creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

g ST

TEAES BT FaAL 97
EFY R FIPAD g

Lk

Numerical Analysis on Drift Force and Added
Resistance of Hydroelastic Body in Waves

2017d@ 2€



2 AT et

SECRIL WanCsAaL |INMVERSTY



i

3+

<

beo] TxEe RANESTF HolATh ol

o] A3

Al

2e]

¥

NO

(hydroelasticity)

A

N
No

B
T

A

T2l

a4 )

(fatigue strength)oll i34 B2 AF7} o] FojA 1

~
;OO
_—

ot
K
i
B

_rOO
Bo

T
T

ol 3 A

o
3 H7}A

7}A] 8}

1=
T

ool A2

)

1=

ol o

7Y

]

go

[e)
X

=l

o

=
Hr

o

11
—~
o

mﬂ

il

np

ki

o

o

o)
T
—_
o

el

B

A=
JgstA 2ol sdE WISH-FLEX 3DM

B

Biss

&

o
=

el

o
T

WISH-FLEX 3DMef| A

33k

ol
3r
Bo

—_
o

X0

o



=z0o
o

4]

3]

Ao} vl

A7E0]
o] A&

ol
e

)

| —
T

ok
=)

3 A <

_g]

W A F 7HAE YdE g Aded ole oY HEWY (pressure

B} %

=i}
=

=
79

22

BEH (momentum  conservation

method) 3}

integration

)

71 el

method)o| . 13y €4

79

FA A A

. B ATAE

ol

Y= A

o)

!

sl

of @8A=Z
FA T

=i
L
°

&t7] o

& b

2
3|

g Aol FA Qo]

o olg

Tp

3 A =

Az A A o

—_
1o

oju

[e)
A,

A E T

31 A

5

il

puL

o]
o

b
i

TH
N}

T
&
m

‘_Il,”
g
Tp
N

"

o|J

22

A =

AT

)

3
H 27k G ellA

=
T

234
5}l

Rew, e dA e

1A Eo=

3

A ek Hla

7
Nlo

A stel A

a7} a1.9]

Bl o] W3lr} 7}

Fol mlX]= 932 blunt modified Wigley

ol 2744 Y

9]

A

3

o
et



ST

836

9
yil

1 Az}

2=
T

f A1
°o]-&

O]

S
=

Nns ¥
244G

eHd Al <]

B2 Al ol A

ST

S

A

Q)
=

wgAde Azl

sttt

%l

S

3 A
3

s

o
_{[:

N2 BEFE>

A

s}

1A

O]

4

A&l
%

L
5

] £]

EFHA

)
‘—”‘Vl
el

o

o

e A ¢

B L

e A ¢

5ol

) 23] 4
Akt

7

5}

.
Aol AmE ARzZE BEA]d 3 blunt modified Wigley

74

B
o]}

=]

E

—_
o

T
_
o

oju

1

°
pil

Abe
A A

[e)

i

At
EEEDTE

AshH  wEoln el welojth
CERIRE

171

)

N

ul
b |

ql

she] ool A

3+

<l

Qolsl fAb

I~
o
H

[¢]

d

Akt 23 w4

e M =

T

m A =



| —
T

A A Lol
okt 32k

9]
SFA]

QA A R
Fol 7k

X

L
T

Bl

Ay

Holx| ekttt

o]

OO
ﬂ_mo
H
<]

i

T
=3
1o

0

oF

g
N

M

H: 2012-30286

1
ol

[l

iv



I R | B TSRO RRRRRS

1.2 7] D oottt ettt

122 &34A9 =

211

o223 WilZ R FXFA F1H s

b
Hr

=K
oo

B/

N

14

2.

.14

A7z A4

o
T

2.1

14

201 AT DA e,

..15

o

d

X

o
T

212

.23

213 T2 GG e,

.28

.28

e
il
N
T

-~
OH

.41

.55

3.

.95

.13

o

.95

o

p——



.95

101

3.3.2 AL BIFABE ZZ e,

..110

.. 110

X
o

"

e
B

o

.. 127

155

4.

..178

181

183

e

p——

Vi



® & 3
Table 3.1 Principal dimensions of rectangular barge model ......................... 56
Table 3.2 Principal dimensions of test model............ccccooceviveviiiiiccccncen, 65
Table 3.3 Natural frequencies of Remy barge model in dry mode (Hz) ....... 74

Table 3.4 Natural frequencies of rectangular barge model in dry mode (Hz)89

Table 3.5 Natural frequencies of blunt modified Wigley model in dry mode

Table 3.6 Natural frequencies of blunt modified Wigley model (Hz)......... 133

Table 4.1 Principal dimensions of 18,000 TEU container ship model........ 156

Table 4.2 Natural frequencies of 18,000 TEU container ship model in dry
MOAE (HZ) ..ot 158

vii 3 ]



Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

19 =3

1-1 Rigid body vs. flexible body...........ccccceovveviiiiiiiiir e, 1
2-1 Diagram of hydroelastic analysis ...........cccccevevieiieiiiii i, 15
2-2 Coordinate system for seakeeping problem...........cccovviiiicinnnn. 16
2-3 Two coordinate systems for rigid body..........cccccvvviviiiiicicincn, 30
2-4 Rigid modes and flexible Modes..........cccocevvviieiiiicicniieececece e, 37
2-5 Two coordinate systems for flexible body..........ccccooiiiiiiiinnn. 38
2-6 Diagram of the control Surface .........ccccoeereieinininneeee, 41
2-7 Disturbed wave contour (T=0) ......cccccevveiieiesieie e 47
2-8 Disturbed wave contour (t<0.25) ......ccccevereiieieniininee e 47
2-9 Disturbed wave contour (t>0.25) ......ccoevereiiiiniereseeee 47
2-10 Velocity interpolation near the free surface ........ccccccoeveveviinennn. 50
2-11 Time histories of heave motion, blunt modified Wigley model,
FN=0.2, B=180°% AML=1.0 it 52
2-12 Wave contour of steady flow, blunt modified Wigley model, Fn=0.2,
BELB0 et 53
2-13 Wave contour of steady and unsteady flow, blunt modified Wigley
model, FN=0.2, f=180°, A/L=1.0 ...ccceociiiieeieieese e 53
2-14 Added resistance using pressure integration method, blunt modified
Wigley model, FN=0.2, B=180°.......cccoiiiiiiiiiieerise s 54
2-15 Added resistance using momentum conservation method, blunt
modified Wigley model, FNn=0.2, f=180° ........cccccecuriiriniririeieeean 54
3-1 Rectangular barge model ..o 57
3-2 Hydrodynamic panel model, rectangular barge model .................... 57
3-3 Panels for CONVErgence teSt ........cocuoervrerieinisise e 59

3-4 Result of panel convergence test for motion RAO, rectangular barge

viii 3]



model, FN=0.0, 5= 180° .....cco it 59

Fig. 3-5 Motion response of rectangular barge model, Fn=0.0..................... 63

Fig. 3-6 Motion response of slender modified Wigley model, Fn=0.2, p = 180°

............................................................................................................... 67
Fig. 3-7 Motion response of blunt modified Wigley model, Fn=0.2, g = 180°

