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STABILITY AND CONTROL CHARACTERISTICS OF A FIGHTER
ATRPLANE IN INVERTED FLIGHT ATTITUDE AS
DETERMINED BY MODEL TESTS

By John W. Paulson and Charles V. Bennett
SUMMARY

Tests have bsen made in the Langley free-flight
tunnel to compare the stability end control character-
istics of a powered airplane model in the erect and in
the inverted flight attitudes. Force tests and yaw-trim
tests were made to determine the static stability cherac-
teristics of the model and power-off flight tests were
made to determine the general flight characteristics of
the model in the inverted attitude.

The results of the tests showed that with zero thrust
the longitudinal and directional stability was almost the
same in the inverted flight attitude as in the erect atti-
tude., With power on, however, a serious reduction in both
longitudinsl and directional stability occurred in inverted
flight. The effective dihedral was reversed in the
inverted flight attitude.

INTRODUCTION

Fighter airplanes at times assume inverted attitudes
while performing combat meneuvers., Inverted attacks are
sometimes made because such attacks provide a means for
a fast bresk-away from the opponent. Pilots of some
fighter sirplanes have recently reported encountering
violent and uncontrollasble maneuvers that apparently were
preceded by flight in the inverted attitude.

In order to obtain pertinent data concerning the
stability and control characteristics of airplanes in the
inverted attitude, tests were made of a typical present-
day fighter airplane model in the Langley free-flight
tunnel. The results of force, flight, and yaw-trim tests
of the model in the erect and in the inverted attitudes
are presented herein.

RESTRICTED
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APPARATUS

Wind Tunnel

The tests were made in /the Langley free-flight tunnel,
a complete description of which is given in reference 1.
Photographs of the model flying inverted in the test sec~
tion of the tunnel are given in figures 1 and 2. The force
tests were made on the Lengley free-flight-tunnel six-
component balsnce. A description of the balance and its
overation is given in reference 2, The balance so rotates
with the model in veaw that all forces =nd moments sre
measured with respect to the stability axes. The sta-
bility axes are axes in which the Z-axis is in the plane
of symmetry, perpendiculsr to the relative wind, and
directed downwerd; the X-axis is in the vlane of symmetry,
perpendicular to the Z-axis, .end directed forward; eand
the Y-axis is perpendiculer to the plane of symmetry and
directed to the right.

A stsnd mounted on the tunnel floor was used for all
yaw-trim tests. The model when supported on this stand
was restrsined in roll, could be locked at any dssired
angle of pitch, end wes completely frse to rotate in yaw,
except for the negligible ball-bearing friction.

Model

The {%-soale model used in the tests is representa-

tive of present-day fighter design having a wing span

of 38,% feet. The full-scale dimensional characteristics
as represented by the test model are given in the fol-
lowing table: : :

O o Rl (P R SO S SRR - £
e e EE iR, TEOR T . o sl » e % s e v you, s u b
Praopeller dlemater, feet . &« o s o s s « « o+ s o » Ll,
Number ol propeller DLadeR "oy .4 o .9 « ‘o .0 e 8 e s =
e et R B . f s v ke ataw by UETVO
Normal center-of-gravity position,

percent mean aserodynsmic chord « « « . . . . » o 2L.5
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Mean geometric chord, inches .+ « o « « « ¢ &
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chord behind leading-edge of root chord,
RS TARLY mRAwlsT RIIg0L pRgReR TOIRATNS 6413
Flap chord, percent wing chord .« « « « « « + = 15.0

Ailerons:
Chord, percent wing chord « « « « ¢ « « =
Ares behind hinge line, percent wing area
Span, percent wing semispen . o .« o o o o
Travel, degrees up and down . « « « o =+ =
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Horizontal tail surfaces:

Total area, square Teet « « o o o o o « o o« o = Lk wd
Soahdaladl ov ' dowlille o ¢ 8 o ® & s 8 & e % _w 15.2%
Elevator area behind hinge line, square feet . 10,
Balence ares, square feef o« « o o o o o « o o o L.0
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| Vertical tail surface:

