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VANISHING VISCOSITY LIMIT FOR INCOMPRESSIBLE FLUIDS

WITH A SLIP BOUNDARY CONDITION∗

XIAOQIANG XIE† AND CHANGMIN LI‡

Abstract. We study the the regularity and vanishing viscosity limit of the 3-D Navier-Stokes
system in a class of bounded domains with a slip boundary condition. We derive the convergence in
H

2k+1(Ω), for any k ≥ 1, if the initial date holds some sufficient conditions.
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1. Introduction and results. Let Ω be an open bounded domain in R3. We
consider the initial and boundary value problem for the system of viscous Navier-
Stokes equations

(1)





∂tu
ν − ν△uν + (uν · ∇)uν +∇pν = 0 in Ω,

∇ · uν = 0 in Ω,

uν = u0, at t = 0,

with the following slip without friction boundary conditions

(2) u · n = 0,∇× u · τ = 0 on ∂Ω,

where ∇· and ∇× denote the div and curl operators, n the outward normal vector
and τ any unit tangential vector of ∂Ω.

The corresponding Euler system is usually equipped with the slip boundary con-
dition, namely

(3)





∂tu+ (u · ∇)u+∇p = 0 in Ω,

∇ · u = 0 in Ω,

u = u0, at t = 0,

(4) u · n = 0 on ∂Ω.

Our aim is to investigate strong convergence, up to the boundary, of the solution
uν of the Navier-Stokes system (1) to the solution u of the Euler system (3), as ν → 0.

Existence of classical solution to Euler equations (3) in local time under the
boundary condition (4) can be founded in [1] and [2]. The interested readers may
consult [3] and [4] for the mathematical theories of the Navier-Stokes equations.

The issue of vanishing viscosity limits of the Navier-Stokes equations is classical
and fundamental importance in fluid dynamics and turbulence theory (see e.g. [5]
[6], [7], [8], [9], [10]). An interesting result about a complete asymptotic expansion to
viscosity under an non characteristic boundary case was derived in [11].
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