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WIND—TUNNEL TESTS OF A 0.l16-SCALE MODEL OF THE
X—3 AIRPIANE AT HIGH SUBSONIC SPEEDS. —
STABILITY AND CONTROL CHARACTERISTICS

By William T. Hamilton and Joseph W. Cleary
SUMMARY

Static lateral— and longitudinal-stability tests were made of a
0.1l6-scale model of & projected, low-aspect—ratio, supersonic asirplane
et low and high subgonic Mach numbers. The wing of the model was
equipped with leading—edge flaps and employed & modified double—wedge
alrfoil with sharp leading and trailing edges. An all-movable tail
provided longitudinal control.

The results of the tests show a gredusl increase in lift—curve slope
for Mach numbers up to 0.925 and indicate no large decreases in the
stalling 1ift coefficlent throughout the Mach number range of the tests.
Deflecting the leading—edge flaps Increased the 1lift coefficlent at the
stall and at the lower Masch numbers improved the drag characteristics.
Although a slight increase in drag coefficient occurred at a Mach number
of 0.925, the Mach number for drag divergence was not reached within
the Mach number range of the test.

The fins, which were intended to stabilize the fuselage nose when
Jettisoned for pilot escape, reduced the model stebility to such an
extent that their use was considered impractical, Without the nose fins,
the static longitudinal stabllity was satisfactory and the most forward
position of the meutral point was at approximately 19 percent of the
mean aerodynamic chord at a Mach number of 0.80. The effectiveness of
the tail for providing control was retsined to a Mach number of 0.925.

Without the nose fins, the directionsl stabllity of the model was
conslidered high although not excessive for Mach numbers of the test.

INTRODUCTION

This report presents the results of high-speed wind—tumnel tests
of a 0.1l6—scale model of the projected X—3 (Air Force project MX-656)

-
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airplane. This airplane has a low-aspect—ratio wing and tail with sharp
leading and trailing edges and is designed for supersonic speeds.

The tests were conducted at the request of the U. S. Air Force to
investigate the lateral— and longitudinal-stability and control charac—
teristics in the low and high subsonic speed ranges, and were made in the
Ameg 16-foot high-speed wind tunmel.

During the tests, undesirable changes in the longitudinal stabllity
near the stall were noted. Consequently, the testing was terminated and
the model was transferred to one of the Ames T— by 1l0—foot wind tunnels
where the stabillity problem could be studied more economically.

COEFFICIENTS AND SYMBOLS

Pitching moments, yawing moments, and rolling moments were computed
with respect to mutually perpendicular axes that passed through the
center of gravity of the model., One axis coincided with the fuselage
reference line while another was parallel to the wing TS5—percent—chord
line. The center of gravity was assumed to lie on the fuselage reference
line and above the 15—percent point of the wing mean aerodynamic chord.

The horizontal—tail hinge moments were computed with respect to a
lateral axls passing through the 25—percent point of the mean aerodynamic
chord of the exposed tail.

The coefficients and symbols used in this report are defined as
follows:

Cp drag coefficient <-d%
d

Chy horizontal—tail hinge-moment coefficient
<horizontal—tail hinge moment>

SteCt

1ift
Cy, 1lift coefficient < qS)

Cr, tail 1ift coefficient fadl 1if%
5S4

Cp  pitching—moment coefficient <Pit°hi’;gam°ment)
ACe increment of cross—wind—force coefficlent
increment of cross—wind force)
as
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ent of drag
as

ACp Increment of drag coefficlent <in cres

ACI, increment of 1ift coefficient increment of lift)

as

AC;  increment of rolling-moment coefficient

increment of rolling mament)
aSb

ACp  increment of piltching—moment coefficient
increment of pltching moment
( =

AL 1ncrement of yawing-moment coefficient

increment of yawing moment)
ashb

o engle of attack of the fuselage reference line with respect to the
wind axls, degrees

N increment of angle of attack, degrees

81f leading—edge f£lap deflectlon, positive downward, degrees
dtr tralling—edge flap deflection, posltive downward, degrees
€ effective downwash angle at the tall, degrees

¥ angle of yaw of the fuselage reference line with respect to the wind
axis, degrees

gt
Ny =

o] mass density in the free stream, slugs per cubic foot
py mass density at the tall, slugs per cubic foot

A aspect ratio

b wing span, feet

bt  horizontal—tall span, feet

c wing chord, feet
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b/
l/f / c2 dy
mean aerodynsmic chord of the wing | —§7Z————-— | s feet
\_f; c da;f
tail chord N .

mean serodynamic chord of the exposed horizontal tail
fbt/E
0 .045 b4

bt/ 2 -
J 0.045 bCt ayy,

cx2aye,

s feet

horizontal tall incidence with respect to the fuselsge reference
line, positive with the trailing edge downward, degrees

free—stream Mach number

free—streem dynemic pressure <%'-pv2> s pounds per square foot

dynamic pressure at the tall ( %ptvt2> , pounds per square foot
Reynolds number based on the mean aerodynamic chord of the wing

wing area, square feet

tell area, square feet

exposed tall area, square feet

free—stream velocity, feet per second

velocity at the tail, feet per second

pervendicular distance along the wing semispan from the mcdel platie
of symmetry, feet

perpendicular distance along the horlzontal—tall semispan from
the model plane of symmetry, feet