: Total area, squere feet . o« o« o o o o o « o « o 25.48
| Rudder area behind hinge line, square feet . . 10.0
\
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Balance area, squere feet . « + o« ¢ « ¢ o o &
Distance from normsl center of gravity to .
rudder hinge line, inches « « ¢ o « + & o & a2l é

A three-view drawing of the model is given in figure 3
and photographs of the model are shown in figure L.~

Power was supplied to the model propeller by an
electric motor rated 1/2 horsepower at 15,000 rpm. The
motor wes gesred to the propeller in the ratio of 3%.6:1l.
All power tests were made with a propeller blade angle

of 20° at 0.75 radius.
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SYMBOLS

A
1ift coefficlent <£%§E>

drag coefficient (2%§%)

5 _u-t i% . o t\
pitching-moment coefficient (Pj Chlgcgpomen )

(Pitching moment positive when nose moves up.)

. TR /Rolling moment\
rolling-moment coefficient \ q03

(Rolling moment positive when right w1ng is
depressed. )

Yawing momen?)

yawing-moment coefficient ( GBS

(Yawing moment positive when nose moves to right,.)

/
‘Latersl force
lateral-force coefficient \\ - 123 -2 )

Longitudinal force>

longitudinal-force coefficient ( s

(Cx = - Cp when V= 0)

ffective thrust)

B
effective thrust coefficient (\ Bel
PV=D

velocity, feet per second

air density, slugs vper cubic foot

propeller diameter, feet

dynamic pressure, pounds per square foot (%pve)
mean aerdoynemic chord, feet

wing area, squere feet

wing span, feet

engle of attack of thrust line, degrees
angle of yaw, degrees

angle of bank, degress

angle of sideslip, degrees (=V)
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5 rate of change of rolling-moment coefficient with
5 \‘r‘ \

(@RY

angle of sideslip, per degree <\bé

Cn rate of chenge of yawing-moment coefficient with

o 2 2 6 Cn\
angle of sideslip, per degree —Say

CY@ rete of change of lateral-force coefficient with

oCvy
anngle of sideslip, per degree (w—;

|
|
|
|
|
|
t
0B/ |
chenge of dreg coefficient with angle of i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

/5c?>

attack, per degree \657

CLa rate of chenge of 1lift coefficient with angle of
/éCT\ i

attack, per degree \EE;7
=

®
K3

rate of change of pitching-moment coefficient with
{8C\

1
angle of attack, per degree | — |
’ \\éa/

-dcC
-3633 static margin for power-off condition, chords (x/¢c)
L

% distance from center of gravity to neutral point, feet
Spn rudder deflection, degrees; positive when left rudder
pedal is depressed in erect flight or when right

rudder pedal is depressed in inverted flight
aileron deflection, degrees

8g - elevator deflection, degrees
TESTS

Tests in which the model simulated a full-scale
: airplane operating at T, = 0 and 1800 brske horsepower
were run at a dynamic pressure of 1.9 pounds per square
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foot, which corresponds to an airspeed of approximately
27 miles per hour at standard sea-level conditions eand to
a test Reynolds number of 166,100 based on the mean aero-
dynamic chord of 0.6L6 foot. Tests in which the model
simulated a full-scale airplane developing 3100 brake
horsepower were run at a dynamic pressure of 1.1 pounds
per square foot. The data from all tests are referred

to the stesbility axes in the erect attitude, which inter-

sect at the center-of-grevity location thet is 2}.5 percent

of the mean aerodynamic chord. All tests were made with
flaps upe

Force Tests

Force tests were made to determine the static longi-
tudinal stebility of the model operating with power simu-
lating zero thrust and 1800 and 3100 brake horsepower for
the full-scale airplane. These tests were made over a
range of both negative and positive angles of attack iIn
order to determine the longitudinal stebility character=-
isties in the inverted esnd erect attitudes.

Values of thrust coefficient required to simulate
1800 and 3100 full-scale brake horsepower over the 1lift
range of the model tests are shown in figure 5. These
data are based on an assumed full-scele propeller
efficiency of 80 percent.

