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The dispersive effect of the Coriolis force for the stationary and
non-stationary Navier–Stokes equations is investigated. Existence
of a unique solution is shown for arbitrary large external force
provided the Coriolis force is large enough. In addition to the
stationary case, counterparts of several classical results for the non-
stationary Navier–Stokes problem have been proven. The analysis is
carried out in a new framework of the Fourier–Besov spaces.
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1. Introduction

We consider the initial value problem for the 3D-Navier–Stokes equations with the Coriolis force:

ut + (u · ∇)u + Ωe3 × u − �u + ∇p = 0, (1.1)

∇ · u = 0, (1.2)

u(0, x) = u0(x), (1.3)
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where u = u(t, x) = (u1(t, x), u2(t, x), u3(t, x)) is the unknown velocity vector field and p = p(t, x) is
the unknown scalar pressure at the point x = (x1, x2, x3) ∈ R3 and time t > 0, and u0(x) is the initial
velocity vector field. Here Ω ∈ R is the Coriolis parameter, which is the doubled angular velocity of
the rotation around the vertical unit vector e3 = (0,0,1). Moreover the kinematic viscosity coeffi-
cient is normalized by one. By “×” we denote the exterior product, and hence, the Coriolis term is
represented by e3 × u = J u with the corresponding skew-symmetric 3 × 3 matrix J .

Problems concerning large-scale atmospheric and oceanic flows are known to be dominated by
rotational effects. By this reason, almost all of the models of oceanography and meteorology dealing
with large-scale phenomena include a Coriolis force. For example, an oceanic circulation featuring a
hurricane is caused by the large rotation. There is no doubt that other physical effects are of similar
significance like salinity, natural boundary conditions and so on. However, the first step in the study
of more complex model is to understand the behavior of rotating fluids. To this end, we treat in a
standard manner the Navier–Stokes equations with the Coriolis force.

Let us look back on the history of the Coriolis force. In 1868, Kelvin observed that a sphere moving
along the axis of uniformly rotating water takes with it a column of liquid as if this were a rigid
mass (see [9] for references). After that, Hough [16], Taylor [23] and Proudmann [22] made important
contributions. Mathematically, Poincaré [22], and more recently, Babin et al. [1,2] considered non-
stationary Navier–Stokes equations with Coriolis force in periodic case. The periodicity is extended
to the almost periodic case by several authors. In particular for the results on the local existence of
solutions to the non-stationary rotating Navier–Stokes equations with spatially almost periodic data
and its properties, we refer the reader to [10,13,14]. Moreover, for the results on the global in time
existence of solutions and their long time behavior in the almost periodic setting, see [11,12,25] for
example.

On the other hand, Chemin et al. [7] considered the decaying data case. They derived dispersion
estimates on a linearized version of the 3D-Navier–Stokes equations with the Coriolis force to show
the existence of a global in time solution to the non-stationary rotating Navier–Stokes system. To
construct such estimate, they handled eigenvalues and eigenfunctions of the Coriolis operator.

The main result of this paper is to show existence of the solution to the stationary Navier–Stokes
equations with the Coriolis force for arbitrary large external force provided that the Coriolis force
is sufficiently large (compare it with results for the Navier–Stokes equations (2.8) with Ω = 0, for
example [18] for the case of exterior domain). To do so, we introduce a new type of function spaces,
namely, Fourier–Besov spaces (FB), which allow us to describe, in a clear way, how the Coriolis force
influences solutions to the considered system. A similar approach, based on function spaces which
make the analysis of specific features of a system much easier, has been used by the first author
in [17], where an asymptotic structure of solution to the stationary Navier–Stokes equations in R2

was investigated.
In FB spaces, we cannot expect energy type estimates and a structure of Hilbert spaces as in [7].

The main motivation to introduce those spaces is that, in this framework, we are able to present
directly dispersive effect of the Coriolis force (see Proposition 2.5), which is in principle different
from the dispersive effect from [7] (for the space-time estimates for different equations see for exam-
ple [19,20]).

To emphasize the usefulness of introduced spaces we prove the existence of solutions to the non-
stationary Navier–Stokes–Coriolis system in function spaces which are counterparts for well-known
classical results in the Navier–Stokes theory (see [3,5,6]). Moreover, we can considerably simplify other
results for the Navier–Stokes–Coriolis system, like recent results by Giga et al. [12].

2. Main results

In the paper we follow basic ideas from the Littlewood–Paley theory. We denote by ϕ ∈ S(R3)

a radially symmetric function supported in {ξ ∈ R3: 3
4 � |ξ | � 8

3 } such that

∑
j∈Z

ϕ
(
2− jξ

) = 1 for all ξ �= 0.
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