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RESEARCH MEMORANDUM

COMBINED EFFECTS OF WING TAPER RATIO AND LOW
HORIZONTAIL~TAIL POSITION ON LONGITUDINAL
STABILITY OF A 45° SWEPTBACK WING-BODY
COMBINATION AT TRANSONIC SPEEDS

By Stanley H. Spooner
SUMMARY

The combined effects of wing taper ratio and low horizontal-tail
position on the static longitudinal stability of a 450 sweptback wing-
body combination with an aspect ratio of approximately 4 have been inves-
tigated for a range of Mach numbers from 0.8 to 1.2 in the Langley 8-foot
transonic pressure tunnel.

The initial destabilizing tendency exhibited by the wing-fuselage
combination is reduced as the wing taper ratio is decreased from O.31
to 0. The addition of a horizontal tail in a low position does not
eliminate this destabilizing tendency. Although the horizontal tail
contributes to the stability at all Mach numbers and angles of attack
investigated, the amount of the horizontal-tail contribution decreases
as the wing taper ratio is decreased. Large stability changes with Mach
number occur for all configurations.

INTRODUCTION

It is advantageous from a standpoint of drag due to 1lift for wings
to have high aspect ratios. Some sweptback wings with high aspect ratios,
howvever, have exhibited undesirable pitch~up tendencies. Previous inves-
tigations have shown that by reducing the taper ratio of such wings, the
pitch-up tendencies can be reduced and, in some cases, eliminated. Fur-
thermore, it has been found that a horizontal tail mounted below the
extended wing chord plane can-also alleviate the pitch-up problem. The
separate effects of taper ratio and low tail position on some sweptback
wings have been reported for the low subsonic speed range (ref. 1) and
to some extent, for the high subsonic speed range. (See refs. 2 and 3.)
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The investigation reported herein shows the combined effects of

taper ratio and low tail position on the static longitudinal stability
of a series of wings having 45° sweepback and aspect ratio of approxi-
The 1ift and pitching-moment characteristics are presented
for an angle-of-attack range of approximately -2° to 20° and a Mach num-
ber range of 0.8 to 1.2.

mately L.

SYMBOLS

Lift
aSy

1ift coefficient,
pitching-moment coefficient, about 0.25Cy,

free-stream dynamic pressure, lb/sq ft

area, sq It
_ 5 b/2
mean aerodynamic chord, gk/p czdy, £t
0]

local chord, ft

wing span, £t

spanwise distance from plane of symmetry, ft

Pitching moment

aSwey

chordwise distance from leading edge of mean aerodynamic chord

to neutral point, positive rearward, ft
taper ratio
free-stream Mach number

angle of attack, deg

angle of incidence of horizontal tail with respect to the

wing chord, deg

tail volume coefficient,

2
2|
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1 distance from 0.25Cy to 0.25¢, £t

Z perpendicular distance between wing and tail chord planes,
measured with iy = O°

de /A, rate of change of downwash angle at horizontal tail with
angle of attack

Ct, lift-curve slope of horizontal tail
Lt

CmCL static-longitudinal ~-stability parameter

Cmi rate.of'chgnge of pitching-moment coefficlent with horizontal-
t tail incidence

Cmt pitching-moment coefficient contributed by horizontal tail

T tail stability parameter

Subscripts:

W wing

t tail

e effective

MODELS

The principal dimensions of the models are shown in figure 1. The
geometry of the models is shown in table I. The wings had a quarter-
chord sweepback angle of 45°, NACA 65A006 airfoil sections, and an aspect
ratio of approximately 4. The only differences in the wings were the
taper ratios which were O, 0.16, and 0.3l. The wings were mounted in a
midwing position on the body.

The horizontal tail had the same aspect ratio, sweepback, and air-
foil sections as the wings but had a taper ratio of 0.6. The tail area
was about 25 percent of that for the wings. The tail-length ratios Z/Ew
of the three wing configurations were not the same because of the dif-
ferent mean-aerodynamic-chord lengths. The horizontal tail was mounted
0.054 wing semispan below the extended wing chord plane for each wing-
body configuration.
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The bodies were Iindented in the region of the wing and had a fine-
ness ratio of approximately 11.5. The wing with a taper ratio of 0.31
was of solid aluminum alloy; the wings with taper ratios of O and 0.16,
as well as the horizontal tail and the body structure, were of steel.
The external surfaces of the bodies were constructed of fiber glass and
plastic.

