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A HORIZONTAL-TATI. ARRANGEMENT FOR COUNTERACTING STATIC
IONGITUDINAL INSTABILITY OF SWEPTBACK WINGS

By George G. Edwards and Howard F. Savage

SUMMARY

An exploratory investigation has been made of the effectiveness of
outboard horizontal taills in reducing the static longitudinal stability
changes with 1lift coefficient associated with many sweptback wings. The
horizontal-tail surfaces were mounted on booms extending rearward from
approximately the mid-semispan of the wing. The objJective was to place
the horizontal tail in a region where favoreble downwash changes occur
concomitant with the adverse 1ift changes on the sweptback wing which
cause losses in astatic longitudinal stability.

Tests were conducted on a semispan model wing and fuselage which,
in a previous investigation, had been tested in combination with a con—
ventional sweptback horizontal tail. TIn the present tests, outboard
horizontal tails of several sizes were supported on booms from the wing
in several longitudinal, vertical, and lateral positlons., The wing had
45° sweepback and an aspect ratio of 6. Iift, drag, and piliching-moment
data were measured through a Mach number range from 0.25 to 0.92 at a
Reynolds number of 2,000,000 and at a Mach number of 0.25 at a Reynolds
mumber of 8,000,000,

The results of the investigation indlcate that outboard horizontal
talls, properly positioned, can be & very effective means of counteractling
the trend toward longitudinal instability which is characteristic of many
sweptback wings at moderate to high 1lift coefficients, For one configu-
ration tested, undesirable wvariations in longitudinal stability with 1ift
coefficient were essentially eliminated, The results show that the effec-
tiveness of this tail arrangement 1s, as expected, due to large and favor-
gble downwash changes which increase the tall contribution to static lon-
gitudinal stabllity at the higher 1ift coefficients.

The test results indicete that properly positioned wing fences can
be used to broaden the range of tall positlons which produce accepiahble
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static longitudinal stabllity characteristics. The outboard talls were
effective in reducing adverse changes 1n longitudinal stebility of the
configuration with an extended split flap.

INTRODUCTION

The achlevement of satisfactory static longitudinel steblility char=-
acteristica continues to be a major problem In the design of alrplanes
with sweptback wings, particularly when the wing has a moderate to high
aspect ratio and sweepback of 45C or higher., Many of these wings develop
static longitudinsl instebility at 1ift coefficients less than the maximum
even with fixes such as fences, vortex generators, or leading-edge dis-
continuities (see, e.g8., refs, 1 and 2). TFor these cases, good static
longitudinal stability characteristice with tall on require a compensating
increese in the stability contributlion of the horizontal tail to offset
the loss of longitudinal stability of the wing with increasing 1ift coef-
ficient. The conventional fuselage-mounted tall is 1n a poor positlon to
accomplish this since the required downwash changes do not occur behind
the root sections of the sweptback wing (these sections are the last to
suffer a reduction in lift-curve slope because of effective boundary-layer
control resulting from spenwise drainage of boundary-lsyer alr). On the
other hand, favorsble downwash changes may be expected bebhind the outer
sections of the sweptback wing as a result of the decreases in lift-curve
slope of these sections, which are, in fact, the usual cause of the deteri-
orating longitudinal stabllity of the wing (e.g., see ref. 3). A hori-
zontal tall located well outboard of the fuselage should functlon to off-
get decreasing longitudinel stability of the wing through & decrease in
the rate of change of downwash with angle of attack.

The adirplane confliguration resultlng from the above considerations
has the horlzontal-tail surfaces mounted on booma extending rearward from
approximately the mid-semispan of the wing. To the designer, this arrange-
ment poses rigorous structural problems and perhaps a penalty in wing
weight to lnsure adequate rigidity. However, the oulboard tail arrange-
went offers a number of interesting design possibilities which seemed to
meke it worthy of consideration. For example, 1f vertical-~ as well as
horizontal-tall surfaces were mounted on tall booms, the requirements for
fuselage length and usage would be liberalized. This might also improve
the dlrectional characteristics at high angles of attack in cases where
the effectliveness of the fuselage-mounted vertical surface 1s adversely
affected by shed vortlcity from the fuselage. The talil booms could pro-=
vide valuable storage volume, at least In the forward portion, for such
ltems &ss landing gear, fuel, or armament, and the accompanying increase
in moment of inertia about the longitudinal axis would in some cases help
to alleviate the critical yaw-roll coupling that might be encountered at
high rates of roll due to low moments of inertia about the longitudinal
axls, For some applications the booms might be arranged to lmprove the
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longitudinal distribution of cross-sectional area and the moment of area
for decreased drag at sonic and supersonic speeds. Conslderation might
also be given to the possibility of differentially controlling the
horizontal-taill surfaces to provide lateral control even when the outer
wing sections are stalled (ailevators). For some applications, the
horizontal-tail surfaces may be needed only for improving longitudinal
stebility during teke~off and landing; perhaps they could be rotated into
the vertical plane to improve dlrectional stability at high speeds. These
examples illustrate that moving the tail surfaces from the fuselage to an
outboard position extends the range of deslgn possibilities,

