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RESEARCH MEMORANDUM

WIND~TUNNEL INVESTIGATION AT SUBSONIC AND SUPERSONIC SPEEDS
OF A FIGHTER MODEL EMPLOYING A LOW-ASPECT-RATIO UNSWEPT
WING AND A HORIZONTAL TAIL. MOUNTED WELL ABOVE THE
WING PIANE - LONGITUDINAI STABITITY AND CONTROL

By Willard G. Smith
SUMMARY

Experimental results showing the static longitudinal-stability and
-control characteristics of a model of a fighter airplane employing a
low-aspect-ratio unswept wing and an all-movable horizontal itail are pre-~
sented. The investigation wae made over a Mach number range from 0.60
to 0.90 and from 1.35 to 1.90 at a conetant Reynolds number of 2.40 mil-~
lion, based on the wing mean aerodynamic chord.

The pitching moments of the model as influenced by the horizontsl-
tail location are of particular interest. The influence of the vertical-
tail pressure field in inducing a horizontal tail load which gives a
positive pitching moment et zeroc 1ift end of the wing downwash on the
longitudinal stability is discussed and the effect on trim drag noted.
Information pertaining to the effectiveness of the all-movable horizontal
tail as a control surface is slso given.

INTRODUCTION

The characteristics of aircraft configurations capable of supersonic
flight have recelved considerable attention during the past several years.
One of the problems associated with the low-aspect-ratio wings employed
on these high-speed airplanes is the wing-tail interference, especially
in the landing attitude. Investigation of the effects of tail height on
configurations with sweptback or triangular wings (refs. 1 to 8) have
shown that & high tail position produces undesirable longitudinal-stabllity
changes at high angles of attack as the tail passes through the vortex
field from the wing. An airplane configurati icorporating a thin,
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low-aspect-ratio, unswept wing and & high horizontal-tail position has
recently been investigated in the Ames 6- by 6-foot supersonic wind
tunnel. In view of the deficiency of the high tail position on aircraft
with sweptback and trianguler wings and the paucity of informetion con-
cerning the effect of tail position on aircraft with unswept wings, it
was thought—that the date obtained during the present investigation .
concerning the longitudinal-stability characteristics would be of consld-
erable general interest. Thils report presents, therefore, the .
longltudinel-stebility and -control characteristics of this supersonlc
alrplane configuration.

NOTATION

b wing span, in.

c local wilng chord measured parallel to model plene of symmetry, 1n.

b/2 ,
_ o cfay
c wing mean serodynemlic chord, —;7—-————;'in.
2
j; c dy
. drag
Cp drag coefficient, =
R 1ift
Cy, 1lift coefficient, 5

CLS rate of change of 1lift coefficient with horizontal tail deflection_
measured at zero deflection angle, per deg

Cy pitching-moment coefficient, referred to the quarter point of the
pltching moment

mean aerodynemic chord of the wing,

gSc
Gm6 rate of change of piltching-moment coefficlent with horizontal-tail
' deflection measured at zero deflection angle, per deg
aCy
oo rate of change of pitchlng-moment coefficient with 1ift coefficient
L measured at zero 1ift . ... e L L Lo

% lift-dreg ratio
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M free-stream Mach number
q free-stream dynamic pressure, 1b/eq in.

S total wing area measured in the plane of each wing panel and
including the area formed by extending the leading and
trailing edges to the model plane of symmetiry, sq in.

¥ spanwise distance from plane of symmetry, in.
o angle of attack of fuselage longitudinel axis, deg

5 angle of deflection of horizontal tail measured with respect
to the fuselage reference axis, deg

€ downwash angle, deg
APPARATUS

The Ames 6~ by 6-foot supersonic wind tunnel is a wvarisble-pressure
wind tunnel in which Mach number can be changed continuously from 0.60
to 0.90 and from 1.20 to 1.90. Further information pertsining to this
wind tunnel and characteristics of the air stream are given in reference 9.
In the wind tunnel, models are mounted on & sting support system in which
the plane of motion is horizontel in order to utilize the most favorable
stream conditions in the test section. During the present investlgation,
a 2.5-inch, six-component, strain-geage balance mounted in the fuselage of
the model was used to measure the aserodynamic forces and moments.

