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RESEARCH MEMORANDUM

SUMMARY REPORT OF RESULTS OBTAINED DURTNG DEMONSTRATION
TESTS OF THE NORTHROP X—i ATRPLANES

By Melvin Sadoff and Thomas R, Sisk
. SUMMARY

Results obtained during the demonstration flight tests of the
Northrop ¥4 No. 1 and No. 2 ailrplanes are presented. Information is
included on the static and dynemic longitudinal— and lateral—stability
characteristics, the stalling characteristics, and the buffet boumdary.

The date indicated that the airplane was almost neutrally stable
in straight £flight at low Mach numbers with the center of gravity
located at about 21.4t percent of the mean aerodynamic chord for the
clean configuratlon.

Tn accelerated flight over a Mach number range of about 0.4h to
0.84 the airplane was longitudinally stable up to a normal—force
coefficient of about 0.4, At higher values of normal—force coefficient
and at the higher (M%0.8) Mach numbers a longitudinal instability was
expsrienced.

The X~4 airplane does not satisfy the Air Force specifications for
damping of the short-period longltudinal oscillation, The pllot, how—
ever, did not consider the low dsmping characteristlcs of the alrplane
obJjectionables for small disturbances., An obJectionable umdamped osclil—
lution about all three axes was experienced, however, at the highest

test Mach number of 0.88.

Theory predic'b-ed. the period of the short—perliod longitudinal
osollliation fairly well, while, in genersl, the theoretical damping
Indicated a higher degree of stabllity than was actually experienced.
This discrepancy was traced to a considerable error in the estimation
of the rotational dasmping factor.

The directional stability of the X-4 airplane as measured in
steady sideslips was high and essentlially constant over the speed range
covered, while the dihedral effect decreased conslderably with an
increase in alrspesed.
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- The damping of the lateral oscillation does not meset the Alxr Force
requirements for satisfactory handling qualities over the Mach number
range covered, The data indicated decreased demping as the flight Mach
number was increased above about 0.5, and at high Mach numbers (M>0.8)
and at high altitudes the X-4, in common with other tramsonic research
airplanes, experienced a& small amplitude undsmped lateral osclllation,

The dynamic lateral—stability characteristics were estimated fairly
well by theory at low Mach numbers and at a pressure altitude of 10,000
feet. At 30,000 feet, however, at Mach mmbers above about 0.6, the
theory again 1nd1cated a higher degree of stability than was actually
obtalned.

For the conditions covered .in these tests the stalling characteris—
tics of the X-4 alrplane, as measured in stall approaches in straight
flight and in an accelerated stall to about 1l.6g, were, in general,
satlisfactory. Both the stall approaches and the stall were character—
1zed by a roll—off to the right.

The X~4 buffet boundary showed a sharp drop-off in the normal—force
coefficient for the omset of buffeting as the flight Mach number exceeded
0.8. The boundary was almost identical to that obtained for the D-558-3T

regearch alrplane at compareble Mach numbers.
INTRODUCTTON

The X-4 alrplane was congtructed as part of the Joint NACA — Alr
Force — Navy research airplane program to provide research Information
on the stabllity and control charascteristics of a semitallless config—
uration at high subsonic Mach numbers,

In the course of the demonstration flight tesie of the alirplane by
Northrop Aircraft, Inc., at Edwards Alr Force Base, Muroc, Califormis,
1imited stability and control data up to a Mach number of about 0.80
were obtained and reported in references 1 through 7. The present
report comnsolidates the previous results and presents a limlted analysis
of these data, Additional information 1s also provided on the
longltudinal-gtability characteristics up to a Mach nmumber of 0.88, the
characteristice in steady sideslip at a Mach number of about 0.50, and
the buffet bouwndary at low (M%0.30) and at high (MX0.80 to 0.88) Mach

nunbsrs,

SYMBOLS
Vi indicated-alrspeed, mliles psr hour . . . -

hy pressure altitude, feelt




Ay normal ecceleration factor (the ratio of the net aerodynamic
force along the airplane Z axls to the welght of the
airplane) :

