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Abstract: : In order to evaluate properly ship motion relating to the berthing mancuver, the hydrodynamic forces acting on ship
hull in berthing maneuver need to be estimated rightly. CFD has been employed for time-domain simulation of transient flow
induced by Wigley model moving laterally from rest in shallow water. The numerical solutions successfully captured not only the
characteristics of the transitional hydrodynamic forces but also some interesting featurcs of the flow field around a berthing ship
according to the water depth. In this paper, the consideration is carried out on the approximate formula based on the CFD results,
which can estimate hydrodynamic forces especially lateral drag coefficient starting from the rest to the uniform movement.

Key words : Ship, Berthing maneuver, Hydrodynamic forces, Lateral drag force, CFD, Shallow water

.42
st S4o] F4ol AFe) Aolol Jaf §&s wepsA ¢

dn Ae) e gEolm Aw %) HECI

Q) Aol 24
- ¥ ERe Uy FEA $o) ABl(Sea Bertho] ol

de 4
N4l Bg 25 el oo} s B4e 87 A
g w3 gy E£%, «QM(Tug Boat)e] A YL wol Hg Al AR AER BgsiAl 8 olsd # AL 2F A
@ B AA £5& Ajatolo ) el 2a Az = CFDO al ABHZ T3, o)F &A1
of del A ewR] A4 gl sl Atk Helgk my  °1E JFEHES dwaRan e AR Aveln.
o] o)9} o] M T@EI} Z o]fi, Aute] Holok =M Ay 29 Holgt 247 22 AX IS o5 W
o Slo} #8 AR WAel FE4 23 fAge) 27 T FYLRE, O1F el wAMT GA7 Fd¥e)
ohy7] Wgel A o)Fel wet MAZYEH FAHE o)
* A4, yunsok@cc.kshosen.ac.jp S HHR Separated Vortex)2 18] A &£%7F vz 2

+  A3|9Y, sadakanc@cc.kshosen.acjp soj% Basim o] zasich wa oz Ne
. %ﬂil%l, gykong@hhu.ac.kr, =] ] -'5.“?. }'—1— 7’]‘:}% g ] "]"g' \_‘;}'. s q‘% m \."]
Z413]9], soonkap@hhu.ac.kt,

+rx 39 crlee@int.seaman.or.kr

—132—



2 CFD& o} &3¢ My} HojhA FAF FAo #% A7

o
—_

& (% o

e MEF & o) Axoln HA e} ojF& b
.ol 28 Age fAge o X A7
H3lsle #EA Aol ‘”‘iﬁl e, 22
ol§ £Eg sras Aue HA $F B4 wt 2
tay) Wit Faoju EFA fAYcEE HEY '31
v} Z28)m M 2(Berth) AWM AA] o]z F4o] ¢
7) woll A9 Aol @A 3 veld#d FA J= wxﬂ
Ho| H)i A 7ZstdM @Fot MA L3}

¥ =g Ad A 5@ 2% FAES A5

of 2o} Felo Wi we} fAEE des] YA Y
(Aghozg A& st mstrh ojFolA AAHA #
A Ad RrpAZ tisME, 3ad Xdd AHE o
Batod 419 Wske AF - 4G9 AolE 1 HrEF
of ek 2RSS AR, UelA FEQ FYo] sl
Ne BYA9E 7122 ¢ A0 Akso) AT 49
Azl &8 WY Tz FAASAE HHo #Aj HFol
Zagk 4ot}

B oE=Ee olst % g7 M A AL SE
CFD(Computational Fluid Dynamics: A2H-#98h¥ g o
£3tod A & ojeA MAle L= =F FAEN MA
F9 3o tistd] mstTh

lo 4
“11

2
_]_
.4"
Sh

>

2. X ALY

ek YlollA] ofglde] AHE we gy fde He &
T B44o=2 01om/s olEtE, MA £H& 7|FEe= ¢
Froude Number® ®i-9- 22 gto]lm2 Alddel= A+
Hel Jgg FAsHch Ake] o8& # olF &F R-
Aga FLdsA QA7 Az HA GHolA ZE, §

