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Cavitating—Flow Characteristics around a Horn—-Type Rudder
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Abstract

The flow characteristics around a horn—type rudder behind an operating propeller of a
high—-speed large container carrier are studied through a numerical method in fully wetted
and cavitating flow conditions. The computations are carried out in a small scale ratio of
10.00(gap space=5/mm) to consider the gap effects. The Reynolds averaged Navier—
Stokes equation for a mixed fluid and vapor transport equation applying cavitation model
are solved. The axisymmetry body—force distribution technigue is utilized to simulate the
flow behind an operating propelier. The gap flow, the three—dimensional flow separation,
and the cavitation are the flow characteristics of a horn—type rudder. The pattern of three—
dimensional flow separation is analyzed utilizing a topological rule. The various cavity
positions predicted by CFD were shown to be very similar to rudder erosion positions in
real ship rudder. The effect of a preventing cavitation device, a horizontal guide plate, is
also investigated.
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(a) Starboard side {b) Port side
Fig. 2 Skin friction lines on the surface of a
horn—type rudder : fully wetted flow condition
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(a) Global view (c) Vertical part and upper side of apintle - (d) Lower side of a pintle
Fig. 3 Skin friction lines and singular points on the horn surface : fully wetted flow condition
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(b) Upper side of a pintle (d) Behind pintle

Fig. 4 Skin friction lines and singular points on the surface of a movable part : fully wetted flow condition
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Fig. 5 Photos of cavity—induced erosion
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(b) Port side

(a) Starboard side
Fig. 6 Cavitation on a horn—type rudder : without
a horizontal guide plate, c=1.6
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(b) Vertical inner gap cavitation

Fig. 7 Various cavitation types at different
calculation conditions
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(b) Section B
Fig. 8 Contour of constant pressure coefficient

around 2-dimensional horn—-type  rudder
sections : @ =4°, A=5.04x107
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(a) Starboard side of a horn

(b) Port side of a movable part
Fig. 9 Distribution of surface pressure coefficient
near a gap of horn-type rudder : fully wetted
flow condition

21 A4S 2006).

Fig. 9= & & 2= =9
HEHS RN 25 LIEHHCH
horn inlet-vertical gap
SHE2H IEOH U= A

Cavitation A

8
<
—
o
=
]
2
I
HU
[l
LU_ —

Cavitation B (movable inlet-vertical pintle gap
cavitation) @ JIE8 A=LR(B)UHAH &1 2
Ae JHbIElE JiSRe Ea4sH(E
| JIelst SEE12t dHA8I2 2I6l

2rdidl= JHHIEIOICE Ol JHHIEI= Cavitation

0z
i
I-J

FIO

r

> Q@ e
My
i
[
é’

£
.
ne
g

-

Cavitation C (vertlcal nner gap caV|tat|on) 2t

= |SE2 2A2SA2NKN 850 =
45t= HHHIEIOIE} a
IAd= SHHIEIDI 28}

=
ob
N
o
gy
9
0y
[
ol
2
2 e
O)-
OII

cdl 2 =29 H&xXZA

1 UK Y=L
Cavitaton D (movable exit-vertical gap

cavitation) : 228 Stet RS IHSR2HAM F

UetEdsts =28 H44 A M3S 20074 68



B
0z
ro
0

, 385, 38 235

RS0l XA R0 S8t el DAEL9 XotAIZICH Leading edge sheet cavitation EEN
SN FH 222 EWsIAN R0 U= &It ol A= SHHIHIOIES FHEEW= Hel it 1
ot1) 20| 240K ZMTE= SHHIEIZ 2MY 2Lt mid-chord cavitation EEiQ! AL, 3HHIE|
40l BC Cavitation O = mid—chord cavitation 20/0 Oiet SHSU= ALt HUIEl L= 5
(FNS] HAS 2005)0 [AS SH2 X0 HSWIF ACHEF2Y HHS 2005). Jel 2t
HIZ &HALEHOICE, =0l J1eI8 HBIEHICI&AC BR, |50| EHA 6|
Cavitation E {movable exit-vertical pintle gap o BlB&AHZ D g etk olde g2l
cavitation) @ Pintle 2122 SISt FEIU JISE St RUSHEE SHZ XD ULH EIE &4
OIM =230 XA S50 SIistCt. el ANE = s JHHIEl BHE 2 A35tH= A1t
DERS EN2 FY 222 SWSIHM 50| Ol M D ACH
U2 Zoistn &30) 2456100 2Az= HHIE £ B2 JiBiHoIE ds2 SAAIDID] f6t]
OICH. =HIOISEES &8XI6t] JACH Fig. 10 2 =HII
Cavitation F (horn exit-vertical pintle gap OlEHE JISR0 236 22 & & ZH
cavitation) : 228 SWE |50 TQSY &H g&MSH= JHUIEIS LIEHHCEH
Az 0E2 ER0AM 2AFIF S50 220 2 Fig. 10 OiA =EHIIOISHE SHEOEMN T
St5t01 HBIEIDH 2MBICH TIEN JIIE+E & £9 £ dAB)Y +HA= s2(N0IM &
225101 At 4ol= JHHIEIDE EUHSS € £ UCH +HIL0l
Cavitation G, H, | (horizontal pintle gap CHo RHOZ JISREMe LEWHEI HY &
cavitation) : EIS ZF2EW0 J(QEI0 LMd= 2L NER= BE F20IM =S UE
FHHIEIOICE. HHIHIOIE G = TS0 €9 & sole LI FHBIHIOIE H&8 S&AdES & = UUL
cavitation Ut S ASH YMRAQIS =0 Olcist &= Bigl= f~EIIOIERS R0z &
Cavitation J, N (sole cavitation) : EtS| & - 5t S0l B = 20 D180 |8 BsE 2| 9
2o XU FEHO| U= NBUHA 2R3 Bt HEist YY =o stte & B9 B =R
Jret rs2stol J1eiSto Eastk= INBIEIOICH ot= skin friction line € X Alol= Z#0ICH Fig. 11
Cavitation K, M (leading edge sheet = HE F]9 skin friction line 2 LIEHHTE
cavitation) : & Hl& ZHOAE NEIEIDH L5t
X gl DU 298 B el s
= A0l HIRE 2 Z22(4°) Bl 2 2200 .
A leading edge sheet cavitation(X| &2t HAHS
2005)0] ZHAIGH0 &AQ] LAME HOZ AIZECY,
Cavitation L (trailing edge cavitation) : Et2

