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CFD Simulation of Two-Sail Interaction about a Sailing Yacht

by Young-Woo Lee*, Student Member

Hideaki Miyata**, Member

Toru Sato***, Member

Summary

The three-dimensional viscous flow around a jib and main sails of a sailing yacht is simulated by
using of finite~volume method and zonal boundary technique. For the generation of grid system of the
complicated three-dimensional geometry of sails, an interface boundary technique is introduced at the
narrow space between two sails. This simulation is applied to the sail system of a IACC class boat and
studies are made on the detailed flow around jib and main sails, the influence of interaction on the
performance, the effect of the wind angle and so on. It is demonstrated that this method can be used
as a tool for sail design and performance prediction of sails. '
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Fig.1 Coordinate system of sail.
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Fig. 2 Definition sketch of the aerodynamic forces and
angles in the close-hauled condition.
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Fig.4 Zonal boundary grid and overlapped shape of
the chords of two sails.
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(a) single grid system

(b) zonal boundary grid system

Fig.5 Grid system of zonal boundary grid and single
grid in two dimension.
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(b) zonal boundary grid system

Fig.6 Comparison of pressure (a) computed by single
grid system (b) computed by zonal boundary
grid system
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Table 1 Dimension of jib and main sail.

[ [ jibsail | mainsail |
foot-length of sail | 11.1996 (m) | 9.96044 (m)
sail height 26.1 (m) 30.5 (m)

Table 2 Conditions for calculation of two-sail

interaction.
casel case2 cased

. (jib only) | (main only) (main+jib)
nondim. length foot-length of jib sail
Rn 1.0x10°
Grid 56 x 31 x 41 [ (56 x 26 x 41)x2
dy,,..-,. 1.0x 10—3
turb. model SGS model
Heel 20 (deg)
BT R 20 (deg)

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

-V 7IaAy vDZEBTFBOCFD Y S ar—yv 5 29

FTHMBADY I 2V —v 3 A2V T H—LDADES
(casel) &EXA Y E—LDADPE (case?) 2 FhFh
LTI, REAL Y-V EYTe— VD EDY
2 al— g (case 3) BTV, DS L HE LS
WCZROTUIMR EAMORE 2D, 22, ¥
BHOFHEIEDLN LY T - X4 Y-V DORRIZ,
ZETOWERETOBREZDE £ THWTWL S,

APRUIIEIERE & 0 R 2 SR TTHEM 1 TIE L, SERITES
M5 TIRIZERICET 5, TNTOFEREE IR
5 TORBIE T VLT3,

3.2 ZHFTHBORS

V7 —VEMOBE (case 1) 1&, Fig. 7(a) & Fig. 8(a)
KRONZ LS CRPTRAALY 72— VEGO > |
TYRTIZNEDKRE WD, FASETHEEZCY
D, BEEETETHBEDRET 5, BEEFTETIZZ D
BTEAMET L, ATHRTE CRENSEEY - 2125,
K EBRIR > TIEDEAFER I > THAIDEE IR
%, V7 — VEMOBEOREENS4 % Fig. 9(a) 1o
To OB L 3 ELAEHETOADEN IR/ HH
e TRoNnD, £, YA R MAREDDIZ z/span=
0.6 iz 5 Lt TROSERSH 0N, EOEER
BREELTVWES,

AA Y —NVEBDBE (case?2) it Fig. 7(b) & Fig.
8RN D &3 KEROBh B EFEEETY
%, BEHEITOERA R, B TETRRE L v

Leeward side
cewara

poom g
y LUy

|
i

bihay

{

{b) 'c';:isez {(main or;ly) .

Fig.7 Velocity vector on the xy-plane at z/span=
0.5(a) casel (jib only) (b) case2 (main only)
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Fig.8 Contours of pressure on the xy-plane at z/
span=0.5, the contour interval is 0.05 (a) case 1
(jib only) (b) case2 (main only)
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Fig.9 Contours of pressure on the sail surface for the

single sail condition, the contour interval is 0.05
(a) casel (jib only) (b) case2 (main only)
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Fig.10 Circulation and Upwash-downwash effects
between the two sails.
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case3 (main+jib)

Velocity vector on the xy-plane at z/
span=0.5 for case3 (main+jib) (b) Con-
tours of pressure on the xy-plane at z/
span=0.5, the contour interval is 0.05. for
case3 (main+jib)
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Fig. 12 Velocity vector on the sail surface for case 3
(main-+jib)

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

-3y rOZETBDOCFD Yy T ab—3v 3 31

(a) k=19
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Fig.13 Velocity vector on the xy-plane for case 3
(main+ijib)

HIgDOMERRIC L > CETHARKEBE TZNZNES @
2RO, ZOHBEHES XA - VORTEITOETIL
B, X4 Y- VOSB3 BRI S,
ERDES iz, YT —VORELEMTOEDEHEE &
BTRITOEOEIEMDIz, A4 ve—NE2BRIF-Y
T — Vv DMEREE LA B EERIZ R B, 2/span=0.5 TD Cp
DA—RAAFHEEAA VY E—NESTE—NLENZH
Fig. 14 i&/R ¥, HOHEED FENE TR, TEIZE LA
ThHb, HMOREL Y ZRRET, MEOEIERY S
=V DIEIBKRE, AL 22—V DIFS /NS>

Comparison of Cp distribution at middie of span, An=1.805, AWA = 20, Heel = 20
T T T T

ib* —e—

"case|

JiB SAIL ~casog|ib" -5
"casedjib" s

a
[4)
1 : L s L
0 0.2 04 0.6 0.8 1
Xichord
(a) jib sail
2 Comparison of Cp distribution at mkidle of span, Ana1.005, AWA = 20, Heel = 20
‘casa2main® —-—
“casa2main® ———
MAIN SAIL “case3main® -8--
15 “casadmain® -»—
' case2 e —
— R
P g™ R
& o5t 7 TN T

Leeward side

Windward side <
e A
a5 'qil
case2
1 . ' | |
o b o4 06 - 1

Xichord
(b} main sail

Fig. 14 Cp distribution on the xy-plane for three cases
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Table 3 Conditions for calculation of a relations of

apparent wind angle and center of effort.

cased cased
(main+jib) | (main+jib)

nondim. length foot-length of jib sail
Rn 1.0x10°
Grid (66 x 26 x 41)x2
dYmin 1.0x10°3
turb. model SGS model
Heel 20 (deg)
AT EEA 20 (deg) | 25 (deg)

MY AL Y.
32 HESEMFERIE F1815
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Fig. 16 Distribution of thrust and side force in the
spanwise direction for case3.
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Fig. 17 Contours of pressure on sail surfaces for case 3
and cased, the contour interval is 0.05.
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Fig. 18 Integrated hydrodynamic force distribution of
the two sails in the spanwise direction.
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