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Untapped distributed wind market
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Weaknesses of existing distributed wind

Many complex components
—> unreliable
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Wind tunnel testing at ~1/6-scale (0.25 m chord)
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Dptimum Angle-of-Attack at 116-scale (0.25 m chord
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S1210-based foil selected for excellent lift over wide ranges of Re and AoA
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1/3-Scale wind tunnel testing for power
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Airfoil pressure measurements on suction side
Static pressure measured by taps on surface with all air-jets closed 
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Asymmetry observed between foils

- confirmed to switch sides in repeats

- also observed in PIV, even at lower AoA
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Pressure measurements during air-jet operation
Asymmetry also occurs with air-jets functioning and system under no load

- fully open choke = no power production
- can reduce asymmetry by reducing AoA pay a high price in performance
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With air-jets functioning, instability and associated asymmetry can be lessened with a load (over a wide range)
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Power curves for stable operation
Mechanical power measured across inlet orifice by measuring pressure drop and velocity
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18% efficiency achieved in stable operation

- approximately 1/3 of Betz

- unstable mode hits nearly 1/2 Betz in symmetric operation
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Conclusions and future directions

Experimentally demonstrated

• optimum angle-of-attack

• not shown
- optimum spacing between foils
- scaling with length (slightly better than 2x increase with doubling height

Observed asymmetries likely due to flow instabilities

• reduces viable AoA range

• most dramatic in closed air-jet and no-load configurations

18% (-1/3 of Betz limit) mechanical efficiency achieved in stable operation

• -1/2 of Betz limit intermittently achieved in unstable mode

Full-scale pilot planned for spring 2020
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End Presentation
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LCOE compared to solar (including O&M)
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PIV flow field (1/6-scale) for S1210-based foils
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Modeling drives design

Multi-pair optimization studies
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Fundamental fluid mechanics

Pressure differential from inside to out of foils (across air-jets)
1 1 1

Ap = • p • cp(x) • U,3) = • p • —y • ulet

where y is loss coefficient including energy extraction.

Power is product of pressure differential and volume flow V jet = ujet • Ajet through jets:

Power = Ap • IL- jet

Eliminating ujet and Ap gives
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Design and power correlation
For power given by

1
Power = —

2 
• p • cp(x) • II,,, • Ajet • c (x) • y • 1100

Normalizing by the maximum free stream available power 0.5pAexitUcl gives a correlation for each
AeroMINE design

Ajet 
Coe fp ower = cp(x)312 •• ArY

Aexit

Experiments have shown y is unique to each configuration (air-jet design, spacing and AoA)

- roughly constant with incident windspeed
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Retailer and Warehouse Implementations
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Office Build.. nolementations
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Remote Power Implementations
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Technical advantages

power
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Wind tunnel experiments verify performance
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