MODEIL AND APPARATUS

The 0.l6-scaele model of the X—3 airplane, shown in figure 1, was

furnished by the Douglas Aircraft Company. The wing of the model had an
aspect ratio of 3.0l and a thickness of 4.5 percent of the chord. The
wing and vertical tall had symmetricael hexagonal sections wilth rounded
corners at 30— and TO—percent chord snd relastively sharp leading and
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trailing edges, Outboard of station 3.095 (inches model scale), the
horizontal tail had the same section as the wing and vertical tall.
Between stations 3.095 and 0.377 (the fuselage juncture), the section
changed to a symmetrical diemond with rounded corners at 50-percent
chord., The pertinent dimensions of the model are listed in tsble I.

The wing had plain full-span leading—edge flaps of constant chord
(13.45 percent of the mean serodynamic chord). Partial—epan, split,
trailing—edge flaps having 2 chord of 25 percent of the wing chord
extended from the wing-fuselage juncture to the aileron (46.6 percent
of the semispan) An aileron was provided on the left wing., The external

Thwmeo Aalrad - +lham TacAlr e ~d~wa PTarma am A adTlamarma AP 4+ha P Tl mnaTla atwnTama
OI'&CEELS .LU.L [Faai= J.CG\L.LJ.I.E_GU-EC J..-l-d_yﬁ 8Na §1.erdons GI toe Ifuli—staace Qll AL

were gimulated on the model. The all—movable horizontal tall was provided
with an electric resistance—type strain gasge for messuring hinge moments.
The vertical tail had s moveble rudder. The leading-edge flaps, aileron,
and rudder bhad radius noses with unsealed gaps that could be considered
negligible,

The stebllizing fins for the Jettisonable nose had a circular—arc
cross sectlon with sharp leading and tralling edges. In the normal
position, the fins were mounted at 4, 8, and 12 o'clock locations, while
for the alternate position they were at the 2, 6, and 10 o'clock loca—
tions, The model was furnished with landing gear and landing-gear doors
as ghown in figure 2. Air scoops were not instalied during the test
program. The complete model as discussed In this report includes the
fuselsge, tall boom, canopy, wing and empennage, nose f£ins, and the
external brackets for the leading-edge flaps and ailerons, Unless other—
wise noted, the flaps and control surfaces were undeflected and the tall
incidence was 0°,

The tests were conducted in the Ames 16~foot high—speed wind timnel.
The model was mounted on the sting—type support system as shown by
figures 2, 3, and 4, Forces and moments on the model were measured by
an electric resistance—~type strain—gage balance enclosed within the
model, This balance is capable of measuring four components of force
and moment, With the model upright, normal force, chord force, pitching
moment, and rolling moment were messured. With the wing in a vertical
Plane, the model could be yawed and the side force, yawing moment, and
rolling moment determined. Figure 5 shows the position of the model
during the yaw tests, The angles of attack or yaw of the model were
measured visually with a protractor mounted outside of the tumnel test
gection.

FRECISION AND CORRECTIONS

The following values in coefficlent form are the estimsted maximum
errors of measurement at Mach numbers of 0.4k0 and 0.90:
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M % % ’n £y Ln  ZLe
0.40 £0.015 $0.0023 £0.003 $0.002 +0.002 +0.015
.90  £.009  %.001k  £,002  £.001  #.00L  *.009

The angles of attack or yaw are believed to be correct within +£0.2°.

The resulis have been corrected for the effects of the wind—tunnel
walls by the addition of the following (reference 1):

Ao (deg) = 0.16k Cy,
ACD = 0.0029 Cr2
ACm = 0.0019 CT,

Corrections for the effect of the tunnel walls on the angle of yaw are
considered negligible and have been omitted.

Interference effects of the sting support were determined at low
speed by testing the model in the Ames T— by l0—foot wind tunnel, with
and without s dummy sting behind the fuselage (fig. 6). At a given
angle of attack, the Interference effects are believed not to vary with
Mach number. Unpublished data on file at this ILeboratory support this
belief for Mach numbers up to 0.90. Interference tares, as applied to
the date, are presented 1n figure T.

Constriction corrections to account for the blocking effect of the
model In the tunnel test section were applled according to the method
of reference 2. The Mach number correction amounted to 0.40 percent at
0.70 Mach number and l.45 percent at 0.90 Mach number.

Presstires were measured at five polnts on the flat base of the
fuselage (the area occupled by the tall-pipe outlets of the airplane)
and the drag deta were corrected to correspond to free—stream static
pressure over this aresa.