An exploratory investigation has been conducted in the Ames 12-foot
pressure wind tunnel to study some of the serodynamic possibllities of
outboard horizontal-tail surfaces, particularly in regard to their effec-
tiveness in preventing static longitudinal instability of a sweptback wing-
fuselage~tail confliguration. Existing model parts, including = semispan
model wing having 45° sweepback and an aspect ratio of 6, were utilized
to form an alrplane-like configuration. The wing had been tested previ-
ously with a fuselsge and a conventional sweptback horizontal tail in the
investigation of reference 1. The test condltlons duplicated those of the
reference to permit dlrect comparisons of data, covering a Mach number
range up to 0.92 at a Reynolds number of 2,000,000 and includlng tests at
a Reynolds number of 8,000,000 at a Mach number of 0.25. The horizontal-
tell surfaces were supported on booms extending resrward from the wing,
providing for variation of tail height, distance behind the wing, span-
wise position, and tall incidence. Tall surfaces of three different sizes
were tested. The tests also included a limited investigation of the
effects of wing fences and of an extended split flap deflected 30.7°.

NOTATION
A t ratio, 2o
aspect ratio, —
P ’ 58
a mean~-line designation, fraction of chord over which design load
is uniform
ag lift-curve slope of the isolated horlzontal tail, per deg

Byt lift-curve slope of the wing-fuselage-tail combination, per deg

3 wing semispan perpendicular to the plane of symmetry
c dra fricient, SX2&
D g coe clent, 55
. 1ift
Ct, 1ift coefficient, =5
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pltching-moment coefflclent about the gquarter point of the wing

mean aerodynamic chord, pitchizgsmoment

ra'te of change of pitching-moment coefflicient with angle of
attack

local wing chord parallel to the plane of symmetry

local wing chord perpendicular Ho the wilng sweep axls
b/2
cady

o
b/=2

JF c dy

(o}

section design lift coefficient

mean aerodynamic chord,

incidence of the horizontal tall with respect to the root chord
of the wing

taill length, longltudinal distance between the quarter points
of the mean aerodynamic chords of the wing and the bhorizontel
tall

free-stream Mach number

free~-stream dynamlc pressure

Reynolds number based on the mean aerodynamic chord of the wing

area of semispan wing

area of semispan horizontsl tall

maximum thickness of sectlon

Sl

horizontal=-tall volume coefficient, 5.5
Y

lateral dlstance from the plane of symmetry

perpendicular distance from the plsne of the wing-root chord and
leading edge to. the horilzontal-tail hinge axis

angle of attack of the wilng-root chord

effectlve average downwash angle

Saliparr =
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@ angle of locsal wing chord relative to the wing-root chord,
positive for washin, measured in planes psrallel to the
plane of symmetry

2332 tail efficiency factor (ratio of the lift-curve slope of the
a horizontal tail when mounted on the fuselage in the flow

field of the wing to the lift-curve slope of the isolated
horizontal tail)

Subscripts
f Tuselage
t horizontal tall
W wilng
MODEL

The model tested was constructed largely from existing parts and in no
way represents an attempt to simulate an optimum design. The semispan
wing and fuselage were those used in the investigation of reference 1 in
which a conventional sweptback horizontal tall was mounted on the fuselage.

Details of the geometry of the model are given In figure 1 and in
table I. Photographe of the model mounted in the wind tunnel are shown
in figure 2. The wing had 45° of sweepback, an aspect ratio of 6, a taper
ratio of 0.40, and NACA four-3iglt sections with camber and twist. The
boundary-layer fences used with some of the outboard tail configurations
extended from the trailing edge over the upper surface and arouund the
leading edge of the wing to 0.10 chord on the lower surface (see
fig. 1(b)). However, where data from reference 1l are used herein for com-
parative purposes, it should be noted that the fences lacked the section
of fence extendlng around the leading edge from 0.10 chord on the upper
surface to 0.10 chord on the lower surface, as indicated in figure 1(Db).

The booms for mounting the horizontal tail were constructed of solid
steel and had an elliptical cross section with a major axis of k4 inches
and a minor axis of 1 inch. The booms were attached to the upper surface
of the wing at either 0.k b/2 or 0.5 b/2. Falrings were used at the junc-
ture of the boom and wing surface (see figs. 1(b) and 2). Three booms
were used to provide variations in tail length, tail height, and spanwise
location (see fig. 1)}.

RTINS i
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Horizontal-tail surfaces of three slzes were used. They are
referred to throughout the report as "large,” "medium,” or "small," since
the principal difference between them was size. The geometric properties
of the three horizontal tails are given in teble I and figure 1. The area
of the large outboard tail was 83 percent of the conventional sweptback
tail used in the investigation of reference 1.

The extended split fleps consisted of l/8-inch-thick gluminum plates
attached to the trailing edge of the wing. The flaps were supported by
fixed brackets from the lower surface of the wing, had a chord egual to
20 percent of the wing chord measured parsllel to the plane of symmetry,
and were deflected 30. 7 nmeasured relative to the local chord in planes
parallel to the plane of gymmetry. The flaps extended spenwise from the
fuselage to either 0.50 b/2 or 0.75 b/2. The gaps between the flap and
the wing trailing edge and the fuselage were segled.

