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INVESTIGATION AT HIGH SUBSONIC SPEEDS OF THE STATIC
LONGITUDINAL STABILITY CHARACTERISTICS OF A MODEL
HAVING CROPPED-DELTA AND UNSWEPT WING PLAN
FORMS AND SEVERAL TAYI. CONFIGURATIONS

By Albert G. Few, Jr.
SUMMARY

An investigetion has been made in the Langley high-speed T- by
10-foot tumnel of wvarious tail configurations used in conjunction with
a model naving either an unswept wing or 2 wing of moderate sweep (cropped-
delta wing). The tail configurstions included a horizontal tail at the
tor of the vertical tail for two tsil lengths, a horizontal tail in the
Plane of the wing et a rather long tail length, and some combinstions of
high znd low horizontsel tails (called bitails). The cropped-delta and
unswept wings were of aspect ratio 3, had taper ratios of 0.14% and 0.20,
respectively, and had streamwise section thicknesses of 6 percent and
k percent of the chord. Test Mach numbers ranged from 0.80 to 0.92, with
correspording Reynolds numbers ranging from sbout 4.0 x 106 to 4.2 x 106.

None of the tail arrangerents used with the unswept wing was capable
of producing essentially linear pitching-moment curves for the complete
model. In general, the large increase in stability at the higher 1ift
coefficients, which was contributed by the unswept-wing—body combination,
still was reflected to some degree in the complete-model characteristics.

Reasonably linear pitching-moment characteristics were obtained with
several tail arrangements in conjunction with the cropped-delta-wing
rmodel for which the tail-off charscteristics were quite linezr. A slight
tendency toward pitch-up near maximum 1ift at a Mach nurber of 0.80 with
the high tail and long teil lengthk was alleviated by moving the tsil for-
ward, although with scme associated loss in stabilizer effectiveness.

The bitail arrangements provided the most nearly linesr pitching-moment
curves, but &t some expense in drag.

—————
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INTRODUCTION

Tre tendercy of airplenes with sweptback wings to exhibit longi-
tudinal instapbility (or pitch-up) at high 1ift coefficients has in marny
instances beer allevisted by the use of such devices as wing fences,
chord extensions, or leading-edge Tlaps, or by placing the horizontal
tell in a low position. (See refs. 1 to 5.) The stability character-
istics resulting from these approacihes are not always satisfactory, how-
ever, and it therefore is desirable to investigate other design approaches.

Recent tests at high subsonic speeds (ref. 6) have shown that certain
wing plan forms in conjunction with a T-tailil arrengement exhitit feirly
lirear pltching-morent characteristics through most of the lift-coefficient
range except atv the high angles of atiack as the tail enters and passes
through the wing wake where large variations in downwash and dynamric pres-
sure may exist. For high tails, however, the angle of attack at which
the tail erters the wing wake incresses considerebly with decreases in
tall length and therefore a reduction in tail length mey improve the char-
acteristiecs at high angles of attack.

The main purpose cf the present investigation therefore is to deter-
mire the effect of horizontal-tail length on the static longitudinal
stability cheracteristics of a complete model having a T-tail. The model
was tested with both a crcopped-delta and en unswept wing. In eddition to
the T-tail, tests were also made with a low tail (on wing chord plane)

and a bitall arrangement with both the T-tail and the low tail. The
bitell was tested to determine the degree to which the nonlinear pitching-
moment charecteristics of high and low tails can be combined to create
essentially linesr characteristics. The cropped-delta and unswept wings
hed aspect ratios of 3 and taper ratios of 0.14 and 0.20, respectively.
The section thickness of the cropped-delta wing was 6 percent of the
streamwise chord; wheress, the secticn thickness of the unswept wing was

L percert of the streamwise chord. Test Mach numbers ranged from 0.80 6
to 0.92 with corresponéing Reynolds numbers ranging from about 4.0 x 10

to k.2 x 10° based on tke mean aerodynamic chord of the wings.

