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NACA RM L50J09 CONFIDENTIAL

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

A TRANSONIC WING INVESTIGATION IN THE LANGLEY 8-FOOT
HIGH-SPEED TUNNEL AT HIGH SUBSONIC MACH NUMBERS

AND AT A MACH NUMBER OF 1.2

WING-FUSELAGE CONFIGURATION HAVING A WIRG OF
350 SWEEPBACK, ASPECT RATIO L4, TAPER -
RATIO 0.6, AND NACA 65A006
AIRFOIL SECTION

By Beverly Z. Henry, Jr.
SUMMARY

As a part of a National Advisory Committee for Aeronautics research
program, this paper presents the results of an investigation to determine
the aerodynamic characteristics of a wing-fuselage configuration employing
a wing with quarter-chord line swept back 359, an aspect ratio of k4, a
taper ratio of 0.6, and an NACA 65A006 airfoil section. Lift, drag, and
pitching-moment characteristics, downwash angles, and wake characteristics
for various angles of attack at high subsonic Mach numbers and at a Mach
number of 1.2 are presented. These characteristics are presemted for the
wing-fuselage configuration and the wing and wing-fuselage interference.

Results at low lift coefficients indicated a decrease im lift-curve
slope above a Mach number of 0.93, and an increase in drag coefficient
above a Mach number of 0.90. Above a Mach pumber of 0.85 at low 1lift
coefficients, the configuration experienced an increase in static longi-
tudinal stability. At high angles of attack, abrupt unstable movements
of the aerodynamic center were noted. Changes in trim at moderately
low angles of attack near zero 1lift between Mach numbers of 0.96 and 1.2
can be expected as a result of corresponding variations in downwash.

Wake characteristics indicated that a horizontal tail located at
the rear of the configuration should not be placed between 0.125 and
0.250 semispan above the wing-chord plane.
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2 CONFIDENTIAL NACA RM L50J09

INTRODUCTION

As a part of an NACA research program, a series of wing-fuselage
configurations is being investigated in the Langley 8-foot high-speed
tunnel to study the effects of wing geometry on the aerodynamic charac-
teristics at transonic speeds. The first phase of this program is a
general investigation of the effects of sweep angle. The initial
investigation of the sweep series was of a wing with quarter-chord line
swept back 45° and is reported in reference 1. A comparison of results
obtained in this series of tests with results for similar configurations
obtained by various techniques in the Langley high-speed T7- by 10-foot
tunnel is presented in reference 2.

This paper is the second in the sweep series and presents the results
of an investigation of a wing-fuselage configuration employing a wing
with 35° of sweepback referred to the quarter-chord line, an aspect
ratio of 4, a taper ratio of 0.6, and an NACA 65A006 airfoil section
measured parallel to the plane of symmetry.

For this investigation, 1ift, drag, and pitching-moment character-
istics were determined for various angles of attack through a Mach number
range from 0.6 to 0.96 and at a Mach number of 1.2. Wake characteristics
and downwash angles were obtained at the rear of the configuration for
two spanwise locations at various distances above the wing-chord plane.

SYMBOLS
Cp drag coefficient (ll>
gS
: : L
Cy, 1lift coefficient <a§>
M=
Cm pitching-moment coefficient —EZ&
qSc
e wing mean aerodynamic chord
D drag
AH total pressure loss in wake
L 1ift
v fuselage basic body length
CONFIDENTTIAL




NACA RM L50J09 CONFIDENTIAL 3

M Mach number

Mé/h pitching moment

Py base-pressure coefficient (EE_;_BQ)
Py static pressure at base of model
Po free-stream static pressure

q dynamic pressure <%QV2>

R Reynolds number, based on C

3 fuselage radius at station x

S wing area

v free-stream velocity

>4 longitudinal distance from nose of body
a angle of attack

€ angle of downwash

o) free-stream density

All dimensions, forces, moments, pressures, densities, and velocities,
are measured in the absolute English system of units where the slug is
the unit of mass, the foot the unit of length, and the second the unit
of time unless otherwise specifically noted. All angles are measured
in degrees.

