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Fig.1 America(1851)

Fig.2 Alinghi(2003)
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Fig. 4 Racing Yacht for Volvo ocean race
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Table 1. Dimensions of VO70 Table 2. Dimensions of BMW-Oracle (for ACC)

LOA 215 m LOA 260 m

LWL 195 m LWL 200 m

Beam (max) 6.08 m Beam (max) 45 m

Draft 45 m Draft 41 m
Displacement 12,500~14,000 kgs Displacement 24,000 kgs
Ballast (keel) 6,000~7,500 kg Ballast (keel) 19,000 kgs
Sail Area (main) 180 m' Sail Area (main) 200~230 m'

Sail Area (jib) 120 nt Sail Area (jib) 150 nf

Sail Area (spinnaker) 300~480 nt Sail Area (spinnaker) 500 nt
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Fig. 9 Flow simulation over the keel
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Fig. 10 Generated wave simulation of America’s
cup yacht

Fig. 11 Towing test of a yacht
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Fig.13 Yawed towing test of keel bulb

Fig.14 CFD calculation of winglet keel (grid)
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Fig. 16 Flow simulation over mast
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Fig. 19 Flow simulation over sails (upwind)
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Fig. 20 Flow measurement over sails

30 oEzusER

s dok WA S i AEEXH A7)
Zolle AAEA] g Mdolth mEhA ZE YA
7ZH 2 3 2ol sl FAstsjoof gt} BE
/38l g AAFHAAA HH, kT, T, A
o8 FEstA A FH Ade AAS F4)
(= A8 A= o e D R\ A G ] o2 1 e s
S By 33 Y-S AAsH foh

Ade] A 3AL02A o= FHY Al
A 27+& QA 3aY R FtEE 3A AT
HRH-S ARLSER] 9, AAE 3 FElE Bies
3DL(three-dimensionally laminated) Z== 3DR (three-
dimensional revolving) 2] 0.2 A 2d Y-S AL
gt &, AlY A4S 3A EEE ARSI 19
o] Al EH(evla) 2t B -5 EF31 vF(mylar)
2 423 oAl AY, ol E AH-E AMEE) 3
A9 S A Az Aok e AT 33
o] ofz} vz} 2ol o) FRHOoE W
= AlYEY] 2EE 98 AAAHA AHEH B
Tt bE2A BEAAY, o] & 3 FA-TE 84
2 ¥y A FedeitiFig. 18~21). HALS
200~230nt¢] WA 100kge] Y& F8& 7t
Age] dAlE fAl e, 1298, A5 Hdte] F
YT AY A=pApe} A AARY, A7 T8
AFES] 7o) BT uiedEolA & v d B2 Al
ZHs v)4-& Bl uidel ok

Aol MY W AA L= AR zlFol HE
150 m’ol] Z& 50 kg AEolth Aot AlUS F
2shs X AHo|= HRAE F0]9] 7/8¢) FolE 7t
£ AFAHA ZAMG 2] Ufractional rig)o]™, A
ol Al A= T34 s dEol what 242t ok
ZA AAHAR 671K TR/ AL v A
etk U OE uFoA ARESE Aol Al
U v WA 2 ANE 7, AUy FESd
F JEE AR, o3 vl T A=
A7 e F JES 7Y FAT Ao
Ml H otk 161 E oide] F3 el sig
e Aol AldE Azt 22 JAg 4L 7



[
A

A3, v 7 B ko] §ANRE ARl ul
of 93l Eojuhs EAS A s dAY 22
AHEAE 71 F YEE AZE AT 0 E
ol e] AFlME v HHI FAe] NYE A}
317 S} AFH AU AHE ZojFo] Fgt
o og AAAE ZAFEE FAFCE Ao} Al
>e] Azt A} Wil Mde] Az Edsitt
ZoF wisko 2 o] WME A= And|o]A EE Al
WA AL ARt 29l A AlYe e o)
FoZ wEolR wle FAS ANE /= HAY
EA BE 15E o] ulghollA AR Ht.
A AE vind oFet uigolA, E3] ulgale] zt
E7h ¢ Faafo] opd, 2HE Zhe] Eahek A
AMESHA =, 2] X|(leech) 2.0} 2] Z(luff) 2] o)z}
1 v F o] Adolry Aot AU} vl7}A)
2 vizke) A7le} mie) ARrle] we} B 7k 2
& M =, F2ldaH T UUE 7
Z ° EAY w¢ ok AL ARSI, FHuhlg
T 40717 AEo] FHS b4 AA 500 m® o)
o] gololx £-73}3 25 kg H=rt Hrk

o] 7k27 tls]e) 771Gl e A H oz A
A3t I AI2EE T A3 A A
Hed MY 280 93 £ Huiste} nlge

&8 Lte 4xE 23] A3 HAR
o]FolRL). &, ¢ ¢ FAEFI) HEE
EolA glom, 10xE Hm9| ulgolald 3557}
A 348l 7P saL ol o] Mo 9 E o)At
2 AER FA3H0] gitt oA AAE aiMe
CFD, FEM 9% #143 HE0] 5L 0|43 7
YAlgol W29 Faprt HriFig. 22).

