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For the marginal oilfield with low oil extraction, adding wave energy conversion device integration to the jacket platform is very meaningful for reducing the mining cost. First, the design concept of integrated oscillating water column (OWC) device with jacket platform is proposed. Then, the optimal model of OWC device structural arrangement parameters is established with the aim of low wave force and high wave energy conversion efficiency. Finally, the dynamic response of the integrated device is analyzed under the working and extreme sea states. The results show that the integrated device has certain effectiveness and feasibility.
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INTRODUCTION

With the development of society, the demand for energy continues to increase, and the reserves of conventional petrochemical energy such as coal and oil are decreasing, and the energy crisis is increasing (Cheng et al., 2009). At the same time, environmental pollution, and protection pressures have gradually increased. In recent years, the smoggy weather has increased more and more, indicating the importance of developing clean energy. The ocean, which accounts for 70% of the Earth's surface area, contains abundant clean energy. Among them, ocean wave energy is a kind of energy converted by wind energy. The wind blows across the ocean and transfers the energy to the sea water through the sea–air interaction, forming waves and storing the energy as potential energy (the potential of water mass away from the sea level) and kinetic energy (water motion) (Liu and Ma, 2018). Wave energy has wide distribution and high energy density. It has a periodic law, which is convenient for standardized development and utilization (Tidwell and Weir, 2006). The wave energy, which is the highest quality energy in the ocean, can be converted into electricity if properly utilized.

There are many types of wave energy conversion devices, more than thousands of patents. At present, wave energy conversion devices have entered the stage of industrialization and practical application demonstration; in recent decades, the world has built wave energy conversion demonstration devices, more than 30 practical devices, and some devices have entered commercial operation stage (Gao, 2012), for example, the 500-kW wave power station established in Portugal with an average power of 124 kW and a maximum of 525 kW, the 500-kW wave power station built in Norway, and the LIMPET500 built in Scotland, United Kingdom, located on the island of Islay with an energy flow density of 15–25 kW/m (Yu, 1993; Teixeira et al., 2013; Ji, 2017). At present, many countries in Asia, Europe, and America are striving to research and develop cutting-edge technologies for various wave conversion devices. At present, commonly used wave energy converter (WEC) types include oscillating water column (OWC), oscillating wave surge converters (OWSC), mechanical transmission, hydraulic, and overtopping (Scruggs, 2009; Renzi and Dias, 2013; Michele et al., 2017, 2019a; Michele and Renzi, 2019).

OWC structures were proposed by Yoshio Masuda for the first time in 1940 and was applied in a navigation buoy (Falcão, 2009). Based on the linear wave theory and rigid body hypothesis, Evans (1976, 1982) simplified OWC water column into a rigid piston vibrating with one degree of freedom and proposed the theoretical model of OWC hydrodynamics for the first time. As the most commercial development form of WECs at present, a large number of investigations have concentrated on increasing the hydrodynamic efficiency of the OWC devices, usually by changing the geometric shape and structure of the OWC devices, using numerical and experimental methods. Ambli et al. (1982) proposed a kind of multiresonance oscillating water column device with a port added in front of the air chamber, and the effect of resonance wave on incident wave and water column in the air chamber is studied by model test. Korde (1991) improved on the traditional OWC device so that waves can achieve resonance in the device, thus overcoming the disadvantage that the intrinsic period of the traditional OWC device is smaller than the wave period and the wave energy conversion efficiency is low. Boccotti (2006) proposed a new type of U-shaped OWC structure, and its inherent period is larger and the utilization efficiency of wave energy is higher compared with the traditional OWC device. Dizadji and Sajadian (2011) studied the influence of geometry parameters of OWC on the wave energy conversion efficiency through the flume test, including angles of the front and rear wall of the air chamber, position and diameter of the air outlet pipe, and the width of the air chamber at the pipe position. Chang et al. (2016) developed an experiment to investigate the influence of the angle of the back wall, the front wall, and the chamber width on the hydrodynamic performance of OWC devices. He and Huang (2017) studied the characteristics of orifices for modeling non-linear power takeoff of OWC. The hydrodynamic performance of an array of OWCs installed along a vertical straight coast was evaluated by Zheng et al. (2019). Ning et al. (2019) analyzed the wave energy conversion efficiency of an OWC under various stepped bottom configurations. He et al. (2019) adopted a local increase in the back-wall draft of pile-supported OWC to enhance wave power extraction and reduce wave transmission. A mathematical model is developed to analyze the hydrodynamics of a novel OWC with a coaxial cylindrical structure in a hybrid wind-wave energy system by Michele et al. (2019b), and their analytical results showed excellent agreements with the experimental analyses of Perez-Collazo et al. (2018).

