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You’re an Aerospace Engineer!

Design, Build, Test, and Fly Your Own Glider!
This book is about the principles 
of flight and what makes aircraft 
fly. It shows you how to design, 
build, test, and fly your own metric 
glider. The glider itself is a model 
but a real plane just the same, and 
all principles of flight will apply 
to your model just as they do to 
actual planes.

In fact, most aeronautical 
engineers still use models to test 
designs before building actual 
aircraft. Later, you might have the 
opportunity to test your model in a 
wind tunnel, just as engineers do in 
industry.

Early pioneers in aviation also used 
models of gliders and full-size 
gliders to study the principles of 
flight before they built the actual 
aircraft.

Orville and Wilbur Wright, 
who are credited with the first 
controlled powered flight, began 
by experimenting with gliders. 
They tested their first glider in 
September of 1900 at Kitty Hawk, 
North Carolina. They continued to 

experiment with gliders until 1903. 
After they felt they had learned 
enough about the principles of 
flight, they began to experiment 
with powered aircraft.

The Wright brothers’ first powered 
flight was on December 17, 1903. 
Each brother flew the plane twice. 
The first flight lasted 12 seconds, 
and the fourth flight lasted 59 
seconds and covered a distance of 
852 feet.

In order to develop a glider 
that will fly, it is necessary to 
understand the principles of flight.

Then, there is a need for a 
good understanding of how 
aerodynamics affect flight, what 
parts of the airplane control the 
aircraft as it moves through the air, 
and how these concepts affect the 
design of an aircraft.

Like an engineer, you will develop 
your ideas into a set of working 
plans including detail drawings, 
assembly drawings, specifications, 
and a technical report.

Next comes the building of 
mock-ups and wind tunnel tests, 
modifications to the designs, and 
corrections to the drawings and 
specifications.

After the design has been finalized, 
you will begin construction of 
the prototype, which is the actual 
flying model.

The final test will come when you 
fly your glider in a competition 
with the other students in your 
class. Your effort will be judged 
for excellence in design, best 
craftsmanship, quality of the 
drawings, the accuracy of the 
technical report, and the duration 
of your glider’s flight.

On the following pages, you 
will discover how aerospace 
engineers use scientific principles 
to design aircraft. You will have the 
opportunity to see how science 
and math are used in research to 
create the technology of flight. 
Additional individual research 
might be needed.

Figure 1. NASA Spaceplane.
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The Principles of Flight

There are two types of drag on an aircraft: parasitic 
drag and induced drag. Parasitic drag is caused 
by friction on every part of the aircraft that is in 
the airstream (flow of air around the aircraft). The 
disturbance of the air around the aircraft caused by 
the wing as it moves through the air is induced drag.

When designing an aircraft, engineers are very 
concerned with drag. The science of aerospace 

is based on reducing the drag on an aircraft by 
streamlining the shape of the aircraft, its airfoils, and 
structural shapes.

Aerospace engineers build models of aircraft and use 
wind tunnels to test them to reduce drag, study the 
effect of airfoil design, and test new technologies 
before building actual aircraft.

There are four major forces that act 
on an aircraft: lift (upward), drag 
(backward), gravity (downward), and 
thrust (forward).

All of these forces can and do act on 
the lifting surfaces of an aircraft as 
well as all the other parts (Figure 2).

Lifting Surfaces
The lifting surfaces of an aircraft are 
the airfoils. These are the curved, 
streamlined shapes of wings that 
create lift due to differential pressures 
on the top of the wing relative 
to the bottom (Figure 3). Lift also 
comes from the deflection of the 
air downward due to the angle at 
which the wing penetrates the air. 
The downward direction combined 
with the downward reaction to the 
differential pressures on the surface 
of the airfoil is the lifting force of the 
wing. Very simply, the wing pushes 
downward on the air with a force 
equal to the weight of the aircraft.

An aircraft flies because air passing 
over the wings lifts the plane 
by suction (which is a pressure 
reduction); this reduction of pressure 
over the top of the wing is assisted 
by the upward pressure under the 
wing, causing lift. The shape of the 
airfoil has a great effect on how much 
lift is generated as the aircraft moves 
forward through the air. The design of 
the airfoil’s sectional shape can keep 
the amount of drag small in relation 
to the lift.

There are four major forces that act 
on an aircraft: lift (upward), drag 
(backward), gravity (downward), and 
thrust (forward).

All of these forces can and do act on 
the lifting surfaces of an aircraft as 
well as all the other parts (Figure 2).

Lifting Surfaces
The lifting surfaces of an aircraft are 
the airfoils. These are the curved, 
streamlined shapes of wings that 
create lift due to differential pressures 
on the top of the wing relative 
to the bottom (Figure 3). Lift also 
comes from the deflection of the 
air downward due to the angle at 
which the wing penetrates the air. 
The downward direction combined 
with the downward reaction to the 
differential pressures on the surface 
of the airfoil is the lifting force of the 
wing. Very simply, the wing pushes 
downward on the air with a force 
equal to the weight of the aircraft.

