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RESEARCH MEMORANDUM
for the

Bureau of Aeroneutics, Navy Depariment

FLIGHT~TEST EVALUATION OF THE LONGITUDINAL STABILITY AND CONTROL
CHARACTERISTICS OF 0.5-SCALE MODELS (OF THE FAIRCHILD IARK
PILOTLESS-ATRCRAFT CONFIGURATION

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

STMMARY

Flight toste were conducted at the Flight Test Station of the
Pilotless Aircraft Resoarch Division at Wallops Island, Va., to
determine the longitudinal control and stability charscteristics of
0.5-acale nodels of the Fairchild Lark pilotless aircraft with the
+ail in line wi*bh the wings and with the horizontel wing flaps
deflected 60°. The data were obtained by the vse of a telemeter and
by redar tracking.

lacing the tail in line with the wings results in a considerebls
reduction In the effectivensss of the longlitudinael trimming control.
This configuration is statically siable with large increases in the
longitudinal stability occurring above a Mach number of 0.7. The
model exhiblted dynamic stebility throughout the speed range. The
asrodynamlc lag of the trimming control encountered in the tail-in-line
conflguration would make angle-of-attack stabilization very difficult.

Deflecting the horizontel wing flaps 60° with the tail inter-
digitated with the wings resulis in a reduction in the effectiveness
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 stability at high Mach mumberes.
Similerly, with flaps deflected 60° the asrodynamic lag of the
trimning control would meke angle-of-atback stebilization difficult.

UNCLASSIFIED
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INTRODUCTTION

The NACA was requested by the Bureau of Aeronautics, Navy
Department, to meke flight tests of the Fairchild Lark pilotless-
aircraft configuration to evaluate the longitudinal stability and
control characteristics at high subsonic speeds in order to predict
the behavior of the full-scals aircraft. In order to obtain this
information O0.5-scale models, extornally gecmetrically similar to the
Fairchild Lark, were constructed and flown at the ¥Flight Test
S8tation of the Pillotless Alrcraft Research Divislon at Wallops
Taland, Va. The results reported herein pertain to the longitudinal
characterisgtics of the following configurations: (1) model with the
tall surfaces in line with the wings end 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 deflectlion
of the horizontal wing flaps, and the longitudinal control swrfaces
are used only as trimmers. In these model tosts the control surfaces
produced angle of attack, but tests with various wing-flap deflections
provided data for an evaluation of the effectiveness of the trimming

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

SYMBOLS

time from launching, seconds

free-stream Mach nmmber

free-gtream static pressure, pounds per squere foot
free~gtreem dynamic pressure, pounds per square foot (%pM‘o')

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

chord-force coefficilent

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

rete of change of lift coefficient with angle of attack,

por degree
s

3!§ g,ﬁé’ﬁm"’"’zf*
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A Bﬂ—)
82 rate of change of normal acceleration with elevator deflection,
&8s

per degres
P period of osclllation, seconds
Iy moment of inertia about Y-axis, slug-feet”
w | welght of model, pounde
S horizontal wing area, 2.725 sguare feet
c wing chord, 0.883 foot
aq longitudinal acceleration, feet per second per sscond
an normal acceleration, feet per second per second
& acceleration of gravity, 32.2 feet per second per second
8p @eflectlon of horizontal wing flaps, degrees
Ba defiection of ruddor elsvators or elevators, degrees

(trailing edge down 1g positive)

7 goecific heat ratio; velue taken, 1.k
MODELS AND APPARATUS

The simplifisd 0.5-scals models used in this investigation
were extornally geometrically similer to the full-scale Lark (XKAQ-1)
of the Pilotless Plans Divislon of the Falrchild Engine and Alrplane
Corporation. Descriptlons of the 0.5-gcale Lark models are given in
references 1 and 2. -

Model with Tall in Line with Wings

Flgure 1 pressnts the general arrangement of the model with
the tall surfaces in the same plane as the wings. A photograph of
thlg model with rocket motor end blagt tube is shown in figure 2.
The tail-in-lins tests were accomwlished by rotating the tail section,
by fastening the vertical control surfaces at 0° deflection,
and by comnecting the servosystem to the horizonital control surfaces
whick were then elevators. For this flight the elevators were
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deflected from approximately -11° to 10° in programmed movement to
glve a flicller-type operation. This control-surface motion was in
operation before the model left the launcher and all during the
Tflight. For this flight the wing flapa were not deflected.

