
Exploring Wind Turbines


Exploring Wind Turbines
What is wind? Most simply, wind can be defined as moving air. Although this may seem like a very simple explanation, wind is a phenomenon that can be interesting to explore because you can’t actually see it! 
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For thousands of years, people have been harnessing wind energy to do work—from travelling around the world on sail boats to milling grain using windmills. Today, wind is becoming more common as a renewable energy source through the use of wind turbines. 

Wind turbines have four basic parts—a tower, blades, a gear box, and a generator—that function together to convert kinetic energy from the wind into the energy of motion. As the blades turn, they cause the gear box to turn, via a shaft. The turning gear box causes the generator to turn via a second shaft. The turning of the generator generates electricity. 
The amount of electricity that can be generated by a wind turbine is affected by many variables. In this experiment, you will make predictions about which variables affect electricity generation. You will then test your predictions and explore how the amount of power produced by a wind turbine is affected by the variables you test.

OBJECTIVES

· Understand how wind turbines are used to generate electricity.

· Predict variables that affect how fast a wind turbine turns.

· Investigate the effect of fan speed on the power output of a wind turbine.
MATERIALS

	computer 
	wind turbine base and tower

	Vernier data-collection interface
	Wind Turbine Hub

	Logger Pro
	Blade Pitch Protractor

	Vernier Energy Sensor
	blade materials

	Vernier Variable Load
	scissors and hot glue

	wire leads with clips
	fan


PROCEDURE

Part I  Exploring wind turbines qualitatively

In this part of the experiment, you will use a fan and a wind turbine to learn more about how wind turbines work. You will make changes to the setup to explore how different variables affect the wind turbine and how it turns.
1.
Set up the fan and wind turbine. 
a. Assemble the turbine with three blades spaced evenly apart.

b. Position the fan so the center of the fan is in line with the center of the hub of the turbine. The fan should be about 15 cm from the turbine.
c. Clear off your area and make sure that when the fan and the turbine are moving, nothing is in the way.

2.
Explore: What affects the direction in which a turbine spins?
a. Turn on the fan to its lowest setting. CAUTION: Do not stand in the plane of rotation of the wind turbine rotor. In what direction is the turbine turning? If it is not turning, adjust the blades so that the turbine turns. 
b. Create a plan to make the turbine turn the opposite direction.

c. Carry out your plan after it is approved by your instructor. 
d. Were you successful in making the turbine turn in the opposite direction? Explain what you did to make the turbine change direction.
3.
Explore: How does fan speed affect turbine speed? 
a. Make a prediction about how fan speed affects how fast the turbine turns. Explain why you think it will have this effect.
b. Create a plan to investigate how fan speed affects how fast the turbine turns. What are you purposefully changing in this investigation? What will you keep constant?
c. Carry out your plan after it is approved by your instructor. 
d. What is your conclusion about the relationship between fan speed and turbine speed based on your observations?

4.
Explore: How does the distance between the fan and the turbine affect the turbine speed? 
a. Make a prediction about how the distance between the fan and the turbine affects how fast the turbine turns.

b. Create a plan to investigate how the distance between the fan and the turbine affects how fast the turbine turns. What are you purposefully changing? What will you keep constant?
c. Carry out your plan after it is approved. 
d. What is your conclusion based on your observations?

5.
Explore: What are some additional variables that affect turbine speed?
a. List at least three other variables that could affect how fast the turbine turns.
b. Choose one variable and create a plan to investigate the affect of the variable on turbine speed. 
c. Carry out your plan after it is approved. 
d. What are you conclusions based on your observations?

Part II  Exploring wind turbines quantitatively

In this part of the experiment, you will add a Vernier Energy Sensor and a Variable Load to the setup. You will explore how wind speed affects the wind turbine, but this time you will be able to quantitatively assess the effects.

6.
Connect the Vernier Energy Sensor Current and Voltage connectors to the interface. Start Logger Pro and choose New from the File menu. 
7.
Zero the Energy Sensor.

a. Connect the Energy Sensor Source terminals to each other with a wire lead in order to create a short circuit. 

b. Choose Zero from the Experiment menu. Both sensors are selected. Select [image: image1.png]OK




. The readings for both current and voltage should be close to zero. Note: The resistance value is not meaningful when the current and voltage values are near zero.
8.
Set up the equipment. 
a. Disconnect the wire lead that is creating the short circuit and connect the wind turbine to the Energy Sensor Source terminals. 

b. Connect the Variable Load to the Energy Sensor Load terminals.

c. Adjust the blades so the turbine is set up with three blades spaced evenly apart and pitched at the same angle.

d. Position the fan so the center of the fan is in line with the center of the hub of the turbine. The fan should be about 15 cm from the turbine.

e. Clear off your area and make sure that when the fan and the turbine are moving, nothing will be in the way.

9.
Check the current and voltage values.

a. Turn on the fan. The wind turbine should be spinning. CAUTION: Do not stand in the plane of rotation of the rotor.

b. Note whether the current or voltage values are positive, negative, or zero. 

c. Turn the fan off.

d. The setup is correct if the values are positive. If the values are negative or zero, switch the wires connected to the Source terminals so they are connected to the opposite terminals.


10.
Adjust the load.

a. Turn on the fan to the lowest setting. Wait 60 seconds, or until the fan and the turbine blades reach a constant speed.

b. Note the Resistance value in the meter. Adjust the load by turning the knob on the Variable Load until the resistance is approximately 35 ( or equal to the internal resistance on the generator you are using.


11.
Collect data. 
a. Click [image: image2.png]


 to start data collection. Data will be collected for 30 seconds.
b. When data collection is complete, turn off the fan.


12.
Determine the mean power. 
a. Choose Go To Next from the Page menu. A graph of power vs. time is displayed. 

b. Click the power vs. time graph to select it. Choose Statistics from the Analyze menu. Record the mean power value in the data table.


13.
Collect data at other fan speeds. 
a. Turn the fan on to a higher setting. Wait 60 seconds, or until the fan and the turbine blades reach a constant speed.
b. Repeat Steps 11–12 to collect and analyze data.

14.
If your fan has more than two settings, repeat data collection and analysis once more for a total of three trials.
Data and analysis

	Fan setting
	Average voltage 
(V)
	Average current
(I)
	Power
(W)

	
	
	
	

	
	
	
	

	
	
	
	


1.
Which fan setting produced the most power? 
Extension

Using the list of variables that you created in Part I, choose one and design an experiment to measure the effect of the variable on the power output of the turbine. Have your experimental design approved by your instructor before testing your prediction.
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