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Development and Performance Analysis of a  
Small-Scale On-shore Wave Energy Converter 

B.J.C.L. Jayathunga and H.C.P. Karunasena 

Abstract: Many renewable energy sources are being exploited at a higher rate due to the 
increasing demand for cleaner and cheaper energy. However, sea wave energy extraction remains one 
of the least-developed renewable energy sources despite its high energy density and availability 
compared to many other renewable energy sources. Accordingly, this work aimed to develop a small-
scale sea wave energy converter (WEC) to be deployed in a non-shore configuration for power 
generation. A device was designed to extract both the kinetic and potential energies from sea waves 
aiming for higher overall energy extraction efficiency. It is composed of a set of flaps and a floater, 
which are rigidly connected to a frame allowing them to interact with incoming waves. Following the 
concept, a small-scale model with 35 W capacity was fabricated and tested in a coastal location near 
Galle, Sri Lanka, having waves of approximately 1 m wave height and a 20 s wave period. It was 
observed that the device could extract power continuously, yielding an average power output of 
1.45 W and an overall efficiency of 4.143%. Wave irregularities, sand particle interaction, and frictional 
losses in mechanism were observed to be hindering the performance of the convertor, which need to 
be addressed in the future. 

Keywords: Ocean energy, On-shore wave energy converter, Renewable energy, Small-scale wave 
energy convertor, Wave energy conversion 

1. Introduction

Even though the interest in the application and 
development of renewable energy technologies 
remains high, most of the world’s energy needs 
are still being fulfilled by non-renewable 
energy sources. Some of the key problems 
associated with non-renewable energy sources 
are the high costs and declining fuel reserves 
given the current consumption patterns, 
adverse environmental impacts which are 
becoming of utmost importance in the present 
context in both climate change, and public 
health concerns [1]. While wind energy and 
solar energy are the key renewable energy 
resources that have been harnessed to greater 
extents, wave energy can also be considered as 
a promising renewable energy source where the 
estimated global coastal wave power extraction 
potential is about 2 terra watts[2]. However, 
due to many technical and economic 
challenges, still the wave energy extraction 
cannot be identified as a commercially available 
power generation method [3]. In this 
background, when Sri Lanka is considered, 
wave energy extraction should be given greater 
priority since there is a definite potential of 
generating sufficient renewable power since the 
island nation has a long coastline of about 1400 
km with a sufficient number of candidate sites 
for wave power generation with higher wave 

power potential in the range of 10-15 kW per 1 
m length of the wave crest [4, 5]. 

In the international context, the first patent of a 
Wave Energy Convertor (WEC) had been filed 
in 1799, and thereafter, many WEC technologies 
have been developed based on different 
operational principles. These devices can be 
categorised into three types based on their 
installation location: (a) on-shore or coastline 
devices; (b) near-shore devices which are 
installed at moderate water depths (<20 m 
depth); and (c) offshore devices (>20 m depth) 
[6]. Commonly used types of wave energy 
converters are either overtopping type, 
oscillating water column type, or oscillating 
body type, which can be fully submerged or 
partially submerged in the sea. 
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The majority of the WEC technology 
development in Europe is focused on the point 
absorber type, where an oscillating body is 
used to capture the wave energy. These systems 
can be used as independent generators or as 
part of offshore infrastructure such as 
breakwaters. Most of these systems are still in 
the development stage and rated capacities are 
in the range of 15 to 6000 kW. Furthermore,  
other overtopping and oscillating water column 
device technologies are also in the operational 
or development stages [7]. An overtopping 
device mainly captures the potential energy of 
sea waves, where the incident wave is captured 
in an inbuilt elevated reservoir such that the 
captured seawater is passed through hydro 
turbines, generating power. 
 
Oscillating water column (OWC) devices are 
typically built on or near the shore. These 
devices utilise the oscillating nature of the 
seawater to drive an air turbine. An OWC 
device contains a chamber which is open to the 
sea from the bottom. The upper part of the 
chamber is exposed to the atmosphere through 
a duct which houses an air turbine. When an 
incident wave approaches the device, the water 
level inside the chamber rises, thus pushing the 
air inside the chamber to the atmosphere 
through the duct. Generated air flow drives the 
air turbine, giving out mechanical power. When 
the water level drops below the mean sea level, 
air is sucked into the chamber, providing 
power to the air turbine. Here, Wells turbines 
are frequently used, designed specially to rotate 
in a single direction regardless of the airflow 
direction, making the power take-off more 
effective [8].In terms of performance of WECs, 
oscillating body type devices, oscillating water 
column devices and overtopping devices have 
efficiencies in the range of 16-79%, 20-30% and 
12-27%, respectively [9]. 
 
