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LONGITUDINAL STABILITY AND CONTROL CHARACTERISTICS OF A
SEMISPAN ATRPLANE MODEL WITE A SWEPTBACK WING AND
TATL, FROM TESTS AT TRANSONIC SPEEDS BY THE
NACA WING-FLOW METHOD

By Richard H. Sawyer and Lindsay J. Lina

SUMMARY

An investigation was made by the NACA wing—flow method to determine
the longitudinal stabllity and control characteristice at transonic speeda
of a semispan airplane model having a 45° sweptback wing and tall. The
airfoil sections parallel to the axis of symmetry were NACA 65—series
with thicknesses of 10 snd 8 percent of the chord, respectively, for the
wing end tall. The model was mounted to pivot freely about the center
of grevity at 27 percent of the mean aerodynamic chord. Measurements
were made of 1lift and angle of attack for trim for several stabilizer
and elevator settings. Additional tests were made to Iinvestigate the
effects of transition wires mounted on the wing and tail of the model,
the effect of 1ncressing the boundary—layer thlckness on the test surfeace,
and the effectiveness of a wing flap havlng a sweepback of 45°,

Because of the choardwise variastion of Mach number in the test regionm,
the effective Mach number for the wing of the model weae lower than that
for the tail of the model. The effective Mach numbers at the wing of the
model ranged from 0.50 to 1.07. The interpretatlion of the results in
terms of full-scale flight conditions is subject to some uncertalnty
because of the difference in the Mach number of the flow at the wing
and at the teil and of the low Reynolds number of the tests.

The results of the tests ere compaered with the results of previous
tests of a model with en unswept wing and tail and with e model with an
unswept wing and sweptbeck tall. Reynolds number effects on the trim
characteristics of the model were generally greater than those noted in
the previous tests. A smoother and mors gradual varistion of the 1lift
coefficlent and angle of atteck for trim with Mach number up to & Mach
number of about 0.9 was obtained than with the configurations previously
tested. At higher Mach numbers, a sudden decreass in the lift coeffi—
cient and angle of attack for trim occurred at about the same Mach
number (0.95 to 0.98) and was of about the same maegnitude as the trim
changes encountered with the unswept wing and sweptback tail configuratiom.
The variation of 1ift coeffigient for trim with stabilizer setting indi—
cated that the model had stlick—fixed steblility for stabilizer settings
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of 0.7° to 2 8°, but was unstadle for a stabilizer setting of 0. 2° over
most of the Mach number range. No such instabllity wes noted in the
previous tests over the range of stabilizer deflection tested (—2° to 4°).
As in the tests of the unswept wing and sweptback tall configuration, the
elevator was ineffective at low deflections (1° to —3°) over the entire
Mach number range probably as & result of the low Reynolds number of the
tests. The change in trim obtained by deflecting the elevator from

~3° to —5° was large at low speeds but decreased steadily with increase
in Mach number to 1.0. A sweptback flap on the lower surface of the wing
(similar to a dive—recovery flap) was found to be ineffective in changing
the trim of the model at Mach numbers up to about 0.95. At a Mach nuwber
of sbout 1.0, a small adverse effect was noted.