APPARATUS AND METHODS

Tunnel

This investigation was conducted in the Langley 8-foot high-speed
tunnel which is a single-return, closed-throat tunnel with the low-speed
return passage open to atmospheric pressure. A plaster liner installed
in the tunnel formed the subsonic test section at the geometric minimum
and extended downstream to form the supersonic test section (fig. 1).

The subsonic test section had a constant Mach number distribution within
0.003 up to Mach numbers exceeding 0.96. 1In the supersonic test section,

CONFIDENTIAL



L CONFIDENTTAL NACA RM 1L50J09

the maximum Mach number deviation from the design Mach number of 1.2
was 0.02 (reference 3).

Model and Support

The subject configuration employed a wing with quarter-chord line
swept back 35°, an aspect ratio of 4, a taper ratio of 0.6, and an
NACA 65A006 airfoil section measured parallel to the plane of symmetry.
The wing was mounted on a fuselage body of revolution of fineness
ratio 10 achieved by cutting off the rear one sixth of a basic body of
fineness ratio 12 (table I). The iongitudinal position of the wing was
such that the quarter-chord point of the mean aerodynamic chord coincided
with the station of maximum body diameter (fig. 2). The surface of the
model was maintained in a smooth condition throughout the investigation.

The wing was of composite construction consisting of an SAE 4130-steel
core and a tin-bismuth shell (fig. 3). The fuselage was a hollow shell
constructed of steel. An electrical strain-gage type of balance was
contained within the fuselage and secured to the fuselage at its forward
end. The rear portion of the balance comprised a sting for supporting
the model in the center of the tunnel (reference 1). The sting was
secured to a variable angle-of-attack mechanism controllable from outside g
the tunmel (fig. 1).

Tests and Measurements

The investigation was conducted through a subsonic Mach number
range from 0.6 to 0.96 and at a Mach number of 1.2. The angle-of-attack
range for the investigation was from -2° to 1L° or from -2° to the angle
of attack at which maximum allowable load on the balance was obtained.

The variation of test Reynolds number, based on the mean aero-
dynamic chord, was from approximately 1.73 X 106 at a Mach pumber of 0.6
to 2.02 X 100 at a Mach number of 0.96. At a Mach number of 1.2, the
Reynolds mumber was 1.94 X 106 (£ig. ).

During subsonic testing, static pressures were observed along the
tunnel wall in the region of the model location to insure that no data
were affected by tunnel choking. For testing at a Mach number of 1.2
shadow images were used to show the position of the tunnel normal shock
wave to imsure its being to the rear of the model. No data presented
herein are affected by these phenomena.

Measurements of 1lift, drag, and pitching moment about the 25-percent
mean-aerodynamic-chord point were obtained from the internal balance
system. Consideration of the accuracy of the strain-gage measurements
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indicated the 1lift, drag, and pitching-moment coefficients to be approxi-
mately within +0.01, +0.001, and +0.005, respectively, through the Mach
number range.

Wake characteristics and downwash angles were obtained at each test
point at a distance 1.225 semispans behind the 25-percent mean-aerodynamic-
chord point for two spanwise locations at various distances above the
wing-chord plane by means of two calibrated rakes. These rakes for the
simultaneous measurement of wake profiles and downwash angles were
affixed to the sting ahead of the angle-of-attack pivot so that the rakes
maintained a constant position relative to the model. Details of the
rake location with respect to the model are shown in figure 5. A photo-
graph of the model showing the rakes in position is presented in figure 6.

Consideration of possible small errors in calibration, angle-of-
attack measurement, scatter of test points, and variations in local
static pressure indlcated the accuracy of the measured downwash angles

.to be within +0. 20 for measurements made outside the wake and within 1O. 3

for measurements made in the wake.

The static pressure at the rear of the model was obtained from a
pressure orifice located on the side of the sting support in the plane
of the model base. '

Measurement of the angle of attack within 0.1° was accomplished
by means of an optical device utilizing a system of reflected light beams.
A description of the device can be found in reference 1.

