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A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF
SWEPT WINGS AT HIGH REYNOLDS NUMBER*

By G. Ceester FurronNg and Janmes G. MoHuar

SUMMARY

The low-speed longitudinal characteristics of swept wings
derived primarily from investigations at high Reynolds numbers
are summarized and analyzed. Two basically different types
of flow separation, trailing-edge separation and leading-edge
separation, are identified and discussed; and it 48 shown that
in the case of a sweptback wing, either type or ¢ mirture of
the two types of separation may occur. The type of separation
encountered on any particular wing s dependent primarily
on the leading-edge radius, leading-edge sweep angle, Reynolds
number, and aspect ratio. When the type of flow separation
s defined, generalized trends in the Uift, drag, and pitching
moment can be established.

Methods of stall conirol applicable to each type of flow
separation are discussed and the effectiveness of the various
methods (devices and wing geometry) currently available is
indicated. The important influence that the vertical position
of the horizontal tail has on the over-all stability of airplane
configurations both with and without stall-control devices s
considered, and generalized procedures for predicting tail
effectiveness are presented.

The effectiveness<of various high-lift devices in the linear
lift range and at mazimum lift has been summarized, and the
advantages of the various types are noted.

For the convenience of the designer, the more significant
arailable data, as of August 18,.1951, on the longitudinal
characteristics of swept, delta, and thin straight wings are
compiled in convenient tabular form. In general, the tabulated
data were obtained at a Reynolds number of 6.03X10°, but, for
a few significant configurations where such high Reynolds
number data were not available, the results of tests at Reynolds
numbers as low as 4.0X10° have been included.

INTRODUCTION

At the time when the swept wing was first proposed for
high-speed flight (refs. 1 to 9), it was recognized that the
induced angle-of-attack distribution and the characteristic
boundary-layer growth on such wings would promote tip
stall. In addition, simple sweep theory indicated the lift
capabilities of swept wings to be materially less than for
comparable straight wings. Both the tip-stalling tendencies

and low values of attainable lift of swept wings constituted
landing and take-off problems requiring considerable research
at low speeds.

In an early summary of the longitudinal stability character-
istics of swept wings, Shortal and Maggin (ref. 10) established
a relation between wing plan-form parameters and the type
of longitudinal stability that existed at or prior to maximum
lift and, on the basis of such a correlation, showed that
longitudinal instability due to tip stalling was dependent
primarily on aspect ratio and sweep angle. With the data
available at that time, they established an empirical variation
of aspect ratio with sweep angle that defined a stability
boundary.

In the ensuing years, the low-speed research effort has
been directed toward determining the characteristics of
swept wings, understanding the basic flow phenomena, and
developing means to improve the stability characteristics
of those wings the geometry of which was such as to place
them on the unstable side of the stability boundary of
reference 10. Much work has also been directed toward
obtaining satisfactory longitudinal -characteristics with
horizontal teils in combination with wings falling on either
side of the stability boundary.

As a result of this intensive research effort, a large amount
of literature has accumulated in which the characteristics
of meny wings are described both with and without various
devices for improving the characteristics. Inasmuch as the
literature is comprised of many individual investigations, the
present authors have undertaken to provide a comprehensive
review of the present knowledge of the low-speed character-

. istics of swept wings. The present report has two specific

purposes. The first i8 to make an analysis and generaliza-
tion of these data in order to show the basic effects and
trends of sweep and thus provide greater usefulness of the
data by permitting reasonable interpolation and extrapola-
tion. The second is to summarize in tabular form the basic
results obtained at large Reynolds numbers (above 4.03<10°)
at low Mach numbers (less than 0.25). Two deviations from
the stated purposes are noted in that unpublished data
available to the authors have been used to supplement the
literature on swept wings and also that data available (pub-
lished and unpublished) on straight low-aspect-ratio wings
suitable for supersonic speeds have been included with the

1 Bupersedes recently declassified NACA Research Memorandum L52D16 by G. Chester Furlong and James G. McHugh, 1852,
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tabulated data on swept wings. Insofar as possible all
large-scale data available as of August 15, 1951 have been
included in the tables.

The static-longitudinal-stability problem is analyzed in
terms of the effects of such parameters as aspect ratio, sweep,
and leading-edge radius. ‘The influence of stall-control de-
vices, high-lift devices, and a horizontal tail on the stability
of swept wings is,considered in detail. The lift character-
mstics of swept wings are analyzed with respect to the same
parameters and devices. A few remarks have also been
included concerning the drag of swept wings. The high
Reynolds number data are summarized with very little
discussion in tables 1 to 47.

Deficiencies and inadequacies may, of course, be noted in
the present accumulation of data, and the possibility exists
that the schemes of analysis presented herein may undergo
revision as the apparent gaps are filled.

SYMBOLS AND TERMINOLOGY

SYMBOLS
Cy lift coefficient
L 1lift
AC, increment of lift coefficient at a=0°
& maximum lift coefficient
AC:,,. increment of maximum lift coefficient
OLQ lift-curve slope
¢ section lift coefficient, )
Clpor section maximum lift coefficient
Cn pitching-moment coefficient about 0.25¢’
Co drag coefficient
D drag

Cp, induced-drag coefficient

minimum-drag coefficient

Cp, profile-drag coefficient

Wake c,, section profile-drag coefficient obtained by mo-
mentum method

P pressure coefficient

Co suction flow coefficient

R Reynolds number

M Mach number

dw rate of rise of wake center location relative to ex-
de tended wing-chord plane with angle of attack

a angle of attack .
ag,  angle of attack at maximum lift coefficient

€ downwash angle

dr trailing-edge-flap deflection

5 deflection of leading-edge flap, slat or droop

7 aspect-ratio correction factor (see ref. 11)

J tail factor depending on aspect ratio, taper ratio,

and flap span (see ref. 12)

T tail effectiveness parameter (see ref. 13)
e wing efficiency factor

S wing area .

S’ wing ares affected by suction

b wing span
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* b/2
¢ mean aerodynamic chord (%fol c? dy)
P average chord
¢ local chord parallel to the plane of symmetry
¢’ ratio of chord of leading-edge flap to local wing
chord
Y lateral coordinate
A aspect ratio
A angle of sweepback
A taper ratio
z vertical distance from extended wing-chord plane
Vv tail volume
) incidence
Subsecripts:
c/4 quarter-chord line
LE leading edge
e effective
W wing
t . tail
maz maximum
Abbreviations:
L. E. leading edge
T. BE. trailing edge
a. C. aerodynamic center
c. g. center of gravity

TERMINOLOGY

A certain latitude has been necessary in the definition of
various terms and in the nomenclature of various devices.
For example, some references use the term ‘‘usable” maxi-
mum lift, whereas others use the term “inflection’ lift. In
both cases the terms usable and inflection are used to desig-
nate the lift coefficient at which there is & decided shift in
aerodynamic center. Differences in definition and nomencla-
ture have been pointed out where comparison with the refer-
ence report might not be clearly understood.

PRESENTATION OF DATA

All pitching-moment data, unless otherwise specified, are
computed about the 0.25 mean aerodynamic chord. TFor
convenience, this moment center will be considered the
center of gravity and hence the longitudinal stability may
be referred to as either stable or unstable.

Insofar as possible, a tabular form has been used to sum-
marize the large amount of data available (refs. 13 to 67).
An index to the tabulated data is given in table 1. The
tables 2 to 47 are for the most part self-explanatory; some
data which were repetitious and overlapping have been
excluded. All data have been referenced so that the reader
may eagily refer to the detailed conditions under which the
tests were made. It will be noted that values of Rne: and
M, are listed in a headnote of each table. These values of
Reynolds number and Mach number represent the highest
values at which the wing was tested. Inasmuch as tests of
the wing plus gadgets were in most cases confined to lower
values of Reynolds number and Mach number, the data in
the tables were restricted to a Reynolds number range
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between 6.03X10% and 7.03X10%. In some cases data were
available only at Reynolds numbers lower than 6.0<10° and
in such cases the values of Rpe. and M. define the test con-
ditions for the tabulated data.

The column headings have the following general signifi-
cance:

Span of L.E. device (8/2): The span of the leading-edge
device (slat, flap, etc.) is given in fraction of wing semispan.
The outboard end of the device is located between 97 percent
and 100 percent of semispan.

Span of T E. device (5/2): The span of the trailing-edge
high-lift device is given in fraction of wing semispan. With
few exceptions the inboard end of the device is located at
the plane of symmetry when a fuselage is not present.
Some investigators measured the flap deflection in a plane
parallel to the air stream whereas others measured it-in a
plane perpendicular to constant percent line on the swept
panel. Reference to the original report should be made
when such details are required. ‘ )

Configuration: The sketches shown assist in interpreting
the table, although plan-form details are unavoidably lacking
except in those cases where deemed absolutely necessary.

Cppee: In many cases the tops of the lift curves were
relatively flat and the selection of the maximum value was
difficult. In such cases consideration was given to the angle-
of-attack range involved and the value was selected at the
angle of attack at which the lift effectively leveled off.

agy, ..+ ‘This angle represents the angle of attack at which
the tabulated value of (;_,_ was first obtained.

- L/D at 0.85C;,,,: The values of lift-drag ratio obtained
at a lift coefficient of 0.85C; . are presented in order to
provide a comparison among the configurations in the high-
lift range.