............................................................................................................... 70
Fig. 3-8 Motion response of KVLCC2 model, Fn=0.142, 5 = 180° ............. 72
Fig. 3-9 Remy barge model...........ccoooviiiiiiiiiicc e 74
Fig. 3-10 Natural mode shape of Remy barge model..........c..ccccovevvenirnenene. 75
Fig. 3-11 Hammering test (MOde 8) ........ccocvrereieiiiiirise e 77
Fig. 3-12 Added mass and restoring coefficient (mode 8) .........ccccceevvvenene. 78
Fig. 3-13 Vertical motions of Remy barge model, Fn=0.0, f=180°.............. 81
Fig. 3-14 Shape of Remy barge model, Fn=0.0, #=180°........cccccccvrrrrrrrrurnn. 84
Fig. 3-15 Vertical motions of Remy barge model, Fn=0.0, f=120°.............. 85
Fig. 3-16 FEM model for rectangular barge model.............cccccovveiiiiinennnne. 87
Fig. 3-17 Natural mode shape of rectangular barge model ..............ccce.e.. 88

Fig. 3-18 Time history of mode motion during hammering test (mode 7)....89
Fig. 3-19 Time history of mode motion during hammering test (mode 8)....90
Fig. 3-20 Vertical motions of rectangular barge model, Fn=0.0, 5=180°......92
Fig. 3-21 Vertical motions of rectangular barge model, Fn=0.0, p=120°......93
Fig. 3-22 Horizontal motions of rectangular barge model, Fn=0.0, $=120°.94

Fig. 3-23 Result of panel convergence test, drift force, rectangular barge

model, FN=0.0, B =180 ©....coiiieiececeee e 96
Fig. 3-24 Drift force of rectangular barge model, Fn=0.0, # =180 °............ 98
Fig. 3-25 Drift force of rectangular barge model, Fn=0.0, 5=180°, A/L=0.8 99
Fig. 3-26 Drift force of rectangular barge model, Fn=0.0, g = 150 °............ 99



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

3-27 Drift force of rectangular barge model, Fn=0.0, p =120 “.......... 100
3-28 Drift force of rectangular barge model, Fn=0.0, =90 °............ 100
3-29 Control surface panels for convergence test of momentum
CONSEIVALION ..ot 102
3-30 Result of panel convergence test, added resistance, blunt modified
Wigley model, Fn=0.2, =180 °.....coeiiireeieiie e 105
3-31 Comparison of added resistance, slender modified Wigley model,
FN=0.2, B =180 ..o e 105
3-32 Comparison of added resistance, blunt modified Wigley model,
FN=0.1, B =180 i 106
3-33 Comparison of added resistance, blunt modified Wigley model,
FN=0.2, B =180 ..ot e 106
3-34 Added resistance, blunt modified Wigley model, Fn=0.2, $=180°,
MLZEL.2 e et 107
3-35 Comparison of added resistance, KVLCC2 model, Fn=0.142, g =
180 bbbt ae e re e 109
3-36 Comparison of drift force between rigid and flexible bodies,
rectangular barge model, Fn=0.0, =180°........cc.ccecvrivrrrrrrrrrierearene. 112
3-37 Comparison of drift force between rigid and flexible bodies,
rectangular barge model, Fn=0.0, B=150°........c..ccceevrivervririrereeiennnns 112
3-38 Comparison of drift force between rigid and flexible bodies,
rectangular barge model, Fn=0.0, =120°........cccccocurverrnirernirrrirnnn 113
3-39 Comparison of drift force between rigid and flexible bodies,
rectangular barge model, Fn=0.0, f=90°.........cccoiiiiieiier e 113
3-40 Component of drift force, rectangular barge model, Fn=0.0, g = 180°

3-41 Sectional drift force, rectangular barge model, Fn=0.0, 5 = 180°118



Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

3-42 Relative wave elevation at bow and stern, rectangular barge model,
FN=0.0, B = 180% ...ttt 118
3-43 Shape of barge, rectangular barge model, Fn=0.0, f = 180° ,
D L O RS 119
3-44 Component of drift force, rectangular barge model, Fn=0.0, g = 120°

3-45 Sectional drift force, rectangular barge model, Fn=0.0, 5 = 120°122
3-46 Relative wave elevation at bow and stern, rectangular barge model,
FN=0.0, B = 120% ... e 123
3-47 Comparison of instantaneous wave contours between rigid and
flexible bodies, rectangular barge model, f=120°, A/L=0.5................ 126
3-48 FEM model for blunt modified Wigley model ..........c..c..cccceo.i. 128
3-49 Natural mode shape of blunt modified Wigley model................. 128
3-50 Time history of mode motion during hammering test (mode 9)..129

3-51 Time history of mode motion during hammering test (mode 12) 130
3-52 Comparison of added resistance between rigid and flexible bodies:
blunt modified Wigley model, Fn=0.1, f=180°........ccccecerrrrrrrrurrnne. 131
3-53 Comparison of added resistance between different flexibility bodies:
blunt modified Wigley model, Fn=0.2, f=180°.........cccccvrvvrvrrivrivnrnnns 134
3-54 Comparison of added resistance between rigid and flexible bodies:
blunt modified Wigley model, Fn=0.2, f=180°........cccccvviirrrivrienrne 134
3-55 Added Resistance, blunt modified Wigley model, Fn=0.2, f=180°,
MLZLL2 et 135
3-56 Comparison of added resistance according to formulations, blunt
modified Wigley model, FNn=0.2, f=180° ........ccecocvriereniriieieirene 136
3-57 Comparison of instantaneous wave contours between rigid and

flexible bodies, blunt modified Wigley model, Fn=0.2, =180°......... 138

Xi 3 ]



Fig. 3-58 Component of added resistance blunt modified Wigley model,
FNZ0.2, BT180°% ittt 141
Fig. 3-59 Sectional added resistance, blunt modified Wigley model, Fn=0.2, g

T 180°, WL =0.5 it e 144
Fig. 3-60 Sectional added resistance, blunt modified Wigley model, Fn=0.2, g

T 180° WLZ0.9 i s 145
Fig. 3-61 Sectional added resistance, blunt modified Wigley model, Fn=0.2, g

S 180, WLEL.2 ottt 146

Fig. 3-62 Vertical motions of flexible body, blunt modified Wigley model,
FNZ0.2, BZ180°% ittt 147

Fig. 3-63 Shape of body, blunt modified Wigley model, Fn=0.2, g = 180°,

MLZ0.5 e 148
Fig. 3-64 Shape of body, blunt modified Wigley model, Fn=0.2, g = 180°,

MLZ0.9 e 149
Fig. 3-65 Shape of body, blunt modified Wigley model, Fn=0.2, # = 180°,

MLZEL.2 e e 150

Fig. 3-66 Vertical motion response at bow, blunt modified Wigley model,

Fn=0.2, f=180°, ML=1.37, AJL=0.01 .....cc0eovrrirrrerere e 153
Fig. 3-67 Added resistance using pressure integration method, blunt modified
Wigley model, Fn=0.2, p=180°, A/L=1.37, A/L=0.01........cccvvrrrree... 153
Fig. 3-68 Sectional added resistance, blunt modified Wigley model, Fn=0.2,
F=180°, ML=1.37, AIL=0.01. ..ot 154
Fig. 4-1 FEM model for 18,000 TEU container ship model ....................... 157
Fig. 4-2 Natural mode shape of 18,000 TEU container ship model............ 159
Fig. 4-3 Hammering test (MOode 8) ........cccoveieiiiiiiirese e 160
Xii ]



Fig. 4-4 Added mass and restoring coefficient (mode 8) ...........ccccevvvvrnennn. 160

