Windmill Energy Worksheet

Davene Meehan, Tehescmarts, October 2012

Windmills are studied and built to help teach energy transformation, electricity generation, work, power, wind turbines, and ram air turbines. This lesson is made using Intel Teach Advanced Online and EduGlogster. 

Grading. 1300 points Total 1300-1170-A; 1040-1169-B; 910-1168-C; 780-1167-D; 0-779--F

1. 50 pts. Forum: Please introduce yourself and why you are interested in windmill energy. (10 min)

2. 100 pts. Forum: Make a list of what you know about electricity and then discuss with others in your class.  (15 min)

3. 100 pts. Watch the first video, “How Electricity is Generated” and complete the sentences. Pause and replay as necessary. (15 min)

4. 100 pts. Forum: Write a simple explanation how electricity is generated using the idea of a coil of wire and a magnet. Also write what energy transformation is occurring. (10 min)

5. 100 pts. Forum: Wind turbines are often used in aircraft as emergency power. If engines stall out, a small windmill may be deployed. Because air is turning the windmill, it can generate power. These are called ram air turbines or RAT. Follow the last four links to find out about RATs. One is general information, one is a quick teaching video, and the other two are links to companies (Ghetzler, ATGI), which sell RATs. Write a paragraph that tells if you have ever heard of RATs before, what they are, and how they might be used. What do you think “low drag” means? (15 min)

6. 200 pts. Now you are going to build a generator using the instructions from the 2nd video: “Wind Generator—English”. This video can be found on YouTube in several languages. You will need to gather the listed materials or similar materials. Carefully follow the instructions. (60 min)

7. 100 pts. Forum Discussion: What problems did you have building the windmill generator? Explain why the windmill lights the LED. Put a picture of your windmill on the forum. (15 min)

8. 100 pts. Watch the third and fourth videos, “What’s Inside a Wind Turbine” and “Wind Turbine Tour.” Make a diagram, of a wind turbine. Label: blade, nacell, gear box, transformer, platforms, ladder, cable, yaw ring, yaw platform, cowl, cooling fan, and the lift, if needed. (20 min). Post on the forum.

9. 100 pts. Forum: Complete the sentences for Video 4.Would you be interested in working with wind turbines? Why? (15 min)

10. 150 pts. Watch the fifth video, “Construct a Windmill.” Do you think that the windmill you made could pull up a load? What would you do so that it could? How would you measure the amount of work? How would you measure the power? Answer the following problems. (20 min)

a. A windmill is able to lift a bucket 15 meters. The bucket weighs (its force!) 20 Newtons. How much work was done in Joules?

b. A windmill is able to lift a bucket 21 meters. The bucket weighs (its force!) 33 Newtons. How much work was done in Joules?

c. A windmill is able to lift a bucket 5 meters. The bucket weighs (its force!) 45 Newtons. How much work was done in Joules?

d. A windmill is able to lift a bucket 15 meters. The bucket weighs (its force!) 20 Newtons. It took 30 seconds. How much power in Watts was used?

e. A windmill did 200 Joules of work in 25 seconds. How much power in Watts was used? How much power in Watts if the 200J was in 5 seconds?

f. A windmill did 1500 Joules of work in 10 seconds. How much power in Watts was used?

11. (50 extra credit points) Extension if desired: Watch one of the following videos and create the project. 5. “Construct a Windmill;” 6. “Lighthouse—English;” 7. “Paper Windmills;” 8. “Mini Wind Turbine,” and 9. “Shake Generator.” If you did this project please let us know on the forum and upload a picture. (60 min)

12. 200 pts. Assessment. Go to Build a Free Glog and follow instructions to build a glog to show what you have learned about windmill energy. Use your discussions on the forum and the picture of your windmill. Each section is 20 points. An additional 20 points for neatness and creativity.

g. Write a paragraph about the generation of electricity. 

h. Write another paragraph about how electricity is generated by your windmill(s). Include a picture of your windmill(s).

i. Write another paragraph about how electricity is generated in your community. 

j. Write a paragraph about your use of electricity. 

k. Write down your ideas for making a better wind turbine. 

l. Describe a sub- or multi-MW wind turbine and what it might be like for someone to climb to the top.

m. Describe what a RAT is and how it is useful. 

n. Describe how the amount of work and power is determined for a windmill. 

o. Finish with a reflection about the usefulness of windmill generators and any good information or links you would like to share.