C,, characteristics: The longitudinal stability character-
istics are easily compared from these compressed plots of Cp
against G,

The data presented in the figures are intended to illustrate
the trends indicated by the tabular data. In addition to the
data from the tables, date from references 28 and 68 to 89
have been used in the preparation of the figures. Unfor-
tunately, sweep is only one of the variables and hence its
influence on the aerodynamic characteristics cannot be
isolated quantitatively except in the most general degree.
An index to the figures is presented in table 48.

FLOW CONSIDERATIONS

Fundamental to the improvement of both the stability
and maximum Lift characteristics of swept wings is a knowl-
edge of those factors which both influence and induce flow
separation. It has been found that on certain sweptback
wings leading-edge separation msay precede or accompany
trailing-edge separation, with the result that the variations
of pitching-moment coefficient with lift coefficient are quite
unlike those obtained when only trailing-edge separation is
involved. Similarly, appreciable differencesin the maximum
lift characteristics exist between swept wings exhibiting
trailing-edge separation and those exhibiting leading-edge
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separation. Inasmuch as the stability and lift character-
istics and the required methods of flow control dssociated
with leading-edge separation are so different from those as-
sociated with trailing-edge separation, an attempt has been
made, in the following sections, to present the basic phe-
nomena of the different types of flow separation.

One effect attributable to sweep is a change in the span-
wise distribution of induced angle of such nature as to cause
the load on the wing of a.given aspect ratio and taper ratio
to be concentrated further outboard when the sweep angle is
increased (fig. 1). Flow separation and consequent loss in
lift over the outboard sections would necessarily precede
that over the inboard sections.

"The induced camber which exists on either a swept or un-
swept wing is negative at the tip and positive at the root.
The negative induced cember at the tip sections produces
adverse pressure gradients very conducive to flow separa-
tion; whereas the positive induced camber at the root sec-
tions minimizes the adverse pressure gradients so that the
flow over these sections is very resistant to flow separation.
The significant effect of induced camber is, therefore, its
influence on the chordwise pressure gradients across the span.

TRAILING-EDGE SEPARATION

Another factor that promotes tip stall and is attributable
to sweep, or at least is accentuated by it, is the manner in
which the boundary layer flows on the wing. Elementary
considerations of the pressures on a straight wing indicate
an outflow of the boundary layer on the lower surface and
an inflow of the boundary layer on the upper surface. ¥When
sweep is introduced, the respective chordwise pressure dis-

tributions are staggered so that, on any line perpendicular

Calculated by method

of ref. 68
Aerq=0°

Calculated by method
of ref. 69
. Acsq=45°

8t AN _-Experimental data
o ‘{ (ref.?O)so
Ag/qa=4
oXA \\\ c/4
.6 — b
i
\
\
\
4 l
1
.2f
] 1 ] 1
0 2 4 6 8 1.0
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b72

Frgurs 1.—Effeot of sweep on the load distribution of & wing having
an aspect ratio of 8.02 and a taper ratio of 0.45.
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to the plane of symmetry, the pressures on the upper surface
become more negative with an increase in distance from plane
of symmetry. A pressure gradient, therefore, exists from
root to tip, which induces a boundary-layer flow from root
to tip.

The degree to which the outflow is established at any given
value of lift coefficient is dependent primarily on the sweep
angle involved. The outflow of the boundary layer produces
over the tip sections excessively thick boundary layers,
which separate more easily than those of normal thicknesses.
This outflow effectively removes the boundary layer from
the inboard sections so that the boundary layer over these
sections is more resistant to separation.

The combined effects of the induced-angle distribution on
the spanwise loadings, induced camber, and boundary-layer
growth over the tip sections on the section-lift character-
istics of o high-aspect-ratio, highly sweptback wing are in-
dicated by the data presented in figure 2. The airfoil sec-
tions incorporated in the wing were 12 percent thick and the
chordwise pressure distributions indicated that flow separa-
tion progressed from the trailing edge to the leading edge of
the tip sections. The maximum lift coefficients of the tip
sections fall far short of the maximum lift coefficients of the
root sections.

Some interesting boundary-layer sfudies made at low

Station
percent br2 03

——- Two-dimensional ¢
max
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Reynolds numbers on a 35° sweptback wing (ref. 90) reveal
the complexities which arise from the outflow of the boundary
layer. The results presented in reference 90 show that the
outflow may be as much as 25° on the surface of the wing,
whereas the flow at the upper edge of the boundary layer may
be directed toward the plane of symmetry as much as 10°,
In many investigations of wings having sweep angles greater
than 35°, surface tufts have indicated outflow much in excess
of 25°. The development, growth, and separation of a
turbulent boundary layer, complex in two-dimensional flow,
becomes even more complex when sweep is introduced.

The variations of pitching moment with lift to be obtained
when the tip separation is present are indicated in figure 3.
The data indicate the extent to which the wing will become
longitudinally unstable at the stall if the sweep angle is in-
creased whereas all other parameters are held constant.
Further increases in sweep angle for this particular wing
would result in unstable tendencies at progressively lower
values of lift coefficient.

LEADING-EDGE SEPARATION

‘When sweep is incorporated in 8 wing, the airfoil sections of
which exhibit a pronounced leading-edge-separation bubble,
a conical vortex lying on the wing surface can be observed
(ref. 72).

The existence of such a vortex flow is not limited

F Station 30
1 1 1 I
Station 96
/\l’xl/ ]

1.61-
Station O ( Station 3
¢ 8- B
1 1 ! ' 1 1 { ]
Station 75
1 [l 1 ] ! ! ! H
(o] 16 32 0 16 32
a,deg a,deg

a,deg

Fiaure 2.—Stall progression on a sweptback wing (A.,=45°) having an aspect ratio of 8.02, a taper ratio of 0.45, and NACA 63,A012 airfoil
sections as indicated by the section lift characteristics. (Data obtained from ref. 70.)
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Fraure 3.—Variations of pitching-moment coefficient with lift coeffi-
cient for a family of wings having aspect ratio of 6.0, taper ratio of
0.5, NACA 2415 airfoil sections, and various amounts of sweep.
(Data taken from ref. 71.)

to only those wings incorporating airfoil sections which
exhibit a separation bubble, but its presence on them is
more easily predicted. For example, if the induced camber
effect on a swept wing is great enough, it may cause an air-
foil section which stalls in two-dimensional flow from the
trailing edge to stall in three-dimensional flow from the
leading edge. The result may be that a leading-edge-
separation bubble necessary to the formation of the vortex
flow is developed. The spanwise extent of the localized
leading-edge vortex due to the induced camber over the tip
sections probably depends most directly on the wvalues of
leading-edge radii involved. The influence of leading-edge
radius on the formation of a leading-edge-vortex flow of suffi-
cient strength to affect materially the aerodynamic character-
istics of swept wings will be discussed subsequently.

The leading-edge-vortex flow results from both the leading-
edge separation bubble and the spanwise pressure gradient
introduced by sweep and has been observed to be conical in
cross section perpendicular to the leading edge with the
dianmeter of the cone increasing in the tip direction. This
shape arises from the fact that at the tip sections the vortex
containg an accumulation of the dead air that has drained
from the more inboard sections. Probe studies made on the
DM-1 glider modified to provide a sharp leading edge in-
dicated the presence of a vortex lying on the wing surface
(ref. 91); however, the pressure-distribution tests on a 48°
sweptback wing of aspect ratio 3.5 and incorporating circular-
arc airfoil sections (ref. 72) seem to be the first to illustrate
thoe mechanics of this type of separation. The results of this
investigation have been schematically illustrated in figure 4.
The presence of the vortex flow reduces the leading-edge
pressures but at the same time broadens the regions of high
chordwise loading and causes rearward shifts in center of
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Ficgure 4.-—8chematic view of leading-edge vortex flow and its effect
on the pressure distribution and the lift and pitching-moment char-
acteristics of a sweptback wing (A.n=45°) of aspect ratio 3.5 and
incorporating circular-are airfoil gections. Cr=0.87. (Data obtained
from ref. 72.)

pressure. Although the section lift characteristics presented
in figure 4 do not indicate a strong influence of the vortex
flow at the outermost station, pressure-distribution data of
reference 72 show it to exist. It is probable that the con-
centration of boundary-layer air over the rear part of the tip
sections separates early and hence tends to nullify the effects
of the vortex flow, so that the resulting lift is low but varies
fairly linearly with angle of attack to the stall for this section.
With ap increase in angle of attack, the vortex becomes
stronger over the more inboard stations and the boundary-
layer concentration is swept off as the vortex is shed from the
wing. The result is that these stations experience an in-
crease in lift-curve slope as indicated by the data of the
0.60b/2 station. With further increase in angle of attack
the vortex moves inboard along the trailing edge and leaves
more of the tip sections in a diffused region of vortex flow;
whereas the inboard sections are experiencing an increase in
lift-curve slope because of the increased strength of the
vortex flow. :
These changes in lift characteristics brought about by the
vortex flow produce rather severe changes in the pitching-
moment characteristics through the lift range. As can be
seen in figure 4, the initial dip in the pitching-moment curve
occurs when the vortex has formed with appreciable strength
over the outboard sections. The vortex moves inboard
along the trailing edge with an increase in angle of attack,
thus the tip sections are in a diffused region of vortex flow
and their lift-curve slopes are decreased. At the same time
the inboard sections are experiencing an increase in lift-
curve slope. The changes in span loading associated with
these effects cause a destabilizing pitching-moment varia-
tion through the moderate lift range. At meaximum lift
it is possible that the vortex has moved inboard sufficiently
to cause a rearward shift in the centers of pressure so that
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a stable pitching-moment break at maximum lift is obtained
or that the stable pitching moment merely results from the
tendency of the wing to assume the pitching-moment co-
efficient for the stalled flat-plate plan form for this wing.

