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Abstract  The oscillating water column (OWC) wave energy conversion device have been recognized as the most
promising wave energy conversion technology due to the advantages of its simple structure, convenient assembly and
easy maintenance. A heave-only dual-chamber OWC device was numerically investigated by a well-developed open
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source software OpenFOAM coupled with a wave generation and absorption toolbox Waves2Foam. The volume of fluid
(VOF) method tracking the water-air interface and the six-degree-freedom (6DOF) Dynamic Mesh solver duplicating the
heave motion of the OWC device were employed to examine the influences of the relative width of the front and rear
chambers and the spring elastic coefficient on the energy capture width ratio and hydrodynamic characteristics of the
device under the actions of different incident regular waves. Through comparing the present results with the existing ones
of a fixed dual-chamber OWC wave energy converter, and examining the free-decay motion of a cylinder, the rationality
and effectiveness of the present numerical model has been revealed. The results show that the wider rear chamber can
make for the extraction of wave energy of the dual-chamber OWC in heave motion. The heave-only dual-chamber OWC
device can improve the device performance as the relative width ratio of the front and rear chambers is 1/2, and the rear
chamber has larger capture width ratio in the middle and high frequency wave bands, compared with that of the fixed
one. Multiple-peak values of the relative water surface elevation and the relative pressure occur in the whole test wave
frequency bands due to the phase gap between the dual-chamber OWC device and the water columns in the front and rear
chambers. In addition, it is found that by adjusting the spring stiffness coefficient, the wave-frequency bandwidth of high-

efficiency can be significantly broadened and larger energy capture width ratio can be achieved.

Key words wave energy, oscillating water column, wave hydrodynamics, energy capture width ratio, dynamic mesh
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Table 1 Wave parameters in this study
T w?h/g h/m H/m A/m H/A
1 2.01215 0.5 0.04 1.5130 0.026438
1.1 1.66294 0.5 0.04 1.7813 0.022456
1.2 1.39733 0.5 0.04 2.0483 0.019528
1.3 1.19062 0.5 0.04 23118 0.017303
1.4 1.02661 0.5 0.04 2.5712 0.01557
1.5 0.89429 0.5 0.04 2.8265 0.014152
1.6 0.78600 0.5 0.04 3.0781 0.012995
1.7 0.69625 0.5 0.04 3.3266 0.012024
1.8 0.62103 0.5 0.04 3.5722 0.011198
1.9 0.55738 0.5 0.04 3.8153 0.010484
atmosphere
: N
: water surface
inlet : outlet
[ P W I ______ .
il 7
bottom front and back

K2 HUEBIRKIEIL SRR
Fig. 2 Setup of the numerical wave tank
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Table 2 Boundary conditions of numerical wave tank

Boundary Velocity field Pressure field Volume phase field
inlet wave velocity zero gradient wave alpha
bottom fixed value (0,0,0)  zero gradient zero gradient

pressure inlet .
atmosphere . total pressure inlet outlet
outlet velocity
outlet fixed value (0,0,0)  zero gradient zero gradient
front and back empty empty empty
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Fig. 3 Different spatial resolutions around the dual-chamber
OWC system
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Table 3 NRMSE of surface elevations and pressure drop under
different spatial resolutions around the dual-chamber OWC

system

Grid resolution NRMSE/%

front chamber rear chamber

water surface pressure drop water surface pressure drop

coarse 0.735 5.443 0.371 6.417
medium 0.279 0.537 0.131 0.763
fine - - -
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Fig. 5 Sketch diagram of heave-only box[34!
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Fig. 6 Relative heave amplitude 7,/A; comparison of heave-only box

34 IHRETEELLITE SERIE

AHIE ST A T T 3 SO0 = OWC 25
I BE T B L, DR Ks 4l B8 o B2 LE it vk B 2 SR 5 DL
TR 25 A LR IOAIE B3 48 Ok F 2



2522 Vi 2

£t 2021 4F 5 53 %

5 Elhanafia 26022 857 1 [# 52 XA % OWC
B BE B BT LL B (ILEE 7). FEAR S Hdn
KR = 1.5 m, EHYRAARNZKIRE dy, dy Fds
239k 0.025 m, 0.3 m A1 0.3 m, "% 5 by M by 4
A4 0.3 m Al 0.6 m, §I i EIF L% e) Fley HBEL
1%. A A N SHERE, B 0.025 m, SR &3 THL 0.9 ~
1.9 s. &l 8 41t 51 55 Elhanafia 522! %) LLIGIF 25
R RRIUET LR 50 S RS R, 3
— IR T A ST IR A e 5 B LG R R
AR

e, e, z
incident wave  ap=t S 1=
——— 4l b b, .
7 = ) il N s e R e e P s
A, aif ¢ + water
d, d;
+ h
z=-h l

7 Elhanafia S5 BFFERXR 2 7K AL OWC 2 BRI
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Table 4 Cases for different front ( ;) and rear (5, ) chamber widths

Geometric parameters (e] =e1 = 1% )

dy/m dr/m d3/m h/m by by b1/b> by/h
0.06 0.25 0.25 0.5 0.05 0.25 0.2 0.1
0.06 0.25 0.25 0.5 0.1 0.2 0.5 0.2
0.06 0.25 0.25 0.5 0.15 0.15 1 0.3
0.06 0.25 0.25 0.5 0.2 0.1 2 0.4
0.06 0.25 0.25 0.5 0.25 0.05 5 0.5
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