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ESF (Energy Saving Fins)




ESF (Energy Saving Fin) #c| % &dl A4 i}

30~80% ZA AlZ|= =4 FH|

= Expected Power Saving (HH| 7§4)

Vessel Item Saving Rate

= Expected Payback Time Energy 3~4%

180K Bulk Saving Fin

Daily FOC (450 USD 7|&)  Payback Ti Carrier

atly FOC ( I€)  Payback Time Rudder Bulb 1~2%
30ton/DFOC abt. 0.9 year Energy e
. . ~ (o)

70ton/DFOC abt. 0.4 year 320K COT Saving Fin
110ton/DFOC abt. 0.2 year Rudder Bulb 1~2%




Energy Saving Device & Our Energy Saving Fin

Reduction
of Resistance ~"1995 ~'2000 ~'2005  .esseen.,, ~2010 ~2015
@ @ o~ @ O
': "- *7 AL S ODESSAMAK N
e rerererererr s rarararernnenrras . —
““ :: Air lubrication

K (MHI, 2011~2012)

: ”“ Form drag reduction ¢
Y *+, SAVER Fin (2007) _,o*

*ee,. SHI
Reduction of wave making resistance Ocean Care .

Gooseneck bulb

.
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Business Area

Improvement
of Propulsive Effciency

0““‘
~+'SARB" (2008)
SHI
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Mewis duct Twisted fin

Semi duct (Japan, 1990's) L
‘;(BMS, 2010) (BMS, 2013)
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Pre-Swirl Stator(DSME, 2008)
Pre-Swirl Stator s
(TK, MHI, 1990) Friend-fin

(Tsuneishiiit;, 2005)




ESF (Energy Saving Fin) €id] 9 €Ul AN 811
What is ES-Fins?
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Improvementof Streamline
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ESF (Energy Saving Fin) #c| % &dl A4 i}

Ht& (Wake)

Hl i 24

74 A of

Al =0l d

w/o Fin

No.1 Fin

No.2 Fin

:uH

L3 ¥IT'T

CNU CFD

CNU CFD

CNU CFD

View 1

View 2




(=g
®
O
=
S
S
=
@
<

Quote from GCRC SOP

(Global Core Research Center for Ships and Offshore Plants)

Quote from KOSHIPA

(Korea Offshore & Shipbuilding Association)

Eco-Friendly ship

Technology for Eco-friendly ship

‘ Post treatment \ e
Technology - =
e > Saver Fin

~

Engine Technology - To control water flow and

vibration around hull
- Reduction of 2~3% ship fuel,

Technology

Technology

Research of green technologies is being continued

KOSHIPA w SAMSUNG
SR XM HEAVY INDUSTRIES

- Reduction hull vibration max 70%

GCRC

Research Background Stor

> Necessity
v Hybrid Propulsion System
» Pre Device : Pre-Swirl Stator/Duct, Partial Duct, Saver Fin
» Main Device : CRP(Contra Rotating Propeller), Tip Rake Propeller, Ducted Propeller
» Post Device : Twisted Rudder (Wavy Type), Bulb Rudder, Rudder Fin

L

Tip Rake Propeller
Contra Rotating

Propeller

Main Device Ducted Propeller

WD v | | [ X

Pre Device _
" -

Pre-Swirl Stator/Duct

Twisted rudder
Bulb rudder
Rudder fin

Post
Device

Partial Duct
<Composite Propulsion System>

)

#1-2: Technology for new concept energy-saving propulsion system




Why do need ESF (Energy Saving Fin) ?

Mx|7} 80|t .

CHE ESD(Energy Saving Device)°| qcr =H B717F @ (L, ,
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Reference List (Energy Saving Fin)

KIND CAPACITY OWNER HEx
155K GASLOG 1
160 K GOAIR, THENAMARIS,CHEVRON 17
LNG 165K APM 14
170K BG, GOAIR 7
174K GASLOG 4
4250 TEU DANAOS 14
4300 TEU HANJIN SHIPPING 7
13100 TEU UASC 5
CNTR 8000 TEU CSAV 7
4500 TEU SEASPAN 5
4600 TEU HANJIN SHIPPING 3
158 K CERES 4
BUII\ILEE\)/IVNG 158 K EURONAV 5
158 K CARDIFF 4
158 K NAT 1
158 K STENA 4
158 K DIAMOND 2
158 K NS LEMOS 3
cor 158 K CHEVRON 2
317K NITC 3
105K AET 4
105K CHEVRON 1
154 K BG 4
150 K SK SHIPPING 2
150 K H-LINE 3
VLCC 300 K SK SHIPPING 13
VLOC 300 K POLRAIS SHIPPING 4
OPERATING CcoT 150 K HANJIN SHIPPING 2
MR 35K DESUN SHIPYARD 1
Tanker 35K CS SHIPPING 1




