88

K EMRB R XK
37 & S 2 %K 200066 5A
Journal of the Society of
Naval Architects of Korea
Vol. 37, No. 2, May 2000

Muto] 2= walel AE I8 LHH A7
gAAY, 3Ed”
Experimental Study for the Optimum Rudder Design
by
Keh-Sik Min* and Kyung-Nam Chung”*
2 o

Mol 234% 23 U UL AF o2H, 4¥y A7 Ynos AUy 4AE 4
@ AYH A7E FsidT) & A7E 2A 2ol wele
= ooy} £984 2 7124 2] (aspect ratio)oll g ?“;-T‘S’Jr ?_’r‘&%‘ el i3k T2
FAsiel slov) zzis) S ttlel dgHlos 18T GAYY R A2E =Eeils, 59

Srad 3485 ﬂiﬂlﬂ?«]a ‘"’"“‘a"c}(dolphm-tall type section shape)& ¥¥ete] @9
2 A 3% UEES 4 F A& 7Fedol AEE BAFT Sl

Abstract

As a part of theoretical and experimental research works for the prediction and
improvement of ship’s maneuvering performance, an experimental study for the
optimum rudder design has been carried out.

Largely, this study is composed of the investigations on three major
characteristics which determine rudder performance, that is, the investigations on
section shape. planform and aspect ratio, and the investigation on the special
section shapes. Some practically useful design directions and conclusions for each
characteristic have been derived through this study.
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Among special section shapes, dolphin-tail type section shape has shown a
possibility of significantly improving rudder performance if utilized as the section of

rudders.
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Table 1 Grouping of Rudders and Summary of Characteristics
T & | WEE | WwEkE FdgA gHe] §A |
H 1
(Group) | & |7 3 (Planform) (Section Type) .
1 SS1 NACA 00, Xc=0.3C
2 SS2 NACA 66, Xc=0.45C
Group 1 N
(Section 3 SS3 Forward HMRI NP (0.5/2.0/0.3)
Series) [ 5 | g5 HMRI NP (0.43/1.67/0.3)
6 SS6 HMRI NP (0.465/1.67/0.3)
7 MT1 HMRI NP (0.5/2.0/0.1)
8 MT?2 HMRI NP (0.5/2.0/0.2)
Group 2
(Maximum| 9 MT3 Forward HMRI NP (0.5/2.0/0.3) SS3#% 54
Thickness 10 MT4 Trapezoidal HMRI NP (0.5/2.0/0.4)
Series) | 1} | MT5 HMRI NP (05/2.0/05)
12 MT®6 HMRI NP (0.5/2.0/0.6)
13 PF1 Rectangular
14 PEF2 Fwd Trapezoidal HMRI NP
Group 3 15 PF3 Aft Trapezoidal
(Planform 16 PF4 |Both Side Trapezoidal 05
. n =0,
Series, 17 | PF5 | Fwd Quarter Elliptic B
AR=16%)| 18 | PF6 | Aft Quarter Elliptic pood
Xc = 04C
19 PF7 Half Elliptic
20 PF8 Elliptic Rectangular .
21 ARl AR=04 Al gl A A&
22 AR2 HMRI NP AR=06
Group 4 23 AR3 AR=1.0
(Aspect 24 AR4 Forward 05 AR=1695 | PF2¢} 54
) n =0.
Ratio 25 | AR5 Trapezoidal P - 14 AR=2.0
Series) o - 218 of] &
26 AR6 Xe = 04C AR=25 18olA A9
27 AR7 AR=3.0
28 ARS8 AR=4.0
Group 5 99 ES Elliptic-Straightline
(Special Forward Section
Secti i
Secion |3y | pr Trapezoidal Dolphin-Tail Section
Series)

* n=0.5, P=2.0, Xc=0.3C
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Table 2 Main characteristics of group 4
rudders

a {om) ———

|
R
-+

Area = 944 cm®

]-— & (em} —

b tem —
Maximum
Rudder |Aspect| a b ¢ | Thickness
Code | Ratio | (cm) | (cm) | (cm) (™)
Root | Tip

AR1 | 0.400 |56.00{41.20|19.44| 6.78 | 3.01
ARZ | 0.600 |45.72{33.61|23.80| 6.30 | 2.79
AR3 | 1.000 |35.42{26.04|30.73| 5.82 | 257

AR4 | 1.695 |27.20|20.00|40.00| 5.44 | 2.40

AR5 | 2.000 |25.04|18.41|4345| 5.34 | 2.35
AR6 | 2500 |22.40{16.47|48.58 | 5.22 | 2.30

AR7 | 3.000 |20.45]15.03|53.22| 5.13 | 2.26
ARS8 | 4.000 |17.71]13.02|62.45| 5.00 | 2.20
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Table 3 Main design characteristics of
ES rudder and DT rudder