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

4-5 Heave motion response of 18,000 TEU container ship model,
FN=0.042, BEL180° ...ttt 162
4-6 Pitch motion response of 18,000 TEU container ship model,
FN=0.042, BEL180° ...ttt 162
4-7 Heave motion response of 18,000 TEU container ship model,
FN=0.084, =180 ...ccei it 163
4-8 Pitch response of 18,000 TEU container ship model, Fn=0.084,
PmLB0 e 163
4-9 Comparison of added resistance between rigid and flexible body,
18,000 TEU container ship model, Fn=0.084, f=180°.........cccccuevrnv.. 166
4-10 Comparison of added resistance between rigid and flexible body,
18,000 TEU container ship model, Fn=0.168, f=180°..........ccccevrn... 167
4-11 Sectional added resistance of 18,000 TEU container ship model,
FN=0.168, S=L180 ......eeiieiieiie e 167
4-12 Component of added resistance 18,000 TEU container ship model,
FN=0.168, S=L180 ......eeiieiieiie e 168
4-13 Component of added resistance 18,000 TEU container ship model,
FN=0.168, =180 ...ccii it 169
4-14 Vertical motions of flexible body 18,000 TEU container ship model,
FN=0.168, B=L180° ......ei et 170
4-15 The 2™ harmonic spring response, 18,000 TEU container ship model,
Fn=0.168, f=180°, A/L=0.33, A/L=0.006545 .........ccevvrrvrrrrrrrrerrenn. 172
4-16 Added resistance, 18,000 TEU container ship model, Fn=0.168,
£=180°, A/L=0.33, A/L=0.006545...........cc0ererrerererreiere e 173
4-17 Vertical motion response at bow, 18,000 TEU container ship model,
Fn=0.168, =180°, A/L=0.33, A/L=0.006545 ........cccverrrcrrrrrrrrrernrne. 173
Xiii .



Fig. 4-18 The 3rd harmonic spring response, 18,000 TEU container ship

model, Fn=0.168, =180°, M/L=0.59, A/L=0.007 ........cscvrvrrrrrrrrrrne. 174
Fig. 4-19 Added resistance, 18,000 TEU container ship model, Fn=0.168,
£=180°, AM/L=0.59, A/L=0.007 ......ccesieerrrreerreeere e 175
Fig. 4-20 Vertical motion response at bow, 18,000 TEU container ship model,
Fn=0.168, =180°, ML=0.59, A/L=0.007 ......cccecvrrvrrrrirererrrrirrrerinens 175
Fig. 4-21 The 3rd harmonic spring response, 18,000 TEU container ship
model, Fn=0.084, $=180°, M/L=0.59, A/L=0.016 ........cccescvrrrrrrrrrrrne. 176
Fig. 4-22 Added Resistance, 18,000 TEU container ship model, Fn=0.084,
£=180°, A/L=0.80, A/L=0.016......cc0ccverrrrrierrreeriereeiene e e e 177

Fig. 4-23 Vertical motion response at bow, 18,000 TEU container ship model,
Fn=0.084, p=180°, A/L=0.80, A/L=0.016 .......ccccerrrrrrrrrrerirrrrrerennnns 177

Xiv » )



1. A&

1.1 A7 917

TEEANAE

o|J

gAA el Fo] AHjZ o]

KeN
-

(very large floating structure, VLFS)

458 m

,"3\

< Blunt modified Wigley >

(1503 )

399 m

A\

(1309 fr)

< Long ships! >

< Mega-Float? >

Flexible-body

v’ Flexible-body motion > rigid-body motion

v Rigid-body motion > Flexible-body motion

Fig. 1-1 Rigid body vs. flexible body"

t

wK

a3E

https://en.wikipedia.org/wiki/List_of longest_ships, http://www.mlit.go.jp

]
F

H &t 5

-]

i —

i
1

A -



=R
R

T
)

X2 =

™ VLFS

°

A7}
8

i
=

5171

°

=

3 4]

9

%
s

O]

=
=

Aol A VLFS

Aol &

AN

Q79| thgel opth.

ZH(plate) & =

p—

A<

o
T

Jth a8y

o

o
E

of Uehte eyl
14 A

)
3]

244 %

F27

22

(i%e)

By

S

|
—
o)

H

REERCAS

ol

%

o)
o
o

;OO
Bo

o Ean AA

°

)
gAH HAE YFE

[

o~
T

=

=

SR
bl frera ol

©

b oaduto] A

s

AFS

o

T

et

H



1.2 71& 47
121 ZAe 579 9 3712 4

FaAY FFEL 2x 97 SkF (second-order wave force) o=
AF AN="E AAs=dH 8% Aotk B AFdA tF=

mRYe W7 ETRHAL Avdvh T FRY BI ATE

S AAEGgeH 19673 Newmane o2 A3t ¢HS
A E3st= 92 Pinkster and Oortmerssen (1977)7} Al th. o] &
=

Aow 2HA AT
AAe wR F RAAD o

FPHJoH, =7 A= AdPe TA FUHAZES ASst=d

2
oot
et

A= 1970 T RH

HAZ=H Aok 271438 23S Series 60 413 (Gerritsma and Beukelman,
1972; Storm-Tejsen et al., 1973), S175 AH oA = d(Fujii and
Takahashi, 1975; Nakamura and Naito, 1977), Wigley =3 (Journee, 1992)
sol dd A7 IAFHAS o7 A= HT FASAIF
(International Maritime Organization, IMO)ol| 4] AHl o 2 HE w|&5 =

P

2A7t=E E017] HsiA ddA = T (Energy

o
il
)
N

Efficiency Design Index, EEDI), olUYx] && <3 A4 (Energy

Efficiency Operation Indicator, EEONS = 43tAA =LA =71+



Kuroda et al. (2012)= ZHlolWAH 7|EAYPE 7Eo2 A5
PSS TdFsHA WAFAATIEA oo wE FIMAF W
A R okt ®=3 Park et al. (2014)9} Lee et al. (2015)+ H

KVLCCE WiHdo= HdF3iel wste| mE

LY =19 APAAE FIHAF ol wWeol wAkEol JUth
olH 3 HrtAE Aol EFgAAMHES uotslr] siA Park et al
(2015)= IHF F H/HAY Aol EIHHAHA oigd AT

st dh. =3I Park et al. (2016)2 Aule] 3}zl wE
H7MA S 1Esty] AsiA &7 WSl wE FriA e WEE
Am Bkt AA A AP Mute] RILAES A=
TAS FAT A Ao AFRY F4S WA 2= FUES

natsie] RAAGe] AL MWL Adsiod Be BUL AL

BAAGAN  HAel dRe wEsy] wWEe  HAAT
M AT TdAd ool sluwate ATv} wol WAHT

BIMASS F45t= WHS Zuly BE (momentum conservation
=
|

X

W (pressure integration method), WA oA
(radiated energy method), B1Ad 33 E24H (unsteady wave analysis)
T o8 ZEA el Aok olgid WH FA A F 7HA

o] 71 wol AgET ¥ X wEe mud REWT g



1+

o
)
o

de HAEHA PlusiA Hlug MAsite
3t (wave Green function)& So|Fdo=
Ab&she TR oA Bol AREEM, ] A2 (Rankine source)E

Eolgor AgdE FAMWANE HAE A @A Lok

=

iy R)

N

W2 AA 7o) sy ZmIOeA T ol

AHEE = ¥PH O F  Kashiwagi et al. (2009)= 7RAE Egol&
(enhanced unified theory)®} =wWlE REWS o]&3le] HIIAF
e FsIT. W L2225 AEEE XA FHHAAE

Joncquez (2009)¢} Kim et al. (2012)°] =wle BZHS A3 g o

A gt om, HZ DNV - GLY A& 2139 WASIMo| =Hlg

N
L
Y
ot
ftlo
e
2
ol
ol
rlr
v
it
X
i,
%
L
[-'O
2
v
2
L
rlo
e
—_&4

=]
o

=]
n
®Heol 2z <+¥  (second-order pressure)S  AAFEl] 2 &}

rr

o

O

WHo R, muy BEW HEA AL o] T O HY
HFAAR 2ol 94 o] golstH, s =4 &EAU RAE
A2 gFo] dslitt= Aol At Faltinsen et al. (1980)2 ©]
e AHgsl BURAES Altetgoen, Mutes BAE