Ay lateral acceleration Pactor

Ay longitudinal acceleration factor

M Mach number

R Reynolds number

H total head, pounds per square foot

P static pressure, pounds per square foot

AP statlc pressure errar, pounds per square foot

qa dynamic pressure, pounds per square foot

Qe impact pressure (H-P), pounds per square foot

Fg stick force, pounds

Fy rudder pedal force, pounds

S wilng ares, square feet

M.A.C. wing mean serodynemic chord, feet

W alrplane welght, pounds

Hry rudder hinge moment, Inch—pounds

a pltching angular velocity, radiens per second

r yawling angulasr veloclty, radlans per second

P rollling anguler veloclity, redians per second

P perlod of oscillation, seconds

'I‘:,_/2 © time to damp to one-half amplitude, seconds :

: SeL + SeR
de offective longitudinal control angle — =/ degrees
. /5 .
Bg - effective lateral control angle \ 61, — ©r ), degrees
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&r rudder angle, degrees

B sldesllp angle, degrees ... .- = RS- i T
Cy normal-force coefficient (}—-{)

Fo/a gtick—force factor, feet aquared

Cmg, gtatic stability parameter

Cmq + Cm& rotational damping paremeter

Subscripts
L - left elevon
R right elevon
T true
r recorded
ATRPIANE

The Northrop X—i airplane is a semitailless research airplane having
a vertical-tail but no horizontal-tail surface. It is powered by two
Westlinghouse J—=30-WE-T7-G engines end is designed for flight research in
high subsonic spesd range. A three—view drawing of the airplane is pre—
gsented as filgure 1 and photographe of the airplane are shown in figure 2.
The physical characteristics of the alrplane are listed in table I.

v

INSTRUMERTATTON

Standard NACA Instruments were used to record the altitude, alrspeed,

right— and left—elevon positions, rudder position, and sideslip angle on
the Xl No. 1 airplane; and these same quantities plus the normal, longi~
tudinal, and lateral acceleratlons, the pitching and rolling angular
velocitles, the stick force, pedal force, and the elevon and rudder hinge
momente were used on the X—4 No. 2 alrplane. In addition, the normel
acceleration, altitude, alrspeed, right— and left—elevon positions, and

rudder positlon on the No. 2 alrplane were telemetered to a ground station.

COMEELALLPA]
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All the intermel records were correlated by a common timer. Since it was
not possible to calibrate and maintain the hinge-moment instrumentation
properly, the date were unreliasble and are not presented.

The airspeed and altitude recorder was connected to the airspeed
head on the vertical £in., This installation was calibrated by the
"£ly-by" method on the X~ No. 1 airplane up to a Mach number of about
0.50. Subsequently, an airspeed calibration was masde on the X—4 No. 2
airplane over & Mach number range of 0.70 to 0.88 using the radar method
described in reference 8. The results of these calibretions are presented
in figures 3 and L which show, respectively, the static pressure error
ratlo AP/q; at low lift coefficlents (Ay‘= 1.0) as a function of true
Mach number and the veriation of true Mach number M; with recorded Mech
number Me., Included for comparison with the X-4 data in figure 3 are the
results from reference 9 of a callbratlion of & statlic tube ahead of the
vertical tall of a free—fa..'i_l model of a canard airplane at low 1ift
coefficients.

TESTS, RESULTS, ARD DISCUSSION
Longitudinal~Stablility Characteristics

‘Straight f1light.— The static longitndinal—stabillity characteristics
in stralght filight were measured in the clean configuration at indicated
airaspeeds varying from 140 to about 400 miles per hour and at pressure
altitudes between 10,000 and 20,000 feet. The center of gravity for these
tests ranged from 18.0 to sbout 21.6 percent of the mean aerodynamic chord.
Data were also obtained from fhe gear—down flaps-up configuration at
indicated alrspeeds between 145 and 215 miles per hour and at pressure
altitudes between 2,200 and 15,000 feet with the center of gravity vaerying
from 19.5 to 22.0 percent of the mean serodynamic chord.

The results of these tests are presented in figure 5 for the several
center—of—gravity positions. It may be noted that only approximate center—
of—gravity positions are given slnce, becmuse of the uncertainty of the
exact sequence of fuel emptying from the wing tenks, they are not known
to within an estimeted % 0.5 percent mean serodynamic chord. The resulis
presented in figure 5 for the several center—of—gravity positions are
congistent within the accuracy of the data. The data indicate that the
alrplane was almost neutrally stable at the higher Indlicated speeds or
low normal—force coefficients with the center of gravity at about 21.k
percent of the msan aerodynemic chord. It was indicated that the stablillty
tended to increase &s the normal—force coefficient was lncreased. It was
also indicated that lowering the landing gear hed little effect on the
longltudinal stabllity.