Corrections

Expressions for evaluating the effects of model and wake blockage on
Mach number and dynamic pressure and the effect of the pressure gradient
caused by the wake on the drag coefficient were determined by utilizing
an adaptation of the method of reference 4, Details of the method of
application of these expressions are presented in reference 1. The
expressions for the effects of the jet-boundary-induced upwash on angle
of attack and angle of downwash were obtained from reference 5. The
effects of compressibility were considered in all cases.

Evaluation of these effects indicated an appreciable correction to
Mach number at subsonic Mach numbers of 0.85 and above which reached a
magnitude of 1.4 percent at a Mach number of 0.96. Corrections to
measured downwash angles were appreciable at all subsonic Mach numbers
for 1ift coefficients of 0.3 and above and reached a maximum value
of 0.20. These corrections have been applied to the data. All
other errors caused by blockage and boundary-induced upwash were negli-
gible and corrections have not been applied to the data.
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No specific tests were made to evaluate the interference effects of
the sting support. Results of a previous investigation at low angles
of attack (reference 6) indicated that, with no horizontal tail, the
1lift and pitching-moment tares were probably negligible. When the drag
tare data of reference 6 was interpolated for the present configuration,
it was estimated that the effect of the sting would be a decrease in
drag coefficient of 0.003 at subsonic speeds and 0.002 at a Mach number
of 1.2. Because of the uncertainty of these corrections at high angles
of attack, no application to the data with the exception of the wing-
fuselage drag at zero 1lift and the wing-fuselage lift-to-drag ratio has
been made.

The presence of the sting probably resulted in an increase in the
base pressures. Previous results (reference 6) indicated that the
presence of the sting caused an increase in base-pressure coefficient
of about 0.1 at all Mach numbers. These data also indicated that the
presence of the sting would cause a decrease in downwash angle from
approximately 1° at subsonic speeds to 0.2° at a Mach number of 1.2.

Measurements of total pressure in the wake have been corrected for
the presence of a bow wave when it was present.

An analysis of the effects of the wing bending due to aerodynamic
load was made by use of the methods of references 7 and 8 to determine
the subcritical span load distribution. When the elastic axis is
assumed to be at the L4O-percent-chord line and any torsion about the
elastic axis is neglected, static bending tests determined that these
effects could be predicted by assuming that the bending occurs normal
to the elastic axis and outboard of the 16-percent semispan station.
Results indicated an average decrease in lift-curve slope of about 2 per-
cent and a forward shift in aerodynamic center of 1.4L percent of the
mean aerodynamic chord caused by the effective twist accompanying wing
bending. A representative plot showing these effects for a subcritical
Mach number is presented in figure 7. ‘' Corrections for these effects
have not been applied since supercritical span load distributions could
not be determined.

RESULTS AND DISCUSSION

The basic configuration of this investigation was the wing-fuselage
combination. Data for the wing and wing-fuselage interference were
obtained by subtracting data for the basic fuselage from corresponding
data for the wing-fuselage combination. An estimation of the magnitude
of the wing-fuselage interference effects from present data was considered
to be impractical. No basic fuselage data are presented herein. These
data may be found in reference 1.
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The results of this investigation are presented in the following
figures:

Force and moment characteristics:
Cr» Cp, Cp plotted against M for

e s R IR L A S P PR T L m e R R
P, plotted against M for

wing Puselage . . . . AR SR SRR S S o 9
a, Cp, Cp plotted agalnst CL for -

Wing fuselage . . . BT R R PR B PR R L () G LT

Wing and wing- fuselage 1nterference AN O AL SRS e e S G
ST o S U I R P | T R S P I R R P 2 ¢ oDl o L)

Wake and downwash characteristics:
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Force and Moment Characteristics

Near zero 1lift the lift-curve slope for the wing-fuselage configu-
ration was 0.06 at a Mach number of 0.6 (fig. 12) and was comparable to
a low-speed value of 0.061 obtained for a similar, isolated wing in the
Langley two-dimensional low-turbulence pressure tunnel (reference 9).
This value increased with Mach number and reached a maximum of 0.085 at
a Mach number of 0.93 followed by a decrease to 0.069 at a Mach number
ol 2.

