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By Thomas V. Bollech and William M. Hadaway

SUMMARY

. The manner in which the 1lift and

pitching-moment characteristics of

a 45° sweptback wing are influenced by high-1lift and stall-control devices

was determined from detailed pressure-distribution measurements.

The

wing had an aspect ratio of 8, a taper ratio of 0.45, and incorporated

NACA 637A012 airfoil sections.

It was equipped with extended and split

trailing-edge flaps, extensible leading-edge flaps, and upper-surface

fences.

The investigation was conducted in the Langley 19-foot pressure

tunnel at a Reynolds number of 4.0 X 106 and a Mach number of 0.19.

Although it was not positively established, the results indicate that
the instability of the basic wing, which began to occur at a 1lift coef-
ficient of approximately 0.25, was due to flow separation which origi-

nated over the outer 4 percent of the

The stability of the wing in the
range was improved through the use of
edge flaps.

The increased 1lift effectiveness
was due to the increased chord of the
than to an increase in the individual

wing semispan.

upper portion of the lift-coefficient
upper-surface fences or leading-

of the extended trailing-edge flaps
sections spanned by the flaps rather
pressures acting on sections.
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INTRODUCTION

As a result of considerable research effort, the low-speed stability
and 1lift characteristics of swept wings have been improved through the
use of leading- and trailing-edge flaps and upper-surface fences. Although
considerable force test data are available which show the over-all effects
of varying spans of leading- and trailing-edge flaps and various types
of upper-surface fences on the low-speed characteristics of swept wings,
only a limited amount of pressure--distribution data are available to show
the effects of the various devices on the chordwise and spanwise load
distributions.

A pressure-distribution investigation, therefore, was carried out
in the Langley 19-foot pressure tunnel on a 45° sweptback wing of aspect
ratio 8 with and without high-1ift and stall-control devices to aid in
the further study of the effects of these devices on the 1ift and pitching-
moment characteristics of swept wings. The high-1lift and stall-control
devices consisted of split and extended trailing-edge flaps, round-nose
extensible leading-edge flaps, and upper-surface fences.

The investigation was carried out through an angle-of-attack range

from -4© through the stall at a Reynolds number of 4.0 x 106 and a Mach
number of 0.19.

An analysis of the longitudinal characteristics of the subject wing
as determined from force data of the wing with and without high-1ift and
stall-control devices has been presented in reference 1. The present
paper concerning the longitudinal characteristics of the subject wing
employs the results of the pressure distribution tests as an aid in ana-
lyzing the flow characteristics of the wing that produced the force-data
trends obtained.

SYMBOLS

The data are referred to the wind axes with the origin of these axes
located at the projection of the quarter-chord point of the mean aerody-
namic chord on the plane of symmetry and have been reduced to nondimen-
sional coefficients which are defined as follows:

ilE
Cy, 1lift coefficient, Zx or f c; £a
as Jo ¢ DbJ2
) section 1ift coefficient,
1 _ (z/e )i
cos a P, - P,)d & - sin a P P.)d 2
1 u (@) f r c
=0 = —(Z/C )max
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pitching-moment coefficient,
1

section pitching-moment coefficient,

. 1
ey - cf/; <P1 -Pu>d2c£

section pitching-moment coefficient about the local quarter
chord,

/;1 (Pl _ Pu><0.25 - 2c£>d x +f—:i:;::: <Pf = Pr>

rate of change of 1lift coefficient with angle of attack

0N
Q
I

rate of change of pitching moment with angle of attack

angle of attack
st
pitching moment about 0.25c'

wing area

mean aerodynamic chord,

[62]]aV]

b/2
]/ c2dy

Yo

mean geometric chord, %

local wing chord parallel to the plane of symmetry
wing span

dynamic pressure, pV2/2

free-stream velocity

density of air
P - Po

pressure coefficient, 5
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Po free-stream static pressure
b local static pressure
X longitudinal distance from local leading edge measured

along chord plane and parallel to plane of symmetry
(rearward positive)

Xc/h longitudinal distance from quarter chord of c¢' to local
quarter chord (rearward positive)

y lateral distance from plane of symmetry measured perpen-
dicular to plane of symmetry

Z vertical distance from chord plane measured perpendicular
to chord plane (upward positive)

X longitudinal distance from quarter chord of c' to centroid
of normal force (chordwise center of pressure, rearward
positive)

