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NACA RM L53L16 CONFIDENTTAL

NATTIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

EFFECT OF WING SLATS AND INBOARD WING FENCES
ON THE LONGITUDINAL STABILITY CHARACTERISTICS OF THE
DOUGLAS D-558-IT RESEARCH AIRPLANE IN ACCELERATED
MANEUVERS AT SUBSONIC AND TRANSONIC SPEEDS

By Jack Fischel
SUMMARY

Previous flight tests of the Douglas D-558-II research airplane
indicated an instability and "pitch-up" in accelerated longitudinal
maneuvers which is a characteristic of swept-wing airplanes at sub-
sonic and transonic speeds. In an attempt to alleviate this instabil-
ity, the airplane was tested with the wing slats fully extended, with
and without inboard wing fences, and with the wing slats half extended
and wing fences removed. Also, in order to improve the stick-force
characteristics at moderate and large angles of attack, additional tests
were conducted with two bungees of differing stiffness alternately
attached to the control column. These tests were performed at Mach num-
bers up to about 1.0, and at altitudes between 10,000 and 35,000 feet.

Opening the wing slats to the fully extended position improved the
stability characteristics of the airplane by alleviating pitch-up at
Mach numbers below approximately 0.8; however, at Mach numbers of 0.80
and 0.85 the severity of the pitch-up remained unaltered. At Mach num-
bers of about 0.98 and 1.00, maneuvers performed up to relatively high
values of normal-force coefficient with slats fully extended exhibited
no evidence of pitch-up; however, this effect has since been duplicated
with the clean-wing configuration (no fences, slats retracted).

Removing the wing fences from the airplane configuration with slats
fully extended caused the reduction in stick-fixed stability to become
more pronounced and, generally, to occur at approximately the same or
slightly lower values of normal-force coefficient.

With wing slats half extended and no wing fences, the airplane

exhibited instability characteristics and pitch-up similar to that
exhibited by the airplane with slats retracted and with wing fences.
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With slats fully extended and wing fences removed, use of a bungee |

in the control system to alleviate or eliminate the stick-free instability |

caused the airplane to appear more controllable to the pilot and caused |

the decrease in stick-fixed stability to become less apparent and less ‘
objectionable.
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|

|

|

|

In general, the pilots' opinions corroborated the aforementioned
statements in that the airplane was generally controllable with fully
extended slats and was uncontrollable with half-extended slats. In
any configuration, when pitch-up was experienced, the behavior was
extremely undesirable and would prevent precision flight.

INTRODUCTION

|

The use of sweptback wings on aircraft has introduced a problem |
pertaining to longitudinal stability and control. The problem manifests

itself by a sizable decrease in the stability as the airplane angle of [

attack increases, and by an uncontrolled pitching of the airplane to (

large angles of attack (refs. 1 to L4). |

In order to alleviate this problem, and thereby enable the swept- |
wing airplane to be usable throughout the range of normal-force coeffi- .
cient and Mach number of which it is capable, as well as to avoid the |
danger of exceeding airplane structural limits, the National Advisory
Committee for Aeronautics is investigating in flight various modifica- |
tions to the Douglas D-558-I1 swept-wing research airplane. The effects \
of outboard wing fences on the airplane longitudinal stability character- ‘
istics were previously investigated and were reported (ref. 2) to pro- /
vide only a slight improvement in stability over the original airplane
configuration. As an extension of that investigation, as well as to |
obtain slat loads on a swept-wing airplane, the airplane was tested ‘
with the leading-edge wing slats locked open in the fully extended posi- |
tion and also in the half-extended position. Data were obtained during
accelerated longitudinal maneuvers up to high values of normal-force |
coefficient and at speeds up to a Mach number of approximately 1.0. The |
slat-load data obtained during the course of this investigation are pre-~ |
sented in reference 5, whereas the longitudinal stability data are pre-
sented herein. ¥From these data, a normal-force-coefficient—Mach number |
boundary for the occurrence of the decay in stick-fixed and/or stick- |
free stability was determined for each airplane configuration and is
compared with a similar stick-fixed stability boundary for the original
airplane configuration. The effects on stability of removing the
inboard wing fence, included on the airplane in the original configura-
tion, were also determined with the slats fully extended. In addition,
because of the adverse effect of a stick-free instability on the handling
qualities and pilots' opinion of the airplane, the effects of adding a
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"soft" and a "stiff" bungee to the longitudinal control column in order
to improve the stick-free stability were determined with the slats fully
extended and inboard wing fences removed.

SYMBOLS

wing span, ft

airplane normal-force coefficient, nW/qS

wing chord, ft

wing mean aerodynamic chord, ft
elevator control force, 1b
acceleration due to gravity, ft/sec2

pressure altitude, ft

stabilizer setting with respect to fuselage center line,
positive when leading edge of stabilizer is up, deg

free-stream Mach number

normal acceleration, g units

free-stream dynamic pressure, lb/sq Tt

wing area, sq ft

time, sec

calibrated airspeed, mph

airplane weight, 1b

angle of attack of airplane center line, deg
elevator deflection with respect to stabilizer, deg

elevator deflection corrected to zero pitching
acceleration, deg

pitching velocity, radians/sec

pitching acceleration, radians/sec2
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ATRPLANE

The Douglas D-558-II airplanes have sweptback wing and tail surfaces
and were designed for combination turbojet and rocket power. The air-
plane used in the present investigation (Bu.ero No. 37975 or NACA 145)
is equipped with a Westinghouse J-3L4-WE-LO turbojet engine, which exhausts
out of the bottom of the fuselage between the wing and tail, and with a
Reaction Motors, Inc. LR8-RM-6 rocket engine, which exhausts out of the
rear of the fuselage. The airplane is air-launched from a Boeing B-29
mother airplane. A photograph of the airplane is shown as figure 1 and
a three-view drawing is shown as figure 2. Pertinent airplane dimen-
sions and characteristics are listed in table I.

