Energy Conservation Teacher’s Guide

Purdue University Science Express

Indiana State Science Standards Covered in this Kit

SEPS Standards

SEPS.1 Posing questions (for science) and defining problems (for engineering).

SEPS.2 Developing and using models and tools

SEPS.3 Constructing and performing investigations

SEPS.4 Analyzing and interpreting data

SEPS.6 Constructing explanations (for science) and designing solutions (for engineering) 
SEPS.7 Engaging in argument from evidence

SEPS.8 Obtaining, evaluating, and communicating information

Literacy in Science/Technical Subjects: Grades 9-10 (9-10 LST)

9-10.LST.2.3: Follow precisely a complex multistep procedure when carrying out experiments, taking measurements, or performing technical tasks, attending to special cases or exceptions defined in the text.

9-10.LST.5.1: Write arguments focused on discipline-specific content.

9-10.LST.5.2: Write informative texts, including scientific procedures/experiments or technical processes that include precise descriptions and conclusions drawn from data and research.

Content Standards

ICP.4.1 Define energy as a quantity that can be represented as being within a system that is distinct from the remainder of the universe and is measured in Joules.

ICP.4.2 Identify forms of energy present in a system (kinetic, gravitational, elastic, etc.), and pictorially represent the distribution of energies, such as using pie or bar charts.

ICP.4.3 Understand and explain that the total energy in a closed system is conserved.

ICP.4.4 Qualitatively and quantitatively analyze various scenarios to describe how energy may be transferred into or out of a system by doing work through an external force or adding or removing heat.

In this activity kit, students will build a wind turbine (wind energy) that generates electricity (electrical energy) and does work to lift a set of masses (work in the form of potential energy change due to a change in height).

· The teacher should preview all materials including

· 1 Energy Conservation Teacher’s Guide (this document)

· Students start by learning about different types of energy and energy changes using a set of hands-on stations. Students will then use the LOL chart worksheet to demonstrate changes in energy from one form of energy to another. The documents needed for learning about the different types of energy are:

· 2 Observation Station Sheets

· 3 Observation Station Student Pages

· 4 Energy Flow Diagram Reading (for the teacher)

· 5 Energy Flow Diagrams with Observation Stations

· Students will build and utilize the wind turbine apparatus in Activity 1 to see how wind energy is converted into mechanical energy. Students will also take data and determine the relationship between the number of washers (the load) in a bucket as it relates to the power generated by the wind turbine. The documents needed for Activity 1 are:

· Assembly of the Kid Wind Turbine For Activity 1 (for the teacher)

· Fin Construction, Gluing (or Duct Taping), and Mounting for Activity 1 and 2

· Activity 1--Energy, Work, and Power Using a Wind Turbine

· Students will build and utilize the wind turbine apparatus in Activity 2 to see how wind energy is converted into electrical energy. Students will also take data and determine the relationship between the area of the turbine blades and the electrical power generated by the turbine generator.

· Assembly of the Kid Wind Turbine For Activity 1 (for the teacher)

· Fin Construction, Gluing (or Duct Taping), and Mounting for Activity 1 and 2

· Activity 2--Blade Design Area Activity with Electrical Power

Observation Station: Popper Toy
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Directions:

· Turn the popper inside out and quickly place it on the table.

· Release and watch.

· Make observations.
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https://www.windycitynovelties.com/rubber-1-1-2-poppers-12-pack.html?gclid=CK37xc-Bv9MCFQSQaQodLP 8AVQ
Observation Station: Wind-Up Toys
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Directions:

· Using the winding dial, ​gently​wind the toy. Be gentle. It only takes a few twists.

· Place the toy on the table and release the toy.

· Make observations.
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2 Public Domain [CC-0 ​https://pixabay.com/en/toy-animal-yellow-wind-up-eyes-576488/​]

Observation Station: Ball Drop

(goggles required)
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Directions:

· Drop the smaller ball from chest height.

· Make observations.

· Drop the bigger ball from chest height.

· Make observations.

· Now stack the smaller ball on top of the bigger ball. Release the balls at the same time so that they fall together.

· Make observations.
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· ​http://sirius.ucsc.edu/demoweb/mechan/collis.php
Observation Station: Car on a Track

(*be sure to keep the cars on the tracks or table at all times, prevent them from falling off the table!!!)
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Directions:

· Place one car on the track and give it a ​gentle ​push.

