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RESEARCH MEMORANDUM

EFFECT OF SEVERAL WING MODIFICATIONS ON THE
LOW-SPEED STALLING CHARACTERISTICS OF THE
DOUGLAS D-558-I1 RESEARCH ATIRPIANE

By Jack Fischel and Donald Reisert
SUMMARY

The low-speed stalling and 1ift characteristics of the Douglas
D-558-II airplane were measured in a series of 1l g stall approaches per-
formed with several wing modifications designed to alleviate swept-wing
instability and pitch-~up. The airplane configurations investigated
include the basic wing configuration and two wing-fence configurations
in combination with retracted, free-flosting, or extended slats, and a
wing leading-edge chord-extension configuration. All configurations
were investigated with flaps end landing gear retracted and extended at
an altitude of gbout 20,000 feet.

With slats, flaps, and landing gear retracted, none of the wing
modifications investigated had an apprecisble effect on the 1ift or sta-
bility characteristics at low and moderate angles of attack. Regardless
of wing-fence configuration, appreclably larger values of pesk normsl-
force coefficient were attained with slats unlocked (free floating) or
fully extended than with slats closed. Wing fences and the chord-
extension tended to delay the onset of instability with slats retracted,
and the stable region was further extended for the configuratioms with
either no wing fencee or Iinboard wing fences when the slsts were free
floating or extended.

With flaps and landing gear extended, only the fully extended slat
configuration affected the variation of normal-force coefficient with
angle of attack by Increasing this variastlon slightly. Peak values of
normgl-force coefficient atteined were the same for all configurations
except the chord-extension configuration. For this configuration exces-
sive buffeting caused earlier termination of the maneuver. Most of the
configurations had little or no effect on the stability characteristics
over most of the lower and moderate angle-of-attack renge. The alrplane
appeared somewhat more stable, however, with no wing fences ingtalled
than with wing fences installed when the slats were extended. At larger
angles of attack and with slats extended, inboard wing fences materially
improved the stabllity characteristics of the asirplane.
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At any given angle of attack, wing flaps provided an Increment in
normal-force coefflelent of sbout 0.3; whereas, the free-floating or
fully extended slats provided zero incremental 1ift except at very large
angles of attack. The alrplane generally appeared more stable longl-
tudinally at comparsble speeds with flaps deflected than with flaps
retracted, but marginal dynamic lateral stability was evident for several
configurations with flaps extended or retracted.

In general, adequate stall warning in the form of buffeting was
noted by the pllot in the stable region of fliight, particularly for the
chord-extenslon configuration for which buffeting appeared aggravated.

INTRODUCTION

As a part of the cooperative Air Force—Navy--NACA high-speed flight
program, the Nationasl Advisory Committee for Aeronautics 1s conducting a
flight-research program utilizing the Douglas D-558-II swept-wilng research
airplane. During the course of this flight program, the effects of vari-
ous modifications designed to alleviate swept-wing Instebility and pitch-
up were investigated from stalling speed up to a maximum Mach number of
ebout 1.0 (refs. 1 to 3). The alrplane configurations investigated
include the basic wing configurstlon and two wing-fence configurations
in combination with retracted, free-floating, or extended slats, and a
wing leading-edge chord-extension configuration. The results of the low-
speed stalling characteristics of the alrplane in each of the aforemen-
tioned conflgurations, with flaps and landing gear retracted and extended,
are presented In this paper.

SYMBOLS
b wing span, ft
CNy airplane normsl-force coefficient, nW/qS
c wing chord, ft
c wing mean aerodynamic chord (M.A.C.), ft
Fg aileron control force, 1b
Fa elevator control force, 1b
Fr rudder control force, 1b

al!
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1.3

- S D,

acceleration due to gravity, ft/sec2

pressure altitude, £t

stabllizer setting with respect to fuselage center line,
poeitive when leading edge of stesbilizer is up, deg

free-stream Mach number

normal loed factor or acceleration, g units
free-stream dynemic pressure, lb/sq £t

wing area, sq ft

time, sec

indicated slirspeed, mph

airplane weight, 1lb

angle of attack of airplane center line, deg
engle of sideslip, deg

total aileron position, deg
elevator position with respect to stabillizer, deg
rudder position with respect to vertical tail, deg

slat position, in.

pitching velocity, radians/sec
rolling velocity, redisns/sec

yawing veloclty, radians/sec

ATRPLANE

The Douglas D-558-II airplane used in this investigation is eguipped

with both a Westinghouse J3L-WE-LO turbojet engine, which exhausts out
the bottom of the fuselage between the wing end the tall, and a Reaction

e —
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Motors, Inc. LR8-RM-6 rocket englne, which exhausts out the rear of the
fuselage. The airplesne is alr-lsunched from a Boelng B-29 mother air-
plane. A photograph of the ailrplane is shown in figure 1 and a three-
view drawing is shown in figure 2. Pertinent dimensions and character-
istics of the unmodified airplane are listed in table I.

For the present series of tests several wing-fence configurations
were Investigated in combination with several slat configurations. A
wing leading-edge chord-extension was also investligated. The fence con-
figurations are shown in figures 3 and L. The inboard wing fences were
incorporated in the original airplane configuration to improve the longi-
tudinal stability characteristics of the airplane at low speeds and at
high angles of attack (o > 10°) when the wing slats were fully extended
(ref. 4). The outboard wing fences were similar to the optimum fence
configuration developed in the wind-tunnel investigation of reference k4
for improving the longitudinal stebility characteristics at high angles
of ettack in the airplane clean condition. The wing slats (figs. 5
and 6) may be locked in either the open (extended) or closed (retracted)
position, or they may be unlocked (free floating). In the unlocked con-
dition they are normslly closed at low values of angle of attack or
normel-force coefficient and open with ilncrease In angle of attack. The
left and right wing slats are interconnected and alwsys have approxi-
mately the same position.

