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Flow Analyses around Downwind-Sail System of an IACC Sailing Boat by a Multi-Block NS/RaNS Method

by Yusuke Tahara, Member Go Hayashi

Summary

The present study concerns analyses of flows around downwind-sail system of an International
America’s Cup Class TACC) sailing boat. The numerical method is a multi-block Navier-Stokes
and Reynolds-averaged Navier-Stokes equation solver (hereafter, referred to as multi-block
NS/RaNS method) recently developed by the present author. The main objectives of the present
work are two folds: (1) an initial capability evaluation of the present multi-block NS/RaNS method
in analyses of large-scale-separation flow; and (2) application of the present method to flow analyses
around downwind-sail system of IACC sailing boat, on which very few studies have been so far
reported. In the present study, the mainsail/spinnaker configuration is particularly considered,
where focuses are placed on the aerodynamic interactions between the mainsail and spinnaker as
well as the influences of sail trimming on flow and aerodynamic forces. The present numerical
method is based on an extension of the RaNS method for ship flow analyses for applications to more
general fluid dynamic problems, which was successfully demonstrated through the present work.
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Fig.1 Downwind sailing of America’s Cup boats
EfS2E VR ISE7H10H (Auckland, 2000, Photo by Kaoru Soehata).
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Fig.3 Comparison of drag -coefficients for basic Fig.6 Comparison of drag coefficient between NS and
geometry (Rr=109). RaNS computations (T-10 Parachute form, En

=3X 108, Sahu et al.9).
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Fig.7 Circulation around mainsail and spinnaker.
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Fig.8 Definition of coordinate system, force direction,
and sail configuration angles.

Fig.9 CAD-based surface modeling of the present
mainsail/spinnaker configuration.
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Fig.10 Multi-block arrangement for the present

computational grid.
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Iso-Surface ;J
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(a) J*=0.5 (b) J*=0.4
Fig.11 Iso-J*surfaces near the mast top (before grid

refinement).

(b) After
Fig.12 Comparison of J* distributions between the

(a) Before

before/after grid refinement (horizontal

section near the mast top).
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Table 1 Sail system configuration of single- and

two-sail conditions.

Trim case 1 case?2 case 3
condision Spin Main Main +Spin
Main Attack Angle(deg) 56.0 56.0
Spin Attack Angle(deg) 415 41.5
N [ D

Fig.13 Overview of flow field around the present
mainsail/spinnaker configuration (Case 3 in
Table 1).
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B Main
B Main&Spin

8.31%

B Spin
B Main&Spin

Drag

Lift Thrust Side force

(a) On mainsail

(b) On spinnaker

Fig.14 Comparison of aerodynamic forces between single-sail (Mainsail/Spinnaker) and two-sail (Mainsail +

Spinnaker) conditions: (a) on mainsail and (b) on spinnaker, respectively.

(a) Spinnaker only

(b) Mainsail only

(c) Mainsail + Spinnaker

Fig.15 Comparison of velocity magnitude and pressure contours and cross-sectional streamlines (Mainsail

mid-span section): (a) Spinnaker only; (b) Mainsail only; and (c) Mainsail + Spinnaker; rows, velocity

magnitude contours, pressure contours, and streamlines, respectively.
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Fig.16 Comparison of pressure profiles between

single (spinnaker) and two-sail conditions at

the spinnaker mid-span section.
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ﬂ
(a) Spinnaker only (b) Mainsail + Spinnaker
Fig.17 Comparison of streamlines near the

spinnaker windward edge at the mid-span

section.

(a) Spinnaker only

(b) Mainsail + Spinnaker

Fig.18 Comparison of pressure contours near the
spinnaker windward edge at the mid-span
section.
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Table 2 Computational test cases: varied spinnaker

trim angles for fixed mainsail angle.

56.0 56.0 56.0 56.0 56.0 56.0
33.4 37.7 415 452 488 55.4
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Table 3 Computational test cases: varied mainsail

Horizontal section
2/Span=50.1%

trim angles for fixed spinnaker angle.

}L@nmm@w 460 | 51.0 | 560 | 610 | 660
Spin Attack Angle(deg)| 41.5 41.5 415 135 415
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Fig.19 Influences of spinnaker angle on sail-system

aerodynamic forces (for fixed mainsail angle).
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Fig.20 Influences of mainsail angle on sail-system
aerodynamic forces (for fixed spinnaker

angle).
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Fig.21 Comparison of thrust and side force
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distributions (Mainsail angle 61.0 deg. and
Spinnaker angle 41.5 deg.).
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