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ABSTRACT

Wind power contributed 35% of all new U.S. electric generating capacity in 2007.

It is the fastest growing source of electrical energy in the world, having had an

average annual growth rate of 30% during the period 1990-2002. Worldwide installed

capacity increased from 7400 MW in 1997 to 59000 MW in 2006. The desire to

reduce dependence on conventional energy sources has sparked an increase in wind

energy.

Development of increasingly cost-efficient wind turbines with minimized ma-

terial usage results in relatively flexible structures. Vibration, a key contributor

to fatigue in those flexible structures, limits the design and construction of larger

systems. Particularly as span increases, conventional methods of controlling blade

loads lose their effectiveness.

This thesis explores the use of active flow control via synthetic jet actuators

to control loads and mitigate vibration. A wind tunnel model of a turbine blade is

instrumented with synthetic jet actuators and a strain gauge from which deflection

at the tip is inferred. The blade is exposed to a 50ft/sec flow. Vibration under this

condition is calculated based on the strain gauge measurement at different angles

of attack. Voltage step inputs are applied to the jet actuators and the dynamic

response is recorded. A low order dynamic model is fit to and validated with a

subset of deflection data. The dynamic model may be used to evaluate the damping

effect of the synthetic jets on structural mode vibration. Subject to certain design

constraints, a voltage input may be chosen at each operating point to minimize

both vibration and the power applied to the jet actuators. A method for choosing

open-loop voltage input to minimize both vibration and the power applied to the

jet actuators is introduced. The potential of vibration reduction with a closed-loop

control is also discussed.

1


