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ABSTRACT

Numerical Study on the Estimation of Motion Performance of a
Lightweight Light-buoy in Waves

Son Bo-Hun

Advisor : Prof. Jeong Se-Min, Ph.D.

Department of Naval Architecture & Ocean Engineering
Graduate School of Chosun University

By its shape and colors, the light-buoy shows the route to vessels sailing
nearby in the daytime, while by its lighting at night. It also plays a role in
notifying the presence of obstacles such as reefs and shallows. When the
light-buoy operates in the ocean, the visibility and angle of light from the
lantern installed on the light-buoys change. The change of those may cause
them to function improperly. Therefore, it needs for the light-buoy to have
stable and minimum motions under given environmental conditions, mainly
waves. In this study, motion analysis for a newly-developed lightweight
light-buoy in waves were performed to predict the motion performance and to
check the effect of the developed appendages on the performance. Firstly, free
decay tests including benchmark cases by CFD were carried out to estimate the
viscous damping coefficients, which cannot be obtained by potential-based
simulations. The results from potential-based simulations with considering
viscous damping coefficients, which are estimated by CFD, were compared.
Also, motion simulations in regular waves using CFD were carried out to
compare with the potential-based simulation. It was confirmed that the pitch and
heave motions of the light-buoy became smaller by adopting the developed

appendages.
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Table 1 Main particulars and hydrostatic properties of lightweight light-buoys without and with

appendages

Base Plate Porous Cone Porous

plate cone

Mass [kg] 2,423 2,596 2,579 2,617 2,597

Diameter [m] 2.40

Draft [m] 3.036 3.073 3.069 3.078 3.073
Center of gravity [m] 2.136 2.009 2.021 2.150 2.149
GM [m] 1.052 1.144 1.137 1.018 1.021

Mass moment of inertia 10902 | 11490 | 11,435 10,965 10,958

[kg'm’]
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Fig. 9 Free decay curves of grid convergence test
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Al HIIE SI0H0, AR ZHAIE@S ZU2RH U5 s+ L 2XHF 2
MH=E LESHH Table 20 LIEFLHRULCH  Pitch 5% dS+2] HS, Palm et al.(2016)
Of A L CFD2 2+t 2F 2.68% % -1.40%2 Xt0IE 2QICh AE Zuet AMUHAEC

& nl
£ Z X0IE =20/=0, O0l= Palm et al.(2016)0] &H&F Uit 20| Pitch 20 21
J

= 24

E B0 & 2Xlot JACtD HCHEICEH Pitch?t Heavell 2 S 2CH HE6HAH 4l

wolJd| 2o Journée and Massie(2001)01 HItet HHES Sof XU LAMHTE A=

ot BIWGSIRACEH Pitchel B A& 2F 2519% el CFD2 < -11.61%2 XI0IE
OIC}. Heavell ZtAH 4= Palm et al.(2016)2 A& 2 588%, 112l CFD2F & -

08%2 Xt0IE Z0l=0, &0 2. I gt0ICh

Table 2 Comparison of natural frequencies and non-dimensional damping coefficients between present

CFED results and those of reference

Natural frequency, Non-dimensional damping coefficient,
w [rad/s] ¢ [
Exp CFD Exp CFD
Palm et al. | Palm et al. Prcelzle)nt Palm et al. | Palm et al. Prcel?e)nt
(2016) (2016) (2016) (2016)
Pitch 5.370 5.595 5.518 0.028 0.042 0.038
Heave 5.650 5.712 5.794 0.090 0.108 0.095

Collection @ chosun



22 AS0IE2 HASA

S0 Ofel 20l 88z 25mE AFoIA0, 20l & = &
D(=2.40m)E J|ZO2 30D(=72.00m)E A HACH FH X2

= |H0ll= No-slip wall, HA&HHOl H= Symmetry plane

, RS HW ol A= Pressure outlet HHEHS LOOITLH BHAHILFC

P9I &H MREF ZAHHZRH MM AHAGA 2012 2 1/301 of

QUL IR ZHAI2AUOIEA SRES =D

10 °, Heave= S20 HHNESELZ 040m OHZE BIIES

0 =

O

ro 02 0n
10

- FE

nox

o= |0
|0 -

N

R bal o
o s 10

40 on oo

2 10
ol
9
N
e

nio
12
=
ol

> JY 09 0z
N
He
0 rg
40
rr
~
o
=
IF 4

ol
rir
4
ry
2
E_l
10
Yl

S
\,_>
i

o

I0
ol

39

xood
> o
M0
O
10
>
30
H
nrr

ol
=

Surge, Sway, Heave, Roll, Pitch, Yaws 25 o Z5tSULCH

o

¢ Gy,

& e

A 0,
ey

‘Symmetry Plane

‘\ - - ~ < > i = 7
e A Wall B - o
= S o

o8

e
5'50', S

_ "\’.‘i/ EN .Qo

— 125m

. >

v Z % 25.0m Wall

Fig. 11 Computational domain and boundary conditions of free decay
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Fig. 12 Grid system for free decay test using CFD simulation
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Fig. 13 Comparison of pitch decay curves of lightweight light-buoys without and with appendages

