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RESEARCH MEMORANDUM

FLIGHT EVALUATION OF THE EFFECTS OF LEADING-EDGE-SLAT
SPAN ON THE STABILITY AND CONTROL CHARACTERISTICS
OF A SWEPT-WING FIGHTER-TYFE ATRPLANE DURING
ACCELERATED LONGITUDINAI. MANEUVERS
AT TRANSONIC SPEEDS

By Gene J. Metranga and Kstharine H. Armistesd
SUMMARY

A flight investigatlon conslsting of accelerated longltudinal maneu-
vers was performed on a swept-wing fighter-type alrplane utllizing several
slat-span configurations to determine the effects of slat spen on the
stebillity and control characteristics of the alrplane. The Investigation
was conducted essentially at an altitude of 40,000 feet.

For subsonlc maneuvers as 1ift 1s Increased to moderate values, a
decrease 1ln longitudinal stebllity, which menifests itself ss a mild
pitch-up in most instances, 1s evident in all configurations tested.
Although reducing slat spen improved these pitch-up cherscteristlics in
several instances, 1t always aggravated the lateral handling qualities
and 1n several instances induced objectionable oscilillations. At super-
gsonlc speeds no reduction of longitudinel stabllity due to change in 1ift
1s epparent.

The longltudinal stabllity and control characteristilics generally
are linear st low 1lift, and slat configuration has no sppreclable effect
on these characteristics.

Some measure of egreement 1s shown between the longltudlinel stabllity
date from flight and from wind tunnels at the lower angles of attack
tested.
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INTRODUCTION

A control problem of conslderable severity has been encountered in
recent years, especlally wlth swept-wling alrplanes, beceause of the rapid
deterioration of longitudinael stability as angle of attack is increased
at any glven Mach number. In an attempt to alleviate this problem numer-
ous wing devices have been employed, Including the lesding-edge slat. To
Investigate the effects of slat spen on stability and control character-
i1stlce, and also to ald In the interpretatlion of wind-tunnel date obtalned
on models of a simllar configuration (refs. 1 to 3), the NACA High-Speed
Flight Station at Edwards, Callf., conducted tests on a swepl-wing
flghter-type alrplane which incorporated free-floatlng leading-edge slats.

This paper presents the longitudinel steblllity and control character-
istics for the test alrplane over the speed range at a pressure altlitude
of 40,000 feet with all slats free-to-float, and for several slat-spen
configurations at Mach numbers of approximately 0.87, 0.95, and 1.13.
Also discussed are the effects on the lateral handling quslities of the
varlous slat configurations tested.

SYMBOLS

8y normal acceleration, g unlts
ag transverse acceleration, g units
b wing span, £t
c wing chord, ft
c mean aerodynamic chord, ft

Wa-n
Cx alrplane normal-force coefflecient,

2ov°s
Cm alrplane pltching-moment coefficlent, Pitching Toment

%QVESC
Cmi stabllizer effectlveness parameter, deg"‘l
t

Cmq + Cmd longitudinal damping parameter, redians-1
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d
E;E rate of change of alrplane pitching-moment coefficlent with
angle of attack, deg-l
dCp
T rate of change of alrplane pitching-moment coefficient with
N ~airplane normal-force coefficient
dCy
E;— rete of change of normel-force coefficlent with angle of
attack, deg‘l
Fiy
S — rate of change of stabllizer stick force with normsl
da, acceleration, lb/g
gﬁﬁ rate of change of steblllzer deflection with angle of attack
dig
—_— rate of change of stablllizer deflection with elrplane normsl-
dCy force coefficient, deg
Fit stabilizer stlck force, 1b
g acceleration due to gravity, ft/sec2
hy pressure altitude, £t
Iy moment of inertia about X-axls, slug-ft2
Ty moment of inertis asbout Y-axis, slug-ft<
Iy, moment of inertia about Z-axis, slug-ft°
iz stabllizer deflection, deg
1t stabllizer deflectlon, corrected to zero pltching acceleration,
Iy .
ig - T—GEXE;—_—’ deg
S¢C.
2P oome,
ito initlal stabllizer setting, deg
M Mech number
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P rolling velocity, radisns/sec

