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STABILITY AND CONTROL DATA (OBTATINED FROM FOURTH AND FIFTH
" FLIGETS OF THE NORTHROP X—& ATRPLANE (A.F. No. 46-676)

' By George M. Vaelentine
SUMMARY

NACA instrumentation has besen installed in the Northrop X4 air—
plane to obtain stabilliy and control data during the Northrop
conducted acceptance tests. The resulis of the fourth and fifth
flights of the Northrop X—4 number 1 airplane are presented in this
paper. These data were obtalned for a center—of-gravity position of
approxima.tely 19.5 percent of the mean asrodynamic chord. ..
The resu_'l.ts of this flight showed that the directional stabillity
~as - measured in steadlly increasing sidesllips was posltive and high and
that the effective dihedral was positive. The results also show the
alrplene to be longlitudinally steble, stlck fixed, wlth the center of
gravity at 19.5 percent of the mean aerodynamic chord.

INTRODUCTION

As a part of the Alr Force-Navy-NACA transonic~flight research
program, the Northrop Company has constructed the X~4 airplene. This
airplane 1s intended for performing research on a ta.illess configu—
ration a:t high subsonic Mach nunbers.

) NACA recording instrumentation has been installed in the airplane
to provide data on stability and control cha.ra.cteristics during the

Northrop conducted acceptence tests. The present paper glves data

obtained on the fourth and Fifth flights made May 20, 1949 and May 25,

1949, respectively, with the center of gravity at. approximately

19.5 percent of the mean aerodynamlc chord. The speed range covered

. was 140 to 340 miles per hour indicated a.irspeed at approximately.

15 ,OOO feet pressure altitude. _
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SYMBOIS

Vs 1ndicated alrspeed, miles per hour

B sideslip angle, degrees

¢ elevon angle, degrees

S5 rudder angle, degrees

SeR - 891. effective alleron angle, degrees

q '_ dynamic pressure, pounds per squere foot

8 wing area, square feet

W -airplane weight s pounds

Ox airplene normal~force coefficient ("—’g-)
: QG

n . normal acceleration

.Su'bscripts: .

L, R - left and right elevons, respectively

ATRPLANE

The Northrop X—4 alrplsne is & semitallless research sirplane
having a vertical tail but no horizontal—tall surfaces. It is powered
by two Westinghouse J—30-WE—T—9 engines and is designed for flight
research in the high subsonlc speed range. Photogrephs of the alrplane
are presented in figure 1 and a three—view drawing as figure 2.

Table I lists the physicel characteristics of the alrplsene.

TEST INSTRUMENTATTON

Because of ‘the small size of the X—ll- a.irpla:ne and the Ingtrumen—
tation regquirements for the Northrop structure and engine—temperature
measurements, 1t was possible to instell only a minimum of stabllity
and control instrumentation. Standerd NACA Internal Instruments record
altitude, alrspeed, angle of sideslip, right and left elevon positions,

.
.
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end rudder position. In addition, the following quantities are telem-
etered to & ground statlon: normal acceleration, altitude, airspeed,
right and left elevon positions, and rudder position. The telemeter
was used during flight 4 but was not used durlng flight 5 because of
interference with the Northrop temperature—measuring instruments. All
of the records are correlated by a common tlmer.

The recording airspeed end altimeter are connected to the alrspeed
head on the vertical fin.

RESULTS ARD DISCUSSIOR

In flight 4, the pilot mad.e records of steady sideslips at several
sldeslip angles at constant speeds of 280 mliles per hour esnd 175 mlles
per hour indlcated airspeed. The pilot also made records of elevator
position for trim at two speeds, 194 and 256 miles per hour indicated
airspeed in the clean configuration, and at 140 mliles per hour indicated
afrspeed in the landing configuration with flaps retracted and gear
down Data during a descent with dive brakes open and landing were
“%lso obtained.

