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AT TRANSONIC SPEEDS

By Gene J. Matranga and Katharine H. Armistead
SUMMARY

A flight investigation consisting of accelerated longlitudinal maneu-
vers was performed on a swept-wing fighter-type alrplane utilizing several
slat-span conflgurations to determine the effects of slat span on the
stabllity and control characteristlics of the ailrplene. The investigation
was conducted essentlally at an altitude of 40,000 feet.

For subsonic maneuvers as 1ift 1s increased to moderate values, a
decrease In longitudinal stability, which manifests itself as a mild
pltch-up 1n most instances, 1s evldent 1n all configurations tested.
Although reducing slat span lmproved these pitch-up characteristics in
several instances, 1t always aggravated the lateral handling qualities
and in several instances induced obJjectionable oscillations. At super-
'sonic speeds no reduction of longitudinal stability due to change in 1ift
1s apparent.

The longltudinal stability and control characteristics generally
are linear at low 1ift, and slat configuration has no appreciable effect
on these characteristics.

Some measure of agreement is shown between the longitudinal stability
data from flight and from wind tunnels at the lower angles of attack
tested.
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INTRODUCTION

A control problem of considerable severity has been encountered in.
recent years, especlally with swept-wing airplanes, because of the rapid
deterioration of longitudinal stability as angle of attack is increased
at any given Mach number. In an attempt to alleviate this problem numer-
ous wing devices have been employed, including the leading-edge slat. To
investigate the effects of slat span on stability and control character-
istics, and also to aid in the interpretation of wind-tunnel data obtained
on models of a similar configuration (refs. 1 to 3), the NACA High-Speed
Flight Station at Edwards, Calif., conducted tests on a swept-wing
fighter-type airplane which incorporated free-floating leading-edge slats.

This paper presents the longitudinal stability and control character-
{stics for the test alrplane over the speed range at a pressure altitude
of 40,000 feet with all slats free-to-float, and for several slat-span
configurations at Mach numbers of approximately 0.87; 0.95, and 1.13.
Also discussed are the effects on the lateral handling qualitles of the
various slat configurations tested.

SYMBOLS

an normal acceleration, g units
ay transverse acceleration, g units
b ' wing span, ft
c wing chord, ft
c mean serodynamic chord, ft
Wan
Cn airplane normal-force coefficient, ET?;?_
50 S
Cy airplane pitching-moment coefficient, Pitching moment
Lovese
2
Cmi stabilizer effectlveness pérameter, deg'l
t

longitudinal demping parameter, radians—l
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. dcC
EEE rate of change of ailrplane pltching-moment coefficlent with
angle of attack, deg-1

dC
—z rate of change of airplane pitching-moment coefficient with
dCy airplane normal-force coefficient
dacC
i rate of change of normal-force coefficilent with angle of
da attack, deg‘l
dFy
t rate of change of stabillizer stick force with normal

daj acceleration, 1b/g
gﬁﬁ rate of change of stabilizer deflection with angle of attack
di
_t rate of change of stabilizer deflection with alrplane normal-
dCy force coefficient, deg
Fit stabilizer stick force, 1b
g acceleration due to gravity, ft/sec2
hy pressure altitude, ft
Iy moment of inertia about X-axis, slug-ft2
Iy moment of inertia about Y-axis, slug-f‘b2
Iy | moment of inertia about Z-axis, slug-ft2
Y - stabilizer deflecfion, deg
ig! stabilizer deflection, corrected to zero pitching acceleration,

1. Iya 4

T Lsten, |

R

‘ito ' initlal stabilizer setting, deg

M Mach number
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Subscripts:
L

R

f.0.it T poNETREVEML, P ¢ 0% ¢f NACA RM H5HAO3e
rolling velocity, radians/sec
2

rolling acceleration, radians/sec
pitching velocity, radians/sec

pitching acceleration, radians/sec2

yawing velocity, radians/sec

yawing acceleration, radians/sec2

wing area, sq ft

time, sec

true velocity, ft/sec
airplane weight, 1b
angle of attack, deg
angle of sidesllp, deg

total aileron deflection, deg
rudder deflection, deg

slat position, percent of full open position

longitudinal control stick deflection, in.

