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SUMMARY

An experimental investigation of the effects of a horizontal tail .
in various vertical positione on the longitudinel stability character-

istics of a wing-fuselage combinetion of 459 sweepback and aspect ratlo 8§
was made In the Iangley 19-foot pressure tunnel. The tests were made at

_ two wing incidence angles and with various high-1ift and stall-control

devices at a Reynolds number of 4.0 X 106 and & Mach number of 0.19. The
horizontal tail was tested st four vertical positions.

The results of the Investigation indiceted thaet the stablilizing
influence of the tail variled with the distance of the tail from the
extended wing-chord plane in a manner similar to that obtained on pre-
vious investigations of sweptback-wing models of lower aspect ratio;
that 1is, the tail effectilveness through the high lift-coefficient range
increased when the tail was located Just below the extended wing-chord
plane, but aas the tall height above the wing-chord plane was increased,
the taill effectiveness decreased through the high lift-coefficient range.
At the highest position tested, the tall was destabilizing In the high
1ift-coefficient range. As a result of large improvements in the stabill-
ity in the high lift-coefficient range obtained with leading-edge flaps -
end fences, favorable over-all piltching-moment charscteristics were
obtalned through the high lift-ccefficient range wilith and without trailing-
edge flaps when the tail was located -0.060 semispan below the extended
wing-chord plane, and only small unstable varistions were obtained with
a.tall helght of 0.1Lk0 semispan.
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INTRODUCTION

The design information necessary to evaluate optimum configurations
for high-subsonic-speed long-range airplanes has been extended to include
a 45° sweptback wing of aspect ratio 8 (references 1 and 2). Thie wing
is in a previously unexplored agpect-ratio range for highly sweptback .
wings.

Previous investigations of sweptback-wing configurations (refer-
ences 3 and %) have shown that the effectiveness of a horizontal tail
is Influenced greatly by the vertical position of the horizontal taill
relative to the wing wake. It was also indicated that the increzse in \
the effectlveness of a horizontel tail at high 1ift coefficients, when
1t is located in the proper position, can be advantageously used to
counteract the inherent Instabililty of highly sweptback-wing - fuselage
configurations of moderste and large amspect ratlos.

The present Ilnvestigation was made, therefore, to determine the low-

speed static longitudinal stability characteristics of the 45° sweptback '
wing of aspect ratio 8 in combination with a fuselage and a horizontal “

tall. The tests were made at a Reynolds number of 4.0 x 106 and a Mach
number of 0.19 for four tail positions and various flap and stall-control -
configurations.’

SYMBOLS
cr : 11ft coefficient (L%é&)
Cn pitching-moment coefficient about 0.258
Piltching moment
gSc
s wing area
8¢ tall ares

o

o b/2
mean aerodynamic chord gu/‘ cCdy '
- (6]

c wing chord ) ' :
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b . ' wing span

Na . . lateral distance from plane of symmetry
a . free-stream dynemic pressure (%pve)
mass density of air
v free-stream vélocity
a; . dynamic pressure at tail -
€ downwash angle, degrees
(o angle of attack of wing S i
g angle of attack of tall’
ac.. .
= : - rete of change of pitching—mcment coefficient with
- dCp, 11t coefficient
g—;- ; '~ rate of change of downwash angle with angle of attack
det/dm
T tall effectiveness parameter —_—
Stlg
5 ¢

ac :
. . rate of change of pltching moment due to tail with

dec angle of attack L . i
Cr,. lift-curve slope of isolated tail, 0.055 per degree

T - _ tail lengbh ‘distance from 0.25c¢ of wing- to 0.25c of taill \
Cu, L rate of change of pitching moment W‘l‘th tail incidence .

ig

] _ angle ) - o

(Cmit')o ) \'_ra.lue o:E-‘. .Cmit at fero wing 1ift ) S |
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i, wing incidence angle referred to fuselage center line,
: positive when tralling edge 1s down

ig tall Incidence angle referred to wing-chord plane,
positive when trailling edge is down

tail incldence angle required for zero pitching moment
it( trim) g q P g
Z tail height, measured normsl to wing-chord plane
1 tall efficiency factor, ratio of- (Cm it)O of any taill ;
position to (cm '
i: /o :
(Fm ) ! (Cm ) for high tail position (z = 0.300 %)
1t /o o} - : _
with wing fleps neutral and a = o° '
Subscripts:
e effective value, based on force data ;
t -tall - |
max maximm

