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ENERGY DISSIPATION IN A

NONLINEAR MODEL FOR SURF ZONE WAVES

Nguyen The Duy!
Tomoya Shibayama?

1 Introduction

Up to now, the Boussinesq-type equations have
been successfully applied to simulate non-breaking
waves. However, their application for modelling
nonlinear waves in the surf zone is still limited
due to the complexity of wave transformation af-
ter breaking. It is well-known that behind the
breaking point, an energy dissipation process takes
place over the whole surf zone and as a result, the
wave height decreases from H = Hj, at breaking to
H = 0 at the shoreline. This dissipation process
can be regarded mainly as the result of the tur-
bulent diffusion originated from two sources: (1)
the effect of surface rollers accompanying with the
wave front due to breaking waves and (2) the fric-
tion effect at the bottom boundary layer. Based on
the Boussinesq-type equations, this paper presents
a nonlinear wave model for the surf zone, in which
the energy dissipation caused by the above two ef-
fects can be simulated by modifying the momentum
equation. .

2 Governing Equations

The effects of surface rollers and bottom {friction
on the energy dissipation of surf zone waves are
included in the modified Boussinesq equations as
follows
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where 7 is the water surface elevation, D is the
mean water depth, A is the total water depth, p is
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Figure 1: Definitions

the flow rate, and n is the Manning’s roughness
coefficient. The last two terms on the left side of Eq.
(2) simulate the energy dissipations due to surface
rollers and bottom friction respectively.

Using the same assumption for velocity profile of
a breaking wave as Schaffer et al. (1992), the con-
tribution from the surface roller to the momentum
flux, R, is
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where § is the thickness of the roller (see Fig. 1).
The parameter 6 is a function of space and time and
can be determined as the vertical distance between
the instantaneous wave profile and its tangent line
AB with slope tan .

The Manning’s roughness coefficient n for large
rivers with sand bed is about 0.020 to 0.040. An av-
erage value of 0.03 is used here to simulate bottom
friction in the surf zone.

3 Computational Method

The governing equations are solved by using a cen-
tral finite difference scheme, in which one sided dif-
ferences are applied to the boundary points.

At the beginning of each time step of computa-
tion, an approximate solution for the water surface
profile at time n-1 is obtained by applying the con-
tinuity equation (1) in the explicit finite difference
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From #7;"*1, the roller thickness is computed as
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The function f is the equation of the tangent line
AB. Tt is known that the value of tan ¢ decreases
as wave propagates shoreward. However, the vari-
ation of ¢ along the surf zone still has not been
investigated quantitatively. In this model, it is as-
sumed that the value of tan ¢ for each wave front
depends on the local slopes of the wave front profile
and is determined as

tanp = O'SO(kmin + kma:v) (6)
where kin and k.. are the local minimum and
maximum slopes of the considered wave front pro-
file respectively.

Using the values of §;"*! obtained from Eq. (5)
and with appropriate boundary conditions, Egs. (1)
and (2) are solved implicitly in the matrix form to
determine p;"*! and 5”1,

4 Simulation Results

The results of wave transformation in the surf zone
computed by the numerical model are shown in Fig.
2 and Fig. 3. In Fig. 2, it can be seen from the
time history of water surface fluctuations at var-
ious sections that there exists a large deformation
of the wave shape around the breaking point (x=3.8
m). The wave front becomes steeper as wave ap-
proaches the breaking point and due to the effect
of the dissipation terms in Eq. (2), the wave en-
ergy (or wave height) is dissipated throughout the
surf zone. From the time history of water surface
at various sections, the wave height distribution is
determined and compared with measured data of
Nagayama (1983) as shown in Fig. 3.

5 Conclusion

The energy dissipations and wave transformations
in the surf zone are well simulated by a nonlinear
wave model, in which the effects of surface rollers
and bottom friction on the wave height decay be-
hind breaking point are considered in the wave com-
putation. A good agreement is obtained between
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Figure 2: Time series of water surface elevation
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Figure 3: Wave height variation

the computed and measured wave height variations.
The evolution of the magnitude order of energy dis-
sipations due to the above two effects will be pre-
sented at the Conference.
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