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ABSTRACT

The LS-STAG immersed boundary / level-set method is useful for numerical simulation in coupled
hydroelastic problems, since it doesn’t require a coincidence of cell edges and boundaries of the
computational domain, and allows to solve on the Cartesian mesh problems when domain shape is
irregular or it changes in the simulation process due to aeroelastic body motion.

However, the LS-STAG method, as all mesh methods has a significant limitation when simulating
flows with high Reynolds number: it requires extremely small space and time steps. It leads to
significant increase in computational cost. The traditional method of solving this problem is RANS,
LES, DES etc. turbulence models usage.

In this research, the general approach to the application of the LS-STAG method for the numerical
solution of RANS equations is suggested by constructing the LS-STAG method extension with the
Spallart-Allmaras turbulent model.

A software package is developed for the numerical simulation of the bodies’ motion in the viscous
incompressible flow by using the LS-STAG method and its modifications. The C++ language and the
paradigm of object-oriented programming are used. It allows to modify and to develop the package
(for example, by including a mesh for non-Newtonian and turbulent stresses in addition to the
staggered meshes "velocity-pressure) much easier in comparison with procedure-oriented
programming paradigm.

To verify the software package test problems of flow simulation past various non-moving and
moving airfoils have been solved. The Taneda’s phenomenon (stabilization of the wake past a rotary
circular cylinder), as well as circular airfoil wind resonance phenomenon and wind turbine rotors
autorotation were simulated.
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