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Abstract 
The oscillatory boundary layer represents a particular case of unsteady wall-bounded 
flows in which fluid particles follow a periodic sinusoidal motion. Unlike steady 
boundary layer flows, the oscillatory flow regime and bed roughness character change in 
time during the cycle, a characteristic that introduces a high degree of complexity in the 
analysis of these flows. 
Several oscillatory flow experiments were performed in the Large Oscillatory Water and 
Sediment Tunnel (LOWST) facility at the Ven Te Chow Hydrosystems Laboratory over a 
flat and smooth bed. The range of Reynolds wave numbers tested spanned along the 
laminar to turbulent transition (3x104 < Rew < 9x105 ). A 3D Laser Doppler Velocimetry 
(LDV) system was used to measure instantaneous flow velocities with high spatial and 
temporal resolution. This way, it was possible to obtain measurements very close to the 
bed and capture flow features with great detail inside the boundary layer and even inside 
the viscous sublayer in some cases. 
Results show a well-defined boundary layer near the bed. The mean flow velocity in this 
region presented a phase lead with respect to the outer flow, as expected in oscillatory 
flows. Also, high turbulence levels were observed for the three velocity components (u, v, 
w), changing with phase and distance from the bed. Bed shear stresses exhibited a 
particular behaviour, with the phase of the peak changing dramatically with increasing 
Rew. In addition, quadrant analysis was performed, showing the evolution of sweeps and 
ejections along the oscillation cycle at different distances from the bed. 
The results of this work will be useful for a variety of engineering applications, from 
aerospace to biomedical research to coastal processes, and in particular to better 
understand sediment transport under oscillatory flows. 
 
 