Performance Verification (AI2%8 48 H1A)

€ Power Reduction for Tanker : 3~5%
€ Reduction of pressure fluctuation force for TK/BC : abt. 30%

Design Draught Ballast Draught
0.30 0.50
0.45
0.25 .‘—<.\._—
] A 0.40 E—
0.20 0.35
0.30
0.15 abt. 3% o.25 abt. 5%
0.20 Y
0.10 & -
$ > P 0.15 > v &
0.05 0.10
Guarantee | | + w/oES-Fins = w/ES-Fins | 2-05 1 ¢ w/o ES-Fins B w/ES-Fins -
T T T T | rantee T T T T 1
Speed g 1 2 3 a4 5 eed O 1 2 3 4 5

[rcr MCR
- wio ,
—a— wif ES-Fins

> Al T0 Plate Xl — 2AHS HD1/ZHH &) — HIE & 20t




Performance Verification (A|J28 &d& Y1Al, 180K BC)

O 180K Bulk Carrier : 3.2 % Saving = Main dimensions
Capacity 180K
LBP 292/283.5
Breadth 45.0
Depth 24.7
Draft 16.5/18.2

= Expected of Power Saving

-2.00 o } Item Saving Rate

. H ~A0°
4.00 \J @BC: Energy Fins 3~4%

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 ~D0
b/ n Rudder Bulb 1~2%

DHP Ratio




Performance Verification (AI2# &S Y1Al, VLCC)

0 320K COT(NITC, ‘Marbat’) : 3 % Saving = Main dimensions

X Delivered in 2008
__ S Item Dimension

Capacity 320K
LBP/LOA 319/330
Breadth 60.0
Depth 30.5
Draft 21/22.5
1.00
0.00 N .
1.00 = Expected of Power Saving
;%-2.00 \ .
3 P Item Saving Rate
-3.00 _
4.00 A = Energy Fi 3~4%
320K TK gy Fins ~4%
> 1.00 2.00 3.00 4.0(2b/Fi.00 6.00 7.60 8.00 Rudder Bulb 1~2%
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Ship builder IMABARI SHIPBUILDING
Ship name Oriental Enterprise
Hull No. 1396
DWT MT 88,125
LBP/B/Td M 220/38/13.819
Cb at Td - 0.7977
LCB at Td %
MCR / RPM kW / - 12,240/ 105.0
NCR / RPM kw / - 10,405/ 99.5
Service speed Knot 14.7
Prop. D/ No. Blade M/ EA 6.960 /4B
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ESF 2I1F2 A (HSS)

H Position & Size 4E
2-1. 1st Fin - Size : 3,000 x 500,600,700mm

- Position
- Longitudinal Dir. 5Points : 3.0, 3.25, 3.50,3.75,4.00station
- Depth Dir. 5Points : 2.0, 2.25, 2.5,2.75,3.0 waterline
2-2. 2 nd Fin - Size : 3,000 x 400mm
- Position
- Longitudinal Dir. 3Points : 1.50, 1.75, 2.0station
- Depth Dir. 5Points : 2.0, 2.25, 2.5,2.75,3.0 waterline
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XX MK x| HE (Sea chest 2|1])
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ESF ¥Hl €lAl Scheme (&A & Retrofit)

Ship owner’s Inquiry R-Time Output
Stage 0 : _
Estimation Fuel saving potential estimation e :
(Based on Database & Pre. study) 4 week Preliminary Review
Contract with Ship owner
, Design & Optimization
Stagg v Fuel saving estimation based on 4 weeks Design Results
Design CFD(Resistance)
_Our work
scope
Stage 2: Preparln? of construction Drawing 4 " Construction
Dwg' Preparation Detail construction drawing) WEEKS Drawing
Stage 3: Approval drawing from Class 1 weeks Approval drawing )

Dwg' Preparation

Rep air Yard Yard
Scope

Stage 4 : Fins construction & Fabrication wLE
Production days

(Shlp owner)
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Day. 05, Day. 06

Hull Fin F&
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ESF &1 & 41Xl Procedure 9 A%
120 e e aa