A

e G = 40 CM e}

8 B <=
[o] Cc
l‘—b-ZO om ——i
Section Section Section
a-A | BBl cc
Rudder| ) nform | (Root) | “H4° | (Tip)
Code 00 span) P
C* tm" C tm C tm
ES
Forwaljd 27.2120.0 {23.6|16.0|20.012.0
DT Trapezoidal

* C : Chord Length (cm)
** : Maximum Thickness (% Chord)

KEEMEBERIE £ 37 & 5 2 9t 2000F 58

93

Z3e systn oo wet AAE 3l AEEe
Fg & AU BNE A EHedAo| e
ZEE EFdlodol shed £ dTdxe AF,
A7), A8 o EAz Qi 1 AT
A@sld Hrl2 et Figde 27K S§5%¢
Wy dgel & eld-34dE  daedelliptic-
straight type rudder)t Ememeld ikt
(dolphin-tail type rudder)d] ©H3 4L Ho
ZF3 ok =3 21K EFYHy wEEe] F8
AAEAL Table 13} 3o g9k=o] gt}

3.6 AH wakele] Fe|

Ag7A wEere] el 9%E PRl 712
B4l wet Azke] ooz wre] aFE WY
B} Al gt =9 & st ©1FA 3l 3071
o] a§4¥ WIept dA=AeY 9d e
MT3)e 39 BIeHSS3)  FIE Aolzn
249 WeHARY) = 149 WIEHPF2) 9 B¢
g Relnl 219 BEeHARD S 261 e
(AR6)E AAE stPou A8 BA= st
o NEL 32 dgtenz HAze 2T 2670
o YELE ARE AP FHAT. 30719
258 WEEl AAe A F854L Table 1
of 8eF Fei=of gict.

4. RHAIH

47 ¢8d F 30709 e Z 267090 )
3 23 Wgets AR 23S s
Z gtk 3 A7AY AFAEe ARIFAA
9% Z4F A APez s ol Ze
71287 A AEE 3T AE 9471 A
7] w2l A&eat ARG E st 9% MY
g o812 ARSI AAl ZIAELS
HSVA*e] HYKAT**ollA F3&ict.

* Hamburgische Schiffbau Versuchs
Anstalt(Hamburg Ship Model Basin)
*x* Hydrodynamics and Cavitation Tunnel$)

590} o2



A

HYKATY Z3%¥9(measuring section)®]
g 9 FAGE 54e o2 2o

- &3 ¥ A% :
‘LxBxH=110mx28mx16m

- FAGH 84
*Vmax = 12.6 m/s
- omin = 0.2

Ael 2zl lxE thest Be 20
o 542 e

L = Zo

B =3

H o
Vmax= U 4%

omin= A cavitation number

Wakel 282 AAE AR mel EAZ A%}

den wWEElE  FAAIZ] A% 99
(torque) & FHaAslslr] 9] Wkl %

(rudder shaft)2 0.3-chord line®# 0.5-span
line®] WaHo YRBI=F 3t B¥PA|FA]
kel el AAIE (boundary layer) <t
o B0l A& I fletd el ¥
(S5-E)7F HYKAT S35 ggjozRg
155mm "X xE styom Frtz wge} B
Z|25E 5mm el Y¥E])H(circular
splitter plate)S 4|31 o] &£e] HozR
Be] Fo| wigkeht Wkl el JEE uix|A|
R=E FxYd 33PA AL Fig.59 Fig.6
ol{& wix| & HolF1 S}

EZPAEA £ o] G452 6.0 m/secE 9
Zog 3ot Waele] ~EZ(stall angle)
ZAA ZFo] AlstAl EAshe Aol 5.0
m/secE HFAot 539 FEHE YT
=3t AE HESH] st Ade weele] 2
A 25 F HHFH 20 Az m5d
el FePsiion 2E Wekele] Azl AlE
Z%d sl g3 E3E 0.02% 7HFow

60x3t, & 3,000 233 ¥ HTih(mean
value) & 7etch. T3, E4 wakelo] g Al
ol B ¥ FHdE AEE WAHoz FESA]
—‘I—r‘x“] HHE Al ANEE F33T Fig.3
< RHAIH "}%'ﬂ 1% 3(Planform Series)
WEEle] EARE S HoFm gl

T - tunnel wall

150 mm |
) P 1 N - splitter pla
A J ; 2
i b /
0.3 chord line
5 mm

t /
_.ﬁn,_,_r ,f___ é

‘ by
,'./
!