The wing slats, which extended from 0.434 semispan to the wing tips,
may be normally free floating or locked in either the open or closed
position. When in the unlocked free-floating condition, the slats are
normally closed at low values of angle of attack or normal-force coeffi-
cient and open with increase in angle of attack. At Mach numbers below
approximately 0.72, the slats opened for values of o above approxi-
mately 3° to 5° (unpublished data); at Mach numbers in excess of 0.72
and up to approximately 0.98, the data of reference 5 indicate that the
slats would also tend to open with increase in a, starting at moderate
values of a or CNA' For the investigation reported herein, the wing

slats were locked open in either the fully extended or half-extended
position. Wing fences located at 0.36 semispan, incorporated in the
original airplane configuration to improve the longitudinal stability
characteristics of the airplane at high angles of attack (a > 10°) when
the wing slats were fully extended (ref. 6), were removed from the air-
plane for a part of the investigation reported herein. Figures 3 to 6
illustrate the wing slat and fence configurations investigated.

The airplane is equipped with an adjustable stabilizer. No aero-
dynamic balance or control-force booster system is used on the elevator.
Hydraulic dampers are installed on all the control surfaces to aid in
the prevention of control-surface "buzz."

For a part of the investigation reported herein, two different
bungees were included in the longitudinal control system to increase
the pull forces at up-elevator deflections above about 8° (under no-
load conditions) and were slack at smaller up-elevator deflections.
The position of the control column at which the bungee commenced
stretching was indicated by a control-position transmitter attached to
the control column. The bungees provided stick forces of approximately
6 pounds and 22 pounds per inch of control-wheel movement, which roughly
corresponded to about 2 pounds and 8 pounds per degree of elevator
deflection, respectively, depending on the aerodynamic elevator load
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and control-system deflection. Because of stretch in the control system

under flight conditions, the bungees employed increased the control
forces commencing at up-elevator deflections somewhat less than &,

depending on the aerodynamic elevator load, as will be shown in the data

figures.

INSTRUMENTATION

Standard NACA recording instruments were installed in the airplane
to measure the following quantities which were pertinent to this
investigation:

Airspeed

Altitude

Elevator wheel force

Normal acceleration

Pitching velocity

Pitching acceleration

Angle of attack

Stabilizer and elevator positions

Control-column position (included during tests with bungee)

All of the instruments were synchronized by means of a common timer.

The elevator position was measured at the inboard end of the control

surface, and the stabilizer position was measured at the plane of sym-
metry. All control positions were measured perpendicular to the control
hinge line.

An NACA high-speed pitot-static tube (type A-6 of ref. 7) was mounted

on a boom u% feet forward of the nose of the airplane. The vane used to

measure the angle of attack was mounted on the same boom about 3% feet

forward of the nose of the airplane. The angle-of-attack data have not
been corrected for the effects of upwash ahead of the nose of the air-
plane nor for the effects of airplane pitching velocity. The maximum
error attributable to the effects of pitching velocity was of the order
of 1.2° (obtained during a pitch-up with the slats half extended). The
airspeed system was calibrated up to M = 0.80 by the "fly-by" method
and at speeds in excess of M = 0.80 by the NACA radar phototheodolite
method (ref. 8).
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6 CONFIDENTIAL NACA RM L53L16
TESTS, RESULTS, AND DISCUSSION

The longitudinal stability characteristics of the D-558-I1 airplane
were determined in turning flight, with flaps and landing gear up, for
a range of Mach numbers from about 0.4 to 1.0 and for the operating con-
ditions shown for each configuration in the following table:

Configuration Stabilizer Cente?—of-grav1ty :
satid location, percent Altitude
Slat Inboard . gt mean aerodynamic range, ft
ny - iy, deg
position (wing fences chord
Fully On 1.6 to 2.3% 25.4 to 26.2 |14,000 to 35,100
extended )
Fully Removed |1.3 to 1.6% 25.2 to 26.9 10,800 to 33,000
extended
Half Removed 1.6% 28.5 to 28.6 29,000 to 35,000
extended

