Teacher Edition

Wind Power


This supplement document is designed to make you aware

of some of the pitfalls students might face, as well as our data that we

gathered when we performed the experiment.

Purpose


This lab can be an excellent introduction to alternate power options, or to offer an example of how power through an electrical circuit actually works and can be used, as well as the opportunity to analyze Ohm’s Law outside of a circuit schematic.

Introduction


For this experiment we are going to use a DC motor as our generator and various shaped turbine designs located in the back of this packet.  Since the only difference between a motor and a generator is the direction of the current, we can get away with this slight substitution.  The pinwheel designs work best if printed out on a cardstock paper, but will also work on normal printing stock.
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Since we are converting mechanical energy (the wind from the fan) to electrical energy (through the motor) we can measure the power output by finding the current and voltage produced by the motor.   The circuit, shown to the right may be used to find the voltage across the resistor and the current flowing through the system.  Thus, power may be found by the equation:

Power = Voltage * Current



In order to find the efficiency of the turbine, we can use a simple plot of power against velocity.  By finding the curve of best fit you should be able to establish a relationship between the wind speed and power generated.

Power = function (velocity)

This equation may be used to create a baseline power maximum output for comparison with other data.

*Note: this will produce a relative efficiency, not an actual efficiency*

List of materials

· 1.5 V DC Motor

· 2 or 3 speed Fan

· Voltmeter and Ammeter 

· 100Ω resistor

· Wires

· Ring stand with clamp

· Meter stick

· Pushpin or a small nail

Procedure

1. Construct turbine designs to be tested and set up motor circuit show on the first page.

2. Measure the length of the turbine blades and record it on the data table.

3. Set up the motor on a ring stand with the shaft facing the fan.  Use a clamp to secure the motor to the stand and make sure the turbine blades will not hit your stand when rotating.  The fan should be placed approximately 15cm away from the end of the shaft.

4. The Digital Multi Meters (DMM) should be set to DC Voltage, one, and DC Current, the other.  The DMM set to measure voltage should be placed across the resistor and the one set to measure Current should be placed in the line of the circuit.

5. Place a turbine on the shaft and secure any way possible. (i.e. nuts included with motor or even modeling clay will work) Anything that will keep the turbine from slipping off the shaft during testing.

6. Turn on the fan to the lowest speed and read the voltage and current from the DMM, record into Table 1.

7. Repeat while increasing speed, recording voltage and current on the table.

8. Repeat steps 5-7 for each of the turbine designs.

9. Calculate the power for each of the trials and try to establish reasoning for the results you discovered.

10. In order to find the efficiency you must first find the maximum power output for any design of your choosing.  For best results, consider using your sturdiest blade design.

11. Take the selected turbine and set it up like in the experiment.  Then go to a location where you can govern the speed of wind that would move your turbine and record the wind speed, and the power output into Table 2.  Make sure to collect at least three data pairs.

12. Use the data points collected and plot them onto a Power vs. Velocity graph.  Using either a calculator or Excel, find a curve of best fit for the data. (Hint: the equation received should be cubic)

13. Use power measurements from Table 1 and the equation derived in step 12 to find the velocity of the wind moving through the blades.  These velocities will correspond to the different settings on the fan used.

14. Use the following two equations, and Table 3, to find the maximum power that could be generated for the turbine designed used.
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(assume that CDO = 0.07)

15. Use the maximum power for the tested turbine to determine the efficiency of each trial, do you see a pattern?

Data Table

	Table 1
	Blade Shape
	Blade Length (cm)
	Wind Speed
	Measured Current (A)
	Measured Voltage (V)
	Calculated Power (W)
	Efficiency

	Design 1
	Square Blades
	6.5
	Low
	28.4 μA
	0.25 mV
	7.10 μW
	6.00

	
	
	
	High
	36.0 μA
	0.30 mV
	10.80 μW
	2.28

	Design 2
	Square Blades
	9.0
	Low
	53.5 μA
	0.50 mV
	26.75 μW
	22.62

	
	
	
	High
	59.8 μA
	0.60 mV
	35.88 μW
	7.57

	Design 3
	3 Oval Blades
	9.0
	Low
	148.5 μA
	1.50 mV
	222.75 μW
	188.33

	
	
	
	High
	173.9 μA
	1.70 mV
	295.63 μW
	62.37

	Design 4
	Pin-wheel
	8.0
	Low
	120.5 μA
	1.10 mV
	132.55 μW
	112.07

	
	
	
	High
	144.8 μA
	1.40 mV
	202.72 μW
	42.77

	Design 5
	Pin-wheel
	9.0
	Low
	75.0 μA
	0.70 mV
	52.50 μW
	44.39

	
	
	
	High
	92.8 μA
	0.90 m V
	83.58 μW
	17.63


Design To Test For Max Power :
__Square Blades with 9.0cm Length__

	Table 2
	Velocity

(m/s)
	Measured Current (A)
	Measured Voltage (V)
	Calculated Power (W)

	Test

Design
	4.47
	120.90 μA
	11.40 mV
	1378.29 μW

	
	6.71
	208.50 μA
	20.15 mV
	4201.28 μW

	
	8.94
	291.40 μA
	28.60 mV
	8334.04 μW


Equation Derived :
__P(v) = -2*10-6v2 + 0.0196v__

	Table 3
	Power (μW)
	Velocity (m/s)
	Force (μN)
	Maximum

Power (μW)

	Low Speed
	52.50
	0.65
	180.92
	118.28

	High Speed
	83.58
	1.04
	456.47
	474.03


Low Velocity : __0.65 m/s__
          High Velocity : __1.04 m/s__

This is sample data that was gathered.  Feel free to use this as an example.

Questions:

1.  What is the relationship between power output and rotor shape?  How does the blade length affect the results?

The power output will depends on the shape the student chooses to use.  Answers will vary based upon the choices the students made.

2.  What’s the most efficient design?  Do you notice anything unique about that design?

Again, answers will vary based upon the students decisions.  Most students should find that a tri-blade design is the most efficient, and also produce the greatest power.

3.  Why did we use a 100Ω resistor instead of a 1Ω?  Does the larger resistor affect the circuit’s load?  Consider what was being measured and use an equation to aid your explanation.

Based upon Ohm’s Law, V = I*R, a larger resistor will increase the voltage through the voltmeter so the data is easier to read.  Otherwise the values would be to small to rely upon through a traditional DMM.

Extension: 

1.  Why would we want to harness and use wind power?  Try to explain your reasoning using the idea of the Thermodynamic Sink.

The Thermodynamic Sink is a place where you have to put energy into a system in order to gain energy from a system.  The atmosphere is one example of a Sink.  Through wind power, we are able to make use of some of that “useless” energy and in a since gain something from virtually nothing.

2.   Why is it that some designs are more efficient at particular speeds than at other speeds?  (Hint: Did you notice any material failures in the turbine blades or deflection?)

Students should notice that the paper doesn’t keep its perpendicular orientation to the lab bench when faster speeds are used.  Also, some designs, like the square blade designs, work better at slower speeds than at faster ones.

Energy / Material Cycles
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