Subscripts:

u upper surface

1 lower surface

5 forward of maximum thickness

r rearward oOf maximum thickness

MODEL

A layout of the model used in the investigation is presented as
figure 1. The wing incorporated 45° of sweepback of the quarter-chord
line, an aspect ratio of 8.02, a taper ratio of 0.45, and NACA 63lAOlZ

airfoil sections parallel to the plane of symmetry. The wing was con-
structed of a steel core with a surface of bismuth and tin alloy. The
wing tips were parabolic in plan form and cross section and extended over
the outer 2.5 percent of the wing semispan. The wing had no geometric
dihedral or twist. The wing was fitted with 203 pressure orifices which
were distributed among seven spanwise stations, namely, O-, 0.1-, 0.3=-,
0.55-, 0.75-, 0.90-, and 0.96-percent of the semispan. The chordwise
distribution of the orifices on the wing is shown in figure 1(a). Tubes
were connected to the orifices and brought out of the model from the lower
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surface of the right semispan through a pressure-tube transfer boom
located approximately 20 percent of the semispan from the plane of sym-
metry (fig. 2). The tubes were then conducted to multitube manometers.

The high-1ift and stall-control devices (fig. 1(b)) consisted of
two types of split trailing-edge flaps, extensible round-nose leading-
edge flaps and upper-surface fences.

The trailing-edge flaps were constructed of f%-—inch sheet steel

and had chords equal to 20 percent of the local wing chord parallel to

the plane of symmetry in the undeflected position. The flaps were deflected
50° measured from the wing lower surface in the streamwise direction

which corresponds to 60° measured perpendicular to the hinge line. The

flap mounting brackets were constructed so that the hinge line could be
located at 80 percent and 100 percent of the local chord. Hereafter,

the flaps with their hinge lines located at 80 and 100 percent of the

chord will be referred to as split and extended trailing-edge flaps,
respectively (fig. 1(b)).

The extensible round-nose leading-edge flaps were fabricated of
wood and a sheet-steel leading edge which was contoured to the dimensions
given in figure l(b). The flaps were deflected 30° from the wing-chord
plane in the streamwise direction and had a constant chord of 2.817 inches
which corresponds to 16 and 27 percent of the streamwise local wing chord
at 4O and 97.5 percent of the wing semispan, respectively. Pressure ori-
fices were installed in both trailing- and leading-edge flaps and were
spaced spanwise to aline with the spanwise orifice stations on the basic
wing. The chordwise distribution of the orifices installed on the flaps
is shown in figure 1(b).

The upper-surface fences are shown in figure 1(b) and correspond to
the fence configuration referred to as .chord fences in reference 1. The
fences extended from S5 percent of the chord on the upper surface to the
trailing edge of the wing and had a height equivalent to approximately
T percent of the chord measured from the wing surface perpendicular to

the wing-chord plane. The fences were constructed of fén-inch sheet

steel and were located on the wing at 0.58 and 0.80 percent of the wing
semispan.

TESTS

The tests were conducted in the Langley 19-foot pressure tunnel with
the model installed in the test section as shown in figure 2. The air
in the tunnel was compressed to approximately 33 pounds per square inch,
absolute.
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The pressure-distribution and force measurements were made through
an angle-of-attack range from -4° through the stall at a Reynolds number

of 4.0 x 106 and a Mach number of 0.19. The pressures indicated on the
manometers were photographically recorded during the pressure-distribution
tests. The force tests, measured with the standard six-component balance
system, were made with the pressure-tube transfer boom removed. Results
of a preliminary investigation indicated that the addition or removal of
the transfer boom from the wing did not alter the aerodynamic character-
istics of the wing.

CORRECTIONS TO DATA

The data obtained from force tests and pressure-distribution meas-
urements have been corrected for air-stream misalinement (ref. 2). The
force data also have been corrected for small support tare and interfer-
ence effects. Inasmuch as the spanwise location of the orifice stations
were judiciously selected to minimize or eliminate support interference,
it can be assumed that the effects of tunnel supports on the chordwise
pressure-distribution measurements are negligible. The angle of attack,
drag, and pitching-moment coefficients obtained from force measurements
have been corrected for jet-boundary effects in accordance with
reference 3.

