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I ~ STABILITY AND CONTROL CHARACTERISTICS

By William T, Hamilton and Joseph W. Cleary

SUMMARY

Static lateral— and longitudinagl-stability tests at low and high
subsonic Mach numbers were made of a 0.16-scale model of a projected
supersonic airplane having a low-aspect-ratio wing.

The tests show that the airplane without nose fins and with the
leading-edge flaps undeflected may encounter undesirable changes in
longitudinal stebility at 1ift coefficients required for maneuvering
at Mach numbers of 0.40 to 0.80. At a lift coefficient of approxi-
mately 0.7 the model became longitudinally unstable. Deflecting the
leading—edge flaps 30° downward improved the stability at 0.7 1lift
coefficient for most Mach numbers. For the range of 1lift coefficients
attained at test Mach numbers of 0.90 and 0.925, the longitudinal-
stability characteristics of the model appeared to be satisfactory.

The instability that occurred at a lift coefficient of approxi-—
mately O.7 appeared to be caused by a destabilizing action of the
horizontal tail as the angle of attack was increased beyond the stall.
This destabilizing action may be due to the downwash at the tail
increasing at a rate more rgpid than the increase in angle of attack.
The effectiveness of the tail for changing the balanced attitude of
the model was retained to a Mach number of at least 0.925.

The addition of the nose fins in the normal position reduced the
stability and delayed the stall to a higher angle of attack. In the
landing configuration (leading- and trailing-edge flaps defleeted and
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landing gear extended), the model was slightly unsteble near the stall
without the nose fins and highly unstable with the nose fins.

Without the nose fins, the directional stability of the model
was high, although not excessive, for all Mach numbers of the test.

INTRODUCTTION

This report presents the results of high-speed wind—tunnel tests
of a 0.16~scale model of the projected MX-656 airplane. This airplane
has a low-aspect—ratio wing and tail with sharp leading and trailing
edges and 1s 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
characteristics in the low and high subsonic speed ranges, and were
made in the Ames 16-~foot high—speed wind tunnel.

During the tests, undesirable changes in the longitudinal stabil-
ity near the stall were noted. Consequently, the testing was termi-
nated and the model was transferred to one of the Ames T- by 10-foot
wind tunnels where the stability problem could be studied more
economically.

COEFFICIENTS AND SYMBOLS

Pitching moments, yawing moments, and rolling moments were com-—
puted with respect to mutually perpendicular axes that passed through
the center of gravity of the model, One axis coincided with the fuse-—
lage reference line while another was parallel to the wing T5-~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 aero—
dynamic chord,

The horizontaiutail hinge moments were computed with respect to
a lateral axis 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: :

/dra
s g
Cp drag coefficient & S )
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horizontal-tail hinge-moment coefficient -

( horizontal-—tail hinge moment A
asStct _ )
117t cosfricient | LIFE)
| \ & /

tail 1ift coefficient :/P.___..ailslift>
9ot

/ pitching moment \

pitching-moment coefficient ,\ - =7

increment of cross~wind-force coefficient
{increment of cross-wind force =
as /

/ increment of drag)

increment of drag coefficient !

\ ®

increment of 1ift coefficient [ mcremen; of 1ift
g

increment of rolling-moment coefficient
{increment of rolling morgent)

gsSb

increment of pitching-moment coefficient
" (increment of pitching moment =

increment of yawing-moment coefficient
/ increment of yewing moment’\

\ ®b J ‘

angle of attack of the fuselage reference line with respect to
the wind axis, degrees ‘ '

increment of angle of attack, degrees
leading—edge flap deflection, positive downward, degrees

trailing—edge flap deflection, positive downward, degrees

SECRET

...........



Mt

Pt

bt

of

ct

ig

St

SECRET NACA RM No. SASD26

effective downwash angle at the tail, degrees

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

a4

q

mass density in thé free stream, slugs per cubic foot
mass density at the tail? slugs per cubic foot
aspect ratio

wing span, feet

horizontal—tail span, feet

wing chord, feet b

f /2 (':2 dy .
mean aerodynamic chord of the wing -%75——-—7— , feet -
I c dy
{0
tail chord

mean aerodynamic chord of the exposed horizontal tail
b'b /2 ctady
0.045 bt t

bt /2 ?
fo.04s b, ¥y

feet

horizontal tail incidence with respect to the fuselage reference
line, positive with the trailing edge downward, degrees

free-stream Mach nﬁmber

free-stream dynamic pressure (%—p\f) , pounds per square foot
dynamic pressure at the tail G%pfvt%>, pounds per square foot
Reynolds>number based on the mean aerodynamic chord of the wing

wing area, square feet

tall area, square feet
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v free—~stream velocity, feet per second
Vy velocity at the tail, feet per second

y perpendicular distance along the wing semispan from the model
plane of symmetry, feet

¥y perpendicular distance along the horizontal-tail semispan from
the model plane of symmetry, feet

MODEL AND APPARATUS

The 0.1l6—-scale model of the MX-656, 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 tail had symmetrical hexagonal sections with
rounded corners at 30-and TO~percent chord and relatively sharp lead~
ing and trailing edges. Outboard of station 3.095 (inches model scale),
the horizontal tail had the same section as the wing and vertical tail.
Between stations 3.095 and 0.377 (the fuselage juncture), the section
changed to a symmetrical diamond with rounded corners at 50-percent
chord. The pertinent dimensions of the model are listed in table I.

The wing had plain full~gspan leading-edge flaps of constant chord
(13.45 percent of the mean aerodynamic chord). Partial-span, split,
trailing~edge flaps having a chord of 25 percent of the wing chord
extended from the wing—fuselsge juncture to the aileron (46.6 percent
of the semispan). An aileron was provided on the left wing. The
external brackets for the leading—edge flaps and ailerons of the full-
scale airplane were simulated on the model. The all-movable horizon—
tal tail was provided with an electric resistance-~type strain gage for
measuring hinge moments. The vertical tail had a movable rudder.

The leading-edge flaps, aileron, and rudder had radius noses with
unsealed gaps that could be considered negligible.