A% adn AAse ArEE A AU (Constant
Acceleration Test)& o[ &3¢t}

Mo

21 712 AR ¢F »d

71z &% WA4 L 339 Navier-Stokes ¥4
Baloln, AJX|Zbzt WskEhE A FHY 9AL el
2 At 3 olFste HBAA HIEAE A
stell AMEEl BEFE A4 £ B, £EU- ( 58 %54
9] o}F &%), FAYZ pot oJAEE =t vnA E
FEE TS Yt gaA AL B U, 7HixEse U
/B, 48 pBU", & pBU- 2 $243 €k

di Rd2xe g olgdte MM FH9 HAPY FEE
A Az ANFARE ol gt GHAGE Fdostedl F
&g W SGS 9F E2(Sub-Grid Scale turbulence
model)- & ANEstHh SGS 37 249 dFHA(u = LRe
+ 0,)& Smagorinsky®l o3 $dXA5u o Takakura® "
o] zo] 2AUE o] &3yt

TRUSE PHNE SYAFE olgsel HAYRAEA

2 AL A8sE g gol W - H4 By gz
£9E  Qk

o]zl AlRbel] whElAl 13 FAAE, F3be] M
Chen¥ Patel?] 12-points #3314 (Finite- Analytic
Method)™ & ol&8tdm, 5ot tde] Aol PISOY
19(pressure Implicit Split Operator method) & AMH&dth =1

Hug w Az 2we) Asei $use) W Ad] 27
W, FASS 7 A%Se] taAE vhd wrEalvk 2
Atk FAY HEE 5 £@ 1 FARLE olgse] of
Astalez] Wiel @A Ak 1 A9 Aol TR Sxof
o3} 2Akakich,

13 3% 3 , ~ (l)
ygga—é,—(b, uj=0
g;g"a“’;,_ Z 453 & (2

22 A% A% 2 FA=A
Adbst gl AHg8 Y
Wigley A& olt}. Fig. 1& @%EE —,—Z} st 6}9&7] uﬂ—'?—‘)ﬂ
A7 10, M 1, 47 06250) Bk, ABAE A FYel
A9 F3, A9 A5 P Y%EE, HA olF
PAWOIA B o 02X WS XFOE, A% IS Z
Zoz ot AL AR B @ o gl v

Wigley Model
L,B,d=
10.0,1.0, 0.625

Fig. 1 Coordinate system and computational grid.

Y

Computational grid on the water plane.

Fig. 2

—133—



o] & A - EARINAT -

Fol A4 o uh

m,o

AQeA nAGste] Eopgy WA
H-type #A}o]t}.
JAFEe 4799 A X, Y, Z5F ¥akel Ul
o, £AHESFH Hd7h 208 15 9 Agode &
Z ZAANE Zh7) 299 212 FAaAA ALE FE9T) Fig
20) F4ELY AYAAE vebdc
Astde) AAzPRo2ME A4S
=2
FURAZN =30 u=Up,v=w=p=0
FE=3A =30y u=Up, dv/dx=0w/dx=0p/3x=0
SAAA(y=225) u=Up, v=w=p=0
AAER: u=v =w =0, dp/dx=dUs/dt

A4 AdelMe FAd ol &= U 9 18, FA44Y
7} - BEE dUpdt s £18 dgstd Aldtstda, ALk
o Polxs R, £ 10° 22 Hr} £ 1 2o T3
A4t HEQL atE 0.005 (200 2~ o] 2k A1z T=1)e|th

81x95x36°]
F g Z

Y2 B g3 g

3. A% A3

A9 Ase) BE FAY wu
CFD°!] g 44 4¥s A4 A%E FAA AT o
& AL U3t o5 (Y] EBE Helr] A vhol
Y&()2 ERUTHE Fig. 39 Uehdh, Fig. 38 #49 &
ol me A3 Wate vl - AE7) Aste] H/A7E 20,
15 222 A%elsl 27 WA-708 EAS Rolth @
Fig 3] 9 F St o5 $% Upt TA88 geln, 3 e ¥
9 A% AXE 8% £ A9 ATolth, CFD A4 Asjol
£ myye) Byde] THA e 24w 4AY Joz &
= 49 @3 vmap) s BP9 Al FHe vy
g A4 Aol nAsel Fig 3] Uech 2 Age
Flg 49} o] M REIE olgstel 75 9 A% FA=,
olue] £8 B ol 7HEE, FEE 2T o) F &5
% AFEZ AREA Ao} FFHEZ HA ARG olch,

