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EFFECTS OF WING~MOUNTED EXTERNAL STORES
ON THE LONGITUDINAL AND IATERAL HANDLING QUALITIES OF
THE DOUGIAS D-558-II RESEARCH AIRPLANE

By Jack Fischel, Robert W. Darville, and Donald Reisert
SUMMARY

The subsonic and transonic handling qualities of the Douglas D-558-II

research airplane were investigated with several configurations of mid-
semispan external stores in the altitude region between 20,000 and

. 40,000 feet. The configurations tested consisted of an underslung pylon
on each wing, pylons plus simulated DAC (Douglas Aircraft Co.)
1,000-pound bombs, and pylons plus DAC 150~gallon fuel tanks. Results

4 of the tests were compared with comparable data obtained with the clean
airplane.

The pylon and the pylon-bomb configurations generally had a small
or negligible effect on the handling qualities of the airplane. The
trends exhibited in the characteristics measured with the pylon-tank con-
figuration were generally the same as for the clean airplane; however,
significant changes in the magnitude of the parameters measured were
sometimes apparent, particularly at the higher speeds tested.

INTRODUCTION

Numerous wind-tunnel investigations have been performed to deter-
mine the effects of externally carried stores or packages (fuel tanks,
bombs, rocket packs, etc.) on the characteristics of various high-
performance aircraft (refs. 1 to 4). Little had been done, however, to
determine in flight the effects of these external stores on the handling
qualities, performance, and loads of a high-performance aircraft, and
the aerodynamic loads on the stores. Therefore, the National Advisory
Committee for Aeronautics has been conducting flight tests of the
Douglas D-558-I1 research airplane with either a midsemispan underslung
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pylon attached to each wing, the pylons plus simulated DAC (Douglas Air-
craft Co.) 1,000-pound bambs, or the pylons plus DAC 150-gallon fuel
tanks. For ease of reference these configurations will be referred to
in this paper as the pylon configuration, small-store configuration, and
large-store configuration, respectively. The effects of the stores on
the subsonic and transonic longitudinal and lateral handling qualities
of the airplane are presented and discussed in this paper. The results
of the performance phase of the investigation are presented in ref-
erence 5.

This research was performed as part of the cooperative Air Force-
Navy-NACA High-Speed Flight Program at the request of the Bureau of
Aeronautics, Department of the Navy, and was conducted at the NACA High-
Speed Flight Station at Edwards, Calif.

SYMBOLS

an normal-load factor or acceleration, g units

a, transverse acceleration, g units

b wing span, ft

Cy airplane normal-force coefficient, anW/qS
A

Cn rate of change of normal-force coefficient with angle
Ao of attack, dCNA/da, per deg

CY lateral-force coefficient, atW/qS

Cy rate of change of lateral-force coefficient with angle
B of sideslip, dcn/dB, per deg

c wing chord, ft

Fo aileron control force, 1b

e elevator control force, 1b

dFe

o rate of change of elevator control force with normal
day acceleration, 1b/g
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i rudder control force, 1b
aFy.
.5 rate of change of rudder pedal force with sideslip
B angle, lb/deg
g acceleration due to gravity, ft/sec2
hp pressure altitude, ft
it stabilizer setting with respect to fuselage center
line, positive when leading edge of stabilizer is up, deg
M free-stream Mach number
P period of longitudinal or lateral oscillation with controls

fixed, sec

P rolling velocity, radians/sec

pb/av wing-tip helix angle, radians

E%ZEX variation of wing-tip helix angle with total aileron

= deflection, radians/deg

a pitching velocity, radians/sec, or free-stream dynamic
pressure, lb/sq £

q pitching acceleration, radians/sec?

