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LOW-SPEED AERODYNAMIC CHARACTERISTICS OF A

MODEL HAVING A 42° SWEPT LOW WING WITH A SUPERCRITICAL

AIRFOIL, DOUBLE-SLOTTED FLAPS, AND A T-TAIL*

By Paul G. Fournier and William C. Sleeman, Jr.
Langley Research Center

SUMMARY

A low-speed investigation was conducted over an angle-of-attack range from about
-4° to 20° in the Langley V/STOL tunnel to determine the static longitudinal and lateral
stability characteristics of a general research model which simulated an advanced con-
figuration for a commercial transport airplane. The model had a 42° swept, aspect-
ratio-6.78 wing with a supercritical airfoil and a high-lift system which consisted of a
leading-edge slat and a double-slotted flap. Slat deflections of 0° (off), 40°, and 50° in
combination with flap deflections of 0°, 20°, and 40° represented clean, take-off, and
landing configurations, respectively. Effects on the longitudinal and lateral aerodynamic
characteristics were determined for two flow-through, simulated-engine nacelles located
on the sides of the fuselage near the rear of the model.

The maximum lift coefficient obtained on the complete model with the high-lift sys-
tem deflected was 2.26. The static longitudinal stability for all the flap and slat condi-
tions investigated was positive for angles of attack up to about 10° where the stability
began to decrease abruptly. Static longitudinal instability was indicated for angles of
attack above approximately 14° for all configurations investigated. The static lateral
stability derivatives obtained for the complete model showed positive directional stability
over the test angle-of-attack range; however, the significant losses in directional stability
at high angles of attack indicated that directional instability would be expected for angles
somewhat greater than 20°. Lateral control tests with a spoiler on the right wing indi-
cated that the partial-span spoiler was effective in producing positive rolling moments
and that positive yawing moments accompanied the rolling moments produced by the
spoiler.

INTRODUCTION

Recent research, conducted in a continuing effort by the NASA to improve the per-
formance of subsonic vehicles, has shown that the drag rise can be delayed to Mach

"Title, Unclassified.



numbers near unity by the use of supercritical airfoil sections and by careful integration
of the wing, engines, and tail surfaces with a properly shaped fuselage. (See ref. 1.)
Much research effort has been undertaken at near sonic speeds to develop aerodynamic
configurations that could provide realistic focal points for developing the technology appli-
cable to advanced subsonic commercial transports. Research has also been conducted
at low speeds to develop high-lift systems for supercritical airfoils that would enable
these advanced configurations to have take-off and landing performance equal to or better
than subsonic transports (ref. 2).

The present investigation was conducted to obtain an overall assessment of the low-
speed, static-stability, and high-lift performance of an advanced transport configuration
that used a high-lift system developed in an earlier unpublished investigation. The wing
of the present model had 42° sweep of the quarter chord, an aspect ratio of 6.78, and
supercritical airfoil sections. It was located in a low position near the bottom of the
fuselage. The high-lift system consisted of a partial-span, double-slotted flap which
extended from the fuselage side to the 80-percent -wing-semi span station and a leading-
edge slat which extended from the outboard edge of the wing root glove (32-percent-wing-
semispan station) to the wing tip. Combinations of flap and slat deflections were inves-
tigated to represent clean, take-off, and landing configurations. The horizontal tail was
located near the tip of the vertical tail, and various stabilizer settings were investigated
for each configuration. Effects of fuselage-mounted nacelles, which were located near
the rear of the fuselage, were also determined.

The low-speed tests were conducted in the Langley V/STOL tunnel over an angle-
of-attack range from approximately -4° to 20°. Static longitudinal and lateral stability
characteristics were determined for the complete model and for the model with the tail
surfaces removed. Aerodynamic characteristics were also obtained for a range of
spoiler deflections up to 75° to determine the lateral-control effectiveness of an upper-
surface spoiler located on one wing panel.

SYMBOLS

The static longitudinal and lateral stability data are presented about the stability-
axis system. The positive directions of forces, moments, and angles are indicated in
figure 1. The model moment reference point was located longitudinally at the quarter
chord of the wing mean aerodynamic chord (theoretical wing) and the fuselage center line.

