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NATTONAL ATWISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

STABILITY AND CONTROL CHARACTERISTICS OF

A %-SCAIE BELL X-5 AIRPLANE MODEL
IN THE IANDING CONFIGURATION
By Robert E. Becht

SUMMARY

An investigetion was made of the static stability and control char-

acteristics of a %-—scale model of a preliminary Bell X-5 alrplane design

. in the—landing configuration with and without dive brskes. The changes

in trim produced in goihg from the clean to the landing configuration
would necesgsgitate the use of a compensating elevator deflection of about
-5.7°. Adequete elevator effectiveness was available to trim to the
maximum Iift coefficients attaineble in the landing configuration. The
use of plug-type fuselage dive brskes caused an unstable stall, but this
condition could be corrected by use of & small wing spoiler. On the
other hand, flap-type fuselage dive brakes. produced a stable stall, and
also a general reduction in longitudinal stabllity over the 1ift-
coefficient range with slight instability at the intermediate 1ift coef-
ficients of both 20° and 60° wing sweep angles.

- INTRODUCTION

An investigation of the static stabllity and control characteristics
at low speed of a %--scalé model of a preliminary Bell X-5 airplane design

has been conducted in the Langley 300 MPH 7~ by 10-foot tunnel. The

Bell X~5 airplene is a proposed research airplane whose sweepback angle
can be varied continuously between 20° and 60°. Provision for longi=-
tudinal translation of the wing with respect to the fuselage is also made.

The results of the previous investigations of the stability and
control characterlstics of the Bell X-5 airplane model at low speed are
presented in references 1 to 3. The present paper contains the results
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of an investigetion of the stability and control characteristics of the
model in the landing configuration with dive brakes retracted and extended.
The results of exploratory tests made to determine the effect of leakage
through the fuselage at the wing root are also included.

SYMBOLS

The system of-axes employed, together with an indication of the
positive forces, moments, and angles, is presented in figure 1.

Cy, 1ift coefficient (Lift/qS)
Cx longltudinal-force coefficlent (X/qS)
Cy lateral-force coefficient (Y/gS)
Cy: rolling-moment coefficient (L/aSb)
Cp pltching-moment coefficient (M/ch5o)
Cn yawing-moment coefficient (N/qSb)
X longitudinal force along X-axis; péunds
Y lateral force aloné Y~-axis, pounds
Z force along Z-axlis, pounds (Lift = -Z)
L rolling moment about X-axis, foot-pounds
M pitching moment about Y-axis, foot-pounds
N yewlng moment about Z-axis, foot-pounds
q free-gtresm dynemic pressure, pounds per square foot (pV2/2) B
wing area, squere feet
[ wing mean aerodynamic chord (based on plan forms shown in
© fig. 2), feet
550 mean serodynamic chord at 50° sweep, feet
c! gtreamwise wing chord, feet )
c wing chord perpendicular to quértef—chord line .of unswept wing,

feet
CONFIDENTIAL -
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b wing span, feet

v - free-stream veloclty, feet per second

A aspect ratio (b2/8)

p mass density of alr, slugs per cublc foot

a -angle of attack of thrust line, degrees

g angle of yaw, degrees

i angle of incldence of stabilizer with respect to thrust line,
degrees

o] control-surface deflection measured in a plane perpendicular

to hinge line, degrees

A angle of sweepback of quarter-chord line of unswept wing,
degrees

Subscripts:

e elevator

£ flap

¥ denotes partial derivatigg of a coefficlent with respect to
yaw <%xample: CZ¢ ='S;L

APPARATUS AND METHODS

Description of Model

The model used in this investigation wag & %-—scale model of a
preli=tnary Bell X-5 alrplane design and must, therefore, be considered _

_..only qualitatively representative of the Bell X-5 airplane.

Physical characteristics of the basic model are presented in fig-
ure 2 and photographs of the model on the support strut are given in
figure 3. Figure 4 presents the detalls of the landing gears and doors
and figure 5, the detalls of the flaps and slats as used in this investi-

- gation. The detaills of the plug-type and the flap-type fuselage dive
brakes are given in figure 6 along with a sketch of the gap at the wing
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root. Details of the wing spoiler as used in thils investigation are also
glven in this flgure. ‘ - .