· Make observations.

· Place both cars on the track, so that they are about 10 cm from each other. Give one car a gentle push toward the other.

· Make observations.

· Raise on end of the track. Place a car on the lower end of the track. Give the cart a ​gentle​ push up the ramp.

· Make observations.
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· ​https://i.pinimg.com/originals/28/4c/1c/284c1cfdf1d903c6b5da3fbdee2d7314.jpg
Observation Station: Glow Sticks
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Directions:

· Take one glow stick out of the package. Gently bend the glow stick until you hear a plastic “cracking” sound.

· Shake the glow stick until it glows.

· Make observations.
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· Public Domain [CC-0 ​https://pixabay.com/en/glow-stick-colorful-light-color-693843/​]

Observation Station: Tuning Fork
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Directions:

· Grasp the single end of the tuning fork. Tap the open end of the tuning fork with the rubber mallet or against the palm of your hand.

· Make observations.

· Repeat striking the tuning fork with the mallet or palm, and this time place the open end of the fork so that it just touches the surface of the water in the shallow dish.

· Make observations.
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· By Helihark - Own work, CC BY-SA 3.0, ​https://commons.wikimedia.org/w/index.php?curid=18686251
Observation Station: Rubbing Hands

[image: image16.jpg]



7

Directions:

· With your palms together, compress your palms and fingers.

· Rub your hands, alternating forward and backward for several seconds.

· Place your hands on your cheeks.

· Make observations.
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· ​http://www.thinkgeek.com/product/60b6/
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Observation Station: [Insert Station Title Here]

9

[Insert Image Here and cite image source in the footnote]

Directions:

· [Insert appropriate directions here]

· Make observations.
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· ​http://www.thinkgeek.com/product/60b6/
Observation Stations


Name_______________________________

Date__________________Period________

At each station, you will be asked to perform one or more activities and respond to the following three prompts. These stations use a variety of manipulatives. Some stations feature common household items; others use either commercial devices or teacher-produced apparatus. The Directions for each Station must be followed as directed and eye protection must be worn when indicated! Lab safety policies will be strictly enforced. At each Observation Station:

I. Describe ​what you did​ or the procedure you followed at the station from beginning to end. Include an accurate description of the items involved as well as actions performed.

AI. Describe ​what you saw​ or observed during this event. DO NOT CONFUSE what you saw/observed with what you think is happening.

BI. Describe what specific ​changes​ you observed during this event, from beginning to end. Based on your observations and prior knowledge, what conclusions can you draw concerning changes in the system during the event?
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Lab Notes

Station Name:

I. ​What did you ​do​?
AI. ​What did you ​see​?
BI. ​What ​changes​did you observe?
Station Name:

I. ​What did you ​do​?
AI. ​What did you ​see​?
BI. ​What ​changes ​did you observe?
Lab Notes
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Station Name:

I. ​What did you ​do​?
AI. ​What did you ​see​?
BI. ​What ​changes​did you observe?
Station Name:

I. ​What did you ​do​?
AI. ​What did you ​see​?
BI. ​What ​changes ​did you observe?
Station Name:

I. ​What did you ​do​?
AI. ​What did you ​see​?
BI. ​What ​changes ​did you observe?
Lab Notes
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Station Name:

I. ​What did you ​do​?
AI. ​What did you ​see​?
BI. ​What ​changes​did you observe?
Station Name:

I. ​What did you ​do​?
AI. ​What did you ​see​?
BI. ​What ​changes​did you observe?
Station Name:

I. ​What did you ​do​?
AI. ​What did you ​see​?
BI. ​What ​changes​ did you observe?
Representing Change using Energy Flow Diagrams

Why do we need to use Energy Flow Diagrams?

This reading describes the third tool we use to help represent energy: Energy Flow Diagrams. The use of a “Flow Diagram” will help us to more quantitatively represent energy storage and transfer. Together with a system schema, the Energy Flow Diagram will help us represent how energy storage changes when energy is transferred within a system. Energy Flow Diagram will also be very useful to help us represent changes when energy transfers into or out of the system, across the system boundary.

What does an Energy Flow Diagram look like?

