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Abstract:

Turbulent boundary layers have been widely studied due to the applicability of turbulent flows in
engineering and related fields, and coherent structures in these boundary layers are of particular interest
because of their role in generating and sustaining turbulence. Numerous studies have suggested a correlation
between such coherent structures and vortex rings impinging on inclined surfaces, and though studies have
examined vortex ring interactions with normal boundaries and with a limited number of oblique boundaries,
the particular angles of collisions that lead to similarities with coherent structures in turbulent boundary layers
have been largely neglected.

Here vortex ring interactions with oblique boundaries are studied experimentally to determine the effects of
plate angle on the evolution of structures similar to those in turbulent boundary layers. Vortex rings were
generated using a mechanical piston-cylinder vortex ring generator at jet Reynolds number 4000 and stroke
length to piston diameter ratios of 0.75. The plate angle relative to the path of the vortex ring ranged from 3 to
75 degrees. Flow analysis was performed using planar laser induced fluorescence (PLIF), digital particle image
velocimetry (DPIV), and defocusing digital particle tracking velocimetry (DDPTV).
To enhance three-dimensional analysis, a radial basis function (RBF) algorithm was developed to interpolated
unstructured velocity data obtained using DDPTV onto a structured grid. To test the accuracy of this method, a
study was conducted using data generated from a known analytical solution, to which the interpolation was
compared. The beneficial properties of RBF interpolation, namely the suppression of noise amplification in
gradients when compared to differencing methods, are illustrated by applying vortex identification criteria to
unbounded vortex ring flows.
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