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(U) SUMMARY (U)

(U) An experimental investigation has been conducted in the Langley 8-Foot
Transonic Pressure Tunnel of a 0.237-scale force model of a remotely piloted
research vehicle. The model was equipped with a thick, high-aspect-ratic
superciitical wing and employed elevons for pitch and roll control. The pur-
pose of the investigation was to provide experimental data for a prediction of
the static stability and control characteristics of the research vehicle. 1In
addition, the purpose was to provide an estimate of vehicle flight character-
istics for a computer simulation program used in the planning and execution of
specific flight-research mission. The wind-tunnel test conditions were for a
Reynolds number of 16.5 x 106 per meter at Mach numbers from 0.30 to 0.92. The
model test variables were as follows: symmetric and asymmetric elevon deflec-
tion angles from -9° to 6°; rudder deflection angles from -9° vo 0°; sideslip
angles from 0° to 6°; and angles of attack from -4° to 18°. Three model config-
uraticns that differed only with the addition of two ventral pod designs were
investigated.

(U) At some test conditions the model exhibited longitudinal instability char-
acterized by a "pitch-up" behavior. An adeqQuate margin of the stability was
determined for a cruise condition. The pitch-control effectiveness was shown
to be sufficient to trim the model at all Mach numbers tested. The model also
had positive roll-control effectiveness, positive vaw-control effectiveness,
positive effective dihedral, and directional stability.

(U) INTRODUCTION (V)

(U) The Drones for Aerodynamic and Structural Testing (DAST) project (ref. 1)
is a NASA flight program which uses a modified Firebee II target drone vehicle
as a test-bed aircraft for testing aeroelastic research wings (ARW). 1In the
integrated design of the second wing (ARW-2), the structural integrity of the
wing depends on the successful operation of several active control systems.
The ARW-2 design includes active controls for maneuver load alleviation, gust
load alleviation, relaxed static stability, and flutter suppression.

(U) This vehicle will be flight tested with simultaneous operation of all active
control systems. The successful conduct of this flight-test program depends to
some degree on prior prediction of the performance, flightworthiness, and sta-
bility and control characteristics of the research vehicle. Wind-tunnel investi-
gatiorns are used to predict these characteristics. In addition, the wind-tunnel
data are used to L.>vide an estimate of vehicle flight characteristics for a com-
puter simulation program. The simulation program is used in the planning and
execution of specific flight-research missions and as an aid in the prediction

of structural loadings at critical points in the flight envelope.
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(U) Results, with limited analysis, of wind-tunnel measurements of the total
aerodynamic forces and moments for a 0.237-scale model of the Firebee II air-
craft (ref. 2) equipped with a thick, high-aspect-ratio supercritical wing
(fig. 1) are documented in this paper. Three configurations of the wind-
tunnel model were tested. Each configuration differed only by the absence or
addition of one of two ventral pods that were designed to house instrumenta-
tior. and ballast weights for the flight-test vehicle. The wind-tunnel tests
were conducted in the Langley 8-Foot Transonic Pressure Tunnel at Mach numbers
from 0.30 to 0.92, angles of attack from approximately -4° to 189, angles of
sideslip from approximately 0° to 6°, and a Reynolds number of approximataly
16.5 x 106 per meter.

(U) SYMBOLS (U)

(U) The results presented herein are referred to the stability-axis system for
the longitudinal aerodynamic characteristics and to the body-axis system for

the lateral-directional aerodynamic characteristics (ref. 3). Porce and moment
data have been reduced to conventional coefficient form based on the geometry

of the reference wing pianform (i.e., the planform generated by extending the
straight leading and trailing edges of the outboard sections of the wing to the
fuselage centerline). Moments are refereznced to the quarter-chord point of the
mean geametric chord of the reference wing panel (model station 1.06, fig. 2).
All dimensional values are given in ST units; however, measurements and calcula-
ticns were made in U.S. Customary Units.

b wing span
c streamwise local chord of wing (includes trai’ing-edge extension)
c wing mean geometric chord
Et elevon mean geometric chord
L Drag
Cp drag coefficient (corrected for fuselage base pressure),
gs
cDa slope of drag curve, per deqg
9Cp
CD6 elevon effectiveness in drag parameter, 55-' per deg
e e
Lift
CL lift coefficient, -——
gs
CL,0 lift coefficient at zero angle of attack
CLa lift~curve slone, per deg

2 UNCLASSIFIED



UNCLASSIFIED
BcL
elevon effectiveness in l1ift parameter, 53—' per deg
e

Rolling moment
gSb

rolling-moment coefficient,

ac,

effective dihedral parameter, ZE—' per deg

ac
l
asymmetric elevon effactiveness parameter, -8—6—, per deg
a
BCl
effect of rudder deflection on rolling-moment coefficient, 53-,
r

per deg

Pitching moment

pitching-moment coefficient,
gsc

pitching-moment coefficient at zero lift

slope of pitching-moment coefficient against angle-~of-attack curve,
per deg (Cma < 0 indicates stability)

3Cpy

elevon effectiveness in pitch parameter, 53-, per deg
e

Yawing moment

yawing-moment coefficient,

gsb
Acp,
directional-stability parameter, - ZE—' per deg (C“B > 0 indicates
stability)
effect of asymmetric elevon deflection on yawing-moment —oefficient,
acp, 4
—_ r de
BGa' pe g

ac

n

rudder-effectiveness parameter, 53-. per deg
r
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Side force
side-force coefficient, —————e

gs

&y
side-force parameter, ZB-' per deg

effect of asymmetric elev. deflection on side-force coefficient,

aCy
—_— r de
ada' pe g
BCY
effect of rudder deflection on side-force coefficient, 53-, per deg
r

free-stream Mach number

CL
aerodyrnamic range parameter, product of M and (—)

Cp
aCp

Mach number at which 5—- = 0.10 (drag divergence)
M

free-stream dynamic pressure

radius

Planform area of basic wing panels (including fuselage intercept)
local wing section thickness

streamwise distance measured from leading edge of wing, positive
toward wing trailing edge

spanwise distance measur>d normal to model plane of symmetry, zero
at fuselage centerline

vertical distance measured normal to x, positive upward
angle of attack, deg
zero~lift angle of attack, deg

angle of sideslip, deg
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84 effective asymmetric elevon deflection angle (positive, right wing

Sur, - Smr
down), -———E—--—, deg

69 symmetric elevon deflection angle (positive trailing edge down), deg
dea symmetric pitch-control index, ——
Cng
e
GHL left elevon deflection angle (positive trailing edge down), deg
Sur right elevon deflection angle (positive trailing edge down), deg
Gr rudder deflection angle (positive trailing edge left), deg
CnB
6‘8 rudder-control index, -
r
€ angle of twist of local airfoil section (angle between the wing refer-
ence plane and a line through the leading edge and a point midway
between the upper and lower surfacer at the airfoil maximum thick-
ness), deg
Abbreviations:
M.S. model station, m
W.L. water iine, m
Subscript:
max maximum value

(U) APPARATUS AND PROCEDURE (U)

(U) MODEL DESCRIPTION (U)

(U) The wind-tunnel investigation was conducted using a 0.237-scale model of
the test-bed aircraft, a modified Firebee II target drone (ref. 2), equipped
with a thick, high-aspect-ratio supercritical wing. The general arrangement of
the basic wind-tunnel model (configuration A) is shown in fiqure 7 and the model
planform with selected geometric data is shown in figure 2.

(U) The supercritical wing was constructed of stainless steel and mounted in
a high-wing position. The wing reference plane had an incidence angle of 0°
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with respect to the fuselage centerline. The wing had approximately 4.4° of
twist (washout) in the unloaded condition. The spanwise twist distribution

and the maximum thickness-to-chord ratio for the wing are shown in figures 3
and 4, respectively. The reference wing (excluding the trailing-edge exten-
sion) had an aspect ratio of 10.3, a taper ratio of 0.40, a quarter-chord sweep
angle of 27° and a dihedral angle of 0°. The area of the reference wing plan-
form, including the fuselage intercept, was 0.183 mz, the mean geometric chord
of the i1eference wing panel was 14.15 cm, and the span was 1.37 m. Nondimen-
sional wing airfoil coordinates at the wing-fuselage junction, the wing-planform
break, and the wing tip are presented in table I. The wing reference plane was
located at W.L. = -0.013.

