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NUMBERS FROM 1,500,000 TO 4,800,000

By George L. Pratt and E. Rousseau Shields
SUMMARY

The low-gpeed static longitudinal stabllity characteristics of a
wing having 45° sweepback of the quarter-chord line, an aspect ratio
of 8, a taper ratio of 0.45, and NACA 631A012 airfoll sections parallel

to the sir stream were investigated in the langley 19-~foot pressure’

tunnel at Reynolds numbers from 1.5 X 106 to 4.8 x 106. The effects of
combinations of leading-edge end trailing-edge flaps, upper-surface

flow-control fences, and a fuselage on the longitudinal stability char-
acteristics were determined.

The basic wing had 2 maximum 1ift coefficlent of 1.01, exhibited a
large degree of instability throughout the 1ift range, and was unsteble
at maximum 1ift. With a combination of leading-edge and trailing-edge
flaps and upper-surface fences, a maximum 1lift coefficlient of 1.50 was
obtalned, the movement of the aerodynamic center was reduced to less
than 6 percent of the mean serodynamic chord throughout the 1ift range,
and the pitching moment was stable at maximum 1ift.

INTRODUCTION

Previous investigations of sweptback wings (see, for example, refer-
ences 1, 2, and 3) bave shown that as the aspect ratio and sweepback are
increased, it becomes increasingly difficult to provide longitudinal
atability throughout the 1ift range with the various devices used to
control the stalling of sweptback wings. In order to extend these inves-
tigations and to provide information in the low-speed range with which

)
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to evaluate design configurations suitable for high-subsonic, long-range
airplanes, an investigation has been conducted in the langley 19-foot
pressure tunnel to determine the low-speed longitudinal characteristics’
of & U5° sweptback wing of aspect ratio 8. A wing of this sweep - aspect~
ratio combination 18 well in the longitudinally unstable region as set
forth in reference 4, and on the basis of present manufacturing methods
appears to be approaching a limit outside of which a wing would be
structurally impractical. .

The present paper contains the results of an investigation to deter-
mine the effects of leading-edge and trailing-edge flaps, upper-surface
flow-control fences, and & fuselage on the longitudinal characteristics
of the wing. The effects of leading-edge roughness on the bagsic wing
end on a representative flap-deflected configuratlion were determined.

The tests were conducted at a Reynolds number of 4.0 X lO6 and a Mach
number of approximately 0.19. Additional tests were made at Reynolds

numbers from 1.5 X 10° to 4.8 x 106 on the basic wing, wing with fences,
and on a representative flap-deflected configuration.

Results of measurements of thé pressure_distribution'over the wing
and the effect of a horizontal tail on the longitudinal stability are
presented in references 5 and 6, respectively.

SYMBOLS

The data are referred to a wind axis with the origin located at—the
projection of the quarter-chord point of the mean aerodynamic chord on
the plane of symmetry. ~Standard NACA symbols and coefficients are used.

Cr, 1ift coefficient (Lift/qS)

Cp drag coefficient (Drag/qS)

Cm pitching-moment coefficient (Pitching moment/gSc')

Xy increment of_pitching—moment'coefficient regulting from the
addition of the fuselage

L/D lift-dreg ratio

a angle of-attack of wing chord plane with wind, degrees

a . free-stream dynamic preesure, pounds per square foat (Egé)

%
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R Reynolds number (pVc'/u)
Mg free-stream Mach number
51 viscosity of air, slugs per foot-second
P density of air, slugs per cublc foot
v free-stream velocity, feet per second
S wing area, square feet
c' mean aerodynamic chord perallel to plane of symmetry, feet
2 n/2 2 | |
(g JE c dy)
c local wing chord perallel to plang of_symmetry, feet
b wing spen, feet
Y - --gpanwise coordinate, feet
tmax ‘local alrfolil section meximum thickness, feet
iy wing-fuselage incldence, angle between wing chord plane and

longitudinal axis of fuselage, degrees

de/dCL rate of change of pltching-moment coefficient with 11ft
coefficient

MODEL

The model tested in this investigation had 45° sweepback of the
quarter-chord line, an aspect ratio of 8.02, and a taper ratio of 0.L45
(see table I). The wing was constructed of a steel core embedded in an
alloy of bismuth and tin to the plan form indicated in figure 1 and
contoured to NACA 631A012 airfoil sections parallel to the plene of
symmetry. The wing tips were 2.5 percent of the wing span and were
rounded to & parabolic curve plan form and cross section. The wing had
no geometric twist or dihedral. Measurements were made of the torsional

deflection due to serodynamic loading at a Reynolds number of 4.0 x lO6
(a free-stream dynamic pressure of approximately 120 pounds per square
foot). The results indicated a nearly linear variation in twist with
increasing angle of attack to & maximum value of approximately 0.2° wash-
out from the root to the tip at maximum 1ift (CL = 1.0).
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The dimensions and locations of the various high-1ift and stall-
control devices are shown in figure 2. The split-type trailing-edge
flaps (fig. 2(a)) were constructed of sheet steel with a chord equal to
20 percent of the local wing chord in the undeflected position and were
deflected 50° from the lower surface of the wing parallel to the air
stream (600 measured in a plane perpendicular tq the flap hinge line).
Mounting brackets were constructed to simulate hinge-line locations of
the trailing-edge flaps at 80 and 100 percent of the wing chord with
spans of 35, 50, and 60 percent of the wing span with the inboard end of
the flap locsted at the wing root. The inboard 10 percent of the trailing-
edge flaps was removed to permit installation of the fuselage. For
convenlence in referring to the trailing-edge flaps, the flap pivoted
about the 80-percent-chord line will be referred to as the split flap,
and the flap pivoted about—the trailing edge will be referred to as the
extended Split flap. .