The stabilizing fins for the jettisonable nose had a circular—
arc cross section with sharp leading and trailing edges. In the
normal position, the fins were mounted at 4, 8, and 12 o'clock loca~—
tions, while for the alternate position they were at the 2, 6, and
10 o'clock locations. The model was furnished with landing gear and
landing-gear doors as shown in figure 2. Air scoops were not installed
during the test program. The complete model as discussed in this report
includes the fuselage, tail boom, canopy, wing and empennage, nose fins,
and the external brackets for the leading—edge flaps and ailerons.
Unless otherwise noted, the flaps and control surfaces were undeflected
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and the tail incidence was 0O°.

The tests were conducted in the Ames 16-foot high-speed wind
tunnel. 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 measured. With the wing in a
vertical plane, the model could be yawed and the side force, yawing
moment, and rolling moment fietermined. PFigure 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 tunnel test section, »

TESTS

Tests were made of the complete model with the nose fins in the
normal and alternate positions and without the nose fins to evaluate
their effect upon the longitudinal—stability characteristics. The
complete model less the empennage and the nose fins was also investiw
gated to determine the effect of the empennage on the stability and
“to estimate the downwash characteristics at the tail. The effective~
ness of the horizontal tail was measured with the nose fins in the
normal position.

The effect of the leading-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 trailing-edge flaps deflected were also obtained.

Tests were conducted of the complete model without the nose fins
and with and without the empennage to evaluate the lateral— and
directional-stability characteristics in yaw with the rudder undeflected.

The average Reynolds numbers of the test, shown in figure 8,
increased from 2,120,000 to 4,920,000 as the Mach number was varied
from 0.25 to 0.925.

PRECISION AND CCORRECTIONS

The following values in coefficient form are the estimated
maeximum errors of measurement at Mach numbers of 0.40 and 0.90:
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M Cy, Cp  Cp AC; ACyp A,
0.40 10,015 0.0023  $0.003 0,002 30,002  0.015
.90 . %009  ,001k £,002 £,001  £,001  *,009

The angles of attack or yaw are believed to be cprrect within»io.ao.

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

Ha (deg) = 0.16kCT,
ACy) = 0,0029 Cy?

£Cp = 0.0019 Cy,

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 suppor€ were determined at
low speed by testing the model in the Ames T- by 10-foot wind tunnel,
with and without a 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 Laboratory
support this belief for Mach numbers up to 0.90. Interference tares,
as applied to the data, are presented in figure T.

Constriction corrections to account for the blocking effect of
the model in the tunnel test section were applied according to the
method of reference 2. The Mach number correction amounted to 0.40
percent at 0.70 Mach number and 1.45 percent at 0.90 Mach number.

Pressures were measured at five points on the flat base of the
fuselage (the area occupied by the tail-pipe outlets of the airplane)
and the drag data were corrected to correspond to free-stream static
pressure over this area.

DISCUSSION

The date included in this report represent practically all the
force and moment data that were taken during the test. Klthough
some of the figures are not discussed'in detail, they have been

SECRET .
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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 figures giving aerodynamic data is presented in table II.

Lift Characteristics

Model without the nose fins.~ The variation of 1lift coefficient
with angle of attack (fig. 9(a)) was approximately linear for angles
of attack below 12° at 0.25 Mach number. Above 12° the lift first
decreased slightly, then increased slowly. Unpublished pressure~
distribution data indicate that this stall at 12° angle of attack was
the result of complete separation of the flow over the upper surface
of the wing.

At an angle of attack of about 2k°, a maximum 1ift coefficient
of 0.85 was attained — a value 0.15 greater than that at the first
" stall. Pressure-distribution data indicate that the increase in 1lift
beyond the stall was due to an increase in pressure over the lower
surface of the wing. Unpublished data from the Ames T~ by 10-foot
wind tunnels show that the fuselage also contributed to the 1lift
beyond the stall of the upper surface of the wing.

" Between Mach numbers of 0.25 and 0.85 (fig. 9(a)), the lift
curves were generally similar to that for 0.25 Mach number except
that the stall became less abrupt and started at 10° or 11° angle
of attack. At 0.85 and 0.875 Mach numbers, the slope of the 1lift
curve decreased markedly above 8° angle of attack but no negative
slope occurred even up to 13° angle of attack. The increased slope
of the lift curves at 0.90 and 0.925 Mach numbers, for angles of

attack above 7°, may be the result of spproaching the choking condi—
tion in the wind tunnel and cannot be considered reliable. TFigure

33 shows that the lift-curve slope for constant 1ift coefficients
varied in an irregular mammer with Mach number.

Model with the nose fins.— At 0.25 Mach number, the addition
of the nose fins in the normal position (fig. 11(a)) caused the stall
to be delayed to an angle of attack of approximately 19°, The maxi-
imum 1ift coefficient at the first stall was increased from 0.T1 to
1.00 at a Mach number of 0.25. This increase in maximum 1ift coeffi-
cient is believed due primarily to the side nose fins turning the air
downward as it approached the wing roots, thereby decreasing their
effective angle of attack. Thus the separation of the flow from the
wing was delayed until g higher angle of attack was reached. The
addition of the nose fins caused only slight changes in the slopes
of the 1ift curves and the angles of attack for zero 1ift (flgs.
9(a) and 11(a)).

SECRET



NACA RM No. SA9D26 * SECRET 9

Effect of the leading~edge flaps.-~ In general, deflecting the
leading-edge flaps downward at low Mach numbers increased the maximum

lift coefficient with insignificant changes in the lift—curve slope
(figs. 11(a), 13(a), 1k(a), and 15(a)). A comparison of the 1lift
curves for the model in various configurations (fig. 24) shows that,
at 0.40 Mach number, deflecting the leading—edge flaps 30° delayed
the stall from 12° to 17° angle of attack and increased the maximum
1ift coefficient from 0.7l to 1.03. An increase might be expected
because the separation that covered the wing at 12° angle of attack
with 0° flap deflection spread from the sharp leading edge of the
wing rearward; and deflecting the leading-edge flap relieved the
extreme adverse pressure gradient near the leading edge of the wing.

Model in the landing configuration.- The 1lift 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 posi—
tion 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 lift coefficient.
appeared to be of little significence (references 3 and 4). Thus it
seems that the value of maximum 1ift coefficient attained by the model
would probably be close to that for the full-scale airplane if allow—
ance is made for the tail lift necessary to balance the airplane.

