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Small scale optimization of an OWC device
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Abstract—Waves interacting with an Oscillating Water
Column (OWC) device transfer part of their energy to the
air, which flows through a turbine. For terminator OWC
devices, all the remaining amount of incident wave energy
is reflected offshore; wave heights and wave related loads
at the front wall depend strongly on the characteristics
of air-water interactions inside the pneumatic chamber.
Therefore, the device efficiency and stability are strictly
related to each other. Both issues must be considered in
order to carry out an overall optimization of OWC devices.
Here, a small scale physical model of OWC has been
adopted. The internal chamber geometry and the front
wall can be modified easily to test different configurations
of the system. In order to evaluate scaling effects, one
of the geometry tested is similar to an OWC tested in
a large scale facility. All the tests have been executed
with a set of 9 irregular wave conditions. The results of
the optimization procedure highlight that the reflection
coefficient is highly dependent on the submergence of
the front wall. In particular, the optimal conditions are
achieved when the ratio between such a submergence and
the still water depth is about 1/3. The influence of the
width of chamber is significant in the OWC optimization
and is related to the wave length corresponding to the peak
period of the incident waves.

Index Terms—Oscillating Water Column, physical model,
variable geometry, irregular waves.

I. INTRODUCTION

HIS work is carried out in the context of the

physical modeling of a generalized OWC, by
means of both large and small scale facilities. The
large scale model was tested by [1] at the Large Wave
Flume (GWK) of the Coastal Research Centre (FZK) in
Hannover, and the results of the experiments carried
out under irregular (JONSWAP) wave conditions were
analyzed in [2] by considering wave reflection and
loadings. Since such a model was approximately 1:5
to 1:9 of full scale, it can be considered reliable and
poorly affected by scaling effects. The results of those
tests at the GWK was also used as benchmark in the
model proposed by [3] for estimating wave pressures
at the OWC, under regular and irregular waves.
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A crucial aspect in OWC dynamics is the air com-
pressibility, which regulates the intensity and delay
of the response of the device to the incident waves,
as hilighted in [4] and [5]. Air compressibility is also
the main cause of scale effects in physical models. As
suggested in [6], different scaling factors should be
used for simulating the dynamics of wave and air.
This can be obtained by linking the pneumatic chamber
with an air tank, as in [7].

The large scale tests at GWK provided a lot of
interesting insights for the geometry tested in [1], but
they were not designed to allows the variation of the
geometry of the device, so they cannot be used for
optimization. In order to provide a easy to manage
and reliable tool for physical modeling of OWCs, the
large scale model has been reproduced at small scale at
the Hydraulic Laboratory of the University of Catania
(CT), by using a variable geometry system. Viviano
et al. [8] evaluated the scale effects of the basic CT
model, which reproduces in scale 1:18 the GWK model
considering only the height of the chamber, which
can be raised in order to limit scaling issues due to
air compressibility. They showed that downscaling the
OWC causes a reduction of the reflection coefficient
and of the extreme wave loads, which are in part
recovered by increasing the height of the device.

The physical modeling system proposed by [8] has
been adopted here for optimizing the device. In partic-
ular, several geometric parameters have been varied.
All the tests have been carried out using wave condi-
tions scaled 1:18 with respect to GWK tests.

In the following Section II the new experiments
carried out are described, with particular attention to
the description of the adopted modeling system with
variable geometry. Section III furnishes the main results
of the experiments. The conclusions are reported in
Section 1V.

II. DESCRIPTION OF THE EXPERIMENTS

Wave-air interaction inside the pneumatic chamber
of an OWC is a very complex process. The present
work adopts the physical modeling approach to op-
timize the device.

A new laboratory campaign has been carried out, in
the same flume adopted for estimating scale effects of a
physical model of a generalized OWC [8]. Such effects
were analyzed in a model scaled 1:18 of that tested in
the large scale at the GWK facility [1].