P rolling acceleration, rad.ia.ns/sec2

q pltching veloclty, radlans/sec

q pitching acceleration, radians/sec2

r vawing veloclty, radians/sec

T yewing acceleration, radians/sec®

S wing erea, sq £t

t time, sec

v true veloclty, ft/sec

W alrplane weight, 1b

o angle of attack, deg

B angle of sldeslip, deg

Bg total alleron deflection, deg

By rudder deflection, deg

Bg slat positlon, percent of full open positlon

8g¢, longitudinal control stick deflection, in.

€ angle between body X-axis and principal X-axis, positive when
body axis 1s above principal axls at alrplane nose, deg

o mass density of alr, slugs/cu ft

Subsecripts:

L left

R right
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INSTRUMENTATION

The following quentlities pertinent to this investigatlon were
recorded on NACA internal recording instruments synchronized by a com-
mon timer:

Alrspeed and altitude

Normal and transverse acceleration

Angle of attack and angle of sideslip
Stabilizer, rudder, and alleron deflection
Pitching, yawing, and rolling velocity
Pitching, yawing, and rolling acceleration
Stebllizer stick force

Slat position

Alrspeed, altltude, and angle of attack were sensed on the nose boom.
The angle of attack was corrected for the effects of pltching veloclty
only. The alrspeed system wes celibrated by the NACA radsr phototheodolite
method and is considered accurate to M = £0.02 =at transonlc speeds and
and M = ¥0.01 at supersonlic speeds. The turmnmeters used to measure the
angular velocltles end acceleratlions were referenced to the body axls of
the airplane. The welght of the airplane was obtalned from the pllot's
report of the fuel remaining hefore eech maneuver.

ATRPLANE

The airplane used 1in this investigation was a flghter type wilth low,
swept, horilzontal tail, and low, swept wlngs which incorporated midsemi-
spen allerons and free-floatlng leading-edge slats. A slngle turbojet
engine with afterburner powered the airplene. During the lnvestigatlon,
the airplene was flown with all slat segments free-floating, with one
inboard slet segment locked closed on each wing, with two Inboard slat
segments locked closed on each wing, and with ell slat segments locked
closed.

A three-view drawlng and a photograph of the silrplene are shown in
figures 1 and 2, respectively.

The physical charecterlistles of the airplane are presented in table I.
Figure 3 shows the variestion of the moments of Inertls about the body exis
and the inclination of the principal axis relative tc the body axls based
on the manufacturer's estimates for welght conditlons expected 1n the nor-
mal flight range.

S
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All control surfaces are irreversible, wlth spring bungees providing
the pilot with forces proportional to the amount of surface deflection
used. In addition, the longltudinal control system lncorporates balance
weights mounted just behind the control stick torque shaft. Figure L,
obtained from reference L, presents the longitudinal stick force and
8tlick deflection as a function of stabilizer position, exemplifying the
nonlinear errangement of the system.

TESTS

To evaluate the longltudinal stebllity and control characteristics
of the alrplane wlth all slats free-to-float, wind-up turns were per-
formed over the speed range at an altitude of 40,000 feet.

The effects of slat span were to be determlned by successlvely
locking slat segments closed and performing wind-up turns. The Initial
conditlion tested was the configurstion with the Inboard slat segment on
each wing locked closed. It was planned to lock addltlonal segments
closed untll the condition with all slats locked closed would be reached.
However, with the two Inboard slat segments locked closed severe oscll-
letory motions were encountered with increase of angle of attack in the
wind-up turns. Therefore, the only other configuration tested was wlth
all slets locked closed. All maneuvers were performed essentlelly at
an altitude of 40,000 feet and at Mach numbers of 0.87, 0.95, and 1.13.

