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THE L.OW-SPEED LIFT AND PTTCHING-MOMENT
cEARAGEERIB‘IIGSOFAhS°SWEPJIBACKmGOFASPEGI‘RAﬂ.‘IOB
WITH AND WITHOUT HIGH-LIFT AND STALL-CONTROL DEVICES AS
DETERMINED FROM PRESSURE DISTRIBUTTONS AT
A REYNOLDS NUMBER OF k.0 x 105

By Thomas V. Bollech and Williem M. Hadaway
SUMMARY

- The manner in which the 11f%t and pitching-moment cheracteristics of
a 15° sweptback wing are influenced by high-11ft end stall-control devices
was determined from detalled pressure-distribution measurements. The

nad an aspect ratio of 8, a taper ratlo of 0.45, and incorporated

NACA 631A012 airfoll sections. It ves equipped with extended and split

tralling-edge flaps, extensible leading-edge flaps, and upper-surface
fences. The investigation was conducted in the Langley 19-foot pressure
tmnelataﬁeynoldsmmherofk.Oxl&and.a.lhchmmberof 0.19.

§

Although it wvas not positively established, the results indicate that
the instebility of the beslc wing, which begen to occur at a 1if't coef-
ficient of approximetely 0.25, was due to flow separation which origi-
nated over the outer 4 percent of the wing semispan.

The stability of the wing in the upper portion of the lift-coefficlient
range was improved through the use of upper-surface fences or leading-
edge flaps.

The increased 1ift effectiveness of the extended trailing-edge flaps

was due to the increased chord of the sections spaenned by the flaps rether
than to an increase in the individual pressures acting on sections.

| wICLASSIFIED
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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 tralling-edge flaps and upper-surface fences. Although
considerable force test data are avallable 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 characteristice of swept wings,
only a limited amount of pressure-distribution éata are available to show
the effects of the various devices on the chordwlse 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 1lift and pitching-
moment characteristics of swept wings. The high-1ift and stall-control
devices consisted of eplit and extended trailling-edge flaps, round-nose
extensible leading-edge flaps, and upper-surface fences.

The investigation was caerried out through an angle-of-attack rangs

from -4° through the stall at a Reynolds nmberofh.OXlOGa.nda.Ma.ch
number of 0.19.

An analysis of the longitudinal characteristlics of the subjJect wing
ag determined from force data of the wing with and without high-lift 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 aild in ana-
lyzing the flow characteristices 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-
namie chord on the plane of symmetry and have been reduced to nondimen-
sional coefficients which are defined as follows:

1
Cy, 1ift coefficient, a_Ié‘ or f c; £a #E
0

cy section 1ift coefficient,
(2/c)max

cos a.f (P-, - Pu)d.x -sina f(z/c) )d&
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pitching-moment coefficient, —gc—|
Qs

gection pltching-moment coefficlent,
Xo 1
on - 2L L (-r)esx

sectlon pltching-moment coefficlent about the local quarter
chord,

j;l (Pz -PID(O.ZS-g)d§+j:(2/C)m(Pr-Pa%d§

(Z/C)mz

rate of change of 1lift coefflcient wlth angle of attack

rate of change of pitching moment with angle of attack

angle of attack

1ift

pitching moment about 0.25¢’

wing area

mean aerodynamic chord, g- j; o/ c2dy

mean geometric chord,

o'l

local wing chord parallel to the plane of symmetry
ving span

dynamic pressure, pVZ/p

free-ptream velocity

Gensity of alr
P "po
q

pressure coefficient,
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Do free-stream statlc pressure
P local static pressure
x longltudinel distance from local leading edge measured

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

xc/u_ longitudinal distance from quarter chord of ¢' to loeal
quarter chord (rearward positive)

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

z vertical dlstance from chord plane measured perpendicular

to chord plane (upward positive)

longitudinal distance from quarter chord of ¢' to centrolid
of normal force (chordwise center of pressure, rearward

"

positive)
Subscripts:
u upper surface
lowver surface
f forward of maximum thickness
r rearward of maximum thickness

