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LONGITUDINAL STABILITY AND CONTROI: CHARACTERISTICS OF A
SEMISPAN ATRPIARE MODEYL WITH A SWEPT-BACE TAIL
FROM TESTS AT TRANSONIC STEEDS BY THE HACA

WING-FLOW METHOD
By John A. Zsloveik and Richard H. Sawyer

SOMMARY

An investlgation waa made by the WACA wing-flow method to
determine the longitudinel stability and control characteristlics
at transonic speeds of a semlspan airplane model having & wing of
conventionel plan form and & horlzontal tail swept beck 45°. The
wing end teill had NACA 65-gerles airfoil sections with thickmesses
of 10 and 8 percent chord, respectively. The model was mounted in
such 8 way as to permit it to assume & positlion of zero pitching
- moment about the center of gravity &t 27 percent of the mean aero-
dynamic chord. Measurements were made of 11ft and angle of atbtaeck
for trim for several stebilizer snd elevator setiings.

Because of the chordwige varistion of Mach nunber 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 interpretatlon of the vesults in terms of full-scale £light
conditions 1s subject to mome uncertainty because of the difference
in the Mach number of the flow at the wing and et the tall and
because of the low Reynolds number of the tests,.

The results of the tests are compared wlth the results of
previous tests of the same model equipped with an unswept horizontal
tail. The 1ift coefficient and angle of sttack for trim with various
stabilizer and elevator angles showsd sbout the same general vari-
etion with Mach nuxher up to & Mzch number of 0.83 as was obtained
with the unswept tail. Although fairiy abrupt changes in trim
occurred at higher Mach numbers, the trim chenges were considerably
smaller and occmrred at Mach numbers which were,on the average,

0.05 higher than for the unswepl teil. The effectiveness of the
stabllizer in changing the 1ift coerlficlent and angle of attack for
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trim decreesed feirly steadlly with increase in Mech number

above 0.65. No sudden loss of effectiveness was indicated such as
was indicated for the unswept tail when the Mach number wes increased
from 0.85 to 0.90. The elevator waes ineffective for deflectlons

of 1.42 to -2° over the entire Mech number ranze of the tests
provebly because of the effecta of low Reynolds mudber and sweepbeck
combined or of the effect of sweepbeck alone. The chenge in trim
obtained by deflecting the elevator from -2° to -6° decreased
steadily with increase in Mach nunber above 0,70 and beceme zero

Por deflections from -2° to -4° at & Mech number of 0.97 or a Mach
nunber about 0.05 higher then that for which the elevator of the
unswept tail became ineffective at smell deflections. The results
indicated that with the swept-back teil an sirplene of confilguretion
gimilayr to that of the model could be trimmed for level flight
through the Mach number range investigated with consldersbly

smaller and more gradusl variation of stabilizer angle than with en
ungwept tail; the varistion of elevator angle also would be smaller
provided the range of ineffective elevator angle wers avoided.

INTRODUCTION

An Investigation of the longitudinel steblllity and control
characterisgtica of a semlispan airplane model has been undertaken
by means of the NACA wing-flow mesthod in order to obtein some
information on the longitudinel stebility 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 fltted with an unswept
wing and a horizontel tell heving airfoil sections with thicknesses
of 10 and 8 percent chord, respectively, were reported in réference 1.
These results indicated that the principal dlfficulties would be
encountered at Mach numbers between 0.90 and 0.95 where sharp
changes in trim occurred apperently as a result of compressibllity
effects on the tall. In perticular the elevator suffered a :
complete loss of effectiveness for small deflections in this Mach
nunber renge. Because the results of tests on swept-back alrfoils
(references 2 and 3) indicated better 1ift characteristica than
mey be obtained for unswept ailrfolils in ths transonic-speed range,
the present tests were made with a swept-back teil installed on
the model. The tail had the same span, aspect ratic,and ailrfoil
sectlion as the originel taill, no teper, & sweepback of h5° and
8 30-percent-chord elevator. The tests reported hereln were made
es described in reference l. Messurements were mads of lift and
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engle of stteck et trim for several stabilizer and elevetor settings.
The tests covered a renge of effective Mach number at the wing of
the model from 0.55 to 1.09. -

SYMBOIS o

A angle of s.t’cack of fusela.ge for trim o

oG, =0 . engle of tttack of fuselage.at zero 1if'b i
i incidence of. stabilizer

By - &eflec'bion of elevator ; B

b . sta'bilizer ordinate . T

x "distance along chord- of _'séebiii.z‘:er- R .

