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RESEARCH MEMORANDUM

THE EFFECTS AT SUBSONIC SPEEDS OF WING FENCES AND A TATL
ON THE LONGTTUDINAL CHARACTERISTICS OF A 63° SWEPT-
WING AND FUSELAGE COMBINATION

By Donald A. Buell snd Carl D. Kolbe
SUMMARY

Wind-tunnel testis were made to evaluate the effects of wing fences
and a tail on the longitudinal characteristics of a highly swept wing in
combingtion with a fuselage. The model had a cambered and twisted wing
with a leading-edge sweepback of 63° and. an aspect ratio of 3.5. The
model was tested with fences of various shapes and with both swept and
unswept horizontal tails. The verticael and longitudinal positions and the
incidence of the horizontal tail were veried. Results were obtalned at
Reynolds numbers of 3.5 million and 7 million at a Msch number of 0.20 and
st Mach numbers of 0.60 to 0.95 at a Reynolds number of 2 milliion with
angles of attack up to 22°

The addition of six fences sapproximestely twlce as high as the maximm
wing thickness and of a swept tail improved the statlic longitudinal sta-
bility to = limited degree. For the model so equipped, the loss in static
margin at low speeds as determined by tests at 0.20 Mach number was about
12 percent in the interval from a 1lift coefficlent of O to 0.8. A bresk-
down of the factors affecting stability showed that at low speeds large
tall volumes were desirable and that the fences had either & small or
aedverse effect on the flow at the tail. The addition of the fences and
of the tall each decreased the maximm lift-drag ratlio for the trimmed
condition by the order of 15 percent.

INTRODUCTION

It has been previously demonstrated that a thin highly swept wing is
capable. of large lift-drag retios at speeds well into the supersonlc
regime. Reference 1 reports lift-draeg ratios of 9 at a Mach number of 1.5
for one such wing-body combination in which the wing had a thickness-chord
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ratio of 0,05, a leading-edge sweepback of 63° , and an aspect ratio of 3.5.
This lift-drag ratlo was achieved desplite the lack of body indentationm,
which has since been shown to be beneficial (see ref., 2, for example),
This wing has a disadvantage that is typical of a wide range of plan forms
with high sweep: The static longltudinal stabllity decreasses abruptly at
some moderate 1ift coefficient, References 3 and L showed that a model
geometrically similar +to that of reference 1 had this unfavorsble stabil-
ity characteristic at all subsonic speeds. Reference 5 dlscusses the phe-
nomenon and concludes that it is a result of leading-edge flow separation,
One method of delaying the separation is to provide cember and twist in
the wing; these lmprovements were already incorporated in the wings of
references 1, 3, and 4, There are also certain devices, such as wing
fences, to control the spanwise location of the separation so as to improve
the pitching-moment characteristics of highly swept wings, Reference 6
describes the partially succesaful results of using such devices, A third
method of improving stabllity characteristics is to place a horizontal
tail in the downwash Ffleld of the wing so that it provides increases in
stablility at the angle of attack where the wing loses stability,

The purpose of the present investlgation was to use 211 three methods
of improving the longitudinal stebllity of a thin highly swept wing and
t0 assess the resulting 1lift and drag penalties, For this purpose & model
configuration similar to that of reference 1 was tested in the Ames 12-foot
pressure wind tunuel at Mach numbers from 0,20 to 0,95 and at Reynolds
numbers from 2 million to 7 million. The test data are reported herein,

NOTATTION
at 1ift-cuxve slope of the lsolated horizontal tall
ay lift-curve slope of the wilng-fuselage combination
b wing span
Cp drag coefficient, %‘i
Cr, 1ift coefficient, -]-'-iéf-
Cm pltching-moment coefficient, 2itching moment

gsc

Gmt pitching-moment coefficient due to the tall, cmbail Oisémtail off
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c wing chord measured paraliel to the plane of synmetry
T wing mean aserodynamic chord
ig incidence of the horizontal tail
g tail length, longitudinal d.istance.from the moment center to
the plvot line of the hordzontal tail
% 1ift-drag ratio
M free-stream Mach number
q free-stream dynamic pressure
at effective dynamic pressure at the horizontal tail
R Reynolde number, based on wing mean serodynamic chord
S wing area
S¢ horizontal-tall area
v horizontal-tall volume, %-0- %E
a engle of attack of the fuselage center line
o effective angle of attack of the horizontal tail
€ effective angle of downweash at the horizontal tall
1 tail efficlency factor * -
Subscripis
trimmed Gy =0
W wing-fuselage combination
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MOILEIL. AND APPARATUS