The wing leading-edge chord-extensions shown in flgures 7 and 8
were similar to those tested in the wind tunnel and found to provide
an improvement in static longitudinal stability at moderste angles of
attack (refs. 5, 6, and unpublished data)._ These chord-extensions were
approximately the NACA 63-008 airfoil profile in the streamwise direc-
tion and were falred into the wing profile over the span of the chord-
extensions. In addition, the chord-extensions were faired into the wing
tips and the Inboard ends were flat-sided in the vertiical streamwise
plane. For this configuration the wing slats were locked closed and all
fences were removed. Addition of the wing chord-extensions increased
the wing ares from 175 square feet to 181.2 square feet and the wing
mean aerodynamic chord from 87.3 inches to 90.0 inches. For convenience
in comparison of the data with data for the unmodified airplane, however,
all data presented are based on the dimensions of the unmodified airplane.

The airplane 1s equipped with an adjustable stabillzer but there
are no means provided for trimming out ailéron- or rudder-control forces.
No aerodynamic balance or control-force boost system 1ls used on any of
the controls. Hydraullc dempers are installed on all control surfaces
to aid in the prevention of control-surface "buzz." Dive brakes are
located on the rear portion of the fuselage.

Figure 9 shows the friction iIn the elevator-control system as meas-
ured on the ground under no.load as the control was deflected slowly.
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The rate of control deflection was sufflclently low so that the control
force resulting from the hydraulic damper in the control system was
negligible. :

INSTRUMENTATION

Among the standsrd NACA recording instrumenis installed in the air-
plane to obtain flight data were instrumente which measured the following
guantities pertinent to this lnvestigation:

Alrspeed

Altitude

Angle of attack

Angle of sideslip

Normal seceleration

Rolling, yawing, and pitching veloecities

Stabilizer, elevator, alleron, rudder, and slat positions
Aileron and elevator wheel force

Rudder pedsl force

All instruments were synchronized by means of a common timer.

The elevator and rudder positlons were messured at the inboard end
of each control surface; the left and right alleron positlons were meas-
ured on bell cranks about 1 foot forward of the ailerons; and the sta-
billizer position was measured at the plane of symmetry. A1l control
positions were measured perpendiculsr to the control hinge line.

An NACA high-speed pitot-static tube (type A-6 of ref. 7) was
mounted on a boom h% feet forward of the nose of the airplane. The

vanes used to measure the angle of attack and angle of sideslip were

mounted on the same boom about 3% feet and 3 feet, respectively, for-

ward of the nose of the airplane. Angle of attack snd angle of side-
slip are presented as measured with only instrument corrections applied.
However, any inherent errors, such as caused by upwash effects, are
believed to have a negligible effect on the analysis of the data.

TESTS

The low-speed stalling and 11ft characteristics of the Douglas
D-558-I1 airplane were measured in a series of 1g stall approsches in
the following alrplane configurations:
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1. Basic wing configuration (no fences).

(a) Slats retrected (locked closed), flaps and landing gear
retracted.

(b) Slats unlocked, flaps and landing gear retracted.

(c) Slats unlocked, flaps and landing gear extended.

2. Inboard wing fences.

(a) Slats retracted, flaps and landing gear retracted.
(v) Siats unlocked, flaps and landing gear retracted.
(c) Slats unlocked, fleps and landing gear extended.

3. Inboard and outboard wing fences.

(a) Slats retracted, flaps and landing gear retracted.
(b) Slats unlocked, flaps snd landing gesr extended.

L. Wing slate fully extended (no wing fences ).

(2.) Flaps snd lending gear retracted.
(b) Flaps and landing gear extended.

5. Wing slats fully extended and inboard wing fences.

(a) Flaps and landing gesr retracted.
(b} Flaps and landing gear extended.

6. Wing leading-edge chord-extensions (no fences, slats retracted).

%a) Flaps and landing gear retracted.
b) Flaps and landing gear extended.

The stall approaches were performed at altitudes between about
18,700 feet and 21,500 feet and at a generslly constant wing loading
of 64 pounds per square foot. The location of the airplane center of
gravity was between 24.9- and 26.9-perceiit nean aersdynamic chord for
all but the chord-extension configuration. For the chord-extension
configuration the center of gravity was located between 22.L- and
22.8-percent mean aerodynamic chord in order to provide the same degree
of spparent longitudinal stability for the airplane as in the ummodified
configuration with the center of gravity at about 25- to 26-percent mean
aerodynsmic chord (refs. 3 snd 5). Stebilizer control settings ranging
from 1.3° to 2.3° were used for all the maneuvers.

In general, the stall-spproasch maneuvers were performed at a rate
of decreasing airspeed of sbout 1 to 2 niiles per hour per second. The
pllots attempted to continue the maneuver to as low a speed s feasible,
but usually terminated the maneuver after pitch-up or severe roll-off

+
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was experienced and subsequently effected recovery. As a result, the
complete wing stall or maximum normal-force coefficient generally was
not reallized in the masneuvers.

RESULTS AND DISCUSSION

Data obtained during the stall-spproach msneuvers performed in each
configuration are presented in figures 10 to 23 in the form of time-~
history plots and as the variation of several pertinent longitudinal
staebility quantities with indicated sirspeed. Tnasmuch as almost simi-
lar wing loedings and test altitudes exlsted for all maneuvers, indi-
cated airspeed has been used as a variable to show and compare stebility
characteristics for the varlous configurations. For convenience in com-
paring the date, the flight conditions and figure numbers of the data
presented are tebulated in teble II. Figures 24 to 27 present compari-
son plots showing the effect of wing modification on the variation of
elevator deflection and normal-force coefficient with angle of attack
for each configuration investigated.

Because of the similarity in seversl of the characteristics exhibited
by the airplane during the stall approaches, regardless of wing configu-
ration, a rather complete discussion of the data obtained is confined to
the basic wing configuration. Only those characteristics pertinent to
each of the other configurestions are discussed in this psper. For con-
venience in presentation, a summary of results obtained during the
reported maneuvers is presented in table IIT.