In terms of wave energy conversion 
technologies, the main cost components are 
initial investment (34%), operation and 
maintenance cost (40%), replacement (25%), 
and pre-operating costs and decommissioning 
costs (1%) [10]. When operation and 
maintenance (O&M) costs and replacement 
costs are combined, it represents 65% of the 
total project cost. Since O & M costs and 
replacement costs contribute to the most 
significant cost component of a wave energy 
project (i.e.almost 2/3), it is of great importance 
to develop technologies that have reduced 
O&M costs and replacement costs for a project 
to be economically viable. O&M cost can be 

excessively high when accessibility to the 
device is limited, especially to the power 
conversion system which often requires regular 
maintenance. Hence, considerable cost 
reductions are possible when WEC systems are 
at easily accessible locations (ideally on land), 
leading to lower costs. 
 
Since both potential and kinetic energy types 
are included in the total wave energy in equal 
proportions, a wave energy conversion device 
can become more efficient resulting in low cost 
of energy, making wave energy projects more 
economically viable. However, majority of the 
devices that have been developed so far have 
mainly focused on capturing only one type of 
energy and hence, 50% of the energy is left out 
by design.  
 
On this basis, this paper presents a 
development of an on-shore based tethered 
wave energy converter, which can extract both 
kinetic and potential energies of waves while 
the power conversion system is mounted on the 
seashore, with the aim of minimising the 
operation and maintenance costs. The paper is 
organised such that Section 2 includes a brief 
overview of the theoretical background of wave 
energy extraction technologies and state of the 
art. In Section 3, the methodology of the 
research is presented and in Section 4, 
simulation results and experimental results 
based on field tests of the model are presented. 
Finally, the key conclusions and future works 
are elaborated in Section 5. 
 
2. Wave Energy Extraction 
 
Sea waves are generated due to the frictional 
effects of the wind flowing over the free surface 
of the ocean. Compared to the wind, waves 
own a higher energy density, hence harvesting 
energy from waves can be considered as more 
effective than directly from air. However, 
strong winds and stormy conditions can 
sometimes create even more energetic yet 
destructive waves, which can cause damage to 
the WECs [11]. To design efficient and effective 
WECs, it is very important to understand the 
fundamentals involved with the sea waves. For 
instance, the energy contained in sea waves is 
transmitted in the direction of wave 
propagation, while water particles in the sea 
water primarily undergo oscillatory motions 
before wave breaking. After the wave break, 
most of the energy contained in the wave is lost 
to overcome the surface tension, viscous forces, 
and turbulent flow fields. Hence, the optimum 
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locations to capture wave energy are located 
just before the wave break. The power potential 
contained in sea waves can be expressed as the 
wave power flux per unit length of a wave crest 
𝑃𝑃𝑊𝑊, defined as follows [7]. 

 𝑃𝑃𝑊𝑊 = 𝜌𝜌𝑔𝑔2

64𝜋𝜋 𝑇𝑇𝑒𝑒𝐻𝐻𝑠𝑠
2   …(1) 

where 𝜌𝜌 is the density of seawater, 𝑔𝑔 is the 
gravitational acceleration, 𝑇𝑇𝑒𝑒 is the wave energy 
period and 𝐻𝐻𝑠𝑠 is the significant wave height. 
This can be further simplified as follows. 

 𝑃𝑃𝑊𝑊 = 0.5𝐻𝐻𝑠𝑠
2𝑇𝑇𝑒𝑒   …(2) 

Where, wave power flux 𝑃𝑃𝑊𝑊 is in kW/m when 
the significant wave height 𝐻𝐻𝑠𝑠 is in meters and 
the wave energy period 𝑇𝑇𝑒𝑒 is in seconds. To 
capture this power, a wave energy converter 
can be designed and installed in a way that it 
interacts with incoming waves creating a 
destructive interference. This way, the energy 
contained in the wave is dissipated and 
absorbed by the wave energy converter. In 
order to maximise energy harvesting, wave 
energy converters may be installed to form an 
array in a given wave field. However, due to 
practical constraints, harnessing of all the 
energy in the waves by using a wave energy 
converter is not possible. In order to evaluate 
wave energy converters for their performance, 
the Capture Width Ratio (𝜂𝜂) is used and is 
defined as follows[7]. 

