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Evaluation of Yacht Sails Performance by CFD and Experiments

Jae-Hoon Yoot : Hae-Seong Ahn*

Abstract : [t is important to understand flow characteristics and performances of sails
for both sailors and designers who want to have efficient thrust of yacht. In this paper
the viscous flows around sail-like rigid wings, which are similar to main and jib sails of
a 30 feet sloop, are calculated using a CFD tool. Lift, drag and thrust forces are
estimated for various conditions of gap distance between the two sails and the center of
effort of the sail system is obtained. Wind tunnel experiments are also carried out to
measure aerodynamic forces acting on the sail system and to validate the computation.
It is found that the combination of two sails produces the lift force larger than the sum
of that produced separately by each sail and the gap distance between the two sails is
an important factor to determine total lift and thrust.
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Tunnel(Z%
71&A 0 C : chord length
® ! mast angle(angle between vessel
I : height of the upper end of the centerline and sail chord line)
forestay above the sheer, do : mast angle at sail foot
J : horizontal distance from the forestay f * camber of sail section

at the sheer to the forward side of A : projected area of sail

mast, S surface area of sail (reference area for
P : mainsail hoist non-dimensionalization)
E : after side of mast to mainsail clew Cu : lift coefficient (= Lift / $SU* ).

limit band Cp : drag coefficient (= Drag / 3SU? )
H : height of sail from sail foot Cp © pressure coefficient (= P / 3U%)
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U : inflow velocity, herein the apparent
wind speed
subscript F : jib sail, M : main sail
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(1) Camber Line : NACA a=0.8 Mean
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Fig. 1 Geometry of sail set
Table 1 Geometric parameters of main sail
Foot | 25% | 50% | 75% Top
H{mm) 0 3000 | 6000 | 9000 | 11900
C(mm) | 4000 | ‘3000 | 2000 | 1000 10
¢(deg) 0 5 10 15 20
f/C(%) 8 10 12 14 16

C=4000

$o=0 deg

Fig. 2 Geometry of main sail
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Fig. 3 3 Zo] Aalitt JALY A& %ol
waFo 2ol Al HEZEY A E Footd Mastzf
Z(P)E 7IE2E Yot olzg Foe Hi<l
AL MA S FARE Boll 238 Footd
Zhmob AW AAEE dhH, ALY Afoe
Foot4 Trailing Edged] 28 U= S s
AM A 7+A | & Foot®) mast Angleo] 23
Hoj=x|7] ool

Table 2 Geometric parameters of jib sail

Foot | 25% | 50% 75% Top
H{mm) 0 2750 | 5500 | 8250 | 11000
C(mm) | 4680 | 3450 | 2200 | 1050 10
d(deg) do  |1.2500| 1.5¢0 |1.75¢00| 2.0d0
/C(%) 8 10 12 14 16

Fig. 3 Geomefry of jib sail

3 ARe F AL e 1749 AL Foot
o] MastZt=(¢o)E 5%, 10%, 152 HsstH
A wqstget, ZE 3ol el valde] Ue
Hg Aske gloks 7P sl Aae Fastan

do=15deg

Fig. 4 Geometries of sail sets
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Fig. 6 3-components load cell to measure the sail
forces
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Fig. 8 Cp Contours and limiting streamlines on main
sail only

Fig. 7 Grid system

2 AL AH7D Windward Side Leeward Side
3. A AL Z J"' Jib Sail only Jib Sail only
$o=10 deg o= 10 deg
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H1, Ao s stAE 2o wezto] A3}
2 Ho], Windward Sidedl #% gl g A &
Fo] dAZE ALZ W A,

A F
Windward Side ;\ Treward Side
with Jib g 15 deg 5 N with Jib ¢, 1S deg et

Fig. 10 Streamlines over main sail with no
interactions (on the section of 25% height)

Jib Sail only
o= 10 deg

Windward Side

with Jib g 10 deg
o
I

Fig. 11 Streamlines over jib sail with no interactions
(on the section of 25% height)
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Fig. 13 Streamlines according to gap distance
(on the section of 25% height)
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F [m] C, Main, no interaction

B C Jib, no interaction

I C Toml no interaction

; —-Cl—- CL Main, with interaction
-=O—=-- C_lib, with interaction

——O— C Total, with interaction

Fl—— C Total, Experiment (V=7m/s)

| |-——>—— C/ Total, Experiment (V=10m/s)

[|—<t— C Total, Experiment (V=12m/s)
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Fig. 14 Lift coefficients according to gap distance

J C, Main, no interaction
C Jib, no interaction
C Total no interaction
—-CI—- C Main, with i
- C Jib, with interaction
—O— C Total, with interaction
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—— C Total, Experiment (V=12m/s} |
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Fig. 15 Drag coefficients according to gap distance
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Table 4 Calculated Location of CE (mm)

Present Empirical Difference
Longitudinal | -341.6 mm | -130.9 mm | 210.7 mm
Vertical 3592.9 mm | 3312.7 mm | 280.2 mm

CE locations are measured based on origin
(tag of main sail).
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A
1400 N 1
- O Thrust by Main, no i E
B < Thrust by Jib, no interaction 4
1200 = O Total Thrust, no interaction ]
- — =0— - Thrust by Main, with interaction| -]
r —-=—-~- Thrust by Jib, with interaction ]
1000 - ——O— Total Thrust, with interaction ;
g wof -
Z ]
£ s f -

400 - - Y _:
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10
Mast angle of jib sail foot (¢,,)

Fig. 16 Thrust according to gap distance
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