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Summary

After the marine disaster of "Nakhodka” in 1997 at the Japan Sea, we started in
1998 a five-year research project to develop an ” Optimum Towing Support System” (OTSS).
OTSS is a simulation system based on the data of external forces on the sea conditions and
hydrodynamic forces acting on a hull, rudder and propeller. By OTSS we are able to obtain
appropriate guidelines to avoid a secondary accident and to minimize marine pollution. In
the simulation, the accurate prediction of hydrodynamic forces acting particularly on a hull
would be most important. Using a ten-segmented model ship, we measured the distribution
of lengthwise lateral force acting on a trimmed hull in order to investigate characteristics of
the hydrodynamic forces. In this paper we report the result of the investigation and propose
a theoretical prediction method based on the slender body theory for the hydrodynamic
forces acting on a trimmed hull. :

T, EERSR AT ORFBEED TS VP,
TOVATFAIEEOD Y 2 —4 TETRRERY 7 b
® 2 7T, Fig.l ITRY &S ITHREMMOLE SHEE
T BN L EREUNSHEET A NERVWEY I 2
L—3 a JEHEIC LD, 2 REBORGILHEEERER
INBIZ D B 1= 0¥ & 5 X5 T EMTES, 722L,
3 1 L—3 3 JEVE RSO BLHEHE> RARRF O
EEZ IEREICII S 5701013, BFEETFINEHKT S
Fes N OXBENBREEZD, PTHMEICERENZ
HEERHEET DI EAYERICEETH S,

RIS AR LR > TNH EEX SND

1. .ﬁ

il

1997 FEiZAABTRELRE (TR MHE) OHElE
e 1999 4E12T7 5 2 ANFEHDT LA MHTRELE
[T HE) ORSEEHTE, BERL TWRHOTHIC
F OB KRR gD, FESR
TRk 10 EEMNS 5 T XK TR DHUTAEE
A OTEFRES IE %I BT BT ZEEL TR, #E
HRAD BT RIE B L OB E R AL B 20 2@ L

* ¥ ERANE LRI MreBRRERTIeRIE

¥ FEINE ST RE - T30 ¥ —HIRER

FaezdE FRUETHBI0H
KEHESCBOTHE FHRI4FILA LY, 15H

2, RU LRIV LI #< Wi OERRHEE TR
B BB TR 99, BT, AFET
3 R Y A LTRSS oS EEEL, MER
i & B TR OAMAI 8 < TR D OEERHEERICD

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

30 AAEIMESRTE B1928

WTRE 2T, £9, —fRM72 VLCC MBI ZERY,
TD 10 FEBRIEZRNT N AL C@m<gho
AT ETHIIL 7, (RACHEDZBDEMN
BITTRHEIDWTHRANZ, KIZ, CFDY? ICH~TH
DRENDETH D, LbEhi T HBaRE B <
WIS FHENERHEEST D ENTIRETH D L BB
MRAERICED<ARE ' 2HNT, ARl VLCC
T 2T B U L U7 8 < B h s E AT
ETESIOREE 21T 5 =D TEDREREHET 5,

2. MEICEB<FFHOERHEE

RIS Fig.2 1R & 572 Midship & &ET 5
EEEE WS, F, (1) iMEIIHESTH 5,
(2) IR & eRERE O/ NS TREE AR S, (3) IGO0
EIESHTES, &0 3 DORENDDHE, iMEEHY
D% Double Body Model &L THDIES., ZZ
T, HERREUSNOEBASTEIETH D EIRET DL,
MEZOD OFFERTEHERT > vl @13, KD
5 DOFMZFFHIMRE S D ENBH S,

[1] Laplace DGM:: V2P = 0

[2) AREDOSME : V-7 =0

(3] ERES DG . V® — Us (at 00)