RESULTS AND DISCUSSION

Presentation of Data

The 1lift and pitching-moment characteristics as determined from
force tests of the subject wing with and without high-1ift and stall-
control devices are presented in figures 3 and 4. The pitching-moment
coefficients, 1ift coefficients, and center-of-pressure shifts for each
chordwise wing section obtained in three-dimensional flow from pressure-
distribution measurements are presented in figures 5 to 10. It should
be noted that the values of section pitching moments have been weighted

in accordance with their respective chord ratio, cz/Ec' sO0 that a more
realistic indication of the contribution of the various spanwise stations
to the over-all wing pitching moment can be more readily ascertained.

The chordwise pressure distributions for the various model config-
urations are presented in figures 11 and 12. Figures 13 to 15 present
the effects of leading-edge flaps of various span on the wing pitching-
moment characteristics, chordwise pressure distributions, and span loading.
The variations of the section 1ift coefficients and chordwise loading
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1

with angle of attack for wing stations %? 0, 0.10, and 0.30 are shown

in figure 16 and figures 17 and 18 present the span-load distributions

of the wing with and without high-1ift and stall-control devices. A
comparison of the chordwise pressure distributions obtained on the inboard
sections of the wing equipped with 0.45b/2 leading-edge flaps and 0.5b/2
split or extended trailing-edge flaps is presented in figure 19.

Effect of Leading-Edge Flaps and Fences on the

Longitudinal Stability Characteristics

Low-11ift range <CL = 0 to O-%)-— An unstable trend occurs in the

pitching-moment curve of the basic wing at a 1ift coefficient of approx-
imately 0.25 which was not eliminated by the addition of upper-surface
fences or leading-edge flaps but was somewhat delayed by the addition

of O.th/Z leading-edge flaps (fig. 3). Changes in slope of wing pitching-
moment curves are usually associated with nonlinear 1ift changes and
redistribution of 1lift. Figure 3 indicates that the wing dCL/da began to

decrease at approximately O.35CL, but the change in slope is not as well-
defined as the change of de/dCL at approximately 0.25C;,. An inspec-

tion of plain-wing section-lift values (fig. 7) indicates that section-
lift-curve slopes are linear for all outboard sections to a = 5% corre-

sponding to a Cp of 0.35. It is quite possible, however, that small

nonlinear 1ift changes outboard of station O.96b/2 operating at a great
distance from the wing moment center, as is the case for the subject
high-aspect-ratio wing, could produce the initial unstable trend in the
wing pitching-moment curve at O.ZSCL. Another possibility might be that
the chordwise center-of-pressure shifts along the span of the wing could
produce the initial unstable pitching-moment trend without any nonlinear
1lift changes. This latter possibility apparently is not the case, how-
ever, since the variation of the chordwise centers of pressure (fig. 9)
with 1ift coefficient is not of sufficient magnitude between a 1ift coef-
ficient of 0.2 and 0.3 to account for the change in de/aCL. This con-

dition is further substantiated by the linear variation of the section
pitching-moment coefficient with wing 1ift coefficient (fig. 5) inasmuch
as linear variations of section lift were obtained (fig. 7).

Although the pressure-distribution measurements are somewhat limited
in the tip region by the number of pressure orifices that were installed
at the wing tip, it would appear that the initial unstable trend in the
pitching-moment curve of the basic wing is due to only very small changes
in 1ift over the extreme part of the wing tips which have an influence
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on the pitching-moment characteristics due to the high sweepback and
large aspect ratio of the wing.

An estimate was made of the 1ift coefficient and the spanwise position
at which initial flow separation would occur on the subject wing by the
method of reference 4 which utilizes two-dimensional section data and
simple sweep theory. The two-dimensional data were obtained from ref-
erence 5. The results of the calculations indicated that the initial
flow separation should occur at 75 percent of the semispan at a 1ift
coefficient of 0.55. Pressure-distribution data, however, indicated that
the initial flow separation occurred at the wing tip at a 1ift coefficient
of 0.35 or below. The discrepancy between the calculated and the exper-
imental results is not unexpected, however, inasmuch as the method of
reference 4 which utilizes two-dimensional data and simple sweep theory
(ref. 6) apparently cannot adequately account for three-dimensional effects
as, for example, the outward flow of boundary-layer air.

Moderate 1ift range (bL = 0.30 to O.QEZ._ In the moderate lift range

the instability of the basic wing became more severe and was accompanied
by a significant decrease in 1lift-curve slope (fig. 3). Both of these
effects resulted from outward drainage of the boundary-layer air which
caused flow separation at the trailing edge of the outboard sections of
the wing which spread progressively inboard and forward with lift coef-
ficient (fig. 11).