 𝜂𝜂 = 𝑃𝑃𝐸𝐸
𝑃𝑃𝑊𝑊

   …(3) 
where, 𝑃𝑃𝐸𝐸  is the power absorbed by the wave 
energy converter. Accordingly, the WEC 
designed in this work mainly focused to 
improve 𝜂𝜂 and the following Section presents 
details of its design and construction. 
 
3. Methodology 
 

3.1 Design Overview 
The design phase was initiated with the 
conceptualisation of different possible device 
configurations to optimise harnessing of the sea 
wave energy and a detailed functional block 
diagram was developed in this regard as shown 
in Figure 1. By thoroughly analysing wave 
mechanics, local sea states, and operational 
requirements of the WEC, six concepts were 
devised and the most promising one was 
deduced using a weighted-objective analysis, 
based on key design objectives such as power 
tapping capability, conversion efficiency, 
transmission efficiency, fabrication cost, 
scalability, fabrication simplicity, and 
maintenance cost. 

The most promising concept involves two main 
components: a submerged power take-off 
system and a shore-mounted power conversion 
system. Coupling of these two systems was 
achieved by a cable-chain transmission 
mechanism. The working block diagram of the 
proposed design is given in Figure 2.The 
submerged power take-off system has a 
bottom-mounted rigid frame with the ability to 
mount it firmly to the seabed. Another 
structural member (lower strut) is there to 
connect the mentioned frame at one end using a 
universal joint which allows it to move in a 3-D 
working envelope. A third frame (upper strut) 
which has a buoy and a set of flaps rigidly 
connected to it, is attached to the lower strut in 
a manner that only allows 1 degree-of-freedom 
(DoF) in the upper strut, i.e., the upper strut is 
only allowed to move translationally relative to 
the lower strut. When this relative translational 
motion is combined with the motion of the 
lower strut, the total working envelope of the 
device covers an inverted conical 3-D space as 
given in Figure 3. 
 
Apart from the submerged power take-off 
mechanism, the proposed device also 
comprises a shore-mounted power conversion 
system that converts the absorbed power into 
electricity. Transmission of power from the 
power take-off system to the conversion system 
is achieved by connecting the two systems 
using a cable-chain arrangement where two 
cables are attached at the power take-off side 
and two individual chains are attached to the 
other end of each cable, towards the power 
conversion system. The connection between the 
cable and the chain is accomplished by a special 
swivel hook which prevents twisting of the 
chain regardless of the twisting of the cable. 
Counterweights that provide restoration force 
to the power take-off components are attached 
to the free ends of the chains, and chains are 
arranged to pass over one-way sprockets 
mounted on a shaft. The shaft is coupled to an 
electric generator through a gearbox. Therefore, 
once the power take-off system interacts with 
the incoming sea waves, the motion of the 
power take-off components causes the cable-
chain arrangement to become stretched which 
in turn rotates the shaft mounted on the power 
conversion system, initiating electricity 
generation. 
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Figure 1 - Functional Block Diagram of the Proposed WEC 

 
Figure 2 – Functional Block Diagram of the 
Proposed WEC 

As a result of the restoration force applied by 
the counterweights on the power take-off 
system, it immediately regains its initial 
position once the upward excitation of a given 
wave is no longer available. A 3-D model of this 
WEC developed by SolidWorks (version 2016) 
is shown in Figure 4. 
 
3.2 Forces Acting on the Device 
3.2.1 Froude-Krylov Force 
Froude-Krylov force is the force acting on a 
body due to the pressure exerted on the wetted 
surface of that body. Froud-Krylov force can be 
calculated by integrating the pressure field over 
the wetted surface of the body. Both the static 
and dynamic components of the Froude-Krylov 
force are given by the following Equations [12]. 

 
Figure 3 - Working Envelope of the Submerged 
Power Take-Off System of the Proposed WEC 

 𝐹𝐹𝐹𝐹𝐹𝐹,𝑠𝑠𝑠𝑠 = 𝐹𝐹𝑔𝑔 + ∬ −𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾𝛾
.

𝑆𝑆(𝑡𝑡)
 …(4) 

 

 𝐹𝐹𝐹𝐹𝐹𝐹,𝑑𝑑𝑑𝑑 = ∬ 𝑝𝑝𝑑𝑑𝑑𝑑𝑛𝑛𝑛𝑛𝑛𝑛
.