The center-of-gravity position remained ebout 30 percent of the
mean aerodynamic chord throughout all tests.

A1l maneuvers in this Investigatlon were inltiasted from nesr lg con-
ditlone. The angle-of-attack and normal-force-coefflclent variations
with Mach number for lg flight at 40,000 feet at a nominal welght of
22,000 pounds are presented in figure 5.

RESULTS AND DISCUSSION

General

Representative time histories of wind-up turns with all slats free-
to-float and all slats locked closed for Mach numbers of about 0.87,
.95, and 1.135 at an altitude of h0,000 feet are presented in figures 6
and 7, respectively. ©Stability and control plots for the conflgurations
with all slats free-floating, one slat locked closed, two slats locked
closed, and all slats locked closed are preaented in figures 8 to 11,
respectively



NACA RM H58A03a A T

The values of the pltching-moment coefficlent presented in figures 8
to 11 were obtalned from the followlng equatlon:

o T & [t )] - B (e )
2

Figure 12 presents the stabllizer effectiveness parameter from
unpublished data and the longltudinal damping parameter from reference 5,
both obtained from stabllizer pulse maneuvers. These parameters, used
to calculate the flight-obtained pitching-moment curves, were assumed to
be valld for all confilgurations tested and over the 1ift ranges tested.

As angle of attack is Increased to moderate values, the data below
M = 1.0 show a decrease in longltudinal stabllity for all configurations
tested. The supersonlc date normelly exhiblt no deviation from linearity
due to the change of angle of atiack and 1ift.

Because of the arrangement of the nonlinear longitudinel control
gearing, as shown in figure 4, the stick-force gradient dFit/dan pro-

duces an apparent reduction of stebllity at elevated g under all con-
ditlions tested, and 1n some Instances & stick-free Instaebllity exists.

The stabllity and control cheracterilstics which are presented in
figure 13 were taken in the low-1ift, low angle-of-attack reglon under
2ll condlitions tested. These data exhiblt the typleal transonlc-
supersonlic trends expected of a swept-wing alrplane. No apprecisble
differences in these date are found when comparing the varlous configu-
rations tested.

Effect of Slat Conflguration on Hendling Qualities

A comparlson of the variatlon of the pltching-moment curve wilth
angle of attack for the four conflgurations tested at typical Mach num-
bers is presented in figure 14. At all subsonic speeds a reduction in
stability, which in most Ilnstances was reported by the pilot to mani-
fest 1ltself as a mild plteh-up, is indicated by the data. Above the
region of reduced stabllity, sn ares of positive stability normally
exists. An uncomfortable pltch-down did occur, however, when recovering
from a pitch-up condition wlth slightly excessive control input rein-
forcing the natursl tendency %o pltch down. Although an increase in
Mach number from 0.87 to 0.95 noticesbly increases the static margin,
the angle of attack for which the decrease of stabllity cccurs is usually
reduced. Reate-of-control lnput had nc notlceable effect on the handling
qualities of the airplane, according to the piliot.
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At a Mach number of 0.87 the sirplane with all slat segments free-
to-float follows the general trends discussed. Locking the inboard slat
closed on each wing, resulted in a milder pitch-up than with all slats
free-floating, the pllot reported, but mlld lateral oscillations were
evident Just prior to the pitch. Thls milder pltch-up was not borne
out by the data presented in figure 14, however. In the opinion of the
pllot, locking two slats closed resulted in heavy buffet and "wicked"
longitudinal osclllatlions at moderate angles of attack. Sherp wing
droppring at elevated 1ift considersbly restricted maneuversblillity. With
all slats locked closed, along with a mlid pitch-up which is shown
clearly in the data, objectionable lateral and longitudinal osclllations
occurred.

