
Homework 7

EE 451/551 Wind Energy

Due Feb 28th at 11:59pm. Submit to
https://canvas.uw.edu/courses/1515456/assignments/7137733

Problem 1. The following measurements are made at two potential site for a wind farm:
Site A

Wind Speed (m/s) Probability
2 1/5
3 2/5
11 2/5

Site B
Wind Speed (m/s) Probability

3 1/10
4 3/5
7 3/10

Which site has higher average wind speed? And which as higher average wind power
output? Assume the same turbine is used at both sites.

Problem 2. The wind speed is measured at a site throughout a year at hourly intervals.
The data is summarized in the following table:

Wind Speed (m/s) # of hours
0 600
2 800
4 700
6 1200
8 2000
10 2500
12 960

a) Find the average speed and the standard deviation of the speed.

b) The fraction of time that the wind speed is between 5 m/s and 11 m/s.

Problem 3. Assume at a site we measure the wind power output of a turbine at an hourly
rate. The measured values are here: https://www.dropbox.com/s/8g6358sjcfm0c67/data.xls?dl=1
Compute the empirical mean and variance. Plot the histogram (you should pick a bin width
that makes visual sense).

Problem 4. Given two wind turbines with the following measurement: Find the cross
correlation between the speed of the two farms.
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# of hours Speed at farm 1 (m/s) Speed at farm 2 (m/s)
10 4 5
20 10 9
15 0 1
25 1 3
30 6 7
50 8 9
50 11 12

Problem 5. A small system draws power from both turbines in the previous problem.
Assume the turbines have Cp of 25% and blade length 30 m. What is the average total
power supplied by them to the system?

Problem 6. The following measurements were made at a potential site for a wind farm:

Speed (m/s) hours
0 100
2 100
4 200
6 300
8 200
10 100

1. Find the mean and variance of the wind speed.

2. If the cut-in speed of the turbine is 3 m/s, find the cut-out speed where the turbine is
on 70% of the time.

Problem 7. Bonus for 451 students, must attempt for 551 students
A solution that is often used to smooth out wind power production at a turbine is to attach
a battery to it. Assume the power production at a turbine in one hour follows a Gaussian
distribution with a mean of 5 MW and a standard deviation of 1MW (note this allows the
power to be negative, which is not possible in practice. But for simplicity, we will assume
this is ok in this problem). A battery is attached to it and the can charge and discharge
at 100% efficiency. The battery has a finite capacity. Find a way to reduce the standard
deviation of the output of the system to 0.2 MW. How big of a battery do you need? Hint:
an analytical calculation is difficult, you should simulate the system.
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