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Power generation and hydrodynamic performance
analysis of floating breakwater
coupled oscillating buoy

SHEN Yong', PAN Wei—chen', LIU Chuan—yi', YAN Xing—chun', WANG Xi—kun'?
(1. Chengxi Shipyard Co., Ltd., Jiangyin 214400, China; 2. Jiangsu University, Zhenjiang 212013, China)

Abstract: A double—buoy floating breakwater and an oscillating buoy wave energy power converter were cou-
pled into an integrated device. Based on the CFD technology, a numerical water tank was established to calcu-
late and explore the energy capture efficiency and wave—dissipating performance of the integrated device.
The results show that the floater motion in the cavity has strong nonlinearity. When the incident wave period
is near the natural period of the cavity, the floater has the best energy capture efficiency, and the power gener-
ation and energy absorption efficiency can reach 2.4 times that of a single floater. In addition, the wave—dissi-
pating performance of the integrated device is related to the wave steepness and the natural period of the
structure. When the incident period is less than the natural period of the structure, the floating breakwater
has a better wave dissipating effect on large steep waves; beyond the natural period, the floating breakwater
will lose its excellent wave dissipation ability.
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Fig.1 Floating breakwater with double pontoon

1 BEARER

L1 ERE N ZEARER

A3z Bl AT DL S D7 R AN Sl IR T R AR IA  IBOE T AN AT IR A A O AR
LA TR KBl T E T R

HEMEITREN

S B RE ¢ RINFIE] o, Shy 0 O e 1 P x, 7 11 430

I J7E (Navier—Stokes J7 2 ) N
9 9 p 9
o)+ g lpna) == = o

TR, SRy O BT x5 T B 43 p SRy AR OG0 7, SR B 0w SR AR B0 R 228

du,

H—— = puiu; + pg, 2)




551 WA TR AR TR - 63

i WAL ] RNG kg i A58 i VARG B2 e, A

kZ

M :pC/.L; (3)

Krhr, € 2B 50 REL kI & REA ARG, B iz BN

Dk _ o | | ok U
pm_axi{#+0k Hxi}erJer pe e ?

De _ o[ [ Hoe), o ¢ _c o
p[h_aM{M+UkMJ+ka«a+cﬂm Cop + 5 ©)
1.2 HEERUE AR
A T BV, ZE SR T CFD AL 1E FH Stokes i I A Sk 10k T 385 0t , Lk B 45y

¢ = 4 Yo chluk,9)sin(uf) ©)

O, LBk B, T ORISR s S T 7K ot i 2R S BRI RS L 0 A £ o
13 FFERBITEAK

FRAR LI L , RV T IR SOk B O 3R A5 B P AR B BIE DR Z L, I 1 L A T B34
Rz —o IRGTE TR LRIk A

_ PTeff 7
n= P (7)
A, p, WAGHE B IIR  pr HIE T RE R . Hob , ASF IR BE TR
4th
_ oL L
P = sng Tb 1+  4mh 8)
sinh
K0 AT H RIS, LS, TR A G R, b i T 585 h KR
TR TR A B k0N
By = Rzt puhyy )

K, FONTE PR A T, A W AR A, 2 IR TR mE s
HR G A AT LA i R R A=l
Pp-dE;-F v+pgA,zv (10)
TV T L TRz sh BA TR shtk , B4R 7 1A 2 i) iz ), B AT R R A
SR FH TR (RMS) T, THA AR

c 2
;()PFn (11)
PTCff =
n

1.4 F B IR RIE 5T RBUE X
P2 AT PR 7 3 R BK,, Al AL S e i BT e 407 e 1R e , 2 1 Xy e B e T 2 A 4 b
Z—o HFRIEAN
H,
K- (12)

A, H ARG R B S H R AR o



66 FHAA T 2 F29 &5 14

BT, PR A B 5 3 5 — I (L) FRES AR 7 AR e 430, DA M 0 Js S 3 il oo 5 32
JEE I o H T X I B AR, AT LA 22 KA R SRR R, B ] Origin AKX T
BT

2 EEARNALS K I IE

2.1 FX NIRRT RSH

T AR R L T 91 55 78 (Froude ) AHABL, 26 I A=40 4 )ULE , 1536 B FH P2 2 e S A R 5 32 R L3k
1, P77 U3 P RS 3 BT 0 5 B AR A8, B 4 Bl 1A, A 1 7R o ik, 2 A
Wz I R T T TR IR N R ARG AR, IR 2 iR

F1 FARBERE

Tab.1 Principal parameters of the floating breakwater

ZH 5 SEBR{E BB PR E
K L/m 15 0.375 0.375
W5 B/m 20 0.5 0.5
b D/m 8 0.2 0.2
WzK T/m 3.9 0.0975 0.0975
HEK = M, /kg 848 550 12.94 12.94
i M,lkg 380 000 5.79 5.79
MEFRWMESE  I,/(kgm®) 40 340 000 0.384 0.384
WPIRAT R I1,,/(kgrm?) 12270 000 0.117 0.117
PEFRAT I L,/(kg'm* 13270 000 0.126 0.126
TR EAR D/m 8 0.2 0.2
HHMK L,/m 4 0.1 0.1
M B,/mm 1875 46.875 46.875
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Fig.2 Wave oscillation in cavity
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Tab.2 Numerical and experimental working conditions

SE BRI DL I T
= /m Jil /s Rm/(°) W= /m Jil /s TRm/0)
4 5.1 90 0.1 0.8 90
4 5.7 90 0.1 0.9 90
4 6.3 90 0.1 1.0 90
4 7.0 90 0.1 1.1 90
4 7.6 90 0.1 1.2 90
4 8.2 90 0.1 1.3 90
4 8.9 90 0.1 1.4 90
4 9.5 90 0.1 1.5 90
4 10.1 90 0.1 1.6 90
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Fig.3 Comparison between test results and numerical results
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Fig.5 Structure diagram of buoy and coupling
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Tab.3 Principal parameters of floating breakwater

8 BKL/m  WTEB/m  FEEAA/M BRYEE H/m EERP/m HEKE

A 15 20 8 4 5.5 1005
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Tab.4 Principal parameters of buoy
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Tab.5 Computational working conditions

THHS AW PKm o AFITIRAW | THES s Km ASIIERAW
cl 3.0 16.30 404.17 c5 5.6 49.74 681.73
c2 3.3 18.97 449.84 6 6.0 56.88 743.98
c3 4.0 26.43 513.35 c7 6.5 66.49 805.48
C4 5.0 40.01 626.28 8 7 76.799 875.007
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Fig.9 Comparison of power generation performance between the single floater and the integrated device
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Tab.6 Power generation performance parameters of the single floater and the

integrated device under different working conditions

T JE /s K F W WL RERICR
cl 3 65.3 16.6%
o7 33 105.21 23.39%
3 4 98.56 19.2%
[y 4 60.5 16.04%
cs 5.6 62.71 9.1%
6 6 64.633 8.7%
7 6.5 57.11 7.1%
8 7 41.62 7.9%
cl 59.2 14.6%
2 33 89.5 19.9%
c3 4 87.27 17%
N c4 131.987 21%
R cs 5.6 1511 22.16%
6 6 131.192 17.6%
7 6.5 118.4 14.7%
c8 7 80.541 9.2%
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