Here is an example of an Energy Bar Chart:
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Important Features of an Energy Flow Diagram:

Before making an Energy Flow Diagram, be sure to define your system and make a System Schema if needed. Remember, the System Schema diagram identifies the objects that interact during a process or change. Next, an Energy Flow Diagram will help us track changes in how the System stores and transfers energy during the process or change.

Each “bar” or “block” in the Initial graph or the Final graph of an Energy Flow Diagram represents how the System is storing energy. The circle in the middle is used to represent the system. Also, the circle in the middle can be used to show Energy Flow. We can use ‘quantified arrows’ (like the bars on the bar chart) that point into or out of the System circle to represent the amount of energy being transferred into or out of the system. If there are no transfers of energy into or out of the system, no arrow would point into or out of the system. This means the system was chosen to include all relevant objects, and the analysis is simplified! In this instance, the initial and final bar graphs must have an equal number of “blocks” or “bars” distributed among the different modes of energy storage.

Steps in constructing an Energy Flow Diagram

1. Identify a system​​ and write all of the parts of the system in the circle.

2. Identify the initial energy storage​​ modes​,and represent them with bars that depict relative amounts of energy in each storage mode.

3. Identify the resulting final energy storage modes​with final quantified bar graphs.

4. Identify energy transfer(s). ​If any energy transfer occurs across the system boundary, represent this transfer with arrows pointing into or out of the system schema to make the energy flow diagram.

In summary, you will use the Energy Flow Diagram to represent the initial and final energies, and the system schema and energy flow diagram to represent the intermediate processes. The difference in the initial and final

energies is the system’s change in energy, ∆E, since ∆E = E​ - E​. f​  i​

Thus, the System Schema, Energy Pie Chart, and Energy Flow Diagram help us represent the conservation of energy. Scientists call this concept of energy conservation the “First Law of Thermodynamics”: the energy of a system stays the same unless energy is transferred into or out of the system.

Examples of Energy Flow Diagram Usage:

Example 1:
A person pushes a box, that was initially at rest, across a floor; friction exists

[image: image24.png]- Energy

Initial





Corresponding Energy Flow Diagram:
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Analysis

1. The box has no initial stored energy but the person does (E​ch)
2.    Energy is transferred from the person’s stored Ech​ to other storage forms as the person pushes the box.

Therefore, no transfer of energy occurs across the system boundaries, no energy is added to or removed from the system, and no arrow is shown in the Energy Flow Diagram.

3. At the final state, the energy is now stored partially as energy kinetic and partially as energy internal, since the box and surface have warmed during the process.

*Notice that Ek and Eint add up to 4 blocks which is equal to the initial 4 blocks of Ech in agreement with the

​​
​​
​​

Conservation of Energy.

Example 2:
A person pushes a box from a 0 position up a ramp to a stop.
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Corresponding Energy Flow Diagram:
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Analysis

1. Assuming the box starts at a 0 (“zero”) reference point, it has no initial energy.

2. Energy is transferred to the system via the push provided by the person who is outside the system. We call this energy transferred by pushing “Working” and give it the symbol “W”. If the person transfers 5 blocks

worth of their E​​into the system by pushing, then the ‘Working’ energy flow arrow is 5 blocks long.

ch

3.
In the final state, the energy transferred into the system by Working has been stored in the energy of the

gravitational field, E​g, and some has been dissipated due to friction, E​int                           
​​
​​

**Note that Eg and Eint add up to 5 blocks, in agreement with the Conservation of Energy (the total energy in the universe did not change even though the initial and final bar graphs do not match, the total number of blocks

does). 5 blocks (Win) = 4 blocks (Eg) + 1 block (Eint).

​​
​​
​​

Example 3: ​A person lowers a box to the ground.
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The system schema shows that energy can be transferred into the system by the person or the surface. Energy can also be transferred out of the system to the person or the surface.

Corresponding Energy flow Diagram
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Analysis:

1.
Initially, the box only has energy gravitational, E​,​​due to its position above the ground, which has been

g

defined as the point where y = 0.

2.
Afterward, the box system has no energy! The box lies motionless on the ground!

It might be tempting to say the energy Eg was “lost” to Eint However, it’s difficult to imagine the temperature of the box or its internal structure undergoing significant change in this process. Friction is minimal as the box is lowered, and we assume it was lowered gently so it doesn't slam into the ground. Therefore, the energy had to be transferred out of the system by the interaction of the box with the person who lowered the box to the ground (by ‘pulling’ or ‘working’)! This is a case where the analysis is actually more complicated if the person is included in the system (that situation would be beyond the scope of this course).