Static Longitudinal Stability and Control

Model without the nose fins.— Figure 9(b) shows that the varia—
tion of pitching-moment coefficient with 1ift coefficient was not
linear at any of the test Mach numbers, but was probably acceptable
for 1lift coeff%cients below the first stell. The static longitudinal

C
stability <:~ = was, in general, less in the region of 0.2 to
C
L or |
0.3 1ift coefficient than it was immediately above or below this
region for Mach numbers below 0.85 (figs. 9(b) and 33). The

ac
extremely large value of ( - -a--cl‘i> ~ shown in figure 33 for 0.6
L

CL
1ift coefficient and at 0.8 Mach number was due to the proximity of
the stall. ’ '

As the angle of attack was increased through the first stall,
between Mach numbers of 0.40 and 0.80, the model became longitudinally
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unstable (fig. 9(b)). Flight in this unstable region would probably
be difficult for the pilot and might be dangerous during maneuvers;
for should the airplane enter this unstable region with a positive
rate of increase of angle of attack, its anguler velocity would tend
to increase until the angle of attack had passed through the critical
region. The drag of the airplane would increase sbout 60 percent
(fig. 9(c)), thereby slowing down the airplane and aggraveting the
stalled condition. No unstable regions were observed for Mach numbers
of 0.875 and higher (fig. 9(b)). Deflecting the leading-edge flaps
30? §?proved the stabllity at most Mach numbers (figs. 16(b) and
19(b

The pitching-moment eharacteristics of the model without the
empennage (fig. 10(b)) show a marked increase in stebility

oy
Since the fuselage alone w1thout the nose fins is definitely unstable
(fig. 23(a)), the positive stability in this region is believed to be
due to the rapid rearward movement of the area of separated flow on the
upper surface of the wing as the angle of attack was increased. (See
photographs of tufts, fig. 37.) An instability following the stall
is indicated, as in the tail-on data.

<' m,) at 1lift coefficients between about 0.35 and the stall.

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

A comparison of the tail-on and tail-off pitching-moment char—
acteristics (fig. 23) indicates that the tail was destabilizing for
~angles of attack between 14° and 18°. It is believed 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 down—
wash over the tail (fig. 35) calculated from tail-on and tail—off
pitching-moment data shows that the rate of change of downwash with
angle of attack was approximately 1.0 at 14° angle of attack and the
rate was increasing with angle of attack. Whenever the effective

downwash increases faster than the angle of attack (-@5 ‘>l.0> the
tail action is destabilizing. da .

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
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a lift coefficient of approximately 0.6 for Mach numbers of 0.80 and
lower. The effect of the nose fins on the pitching-moment character—
istics of the model is shown in figures 22 and 23. A greater @estabi-
lizing effect occurred with the fins in the alternate position than

in the normal position at 0.40 Mach number for lift coefficients less
than approximately 0.6.

Figure 34 shows the effectiveness of the tail N <a°i1,t>
‘ 1§f€' N

for several Mach numbers., The general decrease of tail effectiveness
with angle of attack is presumed to be caused by the tail entering a
region of lower—energy air. The tail effectiveness generally increased
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 flaps.— Figures 13(b), 14(b), and
15(b) present data for leading—edge flap angles of 10°, 20°, and
309, respectively, 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 approximately 0.85 Mach
?umber W?s not changed by deflecting the leading—edge flaps 30°

fig. 32).

The pitching-moment characteristics of the model with the leading—
edge flaps deflected but without the nose fins are presented in figure
25. Deflecting the leading—edge flaps 30° did not change the stability
significantly below 0.7 1lift coefficient but delayed the instability
to a higher 1lift coefficient. In general, deflecting the leading-
edge flaps caused a reduction in the 1lift coefficient for balance.

Model in the landing configuration.- The longitudinal-stability
characteristics (fig. 20(b)) show that the model with the nose fins
in the normal position and a tail incidence of -5° became unstable
at a 1ift coefficient of approximately 0.8. Without the nose
fins, but with the same tail incidence, the model became neutrally
stable at a 1ift coefficient of 0.8 and slightly unstable at the
stall. This instability and the changes of pitching moment that
followed the stall both lead to undesirable landing characteristics.
The effectiveness of the tail in changing the balance of the model
(fig. 20(b)) appeared satisfactory until the stall. Beyond the stall
the effectiveness decreased markedly. '

Horizontal-tail hinge moments.— Although only a slight variation
of hinge-moment coefficient with 1ift coefficient occurred below the
stall for the model without the nose fins (fig. 9(d)), a large’
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decrease in hinge-moment coefficient followed the stall. This
decrease was probably caused by a change in the downwash pattern
at the tail,

From the limited data available (fig. 36), deflecting the
leading-edge flaps did not significantly change the horizontal-tail
hinge-moment characteristics below the stall. With the leading—edge
flaps. deflected 30°, decreasing the tail incidence from 0° to -5°
did not increase the hinge-moments significantly. Thus it seems that,
at least for this configuration, the tail was well balanced aerody-
namically in the region of 0° to —5° incidence of the tail.

Lateral and Directional Stability

Model without the nose fins,~ The lateral and directional sta—
bility characteristics of the model with the empennage on and 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 stability of the model

( - %f) had a value of about 0.008 between o.ho 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 tail boom. The
model was directionally unstable with the empennage off at all Mach

numbers The rollmg—-moment coefficient due to yaw ( _SW_) had

a constant value of approximately O. 0022 for all Mach numbers below
0.925 (fig. 21(c)). This rolling-moment coefficient was primarily
due to the action of the vertical tail surface. Thus it appears
that with the rudder deflected there is a possibility that the
rolling-moment characteristics would be unfavorable.

Drag Characteristics

Model without the nose fins.— For constant 1ift c¢oefficients
below 0.55, the drag coefficient remained relatively constant to
0.90 Mach number and then increased slightly at a Mach number of
0.925 (fig. 9(c)). The minimum drag coefficient was approximately
0.022, From the variation of drag coefficient with 1ift coefficient,
it appears that the increment of drag coefficient with increasing llft
is approximately QCLZ/nA or twice the induced drag coefficient predicted
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by simple airfoil theory.

The drag characteristics with the leading-edge flaps deflected
(fig. 27) show that at 0.40 Mach number, a reduction in drag occurred
at the higher 1lift coefficients when the flap angle .was increased to
30°. For Mach numbers of 0.40 to 0.80 and between lift coefficients
of 0.1 and at least 0.7, the drag was reduced by deflecting the
leading-edge flaps 100 (fig. 27). Thus it appears that for cruising
at high subsonic Mach numbers, deflecting the leading-edge flaps in
the neighborhood of 10° would be beneficial.