.\. (‘~‘ %

< Day. 01 >
FaXY At : A U oy

1 Eee Y A SHA 2. 9T #2| & OHYEY. 1 M QEt gotal U HE 2. 5% HA 1. L4S X 9/%| §3 (Burn Damage) pAVES T
(No. 5 WBT)

< Day. 04 > < Day. 05 >

ZFQX ALS: Hull Fin 87 & AR / LS 8F FoIY A : LI AHY. / E 8 (KUB)

s

1. Hull Fin 873 & ALY 2. Y= 8% 1 LIS AR 2. 9jm 8%




ESF % Duct with Fin H|

ESD (Energy Saving Device) & &€& 0| 7t& B2 MEWIS DUCT2} H| g,

- ESF (Energy Saving Fin) Duct with Fin 7|& (MEWIS DUCT)

- MO|ZF 4 7§ == 6712 Plate (2F 30 x 500mm)E &X|  Propeller Mt S Duct?t LHE0 Fin2 &X|
(2= ESD JEH:||°| 23t 7|& Duct + Fin)

715 742 Hull form 7| X MN=2 2H| FM HHFC=EMN 4 Propeller T EHO| A
O

DuctE S¢t HAd Fine| &+
Mg g4 A Fras 2y E MojgezN Fras 2y
SEs - H[ 80| Jot &EXtz2|+=g0| . (1d O|2h - £ Point (&, 25 =)0 E2 =21t
- 2 &0|d0| 2 75.*%-3—7| 7e)
- SFH0|0 FH|7F e gicth (eHHd =2
- 2o Hgfet ESD HH|
- M& 25 Bt 2 st BdE2 7HE.
("t Design draft 3%, Ballast draft 5%)
cH - Y48 49 A HA0| Sl 2 = M B8 - H[E0| =1 FA2[=E0| ZL} (504
St 235|8 N2 XE5t= At AS.(5=) - 38 -TL-’F-%J_E TEIAT NCEL Edo=
- £7 PointOf| M 2| B Z-& H|WA| Duct with Fin 7|= OISt 2Kt o] H M &9l 20| ALY
CHE| 1~2% BZE0| &3 -2z Helo ME HAdE a0l o
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ESF 85 Xl=

k= Condition ESF with Bulb MEWIS DUCT H| 11
T Cost About $ 90,000 | About $ 600,000
(VLCC HHX7b) | (150K A= XTI}
Model 4.0 % 3.8 % EMA Y
C3aieK1 Sea trial 7.5 % 1.0 % &S 21 XE
Nz At Design 4.0 % 3.8% Model test 7| &
o Model 4.0 % 33% _ ?Eﬁi%lévﬁs%ﬂ?gelg
Case 2 Sea trial 5.3 % 2.2 % " ESE with EB JEpY T
At Design 4.2 % 3.4 % - "H"N- ESF with RS
FAL M Hlm 4.5 % - UH = SLYFU2Sd Hm
gasfeKs RHE) - Bm 5% F7H 150K HEM 3N A = e Clo|E Hl
28kM - 282 YA T =1} 9.2% LIEHG D ESF HX|4MY 13.9% 45 S4E.
bﬁ?ﬁdxﬁ) C\;L52C4 . gf_{ = 4.9 % - "P"Ab I EnXtz Q18
vice Ladi A= e B 3% -
Case5 |33 AZ M%| HI7% : s




35 K Case 1 (1/3) Verification — Case 1 (35K MR TKer)

B Energy Saving Devices for MR Tanker
- Hull Form & Propeller designed by SHI

B Saving Fins & Rudder Bulb B Mewis Duct(BMS)

N ~
7 \ e

‘-------_~
--------_—




35 K Case 1 (2/3)

Verification — Case 1 (35K MR TKer)

» Speed Performance

Speed Saving Fin + Rudder Bulb Mewis duct(BMS)
w/o ESD | Base —
Model . .
Test w/ ESD | 4% Power Saving 3.8% Power Saving

A S N
A7

SVA(Potsdam Model Basin)

Sea Trial
[Daesun]

= Results of RPM Margin

RPM

Saving Fin + Rudder Bulb

Mewis duct (BMS)

Main engine at NCR

Base

Base

Sea Trial [Daesun]

5.0% margin

1.2% margin




35 K Case 1 (3/3) Verification — Case 1 (35K MR TKer)

14.0kts

14.0kts(Bare), 14.18kts(w/ ESD)
i * SSMB speed-power performance 7| =
I | 29212 | ssms SVA(Potsdam Model Basin) E

