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Advanced wind turbine aerodynamics
modelling with a GPU-based vortex
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Context Methodology

 Industry’s standard solver for wind turbines aerodynamics, - Vortex methods |1|: Lagrangian representation of the flow
BEM (Blade Element Momentum), is based on several field by vortex elements based on the Euler equation and
approximations and requires numerous corrections airfoil aerodynamics.

(non-planar rotor, unsteady inflow, etc...).
- Vortex filaments are emitted by the blade and advected into

« More complex geometries and flow conditions found in the wake. The induced velocity of each filament on a pointis
modern turbines demand more accurate modelling. calculated using the Biot-Savart law:
» The latest increases in GPU’s (Graphics Processing Unit) filament i / C -
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vorticity field around the blade section . .
shed - Each filament has an influence on all others: N-body problem
filaments that scales with N2, more fitted for GPU computations.
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« CASTOR - Code Aérodynamique pour la Simulation de Turbines OffshoRe

- Shed flament - Wake representation with filament and/or particles
filaments . N O » CUDA (GPU) implementation
— neund fllament « Advanced wake accommodation |2 |: shed-merging,

Results & Performance trail-merging, tip-vortex |3

« Coupled with hydro-servo-aero-elastic solver
DeepLines™ principia-group.com/blog/product/deeplines-wind/

- Validated for different test cases, good results
obtained even under complex conditions: yaw,
unsteady inflow.

- Almost real-time response when combined to
accommodation techniques.

Forces on NewMexico wind turbine |4
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« Vortex methods are strong candidates to replace BEM solverin  + On-going developments and investigations:
state-of-the-art wind turbine design in complex scenarios. . vortex core models and automated wake

, , accommodation parametrization
- They are adapted to large offshore wind turbines, and, thanks : € v . : .
to GPU acceleration combined with wake accommodation : mode.II|n9 Of viscosity decay ano! Incoming turbulence
techniques, almost real-time response is obtained. » algorithm optimization and multipole methods
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