TESTS

Tests were made of the complete model with the nose fins in the
normel and slternate positions and without the nose fins to evaluate
their effect upon the longltudinal—stability characteristics. The
complete model less the empennage and the nose fins was also investl~
gated to determine the effect of the empennage on the stablility and to
estimate the downwash chasracteristics at the tail. The effectiveness
of the horizontsl tall wes measured with the nose fins in the normal
position. . - . . .
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The effect of the leadlng—edge flaps on the longitudinal-stability
and 1ift characteristics of the model was evaluated from tests of several
configurations with the leading—edge flaps deflected. The stability and
1ift characteristics of the complete model with and without the nose fins
but with the landing gear extended and the leading— and tralling—edge
flaps deflected were also obtsined.

Tests were conducted of the complete model without the nose f£ins and
with and without the empennage toc evaluate the lateral— and directiomal—
stabllity characteristics 1n yaw with the rudder undeflected.

Mha oavarocos DRDatvna o anag AP +ha +ant aharmn I 3 orrra
LA QAvoel GEG .I.\CJ.I.LUJ-\LS JAWAUMGL © WA Wilile a1 U, Pllwanils ALl L -I.a\l-l- e U’
increased from 2,120,000 to 4,920,000 as the Mach mumber was varied from

0.25 to 0.925.
DISCUSSION

Figures 7 through 43 represent practically all the data that were
taken during the test. Although some of the figures are not discussed in
detail, they have been included in the report as they are believed to be
of interest and value to the manufacturer and to users of the airplane,
An index of the flgures giving aserodynamic data is presented in table II.

Lift Charascteristice

Mcdel without the nose fins.~ The variation of 1ift coefficient
with angle of attack (fig. 9(a)) was essentially linear up to the stall
at all Mach numbers of the test. The slopes of the 1ift curves increased
gradually as the Mach number was Ilncreased to 0.925 and are in reasonable
agreement with the calculsted theoretical values (fig. 33) using the
method of reference 3 for a wing of aspect ratio 3.0l at Mach numbers
below about 0.80. At Mach mumbers gbove 0.80, the theoretical sldpes are
greater than the experimental. The large reduction in lift—curve slope
that is characteristic of thicker wings of higher aspect ratio did not
occur at any Mach number within the limit of the test.

With the leading—edge flaps undeflected, the model stalled at an
angle of attack of about 12° at a Mach number of 0.25 and at slightly
lower angles of attack at the higher Mach nmmbers. The 1ift coefficient
at the stall varied from sbout 0.70 at a Mach number of 0.25 to 0.66 at
& Mach mmber of 0.80. For Mach numbers above 0.85, the stall was not
reached within the angle—of—ettack range of the test, but the data
indicate & marked increase in the 1lift coefficient at the stall as shown
in figure 9(a). The 1ift beyond the sball, as indicated by unpublished
data from the Ames T— by 10—foot wind tunnels and from wing pressure
distribution, was composed primarily of a comblnation of fuselage 1ift
and increased pressure over the lower surface of the wing,

SO~
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Deflecting the leadlng—edge flaps increased the 1lift coefficient
at the stall for all Mach numbers of the test. (See figs. 10(a), 17(a),
and 18(a).) A comparison of the lift curves of the model in various
configurations (fig. 24) shows that, at 0.40 Mach number, deflecting
the leading—edge flaps 30° delayed the stall from about 122 to 17° angle
of attack and increased the 1ift coefficient at the stall from 0.T71i
to 1.03.

Model with the nose fins.= At 0.25 Mach number, the additiom of
the nose fins in the normal position (fig. 11l(a)) caused the stall to be
delayed to an angle of attack of approximately 19°. The maximm 1ift
coefficient at the first stall was Increased from 0.7l to 1.00 at a Mach
number of 0.25. This increase in maximum 1ift coefflcient is belleved
due primarily to the side nose fins turning the air downward as 1t
approached the wing roots, thereby decreasing their effective angle of
attack., Thus the separation of the flow from the wing wae delayed until
a higher angle of attack was reached. The addltion of the nose fins
caused only slight changes in the slopes of the 1lift curves and in the
angles of attack for zero lift (figs. 9(a) and 11(a)).

Model in the landing configuration.,— The 1ift curves of the model
in the landing configuration (leading— and trailing—edge flaps deflected
and the landing gear extended) with the nose fins in the normal position
and without the nose fins are shown in figure 20(a). A maximum 1ift
coefficient of approximately 1.38 was attained with or without the nose
fins for the same flap and horizontal—tail settings. From wind~tunnel
tests of a wing of similar section with an aspect ratio of 4, the effect
of Reynolds number on the maximum l1ift coeffilcient appeared to be of
little significance (references 4 and 5)., Thus it seems that the value
of maximum 1ift coefficient attalned by the model would probably be
close to that for the full—scale airplane if sllowance 1s made for the
tail 1lift necessary to balance the alrplane.

Statlic Longitudinal Stability and Control

Model without the nose fing.— Flgure 9(b) showe that the variatiom
of pitching-moment coefficient with 1ift coefficient was not linear at
any of the test Mach numbers, but indicates that the model was stable
for 1lift coefficients below the stall., The static longitudinal stability
(—- ch/BCL)CL was, in general, less in the region of about 0.3 1lift

coefficient than above or below this region for Mach numbers below 0.85
(fig. 9(b)).