5. {29 a5Y

7P A2 A7ES AYolu WrERTE F
2 ALl tE sjHo] FF olF Ytk
olf= ¥t #rheel ek At BB S
7} Brke oln] HAghe Fo] Add] EAlE)
mEols, ¥i A g A7t o Za}Ao]7)

RO

Fig. 21 Deformation and collapse simulation of spinnaker
sail (CFD-FEM)

Fig. 22 Wind tunnel tests for various spinnaker sails
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Table 3. Papers on HPYD (Dec. 2002)

1. CFD investigations and design integration for IACC
yachts

2. Comparison of wind tunnel and full-scale aerodynamic
sail force measurements

3. RANSE simulations for sailing yachts including dynamic
sinkage & trim and unsteady motions in waves

4. Wind Tunnel Testing of Downwind Sails

5. An advanced finite element method for fluid dynamic
analysis of Americas Cup boats

6. Enhanced depowering model for offwind sails

7. Numerical and experimental aeroelastic analysis of sails

8. Achieving high performance within the restrictions of
EU recreational craft directive

9. Validation of CFD methods for downwind sail design

10. Regulatory constraints on the structural design of high
performance yachts

11..Improving the design of sails using CFD and
optimization algorithms

12. Advanced parametric yacht design

13. Accuracy in sail simulation: Growing fast sails

14. Yacht optimisation based on genetic algorithm using
RANSE solver

15. Tank testing and data analysis technigues for the assessment
of sailboat hydrodynamic characteristics

16. Implementation, application and validation of the
Zarnick strip theory analysis technique for planing boats

17. The accuracy and repeatability of tank testing, from

18. Yacht performance prediction: towards a numerical

experience of ACC yacht development VPP
19. The rig of the research sailing yacht “DYNA”;|20. Development of a more realistic sailing dinghy
measurements of forces and FEA simulator

21. Finite element analysis of composite boats

22. Computerized Sail Trimming for Wind Tunnel Testing

23. Web buckling of solid composite stiffeners

24. The effect of water depth on the performance of hig?

speed craft
25. Working load to break load: Safety factors in composite | 26. The effect of pitch radius of gyration on sailing yacht
yacht structures performance

27. Non-destructive- inspection of marine composite
structures

28. VPP vs PPP: challenges in the time-domain prediction
of sailing yacht performance

29. Measurement of wake crossing motions and loads

30. Rudder span effects on IMS hydrodynamic induced drag

31. Utility of flying shapes in the development of offwind
sail design databases
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Table 4 Papers on HPYD Il (Feb. 2006)

1.

Experimental research of sailing craft added masses
Jor hull-keel combinations by acceleration tank tests

2.

Practical Aspects of Design, Construction and Analysis
of Canting Keels

3. High I ht tructi ] duct
igh performance large yacht consiruction using produc 4. Designing composite structures for slamming loads
data models
5. The performance of controllability of yachts sailing downwind | 6. Numerical investigation on the effects of trim for yacht
in waves rig
7. An Investigation of Aerodynamic Force Modelling for | 8. Safety considerations in developing the stability and
Yacht Sails using Wind Tunnel Techniques structural requirements in Volvo Open 70 Rule
9. RANSE investigations of downwind sails and integration | 10. The use of independent supports and semi-rigid sails
into sailing yacht design processes in wind tunnel studies
12. CFD Calculati the sail-like three di jonal
11. Added Resistance in Short Reflected Waves-Sailing Hull airfoils atculations on the sai-iike three dumensiona
13. Investigation of the performance of a spinnaker with | 14. Experimental Considerations Concerning Pressure
different appendages-wind tunnel test and numerical simulation measurements on sails in the wind tunnel and in full-scale
16. Moti icti ] d Yacht thed
15. Knowledge based engineering and innovative yacht design otllo n Prediction OJ.C Ships and Yachis by smoothe
particle hydrodynamics
17. A CFD validation test case-wind tunnel tests of a winglet | 18. Practical Aspects of Canting Keel Design, Construction
keelh and Analysis
19. Sink or swing: the fundamentals of canting keel|20. The Challenging Turbulent Flows Past Downwind Yacht
structures Sails and Practical Application of CFD to Them
. . » 22. Wind Tunnel Techniques for Investigation and
21. Design Process Automation for Sailing Yachts Optimization of Sailing Yachts Aerodynamics
23. Full scale investigati -design cl i
s:ils scale investigation of one-design class catamaran 24. Sailboat Design by Response Surface Optimization
25. Experimental analysis of the vertical motions in waves . .
of an IACC yacht with calm water-optimized bulb shapes 26. Cost and Energy Assessment of a High Speed Ship
27. Optimal rig design using mathematical programming

Fig. 23 Politecnico di Milano wind tunnel (55m/s with 4m x
4m lower test section, 15m/s with 14m x4m upper test section

Mi

lano, ltalia, 2001)

o o o S o O O ST OO S Mo IO T Y W

i it

Fig. 24 Twisted flow wind tunnel (8.5m/s in
7.0x3.5m for low speed testing, 16m/s in 3.5

x3.5m for high speed testing Auckland
University, New Zealand, 1994)
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1. HPYD conference, 2002, New Zealand
2. HPYD I Conference, 2006, New Zealand
3. http://www alinghi.con/
4. http://bmworacleracing.com/
5. http://www americascupnews.com/  «J,
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