The addition of upper-surface fences alleviated trailing-edge flow
separation (figs. 7 and 11) and materially reduced the instability through
the moderate 1lift range previously noted for the basic wing (fig. 3).

The fact that upper-surface fences resulted in a considerable delay in
flow separation at the tip sections leads to the conclusion that, on the
subject wing, the initial flow separation can be considered premature and
due to the adverse effects of boundary-layer outflow.

Although O.th/Z leading-edge flaps did not eliminate trailing-edge
separation over the outboard wing sections, they imparted camber to those
sections and thereby increased and extended the section maximum 1ift
coefficients to higher angles of attack (fig. 7(b)). A considerable quan-
tity of 1ift was carried over the forward part of the outboard sections
above a wing lift coefficient of approximately O.7 (fig. 11); therefore,
the pitching-moment contributions of the outboard sections were more
favorable than those obtained for the basic wing (fig. 5). The fact that
trailing-edge separation did occur over the outboard sections of the wing
equipped with leading-edge flaps was probably influential in causing
leading-edge flaps to be less effective from the standpoint of stability
than upper-surface fences in the moderate 1lift range from a 1ift coef-
ficient of 0.50 to 0.95. Although the vortex that is generated at the
inboard end of the leading-edge flaps is believed to offer some restraint
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to the build-up of the boundary layer in the region of the wing tip, the
distance from the inboard end of the O.MSb/Z leading-edge flap to the

tip of the subject high-aspect-ratio wing is such as to allow a boundary-
layer growth sufficient to precipitate flow separation. It would appear
that more favorable stability characteristics could be obtained in the
moderate 1lift range by combining the fences, which offer more of a
restraint to the outflow of boundary-layer air, with leading-edge flaps
which impart the benefits of camber to the outboard sections. Although
no pressure-distribution measurements were made on the wing equipped
with both leading-edge flaps and upper-surface fences, force data pre-
sented in reference 1 are available which indicate the favorable effects
of upper-surface fences in linearizing the pitching-moment curve when
used in conjunction with leading-edge flaps. Comparison of the pressure-
distribution diagrams of the outboard sections of corresponding leading-
and trailing-edge flap configuration with and without upper-surface fences
(fig. 12) indicates that considerable gains in 1ift can be realized in
the upper portion of the moderate lift range (which for the configuration
with trailing-edge flaps deflected is from Cj = 0.7 to 1.2) when upper-

surface fences are used in conjunction with leading-edge flaps. These
gains in 1ift are more easily seen in figure 8 and the effects of these
gains in 1ift on the over-all pitching moment are shown in figure 4 where
a more nearly linear pitching-moment curve was obtained when fences were
used in conjunction with leading-edge flaps than when leading-edge flaps
were used alone.

High 1ift range (?L = 0.95 through ch§;>.- Examination of the chord-

wise pressure diagrams of the basic wing (fig. 11) indicates that, from

a 1ift coefficient of 0.95 (a = 18.0°) (see fig. 3) through maximum 1lift,
flow separation which originated in the tip region continued to progress
inboard so that at a 1ift coefficient of 1.0 (a = 20.0°) flow separation

has spread inboard of the wing moment center (%f — QLU this efflect

resulted in an over-all pitching-moment curve which became progressively
more unstable with 1ift coefficient up to a 1ift coefficient of 1.0.
Beyond a lift coefficient of 1.0 (a = 26° to 32°), the section 1lift curves
indicate that the effectiveness of the tip sections increases along with
a rearward movement of the chordwise centers of pressure for all sections
(figs. 7 and 9). Thus, the combined effects of flow separation over the
inboard part of the wing panel along with the increased 1ift effectiveness
of the inboard sections and the accompanying rearward movement of the
chordwise centers of pressure of both inboard and outboard sections
resulted in a stable break in the over-all pitching-moment curve.