0.5 span line

Fig. 5 Concept of rudder arrangement
for model tests

Fig. 6 Arrangements of the rudders
in the test section

Journal of SNAK, Vol. 37, No. 2, AMay 2000



Aute) & gael HdAg A d4Ed |7

ZPEA PN el vHe ¥, &5 =
e U FAEd i ELAE &2s9en B
E A ¥ AHAE sl e 2ol
Fardske A2 Vel -

L

Cp=—F/""" 1)
%PVZAT

Co= T @
§ o VAT

CM='1—A§—‘—‘— 3
—2‘ pVATC

9lo] oA ztzte] 713 TheS EAIRITH

L = 3 (lift)

D = ¥=(drag)

M = E93(torque)

0 = 2 <ke] B9 Wiz(density of
tunnel water, 1,000 kg/m3)

A = Agpgoxe Ee] HX(water
speed in test section)

AT = w3kEle] 59H3 (projected area
of the rudder)

c = FE Zo|(chord length)

A@RTE o] YT
=Rl e

wsled A dAS &

5. Al 219 24

5.1 ©Ho| EM0] l Cigt D&

o] EA($54) S AT EY] fsie 2
59848, 22 7P§/‘ﬂiﬁ] (aspect ratio)olM
Z7\¥FAF Z7He Ad A 2 Y &
HA4=o] HPZHS BAsle] Holof du o] o}
Me & Axe e dig FEEA

REBEHBEHRE 5 37 & B 2 5 20006 58

95

(cavitation characteristics)7}*] At Holo}
gt gy B diAe AR A7 84
2 ZEEA Ui d7e Y5 W1E s
o} 2| FEAFEIHES AT ET] faiA A
Aol g AT S FPsidt. 27 F=EHA
e vt 2ol Jehd 4 it

_( dCy
CL—_( do )a=0

web Z7|9=EAS F7He B4 gloiA
sind = § 5

2 BAE o 237} o 0.4% ©l¥lE He
[9 ° | ol3te] Elztell g AlFARTS AMESIY
E} Table 49l ©@¥e] ¢4 E AHE & 9l

FEA = NYHASF F7He, Ho FE
741-? 2 o FHAF7E ST elzo] Fels o]
et

Oll

Table 4 Main hydrodynamic
characteristics of the rudders

Approx.
Rudder |Rudder| 4dC; Angle of Approx.
No. | Code dé (Cy) (CL ) mMax
L ) Max

1 SS1 0.0580 20.0 1.04

2 SS2 | 0.0569 195 1.01
13 PF1 0.0595 20.0 1.02
14 PF2 0.0628 20.0 1.14
15 PF3 | 0.0624 20.0 1.12
16 PF4 | 0.0594 19.0 1.09
17 PF5 | 0.0577 20.0 1.09
18 PF6 | 0.0599 205 1.16
19 PE7 | 0.0608 20.0 1.15
20 PF8 | 0.0579 215 1.15
22 AR2 | 0.0378 26.0 1.21
23 AR3 | 0.0538 24.0 1.18
24 AR4 | 0.0628 20.0 1.14
25 AR5 | 0.0672 19.0 1.04
27 AR7 | 0.0651 19.0 1.00
28 ARS8 | 0.0584 21.0 091
29 ES 0.0529 22.0 1.02
30 DT 0.0633 26.0 1.42
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Table 5 Results of regression analysis by

two different multi-dimensional
optimization method

Coefficient Hooke-Jeeves | Nelder-Mead
OSHICIENES | Method Method
a 0.06652998 0.06992920
as 1.62818673 1.31328741
asj -0.36500946 -0.19797178
Standard
.. 0.00095 0.00095
Deviation
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Aal7] gsld T kA AAENEH 2zl o7t
27] F=EAF F7Hee] @S AY F AEe
B3l 7 g3 vmskd 2rl2 gen o
ZA3E Table 69 Felstd FUch

Table 6 Estimation of initial slopes of
lift coefficient by two different

regression analyses and
comparison with those by
experiment

Initial Slope ( ‘L%L)

Estimation by
Exp. RA.
H-J | N-M

AR2 06 | 0.0378 | 0.0382 | 0.0383

Rudder | Aspect
Code | Ratio

AR3 1.0 | 0.0538 | 0.0530 | 0.0529

AR4 1.695 | 0.0628 | 0.0642 | 0.0641

AR5 2.0 [0.0672 | 0.0663 | 0.0664

Table 69 Aei=le] e F 7 £4Z3o]
o I MA@ vneYy 7 B8
ol & ¥ 7 HAPEE AT & 3ler 1
of @2 AN W8-S Felshd vt 2ot

