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Abstract

In this research measuring resistance of sailing yacht, side Force and yaw

Moment using resistance test, force measuring test at various combinations
of heeling and leeway angles & Keel test when Keel attached and wasn't
attached on the bottom of hull part. When sailing yacht is upright
condition, measuring difference of side force when keel attached and wasn't
attached on the bottom of hull part and comparing Keel's side force
measured by Keel test. From this result searching correlation between
hull and Keel. And case that leeway angle is 10° and heeling angle 20°,
measuring flow of wake by PIV(particle Image Velocimetry) method
when Keel attached on the bottom of hull part and Keel is alone in order
to verify whether ignore of correlation between hull and Keel is
possible when there is leeway angle and heel angle as well as sailing
yvacht is upright condition. From these results gaining conclusion of ignore
of correlation between hull and Keel is possible. Therefore researching
Hydrodynamic Force and Fluid Flow Characteristics change of 3 types
of Keel using PIV(particle Image Velocimetry) method and Keel test. 3
types of Keel were Fin Keel, Bulb Keel, Winglet Keel
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kinematic viscosity
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turbulent kinetic energy
vorticity

Reynolds number, Re = UxC/v
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Fig.1 Sailing Yacht Configuration
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(d) Ketch
Fig.2 Kinds of Sailing Yacht in each Sail Type
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Table 1 Equilibrium of Force & Moment in state Sailing Condition

Air Water
Symbol Description Symbol Description
Fr Driving force R Water Resistance

Fuat | Horizontal heeling force Fsat | Horizontal heeling force

Vertical aerodynamic Vertical hydrodymic
Fy Fvw
force force
Mpa Trimming moment Mpw Trimming moment
Mu Heeling moment Mg Righting moment
Myw Yawing moment Myr, Yawing moment
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Geometry of the velocity

(j§"j (Lee hetm)

g triangle
© @
Where, W  Weight of the boat

A Displacement of the boat

Fig.4 Equilibrium of Force & Moment in State Sailing Condition
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Table 2. Principal Particulars Model & Actual Ship

1m

0.428m 3.500m

0.172m 1.411m

0.054m 0.439m

0.213m 1.740m
0.008075m’ 4.54t
0.00848m” 4.768t

0.2684m” 17.988m*

0.33135m”

0.1339m

0.1158m

0.1623m

0.0229m?

1.145

0.0197m




NACA 63A-010

Fig. 5 Model Ship of Sailing Yacht

(a) Bulb (b) Winglet
Fig. 6 Bulb & Winglet

Fig.6% ol¥ AFolA & Ao F2gk HEo}l Y29 fegfeelty HHE= A
Aol A FFo] efd¥olar, Hol7t 14cmolal F/d2 Greeley(1989)2] HH g
&l FAE o]&sto]l AT

(y/a)*+ (z/b)*=1 (1)
y=vertical distance from center bulb
a=maximum vertical radius

z=horizontal distance from center of bulb
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b=maximum horizontal radius
a=exponent
S W7ol Aoz

Bulb 9] nose~ midsection7}FA| &= 2

3l midsection~tail7}A = 4
Tip 4°]¢ 60%<] 6.7cm ©]aL, Tipel 7

|
HAe Tipe chord Wako 2=
m, FH7E 20°0]ch

HFSEO 22 o] Zlo]l+= 14cmolal, F7+ 2m

(c) Winglet Keel

(b) Bulb Keel

(a) Fin Keel
Fig. 7 Shape of Keel
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2.2 4@

HONEY COMB SURFACE FLOW ACCELERATOR

VACUUM PUMP
WAVE SUPPRESSING PLATE

DEAERATION DEVICE

MEASURING SECTION

5 o
)
@ WATER FILTER D_‘L I / Dﬁ%
~.__GUIDE VANE D’U_‘ T
\ |
IMPELLER DRIVING MOTORS
} 12.5m |
Fig. 8 Circulating Water Channel
2 w=po] 4Ye Figsel @HSFUStE FBeIsest 3R5E 4P o] 4
=o} Q¥ 3|HF+Z(Circulating Water Channel)ol| A 8t} 3| F4ZolA 49
e 2 Impeller Vertical Type(OV - 60B)S o]&3tH, % AA| A7|= 4ol