MODEL

The geometric characteristics of the model are shown in figures 1

and 2. The wing was swept back 45° at the quarter-chord line and had
an aspect ratio of 8. The wing was constructed of & steel core with an
outer layer consisting of an &lloy of blsmuth end tin, which was con~
toured to provide NACA 631A012 alrfoll sections parallel to the plane of

symmetry. The wing had no twist or dihedral. The circular. fuselage was
made from laminated mahogany and was finished with lacquer. Interchange-

able fuselage blocks allowed the wing to be set at either O° or 4°

incidence.

The horizontal tail was swept back 45° at the quarter~-chord line
and had an aspect ratio of 4.0. The tail was machined from aluminum to
provide NACA 63,4012 sections parallel to the plane of symmetry. The tail

was mounted on the fuselage by means of a thin steel post.



NACA RM I51J08° B ] _ ' 5

_ The leading-edge and trailing-edge flaps and the wing fences were
made from sheet steel and mehogany. Detalls of the flaps and fences
and their locations are shown in figure 2. ’

TESTS

The tests were conducted in the Langley 19-foot pressure tunnel with
the air. compressed to approximately 33.5 pounds per square inch, absolute.

The data were obtained at Reynolds numbers of 4.0 x 106 with a corre-
sponding Mach number of 0.19. Figure 3 shows the model mounted on the
three-support system in the tunnel. ’

The aerodynemic forces and moments were measured through an angle-
of-attack range from -2° to 30° for the various combinations tested.
The tests were made &t two values of wing Incidence. For 0° wing inci-
dence, tail heilghte of 4.5-percent and 1lk.O-percent semispan from the
extended wing-chord plane were used. For 4° incidence of the wing, tail

‘heights of -6.0-percent, 1h.0-percent, and 30.0-percent semispan were
tested (see fig. 4). The tail was tested at incidence angles of approxi-

mately 0°, -4°, and -8° for all tall positions, and in the case of

z = -6.0-percent semispan, an additional tail Incidence angle of -12° .
was tested. The tests were made for various combinations of leading-edge
flaps, split flaps, and fences. Figure 5 may be used as a guide to the
various combinations tested. o

As an ald to subsequent anelysis of the data, the tail was tested
" independently at a Reynolds number of 2.26 X 106 which corresponds to a
wing Reynolds number of 4.0 X 108.

REDUCTION OF DATA

The data presented herein have been reduced to standard nondimen-
sional form and have been corrected for air-stream misalinement, support
tare and Interference effects, and Jet-boundary effects. The Jet-
boundary corrections to the angle of attack and pltching-moment coef-
ficient were obtained by the method of reference 5.

Effective values of downwash angle and dynemic-pressure ratioc.- The
usual method of computing the effective downwash angle (reference 3) was
not suiltable because of the nonlinear 1ift curve of the isolated tail
(fig. 6). The data were obtained at three end, in some cases, four tail
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incidence angles. The pitching woment due to the tail Cmt was plotted

against the tail incidence ahgle iy for various values of the wing

angle of attack o. The intersection of the faired pointe with the

Cmt zero axis indicated the tail incidence angle for which the tail

angle of attack was zero._ The effective downwash angle ¢, was then
obtained from the relation €, =a + iy - oy.

Some values of the effective dynamic-pressure ratio at the tail
9. /a). which are based on the variation of the pitching moment coef-

flcilent with tail incidence angle Cmi were obtained. However, the

" values of . (qt/QZe were not considered to be of sufficient accuracy to

warrant presentation. The tare due to the rear model support varied
with changes in the taill incidence angle, thereby influencing Cmit’
but only an average tare was applied. An examination of the data indi-
cated, however, that the influence of the tare was negligible in the
determination of . €,.-

Tail-efficiency parameter.- The tail-efficlency parameter 1n repre-
seuts the effective change in the lift-curve slope of the tail due to
the effects of fuselage "interference. The values of 17 are based on
the variation of Cy ‘at zero wing 1lift for the various tail positions.

