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continuities, the local stability of a weak viscous contact discontinuity is well estab-
lished, but for the global stability of an impermeable gas, fewer strong nonlinear
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Viscous contact discontinuity using the elementary energy method. For a certain class of large perturbation, we
show that the global stability result can be obtained for a strong viscous contact
discontinuity in Navier—Stokes equations.
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1. Introduction

In this study, we consider a free boundary problem for a one-dimensional compressible viscous heat-
conducting flow in the half space Ry = [0,00), which is governed by the following initial-boundary value
problem in Eulerian coordinates (Z,t):
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where p, 4, and 0 are the density, velocity, and absolute temperature, respectively, w > 0 is the viscosity

coefficient, and x > 0 is the heat-conductivity coefficient. The pressure p = p(p, #) is related by the second
law of thermodynamics. To simplify our problem, we focus on the perfect gas. In this situation,

5(5,8) = Rip,
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where R > 0 is the gas constant and v > 1 is the adiabatic exponent. We consider the system (1.1) in the

part & > Z(t), where & = Z(t) is a free boundary, with the following boundary condition

d”fiit) —a(@(t),t),  #0)=0,  O(F(t),t) =0_ >0, (1.2)

and

(P — piz)|z=z(t) = P—» (1.3)

which means that the gas is attached at the free boundary & = Z(t) to the atmosphere with pressure p_ and
the initial data
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where py, 6, are positive constants and 6p(0) = 6_. We only consider the case of a single contact
discontinuity, so we require
p— =pt+ = ROip;. (1.5)
The boundary condition (1.3) means that the particles always stay on the free boundary & = Z(t), so if

we use Lagrangian coordinates, then the free boundary becomes a fixed boundary, i.e.,
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(v,u,0)|t=0 = (vo,u0,80) — (v4+,0,04) as x — +oo,

where vy and 64 are given positive constants, and vy, 0y > 0. In fact, v = 1/p(z,t), v = u(x,t), 0 = 0(x,t),
and RA/v = p(v,0) are the specific volume, velocity, temperature, and pressure, respectively, as in (1.1).

In terms of various boundary values, Matsumura [1] classified all possible large-time behaviors of the
solutions for one-dimensional (isentropic) compressible Navier—Stokes equations. In the case where u(0,t) = 0
(resp. u(0,t) < 0), the problem is called the impermeable wall (resp. outflow) problem when the boundary
condition on density cannot be imposed. There have been many previous studies of the asymptotic behaviors
of solutions to the initial-boundary value (or Cauchy) problem for the Navier—Stokes equations for these
basic waves or their viscous versions (e.g., [2-8,1,9-23], and the references therein).

However, the problem of the stability of contact discontinuities is associated with linear degenerate fields
and they are less stable than the nonlinear waves of the inviscid system (Euler equations). In [24,25], it was
observed when the metastability of contact waves was studied for viscous conservation laws with artificial
viscosity, then the contact discontinuity cannot be the asymptotic state for the viscous system and a diffusive
wave, which approximates the contact discontinuity on any finite time interval, actually dominates the
large-time behavior of solutions. The nonlinear stability of a contact discontinuity for the (full) compressible
Navier—Stokes equations was then investigated in [2,5] for the free boundary value problem and [3,4] for the
Cauchy problem.
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