(U) The model fuselage was constructed of fiberglass skin, aluminum bulkheads
and a steel beam 1.282 m in length (from M.S. = 0.433 to M.S. =1.715) to
provide for a large degree of rigidity. Protuberances for angle-of-attack and
angle-of-sideslip measurements were not included on the model fuselage. The
abrupt change in fuselage area at the inlet duct on the flight configuration
(ref. 4) was modified to provide a smooth contour on the model for attached flow
conditions. A sketch of the air inlet-duct area is shown in figure 5. Indi-
cated on the sketch is a faired line of the revised contour for the wind-tunnel
model. The exit-duct area was covered by a flat surface having a rectangular
clearance hole that provided :.cess to the fuselage cavity for the model support
system. Cross-sectional views o the model fuselage geometry are presented in
figure 6. Static-pressure tubes were positioned at selected locations in the
fuselage to provide for base-pressure corrections to the test data.

(U) The tail surfaces of the model were constructed of stainless steel. The
rudder was attached to the ver cal fin by a hinge bracket that was fabricated
to provide rudder deflection anglcs from -12° to 0° in increments of 3°. Ele-
vons (all-movable, diffeientiall.s o crating horizontal-tail surfaces), which
provide for pitch and rcll contro., weie attached in a manner which allowed for
independent deflection angles f.onm =159 to 99 in increments of 3°. The ranges
of rudder and elevon deflex>tion angies *or the full-scale vehicle were from
-10° to 10° and from -12° to 7°, respectively.

(U) Three configurations of the wind-tunnel model were used during the test
program. The configurations, designated A, B, and C, differed only by the
absence or addition of one of two pod designs to the fuselage lower surface.
Configuration A refers to the basic wind-tunnel model shown in figure 1. Con-
figuration B refers to the basic wind-tunnel model with the addition of the pod
design shown in figures 7 and 8. Configquration C refers to the basic wind-
tunnel model with the addition of the pod shown in figures 9 and 10. Dimen-
sional data for the pod designs of configurations B and C are included in fig-
ures 7 and 9 along with their location on the fuselage. As indicated in the
sketch nf figures 7 and 9, the primary difference in the pods of configura-
tions 3 and C is the fairing located downstream of model staticn 1.108.

(U) TEST FACILITY (U)

(U) The investigation was conducted in the Langley 8-Foot Transonic Pressure
Tunnel. This facility is a continuous-flow, single-return, slotted-throat
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tunnel having controls that allow for the independent variation of Mach number,
density, temperature, and dewpoint. The test section is square in cross section
with the upper and lower walls axially slotted (each wall having ar open ratio
of approximately 0.06) to permit changing the test-section Mach number continu-
ously through the transonic speed range. The stagnation pressures in the tunnel
can be varied from a minimum value of approximately 0.25 atm at all test Mach
numbers to a maximum value of approximately 1.5 atm at transonic Mach numbers
and to approximately 2.0 atm at Mach numbers of 0.40 or less (1 atm = 101.3 kPa}.
A more detailed description of the tunnel may be found in reference 5.

(U) BOUNDARY-LAYER TRANSITION STRIPS (U)

(U) Boundary-layer transition strips were placed on all model components for
the entire investigation. All transition strips were 0.3-cm wide and were made
of carborundum grit. The size and location of each strip were determined by
the techniques of references 6 and 7 and from experiences gained by putting
transition strips on similar wind-tunnel models (e.g., ref. 8). The strips
were fixed at the location shown in figure 11. The model surface forward of
the strips was kept smooth to maintain laminar flow.

{Jj MEASUREMENTS AND TEST CONDITIONS (U)

(U) Six-component force and moment data were obtained with an electrical strain-
gage balance housed within the fuselage. Angle of attack was measured by means
of a t10g linear servo accelerometer that was also housed within the fuselaye

and aligned with the pitch reference axis (1g = 9.8 m/secz). Model static
pressures were measured in the vicinity of the strain-gage balance and in the
sting clearance opening at the aft fuselage.

(U) Measurements were taken over a Mach number range from about (.30 to 0.92
for angles of attack that varied from about -4° to 189 at sideslip angles from
0° to 6° at a Reynolds number of approximately 16.5 x 100 per meter. The entire
investigat.on was conducted at a stagnation temperature of 322 K and at a dew-
point low enough to avoid significant condensation effects (sce ref. 9).

(U) Basic longitudinal and lateral data were obtained for all undeflected con-
trol surfaces. ‘“aw-control data were obtained by rudder cdcflections, and picch-
and roll-control data were obtained by symmetric and asymmetric elevon deflec-
tions, respectively.

(U) ACCURACIES AND CORRECTIONS (U)

(U) The maximum allowable loadings for the six~component force balance used
in this investigation were as follows: normal force, 11.1 kN; axial force,
2.22 kN; side force, 1.78 kN; pitching moment, 1130 N-m; rolling moment,

848 N~m; and yawing moment, 508 N-m. The model sting support, however, had a
maximum allowable loading of 8.90 kN, which was used as the limiting normal
force. The accuracy of each component of the balance was estimated to be one-
half of one percent of the maximum value.
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(U) The angle of attack of the rodel was corrected for flow angularity in the
tunnel test section. Sideslip ungle was corrected for sting bending. Lift,
drag, and pi*ching-moment coefficients were corrected to a condition of free-
stream static pressure at the base using the static pressures measured in the
balance cavity and in the sting access opening at the aft fuselage. No cor-
rections have been applied to the data for sting interference effects or for
thre effects of either solid wake blockage or lift interference due to wall
effects. The estimated accuracy of Mach number was 0.003. The accuracy for
the angular deflection of the elevon and rudder was estimated to be within
approximately $1© and +0.19, respectively. It is believed that angle of attack
and angle of sideslip are accurate to $0.1°.

(U) PRESENTATION OF RESULTS (U)

{(U) The results of this investigation are presen’ ‘d in the following figures:

Figure
Basic longitudinal aerodynamic characteristics:
Effect of model confiquration . . . + & v v ¢« v 4 ¢ 4 4+ 4 e 4 4 . . 12
Effect Of SicCeSliP . + v ¢ v ¢ ¢ ¢ o s & o o o o o s o o o o« o s o 13
Effect of pitch control (symmetric elevon deflection) . . . . . . . . 14
Summary of longitudinal aerodynamic characteristics:

Variation of zero-lift angle o attack with Mach nwaber for model

configurations A, B, and C; S = 0% . . . . .. .. 000 0. 15
Variation of lift coefficient at a = 0 with Mach number for

model configurations A, B, ana C; &g =0° . . . . . . ... ... 16
Variation of zero-lift pitcuiing-moment coefficient with Mach

number for model configurations A, B, and C; 6 =00 . . . . . .. 17
Variation of drag coefficient with Mach number for model

configurations A, B, and C for several lift coefficients . . . . . 18
Variation of drag-divergence Mach number with lift coefficient

for model configurations A, B, and C . .+ + « ¢« + & & & o & o s « 19
Variation of aerodynamic range parameter with Mach numver for

five lift coefficients . . ¢« . v & v ¢ ¢« v 4 et a h e e e e e e 20
Variation of lift-curve slope with Mach number for model configu-

rations A, B, and C. 8o =09 B =00 . . . . .. ... 21

Variation of static stability derivétive with Mach number for
model configurations A, B, and C. 83 =09 B8 =00. .., .. ... 22

Longitudinal gtatic stability boundaries . . . . . . . . . + + .+ « . 23
Variation of drag-curve slope with Mach rumber for model

configurations A, B, and C. §g =09; B=00. ., ... ...... 24
Variation of elevon effectiveness in lift with Mach number.