The increase in lift-curve slope in the subcritical speed range
is in agreement with the Prandtl-Glauert approximation for a compressible
flow. The decrease in lift-curve slope above a Mach number of 0.93 can
be attributed to the presence of shock and the accompanying separation
over the wing.

At a 1lift coefficient of 0.4, the lift-curve slope exhibited
characteristics similar to that at a 1ift coefficient of zero. The
magnitude, however, was approximately 17 percent higher than that at a
1lift coefficient of zero probably because of an increase in effective
camber caused by the formation of a region of separated flow near the
leading edge (reference 9). The maximum lift-curve slope was reached
at a Mach number approximately 0.02 lower than at a 1ift coefficient
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of zero. It should be remembered, however, that the maximum Reynolds

number of these tests was approximately 2 x 10°; therefore, the character-
istics just described could be altered at higher Reynolds numbers. An -
increase in Reynolds number would probably reduce the changes in 1lift-

curve slope at the moderate angles of attack of this investigation.

At zero 1ift the drag coefficient for the wing-fuselage configuration
remained constant at a value of 0.0l up to a Mach number of about 0.90
at which point the drag rise occurred (fig. 13). At a Mach number
of 1.2 the drag coefficient was 0.028. These values have been corrected
for the interference effects of the sting. The drag characteristics
throughout the Mach number range for the wing and wing-fuselage inter-
ference, although approximately 36 percent lower, were similar to those
of the wing-fuselage configuration. The values of drag coefficient for
the wing and wing-fuselage interference are based on total wing area
rather than exposed wing area and as a result are comparatively low.

Base-pressure coefficients were measured at the plane of the model
base and are presented in figure 9.

A maximum lift-to-drag ratio of 15 for the wing-fuselage configu-
ration was reached at a Mach number of 0.86 (fig. 14). Above this Mach
number a rapid decrease in the ratio occurred. The drag values used in
computing this ratio have been corrected for the interference effect of
the sting. The uncertainty in the values of lift-drag ratio as a result
of inaccuracies in the 1ift and drag measurements for the wing-fuselage
configuration was estimated to range from 8 percent at a Mach number
of 0.6 to t4 percent at a Mach number of 1.2.

At a 1ift coefficient of zero, the static-longitudinal-stability

parameter SEQ for the wing-fuselage configuration remained essentially
L
constant up to a Mach number of 0.85 with a rapid increase in stability
indicated above this point (fig. 15). At low Mach numbers the aero-
dynamic center for the wing-fuselage configuration was located at 19 per-
cent of the mean aerodynamic chord. At higher Mach numbers a rearward
shift of aerodynamic center to 37 percent of the mean aerodynamic chord
was indicated. For the wing and wing-fuselage interference the aero-
dynamic center at low Mach number was located at approximately 27 percent
of the mean aerodynamic chord and at the high Mach numbers moved rearward
to 47 percent of the mean aerodynamic chord. The presence of the fuselage
caused a destabilizing tendency evidenced by a forward shift in aero-
dynamic center of about 8 percent of the mean aerodynamic chord.

As the 1ift coefficient was increased to 0.4, the characteristics of
the wing-fuselage configuration were similar to those at a 1ift coef-
ficient of zero but with an average rearward shift in aerodynamic center
of 4 percent of the mean aerodynamic chord through the Mach number range.
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For the wing and wing-fuselage interference this rearward shift had an
average value of 2 percent of the mean aerodynamic chord. .These results
would indicate that a part of these rearward shifts in aerodynamic

center could be attributed to the fuselage. These rearward shifts in
aerodynamic-center location can also be attributed to the region of
separated flow near the leading edge previously mentioned. This leading-
edge separation decreases the magnitude of the leading-edge pressure
peak while the chordwise extent of the decreased pressure increases. At
Reynolds numbers higher than those of the present tests, however, the
extent of the leading-edge separation may be altered such that the results
presented herein may be affected.

