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Abstract — In this study, CFD simulations under regular waves were performed for pitch motion characteristics of
a Salter’s duck type rotor model with existence and nonexistence of pontoons. The CFD simulation results were
directly compared with existing experimental results in order to validate the CFD results, and the motion character-
istics of model were check from the CFD results. In the experimental results in accordance with existence and non-
existence of the pontoons, the rotor had different resonance periods and different magnitudes of pitch motions in
short wave periods. To check these, hydrodynamic coefficients of the rotor in accordance with existence and non-
existence of pontoons were investigated from the CFD simulations. From the results, it could be found that the
change of the resonance period and pitch motion of the rotor are affected by changing wave exciting moment of the

rotor with the pontoons.

Keywords CFD(A2H3-A 9 &), Salter‘s Duck Rotor(Salter duck = E]), Pontoon(

%), Resonance period(Z-F+71)

LA 2

Az Jate] AgeiR| 2] E-gof tigt Ao
ok AR = v, Bid e gk

, 1= = /\H;Hx% o7 %111:_7]_ == va:E o]%-,;:gl_ XH
Ak Qi o] st shiEey
—y‘ﬂa”ﬂ $ 2] (WEC, Wave Energy

=84
- =0
o=

"Corresponding author: jypark@kriso.re.kr

214

X 0

= O
3= =E=Q

LT_'—

), Pitch motion(

Converter)o]2l= oA HEAAFlo] B oshe, T3E2] 02 B]w |
ey |, Alzngo] AF o R v B-fA9] EeluiAE
o]t 7hsEAFo] Bl AREE AL Sl
olfgt 7MsEAIY SR F-A12] FeluX
P71 witel] & ghe] 718} share]] whdo] glow, 7
] st Q1 A5l Aol oJ&H). tia 7 EAE Y
2 Salter[1974]°1 2511 71 Salter’s ducke] 1.2
% PFORE FTE8 TFs et Wdske ZJX

=
i Edinburgh wave power

o]

rHi rulm
1o

3 e = Jo oo

1|

[¢]

15

9

3 A 0]

_u_—|1__

N
il

A,:
‘E‘JE

o

A Z Sa
]"44 il
t}. Salter’s duck ZE]o] tfst &

L
L



T EEE el uhE v 2E]9] 2557 Wstel] gk CFD 4] 1+

IF-(Salter e al.[1975]; Jeffrey et al.[1976])°] 2Jlo] 8|50
H, 1735 A7 Slste] RaAjle] FE 3= Sl w9
Salter’s duck ZE{°]| thet A2 Greenhow et al.[1982]% =3t
T}oll A Salter’s duck =E]9] %2 3 2l 74 Afo]z=ef| tigh 7}
= =739, Vinje and Brevig[19811 tlekst slarola 1
Al@Azte}l Mol 7Rk diMS alsto] 1 AdeS A
watglom, Az 0w v shaex= 1 Aol w24
o}Ur e B AE I AREe] AR tES HolFith
Count[1978} 2%} Ao XS 0183107 Salter’s duck ZE|]
jﬂodé‘l—ﬂ(d 3;:_% ])\}_o]_oﬂ o 1:!:] PTO _,_Eqa— /‘;'(]E-H/H@jq_ﬂ_
Salter[1976]2] B A2} A4 vlwsiitt. 183 3<%
Ae}A]-S o]2310] Ha et al[2019F= Salter’s duck T4 ZEo]| oj
slo] GM W7l whet FelluAlE vl wskl o, Rapuc[2012F= JJr
31 Wste]] mhE WEPTOS 2| #5314 218t Akt oA
=5 Jstar 1 A3E Pecher[201112] R EAIH AR} 2)H 1]
Wit o] A tellr= Thal Tt w2 ] 3fi57] 771
7} Mgksh= 2le ERIsIglom, ARk SalA S o] &3t ZEQ

_oﬁ‘, ki

777 walo] 29 Zace] et gepe 28 Bdumse)
WIS} 710132 wo] Fgick, Ao FEle] weke 9lsle] CFD