APPARATUS AND TESTS

The tests were conducted in the Langley 8-foot transonic pressure
tunnel. The forces and moments were measured simultaneocusly by means
of an electrical strain-gage balance mounted within the models. The
angle of attack was measured by means of an electrical strain-gage pen-
dulum device also mounted within the models.

A1l tests were made with the air in the tunnel at a stagnation
pressure of one atmosphere and a stagnation temperature of about 124° F.
The Mach number range extended from 0.8 to 1.2. The variation of Reynolds
number, based on Cy, with Mach number is shown in figure 2. The angle-
of -attack range extended from a small negative angle to the maximum angle
allowed by the balance load limits and the tunnel power.

A tail-off and a tail~on test run at each of two tail incidences
(0%, -4°) were made through the angle-of-attack and the Mach number range
for each wing-body combination.

REDUCTION OF DATA

All data have been reduced to standard nondimensional coefficients.
Jet-boundary and blockage corrections are negligible and have not been
applied to the data. At the Mach numbers for which the data are pre-
sented, the effects of the boundary-reflected disturbances are also
negligible. Although the effects of the aerocelastic properties of the
models were not determined, it is believed that, if an account were made
for these effects, the trends indicated herein would be substantially

the same.

The effective downwash angle and the dynamic-pressure ratio are
calculated from the experimental pitching-moment data. In the computa-
tion of the effective dynamic-pressure ratio, the following equation
was used:

S S
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Cmit

(/2), = - 5% ™

in which the values of CLut were determined from the data presented

in reference 4 and shown in figure 3 for a wing of similar geometry as
the horizontal tail but mounted in a midwing position on a body of cir-
cular cross section. The effect of the fuselage on the tail efficiency,
therefore, is included in Clut and is assumed to be the same for the

lower tail position on the fuselage used in the tests reported herein.

The combined effects of downwash angle and dynamic pressure on the
stabilizing contributlion of the horizontal tail are defined by the tail
stability parameter 1. The values presented herein were computed
according to the equation given in reference 5:

a
1 (2

T = -

o ClutVf
In the determination of (Be/Ba)e, (qt/q> , and T, the assumption
e
is made that the tail 1ift curve is linear. As shown in referenge L,
the 1ift curves are essentially linear up to an angle of about 8 . The
values of (ae/aa)e, (qt/q)e, and T, therefore, are not presented
herein for those conditions at which the angle of attack of the tail is
calculated to exceed 8°.

ACCURACY

The average free-stream Mach number is estimated to be accurate
within ¥0.003. The estimated accuracy of the angle of attack and the
coefficients based on previous tests, is as follows:

d:, deg . . . Ll . . - 3 . e e . . L) . . . . L] . . . - v . . » L to-l

L+ vt f e et e e e e et e e e e e e e e .. 3002

Com + « o = o o o o o o o « o e« « o o o o 4 e s s e e s w e . . TO.00L
]
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RESULTS AND DISCUSSION

The 1lift and pitching-moment characteristics of the wing-fuselage
combinations without the horizontsal tail are shown in figures 4 to 6.
The tail-on characteristics are shown in figures 7 to 10 for tail inci-
dences of -4° and 0°. The variation of the flow parameters (de/da)e

and (qt/q>e and the tail stability parameter T with angle of attack
and with Mach number is shown in figures 11 and 12, respectively.

Tail-Off Pitch Characteristics

The wing-body combination with taper ratio of 0.31 shows pitching-
moment characteristics similar to those obtained previously with wings
having similar sweepback and aspect ratio. Namely, the stability param-

eter CmC , as shown in figure 5, has a constant value or becomes slightly
L .

more negative as the 1ift coefficient increases through the low 1lift
range. A destabilizing tendency then occurs, followed by an abrupt
pitch~-down tendency.

