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Outline

TotalControl Reference Windfarm

Precursor simulations (PBL, CNBL)

Wind-farm simulations

Data accessibility
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Wind-farm layouts
Wind power plant layouts, obtained
from public websites via Google 
Pictures.  The DRW (NOWITECH) and
NORCOWE plants are fictitious
designs, and the others are commercial 
plants.

Source: Karl Merz, TotalControl D1.03



Black: Lillgrund layout

White: Reference WF layout

(RWF turbines: DTU 10MW)
(also detailed electrical design, etc)
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Totalcontrol reference wind farm
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Simulation set-up

𝑵𝑵 = 𝟑𝟑𝟑𝟑𝟑𝟑 × 𝟏𝟏𝟏𝟏𝟔𝟔

Spin-up (20h):  144000 time steps
Main simulation (75min): 9000 time steps



Two different cases: 
• PDBL: pressure-driven boundary layer (half-channel flow)
• CNBL: conventionally neutral boundary layer
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Simulation set-up

PDBL

(𝒖𝒖∗𝟑𝟑 = 𝑳𝑳𝒛𝒛 𝜵𝜵𝒑𝒑∞/𝝆𝝆)



Solution:   𝒖𝒖(𝒙𝒙, 𝑡𝑡) (stored on zenodo – see later) – can be rescaled !!

Formally, two non-dimensional groups:      𝑹𝑹𝑹𝑹𝝉𝝉 = 𝒖𝒖𝝉𝝉𝒉𝒉
𝝂𝝂

and      𝒛𝒛𝟏𝟏
𝒉𝒉

(ℎ = 𝐿𝐿𝑧𝑧)

If large scales asymptotically Reynolds independent (occurs for 𝑹𝑹𝑹𝑹𝝉𝝉 → ∞): 
solution scale invariant

𝒖𝒖𝒏𝒏𝑹𝑹𝒏𝒏 𝒙𝒙, 𝑡𝑡𝑛𝑛𝑛𝑛𝑛𝑛 =
𝒖𝒖(𝒙𝒙, 𝑡𝑡)
𝑢𝑢∗

𝑢𝑢∗𝑛𝑛𝑛𝑛𝑛𝑛 ∆𝑡𝑡𝑛𝑛𝑛𝑛𝑛𝑛=
∆𝑡𝑡
𝑢𝑢∗𝑛𝑛𝑛𝑛𝑛𝑛

𝑢𝑢∗

(Similarly, 𝒙𝒙 can be rescaled, but ratio 𝒛𝒛𝟏𝟏/𝒉𝒉 needs to be kept constant)
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PDBL: rescaling of results (1)



Solution:   𝒖𝒖(𝒙𝒙, 𝑡𝑡) (stored on zenodo – see later) – mean velocity can be shifted !!

If we can presume inner–outer separation of scales (OK for flat terrain ABL)

𝒖𝒖 𝒙𝒙, 𝑡𝑡 − 𝑼𝑼0 = 𝑓𝑓(𝒙𝒙/ℎ) ≠ 𝑓𝑓(𝑧𝑧0/ℎ)
Thus

𝒖𝒖𝒏𝒏𝑹𝑹𝒏𝒏 𝒙𝒙, 𝑡𝑡 = 𝒖𝒖 𝒙𝒙, 𝑡𝑡 + 𝑢𝑢∗Δ𝑼𝑼+ Δ𝑼𝑼+ = 1
𝜅𝜅

log 𝑧𝑧0
𝑧𝑧0𝑛𝑛𝑛𝑛𝑛𝑛

𝑹𝑹𝟏𝟏

Combination of both scalings

𝒖𝒖𝒏𝒏𝑹𝑹𝒏𝒏 𝒙𝒙, 𝑡𝑡𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑢𝑢∗𝑛𝑛𝑛𝑛𝑛𝑛
𝒖𝒖(𝒙𝒙, 𝑡𝑡)
𝑢𝑢∗

