Fleet Longitudinal Stability Analysis Su‘mmary

A brief analysis of the longitudinal stability of the Fleet Biplane was conducted using the
“equivalent monoplane wing” approach as proposed in textbooks of that era (Von Mises,
Warner, Millikan, etc.). In this approach, the airplane is treated as a monoplane, with the wing
mean chord and location, aspect ratio, etc. determined by methods outlined in these references.
The mean aerodynamic chord was determined as 44.1 in. with the leading edge 12.6 in. forward
of the datum (lower wing LE). The aerodynamic center is taken as 23% of the MAC, or 2.5 in.
forward of the datum. According to Fleet data, the CG varies from 1.8 in. to 3.1 in. aft of the
datum. Dimensions for the tail were somewhat obscure, but measured from the drawings
included in the Fleet data. Some error could be introduced from the scaling, but the dimensions
should be reasonably accurate.

A balance of forces and moments, using the weight as the value of lift on the wing
(neglects additional + or - tail load), was used to determine the necessary load on the tail to trim
out the airplane in level flight. Results showed that, at 70 mph, the horizontal tail has a download
of 6.5# at aft CG or 19.5# at forward CG. However, when the airplane is slowed down to 50
mpbh, the tail actually has a positive (upward) load of 24.7# at aft CG, and '11.3# at foreward CG.
This result may explain why the horizontal tail has a positively cambered airfoil. It may have
been considered more important to improve efficiency at the lower speeds.

The longitudinal static stability was then investigated, using the moment coefficient
derivative as the measure of relative stability (change in pitching moment coefficient with angle
of attack, or Cm/alpha). A number of approximations were again used in this analysis to
determine the terms included in the standard Cm/alpha equation. The results were as follows;

Cmv/alpha = -.355 (aft CG)
-496 (fwd CG)

To compare, values of Cm/alpha at normal loading CG for other aircraft are as follows:

Cherokee 180: -.828
Cessna 182:  -.900
Learjet: -.630
F-4 fighter:  -.100

In general, the more negative this number, the more stable the airplane. Usually, the less stable
the airplane (less negative value), the more maneuverable it is. Hence, the Fleet is about half as
stable as a Cherokee or single-engine Cessna, but four times more than a jet fighter. This is about
the result one would expect of an aerobatic biplane.
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