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A Study on a VOF Method for the Improvement of Free Surface Capturing
ll-Ryong Park™, Wu-Joan Kim™, Jin Kim* and Suak-Ho Van"

Marine Transportation Systems Laboratory, KRISO/KORDI®
Dept. of Naval Architecture & Marine Engineering, Mokpo National Univ.™

Abstract

A new numerical scheme solving two—phase flow, the Hybrid VOF method for improved
free surface capturing has been developed by combining a volume capturing VOF method
with the Level-Set reinitialization procedure. For validation, the proposed method is applied
to 3-D bubble rising problem, dam breaking and the free surface flow around a commercial
container ship. The calculated results by using the Hybrid VOF method with the two
previously applied VOF formulations are compared with available numerical and experimental
data. It is found that the new method provides more reasonable results than the two
previous ones.

M Keywords: Hybrid VOF method(Hybrid VOF®), Volume capturing method(®I& Z ),
Level-set method(M 2 A1), Free surface(XtR<4=9), Reinitialization procedure(MZJ13t W A)

0.

2
N

& SUSZHY 201 P20 HE

ol= BlE8 MHANCZ FHEIIRE 20 4H

A HAPREE =22 0l UHRUAN 225 gt £XjoladE g2 SUNME ERE A7
= HIAE B |5 a0 xuf(wave DHHIOICH, BlAE M0l 28 NHRsH BHEE &
making), &t (slamming), =&4!(sloshing), 1 WOz Mg 4 U= fXlols gEE2 O
glfEl(green water) S2 =& RESHAES St TEOAM OHEZD UCH S =L H2A
dEAE USW 20 882 S(1997) 0l

B4 20049 98 142, £01Y: 20054 19 20 o ERE=(1998)2 XM =S A6 LxE
+ =X X, E-mail: irpark@kriso.re.kr HEAHE AISSITCH AKX S(2008)2 1=
Tel: 042-868-7267 o ATIA MZR £=XJigel NXABEZ/A



<
o
Q
i3
lo
b

0
I
e
H
i
0x
H‘]
0%
0r
o
20
o
e
4J

HRAEE HLEH OISOIZLL &ES2 2=
Z(1996), HRE 5(1998)1 2SI ZEEN
(2001)E Ol ZHXEE AIRold du==9 IR
£Ho| RS oMU &2 0/H&
(2000)2 MACEEZ AIE6td Set=9 JIZEHS
£ oiAotged, HeEW  NMZEH1999),
Hong(2003), EtYE S(2004), AASN 2ESE
(2004) S2 Level-setHS 0|28t APZNE &
HoIRCH O +=XlsiegE 20 2 =20AM

VOF(Volume Of Fluid)&

= £ AEs B4 U8
+H 2 HAAl LAt XILXE HAAD|
Jl fg HAIZUE AIHSHD RUCH

VOFHE =X X numerical grid)li 21t &
JI5 AXlgke MM (volume of fluid) HIE2
Soll & |AC ZHSHO sl 2K SE
2= (iEck= =XI2|1-0ICH VOFE=2 Al2Holl TH
i ZXHH 2 SMS0| XKIgk= WM& H3siet 0]
£ Hitels AN M2t 3A 292 s =
QUCH = BN gege 2NN AssHHel /AR
SHHE HES AENOZ =zl Haoke

HE==(volume tracking  method)OlCHHirt
and Nicholls 1981, Noh and Woodward 1976,
Youngs 1986, Rider and Kothe 1998). & M
g2 MM 882 XAgsHHo HEst X
ol Chst A=20t 2R = &=+ H51 0|18
Olssdle 2EAIZ Xt OlatatE(higher order
discretization method)22 E0 XRsH S2
g Ezgl=E  HEEEY(volume  capturing
method)0ICHUbbink 1997, Muzaferija and Peri¢
1899). & JIXI E2-0IAM Youngs(1986), Rider
and Kothe(1998)2] &1l 20| X4 e
HEIF 2XF EZ(2nd order)dt SIES EE Jis
gt e MFEEYOICE O LSS 45
Z 120 S4 2E VOFHE0! 2XF 32 &
UHES N OHEAID|ID] NSO HES X
ZXGH= HOZ LHM UCL 2ALE Al
H(implicit) 2ROl HEZE JHE2 Qb=
VOFEI2 CHE EY HZ2l two—phase #=XID|
HEN =8t HLol S42 JIX0 SHSH0
et 2H2EH0| & RSN F2 2+ UL

