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DESCRIPTION 
Students will learn about wind and how wind varies across geographies. Students will use Vernier Wind Turbine kits or homemade wind turbines to experiment with blade angles and wind speed. During experimentation, students will collect data as blade angles change and wind speeds change. Students will analyze their data to determine the optimal position of a wind turbine at various wind speeds to generate the most energy and then use that information to propose locations for wind turbines. 
GRADE LEVEL(S)
6-12
SUBJECT AREA(S)
Engineering design; group work/ collaboration; hands-on materials; multiple learning styles; project-based learning; research-primary; SEP: Investigation, Data Analysis, Math and Computational Thinking, Obtaining, Evaluating and Communicating Information; PS3.B: Energy Conservation and Transfer; Electrical Energy; Electricity Generation; Energy Efficiency; Wind Energy
ACTIVITY LENGTH
This lesson is designed to span twelve – 50-minute class periods.

LEARNING GOAL(S)
1.   Students will conduct an experiment where blade angles are the variable and wind speed is constant.

2. Students will conduct an experiment where blade angles are constant and wind speed varies.

3. Students will collect and analyze data to provide a conclusion to the questions: What is the optimal blade angle for generating the most energy? What is the optimal wind speed for generating the most energy? 

4. Students will research prevailing winds and use a provided map of their region to indicate wind speed and direction. 

5. Students will propose locations for wind farms based on optimal energy generation and zoning restrictions. 

6. Based on their proposals, students will determine a range of potential kilowatt generation from wind power.
Content BackGround
STUDENT BACKGROUND
· Students should be familiar with the scientific process and carrying out controlled experiments. 
· Students should have familiarity with the concept equilibrium, specifically of air moving from areas of high density to lower density to create equilibrium.

· Students should have a basic understanding of the relationship between the sun and the earth in terms of seasonality and the sun’s warming effect on the earth’s surface. Students should also understand that the earth rotates and that the earth’s rotation is a significant factor in the weather we experience.

· Students will need to understand at least a basic understanding of thermal energy as the movement of molecules. 

· Students should have at least a basic (non-mathematical) understanding of the properties of gasses, particularly air. Students should understand that gasses respond to changes in temperature by changing volume, and how the pressure they exert on a container changes with temperature. Finally, students will need to understand the concept of pressure and the tendency of gasses and liquids to move from high pressure (cold) to low pressure (warm) areas. 

EDUCATOR BACKGROUND
Educators should understand the basic physics and causes of wind and wind patterns on earth. For additional information about weather and fronts: 
· https://www.weather.gov/jetstream/airmass
· https://www.weather.gov/source/zhu/ZHU_Training_Page/winds/Wx_Terms/Flight_Environment.htm
· https://www.noaa.gov/education/resource-collections/weather-atmosphere-education-resources/weather-systems-patterns
· NREL Wind Prospector: https://maps.nrel.gov/wind-prospector/?aL=kM6jR-%255Bv%255D%3Dt%26qCw3hR%255Bv%255D%3Dt%26qCw3hR%255Bd%255D%3D1&bL=clight&cE=0&lR=0&mC=44.004669106432225%2C-122.34374999999999&zL=7
· P2_L2_Small-wind-guidebook.pdf
The soda can demonstration: https://www.youtube.com/watch?v=xg5NiOwf_ZwAir Pressure_The Egg and Bottle: https://www.youtube.com/watch?v=28TIyWdfxxc&t=1s
Windwise: Kid Wind has extensive curriculum and resources. https://www.kidwind.org/activities/windwise
Billy Nye wind demonstration https://www.youtube.com/watch?v=uBqohRu2RRk
Educators should be familiar with some model of the Engineering Design Process. If student are not, educators may want to take an additional day to introduce them to what engineering is and the engineering process through videos and resources (see links).
Educators should review all presentations and video materials in this lesson related to wind turbine design and applications to ensure that they understand the functioning of wind turbines and the reasoning for the inclusion of the various parts in the turbines. It is not necessary for educators to understand the detailed physics (including mathematical expressions) of the energy conversion, rather the principles of energy conversion that are embodied in wind turbines. 