Model configuration ¢; -9¢ 5 84 5 39; B =00 . .. .. ... ... 25
Variation of elevon effectiveness in pitching moment with Mach

number. Model configuration C; =99 S 8,5 39%; B=0° ., ., . . .. 26
Variation of elevon effectiveness in drag with Mach number.

Model configuration C; -9 3 6,339 B8 =0 .., ... ... ... 27
Variation of pitch-control index with Mach number for

model configuration C . . & ¢ v ¢ « ¢ s 4 c v 4 v s e e e e e e e 28
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Figure
Basic lateral-directional aerodynamic characteristics:
Effect of model configuration . . . . . + & ¢ ¢ 4 o v 4 4 e e e v . . 29
Effect of SideSliP . + « ¢ & &« v ¢ 4 4 4 4 e 4 4 4 e e e e e e e 30
Effect of roll control . . ¢ v ¢ ¢ o & o o o o o s ¢ o o o s o o s o K}
Effect of directional contiol . . « . ¢ ¢« ¢ s + & o & o o o s s 4 . 32

Summary of lateral-directional aerodynamic characteristics:
Variation of lateral-directional stability characteristics with
lift ~ officient for two ranges of sideslip angle. Model
configuration € . v & 4+ ¢ ¢ o o o o o o o & o 4 4 s s e e 8 a4 s 33
Variation of lateral-directional stability characteristics with
Mach number for two ranges of sideslip angle. Model

configuration C . & & v ¢ 4 ¢ ¢ 4 4 4 e o s s s e 8 4 s e e e e e 34
Variation o roll-control derivatives (asymmetric elevon

deflection) with lift coefficient for model configurationC . . . . 35
Variation of roll-control derivatives (asymmetric elevon

deflection) with Mach number for model configurationC . . . . . . 36

Variation of rudder-control derivatives with rudder deflection
for model configuration C . . . . v v v ¢ ¢ 4 4 @ e 4 e e e s e e e 37
Variation of rudder-control derivatives with Mach number for

four rudder deflection angles. Model configurationC . . . ., . . . 38
Variation of rudder-control index with lift coefficient for

four rudder deflection angles. Model configurationC . . . . . . . 39
Variation of rudder-control index with Mach number for four

rudder deflection angles. Model configuration C . . ¢ « ¢« « &« « . 40

{C) DISCUSSION OF RESULTS (U)

(U) Measurements of the basic data for tne longitudinal and lateral-directional
characteristics were obtained in different angle-of-attack ranges for the three
model configurations. The initial tests were made using model configuration 3
to determine a "well-defined" maximum value for the lift coefficient. During
these tests, severe buffeting and/or rolling moments were encountered at the
higher angles of attack and Mach numbers, To avoid possible damage to the model
or instrumentation, the angle-of-attack range for subsequent tLests of model con-
figurations A and C was limited by buffet onset or balance off-scale loading.
Also, comparable data at selected Mach numbers were not cbhtained for all config-
urations. This additional limitation on the date of the test procaram was con-
sidered to have a negligible effect on the test results.

{U) The resulting data from the wind-tunnel tests (figs. 12 to 14 and 29 to 32)
were reduced to coefficient form and fitted with a smooth curve generated by a
tension-spline computer program (ref. 10). The computer program was also used
to generate the interpolated data for the summary of the longitudinal aerody-
namic characteristics (i.e., figs. 15 to 18) and for the derivatives of the
summary (i.e., figs. 19, 21 to 24, and 37 to 39). A linear least-sguare fit
based on the method of reference 11 was used for the derivatives of figures 25
to 27 and figures 35 and 36. The derivatives of figures 33 and 34 were obtained
fram calculations of the incremental changes of the variables.
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(C) LONGITUDINAL AERODYNAMIC CHARACTERISTICS (U)
(U) Basic Characteristics (U)

(U) The effect of model configuration on the longitudinal aerodynamic charac-
teristics is indicated ir figure 12. Data are presented for model configura-
tions A, B, and C at a sideslip angle of 09, at a symmetric elevon deflection

of 0°, and at Mach numbers from 0.300 to 0.920. The data indicate similar
variations of the longitudinal characteristics for each model configuration.

At M = 0.860 and above, the configurations with pods have increasingly greater
drag with increasing Mach number, and somewhat lower lift at corresponding
angles of attack. The effect of the pods on pitching moment is not consistent
with increased drag below the mament center, ind.cacing that there may be other
interference effects due to the presence of the pol.

(U) The effect of sideslip on the longitudinal aerodynamic characteristics is
indicated in figure 13, Data are presented for model configuration C at three
sideslip angles {nominal values of 09, 2.59, and 5.0°), a symmetric elevon
deflection of 09, and for Mach numbers from 0.300 vo 0.920. At a Mach number
of 0.300, pitching-moment coefficient increased as sideslip was increased for
the range of angles of attack. At the higher Mach numbers (M & 0.700), the
data show a "cross-over" angle of attack where the pitching-moment coefficient
decreased with increased sideslip. This cross-over angle of attack decreased
as Mach rumber increased from Mach 9.700 to 0.900. A secondary effect of side-
slip is best illustrated at Mach 0.800 by the small reducction in the magnitude
of the lift coefficient at an angle of attack of 2°. The effect of sideslip
on the lift coefficient appears to be associated with the larger increments in
pitching-moment coefficient due to sideslip. 1In general, the data indicate a
substantial effect of sideslip on the pitching-moment coefficient, and a small
or negligible effect of sideslip on the 1lift and drag coefficients.

(U) The effect of pitch control (symmetric elevon deflection) on the longitud-
inal aerodynamic characteristics is presented in figure 14. Data are presented
for model configuration C at five symmetric elevon deflections (-9°, -6°, -39,
0°, and 3°) and for the tail-off condition at a sideslip angle of 0° foi Mach
numbers from 0.300 to 0.900. AL elevcu deflection was varied from -9° to 39,
the data indicate that the 1ift coefficient increased and that the pitching-
moment coefficient decreased for each Mach number. 1In general, the results
indicate that the model could have been trimmed throughout the ranges of Mach
number and angle of attack with a relatively small symmetric deflection angle.
For a given angle of attack, more negative symmetric elevon deflection is
required with increasing Mach number.

(C) Summary Characteristics (U)

(U) Variations of the zero~lift angle of attack, the zero-anjle-of~attack lift
coefficient, and the zero-lift pitching-moment coefficient with Mach number are
presented in figures 15 to 17, respectively, for model configurations A, B,

and C with symmetric elevon deflection of 0°, Small changes in the values of
the zero-1lift angle of attack (fig. 15), the zero-angle-of-attack lift coeffi-
cient (fig. 16), and the zero-lift pitching-moment coefficient (fig. 17} are
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indicated for the lower Mach numbers (M S 0,750 or 0.800). At the higher Mach
numbers, all parameters changed rapidly with Mach number. For each model con-
figuration, a positive value for the zero~lirt pitching moment is also indicated
throughout the range of Mach numbers. In gener>l, the data of figures 15 to 17
indicate only small changes due to changes in mode. ~onfiguration, but signifi-
cant variations with increasing Mach number at the high Mach numbers.

(U) The drag characteristics for each model configuration are pr .ented in
figure 18. For each lift coefficient, the data show a characteristic drag rise
at Mach numbers from about 0.80 to 0.92. The data al:co show a significant
effect of model configuration. For a given Mach number, the smallest drag
~oefficients were usually obtained for confiouration A, whereas the | argest
drag coefficients were usually obtained for configuration B. The improvement
(reduction) in the drag coefficients of configuration C compared with that of
configuration B is atiributed tc the longer aft pod fairing of configuration C
{fig. 9). This longer, more streamlined pod had z smaller "“"dead-air"™ region
behind it than the relatively blunt-ended pod of configuration B.