1o yawing velocity, radians/sec

S wing area, sq ft ‘

Tl/2 timg requir§d fo? the longitudinal or latera} controls=-
fixed oscillation to damp to one-half amplitude, sec

t time, sec

A true airspeed, ft/sec

Vi indicated airspeed, mph

W airplane weight, 1b
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o angle of attack of airplane center line, deg
B angle of sideslip, deg
Sa total aileron deflection, deg
ds,
_— rate of change of aileron deflection with sideslip angle
dp (apparent effective dihedral parameter)
He elevator deflection with respect to stabilizer, deg
dd
rate of change of elevator deflection with airplane normal-
dCy force coefficient, deg
A
6y rudder deflection with respect to vertical tail, deg
dd,. ; : . .
— rate of change of rudder deflection with sideslip angle
ap (apparent directional stability parameter )
54 slat position, in.
: - ~1/0.111P
3 damping ratio, sin|tan —i————
1/2
Subscripts:
L left
R right

ATRPIANE AND STORES

The Douglas D-558-1I1 airplane used in this investigation is equipped
with both a rocket and a turbojet engine. The rocket engine, a Reaction
Motors, Inc., ILR8-RM-6, exhausts out the tail of the airplane, and a
Westinghouse J34-WE-LO turbojet engine exhausts out the bottom of the
fuselage between the wing and the tail. The airplane is air-launched
from a Boeing B-29 mother airplane.
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Figure 1 shows photographs of the airplane in both the large- and
small-store configurations. Figure 2 presents a three-view drawing of
the airplane in the large-store configuration. Pertinent dimensions
and characteristics of the airplane are listed in table I.

The slats located along the leading edge and over the outer portion
of the wing may be locked closed, or they may be unlocked and free
floating. In the unlocked condition they are normally closed at low
angles of attack or normal-force coefficient and open with increase in
angle of attack. The left and right wing slats are interconnected and
are always in approximately the same position relative to each other.

The airplane is equipped with an adjustable stabilizer for longitu-
dinal trim, but no means were provided for trimming aileron and rudder-
control forces. No aerodynamic balance or control-force boost system
is used on any of the controls. Hydraulic dampers 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.

The pylon and the stores investigated were provided by the Douglas
Aircraft Co. Though differing in size, the stores had similar shapes,
and the tail fins were initially located in planes at AS to the verti-
cal. However, for ground clearance purposes, the fins on the large
store were rotated h5 into the vertical and horizontal planes and the
lower fin was removed. Since the pylons were designed for the large
stores, it was necessary to modify them to fit the small stores. A
drawing of each store configuration is presented in figure 3. Tables 11
to IV present the dimensions of the pylons, small stores, and large
stores, respectively.

TNSTRUMENTATION

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

Airspeed

Altitude

Angle of attack

Angle of sideslip

Normal and transverse accelerations
Roll, pitch, and yaw velocities
Piteh acceleration
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Elevator, stabilizer, aileron, rudder, and slat positions
Elevator, aileron, and rudder control forces

All instruments were synchronized by a common timer.

Airspeed, altitude, angle of attack, and angle of sideslip were
measured on a fuselage nose boom. Angles of attack and sideslip are
presented as measured, with only instrument corrections applied. The
possible Mach number error is about #0.01 at M < 0.80 and increases
to about £0.02 at M = 0.95.

TESTS

Static longitudinal stability and control characteristics were
obtained from speed runs near 35,000 feet and wind-up turns between
Mach numbers of 0.50 and 1.03 at altitudes between 22,200 feet and
39,400 feet. Usually, the higher Mach number turns were performed
at higher altitudes. Elevator pulses, performed between Mach numbers
of 0.49 and 0.75 at altitudes of 22,000 feet to 27,000 feet, were
used to obtain the longitudinal dynamic characteristics. Low-speed
data were obtained from 1 g stall approaches in the following con-
ditions: slats locked; slats unlocked (free to float); and landing
(slats unlocked, gear down, flaps down).

Static lateral and directional characteristics were obtained from
gradually increasing constant flight-path sideslips, abrupt aileron
rolls, and trim runs at Mach numbers between O.44k and 1.0L at altitudes
between 22,000 feet and 36,000 feet. Lateral damping characteristics
were obtained from rudder pulses performed between Mach numbers of 0.50
and 0.87 and between altitudes of 20,000 feet and 32,000 feet.

Both the longitudinal and lateral pulses were abrupt inputs with
an effort being made to return and hold the controls at the trim con-
dition while the oscillation damped out.

The center of gravity for these tests was located between 24.0
and 27.4 percent of the mean aerodynamic chord for all configurations;
this is similar to the center-of-gravity location at which the clean
airplane was previously tested, thereby permitting a direct comparison
of results.
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RESULTS AND DISCUSSION

The results presented herein are somewhat limited - particularly
in regard to the dynamic characteristics of the airplane - because
only a few flights were obtained with each external-store configuration.
Sufficient data were obtained, however, to establish trends of the
effects of the stores on the stability and control characteristics of
the airplane at subsonic and transonic speeds. Since most of the tests
were performed in the large-store configuration and only small differ-
ences were noted in the data for the various configurations, most of
the data presented are for the large-store configuration.