angle between body X-axis and principal X-axis, positlve when
body axls is above principal axis at airplane nose, deg

mass density of air, slugs/cu ft

left

right
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INSTRUMENTATION

The following quantities pertinent to this 1lnvestigation 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 aileron deflection
Pitching, yawing, and rolling veloclty
Pitching, yawing, and rolling acceleration
Stabilizer stick force

Slat position

- Airspeed, altitude, and angle of attack were sensed on the nose boom.
The angle of attack was corrected for the effects of pitching veloclty
only. The airspeed system was calibrated by the NACA radar phototheodolite
method and 1s considered accurate to M = t0.02 at transonic speeds and
and M = $0.01 at supersonic speeds. The turnmeters used to measure the
angular velocitles and accelerations were referenced to the body axls of
the airplane. The weight of the airplane was obtalned from the pilot's
report of the fuel remalning before each maneuver.

ATRPLANE

The airplane used in this investigatlon was a fighter type with low,
swept, horizontal tail, and low, swept wings which incorporated midsemi-
span ailerons and free-floating leading-edge slats. A single turbojet
engine with afterburner powered the airplane. During the investigation,
the airplane was flown with all slat segments free-floating, with one
inboard slat segment locked closed on each wing, with two inboard slat
segments locked closed on each wing, and with all slat segments locked
closed.

A three-view dfawing and a photograph of the airplane are shown in
figures 1 and 2, respectively. '

The physical characteristics of the airplane are presented in table I.
Figure 3 shows the variation of the moments of inertia about the body axis
and the inclination of the principal axls relative to the body axis based
on the manufacturer's estimates for welght conditions expected in the nor-
mal flight range. '
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A1l control surfaces are irreversible, with spring bungees providing
the pilot with forces proportional to the amount of surface deflection
used. In addition, the longitudinal control system incorporates balance
welghts mounted Just behind the control stick torque shaft. Figure k4,
obtained from reference 4, presents the longitudinal stick force and
stick deflection as a function of stabilizer position, exemplifying the
nonlinear arrangement of the system. 4

TESTS

To evaluate the longitudinal stability and control characteristics
of the airplane with 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 determined by successively
locking slat segments closed and performing wind-up turns. The initial
condition tested was the configuration with the inboard slat segment on
each wing locked closed. It was planned to lock additional segments
closed until the condition with all slats locked closed would be reached.
However, with the two inboard slat segments locked closed severe oscil-
latory motions were encountered with increase of angle of attack in the
wind-up turns. Therefore, the only other configuration tested was with
all slats locked closed. All maneuvers were performed essentially at
an altitude of 40,000 feet and at Mach numbers of 0.87, 0.95, end 1:13.

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

All maneuvers in this investigation were initiated from near lg con-
ditions. The angle-of-attack and normal-force-coefficlent variations
with Mach number for 1g flight at 40,000 feet at a nominal welght of
22,000 pounds are presented 1n 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,
0.95, and 1.13 at an altitude of 40,000 feet are presented in figures 6
and 7, respectively. Stability and control plots for the configurations
with all slats free-floating, one slat locked closed, two slats locked '
closed, and all slats locked closed are presented in figures 8 to 11,

- respectively. S . : .
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The values of the pitching-moment coefficient presented in filgures 8
to 11 were obtained from the followlng equation:

I . , -
" éovgsa e E:mit(it ) itoﬂ AN

Figure 12 presents the stabllizer effectiveness parameter from
unpublished data and the longitudinal damping parameter from reference 5,
both obtained from stabilizer pulse maneuvers. These parameters, used
to calculate the flight-obtained pitching-moment curves, were assumed to
be valid for all configurations 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 longitudinal stability for all configurations
tested. The supersonic date normally exhibit no deviation from linearity
due to the change of angle of attack and 1ift.

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

duces an apparent reduction of stabllity at elevated g under all con-
ditions tested, and in some Instances a stick-free Instability exists.