CORRECTIONS TO DATA

The data have been corrected for constriction effects due to the
presence of the tunnel walls (ref. h), for tunnel-wall Iinterference orlgi-
nating from lift on the model, and for drag tares caused by aerodynamic
forces on the exposed portion of the turntable upon which the model was
mounted.

Corrections for effects of tunnel-wall interference orlginating from
the 1ift on the model were calculated by the method of reference 5. The
corrections to the angle of aittack and to the drag coefficient showed
insignificant varistion with Mach number. The corrections added to the
data were as follows:

Aa = 0.435 Cy,
= 2
ACp, = 0.0068 Cr.

The corrections to the piltching-moment coefficlent had significant
varlations with Mach number. The following corrections were added to the
pitching-moment coefficlients:

Momiasy ofr = Falrigyq opr

Cyy
A = K+C - (K —.Aa)-——-
cmtail on - - L%ail off ( 2thail off ait
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The values of K; and Ky for each Mach number were calculated by
the method of reference 5 and are given in the following t&ble:

M Xy Ko
0.25 0.002k 0.64
60 L0029 .67
80 .00hk3 .71
86 .0048 .73
.90  .0052 .76
.92  .0055 .77

Since the turntable upon which the model was mounted was directly
connected to the balance system, & tare correction to the drag was neces-
sary. This correction was determined by measuring the drag force on the
turntable with the model removed from the wind tunnel.

TESTS

Test conditions were chosen to match those of previous tests of this
model with a conventional sweptback tail (see ref. 1). Iift, drag, and
pltching moment were measured for a large range of angles of attack at
Mach numbers up to 0.92 at & Reynolds number of 2,000,000 and at a Mach
nunber of 0.25 at a Reynolds number of 8,000,000. The first part of the
investigation was conducted with the large outboard tail mounted in vari-
ous longitudinal, lateral, and vertical positilons. Tests were then con-
ducted with the most satisfactory configurations to establish the effects
of wing fences. The angle of incidence of the large horizontal tail was
varied from -4° to -10° for one of the best configurations to provide the
deta required for computation of average downwash. To establish the
effects of tail size on the pitching-moment characteristics, the model was
also tested with horlzontel tails having espproximately three-fourths and
one-half the area of the large tall.’

The effects of extended split flape on the longitudlinal character-
istics of various wing-fuselage-tail combinations were investigated at
a Mach number of 0.25 and a Reynolds number of 8,000,000. The configu-
rations tested included varlations in flap span and in tall size, posi-
tion, and incidence.

RESULTS AND DISCUSSION

Since the objective of the present investigation was to demonstrate
certain principles and characteristics of outboard horizontal tails, it
was not considered necessary to cover the entlre range of poseible tail
positions nor to atitain an optimum configuration. In fact, as has already
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been pointed out, the model in no way represents an sttempt to simulate
an optimm design. In the presentetion of the results, prinecipal atten-
tion has been focused on the pitching-moment characteristics, since the
1ift characteristics are little affected by tail position and the drag of
the outboard tall conflguratlion must necessarlly be evalusted in relation
to the useful volume of both fuselage and talil booms.

Effects of Changes in Horlzontal-Tall Posltion

The pltching-moment characteristics of the model with the large out-
board tall in the low position behind the mid-semispan of the wing are
presented in figure 3 for a range of Mach numbers, For comparison, simi-
lar data obtained in the lnvestigation of reference 1 are presented for
the model with a conventional fuselage-mounted tail, without wing fences
end with the best four-fence configuration. These data indicate that the
outboard tall is effective in preventing or delsying to higher 1ift coef-
ficients the unstable trend of pitching-moment coefficlents. In the fol-
lowing tebulation based on the data of figure 3, the approximate 1ifd
coefficient at which the unstable trend of plitching-moment coefficient
with 1ift coefficlent occurred is tabulated for each of the three configu~
retions shown.

Conventional Conventionsal Outboard
M R tail tall tail
no wing fences | four wing fences { no wing fences
0.25 | 8,000,000 0.80 1.16 1.1k
.80} 2,000,000 .50 .8k 1.00
.90 | 2,000,000 4o «'fO at least 0.93

As will be pointed out later, the decrease of longltudinal stabllity occur-
ing for the outboard tail configuration at the lift coefficients listed
above was probably caused by incipient stalling of the tall rather than by
adverse downwash effects at the tail. The change in longitudinal stability
at extreme negative 1lift coefficients is belleved to be the result of
gtalling of the wing tlp rather than stalling of the tail.

The investigation included tests of the model with the large outboard
tail mounted in several other positions, all without the use of wing
fences. The pitching-moment results are presented in figure 4. The
effects of changing the height of the outboard tail as indicated in fig-
ure 4(a) are small but perceptible, the principsl effect belng to alter
de/dCL at approximately the 1lift coefficient for which the wing itself
begins to lose longitudinel stability. In this respect the pitching-moment

SONTTIENTIAL
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characteristics of the model wlth the outboard tall in the low position
(2z/b = 0) appear to be slightly superior to those with the tail in the
high position (2z/b = 0.15).

