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Designing of Safe Duct for Leisure Boat with Wing Section
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This study deals with the design of a safety device around a leisure boat propeller, The safety device is to be designed to
minimize performance degradation attached to propulsors in coastal waters, These devices, important for preventing propeller
accidents, negatively gives influence boat performance, especially at higher speeds, In order to minimize the negative effect, the
accelerating ducts, normally used in ESDs (Energy Saving Devices) have been chosen as a safety device, The present study
aims to design an optimal duct (minimizing negative effect) through the parametric study, Based on the Marine 19A nozzle, the
nozzle's thickness and angle were varied to obtain the optimum parameter in the preliminary design by the computational fluid
dynamics program Star—CCM+ Ver, 15,02, In the detailed design, a NACA 4—digit Airfoil shape resembling the Marine 19A by
modification at the trailing edge was chosen and the optimum shape was chosen according to variation of camber, thickness,
and incidence angle for optimization, The optimally designed duct shows a speed decrease of about 10% in the sea trial result,
which is much smaller than the normal speed decrease of at least 30%, The present designing method can give wide
applications to the leisure boat because the wake is almost the same due to using the outboard propulsor,
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Fig. 2 Efficiency comparision by propeller type
(J. Van Mannen, 1966)

Fig. 3 Leisure boat propeller

Table 1 Target propeller properties

Full scale Model

A\ (Scale ratio) 4
Diameter [mm] 368.3 92.075
G | e | oo
Thickn[er:fn](O.YR) 5 761 1 240
P/D (0.7R) 1.034 1.034

Z (Blade number) 3

e ——

==

Fig. 4 Leisure boat

Table 2 Leisure boat properties

Full scale Model

M\ (Scale ratio) 4
LwL [m] 12.345 3.086
B [m] 2.725 0.681
T [m] 0.255 0.064
WSA (m?) 31.019 1.939
v (m?) 3.659 0.057
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Fig. 5 Grid system of simulation

Table 3 Simulation condition

Index Leisure boat

Program Star-CCM+ (Ver. 15.02)

Governing equation RANS equation

Turbulence model k—e Turbulent model

Rotation method Sliding mesh

Cell discretization Cell centered FVM

Velocity—Pressure coupling SIMPLE algorithm

_2.5SX/|_PPS3.5
Computational domain —2.0<y/Lpp<2.0
-1.0<7/Lpp<0.5

Cell number 6,300,000
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4.2 of7HHSR AT

7|ZAH DHEOIAE ARl AFBEIE! 19A nozzle2 &AM
251210l B4l Al SE T RS0 1 Aol of
RABIACY, o oty

ol

>~
gt
El
0
20
2
>
o]
i
%

> Jlon
F‘r o
oo
[m
lo
b
1
A=l
o
o)
=2

AN|
E
ﬂJ||1|
R
02
ofr
58
a
N
HH
>
Jb
rG
(=)
Ny
2
o
%Y
=2
_>.'_
Iz

Table 42} Table 50l 1 751'}% '—FEF—H“'ZP EH’é,L Ml
9|7|7F 271 FE=0] Qlof 2t MePY|of| FEE =E HE
uct)2t & HE(Right duct)e| A&, 2|1 Mol &
i1} S Eol|M WS XEs 25 §ist M| g Total)
| =02 LiF LIERHRICE Table 4= S Hisjol| =
Zniz dE Make FArE0.6Y o, MA Mee FHIt
o 7Fe ZAct F 23} 21| Xjol= HE XMEfe| A o

:b‘|0|0r\u
arz#

= T Y xR b rE S

oII

4

© A QKo
OSET(?I'.‘ZL
>

foe)
I'|J9

JSNAK; Vol, 60, No. 6, December 2023

427



0.66N, M| AMste| A 0.5N2=2 HEMHCE MAA
UM HE ST} 0.821 2 HEQ| AMEk2
o] Mfgkg S7MIZ17| w20l 0.6¢! HEJL F T
2 Holct SiX|gH HE Hajof wE dufel Mg STt <
1.16N2 2 MA| M&e| 2f 0.86%= H[E0| o =Tt w2t
HEOM s Mol & o 82 7o 77t 0.82 B¢
Z

£z HE=Z ZH3ICt Table 55 2T Halof| w2 x5 A

Z
1t k| F| oA odTte| £ HEES ARZSIRIY ol F
M 0.821 HETF ARB=IACE siA Zt HE 2Tt 6=l 49
A Medo] 7H Zten] HE Z{5rt 052l 49 HE e
7R et a2t Fig. 1201 °F 20| 2=t 45 ofsiel 49
HE LT Z=2H2| ATl Zet SEIAT} et

