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ABSTRACT

In the present work a variational principle
for the fluid–solid interaction problem employ-
ing the concepts of immersed domains is de-
rived from a well–known governing principle
from the continuum mechanics. The goal of
this work is to present a general formulation
in which an augmented fluid, composed by the
real fluid and a fictitious fluid that overlaps
with the solid domain, interacts with an im-
mersed solid. The formulation was introduced
and analyzed in detail in [1]. It provides a gen-
eral framework for fluid–solid interaction prob-
lems with respect to the compressibility char-
acteristics of both fluid and solid. Although
it is very close from formulations like the im-
mersed finite element method [2] and the im-
mersed continuous method [3], one of the dif-
ferences is that in the present approach the vol-
ume force in the fluid domain emerges as a re-
active force due to the imposition of the conti-
nuity in the velocity field along the whole over-
lapped domain by means of a Lagrange multi-
plier. Another important difference lies in the
manipulation of the mass conservation for the
artificial fluid. Here we get rid of the restric-
tion to compressible fluid–compressible solid of
the immersed continuous method and the in-
compressible fluid–incompressible solid of the
immersed finite element method.

In our approach, the Euler–Lagrange equa-
tions of the system are attained by relaxing the
continuity of the fluid and solid velocity fields

in the solid domain through a Lagrange multi-
plier. Then, it should be said that we propose
a generalization of a fictitious domain method
in which the solid domain is deformable and
the fictitious fluid inherits its compressibility
properties in order to conciliate the arbitrari-
ness in the compressible character of both ele-
ments. Also, a numerical approximation of the
problem restricted to fluid–rigid body interac-
tions is carried out and several examples are
presented.
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