
Homework 2

EE 451/551 Wind Energy

Due Jan 21st at 11:59pm. Submit to
https://canvas.uw.edu/courses/1515456/assignments/7066057

Problem 1. A wind turbine has a pitch angle of 8◦. The upwind speed is 15m/s moving
horizontally with respect to the plane. The center of gravity of the blade is 15m from the
center of the hub. The blades are rotating at 25 revolutions per minute. Compute the angle
of attack.

Problem 2. Wind turbines can be installed over a 10 km by 10 km region. Each turbine
has blades with length 32 meters. If we want to achieve a separation ratio of 8, how many
wind turbines can be installed?

Problem 3. For the wind farm in the previous problem, compute the power production
per land area. Assume the wind power density at the hub is 400 W/m2, the coefficient of
performance is 0.25.

Problem 4. In class, we computed the coefficient of performance of a wind turbine is given
by

Cp =
1

2
(1 + γ)(1 − γ2),

where γ is the ratio of the downwind speed and the upwind speed. What is the maximum
value of Cp? Why is this maximum not achieved when the downwind speed is 0 (i.e., when
the wind is completely stoped by the turbine)?

Problem 5. A 4-pole, 60 Hz, three phase type 1 generator is connected to the grid at a
voltage of 690 V with the following parameters:

X ′2 = 2Ω, r′2 = 1Ω

a) Suppose the slip is −0.05. Find the developed power and the copper losses.

c) Find maximum possible developed torque.

Problem 6. Bonus for undergraduate students, must attempt for graduate students
For a wind turbine, its coefficient of performance depends on the radius of the blade, r, in
the following form:

Cp =
1

1 + e0.0443r

Find the radius of the blade that extracts the most power.
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