2
12.5m, % 2.2m, =°] 5.2me|H], & Ago| sl #5529 A7+ Zo] 5.0m, F
1.8m, %°] 1.2moltt. 22| 7FeA] AL&H = 4 2 60tonol™ 29| WA
2 0.1m/s ~ 2.0m/s°|t}. 18]lal Fx2 45 22kw x 2set Impeller Motor=

?O%E‘r.
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e 2EYQ Aol A (strain gauage)?] ZE=A(Load cel)S o] &3}
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Table 4. Resistance Test Condition

Fn 0.115 0.172 0.230 0.287 0.345

Vm 0.360 0.539 0.719 0.899 1.079

Fig9@)e Zg 5F-2313s we} F-23814) ehoks W & AFoA Fad A 84
e BT 9tk KMUER= 22 & A3 475 njagk Zlojt}, T1doA Hzo] 4
AA ol A o] 7o) daFS WolFEd] =& FroudeollA 7€) zto]7} gl whd vhe
Froude oA oF 10%9] AfolE Holal It} ol d&dA] AR gk upaAgo]
JH oz olxl= Aol 7|Qlstttar A7k 4= 9tk $HA Fig. 9b)e} (0F & A
qe AE (2000)3 Blugk g es FIHES S o
7} é0ﬂ 1 ~10%78 =9 AfolE BT o] i Ado] AHE(2005)7 g M F

swm

it

CTM CTM
0.020 0.020
—— KMU &— KMU
. 3 - - ¢ — - Shim(2005)
0.015} - - - - Shim(2005) 0.015F
0.010F 0.010F

0.005

0.005

7\\\\|\\\\|\\\\|\\\\|\\\\| 7\\\\|\\\\|\\\\|\\\\|\\\\|
0.000 015 02 02 03 o035 000407 025 03 0.3;:5

N

(a) Without Keel (Comparison) (b)With Keel (Comparison)
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0.020

KMU
——o6—— With Keel
- - ¢ — — without Keel
0.015F
0.010F

I S R RN SR
0.000 ) ) ) 035

(c) With and Without Keel

Fig.9 Results of Resistance Test

3.2 B A-AAIE
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Aol 89K SAASE B Agats TRAE Sysiea Asdct 0
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N : 3]FR2HE(Yaw moment)
I Yr, Ya SAH Abo]9] Ae

F71 Y, N& A3)¢ #ol Fakdste] Cot Cve 73t

AR AR9=092) A5 HPBOR 0020714 5° HAew 2He +95
o) a2l 94420 1009 20°9 wis A9A RS skl AAne 244
AAT, o A4E $Po2g0s, 5, 10° 15 20° AFRAAN 2R S,
2 Aol AEAL Fig 39 2o AR gol x%, 98 o] yFoz 3
= A% 95 AEA AA 1Y AEAS g
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Fig.10 Coordinate system
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(a) Comparison with Shim (2005) (With Keel) (b) With and Without Keel

Cs
0.08-
KMU
i —6— With Keel(¢=10, g =10)
0.06F - - - withoutKeellp=10, B=10)

0.04

0.02

07\\\\|\\\\|\\\\|\\\\|\\\\|\\\\|
08 09 1 11
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(c) Effect of Velocity (B=¢=10°)

Fig.11 Results of Heeling and Leeway Test (Side Force Cs)
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0.08
i KMU

—O— With Keel( ¢=10, =10)
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(¢c) Effect of Velocity (B=p=10°)

Fig.12 Result of Heeling and Leeway Test (Yaw Moment Cy)
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Fr - dynamometer Steering device

== 2 ==

Water surface

=

H 1> Keel angle

H « Water fiow

Fig.13 Keel Test Apparatus
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