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ABSTRACT:
The presentation focuses primarily on measurements of flow structure and turbulence in the inner part of a
turbulent channel flow over a rough wall. To resolve the flow near and between the pyramidal roughness elements,
the experiments have been conducted in an optically index matched facility, in which the refractive index of the
acrylic wall is matched with that of the liquid. High-resolution planar PIV measurements provide the mean flow
and turbulence statistics, and digital holographic microscopy (DHM) resolves the characteristic 3D flow structures.
Results show that the turbulence production and dissipation rates peak at the top of the roughness elements, and
that the roughness-induced spatial variations in mean flow and turbulence parameters are confined to 2 roughness
heights (k) above the peak of the roughness elements. The spatial turbulent energy and shear spectra show an
increasing contribution of large-scale motions, and diminishing role of small ones with increasing distance from the
wall. However, the outer layer spectra still have distinct bumps in wavenumbers corresponding to 1-3k, or 15-30
times the Kolmogorov scales. Instantaneous realizations show that these roughness-scale eddies are generated near
the wall, and lifted up rapidly by large scale structures that populate the outer-layer. The latter share some common
features with hairpin packets, and appear as inclined quasi-streamwise vortices in the 3D data. This process floods
the outer-layer with an excessive number of “roughness-scale” eddies. Consequently, although the imprints of
roughness diminish in outer-layer Reynolds stress statistics, in agreement with the wall similarity hypothesis, the
transported roughness scale eddies dominate the subgrid energy flux and significantly affect the dissipation rate at
all elevations. The presentation will conclude with other examples of other measurements made possible in the
optically index-matched facility, such as the flow structure and turbulence within tip leakage vortices of axial
turbomachines.
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