The wings were pivoted about axes normal to the wing chord planes.
The wing incidence measured in a streamwisge direction was zero for all
sweep angles. At all sweep angles, the wing was located so the gquarter
chord of the mean aerodynamic chord fell at a fixed fuselage station.
The moment reference center was located at this same fuselage statlon.
(See fig. 2.)

The jet-engine ducting was simulated on the model by the use of an
open tube having an inglide diameter equal to that of the Jet exlit and
extendlng from the nose to the jet exlt. _ )

Tests
The tests were conducted in the Langley 300 MPE 7- by 1lO-foot tunnel
at a dynamic pressure of 34.15 pounds per square foot which corresponds
to a Mach number of 0.152 and = Reynolds number of 2 X 10° based on the
mean aerodynemic chord of the wing at 50 sweep for average test conditions.

During the tests, no control was imposed on the flow quantity through

the jet duct. Measurements of the flow quantity Ilndicated that the Ilnlet-~

velocity ratio varied between O.78 and 0.86, the higher values being
observed at low angles of attack.

Longitudinal tests were made through the angle-of-attack range by

o]
utilizing three tail configurations, tail off and taill incidences of - &
and =5°,

Two types of tests were employed for ‘determining the lateral char-
acterlstics of the model. The parameters, Cn*: CYW’ and CZW were

determined from tests through the angle-of-attack range at yaw angles
of 0° and 50, The lateral characteristics were also determined from
tests through a range of yaw angles at constant angle of attack,

Corrections

The angle-of-attack, dreg, and pltching-moment results have been
corrected for jet-boundary effects computed on the basls of unswept
wings by the methods of reference 4, Independent calculations have
gshown that the effects of sweep on these corrections are negligible.
All coefficients have been corrected for blocking by the model and its
wake by the method of reference 5.

CONFIDENTIATL



‘I

NACA RM L50J27 CONFIDENTIAL )

Corrections for the tare forces and moments produced by the support
strut have not been applied. It 1ls probable, however, that the signifia
cant tare corrections would be limited to small increments in pitching
moment and drag.

Vertical buoyancy on the support strut, tunnel alr-filow misalinement
and longitudinal-pressure gradient have been accounted for in computation
of the test data.

RESULTS AND DISCUSSION

Presentation of Results

The longltudinal aerodynamlic characteristics of the model with
20° wing sweep having both slats and flaps retracted and extended are
presented in figures T and 8, respectively. These data were obtained
from retests of the model to allow for comparison with the aerodynamic
characteristics of the model in the wvarlous configurations to follow.
The original deta for these configurations, as given in: references 1 )
and 3, were not used inasmuch as the wing of the test model was refinished
at the conclusion of the investigetion reported in reference 3. Close
agreement, however, was obtained wilth the data presented in reference 3
and reference 1 for the same model configurations,

The principal results of the investigetion are presented as follows:

Flgures

Effect of landing gear and gear doorst
Longitudinal characteristics . . « ¢« ¢« ¢ ¢« ¢ ¢« ¢« ¢ ¢« ¢ o &« o« « 9 to 12
Longitudinal control « ¢« « ¢« ¢« o« « o & e o s s 4 s s o s e s s s 13
Lateral and directional characteristics B £ 1

- Bffect of dive brakes:

Longitudinal characteristics . . . « ¢« + ¢« ¢ ¢« ¢« ¢« ¢ ¢ ¢« « « 15 t0 19
Lateral and dlrectional characteristice . . ¢« ¢ ¢« ¢ ¢ ¢ ¢ ¢ « ¢ « 20

Effect of alr gap around wilng root:
Longitudinal characteristics . . . . =2
Lateral and directional characteristics e 4 s a4 e s e s s e 0 e . 22

The aerodynamic coefficients presented herein are bagsed on the wing
area and span of the sweep configuration in question and on the mean sero-
dynexmic chord of the wing at 50° sweep. Thus, the pitching-moment coef-
ficlents are baged on a reference length which is fixed with respect to
the fuselage and i1s independent of sweep angle, whereas all other coeffi-
cients are of the ususl form.
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The Effect of Slats, Flaps, Landing Gear, and Gear Doors

Characteristics in pitch.- In order to provide an index of the

change in stability, the change in trim, and the change in drag coeffi-

clent produced by the various modifications, the parameters,

oCy, [3Cy,

Cp, and Cx have been evaluated at a.-11ft coefficient of 0.6 and are
The elevator deflection required to

tabulated in the fqllowing table.

trim the model at Cp, = 0.6 with a - &

30

tail setting is also included.