The measurements of this investigation are presented in the International System
of Units (SI). Details concerning the use of SI units, together with physical constants and
conversion factors, are presented in reference 3.



b wing span, cm

c local chord, cm

Cj chord of flap, cm

cr wing root chord, cm

cs chord of leading-edge slat, cm

Cf wing-tip chord, cm

Cf_ theoretical-wing chord, cm

Cy chord of flap vane, cm

c mean aerodynamic chord of theoretical wing, cm

Cjj mean aerodynamic chord of horizontal tail, cm

cv mean aerodynamic chord of vertical tail, cm

cr portion (0.755c) of basic wing ahead of flap vane, cm

CD drag coefficient,

CT lift coefficient,
qS

maximum value of C'

CT trim ^^ coe^cient ^or longitudinal trimmed condition (Cm = 0)

C7 rolling-moment coefficient, RollinS moment
1 qSb

Cm pitching-moment coefficient, Pitching moment
qSc

Cn yawing-moment coefficient, moment

qSb



CY side-force coefficient, Side f°rce

AC,
C, effective-dihedral parameter, ——-, per deg

ACn
Cn directional-stability parameter, , per deg

ACY
Cv side-force parameter, —, per deg

0 Ap1

^ incidence of horizontal tail, positive when trailing edge is down

(see fig. 1), deg

H trim horizontal-tail incidence for longitudinal trimmed condition (Cm = 0), deg

l± tail length (distance from moment reference (c/4) to (cn/4)), cm

q free-stream dynamic pressure, N/m^

R, wing-airfoil-section leading-edge radius, cm

S wing area (based on theoretical planform, glove not included), m^

t airfoil-section maximum thickness, cm

t^e airfoil-trailing-edge thickness, cm

x distance along chord of selected wing, slat, or flap element (see tables
and fig. 2(c)), cm

Ax, distance from leading edge of glove to leading edge of theoretical planform
at a given spanwise station, cm

y spanwise distance measured from fuselage center line, cm

Zj lower ordinate of airfoil section, cm

zu upper ordinate of airfoil section, cm

Zj vertical distance from reference line to chord line at leading edge, cm
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Zx vertical distance from reference line to chord line at trailing edge, cm

a angle of attack of wing reference line, deg

p angle of sideslip, deg

6f flap deflection angle with respect to wing chord line, deg

6S leading-edge slat deflection angle with respect to wing chord line, deg '•

6 ., wing upper-surface spoiler deflection relative to wing surface, deg

6V vane deflection of double-slotted flap with respect to wing chord line, deg

A sweepback angle, measured at quarter-chord line, deg

<j> wing twist, positive when trailing edge is down, deg

6 effective downwash angle, deg

Model components:

W wing

F fuselage

V vertical tail

H horizontal tail

N nacelles

MODEL DESCRIPTION

The model used in the present investigation was a general research model that was
modified to simulate an advanced transport configuration by the addition of a large glove
over the inboard part of the wing, flow-through nacelles mounted on the rear of the fuse-
lage, and a T-tail. A drawing of the complete model is presented in figure 2(a). Details



of the wing, glove, and high-lift system are shown in figures 2(b) and 2(c), and the upper-
surface spoiler that was installed on only the right wing is shown in figure 2(d). Photo-
graphs of the model are presented in figure 3.

Wing

The basic wing planform had supercritical airfoil sections, 42° sweep of the
quarter-chord line, an aspect ratio of 6.78, and a taper ratio of 0.36. The basic alumi-
num wing was fitted with a fiber-glass glove over the inboard part which resulted in the
planform shown in figure 2 (a) and table I. This planform is an approximation of the
supercritical wing used on an NASA experimental flight test airplane. The chord, twist,
and maximum-thickness variation with span for the glove and wing are shown in fig-
ure 2(b) and detailed coordinates of the wing are presented in table I. The basic geo-
metric characteristics are summarized in table II. The wing had a negative dihedral
angle of 1.71°. Transition strips, 0.32 cm wide, of No. 80 carborundum were applied to
the upper and lower surfaces of the wing 3.81 cm behind the leading edge.

High-Lift System

The high-lift system of the model consisted of a partial-span, double-slotted flap
which extended from the wing-body juncture to the 80-percent-wing-semispan station
and a slat which extended from the outboard edge of the glove (32-percent-wing-semispan
station) to the wing tip. The chord of the double-slotted flap was taken as the aft 35 per-
cent of the basic supercritical airfoil, except at the trailing edge of the inboard portion
where the glove was located. The leading edge of the flap was rounded to the nose con-
tour of a modified NAG A 4415 airfoil in order to nest within the basic airfoil from 0.650c
to 0.755c and to allow 0.159 cm for the upper-surface thickness of the airfoil at 0.755c.
The chord of both the vane and the leading-edge slat was 15 percent of the basic wing
chord. Both of these elements had St. Cyr 156 airfoil sections modified in thickness ratio
at the inboard end and at the tip as shown by the coordinates in tables in and IV.