A7) SlelA 2B BHe HesUT) ol2o]= Chun (1992),

2R

Choi et al. (2000), Fang and Chen (2006)°] F34 FHA <]

8% (Green function method)S # &3 48 ZEWHS



Abgske] BrbA e s S 3k vl Aot FH ol Joncquez (2009)+=

AL FYgelA kel "W S ol g8ty HIIAZES AR

wiy BnEEel BE Agstgon, Y &= Taldw 1w

Fluid Dynamics)E ©ol&3te T ¢s Mo disix FrHA3Ee]
A5 v
CFDE o]&3% JI7IAEe aide HT ol dFd

z71d= 314 Z2aPE sty BUEAES 14 35A T Orihara

o

and Miyata (2003)= SR-108 E|o|uXo] i3 RI}AT

WISDAM-X2h= Z 213 -S o] 83t 34381 2.1, Visonneau, et al.

o

(2008)2 ISIS-CFDE}= 2138 o] &3le] Aule] Rz g

rr

e Astdtt. Hu and Kashiwagi  (2007)2 RIAM-CMEN©] 2}
9tk HZole FE&=

STAR-CCM+= o] &3t  HIPAYS didst= A7
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i
o

Z2IRE olgdtel RAAZE A
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it
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3= 3l ok Simonsen et al. (2014)2} Kim et al. (2015)+ STAR-

COM+g AHg3te] B/lAZ L sjdstgon, o aF 9=



STAR-CCM+E o] &% H7HAad A= HZ IA S7Hskidh
o] g2 it Adubel] AAEE Aee WY &Fol A9
7] wZoll Adutol oef MAHEHE= d= WEARRTE AujA o] HH,
71Ee WHor ALd FIUMAE o] AARG HA AFH=
Aol Anh. olEdd S Restua dapgeA el RIbA RS
Asle= Wi o] A= o] gk}, Fujii and Takahashi (1975)= 1A ¥

_%_
FAe] Q7150 ASAE TR tF A vkl

A

8%

N

A=s: H 7B 7HEE §ot @ dYolAd FoARS
743+ th. Faltinsen et al. (1980)-> T3} FHolA 17} YASH=
749 Aute]l &®e glon, o] wEH FHoAe SHEkAL
AT AL 7hg st A24 S sk th Kwon (1987)2 Fujii and

Takahashi (1975)7} A¢rer A3 MI A2 FAEIA T, 2ZE ALy

(oblique wave)ell A -go] 7}53tH, EgHo= & ¢ BEg grE
M= BARAATE st @apgd e RIARS Atete
A& AR oldd W FolA TP Wol AMgEHE WHE

Y E o] National Maritime Research Institute (NMRI)oll A Fujii and

Takahashi (1975) Wl Ad e ol&std AFTE EAR

et

Wy o]t} (Kuroda et al., 2008).
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&t Wu et al. (1997)2 ZAlo] A& 7Hsd 78 2 BriAg
A& Al tsiA AASHSIIL, Chen et al. (2003)= Wuel &<

BgAel Aesgn. 18y 9o F dTE vade] wgow

Ag WIEYg= 22 FAHo] FxEdd "As I

o
o
Jo

A=z QI FAH FxEd vAs  FFA disiA

_<|2|_
& (very large floating structure, VLFS)ol| &3 A7}
JFHAT. 2y F72 fFTF2ES] AF A="ds A
A FFHo gk AF=E P NS Kashiwagi (1997), Namba
et al. (2000), Maeda et al. (1997)2 2 &3} FASE A3E Ho FAT
ojglgt A9}t B AT AolHE FA FFH BAHA &5
AR A7l Aol AAHET. Y FHA ETERES

FzE 27} $HPFORE km ©ojo]T o] WFo 2= m
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Bishop and Price (1979)¢} Price and Temarel (1982)& f-A 9 S A3
2E® o|& (Strip theory)E ©| &3t 343ttt o] Ay ~EH
O~

He go] HAE 7|78 1#slr] YalA HAaY

o

EY Hozg
A= A} (Jensen and Pedersen, 1981; Jensen and Dogliani, 1996; Vidic-
Perunovic, 2005). Wu and Moan (1996)2 %24 -3-93 5 (impulse response
function)& =43t AFFHANA FEA S FAGAT A

Malenica et al. (2003)2 3¢ ¥ IHZPFE ol &t A

l

A4S A, Kimetal. (2009)= AT EH S o] &3l FebA
4-S 35+t =3 Oberhagemann and Moctar (2011)-2 RANS

(Reynolds average Navier-Stokes) Hg2& o]&sle] FAIHLS
AtATE FAYHY e zrlde 2EY JIHE Bl
ARG RAAIRE HZoll= 32k 7ol Bol o] &&= FAo|th

/) FzYde U He LAREE FHAGE wwWe

-

B

o] 83}t (Bishop and Price, 1974). ©]&13 # Y43 HE thA 2l

(symmetric) =A|olwr A& = Q7] wjFEo] WA (antisymmetric)

a

As 7] 9siA & FHJAo (Bishop and Price, 1976). R E
o] &% TEIHFY dHS IHEr] wEe X7l FxIH
sfAfoll A ol AREHUAAT H3 HAA F2RES Yehdrlde
AL ARG olHd EARE AsiA 3FE FIFLL RHo

TZYYNA ALEE 7] AZSE T (Price and Wu, 1985; Bishop et al.,



° o o >
) — 0 =
=t S i 2 ﬁ MM E T % OH T 5 =
= M < 2 LT ERXTY NN
0 = T 8o ™ % 5 ¥ o T o o)
= g T T MR CH O CI I
z w * 5o
A g ke L AR z
S T X o T -y o < e N JiJ .
o E M) RO 0 w e g B ﬁ in Mﬂ < -
I R I ) B o 2 T o M W
= o N 5 W w Ao om 5 = B o 3r
N E vM%%m;HoEa;@;ﬁ 5
= > 5 M X T O Fw N o o ®
3 8 T+ O o5 I~ = o °F
‘A]_ ﬂ © — 1% ﬂ_l ‘dl O_H .u‘muw_
,Hl > ol O# l_ﬂl ~ B HT o
o M 2 o <X H N Y =
T P E T oo o o 3 My ol
=¥ 2 EEsTc I
_—,ﬁ ‘.WH ~ M ‘ul o ﬂ = mmd & .uA;O 7
& % © o9 om PG T oy T SR
= o™ . W_m B M_H| o _L Mu._ ,HAF T ﬂor . T ;O._ W e
ST B RV - oo
T 2 A o N AR 2 = O o5 W
ar ey _zT E ~ —_— " o_a .md _71_ 0 AT i
P oo, M = up g o %
N = = 0T oW i M2 & M B/ - N
X w2 ° 5 F e & = o F P
& i = Tow X o B it
. P35 s @ g T o~ =
© H ﬂ =~ c — 0 O_W ﬂ E-— o O_E i Mﬂ ¢
L do T = o X BN ar 70 oF
3 - & T B o o o ©ow
m i~ ) X > o :.LO — 3o O#E 7O ~
~ TR = o X &o T HAr o BO o# )
8 W Ho W W T X O ol T OM T
X 01_ O“H .w-.._ HL.E " X0
AN

10

A et

o

A 7F zFol7b &X)



| —
T

] A]

ol

714

T

=]

EFH

s}

frergol

L

ATolAE

B

R

il

ald

ol

[——
o

o

il

al7

WISH-FLEX 3DM<

1

°
yul

7h
Remy H}FX| A 2] d9} Adwof Al

o) AEe

A9
ax

=3
1o

A

kAT

°o]-&

73 A o) A

BER

Bl

5171

°

a4

1

Sk T

ZF

o

mr
M

o A&7

*

o
!

ol
o
i
N

A

T

Uy
0

X

i
K

"

o

ﬂo
o

A0l A=

T/

ozl 3o A

2y HEEE AAZRE

e ol &ttt

=
T

H

!