Mv'r _ effective 'Ma'ch-number'a.t' wingl' B

Mt ‘ : effective Ma.ch mmfner at tail

% :  effective dynzemic pressure | _

g8 -wing aree. (semispan) 6 squane inches
i 1ifs for trim . ox

cLbrim Cdart coeffiC't ént for trim (I';:Sim)

- Rw Reymolds number of wing based on msen aerodyna.nﬂ.c

. chord of wing, 1.556 1nches .

Rt" Rey'nolds munbér of +ail based on msan aerodvna.mic

chord of tail 0.9k in,ch

dCy, S Ce . o
(_______trina mean slop’e of. 1ift curve of model for Oy from O to O.h

Lty “ - '
- mean rate of chenge of model lif'b coefficient with tail
\ =t /n incidence, for i,b from O, T° . t0 3.7° .- ,
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- APPARATUS AND TESTS

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

The semispan model equipped with & swept-back horlzontal
tail is shown in figures 1 to 3. Except for the horizontal tall,
_the model was the samo as thet used for the tests of reference 1.
The teils in both cases hed the seme area, aspect ratio, and alr-
foll mection in plenes normal to the tail span, The elevator chords,
however, were 20 and 30 percent of the chords of the straight and
swept-back tails, respectively. The arrengement of the unswept tail
of reference 1 is shown in figure 3 for comparison with the present
teil., The geometric characteristice of the model with the awept~
back horizontal teil are glven in table I. - Dimensions of a corre-
sponding full-scele airplane with a scale of 50:1 relative to the
model are also shown in tedble I in order that the proportions of
the airplene may be more easily visualized. The horizontal tail wes
arranged to permit adjustment of the stabllizer angle. The surfaces
of the tail were grooved at TO percent of the chord in order that
the tall could be bent sherply elong this line to gimlate deflection
of the elevetor. A section profile of the horizontal tall with the
elevator deflected -6° ig shown in figure 4. The tail and elevator
chords and the stebilizer and elevator deflections are considered
in planes normel to the mpan of the tail. The model was mounted
in such & wey a8 to permit 1t to assume & position of zero pitching
moment ebout the center of gravity at 27 percent of the mean aero-
dynamic chord. Other details of the model and the testing technlque
are described In reference 1.

Meagurements of 1ift and angle of attaeck of the model at trim
voere mede with elevator neutrsl and stabilizer settings of -1.39,
0.7°, 2.7°% and 3.7° end with & stebilizer setting of 3.7° end
elevator settings of 1.4°, -2°, -4°, end -6°. In order to cover a
range of Reynolds number the tests with sach tail setting were made
in two dives, one at high and one st medium altitude, and in a level
flight run et low altitude, The average relation between the
Reynolds number at the wing R,, and the Reynolds number at the

tell Ry wlth the Mach number st the wing M, for the three

altitude conditions is shown in figure 5, The Reynolds number
corresponding to a given Mach number in a glven nominal altitude
range varled somevhat emong different teets but the wvariations 4id
not exceed 5 percent. Also shown In figure 5 is the varistion of

the Mach number at the teil M, with the Mach nuwber at the wing WM.
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The Mach nuitber &t 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). ..

PRESENTATION OF RESULOS

| The results of the investigation are presented in Pigures 6
to 15, The variation.of 1ift coefficient and angle of attack of
the model for trim with Ma.ch number is shown in figure 6 for stebl-
lizer settings of =-1.3°, 0.7°, 2.7°, &nd -3.7° wi'bl:r elevator neutral
"and in figure T for a stabilizer setting of 3.7° with elesvator
deflections of 1.4t°, -2°, .-40 and .-6°. The va.ria.tion of lift coef-
ficlent wlth angls of attack obtained from the data of figures 6
ernd 7 and from corresponding date of refersmce 1 1s shown in
figure 8 for various Mach numbers. JInasmuch as the change in con-
figuration of the horizontal tall of the modsl between the present
tests and the teste of reference 1 would be expected to have llttle
or no effect on the relabtion bétween lift coefficiemt and angle of
attack, both sets of data were used to determine the fairing indi-
dac
: : I’trim
cated by the solid line. The slope of the 1lIft curve (&E-—)
: rim
taken over a renge of 1ift coefficient from O to 0.k end the angle
of attack of the fuselage at zero 1lift were determined from the
faired curves of figure 8 and are plotted against Mach number at
the wing M, In Pfigure 9. The variations of. angle of attack and
11Pt coefficient for trim with stebilizer setting Ffor various Mach
nurmbers are shoyn in figures 10 and 11, . respectlvely, and with
elevator deflection in figures 12- and. 13, res'oectively. The mean rate

)

of change of 1ift coefficient vith ata.bilizer angle ( dit

.