The geometry of the flap, vane, and slat was defined in a reference deflection posi-
tion of 50° for the flap and 40° for the slat. The coordinates for the full-span double-
slotted flap (although tested herein as a partial-span double-slotted flap) are presented
in table V, and the coordinates for the leading-edge slat are presented for several span-
wise stations parallel to the plane of symmetry in table HI. The flap-vane coordinates
are presented in table IV. The angle between the vane and flap was fixed at 25°. Deflec-
tions of the flap-vane combination and the leading-edge slat were measured in the stream-
wise plane (fig. 2(c)) relative to their respective reference chord lines. Transition
strips, 0.32 cm wide, of No. 60 carborundum were applied to the upper and lower surfaces
of the leading-edge slat 2.54 cm behind the leading edge of the slat.



Spoiler

A spoiler was attached to. the upper surface of the right wing to investigate its
effectiveness as a roll-control device. The spoiler was made of 0.159-cm-thick metal
and was located along the 60-percent-chord line from 32 to 80 percent of the wing semi-
span (fig. 2(d)). Deflection angles of 4°, 8°, 15°, 30°, 60°, and 75°, with respect to the
wing surface along the 60-percent-chord line, were investigated. Part of the wing imme-
diately behind the spoiler was removed when the high-lift system was deflected in order
to provide the gap between the wing and flap vane that would normally occur on an air-
craft equipped with this type of spoiler.

Fuselage

The fuselage of the model had a modified cylindrical cross section, with circular
bottom and top portions and flat sides. Overall dimensions of the fuselage are shown in
figure 2(a). A fiber-glass-resin shell, 0.32 cm thick, formed the outer shape of the fuse-
lage and was attached to a metal strongback which housed the six-component strain-gage
balance. An electronic angle-of-attack sensor was mounted to the internal strongback
to provide the measured geometric angle of attack of the model during the tests.

Tail Surfaces

The location and principal dimensions of the horizontal and vertical tails are given
in figure 2(a) and table n. Both tail surfaces were made of aluminum. They had 45°
swept leading edges and flat-plate airfoil sections with a rounded leading edge. The
vertical tail was 2.54 cm thick and the horizontal tail was 1.27 cm thick. The horizontal
tail was attached near the tip of the vertical tail by angle brackets which were drilled to
provide a range of incidence angles from 5° to -15°.

Nacelles

Twin fuselage-mounted nacelles were located on the sides of the fuselage near the
rear (fig. 2(a)) in order to determine if there were significant aerodynamic effects for
such an engine arrangement at low speeds and with the high-lift system deflected. The
nacelles were constructed of wood and were attached to the internal strongback through
the stub pylons. Constant-internal-diameter openings provided straight flow-through
nacelles.

TESTS AND CORRECTIONS

The investigation was conducted in the Langley V/STOL tunnel; most of the tests
were run at a dynamic pressure of 2394 newtons/meter2. The test Reynolds number at



this dynamic pressure was 2.47 x 10^ based on the wing mean aerodynamic chord of
0.579 meter. The test dynamic pressure had to be reduced to about one-half of the gen-
erally used value in the tests with high spoiler deflections and high-lift system deflec-
tions in order to prevent overloads on the strain-gage balance.

Longitudinal aerodynamic characteristics were obtained from tests conducted
through an angle-of-attack range from approximately -4° to 20° in increments of 2°.
Various stabilizer incidences were investigated to define the trimmed characteristics
over the test angle-of-attack range and to obtain effective downwash angles. Tests
were also made with the horizontal tail removed to define the tail-off aerodynamic
characteristics.

Lateral stability derivatives were obtained from tests conducted through the angle-
of-attack range with the model at sideslip angles ±5°. Lateral stability tests were con-
ducted with the horizontal tail, vertical tail, and nacelles removed in order to determine
the contribution of these components.

Aerodynamic characteristics were determined for the clean configuration with the
flaps undetected and the leading-edge slat removed. A take-off configuration was repre-
sented by 20° flap deflection and 40° deflection of the leading-edge slat; a landing config-
uration was represented by 40° flap deflection and 50° deflection of the slat.

Jet-boundary corrections, determined from reference 4, and blockage corrections,
obtained from reference 5, were applied to the measured data. The drag data were cor-
rected for balance chamber pressure at the fuselage but were not corrected for effects of
the flow through the nacelles. The small differences in drag obtained with and without
the nacelles suggest that the drag increment associated with flow through the nacelles
was negligible.

