
Accepted Manuscript

The inviscid limit of the incompressible 3D Navier–Stokes equations with
helical symmetry

Quansen Jiu, Milton C. Lopes Filho, Dongjuan Niu, Helena J. Nussenzveig Lopes

PII: S0167-2789(17)30344-5
DOI: https://doi.org/10.1016/j.physd.2018.01.013
Reference: PHYSD 32007

To appear in: Physica D

Please cite this article as: Q. Jiu, M.C. Lopes Filho, D. Niu, H.J. Nussenzveig Lopes, The inviscid
limit of the incompressible 3D Navier–Stokes equations with helical symmetry, Physica D (2018),
https://doi.org/10.1016/j.physd.2018.01.013

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.physd.2018.01.013


THE INVISCID LIMIT OF THE INCOMPRESSIBLE 3D
NAVIER-STOKES EQUATIONS WITH HELICAL SYMMETRY

QUANSEN JIU, MILTON C. LOPES FILHO, DONGJUAN NIU,
AND HELENA J. NUSSENZVEIG LOPES

ABSTRACT. In this paper, we are concerned with the vanishing viscosity
problem for the three-dimensional Navier-Stokes equations with helical
symmetry, in the whole space. We choose viscosity-dependent initial uν0
with helical swirl, an analogue of the swirl component of axisymmetric
flow, of magnitude O(ν) in the L2 norm; we assume uν0 → u0 in H1.
The new ingredient in our analysis is a decomposition of helical vector
fields, through which we obtain the required estimates.
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1. INTRODUCTION

The initial-value problem for the three-dimensional incompressible Navier-
Stokes equations with viscosity ν > 0 is given by





∂tu
ν + uν · ∇uν +∇pν = ν∆uν (x, t) ∈ R3 × (0,∞),

div uν = 0 (x, t) ∈ R3 × (0,∞),

uν(t = 0,x) = u0
ν x ∈ R3,

(1.1)

where x = (x, y, z), uν = (uν1, u
ν
2, u

ν
3) is the velocity and pν is the pressure.

Formally, when ν = 0, (1.1) becomes the classical incompressible Euler
equations





∂tu
0 + u0 · ∇u0 +∇p0 = 0 (x, t) ∈ R3 × (0,∞),

div u0 = 0 (x, t) ∈ R3 × (0,∞),

u0(t = 0,x) = u0 x ∈ R3.

(1.2)

Global existence of weak solutions and local in time well-posedness of
strong solutions for problem (1.1) is due to J. Leray, see [12]. There is a
vast literature on existence, uniqueness and regularity of solutions of (1.1),
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