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Abstract: Oscillating water column type wave energy collection device has become 

one of the fastest growing wave energy acquisition technologies in recent years due to 

its simple structure and low manufacturing cost. Dielectric elastomer materials have 

the advantages of high energy density, impact resistance and strong environmental 

adaptability. The simulation analysis of dielectric elastomer deformation generated by 

the pressure of the oscillating water column was used to analyze the wave height and 

pressure variation in the vortex water column. Then the pressure was applied to the 

Abaqus intermediate electroelastic model to generate the displacement and generate 

electrical energy. 

Keywords: oscillating water column, wave energy, superelastic model, dielectric 

elastomer. 

 

1. Theoretical Analysis of CFD Wave and Wave Eliminating in Numerical 
Flume 

In this paper, the OWC device adopts open channel wavemaking method, and the 

continuous equation is the specific expression of the law of mass conservation in fluid 

mechanics. For a passive non-confluent flow field, the quality of the inflow and outflow 

control fluid per unit time is equal. Formulated as:  
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Based on the theory of potential flow, the concept of velocity potential is used to 

describe the motion of Stokes wave, which is consistent with the linear wave theory. 

The wave equation of the Stokes wave is not a simple cosine form. Its peak is sharper 

and the wave trough is more flat than a cycloidal shape. In addition, the water quality 

of the Stokes wave is not simply a circular motion along a closed curve, but a slight 

movement in the direction of wave propagation. This slight movement approximates 
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the trajectory of a circle or an ellipse, that is, not only energy. Along the direction of 

wave propagation there is mass migration. The basic theoretical formula of the 

second-order Stoke wave is as follows: 

Wave equation:  
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Dispersion relationship:  
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Speed potential function:  
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The numerical sink uses a porous medium wave elimination method, and adds a 

momentum decay original term to the right end of the momentum equation. The 

momentum equation is as follows:  
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The source term consists of two parts. The first is the viscous loss term, and the other 

is the inertia loss term:  
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Ignoring the inertia loss term, only the viscous loss term can be used to effectively 

eliminate the wave. 

 

2. Dielectric Elastic Body Hyperelastic Constitutive Model 

Dielectric elastomer materials are generally made of silicone rubber, polyacrylic acid, 

and other polymer materials. The most obvious feature of this type of polymer material 

is its incompressibility, which means that the Poisson's ratio is 0.5. When the 

incompressible material exerts a large displacement on the force, the previous linear 

elastic model cannot accurately describe the superelastic deformation. In this case, the 

strain energy function W is needed to describe the hyperelastic nonlinear stress strain. 

There are currently many models used to describe the strain energy density function W, 

such as Yeoh model, Neo-Hooken model, Ogden model and Mooney-Rivlin model. The 

phenomenological theory of continuum mechanics describes only the properties of the 

observed super-elastic body, rather than based on the molecular structure of the 
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polymer. This method assumes an isotropic material in the undeformed state, ie the 

direction of long molecular chains is randomly distributed in the rubber. The commonly 

used strain energy density functions are the Yeoh model and the Ogden model. 

The Yeoh model is a special form of a reduced polynomial whose strain energy density 

function is:  
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Ogden elastic strain energy was first proposed by scholar Ogden in 1972. The common 

elastic strain energy model is a special case of this model. The Ogden model strain 

energy density function is:  
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When N=1, Ogden model is reduced to Mooney-Rivlin model; when N=3, Ogden model 

is called Ogden third-order model, which is widely used in engineering. In this paper, 

the third-order Ogden model is selected, and the relevant parameters of the dielectric 

elastomer material are fitted with Abaqus through uniaxial tensile test data. 

 

3. Deformation Simulation Analysis of OWC Drive Dielectric Elastomer 

3.1 OWC Simulation Analysis 

Table 1. OWC Device Related Parameters 

Names and units  size 

Liquid level above the air H0/m  5 

Sink length L0/m  60 

Water depth h/m  4 

Echo area length L1/m  30 

Incident wave height H/m  0.6, 0.8 

Wave cycle T/s  4.0 

Front wall width B/m  0.1, 0.2 

Air chamber width W/m  2.2 

Gas chamber top opening radius R/m  0.1 

Calculated to get the result: 

Analysis of results: By using the fluent software to simulate and analyze the vortex 

water column gas chamber, the variation law of the oscillating water column was 

accurately simulated. The wave height detection line is set in the middle of the air 

chamber, and the pressure monitoring point is set at the place where the dielectric 

elastomer is placed above the air chamber. The simulation results show that the peak 

height of the liquid level inside the air chamber is about 0.2 m, and the peak value of 

the air chamber outlet pressure change curve is about 2000Pa. 

