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SPEEDS OF A MQDEL-OF THE XF7U-1 TAILIESS AIRPLANE

NACA WING-FLOW METHOD
TED NO. NACA DE 307

- By Richard H. Sawyer and James P. Trant, Jr.:
SUMMARY

An investigation was made by the NACA wing-flow method to determine
the, drag, pitching-moment, 1ift, and angle-of-attack characteristics at
‘transonic speeds of various configurations of a semispan model of an

: early configuration of the XFTU-1 tailless airplane. The results of
i . the tests indicated that for the basic configuration with undeflected
o ailavator, the zero-lift drag rise occurred at a Mach number of about 0.85
i - and that about a five-fold increase in drag occurred through the transonic
i : " speed range. The results of the tests also indicated that the drag incre-
: ment produced by -8.0° deflection of the ailavator increased with increase -

in normal-force coefficient and was smaller at speeds above than at speeds
below the drag rise. The drag increment produced by 35° deflection of the
speed brakes varied from 0.040 to 0.074 depending on the normal-force .
coefficient and Mach number. These values correspond to drag coefficients
of about 0.40 and 0.75 based on speed-brake frontal area. Removal of the
fin produced a small positive drag increment at a given normal-force coef-
ficient at speeds during the drag rise. A large forward shift of the
neutral-point location occurred at Mach numbers above about 0.90 upon
removal of the fin, and also a considerable forward shift throughout the
- Mach number range occurred upon deflection of the speed brakes. Ailavator
ineffectiveness or reversal at low deflections, similar to that determined
in previous tests of the basic configuration of the model in the Mach
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number range from about 0.93 to 1.0, was found for the fin-off configu-
ration and for the model equipped with skewed (more highly sweptback)
hinge-line aillavators. With the speed brakes deflected, little or no
loss in the incremental pitching moment produced by deflection of the
ailavator from 0° to -8.0° occurred in the Mach number range from 0.85
to 1.0 in contrast to a considerable loss found in previous tests with
the speed brakes off.

INTRODUCTION

As a part of the investigation of the aerodynamic characteristics
of complete airplane configurations in the transonic speed range, tests
have been made by the NACA wing-flow method on a.0.026-scale semispan-
model of an early configuration of the Chance Vought XF(U-1 airplane.
The results of an investigation of the longitudinal stability and control
characteristics of the basic configuration of the model have been reported
in reference 1. The present paper presents the results of normal-force,
pitching-moment, and angle-of-attack measurements at various ailavator
settings for the model with the fin removed and for the model equipped
with speed brakes. Pitching-moment measurements are also presented at
several ailavator deflections for the model equipped with an ailavator
having a skewed (more highly sweptback) hinge line. Results of drag
measurements are given for the basic configuration of the model with the
original ailavator deflected 0° and -80, the model with the fin removed,
and the model equipped with speed brakes deflected 35°. The tests covered
a Mach number range from about 0.65 to 1.10. .

SYMBOLS
q ‘ effective dynamic préssure
s - wing area of model
b - twice wing span of model
T mean aerodynamic chord of model
. Cxn normal-force coefficient (ES__E%_EEEES)
CMm pitching-moment coefficient referred to 0.17c

Pitching moment

aSc
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Cp drag coefficient (Drag)
ad
ACy increment in drag coefficient
a angle of attack
Bg ' ~ deflection of ailavator (measured in plane normal to Y-axis
of model)
M ~ effective Mach number
mN . . ‘ . .
S;— . slope of normal-force curve per degree
oM *
- g— slope of pitching-moment curve
Xy
‘ . _ oCM
n.p. neutral-point location, percent T —lOOSE— + 17
R . Reynolds number based on €

APPARATUS AND TESTS

The tests were made by the NACA wing-flow method in which the model
is mounted in the high-speed flow over the wing of an F-51D airplane..