. m
stebilizer settings 1y from 0. 7° to 3. 7° is plot'bed in Pigure 1k
ageinst Mach nunber at the wing M and Maéh mumber at the tail-
From the data of figures 11 and 13 the stabilizer angles (elevator
neutral) and the slevator deflections: (gtabilizér setting of 3. 7 0y
required for trim in level flight through the Mach pumber rangs

have been determined for an airplene of theé gamb configuration as
the model and ere shown in figure 15. The yring loading was teken

as 50 and the altitude as 30,000 feet, The correspordin.g variation
.of 1ift coefficient Cr, with Mach number is almo’ shown in figure 15.
In order to facilitete domparison of the longitudinal stebility end
control characteristlcs indicated by the preosent tests for the model
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heving the swept-back teil with the characteristlce indicated in
reference 1 for the unewept tall, data from reference 1l are included
in figures 11, 13, 1k, and 15. -

DISCUSSION AND RESULTS .

The engles of attack and lift coefficients at which the model
trimmed for verious stabilizer settings with elevator neutral (fig. 6)
showed no appreciable effect of the difference in Reynolds number
obtained from the low-altitude and medium-altitude runs. Some acale
effect, however, appeared to be indicated ln the dmta obtalned from
the high-altitude run at Mach nunbers 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 runs at Mech numbera less than 0.70 and a large
scale effect in the high-altitude run at Mach numbers less than 0.95.
No mcale effect wes indicated at Mach numbers greater than 0.95. In
view of these results only low-altitude and medium-altitude data are
conaldered herein except for Mach numbers above 0.95.

The lift coefficlent and angle of attack for trim with various
stabilizer and elevetor settings showed ebout the same general
variation with Mach number up to a Mech number of about 0.88, es was
obteined in reference 1 for the model with the unswept tall. Thet
is, the lift coefficient snd angle of attack for trim decreased
fairly steadily et Mach numbers from about 0.70 to 0.85, probably as
& 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 probebly &as & result of a change in angle of attack for
zero 11ft end in zero-lift pltching moment for the emntire wing.
With a further increase in Mach number the 1ift coefficient and
angle of attack decreased steadily up to & Mzch number of 0.97
or §.98 and then decreased fairly abruptly. This abrupt chenge was
considerably smellsr than the trim changes encountered with the
unswept teil of reference 1l and occurred, on the average, at a Mach
nurber that was 0.05 higher.

The varlation of 1ift 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 1ift curves (fig. 9)
derived from the comblned, date of the present tests and the tests
of reference 1 are slightly different in absolute value than the
8lopes presented in reference 1l but the general variation with Mach
number 1s unaltered. The angle of attack of the fuselage at zero
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1ift. (fig. 9) was essentially cqnsta.nt at a value of. a’béut -2.2%fop
Mach numbers from 0.60 to Q. 80. With s further increase in Mach
nunber the angle of attack at géro 1ift decreased to -O. 9° at a l-{ach
nurber of &bout 0.89 and then incressed again -to-approximetely the -
lower speed value &t Mach numbers £rom 0.96 to 1.07.

tuse
catYy

" The slopes of the curves of, angle of attack anrl lift coefficient
egeinst stebilizer: incidence in figures: 10 apd 11, vespectively; "
indicated that the variation of fixed-control pi‘cching moment with
angle of ettack at a glven Mach number wes always stebls over the .
range of, conditions covered. The ciirves showed: s génerally -
d.ecreasing slope with increasing Mach number probebly &as e resull
of increame in the stebility of the model or of dscrease in the
stabilizer effectiveness. No sudden decrease appeared, however,
in the slope of the curves, such as appeared with increase in Mach
number from 0.85 to 0.90 for the model with the umswept tail.

{See fig. 1l.) The ocomparison of the variation with Mach number

( Ly pim ' ; i :
of S for the unewept and awept-’back talls, as given

in figure 14, indicated & similar result. Both curves show .
a.pproxime.tely the same variation for Mach numbsrs up to about 0.87 and.
beyond 0.94 but between these values the curve for the unswept tail
indicates falirly lerge and abrupt chengss which dld not appear in the

curve for the swept~back tall, The larger values of (—:;’—{—m) for
: m

the swept-back tall than for the unswept tall at Mack numbers less
than about 0.90 may be caused by both the increased tail length of”
the swept-back tell and the fact thet the slope, although teken over
apparently the same range of stabilizer setting, covers & somewhat -
different range of 1lift coefficient for the two sets of data.