𝑆𝑆(𝑡𝑡)
    

…(5) 
where, 𝑛𝑛 = (𝑛𝑛𝑥𝑥, 𝑛𝑛𝑦𝑦, 𝑛𝑛𝑧𝑧) is the unit vector normal 
to the surface, pointing outwards, 𝐹𝐹𝑔𝑔 is the 
gravity force, −𝛾𝛾𝛾𝛾 is the static pressure defined 
according to the inertial reference frame (x, y, z) 
with the origin at the still water level, x aligned 
with the direction of wave propagation, z 
pointing upwards and  𝑝𝑝𝑑𝑑𝑑𝑑  represents the 
dynamic pressure. 
 
3.2.2 Diffraction Force 
Together with the Froude-Krylov force, 
diffraction force makes up the total non-viscid 
hydrodynamic force acting on the WEC body. 
Diffraction force can be computed using the 
linear potential theory using the following 
equation[13]. 

 𝐹𝐹𝐷𝐷 = ∫ 𝐾𝐾𝐷𝐷(𝑡𝑡 − 𝜏𝜏)𝜂𝜂(𝜏𝜏)𝑑𝑑𝑑𝑑
𝑡𝑡

0
 …(6) 

where,  𝐾𝐾𝐷𝐷(𝑡𝑡) is the diffracted force associated 
with an impulsive free surface elevation 
propagating along the x-axis and  𝜂𝜂(𝜏𝜏) is the 
free surface elevation at a given reference 
location. 
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Figure 4 – 3-D Model of the Proposed WEC 

3.3 Parameters of the Design 
The physical and geometrical parameters of the 
proposed WEC are given in Table 1. 
Dimensions of the main components which are 
associated with power take-off play an 
important role in the overall device 
performance, hence dimensions should be 
chosen carefully based on the topography of the 
seabed and considering available sea state at 
the location where the device is to be deployed. 
In this design, the potential test site was 
investigated preliminarily to select the 
dimensions of the device. Since both the kinetic 
energy and potential energy of the sea waves 
are to be harnessed by the WEC, buoy and flap 
dimensions are to be chosen to match the 
expected total power output. 
 
Table 1 - Initial Parameters of the Device 

Parameter 
Size of the Component 
Buoy Flap 

Shape Cuboidal Prismatic Shell 
Height (m) 0.400  0.500 
Width (m) 0.300 0.425 

Projected area 
perpendicular 
to flow 
direction (m2) 

0.1200 0.2125  

Volume (m3) 0.036  - 
Weight 
(Approx.) (kg) 5.0 8.0 

 
In this WEC, the buoy acts as an oscillating 
body that moves translationally relative to the 
frame to which it is attached once the buoy 
interacts with the incoming sea waves. 
Combined with the DOF of the frame to which 
the buoy is attached, the buoy is capable of 
performing circular orbital movement which is 
ideal for efficient power absorption since bodies 
that move in circular orbits are more effective in 
wave power absorption [14]. 
 
Weight and the volume are critical factors 
which decide the dynamics of the upward 
motion of the buoy, where higher the volume 
and lower the weight, the quicker the buoy 
response. However, for the downward motions, 
these two factors influence in the opposite way. 
This is the other way around for the downward 
motion of the buoy. To be effective in the power 
take-off, the response time of the buoy should 
match the wave period. Hence, the selected 
buoy should have weight and volume values 
that satisfy the above-mentioned criterion. 
 
Since, in the proposed device, flaps contribute 
to harvest a significant portion of energy 
contained in the sea waves through surge 
motion, determination of an optimum flap 
profile is crucial, considering operational 
characteristics as well as ease of fabrication and 
to minimise the cost involved. To determine the 
optimum flap profile, CFD simulations were 
carried out in the 2-D domain on two selected 
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geometrical profiles to evaluate their relative 
performance to be used as flaps. ANSYS Fluent 
19.0 was used for the said numerical 
simulations which were performed on a 
computer with Intel Core i5 4210H processor 
having a RAM of 8 GB. In these simulations, the 
drag coefficient of the flap system was used to 
identify the best profile where the flap system 
with profiles that characterise the highest drag 
coefficient was identified as optimal. 
Parameters of the analysed flap profiles are 
given in Table 2. Furthermore, Figure 5 
represents the 2-D geometrical shapes of the 
respective flap profiles. 
 