2 ==20NE MEEE JHSE VOFE2 KR

un

o

re

EXa

Job

13l =28 H423 M25 20053 43

o]
w

a
X

o R HGE NSS! Ao M=
2 Hybrid VOFE S Y5t OIE

SHECH Hybrid VOFEE2 HEEE
ol=  VOFE  Level-SetHOIM Al
Level-Seta= MM74 L2IE0] ES=

Ct. JHE Hybrid VOFEE &3&otJ |l 3xH&
JIZA5(bubble rising) 2, 2E1l(dam break)
el AHEIOIH 88 =2 ZUEHI0 2 2Ea
HZ5I0 11 Z2UE Bt HIAXNE XA & A
2t Bl WEHAHCH

Y Ho
O
>

Bog

!
P
S oo Mo

N
==

Wy S

0L ro

t

0% 0f0
i ol

]

HIZSA HHRS KHHZEAIQl olagEAl

It Navier—Stokes Z&AI0 HEHEH= O
Ct.

o
B
M

_d—/ pdﬁ-l-‘/puinidS:O (1
dt J, s

d J—
E/quidﬂ-i- Lpuiujnde—
f(Tijnj——pni)dS'i" f pb; dS? (2)
3 0

ODIM 2= 2 52 FAHE Il ZAHE
(control volume)OIt, n;= (4, 5, )% S
BAHHE UEHACL p= SWEO0IH, uw=
(u,v,w)2 RNEE H2S LEHICL. 7,5 B
4 RS2 UEUN, p= Y== UEHHCH
T3 b 2 BE = o, 980 dEEY T

HHE VB 7= TS 201 ZoECh

ou, ou;
TZJ=M(8—:Cj+a—miL) (3)

M p= RHQ 2S8HE J4AHSE LIEHH
Ch AIZHE0) CHEE AIIEEZEI2 Euler implicitd
O YHAQ R
saet2 3% BZ(@rd  orden?  MUSCL
(Monotonic  Upstream Centered Scheme for

M0
OIn

v
o
OF



90

Conservation Laws, Van Leer 1979)3 ES2AX=
BES 0|25l 22 O|AME6HHCH Z=E-2t219
HMHE oA SIMPLECEIEHE At25IECH, 0l
AHBlEl MEHEBINAIOl  gfi=  SIP(Strongly
Implicit Procedure)?18E2 AME610] FoIRILCHL 2
Ch &M =Xiolle A2 2ARE™ S(2000), Kim
et al.(2002), Ferziger and Peric(1996)2 2&0l|

A 2 =+ AL

2.2. Hybrid VOFY

IRLpo| SRAUS GHAGH] HAdH MEZE
(Volume capturing) €S 0|&dk= two-phase
VOFEHE SSIRCEL AR &% & S92

S2120| HETS HAEN 22 2717t 2 2%
W MXIBHe MEHIBS 29 B4 c2 AIRHA
HEE 4 UCL 2AD 22 25| HAR 2L
c=10104, BJIPF HAZ B c=02 A2 2=
Ch 200 KS4SI0| Taiel Um0l 498
DS 24518 0<c<10/0{0F BIC}. O] M iKY
Agasol 9zl ¢=0.50 K=l 9Ct £ 8
Mol YEQ BAS o B4 Ofgigt 20| H3
2 % ULt
p(c) = p,ectp,(l—c)
p(c) = pe+p,(1—c) (3)
DI, (P ), (Por o) = 22E 2T 2D
YT MAS LIEHACH

=0 SCRO Ol 24 co) 2RYS U8
o AlZ 8 PEICH

d [ a0 ds=
| ¢ + | cun;dS=0 (4)

2 K
upiMoz HEEA VOFEE A(4)E ZI9
OlAtEH JIBI0) (MRt Ol WSO

2210 0|E2Z FEHA ULl 2 ==0AM=
KO EACl [IFRE OlAEH =2 AIEE= 3%t
H&(&d order) QUICKED  HRIC(High-
Resolution Interface Capturing)222 22 dlo)