In flight 5, records were taken of elevator position for trim at
five speeds, 135, 152, 203, 275, and 340 miles per hour Indicated alr—
speed, in the clean configuration, and elevator position for trim at
three speeds, 151, 174, and 216 miles per hour indicated ailrspeed in
the landing configuration with gear down and flaps retracted. Records
were also taken of the lateral oscillations resulting from releasing
the elevon from a steady sideslip with rudder "fixed" and releasing the
rudder from & steady sideslip with rudder "free." Record of the landing
was also taken. '

" A measure of the stlck—fixed stabllity is shown in the upper
portion of Pigure 3 and in figure k& where the longitudinal control

5 + Se
angle —"B-é-——l‘ is plotted against indicated airspeed Vi and

normal—force coefficient Cy. These data show that in the clean and
in the gear—down flaps—retracted conflgurations the airplane is stable
as shown by the Increase In longltudinal control angle for trim with
an Increase in Cy. Acceleration of g was assumed to compute normal—
force coefflcient for flight 5. Data for "determining values of ' Cy
for these runs during flight I were not complete; hence, no data for
flight 4 are included in figure 4. Included also in figure 3 is the
lateral trim required for the speeds tested for gea.r—up and gear—down
configurations

Results of the measurements ma.d.e in steady sideslips in Fflight 4
are given in figures 5 and 6 for which the rudder angle 5, and
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effective alleron angle SeR - 591. are plotted ageinst sideslip angle

angle B. These data show that the directionsl stability 1s positive
and high as measured by the varlations of rudder angle with sideslip
angle, and the effectlve dihedral 1s positive &as measured by the vari—
ations of effectlve alleron angle with sidesllp angle. 'As expected,
the effective dlhedral increases with an increase in Cg. The vari—

ations of rudder angle with sideslip angle were 2.05° rudder angle per
degree of sideslip angle at 175 miles per hour indicated airspeed

and l.90 rudder angle per degree of sideslip angle at 280 miles per
hour indicated alirspeed. The variations of effectlive alleron angle
with sideslip angle were 0.66° effective alleron angle per degres of
sideslip angle at 175 mlles per hour indicated airspeed and

0.27° effective alleron angle per degree of sid.eslip angle at 280 miles
per hour indica.ted. ailrspeed.

Figures T and 8 are time histories of the lateral oscillations
made by releasing the rudder from & steady sldeslip of approximately
4° in Flight 4. These data show that the oscillations were damped, but
any exact measurement of damping 1s difficult because of elevon
movement. - _ _

Figures 9 and 10 are time histories of laterel osci_u.a.tions made
by releasing the elevon from a steady sideslip and releasing the rudder
from a steady sldeslip, respectively, in flight 5. Date were taken
after the dlsturbance had been made. In the elevon releasse with rudder
fixed, the period of oscillation was l.h4k seconds-per cycle, and the
time required to damp to one—half maximum amplitude was 3.8 seconds.
In the rudder release with rudder free, the period of oscllilation was
1.5 seconds. per cycle and the time required to damp to one—half ampli—

- . tude was 3.1 seconds. These demping characteristics do.not meet the

specifications as set forth in the U. S. Aj_r Force speclfications
no. 1815-B as being satisfactory.

Figure 11 1s a time history of q_u.a.ntities measured during dive—
brake operation. At time aspproximately 35- seconds with.the alrspeed
stebllized at 270 miles per hour and with sbout 20 percent meximm
power, the dive brekes were deflected 4O percent maximum deflection
(pilot observation). Sinking speed of the order of 6000 feet per
minute were recorded. . Dive—brake deflection and flight conditions
before time 35 seconds were not constant.

Time histories of the landings are given in figures 12 and 13 for
flights 4 and 5, respectively. In flight 4, ground contact was made
at 140 miles per hour indicated alrspeed at a normal—force coefficilent
of gbout 0.67. The maximum up longitudinal control angle used wés
14.6°., In flight 5, ground contact was made at 147 miles per hour .
indicated airspeed at a normal—force coefficient of 0.60. The maximm
. up longitudinal control angle used was 1h. '7 .

L 4
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Figure 11.— Time history of descent with dive brakes open for X-4 airplame.
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Figure 13.— Time history of landing for flight 5 for X~4 alrplane.
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ABSTRACT

Results are presented from the fourth and fifth £lights of the
RACA Instrumented Northrop X—4 semitailless research airplene.

* * Date presented from steady level runs from 140 to 340 miles per
hour which showed the alrplane to be longitudinally steble, stick flxed,
in the clean configuration and 1in the gear—down flaps—retra.cted.
canfliguration, :

Data also are presented from steady sldeslip characteristics at
175 and 280 miles per hour which show that the directional stabllity is
positive and high and lateral stebillty is positive.
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Figure 5.~ La,tefa.l—control rosition and rudder posltion af various side—
slip angles at 175 miles per hour indicated alrspeed, X4 airplane.
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Figure 6.— Lateral—control position and rudder position at various side—
slip angles at 280 miles per hour indicated airspeed, X—4 alrplane.
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Figure 13.— Time history of landing for flight 5 for X~4 alrplane.
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