Table 2 - Geometrical Parameters of the 
Analysed Flap Profiles 

Flap Type Prismatic 
Shell 

Semi-
cylindrical 

Shell 
Number of 
flaps 4 3 

Flap 
Arrangement 90˚ apart 120˚ apart 

Projected 
Dimensions 
(m) (Width × 
Height) 

0.425 × 0.500  0.450 × 0.500  

Total 
Projected 
Area (m2) 

0.2125 0.2250 

   
Furthermore, CFD analyses were performed on 
the proposed device using ANSYS Fluent 19.0 
to predict the forces acting on the device 
components. In these finite element analyses 
(FEA), the load acting on the transmission 
system of the device was predicted for different 
device orientations in sea waves and were used 
to optimise the device for both operational 
performance and reliability under extreme 
forces. Accordingly, key design specifications of 
the proposed device were derived and are 
presented in Table 3. 
 
3.4 Experimental Phase 
Measurement setup for the experimental phase 
was composed of a constant-friction load 
applied on the output shaft of the WEC, an 
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revolutions made by the output shaft under the 
applied load, and a stopwatch to keep a record 
of time. A schematic diagram of the mechanical 
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(𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜) can be derived as given in Eq. 7, with 
the use of the total shaft rotation angle and the 
applied load. Here, µ, 𝑚𝑚, 𝑔𝑔, 𝑙𝑙1, 𝑙𝑙2 and 𝐷𝐷 are 
friction coefficient, applied load, gravitational 
acceleration, distance from pivot point to the 
contact point, distance from applied load to the 
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geometrical profiles to evaluate their relative 
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contact point, and the output shaft diameter, 
respectively. 

 𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 = µ𝑚𝑚𝑚𝑚𝑙𝑙2𝐷𝐷𝐷𝐷
2𝑙𝑙1

 …(7) 

For a given time 𝑡𝑡, the average power output 
can be computed by Eq. 8 where, 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎 is 
the average power output for the time period 
considered. 

 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑎𝑎𝑎𝑎𝑎𝑎 =
𝐸𝐸𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

𝑡𝑡  …(8) 
 
Table 4 - Measurement System Parameters 

Parameter Value 

Shaft Diameter - D(m) 0.02 

Applied Load - m(kg) 0.80 

Friction Coefficient - µ 0.40 
Distance from pivot to contact 
point - 𝑙𝑙1(m) 0.06 

Distance from applied load to 
contact point - 𝑙𝑙2(m) 0.19 

 
4. Results and Discussion 
 
4.1 Simulation Results of the Flaps 
Flow simulation results for the two-flap 
arrangements are given in Figure 7 and  
Figure 8. The CFD model was validated for the 
drag coefficient against already published data 
and an agreement within 5% of error was 
obtained for both the geometrical shapes [15]. 
Based on the results for the induced drag on 
each flap arrangement, it is evident that the 
prismatic shell-type flap arrangement having a 
drag coefficient of 1.97 is more effective in 
capturing the incoming kinetic portion of the 
wave energy than the semi-cylindrical flap 
arrangement which only has a drag coefficient 
of 1.08. When subjected to a uniform sea water 
flow at a velocity of 2 m/s, the total drag force 
induced on the cylindrical shell type flap 
arrangement was found to be only 498.15 N, 
compared to the 853.82 N induced on the 
prismatic shell type flap. Since the force 
imparted on the flap arrangement directly 
contributes towards the extraction of kinetic 
energy from sea waves, flap arrangement 
should have a high tendency to disrupt the 
fluid flow, thus being subjected to a drag force. 
Based on the results of the CFD analyses, it is 
evident that the main contributor of the total 
drag force is the shape according to Figure 8. 
When comparing the pressure contours for the 
prismatic shell type flap and semi-cylindrical 
shell type flap in Figure 8, the prismatic shell 

type flap arrangement shows a larger pressure 
variation in the upstream and downstream of 
the flow. The low-pressure region created by 
the prismatic shell type flap arrangement is 
relatively larger compared to the semi-
cylindrical flap arrangement. Furthermore, 
when comparing the maximum pressure on the 
two flap types, prismatic shell type flap is 
subjected to the highest pressure. Therefore, the 
pressure drag on the prismatic shell type flap 
can be taken as higher than that of the semi-
cylindrical type flap. Tendency for being 
subjected to high drag forces also improves the 
responsiveness of the power take-off system, 
making the device more effective in energy 
extraction. 
 
When looking at the pressure contours of the 
cylindrical shell type flap arrangement, several 
low-pressure regions between two adjacent 
flaps can be identified. This low pressure 
imparts additional forces on the flaps 
increasing the stress the flaps are subjected to. 
Such stresses can lead to premature failure 
since theses loads can be seen as cyclic 
throughout the operation of the device as the 
loading is due to wave interaction with the 
device. However, such a problem cannot be 
identified for prismatic shell type flaps. Thus, 
with respective to the strength also, prismatic 
shell type flaps can be more beneficial. 
 
