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ABSTRACT  

 

In the need of exploiting renewable energy, wave energy has the capability to contribute to a 

greater extent. Efficient and durable devices to extract energy from the waves are focus of the 

design. This study aims at the experimental analysis and preliminary design of a newly developed 

near-shore mechanical wave energy converter (NMWEC) for shallow waters. It consists of central 

buoy with four, equally-spaced tubular floats mounted circumferential around the central float. 

Proposed devise is capable of harnessing energy for both regular and random sea states due to 

uniqueness in the shape of float and device layout. Wave energy is harnessed heave degree-of-

freedom by fluttering action while minimizing the loss of energy caused by reflecting waves. 

Numerical investigations are focused on various geometrical parameters of the device in order to 

obtain the maximum possible mechanical efficiency of the device for a chosen set of operating 

conditions.  

 

Keywords: Wave Energy Converter, ocean energy, wave energy, near-shore, Pierson-Moskowitz 

spectrum. 

 

1. INTRODUCTION 

 

Considering the increasing trend of power crisis around the world, cost of fossil fuels, we need to 

look in to the alternative energy sources like wave energy, solar, wind which can replace the 

traditional resources in the coming years. Wave energy is considered to have higher energy 

densities than solar, wind energy, but still lagging behind them in terms of trapping [1]. In the 

process of harnessing the Wave energy to its best many Wave energy convertors have been 

designed and developed for decades where majority for offshore and many of such are discussed in 

literature [2, 3]. In highly populated countries like India, there is a huge pressure on governments to 

trap power in renewable energy sector in sustainable way. India has about 7517 km coast line and 
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estimated wave energy potential of 40,000 MW [4]. The wave energy devices in the country are not 

yet a reality except Vizhinjam wave energy plant (decommissioned in 2011) and are still in the 

sheds [5]. It needs to concentrate on extraction of wave energy and other forms of ocean energy in 

the bigger context. This present work is done to suit the sea states of Bay of Bengal so as to initiate 

the wave energy harvesting and contribute to some extent for meeting the energy demands. The 

exact interaction of waves with the device is very difficult to define, its time-varying, site-specific 

nature and seasonal variations makes it still complex to understand [6]. Unlike other renewable 

resources with availability up to 20-30%, wave energy is available up to 90% of time [7]. In order 

to make wave energy converters competitive, adaptability to the local climatic conditions is very 

important. Adjusting to the rough sea conditions, suitable Power take-off systems (PTO), energy 

storage systems between source and load and its transmission is a challenging job which needs a 

thorough analysis while designing a model and before commissioning. A Numerical approach 

provides a groundwork for analyzing the dynamic behavior of the model in different sea state and 

optimization techniques on models helps WECs to become reality of in large scale. The current 

model is designed for shallow water depths or nearshore water regions which can capture energy 

from heave, where it is tested with irregular waves by considering the costal sea states of Bay of 

Bengal, India. 

 

2. NUMERICAL MODELLING 

 

The numerical analysis of the current model is carried out at 3 m water depth for time duration of 

250 seconds under unidirectional regular waves and irregular waves. This WEC model consists of a 

central buoy and set of four tubular floats (F1, F2, F3, and F4). These are circumferentially attached 

to the central buoy with help of connecting frames where they are modelled as tube elements. The 

floats are main source of harvesting the wave energy. These floats are modification, inspired of 

traditional cylindrical floats from the literature [8]. The connecting frame is attached to the floats on 

side as well as the central buoy on the other side with the help of hinged joint. This makes the floats 

to rotate with respective to the hinge thereby moving in the vertical direction causing fluttering 

action. Numerical analysis is conducted in commercially reliable software package of ANSYS 

AQWA where it uses panel method to analyze the wave effects [9, 10].  

 
Figure: Work flow of Numerical analysis 
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Figure 2: Layout of WEC represented along with global coordinates. 