CONKIDEITIA
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Accelerated flight.— The longitudinal~stability characteristics in
accelerated flight were measured in steady or wind-up turns and in gradual
pull-ups. The data were obtalned at a Mech number of 0.4k at 10,000 feet,
at several Mach numbers from 0.5 to about 0.8 at 20, 000 feet, and at
several Mach numbers from 0.70 to 0.86 at 30,000 feot.L In.general at
10,000 and 20,000 feet the data presented for welues of rnormal accelera—
tion less thaxt 2g were obtalned in steady turns, while the data for
values of normal acceleration greater them 2g were obtained in steady
or wind—up turns. The center of gravity for these tests was located at
about 18.5 percent of the mean aerodynamic chord.

Time histories of two typical test runs are presented in figure 6.
It is interestlng to note 1n this figure that, while the stick—force data
show decreasing valuss, the elevon angle and nanmalrforce coefficient
continue to Increase. The apparent stick—free instability within each
run was probably due to the friction and inertis forces in the hydraulic—
boost elevon system whereln the elevons continued to move In the direction
of stick movement after the stick motion had stopped. Because of this
characteristic, the stick—free data may be expected to exhlbit more
scatter than the stilck-fixed date. The stlck—free data are shown in
figure 7 as & matter of interest although they are not analyzed further
because of the uncertainty regarding the characteristics of the mechani-
cal feel and the hydrsullc boost utilized In the slevon control system.
Plgure 7 shows the variation of elevon control angle with normesl—force
coefficlent and the variation of elevon stick force with normal accelera—
tion for the several Mach numbers and altitudes. - These data indlcate
that for velues of normal-force coefficient up to about 0.4 over a Mach
number range of O.44 to 0.84 the airplane is longltudinally stable stick
fixed and stick free. Above a Mach number of about 0.8, however, the -
elrplane becames longltudinally unstable at values of ncrmal—force
coefficlent above about 0.h. (It should bé noted, however, that the
higher range of normsl-force coefficlent wag not explored hetween Mach.
numbers of 0.5 and 0.8.) The instability 18 ¢learly shown by the date
in figure 8 which present the variation of elevon control angle with
normal—force coefficlent for the several rums where longitudinal
instablllty was encountered: It should be noted that the data above a
normal—-force coefficient.of 0.4 are not etrictly valild points since the
alrplane was pitching up rapidly at the tims. It may be observed in
this figure that the instability occcurred at & normal-force coefficlent
of about 0.42 at Mech numbers of about 0.82 and at a normsl-force
coefficient of about 0.38 at a Mach number of 0.8k. A typical time
history of a run in which longitudinsl instabillity was experienced is
presented 1n figure 9. .

1 The date at M = 0.70 were obtained in straight flight during the radar
alrspeed callbration runs. The data were extrapolated to a Cyx of
0.4 by using the elevon—angle gradient determinad at 20 000 feet
pressure eltlitude. S :

CONFIPENTIAL
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From the results presented in figure T, the elevon angles required
for balance for seversl values of Cy were derived as a function of
Mach number and are shown in figure 10 for altitudes of 10,000 asnd 20,000
feet, and for 30,000 feet. Also presented for comparison with the experi—
mental values are the angles estimated from the wind—tunnel data of ref—
erence 10, The experimental results at 10,000 and 20,000 feet show
11ttle change in the elevon angles for balance over ths entire range of
Mach number from O.4% to about 0.82. At 30,000 feet, the experimental
data show a slight diving tendency as the flight Mach number 1s increased
ebove 0.82, The estimated elsvon angles compare favorably with the
experimental values at 10,000 and 20,000 feet. At 30,000 feet, the
agreement is not quite as good, although the trends agree fairly well,
egpeclally at the higher values of normal-force coefficient., The
estimated data, however, tend to exaggerate the diving tendency.

