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Performance Evaluation of an Axisymmetric Floating Wave Power Device
with an Oscillating Water Column in the Vertical Cylinder
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Abstract : In order to evaluate the performance of the floating wave power, which is an axisymmetric oscillating
water column type, linearized free surface boundary condition considering the influence of PTO (power takeoff) was
derived and a finite element numerical model was established. Numerical experiments were carried out by varying
cylinder length, skirt length, and depth of water, which are design parameters that can change the resonance of water
column in cylinder and heave resonance of the float, which is considered to affect the power generation efficiency.
Finally, the basic data necessary for the optimum design of the power generation system were obtained. As a result,
the efficiency of the power generation system is dominated by the heave motion resonance of the float rather than
the water column resonance in the cylinder, and the resonance condition for the heave motion can be changed

efficiently by attaching the skirt to the outside of the buoy.

Keywords : floating wave power, PTO, oscillating water column, heave, resonance, finite element method
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Fig. 1. Axisymmetric floating wave power device with an oscillat-
ing water column in the cylinder (Source: Ryokusei).
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Fig. 2. Definition sketch.
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Case Cylinder length, /. (unit : m) Skirt length, /; (unit : m) Water depth, d (unit : m) Notation Remarks
c—-1-0-10
c-2-0-10
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c-0-1-10

2 0 1,2,3 10 c—0-2-10 3 cases
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c-3-0-5
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% Outer radius of the buoy = 1.3 m, Radius of the cylinder = 0.35 m, Height of the buoy =2 m, Draft of the buoy () =1.0m

Fig. 3. Finite element mesh for Casel (c-3-0-10).
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Fig. 4. Amplitudes of the free surface fluctuation in the cylinder for
Case 1 without PTO.
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Fig. 5. Velocity amplitudes of the free surface fluctuation in the cyl-
inder for Case 1 without PTO.
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Fig. 9. Velocity amplitudes of the free surface fluctuation in the cyl-
inder for Case 3 without PTO.
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Fig. 10. Amplitudes of the free surface fluctuation in the cylinder
for Case 4 without PTO.
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Fig. 17. Velocity amplitudes of the free surface fluctuation in the
cylinder for Case 2 with PTO.
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Fig. 18. Amplitudes of the free surface fluctuation in the cylinder
for Case 3 with PTO.
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Fig. 19. Velocity amplitudes of the free surface fluctuation in the
cylinder for Case 3 with PTO.
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Fig. 20. Amplitudes of the free surface fluctuation in the cylinder
for Case 4 with PTO.
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Fig. 21. Velocity amplitudes of the free surface fluctuation in the
cylinder for Case 4 with PTO.
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