Photographs of the model are presented in figure 1, and the dimen-
sions are given in figure 2 and in tasble I, The wing, which had pre-
viously been used in the investigations of references 3 and 4, had a
leading-edge sweep of 63°, an aspect ratio 3.5, and a taper ratio
of 0.25. The streamwise airfoil sections were NACA 64A005 combined
with & = 1 camber llnes, Figure 3 shows the spanwise ddstribution of
camber and twist. For the present investigation the elevons were not
deflected, and the gap between wing and elevons was filled, The body was
constructed to permlt installatlon of the wing on the body Iln elther a
mid or high position. All parts of the model, except the fences, were
constructed of steel. The model was mounted on a four-component strain-
gage balance enclosed by the model body, and the balance was supported
by a8 L4-inch-diameter sting.

Two horizontal talls were used, one umswept (as measured at the mid-
chord line in this particular case) and the other swept back 60° at the
leading edge. Either could be mounted on the body at the center line,
The unswept tall could also be mounted above the body on the vertlical
tail. It was also possible to position the tall assembly in elther of
two longitudinal positions. This was accomplished by the insertion of
eylindrical sectlons of dlfferent lengths in the meaxdmum-Jdiameter portlion
of the body.

Fences were made from 0.051-inch brass sheet In the shapes shown in
figure 4, Fences I to IX were equipped with 1/2-inch flanges on the
inboard side and could be screwed to the wing at stations 0.30, 0.50,
or 0.75 b/2 from the plane of symmetry. Fence X was soldered directly to
the wing at stations 0.29, 0.45, and 0.70 b/2 from the plane of symmetry.
Fences II through IX were constructed by attaching s vlece of the desired
shape to the fence I structure and removing unwanted portlons and thus
were of double thickness on certailn parts of the fence.

TESTS

Initial tests were exploratory in nature, consistdng of static force
and moment measurements wilth meny conflguratlion chenges. These measure-
ments were made mainly at low speeds, and the improvement of the plitching-
moment characteristlics was the primery concern., On the baslis of these
tests, a model configuration was selected which was considered sultable
for a more complete lnvestlgation., In this configuration the swept hori-
zontal tall was used, and the wing was mounted in a mld position on the
fuselage and had six fences (three on each wing panel) of the shape
designated as fence X (see filg. 4).

o
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Static force and moment measurements were made of the selected con-
figuration vhich would show the effects of tail length, tall Incidence,
Mach number, and Reynolds number. Tests wlth the fences off and tail off
were also made for comparison. The angle of attack was varied from -4°
to about 22° except where model strength or choking of the tunnel flow
limited the range to lower values. The model was tested gt Mach numbers
up to 0.95 at a Reynolds number of 2 million and at Reynolds numbers up
to T million at a Mach number of 0.20.

CORRECTIONS TO DATA

The data were corrected for the induced effects of the tunnel walls
resulting from 1ift on the model by the method of reference T. The
corrections were as follows:

m, = 0.30 CL
ACp = 0.0045 Cr2

&

0.003 ¢f,

The data were corrected for the constriction effects of the tumnel
walls by the method of reference 8. This correction amounted to less
then 2 percent of the Mach number and dynemic pressure at the highest
test Mach number.

The pressure at the base of the model was measured, and the drag data
were adjusted to correspond to & base pressure equal to free-stresm static
pressure. This procedure provided a partial compensation for the inter-
ference between the model and the sting, and for a static-pressure gradient
in the tunnel air stream nesr the rear of the model. The largest pressure
gradient was encountered with the extended-body configurations at Mach
numbers near 0.90, for which the static pressure at the station of the
horizontal tall was higher than that of the free stream by about 3 percent
of the free-stream dynamic pressure. No correction was applied to the
1ift or pitching-moment data for these effects.

RESULTS AND DISCUSSION

The primary eim of this investigation was to obtain as nearly as
possible a linear variation of pitching moment with 1ift. The discussion
will desl first with the configuration changes which were explored 'in an
ettempt to improve the pitching-moment characteristics. Resulis of tests

COM———
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on the final configuretion selected wlill then be presented together with
an analysis of these results. In order to provide a realistic basgis for
evaluating the results, the center of moments was changed with each modi-
fication to the model so as to maintain approximately the same static
margin at low 1lift coefficients. The centers of momente are given in
table II, along with the corresponding tall lengths and tall volumes.