Effect of Wing Configuration on Stalling and
Lift Cheracteristics

Basic wing configuration.- Measured data obtained during lg stall
approaches performed in each of three conditions with the basic wing
configuration are shown in figures 10 to 12. In the clean condition
the poor lateral demping characteristics of the ailrplane for smell-
amplitude osclllations (ref. 8) are observed at Vi > 195 mph; however,

below 195 mph the lateral stebility improves. Lateral stsbility again
deteriorates at speeds below approximately 190 mph, with sccompanyin
erratic motion in both the aileron and elevator controls (fig. lO(a)%.
As a result of the erratic control motion and poor alrplane response at
lower speeds shown in figure lO(a), the variation of the quantities
plotted against Vi in figure 10(b) shows sppreciable scatter. How-

ever, general trends may be noted from these plots. The apparent stick-
fixed longitudinal stabllity, indicated by the slope of the curve of
elevator deflection ageinst Vi, appears to be positive as speed is
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decreased to Vi =~ 185 mph, is approximately neutral to V4 = 170 mph,
and appears unstable at speeds below Vi ~ 170 mph. In figure 10(a) a
large amount of down-elevator control application ls apperent from time
102.0 seconds to 10L4.3 seconds, after which up-elevator control appli-
catlion 18 again spparent. Thls trend results from the apparent pitch-up
experienced by the pllot, who applied excessgive elevator-control deflec-
tions in an asttempt to control the airplane, thereby causing the alr-
plane to pltch down and then up. Subsequent to this experience the
maneuver was terminated. The push-down performed by the pilot ususlly
accentuated the stick-fixed instability of the airplane at low speeds.
(This genersl trend was experienced snd followed by the pilote durin
most of the maneuvers, as may be noted in the data presented herein.%
In genersl, the apparent stick-free longitudinal stgbility, indicated
by the slope of the curve of Fe &ageinst Vi, appears neutral over most
of the stall-approach maeneuver and much of the elevastor-force variation
lies within the control-friction bend (fig. 9). Pesk values of a =~ 1O
and Cpyp = 0.95, corresponding to & minimum speed of Vy = 168 mph, were

obtained in thils maneuver.

With the slats unlocked appreciable alleron control movement was
required as the stall was approached, but the airplane motions appear
relstively smooth (fig. 11). The opening of the slat appears gradual
and smooth and the alrplane appears to retain apparent stick-fixed lon-
gitudinal stebility down to V4 = 3175 mph. Opening the slat had no

effect on the speed at which the airplane became unstable (Vi = 170 mph);
however, higher peak values of o and CNA and a lower minimum speed

were realized with the slats unlocked. The apparent stick-free longi-
tudinal stability appeared neutral over most of the stall-approach
maneuver and unstable at speeds below Vi = 178 mph.

Extending the flaps and lsnding gear with the slats unlocked
increased the degree of apparent stick-fixed and stick-free longitudinal
stabllity at comparable alrspeeds and appreclably decreased the minimum
speed and increased the peak values of « and CNpy attained (fig. 12).
Stick-fixed instability ie apparent at speeds below Vi = 1l mph. Stick-
free instability 1s apparent at speeds below Vi ® 147 mph. In general,
the slat opening was smooth and gradual and, as the stall was approached,
the control motions and asirplane response appear smoother than in the
other two flight conditions discussed. At Vy > 180 mph, however, &
Dutch roll type of oscillation was experilenced and is shown in the data
of figure 12(a). In sddition some evidence of right-wing heaviness,
resulting from extending the flaps and landing gear, is shown by a com-
parison of the &z data of figures 10(a), 11(a), and 12(a).




N

NACA RM H5SE3la - i 9

Unlocking the slats with gear and flaps retracted produced no incre-
ment of CNp for given values of «j however, extending the flaps and

gear produced sn Increment in CNA of about 0.3.

Pilots' descriptions of the stall-approach maneuvers in the subject
configuration are in general agreement with the preceding discussion. In
addition, the pilots detected the onset of mild buffet at Vi = 190 mph
in stalls performed with flaps and gear retracted, and at V4 = 170 mph
with the flaps and gear extended and slats wunlocked.

Configuration with inboard wing fences.- Data obtalned during
lg stall approsches performed with inboard wing fences instslled are pre-
sented in figures 13 to 15. A more complete discussion of stall-approach
meneuvers performed in this configuration with another D-558-II airplane
is presented in reference 9.

Adding the inboard wing fences caused a slight improvement in the
dynamic lateral stability charsascteristlce of the slrplane in the clean
condition and made possible conslderably steadier flight. In addition
the airplene tended to retaln some degree of spparent stick-fixed lon-
gltudinel stability to lower airspeeds with inboard fences than was
maintained in the basic w configuration. (Compare date of figs. 10
and 13; also see table IIT. However, with the addition of the wing
fences, wing dropping was experienced near the stall as evidenced by the
left aileron input sterting at time 12 seconds (fig. 13(a)) and as
reported by the pillot.

Unlocking the slats had a smell effect toward lncreasing the degree
of stick-fixed stabllity exhiblited by the alrplane In the stall approach
and lowered the speed below which the alrplane became stick-fixed
unstable to Vi = 161 mph (fig. 1k). The latter effect is in agreement

with the results of the wind-tunnel investigation of reference 4 and

was also reported in greater detall in reference 9. Also, as previously
discussed for the basic wing configuration, the pilot reported that
unlocking the slats resulted in a smoother stall-gpproach maneuver in
this configuration than with slate locked closed. As a result of the
Improved stalling characteristics, a lower minimum speed and higher peak
values of o and CNA were gttained in this maneuver than were obtalned

with the basic wing configurstion.

With the slats unlocked and flsps and landing gear extended, a
Dutch roll oscillation was experlenced at the higher stell-approach
speeds. Erratic control motionsg and airplane response were exhibited
at the lower speeds and the airplane motion and elevator input appeared
180° out of phase prior to the stall (fig. 15(a)). The degree of appar-
ent stick-fixed stability was approximstely the same with the slats
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unlocked and flaps end gear retracted or extended at comparably low and
moderate values of ‘o, but gt comparable speeds appeared to be greater
with flaps and gear extended. In other respects the airplane exhibited
roughly the same characteristics as in the basic wing configuration. ' o
Buffet warning was reported by the pllot at Vi = 155 mph which is well

above the stsll speed. The pilot also reported the lateral stability wss
marginal below sbout 160 mph.