2. Congratulations! You have finished the Windmill Energy Course! You learned that a magnet moving next to a coil of wire causes electricity to flow. You have learned how to make a generator. You have learned that a generator transforms mechanical energy into electrical energy. You have learned how to determine work and power for your generator. Finally you have learned about two ways that wind turbines are useful: as generation of electricity for communities and as emergency power for aircraft.

3. If you have any questions or comments please use the forum or post on the bottom of the Windmill Energy Glog. 

1.  How Electricity is Generated

http://www.youtube.com/watch?v=bGb2lJdJJRE&feature=related, 4:03

Answer/complete the following questions to learn how electricity is generated.

1. The speaker says that first we start with: a rare-earth _________, a coil of _________, and a ________________.

2. A galvanometer measures how much ______________________________________.

3. Lenz’s ______ says that current caused by a changing magnetic field will cause its own magnetic field that will fight that change.

4. This explains why the needle on the galvanometer moves in _______ different directions—in one direction if the magnet moves into the coil and the opposite direction when the magnet moves out of the coil.

5. When the magnet is moved slowly, not ____________________________produced.

6. When the magnet is moved quickly, a whole _________________________________ produced.

7. Flux is the change in the ___________ field.

8. As the magnet _________ inside the coil, the magnetic field, flux, changes. First the north pole is one place and then the south pole.

9. A windmill is something that the air ________.

10. If the windmill spins and has a magnet attached to it and there is a stationary coil of wire around that magnet, _________________ is generated.

11. In electrical plants water is turned into _________, which moves outward. 

12. This then turns a windmill, also called a _____________.

13. Nuclear power plants also heat water to ____________ to turn a __________.

14. Hydro—the water moves a paddlewheel attached to ______________.

15. A device, which turns this rotation into electricity, is called a _________________.

2.  Wind Generator—English

http://www.youtube.com/watch?v=gg9yc3x7w3A. 3:16

Materials: Small paper cup, film container and cap, rubber pieces, wooden dowel sticks, straw pieces, 2 strong neodymium magnets, bicycle spoke with nut, ball pen refill (empty is good), LED, bottle cap, thin insulated copper wire, flexi-wire, small piece of a smooth material such as a CD piece, glue.

1. Make a hole in the film canister about 1/3-1/2 ways down from top, large enough for the straw piece. Make another hole on the opposite side. Insert two small pieces of straw.

2. Leaving about 6 cm of wire hanging out, wind the thin wire around the canister. Crisscross between the straws. Make about 600 windings. Leave another 6 cm of wire hanging.

3. Secure the wire with glue.

4. Cut the cup into 7 pieces. Trim off about 30 degree angles from small section.

5. Make a small hole in the center of the film canister lid. Put glue on the lid. Place the pieces of cup around the lid with the points inward. Make sure that the curved sections all scoop outward. 

6. Press the bicycle spoke nut into the center of the cap.

7. Take a large piece of rubber for the base and place 4 of the dowel sticks into it.

8. Place a small CD piece in the middle.

9. Cut off extra film canister container so that it is like a tube.

10. Tie or glue the film canister to the four sticks so that the straws run up and down. 

11. Connect the LED to the ends of the flexi-wire.

12. Screw the bicycle spoke into its nut.

13. On the other end of the spoke put the old pen refill.

14. Take a small cube of the rubber and place in the canister.

15. Insert the point of the pen/spoke through the film canister, the rubber, and out the canister. (It may be easier to leave the pen refill off and just insert the spoke through everything and then put the refill on the tip of the spoke.)

