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Modelling of wave propagation over a submerged sand bar using SWASH
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A non-hydrostatic numerical model ‘SWASH’ (Simulating WAves till SHore) is used to study the wave
propagation over a submerged sand bar in a wave flume. The SWASH model is calibrated and further used to
validate the wave propagation for two different cases. The wave heights and wave induced velocities obtained from
the model and the laboratory experimental resultsare compared. The model without the morphology feedback
provided good correlation with the measurements for case of low wave energy, whereas for the case of a moderately
high wave energy, due to significant variations in the bed morphology, the model under-performed towards the later
part of the simulation. However, incorporating a modified bathymetry considering the variation in the bed

morphology, the model results were reasonable.
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Introduction

The SWASH model (Simulating Waves till
SHore) is a time domain numerical model for
simulating non-hydrostatic, free surface and
rotational flows. The SWASH model is essentially
applicable for coastal regions up to the shore. The
basic SWASH codes help to run a wide range of
time and space scales in both surface waves and
shallow water flows. SWASH uses explicit,
continuity and momentum equations in second
order Leapfrog scheme'. The governing equations
are the Non Linear Shallow Water Equations
(NLSWE) which are derived from the
incompressible Navier-Stokes equations including
non-hydrostatic pressure and provide a general
basis for describing complex changes. Description
about SWASH model, boundary conditions,
numerical schemes and applications are explained
elsewhere’.

SWASH is used in non-hydrostatic one
dimensional mode in this study to estimate and
compare the wave -characteristics with the
measured data collected from a wave flume with a
movable bed sand bar. Recent studies on the

SWASH model validation include both wave
transformation and wave overtopping based on

physical model experiments and sensitivity
analysis to bottom friction®; swash zone studies®*;
beach nourishment effects’, solitary wave

propagation over horizontal and sloped bed’ etc.
The incompressible Navier-Stokes equations for
the depth averaged, non-hydrostatics, free surface
flow is given below’.
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where, ¢ is time, x and y are the positions in water
level and z is depth in upward direction. {(x,y) is
the surface elevation and /4 is the still water depth.
u(x,y,t) and v(x,),¢t) are the velocities in x and y
direction respectively and g¢(x,y,zt) is the non-
hydrostatic pressure, g is the acceleration due to

gravity, T, 7,7, andt, are the horizontal stress
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terms. The water depth is varying with time in
accordance with variation of £ and 4.

The vertical velocities at the free surface W, and
at the boundary level .
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Using the linear wave theory, the velocity at a
depth is calculated using linear superposition of N-
harmonic waves, the amplitude is determined by
sampling a variance density spectrum and the
phase is randomly chosen for each step:

N coshk.(z+d) g
u, (z,0)= z,,-=1 a;| @, W + N

S (5)
cos(o;t—a,)- % C

Where k; and a; are the wave number and random
phase of the wave of each frequency w;; and kept
frequency range at an interval of 4w, i.e. w;=jdw.
The wave number and frequency are related by the
dispersion relationship, w’=gk tanh(kh), whereas
the random phase at each frequency is uniformly
distributed between 0 and 2n. The amplitude of
each wave is calculated using equation.

a,=\2E(»;)Ae ... (6)

Materials and Methods
The SWASH model was used to study the wave
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propagation over a sand bar and analysis of the
resulting wave characteristics was carried out.
Similar studies carried out in the literature are by*-
°. In this study the computational grid is made of
an equal horizontal spacing of 0.05 m, and 25
layers were considered in the vertical. The
surveyed flume bathymetry was provided as input
to the model. A Fourier series with wave
amplitude of 0.05 m and period of 1 s was used
initially to validate the model. A constant friction
factor of 0.002 and viscosity factor of 0.005 was
provided initially. The simulations were carried
out for one hour similar to the laboratory
experimental data. The water level and velocity at
a water depth of 20 cm on the top of the sand
hump was used to test the model results.

