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ABSTRACT

A Study on the Resistance Characteristics of a Yacht
with Single and Double Keels

Lee, You-shin
Advisor : Prof. Park, je-woong Ph. D.
Department of Naval Architecture

& Ocean Engineering

Graduate School of Chosun University

Because of five—days workweek system applied to almost industries, an
increase of national income and globalization of living environment, a
leisure environment has been changed to a sea from a land, and the leisure

has extended to the nature—friendly and experiential ocean leisure.

Korea's marine tourists increase by 1.8% each year. It is expected that
the total marine tourists will become about 40% of the population of
tourism in 2010. By considering that the rate of marine tourism population
among the world population of tourism, is about 70% of the total, the
population of marine leisure i1s expected to largely increase in the future.
However, Korea's marine leisure still has the underdeveloped country’s
leisure activity. IN foreign countries, the marine sports such as yacht are
very activated, and the marine sports occupy the high portion of total

marine leisure.

This study was intended to develop the sailing yacht for the leisure

activity in the west coat which has the low depth of water and extended

_Vi_



tideland like Gyeonggi/Incheon area.

Unlike the existing studies, the keel shape was not changed in this
study. In order to develop the yacht which can minimize an obstacle by
keel in the low coast by arranging the projected keel on both sides of the
bottom of the ship, the resistance characteristics by change of keel position
were analyzed through the model test and CFD (Computational fluid
dynamics) in the circulating water channel, by attaching the single keel and
double keel of the same shape and wetted surface to 15 feet dinghy yacht.

Chapter 2 of this paper mentioned the resistance test result and flow
pattern analysis result conducted in the circulating water channel. Chapter 3
explained a comparison of the simulation using the commercial CFD Code
‘FLUENT’ with the model test result. In Chapter 4, the synthetic

conclusions of the study were mentioned.

- vii -



H1&E AHE

1.1 A3 tH3E
22 He ZE MAZO0HUA HEZ D JYs FHY 22M(F 40A12F 22H) 2
=0UAS SO 2] MEEtEoe 22 detz st (I 882l Hat= SXI0AM BiCH
2 1 322 Hol%A A FGGE0|D MEHC HAOIL2 A2 JIE21D UL
£0| AH0| Btz WU MAH M2l =& ArH=01 L2|Licte sHd Mot &4
Q&0 /st JI2&el (A2 0101 2SN UCHD & = AUCH. AU L2 oidl
MOl CHSH =201E QA2 “AIXIAZS HIIEE WA= ‘fgs 6oI=sE’ olekes
CiA 23A0l =040 28t 2HZ 0rd 243 DX 26t10 U= AE0ICH 1]
Fig. 1.12 SclLict 22017 #Het F01E 20112 UCH K2lLietel of L2tz
2 MY < 1.8% A2 MEAME 20/ JASH 2010 H0l= o222 2T}
HH 210l oF 40% AT € 20oZ2 oflah otld UCH. & MHAH 2o =
of &2t ol2Jt XtKIGt= HIE0l MM 2 70% H&Ql XS 20ototH =W off e
dd ol HAl SF AN SIHE ez oaECH2].
40ty
400 372 mymy
317 316 314 Zojolp
302
300 g
200 160
4 a4 (29?3%) (?j‘:‘;) _f4§%)6H%“3%
oo @34%) @rew T T 20j0l7
- P LIE
46 46 47 41 51
1997 1998 2000 2003 2010

Fig.1.1 2t&el3 s F0I[2]



OFXIMXI Fig.

—

—

cll X

OF
S

OF

_J
Kl

IH

=
1o

i
Kk

1o
ol

=
s

0l

t

NN

Hek el d ol A

0

OHYAZL=IL M

U2MH

=)
LHEHO0let

o}
X0
ol

2010

2003

Heeld REE oo 8&8(2]

1998

0|

B IR

b

N k=2

1997

Fig.1.2

Al
% C

=1
0
50F
400
30F
20F
107

ol gl
KO

3H

=3
—

1<)

ol

o

i
)

%0

Ky

St
=

= St

2008 ZI1=

ESpvis

S
AXE JIECZ O

OlA OH
ol

St
S

H

| &=

A

A
(=]

}

2
|2t 20128 Of==

3

=l

IZOLAIOHZ DI CH

[

deld =49 68 Ik
0

clOtOHXIE MIHILEH

2010

= JIt=.

