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stably stratified flow
thermal stratification
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homogeneous, hilly

ATMOSPHERE & TERRAIN
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Turbulent inflow Diurnal cycle precursor simulation

Homogeneous surface Wind-turbine simulations representing different atmospheric
stratifications (CBL, EBL, SBL, MBL)

3D hill Simulations of a hill-top wind turbine representing different stably
stratified flow regimes

Complex terrain Nighttime flow simulation though a wind-turbine in Perdigao
(Portugal)
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Turbulent inflow | Diurnal cycle precursor simulation

Homogeneous surface Wind-turbine simulations representing different atmospheric
stratifications (CBL, EBL, SBL, MBL)

3D hill Simulations of a hill-top wind turbine representing different stably
stratified flow regimes

Complex terrain Nighttime flow simulation though a wind-turbine in Perdigao
(Portugal)
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Mandatory for realistic wake recovery

Problem Wind-turbine simulations with open streamwise boundary conditions
— Permanent data input required
— Diurnal cycle precursor simulation
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- forcing via sensible heat flux
- 31 h simulation to represent all relevant stratifications during a
diurnal cycle
12 h CBL (convective boundary layer)
18 h EBL (evening boundary layer)
24 h SBL (stable boundary layer)
29 h MBL (morning boundary layer)
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- diurnal cycle precursor simulation for wind-turbine simulations
(wind turbine: D =z,,,= 100 m)
= initial and background conditions
= synchronized coupling during the simulation
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Turbulent inflow Diurnal cycle precursor simulation

Homogeneous surface | Wind-turbine simulations representing different atmospheric
stratifications (CBL, EBL, SBL, MBL)

3D hill Simulations of a hill-top wind turbine representing different stably
stratified flow regimes

Complex terrain Nighttime flow simulation though a wind-turbine in Perdigdo
(Portugal)
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WIND vertical wake structure

TURBULENCE streamwise wake extension
U

WIND & TURBULENCE

characterize the

ATMOSPHERE

both are important to investigate the wind-turbine wake response for
different thermal stratifications
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Turbulent inflow Diurnal cycle precursor simulation

Homogeneous surface Wind-turbine simulations representing different atmospheric
stratifications (CBL, EBL, SBL, MBL)

Simulations of a hill-top wind turbine representing different stably
stratified flow regimes

Complex terrain Nighttime flow simulation though a wind-turbine in Perdigao
(Portugal)
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- terrain representation
= 3D isolated hill (H=25-50m; $=0.25-0.50)
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Type A Stably stratified flow over a homogeneous surface with a wind turbine.
Type B Stably stratified flow over a 3D hill without a wind turbine.
Type C  Stably stratified flow over a 3D hill with a wind turbine on its top.
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WIND & TURBULENCE

= ATMOSPHERE
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Fe Fy FL
neutral >>1 [ >>1 | >>1
weakly stable <1 >>1 | >>1
moderately stable | << 1 > 1 <1
strongly stable << 1 <1 << 1




Froude
number:

NH

uy
Fy= A
M= NH

Uy
F=—
Y

[ R Fy FL
neutral >>1 [ >>1 | >>1
weakly stable <1 >>1 | >>1
moderately stable | << 1 > 1 <1
strongly stable << 1 <1 << 1

ABL [H/m[L/m]| F | Fu | A
SBL | 50 | 50 | ~0 ] 38 | 38
SBL | 50 | 100 | ~0 | 38 | 19
SBL | 25 | 50 | ~0 | 61 | 3.1
MBL| 50 | 50 | ~0 | 50 | 50
MBL| 50 | 100 | ~0 | 50 | 25
MBL| 25 | 50 | ~0 | 94 | 47
EBL | 50 | 50 | 020 | 133 | 133
EBL | 50 | 100 | 020 | 133 | 66
EBL | 25 | 50 | 028 186 | 89
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- classification only via dimensionless Froude number not applicable on its own for
wind-turbine applications between 50 m and 150 m

- turbulent intensity of upstream wind field is essential

U

ATMOSPHERE & TERRAIN

both are important to investigate the wind-turbine wake response
towards stably stratified flow over a hill
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Turbulent inflow Diurnal cycle precursor simulation

Homogeneous surface Wind-turbine simulations representing different atmospheric
stratifications (CBL, EBL, SBL, MBL)

3D hill Simulations of a hill-top wind turbine representing different stably
stratified flow regimes

Complex terrain | Nighttime flow simulation though a wind-turbine in Perdigao

(Portugal)
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realistic features:

- reversed flow
- speed up above hill
- much more structured wake due to more complex terrain

improvable:

- open spanwise boundary conditions
- 3D dependence of background wind and turbulence fields
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Turbulent inflow Diurnal cycle precursor simulation is necessary
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Turbulent inflow Diurnal cycle precursor simulation is necessary

Homogeneous surface Wind and turbulence determine the wake characteristics
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Turbulent inflow Diurnal cycle precursor simulation is necessary

Homogeneous surface Wind and turbulence determine the wake characteristics

3D hill Atmospheric conditions at rotor height and terrain properties are
important
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Turbulent inflow Diurnal cycle precursor simulation is necessary

Homogeneous surface Wind and turbulence determine the wake characteristics

3D hill Atmospheric conditions at rotor height and terrain properties are
important

Complex terrain Complexity of terrain significantly impacts the wake structure
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Turbulent inflow Diurnal cycle precursor simulation is necessary

Homogeneous surface Wind and turbulence determine the wake characteristics

3D hill Atmospheric conditions at rotor height and terrain properties are
important

Complex terrain Complexity of terrain significantly impacts the wake structure
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