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Turbulent Flow Calculation around Yacht Sails
Hye—Ryoun Chi*, Wu-Joan Kim'™ and Jong—Hwan Park’

Department of Naval Architecture & Marine Eng., Mokpo National University”

Abstract

Turbulent flows around yacht sails were calculated to access the applicability of CFD for
yacht design. Multi-block grid system was generated by using Gridgen package and Fluent
was used to calculate flows around two sail system. A 30ft class sailing yacht designed
and tested by KRISO was chosen. The interference effect between main and jib sails was
analyzed. Pressure distribution on the sails was obtained and the center of effort was
estimated. It was found that the jib angle affects the flow phenomena around a main sail
due to the change of inflow angle. The location of center of effort is much different from
the empirical formula based on a simple geometrical consideration. The calculated results
are compared with the previous numerical and experimental results. Both CFD results are
similar, but there are some discrepancies with experimental data. However, it is certain that
CFD can be a very useful tool for yacht design.

#Keywords: Sailing yacht(HI2% QE), CFD(HAKAASE), Grid generation(BXH M 4),
Center of effort{Z22S4!), Main sail(iil AIY), Jib sai{l® M)
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Table 1 Geometric parameters of main sall

Location | Foot | 25% 50% 75% Top
Height

(mm) 0 3000 | 6000 | 9000 | 11900
Chord

Length | 4000 | 3000 | 2000 { 1000 10
(mm)

Angle

(deg.) 0 5 10 15 20
Camber

Ratio 8 10 12 14 16
P=11.9 m, E=4.0 m,

Area of Main Sail Ay=24.0 m?

Chord Length = 1000

15 ggg at 75% of P

Chora Length = 2000

10 ggg at 50% of P

Chord Lergth = 3000

NG

5 gpg at 25% of P

N Chord Length = 4000
W Baseline Angle at Foot (0 deg)

Main Sail

Fig. 2 Geometry of main sail

Table 2 Geometric parameters of jib sail

0.5C1
% of 1
Ll £ . or5e1 Leech
e,

Chord Lenegth = C1

Baseline Angle at Foot(B1) gy o4

Location | Foot | 25% 50% 75% Top
Height
(mm) 0 2750 5500 8250 | 11000
Chord
Length C1 | 75%C1 | 50%C1 | 25%C1 10
~ (mm)
Angle
(deg.) B1 | 1.25B1 | 1.581 | 1.75B81 | 2.0B1
Camber
Ratio 8 10 12 14 16

C1=CO0*(1+QOverlapped Length), unit: mm
CO0: Length of Jib Sail Foot = 3900 mm
B1: Baseline Angle of Jib Sail Foot (Jib Angle)

2.2 HOKILD FAILS
A% A2 E MY Aol
of HiolAztel 24e 1

=2
- =
HA =¥5IR0, §

Fig. 3 Geometry of jib sail

Table 3 Conditions of calculation

Case Overlap |Jib Angle LP Ar
% of E | B1, deg m m?

1 5
2 20 10 4.45 25.7
3 15

C1=C0*(1+Overlap), C0=3200mm

LP: Length of Fore Sail perpendicular

Ar: Area of Forel(jib) Sail, J=3.9 m, I=11.0m

Case 1

=

®o = Sdeg

Case 2

T

do = 10deg

Case 3

e

do = 15deg

Fig. 4 Geometry of sail sets
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Fig. 6 Grids around two sails
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QE NZ =9 HERS HY

Y+ 30 70 400
Pressure
contours
Total 0.1684 0.1709 0.1701
Drag | Jib 0.0618 0.0608 0.0609
coef. | Main 0.1066 0.1101 0.1092
Total 1.1681 1.1949 1.2038
Lift
! Jib 0.8197 0.8396 0.8262
coef.
Main 0.3484 0.3553 0.3776
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Fig. 7 Results with first grid interval changes
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inviscid model

Leeward side Windward side

4

Fig. 8 Cp contours {(model 1)

