DePARTMENT OF TRANSPORTATION
Federal Aviation Administration

VFR PILOT EXAM-O-GRAM*® NO. 57

FLIGHT IN THE REGION OF REVERSED COMMAND
IN RELATION TO TAKEOFFS AND LANDINGS

The aeronautical knowledge requirements, set forth in Federal
Aviation Regulations for pilot certification, place emphasis on
basic aerodynamics and principles of flight. Consequently, FAA
written tests contain test items relating to these subject areas.

This Exam-0-Gram deals with a rather complex and often misunder-
stood subject as it relates principally to propeller driven air-
planes. Modern aerodynamics manuals refer to this as the "Region
of Reversed Command," and devote one or more chapters to explain-
ing its meaning. It is the intent of this Exam-0-Gram, to explain
in layman's language and through the use of simple illustrations,
flight in the regions of normal and reversed command, without the
FEGION OF 6VRRSED CoMMAND use of mathematical formulas, symbols, or equations. These few
BACK SIDE OF THE POWER CURVE pages, though perhaps an oversimplification of a complicated
subject, should serve as a stimulus for further study.

The following brief definitions of terms used in the text are presented to refresh the reader's
memory :

PARASITE DRAG -- the drag not directly associated with 1ift (form and skin friction) and which
predominates in the region of high-speed flight. NOTE: An increase in the parasite area of
an airplane may be brought about by the deflections of flaps or extension of the landing gear.

INDUCED DRAG -- the drag caused by 1ift.
TOTAL DRAG -- the sum of the parasite and induced drags.

EQUILIBRIUM -- a state of balance or equality between opposing forces. An airplane is in a
state of equilibrium when the sum of all forces and the sum of all moments acting on it are
equal to zero.

BRAKE HORSEPOWER -- the power output of the reciprocating engine is determined by attaching a
brake or Tload device to the output shaft. Hence, the term brake horsepower (BHP) is used to
denote engine power.

POWER REQUIRED -- the aerodynamic properties of the airplane generally determine the power
requirements at various conditions of flight, while the powerplant capabilities generally
determine the power available at various conditions of flight. When the airplane isin steady
level flight the condition of equilibrium must prevail. An unaccelerated condition of flight
is achieved when 1ift equals weight, and the powerplant is set for a thrust equal to the
airplane drag.

POWER REQUIRED CURVE -- the power required to achieve equilibrium in constant-altitude flight
at various airspeeds. The power required curve illustrates the fact that at low airspeeds
near the stall or minimum control speed, the power setting required for steady level flight
is quite high, X6 o

WHAT DOES "FLIGHT IN THE REGION OF NORMAL COMMAND" MEAN? Flight in the region of normal command
means that while holding a constant altitude, a higher airspeed requires a higher power setting
and a lower airspeed requires a lower power setting., The majority of all airplane flying (climb,
cruise, and maneuvers) is conducted in the region of normal command.

WHAT DOES "FLIGHT IN THE REGION OF REVERSED COMMAND" MEAN? Flight in the region of reversed
command means that a _higher airspeed requires a lower power setting and a lower airspeed requires
a higher power setting to hold altitude. It does not imply that a decrease in power will result
in higher airspeed, or that an increase in power will produce lower airspeed. The region of
reversed command is encountered in the Tow speed phases of flight. Flight speeds below the speed
for maximum endurance (Towest point on the power curve) require higher power settings with a de-
crease in airspeed. Since the need to increase the required power setting with decreased speed
is contrary to the normal command of flight, the regime of flight speeds between the speed for
minimum required power setting and the stall speed (or minimum control speed) is termed the region
of reversed command. In the region of reversed command, a decrease in airspeed must be accom-
panied by an increased power setting in order to maintain steady flight. Simply stated — it
takes a Tot of power to fly at very slow airspeeds.

* Exam-O-Grams are non-directive in nature and are
issued solely as an information service to individuals
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VERSED COMMAND Diagram concept courtesy William K. Kershner

A LIGHT AIRPLANE IN A CLEAN CONFIGURATION AT SEA LEVEL

In order to chart the performance of a Tight airplane in the available space on the diagram above,
it was necessary to somewhat distort the lower portion of the power required curve. This diagram
illustrates that high power settings are required to fly fast or very slow. For example:

Airplane Position A — requires full power to hold altitude at 45 MPH. At position A' the
airplane is flying with full power to attain maximum level flight speed. Any attempt to in-
crease the airspeed at position A' will result in a loss of altitude.

Position B — requires 70 HP to maintain altitude at 55 MPH. Using the same power setting
(70 HP) at position B' the airplane will maintain steady level flight while holding altitude
and maintaining 104 MPH.

Position C — 55 HP is required to maintain altitude at approximately 58 MPH. With the same
power setting the airplane will attain a speed of 87 MPH at position C'. At position C', if the
angle of attack is increased the airplane will climb and fly slower -or- if the angle of attack
is reduced the airplane will lose altitude and fly faster than 87 MPH. NOTE: Increasing or
decreasing the angle of attack at positions A' and B' would produce similar results.

Position D — the aircraft is maintaining altitude at the lowest power (40 HP) and airspeed
combination. Increasing the angle of attack at this point will not produce a climb — but a
loss of altitude. Also, any reduction in the angle of attack will result in aloss of altitude.

WHAT DOES THE SPEED OF AIRPLANE D ON THE POWER REQUIRED CURVE REPRESENT? The Best Endurance

Speed.— It is the Towest point on the curve. Since this is the Towest brake horsepower which
will sustain level flight, it also will be the lowest fuel flow — hence, best endurance.

000
: MAXIMUM The illustration to the left shows the "maximum power available" as a

POWER AVAILAG ¢

curved 1ine. Lower power settings such as cruise power would also
appear in a similar curve. The bottom of the power required curve is
more realistic in this illustration than the one shown above.
WHY IS THE POWER AVAILABLE A CURVED LINE? If the engine produces full
power at the rated RPM in Tevel flight, at other airspeeds lower than
maximum the engine does not turn up its rated RPM, but gradually loses
i‘—BHTENDUMhmES%ED RPM, even though full throttle is being used. This can be demonstrated
& in a fixed-pitch propeller equipped ajrplane by raising the nose above
Figwe 2 Cruising level flight attitude and noting a decrease in RPM. (cont'd)
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