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New design options for the improvement of
the Mutriku power plant

U. Izquierdo, I. Bidaguren, I. Albaina, G.A. Esteban, A. Penia, Oier Pefia Vega, ].M. Blanco

Abstract— This research studies several possibilities to
improve the efficiency of the Mutriku breakwater wave
power plant. The experimental work has been carried out in
the 12.5 m long wave flume located at the laboratory of Fluid
Mechanics of the Energy Engineering Department
(UPV/EHU). The physically constructed oscillating water
column device corresponds to one of the 16 chambers of the
Mutriku breakwater wave power plant, according to the
construction plan and applying a 1:36 scale. All the
experiments were carried out at two tides that correspond to
the medium and maximum tides of Mutriku location. A
constant incident regular waves of 30 mm were generated at
several periods; 0.7<T[s]<1.7 for the medium tide and
0.7<T[sl<2.1 for the maximum tide. The obtained results
reveals that the promising configuration corresponds to the
one containing lateral walls, so that the influence of harbour
walls will be further studied.
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L INTRODUCTION

HE research based on the development of oscillating

water column (OWC) devices continues growing and
nowadays there are endless options that have already been
studied. From the type of turbine and its control, to the
most efficient energy conversion system or design, the
OWC technology needs to be further developed in order
to be economically attractive.

This research studies several possibilities to improve the
efficiency of the Mutriku breakwater wave power plant
(WPP). For that purpose, first the type of WPP based on
OWC working principleitself mustbe considered. Among
the different types of WPP, the most common ones based
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on OWC principle, are: (i) Conventional [1]-[7], (ii) L-Type
[8]-[10], (iii) U-Type [11]-[16] or (iv) inclined [17], among
the most representative ones.

The type of WPP known as conventional (Fig. 1- b)
corresponds to the initial design at Mutriku. However, as
detailed in [18], after a tidal wave the plant had to be
rebuilt with an L-type design, which corresponds to image
c in Fig. 1. In addition, several researchers [13], [19]{23]
have shown that the so-called U-type plant (Fig. 1- a)
obtains better yields than the conventional one. However,
there is not enough research to prove or disprove that an
L-type plant obtains better or worse results than a
conventional or U-type plant. In the literature, only one
article based on simulations has been found in which the
results obtained by an L-type plant are better than those
obtained with a conventional plant. In addition, there are
other research thatensures theimprovement when lateral
walls, or the so-called harbour walls, are installed in all
these type of configurations [12], [24]-[26].

Fig. 1. Most common OWC WPP designs. From left to right: a) U-
Type, b) Conventional, c) L-Type and d) Inclined.

In this study, a series of combinationsbetween the most
commonly used geometries for the design of WPP based
on the principle of the OCW have been proposed. To this
end, the authors propose the combination of the Mutriku
power plant (Type L), with the conceptof whatwouldbe
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a Type U power plant. In other words, installinga wall in
front of the Mutriku power plantwith the aim of creating
an L+U combination, which has not been previously
studied.

II. EXPERIMENTAL WAVE FLUME

This work, which is completely experimental, was
carried out in the laboratory of Fluid Mechanics of the
Department of Energy Engineering at the University of the
Basque Country (UPV/EHU). This laboratory is equipped
with a wave flume (Fig. 2) of 12.5 m long, 0.6 m width and
0.7 m height.

|

Fig. 2. General view of the experimental wave flume.

This research facility has been previously descried in
several works carried out by the authors [18], [27]
However, a new equipment has been self-developed by
the authors that facilitates the calibration of the resistive
type probes by doing this operation automatically (see Fig,
3). It consists of a structure supported by two threaded
rods, joined by abar that acts as a gantry, from which the
resistive type meters hang. The length of this bar is
measured in millimeters in order to know the exact
distance between the consecutive resistive type gauges
when characterizing the waves produced. Using two
servomotors that are installed on threaded rods, the
vertical position of the gauges is modified to perfectly
defined levels.

Fig 3. Overview of the automatic calibration device.

e —

The experimental campaign has been the same as the
one carried out by I Bidaguren et al. [18]. In addition,
another tide has also been tested, corresponding to the
maximum, in order to be able to test a wider period range
into the Stokes range. Then, a constant incident regular
waves of 30 mm were generated at several periods for the
two tides, h=163 mm and h=232 mm,; 0.7<T[s]<1.7 for the
medium tide and 0.7<T[s]<2.1 for the maximum tide. The

reflection phenomenon was avoided ending the tests
before the reflected wave reached the structure. As
observed in Fig. 4, although most of waves are Stokes type
waves, two waves are Cnoidal typein order to study their
performance into de chamber.
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Fig. 4. Experimental campaign plotted in the Le Méhauté chart.

