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1. INTRODUCTION

e

Innovative Breakwater = Breakwater integrated with Wave Energy Converters (WECS)

The primary function of these “non-conventional breakwater”
remains the harbour/coastal protection...
with the important co-benefit of the energy production.

CAPTURE Provide
—> THE WAVE ——> useful energy
ENERGY [electricity]

OBREC DEVICE AT THE PORT OF

b

NAPLES (ITALY)

I W T e R I o s |

Cost reduction:
breakwater would be built regardless of
the inclusion of a WEC
(sharing-cost due to integration)

High reliability:
performances and global stability evaluated with
well-established methodologies used in coastal
engineering for traditional breakwaters




1. INTRODUCTION

e

Overtopping Wave Energy Converter (OTD) embedded into breakwater

S
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OBREC DEVICE

The device consists of a rubble
mound breakwater with a front
reservoir designed to capture the
wave overtopping in order to
convert wave energy into potential
energy.

Water stored in the reservoir
produces energy by flowing
through  low-head  hydraulic
turbines, exploiting the difference
in water level between the reservoir
and the main sea water level.
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2. DESCRIPTION OF THE NUMERICAL MODEL

IH-2VOF solves the Volume-Averaged Reynolds-Averaged Navier—Stokes
(VARANS) Equations, based on the decomposition of the instantaneous
velocity, v, and pressure fields, p, into mean and turbulent components.

The VARANS equations, derived by the integration of the RANS equations
over a control volume, are coupled with the volume-averaged Kk-e

turbulence closure model (Hsu et al., 2002).

The free surface movement is tracked by the VOF method.
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2. DESCRIPTION OF THE NUMERICAL MODEL

IH-2VOF solves the Volume-Averaged Reynolds-Averaged Navier—Stokes
(VARANS) Equations, based on the decomposition of the instantaneous
velocity, v, and pressure fields, p, into mean and turbulent components.

The VARANS equations, derived by the integration of the RANS equations
over a control volume, are coupled with the volume-averaged k-€ A
turbulence closure model (Hsu et al., 2002). Henry Darcy Philipp Forchheimer

The interfacial forces between the fluid and solid are
modelled by means the Darcy-Forchheimer relation which
includes the linear and non-linear drag forces here expressed

according to van Gent (1995).

The free surface movement is tracked by the VOF method.
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3. DESCRIPTION OF THE EXPERIMENTAL SETUP
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Contestabile, P., Tuppa, C., Di Lauro, E., Cavallaro, L., Lykke Andersen, T., Vicinanza, D., (2017). Wave loadings acting on
innovative rubble mound breakwater for overtopping wave energy conversion, Coastal Engineering, 60-74.



3. DESCRIPTION OF THE EXPERIMENTAL SETUP

8 resistive wave gauges, displaced in the wave flume in two parallel arrays:
- Measure the free surface time series;
- Separate incident and reflected waves.
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' Numerical model has _ 04m
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3. DESCRIPTION OF THE EXPERIMENTAL SETUP

28 pressure transducers
[14 for each configuration]
[Fs: 1000 Hz]

5 pt. on the frontal ramp
3 pt. on the base

5 pt. on the vertical wall
1 pt. on the parapet

Pressure transducers

0,017 |

0,035

0,035

Pt-14

Pt-13

Pt-12

Flat Configuration

Vertical wall and parapet
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4. NUMERICAL MODEL SETUP

e

The computational domain is designed to fully replicate the wave flume and the laboratory set-up.

Irregular waves were generated using the real _ _ _ _ _
Wave movement of the wave maker in the laboratory . Direct time series comparison with the
generation | as inputs, X(t) and V(t), following the virtual signals measured in the laboratory test.

boundary force method (Lara et al., 2011).

MIN MAX Selected matching the numerical and
tests foF thf H,o [m] 0.11 experimental results the free surface time
[ yalidatio” series and the pressure at the base reservoir
ode T, [s] 1.48 2.04
(720 secl
Nioe [M] 0.27 0.35
Table 2. Porous media character\stics
: 7 Dy 50 / o B \ c
Mesh resolution /-] [mm] [-] /-] /-]
* Ay=35mm Core 0.40 5 200 0.80 0.34
* Ax=from30to5 mm. Filter layers 0.45 20 200 1.00 0.34
Total of 232,920 cells!! Armour layers 0.45 50 kZOO 1.10/ 0.34
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5. RESULTS
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5. RESULTS
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5. RESULTS

Validation of peak pressure

Very good agreement for wave pressure exerted

on the ramp and at the base reservoir.

Underestimation the pressure acting on the upper
part of the vertical wall (Pt-13) and on the parapet

(Pt-14)

0,017
0, 035

0,035

— 1

Pt-14

Pt-13

Pt-12

The measured and numerical data pressure has been filtered to avoid
' noise and unrealistic local peaks.

' A digital low-pass filter is used, with a cut-off frequency of 50 Hz.



Numerical

Measurec I"-... 5. RESULTS
2VOF

t=372.95s

Validation of pressure distribuition

The example confirms the model capability
of resolving pressure distribution on the
OBREC at any time step.

t=373.10 s

The numerical analysis provides a deeper
understanding of the pressure distribution
and resultant force in locations where
laboratory measurements were difficult to
obtain or not available.

t=373.25 s

In particular, the numerical model provides
additional information regarding the pressure
distributions underneath the OBREC, where
only three transducers were installed during
the laboratory tests.

t=373.30 s

18.2 18.4 18.6 18.8 19
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Maximum vertical and horizontal forces are not simultaneous

At the instant of the local maximum total horizontal force, the total
vertical force is null or, even more, negative (i.e. overall vertical
force directed downward).

At the instant of the local maximum total vertical force, the
horizontal force acting on the device is around its minimum value.

08r
F"ramp = Fo1 Funderneath = Fap + Fac
0.7¢ Fwan = Fa3 Fpase = Fpc
3
06

K v,ramp

.E. 05¢F Fh.ramp
>

04} 0 |
0 3 Fh,underneath Fbase
‘ A F, vunderneath
02+t
18.2 18.4 18.6 18.8 19
x [m]
Fv,ramp, and Fh,underneath improve the global stability of the OBREC,

reducing the overall total vertical, F, ..., and horizontal force,
Fi tota1» €Xerted on the device.
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5. RESULTS

 Uplift forces computed from the measured signal
of three pressure transducers are higher than those
calculated with the numerical model by

The comparison of the peak
uplift pressures shown good
agreement with measured data.

integrating the pressure distributions, with a mean

- error of 17.62%.

 This overestimation is due to the method used to
evaluate the forces from the lab data, which is
based on linear extrapolation and then it does not
- take into account the different pore pressure

| l ! | | . . | l damping produced inside the different layers.
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numerically can lead to more accurate results
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6. FUTURE APPLICATIONS

Further numerical analyses are carried out to study
the stability analysis and hydraulic performances of
Innovative devices integrated into vertical caissons.
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6. CONCLUSIONS

1

The wave — structure interaction of the OBREC has been investigated using IH-2VVOF model.

« The validation against physical model test is based on the comparison of the free surface elevation in
front of the structure and the wave loading acting on the device.

« Numerical model very well simulates the interaction of the waves with the structure.
« The obtained wave pressure are highly satisfactory when compared with measured data.

» The numerical analysis is used to extend the results of the physical model test campaign, providing a
deeper understanding of the loading in locations where laboratory measurements were not available.

| IH-2VVOF can be used as a complementary tool in the design process |
. of non-conventional breakwater with complex geometries, such as the OBREC device.
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