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1. INTRODUCTION

Estimation of wave propagation in coastal region
is essential for researchers. Ability to estimate this
behavior affects the design of coastal structures as
well as our ability to forecast beach profile
evolution.

Spilling breakers receive much less attention
from casual observers of the ocean surface than their
more dramatic and powerful plunging counterparts.
However, spilling breakers probably occur more
frequently than plunging breakers and are important
contributors to turbulence, spray, and bubble
generation at the water surface.

Numerical models have been developed for
simulating wave breaking in surf zone. In the past
decade, Boussinesg-type equations (BTE) have been
attractively developed by researches. In this model,
breaking phenomena is predicted in two main
approaches; surface roller and eddy viscosity. The
first approach is developed by Svendsen”, Schaffer
et al.” and Madsen et al.”. The second approach is a
popular method” and related with this study.

The basic idea behind the eddy viscosity model

is the addition of a momentum diffusion term to the
BTE with the diffusivity strongly localized on the
front face of a broken wave. Zelt” proposed an
artificial eddy viscosity to produce the dissipation
term due to turbulence generated by wave breaking
and bore propagation. It was treated by a diffusion
term in the momentum conservation egquation.
Kennedy et al.” used a momentum-conserving eddy
viscosity technique to model breaking. This is
somewhat like the eddy viscosity formulation by
Zelt), but with extensions to provide a more
realistic description of the initiation and cessation of
wave breaking. Roeber et al. introduced two
parameters defining the onset and termination of the
wave-breaking process.

These models have not been validated yet in term
of eddy viscosity. On the other hand, it has also
been recognized that the eddy viscosity is an
important variable to determine the suspended
sediment distribution. - In this study, an eddy
viscosity model in breaking term will be developed
which can be used solving the problem.

In this paper, we first present the mathematical
framework for the model, and then compare the
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spilling wave breaker type to show the performance

of the new model. Spilling breaker condition can be
defined according to surf similarity parameter” .

m
§=——"035 (0
(H,/L,)"
where Hy and Ly are wave height and wavelength in
the offshore, m is beach slope.

2. GOVERNING EQUATIONS

Numerical models based on Boussinesg-type
equations have become an important tool in coastal
engineering, especially in applications where
reflection and diffraction as well as nonlinear
wave-wave  interactions are important. The
Boussinesq-type  equations of Nwogu® for
conservation of mass may be written as:

n,+V-M=0 )
where 7 is the free surface elevation, the subscript ¢
denotes partial derivative with respect to time, and:

M = D{L’Z + (Ah - 12)4)(2%132 +VF, )

2
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where /1 is the still water depth and D = & + #. The
associated momentum equation is:

l)c = "é;‘;777 - ég";7QiZ|2 ) + IFi + lré (:3)

U, I'y and I are given by:
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The above equations are only valid for
nonbreaking  waves, SO some  additional

approximation must be made to model wave
breaking. Kennedy et al.” used a simple eddy
viscosity-type formulation to model the turbulent
mixing and dissipation caused by breaking. The
mass conservation in Eq.2) remains unchanged,
while, with the additional of breaking terms (R,), the
equation for momentum conservation, Eq.(3),
becomes:

U=-gVn ——gv(jﬁ[z) + L+ D+Ry (4)

where:
1
Ry=——lrllbanke,)) @)
+1
The artificial eddy viscosity (v, ) is formulated as:

v =B, (h+n, ©)
where &, is a mixing length coefficient. This
artificial eddy viscosity is used to produce
horizontal diffusion term. The quantity B varies
smoothly from O to 1 so as to avoid an impulsive
start of breaking and the resulting instability.

3. DEVELOPMENT OF EDDY VISCOSITY
MODEL

According to Eq.(A.12) in Appendix, the
Kennedy’s model of artificial eddy viscosity (v, ) in

Eq.(6) is equal to a real eddy viscosity multiplied by
a factor square of wavelength and water depth ratio.
The breaking term in Eq.5) is modified by
introducing a new real eddy viscosity (v, ) model as

follow:
: ((ﬁ)zv,((hwha)x)x ™

b=h+77 h

This eddy viscosity is not only used to produce
horizontal diffusion term, but also can be used to
determine vertical velocity profile as well as
suspended sediment distribution. The factor square
of wavelength and water depth ratio in this equation
indicates that to satisfy the momentum equation in
Eq.(4) and also to produce the real eddy viscosity,
the new model should produce eddy viscosity much
smaller than Kennedy’s model.