The 1ift coefficient of 0.6 was chosen as the value at which flaps, slats,
and landing gear might be extended. '

down, doors
off

%m Lo 3Cyy
L oCr, 0L, Cn Cx
Configuration ( '
talll f _ 1, = - (} = - ) (} = = 3| Ctrin
i, = - D[ = -9)| (s Pl =-%
Clean 0.02k} -0.063 ~-0.068 -0.0k2 -0.04k | -k,5
Slats and flaps [, 033| -0.059 -0.093 | -0.082 -0.123 |-=—---
extended
Gear down end (g 019{ -0.0k42 -0.047 | -0,048 ~0.077 |-=mmmm
doors on
Gear down and  |g,035{ -0.063 -0.073 | =0.052 -0.077  |-===--
doors off
uSlats and flaps
extended, gear
down and doors|0.028] -0.066 -0,0T71 -0.08k -0,160 {-10.2
on (landing
configuration)
Slats end fleps
extended, gearin ouol -0.07% | -0.078 | -0.092 | -0.156 |mmee-

The lending configuretion is defined as slats

landing gear down, and gear doors left on.
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It can bhe seen in the freceding table that the stabllity changes
encountered in going from the clean to the landing configuration were
no greater than 3 percent 650. The model exhibited the least stabllity

with slats and flaps retracted, landing gear extended, and gear doors
left on.

4 nose-down trim change wes experilenced in all intermediate con-
figurations leading to and including the landing configuration regardless
of whether slats and flape were deflected first or last. The landing
configuration had an increase in drag coefficient of about 0.116 over
that of the clean model. Of this drag increase, about 0.079 was due to
extending the slats and flaps. The lift-curve slope at Cp, = 0.6
remained essentially constant for all tall-on configuretions listed in
the preceding table and had a mean value of 0.085.

Longltudinal control.~ The effect of elevator deflection on the
longitudinal aerodynamic characteristics of the model is presented in
figure 13. The elevator deflection requlred to trim the test model at

o
a 1lift coefficient of 0.6 with a stabllizer setting of - % is listed

in the preceding table as -4.5° for the clean configuration and -10.2°
for the landing configuration. The data required to compute the trim
elevator deflection of the clean configuration was obtailned from refer-
ence 1. It wae noted that adequate elévator effectiveness was avallable
to trim the model over the 11ft coefficients obtainable in either
configuration.

Characteristics in yaw.- Figure 14 shows that the directional
stability of the clean model was essentially constant through the 1lift-
coefficient range up to about CLmax' The use of slats and flaps extended

the stabllity to higher 1ift coefficients because of the increased maximum
1ift attainable. Directional instability was experienced after or very
near the CLmax of the model configuration in question. In general, good

agreement was obtalned with the data presented In reference 2 for the

clean model and for the configuration utilizing slats and flaps. Extending
the landing gear and leaving the gear doors open resulted in a decrease in
directional stability from that of the configuration with slats and flaps
extended although this decrease became leas evident at high 1ift
coefficients.

The effective dihedral of the clean model was Increased by a falrly
constant amount through the lift-coefficlent range when slats and flaps
were used. The extended landing gear and the open gear doors, however,
tended to nullify this increase,

CONFIDENTIAL
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The Effect of Dive Brakes

Characteristics in pitch.- Although the effect of the plug-type dive
brakes on the stabllity characterlstics of the clean model was satige‘
factory (see reference 3), figure 15 shows that an unstable stall is
experlenced if this type brake 1is used in conjunction with the landing
configuration. Inasmuch as the unstable stall is evidenced in the tall-
off pitchlng~moment curve, it can be assumed that the tall did not con-
tribute significantly to this instability. In attempting to determine
the cause of the unstable stall, tests were made with the rear landing-
gear doors removed to simulate -their belng closed after the gear was down.
The results presented in figure 16 indicate that the rear landing-gear
doors did not contribute fundamentselly to the instability at the stall.
As a means of evaluating the effect of the rear doors without the dive
brakes, tests were made of this configuration and the results are presented
in figure 17.

