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1 Introduction

Boundary Element models (BEM) solving fully nonlinear potential 
ow equations (FNPF) have
proved very e�cient and accurate for calculating wave shoaling over arbitrary bottom topography,
up to overturning of a wave crest (e.g., Grilli and Subramanya, 1996; Grilli et al., 1997). When
impact of a breaker jet occurs on the free surface, however, such models break down due to the
violation of governing equations (e.g., Fig. 1, curve f).
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Fig. 1 : Shoaling and breaking of a solitary wave with Ho=ho = 0:45, over a 1:15 slope in the
BEM-FNPF model by Grilli et al. (1997).

Improvements in computer power have recently led to an increasing use of models based on the
Volume Of Fluid (VOF) method, which solve Navier-Stokes equations for free surface 
ow problems
(Guignard et al., 2001). Such models can solve equations on a grid covering the whole (air/water)

uid domain (unlike the BEM which only discretizes boundaries), and are able to accurately follow
the motion of free surfaces and interfaces between 
uids, represented by segments. VOF models
also allow for air to be trapped within the 
uid domain and for pieces of water to detach from
the main computational domain. Hence, they are ideally suited for modeling breaking and post-
breaking waves over a sloping bottom. VOF models, however, are computationally expensive and
su�er from numerical di�usion, leading to arti�cial loss of wave energy (and elevation) over long
distances of propagation.

In the present study, the key features and advantages of both BEM and VOF methods are
exploited, by coupling these methods to perform two-dimensional wave shoaling and breaking com-
putations (Fig. 2). The BEM method accurately and e�ciently models wave shoaling over a sloping
bottom, before breaking occurs. The VOF method calculates breaking and post-breaking waves
at the top of the sloping bottom, on a re�ned local grid. Only solitary waves propagating over
plane slopes are considered here. Two types of coupling methodologies are implemented. In the
�rst one, referred to as \weak coupling", the wave is propagated in the BEM domain, up to close
to the breaking point, into a smaller region at the top of the slope, representing the VOF domain.



Lateral (o�shore) boundary conditions and internal velocity and pressure �elds are then computed
with the BEM, at the VOF grid cell centers, and computations are pursued in the VOF domain
(Fig. 2). More details regarding this approach can be found in Guignard et al. (1999).
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Fig. 2 : Principle of weak BEM/VOF model coupling. Shoaling of a solitary wave with incident
height Ho=ho = 0:45, over a 1:15 slope (curve a). Fluid velocities and pressures are calculated at a
vertical gage at xg and in VOF box. VOF model is initialized with wave a, and uses lateral BEM

boundary conditions at xg.
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Fig. 3 : Principle of strong BEM/VOF model coupling. Same case as in Fig. 2. (|{) VOF
results; (�) BEM nodes.

In the second method, referred to as \strong coupling", a moving vertical matching boundary
is used to specify/exchange boundary conditions in between both models, within a 
uid region
where both models overlap (Fig. 3). Although both of these methods provide similar results for
solitary waves, the second method makes it possible modeling periodic or irregular waves. This
will be left out for future work. In the present study, we will the \weak coupling method" to the
computation of properties, essentially shape and kinematics, of solitary waves breaking over plane
slopes.

2 Results

As a �rst example of results of model coupling, the shoaling and breaking of a solitary wave of
initial height Ho=ho = 0:45 is calculated over a 1:15 slope. This case, which leads to a large scale
plunging breaker, was modeled by Grilli et al. (1997) with the BEM, up to impending jet impact
(Fig. 1). Li and Raichlen (1998) compared these FNPF computations to detailed laboratory ex-
periments and showed a good agreement up to the stage of curve f. Figs. 2 and 3 show results
of the BEM-VOF model for this case, for weak and strong coupling, respectively; in the second
case, the VOF grid has 825 by 80 cells in the x and y directions, respectively. The breaker jet



impact occurs in very shallow water, which leads to air trapping and to a rebound creating a new,
forward moving, jet. Such features are well observed in laboratory experiments. Fig. 3 shows a
comparison of the change in wave height H=Ho, calculated as a function of x=ho in both BEM and
BEM-VOF models, with Li and Raichlen's experiments. Both models agree well with each other,
and with the experiments, up to the stage of curve f in Fig. 1 (x=ho = 32:7). Beyond that, the
BEM-FNPF model quickly fails; but the agreement of the VOF-BEM model with experiments can
still be considered as quite good (considering the experimental variance). This indicates that the
VOF method is accurate for modeling post-breaking waves.

0.7

0.8

0.9

1

1.1

1.2

1.3

31 31.5 32 32.5 33 33.5

H/H
o

x/h
o

Fig. 4 : Cases of Figs. 1,2,3. (- - - - -) BEM results (Grilli et al., 1997); (|{) VOF results; (4) Li
and Raichlen's (1998) experiments.
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Fig. 5 : Weak BEM/VOF coupling computation of a solitary wave of height Ho=ho = 0:5
breaking over a 1:15 slope: Two snapshots.
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Fig. 6 : Weak BEM/VOF coupling computation of a solitary wave of height Ho=ho = 0:5
breaking over a 1:8 slope: Two snapshots.



The weak BEM-VOF coupling modeling methodology is now used to compute various cases
of solitary wave breaking over slopes. All of these results correspond to a wave with initial height
Ho=ho = 0:5. We �rst look at detailed results for a slope 1:15. Fig. 5 shows the development,
impact, and rebound of a large plunging breaker, with an enclosed air pipe. By contrast, Fig. 6
shows the propagation and breaking of a wave of identical characteristics over a 1:8 slope. Here,
we see the formation of a surging breaker, which runs up the slope as a jet of reducing thickness.
Grilli et al. (1997) computed cases similar to Figs 5 and 6 using their BEM model. Computations,
however, broke down at jet impact in the �rst case or during runup in the second case. The present
computations have no such limitations and thus allow to compute characteristics of breaking waves
on slopes, including maximum runup.

More cases will be shown and discussed during the workshop.
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