Although a sharp leading-edge wing is an extreme case used
to illustrate the mechanics of vortex flow, recent pressure-
distribution tests on a wing of NACA 64A006 series airfoil
sections (ref. 92) permits the same analysis.

The sweep angle at which vortex flow assumes a contri-
buting role appears to be related to the leading-edge radius of
the airfoil sections employed. (It is necessary at this point
to state that the lift coefficient at which the vortex flow is
initially formed is also a variable to be considered. Of im-
mediate concern, howerver, is the rather broad grouping of
those wings which are subject to the influences of vortex flow
and those wings which are not, and lift considerations will
be dealt with subsequently.) The leading-edge radius de-
creases rapidly with airfoil thickness; hence, the thinner the
wing, the lower the sweep angle at which the vortex flow is
observed. Figure 5 has been prepared from admittedly
meager data, but it does indicate regions influenced by vortex
flow and not influenced by vortex flow. Although additional
data could have been used in the preparation of this figure,
they were not used because probe studies were lacking or
there was a doubt as to whether or not the two-dimensional
section would exhibit a separation bubble. It should be
pointed out that two values of leading-edge radius are shown
for several of the wings used to establish this boundary. In
such caeses, the wings were not constructed with their
theoretical airfoil sections parallel to the air stream. The
smaller leading-edge radius shown in figure 5 for each of these
wings was obtained by multiplying the normal radius of the
theoretical section by the cosine of the angle through which
the airfoil sections were rotated. This result is believed to
give o fair approximation of the streamwise radius.

I'G—ﬂ o7l o7l
°|2_ M
2} seporation
§ - 27I IZB l(\\\\\\\\\\\\\\\
§° N \W
el \\\\\\\\ inan
QW pregomaan e
R L e =4
2l L ) i 3, 47 54 I ]
0 20 40 60 80

Aera

Fiaure 5.—An approximate boundary for the formation of a leading-
edge vortex resulting from leading-edge separation expressed in
terms of leading-edge radius and sweep angle for uncambered wings.
Data obtained at a Reynolds number of 6.0X10%. Open symbol
denotes radius perpendicular to /4 line; solid symbol denotes radius
parallel to plane of symmetry. (Numbers adjoining symbols denote
references.)
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Inasmuch as leading-edge separation is dependent on
Reynolds number (ref. 93), the vortex flow that results when
sweep is introduced is also dependent on Reynolds number.
For example, in figure 6 the variations in inflection lift
coefficient with Reynolds number are presented for two 50°
sweptback wings having aspect ratios approximately 2.9.
One wing incorporates circular-arc airfoil sections, and the
other incorporates NACA 64,-112 airfoil sections. The
inflection lift coefficients were found to be concurrent with a
vortex flow lying along the leading edge and of such a sizo
as to be visible in probe studies. Actually, the probe
studies gave the impression of a rather sudden formation of
the leading-edge vortex concurrent with the inflection in
lift-curve slope, but it is probable that the formation grows
over & finite lift range to @ size great enough to influence tho
section lift characteristics. The results indicate that,
whereas the inflection lift of the wing of circular-arc airfoil
sections is not influenced by variation in Reynolds number,
the inflection lift for the wing incorporating the NACA
64,-112 airfoil sections is greatly affected. This result im-
plies that the boundary of vortex flow illustrated in figure 5
for data at approximately 6.0 10° Reynolds number would
probably have a lower slope for data at higher test Reynolds
number and a higher slope for data at lower test Reynolds
number.

It has been indicated that the presence of the vortex flow
produces undesirable pitching-moment characteristics.
This must be qualified, however, as indicated by the data
presented in figures 7 and 8. Figure 7 shows the influenco
of sweep on the pitching-moment characteristics of a wing
the airfoil sections of which exhikit a separation bubble in
two-dimensional flow and which at 30“ sweep would be ex-
pected to have a spanwise preshure gradient sufficiently
strong to result in vortex flow. The data presented in figure
7 show that the effects of vortex flow are beneficial with re-
gard to both the maximum lift and piiching-moment
characteristics at a sweep angle of 30°. Figura 8 shows the

1o Leoding edge-
|- —— Smocth
———Rough
.8_
A
. \,c-—
" Secfion A-A
6 NACA 64112
§ i A
G oab
_ N
o T —_—
Section A-A
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ISR T SR N SN (NN NN NN SN N .
o} 2 4 6 8 10 12108

Ficure 6.—Effect of Reynolds number on the inflection lift coefficient
resuiting from leading-edge vortex flow for wings incorporating
round-nose and sharp-nose airfoils. Aqou=560°; 4=2.9; A=0.625.
(Data obtained from refs. 54 and 74.)
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Fraure 7.—An example of the effects of sweep on the variation of
pitching-moment coefficient with lift coefficient when leading edge
separation is present. The wings have aspect ratios of 4, taper
ratios of 0.6, and NACA 65A006 airfoil sections. (Data obtained
from ref. 14.)
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Fraune 8.—An example of the effect of aspect ratio on the variation
of pitching-moment coefficient with lift coefficient when leading-
edge separation is present. The wings are sweptback (A.u=45°),
have taper ratios of 0.6, and incorporate NACA 65A006 airfoil
sections. (Data obtained from ref, 14.)

influence of aspect ratio on the pitching-moment character-
istics of & wing which exhibits leading-edge vortex flow. The
data presented in figure 9 indicate that vortex flow can be
used to improve the longitudinal trim and maximum lift of
the delta type of wing.

MIXED SEPARATION

Although those wings which fall far to either side of the
boundary defined in figure 5 are definitely characterized
either by trailing-edge separation or by leading-edge separa-
tion, the stability characteristics of wings having geometric
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FI1GoRE 9.—An example of the reduction of the longitudinal stability
and out-of-trim pitching moment of & delta wing (ALg=060°) by the
leading-edge vortex flow resulting from leading-edge separation.
(Data obtained from ref. 56.)

characteristics which place them in the vicinity of the
boundary conditions of figure 5 will be influenced by both
types of separation. For example, vortex flow was observed
on a 47° sweptback wing of aspect ratio 5.1 and incorporating
round leading-edge airfoil sections (vef. 73) at a lift coeffi-
cient of 0.35 for the test Reynolds number of 1.1X10° (fig.
10). The increase in stability at this value of lift coefficient
is, as previously discussed, obtained when the vortex flow
is present over the tip sections. When the Reynolds num-
ber was increased to 6.03<10% the formation of the vortex
flow was delayed to higher lift coefficients and separation of
flow over the tip sections produced the unstable break in
pitching moment noted at e lift coefficient of 0.85. The
vortex flow did form over the inboard sections at higher lift
coefficients, as indicated by the probe studies, and probably
contributed to the large positive moments measured in the
vicinity of C_,,. In this particular case, then, Reynolds
number greatly influences the type of separation obtained.
Figure 11 has been prepared to show schematically how the
lift coefficients at which leading-edge vortex flow and tip
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Frqure 10.—An example of the effect of mixed-flow separation result-
ing from an increase in Reynolds number from 1.10 to 6.003X10° on
the pitching-moment characteristics, (Data obtained from ref. 73.)

separation become confributing factors to the variations of
pitching-moment coefficient with lift coefficient obtained at
various Reynolds numbers. The force data available in
reference 73 and unpublished probe studies have been
utilized in the preparation of figure 11. The probe studies
were limited by physical conditions to a maximum Reyn-
olds number of 3.5X10° and, hence, it is not possible to
state whether the vortex flow would have been totally
eliminated in the Reynolds number range of the force tests.
It is important to realize that any datae obtained on thin
round-nose airfoils (fig. 5) at low Reynolds number
or, in fact, at any Reynolds number below the flight
value, can be very misleading, or at least should be inter-
preted in terms of the Reynolds number effect just described,
as concerns the stability changes through the lift range.

~~NACA 64-2I0

1
0 2 4 6 8 10 12x106

I'tqure 11.—Variation of the lift coefficients with Reynolds number
at which trailing-edge separation and leading-edge separation ocour.
A=5.1; A=0.383. (Data obtained from ref. 73 and unpublished
probe data.)

ROUGHNESS

Although present-day standards for fabricating the leading
edges of high-speed aircraft approach those for wind-tunnel
models in a smooth condition, it is necessary to consider the
adverse effects of roughness on the types of flow separation
just discussed. The degree of roughness currently em-
ployed in wind-tunnel roughness tests is entirely too severe
to-be representative of that found on production sircraft,
but it may be that the aerodynamic changes are indicative of
those to be obtained with a lesser degree of roughness. In
any case, experimental studies are required to determine the
effects of various degrees of roughness on swept wings.

