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SUMMARY OF TRE AERODYNAMIC CHARACTERISTICS AND
FLYING QUALITI®ES OBTAINED FROM FLIGHTS.OF ROCKET-PROPELLED
MODELS OF AN AIRPLARE CONFIGURATION INCORPORATING
A SWEPTBACK INVERSELY TAPERED WING AT
TRANSONIC AND LOW-SUPERSONIC SPEEDS

By Grady L, Mitcham and Willard S. Blanchard, Jr.
SUMMARY

Flight tests have been conducted on rocket-propelled models of an
alrplane configuration incorporating a sweptback wing with inverse
taper to investigate the drag, stabllity, and control characteristics
at transonic end supersonic speeds. The models were tested with a con-
ventional tall srrangement 1n the Mach number range from 0.55 to 1.2.
In addition to the various serodynsmic parameters obtained, the flying
gualities were computed for a full-scale airplane with the center-of-
gravity location at 18 percent of the mean serodynamic chord. Also
included in this investigatlon are drag meessurements made on relatively
simple fixed~control models tested wlth both conventional and V-tall
arrangements, The results obtalned from the models utilizing the V-tail
arrangement have been presented in a previous paper (NACA RM 18G29).

The models tested with conventional tall arrangements gave higher
velues of minimum drag coefficient than the models with the V-tall
asssembly for Mach numbers from 0.55 to 1.15.

)

The variation of lift-curve slope with Mach number was smooth., Buf-
feting occurred at subsonic speeds ss the models approached the maximum
1ift coefficient during abrupt pull-ups but was not evident elsewhere in
the range investigated. The high range of 1lift coefficients was obtained
only at subsonlc speeds with the maximum being sbout 0.75. At supersonic
speeds, the range of 1ift coefficlents covered was limited by & large
reduction in control effectiveness. The aerodynamlc-center location
differed for positive and negative 1lift coefflcients below & Mach number
of 1.0. The most-forward aerodynsmic-center location of 23 percent of
the mean aserodynamic chord occurred at a Mach number of 0.8 and the
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most-rearward locebion of 52 percent occurred st a Mach number of 1.2.
The alrplane should trim at positive 1lift coeffilclents throughout the
transonic speed range with the center-of-gravity location at 18 percent
of the mean serodynamic chord and the stabllizer set at 0° incidence,
The meneuverability of the airplane would be limited in the tramsonic
speed range at high altitudes as a result of the large reduction in
control effectiveness at tramsonic speeds. The high stick forces at
transonic and supersonlc speeds will necessitate the sirplsane's beling
equipped with some type of control-boost system. The damping.of the
short-period longitudinal oscillation is adequate at sea level but is
reduced. at altitude. -

INTRODUCTION

The National Advisory Committee for Aeronautics has conducted
flight tests of rocket-powered models of an alrplane configuration
employling a sweptback wing with inverse taper to eveluate stability,
control effectiveness, end drag at transonlic amd low-supersonic speeds.,
Three of the models were flown with a conventional tail arrangement and -
two were flown with & V-tail. This paper contalns a summary of the
resultas obteined from the flight tests of these models which were flown
at the Langley Pilotless Afircraft Research Station, Wellops Island, Va,

Two of the models, both with the conventional tall arrangement,
were flown with & programmed itype of control which called for abrupt up
and down movement of the elevators as the model traversed the speed
range. The tests of thespe two models were cofiducted to measure 1ift,
drag, pitchlng moments, damplng In pitch, and control effectiveness at
transonic speeds. This paper contains the basic aerodynamic parameters
and the stabllity-derivatives determined from the response of the models
to the elevator motion and the results of an.analysis of the flying
qualities that might be expected from such an airplane at transonic and
supersonic speeds,

The remaining three models were flown with the controls undeflected
and were similar to the types used in reference 1 to investigate trim
changes and drasg through the transonic speed range. " Results from two of
the models are presented In reference 2. Drag results from the third
model are presented 1n this paper 1n addition to the drag results taken
from reference 2. Aileron rolling effectiveness was investigated by
another technique and those results are given in reference 3.
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Cx

Cr

Cp

SYMBOLS

time from launching, seconds

Reynolds number (EEE)

o
velocity, feet per second
velocity of sound, feet per seccnd
free-stream static pressure, pounds per square foot

specific-heat ratio, value taken 1.40

7pM2)
3

dynamic pressure, pounds per square foot (
mass density of air, slugs per cubic foot
welght of model, pounds

wing &area, square feet

mean aerodynamic chord, feet

longitudinal accelerometer reading

normal saccelerometer readlng

acceleration due to gravity, 32.2 feet per second
per second

elevator deflection measured normal toc hinge line,
degrees

a; w1
chord-force coefficient —_ =
g Sq
normal-force coefficlent (EE-g-i)
g q .