Photographs of the 0.026-scale model equipped with an end plate at
the fuselage center line are given as figures 1 and 2., A detailed three-
view drawing is shown in figure 3. The geometric characteristics of the
model are given in taple I, which also includes. the dimensions of the
full-scale airplane for comparison. The model was originally equipped
with five interchangeable ailavators having fixed deflections of Oo
-1.6°%, -4,9°, -8. On2 and -13.2° measured in a plane normsl to the Yiaxis
of the model. The hinge line of the original ailavators was swept back
24,50, Additional hilavators having a skewed (sweptback 35°) hinge line
(see fig. 3) were constructed with fixed deflections of -4.6° and -11.2°.
Details of the uppér— and lower-surface speed brakes are given in fig-
ure 3. The speed brakes were wedge-shaped blocks designed to simulate
35° deflection of/the actual speed brakes. The model was also equipped
with a fillet, shaped to the wing contour, which filled the gap left in
the wing on remofal of the fin. The model was mounted on a shank which
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passed through a slot in the airplane wing and was supported on a strain-
gage balance. The model and balance were arranged to rotate as a unit;
therefore, the balance measured the forces normal and parallel to the
chord line of the model. A free-floating vane, shown in figure 2, was
used to determine the direction of air flow at the model location.

The chordwise and vertical gradients of velocity over the ¥-51D air- .
plane wing in the region of the model were similar to those of the tests
of reference 2. The effective Mach number M and the effective dynamic
pressure q were determined by integrating their distributions over the
area covered by the wing of the model.

Tests of the model with the fin removed were made with the original

ailavators having deflections of 0°, -4.9°, and -8.0°. The model was

also tested with the fin on with the skewed-hinge-line ailavators of :
-4,6° and -11.2° deflection. Additional tests were made with the fin on
and with the speed brakes both installed and off with the original aila-
vators having deflections of 0° and -8.0°. The tests were made by con-

tinuously oscillating the model through an angle-of-attack range of about

-50 to 15° at about 20° per second during the high-speed flight of the
F-51D airplane. Measurements were also made at fixed angles of attack
of about 0° and 10° on the basic configuration with the model separated
from, but in the presence of, the end plate which was fixed to the sur-
face of the F-51D airplane wing. The gap between the fuselage and the
end plate was approximately 0.007 inch. The end-plate effects determined
in the tests with the model separated from, but in the presence of, the
end plate were found to be negligible and hence no corrections for the
end plate were applied to the results presented. Also, no measurements
were made of the effects of the inlet-velocity ratio of the duct (see
fig. 3) on the results presented.

Two flight-test procedures were followed in relation to the Reynolds
number and Mach number ranges covered by the tests. 1In one procedure,
three runs were made: a dive from high altitude, a dive from medium alti-
tude, and a low-altitude, high-speed, level flight run. Three ranges of

Reynolds number were thus obtained for the range of Mach numbers covered.

(See fig. 4.) In the other procedure, the tests were made by diving to

a medium altitude and continuing the dive within the placard limits of

the airplane to a low altitude where a pull-out and deceleration to low
speed was effected. This maneuver gave the maximum Reynolds number at a
%iven %?Ch number attaineble within the placard limits of the airplane:
fig. .

Typical examples of the pitching-moment, angle-of-attack, and drag
data at zero normal-force coefficient as obtained in the tests at three
altitudes are given in figure 5. The large amount of hysteresis evident
for the angle-of-attack data was caused by unequal amounts of electrical
damping in the normal-force and angle-of-attack recording circuits.
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PRESENTATION OF RESULTS

