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ABRODYNAMIC CHARACTERISTICS OF VARIOUS CONFIGURATIONS
OF A MODEL OF A 45° SWEPT-WING AIRPLANE
AT A MACH NUMBER OF 2.01

By M. Leroy Spearmen, Cornelius Driver,
and Ross B. Robinson

SUMMARY

An investigatlion has been conducted in the Langley b4~ by 4-foob
supersonic pressure tunnel at a Mach number of 2.01 to determine the
aerodynamic characteristics of several configurations of a model of a
459 swept-wing eirplene. The basic configuration had a wing with
45° sweepback at the quarter-chord line, aspect ratic 3.2, taper
ratio 0.468, NACA 65A005.5 sections just outboard of the inlet, and
NACA 65A003.7 sections at the tip. The wing was mounted slightly above
the body center line and an ell-moveble horizontal tall was located
slightly below the extended chord line of the wing. The design incor-
porated twin wing.root supersonic inlets ducted to a single exit at the
base of the fuselage. The configurations investigated included an
extended nose length, a bumped-fuselage afterbody, an inlet droop, an
increased wing aspect ratio, and & revised canopy shape.

Configurations employing the wing of incresassed aspect ratio of 3.7,
which constituted the bulk of the tests, produced about a lO-percent
ineresse in 1lift and in longitudinal stability as compared with the basiec
wing of aspect ratio 3.2. There was a slight but measursble inecrease in
minimum dreg and meximum lift-drag ratio.

For the baslc configuration with the modified wing of aspect ratio 3.7,
the maximum horizontal tail deflection of -16° resulted in a trim lift
coefficient of about 0.3 at an angle of attack of 7.70, a trim drag coeffi-
cient of 0.086, and s trim lift-drag ratio of 3.5. An effective upwash at
the low horizontal tail conbtributed to the high degree of longitudinal sta-
bility. 'The minimum trim drag coefficient for a horizontal tail deflection
of -3° was about 0.035.
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The basic configuration with the modified wing of aspect ratio 3.7
indicated positive directional and lateral stability at zero angle of
attack (slight negative 1lift). The addition of a longer nose tc the body
had a negligible effect on the 1lift, drag, and longitudinal stability but
reduced the directional stability so that instability might occcur with
increasing angle of attack. The addition of the bump to the fuselage
afterbody espparently resulted in a slight reduction in minimum drag
although the difference was within the accuracy of the drag measurements.

INTRODUCTION

An investigation of the aerodynamic characteristics in plitch and
sideslip at a Mach number of 2.01 of a model of a U459 swept-wing fighter-
type airplane configuration has been conducted in the Langley 4- by L4-foot
supersonic pressure tunnel. During the course of the investigation,
various modifications were made to the model to determine thelr effects
upon its aerodynamic characteristics. These modifications included a
lengthened body nose, a faired bump on the fuselsge afterbody designed
to improve the longitudinal ares distribubtion, drooped inlets, and an
extension to the wing tips that resulted in an increase in the aspect
ratio of the wing from 3.2 to 3.7. Because of the paucity of data on
such modifications in the supersonic speed range it was thought that the
results would be of considersable general interest.

SYMBOLS

All coefficients are based upon the geometry of the baslc wing of
aspect ratio 3.2. The force and moment coefficients are referred to the
stabllity-axis system with the reference center-of-gravity location
{center of moments) at the 25-percent-chord point of the basic-wing mean
aerodynamiec chord.

A aspect ratio
c 1ift coefficient, =2
1L i coefficient, Eg

' externgle-drag coefficient, a%
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Cm pitching-moment coefficient, —ﬂ%
qSc

Cy side-force coefficient, g%

C, rolling-moment coefficient, E%%

Ci. = —t per deg

B OB

Cn yawing-yoment coefficient,

Cnﬁ = ggg ver deg

4 force along stability Z-axis

X force along stability X-axis

M? moment about stability Y-axis

Y force along stability Y-axis

Lt moment about stability X-axis

N moment about stability Z-axis

S area of basic wing of aspect ratio 3.2 obtained by

extending leading and trailing edges to body center
line (neglecting inlet outline)

b span of basic wing

c chord, ft

c mean serodynamic chord of basic wing
o] dynamic pressure

M free-stream Mach number

b
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L/D 1ift-drag ratio, Cr/Cp'

a angle of attack, deg

3] angle of sideslip, deg

iy angle of inecidence of horizontal tail, deg
€ effective downwash angle, deg

MODEL AND APPARATUS

The tests were conducted in the langley 4- by U-foot supersonic
pressure tunnel at a Mach number of 2.0l. A three-view drawing of
the model of a 45° swept-wing airplane is shown in figure 1 and its
geometric characteristics are presented in table I. The longitudinal
ares, distribution of the basic model and the model with a bumped after-
body is shown in figure 2. Photographs of the model are shown as

figure 3.

