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ABSTRACT 

The cause of sediment suspension events during flow reversal under waves in the nearshore is not well understood. Vortex tubes and 
horizontal pressure gradients have been suggested to be the cause of the suspension events. A medium sized wave flume experiment 
has been conducted to give insight in the hydrodynamics of the wave bottom boundary layer over a fixed single-barred profile. Flow 
measurements were made with PIV and the swirling strength of the velocity fields were analyzed. Around flow reversal vortex tubes 
were identified. The vortex tubes had similar size and swirling strength as vortices generated by vortex shedding over a rippled bed. 
Therefore, vortex tubes under waves in the nearshore could explain the sediment suspension events around flow reversal. 

 

INTRODUCTION 

The wave bottom boundary layer exists due to friction between 
the orbital fluid motion and the bottom. The relatively thin layer 
plays an important role in the sediment transport by waves in the 
nearshore. In the layer, sediment is mobilized and transported in 
various ways, for instance, as sheet flow. There are also 
observations of sudden suspension events around the reversal of 
the flow as described in Madsen [1974], “just prior to the passage 
of the crest of a near-breaking wave the bottom seemed to 
explode”. Often pressure gradients are suggested to cause bed 
failure around flow reversal (see for example Madsen, [1974]; 
Drake and Calantoni, [2001]; Hoefel and Elgar, [2003]; Zala 
Flores and Sleath, [1998]). Although pressure gradients provide 
additional forces on sediment particles to aid mobility it does not 
explain the suspension event (it would rather explain liquefaction 
of the bed). Foster et al. [1994] suggested that the coherent 
structures, such as vortex tubes [Carstensen et al. 2010], are 
generated in the wave bottom boundary layer under surface waves 
in the nearshore and could be responsible for sediment suspension 
events. Vortex tubes are instabilities generated at an inflectional-
point of an oscillatory boundary layer. They were observed in the 
bottom boundary layer of oscillating flow tunnels at flow reversal 
(see for example Akhavan et al. [1991] and Carstensen et al. 
[2010]). Cartensen et al. [2010] conducted experiments in an 
oscillating flow tunnel with a smooth fixed bed and concluded that 
the impact of the vortex tubes on the bottom shear stress is 
insignificant. Still, vortex tubes provide a mechanism for the 
advection of sediment during flow reversal. If, indeed, vortex 
tubes generate suspension events around flow reversal, the 
contribution of horizontal pressure gradients to the force balance 
on sediment particles in the nearshore remains unclear. 

Recently, vortex tubes were detected in a wave flume 
experiment with a fixed bed. The relation between vortex tubes 
and suspension events is researched by measuring the swirling 
strength and size of the vortex tubes. 

EXPERIMENT 

The flume has a length of 40 m, a width of 0.8 m and a water 
depth of 0.5 m. In the flume a rigid single bar profile was build. 
The top of the bar is approximately 0.15 m below the mean water 
level. Granular sediment with a grain size of 0.54 mm was glued 
to the surface to provide bottom roughness. The hydrodynamic 
model scale was 1:10 which corresponds to a medium sized wave 
flume experiment. 

The vertical and horizontal flow velocities within the wave 
bottom boundary layer were measured with Particle Image 
Velocimetry (PIV) at several locations along the flume [Henriquez 
et al. 2010]. For this study, we limit ourselves to one location just 
before the bar crest (taken that the wave maker is the origin) and 
one wave condition. At this location, the water depth was 0.154 m, 
the root-mean-square wave height was 0.087 m and the wave 
period of the regular waves was 1.8 s. The wave field consisted of 
120 waves. PIV measurements were conducted at a rate of 15 Hz 
resulting in 27 different phases in one wave cycle. 

The laser sheet for PIV was inserted into the water from the 
water surface using a streamlined window. The camera was placed 
outside of the flume (flume wall is transparent). The camera had a 
field of view of approximately 10x10 mm2. The camera images 
were processed resulting in a velocity vector for every 0.37x0.37 
mm2. The flow velocity vector is decomposed into a horizontal 
component u, positive in wave direction, and a vertical component 
w, positive upwards. 

Figure 1 shows the phase-average horizontal velocity u at the 
upper boundary of the velocity vector field which is 
approximately in the free-stream (outside the wave bottom 
boundary layer). The shape of the horizontal velocity is skewed 
and asymmetric indicating that the waves were shoaling. 
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Figure 2. Swirling strength of the phase-average velocity during flow reversal. Color bar indicates swirling strength. Solid blue lines 
represent streamlines of the flow and green hatched area represents the bottom. The horizontal axis is horizontal distance and the vertical 
axis is vertical distance with the origin at the center bottom of the PIV vector field. The numbers above subfigures are the wave phases in 
degrees and correspond with the square markers in Figure 1. 
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Further research is needed to investigate the existence of vortex 
tubes at real scales in the nearshore and their role in net sediment 
transport. 
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