The incremental lift and drag effects for the large-store configu-
ration are shown in reference 5 and indicate the appreciable increment
of drag produced by the stores, especially at M > 0.9. In addition,
the pilots commented that they detected an increased penalty in airplane
performance with an increase in size of the stores investigated, partic-
ularly at transonic speeds.

Longitudinal Stability and Control Characteristics

Longitudinal trim.- The longitudinal trim characteristics of the
D-558-I1 airplane in 1 g flight at an altitude of 35,000 feet in the
configurations tested were stable to M=~ 0.83 (fig. 4). Above
M~ 0.83, the elevator required for trim exhibited several successively
unstable and stable trends to M=~ 0.98; above this speed the airplane
became extremely stable. Except for a difference in level of &, for

trim, the trends for the airplane with the various store configurations
were the same as for the clean airplane (ref. 6). Some of this differ-
ence in the level of Be required may be due to the stabilizer setting

it3 however, lower values of trim control may be noted for the pylon and

large-store configurations.

Dynamic characteristics.- The dynamic longitudinal characteristics
of the airplane with stores are presented in figure 5. These data indi-
cated a negligible effect of the pylon and small-store configurations
on the period and damping characteristics of the clean airplane (ref. T
The large-store configuration decreased the static stability, as evi-
denced by an increase in the period of about 0.7 second. Simultaneously,
the demping ratio increased as much as 0.07. These effects for the
large-store configuration resulted in a negligible effect on the time
to damp to half amplitude. Pylon and small-store configurations also
improved the damping ratio, but this improvement was less than with the
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large-store configuration. The pilots could detect little or no effect
of the stores on the dynamic characteristics of the airplane.

Accelerated maneuvers.- Time histories of several representative
turns are presented in figure 6 for Mach numbers of 0.60, 0.80, and 0.95.
Because only small differences were noted in the data for the different
store configurations, only data for the large stores are presented.
Stability plots for these turns are presented in figure 7. In most cases
these maneuvers were not extended much beyond heavy buffet or a decrease
in stability. After the airplane experienced the decrease in stability,
a subsequent pitch-up followed at all speeds from M=~ 0.5 to 0.95; this
was particularly severe at the lower altitudes and between Mach numbers
of 0.80 and 0.95. The pilot reported that for moderate rate inputs,
buffet provided ample warning to enable the pilot to remain below the
pitch-up boundary. These effects were also exhibited by the clean air-
plane (ref. 6). In order to present control-position data for static
trimmed conditions and to determine more accurately the angle of attack
where the decrease in stability occurred, values of &, were corrected

for pitching acceleration when necessary; these values are presented in
figure 7. The angle of attack where the decrease in stability occurred
is indicated by the vertical ticks adjacent to the curves of Se plotted

against o 1in figure T.

Comparisons of the variation of normal-force coefficient CN and
A

elevator deflection Se with angle of attack for the three store con-

figurations are made for several Mach numbers in figure 8. The data for
the clean airplane (ref. 6) are also presented. At small angles of
attack the data for the three store configurations and the clean air-
plane are essentially the same in trend. Differences noted in the level
of elevator position are a result of the different stabilizer settings
used for these maneuvers. The decrease in stability noted previously
for the large-store configuration during dynamic maneuvers (by the
increased period of oscillation) was not apparent during the accelerated
maneuvers performed. However, this decrease in stability did become
apparent when a comparison was made of the values of the apparent sta-
bility parameter dSe dCNA for the various configurations and the clean

airplane, as will be discussed. At higher angles of attack the differ-
ences in the variations of Se with o result from the effects of the

stores on airplane stability and may be the result of changes in the
flow over the airplane empennage. The appreciable differences noted in
the variation of B, with o for the various store configurations

from M = 0.95 to M= 1.00 and angles of attack lower than 4°
(fig. 8(c)) were probably due to the large differences ineontrol
effectiveness at each Mach number tested rather than to any effects of
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the different store configurations. Above an angle of attack of IRPin
the region from M~ 0.95 to M=~ 1.0, the speed decreased rapidly
during the maneuvers; therefore, the variations of %, with o exhib-

ited by the various store configurations result from trim changes as
well as changes in stability due to the stores. No apparent change in
longitudinal control effectiveness was noticed by the pilots with the
various configurations, other than the increase of mass inertia maments
with the stores in attempting a wind-up turn.