The principal dimensions of the round-nose extensible-type leading-
edge flaps and the span and spanwise location are shown in figure 2(b).
The flaps were constructed of a wooden block having a sheet steel nose
rolled to approximately a 3/8 inch diameter. When resolved parallel to
the plane of symmetry, the leading-edge flap dimensions presented in
figure 2(b) resulted in a flap deflection of 30° with respect to the wing-
chord plane and a constant chord of 2.75 inches. This chord is equal to
16 percent of the local wing chord st O.hOb/E and Z7 percent at 0.975b/2.

The upper-surface fences were constructed of l/l6-inch sheet steel.
The 3 types of chordwise fences tested on the model are shown in fig-
ure 2(c). The "nose fence' extended aft 25 percent of the wing chord
from the leading edge on the upper end lower wing surfaces. The "chord
fence" extended along the upper surface from 0.05¢ to the trailing edge
of the wing. The "complete fence" is a combination of the first two
fences. An additional segment of chord fence extending from 0.35c to the
treiling edge was tested at 0.89b/2. Unless specifically stated other-
wise, the fences installed on the various configurations throughout the
tests had a height (measured from the surface of the wing) equal to
0.6tyax at 0.575b/2 and 0.80b/2 and O.Ttmaex &t 0.89b/2. The fences

will be referred to by type and spanwise location.

The fuselage was a body of revolution having a fineness ratio of 10
wilth the nose and afterbody shapes as indicated in table I and shown
in figure 1. Provisions were made to test the wing at wing-fuselage
incidences of 0° and 49,

Leading-edge roughness was obtained by applying No. 60 carborundum
granules to a thin coating of shellac on the leading 0.08 chord of the
wing measured along the upper and lower surfaces. For the flap-deflected
combination, the roughnéss extended along the wing leading edge inboard
of the leading-edge flaps.
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The wing mounted for testing on the two-support system of the
Langley 19-foot pressure tunnel i1s shown in figure 3.

TESTS

.

The tests were conducted in the lLangley 19-foot pressure tunnel
wilth the air in the tunnel compressed to approximately 33 pounds per
square inch, absolute. Lift and drag forces and pitching moments were
measured through an angle-of-attack range from -3.5° to 31°, and unless
stated otherwise, the tests wexre conducted at a Reynolds number of

4.0 x 10°. Scale-effect tests were made at Reynolds numbers from
1.5 x lO6 to 4.8 x 106 for the plain wing and plain wing with fences and

from 1.5 X 106 to 4.0 x 10° for one wing-flap combination. The Mach
numbers corresponding to the various Reynolds numbers are as follow:

R Mo
1.5 x 106 0.07
2.2 11
3.0 b
) .19
4.8 25

The 1ift, drag, and pltching-moment data have been corrected for
support tere and interference effects. As noted in reference 5, there
was & spenwise variation in the tunnel air-streem angle in the region
occupled by the model. Imasmuch as only total wing-force coefficients
are considered in this peper, an average air-stream misalinement correc-
tion hes been applied to the angle of attack and drag coefficilents.

The angle of attack and dreg have been corrected for Jet-boundary
effects and the pitching moment corrected for tunnel-induced distortion
of the loading by the method of reference 7. These corrections are as
follow and were all added to the date:

to = 0.387Ct,
£Cp = 0.0063kC 2

£Cy = 0.0035CT,
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The spanwlse variation of the jet-boundary-induced angle was of the
same megnitude and in'a direction opposite to the 0.2° twist due to aero-
dynamic loading.

RESULTS

Presentation of Results

The longitudinal aerodynamic ‘characteristics for the various con-
figurations tested are presented in figures 4 to 31. Table II presents
a summary of the meximum 1ift and pitching-moment characteristics.

Basic Wing

Plain wing.- The 1ift curves show & decreasing slope and the pitching-
moment curves show & positive increase in de/dCL with an Iincrease in
angle of attack beginning at a low angle of attack (fig. 4). At the low
Reynolds number and above & 1lift coefficient of 0.7, there was a rapid
increase in lift-curve slope which became much less pronounced and
occurred at & higher 1ift coefficient as the Reynolds number was ilncreased.
This lncreése in lift-curve slope was accompanied by & stable break in
the pitching-moment curve which also became less severe at the higher
Reynolds numbers. In the region near maximum lift—the 1ift curves tended
to level off, and the pitching moments were highly unstable. In general,
an increase in Reynolds number in the range investigeted caused the 1ift
curve to be more nearly linear and reduced the variation of de/dCL

throughout the 1ift range.

The pressure-distribution surveys presented in reference 5 indicate
that the decreased lift-curve slope end positive increase in dCy/dCT,
with increasing angle of atigck result from a loss in 1iftdue to trailing-
edge separation which began at low angles of attack over the tip sections
of the wing. The increased 1ift and stable moment break in the region
of C1, = 0.7 appear to result from a chordwise redistribution of loading

as separatlon occurs over the complete chord of the tip sections.

The drag was decreased considerably through the moderate and upper
1ift range with an increase in Reynolds number (figs. % and.5). Reynolds
number appeered to have little effect on the maximum value of the 1lift-
drag ratios.