FPorce tests over a range of yaw angles from MOO
to -MOO were made to determine the static latersl sta-
bility characteristics at angles of attack of 8°
and =10°, which corresponded to 1lift coefficients of
approximately 0.6 and -0.6, respectively. The yaw tests
at o = 8° were made with power simulating zero thrust
and 3100 brake horsepower for the full-scale airplane
and the yaw tests at a = -10° were made with power
simulating zero thrust and 1800 and 3100 brake horsepower
for the airplane. In all yaw tests, the propeller speed
was set to give the proper amount of power at zero yaw
and was kept constent over the range of yaw angles.

Yaw-Trim Tests
The yew-trim tests were made by deflecting the

rudder and noting the resulting trim angle of the model
mounted on the stend. Tests of this type are utilized

e Vi P e S
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in the Langley free-flight tunnel to indicate the possible
existence of rudder lock. The tests were made for a range
of rudder deflections of *30° for power simulating zero
thrust and 1800 brake horsepower for the airplene at
angles of attack of 8° and -109,

Flight Tests

Flight tests were made to determine the general
flight behavior of the model in the erect and in the
inverted ettitudez over a speed range corregsponding to a
range of 1ift cosfficients from 0,35 to 0.58. For all
flight tests the propeller was removed and the static
margin was approximately 0.15.

RESULTS AND DISCUSSION

In interpreting the results of inverted flight tests,
two methods of enalysis can be used. The inverted atti-
tude can be considered from the pilot's viewpoint or from
considerations of control-fixed stability without regsrd
he, thespliilots

The stability and control conditions that would be
exnerienced by the pilot from his inverted position were
simaleted in the force and yaw-trim tests of the present
investigation by testing an erect model at negative angles
of attack. The force-test data obtained in this manner
are referred to the axes shown in figure 6(b) in order to
represent the inverted-attitude condition as it sppears
to the pilot. In order to determine the control-fixed
stability characteristics, however, it was necessary to
trensfer the force and vyaw-trim data to the axes shown
in figure 6(c). Figure 6(c) shows that for considerations
of control-fized stebility, the change to inverted atti-
tude corresponds to s change in basic configuration. The
low-wing design becomes a high-wing design with negative
geometric dihedral snd the location of the tail surfaces
is chenged.

A comparison of figure 6(b) with figure 6(c) shows
that in order to refer force-test data obtained at nega-
tive angles of attack to the axes system of figure 6(c)
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the signs of the angles a and $ and of the coef-
fletents Cp, . Op, Cy, end Op must be reversed. The

signs of the coefficients Cp and Cj, however, do not

change for any system of axes. From these considerations,
the derivetives Cng, Oygs Cmgs Opys and -dCy/dCr,,

obtained from negative angle-of-attack data, do not change
sign but the sign of the derivatives CL@ and CDg is

reversed when they ere referred to the axes system of
figure 6(c).

All force-test data obtained in the present investi-
gation are presented as the pilot would visualize them.
(See fig. 6(a) for axes system in erect flight and
fige 6(b) for sxes system in inverted flight.) Some of
the force-test data have slso been corrected for sign in
accordance with the preceding paragraph end are referred
to the stability axes (figs. 6(a) and 6(c)). All yaw-
trim-test data are slso referred to the axes of fig=-

ures 6(2) and 6(c).

Longitudinal Stability

The results of force tests made to determine the
longitudinal stability of the model are presented in fig=~-
ure 7 using the axes of figures 6(a) snd 6(b). These
date are shown referred to the stability axes for normal
flight (see figs. 6(a) and 6(c)) in figures 8 and 9.

The data of figure 8 show that for zero thrust
inverting the flight attitude resulted in en increase gl
the static longitudinal stability but for power on
inverting the flight attitude resulted in longitudinal
instabilitye.