Laminar model

Leeward side Windward side

Fig. 9 Cp contours (model 2)

model Hs 2

Spalart—Allmaras turbulence model

i Inviscid model (Euler equation)

Leeward side Windward side

Laminar model
(Navier—~Stokes equation)

Spalart—-Allmaras turbulence model

Standard k-& turbulence model

RNG k-¢ turbulence model

Realizable k—¢ turbulence model

Standard k-w turbulence model

ol N ||l &~

SST k-w turbulence model

Journal of SNAK, Vol. 44, No. 2, April 2007

Fig. 10 Cp contours {model 3)
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Standard k-¢

turbulence model

QE MY Z9jo HERES A

Standard k-w turbulence model

Leeward side

Windward side

Fig. 11

Cp contours (model 4)

Leeward side Windward side

Fig. 14 Cp contours (model 7)

RNG k-¢

turbulence model

SST k—w turbulence model

Leeward side

Windward side

Leeward side Windward side

Fig. 12 Cp contours (model 5)

Realizable k—¢ turbulence model

Leeward side

Windward side

Fig. 13 Cp contours (model 8)
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Table 5 Variation of drag coefficients with
turbulence models

Model Total [ Jib Sail | Main Sail

Inviscid 0.1853 0.0747 0.1106

Laminar 0.1384 0.0636 0.0748

Spalart— 0.1585 0.0599 0.0986
Allmaras
Stirliard 0.1709 0.0608 0.1101

RNG k-e& 0.162 0.0618 0.1002

Rei“_zsb‘e 01612 | 0.0547 | 0.1065
Standard | g.1595 | 0.0800 | 0.0995

SST k- 0.1604 0.0598 0.1006

Table 6 Variation of lift coefficients with
turbulence models

Model Total Jib Sail | Main Sail

Inviscid 1.2153 | 0.8135 | 0.4018

Laminar 0.9267 | 0.6972 | 0.2295

Spalart- | 41419 | 0.8255 | 0.3164
Standard | 1.1949 | 0.8396 | 0.3553
ANG k-& | 1.1316 | 0.8136 | 0.3180
Realz2dle | 1 0101 | 0.6594 | 0.3507
Standerd | 11022 | 0.7933 | 0.3089

SST k-w | 1.1218 | 0.8009 | 0.3209

S82 XMoPF Atk 2 EAE = A=l Ol
el AIZOl SOt BAL0 LAt RS0 &
2 T HO ALY 232H(Angle of Attack)
2 JIfF= dEs ot USH ISt &
= AUCL Ol HIAQALY SMEQ 24 Helo|
SR6ICH= A= 2J0IHH, Ol2d8t it 42
2E9 HMAHL &£& ds= 2 MR
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Overlap=20% Jib Angle=5deg
Leeward side Windward side

Fig. 16 Cp contours (Case 1)

Overlap=20% Jib Angle=10deg
Leeward side Windward side

Fig. 17 Cp contours (Case 2)

Overlap=20% Jib Angle=15deg
Leeward side Windward side

Fig. 18 Cp contours (Case 3)
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Overlap=20% Jib Angle=5deg
Leeward side

Windward side

Fig. 19 Limiting streamlines (Case 1)

Overlap=20% Jib Angle=10deg
Leeward side Windward side

{[l‘lll\\\'un“\\w.

_"_\}i{_ _

)

D=

Fig. 20 Limiting streamlines (Case 2)

Overlap=20% Jib Angle=15deg
Leeward side Windward side

Fig. 21  Limiting streamlines (Case 3)
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Fig. 23 Lift coefficients
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Table 7 Location of center of effort (CE)

- Present KRISO Empirical
CERIX
Calculation | Calculation Formuia
20IH&AR| -321.6 -341.6 -130.9
=0|LELR| 34285 3592.9 3312.7
CE: Location based on Main Sail Tag
Coordinates positive to stern, to top. (unit: mm)
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