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On February 26, 2012, my paper airplane design, Suzanne, flying 226 feet and 10 inches, broke the old paper airplane world record for distance by 19 feet and 6 inches. It’s fair to say that Joe Ayoob, my thrower, and I shattered it. The old mark had stood for nine years. Joe and I had made better distances in the six prior practices, but then, that’s what makes record breaking so interesting. A record during practice isn’t a record. It’s not official until declared so under the specific guidelines during a sanctioned attempt.

Records are made to be broken. It’s the whole reason for having them. The goal, the chase, the falling short, and the trying again are all required components of a record attempt. This record was no different. I tried many models over a three-year period when I was “officially” working on breaking the record. Of course, the truth is, every great distance plane I ever made was step toward this goal. My hope is that your world-record journey starts, or continues, here. Helping someone else break this record is another of my goals. Perhaps it will be you.

Believing you can do it is the first step. Making something as sophisticated as a flying machine from the most modest of resources is the beginning of an adventure. Where does it lead? Using less to make more is where we have to go as a planet. Eventually we’ll find a way to use less energy to light a room, less fuel to move from home to job, and make less pollution from powering the world. Viewed from this perspective, the answers seem obvious: conservation—yes, creating new products and technologies—yes, doing less—no, doing more with less—yes. And we’re back to paper airplanes.

I’m frequently asked what advice I have for budding paper pilots. Oddly, I’m usually at a loss. Folding comes so naturally for me, I can’t imagine not making paper airplanes. It’s taken me years to figure out that not everyone is like this. It’s true that some people might actually need encouragement. After giving this due consideration, I’ve come up with the following suggestion.

If you’ve never been to a Maker Faire, find one and go. It’s a celebration of making things—all kinds of things—from tiny robots to clothes to giant sculptures of steel and stone, and yes, sometimes paper airplanes. Making things is part of who we are as Americans and who we are as humans. From the biological imperative to make more people to the need to know who made that cake, we’re hardwired to like the whole idea.

As a kid, I liked making toys. My brothers and I would make spinning tops from wooden spools, rubber-band guns using spring-loaded clothes pins as the triggers, parachutes from napkins and string, rubber-band powered boats, kites, balsa-wood planes, and yes, paper airplanes.

Sadly, making things has been largely lost as part of our culture. Toys now need to “do something” so that even playing with the thing is optional. In my view, this is a huge mistake. We are robbing ourselves of a very important experience: experimenting, exploring, creating—in short, making things.

Paper airplanes embody the scientific method. Every throw is an experiment. It’s a hobby that begs the paper pilot to understand ever more in order to excel. Hypothesis, experiment design, trial, and results—it’s all built into every plane and every throw. To play with a paper airplane is to dabble in science, whether you know it or not.

We have a number of global issues confronting us. Global energy shortages, food shortages, water shortages, and something people are calling global warming are all worrisome. These problems will have answers that only science can provide. We have no spare brains on the planet. We need everyone thinking about these challenges in a rigorous way.

Imagine this: a world of people playing with science, who get up every morning, focus on what’s good, and imagine how to make more of that. You can call me a dreamer. I don’t mind. You don’t have to believe a word of what I say. Just make a paper airplane and experience how exhilarating that feels. We’re born makers. When you make something, anything from a pie to a pencil drawing, it’s like waking a dormant part of you. The world shifts slightly. You can feel it, and it feels good.

Suzanne, the world-record paper airplane, boasts a series of firsts: the first glider to hold the distance record, the first paper airplane to use changing airspeed to enhance performance, the first plane to use a thrower/designer team, and the first plane to break the record after the run-up-to-throw distance was shortened from 30 to 10 feet. It is a truly amazing aircraft. I believe Suzanne changes the way distance records will be broken in the future. The days of brute-force darts are gone, replaced by the age of true gliders.

A little free advice: take nothing for granted. Suzanne is a great aircraft. I didn’t find the design hiding in someone else’s work. I created it by working hard, listening closely, and observing keenly. You probably possess these skills too. This plane is only one of many possible solutions to the challenge. You may discover others.

