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Cruising performance of ships with large superstructures in heavy sea
— 1* report: Added resistance induced by wind —

by Toshifumi Fujiwara, Member

Yoshiho Ikeda, Member

Michio Ueno, Member

Summary

From economical and safety aspects the assessment of steady-state cruising performance of ships under heavy wind loading is very
important. A large passenger ship and a PCC with a very large hull and superstructures above sea level, which are greatly affected
by wind, are treated in this paper. The assessment of the ship performance is conducted using a computational calculation method.
The steady-state equations are formulated based on the MMG model for ship manoeuvring simulation to obtain the steady ship
conditions like drift, heel and rudder angles. The wind loads on those ships used in the calculation, including the effect of boundary
layer profiles of wind and the heel effect of the ships, are estimated by the method that the authors proposed. As a result, some
important characteristics of the resistance increase in steady running condition in heavy wind for the ships are clearly revealed.

1. #

il

REE TR, #., BiRe Vo AEAFEL, TR E
HEARFET IO E LV 2P ORMRETREL

TW5, — AR E O M TR RIS 5 72012,

BEEMICE > TIIKIBIZAREMMET T 5, EMO ERHER
Z2LOBAPOREE LIV —~— P URERINATVS
B, EBERT TOMTRECHEE X, EMEBRR UK
BETOMETEIT> L CHEECEETHS, BEEHETIIHRD
HEFTREEN GPS 12 & 0 EREICE RIS h, B VRBADEEC
&% PCC DEFIENHEFEIZREL Lo TWBHEEILDNT
|ELTVWD, Z 2Tt KB L ENLECREAILTTH
#L, BEERIREEIC B IMOMITHERETE 21T O,
WECHETY v H— ([IoEAMETSRE L THEERD
EEIR, £A, BEO 3 EHERFEDICLY ., BRATO
(REHHERE, MRAEMERER IR Y BT BT S DIV, H-
EREELE O - BEES OB & LTI PCC X Ro-Ro #i

* () ¥ LR 2R
wok KRBT ST KK By TR 7R
FRsE FR1I7TE108 148

LEDEA I EREE LEETLPORN, 3T
PRBL LB OTORNBET LD, 2L, EAE
TTORMTHY AEEEBIC X DEFUEME SR L LT
20, B LT ET SRR EARE 2 SRR
FIZEREB L, EBRTERET TOLNG fh0OFSHEELRET
Bz, 4 BHERMEDHEFEOR DI OV TR
LTwW3,

— 5 EETIIMEN 300m 282 5 KBED 7 V— A&/
DEEENDIRNICH D, KELMBEOERIL, K@ TAE
ICHAEFIIRE | BOEEBIC LY RE A, By
DIEREZLGND, LHPLRAL, BRICBWTEORE
BEITRT VAR EXSR E UEE T TOMITIRE,
EHEREA~DEET, taBR s T RWRRIISH D,

ZITERBITIX, KEIZA—XEH (LT, KREEH)
B PCC #xf8 L L THAT TOEEHITREOHEE 21T
W ORI K AIEPUEISMEIC W TRE T L ENET
3, BT TOMOMATHERTME LTS 2Oi2id. OEET
BHEE LTOBREFOBEEZRE. EERGIREIZIE
AT 2REAOHTE LGi)ERAT TORMESHHREZITOL
ERH D, HEROFELIEZRELVOICEAL T, FERTES
THTHAGEFMICREEZOH ZEHBEZEEL GHE
PiFolz. (TR, HEEOFECHARATHEEENRNWE

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

258 B AARREYETE T 2SSk

HEOPRELTVAHFLVREAEEEZHATE, 20
L& BECREFCIZRAEN~OREB LMK L, (i)
T, #l%. 24, EEE, REFO 4 BHED MMG €7 /v
O ERTHI LT ERRECHAIMITHLTLYE
BIGEWER B2 L L L,