The stability and control characteristics which are presented in
figure 13 were taken in the low-1ift, low angle-of-attack reglon under
all conditions tested. These data exhibit the typlcal transonic-
supersonic trends expected of a swept-wing airplane. No appreciable
differences in these date are found when comparing the various configu-
rations tested. :

Effect of Slat Configuration on Handling Qualities

A comparison of the varlation of the pitching-moment curve with
angle of attack for the four configurations tested at typical Mach num-
bers is presented in figure 14. At all subsonic speeds a reductlon in
stability, which in most instances was reported by the pilot to mani-
fest itself as a mild pitch-up, is indicated by the data. Above the
region of reduced stability, an area of positive stability normally
exists. An uncomfortable pitch-down did occur, however, when recovering
from a plitch-up condition with slightly excessive control input rein-
forcing the natural tendency to pitch down. : Although an increase in
Mach number from 0.87 to 0.95 noticeably increases the statlic margin,
the angle of attack for which the decrease of stabllity occurs is usually
reduced. Rate-of-control input had no noticeable effect on the handling
qualities of the airplane, according to the pilot. .
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At a Mach number of 0.87 the airplane 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 mild lateral osclllations were
evident just prior to the pitch. This milder pitch-up was not borne
out by the data presented in figure 14, however. In the opinion of the
pilot, locking two slats closed resulted in heavy buffet and "wicked"
longitudinal oscillations at moderate angles of attack. Sharp wing
dropping at elevated 1lift considerably restricted maneuverability. With
all slats locked closed, along with a mild pitch-up which 1s shown
clearly in the data, objectlonable lateral and longitudinal oscillations
occurred. :

Increasing Mach number to 0.95, introduced mild lateral oscillations
to the normal trends noted with all slats free-to-float. Locking one
slat closed resulted in mild-to-moderate lateral oscillations and defi-
nite wing dropping. When two slats were locked closed, the pilot reported
no pitch-up, but he belleved the pitch-up indicated by the data could

have been masked by the severe wing dropping “and oscillations experienced

in this configuration. Figures 15 and 16 are time histories of the
"wicked" oscillatory and wing-dropping motions found so objectionable

by the pilot. With all slats locked closed, the lateral oscillations

and wing dropping were again quite objectionable.

Although it is quite evident from figure 14 that reducing slat span
slightly improved the pitching-moment characteristics of the alrplane in
several instances (notably the condition with two slat segments locked
closed), objectionable longitudinal and lateral oscillations as well as
severe wing dropping, such as presented in figures 15 and 16, prevented
the pilot from appreciating these improvements in the pitching-moment
characteristics. . ’

The supersonic data show little or no change for the various con-
figurations. Still, as noted previously, lateral sensitivity was more
evident as additional slat segments were locked closed. No supersonic
pitch-up was encountered in this investigation.

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

Comparison of Flight and Wind-Tunnel Data

As noted in the INTRODUCTION, several wind-tunnel investigations
were performed to determine the longitudinal stability of models having
a configuration similar to the test swept-wing fighter-type airplane.
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These wind-tunnel data served as a gulde for the flight investigation.
A comparison of the flight data with the wind-tunnel data from refer-
ence 3 at a Mach number of 0.95 is shown in figure 17. The wind-tunnel
date were corrected to the flight test center-of-gravity position.

Considering all the variables which enter into this comparison,
agreement 1s reasonably good at lower angles of attack. Differences at
the higher angles of attack could easily arise from the fact that in
calculating the pitching moments from flight data, constant values for
Cmit and Cmq + Cm@ were assumed over the 1ift range. The Mach number

chosen is in the region where slight varlations of speed can have con-
siderable effect. Also, there are several physical differences between
the model and the test airplane. Among these differences are the degree
of slat rotation (the model slats rotated 10°, whereas the airplane slats
rotate 150), the slat operation (the model slats were locked open or
closed, whereas the airplane slats are free-floating), and the wing plan
form (the model wing 1s similar to the original prototype airplane to
which 12-inch wing-span tip extensions subsequently have been added on
the airplane, changing the wing area, span, aspect ratio, and taper
ratio).

This investigation has emphasized that, although wind-tunnel investi-
gations can provide data with which the longitudinal handling qualities
may be computed, a dynamic analysis 1s necessary to determine the overall
longitudinal handling qualities required for flight guldance. Further-
more, flight studles are required to determine lateral handling qualities
which might tend to mask the longitudinal characteristics.

