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The energy conversion capacity of wave energy conversion devices highly depends on the hydrodynamic characteristics of the energy-harvesting structure. To investigate the effect of hydrodynamic performance on the power conversion characteristics, a twin-buoy wave energy converter (WEC) was investigated by using a three-dimensional numerical wave pool based on the Computational Fluid Dynamics (CFD) method. Several factors are examined, including the elasticity coefficient of the anchor chain, the bottom configuration of the floating body, and the power take-off (PTO) damping coefficient. The heave displacement, heave velocity, and heave force of the converter are calculated under specific wave parameters, and the flow field cloud diagram during the heave motion is analyzed. The results indicate that a wave energy converter with a hemispherical floating body exhibits the best kinematic performance. The influence of the mechanical damping coefficient on the energy conversion performance of the device is studied. By appropriately reducing the mechanical damping coefficient, the energy capturing capability of the device can be increased to a certain extent. These findings can serve as a theoretical basis for the application of deep-water wave energy conversion in engineering and the optimization of future WEC designs.
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1 INTRODUCTION
When considering the impact of viscosity, it adds complexity to the overall solution of fluid motion problems. In cases where viscosity has little effect, the fluid is often treated as an ideal, non-viscous fluid. However, for problems where viscosity plays a significant role, idealizing the fluid is no longer possible, and viscosity must be considered in calculations. The study of fluid viscosity, known as viscous fluid mechanics, is closely related to practical engineering applications (Yeung and Jiang, 2014; Zhang et al., 2009; Bubbar et al., 2018; Caskey, 2014). Advancements in scientific research have led to significant progress in the field of viscous fluid mechanics, with the use of CFD software becoming a prevalent approach (Devolder et al., 2018; Zhou et al., 2021).
In light of the current concerns about energy depletion, the development and utilization of wave energy as a clean and renewable energy source have garnered considerable attention (Murai et al., 2020; Cheng et al., 2021). The global potential for wave energy is estimated to be 2.5 billion kW, twice the current global installed power generation capacity. A wave energy converter is a device that transforms the kinetic and potential energy of waves into electrical energy. It consists of two main components: the wave energy acquisition part and the energy transfer and conversion part. The latter serves as the energy generation device, converting the mechanical energy from secondary conversion into electrical energy using a generator. Wave energy, present in seawater, represents a hidden source of renewable energy. Compared to other forms of marine energy, wave energy offers the advantages of convenient development and cost-effective, compact devices (Tay and Wei, 2020; Sheng and Lewis, 2016; Rezanejad and Guedes Soares, 2018; Eriksson et al., 2005). Various wave energy acquisition devices exist, including oscillating water column type, point suction type, and pendulum type (Cheng et al., 2019a; Cheng et al., 2019b). The conversion of wave energy occurs in three stages: the first stage involves acquiring and converting wave energy into other forms of energy. The secondary conversion helps direct, increase speed, and stabilize the energy. Finally, the third stage converts mechanical energy into electrical energy.
For scholars both domestically and internationally, the hydrodynamic performance of wave energy converters has emerged as a prominent research area. In a study by Eriksson et al. (Eriksson et al., 2005), the hydrodynamic characteristics of a wave energy converter were examined using potential flow theory, which disregards the impact of fluid viscosity. Yu et al. (Yu and Li, 2013) employed the Reynolds-average Navier Stokes equations to numerically model a point absorber wave energy converter with a carrier, necessitating significant computational resources. Guanche et al. (Guanche et al., 2013) utilized Simulink to conduct a partly nonlinear time-domain numerical simulation of a specific type of WEC. They investigated its sensitivity to various factors such as motor damping, WEC diameter, water depth, bearing friction coefficient, vertical drag force coefficient, wave height, and wave period. Mohammed et al. (Zullah and Lee, 2013) employed CFD techniques to simulate a Savonius rotor wave energy converter in a numerical wave pool, using CFX software. Similarly, Liu et al. (Liu et al., 2012) used CFD software to study the overtopping wave energy converter in a two-dimensional numerical wave pool. However, these studies primarily focused on two-dimensional simulations, which involve less computation but may not fully represent real-world conditions as compared to three-dimensional simulations.
