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FLIGHT-TEST EVALUATTON OF THE LONWGITUDINAL STABILITY AND CONTROL
CHARACTERTSTICS OF 0.5-SCALE MODELS OF THE FAIRCHILD IARK
PITOTLESS-ATRCRAFT CONFIGURATION

STANDARD CONFIGURATION WITH WING FLAPS DEFLECTED 60° AND
MODEY, HAVING TAIL IN LINE WITH WINGS
TED NO. NACA 2387
By David G. Stone

SUMMARY

Flight tests wers conducted at the Flight Test Station of the
Pilotless Aircraft Research Division at Wallops Island, Va., %o
determine the longitudinal control end stability charecteristics of
0.5-gcale models of the Falrchlld ILark pilotless aircraft with the
+ail in llne wi’oh the wings and with the horizontel wing flaps
deflected 60°. The data were obtalned by the uvse of & telemster and
by redar tracking.

lecing the taill in lins with the wings results in a conslidersbls
reduction In the effectiveness of the longitudinal trimming control.
This configuration is statically stable with large increages in the
longitudlinal stebillty occcurring above a Mach number of 0.7. The
model exhibited dynamic stebility throughout the speed renge. The
asrodynamlc lag of the trimming control encountered in the tail-in-line
configuration would makes angle -of-attack stabilizetion very difficult.

Deflecting the horizontal wing flape 60° with the tail inter-
digitated with the wings results in a reduction in the effeotiveness
of the trimming control as compared to g flap deflection of 15°.
Deflecting the horizonbdal wing flaps 60° produces considerable
increase in the static longitudinal stebility at high Mach mumbers.
Similerly, with flaps deflected 60° the acrodynamic lag of the
trimming control would meke angle-of-atteck stabilization difficult.

UNCLASSIFIED
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INTROTUCTION

The NACA was requested by the Bureau of Aeronautics, Navy
Department, to meks flight tests of the Fairchild Lark pilotless-
alrcraft configuration to evaluate the longitudinal stabillty and
control cheracteristics at high subsonic speeds in order to predict
the behavior of the full-scals aircraft. In order to obtain this
information 0.5-scale models, externally gecmstrlcally similar to the
Failrchild ILark, were constructed and flown at the Flight Test
Station of the Pllotless Alrcraft Ressarch Division at Wallops
Island, Va. The results reporited herein pertain to the longitudinal
characteristics of the Ffollowing configurations: (1) model with ‘the
tall surfaceg In line with the winge and wing flaps not deflected,
and (2) model of the stendard configuration (dihedrel of tail
surfaces 45°) with the wing flaps deflected 60°.

The full-scale Fairchild Lark is flown at constant angle of
attack. The 1lift increments for meneuvering are gained by deflection
of the horizontal wing flaps, and the longitudinal control surfaces
are used only as trimmers. In these model tosts the control surfaces
produced angle of atitack, but tests with various wing-flap deflections
provided deta for an evaluation of the effectiveness of ‘the trimming

control function. The models were flown with a programmed flicker-
type deflection of the longitudinal trimming control surfaces.

SYMBOLS

time from launching, seconds

free-stream Mach nmber

free-gtream static pressure, pounds per squere foot
free~streem dynamic pressure, pounds per sguare foot <E§@fi)

free-gtream total pressure, pounds per square foot
normal-force coefficlent

chord-force coefficlent

rate of change of pitching-moment coefficient with angle of
attack, per degree

rate of change of 1ift coefficient with angle of attack,

por degreeo
e
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rate of change of normal acceleration with elevator deflection,

per degree
P period of oscillation, seconds
Iy moment of inertia sboubt Y-axis. slug--fee'l:2
W weight of model, pounds
S horizontal wing erea, 2.725 sguare feet
c wing chord, 0.883 foot
aq longitudinal acceleration, feet per second per sscond
an normal acceleration, feet per mecond per sscond
g acceleration of gravity, 32.2 feet per second per second
5 @eflection of horizontal wing fleps, degrees
8y d.efléc-bicn of ruddor elsvators or elevators, degrees