Gy

)
.
o

e
;.OO

Joncquez
ta ol g

9

T

—

A7y 7
A Al

ol A
. O|ZHE ZHA

=

=

-

=
Al

Ela

A

[}

1Rl

o Hof 2

AL
Fio).

°

|

o

&

[ez]
X

=9
ted
34 o) A

9

:IJ_

\

et

7}
o]

ez
X

Aol
1A%

T

(2009)2} Kim et al. (2012)ol1 4 AAlH 9

el

)

| == B BA gLl

A

11



Aot WAE

WADAM <]

ol

L=<

|

g Al ol

o

LS
84

o i
3 A

9

5171
5

S

Ak

H W&
14 A gkt ALZE WAL

o

[e]
‘é‘%

A9
ax

Ak 9 A Ast 24

HEH A3

1

3|

No
.

o
B

i

—
file)

o
=

[S]

.]

7 €]

A

T

—

< blunt modified Wigley

5T

o
5314 2tsEgtt}h. Blunt modified Wigley A&l thahA

B

wK

op

=K

A

SFA T

[

)

12

blunt modified Wigley



Aed Ee Hgstat £5IHe 4@ A masigch
BAAGe 48 AW 2AY BENL ol §ate] AHstgom,

Ad 2 HAdd 2z ol BAsE 2xoAM FERA]

13 .__;rx;! _CI:I : 1_-_]



2. o|&3 w3 € FX3}4 7|¥
2.1 FA-7F= AA-3NH
2.1.1 SA-7+x 4A

FA-TE AAHN e AU AFFAGFATLANM AL
WISH-FLEX 3DM (Kim, 2016; Kim and Kim, 2014)-2 ©]-&3}3t}. f-A-
Tz A4ade AYEES Fig. 210 YT SAGe 349

BALER ] syl AW AE S o] &t |HstaL, TEIYS

TZ2FHY ARE zol7F EASA dev FSEY AITAES
4z}2] Adams-Bashforth-Moulton W& ©]-83}%th. Adams-Bashforth-
Moulton& BAH o0& o =2} (predictor)S T3, YAIZ o E HHE
ol FA A (corrector)E o] &3l WHOZ AXMAIZEE FolHA
AR=E A WHolth. FAIIIH FEIGY AW H

FA A 7o B A ool AAMSHA 7]Edt AT
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2ol U9 &£x= xF WEow st
A4 FHEA (oxy2)S =Y3AT

15

+H 39 S a =

< Force Motion
—> —
Fig. 2-1 Diagram of hydroelastic analysis
212 A |9

T4 9L Aedsn FFASTATLAA NEF WISH
(Kim et al. 2010)E 7]Htoe =z 3, B AFHE FAIHL
Agasg el Ak 3k AAAEWNS o g3tk
doel Ame &xrl EASe AL JFEo=E JEdd

FAetH Hn Fig.

Aatol] Tha) A Alu}
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g-gH= ¥ARE &=(&, & &)F IHATT &K=& & &) 627 =
<53 844 nEd fsEHe 844 &5 ()oZ TFAH
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V=0 in fluid domain (2.1)

|

99 _G.i+ Mg on S, (2.2)
on ot
[g—(a—w)-v}(z—g):o on z=¢(x,Y,t) (2.3)

[g_(g_v¢).v}¢:_gg+%v¢-v¢ onz=4(xY.t) (2.4)

Q714 e We e, go] AAzA EAE A )
QA &= TelH Bus oo o] Fejat),

P51 = D(X) + 4y (R,0) + 5 (K1) (25)

C(R )= ¢, (Xt + &4 (%) (26)

A714 o oFEA ZHAS vellH o@)elth oA 1=
YA (incident wave)?} THE AES H|siH, de= wdy
(disturbed wave)?} #H#HH Agiolth o] F A& EF O()olth
o] =& X33} (double-body linearization) S % &3t 7 $ol=
2=0S o Z olu|x] EAE Fo ¥ fFA|H A od/on=Un<

HEEt= AAZRHA EAES ZEAA 0E  Akst AEs=E
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on

@.7)

(U =VD))

i

m; = (1i-V)(A

(§d+§,)+aa¢;d ~V®-V¢, on z=0(2.8)
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ot

——+

_V(D)‘V:l% :_gé,d _V(D'V¢| +{

u

o
ot

=0

on z

(2.9)

}ol2haL

m-
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o) B Aol A
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han |

(2.9)°11 A1
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o
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A 71 A

TR

2]
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Froude-Krylov
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(2.10)
(2.11)
gol

-6+n

V(D-Vd)}}-njds
-,6+n

3l 4 of| A

1
3

2
j = ]_, 2’ ..
(weakly-nonlinear)
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=1
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Froude-Krylov 32 A JFHZ A
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(2.13)

-dS
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J

V¢| 'V¢| } n
V¢| 'V¢| } nidS
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!
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714 GEIUNE A A22sS oudth

[e)
o
FoM el M L£x9 Rl 2Rl AAlZHoRRE Il

WISHOI M= e xdd, wage] mt3, wgd Xddel Wil
W v RS dd oA Hl=EFE] (B-spline) el FHE
e A Th
9
g (K1) =D (44);OB; (%)
j=1
9
LX) =Y (S4); B} (X) (2.15)
j=1

s =32 %
- (x,t)—;( - ]j (B, ()

o714 B;(X) & wl=Z8 714 < (basis function)ol ™, (¢); =

. ~ _ . ~ . Oy
j HA gide] wek xdEAd, (C;d)j‘f_‘_] HA o a1, | —
i

2

on
= ) HA oA wek Rl WA mEgkelt. AR Ild o
S HBANA ZNAFFE B(xy)=b(x)b(y) = verd F o

b(x)& thewt 2k,
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1 3h, Y 3h h,
—| X+ , = <X<——
2h? 2 2 2

2 2
b(x) = iz X%+ 3, , _hy <X< he (2.16)

h 2 2 2

1 3h,\*  h, 3h,

—| X+ , 2 <X<

2h? 2 2 2

AFEH AAZAY AZBHELS WA Wy (explicit method)3}

82

=gl At (;d +¢7 )+ AU =VD)- VST + At a;n AVD -V

(2.17)

AZ1A AHA ne ol AZE dAE 9vstH n+le ohs ARE
GAE ofn|

21 (299 F983H AFEH AARALE FAHSE GAFH
22 (implicit Euler) W
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(2.18)

VCD-V(D}—VCD-VQ”)

1

2

U-va)-ve
oD n+ 1
at—gQ]A{U-VQ—
& Og ARE @A st o) ARE wAl <)

—Aq*
d”+At(—
213 7+ 99

n+l
d

4

p——

U_H 23 ,_IIH - .mwd.m Ot g > -
w 7T WM B Mo T o
= = o o dp ~ O
Q = g CoR :
D3 X 0 o—
Gl H 3 = oy o ;
x oW Togow w4
LL . ,UI —
T I o L |
T 2 I - )
W = o ) 2= ny
.o d W o x
22 e 0k ® g
o o = o T T = o
T oy i S =
Koo 9 "y . =1 ™
oE = o) 0 iy prd ~N
My @ T p <k =
o — ﬁi ,M e o# J ‘13
= N . T T oy Gl i =
— ) =
I BT o ow =
oS B L oa BT o
TR o PV i =
of - % G mwo M B oop M\
T E ¢ ° W 5 B X
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A7 M AF PE, ¢ 4 FE, K= A4 PEola f &=
FAGGANA  EAs= FAHoIH x23 AF IAFY &F
YA 1HA EAE o2 2ol yehd 5 Qo