Contrasting to OWC devices with a single chamber, it is suggested that significant increases in energy extraction can be achieved from dual-chamber devices. Dual-chamber devices were installed on a floating breakwater for wave energy extraction by He et al. (2012, 2013). A dual-chamber OWC-WEC, which has two subchambers with a shared orifice, was proposed by Ning et al. (2017), and the effects of the chamber geometry on the variation of surface elevation and water column volume in the two subchambers were studied. He et al. (2017) accurately measure the wave power of floating OWC with wider chamber breadth in the experiments for the first time and discussed the power extraction performance of a floating breakwater with dual-chamber devices. Ahmed et al. (2018) investigated the hydrodynamic performance of various dual-chamber offshore-stationary OWC-WECs, using well-validated 2D and 3D computational fluid dynamics (CFD) models based on the Reynolds-averaged Navier–Stokes equations (RANS) equations and the volume of fluid (VOF) method and compares the results to single-chamber OWC devices. Ning et al. (2018) proposed a novel cylindrical OWC-WEC with double chambers to harvest the wave energy effectively in deep water, and investigated its hydrodynamic characteristics by an analytical model based on the linear potential flow theory and eigenfunction expansion technique.

As a high-cost energy resource, improving the efficiency of wave energy converters is one of the important ways to reduce the operational expense. Applying the concept of cost sharing, some investigations concentrated on the integration of WECs into coastal and offshore structures, such as breakwaters, jetties, or along sections of the coast, presenting an effective way to significantly increase the wave power exploitation. Integrating OWCs into caisson breakwater makes it able to generate electricity while dissipating the waves (He and Huang, 2014, 2016). For this combined structure, Boccotti (2007), Boccotti et al. (2007), Shi and Yang (2010), and Qin et al. (2013) conducted related investigations. Sarkar et al. (2015) and Michele et al. (2016) carried out investigations on hydrodynamics and performance of OWSCs with a straight coast. He et al. (2016) discussed the performances of both wave energy extraction and vortex-induced energy loss for the combined OWC breakwater. As offshore platforms developing into the deeper ocean, the problem of electricity consumption for the operation of offshore platforms needs to be solved. Integrating the WECs into platforms can convert the clean energy wave energy into electric energy, provide power for the normal operation production of platform, improve economic benefits of oil exploitation, and alleviate the current situation of energy shortage. At present, taking a jacket platform for example, the design concepts of the integrated device mainly have the following types: the OWC device, the oscillating floating buoy device, and the overtopping device (Ji, 2017).

In this paper, an integrated OWC device integrated into the jacket platform is proposed, and the dynamic response analysis is conducted. First, the concept design of the integrated device is proposed, and the ANSYS finite element model is established based on a jacket platform. The calculation of wind, wave, and current load is carried out, and the calculation method of structural dynamic response is clarified. Then, the optimization function model is used to explore the optimal structural parameters of the OWC device. The wave force and its wave energy conversion efficiency coefficient of the OWC device is obtained by giving a series of device drafts and chamber radiuses. Based on the optimal objective function with the smallest wave force and highest wave energy conversion efficiency of OWC, the optimal structural parameters of the OWC device are obtained. Finally, the OWC device with the optimal structural parameters is integrated into the jacket platform, and the dynamic responses under different load conditions are carried out, and the results are also compared with the jacket platform without the integrating OWC device.



CONCEPTUAL MODEL OF JACKET PLATFORM INTEGRATED OWC DEVICE


Concept Design

This paper proposes an integrated OWC conversion device for the jacket platform by Dalian University of Technology. The structure diagram is shown in Figure 1, where for the convenience of drawing, the actual oblique angle of jacket platform legs is not shown, and the oblique angle is very small, which has very little influences on the wave loads of the integrated device. The device is divided into two parts: a jacket platform and a wave energy conversion device. The wave energy conversion device consists of an air chamber and an air turbine generator. The air chamber is a combination of cylindrical ring body and hemispherical ring body with same radius; the upper part of the hemisphere ring body is provided with a vent hole pipe, which is connected with an air turbine device that rotates in the same direction under the action of two-way airflow; the upper part of air chamber is welded to the pile foundation, thereby maximally securing the space of the air chamber. The device in this paper can capture wave energy in 360°; thus, the absorption rate of wave energy could be improved. The fixed structure is used to ensure the stability of the device. Thus, it is possible to integrate the device into the jacket platform, which can provide electricity for the operation and production process.


