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Faculty of Mechanical Engineering

and Naval Architecture
Zagreb, Croatia

zeljko.tukovic@fsb.hr

Hrvoje Jasak
Wikki Ltd.

33 Palmerston House,
60 Kensington Place,

London W8 7PU, England
h.jasak@wikki.co.uk

OpenFOAM [1], an Open Source object-oriented C++ library for numerical simulations in
continuum mechanics implements the solvers by mimicking the governing equations in software.
Ability to deal with complex fluid flow and structural analysis makes it a natural platform for Fluid-
Structure Interaction (FSI) simulation in a single software. In this study, OpenFOAM is used to
build a self-contained FSI solver, simulating the interaction between an incompressible Newtonian
fluid and a St. Venant-Kirchhoff solid. Laminar fluid flow is modelled by the Navier-Stokes equa-
tions in an Arbitrary Lagrangian-Eulerian (ALE) formulation while the large deformation of the
solid is described by the geometrically nonlinear momentumequation in an updated Lagrangian
formulation. Spatial discretisation of both models is performed using the second-order accurate un-
structured Finite Volume Method (FVM), where the fluid modelis discretised on the moving mesh
[2] while the solid model is discretised on the fixed mesh, updating its configuration in accordance
with the displacement from the previous time step. Automatic mesh motion solver [3] is used to
accommodate the fluid-solid interface deformation. Temporal discretisation for the fluid model is
performed using a fully implicit second-order accurate three-time-levels difference scheme, while
the second-order temporal discretisation for the solid is accomplished by the composite scheme
[4]. Coupling between the two models is performed using a loosely-coupled staggered solution
algorithm, where the force is transfered in one direction and displacement in the opposite. In order
to preserve second-order temporal accuracy of the coupled solution, displacement predictor and
force corrector at the interface are designed in accordancewith [5]. OpenFOAM also provides
surface mapping tools used for data mapping between the surfaces, either directly or with second-
order interpolation. The FSI application is tested on the flow past a cantilevered elastic square
beam with an aspect ratio of 10 at the Reynolds number 100. Ratio between density and Young’s
modulus of the solid is set to match the first natural frequency of the beam with the frequency of
the lift force. Numerical experiment is conducted to determine the fluid-solid density ratio limit
[6] over which the above solution procedure becomes unstable and strongly coupled algorithm is
needed.
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