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 المستخلص:

ٌمذ صاد اٌطٍت ػٍٝ اٌطبلخ ثشىً وج١ش ٘زٖ الأ٠بَ ِّب أدٜ إٌٝ رضا٠ذ اسزٙلان اٌىٙشثبء، ٚاٌزٟ ٠زُ رٛف١ش ِؼظّٙب 

ػٓ طش٠ك اٌٛلٛد الأؽفٛسٞ، ِّب أدٜ إٌٝ ص٠بدح رىب١ٌف اٌطبلخ ٚوزٌه الأجؼبصبد اٌضبسح إٌبرغخ ػٓ اؽزشاق 

ِظبدس اٌطبلخ اٌّزغذدح ٌزٍج١خ اٌطٍت اٌؾبٌٟ ػٍٝ اٌطبلخ. ٚرشًّ ٚلذ أدٜ رٌه إٌٝ اٌزمذَ فٟ اسزخذاَ  اٌٛلٛد.

٠ؼشع ٘زا  .٘زٖ اٌّظبدس اسزخذاَ اٌطبلخ اٌشّس١خ ٚطبلخ اٌش٠بػ ٚالأِٛاط ٌز١ٌٛذ اٌطبلخ ثطش٠مخ خضشاء

اٌجؾش اسزخذاَ ِّزظبد ٔمبط اٌطبلخ اٌّٛع١خ ثأشىبي ِخزٍفخ ٌزم١١ُ أدائٙب ػٕذ رؼشضٙب ٌٍّٛعبد. رُ رظ١ُّ 

ٌّلاؽظخ ؽشوزٙب ٚوزٌه اسزغبثزٙب ٌٍمٜٛ   Ansys Aqwaخ أشىبي ِٓ اٌؼٛاِبد ٚرؾ١ٍٍٙب ثبسزخذاَ ثشٔبِظأسثؼ

أظٙشد إٌزبئظ أْ اٌؼٛاِخ راد اٌشىً الأسطٛأٟ ٠ّىٕٙب رؾم١ك ؽشوخ أوجش  غ١ش اٌّزٛاصٔخ اٌزٟ رزؼشع ٌٙب.

ٚ٘زا ٠ذي ػٍٝ أْ  .اٌّخزٍفخ % فٟ الارغبٖ اٌشأسٟ ِمبسٔخ ثّزٛسظ ؽشوخ رظ١ّّبد اٌؼٛاِبد5..8ثٕسجخ 

 .اٌؼٛاِخ الأسطٛا١ٔخ ٟ٘ اٌخ١بس الالزظبدٞ لاِزظبص طبلخ الأِٛاط ثشىً أفضً

ABSTRACT: 

Energy demands have increased dramatically nowadays giving rise to the growing consumption of 

electricity, most of which is provided by fossil fuels, which has increased energy costs as well as 

the harmful emissions resulting from fuel combustion. This has resulted in advancements in the 

use of renewable energy sources to satisfy the current energy demands. These sources include the 

use of solar, wind, and wave power to generate energy in a green manner. This paper presents the 

use of wave energy point absorbers with various shapes to assess their performance when exposed 

to waves. Four buoy shapes are modelled and analyzed using Ansys Aqwa to observe their motion 

as well as their responsiveness to the out of balance forces subjected on them. The results show 

that the cylindrically shaped buoy can achieve around 52.8% more motion in the vertical direction 

when compared to the average motion of the different buoy designs. This shows that a cylinder 

buoy is the economic option for optimized wave energy absorption. 
 

Keywords: Wave Power, Green Energy, Point absorbers, Numerical Simulation 

1. INTRODUCTION 

Given the harmful impacts of fossil-based energy sources and the growing consumption of 

electricity, governments have taken considerable steps towards sustainable development and the 

application of renewable sources of energy in their various forms such as solar, wind and wave 
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power to reduce environmental pollution (Viet et al., 2016). Among the commonly used renewable 

sources of solar and wind energy, wave energy has the highest power density and provides the 

most availability through 90% of the time which increases its reliability when compared to other 

renewables (Beirão & Malça, 2014). Therefore, great efforts were made to utilize wave energy 

through various technologies of wave energy converters (WEC) which include point absorbers, 

oscillating water columns, and overtopping devices (Khojasteh & Kamali, 2016). A point absorber 

(PA), however, is considered the most effective technique in terms of power absorption and 

feasibility; both economically and technically (Guo et al., 2022). It is characterized by a small 

dimensional floating buoy relative to its surrounding wavelength, and a mooring system to keep 

the buoy supported at the seabed. The objective of a PA system is to absorb the maximum energy 

from different wave frequencies which is harnessed by a power take off (PTO) system (Shadman 

et al., 2018). 