A measure of the stick—fixed stability d8./dCy 1s plotted as a
function of Mach number in figure 11. The estlmated values from the
data of reference 10 are also included. Both the experimental and the
estimated data Indicate an increase in stability of approximately the
same magnitude as the Mach mumber exceeds 0.8. o

Dynamic stability.— The dynsmic longitudinal-stability characteris—
tics of the X-4 alrplane were obtained in longitudinsl osciliationms which
were excited by abruptly deflecting the elevon control and returning 1t
to the trim position. These oscillatlions were obtained at Mach numbers
of about 0.50 and 0.80 at 20,000 feet and at Mach numbers between 0.82
and 0.86 at 30,000 feet. Time histories of two representative oscil—
lations are given in figure 12. Although these data show that for Mach
numbers from 0.50 to 0.86 the X4 airplane does not meet the requirements
for satisfactory demping of the longitudinal short-period oscillation
which stipulates that the osclllation damp to one—tenth amplitude In one
cycle (reference 11), the pilot did not consider the low damplng of the
airplane objectionable for small distwwrbances. At the highest test Mach
number reached during the demonstration tests (Mr0.88), an objectiomable
tndamped. oscillation about all three axes was experlenced which indicated
that the dynamic longltudinal and lateral stabllity were about neutral
at this Mech number at 30,000 feet pressure altltude. A time history of
several of the pertinent measured quantities for this run is given in
figure 13. The period P and the time to demp to one-half amplitude
Tl/z wore determlined from these oscillletlons and others not presented
here, and are presented as a function of Mach number in figure li. The
theoretical period and demping computed by the methods of reference 12
are also presented in this figure. It may be seen from figure 1k that
the period 1s estimated falrly well by the theory. The theorstical
damping, however, increases considerably as the flight Mach number is
increased, while the experimental results show only a small lncresse in
damping at 20,000 feet and actually a rapid decrease in damplng above a
Mach number of 0.86 at 30,000 feet.
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in period and the relatively poor agreement for the damping, values of the
static stabllity parameter Cp, and the rotational damping coefficient
+ Cmg Wwere derived fram the experimental osclllations by the use of
the equetloms glven In reference 13. The results of these computatlons
are presented in figure 15 as functions of Mach mumber. Also included
in this figure for comparison with the derived ‘data are the wind—tunnel
vaelues of Gm% (reference 10) and the values of estimated by the
methods of erence 1L, Two important: observations may be made from
Plgure 15. First, as compared. to the wind—tunnel data, the flight results
indlicate a lower degree of static stabllity over most of the Mach number
range and, wlthin the experimental scatter of the flight data, the
stability appears to be essentlally constant over the Mach num'ber range.
Second, the values of rotational demping factor C + Cm& derived from
the flight results are ¢omnsiderably lower than the éstlimeted values of
®mq and, while the estimated values of Cmy remain approximately con-
stant at a value of —1.5, the experimental values decrease from a wvalue
of —0.5 at & Mach number of 0.5 to zero at Mach numbers around 0.8. At
the highest test Mach number of 0.88 the damping factor Cmq + Cmg,
corresponding to the undamped oscillation described previously assumes a
relatively large positive value (negative damping in pitch) and of the
sams magnitude as that comtributed by the alrplane lift—curve slope.

To 1llustrate the importance of properly accounting for the
damping—-in-pitch factor in the theoretlcal computations, the values of

+ Cpg derlved fram the flight data were uged to recompute the vari-—
ation with Mach number of the time required for the longltudinal short—
period oscillatlion to damp to one-half emplitude. The results which are
presented in figure 16 show, as expected, that the experimental and
theoretical values of Tp,» &are brought into very good agreement. It.
should be noted in this fégure that the time to damp to one—half amplitude
gtil1l has a moderate finlte value even though the rotational damping
factor Cmg .+ Cmg, approaches zero at Mech numbers around 0.80.

Ieteral— and Directional—Stebility Characteristics

In steady. sideslips.— The lateral— and directional—stabllity
characteristics in steady sldesllps were measured at Indlcated alrspeeds
of about 175 to 280 miles per hour et approximately 15,000 feet and at
an indicated ailrspeed of about 260 miles per hour at 20,000 feet. The
results of these measurements are shown in figure 17 which gives the
varlation of the effectlve longitudinal control angle, the effective

