Dynamics of flows with helical symmetry
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ABSTRACT

Vortices shed in the wake of rotating devices such as propellers, winshésrland helicopter rotors
often display a helical symmetry, meaning that they are, at least locallyjantahrough combined
axial translation and rotation. In the literature, the analytical [1,2] and niaaigB] works describing
stationary helical vortices are mostly restricted to inviscid flows and to soluviths/orticity tangent
to the helical lines along which the flow is invariant.

We have developed an original DNS code aimed at simulating the viscoumimaf helical vortex

systems without the above restrictions. Enforcing helical symmetry allowdooneduce the three-
dimensional equations to a modified two-dimensional unsteady problem. @eetlngs takes into ac-
count 3D vortex curvature and torsion effects through the helical syrmpnieetr the resolution is of a
2D type [4], allowing for larger numbers of grid points and Reynolds nusibe

In this framework, we study the long-time (or equivalently far-wake) dyica of systems with 2 and
3 helical vortices. Depending on the helix pitch and vortex core radiusdifferent types of merging
are identified and conditions leading to one type of merging to the other atigated in terms of
bifurcations.

Helically symmetric flows are also produced by natural instability of axisymmetti yeakes and

trailing vortices. DNS of the nonlinear saturation of such instabilities areepted here in the case
of the Batchelor vortex. We retrieve the different behaviours obsewigen the swirl parameter is
varied [5], and we present new results concerning the saturationaafugsentered modes [6].
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