L) 4

-2 -2

Fig. 3 Comparison of hydrodynamic forces,

Fig. 39 HIZZ%E X CFD A A#r7t 48 2}

1051 71

G- oF2 3

e

=

Aol FL

FuahA AL ol CFDl s W& &
& % ek

g F¥rz A9 A9E U 5 LS
CFD Aol A& etdd ¢ fadel dF
A,

AN A#RE THHLR HEH BE 4 §FH43E A9
AA o) Foll W 4E Jo] AujHoln] HAY &L FA
g Uy ¢F AUt FAd e FAge EAozs
’“’é]°l Fopell wie} [AHY FIHEZH P FEo] B
aA FrHEglen, 58 /MR &8 AR (TS &F Al
) 4 J}E ﬁ'% o] -’F’e} o} ZolAFF GAE o of
F ok =28 &R dy R3S
¥ °ﬂ L}E}L}~ t}é@! HEQL AARMAZS dXE
F39 Aolol= B33 CFD A#e A9 Z& &g uvs
Wi ok

B&oz CFDY A& ¥83l FAd & §39 R

& 7}A8kEke] Fig. 50, H/d7F 203 1590 Aol &%
g FAEYde] SRS EAWT. Fig 5258 4]

d FHE HAE ARFEA 527 B
do] gdstA detutn UFE
SR 44 A

n
20
T
M
sk
Ay Iy

i
=
0
}
30
T
£
©
X
[R
s
2 "
2
X
‘
2

5 h
Sérvo-

motor

Fig.4 Configuration of Experiment

Aol Akt hEo] s A ek £, AAsE W A
g F(T=40 o}F)e = AR FH7 Mg FHol 2
StHEA MAS ojF Wioz WU S-S ¢ F Uk Fig
6ol A F99 339 TATU(TRERE) SXE AT
t}. Fig. 68 58 odf 549 Al wet A4 FHe o
= B¥7 2A 9ES 44 o ¥ 7 U3, =AY §
Adol ZA vebdd FAldl 3xYAA 4E FEE Hol
& ¢ & Ak £ JFFGe)xe] A g olF2 HA
FH= MA % Jgg vH, FAdH st ¥4
i o F Rlc} ole} Z+e JMNFE AHME F4l9]
o)zt A F99] A RAE 4TS FAAHEHez
B golatAl Hetd = gz, 4] FAFH Aok
Fag v Fog 2490 AU

U‘,o g
m{o rkm

—134—



gt et
b il L

(b} H/A 1.5

=X

Fig. 6 Transitional 3D vortex structure around the ship (-J‘” teo =70

32 71450 Ao & FAH] W3

Byol Holgh Z2AL HglMde e wrol A A& 74]
ANz gagstA FA £ HA "‘EH"HH HEE T
5% 3 £5¢ ¥34 A4 oy 59 AVl °ﬂ
2z Hgol o3 FeHng ’\hﬂ NEE §59
w fAHe WaE z=AE dart vk wekd
= ¥zt ME A8 HiE PE3] 8 FAAA
4% (NDA: Non-Dimentional Acceleration)”’} @& 3%
(NDA-05, 1.0, 200 dlde= gt}

NDA: Nen Dimensional Accderation
—C eonputadiond

-
wl

Fig. 7 Comparison of hydrodynamic forces
according to the acceleration (Hfd 7.0).

EF JHEES Aold o E A ke dotatr] A F
Alo] 71& H/d=70% F4lo] vlwa & H/d=15°] sl 2t
7t CFD Al4hg& ANk Aldke] AMEs 252 Az A
7} ARG 7HEE $%-~2— AH T=H07A9 % &%
& 4oz gt 94 F4lol 4& H/A=7.0% H/d=15
o At AFE T2 é_l?éﬁr Bl st} Fig. 79 Fig. 8 Y
Epdich. A9 BlaERE £z 4834 CFD A4S 2 4o

Astal 9o} CFD AlAt A#E olgstad {AZHY FAAHY
B - HEZ 7S BoE

NDA: Non Dimensional Acceleration

Experiments |

30

Computations

Fig. 8 Comparison of hydrodynamic forces
according to the acceleration (H/d 1.5).