The flume adopted here is located at the Hydraulic
Laboratory of the University of Catania. It is 18 m long,
1.0 m wide and 1.2 m high. As showed in Figure 1,
the OWC model is placed on a slope s = 1 : 6. Such
a model is made of steel and is characterized by a
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Fig. 1. Physical model of a generalized OWC device, which can vary
the submergence of the front wall and the internal chamber height
and width: (a) schematic section; (b) front view; (c) upper view.

fixed basis separed in 11 chambers, having the same
transverse width B; = 0.08m. The front wall is a sheet
which can be mounted on the basis of the model at
different heights, so allowing for the variation of the
gap height h; at the front wall.

Each chamber is delimited on the rear part by means
of a C-shaped piece welded to a screw, which allows
for the variation of the chamber longitudinal width B.
The variation of the chamber height h; is obtained by
substituting the rear plate, and its screw. The roof of
each chamber is constituted by another C-shaped piece
on which a duct is mounted with an internal circular
restriction (the orifice) having variable diameter dy.

Table II shows a list of the main geometrical param-
eters of the model. As explained above, four indepen-
dent parameters are varied, so obtaining 22 different
geometrical configurations. The tested configurations
do not include the reference model setup, similar to
the GWK model [1], i.e. B = 0.14 m, h; = 0.06 m
(and ¢ = 0.03 m), dy = 0.011 m, A, = 0.13 m.
Indeed, such a configuration was already analyzed in
a previous paper [8] together with the highest roof
condition h; = 0.28 m.

It is worth to point out that the chamber has been
sealed at each change of configuration by means of an
adequate nautical adhesive tape.

Each geometrical configuration has been tested using
irregular mean-JONSWAP incident wave conditions,
identical to that used for the scaling effect CT-tests [8],

TABLE I
LIST OF THE GEOMETRICAL PARAMETERS ADOPTED
IN THE EXPERIMENTS.

Tested values

1:6

0.05m ; 0.10 m; 0,14 m

0.08 m

0.19 m

0.09 m
0.015 m; 0.03 m; 0.05 m
0.04 m; 0.06 m; 0.075 m

0.006 m; 0.011 m
0.13; 0.28 m

Geometrical parameter

oo

pualS SUIDS S S TSI
S S

&~

s is the approach slope;

B is the longitudinal width of chamber;

B is the transverse width of chamber;

h is the water depth from flume floor;

d is the water depth from the caisson floor
h; is the height of gap of front vertical wall;
a is the draft of front vertical wall;

do is the orifice diameter;

h¢ is the height of chamber.

TABLE II
INCIDENT IRREGULAR WAVE CONDITIONS TESTED

Index Hpo, [m] Tp[s] H* B/Lp Sw

1 0.02 0.9 0.11 0.13 0.016
2 0.03 1.2 0.16 0.09 0.013
3 0.02 15 0.11 0.07 0.006
4 0.02 0.7 0.11 0.19 0.026
5 0.03 0.7 0.16 0.19 0.039
6 0.03 0.9 0.16 0.13 0.024
7 0.04 0.9 0.21 0.13 0.032
8 0.05 1.2 0.26 0.09 0.022
9 0.06 14 0.32 0.08 0.020

H,0,; is the significant wave height;

Tp is the peak wave period;

H* = Hp0,i/h is the relative wave height;
B/Ly is the relative width of chamber;

Sw = Hmo,i/Lp is the wave steepness.

and listed in Table II.

All the experiments have been monitored with a
frequency of 1000 Hz by using six wave gauges and
three pressure sensors. As sketchd in Figure 2, three
wave gauges (WG01-03) have been placed on the hor-
izontal flume zone, at relative distances which allow
for the application of the three probe method for wave
reflection [9], [10].

