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Effects of cylinder Reynolds number on the turbulent horseshoe
vortex system and near wake of a surface-mounted circular cylinder
GOKHAN KIRKIL, Kadir Has University, GEORGE CONSTANTINESCU, Uni-
versity of Iowa — The turbulent horseshoe vortex (HV) system and the near-wake
flow past a circular cylinder mounted on a flat bed in an open channel are inves-
tigated based on results of eddy-resolving simulations and supporting flow visual-
izations. Of particular interest are the changes in the mean flow and turbulence
statistics within the HV region as the necklace vortices wrap around the cylinder’s
base and the variation of the mean flow and turbulence statistics in the near wake,
in between the channel bed and the free surface. While it is well known that the
drag crisis induces important changes in the flow past infinitely-long circular cylin-
ders, the changes are less understood and more complex for the case of flow past a
surface-mounted cylinder. A detailed discussion of the changes in the flow physics
between cylinder Reynolds numbers at which the flow in the upstream part of the
separated shear layers (SSLs) is laminar (Re=16,000, subcritical flow regime) and
Reynolds numbers at which transition occurs inside the attached boundary layers
away from the bed and the flow within the SSLs is turbulent (Re=500,000, super-
critical flow regime). The changes between the two regimes in the dynamics and
level of coherence of the large-scale coherent structures (necklace vortices, vortex
tubes shed in the SSLs and roller vortices shed in the wake) and their capacity to
induce high-magnitude bed friction velocities in the mean and instantaneous flow
fields and to amplify the near-bed turbulence are analyzed.
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