16. Place the two strong magnets on each side of the rubber piece inside of the canister.

17. Scrape the insulation off the ends of the copper wire and attach to the other end of the flexi-wire. Twist the bare wires together.

18. Now place it under a fan. 

19. If the LED does not light up, you may have to switch the wires on the LED.

20. Optional: Make a hole on cap for the LED to shine through.

3.  What’s Inside a Wind Turbine?

http://www.youtube.com/watch?v=LNXTm7aHvWc&feature=related, 9:53

1. Almost all wind turbines used today are horizontal axis machines.

2. They have a 3-bladed rotor attached to the front of a box that we call a nacell, after the fairing around an aircraft engine.

3. In this nacell we have a generator, often a gearbox, and occasionally a high voltage transformer. 

4. Turbines are classified by their power output.

5. There are sub-MegaWatt (MW) turbines that produce 400-600 kilowatts (kW) each. Remember kilo means 1,000 and Mega means 1,000,000. Sub means “below.” Watts is the unit of power or how quickly work is being done. 

6. There are multi-MW turbines, which produce 3 MW each.

7. Sub-MW Turbines. The sub-MW turbines are 25-45 meters tall and at the base you have two doors.

8. The lower door will take you into a secure compartment in which you have a high-voltage step-up voltage transformer. A transformer is a device, which changes the voltage. A step-up transformer makes the voltage higher. A step-down transformer makes the voltage lower.