Educators should learn how to use a multimeter for days 4 and on to measure voltage output from the turbines. A guide on using multimeters is available here.
Materials Needed
Day 1 – what is wind and how is it generated?
Handouts/Paper Materials
· P2_L2_D1_What is Wind?
Demonstration Supplies (per class of students)

· P2_L2_D1_What is wind_.pptx

· Hot plate

· 2-3 empty soda cans

· Tongs
· Leather Gloves or gloves significant enough to protect hands from steam burns

· Container large enough to submerge soda can

· Cold water and ice

· Hard boiled eggs (peeled)

· Glass container with opening large enough to allow egg to travel through but small enough that the egg won’t easily fall through (Starbucks cold coffee bottle or similar)

· Matches/lighter
· Paper scraps to burn

Day 2 – where is it windy?
Handouts/Paper Materials

· P2_L2_D2_Where is it Windy? Lab Sheet
Activity Supplies (one set up that can be used multilpe times)

· P2-L2_D2_Where is it Windy_ PP.pptx

· Dixie cups
· Sand (to fill Dixie cups with) 
· Straws with 4” of string taped to top

· 2-3 Box fans with multiple settings

· Objects that can be used as obstacles (text books, boxes, etc.)

· Objects with various textures (pieces of carpet, large pieces of paper, etc.)
Day 3 – windmills and wind energy

Handouts/Paper Materials
· P2_L2_D3_Mechanical windmill Lab sheet (1 for each student)
Activity Supplies (per group of 2-3 students)

· 1 dinner sized paper plate

· 6, 4”x 6” index cards

· 2 shish kebab skewers

· 1 straw

· 4 T-pines

· 4’ string

· 1, 3 oz. cup

· 18” masking tape

· 1 rubber band

· 1 cork

· 1, 3” dia. x 2” section of pool noodle (or approx. 3” dia. Styrofoam craft ball)

· Scissors

Activity Supplies (per class)

· P2_L2_D3_Mechanical Windmilll Precedent Study.pptx

· 4-5 box fans for testing 

· 100+ Large washers (or similar to be used as weights for testing)
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Day 4 – how wind turbines generate energy

Handouts/Paper Materials

· P2_L2_D4_Wind Turbine Notes (1 copy per student)
Days 5 and 6 – blade design – number of blades lab
Handouts/Paper Materials

· P2_L2_D5_Blade Design-Number of Blades Lab sheet
· P2_L2_D5_Blade Design-Number of Blades Lab KEY

· P2_L2_D5_Issue Overview Wind Power Article (1 copy per student)*

· P2_L2_D5_ Air Masses and fronts (1 copy per student)*

· P2_L2_D5_Climate vs weather (1 copy per student)*

· Science text books and / or devices with internet access (to research questions for worksheets)
*NOTE: If unable to acquire one KidWind Kit per group of 4 students, the reading assignments can be used as supplemental materials for days 5 through 12 while students wait to test.

Activity Supplies (per groups of 3-4 students)

· 3 per class: KidWind Basic Wind Kit through Vernier (https://www.vernier.com/products/kidwind/wind-energy/kw-bwx/) or alternative wind turbine kit https://www.teachingchannel.org/video/build-wind-turbine
· Box fan (1 per turbine station)
· Multimeter or other energy meter device (1 per turbine station)
· Meter stick

· Box cutters

· Hot glue gun and hot glue

· Election signs or sheets of cardboard

· Specified number of ¼” dowels cut to 6”in length (included in the KidWind kit)

Note: KidWind Kits come with rectangular chipboard and balsawood blades. If enough kits can be purchased, there is not a need to cut out blades. 

Day 7 and 8  – blade design - pitch
Handouts/Paper Materials

· P2_L2_D7_Blade Design_Pitch Lab sheet

· P2_L2_D7_Blade Design_Pitch Lab KEY

Activity Supplies (per group of 3-4 students)

· 3 per class: KidWind Basic Wind Kit (https://www.vernier.com/products/kidwind/wind-energy/kw-bwx/) or alternative wind turbine kit
· Box fan (1 per station)
· Multimeter (1 per station)
· Meter stick

· Pre-constructed blades from day 5

days 9, 10, and 11  – blade design – student choice
Handouts/Paper Materials

· P2_L2_D9_Blade Design_Student Choice Lab sheet
· P2_L2_D9_Scoring Rubric
Activity Supplies (per groups of 3-4 students)

· 3 per class: KidWind Basic Wind Kit through Vernier (https://www.vernier.com/products/kidwind/wind-energy/kw-bwx/) 
or 
alternative wind turbine kit https://www.teachingchannel.org/video/build-wind-turbine
· Box fan (1 per turbine station)

· Multimeter or other energy meter device (1 per turbine station)

· Meter stick

· Blades from day 5

· Materials as specified from students
Day 12  – optimal blade design – pulling it all together