(C) The drag-divergence Mach number Mpp is presented as a function of lift
coefficient in figure 19 for each configuration. The data show that a maximum
value for the drag-divergence Mach number was obtained at a lift ccefficient
of 0.20 for configurations A and B, and at a lift coefficient of 0.30 for con-
figuration C. The highest drag-divergence Mach number (Mpp = 0.832) was
obtained for configuration A.

(U} Variations in the aerodynamic range parameter M({L/D) with Mach number
are presented in figure 20 for all model configurations and for lift coeffi-
cients fram 0.30 to 0.70. The range parameter, which is proportional to the
range of the full-scale flight vehicle, was computed for each configuration by
obtaining the product of Mach number and lift-drag retio Cp/Ch at each lift
coefficient. The data of figure .. may be used to obtain an estimate of a
cruise flight condition (the flight condition for maximum range in the absence
of propulsive and structural trade-offs). An obvious choice is the flight con-
dition associated with the higheat value of M(L/D). The combinations of Mach
number and lift coefficient for maximum M(L/D) are different for each con-
figuration. However, with only onc¢ exception, all curves in figure 20 peak at
a Mach number of approximately 0.80 (M = 0.80 t 0.02). uince orly an estimate
is sought, a Mach number of 0.80 is a reasonable single choice which applies

to the three model configurations. A lift coefficient of 0.60 results in the
largest value of M(L/D) at a Mach number of 0.80 for all configurations.
However, for this combination of Mach number and lift coefficient, the data in
figure 12(e) exhibit a pronounced change in the slopes (breaks) of the lift and
pitching-maoment curves. These breaks are usually indicative of buffet onset
and stability problems (Cma P4 0). Thus, a lift coefficient of 0.50 was chosen

to provide some margin prior to the occurrence of buffet and instability. For

each model configuration, the data of figure 20 indicate a reduction of only

5 to 6 percent in the value of the range parameter M(L/D) at a Mach number

of 0.80 when the 1lift ovefficient changes from 0.60 to 0.50. Accerdingly, the

estimate for an efficient cruise flight condition is a lift coefficient of .50
at a Mach number of 0.80. This flight oonﬂition agrees well with the cruise
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flight condition reported in reference 12 for a wind-tunnel investigaticn of
a similar high -aspect-ratio supercritical wing mounted on a wide-body type
fuselage.

(U) Variations of the lift-curve slope with Mach number are presented in
figure 21 for model cunfigurations A, B, and C. Data are presented for the
results of figure 12 at angles of attack from -4° to 3¢ in the range of test
Mach numbers. The effect of model configuration on the variation of lift-
curve slope was generally small or insignificant. The data of figure 21 show
that the lift-curve slope gradually increased to a peak value and, thereafter,
decreased rapidly as the Mach number was increased. Significant differences
in the magnitude of the l1ift-curve slope are indicated after the peak.

{U) variations of the static stability derivative with Mach number are pre-
sented in figure 22 for model configurations A, B, and C. Data are presented
for the results of figure 12 for angles of attack from -4° to 3° in the range
of tesi. Mach numbers. The data indicate that the model configurations were
statically stable (Cmq < 0} from a Mach number of about 0.30 up to a Mach num-

ber which varied from 0.75 to 0.90 depending on angle of attack and model
configuration.

(U) The stability boundaries for model configuratiors A, B, and C are presented
in figura 23 based on the information of fiqure 22. The figure presents bound-
aries in terms of Mach number and angle of attack and in terms of Mach number
and lift coefficient. The dashed lines represent the combination of either Mach
number and angle of attack or Mach number and lift coefficient for which the
longitudinal static stability de-ivative has the largest negative value.

(U) Variations of the drag-curve slope CDQ with Mach number are presented

in figure 24 for model configurations A, B, and C. Data are presented for the
appropriate slopes from the data of figure 12 for lift coefficients from 0.0
to 0.60. The data indicate similar trends for each model configuration in the
range of test Mach numbers. At Mach numbers above 0.80, large variations of
the drag-curve slope are indicated. As 1.ft coefficient was increased, the
variations of the drag-curve slopes became more severe. Both lift coefficient
and Mach number have considerable effect on the drag-curve slope. For 1lift
coeffirients at and below 0.40, the effect of model configuration on the drag-
curve slope is, in general, secondary.

(U) Variations of elevon effectiveness with Mach number are presented in
figures 25 to 27. The data are presented for model configuration C at ancles
of attack from 0° to 39 in figures 25 and 26, an! for lift coefficients from
0.00 to 0.60 in figure 27. Symmetric elevon deflections were varied from -9°
to 3°. The elevon effectiveness in lift (fig. 25) and the elevon effectiveness
in drag (fig. 27} were essentially unchanged in the Mach number range from 2.30
to> approximately 0.70, and small changes gradually developed at Mach numbers
from about 0.70 tc 0.96. The effect of angle of attack on elevon effectiveness
in lift or the effect of lift coefficient on elevon ef ‘~ctiveness in drag was,
in y~neral, insigificant for the range of test variabl.s. A small increase of
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elevorn effectiveness in pitching moment (fig. '6) was obtained as Mach number
was varied from 0.30 to 0.90. It is apparent that the effect of angle of attack
on the elevon effectiveness in pitching moment was insignificant.

(1) The variation of the pitch-control index 69& with Mach number is presented

in figure 28. Data are presented for model configuration C at angles of attack
from 0° tc 3°. The Gata show substantial variations of the pitch-control index
for Mach numbers above 0.70. The excursions of the pitch-control index are
associated with changes in the longitudinal static stability of the model

(figs. 22 and 23) at the higher Mach numbers. At Mach numbers from 0.73 to
0.86, the pitch-control index decreased rapidly as angle of attack was increased
from 1© to 39. and at Mach numbers from 0.86 to 0.90, the pitch~control index
increased rapidly for angles of attack from 0° to 3°. The data of figure 28
indicate that, in general, pitch-control index was significantly affected by
angle or ittack and Mach number for Mach numbers above 0.70.

(U) LATERAL-DIRECTIONAL AERODYNAMIC CHARACTERISTICS (U)
(U) Basic Characteristics (U)

(U) The effect of model configuration on the lateral-directional aerodynamic
characteristics is presented in figure 29. Data are presented for model co..fig-
urations A, B, and C at a sideslip angle of 0°. The data indicate that the
lateral-directional characteristics were essentially unchanged at the lower

Mach number of 0.300 and for angles of attack in the range from about -4° to 8°.
As Mach number was increased, the angle-of-attack range for very small or insig-
nificant changes increased for the yawing-moment and side-force corefficients,
and decreased for the rolling-moment coefficients. At Mach numbers above abcut
0.800, the rolling-moment coefficient oscillates with increasing angle of attack.
A significant effect of model configuration is also indicated on the roiling-
moment coefficient for the higher Mach numbers of 0.900 and 0.920. The change
in rolling-moment coefficient is probably associated with an asymmetric loss

of lift at the higher angles of attack.

(U) The effect of sideslip on the lateral-directional aerodynamic character-
istics is presented in figure 30 for model confiquration C at nominal sideslip
angles of 09, 2.59, and 5.0°. For all three sideslip angles, the data show a
significant effect of angle of attack on the rolling-moment coefficient. As
sideslip angle increased the effect oi. angle of attack on the rolling moment
became more pronounced. Significant negative and positive rolling moments are
indicated for Mach numbers of 0.7060 and 0.840 (figs. 30(b) and 30(e)). A
negligible effect of angle of attack on the yawing-moment coefficient is indi-
cated throughout the Mach number range, except at a Mach number of 0.300 for

an angle of attack of 10° where data were obtained at a longitudinally unstable,
pitch-up condition. The side-frrce coefficient generally shows a small or
negligible effect of angle of attack for a sideslip angle of 0°. For a side-
slip angle of 2.5° at Mach numbers above 0.900 (fig. 30(g)) and for a sideslip
angle of 5.0° at Mach numbers above 0.860 (fig. 30(f)), the data show that as
angle of attack was increased the side-force coefficient increased significantly
in the negative direction.