The variation of neutral point with Mach number shown in figure 33
for 1lift coefficlents of 0 and 0.3 indicates that the most forward
position of the neutral point was approximately 19 percent of the mean
aerodynamic chord at a Mach number of about 0.80. Thus with the center
of gravity at 15 percent of the mean aercdynamic chord, a minimum
stability margin of about U4 percent was retained.
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The pitching-moment characteristics of the model without the
empennage (fig. 10(b)) show a marked incresse in stability (— aCm/BCL)CL
at 1ift coefficients between about 0.35 and the stall., Since the
fuselage alone without the nose fins is definitely unsteble (fig. 23(a)),
the positive stability in thils region is bellieved to be due to the rapid
rearward movement of the area of separsted flow on the upper surface of
the wing as the angle of attack was increased. (See photographs of tufts,
fig. 37.)

Figure 31 shows the variatlon of the pitching—moment coefficient
with Mach nmumber for the model with and without the empennage. A
pitching—down tendency developed at s Mach number of approximately 0.85
ag indicated by the decrease in pitching-moment coefficient for constant
1ift coefficients.

A comparison of the tail—on and tall—off piltching-moment character—
istics (fig. 23) indicates that the tall was destabilizing for angles of
attack between 14° and 18°., It is belleved that this destabilizing
action was due to a changing downwash pattern over the tail in the angle—
of—attack region beyond the wing stall, The downwash over the tail
{(fig. 35) calculated from tail—on and tall—off pitching—moment date shows
that the rate of change of downwash with angle of attack was spproximately
1.0 at 14° angle of attack and the rate wms increasing with angle of
attack. Whenever the effective downwash Increases faster than the angle
of attack [(de/dm)>1.0] the tail action 1s destabilizing.

Model with the nose fins.— The pitching-moment characteristics of
the model with the Jettisonable—nose fins in the normal position are
presented in figures 11(b) and 12(b). Instability occurred at a 1ift
coefficlent of approximately 0.6 for Mach mumbers of 0.80 and lower.

The effect of the nose fins on the piltching-moment characteristics of
the model is shown in figures 22 and 23. A greater destabilizing effect
octurred with the £ins in the alternate position than in the normel
position at 0.%0 Mach mumber for 1lift coefficients less than approxi-—
mately 0.6.

Figure 34 shows the effectiveness of the tail qt(aclt/ait)m

for several Mach numbers. The generasl decrease of tall effectiveness
with angle of attack is presumed to be caused by the tall entering a
region of lower—energy alr. The tail effectiveness generally inecreased
with increasing Mach number to a value of 0.073 per degree at 0,90 Mach
number and 0° angle of attack.

Effect of the leading—edge flsps.— Flgures 13(b), 14(b), and 15(Db)
present dats for leading—edge flap angles of 10°, 20°, and 30°, respec—
tively, for the model with the nose fins in the normal position.
Deflecting the leading-edge flaps did not alleviate the instability
that occurred at a 1ift coefficient of approximately 0.6. A pitching—
down tendency that occurred at approximstely 0.85 Mach number wes not
changed significantly by deflecting the leading—edge flaps 30° (fig. 32).
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The pltching—moment characteristics of the model with the leading—
edge flaps deflected but without the nose fins are presented In fig—
ure 25, Although deflecting the flaps 30° produced only small changes
in the longitudinal gtability, the 11ft coefficient for balance was
reduced significantly,

Model in the landing configuration.— The longitudinsl—stability
characteristics (flg. 20(b)) show that the model with the nose fins in
the normal position and with e taill incidence of —5° became highly
unstable for lift coefficients between about 0.8 and the stall. Without
the nose fing, the model became neutrally stable at a 1ift coefficient
of about 0.8 and only slightly unstable at the stall, The destabilizing
effects of the nose fins for this configuretion appear to meke their use
impractical. Unpublished low—speed wilnd—tunnel data indicate that by
modifying the landing—gesr doors and moving the center of gravity
slightly forward, satlsfactory static longitudinal stability for landing
can be obtained for the model without the nose fins.

Horizontsl-tall hinge moments.—~ Although only slight variations of
hinge—moment coefflcient with 1lift coefficlent occurred below the stall
for the model without the nose fins (fig. 9(d)), a large decrease in
hinge—moment coefflcient followed the stall. This decrease was probably
caused by a change in the downwash pattern at the tail. The negative
hinge moments that occurred at 1lift coefficilents below the stall,
although Increasing with Mach number, could be significantly reduced by
a fixed teab.

From the limited data available (fig. 36), deflecting the leading—
edge flaps d4id not significantly change the horizontal—tail hinge-moment
characteristics below the stall, nor did decreasing the tall Incidence
from 0° to —5° increasse the hinge moments significantly. Thus, it
appears that the tall was well—balanced aerodynamlcally in the region
of 0° to —5° incidence of the tail.

