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The solutions of the Oseen equation
Kiyokazu NAKAGAWA*

Abstract

We consider the Oseen’s linearization of the stationary Navier-Stokes equation. We
represent its solution in the integral formula and investigate its behavior with vanishing vicosity.
Our result is as follows. If the density of the integral formula converges weakly in some Hilbert
space, then the solution of the Oseen equation also converges in some sense. And we see that
the difference of the limit functions at each point may occur, which eliminates the Euler-
D’Alember paradox.

1. Introduction. Oseen® derived the following linearized system from the stationary
Navier-Stokes system.

“A ue+oUduU 0% —V q.=0 in E5\S,
Vou.=0 in E;\S, (1)
u,u|S:(U, O, O), ‘LiI‘I_'lm u;1=0.

Here S={x=(x1, 1, x:)EEs; x:1=0, x#+x3=<1} and p is density of fluid and y is the viscosity
coefficient. The disk S moves with a constant velocity (U, 0, 0). The velocity of fluid is
given by (— U + tu,, s, unss) and the pressure is given by g.—p(uk,+ ubz+ ufhs)/ 2 where
Ue=Uu1, Unz, Ups).

He investigated the behavior of the solutions of (1) as the viscosity coefficient x tends to
zero and gave the interesting suggestion which eliminated the Euler-D’Alember paradox. To
this end, he treated the integral representation of the solution (u., g.). Put x"=(x2, xs) and
x=(x1, x'). Let ¢.(x)=(¢ui(x), ¢uslx’), ¢us(x")) be the solution of the following system :

far&le“’”m.l(y')dy'—sz (1"'6_‘1”)70_1¢#.2(y,)dy/
5 S

—Ds [ (1= )ri*busly)ay'=U in S,
—D, fs(l—e"”“)761¢p,1(y’)dy’+26 fsrale“""qﬁ#,z(y')dy’

—D; [ (1= ) (xa=ya)ri* pualy )dy
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