Question: Does paper airplane wingspan increases gliding distance?

Hypothesis: Increasing a paper airplane’s wingspan will increase its gliding distance.

Background

Real airplanes tend to support that longer wings result in longer glide distances.  The best gliders in the world, called sailplanes, have extremely long wings; the Space Shuttle has a short wing, and has a very “brick-like” glide.  

Theory also supports that longer wings should allow a longer gliding distance.  Longer gliding distances mean the paper airplane will need to fly at a shallower glide angle1.  A shallower glide angle requires a higher lift to drag ratio2.  For a steady glide the lift is equal to the weight, so really we are interested in decreasing drag for a longer gliding distance.  Drag comes from two basic causes; the first is form drag that is independent of wingspan, and second from induced drag, which is reduced for longer wing spans3.  

Experimental Procedure

It is important to measure gliding distance only due to steady gliding, at a constant glide angle.  Paper airplane flights that begin by being thrown high into the air are not good for this experiment because the flight is largely affected by the throw.  A very gentile toss forward and a little downward allows the paper airplane to immediately begin on its steady glide.  

The flight needs to be done indoors to keep the wind from affecting the results.  

Launching from a greater height allows for more gliding time and a more accurate measurement, so launching from the top of the bleachers is better than standing on the ground.  It is very important that all flights begin at the exact same point.

Another important consideration is the use of wing flaps.  In order to get the best glide angle from a paper airplane, the back edge of the wing must be bent upward a little (wing flap) to set the optimum gliding speed.  This wing flap setting is different for every paper airplane and is set by repeating the launch of each plane with different flap settings.  When the best setting is found for the longest gliding distance, several launches are performed and the results averaged.  

Wingspan is best varied by folding the wings with different body heights; a tall body results in short wings, a short body results in a longer wing span.

Good planes for this experiment include:

The world record plane: http://www.workman.com//fliersclub/download.html
Basic pointed plane: http://www.paperairplanes.co.uk/peteplan.html
Also from my World Record Paper Airplane Book the Basic Square, and Classic Dart and Eagle are good planes

From the Kids’ Paper Airplane Book the Pirates Secret, Slice, and Count work well.

Basic aerodynamic theory shows glider will glide farther as the wingspan increases.  A basic equation for maximum gliding distance is:

Distance=Height*0.5*(pi*e*b*b/f)0.5
Distance
Distance glider flies in a steady glide angle (meters)

Height

Height of glider above ground where flight begins (meters)

Pi

Constant equal to 3.14159 (no units)

e

Wing span efficiency, usually close to 0.8 (no units)

b

Wing span (meters)

f
Drag area, for paper airplanes about 0.0006 for a paper airplane where the folds are taped flat, 0.0012 for open folds (meters2)

This equation is applied in an accompanying Excel file, and shown below
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Test Procedure:

Construct several (3 or 4) paper airplanes, each with a different wingspan.  It is best to use one type of paper airplane, and fold the wings out for different wingspans.

Find a good launching point at an indoor location.  Stand at the launching point, hold a paper airplane like you are going to launch it, and have someone measure the height of the paper airplane above the floor.  Prepare to measure the flight distance of your paper airplane flights, this could be by fixing the end of a tape measure at your launching point, or by putting tape marks on the floor every meter (at least 5 times farther out than the height of your launches).

Adjust the flaps on each plane.  Take a plane; bend the flaps on the back of the wing up a little bit.  Make a gentile toss forward and a little down.  Practice throwing until your plane follows a smooth, straight, slow flight to the floor.  Adjust the flaps a little up or down until this gives you the longest slow smooth flight.  If your plane turns, adjust the rudder for straight flight (bend the back of the body to the right to make the plane fly more to the right, left to go left). Once your plane is gliding its best, make 3 or 4 flights and average the flight distances – this will be the flight distance for that plane.  Repeat for each plane.  Record the average flight distance for each wingspan, and graph the results.

How do your planes compare to the theoretical results?  Why might your results be different?  Perhaps you could also try different paper airplane designs and see how they compare.  Also consider what this means for real airplanes.  Why would you want long wings on a real airplane (would create less drag, so it would need smaller engines and burn less gas).

References:

1 http://www.grc.nasa.gov/WWW/K-12/airplane/glidang.html
2 http://www.grc.nasa.gov/WWW/K-12/airplane/ldrat.html
3 http://www.grc.nasa.gov/WWW/K-12/airplane/induced.html
_1138993269.xls
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				Theoretical glide distance for a paper airplane								Ken Blackburn		2/22/04

		weight		newtons		0.0445

		wing span		meters		0.185

		air density		kg/meter^3		1.226

		drag area		meter^2		0.0006		taped		0.0012		open folds

		wing span

		in		cm		m		l/d taped		launch height(m)		flight distance(m)

		2		5.08		0.0508		1.64		2.00		3.29

		4		10.16		0.1016		3.29		2.00		6.57

		6		15.24		0.1524		4.93		2.00		9.86

		8		20.32		0.2032		6.57		2.00		13.15

		10		25.4		0.254		8.22		2.00		16.43
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