Model with the nose fins.— Figure 30 presents data showing the
effect of several changes in configuration on the variation of drag
coefficient with 1ift coefficient. At 0.40 Mach number with the
leading—edge flaps deflected 30°, adding the nose fins in the normal
position increased the drag coefficient over most of the lift-
coefficient range. However, at 0.80 and 0,90 Mach numbers 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 lift coefficients between 0.25 and
0.88 was approximately 20°. At the higher Mach numbers (figs. 30(b)
and 30{c)), increasing the deflection of the leading-edge flaps
increased the drag at most 1ift coefficients,

Wing and Fuselage Tuft Studies

Model without the nose fins.— Photographs of tufts indicating
the flow over the upper surface of the model in pitch (figs. 37 to
40) indicate two distinct stall patterns on the wing. At Mach
numbers below 0.80, the flow became rough or separated near the
leading edge at an angle of attack of approximately ho. ‘This rough~—
ness or separation progressed toward the trailing edge as the angle
of attack was increased. At an angle of attack of 120 the upper
surface was completely stalled. For Mach numbers of 0.90 and 0.925,
the separation began at the trailing edge at an angle of attack of
approximately 5° and progressed toward the leading edge.

With the model at an angle of attack of 6.2° and 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 (figs.
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 separation of the flow over the leading wing did not
appear to increase with angle of yaw.
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At 0.90 Mach number and 0° yaw, a comparison of the flow over
the wing as indicated by the ‘tufts for the model in pitch at an
angle of attack of 6° (fig., 39) with that for the model in yaw at
an angle of attack of 6.2° (fig. 43(a)) shows different regions of
rough or separated flow. The flow appeared rough or separated near
the leading edge with the model in yaw and near the trailing edge
with the model in pitch. A thorough investigation of this discrep—
ancy was not attempted., However, with the model at an angle of
attack of approximately 6°, the choking Mach number of the tunnel,
as indicated by the highest Mach number attained with full tumnel
power, appeared to be approximately 0.90 with the model in yaw and
slightly above 0.925 with the model in pitch. Thus, the validity
of the tuft data at 0.90 Mach number with the model mounted for yaw
tests may be questionable,.

CONCLUDING REMARKS

Undesirable static-longitudinal--stability characteristics, which
are apparently caused by changes in the effective downwash at the
tail, occurred during high-speed wind-tunnel tests of the Douglas
MX-656 model. The model became unstable as the angle of attack was
increased beyond the stall. It appeared that this instability was
the result of the effective downwash at the tail, increasing more
rapidly than the increase in angle of attack.,

Without the nose fins, the model became longitudinally unstable
at a 1lift coefficient of approximately 0.7 at 0.40 Mach number.
Adding the nose fins in the normal position (4, 8, and 12 o'clock)
reduced the stability and delayed the stall to a higher angle of
attack. The model was slightly unstable with the nose fins in the
alternate position (2, 6, and 10 o'clock). In the landing con-
figuration with the nose fins in the normal position, the model
was highly unstable between a 1lift coefficient of 0.8 and the
stall, but without the nose fins it was only slightly unstable.

For the range of lift coefficients attained at test Mach
numbers of 0.90 and 0.925, the longitudinal-stability character—
istics of the model with or without the nose fins appeared satis—
factory. For lift coefficients below the stall, the horizontal
tail retained its ability to change the balanced attitude of the
model to a Mach number of at least 0.925.
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Without the nose fins, the directional stability of the model
was high, although probably not excessive, for all Mach numbers of
the test.

Ames Aeronautical Laboratory,
National fdvisory Committee for Aeronautics,
Moffett Field, Calif.
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TABLE I.-— MODEL DIMENSIONS

Wing

Area, sqft . . . . . . . . o . 0 ..
Aspect ratioc . . . . . . 4 o e e s e e e e e e e e e 3.01

Taper ratio v . + « + « o « « & . e e e . 0.4
Span, ft . e « » « . 351
Root section (at pla.ne of symmetry) chord Pt .. ... 1.666
Thickness, percent of chord . . . e . e e e .. k5

Incidence, deg . . e e s ke e e e e e e .« .
Mean aerodynamic chord £t e e e e +.e . .. 1l.238
Sweepback (75—percent-chord 11ne), deg e e e e e e e e e

Aileron

Span, ft . . . . . . . . . P o I 221
Wing station at inner end, ft e e e e e e e s s e e e . d.227
Wing station at outer end, ft . . . . . . . . . . . . . 1.753
Chord at inner end, T£ . + « v « v « « v « + « «.+ « » » 0.201
Chord at outer end, Ft . o « v « « « v o o o « « + + « » 0.167

Horizontal tail

Area, sq ft . . . . P ¢ B (°L
Ares, exposed, sq ft O ¢ Iy (xR
Aspect ratio . . . . . . i . v e 4 e e e e e e e s s .. 3.01
Taper TAt10 + v v « v ¢ v o o o o o o e e e e e v .. 0L
Span, ft . . . . . . e . e e e+ . . 1,547

Tail length (center of grav1ty to one—quarter mean
aerodynemic chord of horigzontal tail), ft . . . . . . 3.393
Section at spanwise station (fuselage juncture), 0.377 in.

Chord, ft . . . . N ¢ I s =

Thickness, percent of chord . . . B ]
Section at spanwise station, 3. 095 1n

Chord, ft . . . . O ¢ M te v

Thickness, percent of chord S 5
Tip section
Chord, ft . . . . . . e e e e e e e e e . 0.20h
Thickness, percent Of CHOTA » v v v v v e e e e e e e, W5
Dihedral, @88 . + . « ¢« ¢« v o o ¢ 4 o o s o 8 a0 4 s 4 a s 0
Incidence . . . . e e e o a s 4 s e « » » variable
Mean aerodynamic chord ft P o 5 L5
 Mean aerodynamic chord, exposed, ft . . . . . . . . . . 0.521
Sweepback (50—percent~chord llne), deg O

Dihedral (wing reference plane), deg O ¢
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TABLE I.—- CONCLUDED

Vertical tail

Area, sq ft . . . . . . . . .,
‘Aspect yatio- . . . . . . . .
Taper ratio . ., . . . . . . .
Span. £t ..

Tail length (center of grav1ty to one—quarter mean

aerodynamic chord of vertical tail), ft .