As the taper ratio decreases from 0.3l to O, the magnitude of the
destabilizing tendency becomes smaller but occurs initially at a lower
1ift coefficient. These effects have been noted previously in refer-
ence 2, for example, for 459 sweptback wings having taper ratios of 0.30,
0.60, and 1.00.

The variation of the stabllity parameter CmCL with Mach number

for several 1ift coefficients is shown in figure 6. In general, the
overall trend at all 1lift coefficients is for a change in CmC with
L

increase in Mach number corresponding to & rearward movement of the aero-
dynemic center. The variation of CmC with Mach number is slightly
L

erratic at low lift coefficients and much more so at the higher 1lift

coefficients for Mach numbers between 0.90 and 1.00. For example, at

a 1ift coefficient of 0.6, the change in the value of CmC for the wing
L

with taper ratio of 0.3l between Mach numbers of 0.94 and 0.98 corresponds
to a rearward movement of the aerodynamic-center location of 235 percent

of the mean aerodynamic chord. Reduction of the wing taper ratio from 0,31
to O reduces the change in CmCL with Mach number but does not eliminate

it.

Ry
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Tail-On Pitch Characteristics

The static longitudinal stability of the wing-body combinations
with the horizontal tail mounted 0.05hb/2 below the extended wing chord
plane is illustrated in terms of neutral-point location in figures 9
and 10. The variation of the neutral-point location wilth 1ift coeffi-
cient or Mach number is similar to the variation of the stability param-
eter CmCL obtained with the tail-off configurations shown in figures 5

and 6. The initial destabilizing tendency which occurs at moderate 1ift
coefficients 1s not eliminsted by the addition of the horizontal tail.
At higher 1ift coefficients, stability changes with 1ift coefficient
occur which correspond to rearward shifts of the neutral point exceeding
50 percent of the mean aerodynamic chord. Stability changes with Mach
nunber occur at high 1ift coefficients which correspond to movements of
the neutral point exceeding 25 percent of the mean aerodynamic chord.

A somewhat lower taill position or the incorporation of negative
dihedral in the tail might eliminate completely the unstable tendency
of the wing-body combinations. The advantage of using negative dihedral
or a low tall position, on the basis of tests made at low subsonic speeds,
is reported in reference 1. The favorable effects at higher speeds of
low tail position are reported in reference 3.

Effective Flow Characteristics Over Horizontal Tail

Variation with angle of attack.- The variation of the longitudinal
stability parameters (Be/aa)e and (gt/d) with angle of attack is
e

shown in figure 11. In the low angle-of-attack range, the values of
(% /da), and (qt/q)e remain nearly constant. At high angles of attack

for almost all Mach numbers, a rapid decrease in the values of (9e/da),
occurs.

Above the angle of attack corresponding to that st which the ini-
tial instability occurs, the value of (qt/q) increases rapidly with
e

increasing angle up to the angle at which the asbrupt pitch-down tendency
is reached. Above this angle, (qt/q) rapidly decreases.
e

Reduction of the taper ratio fram 0.31 to O results in an increase
in the values of (Jd¢/da), .at most angles of attack. As has been men-

tioned, a reduction in taper ratio resulted in a reduction of the tail-
length ratio Z/cw. It is believed that the effect of the change in
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tail-length ratio is not significant and that the changes in (de/da)q
can be attributed to the changes in the wing taper ratios.

The combined effects of downwash angle and dynamic pressure on the
stabilizing contribution of the tail are shown in figure 11 by the param-
eter 1T. As indicated by the negative values of the parameter <, the
tail contributes to the stability throughout the angle~of -attack range
investigated. At low angles of attack, 7T remains essentially constant
for the wing with taper ratio of O and varies somewhat for the other
wing configurations. At about 10° to 12° and for all configurations,
the tall contribution rapidly increases with increase in angle of attack.
At the higher Mach numbers, the stability contribution by the horizontal
tail varies erratically with angle of attack in a manner similar to that
obtained for the variation of (Be/aa)e with angle of attack. In gen-

eral, the contribution of the tail to the stability, as indicated by
the parameter <, decreases as the wing taper ratio decreases.