PRESENTATION OF RESULTS

The longitudinal and lateral aerodynamic characteristics obtained on the present
model for the various test conditions and model configurations are presented in the fig-
ures as follows:

Figure
Longitudinal aerodynamic characteristics

Effect of horizontal-tail deflection
Clean configuration

Nacelles on 4
Nacelles off 5



Figure

Take-off configuration; 6S = 40°, af = 20°
Nacelles on 6
Nacelles off 7

Landing configuration; 6g = 50°, 6f = 40°
Nacelles on 8-
Nacelles off . 9

Effect of wing upper-surf ace spoiler deflection for roll control (nacelles on)
Clean configuration 10
Take-off configuration; 6S = 40°, 6f = 20° 11
Landing configuration; 6g = 50°, 5f = 40° 12

Lateral stability derivatives
Clean configuration

Effect of horizontal and vertical tails 13
Effect of nacelles 14

Take-off configuration; 8g = 40°, 6f = 20°
Effect of horizontal and vertical tails, nacelles on 15
Effect of horizontal and vertical tails, nacelles off 16

Landing configuration; 6S = 50°, 6j = 40
Effect of nacelles and horizontal and vertical tails . . . 17

Summary of longitudinal data
Effect of deflection of high-lift system on variation of effective downwash

characteristics with angle of attack
Nacelles on 18
Nacelles off 19

Effect of deflection of high-lift system on variation of angle of attack and
stabilizer setting for trim with trim lift coefficient, nacelles off 20

DISCUSSION

Longitudinal Characteristics

Effect of nacelles.- Longitudinal stability characteristics were obtained with and
without the fuselage-mounted nacelles installed for all flap-slat conditions investigated.
Effects of the nacelles on the longitudinal forces and moments were found to be rela-
tively small in the present low-speed tests. (See figs. 4 and 5, for example.) Therefore,
they had little influence on the overall low-speed aerodynamic characteristics of the
model.



Lift performance.- The lift performance obtained for the model without the nacelles
may be summarized as follows:

Configuration

Clean
Take-off
Landing

6s>
deg

Off
40
50

6f>
deg

0
20
40

^L.max
(it = 5°)

1.38
2.18
2.26

CL,trim at -

a=0°

0.15
.68

1.12

a=5°

0.54
1.11
1.50

«=20°

1.35
2.00
2.05

Values given as maximum lift coefficients may not actually represent the maximum
attainable lift because the test angle of attack was limited to 20°; the reduction in lift that
normally accompanies wing stall was not indicated for the 0° and 20° flap deflections.
Trimmed lift coefficients at angles of attack below the angle for maximum lift are, how-
ever, of more interest because the maximum usable operational lift coefficient must be
lower than the maximum lift to provide the margins required for flight safety in com-
mercial transport operation.

The increment in trimmed lift coefficients that resulted from deflection of the high-
lift system at 0° angle of attack was about 0.53 for the take-off configuration (6S = 40°,
6f = 20°) and 0.97 for the landing configuration (6S = 50°, 5f = 40°). The lift increment
obtained for the take-off configuration increased as the angle of attack increased, whereas
the incremental lift for the landing configuration decreased as the angle of attack was
increased from 0°. (See fig. 20.) At the highest test angle of attack, the trimmed lift
for both the take-off and landing configurations was about the same. The loss in lift
effectiveness of the high-lift system at the high deflection angles and high angles of attack
occurred primarily because of the direct effects of separated flow on the wing at the high
flap deflections rather than from an indirect effect due to trimming. (Compare lift data
from figs. 7 and 9.)

Longitudinal stability.- The pitching-moment data presented in figures 4 to 9 indi-
cate that the longitudinal stability for all flap conditions investigated was positive for
angles of attack up to about 10°, but longitudinal instability was indicated for angles of
attack above about 14°. This instability at high angles of attack is also shown for
trimmed conditions by the reversal in slope of the stabilizer setting for trim presented

in figure 20.

The longitudinal instability at high angles of attack (CL trjm above 1.0) for the

clean configuration was particularly severe. (See figs. 4, 5, and 20.) This large insta-
bility can be attributed primarily to the large destabilizing increase in the downwash
gradient (de/da) shown in figures 18(b) and 19(b). Increasing instability of the wing-body
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configuration as the angle of attack increased also contributed to the instability of the
complete model in the clean configuration. The stabilizer effectiveness parameter
(8<-:m/9it) for ^ configurations investigated was approximately -0.0450 per degree over
the tail angle-of-attack range of the expected linear portion of the tail lift curve. The
horizontal-tail effectiveness showed no appreciable decreases throughout the model
angle-of-attack range (except where the tail appeared to be stalled at low a and large
negative it values). Therefore, the loss of stability at high angles of attack for any of
the model configurations investigated could not be attributed to immersion of the hori-
zontal tail in a low-velocity wake for the angle-of-attack range covered in these low-
speed tests.

The longitudinal instability encountered at high angles of attack for the model con-
figurations with the high-lift system deflected (figs. 6 to 9 and 20) can be attributed to
both a moderate increase in 8e/9a at high angles of attack (figs. 18(b) and 19(b)) and
to increasing instability of the tail-off configurations.

