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Table 1 Operating conditions of the numerical model of the circular ramp overtopping wave energy convertor

Q= (6)

T H/m T/s T W H/m T/s
casel 0.10 1.25 case’ 0.15 1.75
case2 0.10 1.50 case§ 0.15 2.00
case3 0.10 1.75 case9 0.20 1.25
cased 0.10 2.00 caselO 0.20 1.50
cased 0.15 1.25 casell 0.20 1.75
case6 0.15 1.50 casel? 0.20 2.00
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Fig.3 Comparison of dimensionless overtopping rates obtained by testing and numerically simulating
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Fig.4 Comparison of the wave overtopping states obtained by physical model testing (left) and

numerically simulating (right)
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Fig.5 Comparison of the overtopping rates with different slope ratios
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Fig.6 Comparison of the overtopping rates with different numbers of diversion blades
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Fig.7 Comparison of the overtopping rates with different freeboard heights
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Fig.9 Comparison of the overtopping rates with and without backflow plate
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1 10 AT, P H =0.1 m B, 3 FiAS [R] B2 09 [l A 0 DR AL RCR AH 22 AN K, ik & H =0.15 m Al
H=0.2m i, fEFAY T=1.25si5 T=150 s} D=0.15m 5 D=0.20 m (B EKNLT D=0.10 m
IR BIR Y T=1.75 s I 5 T=2.00 s if . D=0.15 m B BB BHRML T D=0.10 m 5 D=0.20 m B
Wi, 25 B, AR BE i 0.15 m B DAL RICR S R AT

4zt B

FYEE T 5T VOF 580 ) = 4l B E IR KR, O X 852 R 2R B R AT 1 B LT, o = 2 SU(E R
JKRE T A A R ABOR BE 4, TR T R B TR R LA A5

TE AN TR B4 90 5 A 00 A e B 2L 2 A T 6 BT MR E E  E BE A M S RO AT T S 4R RUE R
F XTI R B BEAT T LB AR AL A 2 T LR 25

DAY H S YRI5 B A BOR R 3 ORI S =1 = 2 3 B A MR P R B D R, 24 W O



244

woR T 39 &

Fr A0 22 i 2 E A BOR RE BE 3 R 2 AT RO 12 I A GR P RE f O R

2 % B (A A L R I 0N o A S R B0 F 2 R AR — A /N B A R DA PRAIE

B4 ) R RE

305 A [l AL Al 1) BRI L R P A T A P R > [ R AR B A 2 B R A S O

AN R B Y AR K D =0.15 m B %€ B R TR R R o R AT .

£ 22 SCHK ( References) :

[1]

[2]

[3]

[4]

(5]

(6]

[7]

(8]

9]

[10]

[11]

LIU W M, MA C L, CHEN F Y, et al. Exploitation and technical progress of marine renewable energy[J]. Advances in Marine Science,
2018, 36(1): 1-18. XUFR R, BRH &, BRIz, &5, WPl fEAE RRIEOT & AU S HOR BT, M redl 2 uE g, 2018, 36(1): 1-18.
FALNES J, LOVESETH J. Ocean wave energy[J]. Energy Policy, 1991, 19(8): 768-775.
SHI H D, LIU D, LIU Z. Calculation of the motion response of a novel wave energy convertor[ ] ]. Periodical of Ocean University of Chi-
na, 2011, 41€10): 111-116. 7335, XUHR. XIBE. —F0p 1L RE & HL e W 00 i Sl 7+ 31 LT, b [ A 2 2 i (A SR BH2 150, 2011,
41(10) . 111-116.
KOFOED ] P, FRIGAARD P, MADSEN E F, et al. Prototype testing of the wave energy converter wave dragon[ ]J]. Renewable Energy,
2006, 31(2): 181-189.
HUANG Y, SHI H D, LIU Z. A systematic study on saucer-like wave energy converter[ ] ]. Coastal Engineering, 2012, 31(3): 33-39. #&
e, ik, XV OB ORI R K A E I RS [)]. 1R TR, 2012, 31(3): 33-39.
LIU Z, SHI H, CUI Y. et al. Experimental study on overtopping performance of a circular ramp wave energy converter[ J]. Renewable
Energy, 2017(104): 163-176.
LIU Y J, LIU Z, HYUM B S, et al. 2D Numerical study on overtopping wave energy convertor[ ] ]. Journal of Hydroelectric Engineer-
ing,2012, 31(2):108-113, 127. XWEH . XIEE, XLk, 5. MRk ae & d e 8 0 R BUE A 52 (1], /K & 2= i, 2012, 31
(2): 108-113, 127.
LIU Y J. The system design and optiization study on dish-type overtopping wave energy convertor[ D]. Qingdao: Ocean University of Chi-
na, 2011, XWREF . I8 80R XL e Kk B 8 1 R B R e [D]. & & . PR RS, 2011
HIRT C W, NICHOLS B D. Volume of fluid (VOF) method for the dynamics of free boundaries[ J]. Journal of Computational Physics,
1981,39(1): 201-225.
YAKHOT V, ORSZAG S A, THANGAM S, et al. Development of turbulence models for shear flows by a double expansion technique
[J]. Physics of Fluids A: Fluid Dynamics, 1992, 4(7); 1510-1520.
LIU Z, SHI H D, CUI Y, et al. Experimental study on overtopping performance of a circular ramp wave energy converter[ ] ]. Renew-

able Energy, 2017 (104): 163-176.



439 XURI7 < BRI B i B S v e B A9 = 4 J {40 245

3D Numerical Simulation of the Overtopping Performance of Circular
Ramp Wave Energy Convertor

LIU Da-fang, LIU Zhen, ZHANG Guo-liang
(College of Engineering » Ocean University of China , Qingdao 266100, China)

Abstract: The wave overtopping performance of a circular ramp wave energy convertor is analyzed based on
the 3D numerical simulation technology used for calculating fluid dynamics. By building up a three-dimen-
sional numerical wave flume used for the VOF (Volume of Fluid) model of water-gas two-phase, a study
on three-dimensional numerical simulation of this convertor is carried out. By comparing the results from
the numerical calculations and the physical tests, the reliability of the established 3D numerical wave flume
is verified. The optimal structure parameters of the device are determined by investigating the influences of
the slope number of diversion blades and freeboard height of the device on the overtopping performance.
On the basis of all these, a backflow plate is added to the edge of the slope surface of the device to reduce
the wave reflection, by which the optimal design of the circular ramp wave energy convertor is studied.
The optimal length of the backflow plate is explored by studying the effect of the backflow plate length on
the overtopping performance of the convertor.

Key words: wave energy; circular ramp overtopping wave energy convertor; 3D numerical wave flume;
overtopping performance
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