The results presented are summarized in tabular form as follows:
Figure Configuration * Results
gg%g gasic, ga = Og - gD againsi g at Cy =K
asic, g = -0.0%. D agains at Cy =K
) ’ 6(c)| Speed brakes on, Bdg = 0° Cp against M at CN =K
¢ 7(a)| Fin off, Bg = 0° CM and o against M at Cy =K
7Eb; Fin off, By = -g.9g CM and o against M at Cy =K
T(c)| Fin off, Bg = -6.0 CM and o against M at Cy =K
8(a)| speed brakes on, &g = 0° CM and o against M at Cy =K
8(v)] Speed brakes on, By = -8.0° | CM and « against M at Cy =K
9 Skewed ailavatgrs, g = 0°, | CM against M at Cy =K
-4.60, -11.2 o ' '
10(a)|Basic, 8&g = 0O° Cp against Cy at M =K
| 10(v)|Basic, B8&g = -8.0° Cp against Cy at M=K
10(c)| Speed brakes on, Bdg = 0° Cp against Cy at M=K
11(a)|Basic, B = —8.80' minus ACp against M at Cy =K
basic’ Sa =0 . B ) .
11(b)]| Speed brakes on, By = 0° ACp against M at Cy =K
minus basic, &g = 0° ‘ - '
11(c)| Fin off, By = og minus Np against M at CNy =K
basic, B =0 ’
12 Fin off, &g = 09, -4.99, Cy against o at M=K
13 Speed brakes on, &g = 0°, Cy against o at M =K
-8.0°
14 |Fin off, B84 = 0°, -4.99, /. against M
-8.0° : »
15 Speed brakes on, &g = 09, XCx/d0 against M
' -8.0° v
16(a)|Fin off, &g = O° CM against Cy at M =K
| 16(b)|Fin off, By = -4.9° CM against Cy at M=K
16(c)|Fin off, Bg = -8.0° CM against Cy at M=K
17(a)|Speed brakes on, 8y = 0° CM against CN at M =K
17(b)|{Speed brakes on, By = -8.0° | CM against CN at M =K
18 Fin off, Bg = 0°, -4.90, oCM/CN against M
-8.0
19 Speed grakesvon, dg = 0°, CM/XCN against M
-8.0
20 Fin off, 8&a = 0°, -4.99, CM against M at CN =
' -8.0° : ,
21 Speed Brakes on, Bg = 0°, CM against M at Cy =K
-8.0 :
22 Skewedoailavatgrs, g = 0°, | CM against M at Cy =K
-4.6°, -11.2 ‘
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The pitching-moment results presented in figure 9 for the model
equipped with the skewed-hinge-line ailavators also include the results
of the present tests of the basic conflguration with undeflected aila-
vator since these measurements resulted in pitching moments somewhat
different from those presented in reference 1 and are believed to be more
suitable for comparison with the skewed-hinge-line-ailavator results.
The results shown in figure 11(c) for the configuration with the fin
removed were obtained from fin-on and fin-off results (not presented),
whose absolute magnitude was approximately 0.0l drag coefficient higher
than results previously attained; however, the incremental drag results
presented are considered to be of value. The normal-force-curve slopes
X/ given in figures 14 and 15 were taken over the linear portion of
the curves presented in figures 12 and 13. The pitching-moment-curve
slopes shown in figures 18 and 19 were taken as the tangent to the curves -
(figs. 16 and 17) at the normal-force coefficient (also shown in: figs. '
18 and 19) required for level flight at 30,000 feet altitude with a wing
loading of 28. Comparative results taken from reference 1 are presented

in figures 12 to 22.

' DISCUSSION OF RESULTS

Drag Results .

The results given in figure 6 indicate that, for the basic configura-
tion with undeflected ailavator, the zero-lift drag rise began at a Mach
number of about 0.85. The drag coefficient increased from a value of
0.012 at speeds below the drag rise to a maximum of about 0.071 at a Mach
number of 1.075, a five-fold increase in drag. For the basic configura-
tion with the ailavator deflected -8.0°, the zero-1lift drag rise began at
about the same Mach number, but the increase in drag through the transonic
range was slightly less than for the undeflected-ailavator configuration.

"The results for the speed brakes installed showed that the drag rise
‘occurred at about 0.1 Mach number earlier and also indicated a slightly

higher drag rise through the transonic range than for the basic conflgu-
ration with undeflected ailavator.