Research on wave energy devices, both nationally and internationally, often relies on potential flow theory and frequency domain linear wave theory while neglecting the impact of fluid viscosity (Chen, 2018; Guo et al., 2018; Guo et al., 2014; Zhang et al., 2015). In this study, we apply a CFD approach that considers fluid viscosity and enables the simulation of floating devices with complex shapes and multiple degrees of freedom in the time domain. This approach provides a more intuitive representation of the temporal changes in physical quantities as the float moves and allows for the calculation of flow field information at each time step within the computational domain (Drew et al., 2009; Falcão, 2010; Muliawan et al., 2013). In our investigation, we use the CFD method along with STAR-CCM + software to simulate a specific point absorber wave energy converter. The simulation involves generating linear waves in a three-dimensional numerical wave pool, reducing the computational time without sacrificing accuracy (Falcão and Henriques, 2015; Sheng et al., 2015; Zhong and Yeung, 2019). To better reflect real-world conditions, we incorporate external mechanical damping into the device. Furthermore, we explore the theoretical movement response of the floating body under the influence of external mechanical damping, specifically examining displacement, velocity, and force under various wave conditions (Zhang et al., 2020; Michele and Renzi, 2019).
2 THEORETICAL ANALYSIS
2.1 Numerical model
The two-buoy wave energy converter comprises a float and a column, with this article introducing a novel damping plate onto the column. The floating bodies typically exhibit a cylindrical shape that is relatively flat, resulting in a larger waterline surface area. Conversely, the column exhibits a slender cylindrical shape with a comparatively smaller waterline surface area. The two-buoy wave energy converter is illustrated in Figure 1.
[image: Figure 1]FIGURE 1 | Schematic diagram of twin-buoy wave energy converter model.
The Equations 1–3 for the heave force acting on the floating body can be expressed as follows.
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The Equations 4–6 for the heave force acting on the cylindrical floating body are as follows.
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Where, [image: image] and [image: image] are the heave force of the fluid acting on the floating body and the damping plate respectively; [image: image] and [image: image] are the PTO damping force acting on the floating body and the damping plate respectively, which are equal in magnitude and opposite in direction; [image: image] and [image: image] are physical quantities that can be directly obtained in STAR-CCM+ (Financial fluid mechanics software); [image: image] and [image: image] are the wave exciting force acting on the floating body and the damping plate; [image: image] and [image: image] are the mass of floating body and damping plate respectively; [image: image] and [image: image] are the displacements of the floating body and the damping plate respectively; [image: image] and [image: image] are that heave velocity of the floating body and the damping plate, respectively; [image: image] and [image: image] are the heave acceleration of the floating body and the damping plate, respectively; [image: image] and [image: image] are the additional masses of the floating body and the damping plate, respectively; [image: image] and [image: image] are the wave radiation damping coefficients of the floating body and the damping plate respectively; [image: image] is PTO damping coefficient; [image: image] and [image: image] are the waterline areas of the floating body and the damping plate; [image: image] is mooring elastic coefficient; [image: image] is the speed of the floating body relative to the damping plate; [image: image] is anchor chain force; [image: image] is the gravity acceleration. In this study, the mechanical model of the anchor chain is simplified as a spring, and the influence of mooring elasticity change is not considered. [image: image] is a constant, and its size is [image: image], which means that the anchor chain studied in this paper is regarded as a spring with a constant stiffness coefficient.