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

The generel specificatlons of the model as compared to the
full-scale alrcraft are given in table I.

Standard Configuration Model

Figure L pressnts the general errengerment of the model representing
the standard configuration. A photograph of this model with rocket
motor and blest tube is shown in figwre 5. This flight was made with
the horizontal wing flaps deflected 50°, and the rudder-elevators
wore deflected fram approximately ~9° to 6° in a programmed fliclesr-
type operation. A detell photograph of the horizontal wing flap
deflected dovn G0° 1s shown in Pigure 6.

This model was ground -lauvnched without & booster on a zero-
length launcher set 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 it left the launcher is shown in figure &.

The genersl specifications of the model as comparsd to the
full-scale aircraft are given in tebls I.

Apparatus

The date from the flighte were obtalned by the use of a telemeter,
CW Doppler radar, and photography. The four-channel telemeters
gave continuous signals of the longltudinal acceleration, normal
acceleration, impact pressure, and control-suriace deflection. The
impact-pressure record from the telemeter was reduced to Mach number
by the following eguatlon:

7ol

o 2 H - 7

M=-—-——-—€_-_.......2 o1
y -1 H



NACA RM No. LTFLT wOURFITENGL >

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

The normal-acceleration factor and the normsel-force coefficlent
wore based 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 tail in line with the wings and Bp = 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 cheracteristics was noted untll the compressed
alr for the servosystem was exvended a few seconds later. The
meximm speed obtained corrssponds to a Mach number of .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
initial point at + = 2.4 vwhere the date from the total head and
radsr check oxactly. After &t = 3.8 the total-head channsl failed
to record ,Qroperly , and the recording time of the radsr was expended
at £ = 3.56.

Referring to figure 9, it may be seen that the normal acceleration,
with the usual short-period osclillations, followed ths dsflection of
the elevators throughout the spsed range. Posiitive 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 accelesration was experienced for the speed range
encountered. The low maximum velocibty as compared with that showm
in reference 1 can be atiributed to poor rocket thrust as indicated
by &y = Tg as compared with a3 x 9g i1n previous tests.

Flgure 10 presents the variatlon of normal-force coefiicient
with Mack number for the power-on flight period. Figure 11 prosents
curves of chord-force and normel-force coefilcients for the power-off
decelerating part of the flight. Ab times where Cy =0 the C
may be sald to be equivalent to drag coefficient; hence at + = ﬁ."(9
(4 = 0.81) the drag cosfficisnt is 0.069, decreasing to 0.033 at
t=7.5 (M=0.73).

e
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Standard configuration model (8¢ = 60°).- A time history of the
flight of a 0.5-scale model Iark of standard configuration flaps
deflected 60° is presented in figure 12. The total elapsed flight
time wag 17.9 seconds. As determined from visual and photographic
observation, the modsl beogan a slow xoll near t = 1.8 indicating
that the right wing flap locsened resulting in unlmown deflsctions,
and nsar t = 7.0 the right wing flap Ddroke off causing a gsvere
roll. Further record conversion beyond the time the flap broke off
was considered ummecegsary. The meximum spoed obtalned corresponds
to a Mach number of 0.91, occurs at t = 3.78, and. coincides wlth the
burning out of the roclket motor. The dashed Mach number curve was
obtainsd by integration of the longitwdinal accelsration. For this
Tlight the total-head channel and the Doppler rader Tfailsd to record
properly.

Referring to figure 12, it may be seen that the normal acceleration,
with the usual short-periocd oscillations, followed the deflection of
the rudder-elevators throughout the spesd range. Although the right
wing flap had loosened, normel accelerations of 30g were obtalned
for a rudder-elevator deflsction of -9°. Also,after the flap
loosened, considerabls waviness occurred in the longitudinel
acceleration curve.

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

Tongitudinal Stebility

Evaluations of the static longitudinsl stability were obtained
by analysis of the short-period oscillation induced by the abrupt
movemsnt of the slevetors as described in reference 3. The following
equation was used to determine the rate of change of pitching-momsnt
coefficlent wilth angle of attacl:

aCp 42Ty
g 57.3P%qSe

The variations of center of gravity and moment of imertia are

included in the computation of %E%.