 

       This package is based on potential wave theory and considers all the assumptions under it. The 

work flow of current numerical analysis from modelling to obtaining Hydrodynamic responses of 

WEC in clear from Figure 1 and the model design is shown in the Figure2. The layout of the WEC 

gives clear idea of wave direction which is heading in positive-X direction from F-3 to F-1 and the 

arrangement of floats around the central buoy. The entire system is symmetrically designed such for 

analyzing the floats dynamics to the waves, it is sufficient to consider wave directions from 0 to 45 

degrees along one float. In this paper only 0 degree direction of wave is used to understand the 

behavior of the WEC. The geometric details of model are presented in the Table 1. 

 

Table 1: Geometric details of WEC 

Description                                     Values                                               Units 

Water depth                                      3   m 

Density of steel                               7850  kg/m3 

Density of sea water                       1025  kg/m3 

Weight      Central buoy                 10668.37   N 

      Floats 1,2,3,4                3222.59                          N 

Buoyancy force  

                  Central buoy                 11845.57                                             N 

      Floats 1,2,3,4                3222.59  N 

Stiffness of tethers                          13541.348  N 

 

The dimensions of the model are developed to suit the wave environment of test lab also referred as 

wave basin (30*30*3 m) located in the Ocean Engineering Department, IIT Madras for future 

experimental studies. 



34 

 

 

2.1 Sea states and Hydrodynamic response 

           The analysis is done using irregular waves considering Pierson-Moskowitz spectrum (P-M). 

The model is tested with a set of significant wave heights and peak periods which are mentioned in 

the Table 2. Wave parameters data are considered form the ESSO - Indian National Centre for 

Ocean Information Services and these are averaged values taken over certain period of time in Bay 

of Bengal [11]. Once the model is checked for stability under free floating conditions it is then 

simulated with wave parameters considered for the analysis. 

 

Table 2: Wave parameters for irregular waves 

                 Set   (m)                                             (s) 

                  1  0.6                                                 2.8  

                  2 0.6                                                 4.3 

 

3.  WAVE POWER AND EFFICIENCY   

 

By considering the generic application advantage of P-M spectrum over the fully developed sea 

states, the wave spectrum is generated over starting and ending frequencies. The spectral equation 

of the P-M which represents the total energy under that particular set of waves considered is given 

by, 
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Where   ( ) represents the energy under P-M spectrum in m
2
,   is the frequency of the wave in 

rad/ sec,    is the significant wave height in m,   is zero crossing period in sec. Thus, the total 

wave power is given by, 
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 Where         if the available power from the waves (W), ρ is the density of sea water (1025 

kg/m3), g is acceleration due to gravity (9.81 m/s2),    is group celerity (m/s),   is the wave front 

length which is also equal to     (m),    and   are the starting and ending frequency (rad/ sec) over 

which the spectrum is generated.        

                                

The absorbed power by each float can be given by the formula in case of regular and irregular 

waves is given by equation below:     

                                                                ( )                                                                          (3) 

 

Where      is the power absorbed by the WEC (W),   ( ) the total energy under power spectral 

density of the float heave response (m
2
),   is the structural velocity of the floats in the heave 

direction (m/s).  

 

The mechanical efficiency of each float of the WEC is thus given by: 
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4. RESULTS AND DISCUSSION 

 

The response histories collected at the end of the Hydrodynamic analysis are analyses as discussed 

in the theory in the above section. The post-processing starts with finding power spectral densities 

and the area under it for all the sets of heave response. Approximately calculated natural periods, 

maximum values of central buoy response in all degrees of freedom, maximum and average power 

absorbed, Efficiency of WEC are in presented in the Tables-3, 4, 5, 6 and 7 respectively. The 

graphical representations of the responses of WEC for maximum efficiency case are shown in 

Figures 3(a)-(c). 

 

Table 3: Natural periods calculated approximately from the response time history 

Degrees of freedom                          Time period (s)                                     Damping ratio (%) 

                            Central buoy (tethered)          Floats 

     Surge                                 2.75                        2.75                                           10 

     Sway                                 2.71                        2.71                                           10 

     Heave                                 0.46                        1.25                                           10 

     Roll                                              1.81                        3.2                                             10 

     Pitch                                 1.81                        1.81                                           10 

     Yaw                                              2.72                        2.72                                           10 

 

 

Table 4: Maximum observed positions of the central buoy 

Set      Surge ( )         Sway (m)        Heave (m)           Roll (°)             Pitch (°)                 Yaw (°) 

