Phys1061, Physics of Sound and Music

Field trip wind turbine, Fall 2005
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Fieldtrip to the Wind Turbine
· The wind turbine of the University of Minnesota West Central Research and Outreach Center has been dedicated on March 22, 2005. It delivers 1.65 MW of electricity, in particular providing our campus with a considerable fraction of our power. The turbine is installed with its center on a 230-ft high tower, with three blades of 135 ft each. 7.8-mph wind is needed in that height for the turbine to be able to produce electricity. The average wind speed in Morris in this height is 16 mph. We will visit the turbine in order to gather some observations interesting with regard to sound production by the turbine.

· This guide has three parts: Part I is to be filled in before the trip, part II will be filled in during our stay there, part III provides a summary and conclusion.

· During the field trip you will work in groups of three. Please note the names of your partners:

_________________________________________

_________________________________________

_________________________________________

· The completed observation guide will be worth 50 points toward your grade.

· Please wear warm clothing. Weather is brisk up on the “hills”. Shoes may get dirty.
· We meet at 9:15 in the West Parking Lot (in front of the Science Building – grass door). Be on time, we only have 60 minutes. 
Part I: Considerations and expectations

1. Estimate the speed of the wing tips of the blades, if the period of the rotation is 6 seconds.

2. At which frequency (rotations per second) would you expect the tips of the wings to move with the speed of sound? Is that desirable?
3. Express an expectation on what you will hear standing directly under the wind turbine. Include statements about periodic effects, pitch changes, loudness.

4. Below is a top view of the wind turbine. Consider the sound of the turbine, excluding any machine noises from the tower itself. The sound is generated by the blades as they displace air through their motion, as well as by the eddy formation behind them. Large air displacement in a certain direction should result in large sound intensity in that direction. On a scale from 1 to 10, indicate for the marked locations whether you would expect to hear the sound from the moving blades loudest (10) to softest (1).

[image: image4]
5. Which difference in sound features do you expect comparing points H and B? What would lead to these differences?

6. Which differences in sound features do you expect between points I and L?

7. If you would have to decide, what the best location for the wind turbine relative to a residential area would be, what would you recommend? Make noise reduction your goal, and decide based on the considerations you just made.
Part II: Field work
1. Measure the period of the turbine. Take six measurements.

	Time 1


	
	Average period:

	Time 2
	
	

	Time 3
	
	Frequency:

	Time 4
	
	

	Time 5
	
	Speed of the wing tips:

	Time 6
	
	


2. Describe the sound at point E. Include statements about periodic effects, pitch changes, loudness.

3. Starting from E, map the points on your chart for loudness. One square can be taken as 30 ft (20 steps). Increase your intensity-index if you perceive an increase,  decrease it if you perceive a decrease.
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4. Keep a log of some general observations about the sounds, such as pitch changes due to Doppler effect for the locations:

	A


	

	B
	

	C
	

	D
	

	E
	

	F
	

	G
	

	H
	

	I
	

	J
	

	K
	

	L
	


5. Differences between H and B?

6. Differences between I and L?

Part III: Conclusions

1. In which locations is the sound intensity highest? Discuss your findings with respect to your original assumptions.
2. Discuss the differences in sound between H and B.

3. Discuss the differences in sound between I and L.

4. Revise your recommendation for the residential areas if necessary. 
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