MODEL

A layout of the model used in the investigation 1s 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 631A012
airfoll 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 croes .section and extended over
the outer 2.5 percent of the wing semispan. The wing had no geametric
dlbedral or twilst. The wing was fitted with 203 pressure orifices which
vere distributed among seven spanwise stations, namely, O-, O.l~-, 0.3-,
0.55-, 0.75-, 0.90-, and 0.96-percent of the semispan. The chordwise
distribution of the orifices on the wing 1s 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-lift and stall-control devices (fig. 1(b)) consisted of
two types of split tralling-edge flaps, extensible round-nose leading-
edge flaps and upper-surface fences.

The tralling-edge flaps were constructed of i%-inch sheet steel

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

the pleane of symmetry in the undeflected position. The flaps were deflected
50° measured fram 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 tralling-edge flaps,

respectively (fig. 1(b)).

The extensible round-nose leading-edge flaps were fabricated of
wood and & sheet-steel leading edge which wes contoured to the dimensions
glven in figure 1(b). The flaps were deflected 30° from the wing-chord
plane in the streamvwise direction and had a constant chord of 2.817 inches
which corresponds to 16 and 27 percent of the streamwise local wing chord
at 40 and 97.5 percent of the wing semispen, respectively. Pressure ori-
fices were installed in both tralling- and leading-edge flaps and were
gpaced gpanwise to aline with the spamwrise orifice stations om 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 l.. The
fences extended from 5 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 construc‘bedof%-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 alr
in the tunnel was compressed to approximately 33 pounds per sguare inch,
absolute.
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The pressure-distribution end force measurements were made through
an angle-of-attack range from -4° through the stall at a Reynolds number

of 4.0 x 105 and a Mach mmber of 0.19. The pressures indicated on the
manometers were photographically recordéed 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 indlicated that the addition or removal of
the transfer boom fram the wing did not alter the asrodynamic character-
istics of the wing.

CORRECTIONS TO DATA

The data obtalned 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 interfar-
ence effects. Inasmuch as the spanwlise location of the orifice stations
were Judiclously selected to minimire or eliminate support interference,
it can be assumed thet the effects of tunnel supports on the chordwise
pressure-distribution measurements are negligible. The angle of attack,
drag, and pltching-moment coefficients obtained from force measurements
have been corrected for Jet-boundary effects in accordance with
reference 3.

RESULTS ARD DISCUSSION

Presentation of Data

The 1ift 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 cbtained in three-dimensional flow from pressure-
distribution measurements are presented in figures S to 10. It should
be noted that the values of section pitching moments have been welghted

in eccordance with their respective chord ratio, c2/éc' so 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, chordwlse pressure distributions, and span loading.
The variations of the section l1ft coefficlents and chordwlse loading
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wlth 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-loed distributions

of the wing with and without high-l11ft and stall-control devices. A
camparison 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 fleps 1s presented in figure 19.

Effect of Leading-BEdge Flaps and Fences on the

Longitudinal Stabillity Characteristics

Low-11ft ranse(CL = 0 to 0-3)-- An unstable trend occurs in the

pltching-moment curve of tha basic wing at a 1ift coefficlent of approx-
imately 0.25 which wvas not eliminsted by the addition of upper-surface
fences or leading-edge flaps but wvas somevhat delayed by the addition

of 0.45b/2 leading-edge flaps (fig. 3). Changes in slope of wing pitching-
moment curves are usually assoclated with nonlinear 1ift changes and
redigtribution of 1lift. Figure 3 indicates that the wing do, began to

decrease at approximately 0.35C;, but the change In slqpe 1s not as well-
defined as the change of dcm/dCL at approximately 0.25Cy,. An inspec-

tion of plein-wing section-lift values (fig. 7) indicates that sestion—
1lift-curve slopes are linear for all outboard sections to o & 5% corre-

