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Abstract — This study deals with the performance analysis of the sloped chamber for OWC (Oscillating Water
Column) WEC (Wave Energy Converter) applicable to the breakwater. First, the diffracted wave level inside the
OWC chamber were analyzed by using the CFD (Computational Fluid Dynamics) method using Star-CCM+ for
the opened chamber without consideration of the turbine effect on various incident wave periods, and the reliabil-
ity of the simulation method was validated by comparing it with the results of the 2D wave flume model test which
is published in the previous research. Next, the regular wave simulation was performed by using the CFD method
for the OWC chamber ducted by the orifice to take into account the turbine effect. The time series of the water
level inside the chamber, the differential pressure before and after the orifice, and the airflow speed through the ori-
fice were extracted and the characteristics of the primary energy conversion of the OWC were discussed. More-
over, the CFD analysis method with modeling the orifice was partially validated by comparing the results of the
water surface level inside the chamber with the results of the 2D wave flume model test. This research showed
validity of the presented CFD method for estimating the performance of the OWC chamber.

Keywords: Oscillating Water Column(%55-53), Wave Energy Converter(3}2 2 7X]), Breakwater
Integration("4-3}H4l| 37]), Computational Fluid Dynamics(ZIAHTA 8}
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Fig. 1. 2-dimensional concept diagram of sloped chamber.
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Fig. 2. Geometry of ducted chamber and orifice.
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Fig. 3. CFD analysis domain and boundary conditions.
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Fig. 4. Time series for diffracted wave elevations in chamber and
incident wave elevations (T = 7.83 sec, H = 1.4 m).
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Fig. 5. VOF contour over 1/10 interval for one cycle of part of regular wave simulation (T = 7.83 sec, H = 1.4 m).
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Fig. 5. (continued)
Table 1. Wave conditions for CFD analysis for opened OWC chamber
Wave Case Wave Period [s] Wave Height [m] Wave Length [m] Wave Slope [-]
01 3.80 0.44 22.39 0.020
02 5.14 0.78 38.29 0.020
03 6.48 1.10 53.97 0.020
04 7.83 1.40 68.98 0.020
05 9.17 1.60 83.51 0.019
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Fig. 6. Validation results of CFD method with existing experimental
data.
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Fig. 7. Time series for diffracted wave elevation in chamber, differential
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fice (T = 8.17 sec, H = 0.48 m).
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Fig. 8. Contours for wave field inside and around chamber and total pressure around duct (T = 8.17 sec, H = 0.48 m).
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Table 2. Wave conditions for CFD analysis with considering orifice

Wave Case Wave Period [s] Wave Height [m] Wave Length [m] Wave Slope [-]
01 5.47 0.40 42.24 0.009
02 6.48 0.46 53.92 0.009
03 7.16 0.48 61.59 0.008
04 8.17 0.48 72.79 0.007
05 9.54 0.39 87.47 0.004
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Fig. 9. Relative wave height of chamber, differential pressure before and after orifice during pressurizing and depressurizing, and vertical
airflow velocity through orifice during outflow and inflow (T = 8.17 sec, H = 0.48 m).
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