Collection @ chosun



SIHES M2 o ¥ BF0 2 Heavell Al2b 0IEZ Fig. 1401 LIEFLHRACEH
Pitch? Ot&IIXIZ 2It2= Xlst B2S0| Jl2 20! Base2CH HIE 24 E 20|
04, Conedt Porous cone £IIEZ HXIGIAUEZ MECH Plate?t Porous plateES & XIGIA S
M o132+ O &OtMCH RIt== EXIotAS [, Heave 1157 & S+= Base L2

A0tKl= Hez FHEJULL

Base
0.30 ".‘ Plate
ﬂ ————————— Porous Plate
B Cone
0.20 // \\ ————————— Porous Cone
0.10
(S
3 0.00
>
©
£ -0.10
-0.20
-0.30 /
-0.40 ] ] ] ] 1 I ] ] ] ]
0 1 2 3 4 5 6 7 8 9 10

Time(s)

Fig. 14 Comparison of heave decay curves of lightweight light-buoys without and with appendages
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Fig. 15 Comparison of contour maps of vorticity around the lightweight light-buoys without and

with appendages during free decay test
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Fig. 16 Comparison of contour maps of wave elevation around the lightweight light-buoys without

and with appendages during free decay test

Table 30l CFDE 0|28 AR ZMAEOZEH MES IR MES4, 2 2
ADUHE H= 2IF ZEHLEo 22X 2AHEE LIEIUWICH 20 228D HE
?t 2IEE A= A (18)2 Jo &L

A4 1

Pitch® &2, RIS X0 Ot 08 st Sotet=dl, I8 AXl
Z 08 GM ¥ =4 BJIE SJYZHE AHLIF SIS 210] ooz M2AFCH Bt
0 Heavel HR= BIIES AXE0 M2t 28 d=4D Base LELE0 2F 10~15%
H0lNl=E H2Z UEIHCH Ol 2II22 X2 ool 2 £IF 20| SI6HA
Il M2z MAEC 2XE 2 H === Pitch?t Heave 25 Plate HEZ 2 £II20I
Cone HE 2IESEL =2 22 M, &2 222 &2 ENH0| JAses E=0
S ItetCh.
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Table 3 Natural frequencies and coefficients of added mass and add mass moment of inertia and

non-dimensional damping from using CFD

Pitch Heave

wNSS CA 55 <55 <")1\733 CA 33 C‘i‘i

[rad/s] [-] [-] [rad/s] [-] [-]
Base 1.397 0.1490 0.0135 3.107 0.4862 0.1107
Plate 1.452 0.1678 0.0209 2.748 0.5694 0.1550
Porous 1.447 0.1668 0.0219 2.813 0.5518 0.1660
plate
Cone 1.425 0.1473 0.0167 2.649 0.5966 0.1344
Pé’ég‘e‘s 1.418 0.1524 0.0172 2.795 0.5544 0.1587

20 A2 Pitch® Heave

Table 401, ZE & D8t SSHAS S
g2 A, SAL S, B S BH

of £t BB

<] =
2 A= EH 2 H=0AM XtXISH=

Table 4 Coefficients of added mass and added mass moment of inertia, viscous and radiation

damping and ratio of viscous damping to whole damping from potential based motion

analysis
Pitch Heave
bss bay
Cyss bss Ts5 B Clss bsg T33 B.
(-] [kg?m/s] | [kg’m/s] : 5]5 (-] (kg/s] (kg/s] | 3]3
Base 0.1528 63.359 0.488 0.9924 0.4819 136 3,107 0.0419

