Designing Windmills
Big Idea 10: Forms of Energy
Benchmark and Task Analyses
SC.4.P.10.1 Observe and describe some basic forms of energy, including light, heat, sound, electrical, and the energy of motion.
SC.4.P.10.4 Describe how moving things and air are sources of energy and can be used to move.
The student:
· uses a model to observe how water and air can be used to move things.
· examines how air and water are used as energy to make things move in the real world.

Objective
The student will synthesize concepts relating to wind to design a windmill that can lift a load.
Materials
· Plastic grocery bag
· Index cards
· Felt
· 3 oz. paper cup (one per class)
· Styrofoam ball (one per class)
· Aluminum foil
· Tissue paper
· Waxed paper
· Plastic straws
· Craft sticks
· Ruler
· Box fan or hair dryer
· Masking tape
· Duct tape
· Empty and clean milk or juice carton (one per class)
· Unsharpened pencil (one per class)
· Pictures of different types of windmills
· Gram cubes
· String scissors
* In advance of the design challenge, the teacher will need to assemble one windmill base per engineering team. One unsharpened pencil will need to be inserted horizontally through the top of the empty milk/juice carton. Next, measure the distance from the edge of the table to the floor and cut. Tie one end of the string to the unsharpened pencil and the other end to the 3 oz. cup. This will form a basket.
Design Challenge
Session 1
Ask
Background Statement/Real World Scenario
Progress Energy just put up its first wind turbine at the Florida’s Turnpike’s Okahumpka Service Plaza. This is one of the state’s busiest and windiest highway service plazas. Progress Energy is hoping that the wind will generate enough electricity to run the building in the service plaza. Now the principal at your school is excited about the idea and would like to put up a windmill on the roof of your school to lower energy costs. 
Challenge Statement
Design a windmill that can efficiently lift a load. 
Ask students what information they would need to know in order to complete this challenge. Sample questions include:
Who is your client?
What do we need to create?
How does this relate to what we learned in the last essential lab on gravity?
What have others done to solve this problem?
What are your constraints/ limitations?
What type of career solves a problem like this?
Imagine
Brainstorm as a class before you introduce the materials. What possible solutions exist to this challenge? What properties would the blades of a windmill need to have?  If students have limited background information about windmills, then encourage students to research the topic on the internet.

Websites on this topic:
"First Wind Turbine Installed in Central Florida" (http://www.youtube.com/watch?v=ZMFj0wWdYAY)
"windturbinewarehouse.com" (http://www.windturbinewarehouse.com/pdfs/state/Florida_Wind_Map_30_m.pdf)
Design
1. Divide students into engineering teams of four.
2. Introduce materials table to students. Identify and name all materials on the table. Remind students that the only materials that are available are on the table. They may not use any additional materials. 
a. All students will receive one Styrofoam ball to anchor their blades to. 
3. Inform students that you will be acting as the Project Manager for their engineering firm. As Project Manager you require that each engineering team submit their blueprint design before they can request any materials. 
4. Give students about ten minutes to create and label a scale drawing of their windmill. Remind students that they must estimate how much of each material they need; so that their group receives only the amount they need to cut down on waste. Student teams will only be able to shop once in their initial design and once during their re-design. 
5. Sign off on design blueprints before students are able to create their windmills. 
Session 2
Create
1. Review the design challenge.
2. Explain that students must develop their own working windmill from everyday items that can lift one 3oz. paper cup from the floor to the height of the desk. The paper cup should be filled with gram cubes. 
3. Inform student teams of their wind source (blow dryer or box fan).
4. Now that designs have been created, it is time for the engineering design teams to build their windmills.
5. Assign a team leader to every group. Ask the team leader to assign a job to each member of the group. 
6. Ask one member of each group to bring their design blueprint to the material store. Give students the amount of each materials requested. Remind them that they can only shop once for their initial design. 
7. Give students 20 minutes to create their windmill prototype. 
8. Label each completed windmill with a letter for identification during testing.
Test
1. Students will now conduct a guided inquiry as a class to test the effectiveness of their windmill.  
2. Encourage students to use the scientific process. 
3. Ask students to formulate a hypothesis. This is a class inquiry so students will choose which group’s windmill they believe will perform the best, when compared to the other windmills in the class.
a. If our principal chooses Windmill , then it will be the most efficient because________________. 
4. Identify variables. What are we measuring? What is changing? What is remaining constant?
5. Have students prepare a data table. A sample is provided below. It is a good idea to prepare a class data table as well. 
6. Each team will follow the steps below.
7. Attach your Styrofoam ball to the unsharpened pencil. 
8. Begin the fan at the same time that you begin your stop watch. 
9. When the cup reaches the table, record the elapsed time on the data table. 
10. Repeat two additional times. 
11. Analyze data. Did the shape of the blade affect its speed? Did the total number of the blades affect its speed?


	Team Name:

	Trial 1 Time (s)
	Trial 2 Time (s)
	Trial 3 Time (s)
	Blade Design Sketch

	Initial Design
	
	
	
	

	Re-Design
	
	
	
	



Re-Design
1. Remind students that they can re-design their windmill to make it turn faster and that this represented only their first trial. In engineering, a first trial is like a first draft in writing and can be adapted to meet the needs of the audience/ client.
2. Ask students what they would improve. Have students work in their engineering groups for ten minutes to re-design their windmill. They should not start over but adapt their current design.
3. Then, students can request additional materials and spend ten minutes re-creating/ adapting their windmill. 
4. Students should re-conduct the test as a class, as listed in steps #1-10 above.
5. Create a class data table and compare results.
6. Why were some designs more successful than others?
Review Content
After students have completed the design challenge, build on what they have just observed to tie it to content. Remind students that they have been learning about wind and our ability to harness it.
Remind students that wind is simply air in motion. Today, wind energy is mainly used to generate electricity. Wind is a renewable energy source because the wind will blow as long as the sun shines. Today’s wind turbines are similar to windmills because they capture the wind’s energy to make work easier. The wind lifts the blades, like on an airplane and causes them to turn, which generates electricity. 
[bookmark: _GoBack]Website on Windmills: energy Kids’ "Renewable Wind" (http://www.eia.doe.gov/kids/energy.cfm?page=wind_home-basics)
1. How did the results of this design challenge compare to the results from the other investigations in this unit?
2. How would severe weather affect a windmill?
3. Could a windmill be used effectively in your town? Why or why not?
Vocabulary
Now that students have completed the activity and made content connections it is time to connect it the vocabulary. Make certain that you associate each word to a different aspect of the design challenge that the students undertook. 
1. Ask students if we saw gravity and wind energy at work in this design challenge?
a. Discuss and define.
2. Where else might you see wind energy at work in our community?
3. Review the terms:
a. Wind
b. Turbine 
c. Force 
d. Motion
e. Mechanical Engineer
f. Energy
g. Cycle
h. Weather
i. Blades
j. Gravity
k. Dependent Variable
l. Independent Variable 
m. Control Group
n. Wheel and Axle
Connect to the Engineering Design Process
Engineering involves systematically working to solve problems. To do this engineers employ an engineering design process which works hand in hand with the design testing process. Help students to identify when they complete the following steps in today’s design challenge:
· Ask
· Imagine
· Design
· Create
· Test
· Re-Design
1. Ask why the engineering design process is a cycle.
2. Compare and contrast the engineering design process with the scientific method.
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