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The 12-m long 0.7-m wide wind-wave channel is mounted in the 
large water tank. The underwater part of the channel is open from 
the ends. Therefore the return flow is formed at the periphery of 
the main basin. The water depth in the wind-wave channel is 40 cm.
(A) – the first section, where the wave maker is located; 
(B) – the working section, where the experiments were carried out; 
(C) – the last section ended up with the wave suppressor.
Arrows represent the direction of airflow.

Channel configuration

Wave and wind regimes
This poster presents the experiment in three wind and wave regimes (S1, S2, S3), in which:
S1: a = 4 cm;     T  = 1.7 s; no wind;
S2: a = 6.5 cm;  T  = 1.2 s; no wind;
S3: a = 9 cm;     T  = 1.2 s;  Uw = 14.5 m/s;
where a is the wave amplitude, T is the wave period, and Uw  is the mean airflow velocity at the axis of the wind channel.
The water depth is 40 cm.

Experimental particles
    Shape            Size         Settling velocity
P01 cubes           1.0 mm      1.0 ± 0.1 cm/s
P02 plates (rigid)   4x4x0.1 mm  1.26 ± 0.05 cm/s
P03 plates (rigid)   4x28x0.1 mm 1.22 ± 0.06 cm/s
P04 plates (flexible) 4x4x0.1  mm 1.06 ± 0.05 cm/s
P05 plates (flexible) 4x30x0.1 mm 1.15 ± 0.07 cm/s
P06 cubes           1.7±0.1 mm  2.02 ± 0.08 cm/s
P07 plates (rigid)   4x4x0.8 mm  1.93 ± 0.08 cm/s
P08 plates (rigid)   4x30x1.1 mm 1.98 ± 0.06 cm/s
P09 plates (flexible) 4x4x0.5 mm  2.18 ± 0.07 cm/s
P10 plates (flexible) 4x30x0.5 mm 1.96 ± 0.09 cm/s
P11 cubes           2.92±0.03 mm 3.7 ± 0.1 cm/s
P12 plates (rigid)   4x4x0.2 mm  3.6 ± 0.1 cm/s
P13 plates (rigid)   4x30x0.2 mm 3.8 ± 0.2 cm/s
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Experimental particles with sizes along different dimensions ranging from 0.1 mm to 4 cm were grouped in the three sets by 
the measured terminal settling velocity in the still water: 1, 2, and 4 cm/s. Each set of particles consisted of an isometric, 
plane, and elongated ones manufactured from rigid and flexible materials.

Experimental procedure

In each experimental regime, the following was 
performed:
1. The particles were released one by one under the 
water surface, in the central plane of the channel, using 
a special device.
2. The movement of particles was filmed from the side.
3. An additional camera was filmed from above, which 
allows (not always) to observe the displacement of 
particles from the central axis of the channel.
4. Record wave gauge and ADV readings during particle 
descent.
5. As a rule, 15 particles of each type per regime were 
used.
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Particle holder

Regime "S3", Particle "P05"
Only part of the raw image is shown
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The Lagrangian period

The wave period can be measured at a fixed point (the 
Eulerian period, T) or in a frame of reference moving with
the current velocity U (the Lagrangian period, TL). The 
wavelength is the same at both frames of references, but 
wave (phase) velocities differ. Therefore (Longuet-Higgins, 
1986):

where c is the phase velocity at a fixed reference frame.
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Vertical profiles of the excess Lagrangian period 

The dimensional excess period (see left hand side of Eq, 2) plotted 
against the vertical coordinate, measured from the undisturbed 
water surface. From left to right: regime S1, S2, S3. Different points 
indicates different particle types. Note that elongated particles not 
presented.

Data collapse to the one line (mostly vertical), for the experiments 
without wind (S1, S2). The presence of wind (S3) enhances horizontal 
transport due to the induction of the current, and also greatly 
enhances the dispersion.
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Conclusions

Particle settling velocity in the presence of waves deviates from terminal settling velocity. The 
difference is most noticeable in the presence of wind. The presence of wind enhances horizontal 
transport due to the induction of the current and dramatically enhances particle dispersion.
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Introduction

Energetic processes in the sea coastal zones under stormy conditions play an important role in the re-distribution of plastic 
pieces. To date, the transport of solid particles by surface waves (Stokes drift) has been studied quite extensively, but only a 
few works have been devoted to the behavior of microplastics under conditions of simultaneous action of surface waves and 
wind.

The study aims to examine the effect of waves and strong winds on particle settling and horizontal transport in wavy flow.

Image processing

Processing of particle trajectories
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1. Particle tracking with OpenCV.
2. Converting pixel coordinates to dimensional ones with optical distortion correction and smoothing.
3. Part of the trajectories was rejected for various reasons.

1. Search for TL, x0, and z0, at which the minimum of the functional Eq. (1) is reached (Grue and Koolas, 
2017)

where x(t), z(t) are particle’s coordinates at the time t; TL is the Lagrangian period; t0 is the initial 
phase; x0, z0 are particle drift distances over one TL.

2. By varying t0, the dependence of TL, x0, z0 on time is found. 
And also, particle horizontal and vertical drift velocities are calculated: Vx(t) = X0/TL, Vz(t) = Z0/TL.

Examples of recognized trajectories of the 
particles (type "P07") in the regime "S1".

Trajectory of elongated particle (type “P03”) 
in the regime “S2”. The line thickness does 
not match the particle thickness.

Net settling velocity (dots) of particles under three wave conditions (S1, S2, S3) plotted against terminal settling velocity measured in still water. The line indicates 
perfect agreement. Both panels are identical except for the vertical bars on the left chart, showing the magnitude of standard deviation.

Particle settling velocity in the presence of waves deviates from terminal settling velocity. The difference is most noticeable in the presence of wind (S3), but the 
variation is enormous.

Experiments performed by Clark et al. (2020) and De Leo et al. (2021) have shown the alternation of particle settling velocity by the action of surface waves. 

Settling velocity in waves


