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	Topic
	Renewable Energy – Wind Turbines

	Grade Level
	4th – 12th 

	Lesson
	Wind Turbine Activity

	Standards
	Massachusetts State Standards – Technology/Engineering Grades 6-8: 
· 2.1 Identify and explain the steps of the engineering design process, i.e., identify the need or problem, research the problem, develop possible solutions, select the best possible solution(s), construct a prototype, test and evaluate, communicate the solution(s), and redesign. 
· 2.5 Explain how such design features as size, shape, weight, function, and cost limitations would affect the construction of a given prototype. 

	Materials
	  Blades                                                                           PVC Base

      (5) - 12" x 4" Pieces of Cardboard                          (4) - 1" 90° Elbows     

      (8) - Tinker Toy Rods (4 small, 4 long)                    (3) - 1" Tees

      (2) - Tinker Toy Flywheels                                        (1) - 1" Diam x 36" Long PVC pipe

      (1) - Scissors                                                                (6) - 1" Diam x 8" Long PVC pipe

      (1) - 2' length Duct Tape                                         

* Energy Turbine* (High Speed)                              Lifting Turbine (High Power)

      (1) - 1"  90° PVC Elbow                                               (1) - 1"  90° PVC Elbow

      (1) - 1" x 1/2" Bushel                                                   (1) - 1" x 1/2" Bushel  

      (1) - Small Motor (1/2" Diam)                                   (1) - 12" Tinkertoy Rod

      (2) - Red/Black Electrical Wires 3' Long                   (1) - 12" Straw ( Around Rod)

 *Energy Turbine should be pre-constructed*             (1) - 48" Length String

                                                                                               (1) - Small Weight (1 lb)

  Additional Items (per  Class)                                       (1) - Stopwatch (Clock)

     (1) - Large Fan or Blower  

     (1) - Volt Meter (Energy Turbine Only)       **DUCT TAPE**                  

	Students/grouping
	Grades 4+. Begin as whole class before breaking into groups of 3-4 for the active engagement piece.

	Lesson Objectives
	Students will be able to:
· Understand what engineers do and why engineering is important
· Identify the steps of the engineering design process

· Understand how and why wind turbines offer a popular source of renewable energy

· Identify arguments against the construction of wind turbines
· Construct a model wind turbine and refine the design based on tests
Students' performance will be accomplished:

· In small groups in a classroom led by graduate and undergraduate engineering students
The degree or criterion on the basis of which satisfactory attainment of the objectives will be judged:

· Construction of wind turbine

· Notable adjustments made during redesign process

· Appropriate recognition of why a design did or did not work
Students will demonstrate that they have learned and understood the objectives of the lesson through:
· Use of engineering design process in construction and redesign of model

	Connect (5 minutes)
	Students should be given a brief overview on engineering – the different engineering disciplines, what engineers do, why their work is important. Quick review of the design process and how engineers apply it. (*Note: Can be given to teachers to distribute to students in advance of event*)

	Mini-lesson (15 minutes)
	1) Show Energy PowerPoint while discussing with students why renewable energy is important. Slides describe the history of wind turbines and the basics of how they work. Ask why wind turbines are a popular option for generating energy in New England and what some positive and negatives effects of constructing them are (i.e. Nantucket Sound Cape Wind controversy, I-93 Dorchester Bay Turbine).

2) Introduce activity by explaining that students will be making their own wind turbines. Talk about the design process, emphasizing the use of the scientific method. Discuss what makes a successful wind turbine design. Remind students to consider number of blades and shape of blades in their design, and discuss why students think each of these factors is important and how it would contribute to effective wind turbine performance.

	Active Engagement (35 minutes)
	Break students up into groups of 4-5 students, and give each one set of materials (as described above).  The level of pre-setup will have an effect on the time required for construction; the motorized Energy blade setup must be constructed prior to the activity, and secured in the bushel within the 1" Elbow.  The PVC base, Lifting  Turbine, and blades can all be easily constructed by the students during the activity, however the base can be pre-constructed to save some time.  Give the students a few minutes to discuss their designs and draw them out on sample paper-pieces of cardboard before handing out scissors.  Remind each group that it needs to construct 2 turbines - one high-energy, and one high-power, using as many or few blades as they think will work best.  (*Note – a standard box fan will work but stronger fans such as floor dryers work best.*)

	 Testing and Calculations

(20 Minutes)
	Each group should be both turbines up to the front of the class, about 10' in front of the fan/blower.  Both turbines can be tested simultaneously to save time (a base will need to be borrowed from another group).  One student should run a stopwatch for the Lifting turbine, while another reads the measurement off the volt-meter for the Energy turbine.  Measurements should be recorded on the board and on the students' hand-outs (attached).   Calculations should be done on the worksheet to determine the power and energy of each turbine.  If time permits, students can measure the power output of the blower by simply measuring the area and velocity of air (have the blower push a ping-pong ball x meters in x seconds), and then using the equation P=0.5*air density*A*v3 (where air density = 1.225 kg/m^3, A is in m2, and velocity in meters/second.)

	Assessment (5 minutes)
	During and after the testing, ask students to self-assess their turbines. Why did some designs work or not work particularly well? What things did students think would work but did not? Why?

	Re-engagement (25)
	Give students the opportunity to redesign their windmills based on the initial test. Explain that engineering is a process of refining ideas and designs based on results of testing, and that making adjustments and learning from the outcomes of tests allow products to be improved and refined (use an example, i.e. the evolution of cell phones or computers from conception to today’s models!) This time, students are given 10 minutes for the redesign and 10 to test against the blower fans. 

	Closing (5 minutes)
	Bring students back together for a final self-assessment. What did they improve on their designs? What could still be improved? What did they learn that they had not known before? Review worksheet, calculate class values.

	Accommodations
	Have extra volunteers work with each small group during the activity to provide assistance to students as needed, especially those who may be English Language Learners or have physical limitations in completing the activity. Ask teacher in advance if any students have particular accommodations that need to be made or if he/she would like to create the six small groups based on his/her knowledge of who does/does not work well together or can provide support and assistance to each others’ strengths and weaknesses. 


Follow-up 
Links/Web sites:
http://www.powerhousekids.com/kids/EnergyandTheEnvironment/RenewableEnergy/022397
http://www.powerhousekids.com/kids/FunandGames/OnlineGames/007011
http://sln.fi.edu/school/math/wind.html
http://tonto.eia.doe.gov/kids/energy.cfm?page=5 
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