From the limited data available on tests of swept wings
with roughness, it appears that on wings exhibiting trailing-
edge separation, roughness eliminates the beneficial effects
to be obtained by an increase in Reynolds number. In the
case of a A;z=42° wing having an aspect ratio of 4 and in-
corporating NACA 64,~112 airfoil sections (ref. 94) the stall
progression for the smooth wing at the lowest Reynolds
number (1.7 10°) and the progression for the rough wing at
Reynolds numbers up to the highest (9.5X10°) were very
similar. This similarity was also borne out by the forco
data.
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When roughness was applied to & wing having A ,=50°,
an aspect ratio of 2.9, an NACA 64,112 airfoil section, and
exhibiting a leading-edge vortex flow when in a smooth con-
dition, the inflection lift coefficient remained approximately
constant through the Reynolds number range of the tests
(ref. 74). Although probe studies were not made when
roughness was applied at the leading edge, the similarity of
the pitching-moment characteristics with those obtained on
the smooth wing indicates that the leading-edge vortex was
present and was due entirely to the effects of the roughness.
It is interesting that, from these data, it can be conjectured
that a region of laminar boundary layer exists on the rough
wing which separates and reattaches in order to form the
core of the leading-edge vortex. In order to illustrate the
magnitude of the roughness effects on the inflection lift
coeflicient the results presented in reference 74 are reproduced
in figure 6.

LONGITUDINAL STABILITY
GEOMETRIC CONSIDERATIONS

Separation on swept wings initially occurs over the tip
sections and is a result of leading-edge separation, trailing-
edge separation, or a combination of leading- and trailing-
edge separation. Tip stalling could obviously result in a
loss in lift behind the moment center of such a magnitude as
to cause a nose-up or unstable pitching-moment variation.
The compilation work of Shortal and Maggin (ref. 10)
showed that whether or not instability would be obtained on
o wing of given sweep depended primarily on aspect ratio
(see the INTRODUCTION). Although this empirical
study did not differentitate between the types of flow separa-
tion encountered on swept wings, the stability boundary
constructed does provide a general classification of the
stability of any particular wing; however, inadequacies were
to be found.

In order to provide at least a qualitative explanation for
this stability boundary, a re-evaluation of the data presented
in reference 10, together with an evaluation of more current
data, has been made (fig. 12). It was found that the sta-
bility boundary as presented in reference 10 was quite
adequate for wings having taper ratios of 1.0 (or nearly 1.0)
but was inadequate for wings having very small taper ratios.
(See, for example, the pointed wing data presented in fig.
12.) In an effort to correlate this additional effect of taper,
it was found that the geometric ratio of the area rearward of
the 0.25¢’ to the total wing area could be used as a single
stability criterion in place of the three parameters sweep,
aspect ratio, and taper ratio. If this area ratio exceeds
0.69, the wing is in the stable region and if it is less than 0.69
the wing is in the unstable region. In figure 12 are shown two
stability boundaries based on this criterion, one for a taper
ratio of 1.0 and one for a taper ratio of 0. The first curve
agrees very well with that from reference 10 except in the
low-sweep range where the experimental data upon which
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Figore 12.—Empirical longitudinal-stability boundary of reference 10
and its relationship to lines of constant area ratio. (Experimental
data obtained from refs. 56 and 75.) ’

the stability boundary is based are meager (fig. 12); whereas
the second curve, which lies above that of reference 10, pro-
vides considerably improved agreement with the experi-
mental data for wings with taper ratio of 0.

The spanwise distributions of lift obtained for families of
wings having taper ratios of 1.0 and 0 and which are defined
by this area-ratio value of 0.69 (corresponding to the two
stability boundaries in fig. 12) have been presented in
figure 13. The spanwise loadings for the family of wings of
different sweep but having taper ratios of 1.0 are somewhat
more similar than for the family of wings having taper ratios
of zero.

The outsvard shift in the stability boundary for the family
of wings having taper ratios of 0 indicates that an unbalance
of the moment areas is the more important factor with regard
to stability than the occurrence and severity of the tip stall.
Inasmuch as the tip sections of highly tapered wings operate
at higher values of lift coefficients relative to the root sec-
tions than those on untapered wings, separation ocecurs
earlier and, thus, the tip-stalling tendencies are more severe
on the tapered wings. If the severity of the tip stall were
of primary concern, therefore, the boundary might be ex-
pected to be displaced toward the left.
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Figure 13.—Load distribution for families of wings defined by the lines of constant area ratio in figure 12.

STALL CONTROL

The study of the flow characteristics on sweptback wings
makes possible a rational approach to the problem of stall
control. The delay or prevention of flow separation over
the trailing edge or leading edge of a wing may utilize a
device attached to or built into the wing or may be embodied
in the aerodynamic design of the wing itself. In the follow-
ing discussion each approach will be considered separately.
Such a procedure necessarily results in some duplication
because in many applications two or more possible solutions
are employed in an attempt to obtain the desired pitching-
moment characteristics.

Some remarks pertinent to the attainment of adequate
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(b) Taper ratio=0.
(Loadings obtained from ref. 76.)

stall control on wings exhibiting the types of flow separa-
tion previously discussed are considered. For example, in
the case of a wing having trailing-edge separation, it is
necessary to prevent trailing-edge flow separation over the
tip sections until lift has been lost forward of the moment
center. In the case of leading-edge separation extending
across the entire leading edge, a full-span device would be
required for its elimination. Obviously, such control would
merely create a wing then subject to trailing-edge separa-
tion at the tip sections and which, in turn, would require
further control in order to provide satisfactory sta%i]ity.
It will be shown later, however, that instead of completely
eliminating the vortex flow, a simpler and more direct ap-
proach would be to direct or diffuse the vortex off the tip
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sections in such a way as to obtain linear pitching-moment
characteristics.
DEVICES

Fences or vanes.—Data on fences and vanes are presented
in tables 7, 19, 20, 21, 25, 26, 29, 33, 34, and 38 from refer-
ences 13, 14, 19, 27, 34, 36, 39, 41, 48, and 52. Additional
information, obtained for the most part at low Reynolds
numbers, is contained in references 80, 95, 96, 97, 98, and 99.

Preliminary considerations of stall control for either type
of flow separation discussed suggest placing a restriction on
the outflow of the boundary-layer air on sweptback wings.
A fence (vane) can be used to provide & physical boundary
to the outflow of boundary-layer air. Thus, in the case of
trailing-edge separation the boundary-layer build-up over
the tip sections would be eliminated and hence these sections
would not stall prematurely. When leading-edge separa-
tion is present, the fence would be required to redirect or to
diffuse the leading-edge vortex at a spanwise station such
that linear moment characteristics are obtained.

For the fence to be effective in controlling trailing-edge
separation, the spanwise accumulation of boundary-layer
air is shed off the wing at the location of the fence at a rate
sufficient to prevent the accumulated boundary layer from
spilling over the fence in the spanwise direction. In some
installations employing fences of reasonable height, it
might be necessary to employ several fences in order to pre-
vent the boundary-layer build-up over the tip section.
Another condition that would necessitate the use of & multi-
ple-fence arrangement would be that in which the aspect
ratio is 8o great that the distance outboard of a single fence
(size not a limiting factor) is sufficient to allow another ac-
cumulation of boundary-layer air to occur at the tip sections.
From the literature it is apparent that the fence should be
located over the rear part of the chord in order to be effective
in controlling trailing-edge separation. Just how far for-
ward the fence should extend cannot be stated, but it appears
from available experimental dats that in order to delay the
instability to maximum lift, the fence should extend to about
the 5-percent-chord point. Although restrictions to the
outflow of the boundary-layer air can materially improve the
pitching-moment characteristics through the lift range, the
induced downwash effects are still such that separation occurs
first over the tip portions of the wing which exhibits trailing-
edge separation and, if the wing plan form is such as to place
it above the bound&ry of ﬁgure 12, an unstable pltchmg—
moment break at maximum lift is obba.med

For the fence to be effective in controlling the effects of
leading-edge separation, it is apparent that the fence must
be located over the forward part of the chord. Actually
experience has shown that the fence should extend around
the leading edge to the lower surface. It appears that the
size should be large enough to contain the leading-edge
vortex, but as there are no data available on the size of such
vortices it is not possible to state the size requirements for
such a fence. One investigation has been made at low Reyn-
olds numbers to determine the minimum size of fence re-
quired to give the maximum increase in stability for a wing
which without fences was stable through the stall (vef. 95).
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These data might be applicable as a guide to the size required
on an unstable wing at high Reynolds numbers.

Inasmuch as the fence has no appreciable effect on the
spanwise variation of induced downwash and must, in most
applications, be of smeall height, it serves only as a delaying
device for the instability. Exceptions have been found where
besides delaying the onset of instability, fences have actually
caused stable pitching-moment breaks at maximum lift. In
one case the application of a leading-edge stall-control device
to & swept wing reduced a condition of severe instability to
one of marginal instability which was eliminated by the
further addition of a fence (ref. 52). In another case, a
wing-fuselage-tail combination exhibited instability through
the high lift region. A recent analysis of these data offers
the explanation that the instability was not chargeable to
the pitching-moment characteristics of the wing but rather
to the destabilizing effect of the horizontal tail in the down-
wash field of the wing (effect of tail on the over-all stability
will be discussed in & later section). It was found, however,
that properly located fences on the wing could so alter the
flow characteristics at the tail that the instability due to the
tail was significantly reduced (ref. 95).