UNCLASSIFIED 13
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(U) The effect of roll control on the lateral-directional aerodynamic charac-
teristics is presented in figure 31. These data were obtained for model con-
figuration C with asymmetric elevon deflections of -6°, -3°, -1.59, 0°, and 3°.
The data show significant nonlinear variation of the rolling-mament coefficients
near angles of attack corresponding to the longitudinally unstable condition.
These variations (also obtained in the investigation of ref. 13) are considered
to be primarily associated with asymme-ric wing stall and occur at lift coeffi-
cients that are well bevond the operating range of the flight vehicle. The
effects of angle of attack and Mach number on the yawing-moment and side-force
coetficients are not considered significant.

(U) The effect of directional control on the lateral-directional aerodynamic
characteristics is presented in figure 32. The data were oktained for model
configuration C with rudder deflection angles of 0°, -39, -6°, and -9° (trail-
ing edye to the right). The primary effect of rudder deflection is indicated

by the relatively large positive yawing-moment coefficient and the associated
neaative side-force coefficient for the ranges of angle of attack and Mach num-
ber. 1hc Az2la also indicate a small effect of rudder deflection on the rolling-
moment coefficient at angles of attack where the model was stable (fig. 32(c)),
and that there was a negligible effect of angle of attack and Mach number on the
yawing-moment and side-force coefficients. 1In general, the results indicate
that rudder deflection prcvides a significant positive diractional contrel, a
significant side effect on side force, and a small side effect on rolling moment.

(U) Summary Characteristics (U)

(U) Variations of the lateral-directional static stability characteristics with
lift coefficient are presented in figure 33. Data are presented for model con-
figuration C over two ranges of sideslip angle for the range of test Mach num-
bers. The lower range of sideslip angles had nominal values from 0° to 2.59,
and the upper range of sideslip angles had nominal values from 2.5° to 5.00°.

The actual values of the ranges of sideslip angle are indicated on the figure.
The rolling-moment derivative (dihedral effect) is shown in figure 33(a), the
yawing-moment derivative (directional stability) is shown in figure 33(b), and
the side-force derivative is shown in figure 33(c). Positive effective dihedral
(CZB < 0) was obtained for Mach numbers up to 0.80 for both ranges of sideslip

angle. Both positive and negative effective dihedral are shown for the higher
Mach numbers (M > 0.80) at selected lift coefficients and sideslip angles. The
reversa. of dihedral effect (ClB > O) is attributed to asymmetric wing stall.

In figure 33(b), the data indicate that the model was directionally stable
(C“B > 0) for all test conditions. The directional stability was significantly

larger for the upper range of sideslip angles than for the lower range of side-
slip angles. Although the effect of lift coefficient was not consistent in the
range of Mach numbers, the largest effect occurred at a Mach number of 0.84 and
is indi~ated by a gradual increase in directional stability of approximately

31 percent for the upper range of sideslip angles and 73 percent for the lower

range of sideslip angles. The data of figure 33(c) indicate that 1lift coeffi-
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cient has a small effect on the side-force derivative for both the upper and
the lower ranges of sideslip angle. The near-linear reduction in the value of
the side-force derivative for the upper range of sideslip angles varied from
about 15 percent at a Mach number of 0.30 to about 14 percent at a Mach number
of 0.92 in the range of lift coefficients. The side-force derivative was
always smaller for the upper range of sideslip angles for the range of test
conditions.

(U) Variations of the lateral-directional static stability characteristics with
Mach number are presented in figure 34. The data, which are cross plots of the
results of figure 33, are presented for model configuration C at lift coeffi-
cients fram 0.0 to 0.50 for two ranges of sideslip angle. One range of sideslip
angles had nominal values from 0° to 2.59 and the other range had nominal val-
ues from 2.5° to 5.0°, The actual values of the ranges of sideslip angle are
indicated on the figure. The rolling-moment derivative (dihedral effect) is
shown in figure 34(a), the yawing-mament derivative (directional stability) is
shown in figure 34(b), and the side-force derivative is shown in figure 34(c).
In figure 34(a), large excursions of the dinedral effect are indicated at Mach
numbers above 0.80. The data also indicate that an unstable dihedral effect
(CIB > 0) occurred for both ranges of sideslip angle. PFor the lower Mach nim-

bers (0.30 to 0.70), small or insignificant changes in the dihedral effect a.e
indicated for both ranges of sideslip angle. The data of figure 34(b) indicate
that the model was directionally stable ?C“B > 0) at all test conditions. The

data also indicate that the model had more directional stability at the upper
range of sideslip angles than at the lower range of sideslip angles. A signif-
icant increase of directional stability occurred at the higher Mach numbers
(above 0.80) for both ranges of sideslip angle. The data of figure 34(c) indi-
cate that the side-force derivative was negative for all test conditions. As
Mach number was increased, larger negative values of the side-force derivative
were obtained.

(U) Variations of the roll-control derivatives (asymmetric elevon deflection)
with 1lift coefficient are presented in figure 35 for model configuration C.
These data weie obtained for asymmetric elevon deflections of -6° (§y, = -9°,
Sgr = 3°), -39 (8yp, = 00, Ogg = 69), -1.50 (8, = -39, Suxg = 0°), 0°

(Sgr, = 0°, Oyg = 0°), and 39 (8gp, = -39, 8y = -9°). The data of figure 35
show that the roll-control effectiveness was positive (positive values of the
rolling-moment derivative). The effect of lift coefficient on the roll-control
effectiveness was significant but not consistent at all test Mach numbers. The
largest effect, however, is indicated for a Mach number of 0.90 where the roll-
control effectiveness increased approximately 94 percent over the range of 1lift
coefficients (0 to 0.6). The data also indicate a near-linear reduction of the
yawing-moment derivative with increasing lift coefficient for the test Mach num~
bers. In the range of lift coefficients, a reduction of about 65 percent is
indicated for a Mach number of 0.30, and reductions of about 31 percent and

34 percent are indicated for Mach numbers of 0.80 and 0.90, respectively. The
side~force derivative due to asymmetric elevon deflection increased (became less
negative) with lift coefficient for the test Mach numbers. The increase of the
gide-force derivative was nearly linear with lift coefficient and the slopes
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were approximately equal for the test Mach numbers. The largest increase of
side-force derivative (38 percent) was for a Mach number of 0.90 over the range
of lift coefficients.

(U) Variations of the roll-control derivatives (asymmetric elevon deflection)
with Mach number are presented in figure 36 for model configuration C. These
data are cross plots of figure 35 for a range of 1lift coefficients from 0.0 to
0.60. The data show that there was a small or negligible effect of Mach numbe:
on the roll-control effectiveness up to a Mach number of approximately 0.70.

The data show (depending on lift coefficient) changes of roll-control effective-
ness as Mach number was increased from 0.70 to 0.90. A pronounced effect of
Mach number is indicated for the yawing-moment and side~force derivatives. As
Mach number was increased, the yawing-moment derivative increased and the side-
force derivative decreased for all lift coefficients. The results of figure 35
show that Mach number and lift coefficient had a significant effect on the roll-
control derivatives; however, Mach numbers up to about 0.70 had only a minimal
effect on the roll-control effectiveness.

(U) Variations of the rudder-control derivatives with rudder-deflection angle
are presented in figure 37 for model configuration C. These data were obtained
from cross plots of the results of figure 32. The data of figure 37(a) show
that the rudder deflection had a considerable effect on the rolling-moment
derivative. The most pronounced effect of rudder deflection is indicated for a
Mach number oZ 0.90, where the largest effect of lift coefficient is also indi-
cated. The data of figure 37(b) show the effect of rudder deflection on the
yawing-moment derivative (directional-control derivative). The salient feature
of these data is the nonliriear variation of directional control with rudder
deflection. A small change (increase) in directional control is indicated for
rudder deflection angles from 0° to about -3° or -4°, and the more significant
levels of directional control occurred at the largest deflection angles. The
data of figure 37(c) show the effect of rudder deflection on the side-force
derivative. In general, the maximum (positive) values of the side-force deriv-
ative occurred near a rudder deflection angle of -8° and the minimal values
occurred at rudder deflection angles from 0° to about -3° or -4°, depending on
Mach number and lift coefficient. Values of the side-force derivative were con-
sistently positive for all test variables.