[image: Figure 1]
FIGURE 1. Device sketch.




Environmental Load

The finite element model of the jacket platform is established as shown in Figure 2, which is based on the jacket platform in JZ-20 oil field in Jinzhou, Liaoning province in China. The environmental loads, including wind, wave, and current, are calculated in this section, and then, they are applied into the established finite element model to calculate the dynamic responses. According to the design data, the height from the water surface to the top deck of the platform is 15 m, and the OWC device is installed on the legs and submerged with a draft depth d.


[image: Figure 2]
FIGURE 2. Finite element model.



Wind Load

The wind loads f wind can be calculated by the following formula (Li, 2012):

[image: image]

where the air density ρA is taken as 1.293; AW is the projected area of the structure perpendicular to the direction of wind, taken as 1,810.73 m2 based on design data; UW is the average wind velocity, which is usually taken at 10 m on the water surface; and CD is the wind pressure coefficient.



Wave Load

Ignoring the interaction with the remaining OWCs and the jacket platform, the wave force acting on a single OWC, as shown in Figure 1, is calculated by the analytical solutions using the linear potential-flow theory and eigenfunction expansion technique, referenced by the established model of authors (Zhou et al., 2018), which is also similar with Michele and Renzi (2019). The part below the water surface of the wave energy conversion device can be simplified as shown in Figure 3. h is the water depth; d is the draft depth of outdoor wall of air chamber; and R1, R2, and R3 are the radiuses of the cylinder, inner wall, and outer wall of air chamber. The Cartesian coordinate system is taken, with the still water surface set as the coordinate plane and the ordinate axis passing through the center of the air chamber. The computational domain of fluid is divided into three subdomains: outer domain Ω1, medium domain Ω2, and inner domain Ω3.


[image: Figure 3]
FIGURE 3. Underwater part schematic.


The air in the chamber is considered to be motion isentropic and compressible, and all of the time-dependent variables are assumed to be harmonic. Thus, the air pressure p in the chamber is:

[image: image]

where ω is the wave angular frequency, p0 is the complex amplitude of the pressure, Re[·] is the real part, t is the time, and [image: image].

A Wells turbine is installed at the top of the air chamber, and the mass flux rate of air across the turbine is proportional to the air pressure, and within the framework of a linear theory, the relationship between the turbine characteristics and the air mass flux is:

[image: image]

where q0 is the amplitude of air volume flux, K is an empirical coefficient depending on the design of the OWC turbines, D is the diameter of turbine rotor, N is the rotational speed of turbine, V0 is the volume of air in the chamber, ca is the speed of sound, and ρa is the air density.

Based on the linear theory, the volume flux of the chamber is the sum of volume fluxes as a result of wave radiation and diffraction. The wave radiation is caused by the wave motion purely generated by the oscillating air pressure of the chamber. The wave diffraction is caused by the scattering of incident waves when the air pressures are identical inside and outside of the chamber. Thus, the complex amplitude of volume flux q0 is:

[image: image]

where qR and qD are the radiation and diffraction solutions, respectively. For the radiation solution, an added mass coefficient C and damping coefficient B can be obtained (Evans, 1976, 1982), so the amplitude of volume flux qR is:

[image: image]

Through substituting Equations (4) and (5) into Equation (3), the air pressure in the chamber can be obtained:

[image: image]

where qD is the wave diffraction solution, and B and C can be obtained through the radiation problem solution under the unit forced pressure.

The fluid is assumed as incompressible, inviscid, and flow irrotational; the solution of boundary value problem shown in Figure 3 is considered. For small amplitude wave, the velocity potential ϕ(x, y, z, t) around the structure satisfies the linearized boundary value:

[image: image]
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where n is the normal derivative to the corresponding surface, and g is the gravity acceleration. σR is a switch between the diffraction and radiation solution. For the radiation solution, σR = 1 is set, and the pressure amplitude in chamber is p0 = 1 in Equation (2). For the diffraction solution, σR = 0 is set.