Lateral Stability Characteristics

Directional stability.- The static lateral stability derivatives presented in fig-
ures 13 to 17 showed positive values of the static directional-stability parameter /Cn \

for the complete model throughout the angle-of-attack range investigated. The static
directional stability for all flap deflections showed significant losses in Cn at high

angles of attack; the data trends indicate that directional instability for the complete
model would be expected to occur for angles of attack somewhat greater than 20°.

Effective dihedral.- In general, negative values of the effective-dihedral param-
eter (GI \ were obtained for positive lift conditions (figs. 13 to 17). Deflection of the

high-lift system caused large increases in effective dihedral /-C, \ at moderate and high

angles of attack. (See figs. 13, 15, and 17.) No large, abrupt losses or reversals in the
effective dihedral were indicated throughout the test angle-of-attack range, although mod-
erate losses were shown for the clean configuration near 15° angle of attack (figs. 13
and 14).

Vertical-tail contribution.- Test'results obtained with the vertical tail on and off
(figs. 13, 15, 16, and 17) showed significant reductions in the tail contribution to static
directional stability as the model angle of attack was increased. The powerful end-plate
effect of the horizontal tail on the vertical tail is shown by the derivatives presented in
figures 13 and 15. The end-plate effect of the horizontal tail provided an increment of
directional stability that was almost invariant with angle of attack, whereas the contri-
bution of the vertical tail alone to Cn generally decreased at the high angles of attack.

p



The end-plate effect, shown in the side-force parameter /Cy \ for the clean configura-

tion (fig. 13), shows a considerable decrease in the effect of the horizontal tail at the
highest angles of attack. This loss in end-plate effect on C-y, suggests that the pres-

ence of the horizontal tail shifted the center of pressure on the vertical tail rearward
and, thereby, maintained nearly constant end-plate effect on Cn at high angles of

p
attack.

Effect of nacelles.- Addition of the fuselage-mounted nacelles generally had small
overall effect on the measured lateral stability derivatives. The only appreciable effect
of the nacelles on the lateral stability derivatives was a small increase in directional
stability at high angles of attack for the landing configuration (fig. 17).

Lateral Control

The use of a partial-span spoiler for lateral control was investigated with a flap-
type spoiler located on the upper surface of the right wing. Part of the wing immediately
behind the spoiler was removed when the high-lift system was deflected to provide the
gap between the wing and flap vane that would normally occur on an aircraft equipped
with this type of spoiler (fig. 2(d)). Spoiler deflection angles ranging up to 75° were
investigated for the clean, take-off, and landing configurations, and the results are pre-
sented in figures 10 to 12.

Deflection of the spoiler decreased the lift, increased the drag, and caused a posi-
tive increment in pitching moment; it also provided the desired rolling moment. Posi-
tive yawing moments and negative side forces accompanied the positive rolling moments
produced by the spoiler. The magnitude of these incremental effects increased with
deflection of the high-lift system. Almost complete loss of rolling effectiveness occurred
for the clean configuration at the highest test angles of attack, probably because flow sep-
aration was well developed on the outboard portion of the plain wing without the spoiler.
Effectiveness of the spoiler at high angles of attack with the high-lift system deflected
remained high because the leading-edge slat had a large beneficial effect on the flow
separation; the wing with the slat deflected was carrying a large amount of lift that could
be spoiled by deflection of the spoiler.

SUMMARY OF RESULTS

A low-speed investigation was conducted in the Langley V/STOL tunnel to determine
the static longitudinal and lateral stability characteristics of a general research model
that simulated an advanced transport airplane. The model had an aspect-ratio-6.78,
42° swept wing with a supercritical airfoil and a high-lift system which consisted of a
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leading-edge slat and a double-slotted flap. The results of this investigation may be
summarized as follows:

1. The maximum lift coefficient obtained for the clean configuration was 1.38.
Deflection of the high-lift system for a landing condition (slat at 50°, flap at 40°) increased
the maximum lift coefficient of 2.26. Deflection of the horizontal tail to provide trim for
the landing configuration reduced the maximum lift coefficient at 20° to 2.05.

2. The static longitudinal stability for all the flap and slat conditions investigated
was positive for angles of attack up to about 10° where the stability began to decrease
abruptly. Longitudinal instability was indicated for angles of attack above approxi-
mately 14°.

3. Static lateral stability derivatives obtained for the complete model showed posi-
tive directional stability throughout the test angle-of-attack range. However, significant
decreases in directional stability occurred at high angles of attack, and directional insta-
bility would be expected to occur for angles of attack somewhat greater than 20°. Nega-
tive values of the effective-dihedral parameter were obtained for positive lift conditions,
and deflection of the high-lift system caused large increases in effective dihedral at mod-
erate and high angles of attack.