Wing with fences.~ By the use of flow-contrel fences located at
several spenwise positions on the upper surface of the wing, it was
possible to reduce appreciably the variation of de/dCL with 1ift
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coefficient (figs. 6 ta 8). With fences at. 0.575, 0.80, and 0.89b/2,

the movement of the aerodynsmic center was reduced to less than 6 percent
of the mean serodynamic chord throughout the 1ift range to approximately
0.9%01, ., a8 indicated by the variation of &Cp/dacy, (fig. 8). The

pitching moment, however, remained unsteble at maximum 1ift. As the
spanwise locations of the fences of this investigation were chosen
somewhat arbitrarily, they should not be construed as being an optimum
for a wing of this plan form. It seems réasonable that a more thorough
investigetion would result in an improvement in fence type and a pos-
sible reduction in the number of fences required to obtaln = linear
variation of pitching moment with 1ift-coefficient.

The effectliveness of individual fences and the effect of extending
the fences chordwise around the wing leading edge are also indicated in
figures 6 to 8. A fence located at 0.575b/2 resulted in a greater
improvement in stebility than a fence located at 0.80b/2 (fig. 6(b)) and
probably resultes from the inner fence affecting the spanwise flow of air
in the boundary layer over & larger portion of the wing. A complete fence
at O.65b/2, however, resulted in no change in the longitudinal stability
characteristics from those obtalned with a fence at O.575b/2 (data not
presented). The fences that extended around the leesding edge of the wing
(complete fences) were mainly effective near maximum 1ift where they
reduced the large positive pitching moment obtained with the chord fences
at an angle of attack beyond and several degrees prior to meximum 1ift.
The nose fences when tested alone reduced appreciably the instability of
the plain wing in the upper 1ift region but had little effect through the
low and moderate lift coefficient range (fig. 8).

Figure 9 presents the results of varying the height of the complete
fence at O.575b/2'from 0.3tmax to 1.5tp,,. In the range investlgated,

an Increase in the height of the fence produced only & small improvement
in the longitudinal stability which resulted in & small trim shift near
meximum 1ift.

Upper-surface fences 1mproved the lift characteristics of the basic
wing a8 indicated by a higher lift-curve slope in the upper 1lift range
and a small increase in maximum 1lift (figs. 6 to 8). The drag character-
istics of the wing with two fence configurations are compared to the
plain wing in figure 10. The fences resulted in a small increase in
drag in the lower lift range and a consequent reduction in the maximum
lift-dreg ratio. In the upper 1lift region, however, the fences resulted
in an appreciable decrease in drag with a subsequent increase in the 1lift-
drag ratios.

Within the Reynolds number range available for the present tests

(1.5.X"106 tQ_£.8'x_1O6gé an increase in Reynolds number improved the
stability at the lower ynolds numbers (fig. 11). The data indicate
little Reynolds number effect on stability, however, at Reynolds numbers
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aebove 3.0 x 106 and 2.2 x 106 for a single and multiple fence arrenge-
ment, respectively.

In general, the improvement in the aerodynamic characteristics of
the wing in the upper 1lift reglon by the addition of upper-surface
fences appears to result from the abllity of the fences to delay the
trailing-edge seperation on the tip sections of the wing by Interrupting
the spenwise flow of alr in the boundary layer. The pressure-distribution
data of reference 5 show that the lifting ability of the tip sections
was maintained to & much higher angle of attack for the wing with fences
instelled. '

Wing with Flaps

Trailing-edge flaps.- Split-type tralling-edge flaps resulted in
little improvement in the longitudinal stebility characteristics of the
wing (fig. 12). An iIncrease in the span of the flaps from O.35b/2 to
O.60b/2 improved the stability slightly through the low and moderste
lift range but produced a more abrupt unstable break in the pitching-
moment curve as the wing stalled. The longitudinal stability character-
istics with the extended split flaps were similar to those obtained with
the split flaps. '

The maximum 1ift coefficient was increased from a value of 1.01 for
the plain wing to values of 1.3% and 1.45 by the 0.60b/2 split and
extended split flaps, respectively. The trailing-edge flaps produced
an sbrupt—loss in 1ift after maximum 1ift had been attained, whereas the
plain wing exhibited a leveling off of the 1lift curves at maximum 11ft.
At zero angle of attack, the increments 1n 1ift coefficient due to flaps
were equal to 0.51 and O ST for the O. 6b/2 spllit and extended split
flaps, respectively. An attempt to calculate the increment in 1ift due
to the flaps by the simplified method of reference 3 resulted in values
consliderably less than the experimental values.

Leading-edge flaps.- With the leading-edge flaps installed, the
variation of dC,/dC], was appreclably less than for the basic wing;
however, considerable undesirable changes in stability remained through-
out—the 1lift range. At maximum 1ift, the pltching-moment curves broke
in a stable directilon.

A comparison of the 1ift characteristics of the plain wing (fig. 4(a))
and the wing with leading-edge flaps deflected (fig. 13) shows that the
leading-edge flaps resulted in & higher lift-curve slope through the
moderate and upper 1ift coefficient range and produced an increment of
maximum 1ift coefficlent of epproximately 0.2. A chenge in leading-
edge flap span from O.35b/2 to O.575b/2 resulted in only small changes
In maximum 1ift. As can be seen from the curves of figure 13, there was
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an initial break in the 1lift curve at a 1lift coefficient of approximately
1.1 and & smgll increase in 1lift with further increase in angle of
attack. The change in lift-curve slope at a 1ift coefficient of epproxi-
mately 1.1 is assoclated with the unstable bresak in plitching moment
obtained for the shorter spans of leading-edge flap at the same 1lift
coefficient and results from & loss in 1ift over the wing inboard of the
Inboard end of the leading-edge flap, as indicated by wool tuft studies
and pressure distribution measurements (date not published). The longer
spans of flap move the initial stall inboard and reduce the loss in

1ift behind the center of moments, thereby reducing the instability.

