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Lagrangian vortex methods are powerful tool for numerical simulation in CFD and coupled
fluid-structure interaction (FSI) problems. They are especially efficient for external flows
simulation because of exact satisfaction of the continuity equation and perturbation decay
condition on infinity. The main feature of vortex methods is vorticity considering as a
primary computed variable, while velocity and pressure distributions can be reconstructed
by using the Biot — Savart law and the Cauchy — Lagrange integral analogue. Advan-
tages of vortex methods include the possibility to “concentrate” computational resources
in the domain with non-zero vorticity and to simulate arbitrary large displacements of the
airfoils in the flow. Moreover, in contrast to mesh methods, computational cost of such
simulation just a little higher than for flow simulation around immovable airfoil.

There are two approaches to coupling strategy implementation in FSI-problems: parti-
tioned and monolithic ones. According to the partitioned strategy, each time step should
be split into two substeps: hydrodynamic and mechanical ones. At the first substep we
simulate the flow around the airfoil moving with known velocity and compute hydrody-
namic loads acting it. At the mechanical substep hydrodynamic forces are assumed to
be known from the previous substep and dynamics equations for the mechanical system
are solved. The main advantage of such strategy is the possibility of independent solvers
usage, interacting only through the interfaces, so it is easy to develop new methods and
algorithms, improve existing ones or even use some “outer” solvers.

However, this strategy can’t be applied if the density of the airfoil is comparable with
the flow density. In this case the described numerical algorithm becomes unstable. The
second strategy (monolithic) is based on simultaneous solution of two sub-problems. It is
possible due to linear expression of the integral forces through parameters of the vortex
sheet being generated on the airfoil surface. The main advantage of this method is high
accuracy and stability, however in the framework of this approach it’s impossible to split
the code into different modules.

Both strategies are implemented in the VM2D open source code developed by the authors;
their efficiency and applicability are estimated for the test problem of wind resonance
simulation for the circular cylinder.
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