III. EXPERIMENTAL SET-UP

A.  The model of the Mutriku power plant

The dimensions of the current Mutriku breakwater were
used in order to create a 1:36 scale model (see Fig. 5a) of
one of the chamber of the Mutriku breakwater power
plant. The model's overall width is 173 mm, and it lands
on the seabed of the wave flume, which has a width of
600 mm (see Fig. 5b). A water level sensor is installed at
the top model in order to measure the surface elevation of
theinterior of the chamber. Therefore, the sloshing wasnot
measured. In this study, the Response Amplitude
Operator (RAO) was measured, assuming that a higher
amplification implies higher efficiency.

Fig.5. a) General view of the scaled (1:36) Mutriku power plant. b)
The model at the centre of the wave flume with the gauge.

B. Instruments and methods

The equipment of the laboratory has been properly
specified in [28], and consistbasically of a wave generator
that uses a Delta-ASDA (V5) commercial software. Once
the desired wave is generated, surface oscillation dataare
acquired using two resistive-type wave probes to precisely
characterize the parameters of theincident waves (H, T, A).
In addition, the oscillation data of the free surface level
inside the chamber signal is also measured using another
resistive probe. All data is controlled using an ad-hoc
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LABVIEW program that obtains experimental values of
free surface displacement as a function of time. The data
acquisition system consists of a CompactRIO controller
(National Instruments, cRIO-9063 model) with an inputs
voltage module (National Instruments-9205, C-series).

C. The tested new designs

After the literature review specified above, mainly
focused on the geometric configurations of the power
plants, the following structures were tested in the
laboratory:

1. Two transversal walls (TW, see Fig. 6) with heights of
80 and 40 mm consecutively. This configuration option
tries to simulate the L+U combination using a completely
transversal wall, which could be applicable in the real
Mutriku plantto all the cambers using a unique front wall.
Therefore, the aim using this first configuration lies in the
search of the optimum distance fron the breakwater as well
as the heightof the wallitself. For this, the corresponding
tests were carried out at different distances, from 40 mm to
520 mm, analyzing the influence of each wave as the
transversal wallmoves away 30 mm in each experiment.

Fig. 6. Transversal wall (TW) of 80 mm installed in front of the
model representing the Mutriku power plant.

2. Tests using only the lateral walls (LW, see Fig. 7). The
use of lateral walls (the so-called harbour walls) has
demonstrated an improvement in the water surface
displacement inside the chamber, resulting in an increase
of the RAO.

A, —

Fig. 7. Lateral wall (LW) with heights of 364 mm installed ‘in the
Mutriku power plant.

Thehigher amplificationis due to the channel generated
by thelateral walls, which direction the water flow into the
chamber of the power plant. Then, the influence of the
distance of the vertical LW will be studied.

3. Lateral walls joined by walls with heights of 80 and 40
mm consecutively (LW+W, see Fig. 8). This new option
combines the previously described two concepts, using the
lateral walls and installing a transversal wall thatjoins the
two walls. In thereal plant, it would imply the installation
of lateral walls in each chamber, which could be relatively
easy, feasible and applicable.

Fig. 8. Top: Tested front walls (W) with heights of 40, 80 and 120
mm. Bottom: The model inside the flume, once the Lateral Walls
(LT) are joined with the W. Front view of the LW+W of 40 mm.

In Fig. 8 the tested walls can be observed. In this new
configuration is more evident the L+U combination, as itis
design in a similar way than the U-type plant are.
Although the height of the wall is the main parameter
under investigation, in this work the distance of the front
wall (in addition toits height) has been modified, in order
to determine the influence in terms of chamber
amplification.
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Fig. 9. Results obtained for the 163 mm tide.
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Fig. 10. Results obtained for the 232 mm tide.
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This configuration opens new research optionsbecause
of two reasons: first, the geometry of the lateral walls; in
this study vertical walls have been designed, but the
geometry of the LW can be further modified to improve
the directionality of the flow towards the chamber and
enhance the displacement of the free surface. Second, the
capacity of the Mutriku power plant to install lateral walls;
focusing on the plan of the plant [18], there is a
significantly long distance between consecutive chambers,
which is a part of the front wall of the breakwater, where
a complete reflection of the waves occurs. This distance
(40.15 mm ateachlateral of the model) can be used in order
to install the most efficient option of lateral walls to
improve the efficiency of the power plant.

