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Navier-Stokes equations in 3D-exterior domains (I) = 0)
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I. Introduction

In  this paper we study the asymptotic properties of the  kinetic and  density
fields of a compressible viscous Navier-Stokes fluid, filling a  three dimensional
domain exterior to a compact reagion Q c , when the prescribed velocity at infinity
is zero . A s fa r as the  authors know, this is the first contribution in the subject.
(The existence and uniqueness to this problem was studied in  several papers of
Matsumura and Nishida, Novotny and Padula, Novotny, Padula, see [14], [15],
[19], [16], [21].)

The same problem, in the simpler case of incompressible Navier-Stokes fluids
attracted mathematicians since the paper of Leray [12], who constructed (for the
arbitrary size o f external data) a solution of problem:

Au + = — u • Vu + f, div u = 0 , = 0 (1.1)

(here u denotes the velocity and p  the pressure), with the finite Dirichlet integral
for the velocity (so called Leray solution). In 1965, Finn [4] proved (for small
external forces) existence of solutions with the spatial decay of rate lx1 - 1  fo r the
velocity (so called physically reasonable solutions) 1 . 1-le also proved, in [4], [5],
[6 ]  that any physically reasonable solution (if it exists) possesses the  decay:

u I x ,  Vux 2 1g 1x , H 1x1- 2  1 g 1x1 (1.2)

This statement was (for small data) in a certain sense improved by Borchers and
M iyakaw a [2]. They have proved existence of solutions in weak Lebesgue spaces
L 2 (Q)2 . M o r e  precisely

u,-.- ix ,E  1 , 2 ( 2) . (1.3)

Similar result was derived independently by Galdi and Simader [10]:
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'  Only recently, in  1991 , G a ld i [7 ] proved that the L eray solution was a  physically reasonable

one, provided external data are  "small".
2 Recall th e  definition of L 2 (0 ) ,  1 < t <  a o .  It is  a  B nach  space o f  functions tp with th e  finite

norm II (P11 w = supE  (m eas E) - 1 + 1 /̀ kpl d x  .  (The supremum is taken over all bounded measur-[
E

able subset of Q.)


