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Abstract

1.

This paper focused on the experimental
investigation of the influencing parameters of the
flap-type wave energy converters. We designed,
tested, and analyzed different specifications of the
flaps in order to evaluate their efficiency and
establish the design guidelines for the bottom hinged
flap type wave energy converters. The flap’s energy
conversion efficiency was evaluated based on the
average flow amount delivered by the hydraulic
pump in a fixed period of time. It was observed
from the experimental results that, when the wave
height was relatively lower, the incident force on the
flap was weaker; the delivered flow amount would
be increased by adding the density and moment of
inertia of the flap while keep the mass centre above
the buoyancy centre. On the other hand, when the
wave height was relatively higher, the incident force
on the flap was stronger; then the delivered flow
amount would be increased by adding the restoring
moment due to the buoyancy of the flap. This can be
achieved by lowering the mass centre below the
buoyancy centre of the flap while keeping low flap
density and moment of inertia.

Introduction

The bottom hinged flap type wave energy converters
(WEC) has been designed and manufactured by
developers for almost a decade. It belongs to the
‘oscillating wave surge converter’ which was
categorized by European Marine Energy Centre
(EMEC). Because these WECs usually operate in the
near shore area, they have the advantages of
comparative ease of deployment, maintenance, and
repair. The ‘Oyster 1’ and second generation ‘Oyster
800’ developed by Aquamarine power Ltd. were
deployed in summer of 2009 and 2012 respectively. It
was reported that Oyster 1 had a maximum generating
capacity of 315 kW, while Oyster 800 had a capacity of
800kW. Besides Oyster, AW-energy Oy Ltd.
developed the ‘WaveRoller’, which is also a flap-type
WEC, but it was designed to fully submerge in the
water. Folly et al [1], Henry et al [2], and Cameron et
al [3], proposed and discussed some very useful design
guidelines for the flap type WECs. The developers had
filed patents [4-10] for their design. These patent
reports also served as a good reference to gain
knowledge of the related technical issues.
The Oyster or WaveRoller were developed to
operate in areas with large waves. The performance of
such devices in low wave area remains a question. To
solve the problem, we investigated the performance of
flap type WEC experimentally by altering the flap’s
parameters.

Keywords: Wave energy converter, Flap, Efficiency, Centre
of mass, Centre of buoyancy, Density, moment of inertia,
Data correlation.
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2.

Experimental setup and procedure

A bottom hinged flap type wave energy converter
(WEC) system generally comprises three main
subsystems, that is, the bottom hinged flap, the
hydraulic pump with the water piping system, and the
hydroelectric power take-off (the turbine and the
generator). The whole WEC system is so complicated
that the behaviour can be highly nonlinear with respect
to the system parameters. Here we focused mainly on
the performance of the flap itself. In order to
investigate the effects of the key influencing
parameters of the flap, we devised experiments by
testing the scaled model of the flap in a wave flume.
2.1 Experimental setup
Fig. 1 shows the schematic diagram of the system’s
experimental setup. The experimental setup is
described as follows.
a. Wave flume
Fig. 2 shows the real scene of the wave flume. The
wave flume is made of stainless steel frame and
reinforced glass for observation and PIV measurement.
The dimensions of the wave flume are 12mä2mä1m.
The wave maker was installed at the front end of the
wave flume, and the wave dissipater was mounted at
the other end. The scaled model of the flap was
mounted at the middle of the wave flume. There are
multiple wave gages mounted above the water surface
for the purpose of monitoring the wave height. The
flow meter were used to measure

Figure 3: The flap and hydraulic pump of the setup

Figure 1: The experimental setup of flap-type WEC
Figure 4: Different flap designs: flat surface with nine
chambers (left), rippled surface with five chambers.
The dimensions of the flat flap are 58cmä35cmä6cm.
For the rippled flap, the diameters of the tubes are:
13cm, 13cm, 10cm, 10cm, 8cm. The chambers of the
flaps are made of acrylic tubes, and can be filled up
with fluid such as water or oil. The purpose of such
design is to alter the density, moment of inertia, and the
centre of mass of the flap. The minimum/maximum
density of the flap (with water empty/full tubes) is
0.535/0.917 (g/cm3) for flat flap, and 0.305/0.976
(g/cm3) for the rippled flap.

Figure 2: The wave flume of the experiments (left),
the wave maker (right)
b. Flap
Fig. 3 shows the schematic and real view (top) of the
flap and the hydraulic pump.
We have designed several flaps with different shapes.
Fig. 4 show two of the flaps, one is flat surface with
nine chambers inside, and the other is rippled surface
with five chambers.

