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Nano-Composite Coatings for Turbine Blades 

Lotus Leaf  
(Naturally Super-Hydrophobic) Nano-clay Coating

Micro/Nano Surface
Lotus Leaf  

Micro/Nano Surface

Performance in Coastal Environment
S h d h bi S lf Cl i & A ti F liSuper-hydrophobic: Self-Cleaning & Anti-Fouling  
Polymer binder reduces water and ice adhesion
Coating also resistant to organic and acidic liquids
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AREVA-funded effort to ensure 20-year durability



Fluid Power Energy Storage for Turbines
National Science Foundation 4 year program at Univ. of Virginia

Wind energy converted into fluid power: 
compact efficient can run at large

El t i it t

compact, efficient, can run at large 
speed range & environmental friendly 
(similar to hybrid engines for cars)

Wind 

Electricity generator on 
platform (vs. tower) 
to ease access an 
sized for uniform (vs. 
oscillating) power

Electric generator and 
transmission lines sized 
for uniform power (vs. 
peak power) to increaseoscillating) power peak power) to increase 
overall capacity by 300%!

High Pressure Accumulator (water 
and air) partially submerged to 
serves as platform and ballast; 

Up to 35 MPa Air
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floating platform can be tugged 
to site and cable moored

Up to 35 MPa Sea Water



Morphing Segmented Wind Turbines
Blades deflect/twist aero-elastically at high winds (rather than try and 
make strong and heavy to stay stiff as in current designs)

Downstream blades allow high deformation which is ideal for floatingDownstream blades allow high deformation which is ideal for floating 
turbine concepts and extreme-scale turbines (10 MW) 

Segmented blades can dramatically reduce manufacturing, 
transportation, installation and maintenance coststransportation, installation and maintenance costs

Conventional MorphingConventional
turbine

Morphing
turbine

Segmented
blades
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The Current Paradigm:The Current Paradigm: 
Rigid Single-Element Turbine 

Blades
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Conventional Wind Turbine
Ri id d I t lRigid and Integral 

Marc Rapin of ONERA: "Wind 
turbine blades are very rigid. 

Hence the weight problem in the.....Hence the weight problem in the 
rush towards giant wind turbines: 
for 5 MW prototypes, each 61.5 m 
long blade weighs around 20 tonslong blade weighs around 20 tons, 
which must in turn be supported by 
a colossal nacelle and tower. So 
the wind turbine weighs betweenthe wind turbine weighs between 
400 and 500 tons! That's the limit of 
what we can manufacture, transport 

d di t" h h i
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and predict" he emphasizes. 



Large-Scale Manufacturing, Transport, 
A bl d R i (F ti )Assembly and Repair (Fatigue)
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At extreme-scales, ALL these steps will get much 

more expensive and complicated



Super-Size Me 
( i i i f i d t bi )

The primary challenge to the wind energy is it expense 

(ever increasing size of wind turbines)

e p a y c a e ge to t e d e e gy s t e pe se
(per kW/hr) than hydro-carbon burning energy systems

This can be addressed by increasing power capability 
d if it i th l f i d t bi hi hand energy uniformity via the scale of wind turbine which 

reduces “plant” and “utility-integration” costs

The next great frontier for “extreme-scale” wind turbineThe next great frontier for extreme scale  wind turbine 
systems (20 MW) is off-shore due to increased wind 
energy and uniformity as well and reduced visual, 
environmental and audio-visual impactenvironmental, and audio visual impact
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Proposed solution: 
Segmented Turbine Blades
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Segmented Blades
Segmented blades (e.g. 2-10 pieces) allows simpler fabrication, 
transportation, assembly & maintenance especially at extreme-scales

Reduces costs at all phases (from fabrication to operation)Reduces costs at all phases (from fabrication to operation)

Segment joints require extra local mass and stiffening, i.e. “hard points”
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“Go with the Flow” Forces 
Monsoon storms and hurricanes can blow and uproot most “stiff” trees 
away, but not the palm tree. Because it is flexible (especially at base), it 
can bend all the way to the ground thus reducing aerodynamic load  
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Potential Savings if Successful

Reduce blade weight 35% by reducing stiffness requirementsReduce blade weight 35% by reducing stiffness requirements 
Reduce drive train weight 20% by reducing unsteady torque loads*
Generator weight (and power produced ) is approx. unchanged 
Reduce tower and foundation weight by 25% due to the above
Reduce overall system weight by 20%-25%

Reduce transportation and manufacturing costs 30% by segmenting
Reduce assembly (and repair) costs 30% by segmenting
Reduce overall system cost by 20%-25%
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