A change in the longitudinal poaition of the oubtboard teil
(14/8&; = 2.61 to 14/8; = 2.02) produced the expected changes in static
margin and some change in trim as may be seen in figure 4(b). There is
some Indication that moving the tall closer to the wing caused a slight
reduction in the effectiveness of the outboard tail in preventing the
unsteble trend of pitchlng-moment coefficients.

The effects of moving the outboard tail from lateral position
0.5 b/2 to 0.4 b/2 are adverse as may be seen in figure i(c). This result
is in agreement wilth expectations based on the known tendency of the outer
portions of the wing to stall first. The trend toward instabllity of the
configuration with the outboard tail at 0.k b/2 extends only over a small
apparently concentrated too far out on the wing to materislly change the
dovnwash at the tail.

Effects of Wing Fences

The wing fence has often been used on sweptback wings as a means of
delaying the trend toward longitudinel instability with increasing 1ift
coefficient. TIn the investigation of reference 1, the present wing was
tested with four fences with results as shown in figure 5. Conslderzble
improvement is evident in the pitching-moment characteristics of the wing-
fuselage combination due to the addition of fences. The effectlveness of
the tail boom as & fence is demonstrated in figure 5 where the pltching-
moment characteristics of the wing without fences but with the tail boom
mounted at lateral position 0.5 b/2 are shown. The figure indicates that
the effectiveness of the tall boom 1n reducing the unstable trend of
pitching-moment coefficlents was gbout half that of four fences.

In reference to the data of figure 4, it has been noted that with the
outboard horizontal tall in some positlons, objectionsble changes in
de/dCL occurred over a small range of 1lift coefficlents near that at
which the wing itself began to lose static longitudinal stablility. The
outboard tall, in contrast to a conventional fuselage-mounted tall, is in
a portion of the flow field which may be changed materially by the action
of a wing fence or other device which changes the wing load distribution.
Therefore, a brief investlgation of the effects of fences on the pitching-
moment characteristics of the model with outboard tail was made.

With the large outboard tail mounted in the most favorable position
according to Ffigure 4 (in the low, most rearward position at lateral posli-
tion 0.5 ©b/2), runs were made with a fence located successively at 0.65,
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0.75, and 0.85 b/é. The obJective was to obtain some small improvemente
in longltudinal stablliiy characteristics ln the range of 1lift coeffi-
cients from about 0.60 to 0.70. The results shown in figure 6 indicate
that of the three fence posltions tried, the one at 0.75 b/2 is most
favorable.

With the outboard tall in the high position (2z/b = 0.15), the
undesirable varistions in longitudinal stability with 1ift coefficilent
were more pronounced than with the outboard tail in the low position, as
is evident from figure 4(a). Figure 7 shows that a single wing fence at
0.75 b/2 produced pltching-moment characteristlics with the high outboard
tall which were almost as good as those with the low outboard tail.

Wing fences also produced large improvements 1n the piltching-moment
characteristics of the model with the outboard tail at the more inboard
lateral position (0.4 b/2). Thise can be seen in figure 8 where the
pitching-moment characteristics with the tall in this position and with
either one or two wing fences are compared with those obtained with fences
removed. Also shown are the results for the most favorable outboard tail
position, With the outboard tail located at lateral position 0.40 b/2,

a single fence located at 0.65 b/2 seems to be sufficient to eliminate

the loss of static longitudinal stabllity which occurred at 1ift coeffi-
cients of the order of 0.6 wilthout wing fences, It would sppear that the
action of the fence in this case is to delay the reduction of lift-curve
slope on the sections near the wing tip to higher 1ift coeffilcients and
thereby insure that when the wing sectlons do begln to lose lift-curve
glope, sections sufficlently far inboard will be affected and cause favor-
able changes in downwagh at the tail.

In summary, the results of the tests with outboard talls and wing
fences Indicate that minor veristions in the rate of change of pitching-
moment coefficlent with 1ift coefficient, which occurred for some posi-
tions of the tall, could be eliminated by the additlon of a single fence
to the wing. The renge of accepteble outboard tail positions can thus
be increased by the Jjudicious use of wing fences.

Average Downwash at the Tail

The concept of placing the tail outboard is besed on the likelihood
that large and favorsble changes of downwash occur behind the outer sec-
tilons of a sweptback wing concomltant wlth decreasing static longltudinal
stability of the wing itself. A decrease in the rate of change of down-
wash with angle of attack, de/da, would increase the taill contribution
to statlc longitudinal stsbility, as may be observed in the following
expression for the tall contribution to the rste of change of pltching-
moment coefficlent with 1ift coefflecient:
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In order to investigate the average downwash changes, the pliching-moment
characteristics of the model for one outboard tall configuration were
measured with the tail set at four angles of incidence and with the tail
removed. These data sre presented in figure 9 for several Mach numbers.
The average downwash at the tall ‘was calculaeted from these datas using the
expression

(Cmtail on Cm‘bail off )

a = constant (2)
€=a.+i-b“
oCp /314

The downwash parameter (1 - de/da) was then determined from plots of
€ vVersus .