*Exception noted below. 5

Except where otherwise noted (at M > 0.9), the turns were performed by
the use of elevator alone, the stabilizer remaining stationary during
the maneuvers. Additional data were obtained during lg stalls with slats
fully extended, inboard fences on and removed, in the landing condition
(flaps and gear down) at an altitude of approximately 20,000 feet, for

a center-of-gravity location of about 0.25¢, and at it = 169

Data obtained in turns with the airplane configurations incorporating
fully extended slats, with and without inboard wing fences, are plotted
in the form of time histories and as functions of angle of attack in fig-
ures 7 to 1k. Comparative data obtained during 1 g stalls in the landing
condition with slats fully extended and inboard wing fences on and removed
are presented in figures 15 and 16. For the condition with wing fences
removed and the slat half extended, longitudinal-maneuvering data are
presented in figures 17 and 18. For convenience in comparing the data,
the flight conditions and figure numbers of the data presented are tabu-
lated in table IT. Summary plots, showing the Mach number-—normal-force-
coefficient boundaries for the decay in stick-fixed and stick-free longi-
tudinal stability for each slat and wing-fence configuration investigated
are shown in figures 19 to 21. Because one of the major purposes of the r
tests reported herein was to determine an airplane configuration with
improved longitudinal stability characteristics, data obtained with each
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configuration do not exhaustively cover a large Mach number range inas-
much as tests with a given configuration were terminated when that con-
figuration did not appear to provide the desired improvement.

It will be observed that two sets of elevator-deflection data are
presented in the figures where the data are plotted as functions of
angle of attack (figs. 8, 10, 12, 14, and 18): +the measured values
of B¢ shown in the time-history plots, and values of Bc ' corrected

to zero pitching acceleration to represent static trimmed-flight condi-
tions. This correction was applied to the measured values of Be

because the slope dae/da does not indicate the true airplane stability

when relatively high pitching accelerations are obtained. The trirmmed-
flight values of ©, were computed by means of the following equation:

T
Be (s )=se___.¥_._
=0 CmseqSE
where
Iy airplane moment of inertia in pitch; varied from about
33,400 to about 37,500 slug-feet® (depending on airplane
weight and balance) for the tests reported herein
Cm6 variation of airplane pitching-moment coefficient with
e

elevator deflection, obtained from unpublished flight
data; varied from about -0.022 at M = 0.5 to about
-0.012 at M = 0.95

Inasmuch as the values of CmSe employed for these calculations

were measured at low values of a and are probably invalid for high
values of o, the values of 5e(§ 0) were computed only over a suffi-

ciently large range of o +to show the onset of adverse stick-fixed
stability effects.
Airplane Configuration Incorporating Fully Extended
Slats and Inboard Wing Fences
The time histories of figure 7 show that the airplane with slats

fully extended and fences on is generally stable, stick-fixed, up to
moderate values of normal-force coefficient, with up movement of the
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elevator (or nose-down movement of the stabilizer, fig. T(o)) producing

an almost proportional increase in the airplane angle of attack and normal- .
force coefficient. Throughout the Mach number range of these tests (except

86 M= 0.98), the stick forces lightened at moderately large angles of

attack prior to reversal of the elevator control to effect recovery from

the maneuver. At Mach numbers below approximately 0.65, the lightening of

the elevator stick forces produced an inadvertent increase in the rate of

change of elevator deflection; however, the increase in o appears only

slightly greater than the increase in g, compared to these variations

at smaller values of CNA’ indicating only a small reduction in stick-

|
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/
|
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|
\
(
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|
\
[
(
J
|
J
!
|
|
\
fixed stability. At Mach numbers between approximately 0.65 and 0.85 |
when the elevator was moved at an approximately constant rate, there was /
at moderate lifts a measurable increase in the rate of change of «, |
after which the stick force lightened and the control was reversed to /
effect recovery from the maneuver. An example of this may be seen in
figure 7(m) where rapid increase of the angle of attack appears to start
slightly after 3.5 seconds, although the up-elevator movement appears to
be at a constant rate. Over most of the speed range covered, the time-
history data indicate that the airplane is generally controllable, except
possibly near the highest angles of attack attained, where there is a
small region of apparent instability which is probably a dynamic effect.
(
/
/
|
|
|
\
!
r
/
|
|
|

These aforementioned effects are also shown in figure 8, where the
data shown in figure T, as well as other measured quantities, are pre-
sented as functions of angle of attack. These data show that up to about
M = 0.74, the variation of 53(5—0) with a is linear up to about

a =~ 8° at which point a decrease occurs, indicating a reduction in the
apparent stick-fixed static longitudinal stability. At a = 129 to 14°

a further decrease in apparent stick-fixed stability occurs which is
sometimes followed by a region of almost neutral stability. This latter
decrease in stability is accompanied by large pitching rates and is pre-
ceded by or occurs coincident with a decay in the stick-free stability
which would accentuate the decrease in stick-fiked stability to the pilot.
For convenience, the angle of attack at which the first decrease in stick-
fixed stability occurs and at which the stick-free stability decays is
indicated by a tick adjacent to the 88(5—0) and F. curves, respectively.

At Mach numbers of about 0.8 and 0.85 (figs. 8(m) and 8(n)) the
apparent longitudinal stick-fixed static stability decreases sharply at
values of a =~ 50 or 69, and an instability (or pitch-up) follows, accom-
panied by a decay in the stick-free stability and large pitching accel-
erations. At both Mach numbers, an almost uncontrollable pitch-up is
apparent after the reduction in stick-fixed stability; and large values
ol e rand: CNA were obtained prior to recovery from the maneuver at

M = 0.85. No data were obtained with slats out between Mach numbers of
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about 0.85 and 0.95, so the stability characteristics of this configu-
ration in this range are not knownj; however, in the maneuver performed
at M= 0.98, a value of CNpy = 0.85 was attained with no apparent decay

in stick-fixed stability. This latter effect has since been duplicated
on the basic clean-wing configuration (no fences, slats retracted), for
which a value of CNA ~ 1.0 was attained during a maneuver at M =~ 1.0

with no evidence of a pitch-up.