Energy Flow Diagrams with the Observation Stations

Refer to your observations and your representations in your Observation Stations worksheet to help you

recall these events and construct Energy Flow Diagrams.​NOTE:​ It will also help if you have read “Constructing Energy Flow Diagrams” before or after you begin this worksheet.

Directions:

1. Identify and list the objects you are considering part of the system of interest for the following events you observed in the Activity 1 Energy Stations.

2. Construct an Energy Flow Diagram to show the initial and final energy storage modes and any energy transfers that take place in each of these events. If you think there is a storage mode missing on the bar chart, add it and be prepared to explain your thinking!

1. The Popper Toy starts on the table and pops up into the air.
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2. A wind-up toy, that is already “wound up” is released and walks across the table.
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3. Ball Drop Analysis 1:Initial state – a single ball before being dropped Final state – the ball, right before it strikes the floor.
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4. Ball Drop Analysis 2:Initial state – the ball, just after striking the floor the first time Final state – the ball at the top of its first bounce.
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5. A toy car is placed at the bottom of an inclined track and given a gentle push up the ramp until the car stops for a moment.
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6. You bend a glow stick until it makes a cracking sound and then it glows.
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7. A tuning fork is struck on the palm of your hand and continues to vibrate.

[image: image36.jpg]



8. With your palms together, you rub your hands back and forth for several seconds.
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Activity 1--Energy, Work, and Power Using a Wind Turbine

Wind turbines are everywhere! In fact, people have been harnessing the wind for a very long time so the large wind turbines that you see are just a modern version of a very old machine that uses wind ​energy ​to do ​work​! If we know how long it takes to do the work, we can also find the ​power​ generated by the machine.

In this activity, you will use wind energy to see how much power is generated by the wind turbine to lift a bucket of weights.

Procedure

1. Mass the small lifting bucket and enter the mass in the data table.

2. Add one washer to the bucket, mass the bucket and washer, and enter the combined mass in the data table.

3. Keep adding washers until you have 8 washers and the bucket. Make sure you enter the data into the data table as you go.

4. Set up the wind turbine apparatus with the lifting spool. Your teacher has a completed device set up in the front of the room. The string should be 1.2 meters long and should have a piece of tape on the string .1 meters from the end near the bucket and .1 meters near the end from the spool.

[image: image38.png]



Make sure the bucket may be lifted exactly 1 meter!

5. Cut out the fan blades from cardboard. Each blade is 20 cm by 6 cm.

6. Assemble​ the blades and Wind Turbine Hub.

a. Loosen the knob on the hub a little bit. Do not loosen the knob too much or the hub will come apart.
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b. Gently create a space between the front and back pieces of the hub that is just big enough for the dowel and insert one of the blades.
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c. Insert the other blades so they make a triangle pattern.

d. Tighten the knob on the hub to hold the blades in place.

7. Connect the Wind Turbine Hub to the wind turbine.

a. Gently press the on to the turbine motor pin.

8. Use the Blade Pitch Protractor to adjust the pitch of the blades.

a. To adjust a blade, rotate the Wind Turbine Hub so that the blade is positioned vertically at the 12 o’clock position.

b. Slightly loosen the knob of the Wind Turbine Hub.

c. Slip the Blade Pitch Protractor around the dowel from the front side of the hub.

d. Turn the wooden dowel until the base of the blade is aligned with 20° (see Figure 5).

e. Rotate the Wind Turbine Hub clockwise until the next blade reaches the 12 o’clock position.

f. Slip the protractor around the dowel and turn the blade until the pitch is 20°.
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g. When you have adjusted the pitch on your blades, tighten the knob of the Wind Turbine Hub. Give the blade set a gentle push with your finger to make sure it spins freely without hitting anything.

9. Set the box fan 1 meter from the wind turbine.

10. If you still have masses in the bucket, remove them.

11. When one person turns on the fan to the highest speed the turbine should start lifting the bucket. When the first piece of the tape touches the spool start the timer.

12. When the second piece of the tape touches the spool, stop the timer. Enter the time to lift the bucket in the data table.

13. Repeat the process but add one washer to the bucket before starting the lift. You will continue the experiment adding an additional washer until all 7 of the washers have been added.