The relation between the total pitching-moment coefficlents,
pltching-moment coefficients due to the tail, and the downwash parameter
(L - de/da) may be observed in figure 10 Where these gquantities are plot-
ted versus angle of attack. Data for the model with outboard teil in the
low position at spanwlse statlon 0.5 h/2 and with one wing fence are com-
pared with those for the model with the conventional sweptback tail con=-
figuration using four wing fences. The total pltching-moment coefficients
for the tall-off condition are also presented as a gulde to flow condi-
tions on the wing. The low-speed data of figure 10(a) indicate only small
variations in the rate of change of pitching-moment coefficient with angle
of attack, for the tall-off condition and, as might therefore be
expected, little change in the downwash parameter (1 - de/da). At the
higher Mach numbers, however, large increases in Cmu. occurred at moder-
ate to high angles of attack for the tall-off condition. It may be seen
from figures 10(b), 10{c), and 10(d) thet the longitudinal stability
characteristics of the configuration with outboard tail 4id not deterio-
rate because of compensating increases in the tall contrlibution to longi-
tudinal stabillity (see eq. (1)) originating from decreases in de/da as
evidenced in the plot of (1 - d¢/da). In contrast, the conventional
sweptback tall failed to compensate for the poor longltudinal stabllity
characteristica of the wing-fuselage configuratlion because the required
downwash changes did not occur.

Theoretical estimates of the downwash at the tail at high angles of
attack are not likely to be relisble because of the existence of separated
flow on the wing. Such calculations based on an adaptation of the method
of reference 6 gave poor results when based on a theoretlcal span load

——
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distribution and only somewhat better resulis based on estimated spen
load distrlibutions allowing for the effects of flow separation on the
wing. Since actual surfece pressure data were not avallable for this
wing, it is not posslble to state whether satisfactory estimates of
dovnwash could be made on the basis of such data.

Effects of Changing Tail Size

According to eguation (1) the tail contribution to static longitu-
dinel stability is proportional to both tail ares and (1 - de/da), neg-
lecting the changes in average downwash at the tall which must obviously
result from changing the extent of the tail in a nonuniform downwash field.
To investlgate the effects of changing tail size, outboard horizontal
tails having approximately the same plen form as the large outboard tail
but with tall areas approximately three-fourths and one-half of the large
tall were tested in the most fawvorsble posltion establlished by the tests
with the large tail. The pitching-moment data obtained at several Mach
numbers are presented ln figure 11 for the model with each of the three
outboard tails and with no tail, together with similar data for the model
wlth a conventional fuselage-mounted tail, It should be noted that the
area of the large outboard tall was 83 percent of the area of the con~-
ventlonal fuselage-mounted tail. The data of figure 11 indlcate that
even with the smallest of the three outboard taills (tall area 39 percent
of that of the conventional tail),the pltching-moment characteristics are
as good as or better than those with the conventional fuselage-mounted
tail. With the smallest outboard tail there was some trend toward longl-
tudinal instability in the range of 1ift coefficlents from 0.6 to 0.7 at
Mach numbers of 0.86 and 0.90, which did not occur for the larger tails.
Presumably this was due to the effective inboard displacement of the tail
as the tall span was reduced and could be remedled by changing the posi-
tlon of the wing fence, by adding another fence, or by moving the tall
farther outboard.

In figure 12 (thail on ~ CMpail off), derived from the data of
figure 11, is plotted as a function of tail-volume coefficient vt for

various constant angles of attack. The pitching-moment coefficilent due
to the taill is indicated to be very nearly a llnear functlon of tall-
volume coefficient which, for constent tail length, 1., is directly pro-
portional to tail area. This means also that the tall contribution to

gstatlec longitudinal stability [(dcm/dCL)t]w+f+t is nearly proportlonal

to taill ares.
Most of the pitching-moment data for the model with the large out-

board tail have shown a rather large increase in longitudinal stabllity,
beginning at about the 1ift coefficlent at which the longltudinal stability

aaarrerrErdo————
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of the wing-fuselage combinatlion begins to decrease. For a constant
value of dcm/dCL throughout the 1ift range, then, it is apparent that

the large outboard tall overcompensated for the reduction of longltudinsl
stability of the wing-fuselage combination. It may be seen in figure 11
that one of the important effects of reducing tall area was to decrease
this difference between de/dCL at high 1ift coefficients and that at

low 1ift coefficlients. The effect is shown more clearly in figure 13
where pitching-moment data for the large outboard tail conflguration are
shown for the moment center at both 0.25¢ and 0.koc compared to similar
deta for the small taill configuration with moment center at 0.25¢c.

