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3-Dimensional Numerical Analysis of Air Flow inside OWC Type WEC Equipped

with Channel of Seawater Exchange and Wave Characteristics
around Its Structure (in Case of Irregular Waves)
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Abstract : Oscillating Water Column (OWC) Wave Energy Converters (WEC) harness electricity through a Power-
Take-Off (PTO) system from the induced-airflow by seawater oscillating inside a chamber. In general, an air
chamber with a relatively small cross-sectional area is required compared to seawater chamber to obtain high-
velocity air in the PTO system, and in order to simulate an accurate air flow rate in the air chamber, a three-
dimensional study is required. In this study, the dynamic response of OWC-WEC that is equipped with the channel
of seawater exchange for the case of irregular waves has been numerically studied. The open source CFD software,
OLAFLOW for the simulation of wave dynamics to the openFOAM and FOAM-extend communities, was used to
simulate the interaction between the device and irregular waves. Based on the numerical simulation results, we
discussed the fluctuation characteristics of three dimensional air flow in the air-chamber, wave deformation around
the structure and the seawater flow inside the channel of seawater exchange. The numerical results the maximum air
flow velocity in the air-chamber increases as the Ursell value of the significant wave increases, and the velocity of
airflow flowing out from the inside of air chamber to the outside is greater than the speed of flowing into the air
chamber from the outside.

Keywords : OWC-WEC, OLAFLOW, 3-Dimensional irregular waves, air flow, seawater flow, water level, Ursell
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Table 1. Incident wave conditions and width of air-chamber
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No maker Spectrum depth wave height wave period wave length air-chamber No. L,/B
. theory h(em)  H\5(H, ;) (cm) T3 (s) Ly (m) B (m) U,

CASE 01 2.24 (3.61) 1.02 1.595 0.26 8.0
CASE 02 2.65 (3.93) 1.05 1.682 0.35 8.4
CASE 03 3.45 (4.61) 1.12 1.887 0.57 9.4
CASE 04 3.86 (4.96) 1.14 1.946 0.68 9.7
CASE 05 Irregular Modified 4.38 (5.40) 1.19 2.093 0.89 105
CASE 06 waves by Bretschneider- 4.90 (5.75) 1.21 2.152 1.05 108
CASE 07  superposition Mitsuyasu 60 5.20 (6.02) 1.27 2.327 0.20 130 116
CASE 08 of linear (Goda, 1988) 5.80 (6.37) 1.28 2.357 149 118
CASE 09 waves ’ 6.36 (6.81) 1.32 2.473 1.80 124
CASE 10 6.76 (7.16) 1.41 2.733 234 137
CASE 11 7.63 (7.76) 1.47 2.904 298 145
CASE 12 8.30 (8.36) 1.48 2.933 3.31 14.7
CASE 13 9.22 (8.96) 1.58 3.215 441 16.1
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Fig. 1. Comparison of target, input and incident spectra.
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Fig. 2. Definition sketch of OWC type WEC equipped with channel of seawater exchange.
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Fig. 3. Model of OWC type WEC with channel of seawater
exchange.
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Fig. 10. Frequency spectrum of water flow velocity in the channel of seawater exchange.
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