_ ip«
The value of 1 was assumed to be 100 percent for the position O.300b/2
above the extended wing-chord plane, inasmuch as the distance from the
fuselage was large and the interference effects of the tail post would

be very small. The values of 1 are also based on the assumption that
the wvariation of qth at zero wing lift with the flaps neutral was very

small in the region of the tail, The value of 1 was obtained from the
relation -

Coseo. o (1)

where the prime refers té the value for the high tail position. The values
of (Cm _) used, which were averaged from-the values obtained from the

1 . :

t/0

.
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configurations with the flaps neutral, w1th and without fEnces, are glven

in the following table.

Tail height, 2 é‘ég) (cmit)O- (percent)
0.300b/2 L -0.0270 - 100
.1h0ob/2 Lo -.0251 93
.140b/2 ' 0 . -.0262 | 97
.0b5b/2 o | -.0251 93
L -.060b/2 : _# . ~.0265 98

The effect of wing incidence angle on the tall-efficiency parameter
(as determined at zero 1ift) was negligible, since the distance from the

fuselage to the tall wes the same for the 0.045b/2 (i, = 0°) and the

0.140b/2 (iw ho) tail positions, both of which had the same efficlency.

Tail effectiveness parameter.- The effectiveness of the tail can be
convenlently expressed by the factor T (reference 4), which accounts
for the effects of the downwash-angle variation, the dynemic-pressure
ratio; and the tail efficiency. The factor T 1is defined as follows:

do, q L do

or

T = dcm'b/da ~ (dcmt/da')measured - (3)
Sg c 0.0264 '
Ty

s
A ﬁegative value of T 1indicates that the tail is contributing to the
stability. . o

e

: liii'lllili'
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From equation 2 it can be seen that for finite values of ay, 7T
is affected by the variation of qth with «o. Since a fairly large

number of tail incidence angles were tested, T was determined‘for
ay =-0 up to a fairly high wing angle of attack. It is believed, how-

ever, that even at the very high angles of-attack the effects of -_(—Ll

da
dre small and in any case do not affECt the trends in the variations of
T with a.

Determinstion of dCp/dCy, for Cp = 0.~ For each model configura-
tion tested, a famlly of curves of Cp plotted against Cp, for which
the tail incidence angle was the parameter, was obtained from the basic
data. In order to obtaln values of de/dCL for Cm = 0 +throughout

the lift-coefficient range, the following procedure was used at those
1itt coefficients where the original data curves did not intersect the

Cmp =0 axis. At any desired 1lift coefficlent the value of de/dCL

was measured from each of the original date curves and plotted against
the corresponding value of Cy. These points were joined by a faired
curve and the value of dCp/dCr, for Cp = O for the desired 1ift coef=
ficlent was then read from the point where the falred curve crossed the
Cp = 0 axls. In.some cases a slight extrapolation of the falred curve
was m&de . . JRp— — . . - F— . . . . .

RESULTS AND DISCUSSION

' Method of Analysis

In the subse@uent discussion, the effects of the tall on the longi-
tudinal stability characteristics are explained by the variation of the
tail-effectiveness parameter T. An increase in T will refer to an
Increasge in value of the negatlve quantity -~ that is, an increase in the
tall effectiveness.

As bointed out in reference 6,'the slope of the curve of Cp
plotted against Cy, (dCp/dCr), for the trimmed condition Cy = O,

is. & valid measure of the static longitudinal stebility. In the present
case, 1t was preferable to use de/dCL for Cp = O rather than the

neutral polnt, because accurate calculation of the neutral point in the
high 1ift range was not feasible.

The variations of de/dCL for Cm = 0 for the tail-on'configurations
and de/dCL for the wing-fuselqge combination are presented in fig-

ure 7 as functions of the 1ift coefficient for the various configurations
tested. Filgure 8 presents the variation of the tall effectiveness param-
eter T and the downwash angle € With angle of attack. The 1lift and

pltching-moment characteristics are given in figure 9, and the variation
with 1ift of the tail trim incidence-angle is presented in figure 10.
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Effect of Tail Height on the Longitudinal
Stability and on the Tail Effectiveness