The floating body heave RAO is [image: image], that is Equation 7
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Where, [image: image] is heave motion amplitude; [image: image] is the regular wave amplitude. The capture width ratio [image: image] of the float in regular waves is calculated in Equation 8
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Where, [image: image] is the floating body average absorbed power; [image: image] is the average wave power within the width of the float; [image: image] is the float movement time; [image: image] is the damping coefficient of wave energy converter; [image: image] is the wave height; [image: image] is the wave period; [image: image] is the float diameter; [image: image] is the float heave speed.
2.2 Basic theory
To address the wave load resulting from regular waves interacting with the surface of a dual floating wave energy device, the wave field must be solved initially. This article employs the CFD method to solve for regular wave fields. The approach follows three fundamental equations: the continuity equation, momentum equation, and Navier-Stokes (N-S) equation. Within the continuity equation, also referred to as the mass conservation equation, the differential form is expressed in Equation 9 as follows for a viscous incompressible fluid.
[image: image]
Where, [image: image] is speed; [image: image] is the displacement. The essence of the momentum equation is to satisfy Newton’s second law, and the expression is Equation 10
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Where, [image: image] is mass and [image: image] is pressure; [image: image] is the kinetic viscosity coefficient.
The aforementioned equation can also be applied to turbulence. Turbulent motion can be seen as comprising two components: time-averaged flow and instantaneous pulsating flow. Therefore, the instantaneous value of the dependent variable in the flow field can be expressed in Equation 11
[image: image]
Where [image: image] usually does not pulse with time, so [image: image]. Substituting the instantaneous expressions of the above physical quantities into Equations 9, 10, and averaging the time, the basic equation of instantaneous flow is obtained as follows:
[image: image]
The above Equation 12 is the Reynolds-averaged Navier-Stokes equation, where [image: image] is pressure.
3 NUMERICAL CALCULATIONS
This paper employs the CFD method to investigate and analyze the hydrodynamic performance of the wave energy converter in the time domain. The computational model comprises the floating body, column, and damping plate. The model simulates a single-degree-of-freedom heave motion. The structural schematic diagram of the twin floating body model can be seen in Figures 1, 2.
[image: Figure 2]FIGURE 2 | Schematic diagram of three different shapes of float models.
The half-sectional views of the buoys are shown in Figure 2. To ensure consistency in the inner and outer radii and displacement of the buoys, the conical and hemispherical floats have cylindrical surfaces with a height of d. The relevant data parameters in the model are shown in Table 1.
TABLE 1 | Model parameters of three different shapes of floats.
[image: Table 1]In this example, a regular wave with a 0.1 m wave height, 1.9s period, and 5.65 m wavelength is selected. The three-dimensional numerical wave flume model established in this study is depicted in Figure 3, with the X-axis representing the transverse direction of the wavelength, the Y-axis representing the longitudinal direction, and the Z-axis representing the vertical direction. Based on the wavelength size, the calculation domain dimensions are determined. The length of the pool is 40m, approximately seven times the wavelength, the width is 10m, the height is 14m, and the water depth is 12 m to ensure deep-water wave conditions. The velocity entrance boundary is located at the left end of the calculation domain, and the pressure exit boundary is set at the right end. To mitigate reflected waves during propagation, the VOF wave damping method is employed, with a damping length of twice the wavelength set at the end of the calculation domain. The standard K-Epsilon turbulence model is used in this study, employing Eulerian multi-phase flow to simulate gas-liquid phase change, and the VOF method to track the free liquid surface variations.
[image: Figure 3]FIGURE 3 | Schematic diagram of wave distribution.
3.1 Convergence verification
The quality and quantity of grid division play a crucial role in the accuracy and efficiency of the calculations. Using too many grids can significantly increase computation time, while using too few grids may lead to inaccurate results. Based on practical experience, it has been determined that selecting a reference value of approximately 1/20 of the wavelength strikes a balance between result accuracy and computational time. Since the waves are concentrated at the free surface, it is necessary to employ a refined grid resolution to accurately simulate the wave’s height and wavelength direction. In this study, to ensure the accuracy of wave transmission in terms of height and wavelength direction, five layers of encrypted regions have been created at the free liquid surface. The grid size at the free liquid surface is determined using an empirical formula [image: image]. The Table 2 below displays the main grid parameters set in this article. The study focuses on defining four reference values for the grid and generating four different grid models based on these values. The table provides information on the grid sizes for wave height and wavelength at different reference values, as well as the corresponding total number of grids.
