CHAPTER 2

Transformation of nonbreaking waves over a bar

S. Beji!, T. Ohyama?, J.A. Battjes® and K. Nadaoka®

Abstract

Data collected from measurements performed in waves
propagating over a trapezoidal bar on a horizontal
bottom are used to test a fully nonlinear numerical
model. The experiments include both regular and random
waves. Wave form evolutions in the shoaling region, the
near resonant wave-wave interactions over the bar, and
finally the decomposition behind the bar are well
predicted. The results provide assurance for the
reliability of the numerical model.

1. Introduction

Numerical modeling of evolving surface gravity waves
based on the full nonlinear equations for irrotational
motion was initiated by Longuet-Higgins and Cokelet
(1976) . Numerous alternative models have been presented
since (Vinjé and Brevig, 1981; Dold and Peregrine,
1984). Surface profiles predicted by these models are
in general quite realistic, even in the phases of
profile steepening and turnover as in plunging breakers

lFrormer post-doctorate fellow at Delft University of
Technology. Present employment: Naval Architecture and Ocean
Engineering Faculty, Istanbul Technical University, Turkey.

2pesearch scientist, Env. Eng. Div., shimizu Corp.,
Etchujima 3-4-17, Koto-ku, Tokyo 135, Japan.

3professor, Dept. of civil Eng., Delft University of
Technology, P.O. Box 5048, 2600 GA Delft, The Netherlands.

4pssoc. prof., Dept. of Civil Eng., Tokyo Institute of

Tech., O-okayama, Meguro-ku, Tokyo 152, Japan.

S



52 COASTAL ENGINEERING 1992

(prior to impact). However, gquantitative comparisons
between predictions and cbservations are rarely given.
The purpose of the present paper is to give such
comparisons, for the demanding case of deformation and
decomposition of near-breaking waves passing over a
shallow bar.

It is known that relatively long waves passing
over a bar or another submerged obstacle decompose into
shorter components. In the shoaling region the
amplitudes of the bound harmonics are initially
relatively small. If the wave field continues to
propagate into a shallower region, such that the medium
becomes non-dispersive for this particular wave field,
then the near resonance conditions for triplet-
interactions are satisfied (Phillips, 1960). At this
stage, a rapid energy flow from the primary wave
components to the higher harmonics is observed and the
amplitudes of higher harmonic components become
appreciable.

The passage into deeper water results in the
release of the bound harmonics followed by interactions
taking place among these released wave components,
which introduces drastic and rapid changes in wave
forms. During this final stage, the amplitude of higher
harmonics become comparable with, in some cases larger
than, the primary wave amplitudes (Kojima, H. et al.,
1990; Ohyama and Nadaoka, 1991; Beji and Battijes,
1992). Obviously, predicting the evolutions of a given
incident wave field in such regions poses a real
challenge; this suggests a good test case for a
nonlinear numerical wave propagation model.

The paper presents a brief account of a comparison
of results of simulations with a numerical nonlinear
model with experimental data for conditions as
described above. For details, reference is made to
Ohyama et al. (1992).

2. Experiments

The measurements reported here were carried out as a
subset of a larger program, an account of which can be
found in Beji and Battjes (1992).

The experiments were performed in a wave flume of
the Department of Civil Engineering, Delft University
of Technology. The flume is 37.7 m long, 0.8 m wide,
and 0.75 m high. It is equipped with a hydraulically
driven, piston-type random-wave generator. The bottom
profile is sketched in Figure 1.






