1ift coefficient (CN cos a + Cp sin a)

drag coefficient (cN sin @ - Cc cos c)
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pltching-moment coefflcient sbout center of gravity

rate of change of 1ift coefficient with angle of attack
at constant elevator deflectlon, per degree

angle of attaeck, degrees
trim angle of stback, degrees
trim elevator deflectlion, degrees

trim 1ift coefficlient

rate of change of trim Ii1ft coefficient with elevator
deflection, per degree

rate of change of 1lift coefficient with elevator
deflection at constant angle of attack, per degree

rate of change of angle of attack with elevator
deflection between two trim condltions

- 2
gbele

hinge-moment coefflicient <Ei
elevator spen along. . hinge line

elevator root-mean-square chord perpendicular to hinge
line

increment of hinge-moment coefficient due to elevator
deflection, per degree

rate of change of pltching-moment coefficlent with
angle of attack, per degree ’

rete of change of pliching-moment coefflcient with
elevator deflection for constant’ angle of attack,
per degree .

pltching-moment coefficient at zero angle of attack
end zero elevator deflectlon

moment of inertia about pitch axls, slug-feet2

nge moment about hinge line)
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P period of short-period longitudinal oscillation,
seconds
Tl/2 time to damp to one-half amplitude, seconds
Cl/lO cycles for the short-period coscillation to damp to
one-tenth amplitude
A wing aspect ratilo
m mass of model, slugs
3Cyy
fe = —=, per radian
Sc ez
2v v
c ch adi
méé: = a—'-a‘E, per r an
2v v
e pltch angle
6 derivative of 6 with respect to time, radians
per second
a derivative of « wlith respect to time, radians

per second

MODELS AND APPARATUS

Models

Pulsed-control models.- Figure 1 presents a three-view drawlng
showing the principal dimenaions of the models used in the stebility
and control investigation and teble I gives the principal geometric
characteristics of the models and the full-size elrplene; the weight
and balance data are given in table II, The pulsed-control models are
referred to as models 1 and 2 in this paper. Wing alirfoill ordinstes
are presented in table III. Photographs of these models are shown as

figure 2,

The fuselages were of all-metal construction of the monocoque
type divided into three sectlons; the nose sectlon which held the
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telemeter and batteries, the center section which held the wings and the
compressed-alr supply for the control-actuating system, and the tail
section which contained the control-actusting system and the tall
assembly. B

The progremmed movement of the elevators was accamplished by a
campressed-air system which called for abrupt up and down deflections
operating at a frequency of sbout 1 cycle per second. The elevators,
which were unsealed, moved together between stops in an approximsately
square-wave motion. On model 1, the controls were set under static no-
load conditions so that the elevator would be deflected up 0° and
down 8°; on model 2 the deflections were up 11.0° and down 0S. Prior
to each flight a known static load was applied et & point at sbout the
middle of the span aof the elevator and the deflection at the root and
midspan were measured; this calibration was used ta corréct the control
posltions recorded during the flight tests to an e:verage spanwise value,

Since the pulsed-control models contained no internal propulsion
system, they were boosted to supersonic speeds by & solid~fuel, 6-inch-~
diemeter Deacon rocket-motor capsbhle of producing an a.vera.ge thrust of
6500 pounds for approximately 3.1 seconds.

At cessstion of the booster rocket thrust the booster was sepa.ra.ted
from the model by drag inasmuch as the drag-weight ratio of the model -
was less than the drag-weight ratio of the booster.

it

The booster-model combinations were ground launched from a crutch
type of launcher ss shown in figure 3. The La.unching angle from the
horizontal was 45°, Figure 4 shows a sequence of photogra.ph.s of one of
the booster-model combinetions at take-off.

Fixed-control models.- Two models with a V-tall arrangement, models B ~
and C, and one with a conventional tail, model D, were flown with 0° sta-
bilizer incidence and the elevators fixed at 0° deflection. A three-
view drawing of the models with the V-tall arrangement is shown in fig-
ure 5. Model D was the same as models B and C except for the tall,
Photographs of the models are shown as figures €& and 7. Areas and
dimensions of the models are presented in table I. ' . :

Apparstus
The data from the fiights were obtained by the use of Doppler
velocimeter radar, tracking radar, telemeters, photography, and radio-
sondes. The models were tracked in flight by a Doppler velocimeter .
radar unit to evaluate veloclty elong the flight path and. 'by a tra.ck:.ng
radar unit to determine the tra.jectory _.
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The time histories of the datas as the modsls traveraed tlie Mach
number range were transmitted asnd recorded by a telemeter system which
gave two channels of continuous information on the fixed-control models
and six continuous channels of information on <he pulsed-control models.
Longitudinal and normal sacceleration were recorded on the fixed-control
models and data recorded on the pulsed models were longitudinal accel-
eration, normal sacceleration, control position, angle of attack, total
pressure, and a reference static pressure. On the pulsed-control models,
angles of attack were obtained by a vane-type angle-of-attack indicator
(reference 4) located on a sting shead of the nose of the model. The
range of angles of attack covered by this vane-type indicator was approxi-
mately +15°, Motion-picture cameras recorded the flights and launchings.

