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ABSTRACT

Accurately predicting the onset of flutter is an important consideration when designing and
certifying aircraft for an intended flight envelope. In addition to the typical aeroelastic motions
considered in flutter analysis, recent computational studies [1, 2] have shown that the dynamic
effects of fuel sloshing can further impact on the computed flutter profile.

In this paper we aim to outline the development of a strongly coupled, partitioned fluid-structure
interactions (FSI) solver, which includes the dynamic effects of fuel sloshing. The solver is
implemented in OpenFOAM, and is based on an iterative coupling of an incompressible flow
solver, a volume of fluid (VOF) based free surface flow solver and a reduced order model (ROM)
for the structural domain.

The structural ROM is based on a modal analysis approach which incorporates quadratic mode
shape components. Linear modal analysis has been shown to provide an efficient approximation
for aeroelastic applications, but is limited to very small deflections. We aim to demonstrate that
the method of quadratic mode shape components, first introduced in [3] to allow for rotating
reference frames, can be used to provide an approximation of the geometric nonlinearity present
in large deformation structural mechanics. The quadratic mode shape terms offer improved
accuracy while retaining much of the numerical efficiency offered by normal linear modal analysis.

Following the work presented in [4], we aim to demonstrate how the quadratic mode shape
components can be approximated using a number of static, small strain finite element analyses,
using general elastic elements. The improved accuracy offered by including the quadratic terms
will be shown on a number of benchmark problems, and compared to high-fidelity FSI simula-
tions. We will conclude by comparing the results from numerical flutter predictions under the
effects of dynamic fuel sloshing, compared to wind tunnel experiments for different fuel tank
configurations.

REFERENCES

[1] Charbel Farhat, Edmond Kwan-yu Chiu, David Amsallem, Jean-Sébastien Schotté, and
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