OWC Wave Power Plants Capture
Chamber Modelling

Aitor J. Garrido'?, Senior Member, IEEE, Erlantz Otaola', Izaskun
Garrido', Senior Member, IEEE, Jon Lekube', Pedro Liria’, Julien Mader?

' Automatic Control Group - ACG. Inst. of Research and Development of Processes. Dept.
Aut. Control and Systems Eng., University of the Basque Country (UPV/EHU), P° Rafael
Moreno, 3, Bilbao, Spain 48013

2 Marine Research. AZTI-Tecnalia. Herrera Kaia, Portualdea, Pasaia, Spain 20110

Abstract — The European Union is promoting the use
of renewable energies as a path to fight global warming.
Among them are diverse ocean energies and in particular,
Oscillating Water Column (OWC)-based wave energy
stands as one of the most promising technologies. An
OWC device is basically composed by a capture chamber
with a turbo-generator module attached to it. Although the
study of the induction power module can be considered a
well-known matter, the control-oriented modelling of the
capture chamber composes still an open issue. In this
work, an analytical model of the OWC chamber is
developed and numerically implemented. The proposed
model is then successfully tested and validated by means
of experimental results for the particular case of Mutriku
OWC wave power plant, affording excellent results.

Index Terms — Modelling and Simulation, Wave
Energy, OWC, Capture Chamber.

I. OWC TECHNOLOGY DESCRIPTION

OWC-based converters are devices which basically
turn the mechanical energy of the waves into electrical
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Fig.1. Turo—generator modules in Mutriku wave plant

power by means of a capture chamber and a turbo-
generator module (see Fig 1).

This capture chamber consists of a fixed structure
whose lower part is opened to the sea and it always
remains under the Still Water Level (SWL) [1]. In this
way, sea waves generate an oscillatory air flow by
pushing and pulling inner air, which compresses and
decompresses it. This creates a pressure difference
between both sides of the turbine that makes the turbine
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spin. This pressure drop dp can be defined by means of
the following equation [2,3]:

bljn 1
dp = Ca 5 - (0F + (7 we)?) (1)

where:

p: Air density (kg/m’)

b: Blade’s height (m)

l,: Blade’s chord’s length (m)

n: Blades number

a,: Blade’s section area (m?)

r: Turbine’s mean diameter (m)
w¢: Turbine’s angular speed (rad/s)

Despite of the airflow direction, the rotational
movement of the turbine does not change due to the
particular geometry of the turbine that is usually
employed, the Wells turbine [4,5] (see Fig. 2).

Fig.2. Wells turbine in Mutriku wave plant

The symmetric blades of this kind of self-rectifying
turbines allow the unidirectional rotation. However, this
particularity also produces an undesired behavior: the
Stalling effect, which makes the turbine stall when the
airflow reaches a certain value.

The turbo-generator module composes the power
take-off system (PTO) and consists of the turbine and an

induction generator (usually DFIG) [6]. Its function is to
transform the oscillatory pressure drop into electrical
power. For this purpose, diverse control strategies may
be applied [7-18]. The mechanical equation describing
the dynamics of the turbo-generator block can be
expressed as follows:

H(bt+Fwt+T€=Tt (2)

II. NEREIDA MOWC PROJECT

NEREIDA MOWC is a project carried out by the
Basque Energy Board (EVE) in the town of Mutriku in
the north of Spain. It is the first commercial MOWC-
based power plant and consists of 16 turbo-generator
modules and it was constructed to combine
demonstrative commercial and research purposes (see

Fig. 3).

Fig.3. OWC power plant in Mutriku / RDI 600 with wave
spectra recording

The aim of this work is to develop a control-oriented
analytical model of the capture chamber of this type of
OWC wave power plants and to prove the validity of the
model obtained by means of in situ measured
experimental data provided by the Mutriku OWC plant
and wave surface data series collected at the Mutriku
plant breakwater using an acoustic Doppler current
profiler.



[II.MODEL STATEMENT

In order to obtain an appropriate model many
different system modelling approaches may be used [19-
26]. In this case it is firstly required to obtain the value
of the pressure drop from the features of the input
waves. As it may be seen from (1), input waves directly
affect the airflow speed.

Therefore, both waves and airflow speed must be
related.

To do so, it is necessary to consider the wave
dynamics, defined by different theories depending on
the characteristics of the wave at hand. According by
Airy linear theory, a wind wave can be described as an
ideal sinusoidal wave [27]. The expression describing
the surface of this kind of waves may be written as:

y(x,t) = a-sin [27” (ct — x)] 3

Also, the volume of water in the chamber may be
computed taking into account the volume of air
contained in the OWC:

V() = Ve =V (D, 4)

Ve and Vy representing capture chamber and water
volumes, respectively.

This water volume may also be calculated by
integrating the variation of the water level along the
OWC area, so that:

Vi) =V, + M;{—Hsin%sin wt, Q)

where / denotes the length of the chamber.

Therefore, the
expressed as:

instantaneous air flow may be

Q.(t) =wHc - sin%cos wt (6)

Now, considering the geometry of the chamber, it is
possible to obtain the air flow velocity needed in (1):

8awc
D2

. ml
v (t) = -st—Tcosz?nt, (7)

where D denotes the diameter of the duct.

Nevertheless, as it may be observed from (1), the
rotational speed related is also needed. This speed
depends on the torque applied by turbo-generator
module that must be obtained from (2).

Ty = CeKr[vE + (rop)?], )]

where the Torque Coefficient (C)) is related to the Flow
Coefficient (¢p) by means of the characteristic curves of
the turbine [28]:

0.6
0.5 3
=0.3 -
0.3 . lb-"'\ I : ) ! //.
L ,l"l T P

. / I". -
0.2 .!.- I'. + L / .

/i

0.1 . | \/ |
.-"f |

0L~ ]

_0_1 L L L L L 1 L L L J
0 0.2 04 06 08 1 12 14 16 18 2

¢ (Flow Coefficient)

Ct(Torgue Coefficient)

Fig.10. Torque Coefficient vs. Flow Coefficient

And ¢ may be directly computed as:

Ut

¢ = ©)

r-wt

Summing up the above relationships in (1), an
expression of the pressure drop through the turbine as a
function of the wave entry may be obtained as follows:

Ut
=1 (%)
pblin 1 (/8awc
T2 a_1<(7TD2
o2 , 2T
-smﬁ> cos 7t
+(r-wt)2)

(10)



where f(-) represents the turbine characteristic curve at
hand.

Iv. MODEL IMPLEMENTATION AND

VALIDATION

Taking all the information above into account, a
dynamical model of the behavior of the capture chamber
can be implemented as shown in Fig. 4:

wave [ wav input data

Pressure drop

Wave Characteristics

ca ca TGpar

Capture Cham ber Turbo-generator

Fig.4. Implemented model

Then, considering making use of different sets of in
situ measured wave input data for the particular case of
Mutriku wave plant, the proposed model can be
validated comparing its output with the measured
experimental data of the real system (see Fig. 5).
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