There has been a question raised from time to time as to
whether or not the improvements in stability obtained in
wind-tunnel tests of wings with fences are to be realized at
flight Reynolds numbers. It would appear that any empiri-
cal relationship between the influence of fences and the effects
of variation in Reynolds number would involve the wing-
thickness-ratio as a parameter. Thus, on thin wings whose
leading-edge radii are such as to place them well below the
boundary shown in figure 5, large increases in Reynolds
number would not eliminate the need for fences as determined
from wind-tunnel tests. If the wing thickness (leading-edge
radius) approaches or lies above the boundary of figure 5,
increases in Reynolds number might necessitate a relocation
to maintain their effectiveness and in some instances their
need might be eliminated.

The data presented in reference 39 show that fences can
be used to control the boundary-layer outflow to such an
extent that linear pitching-moment characteristics are
obtained on a relatively high-aspect-ratio sweptback wing.
As suggested in the previous paragraph, the required number
and position of fences may be somewhat different at flight
Reynolds numbers. The effects of several fence arrange-
ments on the pitching-moment and section-lift character-
istics of this wing are shown in figure 14 (refs. 39 and 70).
These results may appear optimistic in light of & similar in-
vestigation on & wing of the same sweep but having a lower
aspect ratio (5.1) (ref. 48) where both single- and multiple-
fence arrangements did not provide very significant improve-
ments in the pitching-moment characteristics. In the latter
tests, however, leading-edge separation was present as
evidenced by the fact that the leading-edge fence (extended
to the lower surface) caused an improvement in the pitching-
moment characteristics that was not materially changed by
an extension of the fences to the trailing edge. The data
of reference 48 may point out that greater difficulty is to be
expected in selecting the size, number, and position of
fences to control this type of separation.
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Fiaure 14.—Effect of fences on the section lift and wing pitching-moment characteristics of a sweptback wing (A.x=45°) having an aspect
ratio of 8.02, a taper ratio of 0.45, and NACA 63,A012 airfoil section. (Data obtained from ref. 70.)
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For illustrative purpose, the effects of fences on the
pitching-moment characteristics of several sweptback wings
of various configurations have been shown in figure 15.

The information available is not sufficient to allow for
adequate prediction of the optimum number, size, and loca-
tion of fences for any given wing. In general, it appears
that in each case an exploratory investigation is required to
determine the optimum arrangement. The skill and under-
standing of the investigator will undoubtedly be reflected
in the adequacy of the arrangement thus obtained.

Nacelles and stores.—When the airplane design is such
that cither the power plant, fuel, or cargo must be located
outside of the wing and fuselage, the basic requirement is
that the location selected will provide the minimum inter-
ference drag at high speeds. It is interesting, however, to
consider the possibility of positioning these external bodies
so that they contribute an improvement to the low-speed
longitudinal stability of sweptback wings.

The literature on externally mounted bodies (for example,
rof. 100) is largely concerned with specific configurations
from the drag considerations.

In the development work on the Boeing B—47 airplane,
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some low-speed tests were made with the outboard and in-
board nacelles in various positions, and & summary of the
results appears in reference 77. The improved pitching-
moment characteristics obtained in this investigation are
shown in figure 16.

The low-speed considerations appear to indicate that the
stabilizing advantage to be derived from suitable placement
of external bodies could and should receive the attention of
the designer.

Extensible leading-edge flaps.—Data on extensible leading-
edge flaps are presented in tables 6, 7, 9, 19 to 22, 25, 26, 30,
34, 38, 39, 44 to 46 from references 13, 18, 19, 21, 27, 29, 31,
32, 33, 34, 35, 36, 37, 38, 39, 41, 44, 45, 46, 48, 49, 50, 52, 54,
55,60, 64, and 65. Additional information is contained
in references 101 to 103.

One device which has been used successfully to delay flow
separation at the tip sections until 1ift has been lost further
inboard is the extensible leading-edge flap. This flap is
patterned after the type suggested by Kriiger (ref. 101) to
improve the maximum-lift characteristics of high-speed
profiles. The difficulties of fabricating and installing an
extensible leading-edge flap on an airplane have never been
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Fiaure 15.—The effect of fences on the pitching-moment characteristics of several sweptback wings.



Figure 16.—The effect of nacelles on the pitching-moment charac-
teristics of a sweptback wing-fuselage combination (Acu=35°)
having an aspect ratio of 9.43 and a taper ratio of 0.42. (Data
obtained from ref. 77.)

surmounted so that slats are generally employed, and the
extensible leading-edge flap remains a wind-tunnel tool.
Inasmuch as the slat and flap may be considered to provide
essentially similar relief to tip stalling (see fig. 17), the
ability to circumvent detailed slat-positioning studies by
using flaps has allowed 8 greater scope to be covered in wind-
tunnel work on sweptback wings than would have been pos-
sible employing slats. The extensible leading-edge flap is
generally a partial-span -device with the outboard end
located in the vicinity of the wing tip. The extension in
chord reduces the spanwise flow tendency by partially un-
staggering the pressure distributions at the inboard end of
the leading-edge flap. A vortex also is shed from the in-
board end of the flap that is of such a rotation as to oppose
the outflow of the boundary-layer air. The pressure dis-
continuity at the inboard end of the flap assists in promoting
the initial separation inboard of the tip. The camber in-
troduced by the leading-edge flap allows the tip sections to
reach higher angles of attack before separation occurs.

In general, in order to obtain the greatest improvement in
the maximum lift charecteristics while providing longitu-
dinal stability at the stall, the inboard end of the leading-
edge flap should be between 0.45/2 and 0.66/2 so that the
initial separation occurs just forward of the moment center.
If the wing is initially stable, then greater gains in maximum
lift may be obtained with greater spans of leading-edge flaps.
Two factors which can cause appreciable changes in the
optimum span just described are leading-edge vortex flow
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Frcore 17.—8tall patterns on a sweptback wing (A.4=35°) having
an aspeet ratio of 6.0, a taper ratio of 0.5, and NACA 04,-212 airfoil
sections equipped with an extensible leading-edge slat, an extensible
leading-edge flap, and a droop-nose flap. (Data obtained from
ref, 27.)

and the proximity of the wing geometric characteristics to
the stability boundary of figure 12. In the case of leading-
edge vortex flow, the optimum span is generally smaller than
would otherwise be indicated for & wing exhibiting trailing-
edge separation and having similar geometric characteristics
(see, for example, ref. 13), and this reduction will be consid-
ered in greater detail in & subsequent section entitled “Chord-
Extensions.” For wings with aspect ratio and sweep angle
that approach the boundary of figure 12, longer spans of
leading-edge flaps may be used (see, for example, ref. 31).

The influence of a fuselage on the longitudinal stability
characteristics of a swept wing equipped with extensible
leading-edge flaps has, for the most part, been negligible;
however, a series of tests on a 42° sweptback wing of aspect
ratio 4 (ref. 31) did show a reduction in the optimum span
of extensible leading-edge flap when & fuselage was present.

It has been found that trailing-edge flaps may affect the
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optimum span of the leading-edge flap,-but of more signifi-
cance is the fact that they can alter the successful applica-
tion of extensible leading-edge flaps. For example, the
results obtained in an investigation of a 45° sweptback wing
of aspect/ ratio 5.1 have been summarized in figure 18 to
show the influence of both type and span of trailing-edge
flaps on the longitudinal stability obtained with extensible
leading-edge flaps. Trailing-edge flaps having spans in
excess of 0.575/2 for the split type and 0.45b/2 for the double-
slotted type nullified the stabilizing effectiveness of the
extensible leading-edge flap. It is inferesting that a greater
improvement in stability was obtained when double-slotted
flaps of 0.40b/2 and leading-edge flaps were used in com-
bination than when just the leading-edge flaps were used.
Again, the conditions just described perhaps depend on the
relatiye position of the geometric characteristics of the wing

to the stability boundary of figure 12. For example, on a

42° gweptback wing of aspect ratio 4.0 (vef. 35), full-span
split flaps did not produce any detrimental effect on the
longitudinal stability characteristics obtained with extensible
leading-edge flaps.

One modification to extensible leading-edge flaps that is
suggested from time to time is to taper the flap so that the
maximum chord is at the tip. The results that have been
obtained (ref. 31) show the tapered leading-edge flap to be
ineffective. It is believed that the main reason for the in-
effectiveness of the tapered leading-edge flap is that it does
not provide the discontinuity in plan form with the as-
sociated pressure discontinuity and flap-tip vortex neces-
sary to promote initial separation inboard and ahead of the
moment center.

The available experimental data appear to indicate that
the extensible leading-edge flap can provide an appreciable
but definitely limited shift in the stability boundary of
figure 12. Tigure 19 has been prepared from experimental
data to show the manner in which stall controls displace the
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F1gure 18.—General summary of the effects of leading-edge and
trailing-edge flaps on the longitudinal stability characteristics of a
sweptbaock wing (A.x=45") having an aspect ratio of 5.1, a taper
ratio of 0.383, and NACA 64-210 airfoil sections. (Data obtained
from ref. 48.)
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Freure 19.—Influence of several types of stall control devices on the
longitudinal stability boundary of reference 10 for wings having

taper ratios greater than 0.4. (Numbers adjoining symbols denote
references.)

stability boundary of figure 12. Also included in figure 19
is an indication of the additional displacement of the sta-
bility boundary when fences are used in conjunction with
extensible leading-edge flaps. Actually no differentiation is
made in this figure for the types of flow separation on swept
wings, inasmuch as it appears that only the span of the device
will be affected by the type of flow separation.