The effects of extending the wing slats may be observed by comparing
the data of figures 7 and 8 with the data of reference 2 for the original
airplane configuration incorporating retracted wing slats and inboard wing
fences. Inasmuch as the elevator data of reference 2 were not corrected
to © = 0, comparison with the stick-fixed stability data contained herein
should be limited to measured values of 8. (Comparison was also made

by correcting the Be data of reference 2 for pitching-acceleration
effects and comparing with 88(5_0) data of the present paper.) In gen-

eral, after the initial decay in stability, slat extension caused the
reduction of stick-fixed stability to be milder, which for Mach numbers
below approximately 0.8 alleviated the uncontrollable pitch-up obtained
with the slats retracted. Also, in general, the airplane appeared more
controllable at high values of a and CNA with the slats extended.

Although the wing slats improved the stick-fixed stability, the stick-
free stability with slats fully extended was still reduced at moderately
high angles of attack and was similar to that with slats retracted.

(See ref. 2.) Study of reference 9 shows that elevator hinge moments
would tend to get more positive (pull force) as up-elevator deflection
increased, and would tend toward more negative values (push force) as a
increased. Consideration of these opposite effects of a and % on

the hinge moments, as well as the probability of a reduction in dynamic
pressure at the tail as o increased, indicates that the elevator pull
forces could be expected to lighten and even decrease at moderate values
Shighe o i

In general, these results agree with the low-speed wind-tunnel data
of reference 6, which showed the airplane model experienced a decay of
stability and a highly unstable region at moderate values of a with
slats retracted and either a neutrally stable or a slightly stable region
at comparable values of o with slats extended.

Airplane Configuration Incorporating Fully Extended Slats

With Inboard Wing Fences Removed

Data obtained with the airplane cver a Mach number range from about
0.4 to about 1.0 after removal of the wing fences, with the slats fully
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|
|
\
r
|
|
|
\
extended, are shown in figures 9 to 14. These data were obtained with- {
out a bungee attached to the control colum (figs. 9 and 10), with a %
soft bungee (figs. 11 and 12), and with a stiff bungee (figs. 13 and 1L).
|
{
i
’
|

:

: A comparison of the data of figures 7 and 8 with the data of fig-

| ures 9 to 1k shows that removal of the inboard wing fences with slats

| fully extended caused the reduction of stick-fixed static stability

| occurring at moderate values of o (o = 8°) +to be somewhat more pro- !
| nounced, for Mach numbers below about 0.7, but had a negligible effect

| on the values of a at which this decay in stability occurred. Removal
| of the wing fences also tended to accentuate the almost neutral stability
\ region occurring at a = 10° to 17° and even produced regions of stick-
fixed static instability. At Mach numbers between about 0.80 and 0.95,
the decay in stability was more pronounced, similar to the effect noted
for the airplane with fences, and stick-fixed static instability with
accompanying large pitching accelerations - indicating severe pitch-up -
were obtained. At a Mach number of about 1.0, a value of CNA = 0.56

|
|
|
|
\
(
| /
| |
| |
|
» |
} was attained with no indication of an instability. In both configurations, |
| however, the airplane appeared about equally controllable at high angles |
| of attack and appeared to respond similarly to reversal of the controls. |
| The angles of attack for stick-fixed and stick-free stability reduction - 5
| are indicated by ticks on figures 10, 12, and 1k. |
| \
| |
|
|
| |
| |
3 |
J |
[
\
\
|
\

In general, removal of the wing fences had little or no effect on 3
the stick-free stability characteristics of the airplane. Because of
the possible effect the decay in stick-force characteristics may have
had in causing the pilot to aggravate the decay in apparent stick-fixed
stability at Mach numbers below about 0.8 and thus influence the flight
behavior, a soft bungee and a stiff bungee were alternately attached to
the control column to alleviate the stick-free instability. Although |
the bungees were installed to increase the stick forces at M = O for ‘
up-elevator deflections above about 8° (under no-load conditions), |
stretch in the control system under flight conditions caused the effects ;
of the bungee to be initiated at low values of up-elevator deflection. ,
The angle of attack at which the effects of the bungee were initiated )
\

\
’
} during each maneuver is indicated on figures 12 and 14 by the tick on
1 the F, -curve.

\

\

The effect of the soft bungee on the stick-free instability, which ;
occurred after the stick-fixed stability had decayed, was generally ;
negligible. The stick-free instability occurred at approximately the
same values of a and & as with no bungee present. As a result, it
was concluded that the soft bungee did not increase the stick forces
sufficiently in the range of . desired and a heavier or stiffer bungee Z

|
|
|
/
|
|

should be utilized. The stiff bungee employed was selected to provide 3§
almost linear increases in stick force with increase in elevator deflection
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for values of de above about 8 at M= 0.7. In genewral, the stiff

bungee tended to improve the stick-free stability characteristics of

the airplane at the higher angles of attack. Although the stick forces
leveled off, and, in many cases, decreased slightly at about the same
values of a and B, as when no bungee was present, the forces did not

decrease rapidly with further increase in o and e as they did without

a bungee. 1In most instances, as was intended, the forces increased with
increase in the stick-fixed stability at the high angles of attack.