Plate 0.1747 | 109.952 0.884 0.9920 0.5254 2,243 2,890 0.4368

Porous
plate

Cone | 0.1635 80.067 0.656 0.9919 0.4934 2,907 1,710 0.6295

0.1825 | 114.261 0.842 0.9927 0.5510 2,387 2,987 0.4441

Porous

cone 0.1617 82.690 0.610 0.9927 0.5012 2,570 2,600 0.4970
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Fig. 17 Computational domain and panels of lightweight light-buoy without and with

appendages for potential based simulation
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Fig. 18 Pitch RAO of lightweight light-buoys without considering viscous

damping
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Fig. 20 Heave RAO of lightweight light-buoys without considering viscous
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Fig. 21 Heave RAO of lightweight light-buoys with considering viscous

damping
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Fig. 22 Computational domain and boundary conditions of motion analysis of

lightweight light-buoys in regular waves by CFD simulation
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Fig. 23 Grid system for motion analysis of lightweight light-buoys in regular waves using CFD
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Table 5 Regular wave conditions

ol

FE Ttol

r

=
S
o

S=SNEES]

1.397rad/s2} Heave

= A
T
+=HGHRALCH
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Wave Wave Wave Wave Wave
steepness frequency period length height Remark
H/ A [-] w [rad/s] T [s] A [m] H [m]
1.247 5.039 39.638 0.996
1397 4.498 31.583 0.794 | Piteh natural frequency
of Base model
1.843 3.409 18.147 0.456
2.039 3.082 14.826 0.373
1/40
2.395 2.623 10.746 0.270
2.751 2.284 8.145 0.205
3.107 2.022 6.385 0.160 | Heave natural frequency
of Base model
3.500 1.795 5.032 0.126
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Fig. 24 Time histories of pitch motion of lightweight light-buoys in regular wave

estimated by CFD simulation(wave frequency 1.397rad/s)
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Fig. 25 Time histories of heave motion of lightweight light-buoys in regular wave

estimated by CFD simulation(wave frequency 1.397rad/s)
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(c) Porous Plate

(d) Cone

(e) Porous Cone
Fig. 26 Snapshots of pitch motion of lightweight light-buoys when S5th peak of motion

occurs in regular wave estimated by CFD simulation(wave frequency 1.397rad/s)
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Fig. 27 Time histories of pitch motion of lightweight light-buoys in regular wave

estimated by CFD simulation(wave frequency 3.107rad/s)
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Fig. 28 Time histories of heave motion of lightweight light-buoys in regular wave

estimated by CFD simulation(wave frequency 3.107rad/s)
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based simulation considering viscous damping coefficients obtained by
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gt= Table 60 LtEHLHUCH 25 MZsdes & =X il Tet C
S0 W=ZACH

CFD2 Z2it= HHEZ J|gt 25 42 Z0H0 dloh 2ot X0 OE 25 M
Z =402 X0IDF Al =HEJYCH ZEHZ Jigh 2SSl 20N Fitd RI=
Ol BIFUE 2220 &2 RAOE UEHHD & =Xl AlIEdl0/&8 Z5F Plate AIZ2
FII=0l Cone HE RIS 2L 22 RAOE LIEtWE X222 FFHEJUL

Table 6 Comparison of maximum pitch RAOs estimated from CFD with those of potential based

simulations
Property Base Plate Porous Cone Porous
plate cone
Potential (A) 54.841 35.366 33.736 45211 43.381
DAL G e - 3551% | -38.48% | -17.56% | -20.90%
Base
Wave
frequency CFD (B) 69.743 53.441 55.230 54.222 57.069
1.397rad/s q
LDASCIETCE fiiei - 2337% | -20.81% | -22.25% | -18.17%
Base
Difference between
Potential (A) and 21.37% 49.29% 51.63% 35.18% 37.80%
CFD (B)
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Table 7 Comparison of maximum heave RAOs estimated from CFD with those of potential

based simulations

Property Base Plate Porous Cone Porous
plate cone
Potential (A) 1.357 0.760 0.790 0.920 0.815

Difference from

- -44.02% -41.77% -32.22% -39.92%
Base

Wave
frequency CFD (B) 1.327 0.746 0.793 0.549 0.688
3.107rad/s

Difference from

- -43.78% -40.24% -58.63% -48.15%
Base

Difference

between Potential 2.26% 1.82% 0.35% 67.53% 18.49%
and CFD
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Fig. 31 Pierson-Moskowitz wave spectrum

Table 8 Environmental condition regarding Beaufort wind scale

Significant Significant Significant
No. | Wave Height | Wave Period | Wave Frequency Description
H,/3 [m] T [s] w, [rad/s]
1 0.1 1.22 5.15 Light Air
2 0.2 1.73 3.63 Light Breeze
3 0.6 2.99 2.10 Gentle Breeze
4 1.0 3.86 1.62 Moderate Breeze
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Fig. 32 Pitch and heave motion response spectrum of lightweight light-buoys under different
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