Configuragtion with inboard and outboard wing fences.- Data obtalned
during 1g stall-spproach maneuvers performed in the configuration incor-
porating two fences in the clean and landing conditions are shown in
figures 16 and 17.

For the clean-condition stall approach a small degree of apparent
setick-fixed longitudinal stabllity 1s exhibited at speeds down to
Vi = 175 mph. Below V4 = 175 mph the static longltudinal stability

appeared to decrease and the pllot experlenced difficulty in flying the
alrplane smoothly. These effects may be noted in figure 16, particularly
the erratic eirplane and control motions as the stall was approached.

Extending the flaps and gear and unlocking the slats resulted in »
an increase in the apparent stick-fixed longitudinal stability at com- '
paresble speeds (fig. 17). In genergl, the stick-free stabllity was
neutral at speeds sbove Vi = 145 mph. Below Vi = 145 mph the sppar-

ent stick-free and stick-fixed stsbility sppeared to decrease. Evalua-
tion of this condition, however, 1s difficult because of the erratic
airplane and control motions in this speed range. Slat opening appears
fairly gradual and smooth and pilot observatlon of buffet was reported
at Vi = 143 mph, which is fairly close to the minimum speed of 131 mph
indicated for this maneuver.

In general this conflguration, as did the previous configuration,
provided only a small improvement in handling characteristics compared
with the characteristics of the basic wing configuration.

Configuration with slats fully extended (no wing fences }.- Stall-
spproach data obtained with the slats in the .fully extended position
(fig. 5) and with no wing fences installed are shown in figures 18 and 19
for the conditions with flaps and gear retracted and extended respectively

In either condlition, the daia show the control motions and airplane
motions to be erratic as the minimum speed of each maneuver was approached.
A comparison of the data of figures 18 and 19 and table IIT shows that
the airplane exhibited a greater degree of apparent stick-fixed stability
in the landing condition and retained stability down to appreciably lower
speeds than when the flaps and gear were retracted. In both conditions .
the stick-free characteristics sppear marginal over most of the speed’ o B

T Y
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range and unstable at the lower speeds. With flaps and gear retracted
the pllot reported roll-off tendencies neazar minimum speed. With flaps
and gear extended, marginal dynamic lateral stebility was reported at

speeds below Vi = 150 mph and the data of figure 19(a} indicate a

left-wing heaviness as the speed decreased.

With the slats fully extended the airplsne attained appreciebly
higher values of a and Cy, and a lower minimum speed than in the

basic wing configurstion when the flaps and gear were retracted. These
margins were not so marked, however, in the landing condition. In most
other respects these two configurations appeared simllar.

Configuration with slats fully extended and inboard wing fences.-
Data obtained during the 1lg stall-spproach maneuvers with slats fully
extended and inboard fences at 0.3%6 wing semlspan are shown in figure 20
for the condition with flaps and gear retracted and in figure 21 for the
land;ng condition.

The control motions and airplsne response appear only slightly
erratic with flaps and landing gear retracted (fig. 20(a)); however,
this effect is mainly in the latersl plane. Apprecisble use of aileron
and rudder is noted in the time-history plot for the landing condition
(fig. 21(&)), but the airplane motions do not appear severe umtil the
stall 1is approached. With flaps and gear retracted, the alrplane is
shown to be slightly stable longitudinally to Vi = 167 mph as speed
is reduced, neutrally stable to 160 mph, and spparently unstable at
lower speeds. With flaps and gear extended the degree of apparent sta-
bility exhibited at comparaeble speeds or angles of attack was generally
greater than with flaps and gear retracted. Also in the landing condi-
tion the airplane retained stability to the lowest speed attained
(Vi = 127 mph), although a marginal region is apparent from Vi =~ 145 mph
to 135 mph. Adequate stall warning in the form of buffet became more
apparent as the stall was approached in either flight condition.

Because of the retention of apparent stick-fixed stebility to lower
speeds in the landing condition and the absence of any pitch-up, this
configuration was considered by the pllots to be an improvement over the
basic wing configuration at the lower speeds. Table III also shows that
this configuratlon generally provided some increase in pesk o and CNA

and a decrease in minimm Vi attained.

Wing leading-edge chord-extension configuration.- Data obtained
during 1 g stall-approach maneuvers performed In the cleen and landing
conditions with wing leading-edge chord-extensions installed over the
outer 0.32 semispsn of each wing panel are presented in figures 22
and 23, respectively.
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Inspection of the data of figure 22 shows that the stall performed
in the clean condition.was generally smooth, with rolling oscillations
occurring at speeds below V4 = 185 mph as the stall was approached. -

The apperent stick-flxed stebility was generally stable down to

Vi = 197 mph, neutrally stable between V3 = 197 mph and 170 mph, and
unstable below Vi = 170 mph. The stick-free stability was generally
neutral at speeds sbove 175 mph and unstable at lower speeds. In the
landing condition a.slight rolling oscillation was apparent during the
entire maneuver and became more severe near minimum speeds(fig. 23(a)).
At V3 < 200 mph the apparent stick-fixed stability was apprecisbly
grester in the landing conditlon than in the clean condition and posi-
tive stebllity was retalned to the minimum speed of the maneuver in the
landing condition. .However, the pilot reported some tendency toward .
longitudingl and lateral instability in the landing condition at mini-
mum speed, and the data of figure 23(a) indicate this trend. Also, the
stick-free stability in the landing candition was greater than in the
cleen condition (compare figs. 23(a} and 22(a))}). The peak values of
and Cy, atteined in the landing condition were not esppreciably higher

than in the clean condition, @s had been experilenced in other configura-
tlons Investigated, but the incremental effect on CNp values over the s

a range was the same as experienced with other configuratlions. These
effects resulted from the fact that the slats were retracted for this
configuration, hence wing-flow separation probebly tended to occur at a
lower value of « when the flaps were extended. Also, the pilot noted
the start of buffeting at slightly lower values of o and CNA for

this configuration than for other configurations tested and the buffet
intensity rise appeared more severe at given values of o and Cnp-

Therefore, the mdneuver in the landing condition was terminated st a
lower level of a.