Increasing Mach number to 0.95, Introduced mlld lateral osclllations
t0 the normel trends noted with all slats free-to-float. Locking one
slat closed resulted in mild-to-moderate lateral oscillations and defi-
nlte wing dropping. When two slats were locked closed, the pllot reported
no pitch-up, but he belleved the pitch-up Indicated by the date could
have been masked by the severe wing dropping and osclllations experienced
in this conflguration. Figures 15 and 16 are time historles of the
"wicked" osclllatory and wing-dropping motions found so objectionsble
by the pllot. With all slats locked closed, the lateral osclllations
and wing dropplng were agsin quite objectionasble.

Although it 1is quite evident from figure 14 that reducing slat span
slightly improved the pltching-moment characteristics of the alrplane in
several instances (notably the condition with two slat segments locked
closed), objectionable longltudinal and lateral oscilllations as well as
severe wing dropping, such as presented in figures 15 and 16, prevented
the pllot from appreclatling these improvements In the piltehing-moment
characteristilcs.

The supersonic data show little or no change for the various con-
figuraetlions. 5till, as noted previously, lateral sensitivlity was more
evident as additional slat segments were locked closed. No supersonic
pltch-up was encountered in this lnvestigation.

In unaccelerated stalls as slat span was decreased, lateral motlons
becaeme more pronounced, as in the turns, and the onset of buffet occurred
at higher speeds. However, no particularly adverse characterlstics were
noted.

Comparison of Flight and Wind-Tunnel Data

As noted in the INTRODUCTION, several wlnd-tunnel investigations
were performed to determine the longitudinal stablility of models having
a8 configurastion similar to the test swept-wing flghter-type ailrplane.
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These wind-tunnel data served as a gulde for the flight Investigation.
A comparison of the flight date wilth the wind-tunnel data from refer-
ence 3 at a Mach number of 0.95 1s shown in figure 17. The wind-tunnel
data were corrected to the flight test center-of-gravity positlon.

Considering all the verlables which enter into this comparison,
agreement 1ls reasonably good at lower engles of attack. Differences at
the higher angles of attack could easlly erise from the fact thet in
calculating the pitching moments from flight data, constant wvalues for
Cmit and Cmq + Cm& were assumed over the 1ift range. The Mach number

chosen is in the region where slight varlistions of speed can have con-
siderable effect. Also, there are several physical differences between
the model and the test alrplane. Among these dlfferences are the degree
of slat rotatlion (the model slats rotated 10°, whereas the airplane slats
rotate 150), the slat operation (the model slats were locked open or
closed, whereas the alrplane slats are free-floating), and the wing plan
form (the model wing is simllar to the original prototype alrplane to
which 12-inch wing-span tlp extensions subsequently have been added on
the ailrplane, changing the wing area, span, aspect ratio, and taper
ratio).

This investigation has emphaslzed that, although wind-tunnel investi-
getions can provide deta with which the longltudinal handling qualities
mey be computed, a dynamlec analysis 1s necessary to determine the overall
longlitudinael hendlilng qualities required for flight gulidance. Further-
more, flight studles are required to determine lateral handling quelitles
which might tend to mask the longltudinal characteristies.

CONCLUSIONS

From the results of flight tests of several slat-span conflguratlons
on a swept-wlng fighter-type alrplane lncorporatlng segmented free-floating
slats at an altitude of 40,000 feet 1t may be concluded that:

1. For subsonic maneuvers asg 1ift is increased to moderate values,
a decrease In longitudinal stability, which manifests ltself as a mlld
pitch-up In most instances, 1s evident in all configuretions tested.
Reducing slat span improved these pitch-up characteristics in several
instances, but it also aggravated the lateral handling quelities and in
some instances induced objJectlonsble osclllations. At supersonlec speeds
no reductions of longltudinal stabllity due to change In 1ift 1s spparent.

2. The longltudinal staebility and control characterlstics generally
are linear at low 11ft, and slat confliguration has no sappreciable effect
on these characterlstics.

et L e
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3. For all slat configuratlons, some measure of agreement is shown
between the longltudinel stabillty deta from flight and wind-tunnel
tests at the lower angles of attack tested. The poor agreement between
flight and wind-tunnel datea at the higher angles of attack is asttributed
to the geometrlic differences between the wind-tunnel model and the air-
Plane, and the fact that constant values of derivatives were used to
calculate the pitching-moment curves at ell 1lifts.