4.2 Hydrodynamic Simulation Results 
To determine the forces exerted on the power 
take-off system of the device, hydrodynamic 
simulations were conducted using ANSYS 
AQWA 19.0. The 3-D model of the power take-
off system of the device was converted to a 
compatible geometry and was used for the 
analysis. Simulation results were used to size 
the device components. 
 
Details of the simulation model are given in 
Table 5, while Figure 9 shows the model used 
for the simulation. To simplify the simulation 
model, a hinged joint with 1 DoF was modeled 
connecting the power take-off mechanism and 
the sea floor. Forces exerted by the waves on 
the device are directly transferred to this joint. 
As per the design of the proposed device, force 
exerted on the power take-off mechanism is 
transferred in the form of a rope tension up to 
the power conversion system. Hence the force 
on the joint directly correlates to the power 
take-off potential of the device. Therefore, 
hydrodynamic simulations were used to 
calculate the force on the joint to evaluate the 
power take-off potential of the system. Time 
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varying joint forces are given in Figure 10 and 
Figure 11. 
 
When looking at individual force components, 
X-direction force shows a significant variation 
compared to Z-direction force. Constant 
interaction with passing water in the X-
direction can be the reason for this while the Z-
direction force largely depends upon the 
passing of the wave which only occurs 
periodically. X-direction force peaks at around 
170 N when compared to 290 N magnitude of 
Z-direction force. Even though the magnitude 
of the X-direction force is significantly less than 
that of the Z-direction force, it is evident that 
the horizontal component of the joint force (X-
direction force) also can be utilised to extract 
energy when a suitable power take-off 
arrangement is employed. Thus, both the surge 
effect (X-direction movement) and the heave 
effect (Z-direction movement) of the device can 
be used to extract energy from sea waves 
making the device capable in extracting both 
the kinetic and potential energy. 
 
Figure 11 shows the total joint force over time. 
Here, the total joint force has been calculated by 
considering the magnitudes of x-direction and 
z-direction forces acting on the device. This 
joint force is the main driving force of the 
power conversion system. Based on the 
simulation results, the maximum joint force 
was found to be 349.0 N which occurs at each 
wave interaction at a time gap of 15 s. 
Immediately following the peak joint force at 
each wave pass, relatively smaller magnitude 
forces are also exerted in the form of 

oscillations between consecutive occurrence 
speaking at 100 N. This can be due to the 
slamming force generated when the device hits 
the free water surface below its highest point of 
actuation. This can be avoided by optimising 
the inertia properties of the device to match its 
frequency domain response with the waves. 
Total joint force should be considered when 
sizing components of the device to make them 
withstand the wave load. Special attention 
should be given to the joint, flap structure and 
the base structure as these locations are mostly 
prone to damage when subjected to wave 
loading. 
 
4.3 Experimental Results 
In this research, all the experiments were 
carried out in a coastal area located in Gintota, 
Galle, Sri Lanka (GPS location: 6.051073, 
80.181529) and two sets of experiments were 
performed. Figure 12 shows the fabricated 
device in operation in the sea at the selected 
location. Energy extraction system was 
submerged in the sea and connected to the 
power conversion system using two tethers 
which consist of a combination of a Nylon rope 
attached to the energy extraction system and a 
chain coupled to the power conversion system. 
In each of the experiments, the average 
mechanical energy output from the device was 
measured at different instances throughout the 
duration of each of the experiments. Obtained 
data was used to calculate the average power 
during the trials. A summary of experimental 
results obtained during the field tests are given 
in Table 6. 

 
Figure 7 - Velocity Contours for, (a) Prismatic Shell Flap Arrangement and (b) Semi-Cylindrical 
Shell Flap Arrangement 



ENGINEER55ENGINEER 8  

varying joint forces are given in Figure 10 and 
Figure 11. 
 
When looking at individual force components, 
X-direction force shows a significant variation 
compared to Z-direction force. Constant 
interaction with passing water in the X-
direction can be the reason for this while the Z-
direction force largely depends upon the 
passing of the wave which only occurs 
periodically. X-direction force peaks at around 
170 N when compared to 290 N magnitude of 
Z-direction force. Even though the magnitude 
of the X-direction force is significantly less than 
that of the Z-direction force, it is evident that 
the horizontal component of the joint force (X-
direction force) also can be utilised to extract 
energy when a suitable power take-off 
arrangement is employed. Thus, both the surge 
effect (X-direction movement) and the heave 
effect (Z-direction movement) of the device can 
be used to extract energy from sea waves 
making the device capable in extracting both 
the kinetic and potential energy. 
 