With the tall and the rear landing-gear doors eliminated as the
primary cause of the unstable stell of the model 1n the landing con-
" figuratlon with dive brakes extended, tuft studies of the flow on the
wing were made. With dive brakes extended, .an appreciable section of
the wing inboard near the wing-fuselage Juncture remained unstalled after
flow separation of the rest of the wing was falrly complete, By inducing
a premature separation in this region with a small spoller located as
shown in figure 6, a stable stall could be obtained. (See fig. 18.) In
addition to the stable stell, some increase in longitudinal stability
and drag was realized over the configuration without the spoiler.

If the plug-type dive-brake deslgn were changed to that of the flap
type having approximately the same frontal area, the flap-type dive brake
would provide higher drag than that of the plug-type dive brake and
spoiler. (See fig. 18.) A somewhat reduced stability resulting in
slight instability above Cp = 0.9 was obtained for the center-of-gravity

and wing locations assumed. A stable stall, however, was experienced.

In view of the stable stall at 20° wing sweep, the effect of the
flap-type dive brakes at 60° wing sweep was considered of interest.
Flgure 19 shows that a reduction in longitudinal stabllity was again
obtained with very slight instabllity occurring near a lift coefficient
of 0.7 when the flap-type dive brakes were used on the clean configuration
with a 60° swept wing. At Cy, = 0.8, stability was again evident up to

and beyond the stall. The maximum 1ift coefficlent as well as the 1ift-
curve slope was reduced when the flap-type brakes were used. The drag
coefficlents at low 1lift coefficients were lncreased about 0,025 over
those of the clean model. '

Characteristice in yaw.- In view of the almost nonexlstent effect
of the plug-type dive brakes on the lateral-stabllity parameters of the
clean configuration with 20° wing sweep (reference 3), tests of the
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NACA RM L5%0J27 ' CONFIDENTIAT 9

flap-type dive brakes on thils configuration were not undertaken. When

the flap-type dive brakes were used on the clean configuration with

60° sweep, an apprecisble reduction in directional stablility in the
moderate lift-coefficient range was observed. (See fig. 20.) Directional
ingtabllity occurred at a 1lift coefficient 0.17 below Cr compared to

instability at a 1lift coefficient 0.23 below CLmax for the clean model

configuration. The instebility of the model with dive -brakes occurred,
however, at a lower 1ift coefficient because of a reduction in Cr .

Increases in the effective dihedral of varylng magnitudes up to stall
were observed when flap-type dive brakes were used, and, at the stall,
values less negative than those of the clean configuration were encountered.

Effect of Gap at Wing Root

Characteristics in pitch.- The contemplated Bell X-5 alrplane design
includes a sliding fillet arrangement at the wing root that translates
along the outside of the fuselage in conjunction with the wing. As a
means of evaluasting the effect of leakage through the fuselage at the
wing root of the configuration with 20° wing sweep with slats and flaps
extended, a few exploratory tests were made with a gap of roughly 1/2 inch
around the wing root as shown in figure 6. This gep should produce much
more extreme leakage than would be anticipated on the full-scale airplane
and 1lts effect on the test model would more than likely represent the
outer boundary of the effect on the full-scale airplane. ~ The over-all
effect of the gap on the test model was what might be expected from the
use of a wing of lower aspect ratio, The increase in longitudinal sta-
bllity of the model with the gap open indiceted an outward and rearward
shift in the aerodynamic center due to unloading at the wing root (fig. 21).
Although no tall-off tests were made, some reduction in downwash at the
tall may have contributed to the longitudinal-stabllity increase. The
lift-curve slope was reduced and the increase in drag became greater with
increasing 1ift coefficient.

Characteristice in yaw.- The directional stability was again fairly
congtant wlth lift coefficlent wilth some slight decrease noted over that
of the configuration having the gap closed (fig. 22). The effective-
dihedral variation with 1ift coefficient followed essentially the same
trends as observed with the gap closed only wlth some slight decreases
particularly in the high lift-coefficient range.