Limitations must be attached to the boundaries shown in
figure 19 which arise from the fact that sweep and aspect
ratio are not the only variables. The data indicated by the
symbols (fig. 19) are for wings which have taper ratios greater
than 0.4, and a comparison of the boundary established with
these date with that indicated in figure 12 for wings which
have taper ratios of 0 indicates that extreme taper has ac-
complished the same shift in stability boundary. Thus,
generalization of the effectiveness of extensible leading-
edge flaps in displacing the boundary shown in figure 19
with the data presently available is still very much conjecture
but probably on the conservative side.
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There are only limited low-speed data available on the air
loads on extensible leading-edge flaps (refs. 34 and 104).

Extensible leading-edge slats.—Data on extensible leading-
edge slats are presented in tables 7, 19, and 22 from references
19, 27, 29, and 38. Additional information is contained in
references 95 and 1Q5 to 107.

As previously stated, the slat provides essentially the
same relief or alleviation of flow separation over the outer
part of the wing as does the leading-edge flap (see, for ex-
ample, fig. 17). It is rational to believe that the effects of
span and spanwise position are very similar to corresponding
effects noted for leading-edge flaps. The shift in stability
boundary due to leading-edge flaps presented in figure 19 is
then presumed to apply equally well to slats.

The available positioning studies of slats on, sweptback
wings are limited (German work reported in ref. 108 and the
work reported in refs. 109 and 110). It appears from the
specific investigations available that slats were designed
and positioned on the basis of two-dimensional data with a

few “rules of thumb’”’ considered. If the results obtained in -

an investigation correlating two-dimensional with three-
dimensional single-slotted flap positions (vef. 111) can be
considered indicative of the correlation to be obtained by
the use of slats, it appears that current design practices need
not be assisted by detailed positioning studies. This is
somewhat substantiated by the fact that the slat designed
from two-dimensional data for a wing of A.,;=35° and aspect
ratio of 6.0 was considered to have fulfilled its design pur-
pose (ref. 27).

Droop nose.—Data on droop-nose flaps are presented in
tables 7, 9, 10, 13, 14, 19, 21, 29, 34, 39, 41, and 44 from
references 14, 15, 19, 21, 22, 23, 25, 27, 36, 47, 48, 54, 57, and
60. Additional information is contained in reference 112.

The droop nose differs in one very important aspect from
either the extensible leading-edge flap or slat. There is no
extension in chord; hence the vortex shed from the inboard
end of the droop nose is weaker and less effective (for ex-
ample, the vortex may have a rotation such as to promote
outflow) in providing a barrier to the outflow of boundary-
layer air over the rearward portions of the wing. For this
reason, it would not be expected that the droop nose would be
as effective a stabilizing device on sweptback wings as either
the flap or slat. The experimental results presented in
figure 17 show that such is the case. It should be pointed
out, however, that these results merely imply that the shift
in the stability boundary would be less for the droop nose
than either the flap or slat, and, therefore, for wings only
marginally unstable, the droop nose may be as effective as
the leading-edge flap. Indications are that in some cases
the use of fences with droop nose may provide adequate
control.

Boundary-layer control..—Data on boundary-layer control
are presented in tables 4, 31, and 32 from references 45, 46,
and 16. Additional information is contained in references
92 and 113 to 116.

It has been known for a considerable time that flow separa-
tion can be delayed by either adding energy to the low-
energy boundary-layer air or removing the boundary layer.
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Numerous two-dimensional tests have shown that the power
expenditure is less when the boundary layer is removed
(suction) than when energy is added (blowing). In the case
of boundary-layer removal, the air is drawn off through
either a slot or permeable surface.

Most experimental data have been obtained on wings which
exhibit leading-edge separation. These experimental data
have shown the most favorable slot location from flow-
separation considerations to be very close to the leading
edge, in fact, just rearward of the pressure peak on the wing,
Experimentally, this location is difficult to obtain; therefore
the slot is usually located so as to imclude the minimum
pressure. With the slot located in the immediate vicinity
of the minimum pressure on the wing a very low pressure is
required in the plenum chamber in order to induce an inflow
into the slot. Actually, a rather large:chordwise pressure
gradient exists across the slot such that when the minimum
pressure is held an excess in differential pressure occurs over
the rear part of the slot. The power requirements and rates
of flow therefore are relatively high. The results presented
in reference 45 (fig. 20) indicate that, as in the case of slats
or flaps, desirable longitudinal stability characteristics are
dependent on the span over which control is exercised; that
is, the initial separation should occur at the inboard end of
the slot just forward of the moment center. Some attempt
has been made to control leading-edge separation by means
of several short chordwise suction slots located along the
leading edge, outboard of the 0.56-semispan station (vef. 113).
The wing had 63° sweepback of the leading edge, an aspect
ratio of 3.5, & taper ratio of 0.25, an NACA 64A006 airfoil
section in 8 streamwise direction, no twist, no camber, no
dihedral, and zero wing-fuselage incidence. The separation
was delayed to some extent, as indicated by the fact that the
lift coefficient at which the pitching moment broke in the
unstable direction increased from 0.41 to 0.68. Referonce
113 mentions that control inboard could probably have
caused a further delay. Although this may be ftrue, it
should be pointed out that experimental date with extensible
leading-edge flaps would indicate that the increased linear
moment range would be accompanied by an increase in the
severity of the unstable pitching-moment break. This
result is confirmed by the porous area suction investigation
of reference 114.

Because the wings on which boundary-layer control has
been tried have exhibited leading-edge separation, the effec-
tiveness of suction slots located more rearward on the chord
in order to control trailing-edge separation may not be defined
clearly by the data presented in reference 46. It is still to
be shown whether spanwise or chordwise slots would be
more effective in delaying the build-up of low-energy air over
the rear portions of the tip sections. ILow-scale data for
a swept wing (A.,=36.4°) of aspect ratio 5.85 and in-
corporating approximately 16.5-percent-thick airfoil sections
indicated that a chordwise gap is very effective in the control
of flow separation over the tip sections. The improvement
in longitudinal stability obtained with the chordwise gap
was remarkable inasmuch as the spanwise location seems to
have been arbitrarily chosen.



A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

[

/ Slots seqled

1407

High suction; High suction; Blower windmilfing
and faired 5§=076/2 52055672 (suction falure)
L2 r r -
10 - B -
81 B u I~
a
st - - -
*‘ 0.005¢
Secfion A-A 4 B B ]
NACA 64;-22
2F - I~
1 ] J L 3 ]
0 -04 -08 0 -04 0O -04 -08 0O -04
Cn Cm . Gm Cm

Tigune 20.—Effect of boundary-layer control by suction at the leading edge on the pitching-moment characteristics of a sweptback wing

(Ae=45°). A=3.4; A=0.5L.
As in the case of suction slots, the leading-edge separation
has dictated that area suction (porous material) be applied
very close to the leading edge. The work described in refer-
ence 92 was done with the idea of delaying separation over
the entire wing, and hence the configuration does not repre-
sent an optimum one from stability considerations if it is
assumed that the span of porous suction is as critical a sta-
bility factor as leading-edge slats or flaps. The sweep angle
(A.x=61°) and aspect ratio (3.5) of the test wing of reference
92 are such that desirable longitudinal stability would not be
expected from the use of the stall-control devices considered
so far (fig. 19), although a combination of stall-control de-
vices such as extensible leading-edge flaps and fences may
provide the desired results. Data obtained on the wing
described in reference 115 indicated that of the chordwise
extent of porous suction considered (1,2, and 3 percent of the
chord), the results obtained with a chordwise extent of 1 per-
cent were most favorable from longitudinal-stability con-
giderations. These results, it should be emphasized, were
obtained in an attempt to control leading-edge separation
and hence are not too applicable to the control of trailing-
edge separation. Additional work on the effect of varying,
chordwise porous area suction is reported in reference 116.
It is not possible at present to compare experimentally the
suction slot with the porous area suction of equal coverage
because the drag and power evaluations of both are not
available; however, theory indicates that porous area suc-
tion should require less power than slot suction. From low-
speed considerations it appears that, for acceptable pitching-
moment characteristics, the advantages of one over the other
will be decided more from power and structural considera-
tions than from aerodynamic considerations. )
460194—58——00

(Data obtained from ref. 45.)

From the material available at this time, it appears that
the boundary-layer control may be as effective aerodynami-
cally in providing desirable pitching-moment characteristics
as the extensible leading-edge slat and flap and may also be
subject to somewhat the same limitations.

Chord-extensions.—Data on chord-extensions from ref-
erence 53 are presented in tables 38 and 39.

