
Homework 1

EE 451/551 Wind Energy

Due Jan 14th at 11:59pm. Submit to
https://canvas.uw.edu/courses/1515456/assignments/7037350

Problem 1. We will see circuits that are similar to Fig. 1. The parameters of the elements
are:

R1 = 15Ω R2 = 3Ω R3 = 2.5Ω L1 = 15mH L2 = 3mH C1 = 20µF.

The source voltages are 60 Hz and have values (in phasor form):

V1 = 150∠0◦ V2 = 100∠30◦

Find the following

a) The currents I1 and I2.

b) The active power consumed by R2.

c) The reactive power consumed by L2.

d) The active power consumed by R3.

Figure 1: Circuit for problem 1.
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Problem 2. The wind power captured by a turbine installed off shore in calm water at 50
m height is 450 kW (α = 0.1). Compute the wind power captured if the turbine height is
increased to 100 m. Assume the density of air is constant.

Problem 3. Suppose wind at a speed of 15 m/s.

1. Find the wind power density, assuming the density of air is 1 kg/m3.

2. Suppose the wind passes through a sweep area made by a blade length of 25 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 4. A three-blade wind turbine captures 1 MW of power from wind (assuming
100% efficiency). If the blades rotate at 25 rpm, compute the torque exerted by each blade.

Problem 5. Bonus for EE 451 students, must attempt for EE 551 students
We normally talk about the height of wind turbines referring to the hub height, that is, the
center of the blades. However, this is an approximation. Suppose the hub height is 100 m
and the blades are 25 m long and the power density at the hub height is 20 kW/m2. The
turbine is placed over terrain with α = 0.15. Find the a more accurate way to compute the
power generated by the turbine (i.e., integrate over the area traced out by the blades, taking
height into account).
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