Data and Analysis

	Number of Washers
	Bucket + Washer Mass
	Time to lift the mass (s)
	Height the mass is lifted

	
	(kg)
	
	(m)

	
	
	
	

	0
	
	
	1

	
	
	
	

	1
	
	
	1

	
	
	
	

	2
	
	
	1

	
	
	
	

	3
	
	
	1

	
	
	
	

	4
	
	
	1

	
	
	
	

	5
	
	
	1

	
	
	
	

	6
	
	
	1

	
	
	
	

	7
	
	
	1

	
	
	
	


For each of the mass values, determine the Potential energy gained when the mass is lifted 1 meter.

Remember:

potential energy due to gravity = mass x gravity x height lifted and is measured in Joules!

PE = mgh
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	Number of Washers
	Bucket + Washer Mass (kg)
	Potential Energy Gained (J)

	
	
	


0

1

2

3

4

5

6

7

Remember that when something undergoes a change in energy, we call that ​work​. Therefore, the Potential Energy Gained by the bucket and masses is equal to the work done by the turbine.

We also know that ​Power ​is defined as:
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The units for power are J/s or a Watt.

In the table below, find the Power generated by the turbine for each one of the mass sets lifted. Do this by dividing the Work (the potential energy gained) by the time it took to lift the mass.

	Number of Washers
	Work Done (Potential
	Time To Lift (s)
	Power Generated by

	
	Energy Gained (J))
	
	Turbine (Watts)

	
	
	
	(Power = Work/Time)

	
	
	
	

	0
	
	
	

	
	
	
	

	1
	
	
	

	
	
	
	

	2
	
	
	

	
	
	
	

	3
	
	
	

	
	
	
	

	4
	
	
	

	
	
	
	

	5
	
	
	

	
	
	
	

	6
	
	
	

	
	
	
	

	7
	
	
	

	
	
	
	


On the grid below, plot the Power Generated by the Turbine vs. the Number of Washers and draw a best-fit curve through the points. Don’t forget your title, label your axes and include units, and make your plotted points fill up at least ¾ of the graph space!
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Conclusions

1.
Complete the LOL chart below for the wind turbine, bucket/mass, and Earth system.
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2. In a sentence, describe what happens to the Power generated by the wind turbine when the number of masses added increases.
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Activity 2--Blade Design: Area of a Blade and Power!

The blades on a wind turbine catch the wind and spin around, making the generator generate electricity. Does this mean that bigger blades will generate more power?

In this experiment, you will explore how blade area is related to the power output of your wind turbine. To do that, you need to be able to calculate the area of the blades you are using. The area of a rectangular blade is equal to the length times the width of the blade.
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Figure 1

The blade in Figure 1 has a length of 20 cm and a width of 6 cm. To calculate the area of the blade, multiply length times width:

length × width = area

20 cm × 6 cm = area

20 cm × 6 cm = 120 cm​2 
Based on the calculation, the area of the blade in the drawing is 120 cm​2 or 120 square centimeters.

OBJECTIVES

· Measure wind turbine power output with an Energy Sensor

· Investigate how blade area affects the power output of a wind turbine.

· Determine the optimal blade area for maximum power output.

MATERIALS

Chromebook, computer, ​or​ mobile device

Graphical Analysis 4 app

Go Direct Energy

Wind Turbine

Wind Turbine Hub

Blade Pitch Protractor

2 wires with clips

safety goggles

multi-speed box fan

centimeter ruler

2 premade blades ​or​materials to make 2 blades:

scissors

hot glue

wooden dowels

blade material

VOCABULARY

	Vocabulary term
	Explanation

	
	

	area
	Area is the measurement of the amount of surface in a shape. The

	
	area of a rectangle is equal to length times width:

	
	area = length × width

	
	

	drag
	Drag is the force caused by blades hitting air as the blades move. It is

	
	also called air resistance. Drag causes the blades to slow down.