L}
é .
CONCLUSIONS

From the results of flight tests of several slat-span configurations
on a swept-wing fighter-type alrplane incorporating segmented free-floating
slats at an sltitude of 40,000 feet it may be concluded that:

1. For subsonic maneuvers as 1lift i1s increased to moderate values,
o decrease in longitudinal stability, which manifests itself as a mild
pitch-up in most instances, is evident in all configurations tested.
Reducing slat span improved these pitch-up characteristics in several
instances, but it also aggravated the lateral handling qualities and 1in
some instances induced objectionable oscillations. At supersonlc speeds
no reductions of longitudinal stability due to change in 1ift 1s apparent.

2. The longitudinal stability and control characteristics generally
are linear at low 1ift, and slat configuration has no appreclable effect
on these characteristics.
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3. For all slat configurations, some measure of agreement 1s shown
between the longitudinal stability data from flight and wind-tunnel
tests at the lower angles of attack tested. The poor agreement between
flight and wind-tunnel data at the higher angles of attack 1s attributed
to the geometric 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 all 1lifts.

High-Speed Flight Statlon,
National Advisory Committee for Aeronautics,
Edwards, Calif., December 12, 1957.
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Wing:
ALrfoll 8€CtLON « o « « « 4 ¢ 4 e 4 e e e e e e h e e e e e e e e s e e e e e [ C e e e e NACA 64A007
Total area (including aileron and 85.84 sq ft covered by fuselage), 8@ ££ . . « v « ¢« o v o v v b v v e o . 385.21
BPAD, FE + ¢ o o e s 4 e e e e e e e e e e e e e eeaeeee e S e e e e 38.58
Mean merodynamic ChOXd, L« o ¢« 4 4 4 s s e s e s s s e saaae e et s s e e e s v e e e 11.16
Root chord, £ . « « o ¢ o o o o s s o s e o e e e e st e e O 15.86
TIP ChOXd, £ ¢ o ¢ ¢ v o o o o e e w e e e e e e e e e e e e e b5
Taper TAtL0 « « « v o 4 b v e e e e e e s e e e S T T 0.262
ABPECE TBELO - « o & v v v v b e e e e e e e e e e et ae e re e ee e taaa e e e e s e e 3.86
Sweep at 0.25 chord line, deg . . . . . . e e e e e e e e e e e e e e e e s e e s e e e e e e k5
Incidence, deg . . « « ¢ o 4 o+ ot oo o0 o o e e e e e T 0
Dihedral, deg . . « - + 4 e o o4 s e e 0o e s e e e e e e e e e e e e e e e e e e e e .. [
Gecmetric twist, 8E . .+ « + 4 .+ 4 4 4 s e e s s e e e e e e s e e e s s s e e e S [}
Alleron:
Area rearvard of hinge iine (each), B ££ . . « « « « ¢ ¢ ¢ 4 4 b v e et 400 a s e e e e e e 19.32
Span at hinge line (each), ft . . . . . % e e e e s e m s e et e e e e e e e e e e e e B 17.61
Chord rearvard of hinge line, percent wing chord . . . . . . . .« « « o o . & e b v e e e e e e e s e e e 25
Travel (8ch), @BE . o « = « + « o 4 o+ e s s e e e e e e e e e e e e e e e e e e e e 415
Leading-edge slat:
Span, equivalent, £ . . - . . . . 4 o 4 e o e s e s e e et e s et e s e s e e e e e ve e e e e 12.71
SeEMENLE . . . . v . v s e e e e e e e e s e e e e e e e e Y e e e e 5
Spanwise locaticn, inboard end, percent wing semispan . . . - . . . . .. o .. et e e e e e e e e e e 23.3
Spanwise location, outboard end, percent wing semispan . . . . . . . .. ... o v e e e o e e e e e e 8.2
Ratio of slat chard to wing chord (parallel to fuselage reference line), pereent . . . . . .. 0 e 0. .. PN 20
Rotation, maximum, dEE . « « « « » o = « ¢ 4 4 e s s e s e e e a4 e e e e s et e e e e 15
Horizontal tail:
AITPoLl BECLION « & & & ¢ . . v e e e s s e e s e e e s e e e e e e e e s C e e e e e e e e e e e e
Total area (including 31.65 sq ft covered by fuselsge), sq £t . . . . . « . . .« ¢+ +
S5 L T o T T A N R e e e e e e e
Mean merodynamic chord, £ . . . .« 4 ¢ ¢ s e e 4 e e s 4 e e s e s e e e e e s e e e
