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CURRENT DESIGN TOOL: DEEPLINES WIND ™

Complexity ofwind power modelling-> Offshorewind turbinesinvolvemulti-physicanteraction

A Aerodynamics 7

A Structuraldynamics
A Hydrodynamics
A Controlsystems

- Focus oraero-elasticity in this work.

DeepLines GUI

Currentdesigntool at IFPEN>DeepLine®Vind™ [2]

A Developedby Principia

A Purpose multi-physicssimulations forwind turbines
A Capabilitiesaero-hydro-servoelasticmodelling
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I THESIS OBJECTIVES AND CHALLENGES
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I PRESENTATION OUTLINE

1. Aerodynamicsimulation methods

2. Aeroelastianodeling

3. Partitionedcouplingin wind turbine aeroelastiqoroblem
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AERODYNAMIC MODELLING TECHNIQUES FOR WIND TURBINE SIMULATION

DeepLines GUI
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DeepLines

solver

Hydrodynamics
ngrﬂﬁmgrmwﬁ

Aerodynamic library (DLL)
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Computational cost

Physics

BladeElementMomentum method [3]:

Finite Element
Method

A Lowfidelity and computationnalyefficient:
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widelyusedin design applications.
Assumesxisymmetri¢steadyinflow.

A
A Relies orempiricalcorrections: tiploss dynamic
inflow.

A

Limitedaccuracyfor unsteadyor nonuniform
inflow conditions

Free Vortex Wakenethods[4]:

» C 2 édZé

A Intermediatefidelity, physicsbasedapproach

A Modelswake agliscretevorticalstructuresevolving
over time.

A Capturesunsteadyeffects wake interactions and ner
uniform inflow.

A More computationallyintensive especiallyfor
aeroelasticsimulations.

[3] T. Burton, N. Jenkins, D. Sharpe, arBo&sanyiWind energy handbook. John Wiley & Sons, 2011.
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PI TCHOND CASTWRGPWCCELERAHMEW ODE S

Language Python C++
DevelopmentContext Developeduringthis thesis | Preexistingat IFPEN
as a trainingool
Acceleration GPUaccelerated GPUaccelerated
PrimaryApplication Simplifiedstudiesand More complexaerodynamic
testing and aeroelasticsimulations
Integration Standalonégesting Integratedwith DeepLines
frameworkfor aerodynamic Wind™
simulations
Specifications Filament wakaliscretisation Filamentdiscretisationt

mergingmethods

=) FOcus on thainderlyingtheory and developmentprocess
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FREE VORTEX WAKE METHODS: NAVIER STOKES EQUATION VELOCITY-

VORTICITY FORM

Navier Stokeequationin (I ©) formulation
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Vorticity sheet

— Volume ofintegration

V-u=0
8(_,{__5 — = — — s — —
E_I_ u-V)w=(w-V)u+rAdgd
\ Y J kﬂg
Convection 5AFTTdzarzy
_ _ o _ D@ Lo
Lagrangiarframework formulation for aninviscidflow: = (o-V)i
Dt
Biot-Savartlaw [6] -> computethe vorticity inducedvelocity: ﬁ@ ( T : t) —
Biot-Savart kernel: f(’(f) — 6@(5) — _%#
T ||Z
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FREE VORTEX WAKE METHODS: FILAMENT DISCRETISATION AND LIFTING
LINE METHOD

Overalldiscretisation Wakediscretisation . £ FRASE O NB I RN HIEA 2T
0w L=\ L L=\ L . . .
E + (u . V) W = (w . V) U Source oboundcirculationgeneratinglift
\ J
Y
Kuttar Bladeelement
Stretchin%term: _ Joukows‘V \theory
numericallychallenging
Filamentbasedapproach solving | DT L = pltet | Thoun L = —plit.ee2eCy
YSt Q):i]\cwe(ﬂc%theorem = 0 plte | souna 3 Pltess|e "
Biot-Savariaw
usmgcwculaﬂon
ﬁ . (] + |r3]) (71 x 75 L -
uinduced(gjp) _ _,(| 1' LZ'Z( 1 . 2)_’ Fbound = §‘Ueff|CCg
—— Shed filaments 47 |T1”T2|(|T1||T2| + ryc TQ)
——— Trailing filaments
Bound filaments ~ i
®  Wake node Trail and shed filamentgefined by circulationviaY St A Yy Qa ” - - N
@ Blade node theorem Ueff = Uwind + Ugeom + Uinduced

m Evaluation point

Lirair (T’ t) - Fbound(’rv t) - Fbound(T - A’t‘"; t)

Pshed(T7 t) = Fbound(ra t) - Pbound('r:t - At)
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WAKE DISCRETIZATION AND

CHALLENGES IN FVW METHODS

DESINGULARIZATION METHODS

Offsetmethod
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FVW CODE T ALGORITHM OVERVIEW

Shed filaments

— : ; Trailing filaments
Algorithm 1: Vortex method algorithm overview Bound filaments

Data: Turbine geometry and kinematic: blades, tower, struts element data L Wake node
L Blade node

2 Copy filaments’ information on GPU, clear GPU memory
3 Compute filament inductions on wake and blade nodes
4 Copy wake and blade nodes information on GPU

5! Apply Biot-Savart and perform the reduction at every wake node on | Uinduced(Tp) = r (|71] + [72])(r1 x 73)
i H mauce - — — — — — —
G P A |r||es| (][] + - )

6 Copy the induced velocities back to CPU
7 while [T7°” — T¢| > ¢ do

8 Compute new induced velocities on the lifting line on CPU using 1, .
Dhouna = §\Ueff|CCa

Ftraiaf (T:‘ t) — Fbound(ra t) - Pbound(‘r - AT: t)

11 end Pshed(rv t) = Pbound(Ta t) - Fbound(rr:t - At)

__________________________________________________________________________________________________

T(t + At) = Z(t) + @ (t) At
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PITCHOU VALIDATION: ELLIPTICAL WING CASE T COMPARISON TO WINDS FVW

CODE
Staticelliptical wing Ellipticalwing subjectto pitch change
A 40spanwisenodes Al wwmy
A Blade pitch=5 A Initial bladepitch = 2
A AR=6 A Finalbladepitch = §
AY pan A Pitch rate= g/s
A Total time = 10s A Total time = 20s :
Aa0OmoO A Pitchingstart time = 10s
A Offsetmethod(i A Offsetmethod:] T
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