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RESEARCH MEMORANDUM

LOW-SPEED INVESTIGATION OF THE EFFECTS OF WING TANKS
AND SPEED BRAKES ON THE STATIC STABILITY OF
A MODEL HAVING A 40° SWEPT WING

By William €. Sleeman, Jr., and-William J. Alford; Jr.
SUMMARY

A low-speed wind-tunnel investigation was conducted to study the
effects of pylon-mounted wing tanks and speed brakes on the static sta-
bility characteristics of a model having sweptback wing and tail surfaces.
The wing of the model was of aspect ratio 3.45 and was swept 40° at the
quarter-chord line. The wing tanks were of fineness ratio 10.4 and were
located at approximately the 22-percent-wing-semispan station. The speed
brakes were located on the sides of the fuselage a short distance behind
the wing trailing edge.

The test results indicated that addition of the tanks and brakes
had an appreciable adverse effect on the directional stability charac-
teristics of the model throughout the sideslip range. Furthermore, rud-
der effectiveness with the tanks and brakes installed was such that side-
slip angles corresponding to regions of very low directional stability
could be closely approached. In addition to the directional-stability
problems encountered, a large variation of pitching moment with sideslip
(nose down with increased sideslip) revealed a longitudinal trim problem
that could be encountered in flight for an airplane having similar char-
acteristics and for which large sideslip angles could be reached
inadvertently.

An increase in size of the vertical tail and the addition of a
dorsal fin offered two possible means for improving the yawing-moment
characteristics with tanks and brakes installed.

INTRODUCTION

During flight testing of several current high-speed airplane con-
figurations, some conventional maneuvers such as abrupt aileron rolls
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and rudder kicks (ref. 1 and unpublished data) have led to violent uncon-
trolled lateral and longitudinal motions. Although these airplanes
differed appreciably in geometry, their flight behavior was characterized
by the attainment of large positive and negative angles of attack as well
as high sideslip angles within a given flight record. For one airplane
configuration, the violent motion encountered appeared to be associated
with the installation of wing tanks and projection of speed brakes. Flight
tests of this airplane also indicated that the aforementioned undesirable
characteristics were present at both low speeds and high speeds. It
appeared therefore that some research at low speed on a typical config-
uration could provide static stability information pertinent to this
problem and of general interest relative to the longitudinal and lateral
characteristics over a large range of sideslip angle and angles of attack.

An investigation has been conducted in the Langley 300 mph T7- by
10-foot tunnel to determine the effects of pylon-mounted wing tanks and
speed brakes on the static stability characteristics of a complete model
having a 40° sweptback wing of aspect ratio 3.45. Static longitudinal
and lateral characteristics of a model differing only slightly in tail
geometry from the present model are presented in reference 2. Results
of this investigation are presented as the variation of aerodynamic
characteristics with sideslip angle for a range of sideslip angles from
-4O to 30°. Although most of the test results were obtained with the
model at an angle of attack of 0.3°, the effects of tanks and brakes on
the basic model were also determined over the aforementioned sideslip
range at angles of attack of approximately +13° and +6°.

Test results for the basic configuration indicated that a marked
reduction in directional stability accompanied the addition of wing
tanks and speed brakes. Much of the investigation was therefore directed
toward determination of the causes of these adverse effects and deter-
mining means for attaining more satisfactory characteristics with tanks
and brakes installed.

COEFFICIENTS AND SYMBOLS

The results of this investigation are presented as standard NACA
coefficients of forces and moments. Figure 1 shows the stability system
of axes and the positive direction of forces, moments, and displacements
of the model. Moment coefficients are given about the reference center
shown in figure 2 (located on the fuselage center line at a longitudinal
position corresponding to the 25-percent-mean-aerodynamic-chord station).
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CL 1ift coefficient, Lﬁgz

CX 10ngitydinal-force coefficient, %%

Cp drag coefficient, -Cy at zero sideslip
Cm pitching-moment coefficient, a%g

Cl rolling-moment coefficient, Egg

Cyp yawing-moment coefficient, Egg

s lateral-force coefficient, g%

X longitudinal force along X-axis, 1b

Y lateral force along Y-axis, 1lb

% vertical force along Z-axis (Lift = -Z), 1b
L rolling moment about X-axis, ft-lb