As shown In the photograph of figure 1 and the sketch of figure 2,
the model used in the present investigation consisted of a wing, fuselage,
end tail. The wing was attached to the model 80 gs to permit the dihedral
angle to be changed. For the major portion of the investigation the
dihedrel angle was -5°. An angle of -10° was also used for & small portion
of the investigation. The fuselage was basically a body of revolutlion to
which were added & csnopy and .fairings at the wing roots to simlate the
protuberances assoclated with the side inlets. The teil assembly shown
in figures 1 and 2 was ‘used during the major portion of the investigation
and, for brevity, will be referred to as the "standard tail.” The hori-
zontal surface of the standard tail could be mounted at several different
deflection angles in order to measure the effectiveness of the surface.
Two other tail agsemblies were also investigated and their shapes are
compared with the standard teil assembly in figure 3. The horizontal
surface was the same for all taill assemblies. During the investigations
of the low-tail configuration only, the dihedrsl of the wing was -10°.
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The wing and tail assemblies were machined from solid steel. The
fuselage was machined from aluminum. ek o R
Dimensions of the model are given in figure 2. Other pertinent
geometric characteristics of the model are presented in the follow1ng
table: - -

Wing . o
Section « « ¢« ¢« « + v« . . elliptical forward of 50-percent chord

and blconvex aft

Thickness, percent . « « « ¢« 4 o o o &+ o o & o « % o o o . 3.k
Ared, Bq 1. « o + ¢ v o o 4 o o o s s e e e e e e .. 20246
Aspect ratlio . . . 4 f v d b i e e e s e e e e e e e e e 2.5
Taper ratio . . . e e e 4 4 s e e e e e e e e e e e 0.385

Sweep of leading edge Y A A

Horizontsal taill
Section . « ¢« &« ¢« ¢« « . « . e€lliptical forward of 50-percent chord
snd bilconvex aft

Root thickness, percent . . . « ¢ ¢ ¢ ¢ ¢ ¢« ¢ ¢ ¢ 4 ¢ o 4 . 5

Tip thickness, percent s 4 o s s s,8 8 s = s e & @ e« o & o 3

Ares, 8 IN. .« ¢ ¢ ¢ ¢ &+ ¢ 4 4 i s e e e s e e e . s «-. k49,80 .
Aspect r8EI0 ¢ . . . 4 v e i e e e e e e e e e e e e . e . 2.88 '
Taper ratio . . ' e e e s e e e e e e e e e e . 0.326 T
Distance from &/k of wing to /% of tail, in. . . . . . . . 17.22 .

REDUCTION OF DATA

The forces and moments meassured by the strain-gege balance have been N
resolved into standard NACA coefficlent form o8 defined in the Notation, R
section presented herein. The forces and moments are presented with
respect to the wind axes with the origin on the fuselage center line at
the lateral projection of the guerter point of the mean aerodynemic chord
of the wing. Certain corrections have been made to the data to account
for differences known to exist hetween measurements made in a wind tunnel
and in free air. These corrections account for the following factors:

l. The longitudinal force on the model resulting from a static-
pressure gradient in the test section as determlned from a
tunnel~empty calibration

2. The Increase in airgpeed in the vicinity of the model at subsonic
speeds resulting from constriction effects of the tunnel walls

3. The change in angle of atitack in the vicinity of the model Induced
by the tunnel walls at subsonic speeds as a result of the 1lift
on the model . -
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In addition to the aforementlioned corrections, the drag data were
also adjusted to correspond to conditions in which the pressure at the
base of the model would be free-stream static pressure. This adjustment
partially accounts for the effects of sting interference. No further
corrections were made for the effects of sting interference. Tests were
made using a sting with & constant diameter, extending approximately four
diameters aft of the model base, to evaluate the influence of the tapered
sting used for this Investigation on the aerodynamic characteristics of
the model, Results of these tests on the model with the low horizontal-
tail position indicate that the tepered sting, at subsonic speeds, produced
a reduction in measured drag of about 0.0010 and a negative shift in the
pitching-moment curve equivalent to one-third of a degree horizontal-tail
deflection. However, the slopes of the pitching-moment curves and the
control effectiveness were esasentially unaffected by the Influence of the
sting. At supersonic speeds the sting iInfluence was negligible.

RESULTS AND DISCUSSION

The results of the present investigation revealed several interesting
phenomens, concerning the pitchlng-moment coefficient at zero 1lift and the
longitudinal-stability characteristics of the model. These effects are
believed to be assoclated with the high position of the horizontal teil on
the model and will be dilscussed in some detail in the filrst portion of
this section of the report. Following this discussion, the control charac-~
teristics will be presented, including the control effectiveness and the
drag coefficient of the complete model for a condition of balance.

