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Abstract

This paper studies on the rudder shapes for the suppression of the cavitation around a
horn—type rudder. To improve the problems due to cavitation, there have been several studies.
However, these some studies are recognized as incomplete ways to suppress the rudder
cavitation. In this study, the section shapes to suppress the cavitation phenomena are
determined by moving the location of maximum thickness for reducing the curvature variation
and changing the radius of leading edge. Also, in the pintle part, the curvature radius of the
inlet-outlet edge of rudder plate is changed. During the design of rudder shape,
two—dimensional numerical simulations are firstly performed because those offer some
advantages with that cavitation phenomena becomes predictable for a short time, and then the
three—dimensional numerical simulations are performed to confirm the determination. The time
mean distribution of the propeller slipstream is imposed on the inlet boundary condition. As
some results, this paper shows the effects reducing the range of the occurrence of cavitation,
and suggests the references on the design of a horn—type rudder for the suppression of
cavitation phenomena.
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Table 1 Principal dimensions of matrix

Propeller
Advance ratio 0.731
Diameter 8.8 m
Number of blades 6
Rudder
Section type NACA0020
8.5 m ( root )
Chord 735 m ( tip )
Span 11.45 m
T28= MO0 dE dietE 3 AlA
gfstoz 3MBIH, ERI2 JISRe L0l Ete
SAENAN SEeEsez 6= A HRE &8
OIRICH Ol= &Eto] SAX0l 28 AMEHIA 2+
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Fig. 4 \Vertical position of two—dimensional
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(a) Section A (b) Section B

(c) Section C
Fig. 5 Two—dimensional grid systems
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Fig. 10 Rudder sections for the modified
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Fig. 11 Change of curvature for the modified
L.E. radius in case of Section A
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Table 2 Comparison of lift and drag
coefficients for the modified L.E. radius in
case of Section A
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~30%IHXI Bi5tE B LIEILHR 22 UCh
Table 4= Q=3 8= HHS LEKH 20ICH
2 Aol HEE TH UEILIX SO0, 2
Hae JIERG 24T ol B & AL OIS
(@]

Soff 2 SAF0IA 734%' =2 S0l
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1

= ZnEHe
XS FLYUBOR 2%0IS A2l S U 28
U0l 2IIE -30% HIEHAIZI BEY A0l Db

0

£2 NeZ HEEICH
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Table 4 Comparison of lift and drag coefficients

of Section A

ZHSEHRAX x/c | 0.32 0.32 0.32
- L.E. radius -0.292 | -0.259 | -0.227

CL/CL(NACA0020) | 0.99 0.99 0.99

Co/Co(NACA0020) | 0.94 0.92 0.89
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Fig. 18 Rudder sections of Section B

Table 5 Case definition of Section B

CASE Definition
Original NACA 0020
SM 2= IISS edgel
Case B1 SE B3 200% =2
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Fig. 19 Comparison of the cavitation of Section
B
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Table 6 Comparison of the lift and drag
coefficients of Section B

Case Case B1 Case B2
C./CL(Criginal) 1.06 1.11
Co/Co(Original) 1.01 1.01
® Section C
Section C2 JHHIHIOIE A5 &&= <IoHH

ISR EHUSFHL |AXNE Y YEHOZ 0|SAl
20, &8s =0D| It NER FHE &
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Fig. 20 Rudder sections of Section C
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Table 7 Case definition of Section C

CASE Definition
Original NACA 0020
Case NER $JHI_ 5% &, D_}%?
ci ZIHEMN $|I|§_i“§ gsto s
tss 2010l tHate 2.5% Ol=
Case _1§$ SH 5% 24 J_}%$
co ZIHEN RAXE %Jé* gstos
t=s= 2010l tHote 5% 0ls

Fig. 202 &3 =0 et BHate B 53 §
&S LIEFH 230104, OIZ Table 70 ZeloHLCH
Section C2| &at Hal= SAMS AJI0 st &
SIS EASIGH| 2o Fig. 2001 LIEHH Hiet 2
0l SM2 AJIE JIE EtY =28 50(mm) 2 &
KIGHALE.

- N

(a) Original (b) Case Ci (c) Case C2

Fig. 21 Comparison of the cavitation of
Section C

Fig. 212 JHHIBIOIE =XIHAS =aliet 21t
OICt. JHHIEIOIE 2= JIE EHOl HIgH IS
ZIENS AXNE ILLSRZ 5% 0ISAIE 3
S LHEFLERT 830 UCH

Table 82 2=l &3 H+=E HluWE Xe=
K Case C22| B2 &= H==Jt Z4ote FE0|
LIEFCH otXIEH &= A0IA el =24 SO0l
£ JHHIEIONE S&a0] ZATX 1) A= Case

C2ot Iy &2 ez Bl

Table 8 Comparison of the lift and drag
coefficients of Section C

Case Case Ci1 Case C2
C./C.(Criginal) 1.02 0.95
Co/Co(Original) 0.92 0.92
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Fig. 22 Comparison of cavitation (angle of
attack: 8 deg.)
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Fig. 23 lllustration of design concept for the
three—dimensional modified rudder
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Fig. 24 Comparison of the lift and drag
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Fig. 25 Comparison of limiting stream lines
on the suction side
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