Iateral and Directional Stabllity

Model without the nose fina,—~ The lateral and directional stebility
characteristics of the model with the empennage on end off and the rudder
undeflected are shown in figure 21, Adding the empennage Increased the
side force on the model approximately 100 percent for angles of yaw less
than 10°, The directional stabllity of the model (- aCn/aW)m had a
value of about 0.008 between 0.40 and 0.85 Mach numbers and increased
to 0.010 at 0.925 Mach number. Although these values are considered high,
they might be less for the full-scale airplane because of the elastic
deflection of the tall boom. The model was directionally unstable with
the empennage off at all Mach numbers, The rolling—moment coefficilent
due to yaw (0Cy;/d¥), bhad a constant value of approximately 0.0022 for
all Mach numbers below 0.925 (fig. 21(c¢)). This rolling—moment
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coefficient was primsrily due to the action of the vertical—tail
surface, Thus it appears that with the rudder deflected there is a
poselibility that the rolllng-moment characterlstics would be unfavorable.

Drag Characteristics

Model without the nose fins.— Although a slight increase in drag
coefficient is apparent at a Mach number of 0.925 (fig. 9(c)), the Mach
nmumber for dreg divergence, as 1ndicated by a marked increase in drag
coefficlent, was not reached within the Mach mumber range of the test.
The minimum drag coefficient was approximately 0.022. From the varia—
tion of drag coefficlent with 1ift coefficient, it appesrs that the
Increment of drag coefficient with increasing 1ift was epproximately
2CL2/xA or twice the induced drag coefficient predicted by simple alr—
foll theory.

The drag characteristice with the leading—edge flaps deflected
(£ig. 27) show that,at 0.40 Mach number, & reduction in dreg occurred
at the higher 1ift coefficlents when the flap asngle was increased to
30°. For Mach numbers of 0.10 to 0.80 and between 1lift coefficients of
0.1 and at least 0.7, the drag was reduced by deflecting the leadling-—
edge flaps 10° (fig. 27). Thus it sppears that, for cruising at high
subsonic Mech numbers, deflecting the leading—edge flaps in the
neighborhood of 10° would be beneficial.

Model with the nose fins.— Figure 30 presents data showlng the
effect of several changes 1n configuration on the varistion of drag
coefficlent with 1lift coefficient. At 0.40 Mach number with the
leading—edge flaps deflected 30°, adding the nose fins in the normal
position increaged the drag coefficlent over most of the lift—coefficient
range, However, at 0.80 and 0.90 Mach mmbers the data indicate that
the drag was slightly reduced by adding the nose fins,

Figure 30(a) shows that, at 0.40 Mach number, the optimum flap
angle for reducing the drag at 1lift coefficlents between 0.25 and 0.88
was approximately 20°. At the higher Mach mumbers (figs. 30(b) and
30(c)), increasing the deflection of the leading—edge flaps increased
the drag at most 1ift coefflicients.

Wing and Fuselage Tuft Studles

Model without the nose fins.— Photographs of tufts indiceting the
flow over the upper surface of the model in pitch (figs. 37 to 40)
indicate two distinet stall patterns on the wing., At Mach numbers below
0.80, the flow became rough or separated near the leading edge at an
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angle of attack of approximately 4©, This roughness or separation pro-—
gressed toward the trailling edge as the angle of attack was increased.
At an angle of attack of 12° the upper surface was completely stalled.
For Mach numbers of 0.90 and 0.925, the eeparation began at the trailing
edge at an angle of attack of approximstely 59 and progressed toward the

leading edge.

With the model at an angle of attack of 6.2° end between Mach
numbers of 0.40 and 0.80, roughness or separation of the flow increased
over the trailing wing as the angle of yaw increased (fige. 41 to 43).
This roughness or separation originated from the leading edge near the
tip and progressed inboard and aft. The amount of roughness or separe—
tion of the flow over the leadling wing did not appear to increase with

angle of yaw.

CONCLUDING REMARKS

The results of lateral— and longltudinal—stability tests of the
0.16-scale X—3 (MX—656) model show a gradual increase in lift—curve
slope for Mach numbers up to 0.925 and indicate no large decreases in the
stalling 1ift coefficient throughout the Mach number range of the tests.
Deflecting the leading—edge flaps increased the 1ift coefficient at the
stall and at the lower Mach numbers improved the drag characteristics.
Although a slight Increase in drag coefficient occurred at a Mach number
of 0.925, the Mach number for drag divergence was not reached within the
range of the test.

Adding the jettisonable-nose fins affected the stabllity character—
1stice to such an extent that thelr use was considered impractical. For
the model without the nose fins, the static longltudinsl stebility was
satisfactory and the most forward position of the neutrsl point was at
approximately 19 percent of the mean serodynamic chord st a Mach number
of 0.80. The effectiveness of the tail for providing control was
retained to a Mach nmumber of 0.925.

Without the nose flns, the directional stabllity of the model was
congidered high, although not excessive for Mach numbers of the test.