M pitching moment about Y-axis, ft-1b

N yawing moment about Z-axis, ft-1lb

q dynamic pressure, %QVQ, 1b/sq ft

v velocity, ft/sec

o air density, slugs/cu ft

S wing area (excluding simulated wing root inlet), sg ft
b wing span, ft

g wing mean aerodynamic chord, ft

a angle of attack of fuselage center line, deg
B angle of sideslip, deg
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Sr rudder deflection measured in a plane parallel to the
fuselage center line, positive when trailing edge is to
the left, deg

Sa total or combined deflection of left and right ailerons
T measured in a plane normal to the wing quarter-chord
line, deg
G s Gt s C denotes coefficient increments due to the tail surfaces
et gy

MODEL. DESCRIPTION

Side and plan views of the basic model configuration used in this
investigation are given as figure 2. The wing had 40° sweepback of the
quarter-chord line, aspect ratio 3.45, taper ratio 0.578, and had NACA
64A0L0 airfoil sections normal to the quarter-chord line. A summary of
the geometric characteristics of the model is given in table I.

Principal dimensions and location of the fineness-ratio-10.4 wing
tanks and the speed brakes are given in figure 3 and ordinates of the
wing tanks are given in table II. Figure 3 also shows several modifi-
cations to the basic model which were tested in attempts to improve the
directional stability. For the test without the canopy, a section of
the fuselage containing the canopy was replaced by a section which con-
tinued the basic fuselage contour.

In the designation of model configurations, the basic model as shown
in figure 2, with the exception of the landing gear, is considered the
basic arrangement. Test results showing effects of the addition of tanks
and brakes to the model are for the basic configuration unless otherwise
indicated.

TESTS AND RESULTS
Test Conditions
Tests were conducted in the Langley 300 mph 7- by 1l0-foot tunnel at

a dynamic pressure of 34.2 pounds per square foot, which corresponds to
an airspeed of approximately 116 miles per hour. The test Reynolds num-

ber based on the wing mean aerodynamic chord was approximately 1.8 X 106.

CONFIDENTIAT,




NACA RM L55C1T CONFIDENTTAL 5

The model was mounted in the tunnel on a single-support strut, which
was attached to the fuselage, and practically all the tests were made by
varying the angle of sideslip with the angle of attack remaining constant.

Corrections

Jet-boundary corrections to the angle of attack and the longitudinal-
force coefficients were determined from reference 3. The following cor-
rections were added to the data:

Lo = 1.02C7 (deg)
A, = -0.0155¢.€
M T

AC, = O.OlhBCL (for tail-on tests only)

Blockage corrections determined from reference 4 were applied to the
dynamic pressure.

No systematic evaluation of support tares has been made and correc-
tions for support interference have not been applied to the data. How-
ever, results of some limited tare tests on this model and past experience
indicated that support tares were probably small and associated primarily
with minimum drag and longitudinal trim.

Presentation of Results

Most of the basic results are presented as variations of the aero-
dynamic characteristics with sideslip angle for the various test config-
urations. Some results showing the longitudinal characteristics of the
model at zero sideslip with and without tanks and brakes are given in
figure 4. Effects of the tanks and brakes on the aerodynamic charac-
teristics in sideslip of the basic configuration for several constant
values of angle of attack are given in figure 5. Characteristics of the
basic configuration with the rudder and ailerons deflected are also
presented in figures 6 and T, respectively. Results showing effects of
the canopy are given in figure 8 and characteristics of the model with
the tail surfaces removed are presented in figure 9.

Tests were conducted with the tanks and brakes installed separately
in order to assess the individual contribution of these components and
these results are given in figure 10. Results showing the effects of
various modifications such as addition of the landing gear, tank fins,
dorsal fins, extended vertical tail, and flap deflection are presented
in figures 11 to 18.
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Inasmuch as the effects of many of the individual components and
modifications cannot be conveniently obtained directly from the basic
data figures, the most pertinent information is presented in the summary
figures 19 to 25.