Figure 9 presents the boundary for decreased stability for the three
store configurations and the clean airplane (ref. 6). The boundaries
for the store configurations were found to be essentially the same as
for the clean airplane.

Values of the stability and control effectiveness parameters CNAa,

dbe/dCN , and ng/ﬁan for a Mach number range from 0.49 to 1.03 for
A

the various store configurations are compared with comparable data for

the clean airplane (ref. 6) in figure 10. The values of Cy were

Ay

essentially the same for the three store configurations and the clean
airplane except between M~ 0.85 and M= 0.96. In this region Cn

Ay,

for the large-store configuration decreased rapidly to a value of 0.074
at M = 0.91, then increased with increase in Mach number to M = 0.96.
From the limited data obtained with the small-store configuration, it
could not be determined if CNA for this configuration had the same

a
decrease between M = 0.85 and 0.96 as noted in the large-store data.

For all configurations tested, the apparent stability parameter
d&e/dCNA was approximately constant at a value of about 9 below M = 0.80

and increased rapidly to about 60 at M = 1.02. Although slightly lower
in value, the trends of dSe/dCNA with Mach number for the store con-

figurations were the same as for the clean airplane.

The stick-force gradient dFe/dan increased gradually from a con-

stant value of about 10 lb/g below M = 0.75 to a value of about 22 lb/g
at M= 0.90. Above M = 0.90, values of dFe/dan increased rapidly to

a value of over 120 lb/g at M =~ 1.02. The stores decreased slightly
the values of dFe/dan over the speed range tested, but the basic trends

of the data for the store configurations and the clean airplane were the
same.
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Buffet boundary.- Figure 11 compares the buffet boundary for the
three store configurations with the boundary for the clean airplane
(ref. 6). The pylon and small-store configurations have essentially
the same boundary as the clean configuration. However, the buffet bound-
ary was generally lower for the large-store configuration and was readily
apparent to the pilot. Pilots reported that the intensity of buffeting
encountered above the buffet boundary generally appeared heavier with the
store configurations (especially with the large store) than with the clean
airplane.

Low=Speed Characteristics

Stall approaches were performed with the airplane in each of the
three store configurations. However, since no appreciable difference
was found due to configuration, time histories (fig. 12) and stability
plots (fig. 13) are presented only for the large-store configuration.
The stall approach conditions tested were slats locked (figs. 12(a)
and 13(a)), slats unlocked and free to float (figs. 12(b) and 13(b)),
and the landing configuration (figs. 12(c) and 13(c)).

The data of figures 12 and 13 show that the stability of the air-
plane increased and was maintained to a lower speed when the slats were
unlocked; stability was further improved in the landing condition. It
will be noted that in the slats-unlocked condition, the pilot maintained
the stall-approach maneuver to a lower speed than in the landing con-
dition; however, appreciable longitudinal and lateral unsteadiness are
apparent at these lower speeds. In general, with a decrease in speed
all stall-approach maneuvers were accompanied by increased lateral and
longitudinal unsteadiness, which was also characteristic of the clean
airplane (ref. 8).

A comparison of the variations of airplane normal-force coefficient
and elevator deflection with angle of attack for each of the store con-
figurations is presented in figure 14. The stores appeared to have
little, if any, effect on the normal-force-curve slope when compared to
the basic airplane data (ref. 8). These data for the basic airplane are
not included in this paper because they are essentially the same as the
data for the store configurations. Except for a slightly different
level of Be for a given angle of attack (attributed to different stabi-

lizer settings), the trends indicated by the variation of &, with «

for the different store configurations and the basic airplane were the
same. All configurations had a neutral or negative stability at the
higher angles of attack.
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With the large-store configuration the pilots reported that the low-
speed characteristics in smooth air during a landing pattern were essen=-
tially the same as for the clean airplane. In rough air, however, the
airplane responded less to initial gusts with the store attached, and
less control was necessary during an approach to a landing. If the air-
plane began rolling and yawing upon encountering rough air, damping with
the large-store configuration was less than with the clean airplane and
a tendency to overcontrol or even cross-control was apparent. No appre-
ciable change in airplane attitude was noticed during touchdown with any
configuration.

