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Abstract: A numerical model based on the Mild-Slope Equation for simulaling
the wave af wave propagation in shallow water and wave energy dissipation due to
wave breaking was developed. Some computational experiments were carried out
for the verification of the model in the case of theoretical condition as well as of
caperimental condition. The good agreements during verification stage had been
obtained. An erample of computation for 2-D case also was given.
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1. Introduction

[1 the near-shore area, the actions of wave and currents are the main causes driving
the transportation of sediment and the erosion, accretion of the seashore. So an accurate
prediction of waves, currents and their interaction in this area is very important not only
for the requirements of design and construction but also for protection of shore and coastal
structures,

The mild slope equation derived by Berkhofl (1972) has been widely used in the
numerical computation of diffraction and refraction of regular waves. In the past, many
solutions of the elliptic problem for open coastal zone have been obtained by using a para-
bolic approximation, which treats the forward-propagating portion of the wave field only.
With the approximation, the reflection parts of waves are no longer considered. Thus, the
applicability of the parabolic approximations is limited to the regions without complicated
structural boundaries. In addition, the sea waves are random and the randomness of sea
waves has a significant effect on the wave transformation especially due to refraction and
diffraction. In 1992, James T. Kirby derived a Time-Dependent Mild Slope Equation ap-
plying for unsteady wave trains; however, the energy dissipation due to wave breaking was
not included in the equation.

The purpose of this study is to develop a numerical mode] for calculating the time
evolution of random waves in the near-shore area based on the combination of the time-
dependent Mild Slope Equation [4] and the wave breaking model derived by Isobe (1987,
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1994). Some computational experiments in theoretical condition and experimental condi-
tion were carried out for verification of the model. Comparisons between the computed
results and experimental data showed that the good agreement was reached. An example
of computation in a 2-D domain with a breakwater was also realized. Discussion in detail
will be shown in the followings.

2. Model Formulation

Governing equations of the model

The Time-Dependent Mild Slope Equations derived by Kirby (1992) are
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where, 77 is the water surface displacement; ® is the velocity potential at the surface; '
and C, are the phase velocity and group velocity respectively; k is the wave number; g
is the gravitational acceleration; w is the wave frequency; ¢ is the time and Vj, is the
horizontal gradient operator.

The equation (1) and (2) can be combined to become
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This equation can exactly be reduced to the mild slope equation derived by Berkhoff
[1] by taking the time derivations equal to zero.

Because of wave breaking, a part of wave energy is dissipated when the waves
propagating over the surfzone. In order to account for this energy dissipation, the equaticn
(1) need adding a dissipation term, then we have
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where fy4 is the energy dissipation coefficient, which can be determined according to Isobe’s

wave breaking model (3.

According to Isobe, the energy dissipation due to wave breaking is modeled as
follows: there are critical values v, and ~ = |77|/d that if v is greater than v, the individual
wave is judged to be breaking. After breaking, if 4 become smaller than v, = 0.135, the
individual wave is judged to have recovered. Where |7 is the amplitude at the wave crest;
d is the water depth; =, is expressed as equation (4)

v, = 0.8 10.53 — 0.3 exp(—3+/d/Lo) + 5(tanB)' ® exp|—45(y/d/Lo — 0.1)?]] , (4)

where Lg is the representative wave length in deep water; tan/ is the bottom slope.
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To evaluate the spatial distribution of the energy dissipation coefficient fy, we first
determine fimax at each crest of breaking waves by using equation (5), then obtain the

cnergy dissipation coefficient fy by interpolating fymax linearly [5].
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where v, = 0.4(0.57 + 5.3tan/?)
Boundary condition

Solid boundary: At this boundary, two kinds of boundaries are employed.
The fully reflective boundary condition:
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The arbitrary reflective boundary with the reflection coefficient K,:
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Open boundary: In order to allow the reflected waves from the computation domain
to go freely through the boundary, the radiation boundary condition is applied for out-
going waves:

aﬂout + C.anout )
ot an
where n is in the direction normal to the boundary; C is phase velocity.
Incident- wave boundary: Incident waves arriving at this boundary can be expressed

-0, (8)

in two forms: For a harmonic wave:

n = 0.5H cos(k.z — wt). (9)
For random waves:
(s w] = a]
nie, g, t) = Z Z Qmn COS(Kmx €08 aty, + kmysin a,, — 27 fint + Emn), (10)
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where ap,, and &,,, respectively are the amplitude and phase of a representative com-
ponent wave for the range of frequency [fin, fm + Afm| and for the range of direction
[atn, an + Actn]. Emn is random; a,,, can be determined by using the frequency specteral
density function proposed by Bretshneider (1968) and Mitsuyasu (1990) (for more detail,
see Horikawa, 1988).
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Initial condition

At the initial time, the water are assumed to be still so all of the values of 5 and &
in side the computation domain are set to be equal to zero, except the values of those at
the offshore boundary are taken not equal to zero but determined by using the equation
of boundary condition.

