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[bookmark: _Toc212637366]Wingless Flight| Investigation 1
Description
Can kites fly without the wind? Find out in investigation 1, wingless flight. 
Materials
· Vented iFlight Glide Kite 
· A friend
Procedure
1) Set up the kite in a large indoor space, like a gymnasium. 
2) Ask a friend if they believe you can fly the kite inside without wind. 
3) Lay the kite on the floor belly side up. 
4) Hold the string taut above and in front of it (4-5 feet away). 
5) While stepping back swing your arm holding the string upward to lift the kite in the air. 
6) Watch the kite and move backward to keep the kite aloft. 
My Results
In the space below, write your answers to the following questions.
1. Was your friend's prediction correct? Why or why not?




2. How can the kite fly without wind?  


Explanation
The art of flying a kite is a balance between lift (an upward force), gravity pulling it down, and the opposing forces of thrust and drag. On a windy day, the thrust results from wind hitting the sail of the kite and putting the string under tension. With a windless flight, the flier must keep the kite moving, applying tension to the string. The vented kite allows some of the air particles to escape, so the drag isn’t so significant. That means the tension on the string can be reduced as well. By keeping the string under tension by moving the kite, it can stay aloft without wind. Therefore, the flier walks backwards, sideways in a circle, and by periodically tugging on the string to create “relative wind”.  
Vocabulary
· Lift
· Force
· Gravity
· Thrust
· Drag
· Tension 









Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc212637367]Aerial Stunts | Investigation 2
Description
Learn more about kite tricks with investigation 2, Aerial Stunts.  
Materials
· Stunt kite 
· YouTube clips of Stunt kite fliers 
· A friend
Procedure
1) Have a friend observe a stunt kite flight.  
2) Observer it circling, flipping, turning, walking, and launching upward 
3) What did you notice? 
My Results
In the space below, write your answers to the following questions.
1. What is your favorite trick the stunt kite flyer can do? Why?



2. How does the design of the kite and the motion of the flier contribute to the kite’s motion?  


Explanation
Stunt or sport kites use multiple lines for control, typically designed as either a dual line or quad line. Having multiple strings enables the flier to put different amounts of tension on specific parts or sides of the kite forcing it to engage in intricate maneuvers. An experienced flier will be able to turn the kite by pulling on one line or the other. For example, a right turn would result from pulling the right strings. Additionally, if the right string were pulled and the left side pushed, it will result in a faster turn. There is always a risk of the kite stalling, so push turns is an effective turning strategy in lighter winds. A circling maneuver results when the flier moves one line down and back and holds it in place. The smoother the movements, the more fluid the motion of the kite, while jerky movements result in a more irregular flight. Stunt fliers require a lot of practice to perfect the different movements.  
Vocabulary
· Lift
· Force
· Gravity
· Thrust
· Drag
· Tension 







Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc212637368]Kite Components | Investigation 3
Description
What are the different types of kites? Do they all fly in the same way? 
Materials
· A variety of kites (with and without spars, with and without tails) 
· A friend
Procedure
1) Examine the different parts of the kite.  
2) What is similar among the kites and what is different? 
3) Lift the kite. What do you notice? 
4) Examine the string. What do you notice? 
5) Can the kite flex?
My Results
In the space below, write your answers to the following questions.
1. What is similar and different among the kites?





2. Which kite type do you think is the best? Why?


Explanation
Kites have three primary components: a sail, tether, and a bridle. The sail is the surface of the kite, and this acts as a wing interacting with the air particles and causing the kite to lift. Although it can be made in many different shapes, the durable material needs to be lightweight for its size. The tether consists of single or multiple lines that attach to the kite at the tow point of the bridle on one end and the other held by the flier. The flying lines are usually slender to minimize air resistance but need to be strong enough to endure high winds. The bridle connects the flying line to the kite with strategically placed strings to ensure a good flight angle, or attitude. Moving the tow point forward in lighter winds can help with lift while moving it down is better for higher winds. A keel can act as a bridle substitute by connecting the flying line directly to a large piece of fabric (the keel) that is attached to the spine of the kite and distributes the line tension. Some kites have tails to increase the drag on the kite to make it more stable, but some kites are stable without a tail. Some kites have spars, which are the skeleton components that attach to the sail to give the kite its shape. Spars can be rigid, flexible, or absent in the case of soft kites that have material pockets that inflate to give the kite its shape.  
Vocabulary
· Gravity
· Drag
· Tension 
· Sail
· Tether 
· Bridle




Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc212637369]Flip Kite | Investigation 4
Description
Learn about a Flip Kite in Investigation 4. 
Materials
· Flip kite  
· Large fan or leaf blower 
· A friend
Procedure
1) Turn on the fan. 
2) Ask your friend to hold the flying line behind the fan. 
3) Position the Flip Kite in the wind and flip the rotor to get it spinning. 
4) Once it is fully rotating, let the sides of the rotor go. 
5) What do you notice? 
My Results
In the space below, write your answers to the following questions.
1. What makes this kite’s flight stable?  