Ames Aeronautlical Lsboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif.
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TABLE I.— MODEL DIMENSIONS
Wing
Ares, BQ Tt o v ¢ o o ¢ o ¢ o« o o o o s o o o o o o o o b0
Aspect ratio . ¢ & ¢ 4 ¢ e 0 e o 0 s 8 8 6 o e 6 s e o 3.01
Taper rati0 ¢ ¢« ¢ ¢ ¢ ¢ ¢ o o s a o o ¢ o 2 o & o s o & 0.
Span, £t . . . . c 6 o o o o . ¢ s e o s o = 3.51
Root section (at plane of ymmetry) chord ft ... .. 1.666
Thickness, percent of chord . . o v v « « 4 « o & &« « & k.5
Dihedral (wing reference plane), A& . + « o o o o « o 0
Incidence, deg . . . . e o s 4 s 4 e & & 2 s s o s o
Mean aerodynamic chord, ft e e e . e o e e e 4 e s 1.238
Sweepback (75—percent—chord line), deg e+ e o s o & 0
Alleron
Span, £t . . . . . .« . e e e e e s e e e e e e e . 0.526
Wing station at inner end, ft e 4 o 4 e o s e s & = a s 1.227
Wing station at outer end, £t . . & ¢« ¢ 4 &« ¢ ¢ ¢ « ¢ & 1.753
Chord at inner end, £t .+ « « « « ¢ o o ¢ o « o « « « o 0.241
Chord at outer end, f£ . o ¢ « ¢« ¢« ¢« =« s ¢« o o o o o o 0,167
Horizontal tail
Area, 8Q 1 v 4 ¢ 4 ¢ 4 4 o e s o s 4 s s s s e 0 e o« 0.T9h
Area, exposed, 8q £t . . ¢ . ¢ ¢ 4 4o 4 e 6 b e 6 e o o 0.701
Aspect ratio . ¢ ¢ ¢« 4 4 4 s et & e o s e o o s = o . 3.01
Taper Yatio « ¢ « o « ¢ o o o « « o o o o o« o s s o o o 0.4
Span, £t . . . . . . . e e e s e e o o » o 1,547
Tail length (center of gravity to one—quarter mean
aserodynamic chord of horizontasl tail), £t . . . . . . 3.393
Section at spanwise station (fuselage Juncture}, 0.377 in.
Chord, £t o« o o o o o o o« e« « s o« o o ¢ « ¢ o o o o o 0.752
Thickness, percent of chord . « . ¢ « &« & ¢ o ¢ ¢ o « TS
Section at spanwise station, 3.095 in.
Chord, £L o « « o « o « 2 o o s o o« o s ¢« o o &« & = « 0587
Thickness, percent of chord . « & & v ¢ o o o s . o . k.5
Tip section o C -
Chord, £t . + « « « . e S o 1~ o).
Thickness, percent of chord e s e s e s e e e e e e k.5
Dihedrsal, d€Z . « o « o o o o o a « s o o o o o ¢ s o o 0
Incidence e e o o 0 s e @ e o ¢ o o s s o ¢ s o« o« « vVariable
Mean serodynamic chord £t T ¢ 815
Mean aerodynamic chord, exposed, £t . . « + o &« « &« o & 0.521
Sweepback (50-percent—chord line), deg . « « « ¢ « « & 23
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TABLE I.— CONCLUDED

Vertical tall

Area, B8 £t v ¢ « ¢ ¢ ¢ o ¢ o s 4 o e o a2 4 s 0 o 6 o s 0.678
Aspect ratlo . . ¢ ¢ ¢ ¢ o ¢ ¢ ¢ 4 o s 2 o s o s« o @ 1.32
Teper ra8bio « & o v ¢ ¢ ¢ ¢ ¢ 0 c 4 4 s 4 e a0 e e 0.25
Sp&n, ft e & @ s o e ¢ e ® & 8 e e g * & 5 ¢ s ¢ & & O 91‘!'7

Tail length (center of gravity to one-quarter mean

aerodynamic chord of vertical tail), £t . . . « . . . 3.k10
Root section

Chord, £t « o « « « . . e e e s o v e s e o s o o 1.347

Thickness, percent OFf CROTA + + v v v v v e ww e L5
Tip section

Chord’ ft . L ] - - L . -* L] . . L] . L] . L L] L . L] L] O 287

Thickness, percent OF CHOXA « o v v w v v w e w 4.5
Mean aerodynamic chord, £t . . . e e« o & o 2 o o & 0.802
Sweepback (90—percent—chord line), deg e e s e e o s 0

Rudder

Span’ ft - L] - * £ 2 * - . L] - L ] L2 Ll L ] L . . L ] - L a . L 4 0 L ] 705
Height of lower end sbove fuselage reference plane, ft 0.690
Height of upper end above fuselage reference plane, ft 1.395

Chord at inboard end, £ . . ¢ ¢« ¢ ¢« o ¢ ¢ o o ¢ o « & 0.227
Chord at ocutboard end, £t . & v ¢ ¢« ¢« « « « ¢ o s o o « 0.162

Jettisongble—-nose fins

Area (each fin), 80 £t .« 4 « ¢ & « « s o o o ¢ « o « « 0.0845
Aspect ratlo . . ¢ 4 o 4« 4 4 4 e e 2 2 € o e o 2 8 s 0.75
Taper 78t10 & ¢ ¢ ¢ ¢ o ¢ o o ¢ ¢ ¢ o o a o ¢ o o o o o 0.25
Span, f£ .« ¢ « . . G e e e e e st e e e e .. 0.2535