ILateral Stability and Control Characteristics

Lateral and directional trim.- The lateral and directional trim
characteristics of the airplane with stores are compared with the data
for the clean airplane (previously unpublished) in figure 15. Gener-
ally, the rudder deflection required for trim for the pylon, small-store,
and clean configurations was the same and increased slightly with increase
in Mach number. The trend of the rudder deflection required with the
large-store configuration was essentially the same except that about T
more left rudder was required over the Mach number range tested.

The aileron deflection required for trim over the speed range was
generally the same for the pylon, small-store, and clean configurations.
Below M = 0.9, the aileron deflection required for these configurations
was essentially constant (about 50 right), with a slight trim change pres-
ent at higher speeds. Below M = 0.9, the aileron required to trim the
airplane in the large-store configuration was nearly constant and approxi-
mately 1° greater than for the other configurations. Above M =~ 0.9, an
appreciable transonic trim variation, characterized by a left-wing drop,
is apparent for this configuration. The trim change above M = 0.9 prob-
ably results from the aggravated compressibility and interference effects
with this store configuration, as well as the reduced aileron effective-
ness in this speed range.

Lateral dynamic characteristics.- Lateral dynamic characteristics
of the airplane with stores were obtained from rudder pulses and are com-
pared to those of the clean airplane (unpublished data) in figure 16.
The stores had little effect on the period of the oscillation and slightly
decreased the time to damp to one-half amplitude Tl/2' A slight improve-

ment in the damping ratio is shown for the store configurations and it is
apparent that the large-store configuration had the most desirable lat-
eral dynamic characteristics. The pilots could not detect any effects

of the stores on the dynamic characteristics of the airplane.
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Sideslip characteristics.- Typical examples of sideslip characteris-
tics are presented in figure 17 for Mach numbers of 0.55, 0.80, and 0.98.
These basic plots of lateral, directional, and longitudinal control angles
and forces, and side force as a function of sideslip angle were essen-
tially linear over the angle-of-sideslip range tested. At the larger
angles of sideslip, a negative pitching moment was present that required
an increase in Se. As the speed increased, the angle of sideslip

obtained decreased as a result of the large pedal forces required by the
unboosted control system; therefore, only about 1° of sideslip could be
obtained on each side of trim at M = 0.98.

Figure 18 summarizes the sideslip data for the airplane with stores
and contains a comparison with the unpublished sideslip characteristics
of the clean airplane. The addition of stores increased CY as much

B

as 50 percent. Pylons had little, if any, effect on CYB; however, as
the size of the stores increased, CY increased. Values of dFr/dB

B
for the three store configurations tested were the same as for the clean
airplane. The apparent directional stability parameter dﬁr/dB was

essentially the same for the different configurations, except for a
slight increase above M = 0.9 for the large-store configuration. The
apparent effective dihedral parameter dﬁa/&B for the pylon, small-

‘store configuration, and the clean airplane were the same. Below
M = 0.9, dﬁa/dB for the airplane in the large-store configuration was

slightly greater than for the clean airplane. Above M =~ 0.94, dSa/dB

for the large-store configuration was nearly double the corresponding
value for the clean airplane. For all configurations investigated,
dba/dﬁ decreased abruptly to a value of about zero at M ~ 0.92, and

rapidly increased to a value equal to or greater than the subsonic value
at M > 0.92.

Rolling characteristics.- Figure 19 presents the variation of wing-
tip helix angle with aileron deflection for three representative Mach
numbers for the large-store configuration. These variations were linear
for the control deflections tested and were typical for all configurations.

Figure 20 presents the aileron effectiveness parameter pg = over
a
the Mach number range tested and compares these values with unpublished

data for the clean sirplane. In general, the addition of the stores

decreased the value of pg/EV for a given Mach number. An increase in
a

the size of the store resulted in a decrease in pg EV.
a
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The pilots were unable to detect any change in lateral control
effectiveness with the various configurations, other than the increase
of mass inertia moments with the stores in attempting a rudder-fixed
roli.