(=)
wog, UL

>

21X HiA

y O, T

fo

ZU2 QUICKEIN SHMAE BIEEX cE P
Aole LN2IBS CIoh NS Hybrid VOFY 2=
XZUE HlWstd UACH QUICKER AZEN
FLUENTY ERIE Ol VOFRE D120 AR
(implicit) VOF SAGHH, HRICEHZ
Muzaferija ~ and  Peric(1999)2F  JHetstn
ICCM(institute of Computational  Continuum
Mechanics GmbH from Hamburg)2l AZES0]
Comefdil 01810 UCL HRICYHES Muzaferija
and Peric(1999) Ul KtAISI 2SO QUCH
= Hybrid VOFEE VOFE U Level-SetH0A
Level-Set&t+=2XE MPA4ol= UE0| E=H
gHHOICE & Hybrid VOFES J1E VORI
gel SSEY )| SAME BIE el
% QUCt Es 2 4
o AT 24Y
(orthogonatity)0l &
SHAE vl co HE(smearing) SHAOI
N ZRr= Ol FHoR S0 oS
L4G=E S48 JNE JIE VOFYES Mo
Ck.
OF HIAAIRE SO+ Bl c2RE 2942 AHXT0|
X

i

T 0
\_.

£ 30 A
on H e

+

= o o
g

fr K rjo ron
™ oy
40

!
w

|

\J
—_

0
=

LHOIA  0<c=1 A8 KXABIDL Kol
Level-Setd0lIA AlED=  Level-setE-2LE
DB 2t OSm  #EE MMEIJIS

(reinitialization) 2®/AIS AFR3IACHSussman et
al. 1997).

22— sgn(,)(1-| Vo) ®

OJIN 7= JHEARZHdummy time)8 ULHEHHLD,
o= SHHE BIE cBZE IR+HOZLHY
Helg4=(distance function)® Bi&st 8h==010,
P, = FOHE AZHOUAMS &2 92 EI|ZAHE
LIEHACE
FHAE Hig cE Level-set &4 ¢pZ2 HHEISH
A

= a2 UsSi 20

#Ko)=oc—0.5)h 6)

Journal of SNAK, Vol. 42, No. 2, April 2005



I

ry

VOFH 2 Xm0l ZXFHT

oon

#

re

o7

o

COIN, gp= AXRIAS UEID, 4= At
oz = ERIME 28 ASSIAD.

Al(B)2] 2AHUAM HelE 42 BiElE ce= Wx
JIst A(B)E Sol AXLHNIAN 2YUSH 2IE I}
X ECE CHAlL, &4 d0lIA c22l BIEt2 Al6)

o AHE SollA €2 4= UCH
Al(B)E REH XEHOZ HAGIFM, AlHA
T2 Euler explicitd2 AIRot12 SEE2 Ol&tst
{BHAl 2XF AE2 ENO(Harten et al. 1987)

g 9
B2 ABOIRC

3. =Xl Z

2 Hybrid VOFYHE J|ZA=(bubble rising),
4= 1i(dam break), ’d'i.*—.—%’-l ZI2HIN =26t
UCH 2 FXAHAZ A= EF HRXY $=RH A
o2 AEZN WG HEE S=XDIEE &
ZotRAL

3.1 J1Z A= (bubble rising) 2R
JIZas SHe ?EJI LA AN HAloK U
H ol JI|EI} BHo=Z 0lg) =58 &8 B
2Geo2 HE M ’—‘1%’-% £XD1E0l JIE2 Y
CH

(=]
HEE FHOH= FUEE 2S5 A

0.02m

D,

Fig. 1 Schematic diagram for bubble rising
problem

et xMsts =23 H423 M2& 20053 48

it

91

0.0065

| @bble Z

0.006
X (%)

N 0.00s5 F

q » ——_—
~ 0005 N f]'l(!;li‘t(;flrl::(l;ng Method
t« L a VOF(QUICK)

> 0.0045 Hybrid VOF(QUICK) !