4. Lateral-control tests indicated that a partial-span spoiler on the right wing was
effective in producing positive rolling moments over a deflection range to 75°. Positive
yawing moments and negative side forces accompanied the positive rolling moments pro-
duced by the spoiler. Almost complete loss of effectiveness occurred for the clean con-
figuration at high angles of attack. However, with the high-lift system deflected, the
effectiveness of the spoiler remained high because of the beneficial effect of the leading-
edge slat at high angles of attack.

Langley Research Center,
National Aeronautics and Space Administration,

Hampton, Va., July 31, 1972.
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TABLE I.- BASIC WING COORDINATES

I
FuMloga £

c'glo«' "89.001cm |

y
b/2

c, cm
X

~T
0

.0025

.0050

.0100

.0200

.0300

.0400

.0500

.0750

.1000

.1500'

.2000

.2500

.3000

.3500

.4000

.4500

.5000

.5500

.6000

.6500

.7000

.7500

.8000

.8500

.9000

.9500

.9700

.9800

.9900
..9950
1.0000

"'%

0.139

128.270

-£

.0317

.0418

.0450

.0497

.0558

.0602

.0636

.0667

.0735

.0778

.0851

.0901

.0923

.0931

.0929

.0917

.0899

.0877

.0842

.0807

.0758

.0716

.0670

.0626

.0560

.0497

.0418

.0384

.0364

.0347

.0335

.0332

_£_

.0317

.0213

.0182

.0137

.0083

.0044

.0012
-.0012
-.0065
-.0101
-.0152
-.0190
-.0208
-.0218
-.0220
-.0218
-.0200
-.0160
-.0105
-.0059

.0008

.0071

.0137

.0192

.0253

.0275

.0267

.0255

.0246

.0236

.0232

.0226

.0198

0.194

99.314
zu

.0281

.0432

.0471

.0531

.0596

.0639

.0673

.0701

.0750

.0788

.0836

.0867

.0885

.0893

.0887

.0872

.0854

.0831

.0806

.0780

.0749

.0739

.0668

.0624

.0568.

.0504

.0427

.0394

.0381

.0361

.0353

.0345

4-

.0281

.0233

.0197

.0148

.0096
.0059
.0031
.0008

-.0041
-.0079
-.0141
-.0179
-.0199
-.0205
-.0192
-.0169
-.0143
-.0110
-.0070
-.0028

.0026

.0090

.0161

.0226

.0279

.0294

.0281

.0269

.0258

.0253

.0251

.0243

.0210

0.250

77.724

.̂0327
.0415
.0464
.0523
.0598
.0654
.0693
.0719
.0771
.0794
.0835
.0858
.0876
.0879
.0882
.0873
.0863
.0853
.0833
.0807
.0783
.0748
.0714
.0667
.0614
.0556
.0487

.0458

.0444

.0425

.0422

.0415

zl.

.0327

.0235

.0186

.0144

.0092

.0057

.0023
-.0010
-.0049
-.0088
-.0123
-.0141
-.0147
-.0144
-.0137
-.0118
-.0092
-.0057
-.0013

.0033

.0088

.0144

.0219

.0286

.0343

.0373

.0350

.0340

.0327

.0320

.0317

.0310

.0212

0.306

65.430

—

.0291

.0388

.0437

.0474

.0538

.0582

.0609

.0631

.0672

.0695

.0749

.0776

.0804

.0815

.0829

.0823

.0815

.0811

.0800

.0788

.0776

.0747

.0718

.0681

.0637

.0586

.0524

.0493

.0479

.0462

.0458

.0450

4f-
.0291
.0190
.0155
.0122
.0066
.0031

-.0006
-.0023
-.0066
-.0089
-.0120
-.0144
-.0151
-.0146
-.0136
-.0116
-.0093
-.0062
-.0023

.0027

.0089

.0163

.0248

.0326
.0388
.0427
.0404
.0384
.0373
.0357
.0349
.0344

.0186

0.333

62.329

nr
.0294
.0367
.0408
.0448
.0490
.0530
.0557
.0579
.0623
.0660
.0718
.0758
.0775
.0795
.0807
.0811
.0810
.0803
.0795
.0784
.0774
.0761
.0741
.0711
.0672
.0622
.0557
.0530
.0511
.0489
.0475
.0463

-£-

.0294

.0204

.0163

.0131

.0082

.0054

.0036

.0015
-.0020
-.0051
-.0089
-.0108
-.0116
-.0117
-.0105
-.0082
-.0061
-.0038

.0000

.0057

.0133

.0217

.0319

.0408

.0473

.0503

.0412

.0409

.0404

.0376

.0367

.0360

.0155

0.422

c" -57. 874

.-£

.0225

.0318

.0351

.0395

.0437

.0472

.0494

.0516

.0557

.0595

.0653

.0691

.0724

.0746

.0755

.0762

.0759

.0757

.0757

.0755

.0746

.0737

.0717

.0691

.0658

.0612

.0541

.0509

.0491

.0467

.0455

.0444

z!
-T

.0225

.0132

.0103.