The basie configuration had a wing with 45C sweepback at the quarter-
chord line, an NACA 65A005.5 section just outboard of the inlet (.38b/2),
and an NACA 65A003.7 section at the tip. The basic wing had a taper ratio
of 0.468, an aspect ratio of 3.2, a geometric dihedral angle of -3.5°9, and
was located slightly above the fuselage center line. An sll-movable
horizontal tail was mounted below the extended chord plane of the wing.

The model was equipped with twin wing-root supersonic inlets ducted
to a single exit at the base of the fuselage. The duct system incorpo-
rated a boundary-layer diverter with & wedge half angle of 49°. All
tests were made with air flow through the ducts. The total pressure
and static pressure at the duct exit were determined through the use of
8 rake mounted on the sting support rearward of the duct exit.

Tests were made of various modifications to the basic configuration.
These modifications included a lengthened body nose (fig. 1); a bumped
fairing on the fuselage afterbody designed to reduce the rise in the drag
coefficient at transonic speeds by improving the longltudinal areas distri-
bution (figs. 1 and 2); extended wing tips that resulted in an increase
in the aspect ratio from 3.2 to 3.7 (fig. 1); a 5° droop to that portion
of the inlet shead of the leading edge of the wing (fig. 3(a)); and two
transition fairings or fillets at the Jjuncture between the leading edge
of the wing end the inlet (figs. 1 and 3(e)). The fillet faired smoothly
into the leading edge of the wing (corresponding to a 0° leading-edge

R
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flep position), and the other fillet extended below the leading edge of
o
the wing in a position so that the inlet would fair smcothly into a T%

deflected leading-edge flap. In addition to these modifications, a flat-
front canopy was tested in place of the vee-front canopy (figs. 1 and 3(d))
used for all other tests.

Forces and moments were measured by means of a six-component internal
strain-gage balance.

TESTS

Test Conditions and Procedure

The tests were made at a Mach number of 2.01, a stagnation pressure
of 13 pounds per square inch sbsolute, and a stagnation temperature of
100° F. The dewpoint was meintalned sufficiently low (below -25°) so
that no significant condensation effects were encountered.

The Reynolds number based on a mean aerodynamic chord of 0.522 foot
was 1.673 X 106. The dynamic pressure for the tests was sbout 663 pounds
per square foot.

The angle of atteck was varied from sbout 40 %o 15© at zero side-
slip; the angle of sideslip veried from ebout -4° to 9° at zero angle of
attack.

Corrections and Accuracy

The angles of attack and sideslip have been corrected for deflections
of the balance and the sting under load.

Base pressure measurements were made and the drag coefficients were
adjusted to correspond to free-stream static pressure at the base. The
internal pressure of the model wes measured and corrections for a buoyant
force on the balance have been applied to the drag results. The internal
drag was determined from the change in momentum from free-stream conditions
to the measured conditions at the duct exit. The base drag, buoyant force,
and internal drag have been subtracted from the total drag measurements so
that a net external drag was obtained. 'The mass-flow ratio was about 0.87
for all tests.
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The estimated errors in the individual measured quantities are as

Tollows:

I v ¢ ¢ s o v o s e i e v e e e e e e e e e e e e e e e
Cp' . . . e 4 e s 4 s = 4 e e @ s s s s s e e e e soa e .
Cpo» o« = & & o o e e o s e s s s e e e e e e e e e s
Cy - e e e e e e s e e s 4 s e e s s e e e s e e e
O T
Cy e n e e e e e s e e e e s e me s e e s e s aae .
o, deg . . . .
By @88 « & ¢ 4 i i i it h e e e e e e e s s e e e s e e e
iy, deg . e s s e e s e e s e 4 e e s e e e e e e