[—

2|

=

SHNRENHE’
=2 X2
S

=

)



o]

i
ol
X0
il

cll X

o &

RER

=
=

=LHOIM S 2000E CHOH

S

pom
6

o3}
o

ol

(Ocean Korea 21)[3]

=
=

LD [= A

[16]

=
=)

Kol &

0l

)

160

i

=2 85 &S MNLELLE

st

[18]2

1t ZE2[21] S0l 25+

=

Bz s"=[20],

2l
=]

| OIRIXILD UCH.

110
il
Il

H

!

IR &

Ol CH

Hefell A,

0

-0l =+ot] Kl

o

i0J

ol

Hiet &

o]

A A8

o

of

Ju

1

f

{10t £=56H)| HEO0ICH.

%

Mk

ild

&

A FRP OF

=

X

ol

8l RcelLtetolA el

Cretsd 2 D

O ol M&H Z2E8= BIE2Z dIXN
td 3

THAS

[==|
S

o-

[
=

S&=01 HI5

0l
KH

<

AMTEC

OIC}.

=EH0AM HE J2 AS o

-~ =
I‘_-l =

ZJ1/¢l
JHE, el ot

2y

Hefell X

0

<

ot C

O CH

v |
=

grol Xtet He2 M

2
[

F

eSS

=
[a—

UALE=Z

Jb X e

Ol XIS0IA

Kl Mo 30 Edst 2 222 JIU=EC.

0

(@]

XD /Y= F= Southampton Xl

d=

1.32 Scluet M

Fig.

=
=

ok

AEIOIA 2= Bt 201 22X A0l &2 JHZ0| LIEHLD UK

OICH.

3

e
=)

(e Ke]
= =



ol

o)
BN

Ol XIF0IA Eel ALZELD

1.4

Fig.

KIS0l A

Ol &2 a1 JHEO0| Eedl=

£ 2

(O

INQUREE

Heteld d&=0AME

ULt =, 0

i

t

¢}

=
=]

}

Sfalliel

go=z

gt

gz dME 2

gt AtllE
g

Oled

&= UCH

!

o
=

ol
00

~
19)

ol
ol
=

| e 24

el

A
T

s
—

ol
8

—_

sl

o)

o

9]

ESE

OF
S

Jtet

=
=)

cll X 2112
tob 01201 Xl ct

clLietil M & Olet Hi=

e, <

oic
—

gds

20l RES

EH 2+

10

i

ELl

ok

ol

1.3 View of seaside, Southampton, UK

Fig.



e

(a) Double keel yacht (b) Triple keel yacht

Fig. 1.4 Yacht hull form, Southampton, UK
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Fig. 2.1 Schematic View of the ITCWC

Fig. 2.2 Overview of ITCWC
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2o =2 MBA2 Table 2.1 &L,

Table 2.1 Principal Dimensions of Dinghy Yacht

PRINCIPAL DIMENSIONS OF DINGHY YACHT
| tems Mode!l Ship Actual Ship
Length Between Perpendiculars Lpp  (m) 1.0000 4.550
Length At Design Load Water Line LWL (m) 1.0000 4.550
BREADTH B (m) 0.3560 1.620
DEPTH D (m) 0.1099 0.500
DRAFT(DESIGN) d (m) 0.0352 0.160
DRAFT(AFT) da (m) 0.0352 0.160
DRAFT (FORE) df  (m) 0.0352 0.160
Trim t  (m) 0.0000 0.000
O I SPLACEMENT v () 0.003125 0.294
DI SPLACEMENT (ton) 0.00321 0.302
WETTED SURFACE AREA (m*) 0.19544 4.046
BLOCK COEFFICIENT Cb 0.2496
PRISMATIC COEFFICIENT Cp 0.5530
MIDSHIP SECTION COEFFICIENT Cm 0.4514
WATER PLANE SPEED GCOEFFICIENT Cw 0.5241
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Single Keel (LEE-001)