sponding to & Cy of 0.35. It is quite possible, however, that small

nonlinear 11ft chenges outboard of station 0.96‘b/z 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. « Another possibility might be that
the chordwlise center-of-pressure s along the spen of the wing could
produce the initial unsteble pitching-moment trend wlthout any nonlineer
11£t chenges. This latter possibllity apparently is not the case, how-
ever, since the variation of the chordwise centers of pressure (fig. 9)
with 1ift coefficient 1s not of sufficlient megnitude between a 1lift coef-
ficlent of 0.2 end 0.3 to account for the change in dGn/AC;. This con-

dition 1s further substantiated by the linear varliation of the section
pltching-moment coefficient with wing 1ift coefficlent (fig. 5) inassmuch
as linear variations of section 11ift 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 eppear that the initial unsteble trend in the
plteching-moment curve of the basic wing is dus to only very smell changes
in 1ift over the extreme part of the wing tips which have an influence
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on the pltching-moment characteristics due to the high sweepback and
large aspect ratio of the wing.

An eptimate was made of the 1lift coefficlent and the spanwise position
at wvhich initlal 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 cbtained from ref-
erence 5. The results of the calculations indicated that the initial
flow geparation should occur at TS5 percent of the semispen at a 1lift
coefficient of 0.55. Pressure=distribution data, however, indicated that
the initial flow separation occurred at the wing tip at a lift 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 utili{zes two-dimensional data and simple sweep theory .
(ref. 6) apparently cemnot adequately account for three-dimensional effects
as, for example, the outward flow of boundary-layer air.

Moderate 1if't range (GL = 0.30 £0 0.95) .. In the moderate 1ift range

the instabllity of the baslic wing became more severe and was accompanied
by a significant decrease in lift-curve slope (fig. 3). Both of these
effects resulted from cutward drainage of the boundary-leyer air which
caused flow separation at the tralling edge of the outboeard sections of
the wing which spread progresasively inboard and forward with 1lift coef-
ficient (fig. 11).

The addition of upper-surfece fences alleviated trailing-edge flow
separation (figs. 7 and 11) and materially reduced the instability through
the moderate 1ift range previcusly 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 initlal flow separation can be considered premature and
due to the adverse effects of boundary-layer outflow.

Although O.M-Sb/Z leading-edge flaps 4did not eliminate tralling-edge
separation over the outboard wing sections, they lmparted camber to those
sections and thereby increased and extended the section maximm 1ift
coefficlents to higher angles of attack (fig. 7(b)). A considerable quan- °
tity of 1ift wvas carried over the forward part of the outboard sections
above a wing 1lift coefficient of approximately 0.7 (fig. 11); therefore,
the pltching-moment contributions of the outboard gections were more
favorable than those obtained for the basic wing (fig. 5). The fact that
tralling-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 lift range from a lift coef-
ficlent of 0.50 to 0.95. Although the vortex that 1s generated at tha
inboard end of the leading-edge flaps 1s believed to offer some restraint
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to the bulld-up of thes boumdary layer in the region of the wing tip, the
distance fram the inboerd end of the 0.l|-5'b/2 leading-edge flap to the

tip of the subject high-aspect-ratio wing is such as to allow a boundary-
layer growth sufficlent to precipitate flow separation. It would appear
that more fevorable stabllity characteristics could be obtalnad in the
moderate 1ift range by cambining the fences, which offer more of a
restraint to the outflow of boundary-layer eir, with leading-edge flaps
which impart the benefits of camber to the outboard sectioms. Although
no pressure-distribution messuremente were made on the wing equipped
wilth both leading-edge flaps and upper-surface fences, force data pre-
sented in reference 1 are avalilable which indicate the favorable effects
of upper-surface fences in linearizing the pltching-moment curve when
used in conjunction with leading-edge flapa. Camparison of the pressure-
distribution diagrems of the outboard sectlioms of corresponding leading-
and tralling-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 1ift range (which for the configuration
with treiling-edge fleps deflected 1s from Cjp = 0.7 to 1.2) vhen upper-

surface fences are used in conjJunction with leading-edge flaps. These
gains in 1ift are more easlly seen in figure 8 and the effects of these
gains in 1ift on the over-all piltching moment are shown in figure L where
e more nearly linear pltching-moment curve was cobtained when fences were
used In conjunction with leading-edge flaps than when leading-edge flaps
were used alone.