0.004 |

]

EBgngwuuS
0.00350!wwlv 1 PO R |

0.1 0.2 0.3 0.4
Time x10*

Fig. 2 Comparison of the horizontal & vertical
bubble dimensions

2l GIAIOICY.
Fig. 10iM & == U= =J| HXIAENQ J|ZEQ
XI&( b)% 0.005 ,, 0104 0, 0, 0.005m)0ﬂ |
A2 51 UCL KM, JIZE SHM W=
U p, =1000 pg/md, BE 1, =0.01 pg/ s
el BEEERNAS 0=0.07 Ny =2EXE
JHRIH, Dl acet  Hd2 2=
p,=0.001p,, p,=0.001g,0ICt = ZHIHA
I ¥ Mortons Mo (= gu/p,o°) =
3x10™ Eotvose Fo(=p, gDk /o) =35.70ICk.
XAHMOUA FSES A= 0.01 ,,x0.01 4,
x0.02 , 014 60x60x120ANE=E IHls R
ARHE MASHH AF2SHACH 2 OIFINIA =X
HAE A2 At =0.0005s OILCH.
Fig. 2= AIZHEEN0I et Asots JIES &
BSIE 30 20| X, Z2t2E FEHSG6H
Hlwatd QUCH WA ‘Front tracking method’
£ E} H3Xel 22 A JIZEHE Lagrangian
surface2 A& DLW 20t &6 RsS
gt ZE  LIEFHCHHao and  Prosperetti
2003). & Hybrid VOFES| Zit= & HRAXC)
2018 Z2uet & Xxstn UACH  EHH
VOF(HRIC) 2t VOF(QUICK) &2l Zih= &XI &2
XHOIE 20112 QUCH Fig. 20l £0113 U&= XA
JE2 X0l= Fig. 30A 1 2elg AHE

==
= QUL

01>|



92

VOF(HRIC)
=0.004

VOF(QUICK)
=0.004

(b)

Hybrid VOF(QUICK)

(c)
Fig. 3 Comparison of c(volume rate of fluid)
distribution

Fig. 32 £=0.004s & M JIE2 SACHHOIA
FHHE HIE cdte EEE HIWGD
VOF(HRIC) 2t VOF(QUICK) &2l 2 BHllA
St 2 JIE2) OlHE S0 c2 &
0l HHRA=E AE 2 = AL 2 2H
UE St 2 I c2EE MIAASBIH
FEE KRBl L0CIES
HEZD VOFES 358 =2
+= UCHL

Fig. 4= Hybrid VOF& HAZDOIA ¢ =0.02+
0.004s A2 3XHA D1 DE0ICE 2 XA
OIME JIEIF &&0HHA 2AHcap) 222 LIE

U= 28 = 4 Ut

Y
aQ

30

J
.l

_1
o I
4N 00 — O
WH = e Lo

1]
Ol
TE

|

e

ok
mo OX po Lo
o 10 1o )

o N

0lo

1
30
r

o aAaEZ =T

Fig. 4 Computed 3-dimensional buoyant
bubble shape at two time instants

Fig. 5 Schematic diagram for dam break
problem

3.2 H(dam)E1 2H

Fig. b= ©=21 Al&(Sueyoshi and Naito
2003) 1 St AV X2 £I| AR
X2t EEE B0F0 ACL AN X9 i
&2 02 HiZ0] oLl &S =2 AN
2 JHECH FE8 J20A =XIHAS
= 104x28x56 JAXNEZ 8= AL
E H0Z0 AL 2 M9 S4xi= 2
A2 st US0|
MNEZIUCE 2 OHEIHA HEE XA 2
H2 At =0.0005s 0jCk

Q
[w]
rr
0

0z in
0

H

0 H0 3
40 0%

&
04 Mo
S
Io
e
i
0
ox
i
2

Journal of SNAK, Vol. 42, No. 2, April 2005



VOorFg el e

%]
H

it
0
H1
0o
0z
o
0
ra
e
14

Experiment

Hybrid VOF(QUICK)

VOF(HRIC) VOF(QUICK)