MUi(t) + Ku(t) =0 (2.20)

[K-o*M|a=0 (2.21)

rr

o mdy 3l 4 @2)& HY A

Yok 9RM FELL T2

)
ftlo
o
oo
ol
£
k]
Ho
ﬁl{
Mo
2
i

At I AHE o] &t B AFolME 48 T2 MSC
NASTRAN=S o]&3ste 1% ZAE sidsie. 1

IF ¥WEHE FEHA #E ARE NFE m OE 4
FAFA AN WL} durstd FHFEAANA WHAE thed 2o
UERd 4

uy=[a - a"]s i =AW (2.22)

AZlelA A = aadE  FER dF PH i

AFsEgoem  g(t)
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~
N
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3

U= v B} 7
T LN
[e] l:lO] 9)]\
- o (Wu a m ol 1
o nd Hermundstad, 2005)
Tt 7 09 ¢ ZFo 5 = | Lxéjﬂ—yg_io
9 EIE RS :- .
=1 §=x
, Al

N 4%
JEE 4

o mepd B ATeA
tooen g
oo ARe

HOETS
>E&(t) (@<j<6+n<k<m)
<m
(2.24)
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e Fro WHIolwy k& I
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6+n é(t)
uc) = Zag(t) Zag(t) ESEEY ”]k : }G’(t) (2.25)
§6+n(t)

21 (2250 A (219)° dIYstH HHEES Azxke} 1 BT

Hom ¥ F Atk

o w el SJESHS < JiES)

0 “(t) “(t) Ky [1£°0)
{ AU, 0(),U (t),t)}
£ (U(t), U'(1), U'(E), 1)

A7NelA ofEA L3 HE 27 A9} 1A REE ojva)H
AHA jo ki A @2a)olA EAT AR R w7 mee) wsol

(2.26)

dgat. 4 (e AR e LEPEAd nx Re

M {EO}+C{E O} +K {0 ={t 000000} (227)
Ki {&* Of ={ f @ 0.00.00.0) (2.28)
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(2.27)

i}

(2.29)

42}°] Runge-Kutta

T

HA z71ell=

ATt

3]

‘0
4212]  Adams-Bashfort-Moulton
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en+l “n At “n £n-1 £n-2 £n-3
Et=¢ +£(55§ —BQET +37EM7 —9£M?) (2.30)

: At(

=g toa 9ET " +19£" —BEM + £72) (2.31)

AZIA AZA ne ol ARE GAE YPlstH n+ld B Al

HAE Uit olfHA p = ASFAE rlsiy ¢ = FAA

o~

i

22 279 ¥ FHAE 8y

sttt =1t Ao £7Y 5 FAG sl AHSEE 4E

AEWe @Az sy =AW HEW Aot HuE
H
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AA FHONA 22k 4HS HES ] HEiA Y, 94X 9y 2
HA WEE B FFANA Aok gt o]E A F MY
AS =938 oH, o] Fig. 2-39] YEIRIT HEA oxyzE

Aute] %2 oFsn b B4 AAE ovsH, H¥A O

Y
=3

XYZE Aol &= olFste Aol Mz % A LB we

A7 PE £%0l §lE A9E Y AolW, Adow mAP
AzHY pre Mute] 2E02 Pl o] %@ A2 Lhehd Aol
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Fig. 2-3 Two coordinate systems for rigid body

A ZHEACNM Aerel ¢1x W (x)9 WA Wy ()=
BB ZAEA 9K WME (x)9 WA HEH (§)E ALk
oo o] epd 4 9tk

(2.32)

o714 R WSS dellls dLolH, b= Zo] Y

COS & COS &g —Ccos &, sinég sin&,
R =| cos&ssing,sing, +cosé,siné, cosé,cosés —sing, sing sing, —cosé&;sing,
—cos¢&, coséssing +sing, sing;  coséssing, +cosé, sing;siné, cosé, cosé,

(2.33)
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O

o

Auke]l &FS O()oZ 7F43ta sin, cos &S HAZ HAME

100 0 -& & -(&+&) 0 0

R=|0 1 Ol+¢l & 0 -¢ +52% 266  —(&8+&) 0
00 B 28,4, 266  —(&+&)
(2.34)

2] (2.34)014 o] AHA e HE Yehdd ta3 2o,

~(&+g) o0 0
H=Z| 266 H(geg) o (2.35)

28,8, 228 —(8+&)

HATHor BY HEANA Ao A WEHe B HE=

(2.36)

o FHEANA L A4Y pe HLY AME FTHA ved 2o

31 , -1 =L —
A=t &t



IO(7<)=IO(X)+(>?—>Z)'VP(>Z)+%(>?—>Z)2~V2|0(>Z) (2.37)
714 <k p(X) & WEZFol WAL BFIA oFI 2ol

p(X)_—p(%‘)—u VO + ivqa VCD+gZ)

—gp[%b - —vq>).v¢j (2.38)

—ﬁp(%V¢-V¢j

Mube] Agshe e grEe AAl WEdel delA skl

F=| LB prids (2.39)

9o HolH HA HFAL FFE Fol

2
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Fig. 2-4 Rigid modes and flexible modes
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Fig. 2-5 Two coordinate systems for flexible body
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AFoA AZFE mdE wE st upRlAMolth Fig. 3-22 Az
HA Ao FAGS Hde Uehd Zlelth OddAE AA fde
HAFJARE FAs o= @] didxdeo= side wRi&d

g Agawe ANE QAT OAl B oaom

Table 3.1 Principal dimensions of rectangular barge model

Unit Rectangular barge
Length (L) m 60.0
Breadth (B) m 10.0
Depth (D) m 4.0
Draft (T) m 2.0
Displacement Volume (V) m? 1,200
Block coefficient (Cg) - 1.0
Radius of gyration (k,/B) - 04
—
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Fig. 3-2 Hydrodynamic panel model, rectangular barge model
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(b) L/ A x=80

Fig. 3-3 Panels for convergence test
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Fig. 3-4 Result of panel convergence test for motion RAO, rectangular barge

model, Fn=0.0, g = 180°
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Fig. 3-5 Motion response of rectangular barge model, Fn=0.0

&% 7t A= 7ol = slender modified Wigley, blunt modified Wigley,
KVLCC2 ~dutoll tisiA 258HES HAS3t. Table 3.2 3744
Age] Fax+E vEA ZAo|t) Slender modified Wigley2} blunt
modified Wigley A3&2 820 MIPor FAo= HASHHA

ofee} e}

Slender modified Wigley

n=(1-¢%)(1-&)(1+02&%)+¢? (1—48)(1—52)4 3.1)
Blunt modified Wigley
n=(1-¢?)(1-&)(1+0662 +&4)+ % (1-¢°)(1-&2) (3.2)
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oA7\A E=2xIL, n=yI/B, {=zI/T o]|t}.

