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A Study on the Pressure Distributions of Horn Rudder
Operating in Ship's Wake

Do-Sung Kong*, Jae—Moon Han** and Jae~Moon Lewx*x
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Abstract

Huli-propeller-rudder interactions are studied by the iterative computational procedures.
Hull effects on the propeller are reflected through the effective velocities computed by the
vortex ring method which used the measured nominal wake as input data. A potential based
panel method has been developed to solve the propeller—rudder interactions using the
obtained effective velocities. Steady flow characteristics around the rudder surface can be
obtained by computing the induced velocities on the rudder by the propeller and vice versa
are computed by the iterative manner until the converged solutions are obtained. Flow
characteristics around the propeller and the rudder are measured by Laser Doppler
Velocimetry(L.D.V.) in large cavitation tunnel at Samsung Heavy [ndustries. The gap flow
model is adopted to solve the characteristics of the horn rudder. Numerical results are
compared with the experimental values and the computed velocity fields and pressure
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distributions with rudder angle on the horn rudder surface show good agreement with
measured ones in large cavitation tunnel.
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Fig. 2 Configuration of Molland's rudder and
the location of pressure tap

Fig. 3 Panel arrangement of horn
rudder(rudder angle 10°)
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Fig. 4 Lift and drag coefficients of Molland's
rudder(NACA 0020, taper ratio=0.59, aspect
ratio=1.49, skeg depth/span=0.5, ballance=
19%)

Fig. 5 Comparisons of numerical results with
Molland's experiments (rudder angle 10°)
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Fig. 6 Flow chart of computation of
propeller-rudder interaction
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Fig. 12 Variations of total velocities on the
plane E along blade angular position
(propeller and rudder)

a
o
A
[x

QB
tob
i
Mo
™

I M39™ HM2s 20024 59

ZBtALL, 48012 LHEAHEE £2 MEES 2I6H0]
Etlel <8 & 2229 28E =2Iote I35t
Ch Etel g4t EHESE Ast 82 fIXE
Fig. 130l EAlolICH E28Y XS2=E QIEh
swirl 2 120l Z2EY =2 FAE JIEe=
Etel &2t SHROIA Et Zels 28 20l &
20| eI 22 YEHEE 22 ARUME
Et 28 220, otR0M= B 28 220 =2
SHAI BHXIGHACE Fig. 1321 A, B, C, D ®IXl=
Et ZHOAL HHIRIOIE 24 HAS NS

U

0.8R0I LHST= EF HEH2 &=2% 62
BHCH.

EF ESOIAMS 22 HES SIst piEn
(o]

5
D19l SAHE JIESZ FEIIQ B 0.6R

0 &

P
b

0

2 140 kPalICt. 2™E=E=2 &A&A 1.6mm 20|

50mmE SIHLH, Z2lBiE (polyvinyl)

=252 220 AXI= ScannivalveZ

S5t LAl WAAES AmetekAlR
=]

© ulo

o
1o
i

~
Uy o
ooy m 2
[0 oy

Hu

2ot +=HIRCE 0l J171= =2
StMAIH == Deadweight Tester2
gravity weight)2t JHet &Xo| 7|

t
LYAHS Z2FHAM == X0

I
Ju

=

Mo oo
ol

Qg Lok
g
B

g JHBIHIOIE BIE0IA 2= 2HI01U
ez FEDPDL ASE Mo € B 53 2

jﬂi}d@lo A%HS‘.%[].. /\lﬁg

= S=E TS

19 mo

6.85m/sec, IHIHIOI&EZ:, o0,=1.544, ¥ K,
=0.212] AEH0IA =&otSUCH.

P,—P T
CLIIA, 5= 0.500%D% > Kr= on?D" Ol Py

= HEUS wetXl g2 FLRe aEez i
JIkel 1.30H01 ), P,= 22 SIS LIEHH
Ch



Fig. 13 Configuration of horn rudder and the
locations of pressure hole

Table 2 Principal characteristics of hull,
propeller and rudder

Huli Propeller Rudder
Aspect

L/B| 832 | Blade 6 . 1.63
ratio
Balance

B/T| 2.57 | (P/D)m | 0.98 . 0.25
ratio

Cb| 0.67 | Ae/Ao | 0.90 Section NACA0020

0l AISE A=, FXO| Y EtY
Table 201 &AIGHACE EF =21 |
(2000)9) g0l mheh Hae &
12 ot ZAaE2) J1y ool
ASHES DSHH HASICL E
HEIAE Bl ASAXIO O
cASIZCH AlE2 =t 0 &
SOl CHaH =845k XA AHLSY
ig. 15 ~ Fg. 1701 SAlotCH O

= X
m ¥
o g

>

X 0w
]
10 @2 o
0x
J
0
o o

2

r

mood b e 4y
U e S
1 x &2

=2
El
o0
o M0 @
kd

B

St

n

P—p, o
WM K=" 9 20l PR3 5HAD

o0
il
0x
i
=
i
10
=
m

OIlf Po= SEHRZNIAMS 2200, p = E
HDNAS SHE LIEHLASH, 2= p o) A0l
£ Bt AKX CHE B=rE EEEULCEH

A0 XA Zkeke) BIDE St EF 38
a0l JH XS B B3 &9 A BOI TS =
XA A2 & XS 2 4 ATL £
g A=RSY 0| LEE FHUAME
o dXid=E FE8 B F= X8 o+ YO

Fig. 14 Panel arrangement of propeller
with wake and rudder (propeller 12x12,
rudder 40x30)

Fig. 15 Comparisons of measured and
calculated pressure distributions on the
rudder surface(propeller operating condition,
rudder angle 0°)
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