The values of temperature and static pressure used in calculating
density and speed of sound were obtained from radiosonde observations
made at the time of firing. The methods for obtaining velocity are
described in references 5 and 6,

METHODS OF ANALYSIS

In both fixed- and pulsed-control techniques all the data were
obtained during the decelerating part of the flight. The methods of
analysis used in reducing the data from the pulsed-control models apply
to the free oscillation resulting from a step-function disturbance.

This disturbance was created by pulsing the elevators up and down 1n
approximate sjuare-wave motion at the rate of sbout 1 cycle per second,
which produced correspondling changes in angle of attack and normal sccel-
eration. The longitudinal stebllit¥# was indicated by the period and
rate of decay of the short-period longlitudinal osclllations during the
period when the controls were held fixed betweer pulses. The analysis
of these longitudinsal oscillations 1s based on two degrees of freedom,
translation normal to the flight path and rotation in pitch about the
center of gravity. To simplify the analysis and to permit the deter-
mination of equations for the more important aerodynamic derivatives,
two further essumptions are necessary. It 1s assumed that during the
time interval over which each calculation is made the forward veloclty
is constant and the aerodynamic forces and moments vary linearly with a,
a, 8, 6, and &, The complete derivation of the equations used is not
glven herein, but the equations are shown in the form that was used;

they are

mv(é - a) = (9Laa + CLES)qS (1)
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Iye- = qSE(Cmmd. + Cmme %— + Cme éwe + Cmaa) (2)
v v

A more complete discussion of the methods and corrections used in
reducing these data from the time-history records to the parameters pre-
sented 1n this paper is glven in the appendixes of references 5 and 6.

The Reynolds numbers of &ll the modelas and the assumed full-scale
airplane based on the mean serodynamic chord are shown in figure 8.

RESULTS AND DISCUSSION

Aerodynamic Coefficients and Stsebility Deriva.tivgs

11ft characteristics.- The 1lift characteristics of modelsa 1 and 2
are shown in figures 9, 10, and 11. Lift coefficlents at constant angles
of attack as a function of Mach number and the elevator deflections at
which they occurred are presented in figure 9. As can be seen from this .
figure, the range of 1ift coefficlents covered at high speeds was small;
this was the result of the reduced control effectiveness. Model 1 wes
flown at mostly negative 1ift coefflclents with a few values of posi- -
tive C1, belng obtained at subsonic speeds, and model 2 was flown at '
positive 1lift coefficients. Between M = 0.62 and M = 0.67 values for
both positlive and negative 1ift coefficlents were cobtained from model 1.
Figure 10 presents these values of 1ift coefficlent at various angles
of attack. The data indicate some nonlinesrity of the 1ift curves between
positive and negatlve 1lift coefflclenta. Thils ronlinearity 1s conalstent
with the curves in figure 11, which gives the varistion of lift-curve
slopes with Mach mumber. This figure shows that the lift-curve slope was
consistently higher in the negative-lift range than in the positive-lift

range.

Maximum lift coefficlent.-~ Figure 12 shows the maximum 11ft coeffi-
clents reached in these tests, aa obtalned from model 2. At Mach numbers
below 0.72 the model apparently was sapproaching meximum 1ift each time it
ogcillated toc & positive angle of attack following a negstive control
deflection. The Reynolds numbeir at these Mach numbers corresponded to
sbout 13,000,000.

Buffet boundary.- On model 2, the model flown at positive 1lift coef-
ficlents, buffeting occurred at high 1ift coefficlents below M = 0.78. No
values of 1ift coefficlents above Cr, = 0.65 &nd no buffeting were recorded <
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gbove M = 0.78. However, due to the decrease in stability and the
increased control effectiveness of the configuration, a higher range of
1ift coefficients was covered below M = 0.78. An 1llustrative section
of the telemeter traces of normel accelerastion and angle of atteck at
which buffet oscillatlon is apparent is shown in figure 13.

Prior to flight testing, the model was suspended by shock cords and
shaken with two electromagnetic shakers at freguencies up to 400 cycles
per second. A fundamental frequency of 59 cycles per second was observed
from the six-channel telemeter record teken during the ground tests.

Only the normasl-acceleration channel showed any freguency response in the
ground tests. These responsea occurred at 59, 115, and 230 cycles

per second end were attributed to the wlngs of the model whose amplitude
of vibration showed a marked increase at these points in the frequency
spectrum. From figure 13, it masy be seen from the flight data that
resonances at a freguency of sbout 60 cycles per second occurred in
normal acceleration. Polnt A marks the beginning of the buffet oscil-
lastion and point B, the decay of the exciting force. Point B is more
difficult to ascertain than point A since it represents the polnt where
the excitlng force stops; therefore, its locatlon is not an exact point.
The sinusoidal oscillation occurring between polnts B and C is belleved
to represent the free vibration of the wing. It mey be seen that point B
occurs at a lower Cp, than point A; thls same indication was obtained
from flight tests on a full-scale airplane of a cifferent configuration
(reference 7). It may be noted that an sbrupt change of elevator angle
produced no resonant frequencles in the corresponding angle of attack or
acceleration responses, Consequently this oscillatiorn is believed to be
buffeting due to high 1ift and not the result of sudden contreol movement.

