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less than weight and the airplane will start to
descend. To maintain level flight, the pilot can
increase the angle of attack an amount which will
generate a lift force again equal to the weight of the
airplane and while the airplane will be flying more
slowly, it will still maintain level flight if the pilot
has properly coordinated thrust and angle of attack.

Straight-and-level flight in the slow speed regime
provides some interesting conditions relative to the
equilibrium of forces, because with the airplane in a
nose-high attitude, there is a vertical component of
thrust that helps support the airplane. For one thing,
wing loading tends to be less than would be
expected. Most pilots are aware that an airplane will
stall, other conditions being equal, at a slower speed
with the power on than with the power off. (Induced
airflow over the wings from the propeller also con-
tributes to this.) However, if analysis is restricted to
the four forces as they are usually defined, one can
say that in straight-and-level slow speed flight the
thrust is equal to drag, and lift is equal to weight.

During straight-and level-flight when thrust is
increased and the airspeed increases, the angle of
attack must be decreased. That is, if changes have
been coordinated, the airplane will still remain in
level flight but at a higher speed when the proper
relationship between thrust and angle of attack is
established.

If the angle of attack were not coordinated
(decreased) with this increase of thrust, the airplane
would climb. But decreasing the angle of attack
modifies the lift, keeping it equal to the weight, and
if properly done, the airplane still remains in level
flight. Level flight at even slightly negative angles of
attack is possible at very high speed. It is evident
then, that level flight can be performed with any
angle of attack between stalling angle and the rela-
tively small negative angles found at high speed.

DRAG
Drag in flight is of two basic types: parasite drag
and induced drag. The first is called parasite
because it in no way functions to aid flight, while
the second is induced or created as a result of the
wing developing lift.

Parasite drag is composed of two basic elements:
form drag, resulting from the disruption of the
streamline flow; and the resistance of skin friction.

Of the two components of parasite drag, form drag is
the easier to reduce when designing an airplane. In
general, a more streamlined object produces the best
form to reduce parasite drag.

Skin friction is the type of parasite drag that is most
difficult to reduce. No surface is perfectly smooth.
Even machined surfaces, when inspected through
magnification, have a ragged, uneven appearance.
This rough surface will deflect the streamlines of air
on the surface, causing resistance to smooth airflow.
Skin friction can be minimized by employing a glossy,
flat finish to surfaces, and by eliminating protruding
rivet heads, roughness, and other irregularities.

Another element must be added to the considera-
tion of parasite drag when designing an airplane.
This drag combines the effects of form drag and
skin friction and is called interference drag. If two
objects are placed adjacent to one another, the
resulting turbulence produced may be 50 to 200
percent greater than the parts tested separately.

The three elements, form drag, skin friction, and
interference drag, are all computed to determine
parasite drag on an airplane.

Shape of an object is a big factor in parasite drag.
However, indicated airspeed is an equally important
factor when speaking of parasite drag. The profile
drag of a streamlined object held in a fixed position
relative to the airflow increases approximately as the
square of the velocity; thus, doubling the airspeed
increases the drag four times, and tripling the airspeed
increases the drag nine times. This relationship, how-
ever, holds good only at comparatively low subsonic
speeds. At some higher airspeeds, the rate at which
profile drag has been increased with speed suddenly
begins to increase more rapidly.

The second basic type of drag is induced drag. It is
an established physical fact that no system, which
does work in the mechanical sense, can be 100 per-
cent efficient. This means that whatever the nature
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Figure 3-3. Angle of attack at various speeds.
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