(4] HBEDZHE - VE - (7 x 7) = 0

* Posture of Hull

Recent Information + Hull Form
( under Surface

Ol .
Damaged Condition Sea Conditions

Estimation

N . O
Dimensions Extemal Forces

* Wind Force
- Drift Force

- Damaged
Condition

Calculation
of
Drift Motion

Calculation
of
Towing Motion

Fig.1 General flow of OTSS

Fig.2 Coordinate system

(5] FBERBEOSRYE . Ap = AT, =0, & = 7l x AT,
TIEL, o 3FEERY MU, 7 BER 7 IEERAY B
EHRRY MV, §MEEARY MV, pRENEL, &
FODn, t ITHERBIUVBERAMERY. 0L, M
REOIRELSABKRERND L, MEZh0OFRIZ
REASRETE & 2 ST L L THlDZK S 2 &
MRREICIE B, £ 2T, KRUTRY 7 ROEMEBITH
HDT L —ALTA AAURETT B,

5

W(Gz) = an(e) >

n=1

¢=&+in=r(cosf +isinfh)

¥z, ERN T L 7 MA OB ES) S B5EENIC L D
HAERTBNHEREERT > vl 1, fo BIUBER
HYSARODM TRE L HBREOERRT >~ v )V
fs EENENRLEDES L, EEOHOOTREERY
LEREERT vl f BRSNS,

(1)

fF=UfHa+Ve+f3 (2)

C C C C
fi=Cologe -Gt -G Cs Ca

2¢ "act ece sgs P

Co = aia) —asay —3aszas — basal — Tasay )
C, = aah—aq (a'l + ag) — 3a3 (a'2 + afl)
—5a4 (a3 + a5) — Tayas
C, = aiay— azxa} — 3as (a) + aj)
—5aha4 — Tasas
Cg = ala:, - 0,2(1,5 - 50,'10,4 - 7a'2a5
Cy = aias~—T7adlas
! —_ —— = N.
an = -an (n=1~25) )
(4)
1
fao=a1 | (+ ‘ (5)

g(c—gdwc—gg)
(¢=Zus) (¢~ T0))
ZIT, Ki; 3 k BHOHBESA ST L j HEO
MADWEE, (p, 13 ¢ FEICBTHWAOLE, n,
BEU n TR SRORERT. MRICEB<#EH Y
EEEEE—A> N N3, 68 - JEREOESE I,

(6)

Y I3 ZHNWT, KRD&HIzEE S,

L (7)
--éi—U/_ (I + Iy) do

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

kY A LRI iB & Sifs o HEE 31

\
I, = —pwV{(al —a2)® + 3a3 + 542 + 7a§}

Iy = 2pi > Ki; {(a1 —a2)Im [¢]] L

k=1 k=j
—azIm [¢;%] — aqIm [¢F]

—asIm [¢;]]} +p Z Z K, j0k,;

k=1 j=1

Py
(8)
ZIEL, p \STEDHEEE, (., SRROMRRE &
T, BB, WHY, EFET—ATH N BIOEME
BB <7 AY OERT IR EH NS,

Y N AY
1 orau? L L2au? = dUé
2p s Ep s Ep 29)

Y/ — N/.:

3. REBRFEOETI/IUE

MMEED 0 OIS, IO L EROBE EBE
I LTEFULEF > . $7bB, Figs ITRTLS
I AT OO )L DERIC BT B T L—AT1
SER=ATA DEREHMER ERET B, Tz, &
Wi CHI/ZIZFRAE T DIROMEI L, MO EILIH
c:{);/zi U7 RBEiT BT DR 2 T BT L DITHR

Z
LWL.
! 1IN y
d(x) |h(x)
o ! Base line :_\“
s | S
Q ‘:'> Initial vortex location
Cross flow

Fig.3 Assumption of initial vortex location

Table 1 Principal particulars of a model ship
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Fig.4 Mesured lateral force acting on a segment
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Fig.7 Measured lateral force and yaw moment acting on a segmented model ship
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Fig.11 Estimated lateral force distribution acting on a segmented model ship (Bow Trim 3 deg.)
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Fig.12 Hydrodynamic forces acting on a segmented model ship
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