Figure 14 shows the 1lift coefficients where buffeting starts and
stops as a function of Mach number. It may be seen from figure 1k that
the 1lift coefficient at which buffeting stops lles below the polnt where
1t initially started throughout the Mach number range where high 1ift
coefficlents were obtalned.

Drag

The minimum drag coefficients obtained from the flights of the models
tested with both V-tall (reference 2) and conventional tail (T-tail)
arrangements are presented in figure 15. Models B and C (V-tail arrange-
ment) indicate considerably lower drag than models D and 2 (conventional
tall arrangement) which gave a value of Cp = 0.065 at M = 1.15. The
.magnitude of the difference between V- and T-tail models varied from
ACp of 0,006 at M = 0,7 to a ACp of 0.016 at M = 1.0. The values
for Cppyp on the models with the conventional tail arrangement were

obtained at approximately C1, = 0.10 and on the models with V-tails
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at Cr, = #0.02., Several differences in the models used in the lnves-
tlgatlon, namely, tall plan form and ares, shape of base section of
fuselage, windshield-canopy arrangement, end model surface finish, con-
tribute to the difference in drag. The fairings on the base sections—
of the fuselages of modela B, C, and D differed from those on model 2,
as shown in figures 1 and 5. However, the contributlion of this differ-
ence in base falrings to Cp 1s belleved ta be small since the differ-

ence in Cppy, oObtained on model 2 and model D (models with same tall

arrengement but different basse falrings)} 1s within the scatter of the
results. The drag results presented in references 8 and 9 for research
models with a flst windshield canopy (simllar to canopies on models B,

C, and D) and & V-windshield cenopy (s on models 1 and 2) indicate the
va.lues of drag for the V-windshield to be slightly lower between M = 0.85
and M = 1.2. The surface finishes on models B, C, and D were noticesbly
smoother than on model 2. Since these incremental differences in drag
appesr to be a small contribution to the rather large differences in
CDpip Obtalned from.the models with V-tall and ¢onventional tall arrange-

ments, the higher drag for the conventional T-tall arrangement can only
be attributed to differences in the talls and interference for the two
tall srrangements or to error in the measu_r@entﬂ.

The drag coefficients for model 2 for the lift-coefficient range

from 0.1 to 0.7 are shown as a function of Mach number in figure 16.

The range of Cj, obtalned at supersonlc speeds was lower than that
obtained &t subsonlc speeds hecause of the decreased elevator effective-
ness snd the incressed stebility of the conflguration. These data were °
obtained from one of the pulsed-control models during the short-period
ogcillation resulting from ebrupt pull-ups. The effect of 1ift on drag
is also shown in figure 16. For a wing with the resultant force normal

to the chord plane, dCp IdCL should equal lfCLa, however, from flg-

ure 17 the test results for dCD/dCL2 fall below the curve repre-
genting 1 /CLa, at Mach numbers below 0.95 and rise to coincide with
this curve from M = 0.95 to M = 1,15, The difference at subsonic

speeds shows that leading-edge suctlon is present, which can be expected
from e sweptback wing with a round-nose alrfoil.

Longitudinal Staebility

Static stability.- The static stebility of the configuration was
determined from the messured periods of the short-period longitudinal
oscillations obtained in angle of attack as a result of the d.i&tu.r‘bance
created by the sbrupt movement of the elevators.
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The values of period obtalned from the two models flown at different
center-of-gravity locations are shown in figure 18. These data show &
decrease in period in the transonic region and the expected gradusal
decrease with increasing speed at supersonic speeds. The sbsence of
values of the perliod for model 1 between M = 1,00 and M = 1.20 was
caused by an unreadsble portion of the telemeter record., However, a
relisble value was obtained at M = 1.2. These values of perlod were
used to obtain the sgtatic-longltudinal-stebility parameter Cp, which
is presented as a function of Mach number in figure 1G. From this figure
it igs evident that some nonlinearities exist in the variation of pltching
moment with angle of attack for the two models,

The values of Cm, were used to compute aerodynamic-center location

shown in figure 20. The dashed portion of the curve shown for model 1 is
uncertain since Cr, was unknown sbove M = 1.00. However, since a

velue of Cp, was computed from & measured period at M = 1.2, Cr, was
estimated and a value for aerodynamic-center location was obtsained at

M = 1,2, The serodynamic center moves from 1ts most-forward posltion
of 23 percent mean serodynamic chord at M = 0.8 +to the most-rearward
location of 52 percent mean aserodynamlc chord at M = 1.2. The results
obtalned from the two models show good agreement at M = 0.70 and

M = 1.20; however, at M = 0.9 the aerodynamlc center 1s apparently a
function of 1ift coefflcient.

Dynamic stabllity.- The time required for the longitudinal short-
period oscillation of the model to damp to one-half amplitude is shown
in figure 21, However, slnce the flight-test models were not dynamic
scale models, the results presented for Tl/2 are applicsble to the

full-scale alrplane only after corrections are applied as in references 5
and 6. The data converted to the total-damping factor CméE + Cp.— are

2V v
given in figure 22, As indicated by these figures, there 1s & large
increase in the demplng-moment coefflcients from subsonic to supersonic
apeeds.