Figure 11 shows the total joint force over time. 
Here, the total joint force has been calculated by 
considering the magnitudes of x-direction and 
z-direction forces acting on the device. This 
joint force is the main driving force of the 
power conversion system. Based on the 
simulation results, the maximum joint force 
was found to be 349.0 N which occurs at each 
wave interaction at a time gap of 15 s. 
Immediately following the peak joint force at 
each wave pass, relatively smaller magnitude 
forces are also exerted in the form of 

oscillations between consecutive occurrence 
speaking at 100 N. This can be due to the 
slamming force generated when the device hits 
the free water surface below its highest point of 
actuation. This can be avoided by optimising 
the inertia properties of the device to match its 
frequency domain response with the waves. 
Total joint force should be considered when 
sizing components of the device to make them 
withstand the wave load. Special attention 
should be given to the joint, flap structure and 
the base structure as these locations are mostly 
prone to damage when subjected to wave 
loading. 
 
4.3 Experimental Results 
In this research, all the experiments were 
carried out in a coastal area located in Gintota, 
Galle, Sri Lanka (GPS location: 6.051073, 
80.181529) and two sets of experiments were 
performed. Figure 12 shows the fabricated 
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Figure 7 - Velocity Contours for, (a) Prismatic Shell Flap Arrangement and (b) Semi-Cylindrical 
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Figure 8 - Pressure Contours for, (a) Prismatic Shell Flap Arrangement and (b) Semi-Cylindrical 
Shell Flap Arrangement 

Table 5 – Parameters used for the CFD Simulations 

Mass information 13 kg (Ixx=1.88 kg m2, Iyy=1.88 kg m2, Izz=0.21 kg m2 

Joint information Hinged joint rotatable about Y axis 

Mesh information Total elements=4589  
Diffracting elements=3588 

Analysed wave frequencies 0.016 Hz to 1.000 Hz 

Analysed wave directions 8 equally spaced directions from -180o to 180o 

Computation type Time response analysis followed by diffraction analysis 

Analysis type Regular wave response 

Wave parameters Wave height = 0.6 m 
Wave period = 15.0 s 
Wave frequency = 0.0667 Hz 

Time step 0.05 s 

Total simulation time 50.0 s 

Processor information Intel Core i5-4210H processor 

Memory 8 GB 

Simulation clock time 47 minutes (2820 seconds) 

 

 
Figure 9–Ansys Simulation Model: (a) Geometry, (b) Mesh, and (c) Geometry with the Modeled Hinged Joint 
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Figure 10 – Simulation of Forces on the Hinged Joint 

 
Figure 11 – Variation of the Magnitude of the Total Joint Force Over Time 
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Figure 10 – Simulation of Forces on the Hinged Joint 

 
Figure 11 – Variation of the Magnitude of the Total Joint Force Over Time 
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Figure 12 - Fabricated WEC Installed in the Experimentation Cite: (a) Energy Extraction System before 
Deployment, (b) Energy Conversion System before Deployment, and (c) Device in Operation 

Table 6 - Experimental Results 

 1st Deployment  2nd Deployment 

Instance 1 2 3 1 2 3 

Total Extracted Energy (J) 30.3 18.1 15.7 464.8 432.5 465.6 

Observed Time (s) 215 127 113 320 300 320 

Power (W) 0.141 0.142 0.139 1.453 1.442 1.455 

Average Power Output (W) 0.141 1.450 
During the first deployment, the device only 
showed a very limited performance amounting 
only to 0.141 W average power output. When 
the device behaviour was observed during the 
deployed duration, it was noted that the 
mounted base structure was not rigid enough 
to keep the submerged energy extraction 
system in place. This resulted in undesired 
movements of the whole energy extraction 
system, leading to lower performance. To 
overcome this drawback, for the second 
deployment, the base structure was modified to 

be more rigid by increasing the anchoring 
weight and adding spikes to the bottom to 
benefit from the skin friction. Furthermore, 
observations during the first deployment 
revealed that the device response to incoming 
waves was very slow, mainly due to mismatch 
between the device dimensions and topography 
of the seabed and the incoming wave 
characteristics. Accordingly, the dimensions of 
the device and other parameters such as 
assembly weight were adjusted in the second 
deployment to make the device more 
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responsive to custom wave conditions at the 
selected location. This modification allowed the 
device to perform synchronously with the 
incident waves. Another main problem 
identified during the first deployment was 
chains coming off the sprockets. To correct this, 
chain guides were added to keep the chains in 
place. 
 