Root section
Chord. ft e . .
Thickness, percent of chord
Tip section
Chord. £t . . .~ . .
Thickness, percent of chord
Mean aerodynamic chord, ft . .

Sweepback (OO—percent_chord line), deg .

Rudder

Span, ft . . . . e e

Height of lower end above fuselage
Height of upper end above fuselage

Chord at inboard end, ft . . . .
Chord at outboard end, ft . . .

Jettisonable-nogse fins

Area (each fin), sq ft . . . . .
Aspect ratio . . . . . . . . . .
Taper ratio . « o ¢ o « » « o« &
Span, ft ., . ..
Fin length (center of gravity to
aerodynamic chord of fin), ft
Root section
Chord, £t . . . . e .
Thickness, percent of chord
Tip section
Chord, ft . . . . .
Thickness, percent of chord .
Mean aerodynamic chord, ft .

Sweepback (90~§ercent—chord line),

°

*

.

.

L

reference
reference

*

. .

. v

. °

. .

. .

.

‘deg'

® e

L

¢ »

.

L]

»

.

plane,
plane,

°

.

one—guarter mean

®

.

£t

ft

. 0.373
v 0

0.678
1,32
0.25

0.947

3.410

1.147
4.5

0.287
k.5
. 0.802
. O

.- 0.705
. 0.690
. 1.395
. 0.227
. 0.162

0.0845
. 0.75
. 0.25
0.2535

0.550

0.533
3

0.133
3
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TABLE ITI.— FIGURE INDEX

Bagic Asrodynamic Data

Wing, fuselage, and boom Figure number
Tail | Nose fins| Canopy I“;irmg 1y 837 |3t |Cp ve afCy v8 CpiCp vs CpiCh, veCL|LC, VB ¥ {LC, vay |0y Ve ¥
on off on off o° 0° | o° 9(a) | 9(v) 9(c) 9(d) - —_—— ] -
off off on off - 0° | 0o© | 10(a) | 10(p) | 10(c) - - - -
on normal on off o° 00 | 0° {11{a) | 22(p) | -~ - - - -
on normal on off 50 o° 0° sta) 12(b) 12(cg 12((1; - - p—
on normal on of? o 100 o° 13(a) | 13(b) 13(c 13(a - - -
on normal on oft 00| 20° | 0° | 1b(a) | 1k(p) | 1h(c) -- - - -
on normal on off o° 30° 0° | 15(a) | 15(p) 15{(¢) - - - -
on off on off o° 309 | 0° | 16(a) | 16(b) 16(c) -- - - -
off off on off ~ | 10° 0® | 17(a) | 17(b) 17(e) - - - -
off off on off -=1 20° | 0° | 18(a) | 18(b) | 18(c) - - - -
on off on off 5% 1 30° | o° | 19(a) | 19(b) 1} 19{c) - - - -
on off on on —-5° 309 |[s50° 20(a) | 20(b) 20(c) - - - -
on normal on on —5° 30° |s0° Qoéa) 20(b) 20(c) - - - -
on normal on on -10° § 30° 150° | 20(a) | 20(v) | 20(c) - - - - -
on normal on on -15°% | 30° [50° | 20(a) | 20(b) 20(c) - - - -
on off on off o° | 0° |~- - - - 21(a) 21(p)| 21(c)
of off on off - 0° o° - - - - 21(a) 21(p)} 2i(c)
Misdellansous Aerodynamic Data
Wing, fuselage, and boom
Type of data Fig, No.
Tail | Nose fina! Canopy| Landing 15 ] Byp |Bge
gear
on off - on off o° 0° | o° Cp ve M 31
off of f on of £ - o°® 0° Cp ve M 31
on normal on off 0° o° 0° Cp ve M 32
on normal on off 0° 30° o° Cn ve M : 32
on off on off a° 00 | o° (3eLa)g, v8 M 33
on of £ on off 0° 0° 0° - (M/BCL)cL ve M 33
on normal on off 0° 0° | o° qt(ath/Bit) vs o KL
a
- off on off 0° Q° 0° e val, € vaa, 35
on off off off o° oo | oo Tufts; ¥, O 37-40, incl,
on off off | off | o° | o° Tufte; a, 6.2° ho-43, 1nel,
Comparative Aerodynamic Data
Data show Type of data Fig. No.
Effect of nose fins Cp va Cp 22
To. Cp v8 @ 23
Effect of changes in configuration Cy, Vs o 2k
To. Gy v Of, 28
Do Cp V8 a 29
Do. Cp va Cp, 30
Effect of leading—edge flaps Cp Ve a 26
Do. Cp v8 Cy, 25
Do. ¢p vs Cp, 27
Do. cht va Cp, 36
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FIGURE LEGENDS
Figure l.— The 0.16—scale model of the MX-656 airplane.
Figure 2.~ A three—quarter front view of the MX-656 model with the
landing gear extended, the flaps deflected, a.nd the nose fins in

the normal position.

Figure 3.~ A ’chree—quarter front view of the ME-656 model with the
nose fins in the normal position.

Figure 4.~ A three-—quarter rear view of the MX-656 model with the
nose fins in the normal position.

Figure 5.— A three-quarter front view of the MX-656 model mounted
for yaw tests without the nose fins.

Figure 6.— The MX~656 model mounted in the Ames 7- by lO-foot wind
tunnel No. 2 for evaluation of the sting interference.

Figure T.- The 1ift, drag, and pitching-moment tares for the
MX-656 model in the Ames 16—foot high-speed wind tunnel.

Figure 8.~ The variation of Reynolds number with Mach number for
the MX-656 model.,

Figure 9.— The aerodynamic characteristics of the MX-656 model
without the nose fins. (a) Lift characteristics.

Figure 9.— Continued. (b) Pitching-moment characteristics.
Figure 9.— Continued. (c) Drag characteristics. |
Figure 9.- Concluded. (d) Horizontel~tail hinge-moment characteristics.

Figure 10.— The aerodynamic characteristics of the MX-656 model
without the nose fins and the empennage. (a) Lift characteristics.

Figure 10.— Continued. (b) Pitching-moment characteristics.
Figure 10.— Concluded. (c) Drag characteristies.
Figure 11.— The serodynamic characteristics of the MX-656 model with

the nose fins in the normal position. iy, 0. (a) Lift
characteristics, :
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Figure 11.- Concluded. (b) Pitching-moment characteristics.
Figure 12,— The aerodynamic characteéristics of the MX-656 model
vith the nose fins in the normal position. i, -5°.
(2) Lift characteristics. t
Figure 12.— Continued. (b) Pitching-moment characteristics.
Figure 12.— Continued. (c) Drag characteristics.