CONCLUSIONS

An investigation of the static stability and control characteristics
at low speed of a %- scale model of a preliminary Bell X-5 alrplane
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design in the landing configuration has been conducted and the following
conclusions have been drawn:

1l. Changes 1ln trim produced in going from the clean to the landing
configuration would necessitate the use of a compensating elevator
deflection of.about =-5.7° The longitudinal-gtability changes encountered
in going to the landing configuration were no greater than 3 percent of
the mean serodynamic chord at 50° sweep. ' . T

2. Adequate elevator effectiveness was available to trim to the
maximum 1ift coefficients attainable in the landing configuration.

3. The use of plug-type fuselage dive brakes cauded an unstable L
stall in the landing configuration but a steble stall could be obtalned
by addition of a small wing spoiler.

4, The use of flap-type fuselage dive brakes produced & stable stall,
and also a general reduction in longitudinal stabilility over the lift-
coefficlent range with slight instability at the intermediate 1ift coef-
ficients for both the 20° and 60° wing sweep angles.

5. Leaskage through the fuselage at the wing root of the configuration
with 20° sweep wlth slats and flaps extended increased the longitudinal
stebllity and drag and, also, reduced the lift-curve slope.

Langley Aeronautical Laboratory
KRational Advisory Committee for Aeronautics
Langley Air Force Base, Va,
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Relative wind

Relalive wind

View A-A

Figure 1l.- System of axes and control-surface deflections. Positive
values of forces, moments, and angles are indicated by arrows.
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PHYSICAL CHARACTERISTIZS
Wing:
Sweep, deg . . . . . 20 35 50 60
Area, aq ft . 10.33 10.4%5 10.80 11.33
Aspect ratio . . . . 5.76 4.5 2.98 1.92
Span, ft . . . . . . 7.72 6.90 5.67 L.66"
Aiteron chord 0.25 of Mean serodynanic y
chord, ft . 1.396 1.579 1.985 2.535
unswept wing chord Incident’:e, deg . ¢ 4 . e . e b e e e s 4]
Dihedral, deg . « « o« » ¢« ¢« ¢ 4 o s o ~2
Q25chord of Airfoil section perpandicular to 0.25c:
| — unswept wing ROOL o v v ¢ o v o o » s NACA 6l(103)=010.3
TID & o o o 6 0 0 o 0 o s o o FACA 64008
Horizontal tail:
Ares, BQ fE . 4 . ¢ 4 4 e 4 s e e e 1.9%
Aspect ratio . . . . . 4 i 4 e e e s . 2.89
Vertical tail:
Area, sg ft . . . .. ... ... 1.33
Aspect ratio . . . . .t . . e 4 .4 e . 1.46
0 0 20
e
Scole, inches
542
43,
= 33— =
V//,ﬁi::;”:ég‘ CG6.at 025 MAC
T e T
— 1 -
Las S p——
567

13

_7,‘

1340 I

-396

Figure 2.~ General arrangement of test model.
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Figure 3.- Concluded.
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—Nose-gear door angular disp/acement 30°

—
4.00 P 270
532 -
4 2 650 . ' \——Forward door
ZR ——G 3A
34./8

Elevation projection of landing gear doors.
Doors flush in closed position; angular
displacements for full open positions are:
forward door 39°

art door 55°

0 /10 20

a1

Scale, inches

Figure 4.- Details of the landing gear and doors.
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-

005¢

Section 8-8

Figure 5.- Details of flap and slat.
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-
LOO

943+ 100>

€ R ¥
‘ —6.00
9.13+ \'Flap dive brake

o 10 20

Scale, inches Plug dive brake

air gop
\

60Q

£0°

Flap dive brake

Figure 6.~ Details of dive brakes, air g;a.j, and spoiler.
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4, deg _
£ o -7 3
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a &  Horizontal and vertical - '-4-3
tail off & a7 B
> 3| .3
LIS
gt
= ol |
—ETR — =
24 T 0— S 0 § .
20 , %)L
o %
g i
<, s#
§ il
5 s il
S
4
® { ot
<, B
4 Pl T