The results presented in figure 11 indicate that the incremental
drag produced by -8.0° deflection of the ailavator, in general, increased
with increase in normal-force coefficient at a given Mach number. In
general, the values of incremental drag produced by -8.0° deflection of
the ailavator were smaller at speeds above than at speeds below the drag
rise. The incremental drag coefficients produced by installation of the
speed brakes showed no consistent changes with changes in normal-force
coefficient and Mach number but had values of from 0.040 to 0.0Th
depending on the values of normal-force coefficient and Mach number.
These values correspond to drag coefficients of about 0.40 and 0.75 based
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on speed-brake frontal area. The incremental drag between the fin-off
and fin-on configurations varied from negative values at speeds below
the drag rise to positive values during the drag rise, and then to nega-
tive values at supersonic speeds. The value of incremental drag varied
from 0.009 to -0.009 depending on the normal-force coefficient and Mach
number. The positive values of incremental drag between the fin-off and
fin-on configurations at speeds during the drag rise may be the result of
a favorable effect of the fin on the flow over the outer wing panel. A
positive increment in drag coefficient between the fin-off and fin-on
configurations was also indicated in the tests of reference 3 at Mach
numbers between about 0.94 and 0.97. It should also be noted that over
the Mach number region covering the drag rise, the incremental drag
results presented are subject to some inaccuracy which arises from the
error of measurement of Mach number, together with the steepness of the
curves of drag coefficient agalnst Mach number in this reglon.

Normal-Force Results

The results given in figure 14 indicate that at Mach numbers up to
about 0.85, the normal-force-curve slope of the fin-off configuration is
somewhat higher at low ailavator deflections than the slope of the fin-
on configuration. At Mach numbers above about 0.90, the normal-force-
curve slope of the fin-off configuration is appreciably lower at all
ailavator deflections than the slope of the fin-on configuration. Exami-
nation of the results shown in figure 15 indicates that there are no
consistent differences in the normal-force-curve slope with speed brakes
on and off except in the region near M = 1.0 where the slope with the
speed brakes on is somewhat higher.

Longitudinal-Stability Results

The results given in figure 18 indicate that removal of the’fln, in
general, causes a small forward shift in the neutral point location at
Mach numbers up to about 0.90 for all ailavator deflections tested. At
Mach numbers above about 0,90, removal of the fin causes a considerable
forward movement of the neutral-point location. With the fin removed,
with increase in Mach number from about 0.91 to O. 96 a large forward
shift in the neutral-point location occurs for the undeflected-ailavator
configuration with the result that a negative value of the static margin
(c.g. at 17 percent M.A.C.) is reached at Mach numbers between about 0.94
and 0.975. It should be noted that the ailavator deflection required for
trim at these speeds, however, would be a rather large negative value
because of loss of ailavator effectiveness in this region and that, for
ailavator deflections of -k. 9 and -8. Oo the forward shift in the neutral-
point location is small and the static margin always remains positive.
The results of reference 4 for the undeflected-ailavator configuration
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indicated, in general, only a slight forward shift in the neutral-point
location on removal of the fin for Mach numbers up to 0.90. Beyond a
Mach number of 0.90, a tendency toward a forward shift is evident. The
addition of the speed brakes, figure 19, resulted in a considerable
forward shift in the neutral-point location throughout the Mach number
range. The results of the tests of reference 4 also indicated a forward
shift in the neutral-point location on addition of the speed brakes but
the shift was of smaller magnitude than that of the present tests. The
static margin was reduced by addition of the speed brakes to a value of
2 or 3 percent mean aerodynamic chord depending on the allavator deflec-

tion, at Mach numbers in the region of 0.80 to 0.85.

Longitudinal-Control Effectiveness Results

. The results shown in figure 20 indicate that, with the fin off,
ailavator ineffectiveness or reversal at low deflections occurs over
approximately the same Mach number range (0.93 to 1.0) as was found for
the fin-on results (reference 1). It appears, however, that with the
fin off a larger reversal of ailavator effectiveness occurs than with
the fin on in this Mach number range. In general, at Mach numbers both
above and below the region from 0.93 to 1.0, the ailavator effectiveness
with fin off over the deflection range tested was less than the effec-
tiveness with the fin on. The results given in figure 21 indicate that
for 0° to -8.0° deflection of the ailavator, with the speed brakes on,
there is little or no reduction in ailavator effectiveness in the Mach
number range from 0.85 to 1.0 as is evident for the configuration with
 ‘speed brakes off. The results taken from reference 4 for speed brakes
on and off at ailavator deflections of 0° and -4.4° also appear to
indicate, in general, less reduction in ailavator effectiveness with
speed brakes on than with speed brakes off at Mach numbers from about
0.85 to 0.91. 1In general, at Mach numbers below and above the range
from 0.85 to 1.0, the ailavator effectiveness for 0° to -8.0° ailavator
deflection with speed brakes on appears to be of the same magnitude as
that with speed brakes off. From an inspection of figure 22, it is
evident that ailavator ineffectiveness or reversal exists’ in the Mach
number range from 0.93 to 1.0 for the skewed-hinge-line ailavator similar