+ Δ𝑼𝑼+
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PDBL: rescaling of results (2)

outer-layer solution is independent of 
inner layer and roughness sublayer
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Conventionally neutral BL

Neutral boundary layer (NBL)
• Zero surface heat flux
• Constant pot. temperature
• Turbulent flow

Stable free atmosphere (FA)
• Shear free flow
• Positive lapse rate
• Geostrophic balance

Capping inversion (CI)
= thin layer of strong stability

between NBL and FA

§

§ Csanady, Boundary-Layer Meteorol. 1974

𝒉𝒉 = 𝑨𝑨
𝜽𝜽𝟏𝟏
𝒈𝒈𝚫𝚫𝜽𝜽

𝒖𝒖∗𝟑𝟑 𝑨𝑨 ≈ 𝟓𝟓𝟏𝟏𝟏𝟏 for equilibrium
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CNBL: set-up

𝑈𝑈𝐺𝐺
𝑢𝑢∗
− 1

𝜅𝜅
log 𝑢𝑢∗

𝑓𝑓𝑐𝑐𝑧𝑧0
= 𝐹𝐹1(ℎ∗,𝐴𝐴) with   ℎ∗ = 𝑓𝑓𝑐𝑐 ℎ

𝑢𝑢∗
(∼ 1/𝑅𝑅𝑅𝑅),      𝐴𝐴 = 𝑔𝑔𝑔𝑔𝑔

𝑔𝑔0

ℎ
𝑢𝑢∗2

𝑉𝑉𝐺𝐺
𝑢𝑢∗

= 𝐹𝐹2(ℎ∗,𝐴𝐴)

−
𝟏𝟏
𝝆𝝆
𝝏𝝏𝒑𝒑
𝝏𝝏𝒙𝒙

= −𝒇𝒇𝒄𝒄𝑽𝑽𝑮𝑮

−
𝟏𝟏
𝝆𝝆
𝝏𝝏𝒑𝒑
𝝏𝝏𝒚𝒚

= +𝒇𝒇𝒄𝒄𝑼𝑼𝑮𝑮

Careful initialization necessary
See: Allaerts & Meyers, POF 2015, JFM2017



Rescaling via 𝑢𝑢∗: implies change of latitude (for ℎ constant)   &    Δ𝜃𝜃/𝜃𝜃0

Shifting
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CNBL: rescaling of results

𝒖𝒖𝒏𝒏𝑹𝑹𝒏𝒏 𝒙𝒙, 𝑡𝑡 = 𝒖𝒖 𝒙𝒙, 𝑡𝑡 + 𝑢𝑢∗Δ𝑼𝑼+ Δ𝑼𝑼+ =
1
𝜅𝜅 log

𝑧𝑧0
𝑧𝑧0𝑛𝑛𝑛𝑛𝑛𝑛

𝑹𝑹𝟏𝟏

− 𝟏𝟏
𝝆𝝆
𝝏𝝏𝒑𝒑𝒏𝒏𝑹𝑹𝒏𝒏

𝝏𝝏𝒚𝒚
= +𝒇𝒇𝒄𝒄 𝑼𝑼𝑮𝑮 + 𝑢𝑢∗Δ𝑼𝑼+
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CNBL: results
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CNBL: results – case CNk4



Using database to reconstruct Lillgrund inflow

• Distance between mean profiles

• Distance between covariance matrices

TFSO Group, KU Leuven17

Distance metrics

𝑑𝑑1 𝐴𝐴,𝐵𝐵 = ∑ �̅�𝑥𝐴𝐴𝑖𝑖 − �̅�𝑥𝐵𝐵𝑖𝑖
2

𝑑𝑑2 𝐴𝐴,𝐵𝐵 = ∑∑ 𝜎𝜎𝐴𝐴𝑖𝑖𝑖𝑖 − 𝜎𝜎𝐵𝐵𝑖𝑖𝑖𝑖
2

𝐦𝐦𝐦𝐦𝐦𝐦 𝑱𝑱 𝑨𝑨,𝑩𝑩 = 𝒅𝒅𝟏𝟏 + 𝒅𝒅𝟑𝟑

A = Lidar Data, B = Scaled LES DATA
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𝐦𝐦𝐦𝐦𝐦𝐦 𝑱𝑱 𝑨𝑨,𝑩𝑩 = 𝒅𝒅𝟏𝟏
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𝐦𝐦𝐦𝐦𝐦𝐦 𝑱𝑱 𝑨𝑨,𝑩𝑩 = 𝒅𝒅𝟏𝟏 + 𝒅𝒅𝟑𝟑
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Outline

