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RESEARCH MEMORANDUM

DYNAMIC LONGITUDINATI, STABIT.TTY CHARACTERISTICS OF A
SWEPT-WING FIGHTER-TYPE AIRPLANE AT MACH
NUMBERS BETWEEN 0.36 AND 1.45

By Chester H. Wolowicz
SUMMARY

As part of the flight research program conducted by the Natlional
Advisory Committee for Aeronsutics on a swept-wing fighter-type airplane
not equipped with an sutomatic pitch damper, pulse maneuvers were per-
formed at altitudes from 10,000 to 40,000 feet over a Mach number range
from 0.36 to 1.45 to determine the longlitudinal stabllity character-

istics and derivatives for en original-wing and an extended wing-tip
configuretion.

The longitudinal dynamic behavior of the alrplene during simulated
combat maneuvers at altitudes of 30,000 to 40,000 feet was not considered

satisfactory, especially at supersonic speeds, because of insufficient
pitch damping.

The addition of the wing-tip extensions caused a slight favorable
shift in the aerodynamlc center of the airplane. The static margin of
the extended wing~tip configuration is of the order of l12-percent mean
aserodynsmic chord in the subsonic region and 29-percent mean aserodynamic
chord st Mach numbers asbove 1.2.

Wind-tunnel datsa for the two wing configurations investigated showed
good agreement with transonic £flight resulis for the 1ift-curve slope
and the statlic stsbllity derivative Cmu‘ 3 poor agreement was evlident in

the supersonic region.
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INTRODUCTTION

The static and dynsmic longitudinsl staebility characteristlcs and
derivatives, as determined from flight pulse data, for two wing con-
figurations of a 45° swept-wing fighter-type alrplane capable of flight
well into the superscnic region are presenied in this peper. Stabillizer
pulse data employed were obtalned for an origlnal-wing configuration and
also for a configuration with & l-foot extension of the wing tip. All
date were obtained within the 10,000~ and 40,000-foot levels over the
Mach number range from 0,36 to 1.45 at the NACA High-~-Speed Flight Station
at Edwards, Calif.

The results of the flight data analysls are compared with avallable
wind-tunnel dats which have been corrected for the momentum effects of
the intake alr of the Jet engine.

Thils paper constltutes one part of a general flight investigation
of the stebility, performance, and aercdynamic load characteristics of
the airplane. Results of some other Investigatlions have been reported
in references 1 to 4.

SYMBOLS AND COEFFICIENTS

an normal ac¢celeration, g units
c wing chord, £t
z mean asercdynamlic chord, £t
Cr, 11ft coefficient, Ldft
1/2pV2S
oCy,
CL lift-curve slope EETU per radian in equations, per deg
in figures '
3
qu -—S%—, per radlan
c
(&)
e}
Cr, L , per radian -
: (%) |
Azv
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Pitching moment

Ca pltching-moment coefficlent,
e 1/20pV28E
CmOL static margin, mean chord units
Cmu longitudinal stability derivative EEE’ per radian in
equations, per deg in figures
s
Cn. ‘n , Pper radisn
", a(qié_)
2v
3¢,
Cmq ——; Per radlan
d 9&)
2V,
g acceleration of gravity, ft/sec?
hy pressure altitude, £t
Iy moment of lnertis of airplane relative Lo piitch axls, slug-ft2
S horizontal stabllizer deflection, positive direction when
nose of stabllizer ls up, deg
m mass of alrplene, g-, slugs
M Mach number
period of damped nsibural frequency of airplane, sec
q pltch rate of alrplane, radians/sec
g pitch accelerstlion of airplaﬁe, radians/sec2
S wlng area, sq It
T1/2 time required for transient oscilistlion to damp to half
amplitude, sec :
T time, sec

oI
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v alrspeed, ft/sec
W welght of airplane, 1b
o angle of attack of alrplane, angle between reference body

axls and the relatlve wind, per radian in equations, per
deg in figures

o rate of change of angle of attack with time, radians/sec
5si inboard slat position, percent of fully open position
880 outboard slat position, percent of:fﬁily open position
¢ ratio of actual damping to critical damping