Summarizing the foregoing discussion, it is conecluded that for a
gliven position of the outboard horizontal tall, the degree of static
Jongitudinal stability at 1ift coefficients above that for pltch Insta-
billity of the wing was aspproximetely a linear function of tail size. The
degree of stability in this high-1ift range relative to that in the low-
1ift range could be adjusted by changing the horlzontal-tail size. To.
the extent that these results can be generallzed, it may be concluded that
for any particular variations of (dGm/dCL)tail orp and of (1 - de/da)

with angle of attack, there is a tail-volume coefficient that will pro-
duce minimm change of (de/dCL) tall on with angle of attack.

Lift, Drag, and Pltching~Moment Characteristics

The 1ift, drag, and pitching-moment data for one outboard tail con-
figuration are presented in flgure 1I for the complete f%nge of Mach num-
bers and Reynolds numbers. The 1ift and drag data sre presented as a
matter of interest only and have little significance in the present
exploratory investigation. Within the range of angles of attack attalned,
the pltching-moment date show almost no unstable trends throughout the
range of Mach numbers to 0.92. In fact, the only instance of any unstable
trend of pltchlng-moment coefficlents occurred at a 1ift coefficient of
1.0 at a Mach mumber of 0.80. Reference to figure ¢ willl show that thils
unstable trend did not occur with the tall set at more negative incidences.
It is probable that the unstgble trend of pitching-moment coefficients
was caused by decreasing lift-curve slope of the tall or perhaps even
stalling of the tail. The use of a tall wlth a higher stslling angle
would probably eliminate all tendency toward longitudinal instability
within the range of angles of attack of these tests.

As has been discussed previously, the marked increase in longitudinal
stabllity at the higher 1ift coefficlents indlcates that this horizontal
tail is larger than 1t should be to attaln minimum change of dcm/dCL
throughout the angle-of-attack range. :

B gy = s S
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Effects of Flaps

All tests of the model with flaps were made at & Mach number of 0.25
and & Reynolds number of 8,000,000, Iift and piltching-moment data are
presented in figure 15 for the model with and without extended split flaps
of spans 0.50 b/2 and 0.75 b/2 and with and without an outboard horizontal
taill. From these data it was decided that further tests with flaps would
be made using the flap having a span of 0.50 b/2 because of the relatively
small gain in flap effectiveness and large increase in negative pitching
moment for the tall-off condition due to extending the flap to 0.75 b/2.
The results of further tests with the large outboard tall in other posi-
tions and with the conventlonal sweptback tall are presented in figure 16.
The effects of railsing the outboard horizontal tail from 2z/b = 0 to
2z/b = 0.15 are indicated to be unfavorable, but lateral displacement of
the tail from 0.5 b/2 to 0.4 b/2 caused no adverse effects. Generally,
the pltching-moment characteristics with the outboard horlzontal tall are
as good as or better than those with the conventional tail.

Lift and piltching-moment data for the model with the flap of span
0.50 b/2 are presented in figure 17 for the model with three sizes of
outboard tall and with no tail. It is evident that the tall area can he
reduced appreclably below that of the large outboard tail while good
pitching-moment characteristics are still retained.

In figure 18, the complete 1ift, drag, and pitching-moment data are
presgented for the model wilth a 0.50 b/2 flap, without the outboard tail
and with the tail at several angles of incidence. These pitching-moment
data were used to compute the downwash parameter (1 - de/da) which, along
with the total pltching-moment coefficients and pitching-moment coeffi-
clents due to horizontal tall are presented as functions of angle of
attack in figure 19. Data were not availeble for the model with the con-
ventional tell at various angles of incildence and therefore the parameter
(1 - de/da) counld not be calculated. In general, the flap had no detri-
mental effects upon the pitching moment due to the horizontal tall for
either the outboard tail or the conventional tail (compare figs. 10(a)

and 19).
CONCIUSIONS

A horizontal-tail srrangement has been investigated in which the
tail surfaces are mounted on bhooms extending rearward from approximately
the mid-semispan of a sweptback wing. The principal objective is to
obtain a sweptback wing alrplane configuration having static longitudinal
stability throughout a large 1lift range even though the wing ltself ltends
to become unstable over part of the 1ift range. The alrplane arrangement
which results seems to offer a number of design advantages which tend to

N
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offset the rather obvious structural disasdvantages. Exploratory tests
in the Ames 12-foot pressure wind tumnel to & Mach number of 0.G2 engble
the following conclusions:

1. Outboard horizontal tails, properly poslitioned, can be a very
effective means of counteracting the trend toward longltudinal insta-
bility which is characteristic of many sweptback wilngs at moderate to
high 1ift coefflcients. For one configuration tested, undesirsble vari=-
ations in longitudinal stability with 1ift coefficlent were essentially
eliminated.

2. Large and favorable changes in the rate of change of downwash
with angle of attack occur behind the outer portions of a sweptback wing
as the wing develops statlc longitudinal instsbility. No theory was found
which could reasonably be applied to estimating these downwash changes.

3. The effectiveness of the outboard tall in preventing static
longitudinal instability was improved by lowering the tail from 0.15 b/2
to O b/2 above the wing chord plane extended, or by moving the tail out-
board from 0.4t b/2 to 0.5 b/2, or by moving the tail farther aft.

k. Minor variations in the rate of change of piltching-moment coeffi-
cient with 1lift coefficient, which occurred for some positlons of the out-
board tail, could be eliminated by the addition of a single fence to the
wing. 'The range of acceptable outboard’ tail posltions can thus be
increased by the Judicious use of wing fences.