With upper fences installed, flow separation was delayed over the
outboard portion of the wing until a 1ift coefficient of approximately 0.95
was attained (figs. 3 and 11). At an angle of attack of 20.6° (fig. 11(e))
which corresponds to a 1ift coefficient of approximately 1.0, flow
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separation engulfed stations %¥ = 0.55 and 0.96. As the angle of attack

was increased further, flow separation spread over the entire outboard
portion of the wing (fig. 11(f)). These results suggest that the local-
ized regions of flow separation which occurred inboard of each upper-
surface fence, and the effects of sweep on the induced-angle distribution
along the wing span caused the sections of the outboard portion of the
wing panel to attain values of maximum 1ift before those sections of the
wing located inboard of the wing moment center. Consequently, an initial
loss in 1lift occurred over the outboard wing sections and their negative
pitching-moment contributions suddenly become more positive (fig: 1S)
resulting in a rather abrupt unstable break in the wing pitching-moment
CUEVEe:

With leading-edge flaps deflected, the chordwise pressure-distribution
diagrams indicate that, in the lift-coefficient range from 1.10 to 1.15
which corresponded to an angle-of-attack range from 19° to 22° (fig. 11l(e)),
considerable trailing-edge separation existed over the outboard panel of
the wing. This separation is also reflected in the section 1lift curves
by a decreage in lift-curve glope (fig. 7). In the lift-coefficient

range beyond 1.15, stations %X - 0.30, 0.55, and 0.96 show a marked

decrease in lift. The extent of the inboard flow separation is more
readily seen upon examination of the section 1lift curves where flow sep-

aration is indicated as far inboard as station %g = 0.10 Dbetween angles

of attack of 25° and 29°. Although the leading-edge pressures of the
flap generally decreased in the lift-coefficient range beyond 1.15

(fig. 11(f)), a complete breakdown in flow, as occurred on the basic wing
with and without fences, did not occur over the outboard portion of the
wing in the range of angles of attack investigated. The unstable trend
in the pitching-moment curve in the lift-coefficient range from 1.10

to 1.15 would at first appear to result from the influence of trailing-
edge separation on the outboard sections of the wing panel. The pitching-
moment parameters, however, indicate that the unstable trend appears to
result from tip effects at the outboard end of the leading-edge flap
which induce flow separation (fig. 5). This result is substantiated by
the section 1lift curves (fig. 7) which show a loss in 1lift effectiveness
at station %? = 0.96 at an angle of attack of 19° which corresponds to
the 1ift coefficient which marks the beginning of the unstable pitching-
moment trend. In the lift-coefficient range beyond 1.15, the influence
of flow separation inboard of the leading-edge flap has decreased the
positive pitching-moment contributions of the inboard portion of the
wing sufficiently to offset the effects of flow separation elsewhere on
the wing panel so that a stable break in the over-all pitching-moment
curve occurred.
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Effect of Leading-Edge-Flap Span

The effect of a leading-edge flap of various spans on the pitching-
moment characteristics of the subject wing are shown in figure 13. It
can be seen that flaps produced unfavorable stability characteristics in
the lower and upper portion of the moderate lift-coefficient range,
respectively. The reasons, however, for the occurrence of the unfavor-
able stability characteristics are different in each case.

Flow considerations indicate that the vortex, which is generated
at the inboard end of the leading-edge flap, offers some restraint to
the outward drainage of the boundary-layer air and thereby dictates the
length of the boundary-layer run over the outboard portion of the wing
panel. In the case of a flap span greater than 45 percent of the sem-
ispan, therefore, the extent of the boundary-layer build-up and the sub-
sequent flow separation over the outboard portion of the wing increased
with flap span (fig. 14). Inasmuch as this flow separation, which is
due to the accumulation of boundary-layer air over the trailing edge of
the outboard portion of the wing, occurs for the wing with leading-edge
flaps at moderate angles of attack, approximately 80 to 129, it appears
reasonable that the unfavorable stability characteristics which were
obtained on the subject wing equipped with a O.50b/2 span leading-edge
flap in the moderate angle-of-attack range resulted from increased
trailing-edge flow separation over the outboard portion of the wing as
compared to O.hOb/Z leading-edge flaps. Based upon the knowledge of
the inboard progression of flow separation with angle of attack, indica-
tions are that, as the leading-edge flap span is increased, the angle-
of-attack range over which the stability characteristics would be influenced
unfavorably would also increase. The shape of the pitching-moment curve
for a full-span leading-edge flap configuration thus would be expected
to approach that obtained for the basic wing (ref. 7).

For flap spans less than 45 percent of the wing semispan, the length
of the boundary-layer run is decreased and therefore the extent of
trailing-edge flow separation that occurs over the outboard sections at
moderate angles of attack is also decreased (fig. 14%). Consequently,
an improvement in the stability of the subject wing would be expected in
the lower portion of the angle-of-attack range in the vicinity of 8°.