COEFFICIENTS AND SYMBOLS

All datae are presented with respect to the stability system of axes
28 shown in figure 1. The pitching-roment coefficients are referred to
the quarier-chord point of tke wing mean aerodynamic chord. Symbols are
defined ss follows:

Lift
asS

Cr, 1ift coefficient,

]
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s

drag coefficient, QESE
Q

Pitching moment

pitching-moment coefficient,

qSc

- . pVve .
dynamic pressure, —— 1b/sq f%

msss density of air, slugs/cu £t

free-stream velocity, fﬁ/sec

Mach number

wing area, sq ft

local chord parallel to plane of symmetry, ft
root chord, £t

tip chora, It

taper ratio
b/2

wing mean aerodynamic chord, S Jf cddy, it
o

vertical-tail mean aerodynemic chord, ft
wing span, ft

spanwise distance from plane of symmetry, ft
angle of attack, deg

horizontal-tail incidence anglie, deg

asvect retio

sweep of half-chord line, deg

R
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Ac/h sweep of quarter-chord line, deg

[ horizontal-tail length, distance from quarter chord of wing
mean aerodynamic chord to quarter chord of horizontal-tail
mean aerodynamric chord, in.

zt,v vertical-tail length, distance from quarter chord of wing mean
aerodynamic chord to quarter chord of verticel-taill mean aero-
dynamic chord, in.

W wing

fuselage
Vi vertical tail, zt,v = 6.89 in.
Hy high horizontal tail, 17, = 10.28 in.
Vo vertical tail, Zt,v = 15.29 in.
Hp high horizontal tail, 14 = 18.68 in.
Hz low horizontal tail, 14 = 20.01 in.

MODEL AND APPARATUS

Details of the test model are given in figure 2 and a photograph of
the model mounted on the sting-type support system is shown as figure 3.
With this sting-support system, the model can be remotely operated through
an angle-of-attack range of about -2° through 24°. Both the cropped-delta
and unswept wing (Ac/g = 0°) were wmsde of aluminum and had an aspect ratio

of 3. The taper ratios were 0.14% and 0.20 for the cropped-delta and
unswept wings, respectively. The cropped-delta wing had NACA 65A006 air-
foll sections parallel to free stream, while the uuaswept wing had NACA
654004 airfoil sections in a strearwise direction. The vertical and
horizontal tails were made of steel covered with filber glass and plastic
and had NACA 65A006 airfoil sections in a streamwise direction. The
rodel could be tested with two vertical-tail lengths and the high hori-
zontal tail (mounted on the vertical tail as a T-tail configuration) set
at either 0° or -3° incidence, while the low tail (on wing chord plane
extended) was fixed at one tail length and O° incidence. The low tail,
in combination with the high tail at either tall length, could be tested
as bitail configurations. The fuselage was of fineness ratio 10.94 and
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was constructed of aluminum. The fuselage geometry, including afterbody
ordinates, is given in figure 4. A six-component electrical strain-gege
balance was mounted internally in the fuselege to measure the forces and
morients presented herein.

TESTS

The sting-supported model was tested in the Langley high-speed T-
by 10-foot tunnel through a Mach nunber range of 0.80 to 0.92, which
corresponds to a Reynolds number range from about 4.0 x 106 to k.2 x 106,
based on the wing mean aerodynemic chord. The angle-of-attack range
varied with losding conditions (the maximum range being from sbout -2°
to 24°). I1ift, drag, and pitching moment were measured by means of an
electrical strain-gage balance mounted internally in the fuselage.

CORRECTTIONS

Jet-boundary corrections to the angle of attack and drag were apvplied
in accordance with reference 7. Blockage corrections were applied to the
date by the method of reference 8, and corrections for the effects of lon-
gitudinal pressure gradient over the model length have been applied to
the drag.

Model support tares have not been applied, except for a fuselage
base-pressure adjustment to the drag. The adjusted drag data represent
e condition of free-stream static pressure st the fuselage base. From
past experience, 1t is felt that the influence of the sting support system
on the model 1ift and pitching morent is very small.