In this study, v, is derived empirically and
applied in 1D-FUNWAVE (Fully Nonlinear
Boussinesq WAVE) developed by Kirby et al.”),
Eddy viscosity model in Eq.(6) is replaced with:

v, =Clld ~d, JF +[aw] @®)

- 316 -



where C is a coefficient (0.001), 4 is total local
water depth, d,, is total water depth at breaking, u
and w are horizontal and vertical velocity,
respectively. Vertical velocity is calculated as
follow””:

W(x’zat)=_:u2(_F21 +2§Fzz) (9)
where & is the distance from bottom and dispersion
() is obtained as follow:

w=kyh, (10)
In contrast to the Kennedy’s model that only acts
locally on the front face of a broken wave, the
proposed model of eddy viscosity may extend along
the surf zone,

The numerical simulations was set according to
the definition given in the experimental work of
Ting - Kirby'®™" as that used by Zhao et al.'?.
Spilling breaker wave with surf similarity 0.2 was
generated in a constant depth section. The incident
wave height and wave period are 0.125 m and 2.0 s,
respectively. Fig. 1 shows a schematic diagram of
the numerical computation. We consider a
computational domain of 40 m with a 0.025 m grid.
An internal source at 6 m in front of the toe of
bottom slope generates the incident waves and a
sponge layer absorbs all waves propagating to the
left of the source.

4. RESULT AND DISCUSSION

(1) Simulation of Ting - Kirby’s'”"'" experiments

Eddy viscosity cannot be cbserved directly in
laboratory, the validation is conducted comparing
the output result of RANS-VOF developed by
Ontowirjo™. Fig. 2 shows the eddy viscosity
produced by new model, Kennedy’s model and
RANS-VOF model.

This figure indicates that the new model can
produce eddy viscosity better than the Kennedy’s
model. However the magnitudes of eddy viscosity
are underestimated near the shoreline. This figure
proves the previous explanation in Section 3 that the
real eddy viscosity (v, ) should be much smaller

than the artificial eddy viscosity (v, ).

Fig. 1 Numerical computation arrangement.

Fig.2 Time-averaged of eddy viscosity. Black line: new
model; gray line: Kennedy’s model (with multiplier
0.01); dots: RANS-VOF model.

The numerical model is validated against the
laboratory  observations'®", specifically wave
decay, free-surface elevations, horizontal and
vertical velocity. Fig. 3 shows the comparison of the
model results with the measurement of cross-shore
variations of wave height. Although the new model
predicted breaking point earlier than laboratory
experiment data which was observed at x = 6.4 m,
the wave height was reasonable accepted in this
point. Both eddy viscosity models over predicted the
wave height in the surf zone. This discrepancy can
be explained by considering the eddy viscosity
magnitude in Fig. 2, which is under predicted
compared to RANS-VOF model. This small eddy
viscosity produces small dissipation in surf zone.
However, the agreement between Kennedy’s model
and new model is fairly good.

Phase-averaged free surface elevation from new
model results are compared to Kennedy’s model
results and laboratory data, as depicted in Fig. 4.
Near the breaking point, as shown in Fig. 4.a, these
two models of eddy viscosity produce surface
elevation close to experiment data. As the wave
enters the surf zone, both models show deviations
between the computed wave height and laboratory
data. The over predicting of surface elevation
corresponds to the over predicting of wave height,
as explained previously.

The corresponding phase-averaged horizontal
and vertical velocities are presented in Fig. 5.
Horizontal velocity can be produced well, although
vertical velocity was overestimated at x = 9.11 m.

20 2 4 6 § 10 12 14
x (m)
Fig. 3 Comparison of modeled and measured wave height.

Black line: new model; gray line: Kennedy’s model;
dots: experimental data from Ting and Kirby'®,
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For these comparisons, it can be concluded that
the performance of the new model and Kennedy’s
model is the same in simulating wave breaking. The
advantage of using the new model is the real eddy
viscosity to be calculated; meanwhile the Kennedy’s
model only calculated the artificial eddy viscosity.

Svendsen’s'?

(2) Simulation of Hamsen
Experiments
Data for the wave height of shoaling waves was
obtained from the results presented by Hansen -
Svendsen' as cited by Kennedy et al.®. In Table 1,
the wave parameters at wave maker for each

experiment are tabulated.

0.9 a
0.6 4
n-=1 03
kg
0.3 * :

0 02 04 06 0.8 1

0.9

0.6
n-n 03
h 0 L

B
P Oe000.000.50.000.9.69.0,98% .