	
	

	hypothesis
	an idea that can be tested through experimentation

	
	

	optimal
	best suited for a particular situation

	
	

	variable
	any factor that can be controlled, changed, or measured in an

	
	experiment

	
	


PRE-LAB ACTIVITY

1. Calculate the areas of the blades you will test. ​Note​: You will start with blades that are 20 cm long and cut off 2 cm for each trial.
After you have done the calculations, copy the area values in to Table 2.
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Table 1: Blade Area Calculations

	Blade length
	Blade width
	Blade area

	(cm)
	(cm)
	2

	
	
	(cm​)

	20
	
	

	
	
	

	18
	
	

	
	
	

	16
	
	

	
	
	

	14
	
	

	
	
	

	12
	
	

	
	
	

	10
	
	

	
	
	

	8
	
	

	
	
	

	6
	
	

	
	
	


2.
Write a hypothesis about which blade area will produce the greatest amount of power.

Hypothesis

I think the blades with (circle one)

less
more

area will produce the larger amount of power because
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3.
What variable will you change in this experiment?
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4.
List at least three variables that you will keep the same during the experiment.
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PROCEDURE

1. Get two blades from your teacher or make two blades for your turbine.

a. If you are making blades, cut out two blades that are 20 cm long. They should be rectangular in shape.

b. Make marks on the blades every 2 cm so you can cut off sections of the blades for each test. The marks should be at 18 cm, 16 cm, 14 cm, 12 cm, 10 cm, 8 cm, and 6 cm.
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Figure 2

c. Attach the blades to wooden dowels with hot glue. ​IMPORTANT:​Eventually your blades will be 6 cm long. The dowel must not stick up more than 6 cm from the end of the blade.
2. Assemble the blades and Wind Turbine Hub.

a. Loosen the knob on the hub a little bit (see Figure 3). Do not loosen the knob too much or the hub will come apart.

b. Gently create a space between the front and back pieces of the hub that is just big enough for the dowel and insert one of the blades.

c. Insert the other blade on the opposite side of the hub.

d. Tighten the knob on the hub to hold the blades in place.
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Figure 3
Figure 4

3. Connect the Wind Turbine Hub to the wind turbine. a. Gently press the on to the turbine motor pin.
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Figure 5

4. Use the Blade Pitch Protractor to adjust the pitch of the blades.

a. To adjust a blade, rotate the Wind Turbine Hub so that the blade is positioned vertically at the 12 o’clock position.

b. Slightly loosen the knob of the Wind Turbine Hub.

c. Slip the Blade Pitch Protractor around the dowel from the front side of the hub.

d. Turn the wooden dowel until the base of the blade is aligned with –15° (see Figure 5).

e. Rotate the Wind Turbine Hub clockwise until the next blade reaches the 12 o’clock position.

f. Slip the protractor around the dowel and turn the blade until the pitch is –15°.

g. When you have adjusted the pitch on your blades, tighten the knob of the Wind Turbine Hub. Give the blade set a gentle push with your finger to make sure it spins freely without hitting anything.

5. Set the switch on the Energy Sensor to Internal 30 Ω Load. Launch Graphical Analysis. Connect the Energy Sensor to your Chromebook, computer, or mobile device.

6. Connect the wind turbine to the Energy Sensor Source terminals.

a. Connect the red wire from the turbine to the red Source terminal wire.

b. Connect the black wire from the turbine to the black Source terminal wire.

7. Position the fan so the center of the fan is in line with the center of the hub of the turbine. The fan should be 15 cm from the turbine. The distance needs to be the same each time you collect data.

8. Put on safety goggles and turn on the fan to the highest speed setting. ​CAUTION​: Do not stand in the plane of rotation of the wind turbine rotor.
9. Collect data.

a. After the fan has been on for at least 30 seconds, you are ready to collect data. Waiting

30 seconds ensures that the wind turbine is spinning at a constant speed. Click or tap Collect to start data collection. Data collection will stop after 30 seconds.

b. When data collection finishes, turn off the fan.

10. Determine the mean power output (mW).

a. Click or tap View, [image: image1.jpg]


 , and choose 1 Graph. A single graph is shown.

b. Tap the y-axis label and select Power only. You will see a graph of power ​vs.​time.

c. Click or tap Graph Tools, [image: image2.jpg]


 , and choose View Statistics.

d. Record the mean power value in Table 2.
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Figure 8

11. Adjust the blades for the next blade area.

a. Remove the Wind Turbine Hub.

b. Cut off 2 cm from the tip of each blade. The blades should still be rectangular in shape.

c. Gently press the Wind Turbine Hub on to the turbine motor pin.

d. Use the Blade Pitch Protractor to verify that the pitch of both blades is set to –15°.