—135—



FAHoE FA9E VUG Yoz Frsl YE

Y, #4e & 4ol NDA=10& 7]Fo=
NDA=20%) 79l 28, NDA=05% 7ZA$de A% Ax

ack 2 3& NDA=1.0%! A$ H/A=704++ & 48 13

H/d-15014 & o 7.2301 Ltk

AEE Wt ©E fA Folq B e

e 2l Sl 24 9G] G Gron
sl BEY 54 £57K Nzol Fomw

5 45 £8 BY FAY ASEA MESS o0l 7

al
=
i

= 73& ¥k CFD A4 Aoy FA4EE A9s
ek Fig. 93} Fig. 10 22k vehdich

Lateral force

Fig, 1D Comparison of lateral drag force (Hfd 1.5),

0/‘-)\

Fig. 9% 108 sl@sje] um A 40 way e
H/d-157} Wd=700] viaf o 3u) A= A e 99 =
5 dEe FEsA 2L Aol FFAAL = 2
FAolehd sam ds wet ABASE £F %)
Aol ackx AN ggkeh AT F4 Aol W
&% olF BEAoz Wa: P9 AYe =T U
e Ueht HA-708 % Fde 54 &5 ¥l ¥
dol Gue F AT A A apolzic). g
H/d-159] Azt AF AL AEL
o) Zrh%en olele
Hs}7) Lhebstek

g;

» e rlo r

ol
'

SEL

o=

. ey olE2 5
4. geio| mE s}
MA7F BA Aol M4 &5& AH OA T

& Yri=)¢ o] g AT ARNYE B, AN A
e BY AS(Cy=F /05Ld Ui )t A
()2 A8l Fig. 11 (H/d=7.00% Fig. 12 (H/d=15)o 7}
veldch A59e A7 Fig. 119 2% vz 2 o3

2 %

atz A, A4H Fig. 128 53X $HedA EYxsian
Atk 2, FHo] ol wet dg FYTe dy del
ol Aziwtez #HHG Bddslsle AL FE/t UES ¢
4 lth
5
g 4
o 3
&
£l
-t
e S 3 r
S (Moving Distance)
Fig, 11 Lateral drag coefficient accotrding
to the moving distance (Hfd 7.0),
10
5.
g
S 6 .
g
o
§.f
-
% 1 R 1
S (Moving Distance)
Fig, 12 Lateral drag coefficient according
to the moving distance (Hfd 1.5).
Ar FaS Aayoz T3] M= MA 0% A

2ol w =9 wg Aug 959 A7E AR 1
2H(Separated Vortex)Wje] 8o} maisjolxjo} g} wepa
AA F9dl A= -‘4?4 azld AdHor 4& A
7 dE dFERA 8 e =5ldte 3x g9 s
pdsE AR $4 delse] 2k HA 3 olF &
SO vlastnz welde] £Xo MA olF £EF, g
1 QA FARCRRE 9}571}114 Adel HA o)F Aug
o] g3ldd thEH 2& &# ¥ =@
I =[udsx [U dt

}\—1

(8)

—136—



6 CFDE o] 8% Adur HoldA FAE FA #F A+

9] A& olg3ld #HE Y AFE Jehd Aol Fig,
13(H/d=7.003} Fig. 14H/d=15)°1ctk ©o|F AHHg WL
g Fig. 11, 129} vl@sle 2 44 9 ¢ 99 5% &

2 FB5E ol8% o] FIFTL F 4 oY, Hye 99
oA NDA=057} I'= 05 2ol T & 7145 B} oi 2
2 g Holm Utk A Mg o)F L= o}F Ag
#H3 o8 GLE olfgez A8 A AHAM 5&
SENR Y Ao} HEee o] s E & UL A
Arstn ok % HAlzA dA dde) i AAZY A
A 3 8 F5E o) 4T IAY BT E AEs) 2
f.3}c}

r.'im r

-

w

pud

Laderal force Cofficent
L]

s ) . 1 1 . ]
0 1 2 3 4

= fU‘(‘:: dt

Fig. 13 Lateral drag coefticient according to the
circulation (Hfd 7.0).