For elevator deflections from 1.4° to -2° the slevator of the .
swept-back tall was ineffective in changing the aengle of atteck and
1ift coefficient of the model over the entire Mach number range of
the teste (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 swesepback alore is not kmown.
This ineffectiveness apparently wes not due solely to the low Reynolds
number &t which the tail wes operating inasmch as no similsy result
wvas obtalned wlth the elevator of the unswept tail even at the lowest
Reynolds num'ber of the tests. (See reference 1.) In the deflection
range from ~2° to 6° the effectiveness of the eleva.tor in changing
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the trim condition of the model decreased fairly steadily as the Mach
number was ‘increased ebove 0.70 and became zero for deflectlons

of -2° to -4° at a'Mach number of 0.97. This Mech number is

about 0.05 higher than that at which the elevator of the unswept
tail became ineffective at small deflectlons. '

Because of the chordwise variation of Mach number in the teat
region the Mach riunber of the flow at the tall may e greater than
the values quoted-in the preceding dilscussion by the amount indi..
cated in figure 5, although the wake of the wing may reduce the tall
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 somewhat higher Mach numbers
than the values quoted.

The results of the tests indicated, as shown 1n figure 15,
that an airplanes of configuration simlilar to that of the model
heving a wing loading of 50 and flying at en altitude of 30,000 feet
could be trimmed with a stedilizer or, in effect, with an sll-movable
tail for level flight throughout the Mach number range from 0.60
to 1.06 with an over-all deflection range of sbout 1.2°. For a
stablilizer setting of 3.7°, trim could be maintained with the elevator
alone with & deflection range of about 1.1° at Mach mubers 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 stedilizer
settings less than 3.7°, trim with elevator alone may require
operation through the ineffective range of elevator angle and, -
hence, the variation of elevator angle for trim with Mach number may
be more rapid and of larger magnitude than shown for the stabillzer
setting of 3.7°. The variation with Mach number of the stabilirzer
and elevator anglea for trim eppears to be stabls et Mach nwrbers
from 0.60 to 0.75, unstable at Mach numbers from 0.75 to 0.38, and
alternately atable and unstable at higher Mach numbers. Comparison
of these results with similar results cbteined in reference 1 for
the unswept tall indlicated that the change from the uvnswept tall to
the swept-back tall would result in a considerebly smeller and more
graduel variation with Mach number of the stabllizer angle required
for level flight; the variatlon of elevator angle would also he
smaller provided the ineffective range of elevator angle 1s avoided.

CONCLUDING REMARKS

The resulte of NACA wing-flow testse of e semispan sirplane
model having & wing of conventional plan form and a 15° swept~back
horizontal {all indicated an appreciable improvement in the
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longitudinal stebility and control characteristices above & Mach
nunber of ebout 0.88 as comparsd with the results of previous tests
of the model equipped with an unaswept horizontael tall, The 1ift
coefficient end angle of atteck for itrim with verious stabllizer end
elevator angles showed about the same general varlation with Mach
number up to & Mach number of 0.88 as was obtalned with the unswept
tail. Although fairly sbrupt changes in trim occurred et 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
unswept taill. The effectiveness of the stabilizer in changing the
1ift coefficlent and engle of attack for trim decreased fairly
steadily with increase in Mach number above 0.65; no sudden loss of
effectivencas was indicated such as was indicated for the unswept
tall when the Msch number wes increased from 0.85 to 0.90. The
elevator was ineffective for deflections from 1.4° to -2° over the
entire Mach number renge of the tests probsbly because of the
effects of low Reynolds number and sweepback combined or of the
effect of aweepback alone. The chenge in trim obtained by deflecting
the elevator from -2° to -6° decressed steadily with increase in
Mach number ebove #.70 snd became zero for deflections from -2° .
to -4° at a Mach number of 0.97 or a Mach number about 0.05 higher
than that for which the elevator of the unswept tall becams inef-
fective at smell deflections. The results indlceted that with a
swept-back tail an alrplens of conflguration similar to that of

the model could be trimmed for level fligkt through the Mach number
range investigeted with conslderably smeller end more graduel
veriation of etabllizer engle than with an umswept tail; the
varlation of elsvator angle also would be smaller provided the range
of ineffactive slevator angle were avolded. .