PRESENTATION OF RESULTS

The results are presented in the following manner:

Effect of horizontal tail on aercdynamic characteristics
in piteh. Basic nose; bump off; A = 3.7; undrooped
. o 0 1
Longitudinal characteristies for trim, Cp = 0. Basic
nose; bump off; A = 3.7; undrooped inlet . . . . . . . . .
Pitching effectiveness and effective downwash characteristics
of the tail. Basic nose; bump off; A = 3.7; undrooped
Indet & @ v 4 v e d b e e e e e e e e e e e e = e s e »
Effect of nose length and body bump on aerodynamic
characterlstlcs in pitch. A = 3.7; undrooped inlet;

1T

Tffect of nose length and body bump on aerodynamic
characteristics in sideslip. A = 3.7; undrogoped inlet;
=09 1p=-30 0 0 . 0 . e e e e e e e e e e e e
Aerodynamic characteristics in sideslip. Basic nose;
bump off; undrooped inlet; A=3%.7; a=0°.. ... ...
Effect of inlet droop on aerocdynamic characteristics in
itch. Basic nose; bump off; A= 3.7; iy =-3° . . ..
Effect of aspect ratio on aerodynamic characteristics in
pitch. Basic nose; bump off; drooped inlet with 0°
fairing; it = -3¢ . . . . . . . « oo e e . e
Effect of canopy shape and horlzontal tail deflectﬂon on
aerodynamic characteristics in pitch. Basic nose;
bump off; drooped inlet with Q° fairing; A=3.2 . . . . .

+0.0013

10.0013%
+0.0003

10.0005
t0.0002
10.0002

10.1
to.1
i-o. 1

+0.01

Figure
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Figure
Effect of inlet transition fairing on serodynamic
characteristics in pitch. Basic nose; bump off;
A=3.2; 1 ==3% . . & . 4 i i e et e s e e e e e e 13

DISCUSSION

Longitudinal stability and control of model with basic nose, bump
off, undrooped inlet, and with aspect ratio, 3.7.- The serodynamic char-
acteristics in pitch for the configuration with wvarious horizontel tail
settings as well as with the horizontal tail removed (fig. 4) have been
used to determine the longitudinal characteristies for trim (fig. 5).
These results indicate a reasonably linear variation of angle of attack
and horizontal-tail incidence with trim 1ift coefficient. The minimum
trim drag coefficient is gbout 0.035 for a horizontal tail deflection
of -3° and a trim 1ift coefficient of 0.054. The usefulness of the trim
results (fig. 5) in determining the performsnce and maneuverability
characteristices for a comstant Mach number of 2.01 is obvicusly limited
to that portion of the curves wherein the available engine thrust would
be suffiecient to overcome the drag produced. However, disregarding
thrust availability, the results indicate that for the maximum horizontal
tail deflection investigated (-16°) a trim lift coefficient of about 0.3
would be obtained at an angle of attack of about 7.7° with a drag coeffi-
cient of 0.086 and a lift-drag retio of 3.5.

The pitching effectiveness of the tail (veriation of pitching-moment
coefficient with horizontal-tail deflection OCp/diy) at o = 0°
(fig. 6(a)) indicates a value of sbout -0.0106. The variation of effec-
tive downwash with angle of attack (fig. 6(b)) as obtained from the
tail-on and tail-off results from figure 4 indicates a negative value of
ae/aa or an effective upwash at the tall that probably results from the
upwash field of the body. The unpublished results of tests of a simulated
model of a 45° swepb-wing airplane in the Langley 9- by 12-inch supersonic
blowdown tunnel indicate an effectlve upwash in the Mach number range
from about 1.2 to 1.96. An effective upwash is shown in reference 1 st
M = 1,41 for a design which is somewhat similer to the 45° swept-wing
airplane of the present investigation. This effective upwash increases
the static longitudinal stability and, hence, the control reguirements
for trim with an abtendant drag increase.

Effect of nose length and body bump for model with aspect ratioc of
5.7 and undrooped inlet.- The addition of the extended nose had a negli-
gible effect on the 1ift, drag, and longitudinal stability (fig. 7) but
resulted in what may be a serious reduction in directional stability
an (fig. 8). Although a stable slope of cnﬁ is obtained, it should
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be pointed out that the sideslip results are for o = 0° (slightly
negative 1lift) and that the directional stability might be expected to
decrease with increasing angle of attack.