INTRODUCT ION

Modern militsry and experimentel elrcraft are being designed to fly
at speeds closely spproaching and passing through the speed of sound.
Serious stability and control problems ere anticipated for thies flight
region because of compressgibllity effects on the aerodynamic character—
istics of airfolls and control surfaces. In order to provide some Infor—
mation on these problems; téstg have been made in the transonic—speed
range by the NACA wing-flow method to investigate the longltudinal
stabllity and control characteristics of & semispan airplane modsl. In
the first of thesé tests (reference 1), the model wus equipped with & low—
drag unswept wing and tail configuration. The results of these teasis
indicated that large and abrupt changes in trim occurred at Mach numbers
from 0.90 to 0.95, probably as a result of compressibility effects on the
tail. Inasmuch as tests of sweptback airfolls have shown a delay in the
onset and magnitude of compressibility effects, the unswept tail was
replaced with a 459 sweptback tall for the second of these tests
(reference 2). This change resulted in increasing the Mach number at
which the maJjor changes in trim first occurred by about 0.05 and in
decreasing the magnitude of the trim changes. In an effart to lmprove
further the longitudinal stebillity and control characteristics of the
model, the unswept wing was replaced for the present tests with a
sweptback wing of the same airfoil section in a plane normal to the
wing span, with the same span and aspect ratlo, but with no taper and
with a sweepback of 45°. The results of the tests with this configuration
(sweptback wing and tail) are presented herein. Measurements were made
of 1ift and angle of attack for trim for several stabilizer and elevator
settings. Some data were obtalned with transition wires on the wing of
the model and on the wing and tail of the model. The effect on the model
testa of the thickness of the boundary layer on the test region of the
P-51D airplane wing was investigated. A brief investigation was also
made to determine the effectiveness of a wlng Flap which was similar to.
& dive-recovery flap on en unswept wing. : : :
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SYMBOLS
Cprim angle of attack of fuselage for trim
it incidence of stabilizer
Be deflection of elevator in plane normal to tail span
x chordwise distance along wing surface of P-51D sirplane
Mi local Mach number at distance x along wing surface of
P-51D eirplane
M, effective Mach number at wing (average at semlspan)
M, effective Mach number at tail (average at semispan)
Mo free—gtream Mach number
q, effective dynamic preseure at wing (average at semispan)
S wing area (semispan), 6 square inches
Ltrim. 1ift for trim
L
oL, 1ift coefficient for trim (-tr—’%
rim . QyrS,
GL 1ift coefficient of 'P-51D ailrplane
1
Rv Reynolds number of wing based on mean aercdynamic chord
of wing, 1.5 inches
Rt Reynolds number of tail based on the mean aerodynamic

chord of tail, 0.9% inch
: _ APPARATUS AND TECHNIQUE

The tests were mede, as deascribed in reference 1, by the NACA
wing—flow method in which the model is mounted in the high-—speed flow
over the wing of a P-51D alrplane.

Model.—~ The semispan model equipped with & sweptback wing and a
sweptback horizontal tail is shown in figures 1 to 3. Except for the
wing, the model was the same as that used for the tests of reference 2.

. The wings in both cases were made of steel and had the same area, aspect
ratic, and ailrfoll section (JACA 65(112)—JJ§) in a plane normal to the

=
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wing span. The arrangement of the unswept wing of references 1 and 2 ia
shown in filgure 3 for comparison with the present wing. - Also shown in
figure 3 is the unswept horizontal tail of reference 1 for comparison
with the present tail. The unswept and sweptback tails were also made
of steel and had the same area, aspect ratio, and airfoll section

ACA 65(112)—119 in a plane normal to the tail span. The elevator

chords, however, were 20 and 30 percent of the unswept and sweptback
talls, respectively. The geometric characteristics of the model with
the sweptback wing and tail are given in table I. Dimensions of a
corresponding full-scale airplane with a scale 50:1 relative to the
model are also shown in table T In order that the proportions of the
airplane may be more easily visualized. The horizontal tail was
arranged to permit adJjustment of the stabilizer angle and was grooved
at 70 percent chord so that it could be bent sharply to simulate
deflection of the elevator. The tail and elevator chords and the
stabilizer and elevator deflections are considered in planes normal
to the span of the tail. Other details of the model and testing
téchnique are described in references 1 and 2,

Tests.— The model was mounted iIn such a way as to permit it to
asgume a position of zero pitching moment aboyt the center of gravity
at 27 percent of the mean aerodynemic chord. Measurements of 1lift
and angle of attack at trim were made with elevator neutral and
stebilizer settings of -0.20, 0.7°, 1.8°, 2,30, and 2.8°, and with a
stabilizer setting of 2.3° and elevator deflections of 2°, ~2°, -3.99
and —5.1°,

Additional measuremants of 1ift and angle of attack at trim for a
stabilizer setting of 2. 8% with elevator neutral were made with tran—
siltion wires 0.0025 inch in diameter mounted at 5 percent of the chord
on the upper and lower surfaces of the wing of the model. With the
transition wires on the wing and with transition wires 0.0015 inch in
diameter on both surfaces of the tail at 5 percent of the chord, tesbs
were made with the stabilizer set at 2.8° and with elevator deflections
of 09, -~1.9°9, and -k.050°.