The data of figure 8 are rearranged in figure 9 to
afford a direct comparison of the zero-thrust and the
high-power conditions for the model in the erect and in
the inverted attitudes. In the erect attitude, power
slightly incressed the longltudinal stability, but in the
inverted attitude, power was destabilizing snd resulted
in longitudinel instebility. The increase in longitudinal
stability with power is attributed in part to the fact
that the center of gravity is below the thrust line in the
erect attitude and above the thrust line in the inverted
attitude. The stabilizing effect of power in the erect
attitude is unusual but has been noted in other tests of

this design.
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The results of the flight tests msde with propeller
removed indicated satisfactory longitudinal stability
characteristics of the model in the inverted attitude.
No unusual dynesmic stability characteristics were noted
in these tests and the flight betiavior was similar to
that obtained in the flights of the model in the normal
erect attitude.

Lateral Stability

The basic deta obtained from force tests made to
determine the static latersl stability characteristics of
the model are presented in figure 10 for the erect atti-
tude and in figure 11 for the inverted attitude.

Directional stability snd trim.=~ The static
directional-stability data for the model in the inverted
attitude (fig. 11) have been referred to the stabllity
axes and are compered with corresponding data for the
model in the erect attitude in figure 12 to illustrate
the effect of attitude upon the static directional sta-
bility and trim.

The results presented in figure 12 show that inverting
the attitude with zero thrust slightly increased the direc-
tional stability for small angles of yaw but reduced the
range of yaw angles for which the model was directionally
stable, With power on, however, inverting the attitude
decreased the directional stability in addition to reducing
the range of yaw angles over which the model was direc-
tionally stable. The data also show that inversion almost
wholly eliminated the favorable effect of powsr upon the
directional stability.

in figure 13 to show the effect of power in the erect and
in the inverted attitude. 1In the erect attitude, power
greatly increased the directional stability at the trim
condition (Cn = 0) Dbut reduced the renge of yaw angles
for which the model wss directionally stable. In the
inverted attitude, power did not substantially affect

the directional stability at trim but caused a large
reduction in range of yaw asngles for which the modsl was
stablees

The difference in power effects between the erect

\
|
|
|
|
|
|
\
|
|
|
|
|
\
‘\
\
|
|
|
|
|
|
|
|
\
|
\
|
|
%
The data presented in figure 12 have been rearranged }
|
|
|
|
|
\
\
\
|
|
|
|
|
end the inverted attitudes is attributed to the change of |
|

o

|

|

|
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slipstream position with attitude. The results of calcu-
lations made by the method of reference 3 to determine
the verticel position of the slipstreem with respect to
the horizontal tail (fig. 1) indicate that for the per-
ticular design tested, inverting attitude shifted the
high-velocity slipstream jet awgy from the vertical tail
surfeces and thet consequently the directional stabllity
contributed by those surfaces was reduced.

The results shown in figure 1% also indicate that the
shift of trim point in the inverted attitude with power
is in the opnosite direction from that in the erect atti-
tude. This shift is attributed to the sidewash angles at
the tail induced by propeller rotation. In the erect atti-
tude the vertical tail is located in the upper part of the
slipstream jet where rotational effects are such as to

cause trim changes (yewing moments) in a negative direction,

Inverting the model attitude, however, shifts the relstion-
ship of the vertical tail to the slipstream jet so that

the vertical tsil is partly in the lower part of the slip-

streem jet and consequently the trim changes are reversed.

The results of the yvaw-trim tests, which supplement
the force-test results concerning the directionel trim
characteristics of the model, are presented in figures 15
and 16, The data are plottsd in figure 15 to show the
effect of model attitude for each power condition and the
same data are rearranged in figure 16 to show the effect
of power on the directional trim characteristics for the
erect and for the inverted attitudes. These results are
in general asgreemsnt with the force=test results and show
that invextino attitude caused the model to trim at larger
yaw angles With a given rudder deflection. For the
inverted sttitude with zero thrust, the fact that the
model trims at lerge yaw angles with rudder deflections
greater thsn -10° indicates that rudder-force reversal
(rudder lock) would probably occur in flight at this con-
dition. With power on, similar indications of rudder lock
are evident for both the erect and inverted attitudes,
end the data indicate that rudder lock isg more likely to
occur in the inverted attitude. For the inverted attitude
with power on the model would trim at normal angles of
yaw only with rudder deflections between 0° and 59

Dihedral effect.- A comparison of the effective-
dihedral characteristics of the model as measured by C;

P

(slope of curve of rolling-moment coefficient against yaw
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angle) was obtained from the data of figures 10 and 11
for the erect and for the inverted attitudes end is shown
plotted agasinst the directional-stability perameter Cp

in figure 17. The data for the inverted attitude shown
in this figure represent the data of figure 11 corrected
for sign to the proper system of axes.