CONCIUDING REMARKS

The results of a flight investigation, from a Mach number of approx-
imately 0.45 to a Mach number of approximately 1.05, of the Douglas
D-558-1II research airplane equipped with several configurations of exter-
nal stores have indicated that the smaller midsemispan store installa-
tions generally had a small or negligible effect on the handling quali-
ties of the airplane. With the large-store configuration, the trends
exhibited in the longitudinal and lateral trim, stall approach, dynamic
and static stability and control, and buffeting characteristics were
generally the same as for the clean airplane; however, significant
changes in the magnitude of the parameters measured were sometimes appar-
ent, particularly at the higher speeds.

The large-store configuration effected: a decrease in the subsonic
static longitudinal stability; an improvement in the lateral damping
characteristics at subsonic speed; an appreciable left-wing drop at a
Mach number greater than 0.9; an appreciable decrease in lift-curve slope
between a Mach number of about 0.85 and 0.96; a slight decrease in the
level of lift for the onset of buffeting at all subsonic speeds; and an
appreciable increase in apparent dihedral parameter dﬁa/dﬁ particularly

at a Mach number greater than 0.94. The side-force parameter CYB

increased and the aileron control effectiveness parameter PE 2v
a

decreased with an increase in the size of the stores.

High-Speed Flight Station,
National Advisory Committee for Aeronautics,
Edwards, Calif., July 30, 1957.
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TABLE I.- PHYSICAL CHARACTERISTICS OF THE DOUGLAS D-558-I1 AIRPLANE

Wing:
Root airfoil section (normal to 30-percent chord
of unswept panel) . & Wi 5 C e e ket e wioe e e SR RS SNAGAREAS010)

Tip airfoil section (normal to BO-percent chord
of unswept panel) ..........................NACA631-012

Togall aren, 80 b o oo o ST T v @ e v e s e ¥ e @ Beie mliie’ o) si¥e e 175
Span, ft i S S G Ol Or o GO B D 5D o Gl o B G o s g 25
Mean aeroclyna.mic chord, in. e o ol FRCREIESE s L TS o e 87.301
Root chord (parallel to plane of symmetry), in. Sl S - RN O IR 108.51
Tip chord (parallel to plane of symmetry), e [Ghs e o R 61.18
FonerdratloBEon -0 Ll an e SR T et e sl s e e R T 0.565
Aspect ratio o) T 5 e s R st B 5 i i o 357
Sweep at 30-percent chord of unswept panel, deg . s o o = o o el R

BueenSoflieading fedge aegmiite o s ot L IR L e e 38.8
Incidence at fuselage center line, deg 5 % G e Talaniy e BES I RR RNIC e  oa 3
Dihedral, deg S0 GG s D G D G0 O Ol aa O o s o e -3
Geometric twist, deg i % SRR S i SRR B s oy ey v

Total aileron area (rea.rwa.rd of hinge line), SANEL it ol T R 9.8
Al ron tra Vel H(Carh ) JQeR] & & us = o ot sle e e e e e ot e o SRR +15
oGl DR aTTCal B 0 ETE Lol v ol = et o ol o et enes s SRR O R e 12.58
Flap travel, deg O e - I B R e ol SR R R 50

Horizontal tail:
Root airfoil section (normal to 30-percent chord

of unswept panel) . . . . . . A e s s e e e e e e et ANAGATEA=010)
Tip airfoil section (normal to 50-percent chord

B UNEVEDT! DENETIT eatehie 8 o 0 CEL e s e s e e ot N NACIA 1650710
Area (including fuselage), SQ £L  « « o « o o o o o 4 4 e 4 4 e e 0. e 39.9
EORnSETT oA MM A B L D0 e ol et st ded e e ien e ek s e T, e NS ST 143.6
Mean aerodynamic chord, in. o g . . R S e N TN e h1.75
Root chord (parallel to plane of sy'mmetry), in. P, e L 53.6
Tip chord (pa.ra.llel to pla.ne of symnetry), Lol R S ke ol o o 26.8
Taper ratio” . . . B O 5 . S e e e e T s SR 0.50
Aspect ratio . . . . ol %o S AS A S S ESES A S S T R S s o 3.59
Sweep at 30-percent chord line of unswept panel, deg . « . ¢ « « o o o o & Lo
Dihedral, deg «+ « « « « « &« e e e e = e R i e e 0
Elevatorfaren; SQ.Pt © = & © 5 & 5 5 5 s e S w s s b e s el e et 9.4
Elevator travel, deg ’
Stabilizer travel, deg