2 It 1s assumed that for tailless airplanes Cmg 1s negligible.

CONBBENTTAL,
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leteral control angle, and the rudder angle as a function of sideslip
angle, Several interesting observatlions may be made from this figure,
notably that an increase in nose~down trim occurs as the sideslip angle
is Increased; the directional stabllity is high and remains essentially
ccnstant over- the airspeed range covered; and the effective dihedral
decreases conslderably with increase in alrspeed from 175 to 280 miles
per hour. The measure of directional stability dSr/dﬁ has an average
value of about 1.80 as compared with a value of 2.0 cbtained from the
wind-tunnel data of reference 15. The effective dihedrel, as measured
by the rate of change of lateral control angle with sideslip angle

45, /dB, varies from a value of 0.28 at 280 mlles per hour to 0.69 at 175
miles per hour. The variation of the effective dihedral with normal—
force coefficient is given in figure 18. The values estimated from the
wind-tunnel data in reference 15 are also presented in this figure. The
agreement between the flight and wind—tumnel measurements is considered’
good. To corrections were applied to the wind—tumnel data for the
effect of rudder deflection.

Dynamic staplliity,— The dynemic lateral-stabllity characteristics
were obtalned from osclllations which were initiated by abruptly deflect—
ing the rudder and returning it to the trim position and by deflecting
and then releasing the rudder. These oscillations were ocobtalned in the
. clesan canfiguration at 10,000 feet for a range of normal-force coefficients
of 0.2 to about 0.55 corresponding to a Mach number range of 0.25 to 0.k
and at 30,000 feet over a Mach number range of 0.5 to 0.73. Oscillations
were also obtalned for the gear—down configuration at 10,000 feet at
normal-force coefficients between 0.3 and 0.45 corresponding to Mach num—
bers of about 0.3. Typical time histories of the lateral oscillations
obtained are shown in figure 19. From these oscillations and others not
presented herein the perlod and tims to damp to one—half amplitude were
determined and are presented in figure 20. These results show that the
X-4 airplene does not meet the Alr Force damping requirements for satis—
factory handling qualitles, although for the gear—down configuration at
10,000 feet the characteristics are close to the satisfactory region. The
perlod and time to damp to one—half amplitude are replotted as a functlion
of normal—force coefficient in figure 21(a) and as a function of Mach num—
ber in figure 21(b). Also presented in this figure are the theoretical
values of period and damping compubted by the methods of reference 16. A
comparison of the -experimental with the theoretlical results indicates, in
general, good agreement of the periods and fair agreement of the damping
at low altitudes and low Mach numbers. At 30,000 feet, however, the
theory Indicates a decreasing time requlred to damp tc one-half amplitude
as the Mach number is Ilncreased above 0.5, while the experimental results
indicate a rapid deterioration of the damping. Ae noted previously in
connection with figure 13, the damping tends to zero as the flight Mach
number approaches 0.88. It may be of interest to mention that the test
point at 30,000 feet and at about 0.73 Mach number was obtained from an
mnusual oscillation which abruptly changed 1ts period and damping

CONBRIENTIA



characteristica, (See fig. 22.) Although the period and demping varia-
tions shown in this figure may be explained by fuel sloshing and gyro—
scoplc coupling of the lateral motlions with the short-period longitudinal
oscillation (reference 17), further testing is considered necessary
before any definite conclusions can be made regardlng the exact nature —

of these oscillations.
Stalling Characteristics

The stalling characteristics of the X-4 were determined from stall
approaches made in the clean and in the gear-down configuration in lg
flight with the engine rpm set for 11,000 and from an accelerated stall
made in. the clean configuration with the engine rpm set for 13,000.
(Rated rpm is 17,2000.) The pressure altitude for these stalls was gbout o
17,000 feet and the corresponding Reynolds nimber approximately 9 x 106, o
As a safety measure, an AAF spin chute was installed during these tests, :

The results showed that the wunaccelerated stall approaches were - T
characterized by a mild dropping of the right wing. Recovery was readily ]
effected by a small forward movement of the stick. The accelerated stall ’
was characterized by a fairly violent roll—off to the right and by mod— o =
erate buffeting which occurred at the stall and persisted through most of
the recovery. Recovery was again easily and rapidly accomplished by a T
emall forwerd stick movement. A time higtory of the motions of the air— . S
plane and the controls during the accelerated stall 1s given in figure 23 _
to 1llustrate the above points. In this time history the stall is con— o
gidered to occur at approximately L.k seconds, at which point & consid— o
erable increase in elevon angle resulted In no increase in a7 (or QN)

Rapid aileron motion ab this time, which failed to check the right roll, N

is evident.

