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ARTICLE INFORMATION ABSTRACT

Original Research Paper In single-body converters of ocean wave energy, oscillations of a floating body (buoy) serve as the main
Received 25 February 2017 driving force for electricity generation. Buoy geometry optimization is known as an approach to
Accepted 27 March 2017

enhance the efficiency of these converters. In the present research, the process of wave energy

Available Online 29 April 2017 absorption in point absorber converter is modeled as a spring-damper system. Two geometries are

considered for the buoy of the converter (conical and spherical-cap). The effects of buoy geometry on

S%“s’;;dg;nvener its dynamics in the nonlinear wave are investigated and comparison of these effects on dynamic
Point absorber buoy performances of the modeled converter is reported. Equalization of environmental conditions and
Conical buoy modeling of the two models were discussed, and a new equalization method was proposed. Effective
spherical-cap buoy wave energy on each model was calculated based on geometrical characteristics of the corresponding

Stokes wave energy buoy. Then, the models were hydrodynamically analyzed via boundary element method by taking the

diffraction theory as the governing theory. The incident wave was assumed to be a second-order Stokes
wave.

Results were obtained in both time and frequency domains and validated against the results of
available research. Maximum dynamic responses of the restrained buoy with spherical-cap geometry in
heave and surge (vertical and horizontal directions, respectively) were found about 4.4% and 11.3%
higher than the conical buoy, respectively. The average percentage of absorbed wave energy by the
modeled converter with spherical-cap buoy was about 2.2-2.5% higher than that of the other model. The
average percentage of absorbed energy by the models waspredicted to range within 20-24%.
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Fig. 2 The simulation of the point-absorber converter system for wave
energy absorption (left) and its modeling in AQWA software (right).
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Fig. 1 A schematic from Uppsala point-absorber converter and its main
components [11]
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Fig. 3 Geometry of moored buoy in numerical research of Vicente for
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research by vicente et al. [10] Regular wave of Ay, =1m,T, = 10s
and C = 250 kN/(m/s), Ky = 180 kN/m

G o 0wl 6555 ds sed Sy 5 IS > Ay G analie 6 JSD
2l e e o 63,55 5 e akeld Sl gk o [10] il San 5 4y
250 KNI(TS) ] os e y> 5 180 KN/M (6 lgio S ot <l 10

-8~ : Present study
: Ref [10
0.8 ettt
- 0.6F 8
3
0.4
0.2 . 4
RA()H. HMAX
RAOQ, : The Response Amplitude Operator of Heave
O 1 Il 1 1 X xxx
0 0.5 1 1.5 2

w (rad/s)
Fig. 7 Response Amplitude Operator (RAO) in heave for two identical
buoys in the present research and those of the research by vicente et al.
[10] In the frequency domain

Ghoosy o0 o) awna boadles as lp sed ol adls Sles 7SS
oIS aje 5 pol> gy 5 [10] 431 San 5 iy

133

e 5 31, 5 [14] St 5 Lige (18] 03l Kem 5 (508 el
2,5 o Lal [15]

oLl slasS 5 (2257 (6l Jles e b ol plucl Sealins
sl o cal ool aallhae glos 1S jsbay 5 So e ©jgon
S Sl a3 Oy Slalllae 5 (ALl zse 550 ladase ol
5 HISIB guignl [16] aSen 5 Sidlage saiagh & e
SihSen 5 6 e o (18] mlSen 5 oSl J17] 20l S
Sl oy 9 olee s (Sealins 3JUT ey 5o byl .o,5 o Lal [12]
Sosb a wlesyS adllas oo 35l Jare plosily 5 Seslns 2 o
S oy (B) &S SVolan L) Holidh e (Saliys &5 > (g o0
ma=F , Iljaqa+Qx(l;2)=M o)
S e @ oadJlesl (IS los 5 95 Jlon S 4 Mg F lrenl o
el ol chy i g s b 8 S 50 33 low oyl Houdl 5 e 02>
9 led Jlop Qg ag slayel)ly 5 JUl 55> (sl Sls Jlspa il
L Gl oud oo jlid pua &S, dolie ol (lagly Ce iy
17] ety 8) b, S8 4 o0 1,7 gz 102 UK (sl e

d2Z(t) dz(t)
(m+ ma(“’))? + (Crya(w) + C) T
+(knys + k) Z(8) = F (@, 1) ®

e s o iy By b e S5 slog Lol 0
£ 3 ke B (e oSSl g0 Sl pd (Salisg e
5 Kar hiys Gy S0y b o5 4 5lid e Saaliyg o 8L31
sleyehl gl sl (@) goe (W5 & ataly o o0l aiemy
SoeSl Sule) by i Ol o9, Sl eslital Gayb 5l Sy one
Gl kpys Hlaie ol sad acwloes 15T 51 ooliiul b 5,85 (5,95
Lknys = pgAw”) conl atly S o @l | Of o 45 490 alaie

Qe o Lz 15T o ) g5le o 5l sl 5 JSio

bl -7
o eolal [10] Ol Sen g s g (g0 gl 5l (o liel Cye
ze o 1, 75mM gl boo)S awsie b ool )lpe ag o Solios lag)]
5 ) e (s 2olin T gy 1o ¥los 5 oo il 5 ol

“
00 %0

T -
Fig. 5 Modeling of moored buoy with different geometries within
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Fig. 10 Cable length variation and heave speeds for moored model with
Cone and Spicial-Cap buoy
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Fig. 8 The ratio of heave responses (H) of two buoys to the amplitude
of incident regular wave in the time domain. Regular wave of 4,, =
1m,Ty =6.5sand € =200 kN/(m/s), Ky = 100 kN/m
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Fig. 11 The ratio of absorbed energy to the effective energy of wave on
each moored buoy, E,/EE (In the time domain)
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Table 4 The ratio of the maximum and average absorbed energy to the
effective energy of wave by each model
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Fig. 15 The ratio of absorbed energy to the effective energy of wave on

each moored buoy (in the frequency domain)
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Fig. 13 Average of motion domain in surge within occurred time of the

maximum heave for two models
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