SPH 3U Grade 11 University Physics Summative Task
 GREEN ENERGY: INVESTIGATING WIND TURBINES 
Task
In this task your team will design, build, and test a wind powered electric generator and conduct an inquiry on the use of wind turbines in Canada.    
 Examples of Students' Wind Turbines
The Wind Turbine Design and Requirements
The wind turbine will consist of a motor (that will be supplied by the teacher), a turbine blade system (no pre-fabricated parts) and a tower to hold the wind turbine in the wind tunnel.  Each team will design the blades to be attached to the motor (no pre-fabricated parts) so that they fit within the diameter of the wind tunnel.  It is expected that you will design at least three different blade systems to attach to the motor so that you can test and compare them quantitatively in the wind tunnel. 
Inquiry - Experimentation   
Once your tower and blade systems are constructed, you will test each of the blade systems in the wind tunnel at different wind speeds.  You will also connect the wind turbine to a resistor so that the power output can be measured by determining the voltage across the resistor and the current in the circuit. 
Each team will make the observations together, but analyse the data individually during class time since this is a summative evaluation. 
Write up the experiment as a report using the lab report format. 
Draw a schematic diagram of the system when connected to the resistor. 
Observations: Completed in teams. 
Complete the following for each blade system and document your measurements in an appropriate table. 
1.      Determine the wind speeds in the wind tunnel that you will be using. 
2.      Determine the power available in the wind by measuring the wind speeds used in the wind tunnel and the formula P = ½ d A v3 where P is the power in Watts per meter squared, d is the density of air in kilograms per cubic meter (1.3 kg/ m3), A is the area swept out by the blades, and v is the velocity of the wind in meters per second. Click here for a derivation of the formula. 
3.      Determine the actual power generated by the wind turbine when it is connected to a resistor for each wind speed.   
4.      Determine the power efficiency of your wind turbine for each wind speed (i.e. compare the power available in the wind to the actual power generated). 
Analysis: Completed individually. 
Once the above information has been collected complete the following: 
1. Plot graphs of the power output versus the wind speeds for each blade design. 

2. Plot graphs of the power efficiency of the turbine versus the wind speeds for each blade design.  

3. Compare the different blade designs based on the above graphs.  Where do they differ in performance? Where are they the same?  What physical characteristics might account for the value of the power efficiency? 

4. How does the power available in the wind compare to the power generated by the turbine?  Suggest reasons for any discrepancies.   

5. Write a detailed description of how your wind turbine produces electrical current and discuss all the energy transformations that occur starting from the wind.  

Making Connections – Research Inquiry
Greenhouse gas emissions have become a global concern because of its potentially harmful effect on climate change across the planet Earth.  Fossil fuel power plants are major contributors to greenhouse gas emissions across the world.  Producing green energy (renewable forms of energy) therefore is of major importance for sustainable development of our planet.  

Every individual will research and report on the possibility of using wind turbines as a source of producing green energy in Canada.  You might want to include information a) about where Canada is today and where it might be in 2050 with the use of wind energy, b) on economic benefits, c) on health benefits, d) that compares various designs for wind turbines, e) about how other countries are progressing with this renewable form of energy, f) on local use of wind turbines for homes … etc.  Your report should be brief and to the point.  It should summarize the information in one page single spaced.   
TASK EVALUATION 
Some useful websites are: 
www.canwea.ca   Canadian Wind Energy Association 

www.skygeneration.ca  Sky Generation Inc. 

www.PositivePowerCo-op.com  Community Based Sustainable Energy 
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