Although PA systems can take various configurations, a two-body WEC can also be used to 

harness the wave energy through the relative motion between the two moving buoys thus creating 

a better cost-effective solution (Li et al., 2023). 

Despite its advantages, a PA is not efficient in harnessing the slow-speed oscillations of the waves 

which encouraged many studies to design PTO devices that can convert the buoy’s mechanical 

energy into electrical energy with high efficiency to improve the PA’s performance in rough wave 

and weather conditions which increased the manufacturing, implementation, and maintenance 

costs (Piscopo et al., 2017). Also, the use of PA systems in irregular wave conditions is affected by 

wave frequencies which cannot be considered (Liang et al., 2023). 

In 2012, Guedes Soares et al. in Review and classification of wave energy converters, studied 

various WECs to determine the most effective technologies for offshore implementation in terms 

of theory of operation and power conversion steps. They found out that converters should be 

classified according to the power delivered cost which requires geographic and economic factors 

that are susceptible to change (Guedes Soares et al., 2012). 

In 2018, Chen et al. in Performance evaluation of a dual resonance wave-energy convertor in 

irregular waves, introduced a dual resonance wave-energy convertor. The performance of the 

converter was studied using the linear wave theory and spectral analysis under different 

mechanical factors such as internal mass, PTO system damping, and spring stiffness (Chen et al., 

2018). 

In 2020, Li et al. in Optimum power analysis of a self-reactive wave energy point absorber with 

mechanically driven power take-offs, studied two types of PTO systems:    mechanical motion 

rectifier (MRR) and non-MMR with dynamic models in conjunction with the WEC system. They 

created a numerical simulation to analyse the performance of the two systems. The obtained results 

showed that the MRR system better absorbs power for small wave periods (Li et al., 2020). 

This research aims to compare the behaviour of several buoy shapes in waves. The parameter in 

the proposed analysis is the geometrical shape of the buoy; alterations in which will be made to 

study the efficiency of the buoy in absorbing wave power which will be assessed based on the 

buoy’s movement in response to the incident waves. In this paper, various buoys will be designed 

and built in a 3D numerical simulation with a fixed radius. The models will then be subjected to 
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wave conditions. Finally, the results will be analyzed to determine the buoy shape that achieved 

the most movement in response to the incident waves. 

2. METHODOLOGY 

Numerical models of four buoy shapes are built, namely cube, cylinder, cone, and pyramid shapes 

and used in a computational fluid dynamics software (Ansys) in the hydrodynamic diffraction 

system (Aqwa) to run simulations with a fixed radius to determine the buoy shape with the most 

displacement in response to the incident waves. 

The theory of Ansys Aqwa in the frequency domain is solving the equations of motion to calculate 

the response X of a structure in waves for unit wave amplitude as shown in Eq. (1): 

        2

s a[- ω M  + M ω  - i ω B ω  + C] X ω  =F ω
 (1)  

where: ω is frequency 

Ms is structure’s mass 

Ma is added mass (frequency dependent) 

B is damping (frequency dependent) 

C is hydrostatic stiffness 

F is wave force (incident and diffracting forces) 

The methodology is composed of the following four stages highlighted in Figure 1: 

 
Figure 8: Research Methodology Layout 

The simulation is done in a water domain size of 2.5 m × 1.5 m with a depth of 35 m using Ansys 

Aqwa as shown in Figure 2. 

 

Figure 9: The Water Domain Used in Simulation 
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In the study, four buoy shapes, cube, cylinder, cone, and pyramid, are 3D modelled and analyzed 

with a fixed mass of 0.138 kg and a radius of 0.1 m to yield the optimum shape for wave energy 

harvesting. 

The buoys’ inertia values are defined through their radius of gyration as shown in Table 1. 

Table 23. Radius of gyration of the proposed buoy shapes 

Buoy shape Radius of gyration Value (m) 

Cube k = 
𝒍

√𝟔
 0.04082 

Cylinder k = 
𝑹

√𝟐
 0.07071 

Cone 
k = √

𝟑 𝒓𝟐

𝟏𝟎
 

0.05477 

Pyramid k = 
𝒍

√𝟏𝟎
 0.03162 

Figure 3 shows the different geometries of the proposed buoys with a radius or characteristic 

dimension of 0.1 m which signifies the length of the cube, radius the cylinder, cone, and side 

length of the pyramid where the radius equals the height of the buoy as well. 

 
Figure 10: Proposed Buoy Geometries 

The buoy shapes were meshed with a maximum element size of 0.003 m as shown in Figure 4. The 

number of elements is 15680, 30156, 28375, and 17936 for cubic, cylindrical, conic, and 

pyramidic buoys respectively. 