Exploratory Tests

Figure 5 shows some of the results obtained from initial Iow-speed
tests. The comparisons are intended to be only qualitative because the
effects of many vearliables such as Mach number and Reynolds number were
not isolated except where 1t was expeditious to do so. The pitching-moment.
characteristics of the model without horizontal talil or fences 1s repre-
sented by the dashed line in filgure 5. The addition of fences by them-
selves was effective for only a small range of 1lift coefficlents. The
addition of the tail with no fences supplied & favorable increment to the
slope of the piltching-moment curve at high 1ift coefficients and also at
moderate 1ift coefficlents when mounted in a mld position. The largest
renge of 1ift coefficlents for which the model was stable was cbtalned
with a combination having six wing fences, twice as high as the maximum
wing thickness, and a tail. The effecte of reducing the fence height near
the wing leading edge or even of eliminating the forward part of the fence
were small. Reducing the over-all fence height or, particularly, the
height near the quarter-chord point caused large losses in effectiveness.
Tests with the fences at varlous spanwise locations showed that the inboard
fences were much more effective than the outboard fences, though all evi-
dently contributed to the stability improvement. The effecis of wing
height and tall sweep on stability were small. ’

Quantitative results for two configurations are shown in figure 6.
It can be seen that the addition of six fences twlice as high as the maxi-
mum wing thickness and of an unswept horizontal tail caused the 1lift coef-
ficient for de/dCL = 0 to be Increased from 0.5 to 0.9. It can also
be seen that the drag has been greéatly increased at low 1Lift coefficlents.
The selection of & final configuration was then guided by the desire to
reduce drag at high speeds without forfeiting the 1lmprovement in the low-
speed pltching-moment characteristics. To this end the fence helght at
the leading edge of the wing was reduced, and the fence attaching flenges
were elimingfted by soldering the fences to the wing. At high speeds the
measured drags were lowest for the mid-wing and swept-tail combination;
therefore these features were also included in the final configuration.
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Final-Configuration Tests

Figures 7, 8, and 9 show the longitudinal charscteristics of the
model having a mid wing, a swept horlzontal tall, and six fences of the
shape designated as fence X. Data are presented for two tail lengths,
four tail incidences from 0.2° to -11.7°, and the tail-off condition. It
should be noted that only the tall-off configurations have the same moment
center for all three combingtions of fences and body lengths.

The best pitching-moment characteristics at high lifts and low speeds
were obtained with the model having fences and the longer tail length.
Figure 7T shows that even this configuration was almost neutrally stable
when trimmed st a 1ift coefficlent of 0.8. The loss in static margin was
about 12 percent in the interval from Cp = O to Cp, = 0.8 (model trimmed).
Neither the tail nor the fences eliminated the rather abrupt increase in
stabllity which occurred at all Mach numbers with Ilncreasing 1ift coeffi-
clents near 0.2 to O.4. 1In addition, the fences increased the unstable
variation of pitching moment, which cccurred at the higher 1ift coeffi-
cients at most Mach numbers. Increasing Mach number caused some increases
in static mergin at the higher 1ift coefficients for all configurations
but was particularly beneficlal to the configurations wilithout fences.

The 1ift curves of figure 8 show that the fences produced very little
net change in 1ift coefficient for most angles of attack despite thelr
sometimes large effect on the pitching moment. At high angles of atiack
the 1ift decrements due to the fences became large especially at high
Mach aumbers.

Losses in maximum lift-drag ratio due to the fences (fig. 9(a)) were
between approximately 15 and 20 percent. The large magnitude of this loss
is due in part to the flow separation which existed inboard of each fence.
It is of interest to compare the decrements of lift-drag ratio due to
Pences with the much smaller decrements due to lengthening the fuselage
and to note that both modifications increased the wetted area of the model
by approximately equal emounts. The increase in minimm-drag coefficient -
of the model due to the fences varied from about 0.003 to 0.00k, being
least at the highest Reynolds number and the lowest Mach number. The
elimination of the attaching flsnges, which were used in the exploratory
tests to secure the fences to the wing, decressed the minimum-drag
coefficient by about 0.001 at the highest Reynolds number.