The thickness of the boundary layer in the test reglon was increased
by taping a transition thread of 0.036-inch dismeter at 5 percent chord
on the wing of the P-51D airplane forward of the test region. Lift and
angle of attack at trim for a stabilizer setting of 2.8° and elevator
neutral were thus obtained with the displacement thickness of the boundary
layer increased 50 percent. The boundary-layer thickness was msasured
by a rack of total-pressure tubes.

A dive—xrecovery type of wing flap deflected 30° was simulated by a
wooden wedge glued to the lower surface of the wing as indicated In
figures 1(b) and 4. Tests with this arrangement were made with a stebi-
lizer setting of 2.8° and elevator neutral.
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In order to cover & range of Reynolds number Ilndependently of Mach
number, the tests were made in three runs conslsting of two dlves, one at
high end one at medium altitude, and in a level~flight rum at low alti~
tude. The average relation of Reynolds number at the wing R, and at
the tail Ry with Mach number at the wing M, is shown for the three
eltitude conditions in figure 5. The Reynolds number corresponding to
a given Mach number in & glven nominal altitude range varied somswhat
between different tests but the variations did not exceed 5 percent. The
varlation of the Mach number at the tail Mg with Mach number at the
wing M, 1s shown in figure 6. The Mach number was higher at the tail
than at the wing because of the chordwise variation in the test region.
Typlcal chordwise dlstributions of Mach number over the test region are
shown in figure 7 for several flight Mach numbers Mo end P=51D airplane
1ift coefficients Cr, A small gradlent of Mach number normal to the

P-51D wing surface ofaapproximately three—f'ourths of 1 percent per inch
(decreasing Mach number with distance above the wing surface) also
existed and was taken into account in determining the effective Mach
numbers at the wing and tall of the model.

Accuracy.— The ﬁrobable error in the measurements from a considera-—
tlon of the sensitlvity of the measuring Instruments is estimated to be
within the following limits:

Clipdm * « * * * » = o o o o o o 2 s o o s o o o o o s o s+« . *T0.02
a'trim-..----.tooc.o.oa...ct.ucico. d:'0-]-
Mo o o e e e e e e e e e e e e e e e ... $0.005

PRESENTATION OF RESULTS

The results of the investigation are glven 1n figures 6 to 18. The
variation of 1lift coefficlent and of angle of attack for trim with Mach
number 1s presented in figures 8 to 11 for the following test conditions
of the model: '

Figure 8: Elevator neutral with several staebilizer settings.

Filgure 9: Stabilizer set at 2.3° with several elevator deflections.

Figure 10: Transltlon wires on wing and transition wires on wing and
tail of model. Stabilizer set at 2.8° with elevator
neutral.

Figure 11: Transition wires on wing and tail of model. Stabllizer set

at 2.8° with two elevator deflections.
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Filgure 12 shows the variation of lifi coefficient for trim with Mach
number with the stebilizer of the model set at 2.8° and elevator neutral
for the original test condition and with boundary—layer thickness increased -
on the wing of the P-51D airplene.

The data shown in figures 8 to 11 are also given in figures 13 to 18 in
the followlng form:

Figure 13: Variation of 1lift coefficlent with angle of attack at
several Mach numbers.

Figure 1k: Variation of lift—curve #lope and the angle of attack for
zero lift with Mach number,

Figure 15: Variation of 1ift coefficient for trim with stabilizer
deflection at several Mach numbers. Results of
previously tested configurations of model shown for
compaxrlson. :

Figure 16: Variation of 11ft coefficient for trim with elevator
deflection at several Mach numbers.

Figure 17: Variation of 1ift coefficient for trim with elevator
deflection at —several Mach numbers with transition
wires on wing and tail of model.

Figure 18: Variation of 1lift coefficient for trim with elevator
deflection at several Mach numberas, with and without
tranaltion wires, compared with results for previously
tested configurationa of the model.