P mass density of ailr, slugs/cu ft

ATRPLANE

The test alrplane is a Ffighter-type with a 45° swept wing and a low
horizontel tall. It is powered by a single turbojet engine equipped
with an afterburner. A three-view drawlng of the alrplane with the orlg-
inal vertilcal tall 1s shown 1In figure 1. Figure 1 also shows a dotted
outline of the wing employed in the extended-wing configuration. A photo-
graph of the ailrplane is shown in figure 2. The wing-tip extensions
were added to lncrease the static margin snd improve the stabllity for
the external wing-mounted fuel-tank conflgurstion. The airplane was not
equipped with an automatic plich damper.

The data for the original-wing snd extended wing-tip configurations
were cbtalned with several different verticsel taills mounted on the alr-
plane st varlous times during the tests (ref. 4). The effects of the
changes in the vertical talls on the longltudinal stability character-
i1stlics are consldered negligible.

The alrplane 1s equipped wilth asutomatic leading-edge slats installed
as five interconnected segments. At 40,000 feet, the slats were open at
Mach numbers below 0.84% for steady flight the slats started to open in
response to alr loads at angles of attack of 4°, 5%, 7°, and 8%, at Mach
numbers of 0.84, 0.94%, 1.03, and 1.08, respectively. At 20,000 feet, the
slats were open at Mach numbers below 0.72 for steady flight the slats
started to open at angles of attack of 4° and 6° at Mach numbers of 0.72
and 0.86, respectively.
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The physical characteristics of the two configurations are presented
in table I. The estimated variation with eirplane welght of the moment
of inertia relative to the pitch axis (fig. 3) 1s based on the manufac-
turer's estimate for design weight and empty welght conditions (ref. 5).

INSTRUMENTATION AND INSTRUMENT ACCURACY

Standard NACA instruments were used to record alrspeed, altltude,
pltching veloclity and scceleratlon, normal acceleration, angle of attack,
control-surface positlons, and leading-edge slat positions. The angle
of attack, alrspeed, and altltude were sensed on the nose boom. All
records were synchronized at O.l~second intervals by a common timing
circuit.

The pitch turnmeter used to measure the pltching velocity and
acceleration is considered accurate to within +0.5 percent of range.
The turnmeter mounting direction error 1s 0.5° or less.

The indicated normal accelerometer reasdings were corrected to the
center of grevlty. The accelerometer ls considered accurate to within
£0.5 percent of range.

The vane-type plckup for measuring the angle of attack was mass
balanced and hed dynamically flat response charecteristics over the
frequency range of the airplane. Although the plckup is statically
accurate to +0.1°, the indicated angle of attack has been corrected
only for pitching veloecity to the center of gravity of the airplane.

The ranges, dynemic cherscterlistics, and scales of recorded data
for the angle-of-attack, veloclty, snd acceleration instruments are:

Scale of Undamped.
recorded data] mnatural
Quantity Range (per in. frequencies, Damping ratio
deflection) cps
a, deg -20 to 40}10.0 to 10.55 8 0.70
q, radians/sec 0.5 0.99 to 1.075 7 to 8 0.65
q, redians/sec?| +1.0 [1.38 %o 2.16 ik 0.65
an, £ <1 %o 7 |4.48 to 5.93 19 0.55 at 10,000 £t
0.48 at 20,000 ft
0.43 &t 30,000 £t
0.38 at 10,000 £t
0.33 at 50,000 £t




6 L NACA RM H56HO3

Control-surface and leading-edge slat poslitions were measured by
standard control-positlion transmitters. The control-surface position .
transmitters were linked directly to the control surfaces and are con-
sidered accurate to within #0.1°.

The nose-boom installation for measuring the airspeed was calibrated
by NACA radar phototheodolite method. The Mach numbers presented are
considered accurate to *0.02.