2. What do you notice about the way this kite flies?


Explanation
The wing will rotate from the morning air particles and, when released, will climb. When the rotor spins in the air, particles are deflected which causes the kite to lift. This magnus effect is the same reason a golf ball stays aloft or a baseball curve when thrown. The faster the kite spins, the better the lift. The vertical ring holds the kite steady using a gyroscopic effect. This amazing design by Steve Wingert not only has no tail, but still relies on the balance between lift, gravity, thrust, and drag.  
Vocabulary
· Gravity
· Particles
· Rotor
· Lift
· Thrust
· Drag
· Tension 
· Sail
· Tether 
· Bridle








Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc212637370]Tail Dragging | Investigation 5
Description
What is the tail of a kite for? Learn all about it with investigation 5. 
Materials
· Identical kites (one with a tail and one without) 
· Windy day 
· A friend
Procedure
1) Remove the tail from one of the kites. 
2) Take both kites outdoors and try to fly them. 
My Results
In the space below, write your answers to the following questions.
1. How do the flights of the different kites compare?  




2. What is the purpose of the tail?




Explanation
Some kite designs depend on a tail for a successful flight. The weight of the tail adds stability to the kite. There is more mass to be affected by gravity and balance the upward lift caused by the moving air particles. This is especially important on windy days. If you were to fly a kite in lighter winds, a shorter tail may be more successful. However, when there is no tail, the kite may spin or roll uncontrollably. Not only does a tail provide stability to the kite and make it easier to control, but they can also really enhance the visual appeal of the kite in the air.  
Vocabulary
· Gravity
· Particles
· Rotor
· Lift
· Thrust
· Drag
· Tension 
· Mass












Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc212637371]Wind Conditions | Investigation 6
Description
Learn about how wind conditions can impact kite flying in Investigation 6. 
Materials
· Beaufort Wind Scale 
· Stick with ribbon 
· Fan 
· Digital anemometer
Procedure
1) Look at the Beaufort Wind Scale. 
2) Which wind descriptions might be best for kite flying? 
3) Turn on the fan and measure the speed with the anemometer. How would that speed be classified on the Beaufort Wind Scale? 
4) Hold a piece of ribbon in the center of the air flow and on either side of the air flow. 
5) What do you notice?
My Results
In the space below, write your answers to the following questions.

1. What wind descriptions do you think would be best for kite flying? Why?




2. What did you observe during this investigation?




Explanation
A British navy admiral named Sir Francis Beaufort developed a wind identification system in 1805, the Beaufort Wind Scale. With it, sailors could estimate wind speed. Kite fliers refer to the scale as well having good success flying in gentle or moderate winds (forces 3 or 4) but can find some success in a light breeze (2) or a fresh breeze (5) as well. When fliers are using stunt kites, they also must be mindful of the wind window. A fluttering ribbon can help identify the wind window, as can observing the behavior of the kite. As the kite moves in the wind window the angle of the wind on the kite changes so the flier must compensate with different line motions to provide appropriate resistance. 
Vocabulary
· Gravity
· Particles
· Lift
· Thrust
· Drag
· Tension 











Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc212637372]Designing Paper Kites | STEM Challenge
Description
Design your own paper kite with our STEM Challenge!
Materials
· 8 ½ x 11 piece of paper, wrapping paper, or construction paper 
· Crayons and Markers 
· 2” x 4” piece of cardboard or boxboard 
· Scissors, Ruler, Pencil, stapler, tape, and hole punch 
· String, fishing line, Ribbons and Streamers
Procedure
1) Decorate both sides of the paper to your liking. 
2) Cut a small slit in the long side of the cardboard one inch from an end. 
3) Take one end of the spool of string and wrap it numerous times around the cardboard running the string through the slit and tie it in place. 
4) Continue to run many loops of string around the cardboard. This will be your string supply, so give yourself plenty before cutting it loose from the spool. 
5) Lay the paper out and fold it in half on the 11” side being careful to line up the corners. 
6) Press the folded edge to make a visible crease. 
7) Lay the ruler down beside the folded paper and make a mark at the crease at 2 ½ inches from the left creased end and label it as 1. 
8) Make a second mark 3 ½ from the left crease and up a half-inch from the fold marking that as 2. 
9) Fold down the top corner of the folded paper to the mark labeled number one. 
10) While pinching it in place do the same to the top left back corner so the bent wings are symmetrical. 
11) Without creasing the bends, staple the points and first mark together. 
12) The second mark should still be visible. 
13) Tear off a piece of tape and cover the second mark on both sides stretching over the crease. 
14) Puch a hole through the tape at the number 2 mark. 
15) Tie the loose string end through the punched hole and tie it off so that it is secure. 
16) Test your kite. 
17) Consider adding streamers or ribbon as a tail. Experiment with the length of the tail to determine what combination yields the best results.
My Results
In the space below, write your answers to the following questions.
1. What did you use to make your kite? Why?



