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A VOLUME OF FLUID METHOD FOR FREE SURFACE FLOWS AROUND SHIP HULLS

LR, Park’
Dept. of Naval Architecture and Ocean Engineering, Dong-Eui Univ.

This paper describes a volume of fluid(VOF) method, mRHRIC for the sinulation of free surface flows around
ship hulls and provides its validation against benchmark test cases. The VOF method is developed on the basis of
RHRIC method developed by Park et al.[1] that uses high resolution differencing schemes to algebraically preserve
both the sharpness of interface and the boundedness of volume fraction. A finite volume method is used to solve the
governing equations, while the realizable k-& model is used for turbulence closure. The present numerical results of
the resistance performance tests for DIMB5415 and KCS hull forms show a good agreement with available

experimental data and those of other free surface methods.

Key Words :

ZAAF3-A4] 9 8K Computation] Fluid Dynamics, CFD), VOF®(Volume of Fluid Method)),

A -5 (Free Surface Flow), #13d 5 (Resistance Performance)

LM E

AT F2E0 deage Mut g T REY] &
AqerA e rtelA] tFojof & 7|2 o]y F2ast B
4 % shdolth AT, CFD(Computational Fluid Dynamics)E
olgst dldA WA olgfgt AlE Thkst £XslA 7]
H ZolA F2 o] -5(Two-phase flow) AHOZ TRFo]
A3 Y FAolt B =RoiE o]E oA IXHE
FollA tlEA] AEZZ 731 FLUENTS} STAR-CCM+>
EE CFD dlde] #d ojekst Atelr] Ao g
I 25S dsh] H8 =¥ Sl VOF(Volume Of
Fluid1S oh5uAk gk VOS] 7% Aule] zubeA|
(Wave making problem)E H]Es}o] sod1287 dld 53¢
& nAE AR % sidedl glo] Biget o AFEE
M= 7718 Robust) O E delA] Qlth1-7). ol AT
oA Park et al[1] HIAEHA A4 F52 sl & 9l
i+ HR*Hi(High Resolution differencing) 7]%+2] RHRIC(Refined

Received: January 6, 2015, Revised: February 11, 2015,
Accepted: February 11, 2015.

* E-mail: irpark@deu.ac.kr

DOI http://dx.doi.org/10.6112/kscfe.2015.20.1.057

© KSCFE 2015

High Resolution Interface Capturing) VOFH 2.2 &2+ WS
sk o] WE AFRE BEAS U] A8 A
S A AREH(Upwind differencing scheme) ¥} g2t -3
A (Interface) ¥2He $J8 E=shks SHFAREH (Downwind
differencing scheme)& 214gh Wi % Z3¢ic}t. RHRICH S
2 48k 8|3 Ubbink and Issa[8]7} 7H9gk 22} ol 4%t
JBEE  7HAE CICSAM(Compressive Interface  Capturing
Scheme for Arbitrary Meshes)‘ﬁi} HAF8H2). 284, RHRIC
S} CICSAMR FAITE AL AITHSE w2 Jg=s
Aol ke v Al Adeh, dEe] W
CFL(Courant - Friedrichs - Lewy) #2] Z#olA a2 H&wr}
FAYE 540 Q3 &2 ARzt 1HEE Algsllof st
T o] Atk

AR ow o] Bitela £} ol vlgE] do] A
o] & 718k B4& 71 Auke] Z3HEAlE CFDE @4
g o derdoR AATFHR Efddst 1449 FxE e
AZZ} AR ek AAGAAN st AT JRE
w2 AJ7bell 7] Q18 AR 2AE FA] skl Al
£ AN A9t Bt o, B = AN Aol
RHRIC VOFH19] ZAdfe] sl =2JshlAe, o3t Aol
RHRICHo] 285]7] Slslide Al Ak el =742
2 F CFLakE 7Hdets Bl A9 s 2es 4



58 / J. Comput. Fluids Eng.