Fin length (center of gravity to one—quarter mean

serodynamic chord of £in), £ ¢« ¢ ¢ ¢ ¢« ¢ ¢ & « « o « 0.550
Root section

Chord, £t . . . « . - e e e s s s o o & ¢ s o & 0.533

Thickness, percent of chord e o & o s o o & & a4 & o @ 3
Tip sectlon

Chord, £t ¢ &« « ¢« « ¢ 2 ¢ o o ¢ a e ¢ o o« s s o a ¢ o 0.133

Thickness, percent of chord . « « « ¢ o ¢ a o ¢ o o & 3

Mean gerodynamic chord, ft . . ¢ ¢ ¢ ¢ ¢ o ¢ ¢ « ¢ o 0.373

Sweepback (90-percent—chord line), deg . . « « « « & 0
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TABLE II.— FIGURE INDEX
Wing, fuselage, and boam Figure number
Tail | Nose fina| Canopy |Tading [ 1, | &), §8y [of ve afc, ve Opfop va Opfon, vaCLia, va ¥ |0, vay oo, ve ¥
on o£f o off o° o° o° 9(a) 9(b 9(c) 9(a) - _— -
of off an off - o° o 10{a) | 10(p 10{c) - - I ——
o narmal o of £ o° a° o2 11(a 11(b - - - R __
on normal on oft -0 @ o° 12(a, 12(b 12(c 125&; - - -
on normal = off 4 100 | o© 13(a) | 13(b Ec 13(4, - -— -
on normal an off g2 209 o° a.; 15(p o —— - - -
on normal o off o° 30° Q2 15(e 15(b 15 o; [ - - __
on off o off [+ 30° o° 16(a) | 16(p 16(c - - - —
off of? on off —=] 1P | ® 17(a) | 17(p) 17(c) - —_ - -
ot off @ off ——] 20° | o® | 18(a) } 18(p) | 18(c) - - _ | ~=_
on off an off =21 30° } 0@ | 19(a) | 19(b) | 19(c) -- -— -} -=
on off on an 5% 1 30° |50° | 20{e) | 20(n} | 20(c} -— -—- -] ==
on normal. o = -0 30° |s50° 20{a) | 20(v} 20(c) - - - ——
on normal o on |-10° 30° 150° 20(a) | 20(b) 20(c) - - - -
en normal [~ o —23° | 30° |50° | 20(a) | 20(p) | 20(c) - - - -
on off on off o° o° a° - - —_ - 21(a) 21(b)] 21(c)
off off o of £ -— 0° | o° | -- - - - 21(a) 21(b)| 21{o)
Miscelleneous Asrodynemic Deta
Wing, fuselegs, and boam
Type of deta Fig. No.
Lending
Tail | Nose fins{ Canopy prp 1z Byp | Bep
on off o off o° o | o° Cn va M 31
oft off on off —-— o° o° Cy v8 M 31
on normal o off o° o° o° Cp ve M 32
on normal on off 0°] 30° | o° Cn Y8 M 32
on off on off o® a° o° (aoL/aa)cL v K 33
o off o off o° o° o° Neutral point vs8 M 33
on noymal o off o° o° o° “t(acI.b/ait)G v8 @ 3k
-— of £ o off o° o° a° € Y6 M, € Y8 ¢ 35
on aff off oft 0° 0 | o° Tufts; ¥, 0O 37-40, 1ol
on off off oft o° o© | o° Tufts; o, 6.2° L6143, incl,
Canparative Aerodynemic Data
Dete show Type of data Fig. Fo.
Effect of nose fins Cy ve Gy, 22
Do. Cy 78 @ 23
Effect of changes in configuration OI. 8 o 2
Do, Cy v8 Cp, 28
Do. Cy V8 @ 29
Do Cp vs Op, 30
Effect of lsading-edge flaps Cyp VB @ 26
Do. Cy v8 O, 25
Do. Cp v8 Cp, 27
Do. Ght ve Cy, 36
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Figure [— The O./6—scale model of the MX—-656 airplane.
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Figurs 2.— A three—quarter front view of the M{—b>6 model with the
landing gear extended, the flaps deflected, and the nose fins in
the normal position.
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Figure 3.— A three—quarter front view of the MX—656 model with the
noge fins in the normal position.
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Figure 4.,— A three—quarter rear view of the MX—656 model with the
nogse fins in the normal position,
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Figure 5.— A three—quarber front view of the ME—656 model mounted
for yaw tests, without the nose fins,
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Mgure 6.,— The MX-656 model mounted in the Amea T~ by l0-foot wind tumnel No. 2 for evaluaticn
of the sting interference,
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Figure 7.— The lift, drag, and pifching—moment
tares for the MX-656 model in the Ames 16—
foot high—speed wind tunnel.
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number for the MX—656 model.
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(a) Lift characteristics.