Experimental setup

This laboratory experiment setup consists of a
sand bar 3 m long and 25 cm high initially placed
as a trapezium, the centre of the sand bar being
placed at a distance of about 8.5 m from paddle
and initially subjected to periodic waves for more
than 6 hours so that the sand bar gets consolidated,
with the sand hump covered with a geo-fabric
arresting the movement of sand from the bar. The
flume length was 25 m with water depth kept at
0.5 m. The other end of the flume is provided with
a wave absorber, however, the reflection
coefficient for higher waves from the absorber was
found to be 0.30. The measured data consisted of
water levels close to wave paddle as well as over
the sand bar and beyond the sand bar. Velocity
measurements were made on top of the sand bar.
The schematic diagram of the experimental setup
is shown in Fig. 1.

Results and Discussion

The SWASH model is calibrated using a part of
the wave flume data consisting of both water levels
and velocities at a distance of 8.5 m from the wave
paddle, corresponding to the top of the submerged
sand bar. This calibrated model was further used to
simulate the waves for two different experiments
viz., (case i) wave height of 0.1 m and wave period
of 1.0 s and (case ii) wave height of 0.15 m and
wave period 1.5s.

The model was simulated for different vertical
layers (5, 10 and 25 layers) to find optimum
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number of layers to be used in the model runs. The
model results are compared with measured data
and it is seen that for 5 and 10 vertical layers, the
correlation is good (Fig. 2). Further model
calibration and analysis is carried out for 5 vertical
layers.

Calibration of Model
Waler kvel '/
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Table 1—Correlation coefficients for different cases.
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Fig. 1—Schematic representation of wave flume setup
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Fig. 2—Comparison between measured and model output for 5,
10 and 25, vertical layers for case 1 (solid line=model;
circles=measured).
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Fig. 3—Comparison plot between model and observed water level
in case 1
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Fig. 4. Comparison plot between model and observed velocity
for case 1.
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Fig. 5—Comparison plot between model and observed water
level for case 2 using first profile.
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Fig. 6—Comparison between model and observed velocity for
case 2 using first profile.
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Fig. 7—Comparison between model and observed water level
for case 2 using second profile.
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Fig. 8—Comparison between model and observed water level
for case 2 using second profile.
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Fig. 9—The difference between two profiles for case 1.
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Fig. 10—The difference between two profiles for case 2.
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Fig. 11—The velocity variation in X direction

The SWASH model is calibrated using the 1
hour experimental data for wave transformation
over a submerged sand bar. The data with wave
height of
10 cm and wave period of 1s was used for
calibration. The model output obtained for water
level and velocity for a depth of 20 cm i.e. 5 cm
above the bottom at a distance of 8.5 m from
paddle was used to compare with measurements.
The model results of velocity and water level
showed good comparison with the measurements.
The plots of water level comparison are shown in
Fig. 3 and correlation is presented in Table 1. The
velocity comparison also gave good correlation for
the same set of data and the comparison plots are
shown in Fig. 4.

Validation of Model

The model was validated for second case of
experiment (T=1.5s; H=0.15 m) observed for 1hr
data consist of water level and velocity collected at
a distance of 8.5 m from the wave paddle, on top
of the sand bar. The model resulted in good
correlation with observed water levels (Fig. 5) up
to 1800s of simulation. However, the model output
after 1800s showed an increased phase difference,
especially in velocity comparisons, as the
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Fig. 12—Velocity profile for 5 layers model simulation (case-1) at x=5, 8.5 and 12 m from the wave paddle
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resulted in modification of wave and velocity

correlation
(Fig. 6). The reason for this increased phase
difference is found to be the change in the sand bar
morphology during the experiment, which is not
captured by the SWASH model. Also the
secondary waves could not be reliably predicted
by the model.

In order to resolve the discrepancy between
model and measured data for case 2, the model
was run in two separate parts, the first part
consisting of initial bathymetry for the first 1800s
and an averaged bathymetry between the initial
and final bathymetry is considered for the
remaining 1800s. The comparison plot of water
levels with the modified bathymetry is shown in
Fig. 7.

The comparison plot for velocities with the
modified bathymetry (Fig. 8) shows that the model
predicts the phase well whereas it under predicts
the peak velocity. In the case 1 experiment, the
resultant change in bathymetry was smaller (Fig.
9) compared to that of case 2 (Fig. 10), which

patterns with time.

Velocity profiles

The variation in velocity profile along the flume
as well as in the vertical are obtained for an
average of 10 waves for case 1. The velocity data
at eight different locations viz., 5.0, 7.0, 7.5, 8.0,
8.5, 9.0, 9.5, 10.0 and 12.0 m from the wave
paddle are extracted from the model to understand
the variation of velocity in the horizontal as well
as in the vertical direction.

