remain moving at the same speed and in the
same direction.

This simply means that, in nature, nothing starts or
stops moving until some outside force causes it to do
so. An airplane at rest on the ramp will remain at rest
unless a force strong enough to overcome its inertia is
applied. Once it is moving, however, its inertia keeps it
moving, subject to the various other forces acting on it.
These forces may add to its motion, slow it down, or
change its direction.

Newton’s second law implies that: When a body is
acted upon by a constant force, its resulting
acceleration is inversely proportional to the mass of the
body and is directly proportional to the applied force.

What is being dealt with here are the factors involved
in overcoming Newton’s First Law of Inertia. It covers
both changes in direction and speed, including starting
up from rest (positive acceleration) and coming to a
stop (negative acceleration, or deceleration).

Newton’s third law states that: Whenever one body
exerts a force on another, the second body always
exerts on the first, a force that is equal in magnitude but
opposite in direction.

The recoil of a gun as it is fired is a graphic example of
Newton’s third law. The champion swimmer who
pushes against the side of the pool during the
turnaround, or the infant learning to walk—both would
fail but for the phenomena expressed in this law. In an
airplane, the propeller moves and pushes back the air;
consequently, the air pushes the propeller (and thus the
airplane) in the opposite direction—forward. In a jet
airplane, the engine pushes a blast of hot gases
backward; the force of equal and opposite reaction
pushes against the engine and forces the airplane
forward. The movement of all vehicles is a graphic
illustration of Newton’s third law.

MacNus EFFECT

The explanation of lift can best be explained by looking
at a cylinder rotating in an airstream. The local velocity
near the cylinder is composed of the airstream velocity
and the cylinder’s rotational velocity, which decreases
with distance from the cylinder. On a cylinder, which is
rotating in such a way that the top surface area is rotating
in the same direction as the airflow, the local velocity at
the surface is high on top and low on the bottom.

As shown in figure 2-2, at point “A,” a stagnation point
exists where the airstream line that impinges on the
surface splits; some air goes over and some under.
Another stagnation point exists at “B,” where the two

Increased Local Velocity
(Decreased pressure)

Downwash Upwash

B A

Decreased Local Velocity

Figure 2-2. Magnus Effect is a lifting force produced when a
rotating cylinder produces a pressure differential. This is the
same effect that makes a baseball curve or a golf ball slice.

airstreams rejoin and resume at identical velocities. We
now have upwash ahead of the rotating cylinder and
downwash at the rear.

The difference in surface velocity accounts for a differ-
ence in pressure, with the pressure being lower on the
top than the bottom. This low pressure area produces an
upward force known as the “Magnus Effect.” This
mechanically induced circulation illustrates the
relationship between circulation and lift.

An airfoil with a positive angle of attack develops air
circulation as its sharp trailing edge forces the rear
stagnation point to be aft of the trailing edge, while the
front stagnation point is below the leading edge.
[Figure 2-3]

Leading Edge
Stagnation Point

B

\ Trailing Edge

Stagnation Point

Figure 2-3. Air circulation around an airfoil occurs when the
front stagnation point is below the leading edge and the aft
stagnation point is beyond the trailing edge.

BERNOULLY'S PRINCIPLE OF
PRESSURE

A half century after Sir Newton presented his laws,
Mr. Daniel Bernoulli, a Swiss mathematician,
explained how the pressure of a moving fluid (liquid
or gas) varies with its speed of motion. Specifically,
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he stated that an increase in the speed of movement
or flow would cause a decrease in the fluid’s
pressure. This is exactly what happens to air passing
over the curved top of the airplane wing.

An appropriate analogy can be made with water
flowing through a garden hose. Water moving through
a hose of constant diameter exerts a uniform pressure
on the hose; but if the diameter of a section of the hose
is increased or decreased, it is certain to change the
pressure of the water at that point. Suppose the hose
was pinched, thereby constricting the area through
which the water flows. Assuming that the same volume
of water flows through the constricted portion of the
hose in the same period of time as before the hose was
pinched, it follows that the speed of flow must increase
at that point.

Therefore, if a portion of the hose is constricted, it not
only increases the speed of the flow, but also decreases
the pressure at that point. Like results could be
achieved if streamlined solids (airfoils) were
introduced at the same point in the hose. This same
principle is the basis for the measurement of airspeed
(fluid flow) and for analyzing the airfoil’s ability to
produce lift.

A practical application of Bernoulli’s theorem is the
venturi tube. The venturi tube has an air inlet which
narrows to a throat (constricted point) and an outlet
section which increases in diameter toward the rear.
The diameter of the outlet is the same as that of the
inlet. At the throat, the airflow speeds up and the
pressure decreases; at the outlet, the airflow slows
and the pressure increases. [Figure 2-4]

If air is recognized as a body and it is accepted that it
must follow the above laws, one can begin to see
how and why an airplane wing develops lift as it
moves through the air.

AIRFOIL DESIGN

In the sections devoted to Newton’s and Bernoulli’s
discoveries, it has already been discussed in general

terms the question of how an airplane wing can
sustain flight when the airplane is heavier than air.
Perhaps the explanation can best be reduced to its
most elementary concept by stating that lift (flight)
is simply the result of fluid flow (air) about an
airfoil—or in everyday language, the result of
moving an airfoil (wing), by whatever means,
through the air.

Since it is the airfoil which harnesses the force
developed by its movement through the air, a
discussion and explanation of this structure, as well as
some of the material presented in previous discussions
on Newton’s and Bernoulli’s laws, will be presented.

An airfoil is a structure designed to obtain reaction
upon its surface from the air through which it moves or
that moves past such a structure. Air acts in various
ways when submitted to different pressures and
velocities; but this discussion will be confined to the
parts of an airplane that a pilot is most concerned with
in flight—namely, the airfoils designed to produce lift.
By looking at a typical airfoil profile, such as the cross
section of a wing, one can see several obvious
characteristics of design. [Figure 2-5] Notice that there
is a difference in the curvatures of the upper and lower
surfaces of the airfoil (the curvature is called camber).
The camber of the upper surface is more pronounced
than that of the lower surface, which is somewhat flat
in most instances.

In figure 2-5, note that the two extremities of the
airfoil profile also differ in appearance. The end
which faces forward in flight is called the leading
edge, and is rounded; while the other end, the
trailing edge, is quite narrow and tapered.

Gamber of Upper Surface
Chord Line

Leading

g Trailing
Edge

Edge
Camber of Lower Surface

Figure 2-5. Typical airfoil section.

Pressure

Velocity

Velocity

Velocity  Pressure

Pressure

Figure 2-4. Air pressure decreases in a venturi.
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