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Abstract

H 2065 July 1995

delft hydraulics

In this thesis, the modelling of the horizontal velocity field under waves using Boussinesq­
type models is studied. Special attention is paid to the prediction of bottom velocities in view
of sediment-transport formulations.

Boussinesq-type models describe the propagation of weakly non-linear shallow-water waves.
The depth-dependence of the velocity field has been removed in deriving the equations,
which are therefore stated in the surface elevation and one single horizontal velocity variable,
the so-called computational velocity. After integration of the Boussinesq-type equations, the
horizontal velocity field must be reproduced in some kind of postprocessing. Many different
forms of Boussinesq-type equations exist. They differ in frequency-dispersion and shoaling
characteristics as well as in the used computational velocity variable.

Various different forms ofBoussinesq-type equations are compared in view of their capability
in reproducing the horizontal velocity field. A set of equations with good frequency-disper­
sion and shoaling behaviour and stated in terms of the depth-averaged horizontal velocity
is selected for numerical treatment. The method to reconstruct the horizontal velocity field
from the depth-averaged velocity is described.

The selected equations are implemented in an existing time domain Boussinesq model (Beji
and Battjes, 1994) supplemented with a formulation to obtain the horizontal velocity field.
The model is validated against surface elevation data from three different wave flume experi­
ments (see Dingemans, 1994a and Luth et al., 1994).

The time domain model is used to predict the horizontal velocity field, especially bottom
velocities, obtained from wave flume experiments of non-breaking regular waves propagating
over a submerged bar (Luth et al., 1994). The results show encouraging agreement with the
measurements. The comparison is limited inshore by the wave breaking process.

In order to predict horizontal velocities in breaking waves, a spectral Boussinesq model in
which a spectral breaking term is incorporated (Eldeberky and Battjes, 1995), is used. This
model is based on the assumption of uni-directional wave propagation and therefore only
yields surface elevations. The spectral model is extended to compute the depth-averaged
horizontal velocity and, subsequently, the complete horizontal velocity field.

The extended spectral model is verified against wave flume experiments of irregular
(partially) breaking waves propagating over a nearly monotonic sandy beach (Arcilla et aI.,
1994 and Roelvink and Reniers, 1995). In the comparison of computations with measure­
ments, the focus is on bottom velocity time series and resulting third odd velocity moments.
Good results are obtained for long waves. For shorter waves a significant underestimation
of the crest values and velocity moments is found.

It is concluded that the accuracy in predicting horizontal velocities with Boussinesq models
is comparable to the accuracy in predicting surface elevations. The latter is limited by the
inaccurate frequency dispersion of Boussinesq models in deeper water.
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