(trailing edge dowm is positive)

? specific heat ratio; value taken, L.k
MODELS AND APPARATUS

The simplifisd 0.5-scale models used in this Investigation
were extornally geometrically similer to the full-scale Lark (XAQ-1)
of the Pilotless Flans Division of the Fairchild Engine end Airplane
Corporation. Descriptions of the 0.5-scale Lark modeles are given in
references 1 end 2. -

Model with Tall in Line with Wings

Figure 1 presents the general arrangemesnt of the model with
the tall surfaces in the sames plane as the wings. A photogreph of
this model with rocket motor end blast tube is shown in figure 2.
The tall«in-lins tests were accompllighed by rotating the tail section,
by fastening the vertical control surfaces at 0° deflection,
and. by commecting the servosystem to the horizontal control surfaces
which wore then selevators. For this Flight the elevators were
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deflected from approximately -11° to 10° in programmed movement to
glve a flicller-type opesration. This control-swrface motion was in
operation before the model left the launcher and all during the
Tflight. For this flight the wing flapa were not deflacted.

The model wes ground -lawmched without & booster on & zero~
length launcher set at an angle of 45° from level. A photograph of
the model on the leuncher is shown in figure 3.

The genserel speciflcatlons of the model as comparsd to the
full-scale alrcraft are gilven in table I.

Standard Configuration Model

Figure L pressnts the general arransement of the model representing
the standard configuration. A photograph of this model with rocket
motor and blaest tube is shown in figure 5. This fllght was made with
the horizontal wing flaps deflected $0°, and the rudder-elevetors
wore deflected from approximately ~9° to 6° in a programmed flicker-
type operation. A detail photograph of the horizontal wing flap
deflected dovm 60° 1s shown in Fflgure 6.

This model was ground -launched wilthout a booster on a zero-
length launcher get at an angle of 30° from level. A photograph
of the model on the launcher is shown in figure 7. A photograph of
the model in flight as 1t left the launcher is shown in figure &.

The genersl specifications of the model as compared to the
full-scale aircraft ere glven in teble I.

Aypparatus

The data from the flichts were obtained by the use of a telemeter,
CW Doppler radar, and photography. The four-channel telemeters
gave continuous signals of the longlitudinal scceleration, normal
acceleration, impact pressure, and control-surface deflection. The
impact-pressurse record from the telemeter was reoduced to Mach number
by the following eguatlon:

7-1
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where p was taken as the pressure 8t gea level at the time of the
tostas. Since the modsls reached an altitude of only about 500 feet
during the high-speed reglon, no large errors iIn M are introduced
by teking p constent. The velocity of sound for the tall-in-line
tests was 1135 feet per second and for the standerd-configuration
tests was 1142 feet per second.

The normal-acceleration factor and the normsl~force coefficient
wore besed on a linsar variation with time of the wing loading from
the talle-off condition to the burnout condition.

RESULTS AND DISCUSSION

Time -History Records

Tail-in-line model.- A time history of the flight of a 0.5-scale
model Larl with the tall in line with the wings and 8p = 0° is
presented in figure 9. The total elapsed flight time was 40.8 seconds.
Only the first 8 seconds of the flight are presented since no change
in the recorded flight characteristics was noted until the compressed
elr for the servosystem wes expended e few seconds later. The
meximm speed obtained corressponds to a Mach mumber of 0.87, occurs
at a time of 3.86 seconds after lawmching, and coincides with the
burning out of the rocket motor. The dashed Mach number curve was
obtained by Integration of the longltudinal acceleration with the
initisl point at + = 2.4 where the date from the total head and
radser check exectly. After & = 3.8 the total-head channsl failed
to record ,Qroperly , and ths recording time of the radsr was expended
at t = 3.6,

Referring to flgure 9, it may be seen that the normal acceleration,
with the usual short-period oscillations, followed ths dsflection of
the elevators throughout the spsed range. Positive normal accelerations
of Tg and negative accelerations of 3g were obtalned for elsvator
deflections of approximately -10° end 11°, respectively. No reversal
of the normal acceleration was experienced for the speed range
encountered. The low maximum veloclity as comparsd with that showm
in reference 1 can be atiributed to poor rocket thrust as indicated
by &y = Tg as compared with a3 X 9g in previous tests.