Under a regular wave with an incident angular frequency ω, the time factor can be separated from the velocity potential using the perturbation expansion theory:

[image: image]

The boundary value problems in the computational domains Ω1, Ω2, and Ω3 can be founded, respectively, according to Equations (7)–(10), and based on the linear potential-flow theory and eigenfunction expansion technique, the potential function on each computational domain φi (i = 1, 2, 3) and the diffraction and radiation components [image: image], [image: image] can be obtained. The amplitude of volume flux can be calculated using the free-surface integration:

[image: image]
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where [image: image] and [image: image] are the diffraction and radiation components of φ3.

Then, the wave force on the OWC device can be calculated:

[image: image]
 

Current Load

Assuming that the current profile is uniform, the current loads fcurrent can be calculated by the following formula (Li, 2012):

[image: image]

where ρc is the fluid density, taken as 1,025 kg/m3; Ac is the projected area of the structure perpendicular to the direction of current, taken as 93 m2 based on design data; Uc is the velocity of current; and CD is the current drag coefficient.




Dynamic Response Calculation

The wind and wave directions are all along the positive direction of X-axis. The depth of six times the pile diameter below the mud line is regarded as rigid fixed constraint. The dynamic analysis of the jacket platform is carried out under the working conditions (wind velocity is 19.6 m/s, current velocity is 1.5 m/s, wave height is 1.8 m, and wave period is 5.4 s) and extreme conditions (wind velocity is 31.7 m/s, current velocity is 2.0 m/s, wave height is 4.4 m, and wave period is 8.1 s), which are obtained from the design data of JZ-20. The ANSYS software is used to calculate the displacement, velocity, and acceleration responses of the top node of jacket platform (as shown in Figure 2). The calculation results are shown in Table 1.


Table 1. Dynamic responses under different load conditions.

[image: Table 1]

According to Table 1, under the working condition, the displacement caused by wind load accounts ~75% of the total displacement caused by the jointed action of wind–wave–current. Meanwhile, under the extreme condition, the displacement caused by wind load accounts ~89.8% of the total displacement. Thus, the contribution of wind load dominates the total displacement response of structure, and the contributions of current and wave load on the displacement response are nearly the same, with both accounting for <12%. Owing to the wind and current load set as the constant loads during the calculation, the velocity and acceleration responses are 0, and the velocity and acceleration responses of the structure are all caused by wave load.




OPTIMIZATION OF STRUCTURAL PARAMETERS OF OWC DEVICE

To apply the OWC device integrated to the jacket platform in engineering practice, the reasonable structural parameters of OWC device are needed to be determined based on the actual sea conditions. The optimization criteria are set as follows: the device is subjected to the minimum wave force while the device has the highest wave energy capture efficiency.

According to the design data of the jacket platform in the sea area, the diameter of pile legs and wave conditions of the sea area have been determined. Considering the air chamber radius d1 = R2 − R1 and the draft depth of device d, the effects of structural parameters on the wave energy capture efficiency of OWC device and the corresponding subjected wave force are studied. As shown in Figure 4, the water depth h is taken as 15.0 m, d2 = R3 − R2 = 0.1 m, and the radius of the intermediate pile R1 is 0.75 m according to the design drawing of jacket platform.


[image: Figure 4]
FIGURE 4. Wave energy capture efficiency under different oscillating water column (OWC) structural parameters. (A) d/h = 0.06; (B) d/h = 0.10; (C) d/h = 0.14; (D) d/h = 0.18; (E) d/h = 0.22; (F) d/h = 0.26.



Optimization Model

To achieve the minimum wave force and the highest wave energy capture efficiency, the draft depth d and the air chamber radius d1 = R2 − R1 are chosen as the optimized variables, and the structural parameter optimization model of OWC device is established.

Based on the optimization model above, series values of draft depth d and chamber radius d1 are given according to the practice project. The wave force F and wave energy capture efficiency μ under different combinations of d and d1 are calculated, respectively, and then, the optimal values are determined based on the calculation results. The wave force F can be calculated by Equation (13), and the wave energy capture efficiency μ is defined as follows (Zhou et al., 2018):

[image: image]
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where Po is the time-averaged value of power captured by OWC device, ρ is the water density, A is the wave amplitude of incident wave, Cg is the group velocity of incident wave, and k is the incident wave number.

