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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESFARCH MEMORANDUM

LONGITUDINAL STABILITY AND CONTROL CHARACTERISTICS OFVA
SEMISPAN ATRPIANE MODEL WITH A SWEPT-BACK TATL
FROM TESTS AT TRANSONIC SPEEDS BY THE NACA
WING-FLOW bﬂBﬂﬂigﬂ)

By John A, Zalovecik and Richard H. Sawyer

SUMMARY

An investigation was made by the NACA wing~flow method to
determine the longitudinal stability and control characteristics
at transonic speeds of & semispan airplane model having a wing of
conventional plan form and & horizontal tail swept back 45°. The
wing end teil had NACA 65-series airfoil sections with thicknesses
of 10 and 8 percent chord, respectively. The model was mounted in
such a way as to permit it to assume a position of zero pitching
moment about the center of gravity at 27 percent of the mean aero-
dynamic chord. Measurements were made of 1lift and angle of attack
for trim for several stabilizer and elevator settings.

Because of the chordwise variation of Mach number in the test
region, the effective Mach number for the wing of the model was
lower than that for the tail of the model. The tests were made at
effective Mach numbers at the wing of the model from 0.55 to 1.09.
The interpretation of the results in terms of full-scale flight
conditions is subjJect to some uncerteinty because of the difference
in the Mach number of the flow at the wing and at the tail and
because of the low Reynolds number of the tests.

The results of the tests are compared with the results of

previous tests of the same model equipped with an unswept horizontal
tail. The lift coefficient and angle of attack for trim with various

stabilizer and elevator angles showed about the same general vari-
atlon with Mach number up to a Mach number of 0.82 as was obtained
with the wiswept tail. Although fairly abrupt changes in trim
occurred 2t higher Mach numbers, the trim changes were considerably
smalier and occurred at Mach numbers which were,on the average,
0.05 higner then for the unswept tail. The effectiveness of the
stabilizer in changing the 1ift coefficient and angle of attack for
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trim decreased fairly steesdily with increase in Mach number

above 0.65. No sudden losa of effectiveness was indicated such as
wag indicated for the unswept tail when the Mach number was increased
from 0.85 to 0.90. The elevator was ineffective for deflections

of 1.4° to -2° over the entire Mech number renge of the tests
probably because of the effects of low Reynolds number and sweepback
combined or of the effect of sweepback alone. The change in trim
obtained by deflecting the elevator from -2° to -6° decreased
steadily with increase in Mach number above 0.70 eand became zero

for deflections from -2° to -4° at & Mech number of 0.97 or a Mach
number about 0.05 higher then that for which the elevator of the
unswept tail became ineffective at smell deflections. The results
indicated thet with the swept-back tail an airplane of configurestion
gimilar to that of the model could be trimmed for level flight
through the Mach number range invesgtigated with considerably

smaller and more gradual variation of stabilizer angle than with an
unswept tail; the variation of elevator angle also would be smaller
provided the range of ineffective elevator angle were avoided.

INTRODUCTION

An investigation of the longitudinal stability end control
characteristics of a semispan airplane model hag been undertaken
by means of the NACA wing-flow method in order to obtain some
information on the longitudinal stability and control problems that
may be encountered in flight at speeds up to and through the speed
of sound. Resulte of tests of the model fitted with an unswept
wing and a horizontal tail having eirfoil sections with thicknesses
of 10 and 8 percent chord, respectively, were reported in reference 1.
These results indicated that the principal difficulties would be
encountered at Mach numbers between 0.90 and 0.95 where sharp
changes 1in trim occurred apparently as a result of compressibility
effects on the tail. In perticular the elevator suffered a
complete loss of effectiveness for small deflections in this Mach
number renge. Because the results of tects on swept-back airfoils
(references 2 and 3) indicated better 1lift charscteristics than
may be obtained for unswept airfoils in the trangonic-speed range,
the present tests were made with a swept-back tail installed on
the model. The tail had the seme spen, aspect ratio,and airfoil
gection as the original tail, no tesper, a sweepback of 45° and
8 30-percent-chord elevator. The tests reported herein were made
as described in reference 1. Messurements were made of 1lift and
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angle of atteck at trim for seversl stabilizer and elevator settings.
The tests covered a rangp of effective Méch number.at the wing of

the model from 0.55 to 1.09.
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SYMBOLS

aﬁgle of attack Qf fuselage for trim
anglékof attack of fuselage et zero lift
inéidence.of stebilizer

deflection of elevator ;

stabilizer ordinatg_

distance along chord of stapiii;e:

effective Mach number at wing.