Comparison of Stelling and Lift Characteristics
With Varlous Wing Modifications

Flaps and landing gear retracted.- The effect of the various wing
stall-control devices on the stability and 1ift characteristics of the
Douglas D-558-II ailrplane in the clean condition is shown in figure 2k,
Addition of wing fences or the chord-extension to the wing panels had
little or no effect on the variation of normal-force coefficient with
angle of attack, except for a slight decrease in the slope at o > 12°
for the one-fence and chord-extension configurations. Alsoc, the values
of peak normel-force coefficient attained were sbout the same for the
configurations compared in figure 24. An apprecilable difference in the .
apparent stability characteristics, as determined by the slope of the '
curve of B plotted against o, 1s exhiblted for the configurations
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discussed. The basic wing configuration exhibits gbout the same degree
of apparent stabllity up to o = 10° as exhlibited by the two~fence and
chord-extension configurations up to a« = 9°. This degree of stability
is greater than for the one-fence configuration. However, the basiec wing
configuration appears unstable at a.Z'l2°, whereas the other configursa-
tions appear unstable at o 2 130.

The effects on the airplane stability and 1ift characteristics of
unlocking the slats so they were free to float, and of locking the slats
in the fully extended position, are shown in figure 25 for the condition
of flaps and gear retracted. The slate had 1ittle or no effect on the
slopes of the curves of normal-force coefficient plotted against angle
of attack, regardless of the wing-fence configuration. The pesk values
of Cyp &attained were apprecisbly larger when the slats were free

floating and to a greater degree when the slats were fully extended.
These higher values of peak CNp result from the effectiveness of the

slate In delaying separation and extending the stable region of the air-
plane to lower speeds and to higher angles of attack. Comparison of the
curves of 8e plotted ageinst « 1in figure 25 indicates that the free-
floating slats and the fully extended slats generally had an inconsistent
or negligible effect on the degree of stability exhibited in the stable
reglon, but extendéd the peak anglie for the positive stsbllity range
from o =~ 100 (with slats retracted) to o = 120 for the basic wing
alrplane, and from o = 13° to0 o = 15° for the inboard wing-fence
configuration. Regardless of slat configuration, the data show the air-
Plane becomes unstable at a greater value of « when the inboard wing
fence 1s installed. These results are in genersal agreement with those
shown in the wind-tunnel investigation of reference 4 for the effects

of wing fences and slats on stability. It is noteworthy that the posi-
tion of the free-floating slats above a =~ 13© was simlilar to the fully
extended slat position (figs. 11 and 14}, therefore the airplane exhibited
generally similar characteristics at the higher values of o when the
slats were free floatling or fully extended.

Flaps and landing gesr extended.- With the flaps and gear extended,
addition of wing fences with the slats unlocked or addition of wing
chord-extensions (slats retracted) had a negligible effect on the varia-
tion of CNA with o, except for a decréase in slope exhibited st

a > 120 for the inboard-fence configuration (fig. 26). Peak values
of CNp attalned with the basic wing configuration and with both wing-

fence configurations were approximately the same. The appreciably lower
peak value of CNA for the chord-extension configuration probably results

from the fact that the wing slats were retracted for this configuration
and earlier and more severe buffeting was detected by the pilot who ter-
minated the maneuver at a lower value of o and CNy thar for the other

configurations tested. The degree of apparént stability exhibited by the
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four configurations compared in figure 26 does not differ sppreclably at
the more moderate values of o, except possibly for the slightly greater
apparent stability exhibited by the chord-extension configuration. At
angles of attack sbove about 10° or 12° gll configurations show a neu-
trally stable region for several degrees, followed by an unstable region
for the basic wing configuration and both fence configurations. Because
of the approximgtely neutrally stable region apparent at the higher
values of o, appreciable elevator-control movements were made by the
pilot during some stall maneuvers wWith some erratic response from the
airplane, resulting in the scatter in dats points shown in figure 26.

Inasmuch as -1g stall-approach maneuvers were not performed with the
slats retracted and flaps and gear extended, a comparison of only the
effects of the free-~floating slat and the fully extended slat on airplane
1lift and stabllity characteristics in the landing condition is feasible.
A comparison of data for these configurations 1s shown in figure 27 for
both the basic wing and inboard-fence configurations. A slight increéage
in the normsl-force-coefficient slope at the lower values of o« for both
extended-slat configurations is apparent compared with the data for the
free-floating slat configurations. At the higher angleg of attack, how-
ever, the variation of Cy, with a is greater for the inboard-fence

configuration when the slats are fully extended, and is greater for the
basic wing configuration when the slats are free floating (unlocked).

The reasons for these differences are not readily apparent, especially
since the free-floating slats are essentially "fully extended" at angles
of attack sbove about 12° (figs. 12(a) and 15(a)). -Slat configuration
appeared to bave only a small effect on the apparent stability character-
istics at a & 12° for either wing-fence condition; however, it will be
noted that the airplane appeared somewhat more stable with no wing fences
than with the inboard fencee when the slats were fully extended. At

@ 2 12° the main effect noted is the unstable trend shown for the basic
wing slats-extended configuration ag compared to the generally neutrally
stable or slightly stable regions shown by the other configurations.
This effect is in agreement with the results shown in reference 4 for

the effects of adding similar inboard wing fences to the extended-slat
airplane configuration.

In general, the pilots considered the configuration embodying
extended wing slats and inboard wing fences the most satisfactory for
performing stall-approach maneuvers.

CONCLUDING REMARKS

The low-speed stalling and 1ift characteristics of the Douglas
D-558-1I airplane were measured in a series of 1lg stall-approach maneuvers
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performed with several wing modificatlons designed to allevlate swept-
wing instabillity and pitch-up. The wvarilous sirplane configurstions
investigated include a basic wing configuration and two wing-fence con-
figurations in combinstion with retracted, free-floating, or extended
slats, and a wing leading-edge chord-extension configuration. All con-
figurations were investigated with flaps end landing gear retracted and
extended.

