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Airborne Wind Energy

• What & why?
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Airborne Wind Energy

• What & why?

EnerKite
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Airborne Wind Energy

• How?
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Airborne Wind Energy

• How?

Makani
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Airborne Wind Energy

• How?

Makani

Airborne Wind Europe
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Airborne Wind Energy

Ground-Gen vs. Fly-Gen

Cherubini et al.
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Airborne Wind Energy

Ground-Gen vs. Fly-Gen

Cherubini et al.

Altaeros
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Airborne Wind Energy

• Ground-Gen
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Airborne Wind Energy
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Airborne Wind Energy
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Airborne Wind Energy

Cherubini et al.
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AWE sales-pitch
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AWE sales-pitch

EnerKite

15-20%

30-60%

60-80+%

• high capacity factor
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AWE sales-pitch

• less material

• high capacity factor

TwingTec
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AWE sales-pitch

• less material

• high capacity factor

• more available resources

IRENA: Global Atlas, Map data: DTU 2015, OpenStreetMap contributors
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AWE sales-pitch

• less material

• high capacity factor

• more available resources

• flexibility

DLR
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AWE sales-pitch

• less material

• high capacity factor

• more available resources

• flexibility

• scalable (few kW – several MW)

• low cost of energy produced

• … DLR
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Development & construction of a scalable MW-class AWE-system
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EnerWing

ENER    INGW

EnerKíte
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EnerWing

ENER    INGW

EnerKíte

• Development & construction of a scalable MW-class AWE-system

(wing, ropes, start & landing, electronics, …)
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EnerWing

ENER    INGW

EnerKíte

• Development & construction of a scalable MW-class AWE-system

(wing, ropes, start & landing, electronics, …)

Tethered MW-wing:

• high aerodynamic performance 
• generation

• retraction

• start & landing

• light & stiff

• transportable in ISO-Containers

• scalable manufacturing process

(10m – up to 50m)



Chair of Fluid Dynamics, Hermann-Föttinger-Institut (HFI)
C. O. Paschereit              Institute of Fluid Dynamics and Acoustics

20.09.2022D. Fischer, B. Church - d.fischer@tu-berlin.de 11

EnerWing

ENER    INGW

EnerKíte



Chair of Fluid Dynamics, Hermann-Föttinger-Institut (HFI)
C. O. Paschereit              Institute of Fluid Dynamics and Acoustics

20.09.2022D. Fischer, B. Church - d.fischer@tu-berlin.de 11

EnerWing

ENER    INGW

EnerKíte



Chair of Fluid Dynamics, Hermann-Föttinger-Institut (HFI)
C. O. Paschereit              Institute of Fluid Dynamics and Acoustics

20.09.2022D. Fischer, B. Church - d.fischer@tu-berlin.de 11

EnerWing

ENER    INGW

EnerKíte



Chair of Fluid Dynamics, Hermann-Föttinger-Institut (HFI)
C. O. Paschereit              Institute of Fluid Dynamics and Acoustics

20.09.2022D. Fischer, B. Church - d.fischer@tu-berlin.de 11

EnerWing

ENER    INGW

EnerKíte
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EnerWing @ TU Berlin

ENER    INGW
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• Scope:

– high-performance passive rigid-wing

• Aims:

– reliable prediction of aerodynamic properties in an early design stage

– validated tools & process 
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EnerWing @ TU Berlin

ENER    INGW
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EnerWing @ TU Berlin

2D 3D

numerical

experimental
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Numerical workflow
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Numerical workflow
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• Constraints:

– fixed slat

– thin slat

– high Reynolds-number (1.5e6)
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2D - Optimisation

• Optimisation:

– Start: S1223

– max. 
𝐶𝑙
3

𝐶𝑑
2 , max. 𝐶𝑙
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2D - Optimisation

• Optimisation:

– Start: S1223

– max. 
𝐶𝑙
3

𝐶𝑑
2 , max. 𝐶𝑙

‒ B-splines
‒ NSGA-II & Tangent-Search 

‒ 2D-RANS
‒ k-ω-SST-LM
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• 2D k-ω-SST-LM-RANS

• Re = 1,500,000

• DDES:
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2D - CFD
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• Wind-Tunnel (GroWiKa @ TU Berlin)
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2D - Experiments

𝑈∞,𝑚𝑎𝑥 = 75
𝑚

𝑠 2𝑚 𝑥 2𝑚
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• Wind-Tunnel (GroWiKa @ TU Berlin)
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2D - Experiments

2𝑚 𝑥 2𝑚

6-component scale 

3-component scale 

𝑈∞,𝑚𝑎𝑥 = 75
𝑚

𝑠

AR = 4
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• Wind-Tunnel (GroWiKa @ TU Berlin)
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2D - Experiments

𝑇𝑢 < 0.5%

𝑈∞,𝑚𝑎𝑥 = 75
𝑚

𝑠

6-component scale 

3-component scale 

wake-rake

AR = 4
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2D - Experiments

PETG
stainless steel

stainless steel

aluminium

CFRP

• 3D-printed 2D airfoils

– c = 300mm

– AR = 4 (10 segments)

– 𝑅𝑒𝑚𝑎𝑥 ~ 7 105 − 1 106
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• Re = 700,000

20.09.2022D. Fischer, B. Church - d.fischer@tu-berlin.de 21

2D - Experiments

vs.
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• Re = 300,000

• c = 133mm , span/2 = 800mm
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3D - Experiments
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• Re = 300,000

• k-ω-SST – RANS 

• polyhedral surface mesh with hexahedral core

• y+ < 1

• 60M cells

3D - CFD
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• pyKite

– focus on fast & reliable prediction of aerodynamic performance

– method: Non-linear lifting-line free vortex wake (NLLFVW)

20.09.2022 25

3D - medium order

Van Garrel, ‘Development of a Wind Turbine Aerodynamics Simulation Module’. ECN, 2003.

D. Fischer, B. Church - d.fischer@tu-berlin.de
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• pyKite - key features

– inexpensive prediction of aerodynamic properties

– transient aerodynamic effects

– simulation of all flight phases

– extendible to include aeroelasticity
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3D - medium order

D. Fischer, B. Church - d.fischer@tu-berlin.de
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3D - medium order
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• validation
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Experimental Data:  McAllister, K.W., and Takahashi, R.K. ‘NACA 0015 Wing Pressure and Trailing Vortex Measurements’. NASA, 1991
Weber,J., and Brebner, G.G. ‘Low-Speed Tests on 45-Deg Swept-Back Wings’. Reports and Memoranda. HMSO, 1951.

D. Fischer, B. Church - d.fischer@tu-berlin.de



Chair of Fluid Dynamics, Hermann-Föttinger-Institut (HFI)
C. O. Paschereit              Institute of Fluid Dynamics and Acoustics

20.09.2022 28

3D - medium order

vs.vs.
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• surface-pressure measurements for full-scale wing (incl. slat) 

• optimised airfoil & slat

• 3D-optimisation

• modular AWE research wing
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up next

D. Fischer, B. Church - d.fischer@tu-berlin.de



Chair of Fluid Dynamics, Hermann-Föttinger-Institut (HFI)
C. O. Paschereit              Institute of Fluid Dynamics and Acoustics

20.09.2022 30

Denes Fischer
d.fischer@tu-berlin.de

Benjamin Church
b.church@tu-berlin.de

Thank you!