The effectiveness of the leading-edge flaps in providing stability
appears to result from their ability to malntain 1ift over the outboard
portion of the wing. By the selection of the proper flap span, the
stalled and unstalled areas mey be balanced to provide the desired
stability.

Combinetions of leading-edge and trailing-edge flaps.- When the
leading-edge and trailing-edge flaps were tested in combinatlon, the
model exhibited varying degrees of instability which were dependent on
the spen of both the leading-edge and trailing-edge flaps (figs. 14
to 16). In general, the longer spans of leading-edge flaps and the
shorter spans of trailing-edge flaps provided the most favorable pitching-
moment characteristics neer maximum 1ift., The chordwise location of the
trailing-edge flaps had little effect on the longitudinal stability
characteristics with the leading-edge flaps Installed.

An examination of figures 1k to 16 indicates that, for many combina-
tions (particularly the configurations having the longer spens of leading-
edge flaps), the initial leveling off or break in the 1lift curve is
followed by a small increase in 1ift at higher angles of attack. For
purposes of comparison, the maximum value of 1lift coefficient obtained
will be used in discussing the maximum 1ift characteristics of the wing
with flaps deflected, although it is realized that this may not be a
usable value of 1ift coefficient from the standpoint of longitudinal
stability. In most cases, meximum 1ift occurs after the pitching-
moment curves have broken in a stable or unstable dilrection.

The maximum values of 1lift coefficient obtained are presented in
figure 17 for the various combinetions of flaps. With the leading-edge
flaps deflected, the 0.6b/2 split flap produced only an increment of
maximum 1ift coefficient of approximately 0.10 to 0.15. Several of the
shorter spans of split flap actuaslly produced a decrease in maximum
1ift over that obtained with the leading-edge flaps alone. The extended
8plit flaps improved the maximum 1ift characteristics appreciably, and
the 0.6b/2 trailing-edge flap resulted in en increment of maximum 1ift
coefficient of approximetely 0.25 with the leading-edge flaps installed.
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The drag characteristics are presented for a representative group
of flap-deflected configurations in figures 18 to 20. The data indicate
that the extended split flaps produced an apprecilably smaller increment
in drag than s corresponding span of split flaps. A change in leading-
edge flap span from 0.35b/2 to 0.575b/2 produced only & small increment
of drag.

An increase in Reynolds number in the range 1.5 X 106 to 4.0 x lO6
reduced the variation of dCp/dC1, and improved the lift-curve slopes

throughout the upper lift range with the leading-edge and trailing-edge
flaps installed (fig. 21).

Effect of fences with flaps deflected.- The data of figures 12
to 16 indicate that two upper-surface fences located at-0.575b/2 and
O.80b/2 reduced appreciably the variation of de/dCL throughout the
upper 1lift range obtained with the leading-edge and trailing-edge flaps
installed. Figure 22 indicates that the addition of a third fence at
0.89b/2 resulted in a further slight improvement in the veriation of
pitching-moment coefficient with 1ift coefficient (compare with data of
fige. 13 and 14(b)). The effectiveness of the fences in improving the
longitudinal stability, as in the case of the plain wing, appears to
result from the interference with the spanwise flow of air in the boundary
layer over the outboard rear portion of the wing.

The effectiveness of the individual fences at 0.575b/2 and 0.80b/2
is indicated in figure 23 for one flap combination. Contrary to the
results obtained for the plain wing (fig. 6), with the leading-edge
flaps deflected, the outboard fence (0.80b/2) produced the greatesst
improvement in the longitudinal stability characteristics. The date of
figure 16 compared with similar flap configurations of figures 1k and 15
also indicate the increased effectiveness of the outboard fence over the
inboard fence. The decreased effectiveness of the inboard fence with
the flaps deflected may result from the proximity of the fence to a
vortex off the inboard end of the leading-edge flap which probably
interferes with the spanwise flow of air in the boundary layer.

Figures 14 to 16 show that the lift-curve slope and maximum-lift
characteristics of the wing with flaps were improved slightly in the
higher angle~of-attack range by the addition of the fences. As in the
case of the plain wing, fences increased the drag slightly in the lower
1ift range but decreased the drag at higher values of 1lift coefficient
(figs. 18 to 20). .

The most satisfactory of the flap and fénce configurations tested
from .the standpoint of longitudinal stability and maximum lift character-
istics appears to be the 0.500b/2 leading-edge flap and 0.500b/2 extended
split flep with the upper-surface fences located at O.575b/2 and O.80b/2
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(fig. 15(a)). This combination had a maximum 1ift coefficient of 1.50,
the mévement of the aerodynamic center amounted to less than 6 percent
of the mean aserodynamic chord as indlcated by the variation of dCy/dCy,
throughout the 1lift range, and the pitching moment was stable at maximum
lift.

Leading-Edge Roughness

The resilts of testing the plain wini and one flap-deflected

combination (Reynolds number of 4.0 x 100) with roughness applied along
the leading edge of the wing are presented in figure 2k, For the flap-
deflected combination, the roughness extended along the wing leading edge
inboard of the leading-edge flaps.