Slender modified Wigley$} blunt modified Wigley A& 2 Kashiwagi
(2013)8] Ad At FEHES HlwIPa, KVLCC2 M2
Aetista FxdA FIdg AP AAE oLt +FSH
skt

Fig. 3-62 slender modified Wigley A&¢ %5378 yehd
Aolth, A3F A= Kashiwagi (2013)8] AHE o] &3ttt ward
e +EIEY WHIE AHRI] AsiA F JFA stare] A
Aol FRHJAT. AFE T2, Hst T2, T T899 4P AAE

% 500 A% Bl ge AF Az 2

o

o
o|N

9}
Aol7l gith. 2U 48 B8 A$ To] WL=L0 ~ 15

Apololl Al sharel]  weEl Ay Ayl AP AolE HTh

a8y Aol AFdAe Ritfe] Aol Uetwth savh e
AoA EF5SHe =717 ¥ =ZA yelgt) Slender modified
wigley A8 ME ] J4 ®syt & AFE oty 7] vl oo
2 53"y Aot A dEda I AFHEE IEkyel

3¢k Apol7t lolA AP Aol HEVF dod Zow H.
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Table 3.2 Principal dimensions of test model

Slender Blunt
Unit modified modified KVLCC2
Wigley Wigley
Length (L) m 100.0 100.0 320.0
Breadth (B) m 15.0 20.0 58.0
Draft (T) m 7.0 7.0 20.8
Displacement m 2,681 8,881 312,622
\olume (V)
Block coefficient ] 0.56 0.63 0.8098
(Cs)
Longitudinal center
of buoyancy (LCB) | 00 00 348
Radius of gyration
(k./B) - 04 04 0.4
Radius of gyration
(kL kL) - 0.248 0.236 0.25

Fig. 3-6°l4 A2 FAZ Zlo] B AT Aol HAHo=
FEASE A2 Kashiwagi (2013) =+&°lA Enhanced Unified Theory
(EUT)E ArE3ste A4 Aot A3 589 ZA34E AvrEdH

2 AT ARe EUTY Ades HRtHow Z dAEARE AF



FABEG R, EUTS A%e 23 2 dZHdth F

T Ay BF Ay ddet & dAst

15——m————T71T—T—"—"T1"—""—"T1 "
° Exp. A=1m (Kashiwagi, 2013)
A Exp. A=2.5m (Kashiwagi, 2013)
Cal. (Present method)
= = = Cal (EUT, Kashiwagi, 2013)
1
<
s
0.5
- - - ‘
d
- a
| ry [
[ A
QM‘:, Y]
180 |
g 90 Il \ an
S o Nk e
@ T ® © 1 °
g \/ sla
£ -9 1 e
& oy >t
-180g 05 5 2
ML

(a) Surge motion RAQOs
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25

1 ° Exp. A=1m (Kashiwagi, 2013)
A Exp. A=2.5m (Kashiwagi, 2013)
Cal. (Present method)

2[1= = = Cal. (EUT, Kashiwagi, 2013)
15 =
I LA
i(m pa A
nJyQ -~
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(<5 9 w =
(2] \
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£ -0 ¥ ~
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(b) Heave motion RAOs
25— ———TFT—T—————"71 "7
I [ ] Exp. A=1m (Kashiwagi, 2013)
I A Exp. A=2.5m (Kashiwagi, 2013)
2 [ Cal. (Present method) i
| = = = Cal (EUT, Kashiwagi, 2013)

004"
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-1805 05 15 2
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(c) Pitch motion RAOs
Fig. 3-6 Motion response of slender modified Wigley model, Fn=0.2, g = 180°
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Fig. 3-72 blunt modified Wigley A&°] %539 A4S yerd
Zlolt}, Slender modified Wigley A &olAx e} Zo] H4+ T8, st
T8, T T2 dWsiA A Ax F EUTY At 2 ATY
A3Z vl w3tk Blunt modified Wigley A& A4 Fo 3¢
A3}+= slender modified Wigley A &de] ZAxtro A% Aitel O
FARE AAE HAFAT 5 SHY A= FARIL A=
49 Axtel Z UX5Ah. Slender modified Wigley @2 23

Ash FolA g B8 gge smel webd 2 Aolg
3

B FAoh HZ Kashiwagi and Zhu (2016)2 Az &xo} #HH
et Fes F s8] dAA Fe FAHS EUTY AFdE
FIANAT. F TR T AH}E A¥HEH B AT HHrt
EUTS| ZAxel fAbstal 249 ZAdEus spgo] Adub dojo] 1uf

oldel Yol A AsH= Ae &

rO
ot
N
oA
o
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Phase (deg)
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O A S S —— —
® Exp. A=1m (Kashiwagi, 2013)
A Exp. A=3m (Kashiwagi, 2013)
Cal. (Present method)
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(b) Heave motion RAOs
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2.5 —————————1——————7—
® Exp. A=1m (Kashiwagi, 2013)
A Exp. A=3m (Kashiwagi, 2013)
2 i Cal. (Present method) i
= = = Cal (EUT, Kashiwagi, 2013)
15
< | 2
> g2t 1
g - —
1 ; P
05k /Y
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180 i f
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—
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g, 1\
=, | ol
-1805 05 15 2

(c) Pitch motion RAOs
Fig. 3-7 Motion response of blunt modified Wigley model, Fn=0.2, g = 180°

Fig. 3-82 KVLCC2 439 *ssE= Yed Aotk o3
7152 Yebd Zlo] Aedistwe] A3 AAE Uerd A olx, A
74A spgol thalA ol@ ul (error bar)E UERA Zo] ESHAA
o] AxE Yebd Aot o] nle] ke 95%<] AF P&

Uehd Aotk mER 7138 FAF Aol eA7F WE (Osaka
University, OU)e| A3 ZA3E uvehd zlojn sdoz vepd

Ll

AE e
Aol mpAgtow Adow e Aol £ A7e ARE Jeh
Aolty. Ast Eae Ans AWud Aedsime 4¥ Al

Usl A9 Azke @ LASke B d7el AL AnE 49

oz ~E¥ ¥ (strip method, Salvesen et al., 1970)2]

o
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I ° SNU(A/L=0.005)
I Lo OU(A/L=0.009375)
15— |l ====== Strip method
1 Present method
L Z
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it
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o/
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S Lo
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(a) Heave motion RAOs
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15— ~ 7777
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° yJ-—'T-

-1805 0.5

1.5 2

AL

(b) Pitch motion RAOs
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Fig. 3-8 Motion response of KVLCC2 model, Fn=0.142, $ = 180°
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ookth §USHA A= & F 9= wdo) Remy barge rgdoltt,
ek Remy barge Edo] tisiA *F3H HASS FHIAT
ZA EEsHEAA AEHAG A HEA A tisiA = AA 9}
SFAA Y EFSHS Pl

Fig. 3-92 Remy barge =25 UEhd Zlo]th Remy barge =29
Aol B3k &S Remy et al. (2006)l AAMEHA Ao Qo).
Remy barge E2-& 12719 ZE (pontoon)o2 FAFHO] St
Z4zbo] EEL Zol7} 019 m, o] 0.6 m, ¥°|7} 025 m o]i EE
Abol o] 7+A L 0.015 m ©|t}. Remy barge =2 ¢ & Zo]&= 2445 m

1 EFE 012 m otk 127)¢] EELS EH i (steel rod)E
Ad=ol oer e @HAE 10 mm X 10 mmeo|th. EEF9
$%2 Fig. 3-99] YERA Pt 1~Pt. 12 A Aol A2 33t A (optical
sense)oll Al AZEHUT. FE EPL HAie] mRAS HEgo=
HER O™ 10523702 == (node)2} 10,452702] L4 (element)Z
TAE Atk FEREDY AL A8 TR Z2Z I MSC

NASTRANC.Z mde] mE] W2 LFFI5E s,
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WIS

Pt.12 Pt.9

Pt.7 Pt.5 Pt.3 Pt.
e

.