Figure 12.~ Concluded. (d) Horizontal-tail hinge-moment character-—
istics. ’

Figure 13.~ The aerodynamic characteristics of the MX-656 model with
the nose fins in the normal position. 8, 10°. (a) Lift
characteristics.

Figure 13.~ Continued. (v) Pitching-moment charecteristics.

Figure 13.— Concluded. (c) Drag characteristics. '

Figure 1k, ~ The aerodynamic characteristics of the MX~656 model with
the nose fins in the normal position. &3¢, 20°. (a) Lift
characteristics.

Figure 1lk.- Continued. (b) Pitching-moment characteristics.

Figure 1lh.— Concluded, (c) Drag characteristics.

Figure 15.— The aerodynamic characteristics of the MX-656 model with
the nose fins in the normal position. &;p, 30°. (a) Lift
characteristics. .

Figure 15,— Continued. (b) Pitching-mement characteristics.

Figure 15.~ Coﬁcluded.- (¢) Drag characteristics. |

' Figure 16.— The aerodynamic characteristics of the MX-656 model with—
out the nose fins. 83p, 30°. (a) Lift characteristics.

Figure 16.— Coﬁtinued. (b) Pitching-moment characteristics.
Figure 16,~ Concluded. (c) Drag characteristics.-
Figure 17.— The aerodynemic characteristics of the MX-656 model

without the noge fins and the empennage, &35, 10°. (a) Lift
characterisgtics.
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Figure 17.- Continued. (b) Pitching-moment characteristics.

Figure 17.— Concluded. (c) Drag characteristics. -

Figure 18.— The aerodynamic characteristics of‘ the MX—656 model
without the nose fins and the empennage. Byp, 209, (a) Lift
characteristics., . :

Figure 18.— Continued, (b) Pitching-moment characteristics.

Figure 18.— Concluded. (¢) Drag characteristics,

Figure 19.— The aerodynamic charescterigtics of the MX-656 model
without the nose fins, it, -5°; B1r, 309. (a) Lift character-
istics. ‘ - - : ’

Figure 19.— Continued. (b) Pitching-moment characteristics.

Figure 19.- Concluded. (c) Drag characteristics.

Figure 20.— The aerodynarnlc characteristics of the MX—-656 model
with the landing gear extended. B3¢, 30°; dir, 50 M, 0. 25
(a) Lift characteristics.

Figure 20.~ Continued. (b) Pitching-moment characteristics,

Figure 20.— Concluded. (c) Drag characteristics.

Figure 21.— The aerodynamic characteristics in yaw of the MX-656
model without the nose fins. «, 0°. (a) Side-force characteér—
istics. S :

Figure 21.— Continued. (b) Yawing-moment characteristics.

Figure 21.— Concluded. (c) Rolling-—moment characterlstlcs.

Figure 22.—~ The effect of the nose fms on the variation of pitching—-
moment coefficient with 1lift coefficient for the MX-—656 model.
(a) Mach number, 0.k40.

Figure 22.~ Continued. (b) Mach number, 0.80.

Figure 22.— Concluded. (c) Mach number, 0.90.

Figure 23,- The effect of the nose fins on the variation of pitching—

moment coefficient with angle of attatk for the MX-656 model.
(a) Mach number, 0.40. '
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Figure 23.— Continued. (b) Mach number, 0.80.

Figure 23.— Concluded. (c) Mach number, 0.90.

Figure 2h,~ The effect of several changes in configuration on the
variation of 1lift coefficient with angle of attack for the
MX-656 model. (a) Mach number, 0,LO.

Figure 2k.— Continued. (b) Mach number, 0.80,

Figure 24.— Concluded. (c¢) Mach number, 0.90.

Figure 25.—~ The effect of the leading-edge flaps on the variation of
pitching~moment coefficient with 1ift coefficient for the MX-656
model without the nose fins., (a) Mach number, 0.ko,

Figure 25.— Continued. (b) Mach number, 0.80.

Figure 25.— Concluded. (c) Mach number, 0.90.

Figure 26.,~ The effect of the leading—edge flaps on the variation
of pitching-moment coefficient with angle of attack for the
MX~656 model. (a) Mach number, 0.4O.

Figure 26.~ Continued. (b) Mach number, 0.80.

Figure 26.— Concluded. (c) Mach number, 0.90.

Figure 27.— The effect of the leading—édge flaps on the varistion of
drag coefficient with lift coefficient for the MX-656 model withe
out the nose fins. (a) Mach number, 0.k0.

Figure 27.— Continued. (b) Mach number, 0.80.

Figure 27.— Concluded. (c) Mach number, 0.90.

Figure 28.~ The effect of several changes in configuration on the
veriation of pitching-moment coefficient with 1lift coefficient
for the MX-656 model. (a) Mach number, 0.40.

Figure 28.- Continued. (b) Mach number, 0.80,

Figure 28.~ Concluded. (c¢) Mach number, 0.90,

Figure 29.~ The effect of meveral changes in configuration on the

variation of pitching-moment coefficient with angle of attack for
the MX-656 model. (a) Mach number, 0.L4O.
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Figure 29.~ Continued. (b) Mach number, 0.80.
Figure 29.— Concluded. (c) Mach number, 0.90.

Figure 30.— The effect of several changes in configuration on the
variation of drag coefficient with 1ift coefficient for the
MX-656 model. (a) Mach number, 0.L0.

Figure 30.— Continued. (b) Mach number, 0.80.
Figure 30.— Concluded. (c) Mach number, 0.90.

Figure 31.— The variation of pitching-moment coefficient with Mach
nunber for the MX-656 model without the nose fins.

Figure 32.— The variation of pitching—mdmént coefficient with Mach
number for the MX-656 model with the nose fins in the normal
position.

Figure 33.~ The variation of lift-curve slope and static longi‘lﬁudinal
stability with Mach number for the MX-656 model without the nose
fins. . '

Figure 3L4.~ The variation of horizontal-~tail effectiveness with angle
of attack for the MX-656 model with the nose fins in the normal
position. v

Figure 35.~ The variation of the calculated downwash angle at the
tail with Mach number and angle of attack for the MX-656 model
without the nose fins, . .