.0073

.0033

.0000
-.0020
-.0041
-.0075
-.0102
-.0143
-.0154
-.0157
-.0149
-.0140
-.0118
-.0096
-.0060
-.0017

.0028

.0110

.0204

.0300

.0389

.0455
.0483
.0441
.0408
.0384
.0364
.0351
.0342

.0149

0.800

38.867

£

-.0185
-.0129
-.0098
-.0065
-.0002

.0019

.0039

.0064

.0098

.0146

.0212

.0262

.0325

.0359

.0393

.0432

.0457

.0479

.0505

.0523

.0545

.0564
.0581
.0575
.0566
.0523
.0458
.0422
.0408
.0388
.0376
.0359

2l_

-.0185
-.0260
-.0294
-.0327
-.0384
-.0414
-.0435
-.0439
-.0441
-.0454
-.0454
-.0438
-.0425
-.0393
-.0370
-.0337
-.0306
-.0256
-.0199
-.0133
-.0055

.0060

.0174

.0263

.0344

.0388

.0356

.0326

.0314

.0278

.0262

.0250

.0091

1.000

28.801

-£
-.0635
-.0595
-.0573
-.0539
-.0502
-.0471
-.0441
-.0440
-.0379
-.0340
-.0264
-.0195
-.0123
-.0066
-.0008

.0052

.0113

.0172

.0228

.0284

.0340

.0381

.0425

.0441

.0441

.0439

.0382

.0344

.0301

.0282

.0258

.0247

Jl.

-.0635
-.0717
- .0732
-.0755
-.0802
-.0838
-.0850
-.0855
-.0838
-.0836
-.0794
-.0764
-.0713
-.0672
-.0617
-.0559
-.0508
-.0442
-.0386
-.0317
-.0220
-.0086

.0044

.0150

.0237
.0294
.0289
.0244
.0212
.0184
.0159
.0143

.0031

15



TABLE H.- GEOMETRIC CHARACTERISTICS

Wing:
Area, m2 ; 1.97
Mean aerodynamic chord, cm . . . . . 57.87
Span, cm 365.76
Aspect ratio 6.78
Taper ratio 0.36
Dihedral angle, deg -1.71

Horizontal tail:
Area, m2 0.45
Mean aerodynamic chord, cm 40.99
Span, cm ; 115.67
Aspect ratio 0.75
Taper ratio 0.40

Vertical tail:
Area, m2 0.40
Mean aerodynamic chord, cm 68.63
Span, cm 58.85
Aspect ratio 0.87
Taper ratio 0.69
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TABLE IE.- LEADING-EDGE SLAT COORDINATES

x/cs

0
.0125
.0250
.0500
.0750
.1000
.1500
.2000
.3000
.4000
.5000
.6000
.7000
.8000
.9000
.9500
1.0000

zu/cs zZ/Cs

-2L= 0.320; cs= 9.455 cm
D/Z

-0.0122
*>217
.0366
.0574
.0740
.0887
.1109
.1277
.1467
.1506
.1461
.1320
.1076
.0776
.0436
.0254
.0062

-0.0122
-.0351
-.0429
-.0505
-.0538
-.0542
-.0495
-.0417
-.0238
-.0062
.0110
.0237
.0281
.0261
.0170
.0094
0

zu/cs zl/cs

-Z-= 1.000; c(i = 4.321 cm
b/2 s

-0.0837
.̂0564
-.0444
-.0270
-.0134
-.0012
.0176
.0326
.0514
.0607
.0647
.0620
.0531
.0400
.0234
.0138
.0043

-0.0837
-.1000
-.1041
-.1064
-.1073
-.1061
-.0998
-.0897
-.0682
-.0485
-.0300
-.0129
-.0015
.0031
.0035
.0021
0

17
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Wind direction

Co

CL

Wind direction

View A-A
Figure 1.- System of axes. Positive directions of forces, moments,

and angles are indicated by arrows.
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0.25clme(A"»0.60<>)

115-67

Fuselage reference lineline — -7

/ Moment reference — \
i

« 82.68 —

< — 68.96 »

kX^I/ ,'
. X^y/80.14 -

Horizontal tail pivot line

55.651 H o.25c line (A*46.88°)

— ev "68.63 -H/ t
/. V 58.(

21.52 - Wing reference line 52.17

441.96

58.85

27.66 | 67.3,

77.27

18.41
30A8diomf —

(a) Complete model geometric characteristics.

Figure 2.- Details of model. (Dimensions in centimeters.)
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-2

3 4 5 6 .7 .8
Sponwise station -5L' b/2

(b) Wing spanwise details.