0.3 . L |

0 0.2 0.4 0.6 0.8 1
/T

h | /

@, o, 80,
22000 00 090 80499008

-0.3 ! ! I R » I

0 02 04 0.6 0.8 1
7

0.6 0.8 1
/T

Fig. 4 Comparison of modeled and measured phase-averaged
surface elevations. (a) x = 7.275 m, (b) x = 7.885 m,
(¢) x = 8495 m and (d) x = 9.11 m (d). Black line: new
model; gray line: Kennedy’s model; dots: experimental
data'?,

The surf similarities (£) are calculated by Eq.(1).
Waves were generated on a horizontal bottom at a
depth of 0.36 m, shoaled, and broke on a 1:34.26
planar slope.

The numerical results of the wave height are
presented in Fig. 6. New model give a good
description of wave shoaling and breaking, although
wave heights are slightly underpredicted as the wave
shoals.
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Fig. 5 Comparison of modeled and measured phase-averaged
horizontal velocity: (a) x = 7.275 m, (b)x =9.11 m and
vertical velocity: (¢) x = 7.275 m, (d) x = 9.11 m. Black
line: new model; gray line: Kennedy’s model; dots:
experimental data'?.
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Table 1 Wave parameters at source generation”.

Case 1(s) H(m) Z
051041 2.6 0.036 0.384
061071 1.67 0.067 0.235
Al10112 1.0 0.067 0.141
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Fig. 6 Computed and measured wave height and setup: (a)
case 051041, (b) case 061071, (c) case A10112. Black
line: new model, gray line: Kennedy’s model, dots:
measured data”.

Comparing to the Kennedy’s model, the new model
predicted wave height more accurately in surf zone,
especially for case 051041. Fig. 3 (£ = 0.201) and
Fig. 6 show that as the surf similarity is smaller,
both model produce wave height in surf zone closer.

5. CONCLUSIONS

This study has introduced a new model of eddy
viscosity for wave propagation in surf zone based on
the Boussinesg-type equation. Eddy viscosity was
calibrated against RANS-VOF model. Performance
of this model has been validated for spilling breaker
case in a plane bottom slope in terms of wave decay,
surface elevation and wave-induced current. Small
eddy viscosity produces a deviation of wave height
compared to laboratory data in surf zone. The new

model simulated wave height better than Kennedy’s
model for { = 0.384. Future work is required to
apply the present model to numerical simulation of
plunging breaker case and suspended sediment
distribution in surf zone as well.
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APPENDIX

The purpose of this derivation is to find the
relationship between the real eddy viscosity (v, )

and artificial eddy viscosity (v, ).

Reynolds stress equations

The derivation begins with the momentum
equation for the instantaneous fluctuating velocity
as:

ou, _ ou,

—t+u,—t=g,
ot 0x;

By introducing eddy viscosity, the turbulence shear

stress or Reynolds stress is expressed as follows:

1op % ouu
_;§+V—&—2—_—] (Al)

) x/'

T, E—-pUU, = — .
[ij p g pvt ax] axl
in similarity with:
. ou,
7, = o] S 2 (A3)
v ax;  dx
Then the total shear stress is given by:
T, =T, = (v +v o, + oy
ij L AT p t axj axi
(A4)

(if Re >> Re,, Re. is the critical Reynolds number),

then:
7 ou.
RS- |y |2 2 (A5)
axj axj ox

If we confine, i = 1 with three-dimensional space,
then:

d du d du d (ou
RS =—v|—|+—V[|—|+—V,|—
ax \dx ) dy {ady dz '\ dz

RS., = —a—(v, @i)

= A6
D 5z 0z (A6)
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axc\ ©oox A7)
The first approximation (Eq.A.6) is derived from the
major term, while the second approximation
(Eq.A.7) is based on Kennedy’s model.

Then the relationship between the two eddy
viscosities can be obtained by the following order
estimation.  We  introduce the  following
normalization:

X z u
Xtm—, 2= Ut e (A.8)
L, h, \Jgh
where Lo is typical wavelength, %, is typical water
depth and T is wave period, then:

0 ou
RS., 6 s=—v, —

d ou
RS. ) = —(v —)

0z
h %
_ 8% 9 ( ou (A.9)
hy 0z* dz*
d ou
R.S.(H) = ’a—;(VK —&)
NJEghy d ou *
LO2 ax*( “ ox *) ( )

The Boussinesg model cannot evaluate the vertical
diffusion term of eddy viscosity, then we need to
make an approximation as follow:

RS.,, =RS., (A11)
ghy @ ’ du*\  ghy, 9 Vau*
L ox*\ “axr)  nt o az*\ faz*
2
Ve = L v, (A.12)
hO

where, v, and v, are artificial eddy viscosity and

real eddy viscosity, respectively. We find the
relationship between two eddy viscosities.
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