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Abstract

The present work reports experimental observations aimed at characterizing
the particular turbulence structure of high-Reynolds-number cobble-bed open-channel flow
under small relative submergences. Recently available technology (acoustic Doppler
velocimetry) allowed for the acquisition of three-dimensional velocity components at different
distances from the bed, above and below the average top of the roughness elements, and
synchronization of this sensor with a hot-film probe for streamwise velocity allowed for the
spatial-temporal resolution of coherent events. Data processing includes the mean flow
structure and usual turbulence statistics, evaluation of the prediction capability of low-order
cumulant expansions, computation of energy budget terms as well as the characterization of
coherent structures using different conditional averaging techniques. Comparisons are also
provided to the more extensively investigated structure of canonical’ smooth-wall shear flows.
Results clearly show the absence of an equilibrium layer as opposed to the typical
constant-turbulent-kinetic-energy flux region characteristic of small-scale roughness flows,
hence providing a plausible explanation for the long recognized lack of applicability of the
logarithmic law to free-surface flows with large relative roughness. Ejections are shown to
dominate the Reynolds stresses above a plane located near the average top of the cobbles,
whereas inrushes or sweeps make the biggest contribution to the turbulent momentum
transport below this plane. The relative contribution of sweeps and ejections to the Reynolds
stress has been found to correlate with the vertical flux of turbulent kinetic energy and the net
momentum flux, as can be predicted by cumulant expansions of low order. Conditional
averaging of coherent events reveal important resemblances to results under small-scale
conditions in terms of Strouhal number, coefficient of variation and probability distribution
of bursting period, eulerian length and time scales, etc., thus contributing to the definition of

a universal turbulence structure in wall-bounded shear flows.