Inasmuch as the data of reference 6 showed that removal of the
inboard wing fences with the slats extended would cause the airplane
to be unstable for a small range of angles of attack at moderate values
of a, additional flight data were obtained in order to determine the
characteristics of the airplane with inboard fences on and removed in
the landing condition. Level flight stalls were performed at an alti-
tude of about 20,000 feet with the slat fully extended and flaps and
gear extended and the resulting data are presented in figures 15 and 16.
The airplane exhibited greater stick-fixed stability with inboard fences
removed at speeds above 150 miles per hour; but, at lower speeds, the
airplane appeared unstable with fences removed and exhibited a region
of slight instability or neutral stability with fences on. In addition,
the pilot reported the airplane to have marginal dynamic lateral sta-
bility at speeds below 150 miles per hour with the fences removed. With

either fence configuration and for the stabilizer position used (ig = 1.60),

the airplane exhibited a neutral variation of stick force with airspeed
over most of the speed range shown, and an unstable variation at the lower
speeds. To avoid the poor longitudinal and lateral characteristics
encountered at lower speeds when the fences were removed, the pilot landed
the airplane at approximately 150 miles per hour; however, this landing
speed was well within the customary range of landing speeds (V. = 140 to

170 mph) employed with this airplane.

Airplane Configuration Incorporating Half-Extended
Slats and No Wing Fences

An appreciable increase in airplane drag occurred at low and moderate
lift coefficients in going from the slats-retracted to the slats fully
extended condition (unpublished data). In order to determine if the
improved stability characteristics which resulted when going from the
slats-retracted to the slats fully extended condition might not be
obtained with a smaller drag increase, flight measurements were made with
the slats in the half-extended position. The data obtained are presented
in figures 17 and 18. The limited data obtained with the fences removed
and slats half extended indicate that large changes in stability are
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encountered at moderate values of o and CNA’ and that the airplane

experiences an uncontrollable pitch-up when performing longitudinal
maneuvers at Mach numbers between approximately 0.85 and 0.96. At

M = 0.85 the value of a for the decrease in stick-fixed stability

is quite apparent; however, this is not as obvious at M = 0.96 because
of the use of both stabilizer and elevator to perform the turn. At both
speeds tested, the value of a at which the decay in stability is felt
to occur is indicated by the tick. The subsequent uncontrollable pitch-up
is apparent from the fact that an almost constant elevator position or a
reduction in control position is accompanied by a rapid pitching to high
angles of attack and large normal accelerations. The large pitching
velocities noted for the higher Mach number maneuver are approximately
the largest obtained to date on this airplane.

Comparison of figures 17 and 18 with figures 9 and 14 indicates that
the decay in airplane stability was more pronounced and a large degree
of stick-~fixed static instability existed at moderate values of a with
slats half extended. In addition, control reversal effected a more rapid
recovery of the airplane with slats fully extended than with slats half
extended.

Boundary for the Decay in Airplane Stability

From the data shown in figures 7 to 14, 17, and 18, the normal-
force coefficients corresponding to the value of « at which the stick-
free instability or decay of stick-fixed static stability occur have been
determined and are presented as functions of Mach number in figures 19
to 21. In figures 19 and 20, the boundary for decay of stick-fixed sta-
bility is shown dashed at the highest Mach numbers because no data were
obtained in this range and a stick-fixed instability is not clearly
apparent at the highest Mach number. (See figs. 8(o) and 12(k).) TFor
comparative purposes, the boundary for the decay in stick-fixed sta-
bility of the original airplane configuration of reference 2, corrected
to B = 0, has been included on figure 19.

For each configuration investigated, the decay in stick-fixed static
stability is observed to occur at lower values of Cy, than the stick-

free instability, the incremental difference in Cy, being about 0.2
over most of the Mach number range. In general, the values of Cpy, for

both the stick-fixed and stick-free stability boundaries showed little
change for Mach numbers below M =~ 0.7. Above M = 0.7 the values
of CNA defining the stability boundaries are seen to vary in an irregu-

lar manner. As may be noted, extending the wing slats had little effect
on the boundary. However, these boundaries do not reflect the generally
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more favorable behavior of the airplane with slats extended, as dis-
cussed previously, particularly the fact that the uncontrollable
pitch-up obtained with slats retracted was considerably alleviated for
M < 0.8, and the airplane appeared more controllable in the pitch-up
region with slats extended. Removal of the wing fences with slats
extended had a small unfavorable effect on the stick-fixed stability
boundary. With slats half extended, the stick-fixed stability bound-
ary at M = 0.86 occurs at about the same CNp as for slats retracted

or fully extended; however, at a Mach number of 0.95, the stability
boundary occurs at a higher value of CNA than for the airplane with

inboard wing fences and with slats retracted.