Flaps neutral.- The plain wing-fuselage céombination became unstable
at a very low 1lift coefficient, as Indicated by the positive values of
ac /dCL (fig. T7(2)), and increased in instability as the 1ift coef-

ficlent was increased. At 1ift coefficlents greater then 1.0, dC /dCL

rapi&ly spproached infinite values. The large positive increase in
m/dCL above a 1ift coefficient of 1.0 (x = 18°) was not appreciably

reduced by the tail, although the variation of the tail effectiveness
parameter T with angle of attack (fig. 8(a)) indicated an increase in

the stabilizing Influence of the tail at angles of attack greater than

about 26° for all except the highest tail positions inveatigated. Fig-, .
ure 8(a) indicates that a general increasse in the tail effectiveness

with angle of attack throughout the angle-of-attack range was obtained

for the low tail position (z = -0.060 5). Figure T(a) shows that the

tall reduced slightly the Fforward movement of the aerodynamic center,
as indicated by de/dCL, throughout the angle-of-attack range.. The

increase in the effectiveness of the tail in the low position reflects
the decrease in de/dm, ag indicated by the curves of €, &against «.

The favorable downwash varietion may occur In the region below the wake
center line, as indicated by references 3 and 4. When the tail was
located O. o&5b/2 or 0.140b/2 above the wing-chord plane, d¢/da increased
slightly through the angle-of-attack range; whereas for a taill height of
0.300b/2, -d¢/da exhibited a sharp increase at angles of attack above

200, which caused the high tail to become destabllizing.

Upper-surface fences only.- Reference 2 indicated that the most
favorable locations for upper-surface fences were at 0.575b/2 and O. 800b/2 ,
A comparison of figures T(a) and 7(b) indicated that the fences improved
considerably the stability in the lift-coefficient range below 1.0 but
did not prevent the increase of de/dCL to large positive values in the

1ift coefficient range sbove 1.0. Figures 8(a) and 8(b) indicate that
the fences had a negligible effect on the tall effectiveneas and on the
downwash characteristics. Therefore, as In the case of the plain wing,
the - instability near the maximum 1ift coefflcient was not satisfactorily
reduced by the tail.

Leading-edge flaps and fences.- The data for the configurations with
both 0.45b/2 leading-edge flaps and fences were obtained with the inboard
fence located at O. 475b/2 instead of O. 575b/2 Comparative tests made
with the O. th/Z leading-edge flaps on and the tail off indicated that
only small_diiferences_occurred in the pitching-moment characteristics
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between the two configurstions. As indlcated by the varistion of
, de/dCL in figure 7(c), the stability throughout the lift-coefficient

range was greatly improved by the combination of O.h5b/2 leading-edge
flaps and fences. A comparison of figures 8(a) and 8(c) indicated that,
in generel, the combination of leading-edge flaps and fences improved
the variation of ‘v with angle of attack in the angle-of-sttack range

below 20° bu£ reduced the effectiveness sbove 20°. A favorsble variation
of dCy,/aC; was obtained throughout the 1ift range for the low tail

(z = -0.060 g) in spite of the decrease in T above 20° sngle of attack

(which corresponds to a wing lift coefficient of about 1.24), because
the tail-off combination exhibited such a marked incresse in stability
at 1ift coefficients sbove 1.2 (fig. T(c)).

Leading~edge and trailing-edge flap combinatlons.- The effects of
the tall on the configurations with O.35b/2 split fleps and 0.h5b/2 leading-
edge flaps were investigated with and without the wing fences.

The addition of 0.35b/2 split flaps to the wing with 0.45b/2 leading-~
edge flaps and fences lmproved the stability characteristics through
most of the 11ft range, as shown by a comparison of figures T(c) and
7(d), except for a large forward movement of the serodynamic center
which occurred at the meximum 1ift coefficlent for the tall-off con-
figuration. From a comparison of figures 8(c) and 8(d), it can be seen
thet the effect of the O.35b/2 split fleps on the varilation of the tail-
effectiveness parameter was not consistent when the tail position was
changed. 1In general, the O.35b/2 split flaps tended to reduce the effec-
tiveness in the moderately high asngle-of-sttack range (near 16°), except
for the tail located in the -0.060b/2 position, and increase the effec-
tiveness of the tall at very high angles of attack. From the variation
of the pitching moment with angle of attack for the tall-off combination
(fig. 9(d)), it can be seen that, although figure T(d) indicates‘large
positive values of aqm/ch &t Clmax’ the actusl increase in pitching-

moment coefficient was smeall, and, as a result, favorable over-all sta-
bility characteristics, as Indiceted by de/dCL in figure T(d), were

obteined with the tail in either the -0,060b/2 or 0.045b/2 positions.
Although the high tail (z = 0.300 1;- was destabilizing in the high lift-

coefficient range, the combination with the tail in the 0.140b/2 position,
which is well above the wing-chord plane, exhibited only small unstsable
variations in de dCL.