DISCUSSION

The present investigation was primarily concerned with the possible
problems associated with addition of wing tanks and speed brakes on the
directional characteristics of the model; however, limited tests also
were made to determine the effects of tanks and brakes on the longitudinal
characteristics at zero sideslip over an angle-of-attack range of approx-
imately +19°. These results, presented in figure 4, show no large effects
of tanks and brakes on the longitudinal characteristics other than the
expected increase in drag.

Basic Configuration

Effect of tanks and brakes.- The effects of tanks and brakes on the

aerodynamic characteristics in sideslip of the basic configuration are
shown in figure 5 for several constant values of angle of attack. The
directional stability near zero sideslip was reduced approximately in

half at positive angles of attack (figs. 5(c), 5(d), and 5(e)) by addition
of the tanks and brakes. For example, the parameter CnB was reduced
from a value of about 0.0022 at a = 0.3° to a value of 0.0010 by instal-
lation of the tanks and brakes (fig. 5(c)). Regions of neutral directional
stability were indicated at approximately 20° sideslip for the basic clean
configuration at all angles of attack. Addition of the tanks and brakes
caused this neutral stability to occur at sideslip angles somewhat less
than 20°. 1In general, throughout the angle-of-attack range, addition of
the tanks and brakes increased the dihedral effect (rolling moment due to
sideslip) at low sideslip angles; however, at higher sideslip angles,
negative dihedral effect was indicated both with and without the tanks

and brakes. Inasmuch as the characteristics through the sideslip range
obtained at « = 0.3° were typical of those obtained at other angles of
attack, subsequent tests were made only at this angle of attack.

The results presented in figure 5 were obtained with the ailerons
and the rudder on the model undeflected and it should be pertinent to
determine if the aforementioned adverse effects of tanks and brakes per-
sisted with these controls deflected Aerodynamic characteristics of the
model with the rudder deflected 15.5 and with the ailerons deflected 20°
are presented in figures 6 and 7, respectively, for an angle of attack
of 0.3°. Comparison of figures 6 and 7 with figure 5(c) indicates that
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deflection of the controls had little effect on the increments attribut-
able to addition of the tanks and brakes. The rolling moment due to side-
slip was more linear at low sideslip angles with the controls deflected
(figs. 6 and 7); however, negative dihedral effect was still indicated at
higher sideslip angles. The rudder effectiveness with the tanks and brakes
installed was such that regions of very low directional stability could

be closely approached. This low stability combined with dynamic overshoot
would allow an airplane having these characteristics to reach high side-
slip angles inadvertently.

Pitching-moment characteristics in sideslip.- An interesting aspect,
not normally emphasized in lateral-stability investigations, was the
pitching-moment variation with sideslip angle both with and without tanks
and brakes installed. Figure 19 has been prepared to summarize the
pitching-moment characteristics presented in figure 5 for the model with
tanks and brakes installed. The pitching moment at zero sideslip has
been subtracted from the data of figure 5 so that the curves of figure 19
show only the increment of pitching moment due to sideslip at each test
angle of attack. These results show large variations in pitching moment
as the sideslip angle was increased above approximately 5° and indicate
a strong diving tendency which increases generally with both angle of
attack and sideslip. This pitching-moment variation combined with the
low directional stability with the tanks and brakes installed would be
highly undesirable from the standpoint of flight behavior of an airplane
possessing these characteristics. With regard to the adverse pitching-
moment characteristics, it would therefore be desirable to reduce this
pitching-moment variation or increase the directional stability with tanks
and brakes installed so that high sideslip angles could not be easily
reached inadvertently. Attempts accordingly were made to find the causes
of this pitching-moment variation and to attain means for eliminating or
reducing its effects.

Results obtained with the tail surfaces removed are also given in
figure 19 for an angle of attack of 0.3° and comparison of these results
with the tail-on curves Indicates that essentially all of the pitching-
moment variation at this angle of attack was associated with the presence
of the tail surfaces. An explanation of this pitching moment can be made
from examination of the tuft grid photograph of the flow field near the
tail presented in figure 20. This photograph was obtained from a previous
investigation of this model mounted on wing support struts and in which
the tail surfaces were replaced by thin rods indicating locations of the
vertical tail and low, mid, and high positions of the horizontal tail.