Longitudinal Trim and Control Effectiveness

longitudinal trim.- The longltudinal-trim characteristics of
models 1 and 2 are shown in figures 23 and 24, respectively, and for
models C and D in figure 25, It 1s apparent from these figures that the
trim change throughout the transonic speed range was smell. The values
of trim 1ift coefficient CLyi,.qn, trim angle of attack atrim, and trim

elevator position &trim were determined from the time histories of
model flights by the method described in reference 5. The apperent
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zero-angle-of-attack pitching-moment coefficient CMO is shown for
models 1 and 2 in figure 26. For model 2, CM, Wwas approximetely 0.0l
more positive than for model 1. This i1s probably caused by slight varia-
tions in comstructiop between the two models. TFigure 26 indicates that
at zero asngle of attack the pitching moment increases with Incressing
Mach number.

Control effectiveness.- Figure 27 shows a plot of change in 11ft~
coefficient per degree of- elevator deflection CLs &t a constant angle
of attack as a function of Mach number. The valueg of CLy are quite
small, verying from a maximm velue of 0.0047 at M = 0.7 to a minimm

of 0.0019 at M = 1.2.

The change 1n trim 11ft coefficient with elevator deflection
cLatr:Lm is shown &s-a function of Mach mumber in figure 28 for models 1

and 2, For model 1 the values of CL&t '~ remsined fairly constant up

to M = 0.85 vhere an sbrupt reduction from -O. okl to ~0.013 occurred
between M = 0.85 and M = 1.00. Values sbove M = 1,00 were not
obtained on model 1. On model 2 the abrupt reduction of. Clﬁt . from

~0.051 to -0.015 occurred between M = 0.83 and M = 0, 91+ and remalned
relatively comstent up to- M = 1.18. It mmy be noted from figure 28 that
the values of CL@trim cbtained from model 1, the model with the most-

forward center-of-gravity loca:bion, are lover than those obtained from
model 2 at subsonic speeds but higher at transonic speeds. Due to the
more forward center-of-gravity location on model l it would be expecﬁed
that the wvalues of CLSt im would be consistently 1ower tha.n those

obtained from model 2 throughout the Mach number range covered by—the
tests. This can he explalned by the differences in aercynamic-center
location between the two models, which was the result of the difference
between the lift-coefficient ranges covered by the tests.

The longitudinal-control effectiveness i1s alsc shown by flgures 29
and 30; change in trim angle of attack _per. degree of elevator deflection

(AG-/AEJ):D im and change in Pitching—moment coe.f.‘:f.‘icient per deg;ree of

elevator deflection Cm5 are both shown es functions of Mach number

There is an abrupt loss in the pitching m.oment Bupplied by the elevator
from subsonic to .supersonic speeds with a meximm velue of -0.010

occurring at M = 0,7 and a minimum value of -Q. 00L occurring a:b M= l 18.

The same effect is shown in figure 29. S_in_ce (%) is influenced by
trim
the stability of the configuration, the unusual varliations between

models 1 and 2 are believed to be a result of the nonlinearity of the
pitching moments between positive a.nd negative 1ift coefficients

R
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Hinge Moments

Some approximste values of hinge moments were reduced from these
tests. The accuracy is less for the values obtalned for hinge momenta
than for the other serodynamic coefficients presented, since the hinge-
moment characteristics were measured as a secondary factor. The flexi-
bility of the contrqol system was utilized In determining the hinge
moments by messuring the amount by which the control linksge deflected
under load. Figure 31 presents the hinge-moment results in the form of
ACL[A® es a function of Mach number; these results include the Aa
effects. Values of Cp, could not be determined from the change in
elevator floating angle during the angle-of-attack oscillation following
gbrupt control deflections because of & slight smount of play in the sys-
tem and because of the small values of angle of attack. Figure 31 shows
that ACL/AS 1increases from a value of -0.007 &t M = 0.9 to -0.017

at M = 1,10 and then gradually decreases to ~0.015 st M = 1.20. The
range of elevator deflection covered is given in figure 24,

Airplane Flying Qualities

The analysis of the flying qualities presented in the following
section is based on an assumed full-scale airplane with the center-of-
gravity location at 18 percent of the mean aerodynamic chord. The
geometric and mass characteristics are given in tables I and IT,
respectively,

longitudinal-trim characteristics.- The elevator angles required
for trimmed level flight at sea level and 10,000 feet altitude are pre-
sented as a function of Mach number in figure 32. The rates of change
of elevator angle required for level fllight through the transonic region
are sufficlently low at both sea level and 40,000 feet sc that a pilot
would experience no difficulty in maintaining level flight if 1t is
agsumed the stick forces are satisfactory. Due to the zero-angle-of-
attack pitching-moment coefficient Cmy, the airplane would trim at
positive 1ift coefficlents (a pltching-up tendency) throughout the tran-
gonic region with elevator and stabllizer settings at 0°. For séa-level
conditions, down elevator is required for level flight from M = 0.75
to M = 1,18; however, at 40,000 feet, up elevatcr is required for level
flight as a result of the higher C], reguired and the reduced control
effectiveness at transonic speeds.