A

iM%

Fig. 6 Comparison of computed free surface shapes

Fig. 682 =X S2BA(,F0)2 ¢=0.18s,
0.47s, 0.76s, 1.1s Ui AIEWA P
IR #=X01H22 AHaer X
ot ACH M 2 &£
S HlwE & 2LXI6H]
ZSIHA VOF(HRIC)2t VOF(QUICKIE2Z A
2 A=l S0l Ad3ZUA= UE 24
S04 UCH EHH Hybrid VOFE2 2= AME
A AEZ20e HixsEt Z2UE 200 ULH
Fig. 72 t=0.765 NBUMA FHME cZE2t
Hlws  J8oIch.  VOF(HRIC)2t
VOF(QUICK)E2l Zlte H[EH0| HIgaxez
wetel UASH FHME HIE cdétel 220t &
g0l HNUE AE & = ULL Hybrid VOFE2
2= cdl0] D RAZ0 U200 KEHH

Fig. 82 Hybrid VOFY
ZH A NHEHOIA +=ZWH

o njo
2
>
>
Ol
rir
h
\J

CH

ro

E

(AL

o

3] =2% HM423 HI2& 2005¢ 42

K0l CHEH AIZHHSIE LIEHRH TJeiZOICH AHAHS
S AEMX SEE Y S0l HAEEU
OLL BSAES HEEA2 o 3.2%E =2 BF

gt ZUE E0F10 ULL

Fig. 9= Hybrid VOF" Hi&HZ2IH0IA £=0.76,
8.65 AIBS =Xl 3XHE XesHHo 2ss U
EtLHLD QACH A X2 5 HES0AM &H
= Mgt Z50d Rot2 = AU F3HE
A RSEHE LHE = AL NF==E Mt
0 =252% DYst IS 28 gHz &8 3
Jl =0iLi(air bag)= Al2+0I ZoSHEA 3XHAC
SES gHZ #ols AE = = ULL Ol
SIHE URrsH2Z A4S0 888 IR-H
HEHE = AUACH

3.3 det=9 =LA

detxe| RIENHE 2d & WRHs el o
o] ooz Qlof AXHA0| E=6HH AR
o ZWA0| Cia EOXIA S0 E£58 H=sMd9




94

(a)
7 7 1=0.76s
S0 W v
s

fiiiiienes

3+ NiAs

(b)
(= Hybrid VOF(QUICK) |

t=0.76s

Sy -

S
"N N

‘ " S RARN

. SRR N\ \\\\\\s

Fig. 7 Comparison of c(volume rate of fluid)

and velocity vector distribution

12F
Lif
g1 I v S
) 28 :
£ RS el
¥ 00 TR
§ E Ral
E o3k
=
mk
] 0.7F
E — ) 1
0.6F 0 e VOF(HRIC)
_________ VORQUICK) |
osf - Hybrid VOF(QUICK) |
1 PR RPN
0.25 0.5 0.75 1
time(s)

Fig. 8 Comparison of volume conservation

Fig. 9 Computed 3—-dimensional free surface
shape

Fig. 10 Body plan & side profile of KRISO
3600TEU container ship (KCS)

o PP WS K[AMO| HEHO| H2H0(Q)
ZI0h 2% HEZ 014 Kpe HESKIL S0,
=g + o2 20l ;=230
Z g2, 8% [F108,° Az
KRISO 2IEI0IA&(KCS)S HE
SIACKEIAS S 2000, Kim et al. 2001).

Journal of SNAK, Vol. 42, No. 2, April 2005



S22 24-E(knots)0Il Frouded== 0.2601
SICL SXIHAMS DHAIE =D 200/ 30l
% R=1.4x10701A HEEs NEHE SXI5H
=2 HHS TAE DAGIH #—'%SP Ch H4=s
£ oI82 S0 realizable p— ¢ 2&(Shih et al.