14.0kts(Bare), 14.2kts(w/ ESD)

il w/ ESD | 14.31kts (Mewis Duct [jH], +6.5%) | 14.05kts
| Official ] = ,
ki i  Displacement ¢o I Displacement correction

:10%t + =7 2 2% 1

| . i i :
| —— 1 Gt - POWER %% > 2% t

i ! - Roughness & Temp. & etc : 0.5% 1 - Roughness & Tomp, & etc : 0.5% 1

T Mewina

-LAJ,.J.J.L.J
1 R

95.6RPM

100.38RPM (5.0% margin)




150 K 4l = Case 2 (1/2) Verification -150 K

Hm Model Test

< MEWIS Duct> < Saver Fin with Rudder bulb>
4 N A
o> Sungd(olagz \1%151:;]1?{15@ )Camer Prlimirary
201440703
KS1610+KP1146

Summary Subject : Hull Nos. 1208/10, 151K BC

s Submission of Preliminary Model Test Result with Saver Fin & SARB for Reference

draft and design speed (140 Joots) was achieved. The folloving diagram shows the possihle power Dca_r Sirs,

saving indesign, ballart and scantling (EEDI) drafts,

-5.0%

11.0 kts | 12.0 kts | 13.0 kts | 14.0 kts | 15.0 kts | 16.0 kts (Speed : at NCR with 15% Sea margin /rpm : at NCR)

M Design -4.2% -3.1% -3.0% -34% |—24% ------ -

For the details, please refer to the attachment(Preliminary 151K BC model test result with Saver Fin

Power Saving(%) ;Ki‘lotli ;zgéagig the subject, we carried out the model test with Saver Fin & SARB between April 1~2,
?: I The model test resulis are shown as below.
a5 KRISO SSMB
20 Condition : - Power Saving
Saver Fin &
e | 5 8 Bare Hull Bare Hull SARB
- rFr--=-=---7- Speed &kisy 1 - — - MM - - - - - -14.06- - — 4 — - - $4:28- - abt. 4.2%
e : Design m 65.3 rpm 65.3 rpm 65.6 rpm
s : P (4.3% margin) (4.3% margin) (4.8% margin)
nin | am | wam | oz Vit ------ - ~Speed {ktsy |- — — 4~ _1475 - _| - _ 1495 - >f  abt. 45%
| Sl o |ar% x| ok [ am ! Ballast
(s 08 v A sn ) X e " 64.7 pm 64.6 rpm 65.0 rpm.
I X P (3.4% margin) | (3.2% margin) | (3.8% margin)
|
Meritime and Ocean Enginesiirg Research Istitate, [I0ST «Pagenoy | : T - Speed—(lets) - ==-39F -4 -=-=-1385-- -+ - - =140} - = abt. 3.3%
1 1 . .
' Scantling - 654 pm 65.2 rpm 65.4 rpm
1 P (4.5% margin} | (4.2% margin) | (4.5% margin)
1
X
4
h
1
]

& SARB).
Ballast -2.2% -3.7% -4.2% -45% | —-3.0% |- :
= Scantling|  -0.6% -0.8% -1.6% 19% b--04% |- - ___| || _|' The difference of the model test result between KRISO and SSMB is due to basin’s characteristic

and it’s within the acceptable range.

. ./




150 K 4l = Case 2 (1/2) Verification -150 K

B Sea trial

< MEWIS Duct> < Saver Fin with Rudder bulb>
kW
14 xl()3

Ballast Draft (Model Test)
Ballast Draft (Analysis)
Design Draft (Model Test)

Result of Sea Trial (Design)
Scant. Draft (Model Test)
Result of Sea Trial (Scant.)

T

12000 |—

13

, 12 - NCR 9875 kW

10000
n "
’
ﬂ 10

8000 |—

Brake Power (kW)

NCR(9,875 kW) with 15% Sea Marginj %

6000 |—

4000 -

 on Trials 14.96 kts]i“'f'f’?‘? [ ;‘?‘”f“

E 2000 -

L} SURUERNEN IR IOIOY ANOUOE IO O I W AT D JERRN | IENEUE
10 11 12 13 15 16 17 o — ' ' — '
Vs (knots) 13.97 knots 14.21 knots : : : ’ :
Ship speed (knofs)

