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Abstract

In recent years, many environmentally disastrous maritime accidents resulted from oil or
fuel spills from damaged vessels. The situation becomes worse especially when the early
counter treatment is not prompt enough. To properly handle this type of accidents and
prevent further disasters, the propulsive performance of damaged vessels must be better
understood for salvage operations, as well as for containing oil spills while the vessels are
being towed or self-propelled. Until now, many hydrodynamic studies have focused on the
propulsive performance of undamaged vessels but only a few studies on that of damaged
vessels. In this paper, both experimental and computational methods are used to study the
propulsive performance of a VLCC in heeled and/or trimmed conditions. For experimental
studies, measurement systems should be modified to adapt to the variations of attitude of a
damaged vessel. For numerical studies, CFD programs should be also extended to be
applied to asymmetrically floating conditions.

#Keywords: VLCC(M&HIUIA), Heeled and trimmed condition(ZAM&EH),  Propulsive
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Y=

TRAH X jmyang@hshi.co.kr, 061-460-2855

B2 20054 98 162, QY 20069 38 1Y



276 HEgr

KNAE A =RASXIetE
& E= 0oty otAEst 9IXI2 Olssl= A0
JIERER o8t BHREE zidteledl &30

K2 MEHIOEe] NEEMds0l et o
T= FYHOZ 2 Froude 0IA 22 W
o MEFXHsE MEX2Z FHG=M0 x&8=2
SO 2CE Jedlt MAIRSE sH2EAILIE 201K
D AUM(#EE 1992), AtDHElE HMalsk=s
O t2s MYy ds2 Iietcle S2H0E M
22 ATt EII’_ &’AE} G20, HERRSEAH0)

ASK Xt
I

2 XNE Htoleid o 8uo) HZots =AM
A8ty Ed(MEds, 28ds 8)0 F8 &
ot d0h Lt hEd=ol 48 A2
N gFchs RHUM MEFMASE AR
2 F¥olke AT 2200 OF M2EE AHZAH
CIQROM, 90| &4T0 U EFOIL &
A2 227! HHE = 28H2ZU 0IBRR2
Z ZEd té!t.é,*OI it

el Mz @ A= dHuLE
SRS KA *E‘é* AZ21212F MEA 0rEl

O0F &% OtLlch EutHEQl HZ=I|1012l HHXIgH
& 20 ZEL0F BCHAXIRHY 2EE 2003,
X2 S 2004). OIEHQ! HAT SHIYNHKIY &=
X RHSsE S U2 S50 &900] Ot
e HEH £ HadsS 88ots A2 dM
2 OHA-O0l F2ZIN US 2 HIHELERON CHE
=Xl O =0 FEEUUX =ot
Ch

= =20lMzs HSHILH0 EZA2 EZOI
grAiSH HICHE XHHIZ MU= HIZAEQL AR
of =Est 22 Mg (2RI 2005)2 018
S M2 MEFTdsE AR S0IolE
OX ofACH &, MO 2ZAL & ESHO0) 24
HEOIAM HIHEZAHE DAt =X H LS =85t
O ez HEN AIBE 2 UAES SRt

2. DEAE

>
oo

Ay

or

= of OIXlE XtHISstel a0l 248 34
KRISO 300K VLCCE &t 1/100
Hlol dMEE Y ZZ2EY E%‘g M%ﬁfﬁau
Xtk 253 2005). '
X1$HIEH&01| 2'34/\}% EE'OI EIM% IIH‘-’J

N
o
=2
4
i
o
g
0gl
rx
-U
I
- N
-U

£ D50 I
N BENG SEO| wae SEOH FEAE,

TEAIE L MHHSHES AAIGION HIRAAE
ol U= Moo XZMS

g FFokth 21019
= SOS8(2

t
PRIt ZEE 2005, 2XIgH 2005)01 =S U

2.1 MEAME
XMSHITHAN 23Ae EB0 2 ”EIM% IER]
852 AHEOZ EHOIGD| RIE S
| &=te =IIRAIDL HatE AEH0IA MEA
=35t ACH /\4X1|~I 34}\}3} Ble Hotoy
Mot 28 B2 1° 2107
i, d== &= &DIE%OI 05° # 1°
HEH, 27, 5° Z 1072 AR 05" E
Ol SAIOI L0t &EH, 5° 2 AR 172
ol E/\IOiI %015 QEH%' HE =JIE=XA
&= Hxel EI”APSBF

