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In the last two decades, finite-volume (FV) method has established itself as a notewor-
thy alternative to the widely used finite element method for numerical stress analysis.
Development of FV based stress analysis models opens a possibility of using unified nu-
merical approach for solving coupled fluid-structure interaction (FSI) problems. This
work presents development of OpenFOAM library which provides objects necessary to
assemble self-contained partitioned FSI FV solver. The library consists of three basic
classes: flowModel, stressModel and fluidStructureInterface. Fluid and structural
solvers are derived from the abstract base classes flowModel and stressModel which
also define virtual member functions for information exchange between the solvers at the
fluid-structure interface. Currently two fluid and two structural solvers are implemented.
For unsteady laminar flow of incompressible Newtonian fluid one can use icoFlow solver,
whereas pisoFlow solver can be used for turbulent flow. Implemented structural solvers
are based on Lagrangian formulation, where unsTotalLagrangianStress solver solves
for total displacement and unsIncrTotalLagrangianStress solver solves for displace-
ment increment. Coupling between fluid and structural solvers is performed through
the fluidStructureInterface class which can be used for weak and strong coupling.
Strong coupling is performed using Gauss-Seidel iteration scheme with the convergence
acceleration by the Aitken relaxation or by the interface quasi-Newton procedure with
an approximation for the inverse of the Jacobian from a least-squares model (IQN-ILS)
[1]. Parallelisation of the fluid-structure coupling is performed using the fluid-structure
interface represented by a couple of global face zones and the general grid interface (GGI)
zone-to-zone interpolation.

Developed fluid structure interaction library also provides some numerical methodologies
which were not available in the OpenFOAM until now with potential for general use. In
the FV stress analysis one requires cell and face centre displacement gradients of high
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accuracy. In OpenFOAM one can use cell-based Gauss method or least-square method
to calculate cell-centre gradients. Method which is known to outperform even least-
square method is vertex-based Gauss method, but it relays on the accuracy of vertex
field calculation. The vertex-based Gauss method is implemented for cell-centre and face-
centre gradient calculation on polyhedral FV mesh. It is noticed that simple weighted
averaging is not good enough to calculate vertex field [2], thus a new cell-to-vertex parallel
interpolation procedure based on the least square method and linear shape function is
implemented. For discretisation of the face centre derivative in normal direction, a new
corrected scheme is implemented which corrects for both non-orthogonality and skewness.
In stress analysis one also has to discretise second temporal derivative of displacement.
To this end, the second order accurate backward scheme is implemented allowing unified
approach for discretisation of fluid and structural model in time.

Numerical aspect of the developed fluid-structure interaction library is described in [3].
FSI solver is tested on few two- and three-dimensional test cases and good agreement
with the available analytic, numerical and experimental data is shown.

Figure 1: Turbulent flow over elastic hydrofoil.
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