Two wage gauges (WG04-05) have been placed in
front of the OWC in order to extract information on the
wave-device interaction. Furthermore, the last wave
gauge (WG06) has been introduced in the central pneu-
matic chamber (N°6) through the orifice and it registers
the water oscillation inside the device. Such a central
chamber has been also equipped with a pressure sensor
(P03) mounted at the roof of the device, which provides
the measurement of the air pressure oscillation in the
pneumatic chamber.

Two pressure sensors (P01-02) have been embedded
in the front wall of the device for estimating the
wave impact on the structure. The bodies of these
two sensors have been placed inside a lateral chamber
(N°10), in order to have a flat external front wall and a
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Fig. 2. Sketches of the flume near the device with location of wave
gauges W1-W6 and pressure sensors P1-P3: (a) top view; (b) longi-
tudinal section crossing the central chamber where the air pressure
and the internal water surface are registered; (c) longitudinal section
across the lateral chamber which contains pressures sensors. All the
dimensions are expressed in cm.

minimal effect on the remaining measurements, which
are instead gathered at the central part of the OWC.

IIT. ANALYSIS OF THE RESULTS

The influence on the behavior of the device of the
geometrical parameters varied in the experiments (i.e.
B, h4, a, dy) has been analyzed by considering mainly
the wave reflection, since it is a phenomenon which
is directly related to the efficiency of the device. The
pressure distribution has been considered to optimize
the device, by comparing it with the basic small scale
CT-model similar to the large scale GWK-model.

A. Reflection coefficient

The efficiency of OWC devices has an opposite be-
havior in comparison to the reflection coefficient C,
[11], which is the ratio between the reflected and the
incident significant wave height for irregular waves.
Therefore, it is possible to affirm that if is C is smaller
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Fig. 3. Reflection coefficent C;- as a function of the ratio B/L, and
a/d, for Ao/Ac = 0.7% (B = 0.14 m) and: (a) ht/d = 1.44; (b))
ht/d=3.11.

the amount of wave energy converted by the device
and its efficiency are larger.

The optimization of the system is carried out here by
considering several dimensionless parameters, which
allow to extend the applicability of the obtained results.
A first dimensionless parameters is B/L,, which is the
ratio between the longitudinal width of the chamber
and the wave length calculated by means of the dis-
persion relationship from the peak wave period 7.
The other dimensionless parameters adopted in the
efficiency optimization of the device are the relative
submergence of the front wall a/d, the relative height of
the chamber h;/d, and the orifice restriction rate A,/A.
which is the ratio between the section of the orifice and
the horizontal section of the chamber.

Figures 3, 4 and 5 show all the results obtained for
fixed dy = 0.011, which is the 1 : 18 geometrical scale
value of the GWK tests. What differs in these Figures
is the width of chamber B, which affects the orifice
restriction rate A,/A. since the denominator varies.
In particular, Figures 3-5 are listed with decreasing B
(0.14;0.10;0.05) so they show increasing values of A,/A.
(0,70%; 0,98% ; 1,96%). In each Figure two subplots are
reported with different relative height of the chamber
hi/d which has been varied in order to verify the effect
of air compressibility on the results and partially com-
pensate the scale effects due to differences in scaling of
air and water. A previous twin study [8] showed that
the increase of h; in small scale model provides always
nearest values of C, to the corresponding large scale
model.

Figure 3 and 4 highlight the presence of a minimum
of C, in the range B/L, = 0.1 —0.15. Figure 5 does not
give the same trend since the width B is too low and
the values of B/L, are always lesser than 1. However,
the reflection coefficients obtained are the greatest in
such a condition (4,/A. = 1.96% and B = 0.05 m),
it follows that the device is definitely far from its
optimum geometry.

