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Simulation of free-surface viscous flow around practical hull and rudder with propeller effects

by Noritaka Takada, Member Tetsuji Hoshino, Member
Satoru Ishikawa, Member Shoichi Higaki

Summary

The simulation method of free-surface flow around hull and rudder with propeller ef-
fects on the basis of RANS equations solver has been developed. The problem of complex
geometry is solved by using multi-block grid technique. Propeller effects are included in
RANS equations by the body forces equivalent to mean forces acting on propeller blades
calculated by UQCM on the basis of the lifting surface theory.

The present method is applied to computation of free-surface viscous flow around KCS
container ship for without/with propeller condition and it is confirmed that it can accurately
predict flow fields of stern region through comparison with the experimental results. More-
over, it is applied to calculate the flow around modern full ship hull and rudder without/with
propeller. Consequently, its resistance and self -propulsion factors are accurately estimated.
And, the difference of wake fraction due to that of propeller diameter is discussed through

the analysis of the computed flow fields.

1.8

]

BIAHEEMAE A DAMAE B B DITIE, AR
A BT 0ORRGT, kL 7aXTOFHICLD
Bt E B THLERD D, BNTEEIIMEIR
BHCEHRT D720, MREREHIRVTEDBELAR
BB, FERITAERERIC X HHEAETE & BT O
DR LIC & o THRIOBELAYTON TE 7228, i T

* SEHETH () RUBEHT
 SHETHE (K) R

FRsZE PRI4FETHI0H
UEHHES BV CHE FRI4EILAN, 15H

iZ CFD (Computational Fluid Dynamics) %%
AL LCHIA L, REHHIMOEME & KR MEsED
LILTVW S, CFD Ti3, BEMRMERIREHERT
Téh b L, Navier-Stokes FEAEZEIEANARNTE
DE Y OFEEE RO B8, FEIZEIC L DMEEEY RIF
PPFEEE CHEE R TRE T Do

CFD % BffitkaEHEEE & LTS L7 SeBRRy 7R 5
LLTREOMBERE L NICE i 2 %5, NICE

I, fefhE OERE  OFEE KD S RANS (Reynolds-

Averaged Navier-Stokes) /73— 3 |[ZHERBHEER
L BT a_FHEFEE ¢ ZHAAL T LILL2TT
oSSR ER L -FETH D, AP
DEMEZHINRRFLEE THENETHY, EXKR
WRIDFREHZ AV LN TS, LarL, BE—iEERT%

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

64 BAGEHMFHE H 1925

FRALTWA @R el 1§, MBICX - Tik
MRBIARZ AL L CTHE LTI R bR nwa 7
S H D, £, BHREAZRZIRD, Foh—
A7 L ORESERE XM SERAIR D, a5t
WTIIRARY R 2 ER CEX RVWESEEETH AT
D, RBENETS Y EA_ LITEMARER L AV EE
BREL 705 WS ERH B,

N OB AW TE LD 2L v 2 —3 5, &
OGRS T ARIEII~ L F 7 a v 7B FiERIE
WERFETHRETTEETHY, “hbdERLEa—F
NEBRREN TS, BREREZEB LI a5 E
BRSOV TIE NICE & RO 0 S 518k
#{EMA L7z Tahara et al DHFZE 9 235H 0, TAMEDI
THLRALTTRROTaRF RIS RIFEET
HEL TS, BEO7aRFHEEIIONTIE, 7o
RZ LApE—ETRFE/ER LT RANS £ CEEEEE
THEY A2 SN TEY, Abdel-Maksoud, M. et
al O IFTNETF LT a—TiIdH B0 a LT HiE %25t
RITUIBHERIT o TS, UL, AFHRIIVRIIC
FHEEHELRA-DHERMARL DL, BFDHE
FRICE R 2 BT HENF D128, EEROMFIER
OB CHERT IR R L ZEX b5,

% Z CTAMIECIZ LEEOREOMBRZEME LT, B
FLIREBIZ 3 B AEfT & OERMEYR » OERFRHEE S
BERE L, FEMAYRGERE] &R CRHERRE . BAiMERE
WEELIBET S, BEANICIE, TuRIEHEREL LT
UQCM (Unsteady Quasi-Continuous Method) 7
AL, ZELO—ABERLI-vLFTa v JBRTF
EE B USRS B 2 — R FS-MINTS” ®
WCRT 4 T —RETH TV TITB L L L,
UQCM 137 a_Fik%E X 0 3tk » =87 (F
X v Lo —H) THY, FEEBAOFERBEYL B
THDBI EMnD, RANS Y= h oY 7 L=
RO BAEEOHERE L RIFTH D Z LIS NS,
£, BB ORI OT, ki~ v For
L7 a0 ~NERTE AL 5 5,

BRI OERIZUTO LB CThb, 3, BRLE
HE o — FOSEHEECOWTRAT S, ®iZ, 3
TR (MDD ITERA L7 a5 EETSROH
EXEEDRFLEAT o 7%, MEfTEMERY OFtEE G
BIET) IZOWTRAEITY, BIEIC, IBXAEZXZRIC
BMEROHEERE (WERERUVTaRTEEDOHE)
IZDOWTRREE LRI OWTEE 5,

2. MR ELE

A EIRES LT 7 B _SEEFR EED~A— R 3 — K
(FS-MINTS) iEvAF7ay 78FiE (Fuy 7E0

BFAILES) B LSRR E o — N Th
V., FT7 Y ARRHTN R & OBRRA~OBE I E
T3, 70 v Z7IZBITAHEDEATLITY XA
IX Hirata et al ® A3B§% L7- NEPTUNE & FEfEnF
EZEALTEY, RANS HER L HEUEREZEA LK~
EHRORAAIRAFRE CHYL L, #=2— e
WTHRNTWS, BHEREIIEFESE T2 AV THER
RERREREOTFICHESNS, NHImEEL LTH
FFRRAEB L O~ VF 7Y v REZEALTWA,
¥72, &7 0 v 7 BOFERRHEIZITZ BJ-SGS # 19
EFRALTWS, SHEFEOEMIISOR ® 23BXh
Zuy, <

TaXFHEEE LTEA L UQCM 13EERER
TV NP H A ENEOHEAFEO—FETH D
QCM 2FEE ODO— ADKEE 7 a T HEICHHER L=
FETHS, Fig WORTBHBETNVEFERLT, 7%
—RPTERET 57 2RT (EF% v L/ 3—H) (2R
T AT EEEICHEERRETH S, HEFIEDEW
W3R T EBBREN,
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Fig. 2 Body Force Panel (BFP)
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Table 1 Condition of computation
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Lpp(m) 7.2786
Fn 0.26
Re 1.4 x 107
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Fig. 4 Propeller drawing
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Fig. 5 Axial-velocity contours and cross
plane vectors at x/L =0.4911,
without propeller, Fn=0.26,
Re=1.4x107
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