As previously discussed under the section entitled “Fences”
the problem of obtaining satisfactory longitudinal stability
when the leading-edge vortex flow is present may not neces-
sarily require a change in the effective camber of the tip
sections of the wing but may rather be a matter of diffusing
the vortex flow. In this regard, the results obtained by a
mere extension of the local chord over the outer portion of
two highly sweptback wings are very promising (ref. 53).
In figure 21 are presented the pitching-moment variations
with lift for two wings with A.,=50° equipped with exten-
sible leading-edge flaps and chord-extensions. In the case
of the wing which incorporates circular-arc airfoil sections,
both the extensible leading-edge flap and the chord-extension
improved the longitudinal stability characteristics of the
wing alone to about the same degree. In the case of the
wing incorporating NACA 64-series airfoil sections, the ex-
tensible leading-edge flap was somewhat nmiore effective than
either a sharp-nose or round-nose chord-extension. The
differences in pitching moment between the round and sharp
leading-edge chord-extensions indicate that nose shape of
the chord-extension is a significant geometric factor in the
the design of this device.

The following discussion of the effects of chord-extensions
on the flow over swept wings and on the longitudinal sta-
bility of such wings is based on force-test results and on visual
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sweptback wings (A.4=50°) having different airfoil sections.

probe and surface tuft observations of the flow over the
wings described in reference 53, and on similar results from
another wing of different sweep angle and airfoil section that
has been investigated in the Langley 300 MPH. 7- by 10-foot
tunnel. More precise development of these concepts will
probably require pressure-distribution studies.

Chord-extensions would be expected to have a beneficial
effect on the pitching-moment characteristics of any swept-
back wing because of the fact that, like an extensible leading-
edge flap, the plan-form discontinuity at the inboard end of
the chord-extension gives rise to a vortex in the stream direc-
tion which tends to prevent the low-energy air from the in-
board sections from influencing the boundary layer at the
outboard sections. The angle-of-attack range through
which this improvement in flow over the outboard sections
is realized and the manner in which the pitching-moment
characteristics are improved seems to depend on the airfoil
section employed in the wing and to some extent on the wing
plan form. In the following discussion the flow phenomenon
is discussed relative to airfoil section although the influence
of wing plan form is such that it may increase or decrease the
relative importance of airfoil section for any given swept
wing.
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Fiaore 21.—Comparison of the effects of extensible leading-edge flaps and chord-extensions on the pitching-moment characteristics of two

(Data obtained from ref. 53.)

In the case of a swept wing with a sharp leading edge,
leading-edge separation occurs at very low lift coefficients,
In fact the leading-edge separation vortex arising from
leading-edge separation is quite strong at lift coefficients
very much lower than those at which trailing-edge separa-
tion would be expected on a wing of the same plan form but
incorporating airfoil sections of large leading-edge radius.
The action of the chord-extension vortex is such as to alter
the direction of the leading-edge vortex emanating from the
inboard sections of the wing and its direction of rotation is
such as to oppose the rotation of the inboard vortex, Al-
though the diffusion of the two opposing vortices causes them
to lose their identity, probe studies indicate that, in contrast
to the case of the wing without chord-extension where tho
spanwise drain of the low-energy boundary-layer air trails
off at the wing tips, the chord-extension vortex causes the
low-energy air from the inboard sections to trail off the wing
at a spanwise station slightly outboard of the inboard end of
the chord-extension. The restriction of the inboard leading-
edge vortex from the tip sections prevents them from ox-
periencing the increase in lift and the attendant increase in
stability between points A and B of sketch 1.
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Chord—extension

Sketch 1.

Observations of tufts attached to the airfoil surface have
indicated an improvement in flow over the tip sections
spanned by the chord-extension through the lift-coefficient
range from A to B. It should be pointed out that this im-
provement in flow results in a decrease in lift rather than the
increase that is customarily obtained when flow conditions
are improved. At lift coefficients only slightly greater than
point B, surface tufts do not indicate any substantial differ-
ences in flow between the chord-extension on-and-off condi-
tions. This result may arise either from the fact that the
inboard leading-edge vortex is strong enough to break
through the chord-extension vortex or that the secondary
vortex observed to be present on the chord-extension con-
tributes to the general breakdown of flow at the outboard
sections or from the combination of both effects. The
secondary vortex on the chord-extension has been observed
to occur at approximately the same angle of attack as that
at which the leading-edge vortex occurred on the basic wing.
The strength and growth of the secondary vortex is probably
similar to that occurring over a corresponding length of span
at the inboard end of the wing. It has a measurable in-
fluence on the pitching-moment characteristics in the lift
range between D and C. (See sketch 1.) This was indi-
cated by the data of figure 21 where the 0.25b/2 chord-exten-
sions provided slightly more negative pitching moments near
maximum lift than when the outboard 0.195/2 of the chord-
extension was removed. (In some installations chord-
extensions having spans greater than 0.25b/2 may be required
and in such cases the secondary vortex may have an even
stronger influence on the pitching-moment characteristics.)
Inasmuch as there is an improvement in flow over the out-
board sections through only a small lift range and the most
positive pitching moment measured on the plain wing is
almost attained with the chord-extension on, it can only be
concluded that the linearity in the variation of pitching-
moment coefficient with lift coefficient arises from balancing
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areas experiencing increases and decreases in lift. The
stable break in the pitching-moment curve at maximum lift
(see, for example, fig. 21) is explained by the fact that, in the
stalled condition both with and without chord-extensions,
the wing has the pitching moment of a stalled flat plate of
corresponding plan form.

When chord-extensions are used on a swept wing the air-
foil sections and sweep angle of which are such as to place

"the wing near the boundary for leading-edge separation

(see, for example, fig. 5) the basic flow phenomenon appears
to be somewhat different from that on the sharp leading-
edge wing. The round leading edge of the wing delays
leading-edge separation to lift coefficients very much higher
than on sharp leading-edge wings with the result that the
leading-edge vortex occurs at or only slightly prior to
trailing-edge separation. Consequently, such wings do not
exhibit a very marked stable dip in the pitching-moment:
curve prior to the unstable break that results from tip stalling.
(See sketeh 2.) It is not unlikely that, because the forma-

Chord-extension
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Sketch 2.

tion of the leading-edge separation bubble would tend to
move the adverse pressure gradient rearward, trailing-edge
separation and consequent breakdown of flow over the entire
chord occurs at lower lift coeflicients than it would on a
similar wing having a larger leading-edge radius with no
tendency for leading-edge separation. Thus, the chord-
extension diffuses and directs the inboard leading-edge

.vortex as in the case of the sharp leading-edge wing but, of

equal importance, it also prevents the low-energy air that is
flowing outboard along the trailing edge from influencing
the flow over the tip sections and thereby delays trailing-
edge separation on those sections. Thus, surface-tuft
studies have indicated a marked improvement in flow over
those sections spanned by the chord-extension through the
lift range denoted A to B in sketch 2. The improvement in
pitching-moment characteristics on such wings results pri-
marily from the delay in separation over the tip part of the
wings to higher angles of attack as would be deduced from
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available data which indicate only a slight forward shift in
aerodynamic center from that obtained in the low-lift range.
(See sketch 2.) At maximum lift the pitching-moment
break for these experimental data was in the stable direction
inasmuch as the pitching moment in the stalled condition
was more negative than in the stall-controlled condition.
In other cases, however, the pitching-moment break may be
in an unsiable direction, inasmuch as the induced angle-of-
attack distribution and airfoil section characteristics are not
greatly influenced by the addition of the chord-extensions.
A further improvement in the pitching-moment character-
isties may be expected by providing droop in the chord-
extension in order to combine the beneficial effects of the
chord-extension vortex and leading-edge camber in the same
manner as does an extensible leading-edge flap.

When a chord-extension is applied to a wing which exhibits
only trailing-edge separation, improvements in flow over the
tip sections would still be expected, inasmuch as the chord-
extension vortex would tend to divert the outflow over the
rear part of the wing that is emanating from the inboard
sections.

It should be realized that the most effective span of chord-
extensions is as critical as the most effective span of exten-
sible leading-edge flap was shown to be.

Variable sweep.—The information thus far presented
emphasizes the problems encountered on an airplane using
highly swept wings. A possible method of avoiding these
problems is to provide an airplane with wings the sweep
angle of which can be changed in flight so that a low sweep
angle can be used when it is desired to fly at high lift co-
efficients and low speed. Some points of interest in connec-
tion with the design of such an airplane are illustrated by the
results of an investigation at low Reynolds number and Mach
number of & variable-sweep airplane model (refs. 78 and
117). TFigure 22 illustrates schematically the model used and
the longitudinal stability characteristics. As the sweep
angle is increased by rotating the wing panels about a pivot
point in the fuselage, the wing center of pressure moves rear-
ward and causes a large increase in longitudinal stability.
In order to overcome this, the wing-panel pivot point must be
allowed to translate forward as the wings are rotated rear-
ward.

The data of figure 22 are, in all likelihood, subject to Reyn-
olds number effects. Itwould be expected that at Azz=23°
the maximum lift of the wing would increase with an increase
in Reynolds number and, because the strength of the leading-
edge vortex flow (as indicated by the pitching-moment data)
would diminish with an increase in Reynolds number, the
maximum lift of the wing at A,z=63° may be less than the
values shown. Thus, the variations in wing aerodynamic
center due to va.riable sweep may also be different at flight
values of Reynolds number.