1           0.10 0.0045             0.004                  0.28                       1.83                      0.8 

2           0.5                     0.007               0.007                  0.31                       2.32                     1.24 

 

Table 5: Average float velocity and their spectral densities 

Set                           Average floats velocity (m/s)                     Spectral density (m
2
) 

                             F1 F2 F3 F4                            F1 F2 F3 F4 

1                          0.314 0.346 0.444 0.335                         0.0042 0.0046 0.0058 0.0039  

2                          0.234 0.254 0.245 0.210                         0.0049 0.005 0.0052 0.0045 

 

Table 6: Power matrix of Wave Energy Converter in (W/m) 

  Set          Average Power absorbed            Maximum Power absorbed             Total average power 

                         (W/m)                                            (W/m)                                             (W/m) 

               F1 F2 F3 F4    F1 F2 F3 F4 

 1          13.31   16.18   25.64     12.96       59.44   71.3   122.53     68.52                        68.08 

 2          11.44   12.90   12.91 9.47        61.23   48     105.2       42.52                         46.72 

 

Table 7: Efficiency of WEC for set of waves considered 

Set     Wave                    Average Efficiency (%)                     Maximum Efficiency (%)      Total η  

       Power (W/m)          F1 F2 F3 F4    F1 F2 F3 F4 (%) 

1   267.288                 4.97        6.05     9.61       4.85         22.22   26.6     45.83     25.63        25.47                                                        

2   261.83                   4.37        4.93      4.93      3.62         23.33   18.3      40.17     16.25       17.47                                        

 

     The both wave sets considered for analysis have the wave length more than the extension of the 

WEC. Thus, it can be termed as point absorber [12]. It is required to tune the floats dynamics such 

that its natural period is close to the dominant wave period so as to improve overall productivity of 

the energy conversion. All floats are significantly participating in the trapping of energy thereby 
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contributing in improving efficiencies when compared to single float converters tested under 

regular waves [8]. Stress variation in the tethers shown in Figure 3 (d) is very much less than the 

yield strength of the steel (250 MPa), not much concentration is required at present scenario as the 

life of the tether in-turn WEC lifespan will be high. 

 

 
Figure 3 (a): Position of central buoy for maximum efficiency case 

 

 

 
Figure 3 (b): Rotation of central buoy for maximum efficiency case 

 

 
Figure 3 (c): Position of Floats in heave for maximum efficiency case 

 

-0.1

0

0.1

0.2

0 5000 10000 15000 20000P
o

si
ti

o
n

:C
B

 (
m

) 

Time (s) 
Surge Sway Heave

-3

-2

-1

0

1

2

3

0 5000 10000 15000 20000 25000

R
o

ta
io

n
:C

B
 (

°)
 

Time (s) 

Roll Pitch Yaw

-1

-0.5

0

0.5

1

0 5000 10000 15000 20000 25000H
ea

ve
: F

lo
at

s 
(m

) 

Time (s) 
F-1 F-2 F-3 F-4



37 

 

 
Figure 3 (d): stress variation of tethers for maximum efficiency case 

 

5. CONCLUSIONS 

 

From the dynamic responses of the structures in various degrees of freedom it is observed that the 

floats are fluttering independently from the central buoy as heave amplitude of floats nearly equal to 

the wave height whereas central buoy heave response is less, which allows it to capture energy. It 

can also be seen that fluttering period (in heave) of floats is more than that of central buoy heave 

natural period. The maximum value of average efficiency of WEC is reached to 25.47 % for set-1 

when the mechanical response of all floats considered together and maximum value of average 

power absorbed is 68.08 W/m for set-1. When each float is considered individual conversion 

system, the maximum efficiency obtained is 45.83 % for float-3 (F-3, which is upstream float) in 

set-1. These preliminary design results shows that the model is capable of producing energy and 

thus proper tuning of natural periods by using latching mechanisms [13], proper Power take-off 

mechanism (PTO) and testing it under various directional waves  and wide range of sea states 

enables the converter to adapt itself in the coastal sea states, Bay of Bengal thereby serving its 

purpose.  
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