= Mo 2
=

o X

m

DEQEIJE
<
o
oot
>
0u
o
_‘
0%
Qj
2

Ii%“é%oﬂ OIXl=
BICH&EEOIXIRH 2X

};_

;—c_ aoqom XA K&
NEOR JEHE AN

,\ozﬁBosz

Z2ZAL Y ESAEDL MBHIHEES =Eds
ol DIXls 2&s %‘O}EDI flof &2 ZBAD
A |

0
0z
0z
E
x
Pnl
g

= P B2 5° 107
EIFAE AH, d5= E£= H0IEZ0l 1° 2 Aty
A
<

10° 2 A 1° 2 EZ0| SAI0 0
Bl S &dXe = MH2 cls =20 CHolA

Hetxdsts] =28 M 43 2 M 3 & 20064 63



NSAEE ~oIALL MEAIE2 20t 22
ZAUA SHS A ESH0| AEdso 0
e ggs 20KE)| fIotH, MSHIHEEOIX
R 2RO YOz MUYSHE FHBIRUCE

2.3 BIRASAE

SHS TAEE OHE &H0) K82 HeE
2Ot2I| SI5t01 Z2E e H(St. 0.35)0AM) &t
FEXEE MM TASHSO LOUR B o

HE FSAFID(ARAE S 2000a) AL =
HAAEHOIN AES AIGHICHL T8t XtMIEst
b Lol dEZME 28 %EE 5° EIAK
SEHY O, 8+ E£= H0IES 1° 0t HHHAS

o, deld 172 8+ e H0IEE0 E-18P04
Oa EOE 5° §ID=I |.j|. EA'O“ I:H-}\El
SHHGIUCE OIS &EH0 THH “i*‘*'&i gt
&9 0.3, 0.5 0.7, 0.9, 1,12l B AXI0 53
EIEJ-*O &Xlold DZRHHEE SHLZ2 15°
HOZ SIMAIZIIH FRE2EE HSoIRILCL

E

ﬂJIIlI

\J

3. XA &

= 021 D122 HIZRoIH MAESZ del M
Ol =XISHAE ATEANO! Fuent T2
o2 HRFSS oidolt 1 ZuE ZEoIRALL
AEEl Fluent Z2]8H0] HAEE 6.1.220|0,

FDYEE k—wE ALZOIRUCL XtAIBE =XIHIA
HHE FNES(Kim/Rhee 2002)01l JI=6HRALE
SXIHAA D12 HEHE dLEs 3(-)
o XeE, dEe LS 2H(+)2 YEE, Oeln
X HYE A(+)2 Z7HE2Z St HLIEMNA
£ ASolUCH 4501 2361 KO 01828
TAE MEGIRSZ  Us4+H0l HAHZRUCH
xS AL Sl JAYHY R B2Z 5°
2 10° 2 EFAN HEY O, &% = HdDIE
g0l 1° Q) MHY O, d+ L= HOIEY 172
RE BOZ 5° EBAIH SAI0 L0 AEHO
CHeHl ==XIsh&dS SHALH Ol Reynolds =&
DEAIEY Mt 22 202x10°8 AMESHICH
BZAIZ QIS &XHDF HEIH0 CHGHK &< HI
O a2 HRHE=Z 20 2MA HIUHE

Journal of SNAK, Vol. 43, No. 3. June 2006

277

fell
3%
10
=

S0 Miet d4g2 Y S0l E
B2 201 HHSZ ATHIKE O
0 F9 RSO S 642002 A
|BBICL HEaS ALRSIO Hot 25X
SUE SED YW, B HM ANES 2
5 BE0 E0IES +91u(§+

1999, D%

=N
x
_>‘|_l
H

2000b, Kim et al.