2. How could you improve your kite?


Explanation
In this kite, the paper serves as the sail and there are no spars in the design. Attaching the string 3 ½ inches back should provide a good angle or attitude for the kite, but additional prototypes could be designed with different connection positions to compare flights. If the kite tends to spin or rotate, then added weight from the tail should provide more stability. As air particles push the curved sail it causes the kite to lift. At the same time, there is backward drag as those particles flow around the kite's surface, pushing it back. Once in the air, the trick is for the flier to balance the drag with forward string tension and hope that steady wind keeps the lift balanced against gravity’s downward force.  
Vocabulary
· Gravity
· Thrust
· Tension 
Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc212637373]Tetrahedral Kites| Investigation 8
Description
Design your own tetrahedral kite in Investigation 8!
Materials
· Tissue paper (at least 20 pieces) 
· String 
· 60 rigid straws (7 ¾") 
· Pipe cleaner 
· Scissors, tape, and glue sticks 
· Kit template 
· Poster board or carboard 
· Pencil 
· Ruler
Procedure
1) On a piece of poster board draw a 10” equilateral triangle. 
2) Use the ruler to find the point at which two adjacent legs are 2 ½ inches apart and cut off the upper point. 
3) Repeat with the other two sides. This will now serve as a template for the tissue paper sales. Set it aside. 
4) Cut a 72” piece of string.  
5) Twist the end of the string to the pipe cleaner. The pipe cleaner will be used to thread each string through the straw spars of each pyramid. Thread the string through four straws keeping 3-4 inches extra on the end of the original straw. 
6) Form the straws into a diamond shape and fish the string back through the first straw with the reattached pipe cleaner so that the diamond is closed. 
7) Fish the pipe cleaner string through a fifth straw and lay it down between the 1-2 straw corner and the and the 3-4 corner.  
8) Fish the end through the third straw toward to the 2-3 corner and then through a sixth straw. 
9) Pull the loose string end still at the 1-4 corner upward into a pyramid and tie it off. 
10) Repeat until there are ten pyramids. 
11) Trace the template on each of the 20 pieces of tissue paper and cut them out. 
12) Place a cut paper over a pyramid side and use a glue stick or tape to secure it in place by folding the edge over the straw and attaching it. Cover a second pyramid face the same way. 
13) Line up three covered pyramids corner to corner so that the covered faces are the same way.  
14) Tie each corner together with string. 
15) Place two pyramids behind the row of three. Tie all touching corners together. 
16) Place one more pyramid behind the row of two and tie each touching corner. This is the bottom layer. 
17) Start again with two pyramids touching and tie them together. 
18) Place this layer on the peaks of the others and secure all touching corners. 
19) Repeat one last time with the final pyramid tied to the peaks of the others. 
20) Tie on your flying string and test it outdoors.
My Results
In the space below, write your answers to the following questions.
1. How well did your kite fly? 


2. How could you improve your kite?

Explanation
Tetrahedral kites are made by connecting three-dimensional equilateral triangles together. Each pyramid has four triangular faces and four vertices. Each vertex is connected allowing the sails to catch wind causing the kite to lift. In this case as the air particles are deflected between the pyramids it causes lift. Tetrahedral kites are impressive to witness. Many inventors experimented with human flight using large tetrahedral kites, including Alexander Graham Bell. In one 1907 example a man was hoisted 200 feet in the air. The tetrahedral kite was towed behind a boat, which caused enough forward thrust to get lift from the sales.  
Vocabulary
· Vertex
· Thrust
· Tension 
Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc212637374]Power Buggy | Investigation 9
Description
Can you use kite science to get a toy car to move? Try it out in Investigation 9!
Materials
· Toy cart 
· Tissue paper sail 
· Straws 
· Fan 
· Tape 
· Scissors
Procedure
1) Tape four straws to each corner of the wheeled car. 
2) Cut out a piece of tissue paper to make a sail and tape it in place.  
3) Turn on the fan. 
4) Could you get the cart to move? 
My Results
In the space below, write your answers to the following questions.
1. Were you able to get the cart to move? How?




2. What does this teach you about kites?


Explanation
Power foils or kites inflate into a big arc when they catch wind and are designed to provide a lot of pulling power. They might be equipped with 2-4 lines that a rider can pull to steer and maneuver. They must be equipped with safety measures because of the enormous pulling power they can generate. Power kites are used to enhance many different sports and used to pull buggies, skiers, snowboarders, and surfers. The little Power Buggy relied on a rigid tethered system from the straws, but the idea is the same. The curved sail catches a lot of air and generates forward momentum.  
Vocabulary
· Gravity
· Particles
· Rotor
· Lift
· Thrust
· Drag
· Tension 
· Momentum









Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!
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