With slats, flaps, and landing gear retracted, none of the wing
modifications investigated had an sppreclable effect on the 1lift or
stability characteristics at low and moderate angles of attack. Regard-
less of wing-fence configuration, appreciably larger values of peak
normal-force coefficient were attained with slats unlocked (free floating)
or fully extended than with slats closed. Wing fences and the chord-
extension tended to delay the onset of instaebility with slats retracted,
and the stable region was further extended for the configurations with
either no wing fences or inboard wing fences when the slats were free
floating or extended.

With flaps and landing gear extended, only the fully extended slat
configuretion affected the variation of normsl-force coefficlent with
angle of attack by increasing this variation slightly. Pesak values of
normal-forece coefficient attained were the same for all configurations
except the chord-extension configuration for which excessive buffeting
caused earlier terminastion of the maneuver. Most of the configurations
had little or no effect on the stability characteristics over most of
the lower and moderate angle-of-attack range. The alrplane appesred
somevhat more stable, however, with no wing fences installed than with
wing fences installed when the slats were extended. At larger angles
of attack and with slats extended, 1nboard wing fences materially
improved the stability characteristics of the airplane.

At any given angle of attack, extending the flaps provided an incre-
ment in normal-force coefficient of sbout 0.3; whereas, except for the
larger angles of attack, the free-floating or fully extended slats pro-
vided no incrementel 1ift. The airplane generally appeared more stable
longlitudinally at comparable speeds with the flaps deflected than with
flaps retracted; however, marginal dynamlc lateral steblility was evident
for several configurations with the flaps extended or retrscted.

In genersal, adequate stall warning in the form of buffeting was
noted by the pilot well above minimum speed and in the stable flight
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region of the airplane, particularly for the chord-extension configura-
tion for which buffeting appeared aggravated.

High-Speed Flight Station,
National Advisory Committee for Aeronsutics,
Edwards, Calif., May 18, 1955.
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TABLE I.- PEYSICAL CHARACTERISTICS OF THE UNMODIFIED DOUGLAS

Wing:
Root airfoil section (normel to 0.30 chord of umswept panel)
T4p airfoil section (normel to 0.30 chord of unswept pa.nel) .

Total area, 8q £L . « « « « .

Span, £ . ¢ ¢ ¢« 4 4 e e s s e e e e e s ke e e s s e s,
Mean serodynamic chord, in. e e
Rootehord(para]leltoplaneorsymtrg),in. G h e e
Tip chord (parallel to plsne of sgymmetry), im. . + « . . . .
Taper Tratio . . ¢ 4 & ¢ ¢ 4 ¢ 6 4 4 b 4 e e e e a e s e e
Aopect ratio . . L 4 f i e e i h e 4 e d e e d e e s a e e
Bweep at 0.30 chord of unewept panel, deg . + « « = « ¢ & « &
Bweep of leading edge,; @8 .« « &+ « « o o s o o o s 6 o 0 s W
Incidence at fuselage ceénter 1ina, deg .« « « « « = + « ¢ =
Dibedral, Q8 . o « « ¢« « = o « s o o« ¢ o ¢« ¢ s 4 o v a0 o s
Geometric twist, deg . « . « ¢+ ¢ ¢ ¢ 4 e 6 b 4 bt a4 4 0w
Total aileron area (rearward of hinge line), sq £t . . . . .
Aileron travel (@&ch), 388 .« « v v o « o o « s « « o « o » »
Total flap area, B¢ £+ <« . . & & & ¢ ¢ ¢ & s & o ¢ ¢ o a o «
Filep travel, deg . ¢« ¢ « « o ¢ « s ¢ o« s « &+ o o o o o « o s

Horizontal tail: .
Root airfoil sectlion (normal to 0.30 chord of unswept panel)

Tip eirfoil section (normel to 0.30 chord of unswept panel) .
Ares, (including fuselage), 8 £5 « « ¢ ¢ ¢ o = s ¢ v = « o &
Mean serocdynamic chord, in. e o s 8 & a s s 4 8 e 2 e s & @
Root chord (parallel to plane of symmetry)}, in. . « « . . .
Tip chord (parallel to pléne of gymmetry), im. . . . « . . .
Taper ratlo . . ¢ &« & ¢ ¢ ¢ o 4 d b e v 4 4 s e d a e ea e
Aspect TBLIO . ¢ 4 e d e 6 e s 6 e s e a s e s s e s
Sweep at 0.30 chord line of unswept panel, deg . . . . « « .
Dihedral, d@@ « « « o « o ¢ o« o o a o ¢ s o « 6 o 8 s s o s &
Elevator area, 8 ££ . + ¢ « ¢ ¢ ¢« ¢ ¢ s ¢ ¢ s o ¢ ¢ o » « &

Elevator travel, deg
UP o ¢ ¢ ¢ o ¢ « ¢ o s a 6 6 5 ¢ 8 ¢« s 6 6 s 6 a8 ¢« s v o4
DOWN « ¢« ¢ ¢ ¢ o« ¢ ¢ s « 6 a s ¢ 6 s o o 2 s s « a o ¢ o &
Stabilizer travel, deg
Ieading @dg@® UP « ¢ 2 » & o ¢ ¢ ¢ ¢ = o s o « 6 o 2 4 o ¢ a

Vertical tail:
Alrfoil section (normal to Q.30 chord of unswept panel)

Area, BQ FL & ¢ o 4 ¢ 4 s e s s 4 e 4 s 6 8 s e e e e e
Height from fuselage center line, in.
Root chord (parallel to fuselage center line), in. . . . . .
T4p chord (parellel to fuselage center line), in. . . . . .
Sweep angle at 0.3%0 chord of unswept panel, deg . . . « . . .
Rudder ares (rearwsrd of hinge line), sq ££ - « . -« . . . . .
Rudder travel, deg . ¢« « +. ¢ « ¢« ¢ ¢ &« o = o« o s « a « o o =
Fuselsge:

Length, F£ . & 4 ¢ ¢ ¢ ¢ ¢ 4 o v e ¢ ¢« o o a s o 5 o o s oo
Moximm dlameter, in. .« . + ¢ &+ o ¢ ¢ s 0 e 0 s e e w00
Fineness Tatlo .« ¢ « ¢ o « ¢ o o ¢ ¢ ¢« ¢ ¢ + e o 0 40 e e
Speed-retarder areg, BQ £ . - & . ¢« ¢ 4 e e e s » 4 e e .