 



Volume 5 Issue 5 2018 

   87 

 

Fig.1 volume Fraction Cloud 

 

Fig.2 Streamline 

 

3.2 Simulation Analysis of Forced Deformation of Dielectric Elastomers 

Dielectric elastomer is a new kind of smart material. It can work as a driver under the 

positive piezoelectric effect as an artificial muscle, and it can also work under the effect 

of inverse piezoelectric effect. Compared to conventional electromagnetic and 

piezoelectric materials, dielectric elastomers have very high mass energy densities and 

volume energy densities of up to 0.4 J/g. 

The dielectric elastomer material is an EAP material based on the Maxwell effect 

formed by coating an electrode material (eg, carbon powder, conductive paste, etc.) on 

the upper and lower surfaces of an elastomer (eg, silicone rubber, acrylic, etc.). 

According to its structure, it can be simplified as a variable capacitor. Macroscopically, 

when contracting, the elastic stress of the dielectric elastomer material resists the 

electric field force, thereby increasing the electric energy. Microscopically, when the 

film shrinks and the thickness increases, because the opposite-polarity charge is 

pushed away, the same-like charges are compressed close to each other due to the 

reduction in the area of the thin film, thereby increasing the charge voltage. It can be 

seen that when an external force acts on a dielectric elastomer material having a 
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pre-applied electric field to deform it, electricity can be generated due to a change in 

the capacitance, and the greater the deformation of the material, the stronger the 

power generation capability. The power generation process of the dielectric elastomer 

material is the alternating process of extension and contraction of the dielectric 

elastomer material. 

The Abaqus simulation used silicon rubber dielectric elastomers. The basic parameters 

of silicone rubber materials are shown in Table 2 below: 

Table 2. Basic Parameters of Silicone Rubber Dielectric Elastomer 

Names and units  size 

Dielectric elastomer radius R/m  0.1 

Dielectric elastomer thickness 

D/mm 

 1 

Density Kg/m³  1000 

Poisson's ratio  0.5 

Elastic Modulus MPa  0.1~1 

Maximum strain %  150 

Relative permittivity  ~3 

Voltage V  ＞1000 

 

 

Fig.3 Experimental Data of Silicone Rubber 
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Fig.4 Constitutive Model Parameters of Silicone Rubber 

 

Dielectric elastomers often require pre-stretching prior to use to suppress the 

electromechanical instability of the elastomeric material, increasing its breakdown 

strength and energy density. However, pre-stretching complicates the device structure, 

limits the application, and reduces the lifetime of the dielectric elastomer because the 

stress relaxation and fatigue of the pre-stretched material and the stress concentration 

on the rigid frame are easily damaged. Therefore, a reasonable pre-stretch can 

improve the power generation efficiency and stability of dielectric elastomers. This 

simulation uses pre-stretching100%100%. 

In this paper, the uniaxial tensile experimental data of a group of known silicone 

rubbers are used to fit the third-order Ogden model parameters of silicone rubber with 

Abaqus software. The fitting process is as follows:  

According to the fitting results, the parameters of the third-order Ogden model of 

silicone rubber dielectric elastomer based on this experimental data are 1 1.228    

2 0.119   3 2.949   1 3.260   2 4.111   3 6.171    D1, D2, and D3 are all zero. Using the 

above parameters Ogden third-order model to simulate the pressure generated by the 

oscillating water column to drive the dielectric elastomer deformation results are as 

follows:  
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Figure 5. Simulation Results 

Analysis of results: Through the simulation analysis of the silicone rubber dielectric 

elastomer, the displacement deformation of the dielectric elastomer under the pressure 

generated by the oscillating water column was obtained. It can be seen from the above 

force deformation cloud diagram that the dielectric elastomer has a pressure of 2000 

Pa. Next, a tip displacement of about 16.75 mm is produced. 

4. Conclusion 

This paper simulates the deformation of silicone rubber dielectric elastomer under the 

pressure generated by the oscillating water column, and proves the feasibility of this 

type of wave energy power generation device in theory. The dielectric elastomer can 

produce a 16.75 mm tip displacement under the pressure of 2000 Pa. With the cyclical 

driving of the waves, the dielectric elastomer can be continuously reciprocally 

deformed to generate long-lasting electrical energy. 
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