The lowest values of C, (greater efficiency) are ob-

1401-3



VIVIANO et al.: SMALL SCALE OPTIMIZATION OF AN OWC DEVICE

07— 1-——— " Ap—— s S
O  ald=0,17 | O ae=017
X ald=0,33 | X a/d=0,33
065} - - -1 33 0.65F - - - 33
A ald=0,56 1A ad=0,56
I I I I I
06F —— ===~~~ 06F-Cf-———--——f -1
O | | | | |
0.55F — == g === =f- === -~ 0.55777Q~©4~©f‘r~~
I I I I I I
O O | % | |
N T e
‘ o b O AX ‘ AN
I I I I
0.45~~f~f:~§f‘r~~ 0'45”"7"X"1"5T"”
R A .
0'4””77537";’?"" 0‘4""77’%71"5(?"”
I I I I I X\
-] N S 1 A S E
I I ><\ I I I
I I I I I I
I I I I I I
03b o oL
0 005 01 015 02 0 005 01 015 0.2
BIL, BIL,

Fig. 4. Reflection coefficent C;. as a function of the ratio B/L;, and
a/d, for Ap/Ac = 0.98% (B = 0.10 m) and: (a) ht/d = 1.44; (b))
ht/d=3.11.
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Fig. 5. Reflection coefficent C- as a function of the ratios B/L; and
a/d, for Ao/Ac = 1.96% (B = 0.05 m) and: (a) ht/d = 1.44; (b))
ht/d=3.11.

tained for an orifice restriction rate 4,/A. = 0.98%, i.e.
in Figure 4. In such a condition, the minimum reflection
coefficient is achieved for a relative draft of the front
wall a/d = 0.33.

In all tests reported in Figure 4, the increase of
chamber height h; causes a general increases of the
reflection coefficient values, but the observed trend is
maintained. Therefore, scale effects seems to not have
effect on the optimization of the device.

B. Pressure distribution

The analysis of pressure distribution has been fo-
cused on the configurations of the device which causes
a minimum reflection coefficient, i.e. for the optimized
configuration found above having a/d = 0.33, h;/d =
3.11 and Ag/A. =0.7.

The wave condition chosen in this analysis corre-
sponds to index 6 in Table II. It has intermediate
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Fig. 6. Dimensionless pressure (p/pgH) at the front wall for the
GWK model(circles), for the CT model similar to GWK (crosses),
and for the optimized CT model (triangles).

characteristics among those tested, indeed its steepness
is s, = 0.024.

The pressures at the front wall are made dimension-
less by dividing them for pgH,o,;, where H,,o; is the
incident wave height. The vertical dimension z is also
made dimensionless, by dividing it for the water depth
at the device d.

Figure 6 shows the dimensionless vertical profile of
the pressures induced by waves, in which the opti-
mized configuration found here is compared with the
large scale model tested at GWK and with the small
scale CT-model similar to the GWK-model, but with
the increased height of the chamber.

It is possible to see that the maximum pressure for
the large scale model is always greater than the small
scale model. Such a scale effect must be considered in
the analysis of the results of all the small scale models.

The comparison between the two small scale models
shows that the optimized device causes an increase of
maximum pressure of about 20%.

IV. CONCLUSIONS

The optimization procedure of a generalized OWC
has been carried out on the basis of physical modeling
test. The parameter chosen for easily executing the
optimization of the device is the reflection coefficient
since it is directly related to wave energy absorbed by
the device.

The results of the optimization procedure highlight
that the reflection coefficient is highly dependent on the
submergence of the front wall. In particular, the opti-
mal conditions are achieved when the ratio between
such a submergence and the still water depth (d) is
about 1/3. The variation of the orifice dimension in a
range compatible with the PTO functionality does not
show a strong effect on the OWC response. Finally, the
influence of the width of chamber (B) is significant
in the OWC optimization and is related to the wave
length corresponding to the peak period of the incident
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waves (Lp). The optimal values of the ratio B/Lp are
obtained in the range 0.1 — 0.15.

The analysis of the wave related pressures for the
optimized device shows an increase of 20% of the
maximum pressure near the lip of the front wall, which
is the weakest point of the OWC systems.
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