High-Speed Flight Station,
National Advisory Commlttee for Aeronsautics,
Edwards, Callf., December 12, 1957.
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TARLE I.- PEYSICAL CBAHACTERISTICE OF THE AIRPLANE

Wing:
Airfoil section « « » . < . &

g

Total srea (Including ailercn and 85.8% sg ft covered by fuselege), 80 £6 « « ¢ o ¢ = ¢ o ¢ o = = o 388 .21
Bpan, £ . 4 o - b b e e e s s e e s e n e tt e e e s e e 38.58
Moan serodynemic chord, £E . -« - s v v e b e b o0 s e e e st s e 11.16
Root chord, £t et s e s e ae e c e e e et e s 12.86
e e s e s s e “t e s e e A5
e st et e e e s e e st e 0.262
“ s e e e e . e e s e e .86
T S, . e e e e e w L)
e e et s e e . * e s s e e e o]
Dihedral, deg . . it et e s e e e e e e s s e e [
Cecmatric twist, deg P A s e s s s s e e e o
Aflercn:
Aves rearvard of hings line {each), sq f& » « « . . f e s e e e e e e 19.38
Spex at hinge Iins (aach), £ . . - o v o v = v v o & c et a e s e e e T.8L
Chord rearward of hings line, parcent wing chord . . o ¢ e s e e m e s e e 25
Travel (#8ch), 88 .« « = « = « o s = o o a =« & « c e e e e e e 15
Laading-edge slat:
Span, equivalent, £E . . ¢ ¢ ¢ .ttt 4 e s e b e e s s s e et s s e e e ettt e 12.T1
BegEdntBs . . . . . 4 4 s 4 e e s e s e e e s e s st e e e e et s st e 5
Spenwise location, inbomrd end, percent wing SemISDEN & - & ¢ = ¢ ¢ & o = c s ot s e e s e aa s s e e s £23.5
Spenvise location, outbosrd end, percent wing SecHiSPAN - . ¢ - - . . 2 s 4 e e s e st e s et e e s e 8.2
Ratio of slat chord 40 wing chord (paraliel to fuselsge line), f et e s s e e e e 20
Hordlzootal tail:
ATLoll BBOELOM = « ¢ o o o = = « = & » « o o 6 o 5 = s o s o s 8 o a « o o = 6 o s o 4 aawouoses o o NACAGSOOS.S
Total area (including 51.65 59 £t covered by fuselage), S £ o o ¢ o o + o o o = s o o « o ¢« o s o s o o s o n s 68.86
Kean serodynamic chord, £ o« « = o o o o o o o + o @ ¢ o = = o o & » o6 &6 o s a 6 a st o s e s e s saeann =.8%
BOOL CHOPM, TH o o + o o = « o o = = o o o ¢ ¢ 8 o = = 2 8 o o 6 0 e n e oo noenanenoeeranee.en 8.1k
THD CROTA, £E = o o o = @ - x 8 m e e e e e e ae s et e e et 2.46
Taper YALI0 & & & v & & ¢ o 2 s 4 4 e e e s s e a e e e e e e s A e s m st e e e e 0.50
ASPRECE TRELIO . & & ¢ 4 4 .ttt s n s s e e e e e e s st e s s e et e e e 5.?
Swesp ot 0.25 chord 1dne, ABZ » -« &+ &+ ¢+ = ¢ ¢ ¢ = 2 @ e = a s s e s e e e v e e s e e e 5
3 ABE « & 4 s o st t e b e e e e s e e s e e s s s e m e ae e e nnares e s 0
Travel, loading @dge UD, @BL - = = ¢ & = o « & o « & = ¢ a a a s ¢+ o ¢ 6 5 2 o a s s u » o s % a8 acaaacs 5
Travel, lseding ) 2BE . ¢ ¢ e et et s e s s e s s s e e e e me e et s e ono o 25
Control systen. . . ¢ ¢ ¢ & & ¢t 4 o 4 s o o s o s e s =22t e s e« Ireversible hydraulic boost and artificis] feel

