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Strongly coupled fluid-structure interaction problems require multiple coupling iterations
per time step. The fluid domain and the structure domain are solved multiple times in
each time step such that the kinematic and dynamic interface conditions on the fluid-
structure interface are satisfied. Quasi-Newton methods have been successfully applied
in case the fluid and structure solvers are considered as black boxes, i.e. only input and
output information of the solvers are used by the coupling techniques [2].

In this contribution a computationally inexpensive low-fidelity model is combined with a
high-fidelity model in order to accelerate the convergence of the high-fidelity model. This
is achieved by applying the manifold mapping algorithm [3] on the fluid-structure interac-
tion problem in order to minimize the fluid-structure interface residual. Originating from
multi-fidelity optimization, the manifold mapping algorithm is applied in a simulation
context, instead of an optimization context.

One advantage of the application of the manifold mapping algorithm, is that a proof of
convergence of the manifold mapping iteration is available [3]. Also, in [3] it is shown
that the manifold mapping algorithm aligns the low-fidelity model with the high fidelity
model. Thus when the fluid-structure interaction problem is considered, the displacement
of the fluid-structure interface of the fluid domain for the low-fidelity model is aligned
with or equal to the displacement of the interface of the high-fidelity model in case the
convergence criteria are satisfied. However, the displacement of structure domain of the
low-fidelity is not necessarily aligned with the high-fidelity model. This will be shown in
this contribution.

The parallel coupling technique V-IQN [4] has been used to couple the fluid domain and
structure domain in parallel. The V-IQN coupling scheme formulates a new fixed point
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equation where both the displacement of the fluid-structure interface, and the forces acting
on the fluid-structure interface are considered.

In this contribution the manifold mapping acceleration approach is combined with the
V-IQN coupling technique. It is expected that both the fluid and structure solver of
the low-fidelity model are aligned with the high-fidelity model during the complete fluid-
structure interaction simulation. Also, the reuse of gradient information from previous
time steps is studied in combination with the manifold mapping algorithm.

The proposed coupling algorithm is applied on a standard fluid-structure interaction
benchmark, namely the cylinder with an attached flap FSI3 case proposed in [5]. By
following the multi-level acceleration approach in [6], a coarse mesh is combined with
a highly refined mesh to form the multi-fidelity model. Preliminary computations pre-
sented in [1] show a decrease of approximately 50 % in computational costs in comparison
with the IQN-ILS technique [2] in case the gradient information of the low-fidelity and
high-fidelity model is rebuilt during every time step. A further decrease in computational
costs is expected in case information from previous time steps is reused to accelerate the
convergence of the strongly coupled fluid-structure interaction solver.
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