B &t~(wall function)J (&0t 8H &5t

o

AUCH A= AT 2=(medium grid size)2t 2 Xt
I HMTAS SUR S(2004)2 =2 =
I AFZEIRICH

Fig. 112 Al JHXl ==XIJ[g22 H Ak 248I0]
UHeE =9 IIEEZE AEZN Hlws 1
0ICh VOF(HRIC)2) AHIAZIME Hybrid VOF
$H VOF(QUICKIEELH EHECE X240t
3 UEHD RUCH 28 5 WX Z2e= &
2l VOF(QUICK)Zo| algZuol =20 2%
Hybrid VOFES| Zt2t iR FAS IHEHEEE
B0Z=1D UCL 2L e SOsdE Asz
HIWGHA AHEH d Hig" FHo
Hybrid VOFE2l Zer 22t X010t AUSE =
2= ACH JE0A Hybrid VOFEO! g & 2"
SO AEZNe & 2dXE IEEEE 21
UCH

Fig. 125 Fig. 112 ZBUA  ywy/1)
=0.1024, 0.15092 & AXI0A A HAA
HOHA longitudinal wave cut2 Blwoin ACH
Fig. 10 IFEE2XE dlnRZa OHEIJIKIZ
VOF(HRIC)2l Zit= M=oz A8l &2 Xt
0I12 20F10 ULH, VOF(QUICK)EO! dlnA

g 2 gXstd ASE 8 + AT 2L
HHEezZ 2 Hybrid VOFE0| A2t o &
2AXIGHH JIE VOFHEEL HHE =Xlohed 21t
E 20|d UASs & = ULk

4,

Y

=2
[

HMZLEH(volume capturing method) JHES2
AMNESle VOFE2 IR+ |5 oH**x*Ez %
0101 |gt HTE Soll M2E2 =xJ1"
VOFEE IHESIACH

2 =20lME JIE VOFE | JHXe SHHA
HIZ2(c)o WEs HE s gXso| Sk

o

r&"

ZTostsl =28 HM42@ H25 20054 43

95

(a) VOF(HRIC)

(d) KRISO Experiment

Fig. 11 Comparison of computed wave
patterns

Level-set&& 2l THZ=DI|3Hreinitialization) Hl&HDE
Xi__ COI |.01[:|.

SHel 420l A2 CTE Ml I Xigsd 2
Hol CHet =Xiois Z2HE SolM 2 Hybrid
VOFR0] J1& S-S0 gate 2XDgeg &

SotALt



96

0.01 k

o Exp. (KRISO)
------------ VOF (HRIC)
————— VOF (QUICK)

] Hybrid VOF (QUJ

0.005 [~

-0.005

Y=0.1624
P Y P BCEST TS ST SNTIT T RNEN NN S T | N
-0.01 05 0 0 025 05 075
X
0.01
3 Exp. (KRISO)

-- VOF (HRIC)

0.005 -

-0.005

Y=0.1509
_001— | PRI RPN SETATAEY SrE R |
: -0.5 -0.25 0 0.25 0.5 0.75
X

Fig. 12 Comparison of longitudinal wave
cuts

Z 7
=2 =22 MRS “EEo Rilds 1k
gt 218k Dl JHZH(PNO0630)” MLt “s=afsdet
2 EFHel |H4ds  oHNAAE Opg
(PNOOBS0)" A2 RS YFUS Biol=Ril
Ch 2ial Al 2 Miks SZ0stD st=¢7HIE

A3 HASE LIt

H 404, Ml 2%, pp.11-20.

N
o
1o
p=4
08
Iy
N
N 1
[«
L
®
i_l
iy
J0

= IIEASH 2
B J|1EA A7 (fgtrdEts =2, M 37

« HAE, A, BAHF, 2004, “Level-SetEH= 0l
St 2utadol NEHs o4, (et ests
{

&, K 4128, M 25, pp. 63-73.
. IS8 1999, “REMAY 2Bt X

4 oo JE
]
o o

M S0 Level-SetD &0 st A

;o etRsstsl =23, M 36d, M 23,
pp. 40-49

« Bds AW, AEE, 2000, “KRISO

3600TEU ZIHIOIH 28 F22 =RK{s HS
of &st 2" OigtxNes =28, M 372,
M 3%, pp. 1-10.
- AE2, BAIY, FEE, 1097, “HIEE URE
|

oIel +X[oiME 28t FAHRAYN gt A
21, UistxAstg| =28, M 343, M 45,
pp. 53-60.

