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SUMMARY

An investigation has been conducted in the Langley free—flight
tunnel to determine the dynamic longitudinal stability as influenced by
the static stabllity measured in wind-tunnel force tests under conditions
of constant thrust and constant power. The amount of static stability
wag varied in the flight tests by changing the power applied to a pusher
propeller with an offset thrust axis and by shifting the center of gravity
of the model. Force tests were made for the purpose of determining the
amount of static stabllity for all flight—test conditions.

The results of the investigation show that reductions in constant—
thrust static stability caused a decrease in the longitudinal steadiness
(the reaction of the airplane to disturbarnces at essentially constant
airspeed). When the constant—thrust static margin was reduced to zero,
the flight behavior became very poor. For a given value of constant—
thrust static margin, however, no reduction in longitudinal steadiness
was noticeable as the constant—power static margin was reduced. Even
with negative values of constant—power static margin good flight
behavior was obtained as long as the constant—thrust static margin was
adequate. These results are in agreement with previous studies which
indicated that the longitudinal steadiness of alrplanes is affected to
a much greater extent by changes in constant—thrust static margin than
by changes in constant—power static margin. )

TNTRODUCTTON

In discussions of the power—on longitudinal stability of propeller—
driven ailrplanes confusion has sometimes resulted fraom the use of two
different methods of designating the amount of static stability of.an
alrplane asg determined from wind-tummel force tests. As polnted out in
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reference 1, these designations differ in that one refers to the static
gtabillty measured at a constant—thrust condition which is interpreted

by the pilot in terms of control movement or control force required to
effect a given acceleration at a constant speed, whereas the other

refers to the static stability as measured at a constant—power condition
which is manifested as stick-force or stick—position stabllity. A
constant—thrust condition in wind-tunnel force tests corresponds to a
constant—speed flight condition for propeller—driven airplanes. Constant—
power flight at different airspeeds was simulated in the present wind—
tunnel force tests by varying the thrust coefficient with 1ift coef-
ficient as shown in figure 1. Data obtained at constant thrust

(fig. 2(a)) can be used in conjunction with the relations shown in

figure 1 to obtain constant—power data indirectly as shown in figure 2(b).
Sufficient data are, of course, necessary at different elevator or
gstabilizer settings so that the stability can be determined for trim
conditions. In the case of high—powered single-engine airplanes, the
pitching-moment curves for different amounts of thrust are often displaced
as shown in figure 2(a) so that at a given 1ift coefficlent the constant—
power stability is much less than that measured at constant thrust.

In the flight tests of some airplanes and in the model flight tests
repdrted in reference 2, longitudinal steadiness (the reaction of an
airplane to disturbances that cause changes 1n angle of attack at
essentially constant airspeed) seemed to be affected to a much greater
extent by changes in constant—thrust stability than by changes in
constant—power stability. In airplane flight tests, constant-power longi-
tudinal instability which shows up as a reversal of the variation of stick
position and stick force with airspeed is obJjectionable to the pilot and
is considered unsatisfactory on the basis of the present Air Force and
Vavy flying—quelities requirements (references 3 and 4). This reversal
of the variation of stick position and stick force, however, has usually
not been as dangerous as the reversal which occurs when the center of
gravity is moved behind the maneuver point — the center—of—gravity
position for zero maneuver margin. The maneuver margin is directly
related to the constant—thrust static margin and is, in fact, ldentical
with the constant—thrust static margin if the damping in pitch of the
airplane is neglected. -

In order to obtain a verification of these results in a systematic
and detalled manner, an investigation has been conducted in the Langley
free—Flight tunnel with a powered flylng model, the static stability of
which could be varied over a wide range. Large changes in constant—
power stebility with 1lift coefficient were obtalned with only small
changes in constant—thrust stability by having the thrust axis pass well
below the center of gravity. The constant—thrust static margin was
varied from 21 to O percent of the mean aerodynamic chord and the
constant—power static margin was varied from 21 to —15 percent of the
mesn serodynamic chord.
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SYMBOLS
C1, 1ift coefficient (Lift/qS)
Cp - pitching-moment coefficient (Pitching moment/qcS)
q : dynamic pressure, pounds per square foot (% pVQ)
S wing area, square feet
c mean aerodynamic chord, feet
P mags density of air, slugs per cubic foot
v airspeed, feet per second
To' thrust coefficient (Thrust/gS)
1.65 T, 'oVoD°
bhp brake horsepower ( 2T p
550 ¢

n propeller efficiency (assumed equal to 0.80)
- 8—0131- constant—thrust static margin

L /o

ac,
- — congtant—power static margin

acr,

CP

(o3 elevator deflection, degrees
ig angle of incidence of tail, degrees
D propeller diamster, feet

w welght, pounds '
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APPARATUS

Tunnel

The investigation was made in the Langley free—flight tunnel which
is designed to test free—flying dynamic models. A complete description
of the tunnel and its operation is glven in reference 5. The force
tests to determine the aerodynemic characteristics of the model were
made on the six—component balance of the Langley free—flight tunnel,
which is described in reference 6.

