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Formulation of the Problem

Fall of a rigid body in a Newtonian Fluid subject to Gravitation
Equations for the fluid
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Equations for the rigid body: Conservation of momentum and angular
momentum
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Approaches known

Weinberger ‘72, Serre ‘87, Galdi ‘97, Starovoitov ‘99, Silvestre ‘00,
Desjardin- Esteban ‘01, Tucsnak ’01, Galdi ’03, Galdi-Silvestre ’06

Galdi ’03: transformation to fixed exterior domain:
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yields new equations on fixed exterior domain
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Advantages-Disadavantages of this Transformation

Galdi ’03, Galdi-Silvestre ’07:
steady state problem,
existence of periodic weak solution via Galerkin approximation

� <

-theory

advantage: constant coefficient operaters

disadvantage: Linear operator related to fluid is of the form

��� � � C� � � 	� � �  � � � D

Hishida ‘99: A generates a semigroup on
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which is however
not analytic

maximal regularity technique is impossible
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Different Approach

Idea: Choose transformation to fixed domain which follows rigid body
in a neighborhood of the rigid body, but is equal to identity far away.
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Transformed Coordinates

Consider ODE
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Equivalent Formulation of the Problem
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Advantage: problem is truly parabolic

Disadvantage: all terms have coefficients depending on � and
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Strategy

Consider above problem as inhomogeneous Stokes problem
coupled with two ODEs

do fixed point argument in space of maximal

� �

-regularity
Spaces of maximal regularity
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Denk, H., Prüss ‘07: � � � �, � � � �
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Inhomogeneous Stokes System

Inhomogeneous Stokes system: let � � � �
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Fixed point spaces

Set
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Fixed point argument

Consider the mapping
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first three equations: use results for inhomogeneous Stokes
system

last two equations: use
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Typical Estimates

Let
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Main Result

Theorem:

Let � � � � �

. Then there exists a unique local strong solution to
fluid-rigid body problem in the space of maximal regularity

Advantage of this approach

allows to treat also fluid-structure interaction problems for
Non-Newtonian fluids.
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Non-Newtonian Fluids

Replace above equations for the fluid by
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Basic Idea

Basic Idea: write equations as
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key result due to Bothe-Prüss ’07:
Maximal regularity result for inhomogenous Stokes equation
remains true if

�

is replaced by second order normally elliptic
operator.

existence of a local strong solution for � � �
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