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I’'Hydroptére @ EPFL Introduction

=|’"Hydroptere
oLift of hydrofoils, complete balance of weight
nDrag reduction, high performances
=Sailing speed records
aChannel, 2005
oOutright 500m & 1NM
nBack to offshore
"Complex problems to solve
oTrans-disciplinary project
nEPFL scientific partnership
=New challenges
nVersatility
oReliability
=Future projects
ol’Hydroptere.ch
nl’Hydroptere Maxi
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I’'Hydroptére @ EPFL Design & Optimization Process

Load case &
sailing conditions

Local stress state at Failure criteria
the ply level

-
Safety limits / >

S

i

Performance

Material design &
mechanical testing

Global deformations &
CAD & FE Model vibration modes
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I’'Hydroptére @ EPFL Collaboration Overview

LMAF I’Hydroptere
Laboratory of Applied Mechanics Design Team
and Reliability Analysis

LTC
Laboratory of Polymer
and Composite
Technology

CVLab
Computer Vision Laboratory

LMH
Hydraulic Machines Laboratory
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I’'Hydroptére @ EPFL Onboard Measurement System

=4 sub-systems:
nStress & positioning sensors (HBM digiCLIP)
oNavigation unit (B&G WTP2)
alnertial unit (IXSEA Octans)
nVideo system (Cosworth Pi VIDS2)

mCAN-bus

=Data logger & ruggedized computer
nCosworth Pi Sigma LLB
nLemer Pax Posibox
=Motivation
nReal-time load analysis
nFeedback on dynamic behavior
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I’Hydroptére @ EPFL Computer Vision

Foil Immersion Detection

="Motivation
aPlatform motions with reference to water surface
aRefined foil loads

"Measurement system integration
nSynchronization
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Computer Vision
Foil Immersion Detection

mRefraction-based principle
oMove along the foil leading edge
nLook for a change of slope

=Algorithm keypoints

nFunctional maximization : d -
oKullback-Leibler divergence .‘E% Z?;:lfllztle;llon
F(d,0) = DKL(PiQ)—; Dy (Q,P)
133 P(i) Q(i)
=3P |
; (i) ogQ()+Q(I) 95

"Hazards
nChanging light conditions
oReflections
oBlurred images by spray drops

) [/ Hydroptére . .
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video_created_innov.avi
Foil_immersion_soleilface.avi

Computer Vision
Cross-Beam Torsion

Calibration parameters

2D silhouette of 3D deformed mesh

3D mesh and
deformation using g

structure model behavior

QPTIMIZER, N 3D deformed model
Fit silhouette with input image :> ! i
maximizing probability corresponding to image

Input image Probability image
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Materials
Manufacturing Processes

=Shipyard practice (Decision SA) Sound composite

=Processing methods studies
oHeating rate
oApplied pressure

oDraping sequence
=Part quality control

oMicrographic visual inspection
nCuring stage (DSC, DMA)

Process-induced porosity
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I’Hydroptére @ EPFL Materials

Monolithic Parts
] Second crack \
=Off-axis plies in thick laminates Firsterack —— 1 —
=Role on failure mechanisms g =
=4-pt bendin : —o
p . g 2 Only crack  ——
=Design rules . —225°1
E 0
& . — 45" 1
. ;l- —80° 1
0 ! | |

L ————

Flgure i & Fraagnes of sow of the spoviimsais festoed. Feont and sick vlens

T PR
FEDERALE OF LASANNE

OFFICIAL SCIENTIFIC ADVISOR

Innov’Sail 2010, Lorient, July 15t



Materials
Sandwich Structures

=Behaviour identification
=Anisotropic honeycomb (Nomex Flexcore)
=Preliminary tests

nTension, compression and shear for the skins
=4-pt bending

nSeveral span lengths

nCore shear modulus

sStructural model updating

D) v Hydroptére . .
M| ey Innov’Sail 2010, Lorient, July 1°t
OFFICIAL SCIENTIFIC ADVISOR



I’Hydroptére @ EPFL Materials

Threaded Joints

=Joining metallic to composite parts

=Joint strength influenced by:
nStacking sequence
alnsert
aScrew
nGlue
nThread length

=Special testing device
nScrew pulling-out

Normalised ultimate strength [%]

Normalised ultimate strength [%)]

120%

100%

80%

60%

40%

20%

0%

200%

160%

120%

80% -

40% -

0%

0O Quasi-iso

B Highly orient.