9. The transformer at the top of the tower is producing about 690 volts.

10. The lower transformer converts that into several thousand volts to be sent more efficiently to the substation.

11. The upper door is the where we find the control cabinet at the base of the ladder.

12. This is the base of a series of ladders, which often run to a platform in which they change sides.

13. A platform offers a rest area and a bit of fall protection. They are generally a suspended wooden platform. 

14. The cables initially run up the wall of the tower.

15. The tower walls come in 20-meter sections.

16. The tower becomes narrow and eventually the cable will hang freely in the center of the tower.

17. This allows the cable to twist as the nacell turns in the wind.

18. At the top we have a steel floor, which we call the yaw platform.

19. Above that is the yaw ring, which allows the movement of the nacell.

20. At the back of the nacell we have the wind sensors.

21. The nacell itself is just a fiberglass tube.

22. The front has a fiberglass cowl that protects the hub.

23. The hub is made of steel on which is bolted the 3 blades.

24. The blades can turn or pitch so that their angle to the wind can be varied.

25. The hub has a shaft that leads into the gearbox, through a break, and into a generator.

26. The generator supplies the power for about 690 volts all the way back down the tower to the base.

27. In the back we have a cooling fan as we are generating half a million volts of energy in the nacell.

28. Some of that is wasted as heat and without an efficient cooling system there is the potential of a fire.

29. Multi MW Turbine. A larger, 2-MW turbine is similar but some of the components are in different places.

30. The transformer may be at the base, outside in a hut, on a platform, or in the nacell.

31. In this example the 2nd platform has high voltage switches.

32. On the first platform we have the control cabinet and a lift.

33. This lift will take two people nearly to the top of the tower.

34. The tower is again delivered in sections so that it can be delivered without demolishing villages.

35. There may be a half moon platform but there is no fall protection so keep you lanyard on.

36. Inside the nacell there is always a generator but might not have a transformer.

37. Some of the multi megawatt turbines do not have a gearbox.

38. A typical nacell for this type of turbine may be 3 meters high, 2.5 meters wide, and 7,8 meters long.

39. A wind turbine is just a windmill on a stick.

4.  Wind Turbine Tour

http://www.youtube.com/watch?v=8lWTQdHEazg&feature=related. 2:38 

1. Climbing up over ____________ feet. The turbine may ___________.

2. You will be in the proximity of _________ voltage cables, 34,500 volts!

3. There is a _________ section, a _________ section, and a _______ section.

4. On the yaw deck the nacell is going to turn, or __________.

5. The generator and cooler weigh just less than ________ tons.

6. Would you be interested in this job? 

5.  Construct a Windmill—Energy from the Wind

http://www.youtube.com/watch?feature=player_embedded&v=F3bZzOyMhKI, 9:57

1. The crest of a mountain range in Costa Rica provides steady wind for wind turbines.

2. Materials: 30 cm stiff card-paper, scissors, hole punch, ruler, drawing device, 3/16 3” bolt, 5 washers and 2 nuts for bolt, plastic tubing (1.2 and 1.7 cm), 2 pieces of wood for a base, 2 screws, screwdriver, 2.5 m string, small paper pouch with 2 holes, pennies, 

3. Draw the diagonals on the card. Use a compass to draw a circle with a radius of 3.5 cm.

4. Draw a 2 cm arc at the left side of the diagonal lines at the corner of the square.

5. Make a mark in the center of the 4 arcs. Use a hole punch to punch a hole at the marks.

6. Punch a nail or pencil through the center of the diagonals.

7. Cut along each diagonal towards the center, stopping at the circle.

8. Gently fold the corner with the hole in it toward the center.

9. Place the bolt through the corners and the center of the square. 

10. Place a washer and then a nut on the back of the windmill to hold it together.

11. Place another washer on the bolt and then the 1.7 cm tube and then another washer.

12. Construct the windmill holder by screwing the base to an upright piece of wood that is greater that 18 cm high. Place a hole large enough for the bolt in the top of the stand and make sure that the blades will not hit the ground when the bolt is inserted.

13. Push the bolt through the hole. Place a washer, then a nut. Make sure that the bolt can still turn freely. 

14. Add another washer, then the 1.2 cm tube, another washer, and a nut.

15. Use pliers or wrenches to tighten the nut against the plastic tube. The plastic tube becomes a pulley.

16. Test and make sure that the blades do not hit the upright when turning.

17. Calculating the Power Output of Your Windmill

18. Power is the measurement of the rate at which a machine does work.

19. Start by wrapping a 2.5 m string around the pulley on the back of your windmill.

20. Create a small load in a small pouch of paper with a hole in the top edges.

21. Measure the weight in Newtons of the load. To be more accurate, you may want to weigh your string and hook.

22. Tie a knot in the end of the string and place a paper clip on the end of the string and through the pouch holes.

23. To calculate work we need to determine the distance the load moves in meters.

24. A block should be used to keep the windmill from rotating until time to do calculations.

25. Work equals Force times distance. Newtons times meters will give the amount of work in Joules.

26. Power is the rate at which a machine does work. The Watt is the unit of Power. One Watt is equal to 1 Joule (J)/sec.

27. Power equals Work divided by time. Watts = J/sec.

28. Use a stopwatch to measure how long it takes for the load to reach the top.

29. Calculate how many watts your windmill produces.

30. Would a stronger wind produce more Watts?

31. Your toaster at home is a 1000-Watt device.

32. Large commercial wind turbines create enough power to run entire villages.

33. Wind is a clean source of energy but there are still concerns such as migrating birds, aesthetics, and noise.

34. Engineers and scientists are working to resolve these problems.

Extension Videos:
6. Lighthouse—English

http://www.youtube.com/watch?v=GWiU4yzefmY&feature=relmfu, 2:04

Materials: Insulated copper wire (35 gauge), 2 strong magnets with spoke, film roll can, 2 film roll can lids, stiff straw pieces, LED, card-sheet strip, and glue

1. Take film can and make holes through it. Insert a straw piece through one hole.

2. Push spoke through small piece of rubber. Fix a magnet on either side of the rubber.

3. Slit one side of the canister from the top to the hole. 

4. Insert the spoke into the can so that it runs through the straws with the rubber and magnets inside of the can.

5. Now leaving about 5 cm of wire out wind 800 turns of copper wire around the canister crisscrossing around the straws.

6. Scrape the insulation off of the ends of the wire and attach the ends of the wire to an LED.

7. Now if you rotate the spoke the LED should light up.

8. Take the card-sheet strip and make a 5-petal turbine like a little flower. 

9. Affix the turbine to the tubing.

10. Attach a bottle top with a hole in it to two sticks. Attach the two fill caps to the bottom of the canister. Attach the two sticks to a canister lid.