ROOL CHONA, £ = & « « o « « o o s o st o oo oot e e e .
Tipchord, £t . . . . « .+ ¢ v ot o s e e e e et e e e [ I T I T T
Taper TAEI0 « . . &« . . o . e . i e i e e e s e e e e e e e e e e e e s s e e e e
Aspect TAtLIo . . . . 4 4 e e s et e e s e e e e s e e e e e e e e e e s s
Sweep at 0.25 chord 1ine, deg . . + - « « « + o s 4 s s e s e e e e e 4t . N .
Dihedral, deg . « . + o « « < « 4 ¢+ e 4 e s 4 me e s e v s e e 4 s s e e e e e e e e e e
Travel, leading edge up, deg . . .« « « -« « « = ¢ ¢ v o ¢ s o s o o= # e e s e e
Travel, leading edge down, deg . . . . . . e e e e e e e e e e s s e s e . .. 25
Control SyStem . . . . 4 ¢ . 4 . s e i e e e e e s e e e e e e e s Irreversible hydraulic boost and artificial feel
Vertical tail:
APPOLL BECELOM « « « o o o o o b e o e e et e e e e e e e e e e e e e e e e e e e e e e e NACA 65A003.5
Area (excluding dorsal fin and area blanketed by fuselage), B8 £t . . . . « ¢ « v v & v v o et b e e ¥2.7
Area blanketed by fuselage (area between fuselage contour line and line parallel to fuselage reference line
through intersections of leading edge of vertical tail and fuselage contour Une), 8Q & . o v o . 0 00 .. 2.45
Span (UNbIADKEtEd), BE o « « o « o o 4 4 e b e e b e e e e e e e e e e e e e e e e e e 7.93
Mean aerodynmamic Chord, £ . . . . . ¢ ¢ . 4 e e e 4 e et e e e e e e e e e e s e e e e e e s 5.90
T T 2 T S T R 8.28
TAP CROXd, Fh o « « o v 4 v b e e e e e e e e e e e e e e e e e e e e e e e e e 2.49
Taper ratlo . . « « ¢ 4 4 b e e e e e e e e e e e e e e “ e v e e e v 0.301
Aspect ratio . . . . . . . e e e s e e e e « e e eae e S 1.4k9
Sweep at 0.25 chard 1ine, deg . . . . « . « ¢ « o 4 oo o0 oo e e e e e e e e 45
Rudder:
Area, rearvard of hinge line, 8Q ££ . « . + « « o . o 0 4o .. e e e e e e e e e e 6.3
Span at hinge ldne, £t . . . . . . . . . . . .. © e e s e e b s s e e s s e s e e s e nas e s e e e 3.33
Root chord, £L . . . . ¢« vt o b bt b e e e e e e e e e e e e e e e s e s e e e e e e e e s .o 2.27
Tip chord, £t . . . . . e e e e e e e e e e e e e e e e e e e e e e e e e e . 1.50
TPAVELl, @B . « « « « = « « ¢ o o 4 4 s 4 4 s e e 4 me e e s e e e s s ee et e 4o e e e e e 120
Spanwise location, inboard end, percent vertical-tail span . . . . . . P 3.1
Spanwise location, outboard end, percent vertical-tail 8PAN . . . &« « . & ¢ o ¢ o b e e e s e e e a e e e 1.8
Chord, percent vertfcal-tall ChOPd . . « o ¢ ¢ « « ¢ ¢ o v v ot o o s o s o o vt e e e e e e e 28.4
BALANCE . « o v v + + o v o o o o = o e o o s o a a e 4 e e e e e e e e e e e e e e e s e e e e e e Aerodynamic
Fuselage:
Length (afterburner nozzle Closed), FL . . . o v ¢« v o o 4 s 4 s 4 e s e e m e e e e e e e e e e 45.64
MAximmm wi@bh, ££ o o « « = . o o o < 4w e e e e e e e e e e e e e e e e e e s e e 5.58
Maximum depth over canopy, £t . . . . . . . . . . . . e e e e e e e e e e e e e e e e e e e e e e e e e e e 6.37
Side area (LOtAL), 8 FL « « « = =+ « = o b e b e e e e e e et e a e e e e e e e e e e C.. 2%0.92
Fineness ratio (afterburner nozzle CLOBEA) . . & « « o = =+ o+ o o 4 o o s o o o x et b e e e e s PN 7.86
Speed brake:
Burface Bre8, BQ FH . . . .« o 4 0 . s e s e e s e s e e e sa e a e e e s e e e e e e e e e e e pLIS LS
Maximum deflection, €8 . . . « .« « ¢ . ¢ 4 4 4 e s e e e s n e e e e e e e h s e e e e e e s e e e e s [P 50
Powerplant: B .
Turbojet engine . . . . . . . . . o e 4 s w s e e e v e e e e e e e s e One Pratt & Whitney J57-P21 with afterburner
Thrust (guarantee sea level), afterburmer, Ib . . . . « -« « « v o v o b ot e e e e e e e e e e e 16,000
3 B R 2L | T R 10,000
155 T T T T RN 9,000
Adrplene weight, 1b:
Besic (without fuel, ofl, water, PLIot) . . . . . « . . . . o . L oL e b i e e e e e e e e e e e 20,262
Total (full fuel, ofl, VBter, PLLOL). - & &+ « o v o« ¢ o o o o e h b e e e e e e e e e e e e e e e 25,400