ARFHIEL D, BEA T TOREEM. PCC DAETTO
EFRMITRE, T4bb, HEETE. RA. BRERA. ¥
THENRIN, TOHT, FOBVEREEZSTEVE
A IR TIRGL 80 U MBS 72 35 A 1 BT R 224k
DUIMaA Z L 2T LT, £, SEXSRE LEXKEE
T, RONZEE - BB T Tiadh s HOOEASEMA—R
BB T ARRPRENT. I 5 OFERIT. AOEME
BEHEOLZLTRERHIIGFRDIEERATHELELXD
N, ERODFETIIRY EiFondZ LB, -ERRE
DREZEZEETHEOREFAICREEDCH S EFREERA
T A% RERTOENMELBERS RS L TLERE
HEEMZTRY  S%FEEMHROEBRERE L IIET 3581
ERXTHONTZMRIER L Bbn 3,

2. BEAMTERBEETIL

SEEHEIC &SRB S VRIRERE L. BT, A4,
EE, RREA D 4 E B E MMG €5 A0 L ) ERIITHRIE
ERD D, DD TE D EEMIT L ISR R TIEIT
THILRERL, —OOMITRENEE 5 - L 2 BT 5.
A EL T CH TR EE RSB VBT 2 LT L V&
T 2HaLELLNAM, I TERERE LAV,

B AN EE LT o HEVEREL T aAS
EEENY —E L LTREKTHEMEU . BA 3. BER
Bo. RS ERDB,

2.1 MMAERNER
MEEENFTERIT Fig. 1| OEERICESERBETILR
KX HTh B,

mu—mvr =X

mv+mur=Y (1)
I7 =N
I =K-W-GMsing

sz, om I I 3o&RE, E5EER OEENEE Y
DEME—AL N THD, E72, U, v, r. gIIMEE
DEEEL L-pi%EE, EAEE., REAFHE, MEMNA
#73, X . Y. N, KizAELERUKETOMHREC
ERTHHEHTHD, W, GM ITHKkE, A2E 55

8 »y

Fig. 1 Coordinate systems and definitions of force/moment
sign convention for ship hull loading
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Table 1  Principal ship particulars for large passenger ship (LPS) Table 2 Thrust characteristics, propeller and rudder together with

and PCC, and scaled models hydrodynamic derivatives of large passenger ship (LPS) and PCC
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Fig. 4 Propeller characteristics used in the calculation
Fig. 2 Side profiles of (a) large passenger ship, (b) PCC models
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Fig. 3 Body plans of (a) large passenger ship, (b) PCC (unit; m) 0.00 005 0.0 015 020 025 030 035 040
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Fig. 5 Resistance coefficient X}, of large passenger ship
(LPS) and PCC in calm water at f3, ¢ =0deg.
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Fig. 8 Wind force and moment coefficients of large passenger
ship (LPS) and PCC
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Fig. 9 Wind velocity profiles with Beaufort number (BN) and
power law parameter a , compared with the averaged height
H, of large passenger ship (LPS) and PCC
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Fig. 11 Calculated results of ship speed loss, drift, heel
and rudder angles for large passenger ship in steady winds
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Fig. 12 Calculated results of ship speed loss, drift, heel and
rudder angles for PCC in steady winds
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Fig. 13 Separated components of non-dimensional force
induced by wind on large passenger ship in U, =30m/s (HO;
Hull resistance, H; Drift and heel effect on hull resistance, KB;
Buoyancy, R; Rudder, A; Wind)
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Fig. 14 Separated components of non-dimensional force
induced by wind on PCC in U, =30m/s (HO; Hull resistance,
H; Drift and heel effect on hull resistance, KB; Buoyancy, R;
Rudder, A; Wind)
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Fig. A-1 Relative wind velocities and directions depended on
boundary layer forms of steady wind in U, =30m/s and
 =140deg. for (a) large passenger ship and (b) PCC cruising
with 22knot and 20knot respectively
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Fig. A-2 Differentials of relative wind velocity and direction
depended on boundary layer forms of steady wind for large
passenger ship in U =22knot
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Fig. A-3 Differentials of relative wind velocity and direction
depended on boundary layer forms of steady wind for PCC in
U =20knot
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Fig. A-4 Differences of ship steady condition between two kinds
of wind velocity profiles for (a) large passenger ship (LPS) and (b)
PCCin U,=30m/s, I =60deg.
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