The roughness resulted In a lower lift-curve slope and a positlve
increase in de/dCL for both the plain and flapped configurations

through most of the 1lift range and, in general, produced results similar
to those obtained for the smooth wings tested at lower Reynolds numbers
(see figs. 4 and 21). Reference 5 presents the results of pressure-
distribution measurements on the plain wing with leading-edge roughness
and indicates that roughness resulted in a lower lift-curve slope, an
earlier separation, and a lower maximum 1ift over the tip sectioms of
the wing.

Wing-Fuselage Combination

Plain wing-fuselage combination.- The installation of a fuselage on
the wing resulted in a decrease in stability throughout the 1ift range

(figs. 25 to 27). At the lower 1lift coefficients, the aerodynemic

center for the wing-fuselage combination for i, = 0° and 1, = 1°,
respectively, was approximately 11 percent and 9 percent of the mean
aerodynemic chord forward of its location for the wing alone as

indicated by the curves of figure 26. As can be seen, a change of wing-
fuselage incldence from 0° to L° resulted in & movement of the aerodynamic
center of approximately 2 percent of the mean aerodynamic chord which is
slightly larger than the effects obtained for unswept-wing - fuselage
combinations (references 8 and 9).

Figure 27 shows the increment in pltching-moment coefficient due to
the fuselage (fuselage-on pitching-moment coefficient minus fuselage-off
pitching-moment coefficient) plotted against angle of attack for the
2 wing fuselage incidences tested. The data indicate a negative trim
change due to the fuselage at the low angles of attack and a positive
increase with increasing angle of attack, which resulted in large positive
pitching moments at high angles of attack. The principel effect of wing-
fuselage lncidence was & trim change which remained nearly constant
through the angle-of-attack range.
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The lift-curve slope wase improved slightly in the higher 11ft range,
and the maximum lift—coefficlient wes lncreassed approximately 0.05 by the
addition of.the fuselage at either wing-fuselage incidence. The inci-
dence of 4° resulted in a slight decrement in 1ift at zero angle of
attack which should be expected because of the negative attitude of the
fuselage at zero wing angle of attack. '

The fuselage Iincreased the drag by a constant increment-of approxi-
mately 0.008 through the lower 1lift range at both wing incidences
(figs. 25(c) and 4(c)). The improved 1lift characteristics in the high
11t range with the fuselage installed were accompanied by a decrease in
drag coefficlent—sat the 1ift coefficients above 0.90. The Reynolds num-
ber effects with the fuselage installed were similar to those obtained
on the wing without fuselage (figs. % and 25).

Wing-fuselage combination with fences.- The upper-surface fences
appeared to maintain thelr effectliveness by reducing the variation of
de/dCL through the upper 1ift range with the fuselage installed on the
wing (fig. 28). In the lower lift range the fences installed on the
wing-fuselage ‘combination did not—produce the linear variation of
Pitching moment with 1ift coefficient as obtained by the fences on the
besic wing. This i8 shown more clearly in figure 26 which presents the
values of dCp/dCT, through the 1ift range for the fence on and off con-

figurations and shaows the positive increase in the slope of the pitching-
moment curve with increasing lift coefficlent to be appreciably greater
for the fuselage-installed configurations with fences through the lower
1ift range. As in the case of the plain wing, the fences on the wing-
fuselage combination improved the 1lift characteristics slightly in the
upper lift renge. -

Wing-fuselage combination with flaps.- The addition of a fuselage
to the wing with leading- and tralling-edge flaps deflected altered the
stabllity characteristicg of the wing apprecisbly. The data of figs
ures 29 to 31 show that the leading-edge flaps no longer produced a
stable break in the pitching moment at high angles of attack for most
flap-deflected configurations. This lack of stability with the leading-
edge flaps appears to result from the large positive increments in
pitching moment due to the fuselage at high engles of attack. Examination
of the data of figure 27 shows that the increment in pitching-moment
coefficient due to the fuselage 1s considerably greater for the flap-
deflected condition shown than for the plain wing-fuselage combination
at high angles of attack., At the lower angles of attack the varistion
of increment in pitching-moment coefficlent with angle of sattack is
approximately the same for the flaps on and off configurations. The
shift in the two curves (flaps on and flaps off for a given incidence)
1s due primerily to the split flap which extendéd_inboard to the plane
of symmetry with the fuselage off but had the inboard 10 percent removed
for the fuselmge-on tests to permit installation of the fuselage, which
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Fuselage Incidence had little effect on the stability character-
istics of the wing-fuselage combination with flaps deflected. The
increment in pitching moment due to incidence was not affected appreciably
at the lower angles of attack for the flap-deflected caondition of fig-
ure 27 but was decreased slightly at the higher angles of attack.

An analysis similar to thet presented in figure 27 for a configura-
tion having an extended split flap of longer spen and upper-surface
fences (data of figs. 30 and 31) produced qualitatively and approximately
gquantitatively the same resultis as were obtained for the flap configura-
tion of figure 27. :

The data of figures 29 to 31 indicate that the upper-surface fences
decreased the variation of de/HCL through the upper l1ift range for the

various flap-deflected wing-fuselage combinations.