10 ~

Lateral force Cofficient

] . A
2 3 4

[-)
bl o

= U8
Fig, 14 Lateral drag coefficient according to the
circulation (Hfd 1.5),

5 &&

339 CFDS Wigley M3l &8to) Ar&Agel 3
g3he a—% ol WA FAAL HEse] FEIY NG
9 fAe) AN AEE YA ¥ ATY AnE
sefshd kgt 2ok

)

1) CFDell & At dde sz 439 Axns @

sta] CFDoll olsf AMure] #olotmt zhe v YA
ate] fAFo] FEY FEE FHYT F UEE
g

£ Ho
o ol

2) 4ol MA ol AEFE IR A= I
do] Qg HAE Fo@ WEel YA,

3 4 RlABE AEES PEE L5 AE A
799 449 #53 Folol= B78x CFD FHt
F4o] YRS Ag e 2718 Uehigich

O AN AN 55 EAA HE Yol el
QA o5 £Es) oF AYE o8 & Y+ MY

sqstel mds A54e ANt

7] A7 Ane,
2993 Falo] 24
2 AN A, ¢

He golohn) 24 328 AW 3
NgdolE, AR NUBY T BE
4 £8 01y 4% S ¥E h5E

Ao g Atz

PSRt
[1] Lee, Y. S, Sadakane, H. and Toda, Y
"Hydrodynamic Forces Acting on a Ship Hull

Under Lateral Low Speed Motion II", Journal of the
Japan Institute of Navigation, No. 102, pp. 87-95, 2000.
[2] Sadakane, H "A Study on Lateral Drag
Coefficient for Ship Moving Laterally from Rest”,
Journal of the Japan Institute of Navigation, No. 95, pp.

193-200, 1996.

[3] Chen, M. andChen H. C. "Numerical Simulation of

Induced by a Berthing Ship”,
International Journal of Offshore and Polar Engineering,
ISOPE, Vol. 7, No4, pp. 277-284, 19%.

[4] Toda, Y., Lee, Y. S. and Sadakane, H. "Hydrodynamic
Forces Acting on a Ship Hull Under Lateral Low Speed
MotionIll:  Basic Using 3-D CFD
Technique”, Journal of the Japan Institute of Navigation,
No. 106, pp. 87-95, 2002.

[5] Toda, Y., lee, Y. H and Sadakane, H "Numerical
Investigations of Hydrodynamic Forces Acting on a
Ship Hull under Lateral Low Speed Motion”, Journal of
the kansai society of naval architects, No. 238, pp.
T7-83, 2002.

[6] Takakura, Y., Ogiwara, S. and Isiguro, T. "Turbulence

AJAA  paper,

Transient Flows

Consideration

Models for Transonic Viscos Flow”,
89-1952 CP, 1989.

[71 Watanabe, O., Ming, Z. and Miyata, H “Numerical
Simulation of a Viscous Flow with Free-Surface Wave
about a Ship by a Finite-Volume Method”, Journal of
The Society of Naval Architects of Japan, No.l71,
pp.27-39, 1992.

[8] Patel, V.C, Chen, HC. and Ju, S. "Ship Stern and

—137—



o) Al - S ARIAT -

Wake Flows: Solutions of the Fully-Elliptic
Reynolds-Averaged Navier-Stokes Equations and
Comparisons with Experiments”, Journal of
Computational Physics, Vol. 83, No.2, pp. 305-336, 1990

[9] Tahara, Y. "Computation of Viscous Flow around
Series 60 Model and Comparison with Experiments”,
Jounal of The Kansai Society of Naval Architects,
No.220, pp. 29-47, 1993.

[10] Chen, HC. and Korpus, R. "A Multi-block
Finite- Analytic Reynolds-Averaged Navier-Stokes
Method for 3D Incompressible Flows”, Individual Papers
in Fluid Engineering, edited b F. M. White, ASME
FED-Vol. 150, ASME Fluids Engineering Conference,
pp. 113-121, 1993.

[11] lee, Y. S. "A Study on the Maneuvering
Hydrodynamic Forces for Berthing Using CFD
Technique”, Ph. D. Thesis, Dept. Maritime Science,
Kobe University of Mercantile Marine, 2003.

[12) Gilyoung Kong and Soonkap Kim, “On the
Development of an Information Service System for
Navigational Safety of Seagoing Vessels”, LNCS 2402,
pp.273-284, 2002.

arL
[c]

—138—