The addition of the bump to the fuselage afterbody apparently
results in a slight decrease in the minimum drag coefficient although
the difference is within the accuracy of the drag measurements (fig. T)-
The addition of the bump to the afterbody caused a slight increase in
the 1lift at a given engle of attack and a reductlon in the trim 1ift
coefficient (fig. 7) for it = -3°.

The directional stability for the bump-on configuration is slightly
lower than that for the bump-off configuration (fig. 8). Although the
directional stabllity for the basic-nose configuration, both with and
without the bump, is considerably higher than the stebility for the
long-nose configuration, it should be remembered that the decrease in
CnB expected with increasing angle of attack may still constitute a

directional-stability problem.

The contribution of the tail to the sideslip derivatives at a = O°
for the configuration having the basic nose, bump off, undrooped inlet,
and A = 3.7 may be determined from the tail-on and tail-off results
presented in figure 9. Although the lateral results for the complete
model at o = 0° (slight negative 1lift) indicate positive directional
stability and slightly positive dihedral effect -CZB’ a complete eval-

uation of the lateral characteristics would require the determination
of the effects of angle of attack on the sideslip derivatives ss well
as the effects of deflections of the directional and lateral control
devices.

Effect of inlet droop on the configuration with basic nose, bump
off, A= 3.7, and iy = -39.- Although the difference is small, the
droop of the forwsrd part of the inlet from 0O° to -50 apparently resulted
in a slight increase in the minimum drag and a reduction in the rate of
an increase in drag with increasing 1lift (fig. 10). The introduction of
the droop also resulted in an Increase in the angle of attack for zero
1lift and a reduction in the trim lift coefficient of about 0.025. These
effects are similar to those that would be anticipated from the use of a
cambered wing section.

Effect of aspect ratio on the configuration with basic nose, bump
off, drooped inlet, and it = -39.- The results presented heretofore have
been for the modified wing configuration (aspect ratio 3.7). A comparison
of the modified wing configuration with the results for the basic wing
configuration (aspect ratio 3.2) (fig. 11) indicates approximately a
10-percent increase in lift and a corresponding increase in longitudinal
stability for the wing of higher aspect ratio. There was a slight but
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measurable increase in minimum drag and maximum lift-drag ratio. (Tt
should be pointed out that all coefficients throughout the report are
based upon the geometry of the basic wing with aspect ratio 3.2.

Since the configuration with the lower aspect ratio had less longi-
tudinal stabllity, it might be expected that the control requirements
for trim would be less and the maximum trim 1lifts attainable might be
greater than for the configuration with the higher aspect ratio. A
comparison of the pitching-moment results (fig. 12(b) for A = 3.2 end
fig. 4(b) for A = 3.7) indicates that this relstionship does exist in
that, although the tail effectiveness 0OCp/dit for a constant angle of
attack is essentially the same for both aspect ratios, the increment in
trim lift at Cy = O between it = -3° and iy = -80 is greater for
the lower aspect ratio configuration because of its lower stability.
The actual values of trim 1lift obtained for the lower aspect ratio
configuration at it = -3° and -8° (fig. 12) are less than those
obtained for the higher aspect ratio configuration (fig. 4), but this
difference is a result of the drooped inlet present for the model with
A = 3.2 that was not present for the model with A = 3.7.

Effect of canopy shape and of inlet-wing transition fairing for
configuration with basic nose, bump off, drooped inlet, and A = 3.2.-
Changing the vee-front canopy to a canopy having a smgll flat front had
little effect on the minimum drag or on the aerodynamic characteristics
in pitch for the complete model with it = -8° (fig. 12). A similar
effect was found for the transition fairings between the inlet and the
leading edge of the wing (fig. 13).

CONCLUSIONS

An investigation of the gerodymamic characteristics of several
configurations of a model of a L45° swept-wing airplane at a Mach mumber
of 2,01l in the Langley L~ by 4-foot supersonic pressure tunnel indi-
cated the following conclusions:

1. Configurations employing the wing of increased aspect ratio
(A = 3.7), which constituted the bulk of the tests, produced sbout a
10-percent Increaese in 1ift and in longitudinal stability compared to
that for the basic wing of aspect ratio 3.2. There was a slight but
measurable increase in minimum drag and maximum lift-drag ratioc.

