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BEM - FVW

CURRENT DESIGN TOOL: DEEPLINES WIND

Complexity of wind power modelling-> Offshore wind turbines involvemulti-physicsinteraction

ÅAerodynamics

ÅStructural dynamics

ÅHydrodynamics

ÅControl systems

Currentdesign tool at IFPEN -> DeepLinesWind [2] 

ÅDevelopedby Principia

ÅPurpose: multi-physicssimulations for wind turbines

ÅCapabilities: aero-hydro-servo-elasticmodelling
with variousaerodynamicmethodsof differingfidelity

ÅLimitations: high computationalcosts

Focus on aero-elasticity in this work. 

[2] C. Le Cunff, J.-M. Heurtier, L. Piriou, C. Berhault, T. Perdrizet, D. Teixeira, G. Ferrer, and J.-C. GilloteauxΣ άFullycoupled oatingwind turbine simulator basedon nonlinearfinite element
method: Part iτmethodologyΣέ ƛƴ LƴǘŜǊƴŀǘƛƻƴŀƭ Conferenceon O shoreMechanicsand ArcticEngineering, vol. 55423, p. V008T09A050, American Society of MechanicalEngineers, 2013
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THESIS OBJECTIVES AND CHALLENGES

hōƧŜŎǘƛǾŜǎ Υ

!ŜǊƻŜƭŀǎǘƛŎƳƻŘŜƭƭƛƴƎƻŦ ƭŀǊƎŜ ǿƛƴŘǘǳǊōƛƴŜ ǳƴŘŜǊƻǇŜǊŀǘƛƻƴŀƭŎƻƴŘƛǘƛƻƴǎΥ
Å¢Ǌŀƴǎƛǘƛƻƴ ŦǊƻƳƭƻǿπŦƛŘŜƭƛǘȅ.ƭŀŘŜ 9ƭŜƳŜƴǘaƻƳŜƴǘǳƳ ό.9aύ ǘƻ ƘƛƎƘŜǊπŦƛŘŜƭƛǘȅCǊŜŜ ±ƻǊǘŜȄ 
²ŀƪŜ όC±²ύ ƳŜǘƘƻŘǎΦ

Å5ŜǾŜƭƻǇŀƭǘŜǊƴŀǘƛǾŜ ŎƻǳǇƭƛƴƎǘŜŎƘƴƛǉǳŜǎ ŦƻǊ ŀŜǊƻŜƭŀǎǘƛŎŎƻƳǇǳǘŀǘƛƻƴǎΦ

ÅLƳǇƭŜƳŜƴǘǇŀǊǘƛǘƛƻƴŜŘŎƻǳǇƭƛƴƎƛƴ ǘƘŜ 5ŜŜǇ[ƛƴŜǎ²ƛƴŘ ŦǊŀƳŜǿƻǊƪΦ

ÅwŜŘǳŎŜŎƻƳǇǳǘŀǘƛƻƴŀƭŎƻǎǘǎƻŦ ŀŜǊƻŜƭŀǎǘƛŎƳƻŘŜƭƭƛƴƎǿƛǘƘC±² ƳŜǘƘƻŘǎ

aŀƛƴ ŎƘŀƭƭŜƴƎŜǎΥ

Å¢ƛƳŜπǎŎŀƭŜŘƛŦŦŜǊŜƴŎŜΥ CƭǳƛŘŀƴŘ ǎǘǊǳŎǘǳǊŀƭ ǇǊƻōƭŜƳǎƳŀȅǊŜǉǳƛǊŜŘƛŦŦŜǊŜƴǘǊŜǎƻƭǳǘƛƻƴ
ƻǊŘŜǊǎΦ

ÅhǾŜǊπǊŜǎƻƭǾŜŘŀŜǊƻŘȅƴŀƳƛŎǎΥ C±² ƳŜǘƘƻŘǎǎƛƎƴƛŦƛŎŀƴǘƭȅƛƴŎǊŜŀǎŜŎƻƳǇǳǘŀǘƛƻƴŀƭŎƻǎǎΦ

Å/ƻǳǇƭƛƴƎǘŜŎƘƴƛǉǳŜǎΥ /ŀƴ ŀƭǘŜǊƴŀǘƛǾŜ ƳŜǘƘƻŘǎǊŜŘǳŎŜŎƻƳǇǳǘŀǘƛƻƴŀƭŎƻǎǘǿƘƛƭŜ
ƳŀƛƴǘŀƛƴƛƴƎƴǳƳŜǊƛŎŀƭǎǘŀōƛƭƛǘȅŀƴŘ ŀŎŎǳǊŀŎȅΚ
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PRESENTATION OUTLINE

4

Aerodynamicsimulation methods

Aeroelasticmodeling

Partitionedcouplingin wind turbine aeroelasticproblem

/ƻƴŎƭǳǎƛƻƴ ŀƴŘ ǇŜǊǎǇŜŎǘƛǾŜǎ

1.

2.

3.

4.
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AERODYNAMIC MODELLING TECHNIQUES FOR WIND TURBINE SIMULATION 

CƻŎǳǎ ƻŦ 
ǘƘƛǎǇŀǊǘ

BEM - Vortex

Blade ElementMomentum method [3]:

Å Low fidelity and computationnalyefficient: 
widelyusedin design applications.

Å Assumes axisymmetric, steadyinflow.

Å Relies on empiricalcorrections: tip-loss, dynamic
inflow.