Figure 36.~ The variation of horizontal~tail hinge-moment coefficient
with 1ift coefficient for the MX-656 model without the nose fins.
{a) Mach number, 0,40,

Figure 36.— Continued. (b) Mach number, 0.80.
Pigure 36.— Concluded. (c) Mach number, 0.90.

Figure 37.— Tufts on the MX-656 model without the nose fins at 0.40
Mach number and 0° yaw. (a) Angles of attack, 00, 3°, kO, 50,
69, 79,

Figure 37.— Concluded. (b) Angles of attack, 8°, 9°, 12°, 15°,
Figure 38.— Tufts on the MX—656 model without the nose fins at 0.80
Mach number and 0° yaw. (a) Angles of attack, 0°, 3°, 4°, 50,
60’ 7 * -
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Figure 38.— Concluded. (b) Angles of attack, 8°, 9°, 12°,

Figure 39..- Tufts on the MX~-656 model without the nose fins at
0.90 Mach number and 0° yaw.

Figure 4O.~ Tufts on the MX-656 model without the nose fins at
0.925 Mach number and 0° yaw. '

Figure 41.~ Tufts on the ME-656 model without the nose fins at

0.40 Mach number and 6.2° angle of attack. (a) Angles of yaw,
-60, "‘30, 00, 300

Figure 4l.— Concluded. (b) Angles of yaw, 6°, 9°, 12°, 15°,

Figure 42.,— Tufts on the MX~656 model without the nose fins at

0.80 Mach number and 6.2° angle of attack. (a) Angles of yaw,
~6°, -3°, 0%, 3°, |

Figure 42.— Concluded. (b) Angles of yaw, 6°, 9°, 12°, 15°,

Figure 43.~ Tufts on the MX-656 model without the nose fins at
0.90 Mach number and 6.2° angle of attack. (a) Angles of yaw,
60’ __30, OO’ 30. - o .

Figure 43.— Concluded. (b) Angles of yaw, 6°, 9°, 12°, 15°,
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Figure [— The O./6—scale model of the MX-656 airplane.
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Figure 2.~ A three—quarter front view of the MX-656 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-guarter front view of the MX-656 model with the
nose fing in the normal position.
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Figure k.- A three—quarter rear view of the MX—656 model with the
noge fins in the normal position. -
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Figure 5.— A three—quarter front view of the MX-656 model mounted
for yaw testsg, without the nose fins.
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Tigure 6.— The MX-556 model mounted in the Ames 7— by 10—foot wind
tunnel No. 2 for evaluation of the sting interference.
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Figure 7.— The lift, drag, and pitching—moment
tares for the MX-656 model in the Ames 16—
foot high—speed wind tunnel.
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Figure 8.— The variation of Reynolds number with Mach
number for the MX-656 model.
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(a) Lift characteristics.

Figure 9— The aerodynamic characteristics of the MX-656.
model withoul the nose fins..
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(b) Pitching—moment characteristics.

Figure 9.- Gontinued.
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Lift coefficient, Cf

Drag coefficient, Cp

) Drag characteristics.

Figure 9.— Continued.
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(d) Horizontal—-tail hinge—moment characteristics.

Figure 9.— Concluded.
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(a) Lift characteristics.

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

Figure 10.— Continued.
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Figure 10~ Concluded
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(a) Lift characteristics.
Figure | l— The aerodynamic characteristics of the MX-656 model/

with the nose fins in the normal position. f,0°
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(b) Pitching—moment characteristics.

Figure !/ 1— Concluded.
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{a) Lift characteristics.
Figure [2.— The aerodynamic characteristics of the MX-656 model

'»'_/'f/) the nose fins in the normal position. iy~ 5°.
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(b) Pitching -moment characteristics.

Figure 12- Continued.
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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 characteristics of the MX-656
model with the nose fins in the normal position. é}f, 10°.
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(b) Pitching-moment characfteristics.

Figure |3.-Continuved.
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(c) Orag characfteristics.

Figure 13— Concluded.
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(a) Lift characteristics.

Figure 14— The aerodynam}'c characfteristics of the MX—656
mode! with the nose fins in the normal position. 8y, 20°
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(b) Pitching-moment characterisiics.
Figure !4.-Continued.
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(c) Drag characteristics.

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

Figure 15— The aerodynamic characteristics of the MX—656 model
with the nose fins in the normal position. &y 30°
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(b) Pitching- moment c haracteristics.
Figure 15- Continued.
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Drag coefficient, Cp

(c) ODrag characteristics.

Figure 15— Concluded.

SECRET

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



NACA RM No. SA9D26

12

e

0 @

LN

Lift coefficient, Cy

0.40
.60

Mo a4 oD e

aofb for
mMof 2

(a) Lift characteristics.

Figure |6.— The aeroa’ybam/;c characteristics of the MX-656 mode/
~ without the nose fins. 8¢ ,30°.
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(b) Pitching-moment characteristics.

Figure 16— Continued.
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(c)-Drag characteristics.

Figure 16- Concluded.
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(a) Lift characteristics.

Figure 17— The aerodynamic characteristics of the MX-656
model without the nose fins and the empennage. J&jf, 0°
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(b) Pitching-moment characteristics.
Figure 17- Continued.
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(c) ODrag characfteristics.

Figure 17— Concluded.
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(a) Lift characteristics,

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

eémpennage. 3/;‘ ,» 20° "SECRET
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(b) Pitching—-moment characteristics.

Figure /8~ Continued.
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(c) ODrag characteristics.

Figure 18— Concluded.

"SECRET

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



NACA RM No. SA9D26

/4 ) N ] ¥ ¥ has T T ! I I I ] 1 M !
M ] o 1'
o 0.40 o
2yla .60 - e
o .70 S
0 ‘80 . . . N . . » . . . » !
o]
2
g
J
S
S 6
S
DN .
)
Q
© 4
-~
y: =
\' i
2 A
0 A

. . | ‘ 14
0 /2

4 &
Angle of altack,a, deg

?

! ]
o

i
6 e
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Figure /9.— The aerodynamic characteristics of the MX-656 model
without the nose fins. iy,~5° & ,h30°

SECRET

NATIO'NA'I. ADVISORY COMMITIEE FOR AERONAUTICS



NACA RM No

’

1, G
8
|

Lift coefficien
©

. SA9D26

.40

.60

70

80 :
85
.90
92C

ragq o OoObDO

04 0 -04 -08 4
Pitching-moment coeff/'cl/'enf, Crm
Gm of g

for M of 4 6

| I T |
0 9 g ¢ 90
R § .9

(b) Pitching-moment characferistics.