TESTS

The test procedure for this investigatlion conslsted of recording
the alrplane response to gbrupt stabilizer pulses performed with the
other controls fixed. In all instances the pllot attempted to maintain
constant Mach number and sltlitude and to prevent movement of the control
surfaces during the transient portion of the maneuver. Figures 4(a) and
4(b) present typical time histories. '

The stabllizer pulse maneuvers were generally performed at lg £ O.lg .
conditions; however, for the origlnal wing conflgurstion at Mach numbers
above M = 1,05 the maneuvers were performed at varlous load factors .
and altitudes from 40,000 to 35,000 feet. Pulse maneuvers st Mach num- -
bers greater than 1.35 were performed following e pull-ocut from a dive.
The following table lists the altitudes and corresponding Mach number
ranges for which dats were obtained for each configuration:

Configuration Altitude, £t Mech number range

Original wing 40,000 0.77 to 1.45
40,000 0.79 to 1.26

Extended wing 30,000 0.55 %o 1.03
10,000 0.36 to 0.93
ANATYSIS

A preliminary study of the data showed no slgnificant nonlinear
influences, hence linearlzed, small disturbance, short-period forms of
the longltudinal equations of motion of the airplane constituted the
baeis of the analysis.

The time-vector method of analysis (refs. 4, 6, 7, and 8) was employed

to determine the derlvatives. Because of the lack of reliability of the
determined values of <¢Lq + CLm) this quantity is not presented. .
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tud. £ C, da (C, +C as determined by the tlime-~
The magnitudes of m, an (mq md‘), Yy

vector method of sneslysis, were spot-checked by using the followlng equa-
tions and were found to be in agreement.

,_ . IY %f_ 2 . 0.692 2
e (1/20v) 52 (P ) (Tl/z )] )
. __umy %P s
(Cm(l Cmc.’-) B (l/EpVa) 852[ Im T1/2 (2)

The original-wing area was employed in analyzing all flight data.
To convert the derivatives of the extended-wing configuration to the
actual wing area and wing-chord basis, the CLQ, derivative should be

multiplied by 0.98, by 0.99, and + Cp.} by 1.0L.
Cr Cug * Cmg

In fairing the test points to obtain a constant altitude, lg curve,
consideration was given to the influence of altitude and load factor on
the test points when the test polnts were obtained from maneuverse at
other than the desired altitude and load factor condltions.

FRESENTATION OF RESULTS

F——

A summary of the figures presenting the results of this investi-
gation is:

Flight Figures )
data
results Trim Period | Static and dynamic | Comparison
« 2 and. longitudinal with reting
Configuration damping derivatives criterisa
Original wing, 5 6 T -
hp = 40,000 feet
Extended vwing, 5 8 10 g
hp = 10,000, 30,000, .
40,000 feet
Influence of wing- - 11 12 -

tip extensions
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The variation of trim o with Mach number shown in figure 5 For
three distinct altitudes has been included not only to show trim o but
also to ald in estimating the probability, during the pulse maneuvers,
of the automstic openlng of the slats when use 1s made of the information
previously presented in the section describing the ailrplane.

DISCUSSION

Original Wing

On the basis of avaeilable date the period curve (fig. 6) shows a
smooth and normal large decrease in the Mach number region between 0.85
and 0.95, followed by a more gradual decresse to the highest Mach num-
ber. The damping ratlo § (fig. 6) shows an appreclable decrease in
the Mach number region between 0.85 and O. 30. In general, £ 4is pri-
marily a function of the air density p and the serodynamic derivetives
c%nq + C“h) 2 and ng a8 shown by the following approximate

expression based on &pproximations of equations (l) and (2):

3 BIyC
¢ ~ sindtan-1 \(I;zi’: {__gmu<mc21u (Cmq Cmu.))

Thus, the primary causes of the.large decrease in the damping ratioc in
the Mach number region between 0.85 and 0.90 are the large increase in

Cmm in the transiticnsl Mach number region and the decrease in

(Cm + Cmd) which aré shown in figure 7. In the subsonic reglon, there

~

3)

is some uncertainty in the value of the damping; therefore, fairing the
Ty /o points has not been attempted. Imsufficient date in this region
precluded the posslbllity of defining a relisble curve.