, effective Mach number at tail
- effective dynamic_pressuré
‘wing area (semispan), 6 souare inches

C1ift for trim

1ift coefficient. for trim i grim)

" Reynolds number of wing baSﬂd on moen aerodynamic

chord of wing, 1. 5,6 1nches

ReJnolcs nunber of +a1] baged on mean aerodvnamjc
chord of teil, 0. ohe inch

mean slope Of 1ift 'éufvgj_bf model for Op from O to 0.4

- mean rate of change of model 1ift coefficient with tail

incidence for 1, from 0.7° to 3.7
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APPARATUS AND TESTS

The tests were made, as described 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 airplene.

The semispan model equipped with a swept-back horizontal
tajll is shown in figures 1 to 3. Except for the horizontal tall,
the model was the same as thet used for the tests of reference 1.
The tails in both cases had the same area, aspect ratio, and air-
foil section in plenes normal to the tail span. The elevator chords,
hovever, were 20 and 30 percent of the chords of the straight and
gwept-back teils, respectively. The arrangement of the unswept tail
of reference 1 is shown in figure 3 for comparison with the present
tail. The geometric characteristics of the model with the swept-
back horizontal tail are given in table I. Dimensions of a corre-
sponding full-scale airplene with a scale of 50:1 relative to the
model arec also shown in teble I in order that the proportions of
the airplene may be more easily visualized. The horizontal tail was
arrenged to permit adjustment of the stabilizer angle. The surfaces
of the tall were grooved at 70 percent of the chord in order that
the tail could be bent sharply along this line to simulate deflection
of the elevator. A section profile of the horizontal tail with the
elevator deflected -6° ig shown in figure 4. The tail and elevator
chords and the stabilizer and elevator deflections are considered
in planes normal to the span of the tail. The model was mounted
in such a wey as to permit it to assums a position of zero pitching
moment about the center of gravity at 27 percent of the mean aero-
dynsmic chord. Other details of the model end the testing technique
are described in reference 1.

Meagurements of lift end engle of attack of the model at trim
were mede thh elevator neutral =2nd stabilizer settings of £5.3%

0. 7 ik , and 3.7° end with & stabilizer settlng of 3.7° end
leva+or settings of 1.4°, .29, 4O end -6°, In order to cover a
range of Reynolds number thp tests with each tail getting were made
in two dives, one et high and one &t medium altitude, and in a level

flight run at low altitude. The average relation between the
Reynolds number at the wing R,, and the Reynolds number at the

tail Ry with the Mach number at the wing M,, for the three

altitude conditions is shown in figure 5. The Reynolds number
corresponding to a given Mach number in a given nominal altitude
range varied somevhat emong different tests but the variations did
not exceed 5 percent. Also shown in figure 5 is the variation of

the Mach number at the tail M; with the Mach number at the wing M.
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The Mach number at the tail was higher then the Mach number at the
wing because of the chordwise variation of Mach' number in the test
reglon (reference 1). - {0

PRESENTATION OF RESULTS

- The results of the investigation are presented in figures 6
to 15, The variation of 1lift coefficlent and angle of attack of
the model for trim with Mach number is shown in figure 6 for stabi-
lizer settings of -1.3%, 0.7%, 2.7°, and 3.7° with elevator neutral
and In flgure 7 for a stabilizer setting of 3.7° with elevator
deflections of 1,4°%, -2°, -4% and -6°. The variation of 1ift coef-
ficient with angle of attack obtained from the date of figures 6
and 7 and from corresponding date of reference 1 is shown in
figure 8 for various Mach numbers. Inasmich &g the change in con-
figuration of the horizontal tail of the model between the Present
tests and the tests of reference 1 would be expected to have little
or no effect on the relation between lift coefficient and angle of
attack, both sets of data were used to determine the fairing indi-