Figure [9.—Conftinued.

SECRET

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



NACA RM No. SA9ID26

M
o 0.40 _
/'ZA '60 — R . . R . . . . . . : . :
o .70 j
o 80 _
/OJV 85 - . ‘ A . ; . Do . . A |
) © 90 5 O O :
p.N 925 - . . C e . . o 2 . :
8l . : 7 |
-« “
< .6 b
k) @
:E |
S i
S 4 ;
= |
~ i
2
0| ——
Lo - L
l l l | i ? J

N

24 28 32 J6

- Drag coefficient, Cp

i
:
H
|
E

(c) Drag characteristics.
Figure /19~ Concluded.
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(a) Lift characteristics,

Figure 20~ The aerodynamic characteristics of the MX-656
L model with the /anding gear extended &, 30°;, &, 50°;
;! M, 0.25.
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Figure 20~Conftinued.
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(c) Drag characteristics.
Figure 20— Concluded.
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(a) Side-force characteristics.

Figure 2/.- The aerodynamic characteristics in yaw of the
MX-656 model without thenose fins. a, 07
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(b) Yawing-moment characteristics.

Figure 2/.—Continued.
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Figure 2/—Concluded.
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Figure 22~ The effect of the nose fins on the variation
of pitching-moment coefficient with lift coefficient for
the AMX—6‘56‘ model.

SECRET

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



NACA RM No. SA9D26

Lift coefficient, G,

+ Complete model, nose fins in the normal position
a Complete model less nose fins

1.0|o Complete model less nose fins and empennage
.8
[ 7
! o /‘
| 14
.4
-j»-

N
Woa
4

J2 08 .04 o =04 =08 =/2 -/6
Pitching -moment coefficient, Cp,

(b) Mach number, 0.80.

Figure 22.—Continued.
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Figure 22— Concluded.
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Figure 23— The effect of the nose fins on the variation of pitching—
moment coefficient with angle of attack for the MX-656 model.
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Figure 23 -—-Continued.
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Figure 23—~ Concluded.
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(a) Mach number, 0.40.

Figure 24— The effect of several changes in configuration
on the variation of lift coefficient with angle of atrack
for the MX—-656 model.
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Figure 24 .- Continued.
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Figure 24.~Concluded.
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Figure 25— The effect of the leading-edge flaps on the variation
of piftching-moment coefficient with lift coefficient for the
MX-656 model without the nose fins.
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Figure 25.— Continued.
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Figure 25.— Concluded.
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Figure 26— The effect of the leading—edge flaps on the
variation of pitching—moment coefficient with angle of
! attack for the MX-656 model.
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Figure 26.- Conltinued.
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Figure 26-Concluded.
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Figure 27.— The effect of the leading-edge flaps on the variation
of drag coefficient with lift coefficient for the MX-656 mode/
without the nose fins.
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Figure 27.— Continued.

SECRET

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



NACA RM No. SA9D26

Lift coefficient, C;

a Complete model less nose fins §

o Complete model less nose fins; &, 30° l

o Complete model less nose fins and empennage ;

© Complete model less nose fins and empennage; &i¢, 10°

v Complete model less nose fins and empennage; &5, 20° |

e e I U y [ F - . O !. Y T “T . ! . PUTUR _{

R R A A O

8+ TR T N EL T R R -

‘ | ! S

B " 4 + ]r _j

6} : ; : o
|

s :
25 ’ ' ' ‘
o $ I . ,

% 1 T T 0 A O O O I B

) 04 08 2 U6 20 .24 .28 .32 .36
Drag coefficient, Cp

(c) Mach number, 0.90.
Figure 27- Concluded.
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Figure 28— The effect of sevefa/ changes in configuratfon
on the variation of pitching—moment coefficient with
lift coefficient for the MX-656 model.
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Figure 28.— Continued.
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Figure 28.- Concluded.
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Figure 29~ The effect of several changes in configuration
on the variation of pitching—-moment coefficient with angle
of attack for the MX-656 model.
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Figure 29.—Continued.
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Figure 29.—Concluded.
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Figure 30— The effect of several changes in configuration
on the variation of drag coefficient with lift coefficient
for the MX-656 model.
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Figure 30.—Conltinued.
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Figure 30.-Concluded.
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Figure 3/.— The variation of pitéhing-—momenf coefficient with Mach
number for the MX-656 . mode/ without the nose fins.
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Figure 32~ The variation of pitching-moment coefficient with Mach
number for the MX-656 mode/ with the nose fins in the normal
position.
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Figure 33— The variation of lift-curve slope and static
., longitudinal stability with Mach number for the
M)-656 model withoutthe nose fins.
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Figure 34— The variation of horizontal-tail effectiveness with angle
of aftack for the MX-656 model with the nose fins in the
normal position.
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Figure 35~ The variation of fhe calculated downwash angle at
the tail with Mach number and angle of attack for the
MX-656 model without the nose fins.
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Figure 36~ The variation of horizonta/—tail hinge—moment
coefficient with lift coefficient for fhe MX-656 mode/
without the nose fins.
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Figure 36.-Continued.
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Figure 36.—Concluded.
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Figure 37.— Tufts on the MX—656 model without the nose fins at
0.40 Mach number and 0° yaw. SECRET
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Figure 37.— Concluded.
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Figure 38.— Tufts on the MX-656 model without the nose fins at
0.80 Mach number and 0° yaw. SECRET
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{(b) Angles of attack, 8°, 9°, 12°,
Figure 38.— Concluded.
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. Figure 39.- Tufts on the ME-656 model without the nose Pins at
0,90 Mach number and 0° yaw.
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Figure %0.~ Tufts on the MX-656 model without the nose fins at
0.925 Mach number and 0°. yaw.
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(a) Angles of yaw, -6°, 3°, 0°, 3°,

Figure U1.— Pufts on the MX—656 model without the nose fins at
0.40 Mach number and 6.2° angle of attack.
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. Figure 41.~ Concluded.
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Figure 42.— Tufts on the MX-656 model without the nose fins at 0.80
Mach number and 6.20 angle of attack.
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| Figure 42.— Concluded.
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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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Figure 43.— Concluded.
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