Fold an extra plane for me, and perhaps I’ll meet you in the winner’s circle.
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Here’s the short version: we’re not sure why stuff flies. And in “we,” I’m including people who’ve spent more time studying the matter than I have. I’m an intellectual interloper. I don’t have an aeronautics degree, just a high degree of curiosity. That “we’re not sure” answer, however, could stand some expansion—at least in relation to paper airplanes, which is what we’ll look at here.

Paper airplanes are GLIDERS because they, well, glide. In short, they have no motor. Let’s take a look at some of the dynamics or FORCES that make paper airplanes glide.

BASIC FORCES

Let’s start with what everyone can agree on: The most basic forces involved in paper airplane flight are lift, weight, drag, and thrust. LIFT is the up-ward force generated as a plane moves through the air. WEIGHT is the force caused by the gravitational pull of the earth, while DRAG is the resistance created by a shape or material that impedes forward motion. THRUST is the force supplied by a motor on powered planes. With a glider, thrust is more complex, since the only source of thrust is your initial throw. The energy from that throw is converted into momentum, which will stretch over the whole flight. It’s a little like that first high drop from a roller coaster: it has to supply enough momentum to keep the coaster moving throughout the whole trip. Good paper airplanes are designed to withstand a short, fast period of thrust (your throw). Once that thrust is used up, the plane needs to balance the remaining forces of drag, lift, and weight to stay in the air.

Figure 2 on the next page illustrates these four basic forces. Understanding the four basic forces is a useful way to think about paper airplane flight. By defining aircraft design as the best way to balance these forces, thinking about and solving flight problems becomes easier.

Now that we understand the four forces acting upon an aircraft, let’s take a look at the basic anatomy of a plane. Figure 1 illustrates the various parts of a powered plane.

If we begin to move elements around, we can easily predict the outcome. For instance, if we move the main wing very far to the rear but leave the motor way out front (as in Figure 3), the center of gravity is now very far in front of the center of lift. A plane configured like this would crash.

However, if we move the motor to the rear along with the wing (as in Figure 4), and add a horizontal stabilizer to the front, balance is restored.
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Figure 1: Parts of a powered plane (Illustration credit 1.1)
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Figure 2: The four forces
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Figure 3: This wing is too far back.

[image: ]

Figure 4: The wing and motor are both moved back, restoring balance.

WING SHAPE

First, thinner is a winner for paper airplanes. Very flat wings have less drag than thicker or curved wings. This is not true for full-sized airplanes, but more on that later. For paper airplanes, there tend to be two basic wing shapes: rectangular and triangular. The former world-record holder for duration (that is to say, the longest time aloft) had a very rectangular shape. The current world-record holder for duration, on the other hand, is more triangular shaped at the nose, with the tail very rectangular.

One thing to consider in designing a paper airplane is its ASPECT RATIO, or, more simply, the ratio of the length of the wing to its breadth. The absolute best shape for a glider is a very long, narrow set of wings—like those of a seagull or albatross. This wing configuration has a HIGH ASPECT RATIO—in other words, the distance from wing tip to wing tip is much greater than the distance from the front of the wing to the back. Creating a paper airplane with a wing like a seagull, however, is a tall order for a designer. Paper wings need to withstand a mighty throw and still perform well. High aspect ratio wings are tough to make structurally sound for paper airplanes.

Let’s return to our discussion of the basic wing shapes: triangular and rectangular. The advantage to a triangular-shaped paper aircraft is that layers of paper can be moved toward the middle of the plane, which will help with overall stiffening (resulting in a stronger, sturdier plane that will hold up when you throw it). The advantage of a rectangular shape is that it’s a more efficient glider, meaning it will fly farther forward for each foot it loses in height.
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Figure 5: Paper airplane wings should be very thin. Full-sized wings can use thickness to great advantage. (Illustration credit 1.5)
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Figure 6: Comparing wing shapes: the current world-record holder for duration versus the former world-record holder
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Figure 7: The top plane has wings with a low aspect ratio. The bottom plane has wings with a high aspect ratio.

The shape of a paper airplane determines where its CENTER OF LIFT will be. The CENTER OF GRAVITY needs to be a bit in front of the center of lift to keep the plane moving forward after your throw. (Refer back to Figure 2 for an illustration of center of lift and center of gravity.)

A rectangular-shaped plane needs almost half of the paper weight at or near the nose in order to keep the center of gravity in front of the center of lift. A triangular-shaped plane can have the weight moved further back because there’s less wing area (or LIFTING SURFACE) at the nose.