The Pitching Moment at Zero Lift

The results in figure L4 and, in particular, figure 5, show that
throughout the Mach number range of this investigation, the pitching-moment
coefficient at zero 1lift for the model either without the horizontal tail
or with any of the horizontal tails at zero deflection was positive. If
the influence of the tapered sting had been considered, the value of
pltching-moment coefficient for the model with any of the horizontal tails
would have been more positive. F¥or the model without a horizontal tail,
the positive value of pitching moment was small and was probably caused
by the asymmetrical drag forces of the canopy and vertical tail. More
significant, however, was the large positive value of pifching moment
contributed by any of the horizontal talls at zero deflection, particularly
at moderate supersonic speeds (see fig. 5). The lift characteristics of
the model (fig. 4) show that the positive increment of pitching-moment
coefficient attributable to the horizontal tail was produced by & negative
1ift on the horizontal itail. The negative 1ift 1Is believed to be caused
by the pressure field induced by the profile of the vertical tail reducing

. ‘
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the pressure on the lower surface of the horizontal tail only, since this
surface is located at the tip of the vertical tall. To verify this reason-
ing, & calculation was made for a Mach number of 1,35 wherein it was
aspumed that the pressure distribution at the surface of the vertical tall
{measured experimentally for a similar section) wes projected laterally
along Mach lines; this pressure fleld could be superimposed on the pressure
distribution of that portion of the lower surface of the horizontael tail
lying within the Mach lines from the leading and trailing edges of the
vertlcal tail. These calculated resulte accounted for approximately Q0
percent of the pitching-moment coefficient at zero 1lift. Also in agree-~
ment with this reasoning are the effects of horizontal-tail position and
increase in Mach number on the pitching-moment coefficient at zero 1ift,
a8 determined experimentally during the present investigation. The results
of figure 5 show that a forward movement of the horizontal teil or an
increase in supersonlc Mach number reduced the pltching-moment coefficient
at zero lift. Both effects can be accounted for by the fact that the
portion of the lower surface of the horizontal tail lying within the Mach
lines from the lesding and trailing edges of the vertical tail was reduced.

Longitudinsl Stability

The pitching-moment characteristics at 1ift coefficient in the sub-
sonic speed range show that the stability of the model either with or
without a horizontal tail wes considerably greater at 1ift coefficients
above 0.50 than at lower 1ift coefficients. The change of stabllity with
1ift coefficient was most pronounced for the model without a horizontal
tail at a Mach number of 0.80; for all subsonic Mach numbers the effect
was less for the model with than without the horizontal tdils. The latter
characteristic was due to & reduction in the stability contribution of
the horizontal tail at higher 1ift coefficients casused by an increase in
the rate of change of’ downwash angle with angle of attack The effective__
downwash angle, as determined from the model with the standard tail at
several deflection angles, is shown in figure 6. The data for subsonic
speeds indicate that the value of _d€/da at anglee of attack ebove 8°
was twice as great as that at 0°. Thue, in & msnner similar to that for
triangular and sweptback wings, the stability contribution of the high
horizontal tail decreased considerably with increasing angle of attack as__
the tail passed through the vortex field from the wing. In the present
case, these effects were favorable in that they reduced the excessive
stability changes with increasing 1ift coefficient shown by the model

without & horizontal taill.

Turther effects of the wing on the horizontal-tail load are indicated
by the stability characteristics of the model at Mach numbers of 1.45 and
above. At a supersonic Mach number of 1.35, the longltudinasl stability
of the model with any of the three horizcntal talls was essentially con-
stant throughout the 1ift-coefficlent range of the tests. With increase
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in Mach number above 1.35 for the model with the forward-tail configura-
tion and above 1.60 for the model with either the standard- or low-tail
configuration, the stability near zerc 1ift reduced (see fig. T7); whereas
that at the high 1ift coefficients remeined approximately the same as at
the lower supersonic Mach number. Furthermore, the lift-coefficlent range
for reduced stability increased with Mach number. The phenomenon was most
pronounced for the forward-tail configuration and was sufficiently effec-
tive, so that the slope of the pltching-moment curve (fig. L&) at a Mach
number of 1,90 was almost identical to the slopes in the subsonic range

of the investigation up to a 1lift coefficient of approximately 0.60. This
reduction in the "stability contributlon of the horizontal tail at high
supersonic Mach numbers and low 1llft coefficients wes due to an inerease
in the galue of de/da, as shown for the standard-tail configuration in
figure 6.