The magnitudes of qﬁm end Cmm and the variation of these deriv-~

atives with Mach number (fig. 7)-Show generally good agreement with wind-
tunnel datal (ref. 9) which were corrected for the momentum effects of
the intake alr of the Jet engine. It should be pointed out that in the
Mach number reglon between 0.85 and 0.90 there 1s appreclable-scatter

of CLm points, considerably sbove the experimental scatter, which mey

be in accordence with the rapid varistions with Mach number shown in

1The horizontal tall of the wind-tunnel model had an NACA 65A007 sir-
foil section, whereas the airplane had an NACA 65A003.5 airfoil section.
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references 10 and 11. It was not possible to verify the presence of the
rapid varistions in CL@ from a study of svailable wind-tunnel dsta

because of the lack of wind-tumnel test points within this reglon.

Extended Wing

The results of the snalysis of the date for the extended-~wing air-
plane (figs. 8 and 10) show the same general behavior of the individual
quantities plotted as functlions of Mach number as was dlscussed for the
original-wing configuration; consequently, detailed conslderation of the
varistion of the quantities with Mach number is omitited.

The decrease In perlod which occurred with decrease in altitude
(£ig. 8) is primarily due to the corresponding increase in dynamic pres-
sure, overshadowing the effect of decreasing Gmnf which would tend to

increase the period.

If the serodynamlc derivatives of equation 3 were ilnvarlant with
altitude, the damping ratlo £ could be expected to increase as the
altitude is decreased. The incresse in { wlth decrease in altitude at
subsonic speeds, as shown in figure 8, is considerably less than would
be obteined by a change in air denslty alone. This condition is attrib-
utable to the decrease in the magnltude of the demping derivetive
(cmq + cma) with decreasing altitude.

" Pilot opinion indicated that the alrplane, which did not have a
pitch damper, was unsatisfactory lnsofar as the longitudinal dynemic
behavior was concerned during simulated combat at altitudes varylng from
40,000 to 30,000 feet. At supersonic Mach numbers, the airplene had
initial rapid and ebrupt response to control input followed by prolonged,
rapld short-perlod osclllations. At low subsonic Mach numbers, the alr-
plane had & slow initial response followed by prolonged slow oscillations
which required concentratlon to eliminste. The most acceptable, but
still unsatisfactory, characteristics were noticed in the vicinlty of
M = 0.8. The results of the analysis have been plotted on a qualitative
rating chart (filg. 9) obtalned from reference 12; pilot's opinion showed
good qualitative agreement with the criteris of figure 9. Caution should
be used in attenipting to evaluate the handling qualities of the airplane
with any simplified criterla, inassmuch as other factors such as control
system characteristlcs can have an lmportant bearing on the overall air-
plane response characteristics. Insofar as the Military Specification
(ref. 13) for damping characteristics is concerned, the airplane did not
meet the specification that a combait airplane damp to one-tenth amplitude
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in one cycle (¢ = 0.343). If the airplane is considered to be flyling
under emergency conditions, ae the result of having an inoperative pitch'’
damper, the data of figure 9 imply the airplane would not meet the mini-
mum speclfication that the airplane damp to one-half emplitude in one
cycle (¢ = 0.11) during emergency (damper-inoperative) conditions at
combat celling, which in this Ilnstance 1s above 50,000 feet. However

it was found that the alrplane was quite controllable even though not
satisfactory as a gun platform.

A comparison of the variation with Mach number of the flight-
determined values of GLm and Cmm for an altitude of 40 000 feet with

those determined from unpublished Langley 8-foot high-speed tunnel dste
(fig. 10) indicates good agreement in the transonic region and poor
agreement 1n the supersonic region.

