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Wave-Energy Extraction by a Compact Circular Array of Buoys

}_Q__}i‘%} *
[I-Hyoung Cho*
e K :A7I7F A2 vrg] FolEo] dFoR widEo] Qs wf FolE FF 5 w9 E ErlHolE Folo] A
Hrgkt), Folo A7|9k vl zkAo] =3y 1w AAEA ) Whgel vlste] Aths 71y oleljell T
Folz AP FHelr el BAAZRANE sk o5 £ AAXNEAS AATFANES o83t diXsel
ok 3= 999} Ak} ol A€ BIRl 5 ZZ packing ratio, ¥

=)

o BEHYS AW Fatol waEh

==
e
23
N ol
[
N
[
3
o
o
s
)
W%
i
=
)
N
=)
Y
e

ugrh w3 o) 23 Folg 9 MAsAS W FEE vhlo] L B ALE 2t oY W oln

Abstract : The wave power, extracted from a circular array of small power buoys, is investigated under the
potential theory. It is assumed that the buoy's radius, the draft, and the separation distance are much smaller than the
water depth, the wave length, and the radius of a circular deployment area. The boundary value problem involving
the macro-scale boundary condition on the mean surface covered by buoys is solved using the eigenfunction
expansion method. The capture width, which is defined as the ratio of the extracted power to the wave power per
unit length of the incident wave crest, is assessed for various combinations of packing ratio, radius of a circular
array, and PTO damping coefficient. It is found that the circular array deployment is more effective in the viewpoint
of efficiency than the single large buoy of the same total displaced volume.

Keywords : wave energy converter, circular array, extracted power, eigenfunction expansion method, capture width.
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(a) Side view of a buoy

Fig. 1. Definition sketch of a circular array of small buoys.
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Table 1. First ten eigenvalues for ¢p;,* =1.0 and p=10.2
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1 0.5107+0.0230i 1.1165+0.0835i 3.3669+0.3159i
2 6.6600e-3+3.06341 0.0357+2.8342i 0.0545+2.1332i
3 3.2200e-3+6.2448i 0.0163+6.1376i 0.0449+5.7538i
4 2.1300e-3+9.3993i 0.0107+9.3286i 0.0322+9.0697i
5 1.6000e-3+12.5473i 8.0100e-3+12.4945i 0.0247+12.2996i
6 1.2800e-3+15.6927i 6.3900e-3+15.6505i 0.0200+15.4944i
7 1.0600e-3+18.8368i 5.3200e-3+18.8017i 0.0168+18.6715i
8 9.1000e-4+21.9802i 4.5600e-3+21.9502i 0.0144+21.8385i
9 8.0000e-4+25.1232i 3.9900e-3+25.0969i 0.0126+24.9991i
10 7.1000e-4+28.2658i 3.5400e-3+28.2425i 0.0113+28.1556i
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Fig. 3. Non-dimensional capture widths (a) £C,, (b) C,/2R for a circular array with various PTO damping coefficients c,;,* as a function
of kh for R/h=1.0, p=0.2.
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Fig. 6. Free surface elevation in the neighbourhood of a circular array of buoys for cp;,* =0.5, R/h=1.0, p=0.2.
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Fig. 7. Comparison of capture widths between a circular array of
small buoys(cpr,* =0.5) and a large single buoy (cppp
= by;) as function of R/A and corresponding a/h for p=0.2,
d/h=0.1.
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