Thus, the optimization objective function is as follows:

[image: image]

The constraint conditions are the following:

[image: image]

For each combination of draft depth and air chamber radius, a series of incident wave frequency ω values are given, and the corresponding wave force and wave energy capture efficiency of each combination can be obtained as a function of ω. The draft depth d, the air chamber radius d1, and the wave force F are non-dimensionalized, as shown in Table 2.


Table 2. Non-dimensionalized parameters.

[image: Table 2]

The results of wave energy capture efficiency under different chamber radius, draft depth, and wave frequencies are shown in Figure 4. The results of wave force are shown in Figure 5.


[image: Figure 5]
FIGURE 5. Wave force under different oscillating water column (OWC) structural parameters. (A) d/h = 0.06; (B) d/h = 0.10; (C) d/h = 0.14; (D) d/h = 0.18; (E) d/h = 0.22; (F) d/h = 0.26.


According to Figure 4, under each combination of draft depth and chamber radius, the wave energy capture efficiency increases from 1 to the maximum and then decreases to 0 as the incident wave frequency increases. The smaller radius could make the incident wave frequency, which generates maximum wave energy capture efficiency, become larger. The reason of wave energy capture efficiency initially starting from 1 is that the incident wave frequency is in the region of low frequency long wave, and the wave length is much larger than the geometry size of OWC device, so the wave surface in the air chamber cannot be affected by the interface wave. The frequency corresponding to the maximum wave energy capture efficiency is exactly equal as the incident wave frequency when the piston resonance motion occurs in the OWC device.

According to Figure 5, under each combination of draft depth and chamber radius, the wave force increases from 0 to the maximum value and then decreases to 0 as the incident wave frequency increases. The larger draft depth could make the incident wave frequency that generates maximum wave force become smaller.

In summary, when the draft depth is constant, the smaller air chamber radius could make the resonance frequency of incident wave and wave energy capture efficiency become larger and make the wave force become smaller. Therefore, the slenderer the air chamber, the better the wave energy capture efficiency and the smaller the wave force. However, when the air chamber radius is constant, the larger is the draft depth, the larger is the maximum wave energy capture efficiency at the resonance frequency, and the larger is the wave force. In a word, the optimization objective function needs to be solved aiming to get the optimal OWC structure parameters.



Optimization Objective Function Solution

For the optimization objective function Equation (17) shown above, when the wave energy capture efficiency coefficient μ reaches the maximum value, the wave force F is not exactly the minimum value. Therefore, the two optimization objective functions are combined into one:

[image: image]

Based on the calculation results shown above, the optimization objective function of Equation (19) is solved and shown in Figure 6.


[image: Figure 6]
FIGURE 6. F/μ of oscillating water column (OWC). (A) d/h = 0.06; (B) d/h = 0.10; (C) d/h = 0.14; (D) d/h = 0.18; (E) d/h = 0.22; (F) d/h = 0.26.


According to Figure 6, under each combination of draft and chamber radius, the F/μ increases from 0 to the maximum value and then decreases to 0 as the incident wave frequency increases. The smaller the air chamber radius, the smaller the F/μ value, and the smaller the resonance frequency of incident wave. Therefore, to solve the optimization objective function, it could be simply achieved through finding the minimum value of F/μ in each diagram of Figure 6 under different cases.

Based on the design data of the jacket platform shown in Dynamic Response Calculation above, the wave period of working conditions is 5.4 s, so the non-dimensionalized wave frequency [image: image] is 1.424. In each diagram of Figure 6, the value of F/μ is the smallest when d1/h = 0.05, and the results corresponding to different draft depths are shown in Table 3.


Table 3. Minimum value of F/μ for working conditions.

[image: Table 3]

According to Table 3, the minimum value of F/μ for working conditions increases first and then decreases. The minimum value is 0.0282, and the corresponding structural parameter of OWC device is d/h = 0.26, that is, the draft depth is 3.9 m, and the air chamber radius is 0.75 m. This is the optimal OWC device structural parameters under the working condition. If the OWC wave energy conversion device is installed in the other sea area, the optimal structural parameters could also simply be selected based on the wave frequency and Figure 6.




DYNAMIC RESPONSE OF JACKET PLATFORM INTEGRATED WITH OWC

Based on the optimal structural parameters of the OWC device under the working conditions shown above, the device could be integrated into the jacket platform, and the influence of integration on the dynamic response of platform is analyzed.