Figure 2.- Continued.
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Spoiler
hinge line 0.60c

c
0.60c

Spoiler hinge line

Typ i ca l section

(d) Spoiler description and location.

Figure 2.- Concluded.
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(b) Concluded.

Figure 3.- Concluded.
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a.deg

-.6 -.4 -.2 .8 .. 1.0 L2 1.4 1.6 1.8

Figure 4.- Effect of horizontal-tail deflection on longitudinal aerodynamic
characteristics of clean configuration with nacelles on and slat off;
5 f :6 f=0°.
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-.6. -4 -.2 .8 1.0 1.2 1.4 1.6 1.8

Figure 4.- Concluded.
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Figure 5.- Effect of horizontal-tail deflection on longitudinal aerodynamic
characteristics of clean configuration with nacelles and slat off;
6f = 0°.
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Cm

Figure 5.- Concluded.
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a.deg 8

.2 4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4
CL

Figure 6.- Effect of horizontal-tail deflection on longitudinal aerodynamic
characteristics of take-off configuration with nacelles on. 6g = 40°;
6f = 20°.
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-4 -.2 0 .2 4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

Figure 6.- Concluded.
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a.deg 8

Figure 7.- Effect of horizontal-tail deflection on longitudinal aerodynamic
characteristics of take-off configuration with nacelles off. 5S = 40°;
6f = 20°.
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1 - 4 0 4 8 1 2 1 6
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Figure 7.- Concluded.
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CD

.24 .6 .8 1.0 1.2 1.4 1.6 IB 2.0 2.2 2.4 2.6

Figure 8.- Effect of horizontal-tail deflection on longitudinal aerodynamic
characteristics of landing configuration with nacelles on. 6g = 50°;
6f = 40°.
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Figure 8.- Concluded.
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Figure 9.-- Effect of horizontal-tail deflection on longitudinal aerodynamic
characteristics of landing configuration with nacelles off. 6S = 50°;
6 f =40° .
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^yfi^W^

Figure 9.- Concluded.
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a,cleg 8

1.0 1.2 1.4 1.6

Figure 10.- Effect of wing upper-surface spoiler deflection for roll control
for clean configuration with nacelles on and slat off. it = -10°; 5f = 0°.
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8 1.0 1.2 1.4 1.6

Figure 10.- Continued.
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a.deg

Figure 10.- Continued.
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4 .6 .8 1.0 1.2 1.4 1.6

Figure 10.- Concluded.
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4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2

Figure 11.- Effect of wing upper-surface spoiler deflection for roll control
for take-off configuration with nacelles on. it = -10°; 6g = 40°;
6f = 20°.
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1.0 1.2 1.4 1.6 1.8 2.0 2.2

Figure 11.- Continued.
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Figure 11.- Continued.
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Figure 11.- Concluded.
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Figure 12.- Effect of wing upper-surf ace spoiler deflection for roll control
for landing configuration with nacelles on. ^ = -10°; 6g = 50°; 6f = 40°.
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Figure 12.- Continued.
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Cn .02

CY -.08

Figure 12.- Continued.
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Cn

CY I

.6 .8 ID 1.2 1.4 1.6 1.8

Figure 12.- Concluded.
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20 24

Figure 13.- Effect of horizontal and vertical tails on static lateral
stability derivatives of clean configuration with nacelles on and slat-/;,'
off. ^=-10° for horizontal tail on; 6f = 0°. V::V
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Figure 14.- Effect of nacelles on static lateral stability derivatives of clean
configuration with slat and horizontal-tail surface removed. 6f = 0°.
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Figure 15.- Effect of horizontal and vertical tails on static lateral stability
derivatives of take-off configuration with nacelles on. it = -10° for
horizontal tail on; 6g = 40°; 6f = 20°.
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Figure 16.- Effect of horizontal and vertical tails on static lateral stability
derivatives of take-off configuration with nacelles off. L = -10
horizontal tail on; 6S = 40°; 6f = 20°.
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Figure 17.- Effect of horizontal and vertical tails on static lateral stability
derivatives of landing configuration with and without nacelles. L = -10°
for horizontal tail on: 6a = 50°; 6f = 40°.
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(a) Downwash angle.

Figure 18.- Effect of deflection of high-lift system on variation of effective
downwash characteristics with angle of attack for model with nacelles on.
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(b) Downwash slope, de/da.

Figure 18.- Concluded.
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(a) Downwash angle.

Figure 19.- Effect of deflection of high-lift system on variation of effective
downwash characteristics with angle of attack for model with nacelles off.
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(b) Downwash slope, 9e/9a.

Figure 19.- Concluded.
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Figure 20.- Effect of deflection of high-lift system on variation of angle
of attack and horizontal-tail setting for trim with trim lift coefficient
for model with nacelles off.
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