Figure 10 presents the variatlion of normal-force coefilcient
with Mach number for the power-on flight period. Figure 11 preosents
curves of chord-force and normel-force coefficients for the power-off
decelerating part of the flight. At times where Cy =0 the C
wmay be sald to be equivalent to drag coefficient; hence at + = ﬁ."(9
(4 = 0.81) the drag cosfficisnt is ©.069, decreasing to 0.033 at
t=7.5 (M=0.73).

ASNEERL,
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Standerd configuration model (8¢ = 60°).- A time history of the
flight of a 0.5-scale model Lark of standard configuration fleps
deflected 60° is presented in figure 12. The total elapsed flight
time was 17.9 seconds. As determined from visuasl and photographic
cbegervation, the model begen & slow roll mear + = 1.8 indicating
thet the risght wing flep loosened resulting in unlmown deflections,
end near +t = 7.0 +the right wing flap broke off causing a severe
roll. Further rscord conversion bheyond the time the flap broke off
wag considered umnecessary. The meximum spoed obtalned corresponds
to a Mach number of 0.91, occurs et t = 3.78, end coincides with the
burning out of the roclket motor. The dashed Mach number curve was
obtained by integration of the longltudinal acceleration. For this
Tlight the total-head channel and the Doppler rader falled to record
properly.

Referring to flgure 12, it may be seen that the normal acceleration,
with the usual short-periocd oscillations, Tfollowed the deflection of
the rudder-elevators throughout the speed range. Although the right
wing flap had loosened, normel accelerations of 308 wore obtained
for a rudder-elevator deflection of -9°. Also, after the flap
loogened, considerable waviness occurred in the longitudinel
acceleration curve.

Flgure 13 presents the variation of normal-~force coefficient with
Mach number for the power-on flight period. Figure 14 presents curves
of chord-force and noymal-force coefficients for the power-off
decelerating part of the flight.

Longitudinal Stablliity

Evaluations of the sgtatlic longitudinel stability were obbtained
by analysis of the shori-period oscillation induced by the abrupt
movemsnt of the elevetors as described in reference 3. The following
equation was used to determine the rate of change of pitching-moment
coefficlent with angle of attacl:

d_Cm )-I-JtEIY
dav 57.3P%Se

The variations of center of gravity and momernt of inertia are

Included in the computation of Eﬁ?'

The values of %g? obtalned are for the model-flight center-
of -gravity locations which for the tail-in-line configuratlon varied

SANPEE—
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Prom 18.86- to 18.51-percent chord and for the standsrd configuration
varied fram 19.34- to 18.29-percent chord as the rocket motor burned
oub.

The velues of the period P determined from figures 9 and 12
are presented in figwre 15 to show the variation of the perlod of
oscillation with Mech number. The scatber of the test points on
figure 15 indicates the amount of error in determining P. Considerable
scatter is shown for the Bp~ 50° case. This may be dus to
loosening of the flap.

Figure 15 presents the stabic longitudinal stability, as
computed using the above equation, as a function of Mach number. These
curves indicabe that as M increases, the stebility increases greatly
for both configurstions. With the tail in line with the wings,
the stabtic stabllity is lees at low Mech nimbers dbubt increasses faster
end is greater as M increases as compared with the tell interdigitated
with the wings. For the case of Bf ~ 60° at high values of Cy
the stability does not increase as fast wilth lncreasing Mach number
as at low veluss of Cy.

By talzing the velus of the slope of the 11Tt curve %%‘ to
be 0.08 (reference 3), and also including the variation of the center
of gravity, the neutral points were computed for these conditions.

The ggutral points, of course, do not include the probable changes

in -a-&l—’ with Mach nunber. The variations of the neutrsl polnts Tor

the tail-in-line model (& = 0°) end the stendard-configuration
model (Sp = 60°) with M are given in figure 17. Again the
increase in stability is indicated by the lerge reerwerd movement of
the neutrel voint as M Increases above 0.70.