4.1 A S

SAE2Z FHADL 2451 =0 2 AXl
a2 HIE a0l T2 &2 B2 dE2 S
ol BIHEZ Sae Wale XZUtMEe SOt

e
ﬂﬂ
D

2 22l Al L}El"é’ gz
Ealoml dHE0 & E
i A= J|THECHLewis 1988). ja'ILI' =9
-2 “°401|/\‘|._ AL 2oikE M 23A=2

Table 12t ’*OI *ﬂl*E 3x101|A1 oAm
10° OIH ZEI0H < 24%&BE S5S=0| =6t

90N o in o
o
e
=)

Ho

Table 1 Relation between heel and EHP at
calm water condition (Vg = 15.5knots)

Angle of Heel EHP2D(HP) (%)
Even keel 19411.5 100.0
1° . 19673.1 101.3
2° 19653.0 101.2
3 197711 101.9
4° 19544.9 100.7
5° 19654.2 101.3
10° 19876.4 102.4
"starboard ) o
/ Heelg
Heel 5 7
Portside Evenkeel

Fig. 1 Shapes of waterplane in various
heeled conditions
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Table 2 Relation between heel and
viscous drag coefficients (Vg = 15.5knots)

Measurement Computation
Re Cvy
Heel | Trim | (x10°) | (x1073) Re Cvu
- . )
(XC;T(‘)A_IS) 1+k (x10°) | (x10 3)
o . 2.02 4,525
0 0 1674 1118 2.02 4.665
0 o 1.99 4.549
5 0 1716 1120 2.02 4.634
. . 1.88 4.682
10 0 7783 1141 2.02 4.633

Table 3 Relation between trim and EHP at
designed ship speed (V= 15.5knots)

Trim EHP2D(HP) (%)
-1.0° 20812.0 107.2
-0.5° 201451 103.8
Even keel 19411.5 100.0
0.5° 19817.2 102.1
1.0° 20394.0 105.1
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Table 4 Relation between

trim  and

viscous drag coefficients (Vg = 15.5knots)

Measurement Computation
126 CVM
Heel | Trim | (x10°) | (x1073) Re Cyu
(><61'?)A!3) 1+k (>< 105) (>< 10_3)
. . 1.98 4.723
0 1 7783 1137 2.02 4.845
o . 2.02 4.525
0 4.674 1.118 2.02 4.665
o | 4o 1.98 4.677
0 1 7845 1151 2.02 4.695
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Table 5 Comparison of EHP at various
hull attitude (Vs = 15.5knots)
Attitude EHP2D(HP) (%)

Heel Trim

5° 1° 20136.6 103.7

10° 0.5° 19463.3 100.3

5° 0.5° 19796.4 102.0

2° 0.5° 19545.0 100.7

0° 0° 19411.5 100.0

2° -0.5° 20354.7 104.9

5° -0.5° 20512.3 105.7

10° -0.5° 21015.6 108.3

5° -1° 20767.4 107.0
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Table 8 Comparison of viscous drag in
various hull attitude (Vs = 15.5knots)

Measurement Computation
RB CVM
Heel | Trim | (x10%) | (x1073) Re Cyur
6 —3
(Xcigﬂfa) 14k (>< 10 ) (>< 10 )
o . 1.88 4.649
5 ! 4.828 1.133 2.02 4.761
o o 1.99 4.549
5 0 1716 7120 2.02 4.634
o | _40 ] 1.88 4.617
5 1 1884 1151 2.02 4.688

Starboard

Trim Bow 1 ° Heel 5 °

—

Trim Stern 1 ° Heel 10 °

Portside

Fig. 3 Shapes of waterplane areas in
various hull attitude
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Table 7 Comparison of form factor(1+k) at
various initial attitude of hull

Attitude Attitude
Heel | Trim 1+k Heel | Trim I*k
0° 0° 1.118 2° |-0.5° 1.139
2° 0° 1.128 5 |-0.5° 1.146
5° 0° 1.120 10° [-0.5° 1.166
10° | 0° 1.141 5 | —1° 1.151
0° |05 1.135 2° 1 0.5° 1.124
0° -1° 1.151 5 | 0.5° 1.125
0° | 0.5° 1.120 10° | 0.5° 1.119
0° 1° 1.137 5° 1° 1.133

Table 8 Comparison, of drag coefficients in
various initial attitude of hull (Vg = 15.5knots)

c C ACy ACyy

Heel | Trim W_3 W: ACry ACry,
(x1073)| (x107%) (%) (%)
0° 0° | 0.1491 4.525 0.0 0.0

5° | 0° | 0.1671 | 4.549 42.9 571
10° | 0° | 0.1004 | 4.682 -45.0 145.0

0° | -1°10.1614| 4.677 7.5 92.5
0° | 1° {01765 | 4.617 22.9 77.1
5 | -1° 101612 | 4.723 5.8 94.2
5| 1° 10.1491 | 4.643 0.0 100.0
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