The increase in the parameter defda at low 1ift coefficients can
be explained by the fact that with increasing Mach number, the inclinstion
of the shock wave at the wing trailing edge increased so thet, eventually,
the horizontal tail was shead of the shock wave. The stream angle shead
of the shock wave was nearly equal to the angle of attack of the wilng.
Thus, as Mach number increased, the shock wave passed by the horizontal
tail and the rate of chaenge of effective downwash at the horizontal tail
with angle of attack increased. With increasing angle of attack at a
constant Mach number, the horizontal tail moved below the shock wave and
into a flow field where de/@m was smell. It is evident from this
description of the cause of the phenomenon &t supersonic speeds why the
reduced stability region for the forward-tail configuration was observed
at a lower Mach number and why it extended over a wlder range of 1ift
coefficlients than for elther the standerd- of low-tail confligurations.

It also can be seen that the range of 1ift coefficients for reduced sta-
bility will increase with Mach number.

The results of figure U4 also show that the model with any of the tail
configurations and having the center of gravity at the quarter point of
the wing mean aerodynamic chord wes stable throughout the range of the
investigation. Excluding the lift-coefficient range near the stell, =
minimum static margin of 5 percent was obtained at the subsonic Mach num-
bers between 1ift coefficients of approximately 0.2 and 0O.h.

Iongitudinal Control

The longitudinal-control characteristics were determined during the
present investigation for the standard-tail configuration only. Further-
more, at Mach numbers of 0.60 and 1.80, deta were obtained at a horizontal-
tail deflection of O° only; wheress at the remaining Mach numbers, data
were also obtained at deflections of *4° and -8°., The results of figure L
show that throughout the lift-coefficient range of the investigation, the
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1ift and pitching-moment effectiveness of the horizontal tall remained
egsentially constant at all the test Mach numbers except Mach number 1.90,
where the control effectiveness decreased slightly with increasing angle
of attack. This decrease is probably the result of a dynamic pressure
loas at the horizontal tall as 1t moves down through the shock wave from
the wing trailing edge with lncreasing angle of attack. The results of
figure 8, showing the effectiveness parameters CL8 and Cm6 are, there-

fore, applicable throughout the lift-coefficient range, except at a Mach
number of 1.90, Also shown in figure 8 are estimates of the effectiveness
parameters_using the methods of reference 10 for subsonie Mach numbers

and those of reference 11 for supersonlic Mach numbers. The estimated
results show the same general trends as the experimental results, although
differing in value by as much as 12 percent.

The 11ft coefficlent, drag coefficient, and tail deflections for
balance are shown 1n figure 9. The aforementioned increase in stability
above a 11ft coefficient of 0.50 in the subsonlce speed range ls reflected
in these date by an increase in the rate of change of deflection angle
with 11ft coefficlent. The influence of the wing on the tall at low 1lift
coefficients at a Mach number of 1.90 and the effect of the vertical-tall
pressure field on the horizontal-taill load are evident in the deflection
angle of the mll-moveble horizontal tail required for balance. A compari-
son of the trim drag with the drag for the model without a horizontal tail
(fig. 4) shows that in the balanced condition at supersonic speeds, the
‘drag attributable to the horizontal tail between 1lift coefficients of 0.2
and 0.4 is less than 12 percent of the total drag. The small penalty of
drag for trim is a result of the favorable influence of the vertical taill
‘on the horizontal tail which reduces the control deflections required for -

trim.
CONCLUDING RFMARKS

A study of the results of the investigation shows:

1. The itrim drag of the model 18 reduced by the favorable influence
of the flow field due to thickness of the vertical taill on the pitching
moment at zero 1ift. . . -

2. No serious adverse effects of the wing flow field on the pitch-
ing moment_due to the horizontal tail were noted.: The 1nf1uence on air- L

of the wing on the horizontal tail is not known, however.

Ames Aeronsutical Laboratory
National Advisory Committee for Aeronautics ' o

Moffett Field, Calif., Apr. 5| 1954
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Figure 1.- Photograph of the model in the ftumnnel.

¥ WH VDOVH

-
=

GOt




2250

s

Pivolal axis
2587 7 T =959
/
/ Moment cerfer 1200
— (’_ c — — -
\\ 25%F )
2341 - A
ez 2044+ b
Wing area = 20246 +-6.26~
Aspect ratio = 250
Horizantal tail area = 49.80 500+
Horizontal tail length = L795 & e——3.00—™
1722 ={ )

All dimensions shown i inches
unless otherwise nofed

—

e

I+

4539

Figure 2.~ Dimensional sketch of the model.
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Figure 3.- Comparison of the three tail configurations.
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Figure 9.- Relationship of angle of attack, control deflection angle, and drag coefficient to
1ift coefficient for the model longitudinally balanced with the standard tail.
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T :g. Figure G.- Conecluded.
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