 
Figure 11: Meshing of the 3D Buoys’ Geometries 
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Four mesh sizes were investigated to verify that the simulation results are independent of the mesh 

size, with an element size of 0.0033, 0.0031, 0.003, and 0.0029. The total number of mesh 

elements as well as simulation results are shown in Table 2. The maximum element size of 0.003 

was used for the final results. 

Table 24. Verification Results of the Simulation Model 

Element Size (m) Number of Elements Heave Z (N/m) 
Out of Balance 

Forces/Weight 

0.0033 13209 98.065681 2.623168 

0.0031 14580 98.067108 2.6232119 

0.003 15680 98.065903 2.6231372 

0.0029 16820 98.065025 2.6231592 

The input wave range is -180° to 180° with an interval of 45° resulting in 7 intermediate wave 

directions as illustrated in Figure 5. The incident wave range has lowest frequency of 0.1 rad/sec 

and highest frequency of 63.47637 rad/sec and 18 intermediate frequency values. 

 
Figure 12: Wave Directions with a 45° Interval 

3. RESULTS AND DISCUSSION 

The results of the numerical analysis were observed, in incident wave frequency range of 0.1 – 63 

rad/sec, with the geometry change of each buoy and the results of the buoy’s heave, pitch and roll 

motions were recorded. 

The heave motion of each buoy shape is observed first. Figure 6 shows the values of each buoy’s 

heave motion in the vertical Z-direction. It is observed that the cylindrical buoy yields the highest 

heave motion with 308.06888 N/m, and the conical buoy yields the lowest heave motion with 

77.014214 N/m. 
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Figure 13: Heave Motion of Proposed Buoy Shapes 

The buoys’ roll movement in the Z-direction is observed for each shape. Figure 7 shows the values 

of each buoy’s roll motion around the vertical Z-direction. It is observed that the cylindrical buoy 

yields the highest roll motion with 9.0362 × 10
-7

 N.m/m, while the conic buoy shape yields the 

least roll motion with -9.1072 × 10
-8

 N.m/m. 

 
Figure 14: Roll Motion of Proposed Buoy Shapes 

The pitch motion of each buoy shape is recorded. Figure 8 shows the values of the pitch motion in 

the vertical Z-direction for each buoy shape. It is observed that the cylindrical buoy yields the 

highest pitch motion with 2.2967 × 10
-6

 N.m/m, while the cubic buoy shape yields the least pitch 

motion with -9.9922 × 10
-8

 N.m/m. 

 
Figure 15: Pitch Motion of Proposed Buoy Shapes 
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Figure 9 shows the out-of-balance forces affecting the different buoy geometries in the vertical Z-

direction. It is observed that a force per unit weight of 10.38197 affects the cylinder, while a 

minimum force per unit weight of -0.0516 affects the cone. 

 
Figure 16: Out of Balance Forces/Weight of the Proposed Buoy Shapes 

4. CONCLUSIONS 

This study presents a method of evaluating the response of buoy wave energy absorbers based on 

their motion in the vertical Z direction and the forces that affect the buoys causing their heave 

motion given the complex interaction between waves and a moving/oscillating buoy which affects 

its stability as well as energy harnessing efficiency (Yu et al., 2023). 

The analysis is carried out by implementing changes in the buoy’s geometry and comparing the 

response of each shape to the out of balance forces generated by the incident waves which is 

evaluated through the buoys’ movement in the heave, roll, and pitch motions. 

The four selected geometrical shapes for the buoys are 3D modelled with a characteristic 

dimension/radius of 0.1 m and a fixed mass of 0.138 kg. The geometries are then meshed with a 

maximum element size of 0.003. 

A range of incident waves from -180° to 180° with an interval of 45° are imposed on each buoy 

resulting in 7 intermediate wave directions with the lowest frequency of 0.1 rad/sec and highest 

frequency of 63.47 rad/sec. 

The research results show that, for the buoys heave motion, the cylindrical buoy shape yields a 

heave movement in the Z-direction 52.83% higher than the average achieved motion of 145.3 N/m. 

The heave motion makes up the largest component of the buoys’ motion in the Z-direction. 

The out of balance forces are used as an indication of the response of the various buoy designs to 

the incident waves, which show that the cylindrical buoy is exposed to 68.3% higher value of out 

of balance forces in the Z-direction than the average value of 3.29 Newton per unit weight. 

The results conclude that the cylindrical buoy shape achieves the highest movement values in 

heave, roll and pitch motions in the vertical Z-direction as well as the highest out of balance forces 

in the Z-direction making it the most responsive shape to the incident wave conditions analyzed. 

In conclusion, the use of cylindrically shaped wave energy absorbing buoys can be efficient and 

cost effective when compared to other buoy geometries gives the high displacements they reach 

when exposed to waves. This in turn leads to the increased output of the energy absorbing system 
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while reducing the costs by using the optimum geometry for wave energy harvesting (Zhang et al., 

2023).  
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