An aircraft flies because air passing 
over the wings lifts the plane 
by suction (which is a pressure 
reduction); this reduction of pressure 
over the top of the wing is assisted 
by the upward pressure under the 
wing, causing lift. The shape of the 
airfoil has a great effect on how much 
lift is generated as the aircraft moves 
forward through the air. The design of 
the airfoil’s sectional shape can keep 
the amount of drag small in relation 
to the lift.

Figure 2. The four major forces acting on an aircraft in flight are 
lift, drag, gravity, and thrust.

Figure 3. The curved shape of an aircraft wing is called an airfoil. 
This curved shape causes the air traveling over it to move faster 
causing a lower pressure than on the underside of the wing. This 
change in pressure is what causes lift and enables the aircraft to fly.

Drag
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Bernoulli’s Principle
Bernoulli’s principle may be stated 
as follows: when the speed of a fluid 
increases, the pressure in the fluid 
decreases, and when the speed of the 
fluid decreases, the pressure in the 
fluid increases.

To test Bernoulli’s principle, hold a 
piece of paper in your hand and blow 
across the top of the sheet. The sheet 
of paper will rise. This happens because 
of a decrease in pressure above the 
sheet of paper caused by the air above 
the sheet moving faster than the air 
below the sheet (Figure 4). This is a 
simple example of how an aircraft flies.

Remember that the cross section of an 
airfoil is designed so that oncoming 
air flows faster above the airfoil than it 
does underneath. The reason for this 
is the air traveling along the top of 
the airfoil must travel farther than the 
air under the airfoil. If the air travels a 
greater distance, it must travel faster. 
This reduces the pressure above the 
airfoil. The air traveling under the 
airfoil is traveling a shorter distance; 
therefore, the pressure is greater under 
the airfoil. This difference in pressure 
creates the lift on the airfoil (Figure 5).

The angle between the airfoil and 
the oncoming flow of air is called the 
angle of attack. At a given airspeed, 
if the angle of attack is increased, 
the speed of the air above the airfoil 
is increased, and the amount of lift 
is increased. Therefore, one way to 
increase lift is to increase the angle of 
attack. However, there is a limit to the 
amount of lift that can be obtained by 
increasing the angle of attack. A point 
is reached when the streamlined flow 
of air over the airfoil breaks up, and the 
flow begins to whirl in pockets called 
eddies. These eddies begin to appear 
above the airfoil. At this point, the air 
becomes turbulent. The amount of 
lift generated once turbulence begins 
drops suddenly and the aircraft stalls 
(Figure 6).

Figure 4. Bernoulli’s principle can be demonstrated by holding a 
sheet of paper and blowing across the top of the sheet. The sheet 
will rise.

Figure 5. The shape of an airfoil causes the air above the shape to 
travel farther and faster than the air below the shape. This creates a 
low pressure above and a higher pressure below.

Figure 6. When the angle of attack is too great, turbulence is 
created that causes a loss of lift called stall.
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The Engineer’s Vocabulary
Airplane Axes
When an aircraft is flying, it is being 
controlled about three axes of 
movement (Figure 12).

One axis is an imaginary pivot line from 
wingtip to wingtip, and rotation on this 
axis that causes nose-up or nose-down 
movement is called pitch.

An imaginary line extending from the 
extreme nose of the aircraft to the 
extreme tail is called the rolling axis, and 
movement about this axis is called roll.

The third axis is vertical and passes 
through the intersection of the other 
two. Rotation about this axis is called 
yaw.

Movement about all three axes must 
be controlled. Pitch is controlled by 
the elevators, roll is controlled by the 
ailerons, and yaw is controlled by the 
rudder. These are three of the control 
surfaces on an aircraft.

The flaps, another control surface on 
the aircraft, are used to control the 
aircraft at slow speeds. Flaps either 
increase camber or increase wing 
area, providing more control when the 
airspeed is decreased.

Slots, which are the gaps between the 
flaps and the main wing, smooth out 
airflow and delay the stall.

Aircraft Dimensions
Several terms that are used to describe 
the dimensions of an aircraft are length, 
which is the distance from the nose to 
the tail; span, which is the distance from 
wingtip to wingtip; chord, which is the 
width of the wing from leading edge 
to trailing edge; angle of incidence, 
which measures the angle of attack 
of the leading edge of the wing; and 
dihedral angle, which measures the 
angle at which the wing is attached to 
the fuselage above a horizontal line 
(Figure 13).

Figure 13. Engineers use a specialized vocabulary to describe the 
dimensions of an aircraft.

Figure 12. An aircraft moves on three axes. Climb and dive occur 
on the lateral axis, roll on the longitudinal axis, and yaw on the 
vertical axis.

8