to that which exists for the original ailavators.
CONCLUDING REMARKS

‘ . The results of NACA wing-flow tests of drag, normal-force, pitching-
moment, lift, and angle-of-attack measurements of various configurations
of a semispan model of the XFT7U-1 airplane throughout the Mach number

range from 0.65 to 1.10 indicated the following:

CRNETDENTEATY
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The drag increment produced by -8.0° deflection of the ailavator
increased with increase in normal-force coefficient and was smaller at

- gpeeds above than at speeds below the drag rise. The drag increment

produced by installation of the speed brakes varied from 0.040 to 0.0Th,
depending on the normal-force coefficient and Mach number. These values
correspond to drag coefficients of about 0.40 to 0.75 based on speed-
brake frontal area. Removal of the fin produced a small positive drag
increment at a given normal-force coefficient at speeds during the drag
rise. A large forward shift of the neutral-point location occurred at
Mach numbers above about 0.90 upon removal of the fin, and also a con-
siderable forward shift throughout the Mach number range occurred upon
installation of the speed brakes. Ailavator ineffectiveness or reversal
at low deflections similar to that determined in previous tests of the
basic configuration of the model in the Mach number range from about 0.93
to 1.0 was found for the fin-off configuration and for the model equipped
with skewed (more highly sweptback) hinge-line ailavators. With the
speed brakes installed, little or no loss in the incremental pitching
moment produced by deflection of the ailavator from 0° to -8.0° occurred
in the Mach number range from 0.85 to 1.0 in contrast to a considerable
loss found in previous tests of the basic configuration.
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TABLE I

11

GEOMETRIC CHARACTERISTICS OF MODEL AND OF FULL-SCALE AIRPLANE

Characteristics

Wing:

Section (perpendicular to
25-percent-chord line) . . . . .
Semispan « + + « + « & o o . .
MAC, « v o v ¢ ¢ o o o o o &

Chord at tip . « . . . e e e
Chord at plane of symmetry « e e s
Area (semispan) . . . . . . . o .
Taper ratio . . . . + + ¢« o o . .
Aspect ratio . . . . e e e
Sweepback (25-percent chord line)
Incidence (constant) . s e e e
Dihedral . . ¢« . &« ¢« ¢ o o & =« & »
Allavator:
Semispan . . . . . « o =0
Chord (pa.ra.llel to pla.ne of
symmetry) o & 4 4 e e o o4 e e .
Area (ON€) + « o 4 4+ 4 4 e 0 e w0 .
Sweepback . ¢ . . 0 4 0 0 4 4 s .

Vertical tail;

Area of one (including wing
intersection area) . e e e

Aspect ratio . . . .

Sweepback (25- percent chord line)

Speed brakes:

Area:.
Upper (0me) .« « « o « « « o «
Lower (one) . . . .
Deflection from chord line-
UPPEr o ¢ « ¢ o o o s o o s o =
LOWEY .'4 e s v -0 o o o o o o o
Fuselage:
Area of maximum cros§ section
(1/2 fuselage) . e e e e
Area of engine bulge (one) P
Over-all length . . . . . . . . .
Air ducts:

Area of entrance (ome) . . . . . .
Area of exit (one) . . . . . . . .

Locationofc.g: © s s s e s e e s

Model

Full-scale airplane

CVA4-(00)~(12) (40)-(1.1)(1.0)
.03 in.
4.08 in.
3.02 in.
4.99 in.
24.2 8q in.