Highnftrange(cL-O.QSthroughC; ) -- Exemination of the chord-

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

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

has spread inboard of the wing moment center %E--o.ha ; this effect

resulted in an over-all pltching-moment curve which became progressively
more unstable with 11ift coefficlent up to a 1lift coefficient of 1.0.
Beyond & 1ift coefficient of 1.0 (« = 26° to 320), the section lift curves
indicate that the effectivensss of the tip sections increases along with
a rearvard movement of the chordwlise centers of pressure for all sections
(figs. T and 9). Thus, the combined effects of flow separsation over the
inboard part of the wing panel along with the increased 1ift effectivensss
of the inboerd sections and the accampanylng rearverd movement of the
chordwise centers of pressure of both inboard and outboard sections
resulted in a stable break in the over-sll pitching-moment curve.

With upper fences Installed, flow separation wes delayed over the
outboard portion of the wing until a 1ift coefficient of approximately 0.95
was attained (figs. 3 and 11). At an engle of attack of 20.6° (fig. 11(e)),
which corresponds to a lift coefflcient of spproximately 1.0, flow
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separation engulfed stations -2-‘?1 = 0.55 and 0.96. As the angle of attack

vas Increased further, flow separation spread over the entire outboard
portion of the wing (fig. 11(f)).. These results suggest that the local-
irzed regions of flow geparation 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
wving panel to attain values of maximum 1ift before those sections of the
wing located inboard of the wing moment center. Comnsequently, an initial
loes in 1lift occurred over the outboard wing sections and their negative
pitching-moment contributions suddenly become more positive (fig. 5)
resulting in a rather abrupt unstable break in the wing pitching-moment
curve,

With leading-edge flaps deflected, the chordwise pressure-distribution
diagrems indicate that, In the lift-coefficlent range from 1.10 to 1.15
which corresponded to en angle-of-attack range fram 19° to 22° (fig. 1l(e)),
considerable tralling-edge separatlion existed over the outboard panel of
the wing. This separation 1s also reflected in the sectlion 1ift curves
by a decrease in lift-curve slope (fig. 7). In the lift-coefficient

range beyond 1.15, stations gbl = 0.30, 0.55, and 0.96 show a marked

decrease 1n lift. The extent of the inboard flow separation is more
readily seen upon exammination of the section 1ift curves wvhere flow sep-

aretion is indicated as far inboard as station %; = 0.10 between angles

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

(fig. 11(f)), a complete breakdown in flow, as occurred on the basic wing
with end without fences, dld not occur over the outboerd portion of the
wing in the range of angles of attack investigated. The unstable trend
in the pitching-moment curve in the 1lift-coefficient range from 1.10

to 1.15 would at first sppear to result from the influence of trailing-
edge separation on the outboard sections of the wing panel. The pltching-
moment parsmeters, however, indicate that the unstable trend appears to
regult from tip effects at the outboard end of the leading-edge flap
vhich induce flow separation (fig. 5). This result is substantiated by
the section 1ift curves (fig. 7) which show a loss in 1ift effectiveness
at station E} = 0.96 at an angle of attack of 19° which corresponds to
the 11ft coefficient which marks the beginning of the unstable pitching-
moment trend. In the 1ift-coefficient range beyond 1.15, the influence
of flow separatlion inboard of the leading-edge flap has decreased the
positive pitching-moment comtributions of the inboard portion of the
wing sufficlently to offset the effecta of flow separation elsewhere on
the wing panel po that a stable break in the over-all pltching-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
cen be seen that flaps produced unfavorable stability characteristics in
the lower and upper portion of ths moderate 1ift-coefficlent range,
respectively. The reasons, however, for the occurrence of the unfavor-
eble stabllity chareacteristics are different in each case.