12. Collect data.

a. Reposition the fan and turbine so that they are in the same positions as before. Measure to make sure they are 15 cm apart.

b. Turn on the fan to the highest speed setting.

c. After the fan has been on for at least 30 seconds, click or tap Collect to start data collection.

d. Data collection will stop after 30 seconds. When data collection finishes, turn off the fan.

13. Click or tap Graph Tools, [image: image3.jpg]


 , and choose View Statistics. Record the mean power value in Table 2.

14. Repeat Steps 11–13 until you have collected data for blades that are 6 cm in length.

DATA TABLE
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Table 2: Blade Area Test

	Blade length
	Blade area
	Mean power

	(cm)
	(cm​)
	(mW)

	
	2
	

	
	
	

	20
	
	

	
	
	

	18
	
	

	
	
	

	16
	
	

	
	
	

	14
	
	

	
	
	

	12
	
	

	
	
	

	10
	
	

	
	
	

	8
	
	

	
	
	

	6
	
	

	
	
	


DATA ANALYSIS

1. Use the data in the data table to create a bar graph of power ​vs​. area.

· The blade area should be graphed on the x-axis (horizontal) of your graph.

· The power data should be graphed on the y-axis (vertical) of your graph.

· Label both the x-axis and the y-axis of your graph.

· Add a title to your graph.
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2. Which blade area produced the greatest power? __________________

3. Why do you think this blade design produced the greatest power? If you have learned about drag, use the word drag in your answer.
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4. Which blade area produced the least power? __________________

5. Why do you think this blade design produced the least power? If you have learned about drag, use the word drag in your answer.
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Assembly of the Kid Wind Turbine for Activity 1

1. The kit comes with a board and a pre-mounted end cap. Place the connector on the fitting and then push the 1” PVC pipe into the fitting.
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2. The blue nacelle is already assembled and is easily placed on top of the PVC pipe.


Be sure to use a screwdriver to screw the mounting screw into the pipe so the entire apparatus doesn’t turn when the fan is used to turn the turbine blades.


3. Place one of the three hex locks into the spool.


4. Place the hex shaft into the nacelle as pictured below.


5. Obtain the hub and slide it onto the hex shaft. Use a screwdriver to tighten the screw to mount it securely.


6. Mount the spool onto the hex shaft by sliding the green hex lock onto the hex shaft as shown.


7. Tie a 1.5-meter piece of string to the lifting bucket.

8. Wind about 4 winds of string around the spool and then duct tape it to the spool.


Congrats! You are now ready to complete Activity 1!

Assembly of the Kid Wind Turbine for Activity 2

1. The kit comes with a board and a pre-mounted end cap. Place the connector on the fitting and then push the 1” PVC pipe into the fitting.


2. The blue nacelle is already assembled and is easily placed on top of the PVC pipe.


Be sure to use a screwdriver to screw the mounting screw into the pipe so the entire apparatus doesn’t turn when the fan is used to turn the turbine blades.


3. Place the hex shaft into the nacelle as pictured below.


4. Obtain the hub and slide it onto the hex shaft. Use a screwdriver to tighten the screw to mount it securely.


5. Screw one nut on each bolt and place a bolt on each side of the nacelle. Keep the nuts about mid-way on the bolts and make sure they are somewhat evern.


6. Slide both the top and the bottom of the motor mount by lifting the bolts so the nuts are flush with the top of the nacelle.


7. Push the motor mount together and screw on the wing nuts to the bottom of each bolt.


8. Slide the motor wires through the motor mount, push the motor into the holders, and semi-tighten the wing nuts to hold it in place.


9. Obtain the mid-size gear and the hex lock and push them together.


10. Slide the mid-size gear onto the hex shaft and press it so that it has a 1 mm space between the hex lock and the nacelle. If it is too tight, the gear will not turn well.


11. Move the nuts on the motor mount almost to the top against the nacelle.


12. Using the wing nuts, tighten the motor mount so the motor will not come loose. Also, make sure that the small gear on the motor and the mid-size gear make contact but are not too tight. If the gears are too tight the turbine will not turn. Once everything is lined up correctly you are ready to add the turbine blades.


Congrats! You are now ready to complete Activity 2!

Blade Construction, Gluing (or Duct Taping), and Mounting

1. Using the template at the end of this instruction document, cut out the paper templates