5. TFor a given position of the outboard tail, the degree of static
longitudinal stability at 11ft coefficients above that for pitch insta-~
bility of the wing was approximately a linear function of tail size. The
degree of stability in this high-1ift range relative to that in the low-
lift range could be adjusted by changing the tail size. To the extent
that these results can be generalized, it may be concluded thait for any
particular varistion of (dcm/dcl)tail opp 204 of (1 - de/da) with angle

of attack, there is a tail-volume coefficient that will produce minimum
change of (de/dCI)tail on with angle of attack.

6. The outboard tails were effective in reducing adverse changes
in longitudinal stability of the configuration with an extended split
flep.

Ames Aeronautical Taboratory
Rational Advisory Committee for Aeronautics
Moffett Field, Calif., Apr. 6, 1956
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TABLE I.- GEOMETRIC PROPERTIES OF THE MODEL

L7

Wing :

Aspect ratio . « « o
Taper ratio . « « . .
Sweepback, deg « o o

Root &« ¢ o ¢ o o <&
Tip ® & o o & o s =

Area (semispan model),
Mean aerodynsmic chord,

SPAN 4 «¢ + o ¢ o o
Deflection (measured
in planes parallel
Horizontel tails
Adrfoil (in streamwise
Sweepback of c/2 line,
Aspect ratio
Targe « &« ¢« « o« o &
Medium « + o ¢ o o -«
Small .+ ¢ ¢ ¢ ¢ o &
Taper ratio
Targe .« o o o o o @
Medium . &« « . . . o
Small . & & & & o .

Span (semispan
Iarge . . .
Medium . . .
Smell . . .

Area (semispan

model),

model),

sq £t « s o
f.t - - L

relative to the

Reference sections (normal to reference sweepline)
NACA 001k, a =

NACA 0011, =

Incidence (measured in’ the plane of symmetry) deg
Flaps (20-percent extended from trailing edges

local chord

Large . + ¢« « o« o« &
Medium .« ¢« &« ¢ ¢ o &
Small . . ¢ & o o o
Tail=-volume coefficlent
Large
At 0.k b/2 ...
At 0.5 b/2 . ..
Medium, at 0.5 b/2 .
Small, at 0.5 b/2 .
Tail heights (measured
root chord and leadin

to the stream), deg . . -
direction) NACA 00OL-64
deg - - . . - - L} . - L] -
£t

sq ft

from the plane of the wlng

gedge) 2z/b . . . .. ..

0

0.8 (modified) cy
0.8 (modified) Cyy

0.301 or

6.03
0.ho
45.0

0.4
o.k

5.857
1.1480

3.0

.50 or 0.75 b/2

30.7

(0]

k.00
k.00
3.36

0.33
0.33
0.4

1.868
1.628
1.176

0.872
0.663
0.2

0.3h6
0.388
0.295
0.18L

O or 0.15
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TABLE I.~ GEOMETRIC PROPERTITIES OF THE MODEL - Concluded

Fuselage : T _ _ _
Fineness ratic ¢ o« ¢« « « « o o o o e e e e s e e e e 12.6
Frontal area, sqg ft . . « ¢« ¢ & ¢ . . . « o o o & o o 0.273
Coordinates:

Distance from  Radlus,

nose, in. in.
0 0
.27 1.04
2.54 1.97
5.08 2.35
10.16 3.36
20.31 houh
3047 4,90
39.44 5.00
50.00 5.00
60.00 5.00
70.00 5.00
76.00 4.96
82,00 4,83
88.00 L.61
ak.00 L.o7
100.00 3.77
106.00 3.03
126.00 0




Notes;
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4

Wing sections parpandicuiy fo the swesp mxha

hav NAGA 0OXX thickness disiributions oombined

with an NACA a=08 {modified} meon lina,
o~ 04,

Hortzontal tail sactions hawe NAGA 0004-84
thickness disiributions paralls! to the streom .

All dimmnslona are in inches .

Ses fobls I for

tussiage mdlm\

|_~—Large toll shown

(Ses Table I for
—\// o dimenslons of tails)

N

(280 rof.

7042

3590
41.30

B4 Jooatiors for tal
mountad at 0.8 semispon

—— 1
- S — o

B4 keatln for tall
mounied ot 04 samispan

(a) Dimensions.

Flgure 1,- Geometry of the model,
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4.00 inches

0.20¢c —

-l

LIS inches cgiring

Win§

Wing-boom juncture

0.04c¢
)

/""“T —— | oo0sc
- — ]

Q.10¢
Fence of the present investigation

37
0.04c
L 4
V T ‘ 0.08¢
—_ - e 1\

Fence of the comparative data from reference |

{b) Wing-boom Juncture and wing~fence details,

Figure 1.~ Continued.



ratio, t/c

Thickness

14

7

-8

-3

3 4 5 6 T B 9
Fraction of semispan, 2y/b .