Above an angle of attack of 10°, abrupt unstable movements in aero-
dynamic center were noted. These movements were more pronounced at
higher Mach numbers (figs. 10(c) and 11(c)). This forward shift in
aerodynamic center can be attributed to a complete separation of the
flow over the tips. : :

Wake and Downwash Characteristics

A representative plot of the wake characteristics through the Mach
number and angle-of-attack range tested at two spanwise locations at a
distance 1.225 semispans behind the quarter-chord point of the mean aero-
dynamic chord is presented in figure 16. These data indicated that the
wake would not extend beyond a point 0.25 semispan above the wing-chord
plane for angles of attack of 8° or less. The increased intensity of
the wake at the inboard location was probably caused by the presence of
the fuselage (reference 1).

In figure 17 are presented the variations of downwash angle with
angle of attack at a distance 1.225 semispans behind the 25-percent point
of the mean aerodynamic chord. This variation is presented for two span-
wise locations at various heights above the wing-chord plane. The down-
wash angle measured near the fuselage was very erratic at angles of
attack above 4° for all Mach numbers at the 0.125 semispan location
above the wing-chord plane. An examination of the wake-width data for
the inboard location for the fuselage configuration (reference 1)
indicated that these erratic variations can be attributed to the wake
of the fuselage. Wake width and downwash data indicated that a horizontal
tail located at the base of the model should not be located between 0.125
and 0.25 semispan above the wing-chord plane.

The data indicate that decreases in static longitudinal stability
can be expected at all subsonic Mach numbers for angles of attack greater
than about 7° for a configuration employing a horizontal tail. An
important change in the angle of attack for zero downwash occurs between
a Mach number of 0.96 and 1.2 (fig. 17(b)) for the wing-fuselage
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combination as compared with the wing and wing-fuselage interference
data. This shift in the angle of attack for zero downwash is attributed
to the fuselage since no such change is indicated for the wing and wing-
fuselage interference. As a consequence, important changes in trim of
an airplane flying in this Mach number range can be expected from this
shift.

Figure 18 presents the rate of change of downwash angle with angle
of attack as a function of Mach number. The values presented are span-
wise averages for a location 0.25 semispan above the wing-chord plane.
At a 1ift coefficient of zero, the rate of change of downwash angle with
angle of attack for the wing-fuselage configuration increased from a
value of 0.435 at a Mach number of 0.6 to a maximum value of 0.58 at a
Mach number of 0.91. At a Mach number of 1.2, the value decreased
to 0.144%, Wing and wing-fuselage interference results indicated a
reduction in these values at subsonic Mach numbers by about 26 percent
and an increase in the value at a Mach number of 1.2 by about 31 percent.

At a 1ift coefficient of 0.4, a rapid increase in the rate of change
of downwash angle with angle of attack occurred above a Mach number of
of 0.825. Above a Mach number of 0.875 a decrease in this value was
indicated with a minimum value being reached at a Mach number of 1.2.

CONCLUSIONS

From an investigation of the aerodynamic characteristics of a wing-
fuselage configuration employing a wing with quarter-chord line swept
back 35°, an aspect ratio of 4, a taper ratio of 0.6, and an NACA 65A006
airfoil section, the following conclusions may be drawn:

1. The increase in lift-curve slope was approximately in accordance
with the Prandtl-Glauert approximation up to a Mach number of 0.93 at
which point a lift-force break occurred. The drag-force break occurred
at a Mach number of approximately 0.9.

2. The static longitudinal stability of the configuration remained
essentially constant in the low-1lift-coefficient range to a Mach number
of 0.85 above which a marked increase in stability occurred. At high
angles of attack, abrupt destabilizing movements of the aerodynamic
genter oceurred.

3. For a configuration employing a horizontal tail, decreases in

static longitudinal stability can be expected at all subsonic speeds
above an angle of attack of approximately 7°.
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L. Between the Mach numbers of 0.96 and 1.2 changes in trim can be
expected near zero lift because of the corresponding change in the
character of the downwash.

5. A horizontal tail located at the rear of the configuration
should not be placed between 0.125 and 0.25 cemispan above the wing-
chord plane because of the severity of the wake in this region.