Longltudinel Control

On the full-scale Lerk the tall control surfaces are used for
trirmming the elrcraft only, whereas the 1ift increments are gainsd
by wing-flep deflectlions or all-movable wings. In these modsl tests
the control surfaces produced chen es of angle of abttack, but tests
with various wing-flap deflections provided the data for en
evaluation of the ability of the conirol surfaces to trim the airplane
at high 1ifts. The ability of the longltudinel control surfaces
to produce normal accelsrations is presented in figure 18 as a plot
of normel-acceleration factor against Mach number.

&
The normal-sccelsration factor A;él (g) was determined by the -
<]
total changs in ? for the total chenge in ©Og. This method of
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determining the normel-acceleretion factor eliminastes the need for

determining the Oy reguired for % = Q0 ag was reguired for

computation of the normal-acceleration factor in reference 1. The
valuss of the normal-acceleration factor neglect the effects of the
difference between normal force and 1ift force, end the rate of

change of flight path with time. The maximum veriation of center-

of ~gravity locabions between models is approximetely 2-percent chord.
The difference dus to power-on in the Op m 60° case is probably
caused by thrust misalinement with center of gravity. In order

to obtain the normal accelesrations produced per degree of elsvator
deflection for any desired wing loading, divide the normel-accelsration
factor by the desired wing loading. For example, at M = 0.75

and g- = 110, +the followlng comparisons mey be made:

0.5~gcale modsel Full-scale alrcraflt
C.8v |21 por c.g., |on por
O w/s orcont | & ¥ w/s reent | &
(1b/sq £%) Pchord S (1v/sq £t) Pce:hord. Be
o° 38.9 16.64 -0.85 110 16.64 -0.30
15° 36.6 19.81 -1.95 110 19,81 -.65
0600 39.2 13.60 ~-1.20 110 18.60 -3
o tall 8.1 16.60 -.26 110 18.60 -
lined up 36. * 120 ' -09

It is evident that placing the taill in line with the wings
results in an appreciable loss In the ability of the elevators to
produce normal accelerations. Alsc, wing-flap deflections of 60°

a
show & reduction in -82 per B as compared to Bp = 15° up to

M=% 0 3. It may be noted thet at M = 0.75 +the longitudinal
stabillity is approximately the same for the tail-in-line and tail-

interdigitated tests; therefore,the change in %’1 poir Bg must be

due to a reduction in the effectiveness of the trimming control.

M so, since the stability is less for the By = 50° configuration,
this ageln indicates a reduction in control effectiveness Ffor
trimming. This reduction in control effectivensss may be attributed
Yo wing-wale effects upon the tail.

Also shown in figures 9 and 12, the production of normal
acceleration lags the application of control deflection. For the
test of the tail-in-line model,the lag in the produced normal acceler-
ation ls of the order of 0.10 to 0.15 second after application of
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the control. For the model with flaps deflected 60° the lag is
evproximately C.10 second. These lag times may be comparsd o values
of O to 0.05 second shown in references 1 and 2 for the standard
model with &p = 0° and 15°. This lag in the offectlivensss of the
elevators may be due agaln to wale® interference from the wing. The
megnitude of this serodynamic lag ls such as to serlously complicate
the internal stebillty of an autonilot servosystem.

CONCLUSIOHNS

The flight tests to determine the lonzitudinal stability and
control characteristics with the tail in line with the wings (8p = )
and with the horizontal wing flaps deflected down 60° For the
Fgirchild Ierk pllotless aircraft were conducted at the Flight Test
Station of the Pilotless Aircraft Research Division at Wallops
Islend, Va. TFrom the resulis of the flight tests, the following
general conclusions sre indicated:

Placing the +tall in line with the wings resulits in a congidereble
reduction in the effectiveness of the longitudinel trimming control.
This configuration is gtatically stable with large incrseses in the
longitudinel stabllity occurring above M & 0.7. The modsl exhibited
dynamic stability throughout the speed range. The serodynamic lag
of the trimming control encountered in the tail-in-line configuration
would meke angle-of~attack stabillzation very difficult.