LR. Park

3k o] Hoshth B =RoMe AAFY] A H
Agsle= AEA ¥ mRHRIC(modified
RHRIC) VOFH¥} o]& duixAel Cfp #HE A¥<
DTMB54158}F KCS ZH o[-/ 2] A3 d5 allAdol g3t
ARE gt} SN AdelMe A5E S8 ZHAE
A% 9 o8 FAZE AHEskE mHRIC VOFH[9)1%
Level-setf[10]¢] F==314 A#E7 nlwsty & A4
719 EldAE =olsksich

2. 2RI HABIQ} 2RI

2.1 RH{EYY

=0 THEE o] dHfis(Two-phase flow)ell thish =|ul
42191 ¥]%Ed(Incompressible) Navier-Stokes 87212} A%
1 2] (Continuity equation)< U3} 7o) & 4= Stk

i/ pd.Q-ﬁ-/pumﬂSZO 1
aJ g s
f U, dQ+fpulanJ ds
@
/S( e )dSJerpgidQ

S A4 (Control  volume)
o, n,= Wl WAAWE S Uehdth p= frAlE R, o,

€ RES U9 AASE D (00 ) oL
re A AF fFEs oI, p S veRln g

TR A A AL MAS] MZI&E, MA|e] Zo]
(Lpp) 283 =9 HER A7 84127 (Finite
volume method)© 2 ©]Aks} 3Tt AR 13} J=9]
Eulerfl 0% 30, ti7adat ghatkdtel] dfsh ojitsh= 34
%9 MUSCL(Monotonic Upstream centered Scheme ~ for
Convection Laws)H[11]% 22 =9  FAXEH(Central
differencing scheme) &% =33} T ‘?ié—.:o 22 SIMPLE
[12] La2]ES o]gsty WEA AL HREE2 Realizable

ke BAS ARESIATHI3]

2.2 RHRIC VOFH

WA, 7]E2] RHRIC VOFH[1]1S 7atA Adelshd o
7 2k fEEelA AHTES 2 fAl7E AAsEE Al
&7 REygsty 7 AU v oA (Transport

equation)& & 7% Itk

. vo
=—|nterf 3
nterface.._| \4
ay dD ocf\(xA
. . J\—>¢\
n

Fig. 1 Definition of local volume fractions

I adn+ f aumn,dS=0 3)
atJ g s

A7IA, av= AFBERA HA) GelA 1, 71A] G elA
0, A A 0<a <1 9 g ZH=th

2 (3)9 sl FAREH(Upwind difference scheme)¥} 3k
FAREH(Downwind difference scheme)s 23] £3ch= W
Ao Fafxm, 58] AR AN otk sk
Wl weh VORHe] EAo] dald 2 ol olutdow
2 2Rt 5T o ARSShE WHOEA TR AR
AARE o= ol o] g f8l(Normalization)s 4= Stk

of

-~ a—agy
o= — 4
Q=g

1A, okl U AT Fig 1904 & § 9% A7 4

AR Upwind cell)9} 584K Acceptor cel)5& HERNIL
D= 719938 Donor cell)E LERATE SHFXREHQ! Hyper-C
(4 C% a5 78 vt 2k

~ min aD,l) whereOS&Dgl
af(HyperC) = N C:} (5)
ap elsewhere
7|4, C = Courant =019 o} 2] (6)¥} 2t}
6= T ©
o AQD

o714, my= A% AARIMS] Aghgolm, At A
7, AQE 7191A7e] AFol). RHRICHS 27 737



A VOLUME OF FLUID METHOD FOR FREE SURFACE FLOWS AROUND: '

Vol.20, No.1, 2015. 3 / 59

HE S9 FAY AuEe] A¥RE S4S W6,
Aol fgof el A ) BAM FdE A=k @A

af(HH{C) = ~ ~ ~
min(aDq +20, (1= C), af(Hypf,Tm) where0 <a, <1 (7)

ap elsewhere

HEA R, RHRICH A= 4 Q)= 271918 2ast 4
Aol A gtk AANE o F WA PR dR
A SRS EE] ket o] e