2.2 Experimental procedure
In the experiments we investigated the effects of the
flap’s parameters including flap’s density, centre of
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mass relative to the centre of buoyancy, and moment of
inertia. The performance of the flap was determined by
the amount of the water delivered by the hydraulic
pump in a fixed period of time. The environment
parameters include the water depth (h), wave period (T),
and the wave height (H), which were designated to be h
= 50cm, T = 1.56 second, and H = 7.5 cm or H = 13cm.
These environment parameters were determined based
on the average wave climate of northeastern Taiwan
with a scale of one twentieth.
The design of the flap allowed us to alter the flap’s
density, centre of mass, and moment of inertia by
filling up water to various tubes of the flap. Here we
selected the rippled surface flap as the target for
discussion because it had a larger range of parameter’s
values. Table 1 shows the values of the flap’s
parameters corresponding to various cases of water
filling. In the second column of the table, the number
denoted the tube number that was filled with water.
Number 1 was the lowest tube, and 5 is the top tube.
Dist. of
mass centre Moment of
rel. to
inertia
buoyancy (kg*m2)
tube # filled centre (cm)
1 1
-8.91
0.39

(a)h = 7.5 cm
Fig. 5 shows the water amount delivered by the
hydraulic pump versus the location of the flap’s mass
centre (G) relative to its buoyancy centre (B) and the
flap density. From the figure, we may find that the
trend of the water amount delivered can be categorized
into three zones. In zone 1, the locations of Gs are far
below Bs (-6.26cm ~ -8.91cm), the trend of the water
amount has a strong positive correlation to the trend of
the flap density. In zone 2, the locations of Gs are close
to Bs (-2.24cm ~ -1.76cm), the trend of the water
amount has a weaker positive correlation to the trend of
the flap density. In zone 3, the locations of Gs are
higher than Bs (-1.3cm ~ +4.24cm), the trend of the
water amount has no correlation to the trend of the flap
density, however, it has a strong positive correlation to
the trend of the distance of G relative to B.
Zone 1

Zone 3

density
(g/cm3)
0.57

2 none

-8.59

0.38

0.52

3 1,2

-8.32

0.44

0.68

4 1,2,3

-6.62

0.56

0.79

5 3

-6.43

0.50

0.63

6 3,2

-6.26

0.55

0.74

7 1,2,3,4

-2.24

0.99

1.00

8 4

-2.06

0.82

0.73

9 4,3,2

-1.76

0.98

0.95

10 4,3

-1.30

0.93

0.84

11 5

1.38

1.14

0.73

12 5,4,3

4.18

1.69

1.05

13 5,4

4.24

1.57

0.94

Figure 5: Water amount delivered vs the location of
the mass centre (G) relative to buoyancy centre (B) and
the flap density (h =7.5cm)
(b)h = 13 cm
Fig. 6 shows the water amount delivered by the
hydraulic pump versus the location of the flap’s mass
centre (G) relative to its buoyancy centre (B) and the
flap density. From the figure, we may find that the
trend of the water amount delivered can be categorized
into two zones. In zone 1, the locations of Gs are far
below Bs (-6.26cm ~ -8.91cm), the trend of the water
amount has no correlation to the trend of the flap
density, however, it has a negative correlation to the
trend of the distance of G relative to B. In zone 2, the
locations of Gs are close to and below Bs, or higher
than Bs (-2.24cm ~ +4.24cm), the trend of the water
amount has a strong positive correlation to the trend of
the flap density, however, it has no correlation to the
trend of the distance of G relative to B.

Table 1: Flap’s properties vs. various cases
of water filling.
For the 13 cases in Table 1, we measured the amount of
water delivered by the hydraulic pump in 20 seconds,
and compared the performance of the flap versus
different specifications of the parameters. In the
experiments, we measured five times for each case, and
took the average values of the flow amount as the
output.

3.

Zone 2

Results and discussion

The results of the experiments are shown here for
two different wave heights cases, that is, h = 7.5 cm,
and h = 13 cm.
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Zone 1

lower, the incident force on the flap was weaker; the
delivered flow amount would be increased by adding
the density and moment of inertia of the flap while
keep the mass centre above the buoyancy centre.
Conversely, when the wave height was relatively
higher, the incident force on the flap was stronger; then
the delivered flow amount would be increased by
adding the restoring moment due to the buoyancy of
the flap. This can be achieved by lowering the mass
centre below the buoyancy centre of the flap while
keeping low flap density and moment of inertia. The
above completely opposite results were simply caused
by the different wave heights (incident wave force).
The conclusion provided design guidelines for such
WECs, also led us to further study the problem of
finding the critical wave height for the flap type WEC.

Zone 2
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Figure 6: Water amount delivered vs the location of
the mass centre (G) relative to buoyancy centre (B) and
the flap density (h = 13cm)
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