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Abstract — In this study, a two-body point-absorber wave energy converter is simplified into a cylindrical shape to
analyze the initial sizing suitable for the marine environments in Korea. When selecting the initial dimensions, var-
ious factors, such as power generation, energy conversion efficiency, economic feasibility, manufacturability, and
spatial efficiency, should be considered. This study focused on power generation and energy conversion efficiency.
First, the effects of cylinder diameter and draft on power generation and energy conversion efficiency are exam-
ined under regular wave conditions. As the diameter increased, the wave energy absorption efficiency improved,
while a smaller draft was advantageous in terms of power generation. Additionally, the expected power generation
and energy conversion efficiency are computed for the Korean marine environments. Although power generation
was higher in the Donghae, energy conversion efficiency was more beneficial in Jeju region. Also, the expected
power generation under extreme wave energy conditions was estimated to compare the change in generator capac-
ity requirements for both typical and extreme scenarios. Finally, the size of wave energy converter is proposed con-
sidering the manufacturing costs. Through this process, the initial dimension of point-absorber wave energy
converters applicable to Korean marine environments is established. Further detailed design optimization study
could be made based on these results.

Keywords: Point absorber WEC(H 552 18] -7 %-X]), Initial sizing(Z7] 771 2 A), Power absorption efficiency
(7 &8, Estimated power(eld 2H %)
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Fig. 1. PowerBuoy Wave Energy Converter (left), increased view of floater (right).
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Fig. 5. Changes in hydrodynamic coefficients and motion response depending on cylinder diameter(draft = 0.5[m]) and draft(diameter = 3.0[m]).
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Fig. 7. Changes in (a) optimal PTO damping, (b) motion response, (¢) power production, and (d) absorption efficiency depending on cylinder
draft (diameter = 3.0[m]).
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Fig. 8. Example of power absorption change depending on PTO damping.
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Table 1. Power absorption [kW] and efficiency for different cylinder (Donghae, Optimal PTO damping)

Diameter [m]

2.0 25 3.0 35 4.0
0.40 1.716 2.591 3.603 4736 5.974
(10.32%) (12.47%) (14.45%) (16.28%) (17.97%)
0.45 1.710 2.583 3.593 4723 5.960
(10.29%) (12.43%) (14.41%) (16.24%) (17.93%)
Draft 0.50 1.705 2.575 3.583 4711 5.946
[m] : (10.25%) (12.39%) (14.37%) (16.19%) (17.88%)
055 1.699 2.567 3573 4.700 5.932
(10.22%) (12.35%) (14.33%) (16.15%) (17.84%)
0.60 1.694 2.560 3.564 4.688 5918
(10.19%) (12.32%) (14.29%) (16.11%) (17.80%)

Table 2. Power absorption [kW] and efficiency for different cylinder (Jeju, Optimal PTO damping)

Diameter [m]

2.0 2.5 3.0 3.5 4.0
0.40 1.283 1.928 2.667 3.484 4.366
’ (13.89%) (16.69%) (19.24%) (21.55%) (23.62%)
0.45 1.278 1.920 2.657 3.473 4.353
’ (13.83%) (16.63%) (19.17%) (21.48%) (23.55%)
Draft 0.50 1.272 1.913 2.647 3.461 4.340
[m] ’ (13.77%) (16.56%) (19.10%) (21.40%) (23.48%)
055 1.267 1.906 2.638 3.450 4.327
’ (13.71%) (16.50%) (19.04%) (21.34%) (23.41%)
0.60 1.262 1.898 2.629 3.439 4314
’ (13.65%) (16.44%) (18.97%) (21.27%) (23.34%)
10 : ' ' Draft = 0.40 10 ' ' ' Draft = 0.40
: D::f: —045 m : D::f: —045 m
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Fig. 9. Power absorption [kW] for different cylinder (Donghae, Optimal ~ Fig. 11. Power absorption [kW] for different cylinder (Jeju, Optimal
PTO damping). PTO damping).
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Fig. 10. Efficiency [%] for different cylinder (Donghae, Optimal PTO  Fig, 12. Efficiency [%] for different cylinder (Jeju, Optimal PTO
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Table 3. Power absorption [kW] from top 10%, 20%, and 30% wave energy depending on cylinder size (Donghae, Optimal PTO damping)