Under the combined action of wind, wave, and current, considering the working conditions, and extreme working conditions, the dynamic response of the jacket platform with and without OWC device is calculated. The influence of OWC device integration on the dynamic response of the jacket platform is studied to provide references for actual construction of project.


Working Condition

Under the action of working condition with regular waves, the time histories of dynamic response of top node of the jacket platform integrated with OWC device (Node No. 1095, shown in Figure 2) are shown in Figure 7. In addition, the contours of maximum structural dynamic responses, including the velocity, acceleration, and displacement are shown in Figure 8. The results of dynamic responses of the jacket platform with and without OWC device are compared in Table 4A.


[image: Figure 7]
FIGURE 7. Time histories of dynamic responses under working condition with regular waves. (A) Velocity; (B) acceleration; (C) displacement.



[image: Figure 8]
FIGURE 8. Dynamic response contours under working condition with regular waves. (A) Velocity; (B) acceleration; (C) displacement.



Table 4. Statistics of dynamic responses under working condition.

[image: Table 4]

According to Table 4A, the maximum displacement, velocity, and acceleration of the platform with OWC device are larger than those without OWC device, while the velocity and acceleration increase 60–75%, and the displacement only increases 10–20%. However, the overall dynamic response is still at a very small value level, which is similar with the results of Zhang and Liu (2018).

Under the action of working condition with irregular waves, and the JONSWAP wave spectrum is used, the time histories of dynamic response of the top node of the jacket platform integrated with OWC device (Node No. 1095, shown in Figure 2) are shown in Figure 9. In addition, the contours of maximum structural dynamic responses, including the velocity, acceleration, and displacement are shown in Figure 10. The results of dynamic responses of the jacket platform with and without OWC device are compared in Table 4B.


[image: Figure 9]
FIGURE 9. Time histories of dynamic responses of working condition with irregular waves. (A) velocity; (B) acceleration; (C) displacement.



[image: Figure 10]
FIGURE 10. Dynamic response contours under working condition with irregular waves. (A) Velocity; (B) acceleration; (C) displacement.


According to Table 4B, the maximum displacement, velocity, and acceleration of platform with OWC device are larger than those without OWC device, while the velocity increases ~15%, and the acceleration and displacement increase ~30%.



Extreme Condition

To assess the safety of the jacket platform under extreme condition, the structure parameters of OWC device are kept unchanged, and the dynamic responses are calculated under the extreme condition.

Under the action of extreme condition with regular waves, the results of dynamic responses of the jacket platform with and without OWC device are compared in Table 5A. Under the action of extreme condition with irregular waves, the results of dynamic responses of the jacket platform with and without OWC device are compared in Table 5B.


Table 5. Statistics of dynamic responses under extreme condition.

[image: Table 5]

According to Table 5A, the maximum displacement, velocity, and acceleration of platform with OWC device are larger than those without OWC device, while the velocity and acceleration increase 80–90%, and the displacement only increases 3%. According to Table 5B, the maximum displacement, velocity, and acceleration of platform with OWC device are larger than those of without OWC device, while the maximum increment of velocity, acceleration, and displacement is only ~11%. In a word, the effect of OWC device integration into the jacket platform is almost negligible on the dynamic response under extreme condition.




CONCLUSIONS

In this paper, based on the design data of a jacket platform working in JZ-20 oil field in Jinzhou, Liaoning province in China, an OWC device integrated into the jacket platform is proposed, the optimal structure parameters of OWC device are determined, and the dynamic responses of platform with and without OWC device are compared under the working and extreme conditions. The main conclusions are obtained as follows:

(1) The wind load accounts about 75 and 89.8% of the total displacement of the jacket platform under working and extreme conditions, respectively, which indicates that the wind load dominates the dynamic responses.

(2) Through given a series of OWC device draft depth and air chamber radius, the optimal structure parameters of the OWC device are solved considering its installation at one certain sea area with the definition of optimization objective function with smallest wave force and highest wave energy capture efficiency.

(3) Compared with the dynamic responses of the top node of the jacket platform and the whole platform under working and extreme conditions with regular and irregular waves, there is very little influence of OWC device integration into the jacket platform on the dynamic responses.

In general, the jacket platform integrated with OWC device can introduce green wave energy while causing almost negligible effects of the dynamic responses. Therefore, the economic benefit of platform oil exploitation can be improved, and it has certain feasibility in the practice application. However, the integrated device may introduce some strength and fatigue problems, which also need to be checked in the future.
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