‘ac
: S ' Ltrim
cated by the solid line. The slope of the 1ift curve (EEF_-_:)

trim /i
taken over a range of 1ift coefficient from O to O,k and the angle -
of attack of the fuselage at zero 1lift were determined from the
faired curves of figure 8 and are plotted againgt Mach number at
the wing M, 1in figure 9. .The variations of angle of ettack and -
Lift coefficlent for trim with stabilizer setting for variois Mach
numbers are shown in figures 10 end 11, respectively, and with

elevator deflection in figures 12 and 13, respectively. The mean rate

- o
' e
of change of 1lift coefficient with stabilizer angle ("j;;;‘" / for

_/m
stabilizer settings 1y from 0.7° to 3.7° 18 plotted in Pigure 1k
against Mach number at the wing M, end Mech number at the tail Mg o
From the date of figures 11 and 13 the stabilizer angles (elevator
neutral) and the elevator deflections (stabilizer setting of-3.7°),'1
required for trim in level flight through the Mach number range.
have been determined for en alrplane of the same configuration as
the model and are shown in figure 15,  The wing loading was taken
as 50 and the altitude as 30,000 feet,. The corresponding variation
of 1ift coefficient Cy with Mach number 1s also shown in figure 15.
In order to facilitate comparison of the longitudinal stability and
control characteristics indicated by the present tests for the model
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heving the swept-back tail with the characteristics indicated in
reference 1 for the unswept tall, date from reference 1 are included
in figures 11, 13, 14, and 15.

DISCUSSION AND RESULTS

" The angles of attack and lift coefficients at which the model
trimmed for various stabilizer settings with elevator neutral (fig.
showed no appreciable effect of the difference in Reynolds nunber
obtained from the low-altitude and medium-altitude runs. Some scale
effect, however, appeared to be indicated in the data obtained from
the high-altitude run at Mach numbers of 0.77 to 0.92. With the
elevator deflected (fig. 7) the results indicated some effect of the
difference in Reynolds number obtained in the low-altitude and
medium-altitude rung at Mach numbers less than 0.70 and a large
scale effect in the high-sltitude run at Mach numbers less than 0.95

No scale effect was indicated at Mach numbers greater then 0.95. In

view of these results only low-altitude and medium-altitude deta are

‘consgidered herein except for Mach numbers above 0.95.

The lift coefficient and angle of attack for trim with various
gtabilizer and elevator settings showed eabout the same general
variation with Mach number up to & Msch number of sbout 0.88, as was
obtained in reference 1 for the model with the unswept tail. That
is, the lift coefficient and angle of attack for trim decreased
fairly steadily at Mach numbers from about 0.70 to 0.85, probably as
a result of shock stalling at or near the wing-fuselage Juncture.

At 'Mach numbers from 0.85 to 0.88 the angle of attack for trim
increased probably as a result of a change in angle of attack for
zero 1lift and in zero-1ift pitching moment for the entire wing.
With a further increase in Mach number the 1lift coefficient and

.angle of attack decreased steadily up to & Mach number of 0.97

or 0.98 and then decreased fairly abruptly. This abrupt change was
considerably smaller than the trim changes encountered with the

‘unswept teil of reference 1 and occurred, on the average, at a Mach

nunber that was 0.05 higher.

The variation of 1lift coefficient with angle of attack at all
Mach numbers indicated in figure 8 agreed within experimental error
with the data of reference 1. The slopes of the lift curves (fig. 9
derived from the combined data of the present tests and the tests
of reference 1 are slightly different in absolute value than the
slopes presented in reference 1 but the general veriation with Mach
number 18 unaltered. The angle of attack of the fuselage at zero

CONFIDENTIAL
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1ift (fig. 9) was essentially constant at a value of about -2.2° for

Mach numbers from 0.60 to 0.80. With a further increase in Mach
number the angle of attack at zero 1lift decreased to -0.9° at a Mach
number of about 0.89 and then increased agdin to approximately the
lower speed value at Mach numbers from 0.96 to 1.07.

The slopes of the curves of angle of attack and 1ift coefficient
agalnst stabilizer incidence in figures 10 and 11, respectively,
indicated that the variation of fixed-control pitching moment with
engle of ettack at a given Mach number wes alweys stable over the
range of conditions covered. The curves showed a generally
decreaging slope with increasing Mach number probably as a result
of increase in the stability of the model or of decrease in the
stabilizer effectiveness. No sudden decresse appeered, however,
in the slope of the curves, such as appeared with increage in Mach
nunber from 0.35 to 0.90 for the model with the unswept tail.