(c) Wing twist and thickness-chord ratioc.

Mgure 1,~ Coneluded,
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A-20787
Figure 2.- Photographs of the model in the wind tunnel.
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Flgure 3.- A comparison of the pltching-moment charecteriatics of the model with a conventional
sweptback tall and with the large outhoard tall in the low positlon at 0.5 b/'E; 1y = -6°,
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. (a) Bffects of changing vertical position of horizontel tail,

#gure 4, - The effects of changes in horizontal-tail position on the pitching-moment charecter=-
istica of the model; iy = -6,
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(b) Bffects of changing longltudinal position of horizomtal tail.

Fgure 4, ~ Continued.

Q0dSEY W VOYN

&z

OF




18 U — - . -
M=0.25, R=8,000,000 Tail ot 05b/2, H M=0.80,R=2,000,000 IH
) [e] [ H
: 1,/8, 7286
12 e
B 1]
A Tail at 04b/2,
4 zéé /6232
0
a e — 1, /5,~2.6 (ref 1}
. =0.86,R=2,000,000 Htrotee M=0.90, R=2,000,000 [T
........ | A [
| . 1 =
8 »
4
0 1
- = : .
: 1y T I.'. 1 I.
H F | L r 1 i L] .
-8 THHIT = = i -+ R i T
32 24 16 08 O -08 -6 =24 -32 24 & 08 O -08 - -24

(e) Effects of changing lateral positlon of horizontel tall.
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92

SOaSSY W VOVN




HACA BM AS6DO6G

LR Sl

, R=2,000,000

Ty

rr

IIIl‘ITr[TI’I‘[II"'IIJJJ
T

T

LI O O O Y
L T e e ey

M=0,80, R=2,000,000

TIFrt

i

L1

- M=0.90

(ref. 1}

Fences at 2y/b

—_————

,65,.85 (ref. )

10,25, :

h,

R

)
T

==t

LT U LT T I T T IR

o A R
M=Q.25, R=8,000,000
T

|0 I OO .
T 1 T Tt

M=0.86,R=2,000,000

5]
12
e

-8B

-24 ~-32

-8

-08

6 08

24

~24

-16

-08

24 16 na

32

Figure 5.~ The effectivenese of the tail-~boom as a wing fence.
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Figure 6.~ The effects of a wing fence on the pitching-moment characteristics of the model with
the large outboard tail in the low position at 0,5 b/2; 1, = -&°
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Figure T.- A comparison of the effects of wing fences on the pitching-moment cha.ractgriatics of
the model for two helghts of the large outboard tail at 0.5 b/2; iy = -6,
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Figure 8.- A comparison of the effects of wing fences on the pitching-moment cheracterlstics of
the model for two lateral positions of the large outboard tail; i = =6°,
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Figure 9.- The pliching-moment cheracteristics of the model with the large cutboard tall at
several incidences; tall in low position at 0.5 b/2,
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Figure 10,- A comparison of the variations with angle of attack of total pitching-moment coeffi~-
cient, pltching-moment coefficient due to horizontal tall, and downwash paremeter for the
model with the large outboard tall in low position at 0.5 b/2 end with a conventional swept-
back tail; 1, = -6°.
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Figure 11,- The effects of tall size on the pitching-moment characteristics of the model; talls in
low position at 0.5 b/2; iy = =69,
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(v) M= 0,80, R = 2,000,000
Figure 11l.- Continued,
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(d) M = 0.90, R = 2,000,000
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Figure 12.~ The varilation of pitching-moment coefficlent due to horizontal
tall as a function of tail-volume coefficlent; talls in low position at
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Figure 13,- A comparison of the changee in pitching-moment characteristice resulting from rear-

ward movement of the moment center and from a reduction of teil size; talls at 0.5 b/2;
iy = -89,
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Figure 14~ The effects of Mach number on the 1ift, drag, and pitchling-moment characterigticas of

the model With the large outboard tail mounted in low position at 0.5 b/2; 1y = -6
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Figure 15,= The effects of flape on the lift and pitching-moment characteristics of the model with
end without the large outboard horizontal tail in low position at 0,5 b/2; M = 0,25,
R = 8,000,000, 14 = -6°,
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Figure 16.~ The effects of tall position on the 1ift and pltching-moment characteristics of the
model with flaps deflected; M = 0.25, R = 8,000,000, iy = -6°,
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Figure 17.~- The effects of tall eize on the 1ift and pitching-moment characteristics of the model
with flaps deflected; tails in low position at 0.5 b/2; g = -60, M= 0,25, R = 8,000,000,
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Figure 18,- The longitudinal characteristics of the model with large outboard tail at several
incidences; tail in low position at 0.5 b/2; flape deflected; M = 0.25, B = 8,000,000,
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Figure 19.- The varlations wlth angle of attack of total pitching-moment coefficlent, pitching-
moment coefficilent due to horizental tail, and downwash paremeter for the model with a large
outboard tail in low position at 0.5 b/2 and with a conventional sweptback teil; flaps

deflected; M = 0,25, R = 8,000,000, 14 = -6°.
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