0| FZsPil BIste BMo| LT Ol SE o
R 9 weZjo| DRtslof LBt sixOz mEkACh wRt

< =B 1 Co— [ELyE)

M 4k olste| ZutE OtHZ 0l&sP = Ot Ethsio] &+
H 0.8, ZU= 65 7|ZAA Zut=E H=SIACE
AMEAME 7|ZMA ZE 7|HRE §F NACA 4-digit
CiS Zhdoll MMMAIS TAsIUCE. T2iLt ST TiHE TR
7| ZEA 1t SLSH FHet 2ol thet o iHA o7t E

Wat A2 RoNlE AUE 2| HE o= Fesich wat
M Relo|at HEIS Hole 4 9l i uRllelS vtz ¢

T
©
>
3
N
2
o

i 0
5l 2|07l THHo| oM o As0| =2 ZuE 2oiF1 9l
ct. 2|22 47 (Bontempo and Manna, 2018)= Z4t{ol| 2|sH
2Msk= &8, HE =, 73 52 Hapt EF ol dHlsi o
2 HSIE HoiF1 Uct t2fM AHE FIHEZ M) A

t, 57, 2tz 37K(ofl thet oi7HHA 7S Ao 2 T
S

SIGICt 7| EAMAIRE 22 20knotsollM A S RIsl5IH o] A
Table 4 Drag results according to the thickness variation Mol =3 Ha|E ol 25l Alet siMe TsICh
(Basic design) Table 62 AKat silAlg RIghst 2t caseol| M= ni2fo|E{Q}
Thickness Drag [N]
ratio Left duct | Right duct Total Table 6 Duct drag results according to parametric study
0.5 6.452 6.515 138.8 Case No. Section Duct angle | Duct drag [N]
0.6 5.5183 5.563 135.5 1 NACA 1213 0.061
0.8 5.238 5.176 136.0 5 NACA 2213 T
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3 NACA 3213 -0.432
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Table 5 Drag results according to the duct angle variation T o~
5 NACA 6213 0.850
(Basic design, Thickness = 0.8 * Marine 19a e
thickness) 6 NACA 7213 6 degree 2.305
Duct ang|e Drag [N] 7 NACA 2209 0.069
[degree] Left duct | Right duct Total 8 NACA 2211 0.009
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Duct angle = 4 deg Duct angle = 6 deg

Fig. 12 Pressure and streamline distribution according
to duct angle

Case

Fig. 13 Comparison of 27nQ results for various cases
(Detail design)
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Fig. 16 Velocity distribution inside of duct according to the
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4400)

Table 7 Thrust, torque and duct drag results according
to the camber variation (RPM = 4400)

Max TPM QPM Duct drag [N]
camber

[%] [N] [N+m] Friction | Pressure
1 115.0 2.690 4.197 -4.136
2 112.0 2.629 4.281 —4.658
3 109.2 2.588 4.335 -4.767
4.4 108.2 2.560 4.390 -4.328
6 101.3 2.435 4.391 —-3.541
7.5 99.8 2.432 4.392 -2.087
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velocity and duct section
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Fig. 18 Ducted and non—ducted propeller P_D results
(Leisure boat)
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Fig. 20 Engine and duct
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Fig. 21 Sea trial test results
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(Sea trial ship)

TAGHA] Zolet 2 OIS 20[1 UALZ A
Lo AlohAg 712 ZI-SINE, Fig.
22= "It 7|1F F LFel 16knots~20knotsoll Chall x5l

Agst Az HE FEo T P_D HEIS Liekd Zolch. 2

Bl TTC 73 HAS Amsiol AMERS AsIgon] that

Mool chet MEZLS S THD SUBH WAOE MEZL

g2 FEsIgict T2ih 024t 1konts 0f310] Aol ChaiA

= sjale Masi Z3ITI0] 16knoisel MZASS ol

£ 0|88l MSULBS FHSRICE T 2T BR o 5.9%°| 4
A =]

ST

r Ug‘-
>
o
S =
T
m

Ho ©

= oiTollA
g HE
Ct 7|Z=4A ol
2N MelolM &85l
HIOZ NACA 4~digit TH2
MIAA TFgoll M= 2,
JHPH AFE TSI
7|z et gl A of
27012 271K 25 H
IR & HS0| Folt HE F 471K
e 582 HWSICh M Z2tE vwglS mf NACA 3209
2} NACA 22130| MZ H|=El =
D20 M= Rl0|7F B715101 NACA 3209