The angle of attack has been corrected for deflection of the sting
support and balance syster under load. No attempt has been made, however,
to correct the dasta for aeroelastic distortion of the model. .

RESULTS AND DISCUSSION
Presentation of Results
An outline glving figure numbers where the basic-aerodynamic dsta

can be found is given as table I for the varlious configurations tested,
and figures related +to analyses of the results are presented as follows:
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Figure

Effect of tail length on the tail contribution to pltching =

moment; iy = 0° . . . . e e e e e . . . e e e e e .27
Effect of various tall arrangements on the tail contribution

to pitching-moment coefficient for the model with a cropped-

delta wing; i1 = 0% . . . . .. . ... ... i e e .. 28
Effect of Mach nunber on the rate of change of pitching-

morent coefficient with 1lift coefficient at zero-1lift

coefficient; iy =0° . . . . . . . . .. L 00000 .. 29
Effect of tail length on the stabilizer effectiveness . . . . . . . 30
Effect of tail location on the drag at zero-1lift coefficlent;

ig = 0 A

All wing-off data, lift, drag, and pitching-moment coefficients
presented herein are based on the cropped-delta wing geometry.

Pitching-Moment Characteristics

General discussion.- Figures 5 and 6 present the effect of horizontal-
tail length on the pitching-moment characteristics of the model with a
cropped-delta wing and high (atop vertical tail) horizontesl-tail posi-
tions. TFor the range of Mach number investigated, a reduction in
horizontal~tail length resulted in somewhat more linear pitching-moment

3

curves; although, as was expected, both the low-1ift stability
C

and the stabilizer effectiveness were reduced. (See figs. 29 and 30.)
A more desirable high-tail configuration from considerations of both
stability and controllability, probably could be obtained wilth a tail
length between the two lengths investigated. The addition of a low
horizontal tail (on the wing chord plane extended) in conjunction with
the high horizontal tail to form a bitall arrangement provided further
improvement in the pitching-moment curve linearity through the 1ift-
coefficient range (figs. 7 and 8). For the most part, the bitail con-
figurations show some increase in stability with increased angle of
attack, especially when the tail length of the high horizontal tail is
reduced. This characteristic (increase in stability with increased angle
of attack) is similar to, but riore moderate than, that noted for the
cropped-delta wing with a low horizontal tail as shown in figure 9(a).
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It is interesting to note that figure 9(a) indicates the horizontal-
tail-off pitching-moment charescteristics for the cropped-delta wing to be
somewhat influenced by the longitudinal pogition of the vertical tail on
the fuselage. With the vertical tail in the forward position, significant
reductions in pitching-moment coefficient for a given angle of attack
over that realized for the vertical tail in the rearward position is noted
at moderate to high angles of attack through the Mach number range inves-
tigated. Simijar trends are noted for the horizontel-talil-off pitching-
moment characteristics for the unswept wing in figures 10 and 12. Results
obtained with both the horizontal and the vertical tails removed, although
not presented herein, were found to be in almost exact agreement with the
results presented for the aft vertical-tell location. The reason for the
rather large effect indicated for the forward vertical tall is not estab-
lished by these tests. It is noted, however, that the forward wvertical
tail overlaps the wing trailing edge by an appreciable distance. It is
possible, therefore, that for this location, the vertical tail induces
positive increments of pressure on the upper surface of the rear portion
of the wing, thus reducing the nose-down tendency. Another possibility
is that the vertical tail may alter the pressure distribution on the
rear part of the fuselage.

Some effects of horizontal-tail length on the pitching-moment char-
acteristics of the model with an unswept wing (Ac/2 = 0°) and high hori-

zontal tail are presented in Tigures 10 and 11l. The stable breaks in

the pitching-moment curves for this wing, which generally occur at sbout
the 1ift coefficient where a reduction in lift-curve slope takes place,
are characteristic of both horizontal-tail lengths investigated through
the Mach nurber range. In genersl, this large increase in stability which
was contributed by the wing-body combination still was reflected to some
degree for all horizontal-tail arrangements (figs. 10 to 13). However,
the unstable breaks noted at a Mach number of 0.80 (fig. 10) and at high
angles of attack, well above the lift-curve breaks noted in figure 18(a),
are somewhat alleviated by the reduction in horizontal-tall lengthn.
Additional improvements in the pitching-moment charascteristics above the
lift-curve break are realized with the bitall configurations as indicated
in figures 12 and 13.