Center-of-gravity location, percent &:
Total Welght - GEAT AOWH .« « « « « « o o o o e o n e e e e e e e e e e A 30.2
Total weight - gear up . . . . . . - .« o ... e e P T I T P 30.2

11
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Figure l.- Three-view drawing of the test alrplane. All dimensions in
inches.
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(a) M=~ 0.875; hp =~ 40,000 ft.

Figure 6.- Time history of a wind-up turn. All slats free. to float.'
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Figure 7.- Continued..
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Figure 9.- Concluded.
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Figure 15.- Time history of a wind-up turn showing objectionable oscil-
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Figure 16.—.Time history of a wind-up turn showing objectionable oscil-
latory motlions, especlally large excursions in angle of attack. Two
slats locked closed; M = 0.95; hP ~ 40,000 feet.
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(b) Anguler accelerations, angular velocities, and 1lift.

Figure 16.- Continued.
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(e¢) Slat position, éccelerations, angles of attack and sideslip.

Figure 16.- Concluded.



o 000 o °® o 00 [ N ] [ ] [ ] [ ] [ X X ] [ X ]
e o e @ e o L ] e e ¢ e o o e o o
L N ) e o e o [ ] L] e o [ ) : .: : :

46 el ees & 00 "L CONFIUENTINL.e® ees *st  NACA RM H58A03a
\ L
O
© ° Wind tunnel i, = -5,0°
N v b -5
O, ' Flight 1y = -5.4°
% 0
-04 O
\\ © ooo0
Cn \ °%p o,
\ o
-08
~
~
~
---= Wind tunnel (ref. 3)™ -,
O  Flight -
-12 !
One slat locked closed
\
0 H—
o
° [\ Wind tunnel i, = -5.0°
0
©] \ Fugnt i = h.5°
-04 @~ 0
o)
o o
m OO \
N
-08 N \Q} 10
~ \\
-2
Two slats locked closed
\
a \
0 —
Wind tunnel it = =5,0°
© \\ Flight 1 = .60
'.04 : AN 0
\‘——\
~
Cm o N
N
-.08 G \\
o \
' o)
°4 \\
O o
-12
) 4 8 12 16
a, deg

All slats locked closed

Figure 17.- Cbmparison 6f flight-test and wind-tunnel data at a Mach
number of 0.95.

NACA - Langley Field, Va.
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