As the flap span is decreased to less than 45 percent of the semispan,
however, flow separation which occurs at the inboard end of the leading-
edge flap moved outboard of the wing moment center (fig. 15) so that
poor stability characteristics were obtained in the angle-of-attack range
at which this flow separation becomes predominant and which for the sub-
ject wing was approximately an angle of attack of 20° to 22°.

The optimum leading-edge flap span from stability considerations for
the subject wing, therefore, is one which would allow the minimum degree
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of trailing-edge separation to occur and yet position the flow separation
that originates at the inboard end of the flap to occur inboard of the
wing moment center.

Effect of Trailing-Edge Flaps

The most significant effect of variations in the span and type of
trailing-edge flaps on the pitching-moment characteristics were changes
in trim, since, within the range of trailing-edge flaps spans investigated
(0.35b/2 to 0.6b/2, ref. 1), the pitching-moment characteristics were
unsatisfactory in that the pitching-moment curves became unstable just
below maximum 1ift. It is difficult therefore to evaluate the effect
of varying span and type of trailing-edge flaps on the stability of the
subject wing. It should be pointed out that these results should not
be construed to be characteristic of other swept wings since the data
of reference 8 indicate that the stability of a Y7.7° sweptback wing of
aspect ratio 5.1, which was equipped with a O.h5b/2 span leading-edge
flap, was affected adversely by increasing the trailing-edge flap span
beyond 55 percent of the semispan. The pitching-moment curves for the
wing equipped with leading-edge flaps and with and without trailing-edge
flaps (figs. 3 and 4) indicate that the addition of either O.5b/2 span
split or extended trailing-edge flap resulted in a positive trim change
with the largest trim change occurring for the split flap configuration.

At a given wing lift coefficient the pitching-moment parameters Cmc’/4 %ET
cc

of the outboard sections were more negative with trailing-edge flaps
neutral than with trailing-edge flaps deflected, whereas the pitching-
moment parameters of the inboard sections were essentially the same or
slightly more negative with flaps deflected (figs. 5 and 6). The addition
of O.5b/2 trailing-edge flaps produced a large rearward movement in the
chordwise centers of pressure for the inboard located sections with the
largest rearward movement being obtained for the extended flap configura-
tion (figs. 9 and 19). The addition of trailing-edge flaps had no signifi-
cant effect on the location of the chordwise center of pressure of the
outboard located sections. The greatest increment in section 1ift over
the inboard portion of the wing panel was obtained with extended trailing-
edge flaps (figs. 7 and 8). The rearward movement of the centers of
pressure that was obtained for both trailing-edge flap configurations

was apparently of sufficlent magnitude to offset the increases in section
1lift so that the addition of O.5b/2 trailing-edge flaps had no or in the
case of O.Sb/z extended trailing-edge flaps slightly reduced the pitching-

moment parameters cme!/l %ET of the inboard sections. As a result of the
increase in section 1lift that occurred over the inboard part of the wing
when trailing-edge flaps were deflected, the 1ift contributions of the
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sections located outboard of the trailing-edge flaps would be less for

a given wing 1lift coefficient when the trailing-edge flaps were deflected
than when they were retracted (fig. 18). Since trailing-edge flaps did
not influence the location of the chordwise centers of pressure, the

2 \
pitching-moment parameters cmc,/u %ET of the outboard located sections

would be less negative at a given wing 1ift coefficient with flaps deflected
than when they were retracted. Consequently, as a result of the bal-
ancing of the inboard and outboard section pitching-moment contributions,

a positive trim change was obtained when trailing-edge flaps were deflected.
The fact that extended trailing-edge flaps produced the greater increment
in section 1lift over the inboard located sections resulted in further
reductions in the section 1lift requirements of the outboard sections for

a given wing lift coefficient (fig. 18). Although a positive trim change
would be expected for the extended flap configuration which would exceed
that which was obtained for the split flap configuration as a result of
increased 1ift over the inboard sections, a rearward movement of the
chordwise centers of pressure were also obtained with extended trailing-
edge flaps which were sufficiently large to reduce the positive pitching-
moment contributions of the inboard sections and thus offset the effect

of the reductions in 1ift over the outboard located sections. Conse-
quently, a less positive trim change was obtained for the extended flap
configuration than for the split-flap configuration.