TABLE 2 | Numerical wave flume grid settings parameters.
[image: Table 2]The Figure 4 presented below showcases the wave time history curves collected four different grid sizes. Through a comparison of the curves within the figure, it becomes evident that the wave time history curves for the four grid sizes generally exhibit consistency in both wave height and phase. Overall, the results obtained from simulating waves in numerical flumes using four different grid numbers do not display significant discrepancies. Upon zooming in on the data plot, it is observed that there is not a significant difference in wave amplitude among the four grid sizes. Case 2 exhibits the largest amplitude, while Case 3 has the smallest amplitude. The phase values for Case 2 and case 3 are relatively similar. However, there is a considerable difference in phase between Case 1 and case 4. With the aim of ensuring accurate calculations while considering computational efficiency, Case 3 has been chosen as the final parameter for the calculations.
[image: Figure 4]FIGURE 4 | Comparison of wave time history curves with different grid numbers.
3.2 Accuracy verification
This article primarily chose on the experimental research conducted on the heave buoy wave energy converter developed by Tianjin University (Zang et al., 2018). Specifically, the experiment uses a cylindrical model, exploring its heave motion response and wave energy conversion efficiency under varying PTO damping conditions. The main objective of this article is to assess the accuracy of the wave-structure interaction through the analysis of data extracted from the conducted experiment. The experimental model possesses a displacement of 17.45 kg and a draft depth of 0.11 m. The experiment is conducted with a wave period of 1.5s and a wave height of 0.1738 m. This article aims to validate the convergence of the overlapping region grids under these conditions, while also comparing the numerical simulation results with the experimental findings.
Based on the depicted Figure 5, it is evident that there is small disparity between the heave data obtained from numerical simulations and the experimental results. Therefore, we are confident that this wave-object coupling adequately fulfills the research requirements outlined in this article.
[image: Figure 5]FIGURE 5 | Heave displacement (Left) and velocity (Right).
4 MOTION AND POWER ABSORPTION CHARACTERISTICS
4.1 Mooring line stiffness
This section aims to investigate the impact of anchor chain elasticity coefficient on the motion and force of floating bodies, specifically focusing on a cylindrical floating body. Three distinct anchor chain elastic coefficients, namely, 0N/m, 3000N/m, and infinite anchor chain elastic coefficients, have been selected for this study. The effect of changes in the elasticity coefficient of anchor chains under three different periods on the motion response of the device, as shown in Figure 6. The heave displacement and velocity of the floating body are lower when the damping plate is in motion compared to when it is fixed. When the anchor chain’s elasticity coefficient is 3000N/m, the heave displacement and heave velocity of the damping plate are notably smaller than when the elasticity coefficient is 0N/m. There is no significant difference between the relative heave velocity and the curve value of the floating body’s heave velocity. However, the heave displacement and velocity of the damping plate with an anchor chain elasticity coefficient of 3000N/m are notably higher compared to the damping plate in free heave motion.
[image: Figure 6]FIGURE 6 | The relative heave displacement (A) and (B) velocity with different wave period is 1.7s (Left), 1.9s (Middle) and 2.1s (Right).
Observing the effect of changes in the elasticity coefficient of anchor chain on the heave forces experienced by the float and damping plate when the wave period is 1.9 s. When the damping plate is fixed, the heave force on the floating body is slightly greater than the other two motion states. However, when the anchor chain elastic coefficient is 0N/m and 3000N/m, the amplitude of the heave force on the floating body is not significantly different. When the heave force on the damping plate is locally amplified, it is found that the damping plate experiences the maximum heave force when the anchor chain elastic coefficient is 3000N/m. When the damping plate performs free heave motion, the heave force on the damping plate tends to zero. It can be inferred that the larger the anchor chain elastic coefficient, the smaller the heave force on the damping plate.