A comparison of the peak values of normal-force coefficient obtained
in flight with, the values ' of Cp = obtalned from two-dimensional and ™

three—dimensional wind—tunnel tests is presented in figure 24k, In = -
evaluating this comparison, differences in the flight and wind—tumnel o
valuss of Reynolds number and elevon-englé setting and the dynamic effects

on maximum 1if% should be considered. The Reynolds number and the dynamic

effect differences are such as to increase the £llght values of cNmax

relative to the wind-tunnel values, and the difference in elevon angle e
reduces the flight cNmax approximately 0.1 relative to the wind—%tumnel .

values, There is also shown in figure 24 the Mach numbers and normal— oo
force coefficients at which the longitudinal instability occurred in
flight., Thess are included to show the possible limiting values of normal—
force coefficient that may be reached with this airplane.

(CONTEE fopr /|
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It is of interest to note In comnection with the longitudinal-—
stabllity characteristics at high 1ift coefflcients that no instability
was encoumbered up to normal-force coefficients of about 0.73 and 0,84
for the stall approaches and the stall, respectively. The accelerated
stability data, on the other hand, indicated that longitudinal
instability was experienced at normal-force coefficients around 0.4 at
high (M=20.8) Mach numbers. A possible explanation for this is that the
boundary-layer fences with which the X-4 is equipped becoms less effec—
tive iIn preventing the instabllity as the Mach number is increased above
the speeds at which the stall tests were run (M=0.3).

Buffet Boundary

During the course of the stall tests at about 17,000 feet 'and
accelerated stabllity tests at 20,000 and 30,000 feet, some limited
information on the buffet boundary of the X~4 alrplane was obtained.

The data which were omly avallable at low (M=0.3) and at high (M=0.8

to 0.88) Mach numbers are shown in figure 25, The complete buffet
bowmdary for the D-558-IT airplane (reference 19) is also included in
this figure for comparison with the X-4 results, The data for both air—
planes indicate a falrly rapild drop in the normel—force coefficient Cy
at which buffeting first occurs as the £light Mach number exceeds aboubt
0.8, although the X-I% boundary is slightly lower than the D-558-IT at
comparable Mach numbers, An indication of the extent of penetration into
the buffet region is shown by the peak Cx values reached during the X-&
demonstration tests (circled pointe, fig., 25). Another point of interest
in figure 25 is that the normal—force coefficients and Mach numbers at
which the longitudinal instability was observed very nearly colncide with
the buffet boundary. The reason for this coincidence is not entirely
obvlous, although it may be reasonable to expect that the breakdown of
flow over the wing which results in buffeting also produces the adverse
aerodyammic—loading changes which cause the instsbility.

CORCLUSIONS

From'the resulte obtained during the demonstration flight testa of
the Northrop X-4 No., 1 and No., 2 alrplanes and from a comparison of these
results with estimated and theoretical data, the following conclusions
wore drawn:

l. The airplans was almost neutrally stable in straight flight at
low Mach numbers with the center of gravity located at about 21.4 percent
of the mean serodynamlic chord for the clean configuration. ILowering the
landing gear had no significant effect on the longitudinal stability.

GOMNETERNFR, |
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There was same indication %hat the-stability tended to lncrease for both
configurations as the normal~force coefficient was lncreased.

2. The alrplane was longitudinally stable in accelerated flight
over & Mach number range of 0.4kt to about 0.84% up to a normal-force
coefficient of about 0.4, At higher values of normel-force coefficlent
and at Mach numbers of about O. 8 a longitudinal ingtability was experi-

enced,

3. The airplane does not meet the Alr Force specifications for the
demping of the short-period longitudinel oscillations., The pllot, how—
ever, did not quect to the low damping for smell amplitude osclllations,
However, an obJectlionable undamped oscillation about all three axes was
experienced at the highest test Mach number of about 0.88 which may well
1imit the X—4 airplane to this speed.

i, The theory predicted the period of the short-period longitudinal
osclllation falrly well, while, in general, the theoretical demping
indicated a higher degree of stability than was actually experienced.
This disagreement was traced to a large error in the estimation of the

rotational damping factor,

5. The directional stability of the ailrplene was high and
egsentlally constant over the speed range considered, while the effec-—
tive dilhedral increased considerably witkh an increase 1n normal-force
coefficient. The lateral— and directional—stabllity characteristics
estimated from wind—tunnel data compared favorably with the f£light results.