0.605,

3.01
359
00

o°

2.94 in.

0.91 in.
. 2.68 sq in.
24,50

6.24 8q in.
1.75
300

1.24 sq in.
1.15 sq in.

350
35°

0.792 Bg in.
0.340 8q in.
11.54 in.

0.156 sq in.
0.13%4 8q in.

17 percent M.A.C.

CVAL-(00)-(12) (40)-(1.1)(1.0)
19 £t-4 1in,

13 £t 1 in.

9 £t 8 in.

16 £t O in.

248 sq £t

0.605

© 3.01

{e]

320

o°

9 £t 5 in.

35 in.
© 27.5 8q £t
24,5°

64 8q £t
1.75
140°

12.7 sq £t
11.8 8qg £t

359
359

8.1k 8q ft
3.49 Bq £t
37 £t

1.60 8q ft
1.38 8q £t

17 percent M.A.C.
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Figure 1.- XFTU-1 semispan model.
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Basic configuration.
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Figure 2.- XFTU-1 semispan model mounted above wing of F-51D airplane.
Free~floating vane also shown.
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Figure 3;- Details of semispan XFTU-1 model.
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Figure k.- Variation of Reynolds mumber with Mach number for tests in
high-altitude and medium-altitude dives, in low-altitude, level-
flight run, and in maximum Reynolds number dive.
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Figure 5.- Typical examples of data as obtained in tests at three
altitudes. Cy = O.
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Figure 6.- Variation of drag coefficient with Mach number for several
values of normal-force coefficient for three model configurations.
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Figure 6.- Continued.
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(c) Speed brakes installed. 8g = 0°.

Figure 6.~ Concluded.
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© Figure 10.- Variation of drag coefficient with normal-force coefficient

at several values of Mach number for three model configurations.
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Figure 10.- Concluded.




"E NACA RM SL50D18
:.. C‘
oo .oz - N
.: ] _ .5
. 0
02— T
— N | s
N1
o
02 T :
, —_‘\‘\\\
0 3
q 02
RS ~
d N .2
0 _ _
02
- ™~
0 \v/ g
.02
0 | ~_ 1 |0
’ 02~ - —
oL — > TN -/ |
.6 -7> : 05 .9 /.0 ' A, /-z
' ™M ‘ NACA :

(a) Atilavator deflection of -8%.
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Figure 11.- Continued.
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Figure 11.- Concluded.
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for comparison. : I :
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with speed brakes-on. Results from reference 1 with speed brakes off
shown for comparison. :
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Figure 20.~ Variation of pitching-moment coefficient with Mach number
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cients with fin off. . Results from reference 1 with fin on shown for
comparison. :
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| Figure 21.- Continued.
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Figure 21.- Concluded.

Ref 4
“.5 ed brates Sa
F - (de9)
on e
or7 L
OFFf o

> oOo0.

12

ofFf 44

~_NACA_—



- NACA RM SL50D18 ‘ CONRTBENPIAL
P '
,..
L ]
[ ]
:.§
[ 1) 50.
.: .08 (d€9)
' B |——t—-t—_]
g0 —+— 17 | \\\\
Y
04 -49 -1 = - \\\ ‘\ , ga
\\\ @29
U‘C fred—q——d—=f -1 \\}\ - -2
0 0 — = \\\.\1\-’/ . -8.0
\\ \’\\\\ //
SCANY T 12
v 31
" Grlavaror |__ — -6
0% Shewed frnge-line - \_ _|_ _ 0
—— — — Notma/ (Fef. 1)
Sa_ : o
(deg)
=/.2 )
04 , \\
| -#6| ——1T T\ \ N
x ‘ \ ‘ 5
S e N\ | 1
' \\\._/’\ ‘ 21z
- N ~
. \\ -46
~ 04 — —— e — ol
.6 7 .8 .9 /.0 // L2

Figure 22.~ Variation of piltching-moment coefficient with Mach number
at several deflections of ailavator having highly sweptback hinge
line at a normal-force coefficient of 0.2. Results from reference 1
with normal ailavators shown for comparison.
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