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Research on Spatial Wave Focusing Based on Non-Hydrostatic Wave Model

MA Xiao-Zhou, MA Jian-Xing, MA Yu-Xiang, DONG Guo-Hai
(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: To study the characteristics of spatial wave focusing and analysis of the generation mechanism
of extreme waves, the focusing and influence factors of spatial wave focusing by a semicircular convex
slope are studied in detail by means of numerical simulation based on non-hydrostatic pressure model,
SWASH. Based on the vertical pressure decomposition, the SWASH model was applied with three equal
vertical layers to ensure efficiency and enough accuracy of frequency dispersion and nonlinearity. The focu-
sing bathymetry is a combination of semi-cylinder over a plane slope. To mitigate the side effects, the nu-
merical simulation domain was extended to triple the radius R of the cylinder, By comparing the wave
height and the energy composition of the same incident waves propagating on the focusing bathymetry a-
gainst the reference plane slope, it is found that there is a significant nonlinear process for the waves prop-
agating on the variable depth topography and the super harmonics grow dramatically. Over the plane
slope, the extrema of fundamental frequency and super harmonic frequency appear almost at the same po-
sitions. But on the focusing slope, the positions of extrema are different. Before the breaking of the maxi-
mum waves, the spatial wave focusing is the main reason for the agitation of wave height when the waves
propagating over the shoals of a semicircular convex slope. Through comparing the focusing characteristics
of seven groups waves propagating on the specify three-dimensional slope with the same wave steepness, it
is obvious that the dimensionless parameters kR (where £ is the wave number) plays an important role in
the spatial focusing characteristics of waves on the present bathymetry. The larger the initial 2R, the grea-
ter the distance between the position of the maximum wave height and the toe of bathymetry. The maxi-
mum waves height generated by wave focusing is not only related to the size of the focusing region, but al-
so related to the intensity of the wave nonlinearity. When £R is between 1.4x and 4.05%, with the decrease
of the dimensionless parameters 2R, the maximum relative waves height tends to increase to an extreme
value and then declines. The maximum relative waves height reaches the maximum value as large as 2.
48 H,(where H, is the initial wave height) when AR is equal to 2.45x.
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