For the centers of moments selected, the tall load required to trim
the model was qulte small in the region of maximm 1ift-drag ratios, and
the associated tail drag was also small. At & tall incidence of -3. 9@ s
for which the model was approximetely trimmed, the msximum 1ift-drag ratio
was reduced sbout 5 or 10 percent by the addition of a horizontael end ver-
ticel tail. It may be noted that the exposed surface area of the empennage
was almost twice that of the fences.
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Summary of Static Longitudinal Stability Factors

Figure 10 presents a summary of the stability of the final configu-
ration for a low- and a high-speed condition and a breskdown of the more
important caomponents of stability. In this figure the stabllity is repre-
sented by the slope of the pitching-moment curve, dCpn/dCr, for the tail
incidence at which the model was trimmed. Thls value was obtained from
cross plots and is only approximate because the nonlinear tail-1iift char-
acteristics caused the tail contribution to stabllity to be nonlinear with
tall incidence. The parsmeters presented in figure 10 have the following
approximate relatlon:

@), @) r26-8)03
ac “\3L /) T e\ T T
L trimmed L w

r

The value of at was estimated to be 0,043 per degree, The factors
1-(de/dx) and H(Qt/Q) vere determined from the data u51ng the follow1ng
relations:

= constant

L - (ae/a) = (duy/da),

Cn,

(BCm/Bit)a = constant

%:

n(ay/a) = _[l/(atV)](anfait)m = constant

When nonlinearities in the dats make the determination of these factors
questioneble, the values are not shown,

The curves of dCp/dC;, in figure 10(a) illustrate the stability
Increases resulting from the longer tail length and from the fences at
the higher lift coefficients. The curves of 1 - (de/da) and n(qy/a)
show that the downwash and wake characteristics were practically unaf-
fected by changlng the tall length., The superiorlty of the longer tail
length et low speeds was due to the fact that the tail contributlon to
stabllity generally increased with 1ift, making a large tail volume more
desirable, .. The fences also had little effect on the downwash and wake
charscteristics at low speeds for trimmed 1ift coefficients up to O0.7.
The curves of dCm/dCr, show that above this 1ift coefficient the stability

o= S
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afforded by the fences was greatly reduced by the presence of the tail,
presumably because of adverse effects on the downwash or wake fields,

At a Mach number of 0.90 (fig. 10(b)) the fences were not as effec-
tive on the wing-body combination as they were at low speeds, However,
by virtue of their favorable influence on the downwash field and on the
ratio of tail to wing lift-curve slopes, they were beneficial to the
stability of the complete model at 1ift coefficients up to 0.6,

Meximum Lift-Drag Ratlos

Figure 11 presents the maximum lift-drag ratios and the corresponding
1ift coefficients of the model in a trimmed condition, as determined from
cross plots of the data, Lift-drag ratios of the final conflguration with
and without fences are compared to those of the model of reference 4 which
used elevons for trimming, Iosses due to the use of s tail were of the
order of 15 percent, as were those due to fences.  However, the tail effect
included losses dve to the vertical tail as well as the horizontal tail,
to the lengthened fuselage, and to elevon influences which were less
favorable in the undeflected condition than in the trimmed condition.

The minimum drag coefficients of the various model configurations
are also presented in figure 11, Calculations at a given 1ift coefficient
indicate that the increments in minimm drag coefficient due to the addi-
tion of tall and fences accounts for &t least three-fourths of the losses
in maximum lift-drag ratio that are shown, A conclusion of reference 1
was that the effects of Mach number on maximum lift-dreg ratio in the
supersonic regime were also primarily due to changes 1n minimum drag
coefficient, resulting from chenges in thickness drag. It seems likely
that the reduction in lift~drag ratio at the design Mach number of 1.5
due to addition of the tail would be roughly the same percentage as at
subsonic Mach numbers,

SUMMARY OF RESULTS

The effects of wing fences and of a tall on the longitudinal charac-
teristics of the model have been evaluated for subsonic speeds, The model
had & cambered and twisted wing wlth a leading-edge sweepback of 63° and
an aspect ratio of 3.5. For the configuration employing six fences approx-
imstely twice as high as the maximm wing thicknese, mid-wing mounting,
and & swept tall, the following results were obtained:

1., The addition of the fences and teil improved the static longl-
tudinal stability to a limited degree. At low speeds the loss in static
margin for the model in the trimmed condition was about 12 percent in the
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interval from a lift coefficlent of O to 0,8. The fences and tail &id
not eliminate the abrupt increase in stability at moderate lifte, and the
fences increased the unsteble variation of pltching moment at the highest
lifts,

2. A breakdown of the factors affectling stability showed that at
low speeds the effective downwash and wake characteristics were practi-
cally unaffected by a change in tail length. However, the tail contribu-
tion to stability generally increased with 1ift coeffilclent, making a
large tall volume desirable. The effect of the Pences on the downwash
and wake characteristics at low speeds was either small or adverse.

3. The sddition of the fences and of the tail to the basic elevon-
controlled configuration each decreased the maximum lift-drag ratio for
the trimmed condition by the order of 15 percent.