The mid horizontal-tail position in figure 20 corresponds closely to that
of the present investigation. The flow field as indicated by the tufts
shows the strong vortex from the trailing wing tip, the less extensive
vortex from the leading wing tip, and a third centrally located vortex

of approximately the same extent as the trailing-wing vortex. This central
vortex was counterclockwise at positive sideslip angles which induced an
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upload on the horizontal tail at positive angles of attack where the tail
had moved down into the vortex field. Flow surveys obtained with a single
tuft probe showed that the horizontal tail moved away from the vortex as
the angle of attack was decreased and the converse was observed with
increasing angle of attack. Further probe surveys revealed that the vortex
originated on top of the fuselage at the canopy and trailed along the upper
side of the fuselage back to approximately the 5/h length where it detached
and trailed over the horizontal tail.

Attempts were made to eliminate the fuselage vortex by removing the
canopy, inasmuch as the vortex appeared to originate at the canopy. The
force data, which are presented in figure 8, and tuft surveys showing
effects of the canopy, were consistent in that little difference was
observed in the fuselage vortex and in the pitching-moment variation with
sideslip with and without the canopy. It would therefore appear that
relocation of the horizontal tail would be a more effective means of
reducing the pitching-moment variation than attempting fuselage
modifications.

Tail contribution in sideslip.- Increments of the lateral components
due to the vertical and horizontal tail surfaces were determined from
figures 5(c) and 9 and are presented in figure 21. A comparison of the
rolling-moment characteristics with and without the tail surfaces
(figs. 5(c) and 9) indicates that most of the dihedral effect at low
sideslip angles was associated witk the tail contribution. As indicated
in figure 21, effects of tanks and brakes on the rolling-moment contri-
bution of the tail were small.

Increments attributable to the tanks and brakes on the tail contri-
bution to yawing moment and lateral force were fairly small, particularly
at low and moderate sideslip angles where these effects were appreciably
adverse for the complete model configuration. These results indicate
therefore that the unfavorable effects of the tanks and brakes on direc-
tional stability of the complete model were primarily associated with
their direct contribution on the wing-fuselage configuration rather than
on the tail contribution.

Individual effects of tanks and brakes.- Results showing effects
of tanks and brakes installed separately were obtained from figures 5(c)
and 10 and are presented in figure 22. The largest individual effect on
yawing moments shown in figure 22 was obtained with addition of the wing
tanks for sideslip angles above approximately 10° and the combined effects
of tanks and brakes were, in general, somewhat less than directly additive.
A comparison of results presented in figure 11 with those of figure 10
would indicate that the adverse contribution of the tank pylons to direc-
tional stability was fairly small and therefore most of the effect of the
tank installation was associated with the direct contribution of the tanks
themselves.
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Modifications to the Basic Configuration

Tank fins and brake modifications.- Inasmuch as the wing tanks were
shown to have the largest adverse effect on directional stability, an
attempt was made to reduce this effect by adding tail fins to the tanks
as shown in figure 5. Results obtained with the tank fins on, both with
and without brakes installed, are presented in figure 12 and show only
small improvements with fins on the tanks.

Two modifications to the speed brakes were investigated in attempts
to reduce the adverse contribution of the brakes and these results are
given in figure 13. Comparison of figure 5(c) with figure 13 indicates
that sealing the holes in the brakes or moving the brakes rearward pro-
duced little change in the directional characteristics of the model.

On the basis of the results considered thus far, it appears that
more satisfactory directional characteristics must be achieved by improving
the basic tail contribution rather than by reducing the adverse effects
of the tank and brake arrangement on this model.

Extended vertical tail and dorsal fin.- Tests were made with the tip
of the vertical tail extended as shown in figure 3 and these results are
summarized in figure 25. Addition of the tip extension to the basic con-
figuration with tanks and brakes resulted in an appreciable improvement
in directional stability at low sideslip angles; however, the directional
stability at sideslip angles above 15° was essentially zero with the
extended tip. In order to achieve additional gains in stability at the
higher sideslip angles, a large dorsal fin (see fig. 3) was installed on
the model. Results showing effects of the extended tip with the large
dorsal fin installed are also given in figure 23 and these results show
that significant gains over the basic configuration could be realized by
combination of the large dorsal fin and extended tip. The extent of these
gains in directional stability is indicated in figure 24, which shows
that the yawing-moment characteristics of the model with tanks and brakes
installed could be made almost the same as for the basic clean configu-
ration by addition of the large dorsal fin and the extended tip. A region
of neutral directional stability exists, however, with these modifications
above 15° sideslip, as in the case of the basic clean model.