Figure 9— The aerodynamic characteristics of the MX—-656

model without the nose fins.
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Figure 8.~ Continued.
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(a) Lift characteristics.

Figure [0.— The aerodynamic characteristics of rhe MX-656
model without the nose fins and the empennage.
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(b) Pitching—moment characteristics.

Figure 10— Continued.
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(a) Lift characteristics.

Figure |l— The aerodynamic characteristics of the MX—~656 modsl/
with the nose fins in the normal position. 4, 0°



39

NACA RM A50A03 Sunnil
1.8
M
/6l = 0.25
o 40
a .60
o 70 vaba
4l o 80
v &85
+ 875
2lv 90
~d A .925
S |n .92
-~
-
2 > Wl
S X
g, §| E\ .
3 li & N N
by b\, J
S 6% y a J/{ o7 ] )34

(N
e

o -04 =08 =2
Fitching—moment coefficient, Cp,
] I 1 I L1 b [ 1!
mofQhor 9 o9 9 0pem
M ores 4 .6 .7 .8 g

(b) Pitching—moment characferistics.

Figure | [— Concluded.
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(a) Lift characteristics.

Figure [2.— The aerodynamic characteristics of the MX-656 model

with the nose fins in the normal position. iy ,—5°,
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(c) Drag characteristics.

Figure 12— Continued.
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(d) Horizontal-tail hinge-moment characteristics.

Figure 12— Concluded.
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(a) Lift characteristics.

Figure 13.- The aerodynamic characlteristics of the MX-656
mods/ with the nose fins in the normal position &, 10°.
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(a) Lift characteristics.

Figure /4~ The aerodynamic characleristics of the MX—656
mods/ with the nose fins in the normal position. &y, 20°.
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(b} Pitching-moment characteristics.

Figure /4.~ Continued.
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¢c) Drog characteristics.

Figure |4.— Concluded.
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(a) Lift characteristics.

Figure 15— The aerodynamic characteristics of the MX~656 model
with the nose fins in the normal position. 3”, 3o



(b) Pifching- momeni characteristics.

Figure 15~ Continued.
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(c) Orag characteristics.

Figure 15— Concluded.
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(a) Lift characrterisiics.

Figure /6.~ The aerodynamic eharacteristics of the MX-656 model
without the nose fins. Sy ,30°.
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(b) Pitching-moment characfteristics.

Figure /16— Conlinued.
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(a) Lift characteristics.

Figure 17— The aerodynamic characteristics of the MX-656
model without the nose fins and the empennage. Jjf, 10”
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(b) Pitching-moment characteristics.

Figure | 7- Continued.
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(a) Lift characteristics,

Figure /18— The aerodynamic characteristics of the
MX-656 mode/ without the nose fins and fthe

empennage. S, 20°
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Figure 22~ The effect of the nose fins on the variation
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the MX-656 model.
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normal position.
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Figure 35~ The variation of fhe calculated downwash angle at
the tail with Mach number and angle of aftack for the
MX-656 model without the nose fins.
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Figure 36— The variation of horizontal—tail hinge—moment
coefficient with lift coefficient for fhe MX-656 mode/
without the nose fins.
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Figure 36.—Conftinued.
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Figure 36—Concluded.
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CL,6O @, T

(a) Angles of attack, 0°, 3°, %%, 5°, 6°, 7°. A-13602

Figure 37.— Tufts on the MX—656 model without the nose fins at
0.40 Mach nmumber and 0° yaw.
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A-13603
(b) Angles of atback, 8%, 9°, 12°, 15°,

Figure 37.— Concluded.
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(a) Angles of attack, 0°, 3°, 4°, 5°, &°, 7°, A-13604

Figure 38.— Tufts on the MX-656 model without the nose fing at
0.80 Mach mumber and 0° yaw.
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(p) Angles of attaeck, 8°, 9°, 12°, A-13605

Figure 38.— Concluded.
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A-13606

Figure 39,— Tuftes on the MX—656 model without the nose fins at
0.90 Mach number and O° yaw.
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A-13607

Figure 40.— Tufts on the MX~656 modsl without the nose fins at
0.925 Mach number and 0° yaw.
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A-~13608

() Angles of yaw, —60, —30, Oo, 3°.

Figure 41.— Tufts on the MX—656 model without the nose fins at
0.40 Mach number and 6,2° angle of attack.
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A-13609

{(b) Angles of yaw, 6%, 9%, 12°, 15°.

Figure 4l.— Concluded.
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(a) Angles of yaw, -6o: _303 OO: 30-

Figure 42.— Tufts on the MX—656 modsl without the nose fins at 0.80
' Mach number and 6.2 angle of attack.
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A-13611

(b) Angles of yaw, 6°, 9°, 12°, 15°,

Figure 42.— Concluded.
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(a) Angles of yaw, -6°, —3°, 0°, 3°,

Figure 43.— Tufts on the MX—656 model without the nose fins at 0.90
Mach number and 6.2° angle of attack.
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A=-13613
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(b) Angles of yaw, 6°, 9%, 12°, 15°.

Figure 43.— Concluded.
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