The valuesg of %S? obtained are for the model-flight center-
of -gravity locations which for the tail-in-line configuration varied

AANPREE
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Prom 18,86~ to 1LC.51-percent chord and for the standesrd 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 figure 15 to show the variation of the perlod of
oscillation with Mech number. The scatter of the test points on
figure 15 indicates the amount of error in determining P. Considerable
scatter is shown for the &= 50° case. This may be dus to
loosening of the flap.

Figure 16 presents the static longitudinal stability, as
computed using the sbove equation, as a function of Mach number. These
curves indicate that as M increases, the stebility increases gresatly
for both configurations. With the tall in line with the wings,
the stablc stabillty is less at low Mech nimbers bub increases faster
and 1s greater as M increases as compared with the tail interdigltated
with the wings. For the case of &f ~ 60° at high values of Cy
the stability does not increase as fast with incrsasing Mach number
as at low veluss of Cy.

By talking the valus of the slope of the 1ift curve %%’ to
be 0.08 (reference 3), and also including the variation of the center
of gravity, the nsutral points ware camputed for these conditions.

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

in 'a—ml-’ wilth Mach nvianber. The variations of the neutral points for

the tail-in-lins model (B = 0°) end the standard-configuration
model (Sp = 60°) with M are given in figure 17. Again the
increase in stability is indicated by the large rearward movement of
the neutral point as M increases above 0.70.

Longitudinal, Control

On the full-scale Lark the tall conitrol surfaces are used for
trirmming the ailrcraft only, whereas the 1lilt increments are gained
by wing-flep deflections or all-movable wings. In thess model tests
the control surfaces produced chan’pes of angle of attack, but tests
wlth various wing-flap deflsctions provided the data for an
evaluation of the gbility of the control surfaces to trim the airplene
at high 1ifts. The ability of the longlitudinel control surfaces
to produce normal accelesrations is presented in figure 18 as a plot
of normel-acceleration factor against Mach nmumber.

&
The normal-accelsration fachor As.éu Cg) was determined by the -
e
total chengs in ?-gﬂ Por the total changs in 8. This method of
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determining the normal-accelsration factor eliminates the need for

determining the 8y reguired for %} = 0 as wag reguired for

computation of the normal-acceleration factor in reference 1. The
values 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 meximm veristion of center=-

of ~gravity locations between models i1s epproximately 2-percent chord.
The difference due to power-on in the &p s~ 60° case is probably
caused by thrust misalinement with center of gravity. In order

to obtain the normal accelerations produced per degres of elevator
deflection for any desired wing loading, divide the normel-acceleration
factor by the desired wing loading. For example, at M = 0.75

and g- = 110, +the following comparisons mey be mads:

0.5-gcales model Full=-scals alrcraft
.8y |80 pop C.8., |70 per
O W/ S ercent | & P Wr/S rcent | &
(1v/sq £t) pchoz:-él. 8 (1v/sq £t) I)ceshord. Be
o° 38.9 16.6L -0.86 110 16.64 -0.30
15° 36.6 19.81 -1.95 110 19.81 -.65
o6o° 39.2 18.60 -1.20 110 18.60 -.k3
O tall 8.1 18.60 -.28 110 18.60 -
lined up 36. * '2° : -09

It 1s evident that placing the tall in line with the wings
results in an appreciable lose in the ability of the elevators to
produce normal accelerations. Also, wing-flap deflections of 60°

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

M=% 0 8. It may be noted thaet at M = 0.75 the longitudinal
etability is approximately the same for the tail-in-line and tall-

interdigitated tests; therefore,the change in ‘-Z" por Bs 1must be

due to a reduction in the effectiveness of the trimming control.
Also, since the stability is less for the Bp= 60° configuration,
this agelin indicates a reductlon in control ePfectiveness for
trimming. This reduction in control effectivensss may be attributed
to wing-wake effects upon the tail.

Also shown in figures 9 and 12, the production of normal
accoleration lags the application of control deflection. For the
tost of the tail-in-line model,the lag in the produced normal acceler-
ation ls of the order of 0.10 to 0.15 gecond after application of
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the control. For the model with flaps deflected 60° the lag is
gpproximately 0.10 second. These lag times mey be compared to values
of 0 to 0.05 second shown in references 1 and 2 for the standard
model with &p = 0° and 15°. 7This lag in the effectlvensss of the
elevators may be Gue again toc wale interference Ffrom the wing. The
megnitude of this serodynamic leg is such as to seriously complicate
the internal stability of an autovilot servosystem.