The variation of 1lift coefficient and angle of attack for trim with
Mach number for the model with and without the wing flap is shown in
figure 19. From the data of figures 15, 16, and 17, the stabilizer deflec—
tions (elevator neutral) and the elevator deflections (stabilizer fixed)
required for trim throughout the Mach number range have been determined
for an alrplane of the same confliguration as the model and are shown in
Tigure 20. Elevator trim curves are given for configurations with and
without transition wires. The wing loading was taken as 50 and the
altitude as 30,000 feet. The corresponding varlation of 1ift coeffi-
cient E& with Mach number 1s also shown in figure 20. For comparison,
the results obtalned in reference 1 for the model with unswept wing and
tall and in reference 2 faor the model with unswept wing and sweptback
tail are included in figure 20. .

DISCUSSION OF RESULTS

Effects of test comditions on results.— Substantial differences in ’

the 1ift coefficilent =mnd the angle of-attack et which the model trimmed
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(figs. 8 and 9) were obtained from the testa at different altitudes
apparently as a result of the variation of Reynolds number (fig. 5).
This effect occurred, in general, at all Mach numbers (0.5 to 1.02) for
which data at different asltltudes were obtained except for some small
ranges at high Mach numbers. Previous tests of the model with unswept
wing end tail (reference 1)} end with unswept wing and sweptback tail
(reference 2) also indicated Reynolds number effects on the trim charasc—
teristica of the model but these effects were generelly smaller than
those for the present tests. With transitlon wires fixed to the wing
of the model, the variation of the trim condition with Reynolds number
was practically eliminated at a&ll Mach numbers (compare fig. 10(a) with
fig. 8(c)). Although the addition of transition wires to the wing
apparently eliminated the differences in flow characteristics at the
different altitudes, the resulting flow probably does not represent
full-scale conditions. '

As in the tests of reference 2, the elevator of the sweptback tail
was ineffective at small deflections (1° to —3°) even at the lowest Mach
numbers of the tests (figs. 9 and 16). This ineffectiveness was apparently
a result of the low Reynolds number because the elevator had substantial
effectiveness under the same conditions when transition wires were mounted
on the tall of the model (figs. 10(b), 11, and 17).

In view of the foregolng results, only the deta for the highest
Reynolds numbers obtained at & given Mach number (using only the low—
altitude level—flight run and the mediumeltitude dive) are considered
in the following dlscussion and in the fairing of the date except in the
vaeriation of 1ift coefficient with angle of attack which showed no con—
sistent effects of Reynolds number.

No appreclable differences In the characteristics of the model
resulted from the 50-percent lncrease In the thickness of the boundary
layer over the test region effected by the transition strip on the wing
of the P-51D airplane (fig. 12). This result indicates that the normal
veariations in boundery—layer thickness over the fest region did not
contribute appreclisbly to the aforementioned differences in the model
date from the tests at the different sltitudes.

Because of the chordwise varietion of Mach number 1in the test reglon
(fig. T7), the Mach number of the flow at the tail may be greater than the
values quoted in the following discussion by the amount shown in
figure 6. No appreciable difference in the Mach number between the root
and tip of the wing due to the sweep of the wing existed, howaver,
because the spanwise veriation of Mach number almost fully compensated
for the small chordwlse variation. It should be noted that the difference
in Mach number at the wing and teil 1is of an order of magnitude comparable
to the Mnch number range within which' ‘abrupt reversals in trim charac—
teristic In some instances have been found to occur. Therefore, it is
possible ‘that the difference in Much number at the wing and tall might
result in 4 stortlngg the true trim changes that would occur if the model

loniinpainks
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were tested in a uniform flow field. If the effects of the nonuniform
flow field ere actually small, then the changes in the trim character—
istics of the model attributed to the effects of. campressibility on the
tail would probably occur in free alr at somewhat higher Mach numbers
then the values quoted.

Trim with fixed controls.— The lift coefficient and angle of attack

for trim with various stabllizer and elevator settings (figs. 8 and 9)
showed a smoother and more gradual variation with Mach number up to &
Mach number of about 0.9 than either the model with unswept wing end
tall (reference 1)} or the model with unswept wing and sweptback tail
(reference 2). Between Mach numbera of about 0.95 to 0.98, a sudden
decrease In the 1lift coefficient and angle of attack for trim occurred.
This sudden change occurred at about the same Mach number and was of
ebout the same magnitude as the trim changes encountered with the
unawept wing and sweptback tall of reference 2. Comperison with the
unswept wing and tall configuratlion of reference 1 showed that the trim
changes for the sweptback tail configurations (present tests and tests
of reference 2) were considerebly smaller and occurred on the average at
0.05 higher Mech number.