T T T
Threaded+glued - Helicoil insert - 1d - Composite insert A Composite insert B
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screw screw screw

Type of joint
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Material
Bonding

=Joining Titanium to composite parts
=Surface treatment investigations

"Fracture strength measurements
aGriffith’s critical strain energy release rate G,

mAccelerated aging tests

=Cohesive zone model in Abaqus

aPrevious fracture test
aExtended failure criteria test

G1c / G1c unaged
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Hydrodynamics
Hydrodynamic Phenomena

=Cavitation
nFormation of vapour cavities in low pressure zones
nAlmost impossible to avoid with high speeds
pAlteration of hydrodynamic performances
nVibrations

=\/entilation

DAir from above the free surface sucked into low pressure zones below the surface
oDrop in lift

P A

g
o _ p— pv
) Ebullition =7 o
EP
V APOR
Pyl(Te) [=— - o
Cavitation
I
!‘ -
Tf T T
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I’'Hydroptére @ EPFL Hydrodynamics

Experimental Context
"EPFL high speed cavitation tunnel

0150mm square test section

nPressure controlled from 0.02 to 1.6MPa

nlnlet flow velocity up to 50m/s

nAngle of attack control

n5-axis balance for force measurement

nStrobe, digital camera

nFlash lamps, high speed video camera
=|’"Hydroptere specific tests

01/10% scaled models of foil and rudder/stabilizer

nDeveloped turbulent boundary layer (V>15m/s)

no adjustment for cavitation similitude above 50kt

MO g Innov’Sail 2010, Lorient, July 15t



Hydrodynamics
Experimental Cavitation

mAttached cavitation
mAngle of attack dependence

=Low angles (left):
nlLong thin cavity starting downstream leading edge (sheet cavitation)
n“Smooth” flow, low vibrations
=High angles (right):
nCavitation inception even for higher o
nCavity detachment moves upstream until leading edge
oPulsed cavities (cloud cavitation)
oLift fluctuations, high vibrations

0=0.25 0=0.80
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Hydrodynamics
Simulated Cavitation

=Numerical context

03D RANS solvers ANSYS FLUENT & CFX

nRealizable k-gturbulence model

oMulti-phase simulation with VOF method
=Cavitation models

oLow pressure “contouring”

oFLUENT Mixture model

oCFX three phase flow model
=Simulation validations

nExperimental tests in EPFL cavitation tunnel G

nVisual comparisons

nHydrodynamic loads variations

(24

High 0=0.49 and low cavitation (=)
Low 0=0.31 and strong cavitation (=)
(- - - Simulation, — Experiments)
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Hydrodynamics
Simulated Ventilation

=Numerical context
03D RANS solvers ANSYS FLUENT & CFX
nRealizable k-gturbulence model
oMulti-phase simulation with VOF method

mSimulation validations

oNo new experimental tests

nVisual comparisons during sea trials
oBibliography test case

"Hoerner, Fluid-Dynamic Drag, 1965

oDingee experiments, 1953

nDavidson Laboratory, NJ, USA

nSlender surface-piercing strut
nlLoads variation according to angle of yaw

Lo

0 5 10 15 20 25
—s—FLUENT, strut with infinite length
—e—FLUENT, strut with finite length
=—CFX, strut with finite length

D) / Hydroptére ‘ . .
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Hydrodynamics
Simulated Real Case

"Numerical context
03D RANS solver ANSYS CFX
nRealizable k-gturbulence model
oMulti-phase simulation with VOF method
sThree-phase simulations
oCavitation
oFlat free surface (ventilation)
nSteady state conditions —
="Optimization process (pression SurfaceCavitation)
oManual iterations b
nHigh lift/drag ratio ’
nLow tendency to ventilation
nLow tendency to cavitation

2.395e+05

1.908e+05

1.422e+05

9.346e+04

4.476e+04

3.935e+03

-5.263e+04

-1.013e+05
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Hydrodynamics
Foil shape optimization

. . . - / == - The
"Optimization process = /A (2\ Evolitionary

oMulti-objective procedure - ~— Algorithms

nEvolutionary algorithms Lt SYstem

nTowards a more tolerant design " NTUA, Giannakoglou

=Numerical context
03D URANS solver ANSYS CFX
nSingle phase flow
aSST turbulence model
mTest case Y
02D hydrofoil in tunnel test section
nConstant upstream velocity
aPitch motion

=Optimization parameters
olift/drag ratio in nominal conditions

nTendency to separation
nTendency to cavitation
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I’'Hydroptére @ EPFL Hydrodynamics

Optimization Validations

mExperimental validation

olLift and drag measurements
02 profiles: initial, Pareto-optimal solution

=Qbservations
nQualitative agreement
nDrag increase postponed to higher o
nQuantitative discrepancies
nDrag underestimated
nToo late stall
=Further tests
oRANS/exp. comparisons

oNACAO0009 profile
aSame observations

e
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Profile drag coefficient; comparison between initial
profile (~) and Pareto-optimal profile (==)
(- - - URANS simulation, == experiment)
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=
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Hydrodynamics
Large Eddy Simulation (LES)

"Numerical context
nOpenFOAM solver
olLarge scales of the flow
no=11°, V=5m/s
=Observations
nUnsteady detached flow and vortex streets
oFrom the leading edge and far before stall
=\alidation
nCavitation visualization
aPIV
nDrag value
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I’'Hydroptére @ EPFL Perspectives

=Optimization simulations with HPC
oLicensing constraints
nOpen-source software solutions (OpenFOAM...)

»Fluid-structure interaction
nDynamic behaviour of sandwich structures in waves (slamming)

=Fluid-structure instabilities (divergence, flutter)
oFoil alone
oWhole platform

"Advanced Measurements systems
nVisual cross beam torsion finalization
oFBGS use investigations
nldentification and monitoring developments
nDynamic stability visual alarms
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