- A Wy : Hooke-Jeeves ¥

- A%
al = 0.06653
a2 = 1.62819
a3 =-0.36501

- &FH2} : 0.00095

olZA sl =&¥ FH2], & HMRI NP-
Series @S zt= AW Alciel@ T4yt e
Ele] sl2M|2M)(aspect ratio)dl WE 7] &
A Z7HEel Ui 34L& g Zo| "ot
dC, _ 0.06653 - AR ©
ds v AR? +1.62819 — 0.36501

Table 6014 & 4 Sl& wieh Zo] F44d)
A% g3 AP S Bl 7 ke Hjole
2.3%% | dor Ago] HR|T o] Foiit
H B ARN osle] B A} FHTAE
2% 5S¢ 3o

5.4 E5EH gt 24
2 A7olNE Auldore Slsiel o8 7

-
i)
P
tlo
>
=
%
g
a
__(1)2‘
3]
N
R
N
EE
=)
Hir djm

dx #Hrlksle F 7KK §5dd WekE, & e
-2 (elliptic-straightline type)©d W&
9} En#me]l¥ (dolphin-tail type)ed vl
=4

TEL

F8 71sketd S dE AAHd 2%E
Fstn o wet HAE A NS s
F Fdg BHE AX 29 "53] sle 28
€ TEsldol & Aotk Jut B AFdlMe
F 7K Sedd Azl disld & 3 7] =
g & WA 716 B3l dieiARt AldE
F3I7] Wl o2 APd AE ZA=¥
B BHAHQ A& fxdvhe AL dids] oy
2% A9 ot

a2y 2 AFeA S Add AldAAe
Yzsld F 71A] ©Rie] Aerled S AHEd
A E-FAE 9 B3] dEiMe 24
FEIUF oo FEE Fol &+ givh. 38
U Engaeld 9 Wl gloiXe Uik
2A9 JEgraE fsld 7P $88 2 #A
A B4 gl @A F2 B+ UL
2 A oEE Aslax dE UF &8
9] 3L 7SR E RETh wer] dd A4
< 4743 zeisl Holol & Aolnl 12{7] 9
sl Exnefueld 92 WIEl g 571 97
€ 9 3 3ioh
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6. 2 &

B 432 B3] g e ZEL =28
4 it

o Auhg Wigkelo] AMREE dWHARl 9@y
Ao 2= NACA 00-Series &z 7 A7l
A sl ZAEHE 5% HMRI
NP-Series @%o] 7F¢ $3in] 494 34
o2+ Endnalyd w9 AFol it 2
gV Endaadd g d43E ddixe o
< FEF F7F A7 839t

o kg uiglelel BEodygo 2 FAAEH
Egdoz ¥ A4 How ¥y M Alrle
2 3 A (forward trapezoidal planform)o] 7}
2 A4t

e HMRI NP-Series ¥¥& zt= AW At
2% F9¥Y dgell diskd  7lEARH]
(aspect ratio)dl W& ZIFEHAF F/HEE
24s17] 913 34 (9)F SHsl itk 2
2 244 (9 AR As U AAEY
& Edld =3"d A4 (experimental
formula)°]E2 Table 6914 & 4 & uke}
Zo] B AFdA AlFE a7 el diaiA
t Hoexa 2.3% oz AEUH T dAsn
ot dukdQl A8-g HiMe F o FH2

Zo| "gstelel AtadErt

o AMutol M3A5E FUAIIIV] HalME +
3 AYAAS A 5 WIEE HASA
o} 3t} thA] wWeld e ZHdA HE E
22 (side force)S TASI=E LPEE dASH
oo} g} wgbd A el AAE AsiMe
2o zANA WEkep} dAshs ol vt
Hx2 u3kele] RguzI 7lslEd SAHAES
A3 QAst] Wedete] §4E ARsteiol &
t}.

B Ao Alddze] e, B4 =F oF
I oYY 2 9] shues AdEdzie] /ol
th: ZAdxlo] 313 53] Reynolds ol wet
Zz3dx, & FAGEY S & Aozt &

KREERBEHRE 5 37 F 5 2 5t 20006 58

9

the Zolth & dAFoA 343 AldS AR A
Zarg 4771 Ydvke Ag AWEe & 4n
21 Aolt}. Reynolds 49 9% 53] wafet
s 309 Endudd od Ggeteiy s
dojdtt, b b Aol £ 9 W
Fe}2 37 MBs] Reynolds 78 EFE 4
A gkl H2A1EN T3FHUE AR
dstd Ao FZ(wind tunnel)olM FHUAIE
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