Figures 8(d) and 8(e) indicete that, except for the increases in
T in the high sngle-of-attack range for the O.140b/2 and 0.300b/2 tail
. pogltions, the removal of the fences did not sppreciably affect the
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variation of the tail effectiveness with angle of attack. As shown in
figures 7(d) and T(e) the forward movement of the serodynemic center,
ag indicated by dcm/dCL, was greater for the teil-off combinstion with

the- fences off in the lift-coefficient range below CImax' The over-all

 stability characteristics for the 0.35b/2 split fleps and 0.45b/2 leading-
edge flaps configuration with the tall on were, therefore, less desirable
with the fences off than with the fences on, except for the lift-

coefficient range near. C .
Linax

The tail was also tested in conjunction with the wing-fuselage com-
bination incorporating O.50b/2 extended split flaps, 0.45b/2 leading-edge
flaps and fences because of the interest in the greater 1ift obtalneble
with the O. 50b/2 extended split flaps, as shown by figures 9(b) and 9(f)
and in reference 2. A-comparison of figures 7(d) and T7(f) indicated
thet only minor differences in the st’ability characteristics throughout
the 1ift range for both the tell-off and tell-on combiretlons resulted
from the change in the treiling-edge flep configuration. Flgures 8(a)
and 8(f) indicate that the change in the split flaps to a greater span
end a more rearwerd position tended to increase the tail effectiveness
in the high asngle-of-attack range, except for the high tell position,
but did not change the trends in the variatlons of T with angle of
attack. :

It may be of interest to note that for various configurations tested,
the varistions of T reflected the changes in de/dx. Inasmch as
reference 1 indicastes that the inboard sections do not stell, it 1s con-
Jectured thet the loss of dynemic pressure in the region of the tall for
the present wing would not be very large.

Effect of wing incldence angle.- The effect of wing incidence angle
on the tall effectiveness was detérmined for the tail in the 0.1LOb/2
position. The results indiceted that, in general, the tall effectlveness
in the major portion of the high angle-of-attack range (below 24°) was

somevhat lower for a wing incidence angle of 0° than for 4° (fig. 8).
Although the tall was further from the fuselage at zero wing incidence
and héad a greaster efficiency at zero angle of attack, the weke inter-
ference effects of the fuselage through most of the high angle~of-attack
range mey have been greater.

General comments.- The results of the present investigation corrocbo-
rate those of previous investigations (for exsmple, see references 3
end 4) in that the tail position below the extended wing-chord plane
exhibited the greatest effectiveness in the high 1ift range and the tail
position well above the extended wing-chord plane was destabilizing in
the high 1ift renge. .
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The present investlgetion was limited in scope, since only one tail
plen form and only a few tail positione were tested. However, the results
indicated that aslthough the low tail exhibited the greatest effective-
ness in the high lift range, the small unsteble variations for the tail
Just @bove the wing-chord plane may not be too severe to control. The
tail positions above the wing-chord plene may be more desirable from
high-speed considerations and also from the design standpoint. In the
present case, the tall appeared to be somewhat more favorsble in the

0.140b/2 position (1W. = h°) than in the 0.045b/2 position (iw = 00) in
that smaller unstsble variations of the pitching moment were obtained.

Verietion of teil trim incidence angle with 1lift.- The significance
of unstable variaetions in the pitching-moment characteristics 1s probably
more evident from the varistion with 1ift coefficient of the tail inci-
dence angle required for trim. When the rate of change of it(trim) with

. dit
1ift coefficient--———é%££gl is negative, it indicates that a desirable
L

variation in the stick position with 1ift coefficient will result - that
is, a pull-back on the stick would be necessgary to obtain a higher 1lift
-coefficient. Figure 10(a) indicates that a favorable verietion of it(trim)

with 1ift-coefficient was obtained up to a value of Cy, of 1.0 for all
tail positions for the configuration with fences only, whereas the plain

diy :
wing ___éEEEEl became posltive at 1ift coefficients greater than gbout
L
-'dit trim
0.55. When the leading-edge flaps and fences were on, ———éaz——l was
L
negative throughout the. 1lift range regardless of the trailing-edge flap
configuration for tall heights of -0.060b/2 and 0.140b/2 (iw = 49}, as
indicated in figures 10(b) and 10(c). With the wing incidence angle at
zero, however, the tail exhibited small undesireble variations in
it(t 1m) prior to the maximum 1ift coefficient for the 0.045b/2 and
r

0.1%0b/2 positions. - For the high tail (z = 0.300 g), the undesirable

veriation of the trim incidence angle prior to the maximum 1ift was con-

sidersbly greater than for the tail in the 0.045b/2 and 0.1kOb/2 positions.