ESF with RB MEWIS Duct

Service speed 14.21 13.97

NCR Speed 14.96 14.28

-5.3% -2.2%




o e~
150 K 227X Case 3
= Company “H" installation 149K Bulk 2 vessels, 2012.06
= |nstallation at JESCO Ship Yard, China
4 N

SAVER FIN & =ihd HE

MTM
2012.10.11

1. SAVER FIN 9= EZ =upd

I

(O SAVERFIN g HZH a1t &M

& SAVER FIN =11 : Laden HEjOlA] 2F 3~45% H=HZt
;8 +=HSHE Full Blasting Al (2H = DFOC 9.2% EH =1h
DFOC 137% EZ =1h

=
Ho= =3y

» HIRC/HIOR Z(HHI-150K)
P HICH Z(SHI-150K) © 9T =M Full Blasting + SAVER Fin =& (2H
p Full Blasting =3} T2{A|, SAVER FINS o 3-45% WSHZ 307t 9=

=2 SPD =4, 2AHE OjH ¢€AE d5 oA H=E sup HEh
A AOO0IE*) | AMOI0E+2) | ALEOE | HO0[E*3) OO =HF(%) o2
RPM ZZE BHP ZH & DFOCEZHS | DFOCEZEE | BAHT | €H= | suP ZH | SUPELE

HIRC*4) -3.0% -9.0% -9.2% -100% | 1094 | 837 | -257 235% | zm=m= o|7{ & O|AK| Mt >R o| O HIF:| 9.2 %
HIOR -3.1% -9.1% -9.2% -8.5% | 1002 | 680 | -3.22 321% | EF-83 =0T = L b : . o
HICH -4.4% -12.5% -13.7% -26.0%*5) | 16.98 [ 1291 | -4.06 2309 | =zmom=
= 0ol EHE =4 94 HE 1372 ot €A HE 47(27F noon report AIE H|I

OHY 23 ~ 25417 @8 X7 / 7|42 Beufort Scale 50/5 P 13 AH = ESF AKX MEF A 2t 113.7 %

x

“1)
=2
*3)

*4) HIRCE 20054 2 Propeller £&&/0 2007410 Y

=
20| 52 spp =UUM(10~15 ks T2 €A T, =9 rRPM EZLULE TTE Hu

AH SPD-RPMOIAM ZO{E RPMELES 7|ELE Model Test =S| RPM-BHP-DFOC 2= A4t
42} Flow-Meter Counter2 MEE HIAUSE A5 E 0]y AEE Flow-Meter error Z&)