4 2 0 2 4 6 &8 /[0
Lift coefficient, G,

Figure T.- The effect of tall incidence on the aerodynamic:characteristicé
of the test model. A = 20°; slats retracted; 5f = 0°; landing gear and

gear doors off.
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- s/
D CH :
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] : 11 .
£-2 ;
g 'y, [
S iy ,de
-3 M g 3
& © 74
of _5 -.6 x
& Horizontal tail off JQ&X S
X 58
\ _(" S
0 _(\.’
\ _4‘t
ok S
. 0.3 8
Vonol <
] P
~ =]
' 24 =) 3
B . =
N /S
20 R S
g - 0~
< %6/
g /6 f—
- N
S /2
IS
5 8 >
& .
e 4 P
<
0 o
4 A
-4 1 1 I
o 2 4 6 8 0o 2 14 /6 I8
- Lift coefficient, G,
. Figure 8.- The effect of tail incidence on the sercdynamic characteristics

of the test model. A = 20°; slats extended; 8¢ = 50°; landing gear and
gear doors off.
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Ks\ .

Pezzans

s e B

S . O3 i

g :

§ iy ,deg ©
:§'-2 e_\3/4 -.5
2 B-5 2]
N L 4

& Horizontal tail off &0

)
5
8
b3
-3 8
. QO ,
Pl 28
5
- 8
=7 e -./;§
24 0§’
20 /-
gE %
- »
s = :
o 4 M
§ :
0 %
2| ~ge ]
-4 p"%. - i I (4 A

4 2 0 2 4 6 8 [0
Lift coefficient, G,

Figure 9.- The effect of tail incidence on the aerodynesmic characteristics
of the test model. A = 20°; slats retracted; 8¢ = 0°; landing gear

extended and gear doors open.
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Figure 10.- The effect of tail incidence on the aerodynamic characteristics
of the test model. A= 200; slats retracted; B¢ = Oo; landing gear

extended and gear doors off.
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Flgure 11.~ The effect of tail ihcidence on the aerodynamic characteristics
of the test model. A = 20°; slats extended; &y = 50°; landing gear

extended and gear doors open.
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Figure 12.- The effect of tall incidence on the aerodynamic characteristics
of the test model, A = 20°; slats extended; O¢ = 50°; landing gear

extended and gear doors off.
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Figure 13.- The effect of elevator deflection on the aeréqynamic chafaéte;;
istics of the test model. A = 200; glats extended; 8¢ = 50°; landing
gear extended and gear doors open. T
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Figure 1L.- The effect of slats and flaps, and the landing configuration
on the lateral-stability parsmeters of the clean model. A = 20°,
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Figure 15.- The effect of tail incidence on the aerodynamic_characteristics-
of the test model. A = 20°; slats extended; Ef = 50°; landing gear

'extended; gear doors open and plug-type dive brakes extended.
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Figure 16.- The effect of the rear landing-gear doors on the aerodynamic

. o
characteristics of the test model. A = 20°; 1y = - % 3 slats extended;
Bf = 500; landing gear extended; nose wheel doors and front main gear
doors open; and plug-type dive-brake extended.
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Figure 1T7.- The effect of the rear landing-gear doors on the aerodynamic
N o)
characteristics of the test model. A = 20°; iy = - % ; slats extended;

Op = 5005 landing gear exténded; nose wheel doors and frbnt maln ée&f
doors open; plug-type dive brakes off.
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Figure 18.- The effect of dive brakes on the aerodynamic characteristics

o
of the test model. A = 200; i, = -% ; slats extended; Bp = 500;

landing gear extended; and gear doors open.
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Figure 19.- The effect of the flap-type dive brakes on the aerodynamic

characteristics of the clean model. A = 60°; 1p = - % .
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Figure 19.- Concluded.
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Figure 20.- The effect of the flap-type dive brakes on the lateral
stability characteristics of the clean model. A = 600; i, = - %o.
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Figure 21.- The effect of the air gap in the fuselage on the aerodynamic
characteristics of the test model. A = 20°; slats extended; 8, = 50°.
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Figure 22.- The effect of the air gap in the fuselage on the lateral-
. = (o]
stability parsmeters of the test model. A = 200; iy = - % 3 slats
extended; 8 = 50°.
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