Horizontel-tail contribution to pitehing moment.- To further illus-
trate the effects of tail length on the pitching-moment characteristies,
especially at high angles of attack, the contribution to the pitching
moment by the horizontal tail (Cm%) is presented in figures 27 and 28.

In general, the contribution of the high horizontal tail to pitching
moment (fig. 27) for the model with reduced tail length had a less pro-
nounced decrease at the high angles of attack and a Mach nurber of 0.80
than that for the model with & greater tail length. For the high tail,
then, it would sppeer that the angle of attack of the model at which the
horizontal tail enters the region of increased downwash can increase con-
sideravly with decreases in tail length. Figure 28 presents the contri-
bution to the pitching moment by the low, high, and bitail configurations
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in conjunction with a cropped-delta wing at Mach numbers of 0.80 and 0.92.
In addition, the bitail contribution estimated by adding the contribution
of the high tail to that of the low tail alone is compared with the meas-
ured bitail contribution. Figure 28 indicates that less interference
between tne two tails may exist for the short tail length, particularly

at a Mach number of 0.92. It should be pointed out that the bitail was
formed simply by combining the high and low tails used for the single-
tail configurations. If an actual design of a bitall should be considered,
it is likely that the total tail area would be reduced, and probably the
relative sizes of the high and low tails would be altered.

Pitching moment at zero 1ift.- There existed a positive pitching-
morent Increment at zero 1ift for the high horizontal taill and bitall
arrangements at iy = 0° through the Mach number range investigated for
both wing plan forms as shown in figures 5 to 13. A reduction in teil
length reduced this positive value of pitching-moment coefficient at zero
1ift for the high tail, but for the bitail arrangement a reduction in
the high tail length increased the positive value cf pitching moment at
zero 1lift. The low horizontal tail which was mounted on the wlng chord
line extended of the cropped-~delta wing plan form provided no significant
pitching-moment coefficient at zero 1ift (fig. 9(b)). Wing-off tests
with the high horizontal tail irdicated out-of-trim moments of the same
order of magnitude as that with the wing on, as indicated in figure 1k4.
The veriical-teil profile inducing negeative pressures on the lower sur-
face of the high horizontal tail (atop the vertical tail) could be an
explanation for this phenormenon as has teen pointed out in reference 1.

Aerodynanic center.- Some effects of horizontal-tail length on the
aerodynamic center through the Mach number range investigated for wvarious
configurations are shown in figure 29. For the tail-off and low-tail
configurations only the vertical tail was moved fore and aft, and this
change in vertical-taill location on the fuselage produces some small
changes in aerodynaric center with Mach number.- For the high horizontel
tail and bitail arrangements, the change in aerodynamic center with Mach
number is about the same as that with tail off for the cropped-delta wing
plan form. The change in aerodynamic center with Mach number of the
unswept wing plan form for the high-tail and bitail configurations was
not as great as that with tail off. The reduction in stability due to
decreased horizontal-tail length is about constant through the Mach num-
ber range for all configurations investigated snd the change in tail con-
tribution is about proportional to tail length.

Stabilizer effectiveness.- Figure %0 presents, for a Mach number
of 0.80 and 0.92, some effects of tall length on the stabilizer effec-
tiveness in conjunction with the cropped-delta and unswept wing plan
forxs. A reduction in tail length produces the expected decrease in
stabilizer effectiveness at a constent 1if%t coefficient for both a Mach
number of 0.80 and 0.92. Generally speaking, the reductions in stabilizer
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effectiveness due to decreased tail length were larger at high 1ift coef-
ficients than at low lift coefficients.