Model

A three—view drawing of the model is presented as figure 3 and the
ascaled~up dimensionsl and mass characteristics are shown In table I.
The dimensional and mass characteristics of the model haye been scaled

up so that the configuration tested repregents & i:%—scale model of an

airplane of 40—Ffoot gpan. The power used in the model tests is expressed
in terms of full—scale brake horsgepower for this airplane in order to
afford a better indication of the amount of power gimulated.

The model had & pusher propeller with an offset thrust line. The
pusher installation was used to minimize any induced slipstream effects
and, therefore, obtain a more consistent variation of pitching moment
. when power was applied. The large offset of the thrust line with refer—
ence to the center of gravity was used to produce large changes in
pitching moment with the application of power so that greater differences
between constant—power and constant-thrust static margin could be
obtained. The horizontal tail was located on top of the vertical tail,
after preliminary tests with the tail in a low position had shown that
a large variation of constant—thrust static margin with 1ift coefficient
existed and that the full effect of thrust on the pltching moment was not
realized because inflow to the propeller caused a change in tail load
that opposed the moment duvue to thrust.

Split flaps of 4O—percent span were deflected 45° to permit flight

tests at higher 1ift coefficients for which larger differences between
constant—power stability and constant—thrust stability could be obtained.

TESTS

Force tests were made with various elevator settings to determine
the static longitudinal stability characteristics of the model for the
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trim conditions over a range of thrust coefficients from 0 to 0.32.

These data were used to obtain the constant—power pitching-moment curves
corresponding to a range of full-scale brake horsgepower from O to
approximately 2000. The force tests were made at a dynamic pressure of
.09 pounds per square foot, which corresponds to a test Reynolds number
of approximately 240 000 based on the mean serodynamic chord of

0.699 foot

Propeller—on flight tests were made over a range of power setting
from O to a value of T,' of 0.32 which corresponds to approximately
2000 full—-sgcale brake horsepower at gea level for a flight 1ift coef—
ficient of 1.2, Flights were made over the power range with center—of—
gravity positions of 34 and 43 percent of the mean aerodynsmic chord.
Propeller—off flights were made in which the center of gravity was moved
back progressively until zero static margin was obtained.

A reating of longitudinal steadiness was assigned by the pilot to
each condition tested. One measure of steadiness was the frequency with
which elevator deflections had to be applied to keep the model flying
smoothly in the center of the tunnel. Another measure of steadiness was
the magnitude of vertical motions of the model in the tunnel while the
model was being controlled.

RANGE OF VARTABIES

A summary of force~test data showing the variation of constant—
thrust and constant—power static marging at a 1ift coefficient of approxi-—~
mately 1.2 is presented in figure 4. These results were obtained from
data similar to those of figure 2. Figure 4{a) shows that the application
of full power caused a reduction in constant—thrust static margin of about
4 percent of the mean aerodynamic chord and a reduction in constant—power
static margin of about 32 percent of the mean aeradynamic chord.

Figure 4(b) shows the variation of constant—thrust and constant—power
static margins for the various flight test conditions. With the center
of gravity located at 34 percent of the mean aerodynamic chord, appli-—
cation of full power reduced the static margin to —l1 percent of the
msan aerodynamic chord; whereas with the center of gravity located at
43 percent of the mean aerodynamic chord, slightly less than full power
reduced the constant—power static margin to —5 percent of the mean
aerodynamic chord.
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- RESULTS AND DISCUSSION

The longitudinal—gteadiness ratings for various flight test
conditions are summarized in figure 5. These results show that for a
given value of constant—power static margin reducing constant—thrust
static margin caused the longitudinal steadiness to become worse and.
that when the constant—thrust static margin was reduced to zero the
flight behavior became very poor. In this condition the model was very
difficult to fly and the pilot had to apply elevator control almost
continuously to prevent a crash. For a given value of constant—thrust
static margin, however, no reduction in longitudinal steadiness was
noticeable ag the constant—power static margin was reduced. In fact,
good flight behavior was obtained even with negative values of constant—
power static margin as long as the constant-thrust static margin was
adequate. In this condition the model was easy to fly and no tendency
toward longitudinal divergence was noted by the pilot despite the large
amount of constant—power instability present. These results substantiate
previous studies which indicated that the longitudinal steadiness of
airplanes is affected to a much greater extent by changes in constant—
thrust static margin than by changes in constant-power static margin.