The fuselage had little effect on the 1lift coefficient at which the
1ift curves initially leveled off for the combinations having split flaps
deflected but resulted in a slight increase in 1lift coefficient with the
extended split flaps deflected at either wing-fuselage incidence (figes. 30
and 31). At higher angles of attack, the fuselage resulted in a further
small increase in 1lift which was slightly greater at i, = 0° +than at

iy = 4°. The lift-curve slope was increased slightly through the 1ift

range for the various flap-~deflected conflgurations by the addition of
the fuselage at either incidence.

Although the fuselage of this Investigation had a large detrimental
effect on the longitudinal stabllity characteristics of the wing including
the more favorable flap combinations, a subsequent investigation of the
stabllity contribution of a horizontal tail on the wing-fuselage combina-
tion (reference 6) showed that satisfactory longitudinal stability char-
acteristics could be obtained for the wing with flaps and fences through
the 1lift range.

CONCLUDING REMARKS

The following remarks may be maede in conclusion of an investigation
of the low-speed longitudinal characteristics of a 450 sweptback wing
of aspect ratio 8 with various high-1ift and stall-control devices:

l. The basic wing exhibited a large degree of instabllity resulting
from treiling-edge separation beginning at low angles of attack over the
tip sections of the wing.
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2. By comtrolling the spanwise flow, of air over the tip sections of ) e
the wing through the use of upper-surface fences installed at several. -
locations along the spen, the movement of the aerodynamlc center was
reduced to lesg than 6 percent of the mean aerodynamic chord throughout
the 1ift range to OlQﬁCLiax. The pitching moment remained unstable at

maximum 1ift, however.

3. Iéading-edge flaps resulted in stability at meximum 11ft and
increased the maximum 1lift coefficlent from 1.0l for—the basic wing to
approximately 1.22. Considerable variations in stability existed through-
out the 1ift. range, however, which were reduced markedly by upper-surfeace

fences.

4. In combination, the longer spans of leading-edge flaps and the
shorter spans of trailing-edge flaps provided the most favorable pitching-
moment characteristics at maximum 1ift. The chordwise location of the
trailing-edge flaps had little effect on the longitudinal stability char-
acteristics, but split-type flaps located along the trailing edge of the o
wing produced improved meximum-l1ift characteristics over the flaps,
located along the 80-percent-chord 1line. Upper-surface fences improved -
the stability characteristics of the wing for all flap combinations -

investigated. .

5. With a configuration having leading-edge and trailing-edge flaps
each equal to 50 percént of _the wing semispan and having upper-surface : :
fences located at 57.5 and 80 percent of the wing semispap, the maximum B
1ift was 1.50, the movemént of the aerodynsmic center was less than
6 percent of the mean aerodynamic chord, and the pitching moment was
stable at maximum 1ift. o

6. Installation ofafuselage on the wing'resulted in & large
destabilizing moment which was not eliminated by the use of leading-edge
flaps and fences. A change of the incidence of the wing on the fuselage
produced only a small effect on the longitudinal stability. -

Lengley Aeronautical Laborafory o .
Rational Advisory Committee for Aeronautic
Langley Field, Va.
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TABLE I.- GECMETRY OF MODEL

Wing:
ATes, SQUATE FEEt . . + & v v ¢« o « 4« e o e e o v e o o o . k.02
Spen, feet . . e o <52

Aspect ratio, b2/s P - B =
Taper ratio, ratio of tip chord tc root chord . . . « « . . . . . 0.4
Mean serodynemic chord, feet . . . . . ¢« + ¢« ¢ ¢+ ¢ &+ « « ¢« « +« « 1.39
Airfoil section, parallel to plane of symmetry . . . . . NACA 63;A012

Sweepback of quarter-chord line, degrees . . . . . . « . o . . . b5
Sweepback of leading edge, degrees . . « « . « « + « « « + « « . 46.3
Geometric twist, degrees . . . . . . ¢ ¢ ¢ ¢ ¢ e 4 0 o e 0 . o . o
Dihedral, degreesS . . . .« . ¢ v ¢ ¢ o o o ¢« 2 0 o s o = e s s o e o

Fuselage:

Fineness ratio, ratio of fuselage length to max. diameter . . . . 10.0
Ratio of fuselsge length to wing spen . . . . . Bt
Height of wing root leading edge above center line ‘of fuselsage,

fraction of maximum fuselage dilameter . . . . . . « « . + « & 0.25
Incidence, iy, angle between root chord line and center line

of fuselage, degrees . . . G« e e o e s+ s . Oandlk
length of fuselagé, mean aerodynamic chords S |
Distance of quarter=chord point of mean aserodynamic chord from

nose of fuselage, iy = 0°, mean aerodynamic chords . . . . . . k.20

= 1/2
Fusela.genoseshape..............r°=[1_<1-%>]

I
5]3/*
Fuselage afterbody shape . . « + « « « « « « & %% = [} - (} - % ]

= 6.36 in. T

— O

= 33.34 in. Constant diameter 1 = 52.23 in.