Effect of dorsal fin size and landing gear.- Inasmuch as the large

dorsal fin was made somewhat larger than might be considered adequate,
tests were made of a smaller dorsal fin having the same length and approx-
imately half the area of the large fin. Results obtained with the small
dorsal fin presented in figure 24 show that the benefits achieved by the
large dorsal fin were essentially retained up to a sideslip angle of
approximately ool W fact, the small dorsal fin was superior to the
large fin between 15° and 20° sideslip. Above this angle, the small fin
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afforded a significant improvement over the basic configuration; however,
these gains were only about half of those obtained with the large fin.

The landing gear for this model (fig. 2) had appreciable projected
side area and therefore could have a significant influence on the direc-
tional characteristics of the model. Effects of the landing gear with
the large and small dorsal fins are shown in figure 25. For sideslip
angles up to about 15° the landing gear had a relatively small effect;
however, above this angle, addition of the landing gear had a fairly
large unfavorable effect on yawing moments of the model for both dorsal-
fin arrangements.

Effect of flap deflection.- Tests of the basic configuration with
tanks and brakes installed were made to determine the effects of flap
deflection on the directional characteristics of the model with the
landing gear on, and these results are given in figure 18. Deflection
of the wing flaps to 40° increased the value of CnB at low sideslip

angles to approximately that of the basic clean model (0.0022); however,
the characteristics at sideslip angles greater than 15° showed a fairly
large region of instability followed by a region of neutral stability
with flaps deflected. Test data with the extended tail and dorsal fin
were not obtained for the flap-deflected condition; however, it might

be expected that these modifications would materially improve the char-
acteristics at the higher sideslip angles. Furthermore, inasmuch as
flap deflection would normally be expected to accompany extension of the
landing gear, the adverse effects of the landing gear shown in figure 25
would probably be counteracted to some extent by the favorable effect of
flap deflection.

CONCLUSIONS

An investigation to determine the effects of wing tanks and speed
brakes on the low-speed directional stability characteristics of a model
having a 40° swept wing indicated the following conclusions:

1. Addition of tanks and brakes reduced the directional stability
of the basic model at low sideslip angles by approximately 50 percent
and had an adverse effect on the yawing-moment variation at higher side-
slip angles.

2. Studies of modifications to the model such as increasing the
vertical-tail size and installation of a dorsal fin indicated possible
means for improving the yawing-moment characteristics with tanks and
brakes installed.
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3. The rudder effectiveness with tanks and brakes installed was such
that sideslip regions of very low directional stability could be closely
approached. This low directional stability combined with dymamic over-
shoot would allow an airplane having these characteristics to reach high
sideslip angles inadvertently.

4. A large pitching-moment variation with sideslip angle was found
for all configurations, which when combined with the low directional
stability with tanks and brakes installed could be highly undesirable
from the standpoint of flight behavior of an airplane having these
characteristics.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley‘Field, Va., March T, 1955.
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TABLE I

SUMMARY OF MODEL GEOMETRY

Wing:
Area (not including simulated inlet aread), SQ £1 « « + v v v v v o @ 4 4 e e e e e 9.03
Span; St . san S e . e e o e (o aolle ol ol Hon [ Moile Duh s R G Fo B IR SIS R e S R O
Sweepback of quarter—chord line, (<7 SRR R e R R = S R G e e o Lo
Aspectiratdosi’y Lol o ale S O oI IR s e e N N (R A 1
Tapensratlons T gl o ol s e e o e e T S T I 0.578
Dinedrali degine o o relin et SR U el Slaiaine P O A L -3.5
Incidence, deguss Sloasl o ielhei T M RiRe e STy S Fat BNES e e Shie o o leriish periath ol Sl RN 255
EcometricREwist i Aeg i s T e o . . i 0o
Mean aerodynamic chiord, £hie ootoine on aiielie ois M) o 1m0 L UE G o o § ool e e R T
Airfoil section (normal ‘to! gquarter—chord Tdme)n & sl oc hiorwls s 5 ot Sl R R A SR T