Lift results.— The slope of the lift curve and the angles of zerc
lift (fig. 14) showed smaller and more gradusl veriations with Mach
nwiber than the results obtained for the unswept wing of references 1
and 2.

Stabilizer effectiveness.— The variation of 1lift coefflcilent for
trim with stebilizer setting (fig. 15) indicated thet the model had
stick-fixed stebility for stabilizer settings of 0.7° to 2.8°, with a
gtabilizer setting of —0.2°, the model trimmed at an angle of attack
greater than 11.6° (limit of measurements) when the Mach number was
increased up to sbout 0.94 (fig. 8) in the high-eltitude dive. The
model then trimmed down and was stable for Mach numbers increasing from
ebout 0.9% to 1.07 and for Mach numbers decreasing fram 1.07 to 0.85.
In the medium and low-—eltltude runs up to the highest test Mach
numbers, 1.02 and 0.94, respectively, the angle of attack for trim
for a stebilizer setting of —0.20 exceeded 11.6°. 1In cases where the
angle of attack for trim was greater then the limit of measurementa,
large and violent pitching oscillations were noted at some Mach numbers.
The resulta for the high—eltitude dive Indicated that the pitching—
moment variation with 1ift coefflcient was nonlinear and that the model
was unstable for some range of higher 1ift coefficlents. Such pitching—
moment curves are characterlstic of wings with too high an aspect ratio
for the amolunt of sweepback or too large a sweepback for the aspect
ratio (reference 3). The unswept-wing configurations of references 1l
end 2 did not indicate such en instabllity for the range of stabilizer
settings investigated (~2° to 4°).

Elevator effectiveness.— As mentioned previously, the elevator was
ineffective in changing the 1ift over the entire range of Mach numbers
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tested for deflections of 1° to —3° (figs. 9 and 16). For larger
deflections (—3° to -5°) the elevatcr was very offective at low speeds
but steadlly decreased in effectliveness s the Mach number was increased
to 1.0. The ineffectiveness of the elevator at low deflections was
apparently due to the low Reynolds number since it was eliminated by the
addition of transition wires to the tail (figs. 10(b), 11, and 1T7).

Effectiveness of dive-recovery type of wing flap.— The effect on

the trim of the model due to the flap on the lower surface of the wing

was not appreciable at Mach numbers lower than 0.95 (fig. 19); & small
adverse effect was noted near a Mech number of 1.0. Although flaps of
aimilar proportions on unswept wings have been found effective Tor exe— .
cuting emergency pull-outs from hligh-speed dives, a sweptback configuration
such as that tested epparently would be useléss in effecting a trim changs.

Trim of full-scale sirpleane.— The stabilizer deflection (elevator
neutral) required to trim an airplane of a configuration similar to the
model throughout the Mach number range investigated (fig. 20} indicated
that the deflection range required to trim with atabilizer alone was
slightly greater than the range reguired for the uriswept wing and swept—
beck tall configuration (reference 2) and considerebly less than that
required for the unswept wing end tail configuration (referemnce 1). The
elevator deflection (stabilizer fixed) required to trim an airplane of a
configuration similar to the model throughout the Mech number range
investigated (fig. 20) indicated that the deflectlion range required to
trim with elevator alone was slightly less than the renge required for
the unswept wing and sweptback tail configuration (reference 2) and
conslderably less than that required for the unswept wing and tail
configuration (reference 1l). The variations of stebilizer and elevator
angles required for trim with Msch number were stable up to & much
higher Msch number for the configuration of the present iests than for
the unswept wing tests aof references 1 and 2, It should be noted that
these comparative results are subject to some uncertainty because of the
difference in the Mach number at the wing and tail of the model and the
differences in Reynolds number effects noted between the present tests
end the tests of references 1 and 2.

CORCLUSIONS

The results of NACA wing—flow tests of the longltudinal stability
and control characteristicas in the transonic speed range of a semispan
airplane model having a sweptback wing and tail are summarized and
ccmpared; with previous’ tests of the same model equipped first with an

lIt should be noted that this comparison is subject to some uncer—
tainty because of differences In Reynolds number effects noted between the
present and previocus tests and because of the difference in Mach number of
the flow at the wing and tall of the model.