Varistion with Mach number.- The variation of (Je/da), and (qt /q)
e

with Mach number is shown in figure 12. At the lower 1ift coefficients,
(Be/Ba)e generally increases to a maximum value between Mach numbers

of 0.94% and 0.98 and then decreases with increase in Mach number. The
minimum value of (qt/q) oceurs between Mach numbers of 0.90 to 0.94.
e

The variation with Mach number of the combined effects is also shown in
figure 12. The tail contribution to the stability generally decreases
with increase in Mach number and reaches a minimum value between Mach
numbers of 0.90 and 0.98. From these Mach numbers to a Mach number

of 1.03, the parameter =t rapidly becomes more negative. For a Mach
number of 1.2, the contribution of the tail becomes greater with increase
in Mach number for low 1lift coefficients and remains about constant or
decreases at higher 1ift coefficients.

In general, for the Mach number range investigated, the flow is
such that the horizontal tail contributes least to the stability of the
taper ratio 0 wing-body combination and most to the taper ratio 0.31
wing-body combination.

CONCLUSIONS

From the results of wind-tunnel tests in the Langley 8-foot tran-
sonic pressure tunnel of the combined effects of taper ratio and low
horizontal-tail position on the static longitudinal stability of a
450 sweptback wing-body combination with an aspect ratio of approxi-
mately 4, the following conclusions may be drawn:
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1. The initial destabilizing tendency exhibited by the wing-
fuselage combinations is reduced, but not eliminated, as the wing taper
ratio is decreased from 0.31 to O. The addition of the horizontal tail
does not eliminate the initial destabilizing tendency.

2. The flow characteristics at the horizontal tall are such that
the contribution of the tail to the stability decreases as the wing
taper ratio decreases from 0.31 to O. The horizontal tsail, however,
contributes to the stability at all Mach numbers and angles of attack.

3. Stability changes with Mach number which correspond to shifts
of the neutral point exceeding 25 percent of the mean gerodynamic chord
occur for all configurations.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., August 8, 1956.
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TABLE I.- SUMMARY OF GEOMETRIC CHARACTERISTICS OF WINGS AND TATL

Wings Tail
Taper Tabio v o o « o o o o o o o o » 0 0.16 0.31 0.60
Aspect Tatio . 4 v 4 v e 4 e e e e 4,00 3.94 3.90 4,00
Area, 8Q IN. v ¢ 4 4 4 0 e 0 4 0. 129.384 131.278 132,667 32.832
)01 v WA 1 < W 22,750 22.750 22,750 11.460
Mean aerodynamic chord, in. 7.583 6,790 6.368 2.921
Sweepback, 88 + « « 4 ¢ 4 0 o . . . 45 45 45 L5
AITfoil section « o o o v o v o o o & NACA 65A006 | NACA 65A006 | NACA 65A006 | NACA 65A006
N R I I 0.254 0.250 0.248
z/aw . e e e e . 1.808 2.018 2,153
Vi S 0.459 0.504 0,534
] L C e e -0.05k -0.05k -0.05k4
Body fineness ratio « v v ¢« « o & . 11.3 11.4 11.7

HZHIGT W VOVN
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W T4
Max.diam 3.12 ~ f 1371 »
1500 I
- ——r—— —1h _\| — ¥
\ — .GI—J_
J. |
35.30

(a) A =o0.

Figure l.- Principal dimensions of models. (All linear dimensions in
inches.)
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.38

573—

i 57}k

Max.diam 3,10 —
1500

R % 2
Q
o
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3
N

35.30 1

(b) A = 0.16.

Figure l.- Continued.
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cw/4 61/4
Max.diam 3.02 ~ [ 1371 )
1500 }
. P ——— R — R
—==1
l 6l
15.75 4
3530 !

(c) A = 0.31.

Figure 1l.- Concluded.
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Mach number, M

Figure 2.- Variation of Reynolds number, based on &, with Mach number.
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Figure 6.- Variation of the stability parameter CmC with Mach number
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for the wing-body combinations.
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