1

2445mm

Fig. 3-9 Remy barge model

Table 3.3 Natural frequencies of Remy barge model in dry mode (Hz)

Mode no. Remy barge
7 0.817 (2-H.B)
8 0.868 (2-V.B.)
9 1.264 (1-Tor.)
10 1.937 (3-H.B)
11 2.183 (3-V.B)
12 2.435 (2-Tor)
13 3.284 (4-H.B)
14 3.538 (3-Tor.)
15 3.775 (4-V.B)




(d) Mode 10

Sy o

(e) Mode 11

Fig. 3-10 Natural mode shape of Remy barge model
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(a) Time history of mode motion during hammering test
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(b) Frequency spectrum for mode motion
Fig. 3-11 Hammering test (mode 8)
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I ° Exp. (Remy et al., 2006)
 EEEEEEE LR Rigid body motion 1
2 i Flexible body motion (mode 1~20) ||
3 = = = = Flexible body motion (mode 1~6) |4
i Flexible body motion (mode 7~20) |]
15} e et
< : ',"’/"'3'
N 1} &éﬁ 7
i o
0.5} :
of
[ . . ., Mode8
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ML
(@) AtPt. 1 (bow)
I . Exp. (Remy et al., 2006)
 EEEEEEEEEE Rigid body motion 1
2 i Flexible body motion (mode 1~20) ||
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15} oot e
< | /.n,.h:‘i"'n'?'h'rn-.-
N 1} Fak .
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of
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(b) At Pt. 12 (stern)
Fig. 3-13 Vertical motions of Remy barge model, Fn=0.0, #=180°
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Fig. 3-14 Shape of Remy barge model, Fn=0.0, 5=180°
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. Exp. (Remy et al., 2006)

---------- Rigid body motion
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(b) AtPt. 12 (stern)
Fig. 3-15 Vertical motions of Remy barge model, Fn=0.0, f=120°
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Fig. 3-17 Natural mode shape of rectangular barge model
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Table 3.4 Natural frequencies of rectangular barge model in dry mode (Hz)

1500
1000
500

Mode 7
o

-500
-1000
-1500

0

Mode no. Rectangular barge

7 0.145 (2-V.B.)

8 0.271 (2-H.B.)

9 0.337 (1-Tor.)

10 0.352 (3-V.B))

11 0.596 (4-V.B.)

12 0.615 (3-H.B.)

13 0.675 (2-Tor.)

14 0.850 (5-V.B.)

15 0.997 (4-H.B.)

\ /| \V“
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Impulse
2 8
T(g/L)**

10

Fig. 3-18 Time history of mode motion during hammering test (mode 7)
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Fig. 3-19 Time history of mode motion during hammering test (mode 8)
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Fig. 3-20 Vertical motions of rectangular barge model, Fn=0.0, f=180°
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Fig. 3-21 Vertical motions of rectangular barge model, Fn=0.0, f=120°
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Fig. 3-40 Component of drift force, rectangular barge model, Fn=0.0, g = 180°
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() Disturbed wave (nT+3T/4), flexible body
Fig. 3-47 Comparison of instantaneous wave contours between rigid and

flexible bodies, rectangular barge model, f=120°, A/L=0.5
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Fig. 3-48 FEM model for blunt modified Wigley model

Mode 12
Fig. 3-49 Natural mode shape of blunt modified Wigley model
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Table 3.6 Natural frequencies of blunt modified Wigley model (Hz)

Mode no. Dry mode Wet mode
base 0.116 0.205
9 (2-V.B) 2K, . 0.163 0.226
base 0.228 0.253
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Fig. 3-66 Vertical motion response at bow, blunt modified Wigley model,

Fn=0.2, 5=180°, A/L=1.37, A/L=0.01
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Table 4.1 Principal dimensions of 18,000 TEU container ship model

Unit 18,000 TEU
Length (L) m 382.0
Breadth (B) m 58.0
Depth (D) m 30.2
Draft (T) m 14.387
Displacement Volume (V) m° 224,009
Block coefficient (Cg) - 0.7
Radius of gyration (k./B) - 0.403
e |
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(a) Hull model

(b) Backbone model

(c) Mass model

Fig. 4-1 FEM model for 18,000 TEU container ship model
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Table 4.2 Natural frequencies of 18,000 TEU container ship model in dry

mode (Hz)
Mode no. 18,000 TEU
7 0.483(2-H.B.)
8 0.494 (2-V.B.)
9 0.976 (1-Tor.)
10 1.217 (3-H.B)
11 1.273 (3-V.B)
12 1.805 (2-Tor.)

(a) Mode 7

(b) Mode 8
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(c) Mode 9

(d) Mode 10

(e) Mode 11

Fig. 4-2 Natural mode shape of 18,000 TEU container ship model
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Abstract

Numerical Analysis on Drift Force
and Added Resistance of
Hydroelastic Body in Waves

Dong-Min Park
Department of Naval Architecture and Ocean Engineering
College of Engineering

Seoul National University

In this study, a fully coupled fluid-structure interaction model was used to
compute the mean drift force and added resistance on a flexible body under
various wave conditions. The fluid domain was solved using a time domain
B-spline 3-D Rankine panel method. The structural domain was modeled
using a shell-element-based 3-D finite element model. The fluid model was
coupled with the 3-D FE model via eigenvectors. Seakeeping analysis of the
flexible body was performed by the fully coupled model.

In the computation of mean drift force and added resistance, two approaches
were employed: a pressure integration method and a momentum conservation
method. The pressure integration method included an extension of the rigid
body formula in the flexible body formula. The momentum conservation
method used the same formula for the rigid body and the flexible body. To the

knowledge of the authors, it was not easy to find validation data for the mean
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drift force and added resistance on a flexible body. Therefore, an indirect
validation was conducted by comparison of numerical results using a different
approach.

As a test model for mean drift force, a virtual rectangular barge model was
used. The motion and mean drift force on the rigid barge were compared with
the results of the commercial software, WADAM. The results of WADAM
and the result of present method show good agreement each other. For the
flexible barge, the results of the pressure integration and momentum
conservation method are compared. The results of two methods show almost
same results for the flexible barge. In the head sea condition, the mean drift
force of a flexible barge decreased more than that of a rigid barge near the
similar wave length with barge length. The decrease in relative wave elevation
due to flexile deformation appeared to be the main cause of the decreases in
drift force. In the oblique sea condition, the x-direction drift force increased
more than that of a rigid body near the natural frequency of the two-node
vertical motion. The dominant contribution of the increase in drift force was
the change of relative wave elevation and normal vector due to the
deformation of the flexible body.

In the computation of added resistance on flexible body, the slender and
blunt modified Wigley models were used. The motion response and added
resistance of rigid body were compared with the results of experiment. For
rigid body, the result of present method shows good agreement with
experiment results. For the added resistance on flexible body, the results of
two numerical methods show good correspondences with each other. The
added resistance of flexible body shows similar tendency with the drift force
of flexible body. Add resistance increased near the natural frequency of

vertical modes and decreased near the similar wave length with ship length.
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The rectangular barge model for drift force and two modified Wigley models
for added resistance models are the virtual models to study the effect of
flexible deformation on the mean drift force and added resistance. These
virtual models are more flexible than that of real barge and ship. In order to
identify the effect on real ship, the presented method is applied to the lifelike
ship, 18,000 TEU container ship. For the 18,000 TEU container ship, the
flexible deformation of ship was small and the change of added resistance was
also small. Compared to the rigid body, a slight decrease of added resistance

was observed near the similar wave length with ship length.

Keywords: Added resistance in waves, Drift force, Rankin panel method,
Pressure integration method, Momentum conservation method,
Hydroelasticity

Student Number: 2012-30286
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