Simulation of complex high Reynolds flows with a VMS method and
adaptive meshing
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ABSTRACT

Many not well understood phenomena occurring in high velocity turbulent flows need very accurate
analysis and simulations at different scales. For example, the whistling noise phenomenon, which is
related to vortexes appearance in high Reynolds air flows in ducts, implies a very precise description
of the flow at the very small scales, especially near the solid walls of the duct, on which boundary
layer division may occur.

In our work, the Variational Multiscale method [1] has been coupled to automatic anisotropic
adaptive meshing [2], allowing the capture of very complex flows at high Reynolds number. The
adaptive procedure is based on the error evaluation on several chosen quantities (phase location,
velocity, velocity direction changes) and it provides the capture of very thin flow motions, even close
to the walls or boundaries.

In order to show the interest of such approach, simulations of flows on resonator-like geometries
have been performed, reputed to whistle for certain flow rates. We have implemented a method to
qualitatively discriminate whistling from non-whistling flow rates, based on the appearance of certain
vortexes on the obtained flow patterns [3].

(@) (b)

Fig. 1 — Example of flow in a complex geometry at high Reynolds number: (a) half 3D geometry and
flow direction, (b) normalized velocity vectors showing local flow direction
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