Observing the effect of changes in the anchor chain elasticity coefficient on the velocity field and vorticity field of the device when the wave period is 1.9 s. The floating body of the device undergoes heave motion, while the damping plate is fixed through the use of an anchor chain to facilitate heave motion. Figure 7 illustrate the velocity fields of the floating body at four distinct locations and how the heave motion of the floating body affects the heave motion of the damping plate. When the floating body is in its equilibrium position, it attains maximum velocity, influencing the motion of surrounding fluid. When the floating body is above its equilibrium position in terms of velocity, the fluid velocity below the floating body is directed vertically upwards. Conversely, when the floating body is below its equilibrium position in terms of velocity, the fluid velocity below the floating body is directed vertically downwards. At the highest and lowest points of the floating body’s motion, its velocity approaches zero, and the fluid velocity beneath the floating body’s bottom surface is parallel to it. The figure clearly demonstrates that when the damping plate is fixed, the floating body reaches its maximum velocity. Conversely, when the elastic coefficient of the anchor chain is 3000N/m, the floating body exhibits the smallest velocity. In the case of the fixed damping plate, the fluid velocity at the side wall of the column is the greatest due to the significant influence of the floating body’s heave motion on the flow field near the column.
[image: Figure 7]FIGURE 7 | The velocity field of the WEC with different spring stiffness coefficients (A) infinite (B) 3000 N/m and (C) 0 N/m for different motion states. From left to right are rock bottom, speed up, culmination and speed down.
When the damping plate is fixed, vortices are present on the side wall of the column. As the floating body perform upward heave motion from its lowest point, the vortices on the side wall gradually diminish until they disappear. Meanwhile, the dissipation of vortices at the gap between the floating body and the column gradually increases. Figure 8 shows that when the damping plate also performing heave motion, vortex clusters primarily from around the bottom surface of the floating body. These vortex clusters are mainly concentrated at the gap between the floating body’s bottom surface and the side wall of the column. This is because the floating body and the damping plate undergo relative heave motion. Additionally, due to the small gap between the inner wall of the floating body’s opening and the column, vortex clusters form at the connection between the side wall of the column and the floating body’s bottom surface. The size and distribution of the vortex clusters vary depending on the location of the floating body. Vortex clusters are present on the outer wall of the floating body when it is in the equilibrium position (velocity downward) and at its lowest point. This can be attributed to the dissipation of vortices at the outer wall of the floating body as a result of fluid viscosity during downward heave motion. By analyzing the temporal and spatial evolution of these vortices and their dissipation rates, we inferred that the observed behavior of the floating body during downward motion can be attributed, at least partially, to the dissipation of vortices at its outer walls. This conclusion is supported by numerical simulations, which show a consistent correlation between vortex dissipation and changes in the hydrodynamic response of the floating body. Conversely, when the elastic coefficient of the anchor chain is 0N/m and the floating body is in the equilibrium position (velocity upward) and at its highest point, the vortex transfers from the outer wall to the bottom of the outer edge of the float. This is because energy dissipation occurs at the bottom of the floating body’s outer edge due to the influence of fluid viscosity during upward heave motion.
[image: Figure 8]FIGURE 8 | The vorticity field of the WEC with different spring stiffness coefficients (A) infinite (B) 3000 N/m and (C) 0 N/m for different motion states. From left to right are rock bottom, speed up, culmination and speed down.
The vortex distribution at the damping plate remains relatively consistent regardless of the floating body’s position, indicating that the heave motion of the floating body does not affect the energy loss of the damping plate. When the damping plate is fixed, there is a minor dissipation of vortices at the damping plate. However, when the damping plate undergoes heave motion, there is no energy dissipation at the damping plate. This suggests that the damping plate does not generate vortex dissipation during heave motion.