Handouts/Paper Materials

· P2_L2_D12_Optimal Wind Turbine Blade Design (one copy per student)

Lesson Progression
Planning and Prep

Day 1: What is wind? Prepare demonstrations (as seen on videos The soda can demonstration: https://www.youtube.com/watch?v=xg5NiOwf_Zw & Air Pressure_The Egg and Bottle: https://www.youtube.com/watch?v=28TIyWdfxxc&t=1s). 
Make copies of student handout. 
Open P2_L2_D1_What is wind_slideshow presentation.
Day 2: Where is it Windy? (Set up lab). Print lab sheets. Open P2_L2_D2_Wind Slideshow presentation. Example of set-up is shown below. Number each cup, 1-20. For ease of recording observations, I recommend placing a piece of masking tape on the floor near the cup with the number of the cup written on it so that most students can see the number (not shown in picture below) and placing the cups in a logical, sequential order.  Place two or three box fans in a line to create a more equal wind across the landscape. 
Day 3: Mechanical Windmills Lab. Print lab sheets (one per student). Open Mechanical windmill precedent study. Compile materials listed above into bins for distribution to groups of two to three students (partners are ideal). Set up testing stations with fans and washers. 
It’s also incredibly helpful to have some pre-built turbines (made with available materials) to help students understand the materials and basic construction of a turbine, give students ideas and allow them to test the models to see performance and come up with improvements. 
Day 4: How wind turbines generate electricity. Make copies of Wind Turbine note sheet for student and open P2_L2_D4_Wind Turbines slideshow presentation and load videos (if desired).
Day 5 - 6: Blade design – number of blades. Make copies of lab sheet, and if using, the reading assignments. Put together KidWind turbine kit. Gather materials for blade construction and set up construction stations as desired, including hot glue stations. Set up testing stations so that the hub of the fan and the hub of the KidWind turbine are aligned and standardized across testing stations (recommend placing tape on the ground to ensure proper location of the stand and fan for every trial).

As an alternative to having students build their own blades, educators could work with volunteers to cut a number of blades (at least 40-50) and glue dowels to blades. In this way, students could use pre-built blades and focus on the experimental process. 
Day 7 - 8: Blade design – pitch. Make copies of lab sheet. Use lab set-up from previous days.
Day 9 - 11: Blade design – student choice. Make copies of lab sheet. Gather materials students require for personal choice or, prior to class, engage students to bring their own materials from home. Use lab set-up from previous days.
Day 12: Optimal wind turbine design. Make copies of presentation sheet.
Lesson sequence 
Day 1: what is wind?
7. (3 min) Warm-up: Students work independently to consider and write answers to warm-up questions found in additional documents.
8. (2 min) Students share their answers to warm-up questions with a partner. 
9. (5 min) Randomly call on students to share answers to questions with the class. Summarize student ideas and introduce first demonstration. 
10. (8 min) First demonstration – Egg in a Bottle video; after each demonstration, give students time to draw and describe the set-up and what they observed
11. (3 min) Students discuss what they believe to be happening in the demonstration; as students are discussing their ideas, listen for discussions about the egg being sucked into the bottle and the egg being pushed into the bottle. 

12. (5 min) To begin the all-group discussion, call on a student who was considering a push or a pull. Draw the demonstration on the white board and make notes. To continue the conversation, call on a student who was considering the opposite (either the push or the pull). Ask students to consider these ideas as they observe the next demonstration. 
7. 
(8 min) Second demonstration – Crushing Can – same procedure as demo one 
(Option 2.5 minute video of 55 gallon drum being crushed using the same method;   https://www.youtube.com/watch?v=JsoE4F2Pb20)

8.   (3 min) Students discuss what they believe to be happening in the demonstration
9.  (5 min) Draw the demonstration on the white board and make notes. Ask students to describe what they believe to have happened. To continue the conversation, ask students to identify similarities and differences between the demonstrations.

10. (3 min) What is wind? Video (https://www.youtube.com/watch?v=RzSqhrn2dDM)
11. (5 min) Class discussion – how are wind and these demonstrations related? In the demonstrations, which area represents the high pressure and which represents the low pressure?
12. Homework – complete worksheet questions

Day 2: where is it windy? Lab
13. (2 min) Review ideas from yesterday – wind is created when high pressure air masses move to lower pressure air masses. The video yesterday suggested there are many factors that contribute to the intensity of wind and some of those will be discussed and explored today. What causes different air pressures? 

