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Consider the instationary (Navier-)Stokes system on a family of t-dependent bounded or exterior
domains, Ω(t), with moving boundary and Dirichlet boundary conditions. The main problem in
the construction of local/global and even t-periodic solutions arises from a t-depending volume-
preserving change of coordinates, φ(t), by which the system is transformed to a non-autonomous
Stokes/Navier-Stokes system of the form

∂tu(t) +A(t)u(t) = P (t)F − P (t)u · ∇φ(t)u, u(0) = u0,

with a t-dependent modified Stokes operator

A(t) = P (t)
(
−∆−

∑
|α|≤2

aα(x, t)∂α +
∑
|β|≤1

bβ(x, t)∂β
)

on Lqσ(Ω0) in a fixed reference domain Ω0; here, P (t) is a modified Helmholtz projection.
The analysis of this problem started with the L2-theory by Miyakawa and Teramoto in the

80ies and local maximal regularity results in Lq of J. Saal (2006). This local theory was extended
in [?] to global solutions for exterior domains under suitable smallness assumptions. In [2] it was
shown by a uniform BIP property that Sobolev embedding constants and the characterization
of domains of fractional powers of A(t) do not depend on t. This property was the basis for the
existence of mild time-periodic solutions in Lq for bounded domains with a periodically moving
boundary [3]. Finally, mild solutions are shown to be regular via a Fujita-Kato iteration adapted
to the non-autonomous setting [4].

In this talk we present these results and discuss first steps and new difficulties to deal with
t-periodic solutions for unbounded domains [5].

The results are based on joint papers with K. Tsuda (Kyushu Sangyo University, Fukuoka),
and also with H. Kozono (Waseda University, Tohoku University), D. Wegmann (TU Darm-
stadt).
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