(See fig. 11.) The comparison of the variation with Mach number

(ch. an\ :

trim
of -azz~" } for the unswept and swept-back tails, as given

. /m

in flgure 14, indicated a similar result. Both curves show
approximately the same varietion for Mach numbers up to about 0.87 and
beyond 0.94 but between these values the curve for the unswept tail
indicates fairly large and abrupt changes which did not appear in the

7407, \
curve for the swept-back tail. The larger values of (__ngig) for
t /m

23
the swept-back tail then for the unswept tail at Mach numbers less
than about 0.90 may be caused by both the increased tail length of
the swept-back tail and the fact that the slope, although taken over
apperently the same renge of stabilizer setting, covers a somewhat
different renge of lift coefficient for the two sets of data.

For elevator deflections from 1.4° to -2° the elevator of the
swvept-back tail was ineffective in changing the angle of attack and
1ift coefficient of the model over the entire Mach number range of
the tests (figs 12 and 13) . Whether this ineffectiveness et small
deflections was a result of the effects of low Reynolds number and
sweepback combined or of the effect of gweepback alone is not known.
This ineffectivencse apparently was not due golely to the low Reynolds
nurber at which the tail weg operating inasmuch as no gimilar result
was obtained with the elevator of the unsvept tail even at the lowest
Reynolds number of the tests. {See reference 1.) In the deflection
range from -2° to -6° the effectiveness of the elevator in changing
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the trim condition of the model decreased fairly steadily as the Mach
number was Increased above 0.70 and became zero for deflections
of -2° to -4° at a Mach number of 0.97. This Mach number is

- gbout 0.05 higher than that at which the elevator of the: unswept .
“tail became ineffective at small deflections.

Because of" the chordwise variation of Mach number in the test
region the Mach number of the flow at the tail may be greater then
the values quoted "in the preceding discugsion by the amount indi-
cated in figure 5, although the wake of the wing may reduce the tail
Mach number somewhat. The changes in the characteristics of the
model attributable to the effects of compressibility on the tail
would probably occur in free air at somevhat higher Mach numbers
than the values quoted. .

The results of the tests indicated, as shown in figure 15,

" that an airplane of configuration similar to that of the model

having a wing loading of 50 and flying at an altitude of 30,000 feet
conld be trimmed with a stabilizer or, in effect, with an all-mov&ble
tail for level flight throughout the Mach number range from 0.60

to 1.06 with an over-all deflection range of about 1. 2°%. For a
stebilizer setting of 3.7°, trim could be maintained with the elevator
alone with a deflection range of about 1.1° at Mach nuwubers from 0,60
to 0.92, but for Mach numbers from 0.92 to 1.00 or 1.05 an increase
in up elevator deflection of 3° would be required. With stapilizer
settings lesa then 3 O s trim with elevator alone may requirce
operation through. the ineffective range of elevator angle anrd,

hence, the variation of elevator angle for trim with Mach number may
Pe more rapid end of larger magnitude than shown for the stabilizer
setting of 3.7°. The variation with Mach number of the stabilizer
and elevator angles for trim appears to be stable at Mach numbers
from 0.60 to 0.75, unstable at Mach numbers from 0.75 to 0,58, and
alternately steple and unstadle at higher-Mach numbers. Comparlson
of these results with gimilar results obteined in reference 1 for
the unswept tail indicated that the changs from the unswept tail to
the swept-back tail would result in a consxderably smaller end more
gradual variation with Mach number of the stabilizer angle required
for level flight; the variation of elevator angle would also be
smaller provided the ineffective range of elevator angle is avoided.

' ‘CONCLUDING REMARKS

The results of NACA wing flow tests of a semispan airplane
model having a wing of conventional. plan form and a h5o swept-back
horizontal tail indiceted an appreclable improvement in the
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longitudinal stability end control characteristics above a Mach
number of about 0.88 as compared with the results of previous tests
of the model equipped with an unswept horizontal tail. The lift
coefficient and angle of atteck for trim with various stabilizer and
elevator angles showed about the same general variation with Mach
number up to e Mach number of 0.88 as was obtained with the unswept
tail. Although fairly abrupt changes in trim occurred at higher
Mach numbers, the trim chenges were considerably smaller and occurred
at Mach numbers which were, on the average, 0.05 higher than for the
unsvept tall. The effectiveness of the stabilizer in changing the
1lift coefficient and engle of attack for trim decreased fairly
steadily with increase in Mach number above 0.65; no sudden loss of
effectivences was indicated such as wes indicated for the unswept
tail when the Mach number was increased from 0.85 to 0.90. The
elevator was ineffective for deflectiona from 1.4° to -2° over the
entire Mach number range of the tests probably because of the
effects of low Reynolds number and sweepback combined or of the
effect of sweepback alone. The change in trim obtained by deflecting
the elevator from -2° to -6° decreased steadily with increase in
Mach number above 0.70 end became zero for deflections from -2°