4.2 Bottom configuration
Select three wave periods of 1.7s, 1.9s, and 2.1s to separately study the effect of changes in the bottom configuration of the float on the motion response of the dual-float wave energy device. At this time, both the float and supporting columns are set to undergo free heave motion. From the Figure 9, it can be observed that when the wave period is short, specifically at 1.7s, with a cylindrical bottom configuration float, its float heave displacement is comparatively unstable compared to the other two bottom configurations. However, the heave displacement motion of the corresponding supporting column is the most stable among the three bottom configuration floats, with the supporting column’s heave motion almost stationary.
[image: Figure 9]FIGURE 9 | The relative heave displacement (A) and (B) velocity with different wave period is 1.7s (Left), 1.9s (Middle) and 2.1s (Right).
With different wave periods and bottom configurations of the float, the heave displacement also varies. For a wave period of 1.7s, the bottom configuration with a conical float exhibits the largest heave displacement, while for a wave period of 1.9s, the bottom configuration with a hemispherical float shows the largest heave displacement. On the other hand, for a wave period of 2.1s, the bottom configuration with a cylindrical float has the largest heave displacement. This indicates that both the bottom configuration of the float and the change in wave period influence the heave motion response of the device. The variation in wave period has little effect on the heave motion of the supporting columns with a cylindrical bottom configuration float, as their heave motion remains relatively stable.
Observing the effect of changes in the elasticity coefficient of anchor chain on the velocity field and vorticity field of the device when the wave period is 1.9 s. The floating body and damping plate in the device undergo free heave motion. The velocity field of the floating body at four different positions is depicted in Figure 10. The heave motion of the floating body influences the flow of the surrounding fluid. When the floating body is in its equilibrium position, it exhibits maximum velocity. When the floating body moves upward from its equilibrium position, the fluid velocity below the floating body is directed vertically from the bottom of the floating body upwards. Conversely, when the floating body moves downward from its equilibrium position, the fluid velocity below the floating body is directed vertically from the bottom of the floating body downwards. At the highest and lowest points of the floating body, its velocity becomes virtually zero, and the fluid velocity beneath the floating body is parallel to its bottom surface.
[image: Figure 10]FIGURE 10 | The velocity field of the WEC with different different floating buoys (A) cylindrical (B) conical and (C) hemispherical for different motion states. From left to right are rock bottom, speed up, culmination and speed down.
The hemispherical and conical floating bodies achieve significantly higher speeds compared to the cylindrical floating bodies. The velocity of the damping plate is virtually zero at various locations, indicating that the heave motion of the floating body has little impact on the velocity field in the damping plate region. Additionally, the shape of the floating body has little effect on the velocity field in the damping plate region, as the velocity of the damping plate remains virtually zero regardless of the shape of the floating body.
Figure 11 illustrates that the vortex blob is primarily concentrated in the gaps between the bottom of the floating body and the side wall of the column during heave motion. This occurs due to the presence of a small gap between the inner wall of the floating body opening and the column, which hinders fluid motion. The floating body’s heave motion, driven by its heave motion, also contributes to the formation of the vortex blob in this gap. The dissipation of vortices is more pronounced in the wave-facing area compared to the wave-backing area. When the floating body perform heaves downward, the vortex blob transfers to the outer wall of the floating body. It is worth noting that with a hemispherical floating body, vortex dissipation occurs in the surrounding fluid due to the influence of the heave motion. The dissipation of vortices around the floating body gradually increases as it heaves upward from the lowest point to the equilibrium point. However, as the floating body continues to heave from the equilibrium point to the highest point and back to the equilibrium point, the dissipation of fluid around the floating body gradually decreases. This indicates that the heave motion of a hemispherical floating body significantly affects the surrounding fluid. In summary, the heave motion of a hemispherical floating body has the most disturbance to the surrounding fluid and the greatest energy dissipation. The heave motion of the floating body does not affect the energy dissipation of the damping plate, regardless of the shape of the floating body.