The decreased magnitude of qﬁm with decreased altitude (fig. 10)

is possibly due, to same extent, to aeroelastlc effects. Although wind-
tunnel data do show that the slats cause a small change In the angle of
zero 1ift, the data do not indicate any nonllnearities in the plots of

Cr, against o within the angle-of-attack range of the flight date; nor

do wind-tunnel data and Incomplete flight date indicate any slgnificent
influence of slats on Gﬁm'

The Cmm curves (fig. 10) show distinct altitude effects primarily

in the reglon of the transonic aerodynamic-center shift. A study of the
unpublished Langley 8-foot high-speed tunnel data in the region of the
transonic serodynamic-center shift for these same altitudes suggests that
possibly these are angle-of-attack effects.

The damping derivative (Cmq + Cm&) shows dependency on altitude at

any one Mach number for its magnltude in the subsonlc region. This
influence of altitude 1s possibly due to aercelastic deformation of the
stebllizer, fuselage, and wing.

Influence of Wing-Tip Extensions

A summary of the results of the apalysis for the two wlng config-
urations at an altitude of 40,000 feet 1s presented in figures 11 and 12
to show the influence of the addition of wing-tlp extensions to the
original wing. Influences are evident wlth respect to the eriod P
the damping ratio §, and the derivatives Gﬁm’ Cmm, and
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The decrease in { resultlng from the addition of the wing-tip
extensions (fig. 11) is attributable primarily to the corresponding
negative increase in (Cn, and the negative decrease in (Cm‘.1 + Cmd,)

the increase in CLa, tends to increase the damping ratio. The reason

for the apparent negatlive decrease in (Cmq Cmd’ is not clear, based
on avallable data.

The influence of wing-tip extensions on the static margin is shown
in figure 12. The static margin of the orlginal-wing conflguratlion
appears to be of the order of 0.10C at a Mach number of 0.85 and inecresses
to about 0.29T at a Mach number of 1.03. The measured differences in
the statlic margin resulting from the addition of wing-tip extensions
were small and probebly within the sccuracy of the data. A rough cal-
culation based on simple geometric concepts indicated s 0.038 increase
in static margin due to wing-tip extensions might be expected.

CONCLUSIORS

From the analysis of fllight pulse data obtained for an originsl-
wing end an extended wing-tip configurstion of a swept-wing fighter-type
airplene, not equipped with a pltch damper, over the Mach number range
of 0.36 to 1.46, the following conclusions have been reached:

1. The longitudinal dymemic behavior of the airplene during simu-
lated combat maneuvers at altitudes of 30,000 to 40,000 feet was not
considered setisfactory, especlally at supersonic speeds, because of
insufficient pitch demplng.

2, The addition of wing-tlp extensions resulted in a slight favor-
gble shift in the aerodynamic center of the alrplane. The static margin
of the wing with tip extensions 1s of the order of 12-percent mean aero-
dynamic chord in the subsonic region and 29-percent mean aerodynamic
chord at Mach numbers above 1l.2.

3. Wind-tunnel data for the two wing conflgurations investigated
showed good agreement wilith transonic flight results for the lift-curve
slope and the static stability derivatlve Cmm; poor agreement was
evident in the supersonic region.

High-Speed Flight Station,
National Advisory Committee for Aeronsutics,
Edwards, Calif., July 23, 1956.
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Wing:
Adrfoil pectiom « « « « o o o«