10 = NACA RM No. LBB19

unswept wing and tall and second with an unswept wing and sweptback tail
as follows:

1. Reynolds number effects on the trim characteristics of the model
were, 1n genersl, greater than those noted in the previous tests.

2. A smoother and more gradual veriation of the 1lift coefflicient
and angle of sttack for trim with Mech number with flxed controls up to
a8 Mach number of ebout 0.9 was obtained than with the configurations
previously tested. At higher Mach numbers a sudden decrease in the 1lift
coefficient and angle of attack for trim occurred at about the same Mach
number (0.95 to 0.58) and was of sbout the same magnitude as the trim
changes encountered with the unswept wing and sweptback tall canfiguration.

3. The varistion of 1lift coefficient for trim with stabilizer
setting indicated that the model hed stick-fixed stability for stabilizer
settings of 0.7° to 2.8°, but was unstable for & stabilizer setting of
—0.2° over most of the Mach number range. No such instabllity was indi-
cated in the previous tesis over the range of astabllizer deflectlons
tested (-2° to 4°).

4, As in the tests of the unawept wing and sweptback tall configu—
ration, the elevator was ineffective at low deflectioms (1° to —3°) over
the entire Mach number range, probably as a result of the low Reynolds
number of the tests. The change in trim obtained by deflecting the
elevator fram —3° to -5° was large at low speeds but decreased steadily
with increase in Mach number to 1.0.

5. A sweptback flsp on the lower surface of the wing (similar to
a dive-recovery flap on an unswept wing) was found to be ineffective in
changing the trim of the model at Mach numbers up to about 0.95. At a
Mach number of sbout 1.0, a small adverse effect was noted.

Langley Memorial Aercnautical Laboratory
Natlonal Advisory Committee for Aeronautics
Langley Field, Va.
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GEOMETRIC CHARACTERISTICS OF MODEL AND

OO

TABLE I

CORRESPONDING FULL-SCALE ATRPLANE

Wing:
Section (noarmal to span)
Semigpan . . « ¢« « . .
Chord
Area (of semispan wing)
Aspect ratio .
Taper ratio. .
Incidence. . .

Dihedral . .
Sweepback. .

-
-
.
*
.

Horizontal tall:
Section (normal to span) . .

Semispan . « o« ¢ « » o« o
Chorda . .
Area (of semispan tail).
Aspect ratio .
Taper ratio. .
Chord of elevator. . .
Sweepback., . . . ¢ v ¢ ¢ o &

¢ & ¢ & o

« e o o

* e & e + @
e & ®& e a

+ e

Fuselsge length . . . . . . . .
Meximum fuselage diameter . . .
Fuselage fineness ratio . . . .

Tail length (c.g. to one-fourth
M.A.C. of horizontal tail)

Location of center of gravity .

¢ & 8 0 a it e »

. Model

NACA RM No. 18B19

Full—scale airplane

+ NACA 65(775)-110

4,00 in.
1.50 in.
6 sg in.

e D 33

» e @& o s ‘% & a
. & & & ¢ » = @

NACA 65(175)~008

. 1.66 in.
. 0.94% in.
1.56 8q in.
3.5
e o+ o« 121
0.28 in.
45°

«7.97 in.

.1.20 in.
. 6.64

k.29 in.

27 percent M.A.C.

NACA 65(715)-110

16 £t 8 in.
75.0 in.
10k sq ft
5. 33

NACA 65(1,5)~008

6 £t 11 in.
47 in.
27.0 sq ft
3.5

1:1

1.1 in.
45°

33 ft 2 in.
60 in.

6.64

17 £+ 10 in.

27 percent M.A.C.
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{a) Side view,

Figure 1.- Semispan airplane model,
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(b) Bottom view showing sweptback wing flap.
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Figure 1.- Concluded,
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Figure 2.~ Semispan airplane model mounted above wing of P-51D airplane. Reference vane
in foreground. W
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Simulated vertical fail/
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Figure 4.- Detail of semispan model showing location of sweptback wing flap, All dimensions
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