Langley Memorial Aeronsuticel Laboratory
National Advisory Commlttee for Aeromsutics
Langley Field, Va.
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TABIE I

GEOMETRIC CEARACTERISIICS OF MODEL AND
CORRESPONDING FULL-SCAIE ATRPIANE

. Model Full-scale airplane

Wing:
Sectim ¢ & ¢« & & & @ 8 s NACA 65(112)"110 NA.CA 65(112)-110
SemiSpaN « ¢ + o ¢ v ¢ o ¢+ o s+ #,00 in. 16 £+ 8 in.
Mean serodynamic chord .+ « « o » « 1.56 in, 78.0 in.
Chord. at tip « s & 8 % ® o. .- P l.OO in. 50 in-
Chord at rlane of symmetry . « « « 2.00 in. 100 in.
Area (of semispen wing) « « « « « « 6 8q in. 104k sq £t
Aspect ratio P e s e v e 3 v s & s 5.33 5-3
Taper YLI0 o o ¢ s o ¢ & ¢ s s o 02:1 2:1
Tncldence 8t TOOt « « « « o« « o« + & 2 30' 2° 30
Tnoidence 8t £ip o « « ¢+ o + o« «  2° 00! 2% 00!
Dinedral o « s o o o o o o ¢ o + @ 0° 0°

Horizontal tell:

Section « « s « s« o & + o NACA 65(112)-008 NACA 65(3112)-008

SemiBPaN + o s ¢ « s o s« v s+ s « 166 1in, 6 £t 11 in.
chol‘d . L ] - - [} L] L] L] . * L ] L ] - L ) L ) o . 91+ in . u? 1n L[]
Arca (of semispsn tail) « « . .« 1.56 sq in. 27.0 8q £t
AS:QSCt Yatio « 4 ¢ ¢ o a4 e 6 o 3.5 3-5
Tapermtio-.---.--:.-. 1:1 1:1
Chord of ©1evator « « + o « « + s » 0.28 in. 1.1 in.
Sweepba-Ck L T R S T L T T Y l‘so h—‘).o
.Fuselage length « ¢« « « » « ¢ o » o » 797 in. 33 £t 2 in.
Maximum fuselage diameter . « . « « « 1,20 in, 60 1in.

Teil length (c.g. to 1/% M.A.C, of
bhorizontal t811) .« + « 4+ o o o « s 4,29 in, - 17 £% 10 in.

ILocation of center of
gravity « « + « ¢« s o« o o« 27 percent MJ,A.C. 27T percent M.A.C.

NATIONAL ADVISORY
COMMITTEE ¥OR AFRONAUTICS
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Semispan airplane model.

Figure 1.-
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Tigure 2,- Semispan ajrplane model mounted above wing of P-51D airplane.
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Figure 3.- Detalls of semispan dirplane model. All dimensions are
in inches.
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Figure 4i= Neasured profile of horizemtal tail with elevator deflected &9,
Mean line shown dashed.
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Figure Be= Variation of Reynolds number of wing R and Reynolds number
of tail BR; wlth Mach number for tests at three ranges of altitude.
Difference between Mach number of wing and tail also shown.
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Figure T.- Veriation with Mach number of 1ift coefficlept end engle of mttack for trim with verious elevator
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Figure 7.~ Conaluded,
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Figure &.—- Tarlation of 1ift coefficient with angle nf mttack for varlour Mach nurbers.
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Figure 9,.= Variation with Mech number of slope of 1ift ocurve end angle
of zero lift,
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Figure 10.~ Variation of angle of atiack for trim with stabilizer setting for various Maoh
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Besults for unswept +el) from refersnce 1 shown for somparison.
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Figure 12,~ Variation of amgle of attack for trim with elevator
deflection for various Mach mmberse. i = 2.7° ,



NACA RM No. L6KZ21

Fig. 12 conc.

s -
N g
A :
= b Y
g:‘ N g s
-4
e My - 0.53. FI M =0.57,
Altitude
-8 (ft)
© 3000
o [8000 to 10,000
o 28000 to2[000
o
]
o
s 0
§ > . &
+ \<->——ﬁ->'-<> >———-<r—f T
8 4
8
e -4 0 4 -8 - o 4
Se , deg Se , deg
(g) My =1.00, (h) Mw=1.05.
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 1

2e= Concluded,



Fig. 13 NACA RM No. L6K21
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Figure 1l3.= Variation of 1lift coeffloient for trim with elevator deflection
for various Maoh numberse Results for unswept tail from reference 1
shown for oomparison.
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Figure 13.= Concluded.
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Figure 14.- Variation of (chtﬂ_q/dit)n , for it = 0.7° +to 3,7°,

with Mach ntmbers M, and My , Results for unswept tail from
reference 1 shown for comparison.
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Figure 16.=~ Veristion with Mach number of stabilizer sngle end
elevator deflection required for trim in level flight at altitude

of 30,000 feet and wing loeding of &0, Lift coeffleient for level
flight also shown, Results for unswept tail from reference 1 shom

for comparison,