CONCLUSIORS

The flight tests to determine the longitudinal stability and
control characteristics with the tail in line with the wings (8p = (P}
and with the horizontel wing flaps deflected down 60° Ffor the
Fairchild Ierk pilotless aircraft were conducted at the Flight Test
Station of the Pilotless Aircraft Research Division at Wallops
Islend, Va. IFrom the resulis of the flight tests, the following
general conclusions are indicated:

Placing the +tall in line with the wings results in a considerable
reduction in the effectiveness of the longitudinael trirming control.
This configuration ls gtatically stable with large Iincreases in the
longitudinsl stabllity occurring above M % 0.7. The model exhlbited
dynamic gtabillity throughout the speed range. The eerodynamic lag
of the trimming control sncountsred in the tail-in-line configuration
would make angle-of-atteck stabillizatlon very difficult.

Deflecting the horizontal wing fleps 60° with the teil inter-
digiteted with the wings resulis In a red.uction in the effectivensss
of the trimming control as compared to &p = 15° up to M= 0.80.
Deflecting the flaps 60° produces a considerable increase in static
longitudinal stability at high Mach nurbers. Similarly, with flaps
deflected 600 the serodynsamic leg of <+the trimming control would make
angle-of -attacl. stablilization difficult.

Langley Memorial Aseronautical ILaboratory
National Advisory Committee for Aeronautics

Langley Field, Va.
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Aerone.utica.l Enginser
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" Robert R. Gilru‘bh
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TABIE I.- GENERAL, SPECIFICATIONS
G
Ttem Ful-sgoale 0.5-scaele models
airoraft Tell in line Stenderd
Fuselage:
Over-all length, in. 164 & 157]
Meximm diameter, in. a7 8.5 8.5
Wings:
Aspect ratio 3.49 3.49 3.49
Total span, in. Th 37 37
Chord (constant), in. 21.2 10.6 10.6
Angle of incidencs, deg 0 o 0
Dihedrel, deg 0 0 (o}
Sweep, deg o} o] o]
Adrfoll 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 :Lnoluding
fuselage), 8q £t 10.9 2.725 2.725
Tall surfaces:
Trie span, in. 48 2h 2k
Chord {constent), in. 15.4 T-7 7.7
Angle of incidence, deg (o4 (o] [0}
Dikedrel, deg hs 0 Ls
Sweep, deg 0 i o o
Airfoil section NACA 16-008 NACA 16-008 NACA 16-008
Horizontal eres (including Total projeoted Total projected
fuselage), 8q £t 7.25 1.283 1.813
Propulsicn:
Type rocket Liquid Powder Powder
Approximate thrust, 1b 600 1000 1200
Approximate thrust, sec 220 3.9 3.8
Ce - b
;:;:;i 5{1;‘1*’7 Jocstion, 20 Teke-off 18.86 | [ Take-off 19.3%
Burnout 18.51 Burnout 18.29
Teke-off 125.k4 Take-off 12T7.1
Weight, 1b e Burnout 97.9 Burnout 99.6
‘ Teke-off 46.0| § Take-off LE.6
Wing loading, 1b/eq £% 110 Burnout 35.9 Burnout 36.6
Mm;ﬁz_rqiaimr‘bia SpURtireasls, 221 (a,pprox.) Teke-off 8.30 Teke-off 9.30
Burnout T.85 Burnout 8.85

NATTONAL ADVISORY
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NACA LMAL 49239

Figure 2.- Photograph of tail-in-line model with rocket motor and blast tube.
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CONFIDENTIAL Fig. 3

NACA LMAL 49913

Figure 3.- Tail-in-line model on launcher.
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Figure 5.- Photograph of standard configuration model with rocket motor and blast tube,
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NACA RM No. L7F17 CONFIDENTIAL Fig.

Figure 8.- Photegraph of horizontal wing flap deflected 60° on standard
configuration model.
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Figure 7.-

Standard-configuration model on launcher.
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Fig.

Figure 8.- Launching of model Lark; standard configuration; &
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