
lenges; see, for example, [3]-[5], [11]-[13], [15], [18]-[20], [23]-[26], [30, 31], [41]-[43],
and the references cited therein. In particular, when there is no electromagnetic field,
that is, B=0, the system (1.1) reduces to the compressible Navier-Stokes equations
for isentropic fluids, which have been studied by many researchers; see, for example,
[14, 33, 36, 38] among others. Compared with the Navier-Stokes equations, the pres-
ence of magnetic field and its interaction with the hydrodynamic motion in MHD flows
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