Figure 33 shows the variation of g at sea level and 40,000 feet
as a function of Mach number for constant elevator deflection. At sea
level, the airplane pltches up from 1 g at M = 0.80 to about 2.8¢g
at M= 0.95. At 40,000 feet, the airplene pitches down from lg
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at M =0.80 to sbout 0.7g at M = 0.95; thus, 1t can be concluded that
the trim change at sea level and 40,000 feet is relatively mild.

The data from which these values were calculated were obtalned from
model 2, the model teated in the posltive lift-coefficlent range.

Tonglitudinsl-cpntrol effectiveness.- The elevator effectiveness for
the full-scale alrplane, degrees of elevator deflection required for a
change in normal acceleration of 1 g, AB/Ag, 18 indicated in figure 3k
as a function of Mach number. From this plot it is obvious that the
corrtrol effectiveness of the alrplane would be reduced by & large amount
at transonic speeds, especially at high altitudes. For eXample, a
2g pull-up at h0,000 feet at M = 0.95 would require an up-elevator
angle of spproximately 24,50, However, at M = 0.75 at an altitude
of 40,000 feet the alrplane would alsa be limited to sbout a 2g meneuver,
unless some type of high-1ift device was employed, since the results
from the flight tests of the rocket-propelled models indicated the maxi-
mum lift coefficient to be approximately 0.75 st this Mach number,

Longitudinal control forces.- The stick forces presented in this
anslysis are based on & conventlonal sirplane configuration with 2° of
elevator deflection for 1 inch of stilick movement, These stick forces
were computed from the measured model hinge momentas. Effect of angle
of attack on the hinge moments was therefore aonly approximately accounted
for. These data indicate the power required of & control-boost system -
with no balancing or trimming devices. '

The elevator control force required for trim in straight and level
flight at various Mach numbers is presented in figure 35 for sea-level ~~
flight and for flight at 40,000 feet. Stick force per g is presented
in figure 36 as a function of Mach number. From these two figures it
is apparent that the stick forces on such an airplare would be quite
large at trensonic and supersonic speeds, '

Dynamic stebility.- The U. S. Alr Force specifications for stebility
and control charscteristics of airplanes (reference 10) require that the
short-period dynamic oscillation of normasl acceleration produced by
moving and gquickly relessing the elevator shall be damped to l/lO ampli-
tude in 1 cycle (based on free controls). ~Thé damping characterlstics
for this ansalysis have been evaluated for the control—fixed conditlon
although there 1s a slight deflectlon in the control position due to
hinge-moment effect and the flexibllity of the control system. However,
the control-fixed condition would dictaté the behavior of this airplane,
sssuming en irreversible control-boost system i1s provided to aid the
pilot in overcoming the large stick forces that would be encountered in
maneuvering., The characteristics of the stick-fixed short-period longi-
tudinal oscillations for the full-scale airplane are presented in
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flgures 37 to 39. Pigure 37, which gives the cycles required to demp
to 1/10 amplitude as & functlon of Mach number at sea level and
40,000 feet altitude, indicates that this airplane would meet the Air
Force requirement for dsmping st sea level but would not conform to
this requirement at 40,000 feet over the speed range covered by these
tests.

The time required for the longitudinal short-period oscillation to
demp to 1/2 smplitude as a function of Mach number at sea level and
40,000 feet 1s presented in figure 38. It can be seen from this figure
that the damping time decreases from M = 0.75 to M = 1.1 and remsains
relatively constant to M = 1.2, the upper Mach number limit covered by
the tests. The period becomes quite short at supersonic speeds as shown
in figure 39, which gives the variation of period with Mach number for
sea level and 40,000 feet.

CONCLUSIORS

From flight tests at transonic and supersoric speeds of rocket-
propelled models of an alrplane configurstion ircorporating s sweptback
wing with lnverse taper the followlng conclusions are indicated:

Aerodynamic Parameters

1. The models tested with the conventional tall arrangement gave a
higher value of minimum drag coefficlent Cppj, than the models tested

with the V-tall arrangement throughout the Mach number range from
M=0.7 to M= 1.15. The value of Cppj, obtained from the models

with & conventional tall assembly was relatively comatant at 0.0195 from
a Mach number of 0.60 to M = 0.85 increasing to approximately 0.060
at M = 1,0 with a gradual indrease to a value of 0.065 at M = 1.15.

2. No large or sbrupt changes occurred in lift-curve slope between
M=0,62 and M = 1.18, although there i1s evldence of nonlinearity
between positive and negative 1ift coefficlents throughout the speed
range covered by the tests,

3. Buffeting was obtalned in abrupt pull-ups at high 1ift coeffi-
cients from M = 0.43 to M = 0.78. The maximum lift coefficilent
cbtained was sbout 0.75.