6. The damping of the lateral oscillation does not meet the Alr
Force requirements for satlisfactory hamdlling qualities,

T. The dynamlic lateral-stability characteristics were estimated
fairly well by the theory at low Mach numbers at a pressure altitude of
10,000 feet. At 30,000 feet, however, and at Mach number above aboutb
0. 6 the theory indicated a higher degree of stabllity than was actually
experienced

8. For the condltions covered in these tests, the stalling charac—
teristics of the airplane at low Mach numbers were, In general, satig~—
factory. The stall was characterlzed by a roll-off to the right and by
moderate buffeting which served as a stall warning.

9. The buffet boundary for the X4 airplane, whilch was almost
identical to that for the D-558-IT airplane, showed a sharp drop-~off in
the normal-force coefficient for the onset of buffeting as the Mach

number exceeded about 0.8,

Ames Aeronautical ﬁaboratory,
Natlonal Advisory Commlittee for Aeronautics,

Moffett Fleld, Calif,
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TABIE I. — PHYSICAL CHARACTERISTICS OF X ATRPTANE

hsines (tWO) L] - .I - - ] - a - n. . .- L[] L[] L] - [ ] Westinghollse J—3ME—7—9
Rating (each) statlc thrust at sea level, pounds . « . . « . . 1600
Airplene welght (average for flights 12, 13, and 15), pounds

Maximum (238 g8l FUSLl) ¢ « « « o o « v = s o « o s « = o o « o [T
Minimum (10 gal trapped TUEL) ee = « « 2 o « « = o « « o « o « 6477

Wing loeding (average for flights 12, 13,and 15),
pounds per square foot

MoxIMum o« ¢ o o o o o a 2« o o 3 o« « = s o o ¢« « v s s o a » « 39.2
MINimum ¢ o « o « o ¢ « = « o « o s ¢ v o « » o s o« o o ¢« « » 32.4

Center~of—gravity travel (average for flights 12, 13, and 15)
percent M. A. C.

Gear up, Full 308A ¢ « o« « « ¢ ¢« = « o « = o s =« = 2 o« » « « 19,30
Gear up, pOS'b fli@t " e & ®w ® & & a & s 8 = ® ¢ s s = e = . 17-10
Gear down, full 108d « « « « o« « o = s « = o« « s « o &« « « o« 19.40
Goar down, post £light .« ¢ ¢ ¢« « « « = ¢ =« o « 2 ¢ » ¢ s« = o 17.50

Heis}lt: ovel‘—a-ll feet e & s« & 8 8 ® s % ® ® s % e s € wa W S w & ® lh'-83
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Alrfoll section .« o « « ¢ o o« 2 2 2 s 2 ¢ o & « s o NACA 0010-6k
Mean aerodynamlic chord, £66t « « o« « « « « s o = « o« s « « o T.81
Bopect TAEI0 ¢ « « « o o ¢ ¢ € w T @ e £ n o w e s e e s 3.6
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Tip chord, £86L « o o« s 2 o « 2 s « o o » s a o« « o o = « « b.,67
Taper Y&E1lOo .« o o ¢ ¢« « 2°¢ ¢ 2 « s 8 s = « o« 3 = v o « o « 2.2:1
Sweepback (leading edge), degrees . « « « « « s = + » « « « UL.,57
Dihedral (chord plahe), degree8 .« « « « « ¢ « « « « « « o « 0

Wing boundary—layer fences

Length, percent 10cal chOrd « «+e « ¢ ¢ o o o s s « o « « & 30.0
Helght, percent locel chord . « ¢ « o « « ¢ o« 2 « « « o o « 5.0
Location, percent SemiSPEN « « = « v ¢ o « o « « o ¢ o o o o 90.0
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Area’ sqwe feet - L] - L] ) . - .- T l. -« -«

Height, feet .. - -« ’ L] -« L - . - - - a L]
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Figure .1l.— Three—view drawing of X—Ii airplane.
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Figure 2.— The X4 No. 2 airplane.
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Figure 3 — Variation of the static pressure error ratio with Mach mmber in stralght flight.
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Flgure 5.~ Longltudinal stability characteristics in straight flight of the X-4 airplane.
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