TotalControl Reference Windfarm
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Data accessibility
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Aeroelastic actuator sector model
Multibody dynamics/EOM:

Constraint equations: 

FEM ConstraintsFE model reduced with modal transformation

Actuator sector model:

• Forces are time filtered over the swept sector

• Subsequently are spatially (Gaussian) filtered
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Aeroelastic actuator sector model
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Example wind-farm orientations
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Simulation cases
KU Leuven Simulations  DTU Simulations

Inflow Angle 
(degrees)

Hub ht Speed 
(m/s)
mesh

Region

CNBL_2_2m3 0 10.5 2

CNBL_2_2m3 90 10.5 2

CNBL_2_2m4 0 11 2.5 – 3  

CNBL_2_2m4 30 11 2.5 – 3  

CNBL_2_2m4 45 11 2.5 – 3 

CNBL_2_2m4 60 11 2.5 – 3

CNBL_2_2m4 90 11 2.5 – 3

CNBL_2_2m5 0 11.6 2.5 – 3

CNBL_2_2m5 90 11.6 2.5 – 3

Inflow Angle 
(degrees)

Hub ht wind 
speed 
(m/s)

Region

PDBL_2m3 0 7.8 2

PDBL_2m4 0 9.4 2

PDBL_2m4 30 9.4 2

PDBL_2m4 90 9.4 2

CNBL_2_2m4 30 11 2.5 – 3  

CNBL_2_2m4 60 11 2.5 – 3 

CNBL_4_2m4 30 11.3 2.5 – 3

CNBL_4_2m4 90 11.3 2.5 – 3

CNBL_8_2m4 0 11.4 2.5 – 3

CNBL_8_2m4 90 11.4 2.5 – 3
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Results – Total farm power
Case ΔPower

PDk 0° 86.0%

PDk 30° 46.7%

PDk 90° 3.9%

CNk2 30° 124.2%

CNk2 60° 179.5%

CNk4 30° 134.5%

CNk4 90° 63.5%

CNk8 0° 157.5%

CNk8 90° 60.5%
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Results – Fatigue loading
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Visualization – Flow time series
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Outline
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Dataset availability - Zenodo

Max data set size : 50 GB. > >> Different data sets can be combined into communities

Precursor data : https://zenodo.org/communities/totalcontrolflowdatabase/
Windfarm data : https://zenodo.org/communities/totalcontrolwindfarmdatabase/

https://zenodo.org/communities/totalcontrolflowdatabase/
https://zenodo.org/communities/totalcontrolwindfarmdatabase/
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Thank you

Mechanical Engineering31


	�High-fidelity wind-farm simulations and data sets 
	Slide Number 2
	Acknowledgments
	Outline
	Wind-farm layouts
	Totalcontrol reference wind farm
	Outline
	Simulation set-up
	Simulation set-up
	PDBL: rescaling of results (1)
	PDBL: rescaling of results (2)
	Conventionally neutral BL
	CNBL: set-up
	CNBL: rescaling of results
	CNBL: results
	CNBL: results – case CNk4
	Distance metrics
	Slide Number 18
	Slide Number 19
	Outline
	Aeroelastic actuator sector model
	Aeroelastic actuator sector model
	Example wind-farm orientations
	Simulation cases
	Results – Total farm power
	Results – Fatigue loading
	Visualization – Flow time series
	Outline
	Dataset availability - Zenodo
	Slide Number 30
	Thank you