Flap:
Type < ¢ - * o siie wia w e e leile e &0 @ (58l 4 elie eileils) o e el nET RINSEPaIlInFRCdge
Area (one flap), sq g J0 bt et T AR R Pt L s SR S ST (G
Span, £t . . S R AR i R R S e Tl o 6 e o o oo T
Hinge line, percent chord CLE eihiai Te e Jeie hell el Ter Jat e (e @ eNal e berioe s ol bt LIRS ISR ip)
MoximimSd et e et om e o i e o T e L O S R ko

Aileron:
Aren(one aideron), sqeftil JECURC | lTE H e L DD o S R RN 0.38
SpenyREs il N L ol N I AT S s i satie Ul B o S S S S )
Hinge line, percent chord sitte e W e b fer SHlln" w ek e #i%e. le ie et el ol lw e Lo e NG L R L S 1]

Horizontal tail:
APCRSHRGI TGS ol ity e s o i et e = S L I S N . .
Ppan, FFEiil o . . R S I S S R
Sweepback of quarter-chord 1ine, (< -7 S e - Ry A R e R T il L
doeddence, fdegi v s @ i sy asetetts au e SUNIE S DR MM E O g R

5

o

£ W\
© O WO

=)

ABPECHITBILEO ¢ o e o el o s e e e e e = e e e .5k
Taper xatlot  Sueiile tir ol nilet hars) e s e et B L A

Chard ity e 5| sl o oii aBiie o lom e eidioa s U8 T oe e s
Alrfoil section . . S lal e e e e eel @ W e e e et e e idn e 16 a sty L e SRR AT 1T
Tail length from (c/h)wing to (CM) g BE ot o il t e N TR

WO Wi
=S ot
o O

Basic vertical tail:
7.5 VST 6w R AR S IR S B S O e A e el e e L A e 1. 597
Span’,t FENL Fo, o b dethial e e be el dete el o Al A0l T P R | W
Sweepback of quarter-chord line, Ly R S - S T TP R e R LG
ASDECH FALIG & o iciinlial o) ol fol wita o oo B Vol s Tar ke diiel e a ke Tt e R 1.57
Taper ratio . . . e e e e i, M e et e i Bl
Mean aerodynamic chord ft b s e oy SE RS e N (gare e b at e e i el b NG MR LY 0.997
Airfoil section (normal to qparter—chord line) o iiter o, orl i SRST 2o et me il o SIS NI AN 6h(lo)AOll
Tail length from (é/h)wing to (c/u)tail, A N O e R, A S R SRSl o i ol IR

Vertical tail with extended tip:
Aren; 8q FL h Loe N el sl (Blials est S e G SUSEC SRt RIS L v L R e )
SpanfSEiEr o1 l0 Gl el . R e i e oy oot v i et
Sweepback of quarter-chord 1ine, deg o a0 e el e T el o e s el e e ) e
ASPECL TAtIO o Il oilint v 18 @ wuiiler s ki o) b lemlel Tor sule i et ey ra S i aslo ) el PR L S 1.79
Taper ratio . , . G B e e ed e e M e o eife ikt el ol elel o e e ee LeTiu s SRR (S
Mean aerodynamic chord ft ¥ e A e R TR o e SRS S 8 PR S o oo KBS
Airfoil section (normal to quarter chard 1ine) S R R e L R R S N A 6u(lo)Ao11

Tail length from (S/4) to (c/u)tail, 6 ol e il e e lel s et o el b e SOSL AL SRR A

wing

Rudder:
IYDERRLT T [Slieilhie e it o i SR e Erailing-edge flap, internally balanced
e (i e R R R S SR R O S e e R et S o e 05289
Span, Tt . o @ o o . . e b Wi ia el e fa et e Moie el e ity el o PRI s
Chord measured normal to hlnge line, ft o e e e e e e el e e 8 L e e e el S Gty
Teper ratio .« . D) e o e o o sl e G0 e OO Y o e S ot 1.0
Sweepback of hinge line measured from normal to the fuselage center line; deg o o 'w @ b 26.5

