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This paper presents the geometry modifications in rudder tip and the results of numerical simulations to improve the low speed
cavitation inception performance of a twisted rudder developed by KRISO, First, to validate the RANS—based CFD method used
to analyse rudder performances, the numerical results were compared with the experimental data for a flat rudder obtained from
KRISO LCT tests, The present numerical results showed good agreement with the measured rudder forces, cavitation occurrence
and rudder surface pressures, The KRISO twisted rudder was superior to the flat rudder in cavitation performance over the
entire angle of attack at high speed condition, However, the cavitation inception angle at low speeds was lower than that of the
conventional flat rudder, Two improved tip geometries were designed and the numerical analysis showed that the cavitation
inception angle was improved for both modified rudders,
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F(incompressible turbulent flow) 22 7FHsIHCE Rs2l X
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X
(pressure), p= S&A Al5(dynamic viscosity) 12|11 uluJE
Reynolds 821 ME2 LIErHCE
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A Mol F MZollM FHE AM AREE|Mel FEA
K )t FlH[E|ol=x(cavitation  number,
o,) BEE H0iFD Qlct FXBIAM2 TR MEolM &Y =
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£ LIERH, o=, Bl H|woM LiEl-h= E=dAI5(drag
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K= : ©)
r ,on2Dp4
e @
5,0712171)2
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EpUZS
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5PU25
P P
= 7
e
o PV
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(vapour pressure), ne =22 3|M D
= 75 D g8, L2 28, SEER
x|

. D= |8
21D p,, £ TRASX| 2 REZ AR 2olck

Table 1 Principal dimensions of the ship, propeller and rudder

models

Length between perpendiculars 7.067m
Ship Breath 0.933m
Draft 0.269m
Propeller Diameter 0.28m

Propeller Number of blades 5
Rotation Direction Qutward
Root chord length 0.1967/m
Rudder Tip chord length 0.0887m
Span length 0.2147m
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Table 2 Trust coefficients and cavitation numbers for given

ship speeds
Ship speed (knots) | Thrust coefficient | Cavitation number
15 0.1320 6.3761
18 0.1408 4.2812
22 0.1474 2.7934
30 0.1678 1.2443 W “H

Pressure measurement holes

(b) flat rudder with pressure measurement points

Fig. 1 Experimental setup in LCT

\
\.velocity inlet

Fig. 2 Computational domain and boundary conditions

Fig. 3 Numerical grid distributions around the full appended

ship model
Fig. 2= FxlofAollM 2¥Mg xelet LCTE EA}°F74I b
At AAxEZIS destu Uk FjulElolMd Bl AR ZAH
= 75 Flelocity inlet) =, st ZAHE %*34 &

pressure outlet) =74 12|11 E{do| HHn} My FHe x|H
TS MBoict 07|, Z2HE9| 31 Fif=
Z™si Mol sliding meshH e 0|83510 T&5IYCE Fig. 32
Mo| MA|, FotE, T2 J2|0 deel 39 X HA 2
£ 20iF1 Aot oMo ARBE & AR 2k 11.0M(H4
T2 Z2EEo| 5lM gode ok 40wl I 2 I e
7.0M7H2| AR ARSSIGCH Z2EE{e| 51N P Clmk|
(polyhedron) ZiXF @47} AIBET, LIHX| dode SoiF|
(hexahedron) AL 247+ AREE|QICE AAHS ¥ HHe| 2X
2 2 AH2| y+2 MHoIM oF 709| g2 TIRIL, T2
ok 40 J2|1 El= < 30°I g 7HI=S Sl Fid(E|olM
e ZXte| A9, o|=ct 2 2F 1509] y+ gt2 ZE=F sINCE
Fig. 4= A 74|§§ aretete| —4.74|-r
(drag coefficient)2t 2=23H2x(lift coefficient) & X[ 2t}
247} d|wst Act B AF2 Z|tH M= 30knots =42 O
Moz 510 HH[E|olM Ed 7 Im/sollAl AFEQlen], Bt
Fid[E|old el HEko| 2=t —rKIEHﬁ. 4= 2E ERM X
oM pEEARR UXE Ho{F Uk Cigh Fid[EolM &
Mol E7I617| AlEfsh= ERNS ) -8° 0|F AZ Zzfele| x{o|
7t AtHMe 2 AX= AUE 2 5 ULk Ol= Fig. 50M 2 5
RUZ0|, =2 EfZolM H|EAKunsteady) EM0| Zst T2 |
E|0[M(cloud cavitation)0| EFISER|ZE A7t HAH EME T

=

Ean

fin} 26 2
.I
A

RANS sliA{e| Ziu|Eo|M Xjo| LiEol| EfHof| d&ks £ ZHoZ
£ £ ook MEES(volume fraction) 0.22] S71H(iso—surface)

o= s # Ao 2ok ol ofe = Awmw DALY
|o

Xo| é':'.joﬂ/\‘l ul-ol:E}o.||A.| Bl S= 7H|;|||:_1|0|A:10| EME H|I’|_7H
EfEskl & 2oix1 ok

Fig. 62 A< 18knots2t EFZ —16° Z=Z10llM H S5 Zxt gt
L FHO| U IS RloiA] Zofet vlwsta flot 2

JSNAK; Vol, 61, No. 6 December 2024

439



CFDE o|3¢t vISE Eeet 7 £ FHulEold ds 7 ¢

0.4
- FR-EXP

* FR-CFD

0.35F

0.25F

Total C,
o
N

O:www|wwww|wwww|wwww:www|wwww|wwww|www\
M 2 8 4 0 4 8 12 16

(a) total drag coefficient

L FR-EXP
120778 Fricrd

(b) total lift coefficient
Fig. 4 Rudder forces of the flat rudder
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Fig. 5 Cavitation occurrence on the flat rudder
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Fig. 6 Pressure coefficient distribution on the flat rudder
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Fig. 9 Cavitation occurrences on
rudders

(b) TR
the flat and twisted

16 Z=ZI0ll M siiAfet dretet Fa|Efold 22t H|wstn RACE

30

251

Total C_

0:\\\\|\\\\|\\\
(b) total lift coefficient

V,[kts]
Fig. 8 Rudder force coefficients of the flat and twisted Fig.
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Fig. 11 Cavitation occurrence on the twisted rudder at a speed
of 15knots
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(b) TR-mTip2
Fig. 13 Cavitation occurrences on the modified twisted
rudders at a speed of 15knots
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(c) TR-mTip2
Fig. 14 Pressure coefficients and limiting streamlines on the
three twisted rudders
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Fig. 15 Caviation inception rudder angles of the three
twisted rudders
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(b) total lift coefficient

Fig. 16 Rudder force coefficients of the three twisted
rudders
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(@ TR (b) TR=mTip1 (c) TR-mTip2
Fig. 17 Cavitation occurrences on the three twisted rudders
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Fig. 18 Close-up view of tip cavitation occurrences on the
three twisted rudders

Sofx|2 Aot TR-mTip2= TR L&E f | EXlT} S04 ododof|A
TR-mTip1el & S &l EoiF1 QUct

Fig. 15&= 7HMEl Shaket=o]| Chsl ’.‘J-—n— 15, 18 12|11 20knots
oflAf SHAME FHH[EOlM =4 ZI=E v|wskn U Fig. 12(b)
oF 12(c)ollA 27HEF TR-mTip1 2t TR-mTip2 WaE} RF w2
MZof|A FiH[ElOM =4 ZITT} JHMEIRIoH, W £ SHAS
BHsP| 71KZF TR-mTip1e] 7iA MEo} o = LEkC)

Table 3 Calculated cavitation volumes for the flat and
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