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• Ocean wave energy could supply 

34% of US energy needs [1]

• Numerical model of novel 

WECs provides performance 

insight prior to prototyping

• 2 surface-piercing floats

• Spherical float diameter: 2.6 m

• Adjustable length truss 

assembly

• Pivot at truss center allows for 

pitch rotational motion

• 2–10 m tall pylons fixed to 

seafloor

• Changing pylon radii (0.15 m to 

0.35 m) minimal effect on 

performance

• Most power: 3 s to 6 s periods

• 5 s, 4 m JONSWAP waves, 15 m 

spacing: 14.1 kW, CWR: 16%

• Device performed linearly

• Power max. at spacing to 

wavelength ratio of 0.5

• Power production is increased in 

regular (vs JONSWAP) waves 

by 66%

• Simulated deployment: yearly 

average power of 1.6 kW

• Future work: identify nearshore 

sites with regular, unidirectional 

waves of short wavelength to 

maximize power production

Boundary Element Method:

• Capytaine [2] hydrodynamic 

analysis

• Meshes to optimize run time 

while maintaining accuracy

• 4 – float spacings: 6, 9, 12, 15 m

• 3 – pylon radii: 0.15, 0.25, 0.35 m

• Plots created using WEC-Sim’s 

BEMIO functionality [3]

WEC-Sim model (contd.):

• Reference: OSWEC tutorial [3]

• Spacing: 9, 12, and 15 m

• Pylon radius: 0.15 m

• Mass of rotating body: 4000 kg

• Fixed pylon constraint (0, 0, -10 m)

• JONSWAP spectra and regular waves utilized

• Wavelengths calculated using dispersion relation [4]

• Breaking waves I ’d when steepness exceeds ratio of 
1

7
 [5]

• Marine Energy Atlas monthly wave conditions for simulated 

deployment [6]

𝐶𝑜𝑝𝑡 = 𝐵(𝜔) 1 +
𝐾𝐻 − 𝜔2(𝑀 + 𝐴∞)

𝜔𝐵(𝜔)

2

[7], where:

Power matrix:

• 15 m arm spacing

• JONSWAP waves

• Average over 50 mins

• Peak response: 4-6 s

• 14.1 kW max

Capture width ratio:

• Indicates device 

linearity and reliance 

on peak wave period 

for power capture

• Max. CWR: 16% 

occurs at 4-5 s peak 

periods, similar to 

trends observed above 

• Regular waves, 50 min. avg.

• Wave height: 0.5 m, wave 

period 8.4 s to 2.2 s

• Max. power when float-to-float 

spacing to wavelength: 0.5

• Exhibits reliance on anti-phase 

behavior for power production

Simulated 

deployment:

• Monthly avg. 

power production

• Max. in winter

• CWR: 10-11.5%

• Yearly avg: 1.6 kW

• Linear PTO model with 

optimized damping coefficient 

(pitch)

WEC-Sim [3] Model:

Normalized radiation damping 

in pitch:

• Wave periods 4 to 16 s 

highlighted in gray

• 15 m spacing has larger 

radiation damping values

• Three pylon radii have 

minimal effect

Normalized radiation impulse response function 

(IRF) in pitch:

• 15 m spacing has the largest initial result

• All cases reduce to zero within five seconds, 

indicating stability

• Three pylon radii have a minimal effect (not 

shown)

Normalized excitation force in 

pitch:

• Normalized by truss lever arm 

shows excitation independent 

of increasing torque

• 15 m case: peak excitation 

occurs at 1.3 rad s-1 (wave 

period: 4.8 s) 

• Magnitude decreases at 

higher frequencies 

𝐶𝑜𝑝𝑡 Optimal damping coefficient

𝐵(𝜔) Seesaw radiation damping at a given 

radian frequency

𝐾𝐻 Seesaw PTO stiffness (hydrostatic)

𝜔 Wave radian frequency

𝑀 Seesaw pitch moment of inertia

𝐴∞ Seesaw pitch added mass as radian 

frequency approaches infinity

[1] L. Kilcher, M. Fogarty and M. Lawson, "Marine Energy in the United States: An Overview of Opportunities," National Renewable Energy 

Laboratory, Golden, CO, 2021.

[2] M. Ancellin and F. Dias, "Capytaine: a Python-based linear potential flow solver," Journal of Open Source Software, pp. 4(36), 1341. 

[3] K. Ruehl, A. Keester, N. Tom, D. Forbush, J. Grasberger, S. Husain, D. Ogden and J. Leon, "WEC-Sim v6.0," 2023.

[4] R. G. Dean and R. A. Dalrymple, Water Wave Mechanics for Engineers and Scientists. Advanced Series on Ocean Engineering, 2, World 

Scientific Publishing Co, 1991. 

[5] L. W. Schwartz and J. D. Fenton, "Strongly nonlinear waves," Annual Review of Fluid Mechanics, vol. 14, pp. 39-60, 1982. 

[6] National Renewable Energy Laboratory, Sandia National Laboratories, and Pacific Northwest National Laboratory, "Marine Energy Atlas," 

2020b. [Online]. Available: https://maps.nrel.gov/marine-energy-atlas/.

[7] N. M. Tom, M. J. Lawson, Y. H. Yu and A. D. Wright, "Development of a nearshore oscillating surge wave energy converter with variable 

geometry," Renewable Energy , pp. 410-424, 2016. 

[8] The MathWorks, Inc, "MATLAB version: 23.2.0 (R2023b)," https://www.mathworks.com.

Device specifications:


	Slide 1

