INSTRUCTOR INFORMATION


Blade Variables and Turbine Efficiency

Blade Variables and Turbine Efficiency
Students will use wind turbines to test different blade design variables and calculate the power output for each modification using current and voltage measurements. Students will also calculate the wind energy available and determine the efficiency of the turbine as they change variables.

We suggest starting the experiment with a brainstorming session. Record students’ ideas and then assign or have the groups pick different variables. This way, as a class, you will cover a wide variety of variables. If you would rather, simply assign variables to the groups. Options for variables include (among others)
· Length

· Number of blades

· Pitch

· Shape (outline, tip shape, or airfoil shape)
· Width

· Blade material

As an extension, have students share their data with the class. Students should describe their testing plan, how they designed the blades, and their results. After all groups have presented, encourage a group discussion or have students write a report, so students can practice summarizing and drawing conclusions from class results. Topics that students should consider when discussing results or writing a report can be found in the student version of this experiment.

related skills

· Zero the sensors.
· Use the Statistics tool to calculate statistics.
Estimated time

We estimate that data collection for this experiment can be completed in one 45-minute class period. Allow for time in the following class period to complete analysis and for students to share their data, if you so choose. 
EQUIPMENT TIPS

1.
Set up a safe testing area. Clear this area of debris and materials. Instruct your students not to stand in the plane of rotation of the rotor. Provide safety goggles for your students.

2.
Depending on the variable being tested, some groups will have to build multiple sets of blades, while other groups will only build one set. For example, the group testing blade material will have to build one set of identical blades with each material being tested. The group testing pitch/angle, however, will only build one set of blades and then test the angle of these blades on the turbine. 
3.
All students should understand the concept of blade pitch (angle) and how they will measure it (e.g., a protractor) and how they will vary it or keep it constant. Small changes in blade pitch can greatly affect efficiency and power output.
4.
This experiment was designed using a Current Probe and a Differential Voltage Probe. It may be done using the Voltage Probe or the 30-Volt Voltage Probe. The High Current Sensor can be used in place of the Current Probe. If using alternate sensors, data might not be the same as the sample data, but students will obtain similar results. 

5.
Remind your students to use the resistor that most closely matches the internal resistance of the turbine. Generally, for KidWind turbines, this is a 30 ( resistor (and is what is specified in the student version). If your student will be using a different resistor, you will want to makes changes to the student version of the experiment.

6.
Wind from a fan is very turbulent and does not accurately represent the wind a turbine would experience outside. To clean up this turbulent wind, students can build a “honeycomb” in front of the fan using milk cartons, PVC pipe, or paper towel rolls. Note that this will also slow the wind coming off the fan.


When positioning the Anemometer, you may need to experiment to find the best position. The students are instructed to position it between the fan and the turbine. It should be in the same position each time because of the turbulence described above. 

data collection and analysis tips

1.
In most cases, the center of the fan hub should be aligned with the center of the wind turbine. If this does work, you can move the fan as necessary.
2.
Unless students are testing pitch, they must keep pitch constant.
3.
Students will need to know the air density in their environment in order to determine the wind power. At sea level and at 15°C, air has a density of approximately 1.225 kg/m3. If you are located at a different altitude or temperature, you will want to provide the appropriate value to your students.

4.
If you want students to have a more complete understanding of the wind speed calculation, you can share the derivation found below.


The volume of air pressing against the turbine each second, V, is the volume of a cylinder given by
V = LA

Where L is length of the cylinder and A is the area of the base of the cylinder. Below is more information about calculating L and A

The length of the cylinder, L, is determined by the velocity of the wind multiplied by the time of interest, in this case, 1 second
L = v × 1 second


The area of the base of the cylinder, A, is equal to pi times the radius, r, squared
A = (r2

Note: This value is the same as the swept area calculated during the data analysis section in the student section.


The mass, m, of the air pressing against the turbine is the density of the air times the volume of the cylinder
m = (r2 × v × 1 second × (

The kinetic energy of the moving air is
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Substituting for m, we get
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The power available from the wind is the kinetic energy passing the blades each second
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Answers to preliminary questions

Answers will vary for all questions.
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SAMPLE results
A graph of efficiency vs blade pitch.

	Table 1

	Variable
(length, blade pitch, etc)
	Run
	Average voltage
(V)
	Average current 
(A)
	Average wind speed 
(m/s)
	Power
(W)

	15°
	1
	3.21×10-2
	3.33×10-3
	0.941
	1.07×10-4

	
	2
	3.03×10-2
	3.18×10-3
	0.819
	9.64×10-5

	
	Average wind speed (m/s):  0.88
	Average power (W): 1.02×10-4

	30°
	1
	2.62×10-2
	2.78×10-3
	1.15
	7.28×10-5

	
	2
	2.53×10-2
	2.73×10-3
	1.13
	6.91×10-5

	
	Average wind speed (m/s):  1.14
	Average power (W):  7.10×10-5

	40°
	1
	2.31×10-2
	2.41×10-3
	1.42
	5.58×10-5

	
	2
	2.30×10-2
	2.44×10-3
	1.49
	5.60×10-5

	
	Average wind speed (m/s):  1.46
	Average power (W):  5.59×10-5

	60°
	1
	1.10×10-2
	1.22×10-3
	1.44
	1.34×10-5

	
	2
	1.53×10-2
	1.63×10-3
	1.37
	2.51×10-5

	
	Average wind speed (m/s):  1.41
	Average power (W):  1.93×10-5


	Table 2

	Variable
(length, blade pitch, etc)
	Average wind speed
(m/s)
	Radius 
(m)
	Swept area
(m2)
	Wind power available
(W)
	Efficiency 
(%)

	15°
	0.880
	0.438
	0.603
	0.252
	0.04

	30°
	1.14
	0.438
	0.603
	0.547
	0.01

	40°
	1.46
	0.438
	0.603
	1.15
	0.004

	60°
	1.41
	0.438
	0.603
	1.04
	0.002


	Table 3

	Air density, (
	1.225 kg/m3


ANSWERS TO ANALYSIS QUESTIONS

9.
Student answers will vary depending on the blade variables examined.

10.
Yes, efficiency values are below the Betz Limit of 59.3%.


11.
It is likely that the small tabletop turbines examined in your classroom are much less efficient than full-size wind turbines. Do not be surprised by efficiencies on the order of 1% or less. Small-scale wind turbines (1–100 kW) always have lower efficiencies than large-scale wind turbines. This can be due to lots of factors, including the type of blades and generators used.
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