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Abstract:

Coastal wave-current dynamics often causes severe erosion and this activity is
more prominent within the surf zone. Turbulence generated by breaking wave is
a complex phenomena and the degree of complexity increases to a higher degree
when it happens over mud bed. A better understanding on wave and current is
necessary to enrich the engineering hand to facilitate any coastal development
work. Since physical model has certain deficiencies, such as high cost and
scaling problem, the need for developing numerical models in such cases is
significant. A time averaged two dimensional model has been developed to
simulate the undertow over mud bed. A turbulent energy model also included
which considers only the vertical variation of mixing length. Production of
turbulent kinetic energy in the surf zone has been calculated from an hydraulic
jump analogy. The result obtained shows an insignificant vertical variation of
current. Further research is needed involving laboratory and field works to get
sufficient data for comparing the model results.

1.0 Introduction:

With the increasing growth of population and rapid development, more
areas on Malaysian coast lines are being undertaken for proper utilization.
These regions are subject to constant attack of sea waves. During the
storm seasons, high waves frequently causes severe erosion near the shore.
Before undertaking any coastal development work, a clear picture of
hydrodynamics, wave and current induced sediment transport and
deformation of coastal topography is essentially needed. However, those
processes in different times and regions are characterized by different
natures of kinematics. The responsible agents for such variation are the
location of the coast, nature of waves and types of bed material. For site
specific cases, therefore, application of general theories and models might
not depict the actual phenomena perfectly.

Mud flats are common features in muddy coastal zones, specially in
the West Coast, Peninsular Malaysia. During the storm the wave breaks
over it and generates a high degree of turbulence leading to a resuspension
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of fine sediments. Surf zone, the region after the breaker line, are
characterized by undertow and long shore current. Undertow , the seaward
current, is generated to balance the mass of water carried by the surface
roller. Since the surf zone is the most active zone in the coastal areas, it is
worthwhile to develop numerical models of sediment transport and
hydrodynamics for this region.

The quantitative prediction of many surf zone processes has been
suffered from a lack of sufficient understanding of the detailed
hydrodynamics of wave transformation, wave induced circulation and
turbulence across the near shore zone. Those activities become more
obscure while the wave breaks over mud flat due to the increased sediment
concentration in the water layer and the non-rigid nature of the bed. The
surf zone in the muddy coastal areas are characterized by higher rate of
energy dissipation and high concentration of suspended sediment.
Therefore a time averaged solution of the problems would present better
results and could avoid many complexities arisen in that situation.

Present analysis develops a two dimensional time averaged flow
model in association with the energy model. For simplicity, the wave height
variation within the surf zone has not been modeled and it is used as an
input parameter in the current study. The energy equation includes a
production term which calculates the production of turbulent energy from
hydraulic jump analogy as was done by Deigaard et al(1985)

2.0 Governing Equations:

In the present context, time averaged properties which are more prominent
are emphasized and some terms are neglected for simplicity in developing
the model. Equations of kinetic energy and momentum are explicitly used
in the study..

The time averaged turbulent kinetic energy equation used by
Rastogi and Rodi(1974) is found suitable to predict the energy distribution
in a vertical plane for the present case. The modified form of the equation
is:

d e ck q k

cfy cty a dy p I
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U and V are horizontal and vertical mean velocities. The eddy viscosity ,e,

is determined from mixing length assumption, i.e.£"= l\k <7= 1.0 and

cd = 0.08. Mixing length is calculated as

/ «* f. 0.07D
l = cd Ky for y< ^ (2)

for

K= 0.4, D is the mean water depth. The third term in the right hand side of
the energy equation includes production of turbulent energy which is
estimated following the approach shown by Deigaard et al(1985).

(3)

H is the wave height. Ehuis taken equal to the loss of energy in hydraulic
jump , since it was found reasonably applicable in the case of breaking
wave (Deigaard et al 1985 , Madsen and Svendsen 1983). For unit bed area
during one wave period

_ jOH*
l°"~4D2-H2 .

The energy equation can be solved by numerical technique withtwo
boudary conditions

k=0 at y=0

corresponding to k decreasing to zero at the bed (in contrast to bottom
generated turbulence where k approaches a finite value because the
produation at the bottom becomes infinite) and

dk
— = 0 at.y=£>;
dy

The mean flow equation which was analytically solved by Svendsen
(1984) is modified as Equation 5 including a diffusion term.
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with, 6=setup and ?/vv=wave induced orbital velocity. Gradient in wave
setup was shown by Svensen( 1984b) as

The momentum transfer term is estimated following Deigaard and
Fredsoe's(1989) approach as

UV = ^ _ [ 0 . 5 g 5 o + 0 . 2 2 5 ^ ] (7)

where,

Now, for the flow equation, two boundary conditions are accepted. One is
the no slip condition, i.e.,

U=0 at y=0,

and the other is

U=L'/T at y=D;

V is the length of the surface roller.

3.0 Solution Technique:

The model is solved for uniform grids on a rectangular plane. The grid
spacings in the horizontal and vertical direction are taken as 0.002 m and
0.5m. Crank-Nicholson semi-implicit finite difference scheme is accepted to
solve the equation in a coupled form.

A one dimensional form of the energy equation is solved to find the period
averaged vertical values and considered those as longitudinally averaged
values for the whole region.

4.0 Results:

In this section, results are presented for some dummy input values since no
experimental values are available for comparison. Water depth and wave
height is taken 0.1m and 0.054m respectively, wave height variation is
used as input parameter to include the energy dissipation by mud bed and
breaking process. A flat bed is considered for the calculation and saw
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tooth wave profile is assumed with 3.0 second wave period. In Fig. 1.
longitudinally averaged mean kinetic energy is shown. More energy is
concentrated near the mean bed surface because of the breaking generated
turbulence. The result is used to estimate the flow equation afterwards. Fig.
2 shows the shoreward variation of the mean current profiles. As the mean
condition is predicted, no significant variation is observed vertically.
Weaker current near the shore line as observed in the figure is due to
dissipation of wave with progression over soft bed.

4.0 Conclusion:

Energy absorption by mud bed has not been explicitly estimated in the
model and some of the terms used in the study basically develop for rigid
bed. However, a comparison could calibrate those parameters and verify
the effectiveness of the model.

The time averaging approach is more practical for the purpose of
engineering application. The mean flow model will help in developing mean
concentration model for near muddy coastal zone.
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FIGURE 1. Mean energy profile.



opauai variation 01 vertical mean velocity profile

FIGURE 2. Mean flow prof i les accross the coast.