Peak values of Cyy obtained during the reported maneuvers are

also shown in figures 19 to 21. It is felt that in some instances these
peak values of CNA may correspond to maximum values attainable at the
given Mach number. At higher Mach numbers, the difference between

peak CNA and the value of CNA for decay in stability is appreciably

larger than at low values of M; consequently, the magnitude and the
potential danger of the stability decay is greater in this speed range.

In the speed range in which pitch-up was encountered and the air-
plane appeared uncontrollable, the stability problem would be aggravated
for airplanes having high wing loadings and for flight at high altitude.
For such airplanes, level flight would necessarily be performed at
higher angles of attack and normal-force coefficients. This would allow
for little or no maneuvering lift margin prior to experiencing the pitch-
up, in some cases pitch-up being encountered in level flight which would
be both intolerable and dangerous. Because the reported flights were
generally performed at reasonably high altitudes, no excessive airframe
loads were encountered; however, at lower altitudes, the possibility and
danger of such excessive loads are apparent (ref. 10).

Pilots' Impressions

In general, the pilots' reports corroborated the data and conclu-
sions reached for the maneuvers performed. With slats fully extended
at all Mach numbers below M =~ 0.8, it is the pilot's opinion that the
airplane stability did not deteriorate appreciably after the initial
decay, and as a consequence control was regained more rapidly than in
the original slats-retracted configuration (ref. 2). At M =~ 0.98
(wing fences on) and M ~ 1.0 (wing fences removed), the airplane
appeared controllable up to the maximum value of o attained. In both
fence configurations with slats fully extended the stability change most
apparent to the pilot was the lightening of stick forces at moderate
angles of attack. The pilots reported a stick-fixed stability change
at moderate values of angle of attack which became somewhat more appar-
ent when the inboard wing fences were removed from the slats fully
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extended configuration. The pilots thought that the airplane configu-

rations with slats fully extended were a definite improvement over the E
airplane configurations flown with slats retracted (ref. 2), for the

reasons discussed.

Because the soft bungee had little or no effect on the stick forces,
the character of the stick-free and stick-fixed instability of the air-
plane appeared to the pilot to be about the same as when no bungee was
used. In both instances, the lightening of the stick forces at moder-
ate angles of attack tended to increase the control rate, which in turn
would aggravate any pitching. With the stiff bungee, however, the char-
acter of the decay in stability appeared much improved, for now the
stick~free stability was improved and the airplane appeared to have a
lower pitch divergence rate than previously; thus, the change in stick-
fixed stability was somewhat less apparent and less objectionable.

In the configuration with slats half extended, the pilot thought
the airplane behavior was similar to that encountered with slats
retracted, and the pitch-up encountered was equally uncontrollable.
Although data obtained in this configuration were limited to two high-
speed maneuvers, the pilot reported that pitch-up was also encountered ~
in other maneuvers performed at lower speeds (down to M < 0.7); at
lower values of normal acceleration as the Mach number was decreased.

As was reported in reference 2, when the pitch-up occurred at high
speeds, it was rather abrupt and more severe than at low speeds. If
the pilot does not check the pitch-up by use of the elevator as soon
as it is noticed, the angle of attack increases rapidly and violent
rolling and yawing motions are experienced at large values of a. In
addition, the occurrence of a reduction in stick-free stability almost
simultaneously with the reduction in stick-fixed stability tended to
accentuate the pitch-~up to the pilot. In any case, when a reduction in
stick-fixed stability was followed by a pitch-up, the airplane behavior
was considered undesirable and objectionable. If the stick-fixed sta-
bility is made acceptable, the provision of a bob weight, bungee, or
artificial feel system to supply more satisfactory stick-force character-
istics would be desirable.

CONCLUSIONS

|
|

|

|

Results of a longitudinal stability investigation of several wing- |

slat and inboard wing-fence configurations of the swept-wing D-558-I1 ;
airplane at subsonic and transonic Mach numbers gave the following {
conclusions: g
|

|

|

\

|

|

\

|

|

|

|
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1. Fully extended wing slats improved the stability characteristics
of the airplane by alleviating pitch-up at Mach numbers below approxi-
mately 0.8; however, at Mach numbers between 0.80 and 0.85 the severity
of the pitch-up remained unaltered. At Mach numbers of about 0.98
and 1.00, maneuvers performed up to relatively high values of normal-
force coefficient with slats fully extended exhibited no evidence of
pitch-up; however, this effect has since been duplicated with the clean-
wing configuration (no fences, slats retracted).

2. Removing the wing fences from the airplane configuration with
slats fully extended caused the reduction in stick-fixed stability to
become slightly more pronounced.

5. With wing slats half extended and no wing fences, the airplane
exhibited instability characteristics and pitch-up similar to that
exhibited by the airplane with slats retracted and with wing fences.

k. In general, the pilots' opinions corroborated the aforementioned
statements in that the airplane was generally controllable with fully
extended slats and was uncontrollable with half-extended slats. 1In
any configuration, when pitch-up was experienced, the behavior was
extremely undesirable and would prevent precision flight in this region.