to -4O at a Mach number of 0.97 or a Mach number about 0.05 higher
then that for which the elevator of the unswept tsil beceme inef-
fective at small deflections. The results indicated that with a
swept-back tail an airplane of configuration similer to that of
the model could be trimmed for level flight through the Mach number
range investigated with considerably smaller and more gradaal
variation of stabilizer angle than with an unswept tail; the
variation of elevator angle also would be smaller provided the range
of ineffective elevator angle were avoided. :

langley Memorial Aeronsutical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va,
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TABLE T

GEOMETRIC CHARACTERISTICS OF MODEL AND
CORRESPONDING FULL-SCAIE ATRPIANE

Model Full-scale airplane

Wing:
AT N G PP - 65(112)-110 NACA 65(112)-110
BERLONEn 5 54 e Viwid wowe %omoe N0 dn. 3 Pt 8 in.
Mean aerodynamic chord + « « ¢« « » 1.56 in. 78.0 .
[012Yollo BT okl v o SPGB RSN SRER Se 8 (81 11 Y, oo 50 in,
Chord at plane of symmetry . . . . 2.00 in. 100 in.
Area (of semispen wing) + + « + . .« 6 8q 1in. 10k sq ft
REDCETTHLI0 &% v 4y e 5a33 5433
MANEBITATI0 & ¥ 6 o 8 & & w8 G o sl 2ul
Snelienen 85 1088 & s s s v w e B30 2° 3pt
TNeiienon Bh B4 « w o 4 oon i 29 00! 2% 00!
DIBBEPRL o v .08 v 5.8 0 &+ g% e

Horizontal tail:
Section . .+ . . . .. . NACA 65(112)-008 NACA 65(112)-008

Selni spa'n . . . « . . . L3 . . . L] . l . 66 in . 6 ft ll in .
ChOI‘d. O S S SR RN Sl ASE R RS S TR TS AR OO91+ in. )"'7 inn
Area (of semispan tail) . . . . 1.56 sq in. 27.0 #g £
BENGEL TREID 2 % b » b v V6 % 2w 355 3s5
SR BRI 5 & v s vk e s e 3 Bl
Chord of @1evabor « o:s o + s ¢ o +« 3808 1n. 4.1 in.
Sweepback . L . < L] . . ° L . - . L] LLSO h‘jo
Fusel&ge length . g oy 9 $-% @ @ [ ) 7.97 in- 33 ft 2 in.
Meximum fuselage dlameter . « « + « o 1,20 in, 60 in.
Tall length (c.g. to 1/4 M.A.C. of
Rorietmial B8IY) o s ¢« ¢ e s v s s B30 40, 1T 2% W A8,

Location of center of
gravity « « o . ¢ . . o .« 27 percent M,A.C. 27 percent M.A.C.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 1.- Semispan airplane model.
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Figure 2.- Semispan airplane model mounted above wing of P-51D airplane.
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Figure 3.- Details of semispan airplane model. All dimensions are
in inches.
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Mean line shown dashed.

Figure 4.= Measured profile of horizontal tail with elevator deflected 6°,
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Figure 5= Variation of Reynolds number of wing Rw and Reynolds number
of tail Ry with Mach number for tests at three ranges of altitude.
Difference between Mach number of wing and tail also showm.
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Figure 7.- Variation with Mach number of 1ift coefficient and angle of attack for trim with various elgvutor

deflections and stabilizer set at 3.7°.

Angle of attack not determined for 6, = 1.4°.
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Figure 7.- Concluded.
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Figure 8.- Variation of 1ift coeffieient with angle of attack for various Mach numbers.
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Figure 9.~ Variation with Mach number of slope of lift curve and angle

of zero lift.
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Figure 12.= Veriation of angle of attack for trim with elevator
deflection for various Mach numberse it = 2.7° ,
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Figure 12.= Concluded.
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Figure 13.- Variation of 1ift coefficient for trim with elevator deflection

for verious Mach numbers. Results for unswept tail from reference 1
shown for comparison,
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Figure 13.= Concluded.
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Figure 15,- Variation with Mach number of stebilizer angle end
elevator deflection required for trim in level flight at altitude
of 30,000 feet and wing loading of 80, Lift coefficient for level
flight also shown. Results for unswept tail from reference 1 shown

for comparison,