Ames Aeronsutical Laboratory
National Advisory Committee Ffor Aeronautics
Moffett Field, Calif., May 2, 1957
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TABLE 1.~ GEOMETRIC PROPERTIES OF THE MODEL
Wing
Area, 8G £H ¢ « ¢« + 4 4t 4 e s s e e e e e e ke e e e e L., 02
Aspect ratio . . & ¢ i 4 it et e e e e e e e ks e e e e 3.50
SPBI, T5 & ¢ v o v o e e e e e e e e e e e e e e e e e 3.75
Taper ratio . . . « e e e e e s s e & e @ e e e e e 0.25
Mean aerodynamic chord 2 . . .. « e e e s e s . . . 1.20
Sweepback (leading edge), BEE « « + o+ o o & & s e o e w 63.0
Section (streamwlse) . ¢ « v ¢ v o v o o o o o e 4 . o . "NACA 644005
Incidence (at plane of symmetry), deg « « . . . . e e e . 0
Horizontel tsalls
Swept tall
Ares, sq £t « & ¢« ¢ . . 4 . . . . e e v e e e e e e e 1.00
Aspect ratio . . . . . © e s e s e e e e e s e e e e s 2.50
Span, £t ¢ 4 . 4 4 s e s e e e e e e e e e e e e e e s e 1.58
Taper ratlio . . . e e e e e s s e e e e e e e 0.20
Sweepback (leading edge), deg e e e e e e e e e e e 60.0
Section (streamwise) . . . . . . ¢ ¢ v v i e v e . . NACA 000k -64
Pivot axis (fraction of root chord) e e e e e e e e e e 0.84
Unswept tall :
Area, sq ft . . . . e e e e e e e . . . .« o e . 0.87
Aspect ratio . . . . . . . . . . . e e e e e . 4.00
Spen, £t . & .« . . . 1.87
Taper ratio . . . . e v e o & s s @ .« e o . o o . 0.33
Sweepback of 50-percent chord line, deg . « « & « « « o « . 0
Seetlon . . . . . e « s o « + « « « « NACA OOOL~6h4
Pivot axis (fraction of OOt chord) P o i 1
Vertical tail (leading and trailing edges extended to fuselage
center line)
Ares, 8 Tt . ¢ ¢« ¢ 4t 0 d i e h dh h h e e e e e e e e s 1.07
Aspect ratio . . « e e e 4 o o . e s e s o e o o s s o . 1.51
T = T 1.27
Teper ratio ... . . e e e e e .. e e e e . e e e 0.16
Sweepback (leading edge), deg . « . . e e e e e . . 54,0

Section (streamwise)

Fuselage
Fineness ratio
Short fuselage
Long fuselage
Base area, sq ft

. . NACA 0003 5-64
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TABLE I.~ GEOMETRIC PROPERTIES OF THE MODEL: - Concluded

Coordinates® (long fuselage):

Distance from Redius,
nose, inches inches
(0] 8}

5.00 .80
10.00 1.hh
15.00 1.9k
20.00 2.32
25.00 2.60
30.00 2.79
35.00 2.90
Lko.00 2.97
I5.25 2.99
51.25 3.00
68.25 3.00
T2.25 2.99
76.25 2.90
80.25 2.67
82.50 2.hh

IRemovable section from 51.25 to 68.25 inches from nose.

TABLE IT.- MOMENTS CENTERS, TATL ILENGTHS, AND TATI. VOLUMES

Configuration ngﬁ:z: Teil length,|Tall volume,
LLer,
Fuselage Tail Fences c 14/ v
Short or long| Off On or off| 0.25 - -——
Short Unswept On o] 1.52 0.331
Short Swept On .ho 1.52 . 380
Long Swept On b5 2.20 549
Long Swept Off .50 2.16 .538
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Flgure 1,-~ Model moumtbed in the wind tumnel.,
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Airfoil thickness is exaggerated
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Effacts of : Fences alone and foil alens Fanca shapa - Fence location Wing height and tail sweep
{with mid tail (with mid tail) {with mid 1ail)

Figure 5,- The effects of changes in model configuration on the pltching-moment characteristics
of the model at low speed,
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Figure 6,- The effects of femces and tall on the drag and pltching-moment characteristics of the
model; M = 0,20, R = 7,000,000, fence configuration II, wing and teil in mid position, it = -3,9°,
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Figure 7.~ The pitching-moment characteristics of the model; wing in mid position, with and without
fences (configuration X) and empernnage (horizontal tail in mid position).
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Figure 8.- The 1ift characteristics of the model; wing in mid poeitlon, with and without fences
(configurstion X) and empennage (horizontal tall in mid position),
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Figure 9,~ The 1ift~-drag characteristics of the model; wing in mid position, with and without
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