Lift and Drag Characteristics

Lift and drag characteristics for the various model configurations
are presented in figures 15 to 20 and figures 21 to 26, respectively.
Lift-curve slopes and drag due to 1ift of the wing-fuselage vertical-
telil configurations for the wings tested herein have been reported in
reference 6 and consequently need no further discussion in this paper.

It should be pointed out that the two stabilizer incidences tested
did not provide sufficient data for an evaluation of the effecits of
horizontel-tail length on the trim-drag characteristics of the model
tested in the investigation; however, a decrease in tail length would
be expected ©to result in increases in the trim-drag as was indicated in
reference 5.

In order to illustrate some effects of tail length on the dreg ot
zero-1ift coefficient, comparisons of various configurstions have been
made for the Mach number range investigated and are presented in fig-
ure 31. In general, a reduction in tail length provides some increases
in drag at zero-lift coefficient as the Mach number increases from
about 0.85 to 0.92 for both wings tested. The drag-rise Mach number is
somewhat lower for the bitail arrangements than for the single-tail
errangements, although, within the speed range investigated the differ-
ence is small when the bitall includes the long tail length of the upper
surface.

CONCLUDING REMARKS

An investigation at high subsonic speeds of the static longitudinal
stability characteristics of a model having both cropped-delta and unswept
wing plan forms and several horizontael-tail locations indicates the fol-
lowing resulis.

None of the taill arrangements with the unswept wing was capable of
producing essentially linear pitching-moment curves for the complete
model. In general, the large increase in stebillty at the higher 1ift
coefficients, which was contributed by the unswept wing-body combination,
still wes reflected to some degree In the complete-model characteristics.

Reasonably linear pitching-moment characteristlics were obtained with

several tail arrangements in conjunction with the cropped-delta wing for
which the tail-off characteristics were quite linear. A slight tendency
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toward pitch-up near maximum 1ift with the high taill and long tail length
was alleviated by moving the tail forward, though with some associlated
loss in stebilizer eiXfectiveness. The bitail arrangements provided the

most nearly linear pitching-moment curves, but at some penalties in drag.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,

Langley Field, Va., September 16, 1955.
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Geometric Charocteristics of Test Model
Cropped delta Horizontal Vertical
wing

tail tail
Area, sqft 220 0337 0603
A 300 4 116
A 0143 0 o4/
ct,in. 257 0 504
o ,in 1800 697 1227
Agyy ,deg 3685 3685 28.0
o NACA NACA NACA
Airfoil section 654006 654006 654006
L 5472
]
30.86 S
- 1394 — 3122 —— 1529 .
% i
1004
0

i 5.00 diameter

(a) Three-view drawing of model with a cropped-delta wing.
<

Figure 2.- Geometric characteristics of the test model. (All dimensions
are in inches. )
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Geometric Characteristics — Con't

Unswept wing

Area , sqft 225
A 3.00
A 0.20
Cy, IN. 346
Cr , Iin. /1732
Y 1253°
NACA

Airfoil section 654004

S/t line
i

. |

/560
[~
EZRAN

]

b * Fuselage
/_ &\ ‘ ﬁg - €
_ cg at 4 (station 31.22)

(b) Unswept wing.

Figure 2.- Continued.
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~— 7, =10.28 H;
L~V
+
; V4
/ ]
\\ Yy - - I - —— r—
/3,669

/o L
cg aty _~_J

—— 72,2200/

&

{c) Forizontal- and vertical-tail locations.

Figure 2,- Concluded.



Figure

3.~ Model mounted on the sting-support system.
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Afterbody Coordinates

% %
0 0456

0320 0445

0639 0427
1187 0390

Straight line
taper

2460 030/

Tigure k.- Tuselage dimensions in inches; fineness ratio, 10.94.

@
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Figure 5.- Variztion of pitching-moment coefficient with angle of attack
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Figure 10.-~ Variation of pitching-moment coefficient with angle of attack
for the model with a high tail and unswept wing.
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