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A few words about us.......A few words about us.......
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  Innovate in Renewable Energy 

The Greenward Team:

  Larry Haworth – CEO & Co-founder

  Ed Salter – CTO & Co-founder

  Mike Kelly – Wind Energy Industry Advisor

What we do:

Current Projects:

  ISO-e Tower Technology

 Wind Turbine Quad Arrays



Wind Turbine Quad ArraysWind Turbine Quad Arrays
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  A viable & cost effective alternative to ever-larger wind turbines.

  Enables “High Density Wind Farming”

  Enables a new “Crane-less” service strategy



Wind Turbine WakesWind Turbine Wakes

  Wake swirl is stable, very long 
lasting, and can build with each 
row of turbines. 
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Aerial photo of wind farm off the coast of 
Denmark with clouds forming in the low 
pressure wake swirl.

  Large wind turbines leave 
wakes that contain highly 
energetic swirl and greatly 
diminished linear kinetic energy, 
with the intensity of the swirl being 
proportional to rotor torque. 



More on Wake Swirl IssuesMore on Wake Swirl Issues

  Wakes restore slowly to free stream velocity – Stable wake swirl interferes 
with re-energization by the free stream flow, and imposes large spacing 
requirements. 

  Accelerated fatigue damage to all components in the wind  turbine's 
load path occurs when a turbine encounters a wake from an upstream 
turbine.

  Bat mortality due to “barotrauma”  occurs when the bats  encounter the low 
pressure core of the wake swirl.

  Potential for significant weather-related impacts, including an increase in 
soil and crop water loss. 
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    The wakes appeared to be 
converging and accelerating.

    Wind tunnel testing would be needed 
to fully describe this phenomenon. We 
decided to design, and build two 
operational  scale models.

Results of CFD Study, Results of CFD Study, 
Feb. 2008Feb. 2008

Amber represents the free stream 
velocity of 12 m/ in 3D plots at three 
locations in the wakes 
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     A Computational  Fluid Dynamics 
 study was done in February, 2008 
using on a 32 meter quad array 
model. The 3D plot of wake velocity 
showed a very interesting result in 
the panel on the right. 



Testing the 1m Scale ModelTesting the 1m Scale Model
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Preliminary controlled velocity 
testing of our wind tunnel test model 
was done by mounting it in front of a 
minivan and driving on a straight, flat 
track at 25 mph. Velocity data was 
taken at 2, 4, and 4.75 meters 
downstream 

Contrails from smoke generators mounted 
in the rotor hubs reveal wake convergence 
during flow visualization tests.



Wake Convergence & Wake Convergence & 
Swirl CancellationSwirl Cancellation

   “Differential viscous energy transfer” causes the four wakes to converge.
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A simplified computer model of wake 
convergence using our 1 m scale model. The 
color of the wakes correspond to the direction 
of swirl rotation.

  All wake swirl is cancelled due to counter rotation.

Data from Controlled Velocity Testing shows 
wake velocity recovering to free stream at
5 rotor diameters downstream.
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Installed Capacity ComparisonInstalled Capacity Comparison 
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100 m, 2.6 MW Turbine 
(3D CAD model)

50 m Quad Array, 2.6 MW

< Approximately 
Equal Outputs >



Turbine Density Comparison Turbine Density Comparison 
with no Setbackwith no Setback

Nine 100 m turbines installed on 2.56 square km
Installed Capacity = 23.4 MW
Power Density = 9.14 MW/km2

49 Quad Arrays installed on 2.25 square km
Installed Capacity = 127.4 MW
Power Density = 56.62 MW/km2

Power Density Ratio with no setback = 6.19 : 1



Turbine Density Comparison Turbine Density Comparison 
with Setbackwith Setback

Nine 100 m turbines installed on 5.76 
square km
Installed Capacity = 23.4 MW
Power Density = 2.6 MW/km2

49 Quad Arrays installed on 3.06 
square km
Installed Capacity = 127.4 MW
Power Density =41.6 MW/km2

Power Density Ratio with setback = 16.0 : 1



Aerial Views Aerial Views 

100 meter turbines

Quad Arrays enable “High Density Wind Farming” – Not suitable for 
certain locations, but the obvious choice for many high energy sites.
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Summary....Summary....

   The Wind Tunnel Testing Program is needed for full definition of 
the Wake Convergence & Swirl Cancellation phenomenon.

   Wind turbine Quad Arrays have the potential to increase project 
density by a factor of up to 16 : 1, and to virtually eliminate 
accelerated fatigue damage caused by wake swirl.
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For more information, visit our website: greenward-technologies.com

Email: ed.salter@greenward-technologies.com             voice: 888.530.7772  
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