trailing edge A S 2SHO 2=HXI0|2
2MBH= swirl velocity Off 2|208H 2ai2t5t2 2l
St MHIEIOICH D2iLt &A Algls 229D
UK S ACH

X3NX & EHIA ZA5t= FHHIEIS) MK
EE ZAGIRICH Z24E JjHIEI= 20| 3=
& S2NK 0S8 S0l SULCH O O MYIES (a) Starboard side (b) Port side
of Rt SB35 HA4H0 230 M HM & Fig. 10 Cavitation on a horn—type rudder : with a
St A30| gMot) EIE ANAD|ID EF 82 horizontal guide plate, o=1.6

Journal of SNAK, Vol. 44, No. 3, June 2007



236 & B F=99 MUIEOIE RS SAN e 83

a (if
m
J|'>
2

o
R
@
=
&S

x
1o
rfon
m

0
o
JZ
o
¥
2

0z
o
0x
0x
10
Ol
2 o oo

, 2006, ‘418 Xt
B o7 mE
&, pp. 548-557.
‘D2 B

x
o ¥
g
oo

r

>
My Jor
- o
2o
N
gy
i3
ko_ll
o2
A0
5

2d
Ol
[0
=z
no
=
S
=

FVREL
40
io
o
0
10
i
n
x
=
4
_O'B
2

[ ]
4 248 B oo g
1S
o
x
B oIz 08

lol&
gt AEd 7" st MdEtsl EAS=E
. 580-585.
, WHE 2005, ‘CFD &
gdiol@,” etxess =HE
|, pp. 599-604.
&, 2005, 2 X LM & F29|

HHUJ
g e

‘ b) With a horizontal guide plate .
Al

o

Fig. 11 Skin friction lines on rudder surface
attached with a horizontal guide plate : starboard
side .

Z

M0
i

bal

o
I
w e

om O
I

=

30

=

Ot

Mo v o
i
x

=}
o> -

o
W o
o
k(l[l
fir

i MO
1al
©
o]

o
X
wW
(]

y 2

X

i

rnr

==

K

ny

o

1

08

)

o

in

rg

1o

I

fon Q Jx

oo
=2
o
o
e
+
&
[
3
fx
5o
fob

0% J

o= Bhorx 2 obogy X4l o 2
0x

fol
n
o
S
o)
e
J
10
o
=)
]
m
0
oIr

rr ox

StRet BEsh geldol § EN==UE =2%, pp. 513-522.
HiAE SOIB(F )0l EMSHC o FLUENT 6.2 User's Guide, 2005, Fluent Inc.
e GRIDGEN User Manual Version 15, 2003,
Pointwise Inc.
¢ Choi, J.K. and Kinnas, S.A., 2001, “Prediction

k_(')ﬂ
=

x 3y o
0x
ol

U o

o
Y
iy

7,800 TEU AHHIOIH&ES & EHIA ZNE= of Non-Axisymmetric Effective Wake by a
JHHIHIOIE SAHl CHoH +=XIHAEES Oigs6tH = Three—-Dimensional Euler Solver,” J. of Ship
AHBFSICE. Skin friction line & OI5I0 3 X2 £ Research, Vol. 45, No. 1, pp. 13-33.

SHUE|E ZEE E B =99 =&E RS e Lee, D.H. and Lee, H.G., 2004, "Prediction of
ZASIRCH £XoHH22 R IHHIHIOIE 2 Rudder Cavitation Considering Propeller and
A& AH S0 HBIEIN (eI &AL} Hull Effects," The 4" Conference for New Ship
AEE] FAIES B0 2EFIOIEH2 243 F and Marine Technology.

?lol »ES HFOIN BHUIHIOI/@| A58 EaAl o Maskell, E.C., 1955, Flow Separation in Three—
e Jis8 ==Ch Dimensions, RAE Report Aero. 2565.

XK

o

EH

o
4
I

3] =2& H442 H3IS 20072 6 &



X [
ge,

ol
ox
foi

N5, HEE 237

e Stern, F., Kim, H.T. and Chen, H.C., 1988, “A
Viscous-Flow Approach to the Computation of
Propeller—Hull Interaction,” J. of Ship
Research, Vol. 32, No. 4, pp. 246-262.

e Tobak, M. and Peake, D.J., 1982, “Topology
of Three—Dimensional Separated Flows,” Ann.
Rev. Fluid Mech., Vol. 14, pp. 61-85.

e Wang, K.C., 1972, “Separation Patterns of
Boundary Layer over an Inclined Body of
Revolution,” AIAA Journal, Vol. 10, pp. 1044~
1050.

Journal of SNAK, Vol. 44, No. 3, June 2007



