Exercises for Energy from Wind
1. Would wind turbines work where you live?
Some places are windier than others. If a community is considering installing wind turbines to make electricity, it needs to know if the investment is worthwhile. Will there be sufficient wind to make the desired power at a reasonable cost? To help answer this the US Department of Energy publishes maps that show average wind speeds. Go to the US D.O.E. website: http://www.windpoweringamerica.gov/wind_maps.asp. Note that according to their work, a location needs an average wind speed of 6.5 m/sec (14.5 miles per hour) at a height of 80 m (262.4 feet), for wind energy to be a practical economic investment. Click on your state and then find your community. What is the average annual wind speed in m/s? Is your community a good candidate for wind turbines?
Having sufficient wind energy to invest in wind turbines is only part of the puzzle. Is the windy land really available for development? Do current land uses prevent building wind generators? Some development, like farms, is compatible with wind power, while others like cities and protected park-lands are not. Go to http://www.windpoweringamerica.gov/windmaps/resource_potential.asp and open up the tab for the Excel table shown in the second paragraph.
What percent of the land in your state has sufficient wind for turbines and is actually available for development?
Now go to: http://www.windpoweringamerica.gov/windmaps/offshore.asp to view potential sites for offshore wind turbine placement. In general, how does offshore wind power potential compare to that for on-land locations?

2:  Testing the influence of sail area on boat speed.
	Selecting the correct size and shape of sail for a boat or blade for a wind turbine is complex stuff. There are all sorts of considerations regarding the three-dimensional shape of the sail. However, we can perform a simple experiment to see how sail size influences the speed of a boat and by inference the amount of lift generated by the sail. Keep in mind that while bigger sails create more lift, they also create more drag. A sailboat with a displacement hull can only go up to its “hull speed” before it trips over its own wave and falls sideways. So a bigger sail is not always better!
	We will use three different-sized head sails on a 30-foot sailboat to measure the effect of sail area on speed.  We will sail the boat on a beam reach (apparent wind coming from 90 deg.) for 5-minute trial runs.

	Sail Number
	Sail Area (m2)
	Avg. True Wind Speed (Kts)
	Avg. Boat Speed (Kts)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



Determining the area of each sail:
1. Lay the sail on the ground and measure each side with a meter tape.
2. Use the formula below to calculate area in m2.
	Sail #
	a
	b
	 c
	p =(a+b+c)/2
	[image: herons formula]  in m2
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	A method for calculating the area of a triangle when you know the lengths of all three sides.

Let a,b,c be the lengths of the sides of a triangle. The area is given by: 



	[image: herons formula]

	where p is half the perimeter, or [image: herons formula]


Questions
1. Make a graph of Average Boat Speed (Y-axis) versus sail area (X-axis). Choose runs where the true wind speed was about the same for each sail size. YouTube is a good resource for tutorials on how to make graphs in different versions of Excel  
· Basics of graphing in Excel 2013': http://www.youtube.com/watch?v=7vkIB7VN75k
· [bookmark: _GoBack]Making line graphs with Excel 2010: http://www.youtube.com/watch?v=Xn7Sd5Uu42A  
2. What can you conclude about the effect of sail area on wind speed?
3. How is this information important for designers of wind turbines?
4. Are sails only for recreational boats in the modern era, or can they be part of commercial shipping once again? What keeps modern commercial from making use of wind power today?
5. Consider a wind turbine as a system designed to produce electricity. What is the source of energy used to turn the turbine?  In a storm the wind may be so strong as to turn the turbine so fast that the wires for the electromagnets must pass so much current that they overheat and could melt or cause a fire. Sensors are put in the system to feather the blades (so they do not catch the wind) if the turbine gets too hot. Is this a form of positive or negative feedback?  
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