Deflecting the horizontal wing fleps 60° with the teil inter-
digitated with the wings resulis in a reduction In the effectivensss
of the trimming control as compared to &p = 15° up to M= 0.80.
Deflecting the Plaps 60° produces a considerable increase in static
longitudinal stability at high Mach mmwbers. Similerly, with flaps
deflected GO, the serodynamic lag of the trimming control would malke
angle-of ~attaclr gtabillization difficuls.

Langley Memorial Aeronautical ILaboratory
Netlonal Advisory Committee for Aeronautics

Langley Field, Ve.
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-, . David G. Stone
L L S Aeronsutical Enginser
» PR _ Cond oy &
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Robert R. Gilruth
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* PABIE I.- GENERAL SPECIFICATIONS
oo
G
.:.“i cele 0.5-scale model
- Ttem Full-s 1 Sokd:] 8 ‘
%, ¢ airoraft Tail in line Stenderd
.. .: .
Fuselage:
Over-all length, in. 164 & &
Maximm diameter, in. iT 8.5 8.5
Wings:
Aspect ratio 3.9 3.49 3.49
Total span, in. T 37 37
Chord (constant), in. 21.2 10.6 10.6
Angle of incidence, deg o} o] (o]
Dihedrel, deg (o} 0 o
Sweep, deg o} o] o]
Airfoll section:
Horizontel wing NACA 16~209 NACA 16-209 NACA 16-209
Verticel wing RACA 16-009 NACA 16-009 NACA 16-009
Wing area (per pair :Lnoluﬂ.ing
fuselage), sq £t 10.9 2.725 2.725
Tall surfaces:
True spen, in. L8 2h 2l
Chord {constant), in. 15.4 7T 77
Angle of incidence, deg o (¢} [0
Dihedrel, deg ks ] (o} Ls
Sweep, deg [0} (o} (¢}
Airfoil section NACA 16-008 NACA 16-008 NACA 16-008
Horizontal eree (including Total projected Total projected
fuselage), sq Tt 7.25 1.283 1.813
Propulsion:
Type rocket Liquid Powder Powder
Approximate thrust, 1lb 600 1000 1200
Approximate thrust, sec 220 3.9 3.8
Center-of -gravity locatlon, o —off 18.86 —off 19.3h
percent chord 2 {Bu:mout 18.51 Burnout 18.29
Take -off 125.k4 Take-off 12T7.1
Weight, 1b 1060 Burnout 97.9 {‘.Burnout 99.6
_ Teke-off 46.0 Take-off 146.6
Wing loading, lb/sq £% 110 Burnowt  35.9 | § Burnout 36.6
Moment of insrtia gbbut Y-axis,
ie-re2 = (appeox) ([Tt 80| [ramcore g0

NATTONAL ADVISORY
CO¥MITTEE FOR AERONAUTICS
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Figure 2,~ Photograph of tail-in-line model with rocket motor and blast tube. |
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NACA LMAL 49913

Figure 3.- Tail-in-line model on launcher.
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NACA RM No. L7F17 Gk Fig. 6

Figure 6.~ Photograph of horizontal wing flap deflected 60° on standard
configuration model.
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Figure 7.- Standard-configuration model on launcher.
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
“ LANGLEY MEMORIAL AERONAUTICAL LABORATORY — LANGLEY FIELD. VA,
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Figure 8.- Launching of model Lark; standard configuration; & £= 60°.
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Figure /0. - Yariation of normal- force coef¥ficient with Mach number
for the power-on part of the flight. Model with tail inlne with wings; s
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Figure !1.- Variation of Mach number and chord-force and normal-force coefficients with fime
for the power-of¥ part of the flight: Moadel with fail mhne with wings; Sp=0%
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Figure 13.- Variation of normal-force coefficient wiih Mach number fer E
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Figure (5.~ Variation of the period of the short-period oscillation with Mach number.
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