IV. RESULTS

In the following section, the obtained results will be
presented and interpreted. The experiments for the
structures that modified the original geometry of the
Mutriku WPP were performed once. However, for the
RAO of the original Mutriku WPP were repeated three
times, obtaining relative errors between the mean values
and the obtained values always less than 5 %.

1. First the two transversal walls (TW) with heights of 80
and 40 mm were tested, for the tides of 163 and 232 mm.
For all the drawings, the dotted curve represents the RAO
of the original Mutriku WPP, without any type of
structural modification. The rest of the lines represent the
distance at which the front wall was placed from the
breakwater of the plant. In the first two drawings of Fig. 8
and 9 can be observed, both for the 163 mm tide and for
the 232 mm tide consecutively, thatin none of the cases (80
mm and 40 mm wall) was possible to increase the
amplification inside the chamber. This factmay be due to
tworeasons: the firstonemay berelated to the fact that the
front wall is not attached to the chamber, and therefore
only obstructs the way and negatively affects to the
properties of the wave, and, as a consequence, its
amplification inside the chamber. The other reason may be
related to the fact that with the design of the Mutriku
power plant, Type L, the amplifying effect of a U-Type
power plant is not achieved, since the wall of this type of
power plants is attached to Conventional Type power
plants.

2. Tests using only the lateral walls (LW). In the test using
LW much better results were measured almost for all the
period and the distances. Focusing on the results obtained
operating with a tide of 163 mm, for the distances of 250
and 340 mm the highest amplifications were measured at
T=1.6 s and T=1.7, which are the periods with the highest
frequency of occurrence at the Mutriku power plant
Surprisingly, the mayor amplification occurs after the
maximum amplification measured for the original plant
and for the periods with higher frequency of occurrence,
which makes this solution especially attractive. On the
other hand, focusing on the results obtained operating
with a tide of 232 mm, for the distances of 340,430 and 520

mm the highestamplificationswere measured at1.6 <Tf[s]
<2.0. Thesetype of periods, attending to the frequency of
occurrence, are present during the 35 % of the time at
Mutriku coast. Also for this tide, the amplification at the
mentioned distances and periods is significantly higher
than the one measured for the original plant.

The option of LW presented very promising results, and
it is an option that could be relatively easy to be
implemented. Therefore, the last design modification tries
to improve even more the results obtained using only the
LW, by introducing a front wall between the two LW, that
was denoted as LW+W. Although the results obtained
using only the FW were unsatisfactory, the thought of
reproducing a U-Type plant together with a L-Type one
pursued to test this option.

3. Lateral walls joined by walls with heights of 80 and 40 mm
consecutively. The inclusion of a front wall (W) finally did
not give the expected results. In all the cases that were
tested (even with a 120 mm wall that is not shown in the
results section), the results were worse compared to the
results obtained operating only withthe LW. Worstresults
for both tides, at all the distances and for all the periods.
This could berelated to the resonance of the L-Type plants
chamber, which is negatively affected when combined
with a front wall, regardless the configuration and the
characteristics of the front wall.

V. CONCLUSION

The study carried out covered the design and testing of
three types of structural modifications for the Mutriku
WPP: a transverse wall (TW), the installation of lateral
walls (LW) and the combination of both (LW+W). The
main conclusion achieved are listed below:

- For theL-Type OWC plants, the option of installing
a front wall to emulate a U-type plant does not
improve the amplification inside the chamber.
Neither of the two tested options has achieve any
improvement.

- The response of the chamber of an L-Type OWC
plant as it is Mutriku, in terms of free surface
displacement or amplification, do not follow the
same behavior as a conventional one. This is
because of the channel that gives the L-Type
configuration, which its design (length, height or
inclination) could be also studied.

- Thelateral walls (LT) seemed to be the best option
to reach higher RAO values. They can be further
modified in length and shape in order to improve
the RAQO. Therefore, this research will continue
studying their optimum design.

- Focusingon the results obtained with LW, the best
results were achieved for h=163 mm at T=16s and
340 mm away from the breakwater (RAO value of
4.66), and h=232 mm at T=1.8 s and 430 mm away
from the breakwater (RAO value of 5.52).
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For all the conditions in which the RAO is
maximized, compared to the RAO measured for the
actual Mutriku power plant, the periods at which
the RAOis improved correspondto values inwhich
the frequency of occurrence of the waves is
maximum. This means, that theimprovement using
LW occurs in most common range of waves at
Mutriku. According to [10], the 37 % of the waves
that interact with the Mutriku power plant are in
the range between 9.5<T[s]<12.5, or 1.58<T[-K2.08
applying the 1:36 scale.
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