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The Effects of Rudder Size on Characteristics of Fluid Flow around
Ship’s Stern in Manoeuvring Motion
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Abstract

It is well known that, especially in the case of full-bodied ship, the course stability may become the
severest among 4 items of requirement in Interim Standards for Ship Manoeuvrability adopted by IMO in
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1993. The purpose of this study is to find some ideas for characteristics of fluid flow pattern around

ship’s stern in manoeuvring motion with parameter of changes in rudder size. We carried out two kinds

of model experiment in obliquely running condition at circulating water channel. One is measurement on

straightening effect of incoming flow to rudder and the other is experiment on flow visualization around

the gap between rudder and stern-bottom. We discuss the correlation between the flow characteristics

around ship’s stern and flow straightening effect at rudder from the viewpoint of course stability. As a

result, it is clarified that the gap between rudder and stern-bottom plays an important role in course
stability of full-bodied ship. It is pointed out that there is quite a possibility of bad course stability as
the gap between rudder and stern-bottom decreases.
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Fig. 1 Coordinate system
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Fig. 2 General arrangement of circulating water
channel at Korea Maritime University
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Table 1 Principal particulars of ship and model

Items Ship Model
HULL
Length BP. L (m ) 264.0 20
Breadth B (m ) 478 0.3621
Mean draft d (m ) 16.0 0.1212
Trim z(m ) 0.0 0.0
Block coefficient Cg 0.8210 | 0.8210

Midship section coefficient Cm | 0.9978 | 0.9978

RUDDER
Height H (m ) 10.89 0.0825
Area ratio Aw/Ld /510 |1/51.0
Aspect ratio A 1.4323 1.4323
PROPELLER
Diameter D (m ) 8.0 0.061
Pitch ratio P/D 0.709 0.709
Expanded area ratio AJ/A, 0.490 0.490
Number of blades 4 4

AP 1.0 € 19.0 F.p

Fig. 4 Body plan and hull end profiles
Table 2 Principal particulars of model rudders
equipped to hull
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Fig. 5 Profiles of model rudders

3.2 HRAST £H

3

N

Al@elA Aeg AFAS yel ixe =3
wislo] <gks FEslr] s ALSHEHL) Al
7Z+e WA A Ay s A AL
A& Mg W gy Fyel 00] He =5
spolet & AEREH ohf BAAE AL
Slct.

Sp = FB oo 9)

Figs. 6, 7 AFA+ r& 7371 A% 69
AgAstoltt F, A A BRI Fy o] (0]
5= ebzhe FEF Aoirt. Ad Al 23Ae] 4
(BB85x9 HFE)E 0646 misec A AA
14.4 kt (Froude$ 0.146)oll -3l 4o,
237 34" 4= ship point(17.5 mps)e| vl WA
2327 AAHA otz Aol e B2 K,
S(-) FF el spol AL HAAYL & &
Qo ey wsle met - FAS 7]
71 &, v gto] & Aelrt drke AE &
F gl oo zZade A de g9

Dol ot £

RG]



6 WMEREREE H25% F1KR 2001

(+), &) FE dgellA szol WAHe] ohH
g2k -10 <K 0 el o] AR HAd¥ASE
Uehz  olrh obgel ehA st wa}
B-0p 2N 718Vl &, ro @e zzA)
AR oh)stg e wet mATIAZ B
Aal7b b AL & 5 Yok ez v
H A PA-& =292 &Y (propeller slip) o] F5%
JA A Jdehdoka 48 sicHi 53 & Al
golajst go] 48 myAHL AL z2dY &
o) mEE 7o ¥AY JFPo) VXA eht
7 9lee & 4 gleh 9 AAY AGole TR
sejegle] zom ol2f¥ H|AY Gl FA
g 4 9} wpebd] AlAde] 7ol Figs. 6, 70l
A2} 7)-g7iuts Azsld I 7ol Figs. 6, 7=
v ghEo] gase] o] A¥et Avlewy
spRe) Fbe] FHEB AFAS o7 AR &
2 gl 3 ol AlB), (6), (MERH AZMANE
gARche & 4 3l Aelrh

5 r [deg]

151

i

p (deg)

A-1
A-2
A-3
without propeller

-15
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Fig. 7 Rudder angle at which the normal force
acting on rudder is nulled out in obliquely
running motion with propeller operating at
ship propulsion point
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Fig. 8 Schematic diagram of surface tuft used
for flow visualization

Fig. 9 Position of surface tufts equipped to hull
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Fig. 10 Flow observation by surface tufts at
face side (8=4" )

Fig. 11 Flow observation by surface tufts at
back side (B =4" )
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