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Analysis of Large—Amplitude Ship Motions Using a Cartesian—Grid—
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In this study, a Cartesian—grid method based on finite volume approach is applied to simulate the ship motions in large amplitude
waves, Fractional step method is applied for pressure—velocity coupling and TVD limiter is used to interpolate the cell face value for the
discretization of convective term, Water, air, and solid phases are identified by using the concept of volume—fraction function for each
phase, In order to capture the interface between air and water, the tangent of hyperbola for interface capturing (THINC) scheme is used
with weighed line interface calculation (WLIC) method which considers multidimensional information, The volume fraction of solid body
embedded in the Cartesian grid system is calculated using a level—set based algorithm, and the body boundary condition is imposed by
a volume weighted formula, Numerical simulations for the two—dimensional barge type model and Wigley hull in linear waves have been
carried out to validate the newly developed code, To demonstrate the applicability for highly nonlinear wave—body interactions such as
green water on the deck, numerical analysis on the large—amplitude motion of S175 containership is conducted and all computational
results are compared with experimental data,

Keywords : Large—amplitude ship motion(CHEHS| AMEE 25) Finite Volume Method(FVM, SSHXIEE), Cartesian—grid method( X ZAXHEH),
Computational Fluid Dynamics(CFD, TARRX|Sh

1. A—I = ZFE Mso| d|ekdol eIl L{E0] CFDo| ChHEH o7t

HARc=Z gsp 2I3i=1 glen] Muto| 21 HsiMT
zZ2 CiSh A|==0| O[FO{X|Z RUct Dommermuth, et al.
(2007)2 7FEAHH(BM, immersed boundary method)2b &
X Cartesian grid)E AR2Si0] MEte| K&t 2 252 7| ¢
St A|=E 3l Yang and Stern (2009) 2A| 7RAkEA )

Meto] 25 2R mMsY A olo| SAKel of
sHo|ct SA ofat F&(ideal flow)ol| 27{st ZEIA

oo
S 28510 dHe| 25 ZHE oiMs Rich
O:

OPIMAIE B2 el77t T Jolu, S=Kel 2ol 2o Fe|MH(finite  volume  method) 2 large  eddy
UE o) BUS MBS Uk (Kim & Kim, 2011). H= 8% g jation(LES) g 0/8%H HREYe Sof Mato] xat 2Hef
ol tHelatet D22 olojod 7|=e Z|EoR sfAeks Hl 2 olasi= 2xio] 222 sA41519ICt Hu and Kashiwagi (2007)
g 2t M Al siA 58 TSt tieig| 230l thist sliA{o| £ constrained interpolation profile(CIP) 7|2 H&310] A
QTED, Sk 2 Fof Qs 3AskEn 242 =R 20| X|HjEOl CHHY SEZHE T2 sfAl5l0] T1E B2 2=
CHet oA MEko| OB MAIE 2loi Q7= UL OlH & FA Anle HoSict ZujoaM= S 00l Exlo|E Mg
3} 20|l M MARRAH2SHCFD, computational fluid dynamics) 7| 7ksst 71AKAAIHo!| Chst 97 (Shin & Kim, 2006)2} 2Xt & &
ol 2= Mool st Matr 3 2T ASE UeIt Ua, 0| Ghost—cell 7HarAAHof| CHEF 947 (Han & Ahn, 2011)7¢
AM MAO| M2Et el AciMes metst Dert QUeiem, Jeong, et al. (2010)0ll 25| Cartesian cut—cell 2iH
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SIS ZAIA siple] oIS ololgict ot ofRiol 9 FA}
e &

22 (explicit Euler) 7]
(4)0ll CHSH Z0[of| P =l
2 0[|3sIict.

Ch &l 32Zlof Cish o|tsh= WHoMel EEAE Saf
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Mt A 2 7127000 CHEH ST 2 72712 v, rof| CHEt
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_ Le " Pw mi [ 24
qe — qC+ 9 W(’f’)( ox )w (6)

r= (8Q/a$)e/(8q/6$)w (7)

o gtslol| 2} MsliX|= ZI2E Fig. 10 HHolAMel fzof &t
gof| 2 F7|HE LIEHRICE FRMoz dMlsk= RSt
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Fig. 1 Index notation for convection term

462

CHEIEMEIS=F% R 49 # M6 = 20128 128



T e oYz 18E

et
4>
hu
2
i

AFEHD SHE Fw2A} LTl X2

2
12
mjo

0
N
l

O\f‘

a

0

2

I'LI|HJ

u] H:|
il

ol
F[F

[l
0z
i
0
3
c
=
0
Q
n
[0}

0| A2 VOF A¥e| 7| = slfel tangent of hyperbola for
interface capturing (THINC, Xiao, et al., 2005) 7|2t CIxF
21 1125k= weighed line interface calculation (WLIC,
Yokoi, 2007) 7|HE AlEsto] AM=QCE A LSl =2of thst
2z 8= tangent hyperbolic -2 715104 EDHolAe] =
HAE AHibste Aol sliE (/e 7|=2& 2l olo|C|ofolct Chs
HollA Ay SAol e U BE AL =, 2t MojAe