—_
il
i
[m
rm
5]
o
ol 0.,>_
10
El
o
=
o

=2
)
ol
0%
g
Pl
0%
I mju
N
=]
w
Jton
e
ol
)

rr A
=
mjo
>
02

9

>

=
nozzle®| SH Lt ZHEE HEsIn
Aol 7|Eg Fjtern

0 |
ol MMAAE TSI

i
|m
0g

Al

)=
0x

r2
1o
0.

7

4n
N
H1
<
=
0]
>
mju
ol r‘|>|
=
i

I

iE
To

1=
o
ofm
ofr
S
1@ o
m
A

== 02 o
-
o
Jal
kl
>

x
mII
0=
ol
F[F
Ral

El
ofr
5]
x
nx
X
™=
gg
or
2
ful
>.
=

1o
 u
|m
o
x

21

ol
k)
R
I

2 5% ooz M
SI%ICH 01 AS 2iEst siso] olph A 242 '

JSNAK; Vol, 60, No. 6, December 2023



oM ] s AS .
Bzt Set 72ioll sl RIsiA{nt AR Z21HE 8| wshH

M&ZABO| 247t oF 5.9%0} 7.5%2 0l= MT FARH Z2p}

ol TRz RACKSHD 7|EPAIZAR(RH) o FAfSkm
BK21 4CHA| A | 2
AT,

References

Abbott, I.H. and Von Doenhoff, A.E., 1959. Theory of wing
sections . Including a Summary of Airfoil Data. Dover
Publications, Inc . New York.

Bontempo, R. and Manna, M., 2018. Performance analysis of
ducted marine propellers. Part ll-Accelerating duct. Apolied
Ocean Research, 75, pp.153-164.

Celik, F., Dogrul, A. and Arikan, Y., 2011. Investigation of the
optimum duct geometry for a passenger ferry. In:
Proceedings of the 9" Symposium on High Speed Marine
Vehicles. Naples, 25-27 May 2011.

Gaggero, S., Villa, D., Tani, G., Viviani, M. and Bertetta, D.,
2017. Design of ducted propeller nozzles through a
RANSE-based optimization approach. QOcean Engineering,
145, pp.444-463.

International Towing Tank Conference(ITTC), 2017. High
speed marine vehicles resistance test [Online]. (Updated
June 2017) Available at: hitps://www.ittc.info/media
/9665/75—-02-05-02.pdf[ Accessed 12 April 2022].

International Towing Tank Conference(ITTC), 2017. High
speed marine vehicles propulsion test [Online]. (Updated
March 2017) Available at: https://www.ittc.info/media/9663
[75-02-05-01.pdf [Accessed 12 April 2022].

International Towing Tank Conference(ITTC), 2021. 7978 ITTC
performance prediction method [Online]. (Updated March
2021) Available at: https://www.ittc.info/media/9872/75-02
—03-014.pdf [Accessed 12 April 2022].

Markets and Markets, 2021. Recreational boat market by boat
tye (sailboats, PWC, inflatables), size (<30 feet, >50 feet),
engine placement (outboards, inboards), engine (ICE,
electric), material (aluminium, fiberglass), activity type,
power source & region—global forecast fo 2077,
Pune:Markets and Markets

Mancini, S., Luca, F.D. and Ramolini, A., 2017. Towards
CFD guidelines for planing hull simulations based on the
Naples Systematic Series. W/ International Confererice on
Computational Methods in Marine Engineering, Marine
2017, pp.1071-1085.

National Fire Research Agency, 2020. Fire and rescue boat
also requires a propeller guard, Fire Prevention News,
2020.5, pp.66-74.

Qosterveld, M\W.C., 1970. Wake adapted ducted propellers.
Ph.D. Delft: Technische Universiteit Delft.

Shin, S.W., 2020. A study on the performance characteristics
of planning hull with spray rail. PH.D. Busan:
National University.

Pukyong

432

st Msts| =2 %! |60 Mi6S 20231 12€



	익형 형상을 적용한 레저 선박용 안전 덕트 개발
	1. 서론
	2. 프로펠러 및 선박 제원
	3. 수치해석
	4. 덕트 설계 및 분석
	5. 결론
	References