Engines: -
TUrboJet « ¢ ¢ « ¢ ¢ 4« ¢ ¢ ¢ o o « 8 a o o « o s s s s 2 ¢ =
Rocket .« ¢ ¢ ¢ ¢ o 6 ¢ 4 o 4 ¢ o a o o s o ¢ s ¢ o 8 s o b

Alrplane welight, Ib:
Full Jet and rocket fuel . . ¢ & ¢ ¢ o v s e o s e 0 s s oe .
Full Jet PUEl « ¢ & v o o o = o o o « o o s o « o » v a s o o

@ ¢ 2 & 2 4 e B e e 4 v & a4 s »

NACA EM HE55E3la

D-558-I1 ATRFLANE

L I I T S R Y L S L T S S PR

v & & 4 & 0 % s s a2 e » L I T T O TR TS

. . NACA 63-010
. NACA 6)-012

175.0
25.0

&
(o]

53.6

EVOR
38

b
U Foo

H N

.
1

:
N

36.6
98.0
.« .. k6.0
4.0
49.0
6.15%5
+25
42,0
60.0
8.10
5.25

. . « J3L-WE-4O

. « . LRB-RM-6

.« « . 15,570
82
« ¢+ . 10,822



(a) Complete data for each stall-approach maneuver

TABLE IT.- INDEX TO DATA FIGURES

Alrplane configuretion

Slat configuration

Flaps and lending gear

Figure nunber

Retracted Retracted 1o§a) and 1o€b)

Basic wing (no fences) Unlocked Retracted 11(a) and 11(b)
Unlocked Extended, 12(a) and 12(b)

Retracted Retracted 13(a) and 13(b)

Trbosrd wing fences Unlocked Retracted 14(a) and 1%(b)
Unlocked Extended 15(a) and 15(b)

Inboard and outboard wing Retracted Retracted 165&) and 16(b)
fences Unlocked Extended 17(a) and 17(b)
Wing elats fully extended Extended Retracted 16(a) and 18(b)
(no wing fences) Extended Extended 19{a) and 19(b)
Wing slets fully extended Extended, Retracted, 2oEa) and 20(b)
and inboard wing fences Extended Extended 21(a) and 21(b)
Wing leeding-edge chord- Retracted Retracted 22(a) and 22(n)
extensions Retracted Extended 23(a) and 23(b)

BLEHCCH WE VOVN
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TABLE ITI.- INDEX TO DATA FIGURES - Concluded

(b) Comparison date of 1ift and stability characteristies

Alrplane configuration Slat configuration Flaps and landing gear Figure mmber
Basic wing (no fences) Retracted Retracted 2l
Inboard wing fences Retracted Retracted 24
Inboard and outboard wing Retracted Retracted ek
fences
Wing leading-edge chord- Retracted Retracted 2k
extensions
Retracted Retracted 25
Basic wing (no fences) Unlocked. Retracted 25
Fxtended Retracted 25
Retracted Retracted 25
Inboard wing fences Unlocked Retracted 25
Extended Retracted 25
Basic wing (no fences) Unlocked Extended 26
Inboard wing fences Unlocked Extended 26
Inboard snd outboard wing Unlocked Extended 26
fencesn
Wing leading-edge chord- Unlocked Bxtended 26
extensions (no slata)
Basic wing (no fences) Unlocked Extended 27
Extended Extended 27
Inboard wing fencea Unlocked Extended 27
Extended Extended 27

0g

BICHCCHE WH VOVN




NACA RM HS5E3la

TASLE III.- SOMMARY OF RESULTS ORTAINED DUHING SPALL APFHOACKES OF TEE

DOUHAS D-%558-1T HESEARCK ATRFTANE

21

Apgpearent long! tudinal stabfility
Filot report
[FLaps and Peak
1sne Slat of anaet of Peak Min{wnm
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o
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Figure l.- Three-quarter front view of Douglas D-558-II airplene.
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Figure 2.- Three-view drawlng of the Douglas D-558-II research airplane.
All dimensions in inches.
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_ 36 percent semispon

ceme— 73 percent semispan

Cons tant-chord
lecding-edge siot

Wing fences—m

‘ Wing fence

Section 36 percent semispon

Aileron

Wing fence 7
0.041c ~—, |-—°526f’,

Slat
Section 73 percent semispan

Figure 3.~ Plan form and sections of the wing of the D-558-II airplane
showing the locetlon and shape of wing fences (astall-control vanes)

used In the investigation.

h2

BTCHCCHE WY VOVN




i

h Mp ) il } ‘wr‘i“kwwi lﬁ] ]

L Lo ) 4
L | ||ll +“‘s

:
g
g
4
5

n
g |

IH\

‘lil[lllllll[llﬂjiﬂz h.

1~8797kh.
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Airplane_ GE_L
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0434 b/2 b2

Wing slot

Wing fence

~

326
leg.95 ~~—Path of slat trovel

Section A-A (eniarged)

Slat fully
extended

Figure 5.- Plan form and sections of the wing of the D-558-II1 airplane
showing details of the wing slat in the retracted and extended positions.
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Figure 6.~ Photogreph of right wing of D-558-II airplane showing slat in
fully extended position and Inboard fenee on wing.
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Airplone ¢

102

0.68 b/2

9.25*

Wing chord extension

Original wing profile
——é _é — —=————

Wing section at stotion 102

Figure 7.~ Plan form and section of the wing of the D-558-II airplane showing
the wing leading-edge chord-extension configuration. _



1~87976

Figure 8.~ Photograph of the wing of the D-558-II airplane showlng the
wing leading-edge chord-extension comfiguration.,
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Figure 9.~ Elevator-control force required to deflect elevator on the
ground under no load.
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(a) Time history.

