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NUMERICAL METHOD FOR VELOCITY PREDICTION CONSIDERING MOTION OF A YACHT
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One of the most important factors in sailing yacht design is an accurate velocity prediction. Velocity prediction
programs (VPPs) are widely used to predict velocity of sailing yachts. VPPs, which are primarily based on
experimental data and experience of long years, suffer limitations applied in realistic conditions. Thus, in the present
study, a high fidelity velocity prediction method using the computational fluid dynamics (CFD) is proposed. Using
the developed method, velocity and motion of a 30 feet sloop yacht, which was developed by Korea Research
Institute of Ship and Ocean (KRISO) and termed KORDY30, were predicted in upwind sailing condition.
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2% E(Sailing yacht), A4 4] 8K Computational fluid dynamics, CFD),
&5 34 X2 73 (Velocity prediction program, VPP)
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Specify apparent wind Yacht Data
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Change RA
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Change HA

n Calculate DF.R
F wit F
Compare D:SF with RS Change LA

Fig. 1 Velocity prediction algorithm for CFD
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Unit Definition Value Table 2 Test conditions
LOA m Length Overall 9.142
LWL m Waterline Length 8.245 Apparent wind velocity Apparent wind angle
B m Beam 3.024 30°
Te m Draft w/o Keel 0.4 40°
T m Draft with Keel 1.9 50°
A\ m Displacement 3.298 10 m/s 60°
Wetted m’ Hull 15.6 70°
Surface m> Keel 2.84 80°
Area m’ Rudder 1.18 90°
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Thrust Side Force Weight Heeling Yaw
Resistance (N) Buoyancy Moment / Moment
(N) (N) Righting (N-M)
Moment
(N-m)
O Sail 1,597.40 3,344.70 34,156.50 28,159.10 6,126.10
2 Hull 1,635.10 3,326.60 33,472.00 28,586.50 6,020.80
Difference 2.3 -0.5 -2 1.5 -1.7

Fig. 6 Force and moment balance error for apparent wind angle of 30°
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Fig. 7 Pressure coefficient contours (left: suction side, right:
pressure side)
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Fig. 8 Drag (Cp) and lift (C.) force coefficients for various
apparent wind angles

16
14 —
12 f
N
Gos |

0.6 —

04 —

0z F —t—(SF

2 3
30 40 50 G0 70 80 a0

apparent wind angle(?)

Fig. 9 Side force coefficient (Cgr) for various apparent wind
angles
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Table 3 Heel angle, boat speed, leeway angle, rudder angle for
apparent wind

Apparent wind| Heel Boat Leeway Rudder
angle(®) angle(®) | speed(m/s) | angle(°) | angle(°)
30 33 3 13 -4
40 31 3.65 7 -1.7
50 30 4.02 4.5 0
60 27 4.45 2.5 1.8
70 22 4.65 1.4 1.85
80 17 4.94 0.95 0.9
90 12 5.03 0.4 0.88

40
s f =—m—Heel angle
30
[
T 25
s
£ 20
H
£ 15
10
3
0
0 20 40 60 80 100
Apparent wind angle(”)
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Fig. 11 Heeling moment coefficient (Cyv) for apparent wind angle
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Note

This paper is a revised version of a paper presented at the
KSCFE 2013 Autumn Annual meeting, Seoul National University
of Science and Technology, October 31, 2013.
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