« =, 3T, 1996, “NREH

SlZ 60(CB=0.6) &8 F9 RSFS XA
&L UetRssts =28, M 33A, M 25,

« OIS, z&a, 1098, “REHES 248t &3l
S0 Cher 7, Oistxastg)

353, M 45, pp. 63-73.

« 23, Yasuaki D. and Kasu H.M., 1998, “&
=8 ARHEE F£29 2 RSH HE S40

X A" isiZadsts) =23, M

53, Hl 15, pp. 15-23.

« Ferziger, J.H. and Peric, M., 1996,
Computational Methods for Fluid Dynamics,
Springer-Verlag, Berlin

* Harten, A., Engauist, B., Osher, S., and
Chakravathy, S., 1987, "Uniformly High—Order
Accurate Essentially Nonoscillatory Schemes,

A
]
P =
o

L]

)
kS

Journal of SNAK, Vol. 42, No. 2, April 2005



VOF

2
o

g

r

O}t

gHol IRt EXARE

1o
40
ror

o7

0!

l," Journal of Computational Physics, Vol.
71, pp. 231-303.

Hao, Y. and Prosperetti, A, 2003, "A
Numerical Method for Three—dimensional
Gas-Liquid Flow Computations," Journal of
Computational  Physics, Vol. 196, pp.
126-144.

Hirt, C.W. and Nicholls, B.D., 1981, "Volume
of flud (VOF) method for the dynamics of
free boundaries," Journal of Computational
Physics, Vol. 39, pp. 201-225.

Hong C. B., 2003, Numerical Investigation of
High-Speed Ship Wash in  Restricted
Waterway, Ph. D thesis, Hiroshima University,
Japan

Kim, W.J., Van, S.H. and Kim, D.H., 2001,
“Measurement of flows around modern
commercial ship models,” Experiments in
Fluids, Vol. 31, No. 5, pp. 567-578.

Kim, W.J., Kim, D.H. and Van, S.H., 2002,
‘Computational study on turbulent flows
around  modern  tanker  hull  forms,"
International Journal for Numerical Methods
in Fluids, Vol. 38, No. 4, pp. 377-406.

Muzaferija, S. and Peric, M., 1999,
"Computation of Free Surface Flows Using
Interface-Tracking and Interface—Capturing
Methods," Chap. 2, in Mahrenholtz, O. and
Markewicz, M., Nonlinear Water Wave
Interaction, Mechanics
Publications
Noh, W.F. and Woodward, P.R., 1976, SLIC
{simple line interface method), in Lecture
Notes in Phys. 59, edited by A. |. van de
Vooren and P. J. Zandbergen (Springer-
Verlag, Berlin/New York), p. 330.

Rider W.J. and Kothe D.B., 1998,
“Reconstructing volume tracking”, Journal of
Computational  Physics, Vol. 141, pp.
112-152.

Shih, T.-H., Liou, W.W., Shabir, A., and Zhu,

Computational

THEE =28 N422 H2Z 20054 438

o

97

J.,, 1995, "A New j—¢ FEddy Viscosity
Model for High Reynolds Number Turbulent
Flows-Model Development and Validation,"
Computers and Fluids, Vol. 24, No. 3, pp.
227-238.

Sussman, M., Fatemi, E., Smerera, P., and
Osher, S., 1997, "An Improved Level-Set
Method for  Incompressible  Two—Phase
Flows", Computers and Fluids, Vol. 27, No.
5-6, pp. 663-680.

Sueyoshi, M. and Naito, S., 2003, ‘A
Numerical Study of Violent Free Surface
Problems with Particle Method for Marine
Engineering," Proc. of the 8th International
Conference on Numerical Ship
Hydrodynamics, Vol. 2, pp. 330~-339.

Ubbink, O., 1997, Numerical prediction of
two fluid systems with sharp interface, PhD
thesis, University of London

Van Leer, B., 1979, "Towards the Ultimate
Conservative  Difference  Scheme, VIA
Second-Order Sequel to Godunov’'s Method",
Journal of Computational Physics, Vol. 32,
pp. 101-136.

Youngs, D. L., 1986, ‘Time-dependent
multi~material flow with large fluid distortion",
in Numerical Methods for Fluid Dynamics,
edited by K. W. Morton and M. L. Norman

<A s>