2. For the basic configuration modified to the wing of aspect
ratio 3.7, the meximum horizontal tail deflection of -16° resulted in
a trim 1lift coefficient of about 0.3 at an angle of attack of 7.7°, a
trim drag coefficient of 0.086, and a trim lift-drag ratio of 3.5. The
minimum trim drag coefficient for a horizontal tall deflection of -39

was about 0.035.
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3. An effective upwash at the low horizontal tail contributed to
the high degree of longitudinal stability.

k. At zero angle of attack (slight negative 1lift), the basic con-
fTiguration with the modified wing of A = 3.7 indicated positive
direectional and lateral stability.

5. The addition of the extended nose to the body had a negligible
effect on the 1lift, drag, and longitudinal stability but reduced the
directional stability to such an extent thet instability might occur with
" increasing angle of attack.

6. The droop of the forward part of the inlet resulted in s slight
incresse in minimum drag, a decrease in the variation of drag with 1lift,
and a reduction in the trim 1ift coefficient of sbout 0.025.

7. The addition of the bump to the fuselage afterbody apparently
resulted in a slight reduction in minimum drag although the difference
was within the accuracy of the drag measurements.

8. The use of a flat-front canopy lnstesd of a vee-front canopy or
the addition of various transition fairings between the inlet and leading
edge of the wing had little effect on the drag or the gerodynamic charac-
teristics in pitch.

Langley Aeronauticel Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., September 21, 195k.
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TABLE I

GEOMETRIC CEARACTERISTICS OF A MODEL OF A 45° SWEPT-WING ATRPLANE

Wing:

Aspect ratio, basic wing . e ..
Aspect ratio with extended tips

Spen, basic wing, ft . . . . . .
Span with extended tips, ft . . .
Ares, basic wing (excluding inlets)
Area with extended tips, sq It . .
Taper retio, basic wing . . . . .
Taper ratio with extended tips . .
Sweep at quarter-chord line, deg .
Dihedral measured in chord plane, deg
Twist, deg . = + ¢+ ¢ ¢ v ¢ &« ¢ 2 & o«
Incidence, deg . . . ¢ ¢ o ¢ ¢ o « o &
Section, inboard (0.38b/2 sua.tion) . .
Section, tip « ¢« ¢ ¢ ¢« o« « ¢ o o« s o o
Mean aerodynamie chord, basie wing, £t
Mean serodynasmic chord with extended tips »

s ® 8 & W 2 & a

w

0

Hy
lllllllll-c'lllll

Hye o o 2 v ¢ s s ¢ s & 5 8 o v
« & 9 & 2 = 2 s P 8 N 2 4% v
® & s 8 8 8 & s 8 B @

v a'a w8 v 2 a 8 8 s e a 3 8 @
" 4 ® & 3 2 * 8 & % 0 4 v 2 @

ct

Fuselage:
Length, basle, f# . . . . . . .
Length, extended nose, ft . ..
Wid.th,maximm,“‘b.......
Depth, maximum {excluding canopy), £t

Frontal aree, s £t . « . . . . . . .

.
]
H

Horizontal tail:
Area, including vody Iintercept, sq
Spen, ft . . . . -
Aspect ratio . . “ s e e e e .
Taper ratic . ¢« ¢ ¢ « o o & o &«
Sweep at quarter-chord line,
Dihedral, deg . . « « . . &«
Twist, deg « = & v « « & &
Section, root . . . . . . .

ot

Section, tip . . . . . .
Mean aerodynamic chord, ft
Hinge line, percent tail mean aerodynsmic chord

Tail length from ﬁ of wing to % of tail, £t

oo-.%
m

* s n a s & o ® o Fy

Vertical tail:
Area (to body center line), sq
Span (to body center line), £t .
Aspect ratio . « . . . . . 4 . .
Taper ratic . . . . « = e e e
Sweep at quarter-chord line, deg
Section, Inboard + . . « ¢ « . &
Section, tip . . - ¢« « ¢ « + o .
Mean aserodynamic chord, ft . . .

Tail length from -E— of wing to

L]
ct

[
H

vertical tall, ft

#‘lf)lclonnl!