In light of the foregoing discussion it is reasonable to expect for
the range of flap spans investigated that smaller positive trim changes
would be obtained as the span of the trailing-edge flaps extended over a \
greater part of the wing span inasmuch as trailing-edge flaps produce a
large rearward movement of the center of pressure over those sections
affected by the flap. The pitching-moment contributions of the sections
located inboard of the wing moment center therefore would remain essen-
tially the same as those of the basic configuration whereas the pitching-
moment contributions of sections located outboard of the wing moment
center would become progressively more negative with increase in flap
span.

Lift Characteristics

It is evident from an inspection of the 1ift characteristics pre-
sented in figure 3 that the addition of stall-control devices increased
the lift-curve slope of the basic wing beyond a lift coefficient of
about 0.35, as well as the maximum 1ift coefficient. Increments in max- |
imum 1ift coefficient of 0.05 and 0.22 were obtained with upper-surface
fences and leading-edge flaps, respectively. As brought out in the dis-
cussion of the longitudinal stability characteristics, the more favorable
1ift characteristics that were obtained when stall-control devices were
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installed on the wing resulted primarily from improved flow conditions -
over the outboard located sections when upper-surface fences were employed

and the induced camber imparted to the outboard sections when leading-

edge flaps were deflected. It can be seen from figure 8 that in the =
moderate and high lift-coefficient range most of the 1lift on the outboard
portion of the wing is carried by the forward portion of the wing chord
including the leading-edge flaps as the result of the effective induced

camber. From the chordwise distributions of those sections equipped with

the leading-edge flap (figs. 11 and 12) it can be seen that essentially

two negative pressure peaks are obtained on the sections spanned by the
leading-edge flaps, one at the leading edge of the flap and the other at

the juncture of the leading-edge flap and the wing. This same type of

chordwise distribution was obtained in two-dimensional tests for a section
having a droop nose flap (ref. 9). The author of reference 9 attributes

the occurrence of two negative pressure peaks to laminar separation at

the leading edge of the flap and subsequent reattachment. It appears

reasonable, however, that two negative pressure peaks could also occur

without separation from the variation in the rates of curvature on the

upper surface of the airfoil with leading-edge flap deflected.

It is interesting to note from an inspection of the section 1lift
curves (fig. 7) of the basic wing that, although the outward drainage of
the boundary-layer air was detrimental to the outboard sections, it was
probably beneficial to the inboard sections as indicated by the fact that
1ift coefficients were obtained on the inboard sections that exceeded
values obtained in two-dimensional flow (fig. 16). Also of interest are
the shapes of the chordwise pressure-distribution diagrams by which the
various stations produced section 1lift coefficients which exceeded two-
dimensional maximum 1ift values. The chordwise pressure distributions

of station %? = 0.30 are similar to those which would be expected from

trailing-edge suction in that high negative leading-edge pressures and
unseparated flow near the tralling edge of the section were sustained
beyond the two-dimensional maximum 1ift coefficient. The shape of the
chordwise pressure-distribution diagrams of the root section is suggestive
of sections having very large amounts of camber. In the case of

stations %¥ = 0.10 and 0.30 for the highest angle of attack investigated,

the shapes of the pressure diagrams are indicative of separated flow;
however, the values of the upper-surface pressures varied from values of
pressure coefficient of approximately -2.0 to -1.0 rather than the cus-
tomary value of approximately -0.5 obtained for two-dimensional sections
operating in separated flow. Similar chorcéwise pressure diagrams have
been noted on wings having a leading-edge vortex. Probe studies, however,
made during the course of this investigation failed to substantiate the
existence of a leading-edge vortex on the subject wing; therefore, these
rises in negative pressure may be associated with the three-dimensional
effects on a swept wing.
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Comparison of the data presented in figures 3 and L4 shows that
trailing-edge high-lift devices produced increments in 1ift coefficient
ranging from 0.4 to 0.5 in the linear lift-coefficient range and from [OFZ5
to 0.4 in the maximum 1ift coefficient, the extended trailing-edge flaps
producing the greatest increments.