(U) Variations of the rudder-control derivatives with Mach number are presented
in figure 38 for model configuration C at four rudder deflection angles. These
data are cross p.ots of the results of figure 37. The data of figure 38(a) show
characteristic reversals of the rolling-moment derivative at Mach numbers above
0.70 for rudder deflection angles of -9°, -39, and 0°. The data also indicate
that the direction and severity of the reversals for the rolling-moment deriv-
ative are dependent on lift coefficient and rudder deflection angle. The data
of figures 38!b) and 38(c) show variations of the yawing-moment derivative
(directional-control derivative) and side-force derivative with Mach number,
respectively. These data indicate that the effects of Mach number (and 1lift
coefficient) were relatively small on the directicnal-control and side-force
derivatives. The data also indicate that rudder deflection provides signifi~-
cant directional control and side force.
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(U) Vvariations of the rudder-control index with lift coefficient are presented
in figure 39 for model configuration C at four rudder deflection angles. Data
are included for the upper and the lower ranges of sideslip angle. and the
actual values of sideslip angle are shown in the figure. The data show that the
rudder-control index was not significantly affected by lift coefficient for most
test conditions. The largest change in rudder-control index is shown for a Mach
number of 0.840 at the lower rudder deflection angles. Decreased rudder-control
sensitivity is also indicated as the rudder deflection angie was varied from

0° to -9°. At corresponding test conditions, the rudder-control index is sub-
stantially larger for the upper range of sideslip angles than for the lower
range of sideslip angles.

(U) Variations of the rudder-control index with Mach number are presented in
figure 40 for model configuration C and at rudder deflection angles. These
data are cross plots of the results of figure 39. Data are included for the
upper and the lower ranges of sideslip angle, and the actual values or sideslip
angle are shown in the figure. The data show that the rudder-control index was
relatively insensitive o Mach numbers in the Mach number range from 0.30 to
0.80. A significant increase of rudder-control index is also shown as Mach
number was varied from 0.80 to 0.90 for all 1lift coefficients.

(U) CONCLUDING REMARKS (U)

(U) A wind-tunnel investigation has been conducted to determine the longitu~
dinal and lateral-directional static stability and control characteristics of a
0.237-scale force model of a remotely piloted research vehicle with a thick,
high-aspect-ratio supercritical wing. Three configurations of the model were
tested at Mach numbers from 0.30 to 0.92, at angles of attack from about -4°

to 18°, and at angles of sideslip from 0° to 6°. Regions of longitudinal
instability were identified for the model. The horizontal-tail effectiveness
in pitch was shown to be sufficient to trim the model for Mach numbers up to
0.90. The model had positive effective dihedral for Mach numbers up .o about
0.82. 1In addition, the model was directionally stable, had positive effective-
ness of roll control, and had positive effectiveness of yaw control for Mach
numbers up to 0.90.

(U) Limit performance analysis indicated that maximum values of the drag-
divergence Mach number occurred at lift coefficients between 0.20 and 0.30 for
the model configurations. A cruise condition based on the aerodynamic range
parameter was identified to be a lift coefficient of approximately 0.50 and a
Mach number of 0.80.

Langley Research Center

National Aeronautics and Space Administration
Hampton, VA 23665

April 16, 1980
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(C) TABLE I.- STREAMWIDE AIRFOIL COORDINATES (U)

(wing~-fuselage junction)

Y
(@) — =0.07
b/2
z/c
x/c
Upper Lower
surface surface
0,00000 | e,001u9 | »,00149
«00200 .00989 e, 01321
00800 01616 v, 01929
J01000 +02306 | =,02631
L02000 03193 -, N34RY
03000 0371 ., 04092
2040100 JNULLA ®, 04506
J08000 LNdUxy -, 04900
06000 N4696 | o,05242
207000 JNU9Y | =, 05555
JOR0N0 +05107 », 05847
209000 05277 »,06119
L10000 L05415 | =, 06374
L11000 . 05533 e, 06601
12000 205629 =,06821
J3000 08718 [ =,07020
Jlanoo L0870 -, 07209
L18000 L0588y | o, 0N73AA
Lis00nN ,N8912 ., 07845
17000 , 05987 -, 07692
L1R000 ,0600% ., 0T&28
,19000 W06026 ., 07950
,20000 06080 | « OR0ES
221000 206043 e, 08174
,22000 06047 «, 08268
23000 , 06039 e, 08352
,24000 .06032 v, 0RU25
« 25000 06014 | e 084RY

zZ/c
x/c

Upper Lower

surface surface
26000 . 08997 =, 0R550
27000 ,058949 - 08602
.28000 «N5942 v, 08643
«29000 « 05904 v, 08p86
230000 . 0SR67 *, 08717
31000 .05829 »,NRTUB
+ 32000 . 05781 -, 08781
« 33000 «N5734 -, 08802
34000 08675 -,08825
.36000 .0554A e, 08848
37000 ,08479 -, 08849
.38000 L05412 | =,0RB50
,39000 L05332 | e, 0RBUY
40000 05284 -, 088%2
Ja1noon 08175 e, 0RA1Y
J42000 .05086 ., 08782
L43000 ,0ue97 ., 08753
L4unno L0UQ0A «,0A713
2U48N00 L04R09 e, 08662
JUk000n AN -, 0R612
LU7000 L0U611 »,08552
L4Bn00 LNuBN2 o, NRURY
,49000 ,00392 e, NRUYY
30000 JOURPAY »,NB%19
51000 ,NU16u | =,0R229
,52000  nungy | =,0R128
,53000 ,03025 | = 0RO17
LB5unno L0%794 *, 07907
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&S TABLE I.- Continued (u)

(a) Concluded

I
-t

z/c
x/c

Upper Lower

surface surface

,55000 03664 | @, 07775
« 56000 «"383p =, 07644
. +97000 +0339€ -, ,N7503
«58000 «0325§% =, 07363
39000 .03116 *, 07213
«60000 .0297R =, 07063
«61000 .028248 v, 06914
.62000 02679 | @,06755
+03000 .02530 v, 0659
. 54000 202382 | e,0h47
«6%5000 .N2223 w,06280
. 66000 02086 | e, 08122
a07000 « 01904 »,N59K¢4
BROND 01737 | «,05A(Q
69000 «N15609 °,N5675%
210000 01401 -, 05541
271000 N1234 °, 03407
W72600 201056 | =,05273
73000 JNORYA ®, 05150
Jraonn 00701 ., 05039
75000 N0S14y ., 04927
76000 200327 -, NUBI1S
, 77000 L00140 | e 0471y
278000 | ©,00046 | w,04624
. 19000 -, 00242 °, 04543
LROOCH | «, 00438 | o, 0ude]
81060 LTS ¥ e,04390
JR20N0N e, 00R4n .,N6329