Double Keel (LEE-002)

Fig.2.4 Tested Models
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MEAIEE Froudell HIWYEZ HZ0l ZREES AESESEZE Z2Eot=0
Froudez=ct Ecle= 2XE Hx=JF BEEL X0 s2ol AEE BEHO £
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v
F, =
ViIwl « g
Vo H=(m/s) Lwl @ =& 20| g SIS (m/s)
Table 2.2 Velocities of Model Test

Vs(knots) 2 2.5 3 3.5 4

Fn 0.154 0.192 0.231 0.27 0.308
Vm(m/s) 0.482 0.603 0.723 0.845 0.964

Table 2.22t 20| &&= AAIGIFRCH, 1329 AE & HEgs=2HH Z2XNE=
& ME g2 10x 222 Z 534 HS6 giel BZ2 139 Aggtez  Fotd
©SM 1 Zi= Table 2.30 LIEFLHJULCE.

Table 2.32 AEiaAHN Ot 8 ME g2 Hlust Aoz MXAEIHAS M
&t gt2 LEE-0011 LEE-0020IlM 2 XIOIDJF eisS= EHOIoHA L
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Table 2.3 Results of Resistance Test at ¢= 0" (g)

Comparison Table ¢=0°

Date 2008.08. 11
Vs LEE-001 LEE-002

(knots)
2 19.9 19
25 31.5 29.7
3 457 42 .8
3.5 64.6 61.6
4 78.6 748
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Fig. 2.7 Results of Resistance Test at ¢=0°
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Table 2.4 Results of Resistance Test at ¢= 5" (g)

Comparison Table ¢=5°

Date 2008.08.11
Vs (knots) LEE-001 LEE-002
2 25.2 22.1
2.5 39.4 34.5
3 60.5 52.1
3.5 81.7 72.8
4 104.7 93.1
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Fig. 2.8 Results of Resistance Test at ¢=5°
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LEE-001 LEE-002

Fig. 2.9 Wave Patterns at 2knots, ¢=0°
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N _

LEE-001 LEE-002

Fig. 2.10 Wave Patterns at 2.5knots, ¢=0°
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LEE-001 LEE-002

Fig. 2.11 Wave Patterns at 3knots, ¢=0°
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LEE-001 LEE-002

Fig. 2.12 Wave Patterns at 3.5knots, ¢=0°

_25_



LEE-001 LEE-002

Fig. 2.13 Wave Patterns at 4knots, ¢=0°
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LEE-001 LEE-002

Fig. 2.14 Wave Patterns at 2knots, ¢=5°
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LEE-001 LEE-002

Fig. 2.15 Wave Patterns at 2.5knots, ¢=5°
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LEE-001 LEE-002

Fig. 2.16 Wave Patterns at 3knots, ¢=5°
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LEE-001 LEE-002

Fig. 2.17 Wave Patterns at 3.5knots, ¢=5°
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LEE-001 ' LEE-002

Fig. 2.18 Wave Patterns at 4knots, ¢=5°
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LEE-001 LEE-002

Fig. 2.19 Stream Line at 3.5knots, ¢=0°
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LEE-001 LEE-002

Fig. 2.20 Stream Line at 3.5knots, ¢=5°
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Fig. 3.1 Computational Domain
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Fig. 3.2 Surface Grid with Single Keel (LEE-001)

Pressure outlet

Pressure inlet
(open channel)

Symmetry

Pressure inle
(open channel)

Y\:ix

Fig. 3.3 Boundary Condition of Calculation
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Fig. 3.4 Stream Line of Single Keel at ¢ =0°

Fig. 3.5 Stream line of suction side(or pressure side)

near single keel at ¢=10°
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Fig. 3.6 Stream Line of Suction Side near Single Keel at ¢ =5°

Fig. 3.7 Vortex Flow near Single Keel at ¢ =5°
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