N/ Yol WY Yo 14 NACA GUAOOT
Total area (including aileron and 83.84 sq £t covered s : -
by fuselsge), BQ £ o o o « « s o 6 ¢ s e ¢ o s 4 0 8 e e e . 376.02 385.21
Bpan, PL . ¢ e ¢ 4 2 o s e s et s 4 s s e s e e s e s e . 36.58 %8.58
Mean sercdynsmic chord, £ « o o« ¢ ¢« ¢ ¢« o 4 o ¢ s 0« 4" .. . 1133 11.
ROGE ChOTA, £5 « v « o o o o o ¢ « s o o s o « o s a s o s o o> . 15,86 15.86
TIp chord, 6 ¢ o v o o o s ¢ a o ¢ s o ¢ & ¢ o s ¢ ¢« o ¢ ¢ 5 o« . .76 .15
Maper Y8510 « = ¢ v ¢ o 4 @ ¢ 4 s e e e a s e e e e e . 0.30 0.262
Aspect YBELO . . 4 4 4 4 4 6 s e e 4 s e e s e e e s e e e . 3.56 3.86
Bweep et 0.25 choxrd 1ine, d8g « « « + + + ¢ 4 o s v o &« s+ 4 2o . 45 k5
Incldence, CGEZ « o ¢ « ¢ « a o o & » ¢ ¢ ¢« ¢ s o v v o s s ¢« v & N [s] [+]
DINEATAL, @8E « « « « « « = ¢ = + + %+ & st o a0 4 4w . w e wn . 0 0
Geometric twrdst, ABE . ¢« ¢ ¢ « ¢« 4 s et 0 e s e e e a . [} Q
Alleron: .
Arearearwardorhinsenne(each),sq_ft............... 19.32 19.32
Span at hings Iine (each), ££ . ¢ « ¢ & ¢ « ¢ ¢ 4 o o a o « ¢ o o o ¢ & 7.8 T.8L
Chomdrearﬂnrdofhiugeune,percentvingohord a e e b a8 s e e 25 25
Travel (each), ABE « « s « o o 1 o o o s s = « s o o s ¢ o o o o o o+ 5 15
Lead.'!.ng-odgeala.t: o
Span, equivalent, fH . ¢ < s ¢t 4t d 0 s 6 0t 0 v e 8w e ey ETL 12.71 -
Begmentld .« &+ ¢ ¢ ¢ « @ v s 6 ¢ & 2 4 e s et a a e e s s e e 9 5
Spanvise location, inboard end. percent wing semispan « « « « + o o « o 24 .6 23.3
Bpenvise location,” outboard eml, percent wing 6emispan « « o o « v o & 94,1 89.2

Ratio of slat chord to wing chord (parallsl to
fuselage reference 1Mne), POXCOUt « « « « « o+ . o 2 s 4 b e s 8.
Rotation, maxtomm, @8 « ¢« « + o« « « ¢ ¢ o ¢ ¢« ¢ ¢ o ¢ ¢ o ¢ 6 0 o & ¢

&3
&8

;
:
'
e
]
g

Totel ares (including 31.65 sq £t covered by
fuselage), 8¢ £ . . « « &

Bpanm, £E o . 4 .t i i et et e e s e e s e e s e s e s e e e e e e e 18.T2
Mean aerodynamic chord, ££ « o ¢ « o ¢ « o 0 e o o ¢ ¢ s 0 o s ¢ 6 4 8 e e v e 4w e 5.83
RoOt ChOTA, £5 o 2 « « o s o o « o s « s 6 o o ¢ o « s s o o p s s s a s oeaoasaa Bk
TIp chard, FL o o ¢ ¢« &t o o o ¢ ¢ e s o ¢ ¢ & s 4 ¢ o 1 4 a s 6 o e oo asoracaecs 2.6
Toper rBtl0 o « v v o ¢ o o « 5 o s o & o s s o o v 5 ¢« s o 8 8 s & 8 a s o 6 v s a2 4 0.30
ABPEct TALIO & 4 4 4 4 e 4 e 4 e @ 8 a e e s s 4 e s s e e s s a e s e e e e 3.54
Bweep 8t 0.25 chord 14ne, A&F ¢ o v o o » o ¢« o s o o ¢ 4 4 = s e v s et bt e . e L5
DANEATAL, GEE « « o o o « « o o o ¢ o o ¢ « o + o » ¢ « « o 0 0w 8wt e e e 0
Travel, leading ed@e UP, ABZ « « « « « o ¢ o ¢ « s 2 s s ¢ ¢ 4 o s ¢ ¢ o a ¢ 8 s 8 o o @ 5
Travel, leading edge doWn, ABE .+ + « « « « « s a = & ¢ o« ¢« s 5 ¢ & ¢ o ¢ o a s e s ¢ & o 25
Fuselage:

Length (afterburner nozzle cloBed), £5 « « « o ¢ « o o o o 2 o 1 ¢ o s s s o s s 0o o b5.6
Moxdomon width, 5 ¢ o ¢ ¢ 4 o ¢ 4 & 4 & s 6 o 8 1 e w s e r ot s e s et s h e e 5.58
Maximim thcmeu.nopy,ft.............................. 6.57
Bide area (HoL2L), B BL & o 4 ¢ ¢ o 1 4 6 s ot 5 0 s s b 8 b s s e s s e e s e e s« £30,9
Fineness ratio (afterburner nozzle cloded) .« v « « « o o o © ¢ o s ¢ s 5 « 8 s 0 0o 8 &3 7.86

Speed brake:
Surface aref, 8Q £ . ¢ ¢ ¢ 4 4 4 d 4 4 s . 4 6 s s s e s s e s s e s et u s e s e e LhEh
Maxipemm deflection, de88 « ¢ « o« ¢ o ¢ « ¢ ¢ ¢ ¢ o o ¢ 4 8 ¢ 6 5 e @ 6 ¢ 8" s e s e s 50

Powerplant:

Turbojet engine . « o v ¢« o ¢ ¢ s o s s = s s o » « « One Pratt & Whitney J5T-P7 with afterburner
Thrust (guarantee sea level), afterburner, ID + « « o« o« « o s s « s « s ¢ s « ¢ s s o+ « 15,000
MITIBOTF, 1B 4 o o o « o a = s « s « o s ¢ & « s ¢ o ¢t + o s o n o uoesoeoennes 9,20
Rormal, 3B o 4 « ¢ o o o ¢ o o ¢ o o 6 2 s o 6 v 8 a s 58 0 8 6 60086 eeeasnes 8,000

Axrrplane welght, 1b:
BesicEﬂthmtﬁml,oil,water,pilot).........................19,662
Total (full fuel, ofl, water, PIIOE] + ¢ o ¢ « « o o o v s s o o e s o s s s s o o « s & 24,800

Center-af-gravity location, percent 3: .
Total welght ~ Bear AOWIL .« » « « o ¢ ¢ o ¢ o o o o o ¢ ¢ o 8 o o o a s a o s o s 4 o« = 29.5
Total welght ~ @BAT UP + ¢ « « o o & ¢« o« o s a & & o « s o 8 6 ¢ + ¢ 6 s 6 « ¢« 8 o« 5 v & 29.5
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Figure 1.~ Three-view drawing of airplane with original vertical tail
and the extended as well as the original wing. All dimensions in
inches.
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Figure 2.~ Photograph of the alrplane.
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(8) M= 0.62; hp = 10,400 feet; extended-wing conflguration.

Figure 4.- Time histories of longitudinal oscillations induced by a

stabilizer pulse.
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(d) M= 1.32; by = 35,700 feet; original-wing configuration.

Figure 4.~ Concluded.
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Figure 5.- Variation of trim angles of attack with Mach number.
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Figure 6.- Period and damping characterigtics of the airplane as functions
of Mech number’ et 40,000 feet. Original-wing confligurstion.
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Figure 7.- Variation of static and dynamic longitudinal stebllity derivae-
tives with Mach number at 40,000 feet. Original-wing confilguration.
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Figure 8.~ Period and demping characteristics of the airplane at different
aititudes as functlions of Mach number. Extended-wing configuration.
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Flgure 9.- Relatlion of flight-test results to qualitative rating criteria
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Figure 10.- Variation of static and dynamic longitudinal stability deriva-
tives with Mach number at different altitudes. Extended wing-tip
configuration.



Figure 10.- Concluded.
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Figure 1l.~ Summary of the verietlon of period and demping characteristics
of the two wing configurations with Mach number as determined from
flight at 40,000 feet.
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Figure 12.- Summary of the variation of the longitudinal egtability deriva-
tives of the two wing conflgurations with Mach number as determined
from flight at 40,000 feet. '
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