CONFIDENTIAL




NACA RM L55C17

WING~TANK ORDINATES
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TABLE IT

x/1 r/1 x/1

0 0 1.00
.02 ,0104 .98
ol .0156 .96
.06 .0197 .94
.08 L0237 .92
.10 L0274 .90
V. .0303 .88
35 .0349 .84
.20 .0383 .80
24 LOo411 .76
.28 L0432 T2
58 .0450 .68
5b L0465 .64
ko LOLTh .60
L L0479 .56
48 .o481 .52
.50 .o482 .50

1 = 16.855 -in.
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Lateral force

Rolling moment

A oM

__é
Relative wind ¢
Z

Figure l.- Stability system of axes. Positive directions of forces,
moments, and angles are indicated by arrows.
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232/

Rudder hinge line

Moment reference
center

4207 2626
9/68

Figure 2.- General arrangement of the basic model configuration. (A1l
dimensions are in inches.)
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Py/an _.|30 r._
.—arb -
BB
/ 70 —|

Rear view View A-A

Tank fins

48/ |~—— 2300
Small dorsal fin\ 220

==

Aft position
of speed brakes
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Figure 5.- Effect of tanks and brakes on the aerodynamic characteristics
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CONFIDENTIAL




NACA RM L55CLT

CONFIDENTIAL
o,
0 - 44
-/ 5 I
-.2 !
-3
-4
Tanks am[/ brakes
O off
Hi 220
4
.2 :lt . 1 -_f\--‘:-- ‘-—(‘ et D
o
2=03° 1
-5 ) /0 79 20 25 T oD

Angle of sideslip, B,deg

Figure 9.- Concluded.

CONFIDENTTAL

)




Angle of sideslip, /5, deg

Figure 10.- Aerodynamic characteristics of the model with the tanks and

36 CONFIDENTTAL NACA RM L55C17
/5
10 H : -
05 i
Cm B ': o
0 ;
-05
04 e :
02 :
& ,
0
-0z Tanks Brakes
o on off
m} off on
02
G o 7 |
-:02 \‘% s g =+
2=03°45
5 o 5 b 15 2o 2 3 35

brakes installed separately.

CONFIDENTTIAL




NACA RM L55C1T7 CONFIDENTIAL

9§
0

£ e

CY

-2 e

_‘3 QL “r-\

-4 ) 0

_.5 S

o
CX th- I ::- mamS 1_-
-‘05 T, -'q- = & a
=/0 Tanks Brakes
o on off
o off on
4
= =000
Cy HO= O O D=6 TEreo
0
2=03°
HHH

5 0 5 10 5 Tap 25 &
Angle of sideslip, B, deg

Figure 10.- Concluded.

CONFIDENTTIAL

o5




38 CONFIDENTTAL NACA RM L55C17

1
75
1015 :
Cm S
Y.
samie H
oz -
F— ! e
Cn
0 -
_02 I I I
| Tanks Brakes
H 0 on on
1O off on ftank pylons on
O on on landing gear on
! : HAHHHHHH PHAHHHHHH A
T 1T 171 1 1
1T 11
oz HHH
' H
1
g i
1 1 1
B 0 am: - i :
f ~ f HH 1 T t
4 u 1 1 1 1 1:' T
1% I Wi { i “} 5 I ::I -
HHH T Tt i T
-02 % 1 T H T
J}‘l 1 Il } T T SuEE
gas=: : a=03°
; F } }1 1 } 1 1 1L BT
! HEHHH T HH HHH

5 0 5 0. 5 Zor 25 s
Angle of sideslip, B,deg
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Figure 16.- Combined effect of the small dorsal fin and extended verti-
cal tail on the aerodynamic characteristics of the model with tanks
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Figure 17.- Effect of dorsal fin size on the aerodynamic characteristics
of the model with tanks and brakes installed, extended vertical tail,
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Figure 18.- Effect of flap deflection on the aerodynamic characteristics
of the model with tanks and brakes installed and landing gear on.
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Figure 19.- Effect of angle of attack on the increment of pitching moment
due to sideslip for the model with tanks and brakes installed.
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Figure 21.- Effect of tanks and brakes on the increments of the lateral
components contributed by the tail surfaces.
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Figure 23.- Summary of the effects of the extended vertical tail and the
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