Diameter [m]

2.0 2.5 3.0 3.5 4.0

10%: 6.08 10%: 9.35 10%: 13.25 10%: 17.73 10%: 22.75
0.40 20%: 4.53 20%: 6.95 20%: 9.81 20%: 13.10 20%: 16.76
30%: 3.79 30%: 5.80 30%: 8.17 30%: 10.87 30%: 13.86

0: O. (N 0. . 0: . 0. .
10%: 6.07 10%: 9.33 10%: 13.22 10%: 17.69 10%: 22.71
0.45 20%: 4.52 20%: 6.93 20%: 9.79 20%: 13.07 20%: 16.73
30%: 3.78 30%: 5.79 30%: 8.15 30%: 10.84 30%: 13.83
Draft 10%: 6.05 10%: 9.31 10%: 13.19 10%: 17.66 10%: 22.67
[m] 0.50 20%: 4.51 20%: 6.91 20%: 9.77 20%: 13.04 20%: 16.69
30%: 3.77 30%: 5.77 30%: 8.13 30%: 10.81 30%: 13.80
10%: 6.04 10%: 9.29 10%: 13.16 10%: 17.62 10%: 22.62
0.55 20%: 4.49 20%: 6.90 20%: 9.75 20%: 13.01 20%: 16.66
30%: 3.76 30%: 5.76 30%: 8.11 30%: 10.79 30%: 13.77
10%: 6.03 10%: 9.27 10%: 13.14 10%: 17.59 10%: 22.58
0.60 20%: 4.48 20%: 6.88 20%: 9.72 20%: 12.98 20%: 16.62
30%: 3.75 30%: 5.74 30%: 8.09 30%: 10.76 30%: 13.74

Table 4. Power absorption [kW] from top 10%, 20%, and 30% wave energy depending on cylinder size (Jeju, Optimal PTO damping)

Diameter [m]

2.0 2.5 3.0 3.5 4.0
10%: 5.63 10%: 8.58 10%: 12.03 10%: 15.93 10%: 20.22
0.40 20%: 4.10 20%: 6.22 20%: 8.69 20%: 11.45 20%: 14.48
30%: 3.19 30%: 4.84 30%: 6.74 30%: 8.88 30%: 11.21
10%: 5.61 10%: 8.55 10%: 11.99 10%: 15.88 10%: 20.16
0.45 20%: 4.09 20%: 6.20 20%: 8.66 20%: 11.42 20%: 14.44
30%: 3.18 30%: 4.82 30%: 6.72 30%: 8.85 30%: 11.18
Draft 10%: 5.60 10%: 8.53 10%: 11.96 10%: 15.84 10%: 20.11
[m] 0.50 20%: 4.07 20%: 6.18 20%: 8.63 20%: 11.39 20%: 14.40
30%: 3.17 30%: 4.80 30%: 6.70 30%: 8.82 30%: 11.14
10%: 5.58 10%: 8.50 10%: 11.92 10%: 15.79 10%: 20.05
0.55 20%: 4.06 20%: 6.16 20%: 8.60 20%: 11.35 20%: 14.36
30%: 3.16 30%: 4.79 30%: 6.68 30%: 8.80 30%: 11.11
10%: 5.56 10%: 8.47 10%: 11.89 10%: 15.75 10%: 20.00
0.60 20%: 4.04 20%: 6.14 20%: 8.58 20%: 11.32 20%: 14.32
30%: 3.15 30%: 4.77 30%: 6.66 30%: 8.77 30%: 11.08
8 : : . 8 T T T
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Fig. 13. Normalized power absorption from top 10%, 20%, and  Fig. 14. Normalized power absorption from top 10%, 20%, and
o wave energy depending on cylinder diameter (Donghae, Opti- o wave energy depending on cylinder diameter (Jeju, Optima
30% depend linder diameter (Donghae, Opt 30% gy depending ylinder d Jeju, Optimal
mal PTO damping). PTO damping).
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