Figure 10.- Flight characteristics of the D-558-I1 research éirplane
during an unaccelerated stall. No fences on; slats retracted; flaps
retracted; landing gear retracted; i, = 1.59; center of gravity at

0.2676; ~ 20,800 feet.
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Figure 10.- Concluded.
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(a) Time history.

Figure 1l.- Flight characteristics of the D-558-II research airplane
during an unaccelerasted stall. No fences on; slats unlocked; flaps
retracted; landing gear retracted; 1y = 1.5°; center of gravity at

0.269¢; by =~ 19,500 feet.
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Figure 1l.- Concluded.
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(e) Mme history.

Figure 12.- Flight characteristies of the D-558-II research alrplane
No fences on; slats unlocked; flaps
extended; landing gear extended; i; = 1.59; cemter of gravity at

during an unaccelersted stall.

0.2603; by, = 19,000 feet.
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(a) Time history.
Figure 13.- Flight characteristics of the D-558-IT research airplane
during an unaccelerated stall.

Inboard fences on; slats retracted;
flaps retracted; landing gear retracted; i = 1,30; center of gravity

at 0.264E; hyy =~ 20,000 feet.

e

37



NACA RM BSSE3la

38 S
20
Pull
o0 Oo G O "3.""113"-. o]
®
F,b O - ©
% ©
20
Up Oanaraxnanooo
4
Se, deg o
O
Q
o)
16, 4 o
o O
a
©
12 —O— Samoi :
@ g
a, deQ ua;éﬂagguoé.
° =
4! 0
P a
o2
o
CNA
6 %b
P
4
| - (0N oWollls oWooRudlonngoancosset
ng
q 770 160 2
M, mph

(b) Variation of Fg, 08¢, a, Cy,> 8nd n with V.

Figure 13.-~ Concluded.



NACA RM H5SE3la S 39

Pull N _J _,._\_J‘ ...... I e ' ek R RN ISl IR L:b"i Is
,’\\/ NA V] P f‘f‘( ~— < < By ,‘"‘ J[h— k
= X /
EEE B SV N & S N - DEANR PAYAY R
AV A fr ~ "
N/ S AN/ VTN .l
Fght 5 ——— - —
-Up e VAN VY
.................... --"~ '= - oo .
) 8 IRV - | |
% 7
3 3e 2, deg 44— — -—)\_f\'
8 - d — -———\/___..:L——
/ /—
0”“4 ﬁﬂhf TSy
&!h J‘-ﬂ.r.‘;
§ -
Ty . i ¥ o 7
$,6 ¥y rogonuec ¢
R 5 .
8.dsg - e e~ Lad pu— S P SN S
Lot 4 /\
N
l a
a, d /
// A \
p N
=
T / /] A
: T L -
Ny
5 — L] 7
JS—d— T T
21 A
n,q9 = n
— N~
0
.mph I R e v,
v ‘\‘—L“—‘\_‘\
1
" -
=S—
M e
£l o 4 [ 2 e ) 24 F) 32 36 40 44 48 52 56
Thne, 1, s6c

() Time history.

Figure 1k.- Flight characteristics of the D-558-II research airplane
during an unsccelereted stall. Inboard fences on; slats unlocked;
flaps retracted; landing gear retracted; i, = 2.1°; center of gravity

at 0.255¢c; hP =~ 21,000 feet.
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Figure 15.- Flight characteristics of the D-558-II1 research airplane

during an unsccelerated stall. Inboard fences on; slats unlocked;
fleps extended; landing geer extended; iy = 1.4%; center of gravity

at 0.253C; hP ~ 21,500 feet.
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Figure 16.- Flight characteristics of the D-558-1I research alrplane
during an unaccelerated stall. Both fences omnj; slats retrected;
flaps retracted; landing gear retracted; iy = 2.3°; center of gravity
at 0.7262¢; hy = 21,000 feet.
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Figure 17.- Flight characteristics of the D-558-II1 research airplane
during an unaccelerated stall. Inboard and oubtboard wing fences

installed; slats unlocked; flaps extended; landlng gear extended;
1L = 2.3°%; center of gravity at 0.262%; hy, =~ 20,500 feet.
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Figure 18.- Flight characteristies of the D-558-IT research alrplane
during an unaccelerated stall. No fences on; slats fully extended;
flaps retracted; landing gear retracted; 1y = 1.60; center of gravity

at 0.2538; by =~ 21,000 feet.
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Figure 19.- Flight characteristics of the D-558-I1 resesrch airplane
during an unaccelerated stall. No fences on; slats fully extended;
flaps extended; lending gear extended; 1y = 1.6°; center of gravity

at 0.240C; hp =~ 19,000 feet.
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Figure 20.-~ Flight characteristics of the D-558-II reséarch airplane
during an unaccelerated stell. Inboard fences on; slats fully extended;
flaps retracted; landing gear retracted; i = 1.66; center of gravity
at 0.2568; h, ~ 21,000 feet. :
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Figure 21.- Flight characteristics of the D-558-II research ailrplane
during en unsccelerated stall. Inboard fences on; slats fully extended;
flaps extended; landing gesr extended; ii = 1.6%; center of gravity at
0.252¢; hP = 20,200 feet.
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Figure 22.~ Fiight characteristics of the D-558-II research airplane
during an unaccelerated stall. No fences on; flaps retracted; landing
gear retracted; chord-extensions on; it = 1.6°; center of gravity at
0.228¢; hy = 20,400 feet.
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Figure 23.~ Flight characteristics of the D-558-II research airplane during
an unaccelerated stall. No fences on; flaps extended; landing gear
extended; chord-extensions onj; i = 1.6°%; center of gravity at 0.224c;
h‘P =~ 18,700 feet.
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Figure 25.- Comperison of apparent stabllity and 1ift characteristics of the D-558-I1 resesrch
alyplane with various wing modifications. Flaps and landing gear retracted.
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Figure 26.- Camparlison of apparent stability end 1ift characteristics of the D-558-IT research alr-
plane with various wing modifications. Wing slats unlocked; flaps and landing gesr extended.
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Figure 27.- Coamparison of eppareot stability and 11ft characteristics of the D-558-I1 research
alrplane with various wing modiflcations. Flaps and landing gear extended.
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