Lk, The hinge-moment coefficlent per degree of elevator deflection

showed an increasse from a value of -0.007 at M = 0.9 to -0.017 at
M = 1.10 and then a gradual decrease to M = 1.2,
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5. The elevator effectiveness in producing pltching moment was
reduced by sbout 60 percent from M = 0.70 to M = 1.18.

6. The aserodynamic-cenmter location varied with 1ift coefficient
between M = 0,75 and M = 1.0. The most-forward aerodynamic-center

location of 23 percent of the mean aserodynamic chord occurred at- M = 0.8

and the most-rearward location of 52 percent occurred at M = 1.2,

T. The damping pearameters and copefficlients indicated that the con-

figuration possessed dynamic longitudinal stability throughout the test

speed range.

Flylng Qualities
1. The transonic trim change, a pitching-up tendency, 'is mild.

2. The-regtes of change of elevator angle required for level flight
through the transonlc region are sufficiently low at both sea level
and 40,000 feet so thet a pilot would experience no difficulty in meln-
taining level flight provided the stick forces are satisfactory.

3. The maneuversbility of the airplane would be limited in the
transonic speed range at high altitudes as a result of large reduction
in control effectiveness and at low speeds dne ta stalling.

4, Stick forces required for maneuvering will be high at transonic

and supersonic speeds necessitating some type of control-boost system.

5. The damping of the short-period longitudinal oscillation is
adequate at sea level but is reduced at altitude.

Langley Aeronsutlical Lsboratory
Naetional Advisory Committee for Aeronautics
Lengley Air Force Base, Va.
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TABLE I
GEOMETRIC CHARADTERISTICS OF THE FULL-SCALE ATRPLARE AND THE MODELS
Full-stgle |Models ) and 2{Models B and C Model D
Wing:
Thickness (I free stresm),

percent . . .« 4 . e 5 . 7.6 7.6 7.6 7.6
Incidence, deg . .« « . . & Variable o 0 0
Twist, AEZ .+ = o « o o o . 0 o 0 o
Sweepback at 0.30T,

AEE <« 4+ ¢ o e o o o ko Ty 40 ko
Inverse taper ratio . . . . 1:1.626 1:1.626 1:1.626 1:1.626
A. ... . e e .« e e e 3.07 3.07 3.07 3.07
By FE v v v 0 o v v v v 10.60 1.590 1.175 1.175
b, £t . . e e e e e 31.34 k.0 3.48 3.48
3,80 %t v e v s u e e 320.0 7.20 3.95 3.95
Dihedrel, deg + « « « « . . -5 -5 o 0

Horlzontal tall:
Section , + ¢« ¢ « ¢ ¢« + o o« (Symmetrical| Symetrical Symmetrical
Thickness (in free stream),
PEXCEME « .+ « & & oe e 7.6 7.6 7.6
Sweepbeck, deg . .« o o . . ko ko Lo
D, T 4 v 0 v e e a e 0 e 16,68 2.50 1.85
Ty £E ¢ ¢ 0 e v e v e 0 L.28 0.643 0. 476
B, 8 L o o v 0 o 0 s e 69.61 1.57 0.86
Sey; 8@ FE ¢ o ¢ ¢ ¢« ¢ 0 e . 21..10 0.475 0.26
Incidence, deg « « « « ¢ « 0 (VI 0
Vertical tall: .

Total .srea, sq £t . . . . . 48,30 1.085 0.593
L]
V-tall:

Section « « « « ¢ o & o & o Symmetrical

Thickness {in free stream),

percent .« . v e . b o« v e . 7.6
Sweepback, plan view,

QEE « o & o o o s 4 o b s ko
Dihedral, deg « « « « « « » 38
by, plan view, £t . . . . . 1.81
Bhy £ @ v v e e e e e 0.437
St, plan view, 8g £t . . . 0.935
St, side vlew, 8q £t . . . 0.730
S, actual, 8q ft—. J o . 1.187

o]

= T

i

)
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TABLE II

WEIGHT AND BALANCE DATA

BQRTO0CT WY YIVN

Weight Wing losding | Mowents of inertis | Center-of-gravity
(1b) (1b/aq ft) in pitch, Iy location
(alug-ft2) (percent M.A.C.)
Full-scale airplane | 18,600 58.2 48, 724 18.0
Model 1 162,75 22.60 17.03 5.6
Model 2 158.0 21,90 15. 34 12.5
Model B 4.8 .32 | ememmeee- -4.0
Model C 37.8 9.60 2.06 4.5
Model D 37.7 9.58 2.23 8.30
SHAGR