20

z/c
x/c

Upper Lower

surface surface
JB3000 .-, 01048 -, 00278
84000 ®,0{280 », 04236
.B8000 -, N1458 ., 04204
B6000 *, 01658 =,04181
87000 | 2 01839 | o 0u1p?
JR8000 .. N2084 e, 04162
»B9000 | «,02265 | ,0417s
,90000 ., N2Ubk e, NU4LAR0
91000 . 02667 -, 04213
92000 =,N286h *, 04254
,9!000 =, 03088 e, 0430}
.Qunﬂﬂ o 03264 w 04372
,98000 -, 03441 , 04449
96000 -, 0365R . N45%y
97000 -, 0388y v, 04638
98000 e, 04ngR «, 0U761
.9%000 -, 04240 ., 0490
1,90000 e, 04UYy ., 05064

c = 24.87 cm
€ = 2.45°
v bbag,
‘("{/'."i _111'},
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(b) _y_ = 0.426 (planform break)
b/2
z/¢ z/c
x/c x/c
Upper Lower Upper Lower

surface surface surface surface

0,00000 -, 00438 », 00436 .26000 205543 ., 089097
200200 ,00U99 -, 01319 .27000 08612 06028
00500 200990 », 01822 .2R000 « 05660 »,060%0
—a01000 201483 | =,02312 . «€9000 05698 -,06072
.02000 RrARE| ., 02925 30000 08737 | =,06093
03000 .025%9 .,03359 .31000 105765 | e,06108
204000 02896 | =, 03682 L32000 .NS8794 | e,06106
. 085000 203168 o, 030358 , 33000 0SA2Y o, 06104
J0K00N 203403 e, 06186 JYuon0 2 0SASY e, 06109
.aQ7000 203611 =,Qu3u8 .35“00 205870 », 06110
L08000 L03800 e, 04520 L36000 LNSAAA ., 06102
09000 03964 ., 04872 .37000 .05907 ., 06093
L10000 J04126 e, 04813 38000 ,05918% -, 06088
,11000 L0UP65 | =, U938 ,39000 205924 | =,06066
.12000 ,04393 » 050%6 L,40000 ,N5933% v, N6047
213000 04822 v,05)68 s4t10n0 » 05941 *,06019
L1u000 LYY v, 05262 L42000 208940 »,05001
15000 LNUTUS o, 05361 , 83000 , 05039 e,05982
16000 J0URUY e, 08043 ,44000 », 08637 *,N591%
,17000 , 00948 -, 05524 L, 48000 » 05035 e, 05865
J1B8000 208034 ., 085%9% ,46000 05924 =, NSA1S
,16000 205113 . 085667 WJ47000 .N5913 =,05758
,20000 20519} =,05728 JH4B800N 05801 *, 05690
,21000 2182860 *,05799 L49000 .NSARN a,05621
22000 2083209 -, 05841 50000 LA -, 0854%
,23000 ,053697 [ . e n%88% 51000 , 05837 -, 05454
,24000 ,(15USe ®, 05820 ,52000 0S8R 5 ., 05366
28000 | ,n8S14 ., 08966 53000 205784 ., 05267
54000 . 05753 *, 05159
conrimvrET- 2




(C) TABLE I.- Continued

{b) Concluded

ORIGINAL PAGE IS
OF POOR QUALITY

z/c
xe Upper Lower

surface surface

«95000 . 085721 e, 085080
.,56000 + 05680 s, 0U922
«97000 « 07439 w,0479%
. «9A00Q 208.°7 ., 046%5%
59000 .087 - -, NU%NG
«60000 NSU9U *,0u3%7
«61000 205433 e,NUI9A
62000 J08371% e, 04040
03000 .05310 -, 03874
288000 205167 -,03%23
. 66000 ZNS085 | o 03344
267000 205004 | »,0%185
,68000 2 N4l =, 029606
266000 2NUR2Y e, 02777
70000 | ,00730 | «,02588
211000 L 04629 «,02399
72000 LUUS27 *, 02210
.73000 04Ut a e, 02021
L14000 L0u304 °,01832
,75000 L041ey -, 01643
,76000 L0406 e, 01454
,77000 ,0300n ., 01265
278000 +03R00 », 01086
.79000 J03678 [ «,00017
LB0000 , 03837 e, 00758
L1000 , 03368 «,00599
,82000 .032u4 “, 00450

(u)
z/c
x/c

Upper Lower

surface surface
.83000 « 03003 ®, 0031}
JRuoon ,02942 s, 001RY
.85000 L2781 *, 00064
86000 202620 . «00Q3%5
287000 .02449 00114
L8RQ00 02277 00172
JA9000 202096 00221
L90000 ,01918 s 00249
,91000 WN1724 .00258
272000 201533 200236
,93000 ,01332 ,0019%
9u000 01139 200133
.9%000 .00921 L0N0u2
,96000 LN0710 e, 00079
.97000 J00URS | & 00220
J9B000 2 002SA e, 00392
,990n0 L00017 ., 005073
1,00000 e, NNPYY o, 00813

c =14.18 cm
e = -0.53°
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(C) TABLE I.- Continued

(c) -EL = 1,0

00 (wing tip)

(v}

ORIGINAL PAGE g
OF POOR QUALITY

b/2
z/c
x/c

Upper Lower

surface surface

0,0nn090 «,01358n *,01350
2« 00200 *.00506 | o, 020A]
. 00500 =, 00074 -, 02574
01000 00356 »,02948
02000 « 000928 ., 03447
.03000 JN132Y? ., 0382%
s04d000 RURR-T') °,040R8
«95000 .01899 v, 06298
08000 .N2127 w, 04472
+070n00 202332 | e, 0up28
«08000 2025118 =-,047%8
« 09000 «N2690 - 04878
10000 02848 | o nygay
11000 02989 *, 05077
12000 03128 | o 08167
+13000 «"3261 -, 05247
s10000 »N3384U ", N5%17
JJENOD MR YR -] e, 0844y
17000 03715 | e, 085490
18000 J03814 | o n5EY,
.19000 203904 | o 05574
,20000 2 1390Y% » 08612
,210n¢ «0d07Y e 08648
222000 s 04162 | o, 05675
223000 L142%2 ®, 08598
s 24000 204302 [ o, 08798
25000 f0U37p ., N87%y

z/c
x/c

Upper i Lower

surface surface
e26000 JUUUIR W 0874y
.27000 JOUUOR | » 05781
28000 L0US8R | », 085784
+£9000 04614 | 2,08757
.¥0000 DUbBL | = 05758
31000 W04711 | =,05748
.32000 204758 | »,95738
.33000 L0UBQY | », 08722
34000 J0URUY | =, 05708
. 35000 +0URBY | »,05688
. 36000 JNUI1A =, 05662
«37000 LNU9SS | =, 056158
«3R0ONA JOUGRA e, 05608
39000 .08014 -, 05872
40000 05041 *, 05535
L41n00 NSNER | @, '5U0S
42000 LT -, 08449
L43000 +0810R », 05390
44000 .08512% =, 05349
s 45000 $05142 | =,05290
46000 .N5185 », 05230
+47000 a08162 w, 051672
JURNDD LUS1 R ®,050K8
249000 NILIR A =,08009
JSnono 08176 e, 04926
31000 .N8179 -, 04814
52000 NS17s -, 0070}
,9300n .0817n « 0UbY9
.S4000 08144 o, ,NuUEYY
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(c) Concluded

Z/c —]
%/c o
Upper Lower

surface surface

55000 05188 | =,04420
. 56000 2085141 ,04298
.57000 »05128 | o, 04153
»58000 | 05108 | e 00020
239000 «0S08A o, 03874
p 60000 «N5062 e, 03721
J0100¢Q +D%012 *, 03564
.02000 05004 »,03401
-+ 03009 « 04974 »,03235
-sQ4000 .+ 04938 ®,03068
+4%000 +DURSS .,02892
268000 .Q“aub '.02715
267000 «NUT9 ., 02%29
208000 204744 », 02342
«290200 JNUBAS | e, 02158
;IQQQO .‘Q_Q 22% Lmtl
L1000 «0U563 o, 01768
072000 _.OQ“QU "0157“
« 13000 JNUUP] «, 01380
14000 208302 «,011R¢
.78000 208250 | @, 00962
_a 16000 0470 =, 00799
77000 J04dCAD | =, 0060%
218009 039A2 3, N0dPY
78000 «N3AAY v, 00240
80000 2037A0 e, 0N042
Blonn 03671 G010 Y
82000 _a035%9 « 00288

i
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(U)
Z/c
x/c

Upper Lower

Sur.ace surface
.A3000 03440 .00398
.86000 ,03321 .00532
85000 .13163% 00688
.86000 «03063 «N078Y
p 87000 .02925 200888
+88000 ,027R6 <0003}
89000 N2bUd « 00994
90000 02U96 « 01030
«91000 202344 «013%0
.92000 202186 201046
»93000 202024 201023
U000 0188 00072
.95000 201688 200899
£96000 01806 L0080%
97000 20131R 00687
L9R000 L01120 400%4y
99000 .N090S 200366
1,360000 N06AR0 00164

c=7.62 cm
g = -1.579

24




i

UNCLASSIFIED

ORIGINAL FAGE I3

LR

OF POOR QUALITY

I |

— 2.04m

. ) . ( )
( )