LI
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v
PASLE IT,- SUMMARY OF LOWGTTUDINAL STABILITY GHARACTERISTICS OF A 1j6.33° SWEPTRACK WING
¥
w650 NAop=t5° A=B.02
Ko 0.450
Airfoll ssctions (parallel to plane of symmetry)
Root: WAOA 631012 ’
Tip:  NACK 63;A012
Span_ | Span
f L.E.ot 7.z Tence t
E:;;éc;- %}é?‘ Looation Configuration °!.u'°r-..xo.¥”u£‘m Ca Charactaristics Figure
L2
] 8 1.2 1.5 2.0
4 o
3
P mm——— r.0L| 21.0 8.0 c:.z L
ad
o4
- -1 4
. ¥one é — § 1 n.e 6.0 >- 25
1, = 0° [
(S —— . . 4
Wone | Wene { : § 1.15) 31.0 6.30 25
iy = 8° 1
B - 1.07 25.0 | ——ro i l 6
515
+
T — . 1.10| 27.0 | —— 9
<575
»
578 lC——— . ‘{130 270§ 9.60 l ' 6, 10
4
£
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Table II.- Continued.

pf L.BJjof T.E4 Fence - C: D at
pevice [evice | Location Gontiguration Toa Cluax 0-% Oiyex| Om OBarecteristios Pigure

(b/2) [(v/2) (v/2)

a
F
o«
[
N
~
o
»
o

AN NN
w
|

s
v

@ A P 7 - J—
5715

)
ke

19.0

28

e

0 e se | —

—
8

é_gj v sr0 |——

1 =le

|
S

4
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Table II.- Continned.

Jren Span PFence
f Lol TE fowmtica Owafiguration L L
4 0. Cy Charscteristics Fgurs
sy fovar | s2) 85 Otpax
[ .kc".a 1.2 1.6 2.0
3
e 1.08 [19.0 | — [o2? 7
- K3
% o
.l
Kooe 1.09| 27.0 8.9% j 8,10
119] 5.0 | —m— [ ‘ 29
éﬁg: Noos == 1.22 | 16.6 | 10.58 \) 12a, 18
P
Nene et
53‘2‘;’; Tooe = 1.29 f18.6 | 10.25 1Za, 18e
Flap
N L
Fi . == 1.3 | 25.6 | 10.25 } 12e, 18
ap
)
Bl veos = 1.30[ 15.6 { 11.08 12, 1%
@ -
+—
.
500
5"2, Rone = 140f 25.6 | 1072 ? 120, 10
Y 1.37) | —— 1

19
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Table II.- Jontinued.
Span
t
;irxiasigv:g- I::::zon Configuration cx‘luacl'nx,o,‘énq:‘“ Cn Oharacteristics Pigure
72) [to/2) | (b/2)
(3
0 L8 1.2 1.6 2.0
3
2
Yone — 146 }15.7 | 11.08 “-1 12b, 18b
od
e o
Mome | eniit
P
e 1hh 1148 | 1046 H 12b, 180
575
.80 4
Mone T 1.18] 28.6 952 ‘US[‘—“_‘ 13, 19
Xone
P Y 1.39} 266 | ———0n 13
.335
l
Kons (C:?- 1,26 [15.6 | ———— b 1YY
|
g?gt +
Flap
PN .26 [15.6 [ ——o :}: U
‘335 4 -
<3
k.
Flap r-
53‘1’2» Kone ‘<::=={- o 1.29 f1h6 | —— : P- o
Flap |
Hone (Cﬁk- 1.3 {146 | — : ‘! ilo
.600
splst
Flap L
5? 1.30 | 15.0 N 'l — e
.g’rs
8o :
600
:;;it P ==y 1454 277 | ——— 15
Flap -335

é

,"

ol
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Tuble II.- Continued.

E:E:.é;;:: L:‘:t;m Configuration ctﬂl“c‘ﬂx%.‘gno‘:x Cg Characteriztics Pigure
(v/2) [(b/2) (v/2
o kL8 1.2 1.6 2.0
ol
Noos | Wome o — 1.2 286 | —— C‘D, 1) . L]
-l '
e I I ol S s N
k00
L.B.
Flap [
Bl | — e |
$9%] rone 1.3 sy | —— ] ke
1 ,0-( ] .
¥ons e — 1.22 |27.0 | 8.95 T , 13, 19
Taoe
L
e 1.25| 27,0 | 9.00 13, 19
'
'.?o’ e 1.28 | 27.0 1\47 22
85
[
X == ihaln L -
.8 o .k_/
P 1.22|1£.6 | 11.58 } , 1ka, 20a
I
B o I n
Juo Yone f § 139 30,7 | —m _/
Tlap Pl ——
ﬁzg:
é tQ-‘. § h.sk t30.7 | — 30a
1y =W
1.23 | 4.6 | —
x ‘a roah | 240 § —— 25
.80
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Table ¥I.- Oontinued.

NACA RM I51J04

Span Span
o B Pei t
Eé‘?f :-E)EF ht:l;gol Oomfigiratics Clmax lmax, n_%nq.‘“ Cp Charsoteristics Pawre
0 &%.g12 L6 20
3
LN
= 7 al as| wea = ha, 200
.a’ 'od
" =»1
0 7 o] @3} —0r0 _/ 5
'g’ F——————-
oy 1y = 0°
Pisp }
i = ol —| L |
<575 ,
X"
1 =40
B 1.36 | 30.7 | —~————s Jos
STS H_,A/_,_,
.l 1, = k° .
== 26 | 15.6 | 10.40 ] :’ iy, 20m
3
¥one -
.bjo 1
L.E. - N
Flap :Q-‘. - 1.39 | 30.7 | ——o ] 300
1, = k* L .
F
w00 'E_ﬁh\; S has a6 0.2 %—4— 1y, 208
3 \5T8
e
< ) S s8] a8y | —— ] 3o
i é ‘ _ :é o :7‘L"—‘
.80
= 10 L
=g - ss ] zoq - 5o
575 { 3 § vLo—o
L& iy =
Xone e k35 1 25.5 | 10.27 A...,!—o—, e, 20a
600
11
P -
x — ho33 | 15,5 ] 9.2 N—‘ Lo, 208
o 57%
.80 4