Following the mentioned modifications, it was 
revealed that the device arrangement made it 
ideal for ease of installation without requiring 
complex arrangements. Also, placement of the 
power conversion system on-shore, out of the 
seawater proved to be beneficial in reducing 
operation and maintenance efforts by making 
accessibility and repairing more convenient 
than in cases of offshore or submerged power 
conversion systems. However, maintenance of 
the submerged power extraction system 
remains a challenge when the device is 
deployed, thus certain modifications may be 
required to make underwater maintenance 
works convenient. 
 
When comparing the efficiency values observed 
at the two deployments (with respect to 
designed power extraction capacity of 35 W), 
the first deployment gave an average efficiency 
of 0.403% while the second deployment gave an 
average efficiency of 4.143%. When compared 
with the efficiencies of similar devices that are 
currently operational (Wavebob – efficiency 
40-51%, AquaBuoy – efficiency 17-21%, and Sea 
Dog – efficiency 16-24%), this technology still 
needs certain modifications and optimisations 
to improve performance efficiency-wise. 
However, when compared to solar PV 
efficiency (15-20% typically), this technology 
can be highly beneficial if the availability factor 
(four times of solar energy availability) is also 
taken into consideration. Based on observations 
made on the device performance and behaviour 
during the deployments, the irregularities in 
the incident waves, sand particle interaction 
with certain components of the submerged 
system, and mechanical losses, lead to losses in 
device performance. Out of these, mechanical 
losses in the transmission system and drive 
system such as rubbing of the chains against 
chain guides and the sliding friction between 
the components of the energy extraction system 
were found to be the major contributors for 
energy losses. Furthermore, it was evident that 
the dimensions of the device should be further 
fine-tuned to match the topography of the sea 
environment where the device is planned to 
install in. This way, the device can be made 

more responsive to the incoming waves for 
energy extraction. Once these issues are 
addressed, the device can be made more 
efficient in extracting wave energy. 
 
5. Conclusion 
 
This paper presented a novel WEC that is 
aimed to reduce both capital and operational 
expenditure while maximising device 
performance. Accordingly, the WEC was 
designed to be able to capture both the kinetic 
and potential energy formats of the sea waves 
regardless of the wave propagation direction.  
 

 Designed device is capable of 
delivering 1.45 W of power on average 
with an efficiency of 4.143% when 
operated at the test site. 
 

 Out of the two flap types considered, 
computational fluid dynamic (CFD) 
simulations revealed that the prismatic 
shell type flap arrangement is superior 
to the cylindrical shell type flap 
arrangement in terms of hydrodynamic 
performance. 

 
 Considering ease of fabrication also, 

prismatic shell type flap is preferred 
over the cylindrical shell type flap. 

 
 Hydrodynamic simulations revealed 

that the device can be used to extract 
both kinetic energy and potential 
energy from sea waves. This makes the 
device more effective in energy 
extraction. 

 
 Hydrodynamic simulation results can 

be used for optimisation of the device 
by adjusting inertial and geometric 
parameters of the proposed device. 

 
 When comparing the recorded highest 

efficiency of 4.143% with currently 
available technologies that use similar 
techniques, further development and 
optimisation would be necessary to 
make this technology more 
economically viable. 
 

 Mechanical losses, wave irregularities, 
slow device response to incident 
waves, and sand particle interaction 
with the device are observed to be 
major contributors for the limited 
device performance. 
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 Since the power conversion system is 
designed to be stationed away from the 
sea, maintenance of the device can be 
made easier and cheaper. 

 

Hence, above insights can be used in designing 
scaled-up WEC devices with better 
effectiveness and economic viability. Future 
works on this study would include 
comprehensive fluid dynamic modelling, 
analysis, and optimisation of different designs 
to improve hydrodynamic performance of the 
WEC and more field tests involving real time 
data logging. Also, more focus to be given for 
selecting reliable materials for different 
components of the WEC to minimise corrosion 
and frictional losses, while reducing the overall 
weight. Furthermore, the effect of wave break 
should also be studied in order to determine 
most suitable installation locations. Such 
research and development works will ensure 
reliable and efficient operation of the WEC to 
generate green power from sea waves. 
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