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In number of engineering applications we deal with bodies which are immersed into gas or fluid flow and exposed to
aerohydrodynamic loads. Fully coupled 3D flow-structure interaction problems are extremely complicated both from
mathematical and computational point of view. In many practical cases the average density of the immersed body is
higher then the density of the flow, so it is possible to apply well-known ‘splitting’ approach, when we divide the time
step into at least two substeps. At the first substep we use semi-implicit scheme when body motion parameters are
assumed to be known and we simulate the flow around it; at the second one explicit scheme is being used for body motion
simulation under known hydrodynamic loads.
The other simplification is connected with the fact that in practice we often deal with extended constructions (with high
elongation), so as a rough approximation we can consider 2D problem of flow interaction with the corresponding airfoil.
In fact, when the cross-section airfoil has angle point and sharp edges, this approach is correct. In case of bluff-bodies (for
example, flow around cylindrical rods or pipes) they oscillate under von-Karman vortices shedding and frequency-lock
phenomenon takes place, which also lead to identical (in some sense) flow around different cross-sections.
A very good test problem can be suggested for comparison of the accuracy and performance of different numerical
methods and codes. It is well-known phenomenon of wind-resonance of circular cylinder airfoil. The design model is
shown in Figure 1.

Figure 1: Circular airfoil in the flow under viscoelastic constraints

The most interesting case corresponds the situation when the eigenfrequency of the system (in the flow!) is close to von-
Karman vortices shedding frequency. It is well-investigated both experimentally and numerically for wide range of the
parameters: Reynolds number, airfoil surface roughness, incident flow turbulence, etc.
We consider the simplest case, when we neglect the roughness influence and the incident flow assumed to be laminar.
Number of numerical codes, both commercial and open-source, can be used for simulation of airfoil oscillations in the
flow. We consider three numerical methods and the corresponding open-source codes: finite volume method (FVM) [1]
with deformable mesh in OpenFOAM [2]; particle finite element method (PFEM) [3] with deformable mesh in Kratos
software [4]; and meshfree lagrangian vortex element method (VEM) [5, 6] in ‘homemade’ numerical code.
The advantage of VEM is the absence of the mesh, so the computation of the flow around movable and fixed airfoil have
nearly the same complexity, and it’s possible to simulate arbitrary movements and deformations of the airfoil. Moreover, in
some engineering applications this method allows to obtain acceptable results much faster in comparison with ‘classical’
mesh methods.
In the basis of PFEM method the following approach lies: in order to take into account the convectional term in Navier —
Stokes equation ‘flow marker particles’ are introduced and they move with flow velocity. It allows to solve the governing
equations in semi-lagrangian way: non-linearity is taken into account directly, while the remaining equation with linear
terms is being solved by using well-proven finite element technique. The advantage of this method is low numerical
dissipation and the opportunity to solve linear equation with high values (up to 10 or even more) of CFL number.
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Unfortunately, it is impossible to use VEM and PFEM when we need to simulate high-Reynolds flows. In VEM it
is principally impossible to implement any turbulence models; for PFEM it can be done, but today’s Kratos software
realization doesn’t have the corresponding functionality.
We use experimental data [7] in order to compare the accuracy and performance of the mentioned codes. When the
Reynolds number is small (not more then 5 000 . . . 10 000) all the mentioned codes allow to obtain the results, which are
in good agreement with experimental data. The efficiencies of all considered methods and codes are comparable.
But when simulating high-Reynolds regimes, when it is necessary to take into account the turbulence, OpenFOAM
usage is the only possibility to solve the problem with acceptable computation cost. It should be noted, however, that
turbulence model as well as RANS/LES approach choice is non-trivial problem, and non-suitable methods of turbulence
simulation can lead to wrong results. Moreover, OpenFOAM is well parallelized, so time of computations can be reduced
significantly. At the same time parallel algorithms in VEM are efficient only for small number of computational cores, and
PFEM realization in Kratos software now can work in parallel mode only using OpenMP technology (on shared-memory
systems).
As the result, the following conclusion can be done: OpenFOAM usage is preferable for numerical simulation in such
FSI-problems, when we need to investigate the behavior of the system in wide range of parameters.
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