W
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Table II.~ Continued.

a3

Span at
:v&;z.;:':: )‘.:::ed.n Confignration Clman Chomex O-Ién":_x Cu Charsctaristios Figure
(b/2) [(v/2) /2) i
By
29 k8 12 14 20
Xone ———=— .37 | 17.6 11.64 H:‘I :' . | 150, 200
o
3 .1
split
Flap
X P\ 1.36 | 166 | q 150
2575 1
.30
——— . bz | 156 | 1239 %"—*’ 15e, 200
None
f — 3 152|288 7&—-« 300
1, = ¥
ok
#1? ‘8\ th5 | 16.6 | —— 1%
P 579
Jo X
Ext.
1333
P
i(@ -}wszr-o———- l £ n
515
.80
e = 0®
=\ 155 | 26.8 | —— 300
o575 : .
.80 e
Kooe T hdg) 227 | 11.08 —Aﬁ*—o— 58, 208
.600
133
Spiit
P 4
x P——Y | 2| '@J' 13
515
.80
Taoe None P et 1.2} 26.8 | — [vﬁ—'—“ 13
] .
o P 130[26.8 | ﬁi—'—“ 15
“80 -
1.29{26.8 | —— t:/ +— 2
P 5?;;; Noos ',c(- Laf 16.6 | —— : ’ 1he
nsp 4
ﬁgt Nooe e .29 | 16.0 |m——n [_>4_,_, Wb

é
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Table IT.= Gontinuad

NACA RM 151J04

Span Span
pf L.Ejor T.El PFence cl-.uh!-.u ay
Confl 112 $0, ¢y Charsoteriskios
ok | — Bl =
z: .hor'.s L2 16 2.0
.a : 1.27 | 20.7 | ——— [Ca 16
o oﬁ—v—#
2
ep
bz | w66 — | ] ' Tl e
.32} 15.8 \\ij 22
1,52 | 250 { —>—~J—-«—~ the
.600
Split
Rep ] e
i.’gu. 57 a 1.38 ] 16,2 —0 A‘—‘:’_’—"
Flsp «80
¥ooe e . 0 s Beof — M—r 2%
+500 [
® poca—=W 1ao| gy — | ]
578 ] : 1o
.80 L
Noos mmm— 1.52] 2y | —— 4‘@9’_" 1%
600 —
Ex#.
aplit |
n L= 1.55) 240 f —— i “ﬂ t .
Fone AT — - 1.24 | 27.0 7.32 —@Q—o—p 15, 19
Foune E
P o hae | 22| — :; 13
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80
e :
Fiap
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3
i
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Teble IT.- Conoluded.

Span
bf L.E.of T.E L/D at
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Je.76 NACA 63, A0IZ section
0.25chord line
Quarfter - chord
point of wing mean
/  aerodynamic chord
\ (&!
- - - - - N
N
46.33°
Mesan aerodynamic chord, 16.67
E/'5‘9
987 4«—] !
Wing chord Wing chord

plane, iy =4°

/_ plane, iy, =0°
I e e — s Y
¥
l 4/.68 |
Section of constant diam.

33.34

127 26

Figure 1l.- Principal dimensions of wing with fuselage. (Dlmensions are
in inches.)
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L——o.aoc —-—| j °0"

Split flap
Section A-A (enlarged)

50°

Typical section with
extended split flap

IR o7

(a) Trailing-edge flaps.

Wao-a’en block
5.00R
3780

Section B-B (enlarged)

0975672

. 0575b/2 —-1
0.5008/2 -1
e 0.450b/2
~——0.400b/2
~0.350b/2 ~|

(p) Leading-edge flaps.

Figure 2,.,- Detalls of high-1ift and stall-control devices.

(Dimensions

are in inches.)
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l‘ 00380 R,__ O3 /max KT -
—— Eép -

0.25¢
Complete fence

O.6limgy fFences (0.575 and 080672 positions) O3tmax complete fence (0.575bs/2 position)

0./88¢cR.

O7imax chord fence (0.83b/2 position} 1.5tmax compléte fence (0.575b/2 position)

<A

{(¢) Upper-surface fences.

Pigure 2.- Concluded.



Figure 3.- The wing mounted for testing in the Langley 19-foot pressure
tunnel.
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Figure h.- Continued.
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Figure 5.~ Effect of Reynolds number on lift-drag ratios of basic wing.
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Figure 11.- Concluded.
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Flgure 12, -~ Effect of treiling-edge flap spesn on 1lift apd piltching-moment
cheracterigtics with and without 0.575b/2 and 0,80b/2 chord fences.
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Figure 14.- Contimued.
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Figure 15.- Effect of leading-edge flep spen with extended split flaps
deflected on 1ift and pitching-moment characteristics with and with-

out 0.575b/2 and 0.80b/2 chord fences,
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FPigure 15.~ Concluded.
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Figure 18.- Effect of trailing-edge flep spen and location on dreg

characteristics.
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Figure 21.~ Effect of Reynolds mmber on 1lift snd pitching-moment char-
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Figure 22.- The 1ift and pitching-moment characteristics with leeding-

edge and treiling-edge flaps and 0.575b/2, 0.80b/2, and 0.89b/2 chord
fences.
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Figure 23.- Effect of fence mumber end location on wing with 0.45b/2 leading-
edge flaps and 0.35b/2 split flaps.
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