Å Limited accuracyfor unsteadyor non-uniform
inflow conditions

Free Vortex Wake methods[4]:

Å Intermediate-fidelity, physics-basedapproach.

Å Modelswake as discretevorticalstructures evolving
over time.

Å Captures unsteadyeffects, wake interactions and non-
uniform inflow.

Å More computationallyintensive, especiallyfor 
aeroelasticsimulations.

[3] T. Burton, N. Jenkins, D. Sharpe, and E. Bossanyi, Wind energy handbook. John Wiley & Sons, 2011.

[4] E. BranlardΣ ά²ƛƴŘ ǘǳǊōƛƴŜ ŀŜǊƻŘȅƴŀƳƛŎǎ ŀƴŘ ǾƻǊǘƛŎƛǘȅ-ōŀǎŜŘ ƳŜǘƘƻŘǎΣέ нлнлΦ
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PITCHOUAND CASTOR: TWOGPUACCELERATEDFVWCODES

CŜŀǘǳǊŜ Pitchou CASTOR [5]

Language Python C++

DevelopmentContext Developedduringthis thesis
as a training tool

Pre-existingat IFPEN

Acceleration GPU-accelerated GPU-accelerated

PrimaryApplication Simplifiedstudiesand 
testing

More complexaerodynamic
and aeroelasticsimulations

Integration Standalone testing
frameworkfor aerodynamic
simulations

Integrated with DeepLines
Wind

Specifications Filament wake discretisation Filament discretisation+ 
mergingmethods

Focus on the underlyingtheory and developmentprocess

[5] F. Blondel, P.-A. JoulinΣ ŀƴŘ /Φ [Ŝ DǳŜǊƴΣ ά¢ƻǿŀǊŘǎ ǾƻǊǘŜȄ-based wind turbine design using gpus ŀƴŘ ǿŀƪŜ ŀŎŎƻƳƳƻŘŀǘƛƻƴΣέ ƛƴ WƻǳǊƴŀƭ ƻŦ tƘȅǎƛŎǎΥ /ƻƴŦŜǊŜƴŎŜ {ŜǊƛŜǎΣ ǾƻƭΦ 
2767, p. 052016, IOP Publishing, 2024.
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FREE VORTEX WAKE METHODS: NAVIER STOKES EQUATION VELOCITY-
VORTICITY FORM

Navier Stokes equation in (Ἵ ⱷ) formulation

Convection 5ƛŦŦǳǎƛƻƴ

Lagrangianframework formulation for an inviscidflow: 

Biot-Savart law [6] -> computethe vorticity inducedvelocity:

Biot-Savart kernel: 

Volume of integration

[6] E. S. P. BranlardΣ άCƭŜȄƛōƭŜ multibodydynamicsusingjoint coordinatesand the rayleigh-ritz approximation: The generalframeworkbehindand beyond ŜȄΣέ ²ƛƴŘ 9ƴŜǊƎȅΣ ǾƻƭΦ ннΣ 
no. 7, pp. 877ς893, 2019.

Vorticity sheet
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FREE VORTEX WAKE METHODS: FILAMENT DISCRETISATION AND LIFTING 
LINE METHOD

Overalldiscretisation

Stretching term: 
numericallychallenging

Filament basedapproach: solving
YŜƭǾƛƴΩǎcirculation theorem

Biot-Savart law
usingcirculation

Trail and shed filaments definedby circulation via YŜƭǾƛƴΩǎ
theorem

Wake discretisation .ƭŀŘŜ ŘƛǎŎǊŜǘƛǎŀǘƛƻƴŀƴŘ ƭƛǘŦǘƛƴƎƭƛƴŜ ώтϐ

Source of boundcirculation generatinglift

Kutta-
Joukowski

Blade-element
theory

[7] A. van GarrelΣ ά5ŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀ ǿƛƴŘ ǘǳǊōƛƴŜ ŀŜǊƻŘȅƴŀƳƛŎǎ ǎƛƳǳƭŀǘƛƻƴ ƳƻŘǳƭŜΣέ нллоΦ
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CHALLENGES IN FVW METHODS: WAKE DISCRETIZATION AND 
DESINGULARIZATION METHODS

Desingularisationmethods[8] 

Offset method

Vatistasmethod

Offset method

Vatistasmethod

[8] G. H. Vatistas, V. Kozel, and W. MihΣ ά! ǎƛƳǇƭŜǊ ƳƻŘŜƭ ŦƻǊ ŎƻƴŎŜƴǘǊŀǘŜŘ ǾƻǊǘƛŎŜǎΣέ 9ȄǇŜǊƛƳŜƴǘǎ ƛƴ CƭǳƛŘǎΣ ǾƻƭΦ ммΣ ǇǇΦ тоς76, 1991.
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FVW CODE ïALGORITHM OVERVIEW
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PITCHOU VALIDATION: ELLIPTICAL WING CASE ïCOMPARISON TO WINDS FVW 
CODE

Static elliptical wing

Å 40 spanwisenodes
Å Blade pitch = 5Ј
Å AR = 6
Å Ὗ ράȾί
Å Total time = 10s
Å ɝÔπȢρÓ
Å Offset method(ὶ 

Elliptical wing subjectto pitch change

Å !wҐму

Å Initial bladepitch = 2Ј
Å Final bladepitch = 8Ј
Å Pitch rate= 8Ј/s
Å Total time = 20s
Å Pitchingstart time = 10s
Å Offset method:  πȢρ