3. Application and Verification of the model

[n order to verify the model, three experiments of computation have been done:

The first experiment: Assume a harmonic wave arriving normal to the open bound-
ary at one-end of a wave flume, a vertical wall closes the other end of the wave flume.
We compute time evolution and distribution of wave heights in the wave flume. If the
model well simulates the wave propagation and the boundary conditions applied are good.
we will obtain a distribution of standing waves in the wave flume and a stability of wave
amplitude at each point on the water surface of the wave flume. Figure 1. depicts the
wave flume and shows the computation conditions.
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Figure 1. Fiewre 2. Distribution of computed wave height

On the Fig. 2, it is clear that the distribution of wave heights in the wave flume
is a standing wave distribution with a system of Nodes and Anti-nodes, which is resulted
from the combination between incident waves and reflected waves from the wall.

Fig. 3 shows the time evolution of water surface elevation at a point 7.5m far from
the open boundary. After about 18 seconds from the beginning, the amplitude of water
surface elevation changed to be nearly equal to 2 times of the incident wave amplitude.
That means reflected waves from the wall reached the point and combined with the incident
waves. It is clear that after the change, the amplitude of water surface elevation nearly
remained the new value for all time. This proved that the reflected waves were not be
reflected at the open boundary but going through freely. This also means that applyving
the open boundary condition is reasonable.
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Figure 3. Time variation of water surface clevation at 7.5m

far from the open boundary

Second experiment: In order to verify the model against experiment, we compute
the propagation of random waves in a wave flume. The computational conditions depicted
on Fig. 4 are the same as those of the experiment done by Watanabe et al |7}, in which,
the peak frequency f, and significant wave height H, 3 of incident wave train are 0.5 Hz
and 5.4 cm, respectively.

Fig. 5 shows the comparison between the results of this computation and the
experimental data. It is clear that computed significant wave height distribution agrees
satisfactorily with experimental data. A small difference between computed and observed
data may be due to the nonlinear nature of wave propagation on shallow water.

Calculated results
a  Expenmental data (Watanabe &t al 1988)
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Figure 4. Sketch of the experiment for random
waves

Figure 5. Comparison between computed results
and experimental data

Third experiment: This experiment is an example of computation for random waves
propagating on a shallow area, which has a breakwater inside. Bottom slope tan 3 is
uniform and equal to 0.02. The incident wave train coming in the direction normal to
shoreline has a significant wave height H, ;3 = 1.0m and a significant period Ty,3 = 6
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sec. Igure 6. shows the distribution of computed significant wave heights around the
breakwater.
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Figure 6 Distnibution of computed significant
wive heights

4. Conclusion and recommendation

A numerical model for wave propagation in the near-shore area including the sim-

ulation of energy dissipation due to wave breaking has been built. The preliminary verifi-
cations of the model with theoretical and experimental conditions showed that the model
has well simulated the propagation of waves in the near-shore area. Because of the lack of
measured data in the field of two-dimension, the verification of the model against measured
data could not be held here. The model should be developed for practicalities.
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MO HINH TRUYEN SONG TRONG VUNG VEN BO

Phung Dang Hiéu
Khoa Khi twong Thuy van & Hai chrong hoc
Dat hoc Khoa hoc Tw nhien - DHQG Ha Noi

Trong ving ven bé, sir tae dong cia song va dong chay la nguyen nhan chi yén
ché ngir qua trinh van chuyen tram tich, né dieu khién qua trinh boi, xéi cia vimg be.
Vi vay, tinh toan chinh xdce trirgmg song va dong chay phan bé trong ving ven bér la mot
van de hét sire quan trong phue vu cho thiét ké, xay dung ciing nhir bao vée ba bien va
dam bao an toan giao thong hang hai. Trong bai viét nay, chiing t6i da phat trien mot mo
hinh toan mo phéng truyen séng trong vung nudc nong ¢o tinh dén tieu tan nang hrgng
do song do6 gay ra va gidi né trén may tinh bang phirong phap sai phan hiru han. Viec dp
dung mo hinh tinh todn theo cac dieu kién ly thuyét va thue nghiem da duge thie hién
nham kiém chimg mé hinh. So sdanh két quatinh toin so lién thi nghiém véi két qua Iy
thuyét da cho thay ¢o su phii hop rat tot; mo hinh da mo phéng duge qua trinh truyen
song trong vung bien nong. Mo hinh cing duge dp dung tinh todn cho trirong hgp phan
bo trirdmg séng trong viing bién ven bér xung quanh mot dé chan séng. Mot s6 két luan
va kién nghi cho viee hoan thién mo hinh eting duge trinh bay trong bai nay.