5. With slats fully extended and wing fences removed, use of a
bungee in the control system to alleviate or eliminate the stick-free
instability caused the airplane to appear more controllable to the
pilot and caused the decrease in stick-fixed stability to become less
apparent and less objectionable.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., December 1, 1953,
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TABLE I.- PHYSICAL CHARACTERISTICS OF THE

DOUGLAS D-558-IT ATRPLANE

Wing:

Root airfoil section (normal to O. 50 chord of unswept
panel) . - . s e oS chte
Tip a1rf01l sectlon (normal 1o 0. 30 chord of unswept

BRI e e “a e w0 s ¢ Tulle
LHOERIR Aen WS o BE I et s U o e e e e ek e e
Sam e . L A s S il et AR e o T R S
Mean aerodynamic chord, in Sk Se:
Root chord (parallel to plane of symmetry), SEEA
Tip chord (parallel to plane of symmetry), in. 2
A1z Rolsael e v (o ML R e P TR sl Gip A
Aspect ratio .. . . S BSOS e S
Sweep at 0.30 chord of unswept panel deg T .
Incidence at fuselage center line, deg . o « « « . .
WataEekrel, Sz S IR S URES Sl o Gl 2 o R A R R e e
Geometrlc B ESRAES: & jdih % i S .
Total aileron area (rearward of hlnge llne), sq ft .
Mileron foavel (Baeh), A6 . . . « o « ¢ s o v 0 o a
Total flap area, sq ft S O R O TR Ty e
B NI I 0 S P e e e e m e A ae

Horizontal tail:
Root airfoil section (normal to O. 30 chord of unswept

panel) . TR L gl T 5
Tip a1rf01l section (normal to O 30 chord of unswept
panel) . SRR A S s TR S et Y
Area (1nclud1ng fuselage), Sq ft & Lo SR R
Eozian ~a ol ML e S DS SR N o e .

Mean aerodynamic chord, in.
Root chord (parallel to plane of symmetry),
Tip chord (parallel to plane of symmetry) in.
Al ol s e 0 S e T R R S e oA b S
ASTECHATBEIO v ¢ s R
Sweep at 0.30 chord line of unswept panel deg .
DEhediailgs deg o @Sgasign im0 % SR
Elevator StE R L R e e S S S
Elevator travel, deg

e O B e T R . A S

Dovoe s ... . AT PR SRR i P D
Stabilizer travel deg

Eead M e ORI s, (fe aidi b ik v P €

VZE00 5 dafs e Relze (5 10 g e i o A e S L G e SRR SR
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TABLE I.- PHYSICAL CHARACTERISTICS OF THE
DOUGLAS D-558-II AIRPLANE - Concluded
Vertical tail:
Airfoil section (normal to 0.30 chord of unswept
C N e TR L R e
C e e T R TG 6 A S et e Tl
ERRELEROn Tuselage center 1ine, In. o o i e o s e lals e 2. 98,0
Root chord (parallel to fuselage center line), in. oA SR 1 G
Tip chord (parallel to fuselage center line), in. . . . o 40
Sweep angle at 0.30 chord of unswept panel, deg . . . . . . . . 49.0
BN R BTt of hinge Tine), Bg £ .. . L L Wi g e iGds
I R Ly GRH . v o 57 i p e o T e et e g T e +25
Fuselage:
e Rt R S S -t T L e
RN IeLer, dn. . ;. o0 i i e e v i TR L O S
L e A SRS R S o R s S . B8N0
R IO WBTOR 57 B Bh v 6 o e e e el et g ey L AR 5 )
Engines:
R RIEE RS s« o o o s ee e b s o sbdiadamew araell S SEESILR L0
R T R I T L R T SRR VS L R
Airplane weight, 1b:
HEIBINS el ad crocket) Puel’ o 3 w0 il e tEl L Ba B ohE A e i LSyl
B L . . v e s v v e o s s el e R UL EATT QLD
Sk S R PR P P PR L SR SRR e B [
Center-of-gravity locations, percent M.A.C.:
R e Enl rocket fuel (Zear up) .+ . . . o v e e SN ol 23 eH
BT (EBar D) 7.0 o .o v e el e et i SR B
S e R SR S R G
BRI e AOMN) o & oo o o s siaie die s e
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TABLE IT.- INDEX TO DATA FIGURES