in oas of edge of veritiosl tail and fuselsge contour Iine), S f£ . . . o« + = ¢ o o o & 2.5
Epan (unblarketed), 5 . o ¢ = o 2 4 4 s . f s 4t m s e s e s e s e s e et e s aem e 7.9%
Mean aerodymaxdc chard, £H . = ¢ . = « o ¢ ¢ ¢ = » o s s o o 6 o o e e o ¢ > s s e e m A s e e s 5.90
Boot RO, fL ¢ = v o ¢ = = = ¢ o « = o e o v = 5 s o st e a e e e s e e m e et ee 8.28
BIP CRATA, L &« o « ¢ o s ¢ = m s o o e s s o s = s o s e s s e e e s e s e et aoeeer e 2.49
Toper TREIO .« & & 4t e e ke i et i s e e e e e e s e s e e e s e e et et e e 0.30L
o T . 1.h%9
Sweep AL 0.25 chor® 1ine, MG . . &« = = <« s o o =« o s o e o s s 8 s s e bt o s u e e e s e e ks
Ares, rearvard of hinge line, sq £5 . . ¢« ¢« « « . o« . “ h e .
Span at hinge Xine, ££ . . ¢ . ¢ . 2 s o o c e o o “ s e e
Rect e b s s A e e e “ e e e
Epanvise location, inboard end, percemt vertical-tail span s s e
Bpanwise loecation, outhoard end, percent vertical-tsil span “ e s e m e
Chord, percent vertical-tail chord o« o o + s ¢ « = « o & e e e e
Balspes . . . . 0 s ... . R s e e
Length (i burnar nozyls closed), £t . - . 4t 4 o s s e = s s c s e s e st aaes e e 5.6k
Maximmx width, £6 « = . o ¢ + = o o o . e e e e s e mr st 4 e ettt ... 5.58
OVEr CANORY; £H v v o o » o o = = o + ¢ o o o 2 s ¢ o s a v o a e s s e e e 6.5T
Bide ares (total), BE b o « = o v+ o g = 5 « 6 o c m e s s s s e s m s e e s s tae s PO 230.92
m--:—am(mmm‘u)............................. .« .. T-86

Speed brake:
BUrface aTeh, B £ - « o 2 4 o o o -t 2 e e e m = s e e e e e m s e e v e e eeas k.1
Oy QO « ¢ = 2 = o+ ¢ o 2 « v 6t o 2 e s s o s s s s s e e e e e e e aas e e 50

Powerplant:

Tuwrbolet engine . . . . . t f e e e s s e e s e e et e e e« OnePraktd Whiteey J5T-F2L with afterbner
Thrust (gusrantes sex lsvel), afterbizrer, IB o = o & o = o o & « et et e e e, e st et e 16,000
Mildtery, 1D - = o o o o o . f e et e et e D o
Rarmel, 1D - o t v v o v o o v n m oo a e 9,000

Alrplane weight, Ib:
micéuwm,m,nm,pilut)....-................................. 20,268
Total (full fuel, oll, water, pdiot). . « - o « « = - « f e s e e et e e et e . 25400

Center-of-gravity location, percemt c:
Total weight - gesr dowvn . . . . . ® o 4 4 e 6 4 s s e s e e a s s e st s e e e s e B e e e 30.2
Total veight - gearup . . . . .. L T S T T T T T 30.2
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Typical wing section
perpendicular to [3-percent
wing~-chord line

. 462

Figure 1l.- Three-view drawing of the test airplane. All dimensions in
inches.
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Figure 2.- Photograph of the alrplane with the slats in the extended positlon.
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Figure 5.- Approximated variastion of the principsl moments of ilnertia
end ineclination of principal axis relation to the body axils.
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