Although the constant—power instability apparently did not influence
the longitudinal steadiness in the model flight tests, it 1s known to
appear as reversal of stick position with airspeed which results in a
rather slow divergence of the airplame., Flight tests of the model did
not indicate any tendency toward divergence, apparently because the
initial diverging motion caused by instebility was small compared with
the relatively large and frequent disturbances from gusts and elevator
control movements, The stick—force and stick—position insgtability which
accompany constant—power instability and which are obJjectlonable to the
pilot of an airplane were not apparent to the pilot of the model because
of the different testing technique; that is, the model was remotely
controlled by means of a flicker (full—on or full—off) control. Even
though these detrimental effects of constant—power instability could not
be obgserved in the model flight tests it was apparent from the test
regults that constant—thrust instability produced a much more dangerous
condition than that produced by constant—power instabllity.

CONCLUDING REMARKS

The results of the investigation conducted to determine the dynamic
longitudinal stebility measured in wind—tunnel force tests under ‘
conditions of constant thrust and constant power showed that reductions
in constant—thrust static stability caused a decrease in the longi—
tudinal steadiness and that, when the constant—thrust static margin was

o e S e e —————
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reduced to zero, the flight behavior became very poor. For a given
value of congtant-thrust static margin, however, no reduction in longi—
tudinal steadiness was noticeable as the constant--power static margin
was reduced, and even with negative values of constant—power static
margin good flight behavior was obtained as long as the congstant—thrust
static margin was adequate. These results are in agreement with previous
studies which indicated that the longitudinal steadiness of alrplanes is
affected to a much greater extent by changes in constant—thrust static
margin than by changes in congtant—power static margin.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va., February 3, 1950
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TABLE T

SCATEDUP DIMENSTONAT AND MASS CHARACTERISTICS

[Model assumed to be 1/10

Vedght, 1D . . . . . vt t e e e e e e e

Wing:
Area, sq ft . .
Span, £ . ¢« ¢« ¢ ¢ ¢ s ¢ o 0 e e e e e
Agspect ratio . . ¢ ¢ ¢ ¢« 4 ¢ ¢« 4 4o 4 o
Sweepback of 25-percent—chord line, deg .
Incidence, deg . « « o . . o« o e . .
Dihedral angle of mldthlckness line, . deg
Taper Yabi0 ¢« ¢ o « ¢ o o o o o o o o o «
S . i

scalg

Location of M.A.C. behind L.E. of root chord, £t .

Root chord, £t . ¢ ¢« o ¢ ¢ v ¢ o o ¢ o« @
Tip chord, ft e e e e . e s e o o o o
Wing loading, W/S, 1b/sq ft e e e e e e .

Vertical tail:
Area,, to fuselage center line, percent of
Agpect ratio . . ¢ ¢ ¢ ¢ ¢ ¢ 4 ¢ 4 o o .
Taper TatiO ¢ o ¢ ¢ o o o o 5 o o o ¢ o @

Horizontal tail:
Area, percent of wing area . . . . . .
Agpect 1rabi0 & & ¢ ¢ o o 6 e e e 0 o o
Taper atio o« v o ¢ o o o ¢ o o o o @

Center—of'—gravity location, ft:
Vertical, from center line . . . ... . .
Horizontal, from nose, at -
34 percent M.A.C. ¢ ¢ ¢ ¢ o « o o o &
43 percent MJA.C. o ¢ o o o o o o &

Propeller diameter, £t I

e S e h o e e e e e

. e o o o

wing area

e o o o o

15,400

266.67
40.00
6.00
3.2

0.50
7.0
1.00
9.0
1,49

57.1

13.0
0. h6
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Figure 1.- Variation of thrust coefficient with 1ift coefficient
for various full-scale brake horsepovers.
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center-of-gravity location, 34 percent of the mean aero-
dynamic chord.,
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Figure 3.- Model used in longitudinal stebility investigation in
A11 dimensions are in inches.

the lLangley free-flight tunmnel.
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Figure 5.- angitudinal-steadiness ratings obtained in flight tests
of model; Cy = 1.2.
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