Airplane configuration Alt;',:ude’ M?:;lpigf??r Maneuver i\ﬁg i
Slats fully extended, 18,300 0.45 Wind-up turn 7(a), 8(a)
inboard wing fences on, 19,200 46 7(v), 8(v)
flaps and gear retracted 17,000 48 T(e), 8(c)
19,700 .9 7(a), 8(a)
15,700 -50 7(e), 8(e)
20,000 -55 7(£) , 8(£)
14,000 .56 7(g), 8(e)
21,000 59 7(h), 8(n)
23,000 .66 7(3), 0 8(1)
21,500 i 7(3), 8(J)
19,600 1> 7(k), 8(x)
23,800 ST (1), 8(2)
28,500 .80 T7(m), 8(m)
3%,000 -8 7(n), 8(n)
35,100 .98 7(0), 8(o)
Slats fully extended, 19,700 50 Wind-up turn 9(a), 10(a)
inboard wing fences removed, 20,700 .50 9(b), 10(b)
flaps and gear retracted 20,700 .55 9(c), 10(c)
21,800 55 9(a), 10(a)
22,100 .61 9(e), 10(e)
23,400 61 9(f), 10(f)
24,000 .70 9(e), 10(g)
26,500 .72 9(h), 10(h)
Slats fully extended, 14,900 Ja Wind-up turn | 11(a), 12(a)
inboard wing fences removed, 15,900 A5 11(v), 12(b)
flaps and gear retracted, 16,500 .50 11(c), 12(c)
soft bungee attached to 17,200 oL 112&), 12(a)
control column 16,000 .56 11(e), 12(e)
18,000 .61 1L(R), S126r)
19,000 T 11§g), 12(g)
23,000 .80 11(h), 12(h)
27,300 .85 11(1)5 eo0)
27,000 .90 11(3), 12(3)
33,000 1.0 11(x), 12(k)
Slats fully extended, 12,700 ko Wind-up turn | 13(a), 14(a)
inboard wing fences removed, 13,600 .bo 13(b), 14(b)
flaps and gear retracted, 14,200 A5 13(c), 14(e)
stiff bungee attached to 15,500 45 13(a), 14(a)
control column 16,500 5 13(e), 1k4(e)
18,000 52 13(£), 14(f)
10,800 -5k 13(g), 14(g)
16,100 .5k 13(h), 14(h)
18,300 57 13(1), 14(4)
22,000 .72 13(3), 14(3)
26,500 <TT 13(k), (k)
Slats fully extended, 20,000 ——— 1 g stall $H2
inboard wing fences on,
flaps and gear extended
Slats fully extended, 19,250 ———— 1 g stall 16
inboard wing fences removed,
flaps and gear extended
Slats half extended, 29,000 .85 Wind-up turn | 17(a), 18(a)
inboard wing fences removed, 35,000 .96 17(v), 18(b)
flaps and gear retracted
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Figure 2.- Three-view drawing of Douglas D-558-I1 (NACA 145) research
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Airplane center line

= 3 3

71

0.36 v/2
0.434 b/21

Wing fence

0.67c

Section A-A (enlarged)

Figure 3.- Plan form and section of the wing of the Douglas D-558-II
airplane showing the location of the slat in the fully extended
position. All dimensions in inches except as noted.
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Figure 4.- Photograph of right wing of D-558-II airplane, showing slat
in fully extended position and inboard fence on wing.
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Airplane center line
e il X

0.43k4 b/2

Section A-A (enlarged)

Figure 5.- Plan form and section of the wing of the Douglas D-558-II
airplane showing the location of the slat in the half-extended
position. All dimensions in inches except as noted.
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Figure 6.~ Photograph of right wing of D-558-I1 airplane, showing slat
in half-extended position with inboard wing fences removed.
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research airplane with slats fully extended and inboard fences on
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mean aerodynamic chord.

Figure T.- Continued.
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Figure 8.- Static longitudinal stability characteristics of the
Douglas D-558-I1 research airplane, with slats fully extended
and inboard fences on the wings, in turning flight.
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research airplane with slats fully extended and inboard wing fences

Figure 9.- Time histories of wind-up turns with the Douglas D-558-II
removed.
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Figure 9.- Continued.
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Figure 10.- Static longitudinal stability characteristics of the
Douglas D-558-II research airplane in turning flight with
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Figure 12.- Static longitudinal stability characteristics of the
Douglas D-558-II research airplane with slats fully extended, B
inboard wing fences removed, and a soft bungee installed on
the control column.
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(k) hy =~ 26,500 feet; iy = 1.6%; center of gravity at 26.1 percent
mean aerodynamic chord.

Figure 14.- Concluded.
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Figure 15.- Low-speed steady-flight static longitudinal stability char-

acteristics of the Douglas D-558-II research airplane with slats
fully extended and inboard wing fences on.

Flaps and landing gear

extended; hp 7 20,000 feets 1, = 1.60; center of gravity at 25.2 per-
cent mean aerodynamic chord.
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Figure 16.~ Low-speed steady-flight static longitudinal stability char-
acteristics of the Douglas D-558-I1 research airplane with slats

fully extended and inboard wing fences removed.
gear extended; hp ~ 19,250 feet; S

24 .9 percent mean aerodynamic chord.
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(a) h, ~ 29,000 feet; iy = 1.6°; center of gravity at 28.6 percent
mean aerodynamic chord.

Figure 17.- Time histories of wind-up turns with the Douglas D-558-IT

research airplane with slats half extended and inboard wing fences
removed.
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Figure 17.- Concluded.
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(a) h, ~ 29,000 feet; iy = 1.69; center of gravity at 28.6 percent
mean aerodynamic chord.

Figure 18.-~ Static longitudinal stability characteristics of the

Douglas D-558-II research airplane, with slats half extended
and inboard wing fences removed, in turning flight.
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(b) hp =~ 35,000 feet; center of gravity at 28.5 percent mean
aerodynamic chord.

Figure 18.- Concluded.
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Figure 19.- Normal-force coefficient for decay in longitudinal stability
as a function of Mach number for the airplane with inboard fences on

the wing.
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Figure 20.- Normal-force coefficient for decay in longitudinal stability
as a function of Mach number for the airplane with fully extended €
slats and inboard wing fences removed.
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Figure 21.- Normal-force coefficient for decay in longitudinal stability
as a function of Mach number for the airplane with half-extended
slats and inboard wing fences removed.
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