This dance between shape and center of gravity makes paper airplane inventing endlessly fun. The tradeoffs work like this: a really efficient glider won’t need to be thrown as high to travel far, so a designer could give up some structural support in favor of wider wings (which will allow the glider to stay in the air longer).

A great distance plane needs to be thrown very hard, so more layering will be critical in the leading edges of the wings and the fuselage. Flying in a straight line matters for distance planes, so a taller tail may be the way to go. How much layering? How broad can I make the wings? How tall should the tail be? How hard will I throw? These are all strategic questions for your specific goals. My world-record plane is simply one set of compromises for a goal. Other solutions are certainly possible, perhaps even preferable.

DIHEDRAL ANGLE

Another basic component of flight stability is called DIHEDRAL ANGLE, which in airplane design refers to the angle at which the wings are attached to the body of the aircraft. Take a look at Figure 8. If the wings are angled upward from horizontal, they are said to have POSITIVE DIHEDRAL ANGLE. If the wings are angled downward from horizontal they are said to have NEGATIVE DIHEDRAL or ANHEDRAL ANGLE.

Positive dihedral helps put the center of lift above the center of gravity, creating a self-correcting mechanism. If the plane rocks to one side, for example, the center of gravity will tend to rock back to vertical. The price for a self-correcting aircraft with positive dihedral angles is a little more drag and a little less lift. Flying is series of negotiations with forces. For passenger planes in particular, the added stability is worth a little less efficiency.
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Figure 8: Positive and negative dihedral angles (Illustration credit 1.8)

SCALE EFFECTS

Full-sized passenger aircraft and paper airplanes manipulate airflow in different ways. I was able to exploit how the airflow changed on my plane at varying speeds to break the world record. This strategy wouldn’t work on a huge 747-sized plane, though. The dramatically shifting airflow on the paper airplane wing is a product of SCALE EFFECTS. Scale effects work like this: Air molecules don’t change size or properties. They stay the same, regardless of the wing’s size. So when you scale down a 747’s gently curving wing to paper airplane size, the air molecules are now making a very sharp turn over a very short distance—just like the race cars in Figure 9.
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Figure 9: Scale effects: Think of air molecules like race cars roaring around a track. If they try to take a corner too fast, they can lose traction and won’t stay on course. (Illustration credit 1.9)

Here’s the important concept: there’s a limit to how sharp a turn air can make around a fast-moving object—whether that’s a 747 or a paper airplane. There’s a whole set of numbers, known as Reynolds numbers, that precisely quantify this idea; these numbers measure the ratio of the inertial forces to the viscous forces in a liquid or air. Reynolds numbers allow aerodynamicists to make half-size or quarter-size wings to test in smaller facilities so, for example, they don’t have to have a humungous building to test a full-size 747.

What does this mean for paper airplanes? It’s better to have a flat, rather than curved wing, so the airflow will be more consistent (and not have to make a sharp turn around a tiny curved wing). During changes in speed, the small wings of a paper airplane can see dramatic shifts in airflow from front to back. The same shift would be much smaller proportionally on a full-sized airplane wing, since the curving is much less abrupt for air molecules on a big wing.

STALLING

What’s a stall? A STALL is a loss of lift caused by the airflow becoming chaotic over the wing. This happens when an airplane travels at too slow a speed, when the airplane’s wings are slanted too high against the airflow (known as a high ANGLE OF ATTACK), or a combination of those two things. When the air can no longer follow the shape of the wing to generate sufficient lift, a stall is the result.(In Figure 10, we see what happens to the airflow as the angle of attack increases—eventually we’ll lose lift altogether.)
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Figure 10: A stall occurs when the angle of attack is too high.

GLIDE RATIO

Glide ratio is a number that’s used to describe how far forward an aircraft can travel before losing a standard unit of altitude. Usually, this is expressed as a ratio like 4:1 or 50:1. In those examples, the aircraft would travel 4 feet forward before losing 1 foot of altitude, and 50 feet forward before losing 1 foot of altitude. Needless to say, 50:1 is a better glide ratio than 4:1.

SINK RATE

Equally or even more important than glide ratio, at
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THE WILD WEST OF FLIGHT THEORY
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