Leading 'GARE TUP,, s+ ' & = ol e 15 e 5 Wl sn el ek e e el e gl = ial ) weie e e el e L
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TABIE II.- CROSS-SECTIONAL DIMENSIONS OF PYLON

[Stations and ordinates given in inches]

s e
'.StaZl—. T\ Ordinate
Station Ordinate Station Ordinate
0 0 30.0 2.50
.5 51 205 2,50
1.0 .72 38.5 2.50
2.5 iz 2l 41.0 2.48
5.0 1.53 43.5 2.4k2
15 1.82 46.0 2,51
10.0 2.04 48.5 2515
1255 221 5.0 1.94
15.0 2.3k 555 1.68
byt 2.43 58.5 1.05
20.0 2.48 63.5 3l
22.5 2.50 66.0 0
25.0 2.50
7.5 2.50

L.E. radius: 0.275

T.E. radius: 0.045
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X TABIE III.- DIMENSIONS OF SMALL STORES
: (DAC 1,000-POUND BOMB)
[Stations and radii given in inches|
/ _\Q\ Ehn
e T = EREES
Station e
Station Radius Station Radius
0 0 75.0 6.61
b 1.83 79-7 6.15
] 9.0 Sk 86.3 5.55
v 15.7 4.82 93.0 4.83
25,5 5.69 98.7 4.1k
29.0 6253 102.0 500
54T 6.79 105.3 5.98
ka3 7.00 108.7 2.&5
48.0 7.00 112.3 8.35
iy 7 7.00 115:0 1.96
59.7 T7.00 Tellier oop 1.45
66.3 6.90 120.0 0
L.B. slope: Tan = 0.531
| v L.E. radius: 0.25
T.E. radius: 0.75
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TABIE IV.- DIMENSIONS OF LARGE STORES
(DAC 150-GALION FUEL TANK)

[Stations and radii given in incheé}

>

Station fad s

Station Radius Station Radius
0 0 109.5 9.91
6 2.5 Lle) 1 9.23
1515 Bl 129.5 8.32
25.5 725 139.5 T2l
2505 8.54 148.0 6.22
5.5 9.49 155.0 5«58
53.5 10.19 158.0 .92
63.5 10.50 163.0 .25
75,5 10.50 168.5 5.50
83.5 10,50 172.5 2.9%
89.5 10.50 1965 2.
99.5 10.35 180.0 0
L.E. slope: Tan = 0.531

L.F. radius: 1.00

LR, radiusi 1.00
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E-1661

E-1866

(a) Large-store configuration.

‘ Figure 1l.- Photographs of stores configurations investigated.
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E-1161

(b) Small-store configuration. E-1164

Figure 1.- Concluded.




Figure 2.- Three-view drawing of the airplane in the large-store
configuration. All dimensions in inches.
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Fuselage

/—— reference

Note: Dashed lines represent
a fin rotated 45° for
dimensional purposes.

(b) Small-store configuration.

ZJ: \%T;? F’Tﬁ

(c) Large-store configuration.

Figure 3.- Details of each store configuration investigated. All
dimensions in inches.
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Configuration it, deg
Large store 145
———————— Small store Led
2 Pylon 1.6
g e e em———— L Cillaan - (Pe Dl 6)) 155
12
Up
8
E\Q\
4 \\\j\\\\\— "// \\ ///:
\i\\—//lf\/\\\\
e, deg A \\
\
AL
; 0
Down 4
6 .7 ‘8 '9 |O I‘l
M

Figure 4.- Elevator deflection required for longitudinal trim for
all configurations tested. D-558-I1 airplane; hp = 35,000 feet;

W = 13,000 pounds; a, = 1.0.
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NACA RM H5TH12

Small store Pylons
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= ]
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———————— Clean configuration 20,000 ft (ref. 7)
------ Clean configuration 30,000 ft (ref. 7)
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Figure 5.- Dynamic longitudinal characteristics for all configura-

tions tested.