Where comparsble flap configurations were tested with and without fences,

the date indicated that removal of the fences increased the magnitude of

any undesirable changes in the varistion of it(t im) with 1ift coefficient.
: r
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: Tt msy be of interest to note that when the O. 50b/2 extended split
fleps are deflected, with the O. h5b/2 leading-edge flaps and fences on,
a positive change in the tail incidence angle of over 6.5° is required
for trim (fig. 10(c)). The large positive trim incidence change is
reguired because most of the 1lift increase from the 0. 50 extended split
flaps 1s ahead of the wing center of gravity.

CONCLUSIONS

The following conclusions are based on an investigation of the
effects of horizontal-tail location on the sgtatic longitudinal stability

characteristics of a 45° sweptback-wing - fuselage combination of aspect
ratio 8:

- 1. The tail effectiveness varied with the distance of the tail from

the extended wing-chord plane in a manmer similar to that obtained in
previous investigations on sweptback-wing models of lower aspect ratio.
The tsil exhiblited the greatest effectiveness in the moderate and high
1ift-coefficlent range in the position -0.060 semispan below the extended
wing-chord plane. In general, the tall effectiveness at high 1ift coef-
ficients decreased as the tail was raised, snd at the highest position
tested (0.300 semispan sbove the extended.wing-chord plane) the tail was
destabilizing at high 1ift coefficients.

2. Although the effectiveness of the tail in the low position
increased with angle of attack, it was insufficient to reduce apprecisbly
the unstable changes due to the wing at a 1ift coefficient of sbout O. 55.
The upper-surface wing fences had little effect on the tail effectiveness
regardless of the wing-flap configuration. The fences delayed the insta-
bility due to the wing to a 1ift coefficient of sbout 1. 00, but even with
the fences on, the instability beyond & 1ift coefficient of 1.00 was too
great to be reduced appreciably by the tail.

3. With both the leading-edge flaps and fences on the wing, the
stability characteristics of the wing were improved to such an extent
that favorable over-all pitching-moment characteristics throughout the
1lift range were obtained with the tail located -0.060 semispan below the
extended wing-chord plane. Except for the high tail position, the leading-
edge flaps tended to -reduce the tail effectiveness at very high angles
of attack. .

Y, In general, the addition of trailing-edge flaps increased.the
effectiveness of the tail at high 1ift coefficlents for all the positions
tested., The stability characteristics with the leading-edge flaps,
trailing-edge flaps, and fences were favorsble throughout the 1ift range
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with the tail in the -0.060-semispen position. For the tail located in
the 0.045-semispan and O.lL0O-semispan positions, small unstable vari-
ations occurred prior to the mexiwum 1ift. On the basis of the vari-
ation of the tail incidence required for trim, the ~0.060-semispan and
0.140-gemispan tail heights were the most Pavoreble.

5. The stebilizing influence of the tail located 0.140 semispan
from the extended wing-chord plane with the wing incidence angle at zero
was generally less through the major portion of the high angle-of-attack
range thean when the tail was 1ocated 0.140 semispan from the wing-chord

plane with the wing incidence at 4°,

Langley Aeronauticel Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.
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Figure 1.~ Geometry of 450 sweptback wing of aspect ratio 8, fuseiage

and tail.

All dimensions are in inches except where noted.
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Flgure 2.- Typical sections of high-1ift and stall-control devices
parallel to the plane of symmetry except where noted. Dimensions
" are 1n inches except where noted.
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(a) Fromt view,

Figure 3.- The h5° swepﬁbacknwing fugelage combination with horizontal
tall mounted in the 19-foot pressure tunmnel.
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(b) Rear view.
Flgure 3.- Concluded.
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Figure 7.~ Continued.
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