6T
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TABLE IIT

WING ATRFOIL ORDINATES PARALLEIL, TO AIRPLANE CENTER LINE

Station " Upper (percent chord) Lower (percent chord)
(pel‘-cen‘b chord) Root section} Tip section | Root section | Tip section
0.5 0.63 0.66 0.51 0.54
.15 . .78 .81 .64 67
.25 1.01 1.05 .82 .86
2,50 1.4k4 1.48 1.15 1.19
5.00 2.05 2.09 1.60 1.63
T.50 2.52 2.53 1.92 1.94
10.00 2.88 2.89 2,17 2.18
15 3,44 3.k 2.53 2.53
20 3.84 3.84 2.78 2.78
25 k.13 k.13 2.94 2.94
30 4.32 k, 32 3.04 3.04
35 hohh b Ll 3.08 3.08
Lo 4. 48 4 48 3.08 3.08
45 - 4, 45 4,45 3.01 3.01
50 4. 36 4,36 - 2.89 2.89
55 k.15 4,15 2.72 2.72
60 3.89 3.89 2.50 2.50
65 3.57 3.57 2.23 2.23
70 3.19 3.19 1.93 1.93
75 2.75 2,75 1.60 1.60
80 2.27 2.27 1.25 1.25
85 1.75 1.75 .89 .89
90 1.21 1.21 .54 .54
95 .63 .63 2k .24
100 0 0 0 o
«q‘mnag.rv
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Figure 2.- Two views of one of the pulsed models.
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Figure 3.~ One of the pulsed T-tail models in launching position.
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Figure 5.- Three-view drawing of models B and C.
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Figure 6.~ Two views of one of the fixed-control V-tail models.

31






NACA RM L50G18s

Figure T.- Two views

of the fixed-control T-tail model.
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Figure 8.~ Variation of Reynolds number with Mach number (based on mean
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Flgure 9.- Lift at constant angle of attack as a function of Maéh number.
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Figure 10.- Variation of 1lift coefficlent with angle of attack, showing
nonlinearity near zero lift coefficients, as obtalned fram model 1.
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Figure 11.- Variation of—lift-curve slope with Mach number.
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Figure 15.- Variation with Mach number of drag coefficient at approximately
zero lift.
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Figure 1G9.- Rate of change of pltching-moment coefficlent with angle of
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Figure 20.- Variation of aerodynamic-center location with Mach number.
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Figure 21.- Time required for short-period longitudinal oscillation to
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Figure 22.- Varlation of total demping coefficient with Mach number.



4 L L= =i |

T_-

o e

] p—""
T

68 72 76 80 684 88 .92 .96 10O

Mach number M

Figure 23.- Varlation with Mach number of ay ;.
for model 1.

104

thrim

.08 L2 I8 Leo

3 and Btrim

BYIDOCT WH VOVN




strl:'n

q‘frlm

4

°"trlm

o}

re——

-

Lo

64 68 72

Figure 2h,.- Varistion with Mach number of Cyrim?

d6 80 84 88 92 96 100 104 108 L2 16 120

L NACA
Mach number, M -

C and ©
Lt.rim ! trim
for model 2. .

BRTDOST W VOWN

A




‘o

04 l l
Modei C
-4
6 7 8 9 .0 L 1.2
4 T
Model D
CL O
//
| | -l
_.4
.6 1 .8 .9 LO Ii .2

Mach number,M

Figure 25.- Variation of longltudinal trilg with Mach number for models C
and D. & = 0",

BQTOOCT W VOVN




NACA RM L50G18a

QR kg
.08 < T
Model 2
oq | Model | AN L
~N
\ Na / e
$ SN T
&) O . 4#-—2
T-NACA -
-.04 1
.6 N § .8 .9 1.0

L .2
Mach number ,M

Figure 26.- Variation with Mach number of zero-angle-of-attack pitching-
moment coefficlent for zero stabilizer incidence.
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Figure 27.~- Variation with Mach number of rate of change of 1ift
coefficlent with respect to elevator deflection at constant angle
of attack.
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Figure 28.- Variation with Mach number of the rate of change of trim
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Figure 29.~ Variation with Mach number of change in trim angle of attack
with respect to elevator deflection.
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Figure 30.- Rate of change of pitching-moment coefficient with elevator
deflection as a function of Mach number.
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Figure 31.- Variation of elevator hinge-moment coefficient with elevator
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Figure 32.- Veriation with Mach number of elevator angle reduired for thé
assumed full-scele alrplane to maintain level flight. Center of gravity
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Figure 33.- Variation with Mach number of normal Fforce developed at a
constant elevator deflection for the assumed full-scale airplane.
Center of gravity at 0.18c.
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Figure 34.- Variation with Mach number of elevator deflection required
per g for the assumed full-scale airplane. Center of gravity
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Figure 35.~ Variation with Mach number of stick force required for the
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Figure 36.- Variation with Mach nuwber of stick force required per g
for the agsumed full-scale airplane. Center of gravity at 0.18c.
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Figure 37.- Variation with Mach number of the éyclés reqﬁiréd for short-

period longitudinal oscillation of the assumed full-scale airplane to
damp to one-tenth amplitude. Center of gravity at 0.18c.
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Figure 38.- Variation with Mach number of time resquired for short-period
longitudinal oscillation of the assumed full-scale airplane to damp
to one-half amplitude. Center of gravity at 0.18c.
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Figure 39.- Veriation of period of longitudinal oscillation of the assumed
full-scale airplane with Mach number. Center of gravity at 0.18c.
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