D-558-II airplane.
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6
M S
5
Pull 20
Faylb = O \»
Push 20
Up 8
Se,deg 4 SRR e \
(0]
12
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8
a,deg ///—/
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9
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Cn s
A e e
=
—/—//-’——/
3
Nose up 4 '
q,
rcdians/seé: —'——J'\
4
cr\v g 2 ] It
[ R —/j
0 2 - 6 8 10 12 14 16 I8 =20

(a) M=~ 0.60; h, ~ 23,500 feet; iy = 1.70°.

Figure 6.- Representative time histories of wind-up turns performed
with the D-558-II airplane in the large-store configuration.
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No Fg records

N 1

S¢,deg 4 / \

12 \
o, deg //

-

Nose up

g, radians/sec = QO \

Qn, g 2

(b) M=~ 0.80; hp ~ 28,700 feet; iy = 1.55°.

Figure 6.- Continued.
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Pull 40
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Se,deg4
8
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0]
.8
6

CNA
.4
2
Nose up .4

q,radions/sec
4
dp,ag 2
(0]

t, sec

(c) M=~ 0.95; hy =~ 34,000 feet; iy = 1.80°.

Figure 6.- Concluded.
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0 0 ©}
0] 4 8 12 %) 5 4 9
a, deg CNA

(a) M= 0.60; hy =~ 23,500 feet; iy = 1.70°.

Figure 7.- Representative stability plots of wind-up turns performed with the D-558-II air-
plane in the large-store configuration.
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(b) M~ 0.80; hy =~ 28,700 feet; it = e

Figure T.- Continued.
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(c) M~ 0.95; hy ~ 34,000 feet; iy = 1.80°.

Figure 7T.- Concluded.
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i; = 1.70° ——————— Large store configuration A= 50 1y = 1.80°% Mw 0.95
i, = 1.40° === == = = = Small store configuration dEie=s 0202 i = 1.70°; Mw 1.00
e 7 (¢} Pylon configuration L 2AR550 iy = 1.67°; M= g,95
A = 12602 == Clean configuration (ref. 6) 1, = 2.10° i = 0.90%; M= 0.9
|2
o
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(a) M =~ 0.60. (b) M = 0.80. (¢) M =0.95 to 1.00.

Figure 8.- Comparison of normal force and apparent stability characteristics of the
D-558-I1 airplane for the configurations tested.
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NACA RM H5THL2

°| popatia

&

Configuration

Large store
Small store

Pylon

O
0
<
\% Clean (ref. 6)
4

O 6 ol .8

M

Figure 9.- Boundary for decreased stability of the D-558-II airplane
for all configurations tested.
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Figure 10.- Comparison of the longitudinal stability and control
effectiveness parameters of the D-558-II airplane for the con-
figurations tested.
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Figure 1l1.- Buffet boundary of the D-558-II airplane for the configurations tested.
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250
V| 1 mph —_\_\—\\N e
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2
Un, g e
(0]
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8 s e 1.0
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4 o fﬁ/\/ 8
’\/ C
O B RSP e oo, 6
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Fer Fa» Fy ,deg (O ? Y
P Fst
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. (a) Slats-locked condition.

Figure 12.- Typical time histories of stall approaches performed with
< the D-558-IT airplane in the large-store configuration.
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(b) Slats-unlocked condition.

Figure 12.- Continued.
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Figure 12.- Concluded.
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(a) Slats-locked condition.

NACA RM H5TH12

Figure 13.- Typical stability plots of stall approaches performed with
the D-558-II airplane in the large-store configuration.
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Figure 13%.- Continued.
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Figure 13.- Concluded.
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Figure 14.- Comparison of normal force and apparent stability characteristics obtained during
stall approaches of the D-558-II airplane.
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(a) Directional trim. (b) Lateral trim.

Figure 15.- Lateral and directional trim of the D-558-1I1 airplane for the configurations
tested.
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Figure 16.- Lateral dynamic characteristics of the D-558-II airplane
for the configurations tested.
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Figure 17.- Typical variations of control positions, control forces, and
side-force coefficient with sideslip angle for the D-558-I1 airplane
in the large-store configuration.
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Figure 17.- Continued.
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Figure 17.- Concluded.
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Figure 18.- Summary of the sideslip characteristics of the ‘
D-558-II airplane for the configurations tested. |
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Figure 19.- Typical rolling characteristics of the D-558-II airplane
in the large-store configuration.
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Figure 20.- Variation of pg Y with Mach number for the configurations tested,
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