2 Al

=
3700l thet U e g2 A (1002 Solf AlMEICE

Yo, =1 (10)

OlME Sl TallTl L 2= g2 023810 2+ MojlMel =
2ol Ul MMATE FolA Elck of7|M Sxof chst &
Tof MMA 42 23 S 42 ARSI

2.2 =x{loll thst X2

=42 4F 2UHAZ &35101 off AlZIojct et 9|XE
U 7| W20l LT s=rofl oSt WEAS EX| 21 7|5kt
Mol Mg 0|23sl0] £ H|E AlXKSict Zt Moj|A 2ol of
ST SH= 28 20 U= ER CkS Alg 018510 SXAA
xS MEAF|A =lct (Hu & Kashiwagi, 2007).

Kok *

u =u (17¢3)+_Ubady¢3 (11)

Uiy = S AT HAMY SHollM 2A2| S8 -
Ell 1, AL RKstaggered grid) S ARRSHE 29 STME
Ct ZARIAo| ct2r| uf2ol 2#2te| Aol thsto
wS AHtklotsict 9 Alg Sl £8E £k Lol
SEYAl (4)2] H ol ARZEICH

=xlel Uz s A2 ol AlZRFY ojct $3=|o{o} sk
ZAol7| w20l w2 A7k olof =8i=|ofo} Skt 0|8 =8
o2 xXelsp| fI5101 2ilEM(level set) 7|8t EiHE MESIQICE
Al = = ZATHAA 02 S 2D LRl
SFolMe= 2 g e oIt ol MEg 2

A

Hel o2 Hz| elprt o], glef =4 EHoIM 2t

[m]
_—

ok
5

ol
=1

1
2f2-

o
o

ol

FHl

= 7H2loll LRIX| 2FIX| meks s =T 4] (12)5 o
Bsl0f 2 B ws e &+ Utk
0 ifyvy< —a
B Y U ﬂ)] -
H,(¢)= 5 1+a+7rszn(a if lvl<a (12
1 ify>a

=X FHoZFH 2olo ol o|2= H2IE AlKSE| fI5tH
of =M EHS M2l EH AXE FEdskl, o FEHE

stereolithography(STL) ZHo| milz olad dk=rc} Q2 dk2

(Eberly, 2008).

Q(s,t)= |a32+2bst+ct2+2ds+26t+f| (13)
V Q(s,t)=2(as + bt +d,bs + ct +e)= (0,0) (14)

2| AZ0| A L Rol| Exlsks 29 ¢ Ao=RE o
Xl= (5.4 ol 22727} == &ol FX|2h Ci2 dodol| =X
s =T Tl (s¢) 20| ofd olEgtel S1M0| Azt
Phl= ®o| 227427} =l ®olct #2720t == &ot
Zhafe| Qlojo| Mg Ol HIE{Qt AZiEo| B HIE{Zto| LYK
Solf o & fIxle| W2l FE meker 4= Uck

Mol 225k gt BHES 2 Al (Hu & Kashiwagi,
2004)2 0|8510f AlM=of, 2 7oz ol o5t AEat
nedsidct

Fz—/fvvmgdv (15)
M=— fﬂV(Z—?m’)xvp¢3dV (16)

mo Of H

Fig. 2 Triangular surface mesh (upper) and calculated
density function (lower) of S175 containership
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N

Table 1 Computation conditions for grid convergence test

Grid
Index NX X Ny X Nz AXm/n/L A,Vm/‘n/L Azm/n/L
Grid 1] 1563X113%x107 0.040 0.0060 0.0040
Grid 2| 202X117%x118 0.030 0.0055 0.0030
Grid 3| 264X121x122 0.020 0.0050 0.0020
Grid 4| 264X121x131 0.020 0.0050 0.0015
Grid 5| 284X121x131 0.018 0.0050 0.0015
T3
7F — =,
b \ ——&—= C,
6F \-\ —-—-@—-— Displacement
b \
SE e
~ | \
T 5
N S G
= 3: N "
I N \
2F AY
B NN
1E \ \\
r \N@—._. _
OF === —
-1 £ -
0 1 2 3 4 5 6
Grid Index

Fig. 3 Grid convergence test for linear restoring
coefficients (Csz and Css) and displacement
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Fig. 4 Schematic view of barge model

Fig. 5 Snapshots for two—dimensional barge model
(A/L=1/30, w(l/g)"*=1.036)
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Fig. 6 Instantaneous velocity vector and pressure
field around the barge model: (=Ty+71/4T
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