45
ONCLASSIFIED



GRIGINAL PAGE i
OF POOR QUALITY

UNCLASSIFIED

vore -

p40yd t/1

—

{Wwe00

(n)

‘wiogueld TSPOW -°z 8anbtd {A)

30°'T .'W

——1=Pa0Ud> §/1

"dA1) aseau)

06°0 "S°HW

UNCLASSIFIED

26




(n) -sueld 20us193a1 Futm O3 SATIBT®I UOTINQTIISTP ISTMI BUTM -'¢ 2anbra (D)

/9

LY >,

ORIGINAL PAGE 18
OF POOR QUALITY




UNCLASSIFIED

amiuﬂL PAGE IS
OF PCOR QUALITY
o,
o0,
)

Figure 4.- Wing maximum thickness distribution.

N
[ .
E)
—
()
" <r o oy — o o~
— — — —_ — —

JuadJtad ‘001 x Xew(Dll)

28 UNCLASSIFIED




UNCLASSIFIED

() “(gL *I®1) uoTjEADT® 3IOTUT-ITE autbug --g ainbry {(n)
j3d)
_ \» moyd E_c_
. 19Np 9ju|
ANOJu0I _muog\
_ [
|
/
76’0 'S'W €€°0 'S'W
W >
7Y Iy
[ 4o BN g
« 3
Q. oy
e A
€ ory
£ O
(GRS
4.7
OO0

29

UNCLASSIFIED




ORIGINAL PAGE IS
OF POOR QUALITY

UNCLASSIFIED

(n) *L139wo0b sbeTosSNg JO SMITA TRUOTIOIS-SS0ID ~*9 3anbtd (n)

1007 0£6'T pa8'l 8LL°T 0.1 oN,o.H ovs' 1 'l L6¢°1
o | | | b T PR
| _, _ ‘ / _ /._ 4 _ N \\ * /
\ \ , K |
_ _ _ v 7 w V ~ \\ _ ﬂ _ \ \ ,_,,
] _ e~ SN | | |
S o I U A T N A R N | R \._1 ]
w £33 {7 R R S N Y A N
T e e — ~ A h T - " U // L
12¢°1 97 ov6'o 798°0 18L°0 112°0
\\\\\ + = f - | L _ o [
o | | | | P =
* N/ _ // | N | L _ o/ N o
. / . \ i | | ; i s / \ o
" | | | | o | L | | | | 2
| /,, | ] \ ! / \ _ / \ / ,,. ! |
- e — [ - A - - 7 R N~ e 4 - R K
/4 _ A | \\ N _ .// _ g | J N ﬂ ) m
~ R ey . S e
S£9°0 6450 mm_v.o 2av'0 0ge0 7520 8LU°0 201°0 6200 = "S'W
A ’ ,
i _ | , M _ |
S S * _ ! | v | |
N | | | | | o
\ ) N\ 1 N e . . | .
B O e e N NS R
| ;o / | * (o) oy T 4
' / RN — e _ _|1 v . —_ »I\. ../n ! \\, - H\..,. . .p - —— \* .I,qll f‘
ol i L : —d— H e i J..e\\. . T , 6 v
¥€0°0- = "1°M ‘aul| aduauayal abejasn J aleas €10°0- = 11'm "aueyd mucsesom__.ﬁ.g A
_ I I ]
w3 ¢ 0

30



UNCLASSIFIED

ORIGINAL PAGE IS
OF POOR QUALITY

(n)

-g uorjeaInbIJUCO Tapow 103 ubrsap pod JO ydIANS -TL aanbrg

(n)

Wy EGTL =y —

3

UNCLASSIFIED




ar

UNCLASSIFIED

‘U) Figure 8.-

L-77-7241
Photographs of model configuration B. (u)

32 UNCLASSIFIED



ORIGINAL PAGE i3
OF POOR QUALITY

UNCLASSIFIED

(n)

*O uotjeanbrjuco Tspow 103 ubtsap pod JO Yo3laNs --¢ SiInbrg

(n)

V-¥ NOILD3S

wa
l—6c8

33

UNCLASSIFIED




UNCLASSTFIED

UNCLASSIFIED

ORIGINAL PAGE
BLACK AND WHITE PHOTOGRAPH

L-77-7506




£S
gftGlNAL PAGE 13

POOR QUALITY

Grit location on wing R

upper surface ‘)T
o — 0. 100 carborundum groit
AN

No. 120 carborundum grit - AN

«jr- 1.5

4.1 (ﬁ. 0.3

100 carborundum grit

— - ho. 100 carborundum grit

Girit Tocation 07 wing
lower surface

3.1
—No. 100 carborunaum qrit
/
/ [c——— v j—>
No. 100 carborundum grit et S
A E

(C) Figure 11.- Model carborundum grit size and location. (Dimensions are
in centimeters.; (U)
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Model
configuration
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0
g
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0
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8 y 5
] i
dlN i
A
4 7 Y
B A Gp
0 2
L et
N ~ +
-4 [ Lo
-8 -4 0 4 8 12 16 20
«, deg
(a) M = 0.300,

Figure 12.- Effect of model configuration on longitudinal aerodynamic
characteristics. B8 = 09; &, = 0°. (U)
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(a) Concluded.

(C) Figure 12.~ Continued. (U)
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o, deg
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(b) M = 0.700.

@@ Figure 12.- Continued. (U)
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(b) Concluded.

9™ Figure 12.- Continued. (U)
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(¢) M= 0.750.

@ Figure 12.- Continued. (U)
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configuration
O O A
m] 08
O o C
M
.2
Y
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e B
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_.2 s
_'Li
1.2
7 £ ]
.8 7 b
P,
G P Ja
L .4 J,/L 4
C
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Iy
0 ] e
-4 IES 0
-8B -4 0 4 B 12 16 20
&, deg

(d) M = 0.780.

(C) Figure 12.- Continued. (U)
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O B
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N
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T
_. 010
- q
1.2 A
-1
_l"'l—"/c
-
; = :
G )’7 1 4
CD
0 2
-.4 0
-8 -4 0 4 8 12 16 20

o, deg
(e) M = 0.800.

@ Figure 12.- Continued. (U)
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g
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@ Figure 12.- Continued. (U)
CR—— 4




.y

£ 18
. ORIGINAL PAG
OF POOR QUAL‘TY
Model
configuration
0 A
o B
o C
4
.2
Cm 0 -1
\\:J\
-.2 [—E‘ .
-.4
1 '2
-]
=]
8 + 4
. -B
C. .y % 4
~
i i 2
-4 o 0
-8 -4 4 8 12 16 20
&, deg
(£) M = 0.820.
@l Figure 12.- Continued. (U)
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(g) M = 0.840.

4@ Figure 12.- Continued. (U)
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(i) M = 0.900.

9B Figure 12.- Continued. (U)
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-l

[
n
4
[ )

N
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«, deg
(a) M = 0.300.

@ Figure 13.- Effect of sideslip on longitudinal aerodynamic characteristics
for model configuration C. &, = 0°. (U)
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M Figure 13.- Continued. (U)
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(b) M = 0.700.

@l rigure 13.- Continued. (U)
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teristics for model configuration C. B = 0°. (U)
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