Flow conslderations indicate that the vortex, which is generated
at thes inboard end of the leading-edge flap, offers some restraint to
the outwerd drainage of the boundary-layer air and thereby dictates the
length of the boundary-layer run over the ocutboard 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 8 tion over the outboard portion of the wing increaged
with flap span (fig. 14). Inasmuch as this flow separation, which ie
due to the accumulation of boundary-layer alr over the trailing edge of
the outboard portion of the wing, occurs for the wing wlth leading-édge
flaps at moderate angles of attack, approximeately 8° to 12°, it appears
reasanable that the unfavorable stability characteristics which were
cbtained on the subject wing equipped with a 0.50b/2 span leading-edge
flap in the moderate angle-of-attack range resulted from increased
trailing-edge flow separation over the outboerd portion of the wing as
campared to O.ll-Ob/Z leading-edge flaps. Besed upon the knowledge of
the inboard progression of flow separation with angle of attack, Indica-
tions are that, as the leading-edge flap span 1s increased, the angle-
of-attack range over which the stabllity characteriatics would be influsnced
unfavorably would also increege. The shape of the pltching-moment curve
for a full-span leading-edge flasp configuration thus would be expected
to approach that obtained for the basic wing (ref. 7).

For flap speans less than 45 percent of the wing semispan, ths length
of the boundary-layer run 1s decreased and thsrefore the extent of
trailing-edge flow separation that occurs over the outboard sections at
moderate angles of attack 1s also decreased (fig. 14). Consequently,
an improvement in the stabllity of the subject wing would be expected 1n
the lower portion of the angle-of-attack range in the vieinity of 8°.

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

The optimum leading-edge flep span from stablllity 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 flep to occur inboard of the
wing moment center.

Effect of Tralling-Edge Flaps

The most significant effect of varlations in the span and type of
tralling-edge flaps on the pltching-moment characteristics were changes
in trim, since, within the range of tralling-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 maximm lift. It is difficult therefore to evaluate the effect
of varying span and type of tralling-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 w:h_:{gs since the data
of reference 8 indicate that the stability of a 47.7° sweptback wing of
aspect ratio 5.1, which was equipped with a O.hS'b/Z span leading-edge
flap, weas affected adversely by increasing the trailing-edge flap span
beyond 55 percent of the semispen. The pltching-moment curves for the
wing equipped with leading-edge flaps and with and without tralling-edge
flaps (figs. 3 and 4) indicate thet the addition of either 0.5'b/2 span
split or extended tralling-edge flap resulted in a poslitive trim change
with the largest trim change occurring for the split flap configuration.

At a glven wing 1ift coefficient the pitching-moment perameters cmg:/) gz—'-

of the outboerd sections were more negative wlith tralling-edge flaps
peutral than with trailing-edge flaps deflected, whereas the pltching-
moment parsmeters of the inboard sections were essentially the seme or
glightly more negative with flaps deflected (figs. 5 and 6). The addition
o:ro.sb/z tralling-edge flaps produced a large rearward movement in the
chordwise centers of pressure for the inboerd located sectioms with the
largest rearward movement being obtalned for the extended flap configura-
tion (figs. 9 and 19). The addition of tralling-edge flaps had no signifi-
cent effect on the location of the chordwise center of pressure of the
outboerd 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 treiling-edge flap configurations

was apparently of sufficient magnitude to offset the increases In sectlom
1ift sotha.tthea.dditianoro.E'b/z tralling-edge flaps had no or in the
case of 0.5‘b/2 extended trailing-edge flaps slightly reduced the piltching-

mtparameters %'/hg':—' of the inboard sectiomns. As a result of the

increase in section 11ft 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 glven wing 1ift coefficlent when the tralling-edge flaps were deflected
than when they were retracted (fig. 18). Since tralling-edge flaps did
not influence the location of the chordwise centers of pressure, the

pltching-moment parameters °mc'/1|- g,— of the outbdard located sections

would be less negative at a given wing 11ft coefficlent with flaps deflected
than vhen they were retracted. Comsequently, es a result of the bal-
ancing of the inboard and outboerd sectlon pltching-moment contributions,

& positive trim change was obtained vhen tralling-edge flaps were deflected.
The fact that extended tralling-edge flaps produced the greater increment
in pection 1if%t over the inboard located sectioms resulted in further °
reductions in the sectlion 1ift requirements of the outboard sectlons for

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

of the reductions in 11ft over the outboard located sections. Conse-
quently, e less positive trim change was cobtalned for the extended flap
configuration than for the split-flap configuration.