&f = &f(f@perﬁ) +(1_’Yf)0~ff(mzm) ®

SN, v SRR ARARE ¥
FA(Blending function) = 59 A1 WY} AR 7]

27)0] ojg AN the) o] AojHr,
v, = cos*(6;) Q)
_ (Va); - n;
Gf = arccos W (10)

2719} o] A/NEE RHRICHE 0.501319] BlmE @
CFL z=7eA A9 &lle] AEwr) efdsiths Alsts
Zh=t},

2.3 mRHRIC VOF'H
AAFY A 15 Sl gol Axl 243} Ata
EAG SRAH 07 & CFLRA0] 2 & e A

3l =% RHRIC VOFHS 4793 mRHRICHS thad}

=
¢

N

d

w2
-‘L‘_m oy

Iz

A SFAHEE el 4 9 ARARCR 8%
e 2712 Rste] shte) Ao AR BHS A7
SN fA12) AR ZHo] fISkER okl gl 4
=9iek

~

. D ~ ~
~ min|—-, 2a,, 1| where 0 <a, <1

& f (Hyper Cym =

(1)

oy elsewhere

o71A, oklEAF mE R As vtk A (7)9] AR

0 0,=22.5
DD
1'****7\:*** \
/\ /‘\ }
/! 4 e - 67. \
/| 74 |
IR/ |
1 / } 4 }
i /
0.5 / ‘ UD }
1 \ \
/ | |
/
/ [ RHRIC
/ } mRHRIC
/ I
)
0 C0 0.5 1 o,
(@
o
N DD
0,=225" [~ ;
Y/ \
N7/ |
72 |
\ |
—— \
0,.=67.5° // } }
0.51 7/ UD !
| Yy | \
4 \ \
y \ \
} ————— RHRIC
| mRHRIC
\ I
o
0 05 C, 1o,
(b) C, =0.65

Fig. 2 Normalized variable diagram at 6 ;= 22.5°, 67.5°
UD:upwind differencing, DD:down- wind differencing

s Fakete] vt 2ol

£ Courant = C'

A5 718710 tiEk AR Yet
e AR AR S REFA Qe E3EE A
99 A5E Zo] Skl AAEEE APsle] ey 2
o] WAslsie,

7 = | cos(6))| (13)



60 / J. Comput. Fluids Eng.

LR. Park

Fig. 3 DTMB5415 lines, bow and stern profiles
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Table 1 Main parameters of DTMB5415

DTMB5415 (scale ratio = 46.6)
Length LPP 3.048 m
Draft T 0.132 m
Beam B 0.406 m
Wetted surface area S 0.083 m’
Block coefficient CB 0.506
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Fig. 4 Comparison of the wave pattern around DTMB5415 hull
form
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Fig. 5 Comparison of longitudinal wave cuts for DTMB5415 at
y/Lpp =0.0965 & 0.172
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Table 2 Comparison of the resistance coefficient for DTMB5415

Method Cpx10°
RHRIC 4742
mRHRIC 4.692
mHRIC 4.680
Level-set 4.544
Exp. 4.610

N 172

!
!
!

|

Fig. 6 KCS lines, bow and stern profiles
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Table 3 Main parameters of KCS model

KCS (scale ratio = 31.6)
Length LPP 7.2786 m
Draft T 0.3418 m
Beam B 1.0190 m
Wetted surface area S 94379 m’
Block coefficient CB 0.651
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Fig. 7 Comparison of the wave pattern around KCS hull form
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Fig. 8 Comparison of longitudinal wave cuts for KCS
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Table 4 Comparison of the resistance coefficient for KCS

Method 0,x10°
mRHRIC 3.603
mHRIC 3.597
Level-set 3.541
Exp. 3.557
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