11. Attach the cut off top part of a bottle to the lid.

12. Set the top part of a bottle into a glass half full of water.

13. Move the bottle up and down.

14. This makes air to be expelled at the turbine. The turbine turns and causes the LED to light up.

7.  Windmills

http://www.youtube.com/watch?v=0VfxdRbOVNI, 9:03

1. Wind turbines are a device, which can convert wind into mechanical movement, which we can use to power a water pump or an electricity generator.

2. The power that a turbine creates is obviously dependent on wind speed.

3. It is also dependent on the number of sails (blades), the area of the sails, and the angle the sails make to the wind.

4. If the turbine blades are flat into the wind, the wind is just going to bend it. But a slight angle means that when the wind hits it, the blades will turn.

5. We can use that for powering things.

6. It is quite good to base the blades around a cork. That way we can easily push on and off any design that we think of.

7. Sticks can be glued to make the sails stiffer.

8. Use a square piece of stiff card. Cut along the diagonal lines within a cm or two of the center.

9. You can glue the cork onto the center.

10. Glue one corner onto the top of the cork. Then continue to bend over and glue every other corner.

11. In 1830s the genius scientist, Michael Faraday, discovered a very simple way of making electricity with coils of wire and magnets.

12. I have here a coil of wire with lots and lots of turns of copper wire. Inside here is a magnet.

13. If I spin the magnet, I light the LED. I am converting mechanical energy into electrical energy.

14. We still use this technique today. And on the back of the turbine we have a very simple little generator that works on the same principles.

15. The turbine is connected by 3 pulleys. You can decide which one of these you want to use. These drive the generator.

16. When the turbine turns, it will turn the generator, generating electricity.

17. You can use the power from this circuit to power electrical devices.

18. When you pull the battery from simple devices such as a buzzer, calculator, LED torch, and radio, you can connect the wires from the generator device. 

19. This is a DC generator so there will be a plus wire and a minus wire. Which one will depend which way the generator is spinning.

20. This is electricity from the wind.

8. Mini Wind Turbine

http://www.youtube.com/watch?v=AS74oAmjpxU&feature=related, 4:05

Materials: 

· 4--1“ schedule 40 PVC elbows

· 3--¾“ schedule 40 PVC “T”s

· 1-- ¾“ schedule 40 PVC “T” with﻿ reduction (the nacelle)

· 20“ of 1“ PVC pipe (sides of the base—10” each)

· 15“ of 3/4“ PVC pipe (Tower)

· Wire to connect motor to the screws (terminals)

· Motor--Read the specs, the more voltage, the better, as long as the motor fits in the PVC “T” (the nacelle)

· Spinner and propeller: The spinner attaches the propeller to the motor shaft. The presenter used a Master Screw 3-blade propeller 13”x 8”

· 2 screws for wire connection.

Ram Air Turbine
http://en.wikipedia.org/wiki/Ram_air_turbine
A ram air turbine (RAT) is a small turbine that is connected to a hydraulic pump, or electrical generator, installed in an aircraft and used as a power source. The RAT generates power from the airstream due to the speed of the aircraft.

The RAT generates power from the airstream due to the speed of the aircraft, and if aircraft speeds are low the RAT will produce less power. In normal conditions the RAT is retracted into the fuselage (or wing), and is deployed manually or automatically following complete loss of power.

RATs are common in military aircraft, which must be capable of surviving sudden and complete loss of power. Many modern types of commercial airliners are equipped with RATs.

Using RAT, Dual engine failure & Ram Air Turbine (RAT) 
http://www.youtube.com/watch?v=I6SuZSRLKbw, 1:19

On the loss of the engines the Ram Air Turbine will deploy. It will stay deployed until you land. 