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

spen.

ILift Characteristics

It 1s evident from an inspection of the lift characteristics pre-
sented in figure 3 that the addition of stall-control devices increased
the lift-curve slope of the besic wing beyond a 1ift coefficlent of
about 0.35, as well as the maximm 1ift coefficient. Increments in max-
iImum 1ift coefficient of 0.05 and 0.22 were obtained with upper-surface
fences and leeding-edge flaps, respectively. As brought out in the dis-
cussion of the longlitudinal stability characteristics, the more favorable
lift characteristics that were obtained when stell-control devices vere
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instelled on the wing resulted primerily 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 l1ift-coefficient range most of the 1ift on the outboard
-portion of thé wing is carried by the forward portion of the wing chord
including the leeding-edge flaps as the result of the effectlve induced
camber. Fram the chordwlse 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 spammed by the
leading-edge flaps, one at the leading edge of the flap and the other at
the Jjuncture of the leading-edge flap and the wing. This same type of
chordwlse distribution was obtained in two-dimensional tests for a section
having e 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 1s Iinteresting to note from an inspection of the section 1lift
curves (fig. T) of the basic wing thet, although the outwerd drainage of
the boundary-layer alr was detrimental to the outboard sections, 1t was
probably beneficial to the inboard sections as indicated by the fact that
11ft coefficients were obtained on the inboard sectlions that exceeded
values obtained in two-dimensional flow (fig. 16). Also of interest are
ths shepes of the chordwise pressure-distribution diagrams by which the
various stations produced section 1ift coefficlents which exceeded two-
dimensional maximm 1ift values. The chordwise pressure distributions

of station %}C = 0.30 are eimilar to those which would be expected from

tralling-edge suction in thet high negative leading-edge pressures and
unseparated flow near the trailing edge of the section were sustalned
beyond the two-dimensional maximm 11ft coefficient. The shape of the
chordwlse pressure-diptribution diagrams of the root section is suggestive
of sections having very large amounts of camber. In the case of

stations %.}E = 0.10 and 0.30 for the highest angle of attack investigated,

tha 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 epproximately -2.0 to -1.0 rather than the cus-
tamary value of approximately -0.5 obtained for two-dimensional sections
operating in separated flow. Similar chordwise pressure diagrams have
been noted on wings having e leading-edge vortex. Probe studies, however,
made during the course of this investigation falled to substantiate the
existence of & leading-edge vortex on the subject wing; therefore, these
rises in negetive pressure may be associated with the three-dimensional
effects on a swept wing.
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Camparison of the date presented in figures 3 and It shows that
tralling-edge high-11ft devices produced increments in 1ift coefficlent
renging from 0.} to 0.5 in the linear lift-coefficient range and from 0.25
to 0.4 in the maximum 1ift coefficient, the extended trailing-edge flaps
producing the. greatest increments.

There has been same gquestion from time to time regarding the source
of effectiveness of extended tralling-edge flaps. Inspection of the
chordwise loadings presented In figure 19 for both split and extended
trailing-edge flaps at various sngles of attack indicates that the effec-
tiveness of .the extended flap results from increasing the locel chord of
the sectlon and not from increasing the values of the individual pressures
of the chordwise loading. Comparison of the section 1ift curves cobtained
for the split and extended tralling-edge-flap configurations (fig. 8)
indicates that the 1ift increment that was obtained with extended flaps
results, for the most part, from the increase in 1ift contributed by the
inboard sections and, furthermore, that these increments decreased as
the end of the flap is approached so that the increment of 1ift contrib-
uted by the outboard end of the extended flap is nearly equal to that
contributed by the split fl=ap. :

CONCLUDING REMARKS

From a pressure-dlstribution investigation of the low-speed 1lift
and pitching-moment characteristics of a 45° sweptback wing of aspect
ratio 8 with and without high-11ift and stell-control devices at a

Reynolds mumber of 4.0 x 106, the following remarks can be made:

Although 1t was not positively established, the results indicate
that the instabllity of the basic wing, which began to occur at a 1ift
coefficient of approximeately 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 characteristics.
In the lift-coefficient range beyond a 1ift coefficient of 0.3 instability
repulted from the inboard spread of flow separation over the outboard

panel of the wing.

