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Performance Predictions for Sailing Yacht

N
Jaehoon Yoo,

Haeseong Ahn""

Abstract : A model test was carried out, in order to verify the hydrodynamic performances of public 30

feet class sailing yacht. In the initial design stage, the performances and the running attitude of sail yacht

including the hull form and sail plan, appendages were estimated by VPP, from which made the

representative test conditions. A new experiment system such as captive model device was composed

because the running attitude could be changed by wind conditions. The test results show that the minimum

resistance is generated in the heeling 20 degree, which was expected in the initial design stage. It is

thought to be the useful informations that the keel has an effects on hydrodynamic forces and resistance

differences between the upwind and the downwind condition. Also this paper is associated with the

state-of-the-art of calculating sailing yacht performance as this is performed in velocity prediction program

(VPP). The VPP results shows a typical shape of a sailing yacht and the designed yacht has the best

performance at 120 degree angle of true wind with 20 knots.
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Fig.1 Procedure of VPP calculation
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Table 1 Hydrostatics of test yacht (Full Scale)

Unit Definition Value

Loa m Length Overall 9.142
Lwl m Waterline Length 8.245
B m Beam (Max) 3.024
TC m Draft w/o Keel 0.400
T m Draft with Keel 1.900

v m3 Displacement 3.298
Wetted m2 Hull 15.60
Surface m2 Keel 2.84
Area m2 Rudder 1.18
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Table 2 VPP results (Downwind Optimum) g RAEOR) S A=A}
L -l E’_
Jvr.uz A%@?rgm Boat
In In Table 5 Conditions of model tests
Speed| Angle |Speed| Angle |Speed| Heel |Leeway
(kts) | (deg) | (kts) | (deg) | (kts) | (deg) | (deg) Values Remarks
6.0 |140.2| 3.7 | 86.7 | 465 | 1.1 0.5 Model Scale 3.0 Ls/Lm
8.0 [143.9] 458 | 97.9 | 559 | 1.2 | 0.3 Model Length |  3.047m _Loa
10.0 [152.4] 5.17 [120.3] 5.92 | 1.1 | 0.2 Towing Speed ;';sgmf ’\’\A/"” ((\\//S‘_‘;ff))
12.0 |167.5| 5.79 | 154.4]| 6.06 | 0.6 | 0.1 : 2 [OMVS ax JVS=es
Towing System Captive
14.0 |177.6| 6.99 [175.4| 6,50 | 0.4 | 0.1 Body Fixed
16.0 | 1785 8.45 |177.3| 6.95 | 0.4 | 0.0 Measurement | Fx, Fy. Mz | c50rdinates
20.0 [178.3| 11.5 |[177.2| 7.76 | 0.7 | 0.1 Fx: 100 kgf
Load Cell Fy: 100 kgf 3-Compo
Mz: 10 kgf-m
Table 3 VPP results (Upwind Optimum) Towing Conditions (all tests with Rudder)
Downwind with Keel 4~8 kts

True Apparent . with Keel _

Wind Wind Boat Upwind w/o Keel 57 Kkis
Speed| Angle |Speed| Angle |Speed| Heel |Leeway Heel Variation with Keel Vs=6ﬁ.5kts
(kts) | (deg) | (kts) | (deg) | (kis) | (deg) | (deg) — Leeway=3.0deg
60 | 46 | 989 | 242 | 508 | 57 | 18 Leeway with ree Vs=6.5kts

Variation w/o Keel Heel=20deg
8.0 | 425 |12.38] 23.9 | 5.76 | 11.1 | 2.4
10.0 | 39.4 |14.52| 235 | 6.04 | 14.2 | 2.7
12.0 | 37.5 [16.53] 235 | 6.21 | 16.2 | 2.8 Table 42 W 717}o] Mo )3+ A} ZHee}

: . . . . . . 2 L=R=3 B B AAL 2 ALEF AF ZA
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Table 4 Model tests conditions (Upwind
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5.0 5.5 2.0 0.29 1.485 stol & 2dste] AN e S8 UFEES 3§

6.0 13.5 2.5 0.34 1.782 oAr}.

6.5 20.0 3.0 0.37 1.931

7.0 30.0 3.5 0.40 2.079
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Fig.4 Towing system for sailing yacht
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CTS = (1 + k)CFS + C”+ ACF
+ CA+ CAA+ CAS

(D

Cy=Cpyy— (1 +k)Cpy (2)

where,
Cyr : Total Resistance Coefficient
k  : Form Fuactor
Cp : Frictional Resistance Coeff.
Cy : Wave Resistance Coefficient
ACyr: Roughness Allowances

Cy : Model — Ship Correlation



Cyy = Air Resistance Coefficient
Cys : Steering Resistance Coeff.
subscript M : value of Model
subscript S: value of Full Scale Ship
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Table 6 Parameters for Extrapolation

Condition Values (x1000)
Downwind Upwind
k Form Factor 0.3811 0.3811
Model-Ship
Ca Correlation 0.37 0.37
Steering
Cis Resistance 0.1 1.0
Cy4 | Air Resistance 0.0 0.26
Roughness
ACk Allowance 2.122 2.122
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