The velocity variation in horizontal direction is
shown in Fig. 11, which shows a gradul increse in
velocity magnitude as the waves aproches to the
sand bar and the velocity decreses after crossing
the bar, when the wave encounters relatively
deeper waters. The velocity profile is observed to
steepen as the wave propagates over the sand bar
and after passing over the bar, the velocity profile
is observed to flatten out much more than the
initial velocity profile due to frequency dispersion.
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The vertical velocity profile for different wave
phases, viz., 0, 45, 90, 135, 180, 225, 270, 315 and
360, for the waves before the sand bar, over the
bar and after the bar is shown in Fig. 12. The
vertical velocity profiles clearly show that the near
bottom velocity over the bar is almost twice that of
the velocity before and after the sand bar.
However, the velocity gradient over the sand bar is
observed
to be less than that for the profiles before and after
the sand bar.

Conclusions

The SWASH model with non-hydrostatic
pressure formulation was used to study its
applicability to wave propagation over movable
sand bar. The model results compared well with
the experiments for cases where bed morphology
is small whereas accounting for the morphology
changes in the model bathymetry resulted in better
comparisons. For large wvariations in the
morphology the model under-predicted the peak
velocity and also the secondary waves were not
predicted by the model. The averaged velocity
profile variation both in the horizontal and vertical
directions showed that the velocity amplitude
increases both in the horizontal as well as vertical
directions when the wave propagates over the sand
bar, albeit with a less vertical velocity gradient,
compared to velocity gradient before and after the
sand bar.

Acknowledgements

Authors thank Director, CSIR-NIO, Goa, India
andThe University of Queensland, Brisbane,
Australia for providing facilities used in
generating the data and model results. The authors
also thank to Dr. Tomohiro Suzuki, Researcher,
Flanders Hydraulics Research, Belgium, for his

INDIAN J MAR SCI VOL 43 NO 7, JULY 2014

help and support during the model studies. This
paper is NIO contribution no. 5589.

References

1 Smit P B, Stelling G S, and Zijlema M, Assessment of
non-hydrostatic ~ wave-flow model SWASH for
directionally spread waves propagating through a barred
basin.Fifth International Conference on Advanced
COmputational Methods in ENgineering (ACOMEN
2011),(2011) 1-10.

2 Zijlema M, Stelling, G., and Smit, P.,, SWASH: An
operational public domain code for simulating wave
fields and rapidly varied flows in coastal waters.Coastal
Engineering, 58(2011) 992-1012.

3 Suzuki T, Verwaest T, Hassan W, Veale W, Reyns J,
Trouw K, Troch P, and Zijlema M, The applicability of
SWASH model for wave transformation and
overtopping: A
case study for the Flemish coast.Fifth International
Conference on Advanced Computational Methods in
Engineering, (2011) 1-11.

4 Steenhauer K, Pokrajac D, and O'Donoghue T,
Numerical model of swash motion and air entrapment
within coarse-grained beaches.Coastal Engineering,
64(2012) 113-126.

5 Suzuki T, Verwaest T, Veale W, Trouw K, and Zijlema
Ma
A numerical study on the effect of beach nourishment on
wave overtoping in shallow foreshores costal
Engineering, (2012) 1-13.

6 Seelam J K, Yogiraj G, and Jishad M, Numerical
modelling of solitary wave propagation over a horizontal
and sloping bed using SWASH - a non-hydrostatic
model, in  Proceedings of HYDRO 2013
INTERNATIONAL. (2013) IIT Madras, Chennai, India.

7  Zijlema M, Stelling G, and Smit P, SWASH: An
operational public domain code for simulating wave
fields and rapidly varied flows in coastal waters. Coastal
Engineering, 58(2011) 992-1012.

8 Beji S, Ohyama T, Battjes J A, and Nadaoka K.
Transformation of Nonbreaking Waves Over a Bar. in
Coastal Engineering (1992).

9 Ohyama T, Kioka W, and Tada A, Applcability of
numerical models to non linear dispersive waves.Coastal
Engineering Journal, 24(1995) 297-313.





