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Unlike duct flows, open channel flows have free surfaces, and turbulent structures near the free surface are

very different from those near the bed. Especially when macro-roughness elements exist over the bed, free-
surface fluctuations are more intense than when the bed is smooth, and therefore the influence of the free
surface is expected to become strong. Many studies of flows near the bed have been carried out, on the other
hand little is known about the characteristics of flows near the free surface. In this study the main point falls
on the relationship between macro-roughness and surface fluctuations. A laser Doppler anemometer (LDA)
and PIV (Particle-Image velocimetry) were used to examine turbulent structures and coherent vortices

mainly of flows over a rough bed. These experiments revealed that macro-roughness has a great effect on

turbulent structures near the free surface.
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