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

For a glven 11ft coefficient the positive trim change that occurred
when tralling-edge flaps were deflected resulted from a combination of
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e decrease in loading over the tip sections and a rearward shift in the
chordwise centers of pressure over the inboard sectioms of the wing.

The rearward movement of the centers of pressures gqver the inboard
pections that was obtained when treailing-edge flaps ware deflected was
greater for the extended flaps than for split flaps; this movement regulted

in e trim change that.was less positive for.the extended flaps than for
gplit flaps.

The increased l11ft effectivensss of the extended trailing-edge flaps
was due to the increased chord of the gsections spammed by the flaps rather
than by increasing the individual pressures acting on sections.

Aeronautical Laboratory,
Nationsl Advisory Cammittee for Aercmautics,

Langley Fleld, Va.
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Figore 2.- 459 pwveptback ving mounted in the 19-foot pressure tumnel with
Tressure~tube system installed.
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Flgure 5.~ Section weighted pitching-moment characteristics of the wing
with end without stall-control devices installed.

-4

-8

9ZR2ST W YOVH

£2




1.2

1.0

Ta flaps LE, flxps Fenaes
ofr ofr arr
2xH o g; gf g:
0.55 0.75 0.90 0.96
= -
7 ﬁz a
A r 4J
| /
#
A
r/ 7V
: drrs
- i 1
4 o -4 -8 -l2 -lh
0 .0 0 -4 -8 -12 -I6
“MEI#

(b) Bectiomns located outbosrd of c'/h.

4

Figure 5.- Concluded.

oZNeTl W YOV




2y/o 0 D.10 0,30
1.6
t\ TN P
,.2 5/ ‘K
1.0
S{'& \
8 \ %\
¢ \ \
6
| 2.2, flaps L., flapa [Fenoss % \
¥ 0.5/2 axtended an ofe \ Q \
4 — oo epdlt om ofr
a o.Eﬁ aplit O oo ‘\ \\\‘ \ ¥
L »
W
o | I 1
36 32 28 24 20 16 12 8 4 (]
o 0
Cp , L2
mcl &c'

(2) Bections located inboard of c'/h.

Figure 6.- Bectlon weighted pitching-moment cheracteristics of the wing
with high-11ft and stell-control devices installed.

924251 R4 VOVX



?.E. flaps IwEs flaps Penoos
BHE F OB
16 25/ | 0.56 ! 0.75 0.90 096
3 A )
4 ¥
10 1£
8 K.
] /, 5
6 / ;z '/
4 &1
' /
. 7 %
’ 8 e’ o & . R
0 1 1 1
4 0 =4 =&
() 0 - 0O -4 -8 -l -l6
c 2
M 2
4

(b) Bections located outboard of c'/k.

Figure 6.- Concluded.

92

o2i2S1 WY VOVN




2y O £.10 0,5
18
16 Id P
[/ "
14
/{/ \\
‘2 NN
L]
L0 4
A
8
6
B flaks L«¥s T1APR Yenasn
.4 = Bﬂ Dﬂ ﬂff
i ot m aff
= of £ aff on
IE
0
-4
_.4 | | 1 |T
-4 0 4 @8 12 16 20 P2 p8 3¢'
0 O 4 8 2 16 20 5% 28 32

o, deg

(a) Bectiona located inhoard of c'/k.
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Figure 11.~ Chordwise pressure distribution of the wing with and without
gtall-control devices installed.
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Figure 12.~ Concludad,
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Figure 15.- Concluded.
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Figure 16.- Variation of section-lift coefficient and chordwise loadings
with angle of atteck for the spenwise stations % = 0, 0.10, and 0.30

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

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