. 0.848

NACA 654005. 5
NACA 65A003.7
. - <« . 0.522
. . . . 0.507

e . . . 2.756
e v e e 3.05
.« « « . 0.199
e -+ « 0.206
e v . . 0.051
« . « . 0.188
« . . . 0.758
e e e« . 3.06
« .« o 0.k56
45
.« .. . o
. FACA 65A006
. RACA 65a004
e e s o 0.26
e . - . 0.098
e « o « 0.9
e e . . 0.155
e o o« . 0496
e e e . 1.593
.« . - . 0.365
e e e 45

. Naca 65A006
. NACA 654004
e + o o 0.334

e .. . 0.TOL
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Figure 1,- Three-view drawing of model of a 459 swept-wing airplane. &
Solid lines define basic model. All dimensions are in feet unless 8’
otherwise noted,
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(a) Right front view.

Figure 3.~ Photographs of model with basic nose and wing, drooped inlets,
and bump off.
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(v) side view.

Figure 3.~ Continued.
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(c¢) Bottom view.
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Figure 3.~ Continued.
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(d) Front view.

Figuore 3.- Continued.
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(e) Top view. 0° transition fairing.

Figure 3.- Concluded.
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A Horizonta! tait off_
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(&) Variation of drag coefficient and angle of attack with
: 1ift coefficient.

Figure 4.- Effect of horizontal tail on aerodynamic characteristics in
pitch. Basic nose; bump off; A = 3.7; undrooped inlet.
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(b) Variation of pitching-moment coefficient with 1ift coefficient.

Figure 4.- Concluded.
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Figure 5.- Longitudinal characteristics for trim, Cp = 0. Basic nose;
bump off; A = 3.7; undrooped inlet.
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(a) Variation of pitching-moment coefficient with angle of incidence of
horizontal tail.
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(p) Variation of effective downwash with angle of attack.

Figure 6.- Pitching effectiveness and downwash characteristics of tail.
Basic nose; bump off; A = 3.7; undrooped inlet.
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(a) Variation of drag coefficient and angle of attack with
lift coefficient.
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Figure 7.- Effect of nose length and body bump on aerodynamic character-

isties in pitch.

A = 3.7; undrooped inlet; i
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(b) Variation of pitching-moment coefficient with 1lift coefficient.

Figure 7.- Concluded.
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(a) Variation of yawing-moment coefficient, rolling-moment coeffi-
cient, and side-force coefficient with angle of sideslip.

Figure 8.- Effect of nose length and body bump on aerodynemic charescter-
istics in sideslip. A = 3.7; undrooped inlet; a = 09 i, = -3°.
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(b) Variation of pitching-moment coefficient, drag coefficient, and 1ift
coefficient with angle of sidesiip.

Figure 8.- Concluded.
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(2) Variation of yawing-moment coefficient, rolling-moment coefficient,
and side-force coefficient with angle of sideslip.

Figure 9.~ Aerodynamic characteristics in sideslip. Basic nose; bump off;
undrooped inlet; A = 3.7; o = 0°.
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(v) Variation of pitching-moment coefficient, drag coefficient, and 1ift
coefficient with angle of sideslip.

Figure 9.- Concluded.




NACA RM L5LJO8 AR 29

30 Undrooped inlet
O Drooped inlet with O fairin
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(a) Variation of drag coefficient and angle of attack with
1ift coefficient.

Figure 10.- Effect of inlet droop on serodynasmic characteristics in pitech.
Basic nose; bump off; A = 3.7; iy = -3°.
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(b) Variation of pitching-momrent coefficient with lift coefficient.

Figure 10.~ Concluded.
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(t) Variation of pitching-moment coefficient with 1lift coefficient.

Figure 11l.- Concluded.
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(a) Variation of drag coefficient and angle of attack with
1ift coefficient.

Figure 12.- Effect of canopy shape =nd horizontal tall deflection on

sgerodynamic characteristics in pitch. Basic nose; bump off; drooped
inlet with O° fairing; A = 3.2.
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(a) Verietion of drag coefficient and angle of attack with
1ift coefficient.

Figure 13.- Effect of inlet transition feiring on serodynamic character-
istics in pitch. Basic nose; bump off; A = 3.2; iy = -3°.
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(v) Variation of pitching-moment coefficient with 1ift coefficient.
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Figure 13.- Concluded.
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