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Background



SailGP

- Monthly races around the world.
- Powered by Nature

Sailing

- Wind = energy
- Foils reduce drag » Race Catamarans
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E50 Specs

50 knot top speed 24m Wingsail

5 Crew Members 15m length

Wingsail Design Change: 8.8m width (
18m heavy air, 28m light air 2
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https://www.marine-events.co.uk/sailgp-the-boat-techy-bits/
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Research Question

What range hydrofoil attack angles
produces the necessary lifting and righting
forces on the SailGP F50 Catamaran?






A Closer Look
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Model Assumptions

- Geometries: constant 2D Cross section
- Daggerboard and Hydrofoil: equivalent shape

- Water: incompressible
- Water: minimal viscosity

- Air: inviscid

1.2 m

21m



Governing Equations

Coefficient of Lift C, Reynolds Number Navier Stokes Equation
L-\V dv
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Turbulence Kinetic Energy

ok |, Ok s 2 ok
D §+Uja—a:j = P, — B*kw + oz, [(u+crkuT) ijl
(=
1 2 Specific Dissipation Rate
A—pv

2 w 0w _ 2 g, O Ow 1 0k ow
TR L i [(”*"“”’T)ax,}”(l Row 5 om,




Eoil Physical Description Chord Length = 350 m
r o =16m bttt

C-Mesh Domain >
Velocity Inlet
4>
Re = 3.5e+06
a= 00’ 20, 40, 60, 80, 100’ > .
20°, 30°
Pressure Outlet —

Gauge Pressure =0 Pa




Wing Physical Description

Velocity Inlet
Re =1.9e+07 T T T T T

a =40’, 50°, 60’
70, 80°, 90°



http://safe-skipper.com/wp-content/uploads/2019/06/36.1_Points-of-sail-1.jpg

Wing

Density Based

Steady (One Transient)
Inviscid

Energy Off

Implicit: Second Order Upwind
Working fluid = Air

Numerical Models & Methods

Hydrofoil

Pressure Based

Steady

K-Omega

Energy Off

Implicit: Second Order Upwind
Working fluid = Water



Transient Ramp Up: Velocity Inlet

Wing
V, = cos(.69813 + .17453t)
Vy: sin(.69813 + 17453t)

At =1

steps

a =50°,60",70°,80°,90°



Grid Sensitivity Study
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Resultant Mesh: Foil

Y Component [m]
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F50 Foil Resultant Mesh
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Resultant Mesh: Wing
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Residuals
e COMItINLIY
e vzl ity
e yewzlocity

——

omega

Mnsys

12408 __ 2aRr

TEACHING
12+03
1=+04
1e+02

1e+00

1e-02

1e-04

1e-08 T T T T
0 50 100 180 200 250 300

lterations

0 selected all -



Residuals

continuity

x-velocity
-~ y-velocity
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Transient Ramp Up

Residuals
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Lift & Drag on the Hydrofoil

Lift [N]

Drag [N]

307.3061
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Foil Length = 2.1m
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Lift & Drag on the Daggerboard

Lift [N]

Drag [N]
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Wing Pressure Gontours
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Wing Lift and Drag

AoA Fx [N] Fy [N]
50 12963.1126 | 52413.332
60 19845.1188 | 57050.644
70 24695.662 | 56719.854
80 25862.716 | 55696.614
90 25243.474 | 53503.052

Wing height = 20m

60000
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Reminder of Problem

Wing

Hydrofoil

Lift

Points of Sailing
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Boat = 2400 kg
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Boat Specs Via: https:/sailap.com/general/sailgp-f50 /
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http://safe-skipper.com/wp-content/uploads/2019/06/36.1_Points-of-sail-1.jpg

F50 Flight

When traveling at a speed of 10m/s, the skipper must have hydrofoil at a >15".
Recommendations for Sailors:

- Right Daggerboard =+6<a <8
- Left Daggerboard »-8<a <-6°
- Hydrofoil > a 30




Future Changes

- Wing offset angle
- Wing twist
-  Geometry differences

- Weight of Athletes







Fluent GCalculated Values

Wing
AoA (deg) | Fx (N/m) Fy (N/m)
50 648.15563 | 2620.6666
60 992.25594 | 2852.5322
70 1234.7831 | 2835.9927
80 1293.1358 | 2784.8307

90 1262.1737 | 2675.1526




Moment Analysis
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