
Homework Assignment 1

EE 451/551 Wind Energy

Due 11:00 pm, Jan 17, 2018. Submit online at
https://www.dropbox.com/request/AOsyvM2kXj8eDl6ssXgK

Problem 1. A three-blade wind turbine captures 1 MW from wind moving horizontally
with respect to the plane. If the blades rotate at 20 r/min, compute the torque exerted by
each blade and the total torque.

Problem 2. A wind turbine has a 50 m tower (i.e., hub height of 50 meters). The turbine
is installed offshore in calm water where the wind power at 10 m height is 450 kW. Compute
the wind power at the hub level.

Problem 3. A wind turbine has a pitch angle of 5◦. The upwind speed is 15 m/s moving
horizontally with respect to the plane. The center of gravity of the blade is 20 m from the
center of the hub. The blades are rotating at 30 r/min. Compute the angle of attack.

Problem 4. Suppose wind at a speed of 20 m/s at an altitude of 50 meters above sea level.
Suppose the temperature is 20 Celsius.

1. Find the wind power density.

2. Suppose the wind passes through a sweep area made by a blade length of 20 m. How
much power is generated? Note: the blade sweeps out a circular area.

3. If we want to double the amount of power generated, how long does the blade need to
be?

Problem 5. A 4 blade wind turbine is operating at some angle of attack, with the lift
coefficient being 0.9. The center of gravity of the blade is at 40 m from the hub and rotates
at 30 rpm. If the total power generated is 1 MW, find the aerodynamic force on each of the
blades.

Problem 6. (Bonus for undergraduate students, must attempt for graduate students) Equa-
tion (2.45) in the textbook gives the maximum Cp as 0.593, achieved when the speed down-
wind is 1/3 of the speed upwind. This is called the Betz’s limit. Explain why Cp is not
maximized when the downwind speed is 0, that is, why don’t we capture most of the power
in the wind if we just build a wall?
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