A& o]8-3to] Salter’s duck B/ ZE | tgh A450]
o] 501, Poguluri and Bae[2018]2 CFD 31412 o] &-3}o] 7H4]
ATE T3t T gallalS o]83le] Salter’s duck 37 &
S AABIITE 181 3 Ko er al[2019F= 2B A8} CFD A&
o]-gslo] vl Wisle] whE Salter’s duck 34 ZE]2] U)1AY 25l
tiste] A5 s
ZE ] Aol A Mo I AAE o] Qlal, EHES]
B2 5 9jsle] ERES AXsH B £ 04?011*15 CFD
XS o] gale] TES F5o Wk Salter’s duck FA ZE0] T
3 TER ST IO, O AaEs 71l R Y
AT (Ha et al[2020))9}F 217 W] wSFATE S E52 f-5-0l
& EEM T8 5 54 sl tislo] CFD A o® EF-e-
Frel e 2E O] fA-ATES Ao, E52e ot
2E O] TEQ 54 s 54 wgel dist dle #A4skdch.

2. CFD oM =A

2.1 AXA|AH]
B AFers EFL A5l o Salter’s duck 4 ZE] &
2 5% B 248 SI$k CFD XS 38Tt L 74
A A= Sdsidel]ed 2 A gEREAT A @
Fa szl HaH 1/5.5 F2M]9] RAIE AN Ha ef al.[2020])
o} 23 vwsielen, FYUs =9ls CFD sli4lell 283130t} Fig.
12 CFD 314& 918t AR 2RE RolErt, ALY 7)== 4
oIgEF 5.6 m, T 3.2 mE S| TEY)ed B AMubslorE
NEATARY s|Faetazel 2717 sdsh, ErlQl F2] 45
CFD 3|14 AR 77217171 918ke] 120 mz AY3sict. 182

o

>«

215

Wave region-#1

T " Bottom |
| 2 |

Fig. 1. Grid system and the domain size for the CFD simulation.

Table 1. Principal dimensions of the full-scale rotor

Unit
Beak angle (o) [deg.] 65
Radius of the stern [m] 1.0
Draft [m] 0.8
Width [m] 2.5
Mass [ke] 6380
CGy [m] -0.1388
CG, [m] 0.1623
Tyx [kg-m?] 9710
Iyy [kg-m?] 6791
1, [kg'm?] 7227
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Table 2. Numerical schemes for the CFD simulation

Discretization scheme

Finite Volume Method (FVM)

Free-surface capturing method
Pressure and velocity field
Time step
Sub-iterations
Convection scheme
Temporal scheme
Turbulence model

Two-phase VOF (Volume of Fluid)

Semi-implicit method for pressure-linked equation (SIMPLE)

Adjustable time step (target CFL number = 0.5)
10
Second-order upwind
Second-order Euler implicit
- (laminar flow)

Table 3. Wave conditions in full-scale

Wave period (sec)
3.50
3.75
4.00
4.25
4.50
4.75
5.00
5.50

Wave height (m)

0.10m, 0.75 m
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Fig. 2. Pitch motions of the rotor in accordance with the wave peri-
ods (Experimental results).
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Fig. 3. Time histories for the pitch motion of the rotor model under
the wave height of 0.10 m.
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Fig. 4. Time histories for the pitch moments of the rotor model
under the wave height of 0.10 m.
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Fig. 5. Pitch motions of the rotor in accordance with the wave peri-
ods under the wave height of 0.10 m.
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Fig. 6. Flow characteristics near the rotor from CFD simulations (T=4.75 sec, H=0.10 m).
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Fig. 8. Flow characteristics near the rotor from CFD simulations (T =4.00 sec, H=0.75 m).
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Fig. 9. Flow characteristics near the rotor from CFD simulations (T =4.25 sec, H=0.75 m).
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periods under the wave height of 0.75 m.
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Fig. 11. Pitch moments of the rotor by the forced motion simulations (full-scale).



Fig. 13. Pressure contours on the rotor and the pontoons in the forced motion simulations (Amp.
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