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Context: Global warming
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Wind turbine modelling

= Offshore rotor size continues to grow
— From 10m diameter for 10kW 380 m

— To 200m diameter for 15GW

— And Beyond...
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—> Different flow physics
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Microscale to Mesoscale

Weather study |

"=  Free atmosphere ~0[10km]
— Constant temperature gradient

— Non-turbulent
= Inversion layer ~O[100m]
— Discontinuity in temp & velocity

— Strong thermal stability
— Rigid lid on top of the ABL

=  Mixed layer ~O[500m]
— Neutral, stable, convective ABL

— Turbulent layer

Small scale study |

= |nertial sublayer ~O[50m]

—  Bluk exchange of mass, momentum
and heat (wind-waves)

=  Wave boundary layer ~O[1m]
— Impacted by the motion of the waves

= Viscous sublayer ~O[1mm]

— Important viscous fluid forces

15 MW
2024

—> Mixed layer impact on wind turbines

U M O N S COQiG 1 Deskos et al. 2021 Review of Wind-Wave coupling models for Large-Eddy Simulation 3
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The Mixed layer

Why the study
=  Wind turbine wakes

— Recovery, size
— velocity definit, turbulence
=  Wind turbine aerodynamics
— Power production, loads, fatigues

Why a challenge

=  Thermal effect
— Neutral, Stable, Convective

How to Model
=  Monin-Obukhov similarity theory?!
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Simulation Framework

Long term goal = Accurate analyse of the interaction between wind turbines and ABL

Presently = Convective ABL simulation

Large Eddy Simulation = Large scale resolution, small scale modelling

YALES2 features
— Unstructured meshes and adaptive grid refinement

— Low-Mach number Navier-Stokes equations (incompressible and
variable density) solved with projection method

— Double domain decomposition?

— Highly efficient solvers for linear system inversion (PCG, DPCG)?

— 4% order central finite volume method and 4t order time integration?
— Suited for massively parallel computing (>32 000 procs)

— Actuator Line Method*

! Moureau et al. 2011 Comptes Rendus Mécanique 3 Kraushaar M, 2011 Ph.D. thesis INPT
2 Malandain et al. 2013 JCP 4 Bénard et al. 2018 Computers & Fluids




Application to a dry convective boundary layer

= Willis & Deardorff test case:
— Periodic box

Initial velocity profile
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= 3 comparison studies
— JG. E. Willis & J. W. Deardorff 1974 - 1st experimental setup
— ). W. Deardorff & G. E. Willis 1985 —> Further results

Sponge layer —

H. Schmidt & U. Schumann 1988 - LES
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Horizontal & vertical velocity variance
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Mean temperature & temperature variance

This work
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Vertical heat flux

= Trends as expected

— Linear decreasing
with height
(constant heating
rate)

— Stable at the
inversion layer

Matches both
—> experimental &

numerical results
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Conclusion and further work

Conclusion

" |mplementation of the Monin-Obukhov similarity theory into YALES2

= Application on a literature test case

= Validation with experimental and numerical literature results

Perspectives

= Convective boundary layer wind farm simulation

= Stable boundary layer consideration
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