6. In the low-lift-coefficient range the rate of change of down-
wash angle with angle of attack increased to a Mach number of 0.91
above which a decrease occurred.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va.
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TABLE I
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All dimensions are in 1inches
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L2 rax. =3.334
FUSELAGE ORDINATES
x/1 r/1 x/7 r/;
0
.0050 .00231 L4500 04143
.0075 .00298 .5000 .0L167
.0125 .00, 28 .5500 .04130
.0250 .00722 .6000 .o0L024
.0500 .01205 .6500 .038L2
.0750 .01613 . 7000 .03562
.1000 .01971 . 7500 .03128
.1500 .02593 .8000 .02526
.2000 .03090 .8333 .02083
.2500 .03L65 .8500 .01852
.3000 .03741 .9000 .01125
.3500 03933 9500 J00L39
.Looo .0L063 1.0000 0
L. E. radius = 0.0005



TV TINHEAITANOD

. $ e ¢ s ° v’ o . -
AT RIS Original tunnel wa//—\
;—'u:.x.:u;_\_\:_\_\_\“\t\;\\\\o\. I LRI EE LRI L L L L L L L L L L NN N N R AR L E I RNl EEEEIN AR EGEERAR BB A B an .
Plaster liner
IL /9/
f< /19
F
s - NN e rer o i = P = =
Svbsonic M= 1.2
rest section rest section
= /165
&0
Angle of attack Extensible
' pivort support tube
It EIHLIIAIIIIHA1HTHITIL LI HE R LR R H R LR ARSI T LN LRl L At s st a i s e n e e e e s e m e m e aaa aa R AR R R AR R RE! ARlNsIIRBREE ama
oS % (T 1’ e o
v 040 o

Geormertric minimum /
£ ffective minimum

Figure 1.- Drawing of model locations in the subsonic and supersonic test
sections of the Langley 8-foot high-speed tunnel. All dimensions are
in inches.
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Airforl section

(paralle! to plane of symmetry) NACA 65A006

Area, sq ft /1.0
Aspect? ratio 4.0
Taper ratio 0.6
Incidernce, deg oX0)
Dihedral, deg 0.0
Twist, deg o 00

- 33.333

Figure 2.- Details of the test configuration employing a wing with quarter-
chord line sweptback 35°, an aspect ratio of 4, a taper ratio of 0.6,

and an NACA 65A006 airfoil section.

All dimensions are in inches.
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Figure 3.- Detail of wing construction showing the SAE 4130-steel core.
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Figure 4.- Variation of test Reynolds numbers, based on a ¢ of 0.51 foot,
with Mach number.
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Figure 5.- Details of the rakes used for the wake survey and downwash
measurements. All dimensions are in inches.
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Figure 6.- Photograph of the model in the Langley 8-foot high-speed tunnel.
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Figure 7.- Effect of the wing bending on angle of attack and pitching-
moment coefficient for the wing-fuselage configuration at a Mach
number of 0.8.
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Figure 8._- Variation of the aerodynamic characteristics of the wing-fuselage
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Figure 8.- Continued.
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Figure 8.- Concluded.
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Figure 9.- Variation of base-pressure coefficient with Mach number for the
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Figure 10.- Caontinued.
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Figure 11.- Variation of the aerodynamic characteristics of the wing and
wing-fuselage interference with 1lift coefficient.
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Figure 11.- Continued.
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Figure 11.- Concluded.
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Flgure 12.- Variation of lift-curve slope with Mach number for the wWing-
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Figure 13.- Drag characteristics at zero lift as a function of Mach number
for the wing-fuselage configuration and the wing with wing-fuselage
interference.
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0.25€ point for the wing-fuselage configuration.
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Figure 17.- Variation of downwash angle with angle of attack at a point
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configuration and the wing with wing-fuselage interference.
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Figure 18.- Average spanwise downwash gradient at a height 0.25 semispan
above the wing-chord plane as a function of Mach number for the wing-
fuselage configuration and the wing with wing-fuselage interference.
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