There has been some question from time to time regarding the source
of effectiveness of extended trailing-edge flaps. Inspection of the
chordwise loadings presented in figure 19 for both split and extended
trailing-edge flaps at various angles of attack indicates that the effec-
tiveness of the extended flap results from increasing the local chord of
the section and not from increasing the values of the individual pressures
of the chordwise loading. Comparison of the section 1lift curves obtained
for the split and extended trailing-edge-flap configurations (fig. B)
indicates that the lift increment that was obtained with extended flaps
results, for the most part, from the increase in 1lift contributed by the
inboard sections and, furthermore, that these increments decreased as
the end of the flap is approached so that the increment of 1lift contrib-
uted by the outboard end of the extended flap is nearly equal to that
contributed by the split flap.

CONCLUDING REMARKS

From a pressure-distribution investigation of the low-speed 1ift
and pitching-moment characteristics of a 450 sweptback wing of aspect
ratio 8 with and without high-1lift and stall-control devices at a

Reynolds number of 4.0 X 106, the following remarks can be made:

Although it was not positively established, the results indicate
that the instability of the basic wing, which began to occur at a 1lift
coefficient of approximately 0.25, was due to flow separation over the
outer 4 percent of the semispan of the wing. This flow separation was
not reflected in the 1ift characteristics but, owing to the large moment
arm involved, had significant effects on the pitching-moment charecteristiecs.
In the lift-coefficient range beyond a 1lift coefficient of 0.3 instability
resulted from the inboard spread of flow separation over the outboard
panel of the wing.

The use of either upper-surface fences or leading-edge flaps improved
the stability and 1ift characteristics of the basic wing in the upper
portion of the lift-coefficient range through the ability of these devices
to improve the flow characteristics over the outboard panel of the wing.

For a given lift coefficient the positive trim change that occurred
when trailing-edge flaps were deflected resulted from a combination of
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a decrease in loading over the tip sections and a rearward shift in the
chordwise centers of pressure over the inboard sections of the wing.

The rearward movement of the centers of pressures over the inboard
sections that was obtained when trailing-edge flaps were deflected was
greater for the extended flaps than for split flaps; this movement resulted
in a trim change that was less positive for the extended flaps than for
split flaps.

The increased 1lift effectiveness of the extended trailing-edge flaps
was due to the increased chord of the sections spanned by the flaps rather
than by increasing the individual pressures acting on sections.

Langley Aeronautical Laboratory, .
National Advisory Committee for Aeronautics,

Langley Field, Va.
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(a) Plain-wing chordwise and spanwise orifice locations.

Figure 1.- Layout of L45° sweptback wing equipped with high-1lift and stall-
control devices. All dimensions are in inches unless otherwise noted.
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(b) Details of high-1ift and stall-control devices. All sections

taken parallel to the plane of symmetry. All dimensions are in
inches unless otherwise noted.

Figure 1.- Concluded.
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Figure 2.- 45°

sweptback wing mounted in the 19-foot pressure tunnel with
pressure-tube system installed.
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Figure 3.- Lift.and pitching-moment characteristics of the wing with and
without stall-control devices installed.
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Figure L4.- Lift and pitching-moment characteristics of the wing with
high-1ift devices and stall-control devices installed.
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Flgure 5.- Section welghted pitching-moment characteristics of the wing

with and without stall-control devices installed.
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Figure 6.~ Section weighted pitching-moment characteristics of the wing
with high-11ft and stall-control devices installed.
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Figure 6.- Concluded.
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Figure T7.- Variations of section 1ift coefficients with angle of attack
for the wing with and without stall-control devices installed.
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Figure 8.- Variations of section 1lift coefficients with angle of attack
for the wing with high-1ift and stall-control devices installed.
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Figure 9.- Variations of section center of pressure with 1ift coefficient
£ for the wing with and without stall-control devices installed.
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faired data.
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Figure 1k.- Continued.
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Figure 1h.- Continued.
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Figure 1k4.- Concluded.
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Figure 15.- Span load distributions of the wing equipped with various
spans of leading-edge flaps.
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Figure 15.- Concluded.
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Figure 16.- Variation of section-1lift coefficient and chordwise loadings

with angle of attack for the spanwise stations %% =0, 0.10, and 0.30

(plain wing).
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Figure 17.- Span-load distributions on the wing with and without stall-
control devices installed.
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Figure 18.- Span-load distributions of the wing with high-1ift and stall-
control devices deflected.
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4 Figure 19.- Chordwise pressure distributions of the inboard sections of

the wing equipped with split and extended trailing-edge flaps. Wing
equipped with 0.45b/2 leading-edge flaps.
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Figure 19.- Concluded.
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