HAl Al

—

*3) HICHE Flow-Meter Error 510 EHA| MFo= nEs

* Hull Conditin®] M2 242 EEHEHZSE F7H 45 228




VLCC

.
(@)
2

M

Case 5 (5=

Hx

M

L

= Company “S” installation VLCC 4 vessels, 2017

= o 7( o r)
20123 5= X MHO 2 Hull design0| Oj 2 £X| U2 MHoZ MZE 0|2 =
B} O 92AH2F0| LHOF X[ = 12RO 74;_1}2 o1 0f LH (85 =4)
— o = [ T = = =2 [
- Operation time : 23,24, 25 hrs (Da|Iy Full running )
- CH& H= 2 2013, 2014 4= 0| F 24,
Vessel CCA -7 F R 1I: | MX L=|
e @ 2| aden SHAH: ME MEJECEE 30 LA 2018, 20194 ESF ¥X| & 24
Beaufort @sgs) 7 Beaufort : 4 0|5}
& : Oper.hr g dolE v
Y yolg hd 65 7.5 8 85 9 95 10 105 1 115 12 125 13 135 14 145 15 155 EX-B]
2013 240 240 24.0 9.0 3305 4015 1660  191.0 3095 189.5 23.0 1,779.0
2014 240 480 240 167.0 236.0 190.0 715 2390 1420 3320 4740  191.0 1185 480 710 240 240  2,424.0
2015 24.0 470 3320 1410  189.0 3580 6160  352.0 1440 166.0 230 23920
2016 480 710 710 960 119.0 2140  237.0 4980 3310 4270  236.0 2380 240 230 240  2,657.0
2017 144.0 48.0 48.0 119.0 404.5 525.0 762.0 239.0 2,289.5
2018 24.0 165.0 240 720 720 1660 2150 2860 4040 1680 1630 1180 240 1,901.0
2019 24.0 47.0 96.0 71.0 24.0 24.0 24.0 800
EE 240 240 480 213.0 2390 3310 5250 287.5 643.0 11650 1,827.0 25625 2,000.0 1,7785 1,087.5 6425 237.0 230  95.0
75.0
70.0 “ n
Vessel CCA R
YYYY (Cs g2) 7 B 650
Cond. L -7 2
Oper.hr s &8) El 600 )// o
Beaufort Os 82) 2
: : g 550 M/ 9 @ Wo/F
HF:24H_MFOC & #olg |~ 500
8 dole M 65 7.5 8 85 9 95 10 105 1 115 12 125 13 135 14 145 15 E ’ [
WIF 15.4 20.3 338 485 481 447 48.2 53.8 54.9 63.6 68.9 65.6 623 521 450 0/6
WO/F 272 213 27.0 288 316 326 367 481 53.0 52.9 58.7 64.2 65.8 704 719 754 478  54.0
S 154 272 213 218 288 318 37.9 435 46.8 50.5 53.2 57.3 64.0 67.1 688 719 754 550 53.3 40.0
10 105 11 115 12 125 13 135 14 14.5
Vessel CCA 7 o 1I:
Cond. B = Ballast %,I'II' . tli QEHEEI' "'gﬂ' 11% ?:|I-—+— Ship speed (knot)
Beaufort s &8=2) |0
&3 : Oper.hr g gos [~
o yole e 6 75 8 85 9 9.5 10 105 11 115 12 125 13 135 14 145 15 155 16 165 E2
2013 1450 1470 2903 1720 72.0 96.0 73.0 96.0 2410  267.0 1940 1220 73.0
2014 240 98.0 265.0  292.0  580.0 4340 388.0 269.0 1450 1950 49.0 720 97.0 240 600
2015 24.0 72.0 1450  389.0 2420 1940 169.0 730 1940 750  122.0 720 172.0 1220 1450 146.0
2016 48.0 480 1945 3635 97.0  49.0 73.0 480 170.0  120.0 120.7 49.0 49.0 2175 220.0 169. 500
2017 25.0 240 1940 720 73.0 217.0 270.0 240  267.0 73.0 2440 121.0 24.0
2018 240 24.0 490 480 5840 4600 2900 240 72.0 193.0 240 1950 3850 1460 740 97.0 200
2019 49.0 24.0 24.0 96.0 145.0 219.0 240 49.0 49.0 240 240 240 240 [ ]
E1P] 240 480 170.0 49.0 627.0 14115 21308 15250 9440 898.0 798.0 876.0 803.0 1,257.0 726.7 709.0 486.0 3865 366.0 169. =
B
3 300 oW/
o
= 200 ® WO/F
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YYYY = =) a
Cond. B -7 100
Oper.hr s 8=2) |0
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9 95 10 105 1 115 12 125 13 135 14
®2 :24H MFOC € #0IE |~
& lols - 6 75 8 85 9 9.5 10 105 11 115 12 125 13 135 14 145 15 EX Ship speed (knot)
WIF 215 212 181 238 19.1 19.4 243 307 318 393 37.9 466 515 525 524 619 459 333
WO/F 229 237 22.9 23.0 24.6 27.0 335 360 411 450 495 546 531 610 614 35.1
£33 215 221 237 181 230 20.7 22.7 26.0 32.8 342 402 436 482 529 529 576 6L7 459 343
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260 446 5985 584 53 6.4 700 699 151 16.9 7.7

§_I_l|— o7 51 54%| 10% 10% 16%  18% 8%]|
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< 60.0 :
(TN 1
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400 f——tmmmmm e s
y=13.21x-116.18
20.0 R2=099
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(& X) Basic principles of Rudder bulb

O Increase of propulsive efficiency by the change of inflow velocity
for propeller and the reduction of hub vortex
O Asymmetric rudder bulb optimized to flow streamline

v Lower resistance and better cavitation performance

= w/o Rudder Bulb = w/ Rudder Bulb



(XFX) Flow visualization test

Full Spade Rudder

Flow Adapted

Semi Spade Rudder




o

Z2=) Bulb design

RB00-div

y

efficienc

Improvement of propulsion

Base RBO1 RBO2 RBO3 RB0O4

Base : Normal rudder
RBO1 : RB with Max Bulb Dia of 24%

Select mmp RBO2 : RB with Max Bulb Dia of 22%

RBO3 : RB with Max Bulb Dia of 26% Max Bulb Dia = 22%

Final design of rudder bulb
RB04 : RB with Max Bulb Dia of 24% g

(different chord length)
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