[image: Figure 11]FIGURE 11 | The vorticity field of the WEC with different different floating buoys (A) cylindrical (B) conical and (C) hemispherical for different motion states. From left to right are rock bottom, speed up, culmination and speed down.
4.3 PTO damping
Observing the effects of changes in the damping coefficient on the device’s motion response under three different periods. In this section, the objective is to investigate the influence of PTO damping coefficient changes on the performance of a dual pontoon device. Three different PTO damping coefficients are utilized for this purpose, with the anchor chain’s elastic coefficient set to zero. This section specifically focuses on utilizing a hemispherical floating body configuration. The primary focus of the study is to analyze the impact of varying PTO damping coefficients on the motion and force characteristics of the dual pontoon device.
Figure 12 clearly demonstrate that higher damping coefficients result in a deceleration of the heave motion of the floating body. As the damping coefficient gradually increases, both the heave displacement and velocity of the floating body progressively decrease. When the wave period is short, the oscillatory motion of the damping plate is hardly affected by the damping coefficient. However, when the wave period is 2.1 s, the larger the damping coefficient, the smaller the amplitude of oscillatory displacement and velocity of the damping plate.
[image: Figure 12]FIGURE 12 | The relative heave displacement (A) and (B) velocity with different wave period is 1.7s (Left), 1.9s (Middle) and 2.1s (Right).
When the wave period is short, the change in damping coefficient has a minimal impact on the damping force experienced by the float. When the wave period is 2.1 s, with an increase in damping coefficient, the damping force on the float initially increases and then decreases. It can be observed from Figure 13 that the PTO force does not vary linearly with the damping coefficient. In this paper, for the given wave periods 1.7, 1.9 and 2.1s, the middle PTO coefficient 10 kNs/m has the maximum PTO damping force. It means that there will be an optimum PTO damping coefficient for different wave periods and bottom configuration of the oscillating buoy.
[image: Figure 13]FIGURE 13 | The PTO damping force with different wave periods. 1.7s (Left), 1.9s (Middle) and 2.1s (Right).
From the result of capture width ratio in Figure 14, it is found that among the given three PTO damping coefficients, the smallest damping corresponds to the largest capture width ratio. A smaller damping coefficient results in a larger capture width ratio for the device, so reducing the damping coefficient can enhance the device’s wave energy capture capability. As the calculation progresses, the capture width ratio increases rapidly at first, but gradually flattens out later. When the damping coefficient is 5 kN/m, it even reaches a stable value.
[image: Figure 14]FIGURE 14 | Capture width ratio with different wave periods. 1.7s (Left), 1.9s (Middle) and 2.1s (Right).
5 CONCLUSION

(1) Changes in the elastic coefficient of the anchor chain have a direct impact on the motion state of the damping plate, which in turn affects the motion of the floating body. Specifically, when the damping plate undergoes heave motion, the heave displacement of the floating body becomes smaller compared to when the damping plate is fixed. This indicates that the motion of the damping plate does indeed influence the motion of the floating body to a certain degree.
(2) Changes in the bottom configuration of the float and wave period have little impact on the wave loads experienced by the supporting columns. The wave loads on the supporting columns are almost negligible. However, with different wave periods and bottom configurations of the float, the heave displacement of the device varies. This indicates that not only the bottom configuration of the float affects the heave displacement of the device, but also the change in wave period influences the heave motion response of the device. The variation in wave period has little effect on the heave motion of the supporting columns with cylindrical bottom configuration floats, as their heave motion remains relatively stable.
(3) When the wave period is relatively large, increasing the PTO damping coefficient will reduce the heave displacement and amplitude of the heave velocity curve for the float and damping plate. In order to enhance the wave energy capture capability of the device, it is advisable to reduce the damping coefficient appropriately.
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