14. (3 min) Students answer warm-up questions on lab sheet. 
15. (2 min) Students share warm-up answers with partner. 
16. (15 min) Background information for lab; brief overview provided about global wind patterns and local geographic factors (powerpoint and videos). Students answer questions on lab sheet 

17. (20 min)  Lab – students record observations on lab sheet.
18. (3 min) Group discussion about observations

19. (5 min) Share Beaufort Scale with students and wind patterns across United States 

8.
Homework – Complete lab conclusion questions.
Extension:

Have students make and test predictions about wind behavior in different landscapes.  

Day 3: mechanical windmills lab
Beginning Day 3, students should be familiar with engineering design and the engineering design process. If they are not, it would be very helpful to introduce the process in an additional day or to assign pre-reading/research. Resources for introducing students to design are available in educator background section. 
1.
(7 min) Introduce topic and do presentation. 
2.   (5 min) Introduce challenge and distribute materials. Students are to design, build, and (if time) iterate a turbine designed to lift up washers. The challenge can be to maximize the number of washers or to meet a specific minimum number of washers.
3.  (30 minutes) Students will explore existing models and use worksheet to design their blades. Students will test their blades and take data on the results.
Extension: Students can take additional time to iterate their design, and students share out their designs and results to analyze the various factors in designing blades and assess their importance.
Day 4: wind turbines – how do they generate energy?
1.
(2 min) Warm-up – students write down questions they have about wind turbines

2.   (3 min) Partner share questions. Random call to gather several questions.

3.  (Remaining time) Present background information on how wind turbines generate electricity. See presentation. Students will take notes in the handouts, which can be saved for reference or turned in to assess understanding.
Day 5: blade design – number of blades lab
1.  (10 min) Ask student to brainstorm a list of variables that could be tested if trying to optimize the amount of electrical output generated by a wind turbine. Keep the list of variable for student choice.
2.  (20 min) Working in groups, students construct the number of blades assigned to their group or, if using pre-built blades, skip this step and you might be able to begin conduct testing. 
3. (10 min) Walk students through the lab procedures, including controlled variables (distance from the fan, alignment with the fan, blade pitch) and demonstrate how to use the pitch protractor and the multimeter. 
4. (10 min) Provide opportunity for students to ask follow-up questions. Clean-up and store blades.
Day 6: blade design – number of blades lab day 2

1.  (5 min) Assign groups to stations.

2.  (40 min) Half of class tests while other half works on reading assignment. Switch after 20 minutes.
3. (5 min) Clean up.
Day 7: blade design – pitch lab
Days 6 & 7 are separated to allow students ample time to test. If there are enough wind turbine stands, educators can design a sequencing method to try to get all testing done in one day. 
1.  (20 min) Compile class data from number of blades lab. Students graph data to determine the optimal number of blades. 
2.  (25 min)Using pitch lab worksheet, half of class tests while other half works to complete conclusion questions from number of blades lab and/or reading assignments.

3. (5 min) Clean up.

Day 8: blade design – pitch lab day 2
1.
(25 min) Other half of class tests pitch while half that tested yesterday works to complete conclusion questions from number of blades lab and/or reading assignments.

2.  (20 min) Compile class data from pitch lab. Students graph data to determine the optimal pitch of optimal number of blades.

3.  (5 min) Clean up.

Day 9: blade design – student choice
1.
(5 min) Review data from both number of blades and pitch labs. 
2.  (20 min) Students work independently to complete conclusion questions for pitch lab.
3.  (25 min) Guide students through the background and development of a questions and hypothesis for their personal choice experiment.
(After class) Collect labs to provide feedback on question and hypothesis and to create testing groups.

Day 10 - 11: blade design – student choice
1.
(5 min) Put students into groups based on selected dependent variable.  

2.  (20 min) Students work in small groups to develop procedures. 

3.  (20 min) As student groups complete procedures, begin testing. Student groups that have completed the procedures and are waiting to test can continue with reading assignments.

4. (5 min) Clean up.

Day 12: optimal wind turbine design
1. 
(10 min) Students prepare to present independent variable and findings to class.
2. 
(30 min) One member from each group presents independent variable and findings to class. Students who are not presenting take notes on sheet.
3. 
(10 min) Students evaluate lab findings to describe the optimal blade design. Complete as homework.
ASSESSMENT and Extensions
Formative assessment
Each reading assignment can be used as a formative assessment. In addition, the number of blades and the blade pitch labs can be used as a formative assignment.
Summative Assessment

The student choice lab is designed to be a summative assessment.
LESSON EXTENSIONS
Students can further explore generators and electromagnets. Students could construct and test generators.