The data of figure 17 show that inverting the model
attitude for zero thrust reduced the effective-dihedrsl

parameter Cig from -0.0011 to 0.000l, which corresponds

approximately to a 7.5° reduction in the effective dihedral.
This reduction of effective dihedral with inversion of
model attitude is attributed to the change in geometric
characteristics accompanying inversion. The test model

in the erect position is a low-wing model with 5.5° geo-
metric dihedral, but when inverted it becomes in effect

a high-wing model with -5.59 geometric dihedral and there-
fore has 11° less geometric dihedral. The difference in
the change in geometric and effective dihedral is attri-
buted to the fact thst, because of wing-fuselage inter-
ference effects, a high-wing airplane has a higher effec=-
tive dihedrel then a low-wing eirplane with the same geo-
metric dihedral.

Although for control-fixed stability the effective
dihedrsl is negstive in the inverted attitude, it might
appear positive to the pilot, A comparison of the data
of figures 10 and 11 indicates that no change in the sign
of the effective dihedral occurs when erect and inverted
flight data are referred tc the axes of figures 6(a)
end 6(b). The pilot should therefore get the same rolling
response from rudder kicks in the erect and inverted atti-
tudes end thus might not recognize the exlstence of the

negative~-dihedral condition.

The results presented in figure 17 show that power
application changed the effective dihedral in the nega-
tive dirsction regerdless of model attitude. Consequently,
the negative dihedral of the model in the inverted con-
dition became even more negative with power application.

In the flight tests of the model in the inverted atti-
tude with propeller removed, the negative dihedrel effect
wes evidenced by an increase in the gifficulity An cone-
trolling the model laterally. In order to keep the model
flying in the center of the tunnel, the pilot had to use
aileron control more frequently than in flights in the
erect attitude (positive-dihedral condition).
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CONCLUSIONS

From tests of a model of a conventional low-wing
fighter airplane in the Langley free-flight tunnel the
following conclusions were drawn regarding the stability
and control characteristics of the model in the inverted
flight attitude:

1. The flight characteristics of the model in
inverted flight with propeller removed were generally
satisfactory. The lsteral stability characteristics were
not so good as those in erect flight, however, because
inverting flight attitude changed the effective dihedral
from positive to negative. The negative effective dihe-
dral made laterally level flight difficult to maintain.

2. ©Power applicetion changed the effective dihedral
in a negative direction regardless of flight attitude.

%¢ The effect of power on longitudinal and direc-
tional stebility was much more serious in inverted flight
attitudes than in erect attitudes.

Langley Memorial Aeronauticsl Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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Figure 1l.- Test section of Langley free-flight tunnel

showing model flying in inverted attitude.
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46.00"

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 3.- Moael used 11  free- flight — Junnel/
investigahon of  stability  characleristics
in inverted  f1i1ght.
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Plan view and side elevation of model used

in inverted-flight investigation in Langley free-

ffight ~tunnel.

Figure 4.
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(a) Conventional stability axes for
normal erect flight. (Axes
about which basic force-test
data are measured.)

(b) Inverted axes as visualized by
pilot in inverted flight.
(Axes about which basic force-
test data for negative angles
of attack are measured.)

(¢) Conventional stability axes for
inverted flight. (Axes to
which force-test data for
negative angles of attack are
referred for comparison with
data for positive angles of
attack.)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

. Figure 6.— Axes used to evaluate stability
| characteristics in inverted flight inves-
tigation.
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Figure 10.~ Effect of power on the laferal stability
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Frgure 14.- Vertical posifron of propeller S/o-
stream calculated for Jest nocel in erect
and inverted Flight aftitudes. ¥ =0 ; /800 brake
horsepower.
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