Contra flaps.—Data on contra flaps obtamed from
references 31 and 32 are presented in table 20. The contra
flap is a flap located on the outer part of the wing span in
order to provide negative camber in the tip sections. The
negative induced camber results in a download at the tip sec-
tions in the low angle-of-attack range. The nose-up tend-
ency due to the download at the tip sections decreases with
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Figure 22.—Longitudinal stability characteristics of a model of a
variable-sweep airplane. R=2)10* (based on ¢’ for A.u=50°),
(Data obtained from ref. 78.)

increasges in angle of attack and thereby provides a pitching-
moment variation with lift coefficient that has a stable slope.
At maximum lift, however, there must remain a nose-up
tendency of such a magnitude that when wing stalling occurs
the pitching-moment break will be in the stable direction.

The results presented in references 31 and 32 were obtained
by using upper-surface split flaps on the outer part of the
wing as the contra flaps. The stability characteristics were
quite satisfactory through the entire lift range; however,
in these particular tests large losses in lift and increases in
drag accompanied the improvement in stability. Inasmuch
as no attempt was made in these investigations to see if the
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adverse lift and drag effects could be minimized while main-
taining the beneficial stability effects, the usefulness of the
contra-flap principle has not been fully evaluated.

WING GEOMETRY

Camber and twist.—Data on camber and twist are
presented in tables 17, 18, and 28 from references 26, 42, and
43, Additional information is contained in references 79,
80, 81, and 96. Although most of the swept wings have in-
corporated some degree of camber or twist or both camber
and twist, the references listed are only those that provide
comparisons with the uncambered and untwisted wings.

Combinations of camber and twist-have been commonly
incorporated in unswept wings designed for relatively low-
speed flight in order to obtain, among other things, satis-
factory stalling characteristics. Recently, there have been
advantages found in the use of camber and twist at transonic
flight speeds. Although the introduction of camber and
twist in the amount required to provide the desired load
distribution at high speed is also in the direction to improve
the low-speed longitudinal stability characteristics, it must
be remembered that from low-speed longitudinal stability
considerations the optimum camber and twist will be that
derived from low-speed design consideration. Hence, the
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data which have been obtained with wings designed to meet a
given high-speed requirement are not necessarily indicative
of optimum low-speed benefits to be derived from camber
and twist.

A study which involved only the effects of camber (con-
stant camber changes over the span) indicated that except
for the trim changes to be expected, the pitching-moment
characteristics were not materially affected by camber (ref.
26). Somewhat comparable results were obtained in an in-
vestigation where the effects of increasing the leading-edge
radius and adding forward camber were studied on a
A.u=385° wing (ref. 85). In each of the previous references
(refs. 26 and 85) there was no spanwise variation in camber,
and the full low-speed advantages of camber may not have
been utilized.

The effects of camber and twist on the pitching-moment
characteristics of two wings (refs. 79 and 80) are presented
in figure 23. In both cases, the twist and camber were
calculated to provide uniform loading at supersonic speeds
and at design lift coefficients of 0.4 and 0.5 for the A,,=45°
and A,,=60.8° wings, respectively. Actually, a compromise
twist was used in the A.,=45° wing such that little resem-
blance remained between that desired for uniform loading
and that tested. The compromise twist was in the direction

~ ————Cambered and hvisted for approximately uriform loading
at G=0.5. [8° twist between roct and tip,
Withou! camber and twist,
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(b) A,4=60.8°; A=3.5; reference 80.

Frauore 23.—Effects of combined twist and camber on the variations of pitching—mément coefficient with lift coefficient for two sweptback wings.
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to alleviate tip stall, and, as can be seen in figure 23, a small
gain in the linear pitching-moment range was obtained. The
pitching-moment characteristics of the A.,=60.8° wing are
more irregular when twist and camber are introduced. It
appears from the data available that additional work is re-
quired before camber and twist introduced to satisfy high-
speed considerations can be evaluated in terms of improve-
ments that will be produced in the low-speed stability
characteristics of sweptback wings. ’

Although camber and twist have not in the limited number
of cases available solved the low-speed stability problems,
they may result in the need for fewer and less complicated
stall-control devices. A comparison is shown in figure 24
of the pitching-moment characteristics of wings with and
without camber and twist and both with and without fences.
The combination of fences and camber and twist provided
rather acceptable pitching-moment characteristics whereas
with either the fences or camber and twist a very large
destabilizing shift in aerodynamic center occurred at or
prior to maximum lift. In the case of the A.4=60.8° wing
of reference 80, leading-edge flaps and fences were used in
order to improve the characteristics. The greatest improve-
ment obtained by using these mechanical devices is illustrated
by the results of figure 25. TUnfortunately, these data are
limited in lift range, and it is not possible to tell whether or
not a stable break in pitching moment at maximum lift
would be obtained for this configuration.
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Inverse taper.—The adverse effects of tip stall on swept-
back wings can be avoided by causing the initial stall to
occur over the inboard sections. Theoretical considerations
would seem to indicate that inboard stall could be accom-
plished by means of inverse taper (ref. 118). If it were not
for the effects of boundary-layer outflow, inverse taper would
provide sweptback wings that were longitudinally stable well
above the stability boundary of fizure 12. Because of the
boundary-layer outflow, however, there is a possibility that
premature tip stall would limit the usefulness of inverse
taper as a means of alleviating the low-speed problems as-
sociated with sweptback wings of normal taper ratio. It
should be mentioned, however, that fences should be more
effective on wings having inverse taper than on wings of
normal taper. The low-speed and low Reynolds number
tests of & model which incorporated inverse taper (ref. 119)
have indicated very satisfactory longitudinal stability
characteristics. The sweep angle (4,4=37.5°) and aspect
ratio (3.0), however, were such that satisfactory stability
would be expected for wings without inverse taper.

Cranked wings.—Data on cranked wings are presented in
table 22 from reference 38. Additional information is con-
tained in references 120 and 121.

It has been suggested (ref. 121) that the low-speed longitu-
dinal stability problems of sweptback wings can be reduced
by using a wing plan form in which the sweep angle decreases
toward the tip. The reduction can either be continuous

Qambemd and twisted; airfoil section
—— NACA 63Acy;I2 €1 100t =073 } (ref. 81)

12° twist between root and tip.

___ Uncambered ond untwisted; airfoil section
NACA 63,A0I12. (ref. 70)
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Freure 24— Variation of pitching-moment coefficients with lift coefficients for a wing with and without camber and twist, both with and without
chordwise fences. A.=45%; A=8.0; A=0.45; R=4.0X10%



A BUMMARY AND ANALYSIS OF THE LOW-SPEED

- yJ 1 1 1 J
'?08 04 0 -04 -08 -12
Cm
Fi1gure 25.—The effect of extensible leading-edge flaps and fences on
the pitching-moment characteristics of a twisted and cambered
sweptback wing (A.4=60.8°) having an aspect ratio of 3.5, and a
taper ratio of 0.26. (Data obtained from reference 80.)

(crescent-shaped plan form) or consist of several steps
(cranked-shepe plan form). There have been arguments that
the plan-form discontinuities may have adverse effects on
the maximum lift characteristics; however, the low-speed
data available (see, for example, ref. 38) indicate that good or
acceptable lift and pitching-moment characteristics can be
obtained. The high-speed drag characteristics therefore
dictate its usefulness. The proponents of the cranked-wing
concept contend that the equivalent sweptback wing has a
leading-edge sweep angle equal to that of the inboard sections
of the cranked wing on the basis that the detrimental com-
pressibility effects tend to occur first near the root sections.
That the root sections are the more important in determining
the critical Mach number is in agreement with the “crest
line” concept defined in reference 124. A consideration in
the comparison of a cranked wing with a sweptback wing is
the effect & body may have on the critical nature of the in-
board sections. From low-speed pressure-distribution data,
it appears that, with a body on, the “crest line” concept of
reference 122 would indicate that the inboard sections are
no longer as critical.

Composite (A, M, and W) wings.—In the search for a
wing plan form which would incorporate the benefits to be
derived from sweep and yet possess acceptable low-speed
characteristics, the Germans investigated both the M and
W plan forms (ref. 123). Recently work has been done on
swept wings with the center sections filled in to form A
wings. Substantial improvements have been obtained at
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low speeds in the longitudinal stability characteristics of
these composite wings. Early swept-wing studies in this
country (ref. 124) also established the low-speed advantages
of the M and W plan forms. There was, however, an impli-
cation made in reference 123 that, when split flaps were de-
flected, there is no advantage in using an M wing instead of a
sweptback wing. The high-speed consideratious of the junc-
ture drag to be associated with either the M or W plan form
were instrumental in shelving these plan forms before any
extensive amount of low-speed work had been done. Re-
cently, it has been found that such plan forms may not ex-
hibit the aerodynamic-center shift resulting from twist due
to bending, which is an unfavorable characteristic of swept-
back wings in the transonic speed range. At present, tran-
sonic tests are needed to see if the drag penalties of M and W
plan forms are compensated by their structural advantages.

HORIZONTAL TAIL

A horizontal tail is usually employed to obtain damping
and control in pitch and a desired static margin. In its
conventional location it is subject to the flow field created by
the wing-body combination. Whether or not the horizontal
tail affects the stability of the combination, other than by
the static margin it provides, depends on the manner in
which the characteristics of the flow field in which the tail
operates vary with angle of attack. In the case of straight
wings, the flow separation which could cause nonlinear varia-
tions of the flow with angle of attack is restricted to a small
angle-of-attack range prior to maximum lift. Inasmuch as
straight wings are, in general, quite stable through maximum
lift, any nonlinear flow characteristics due to flow separation
and of such a nature as to cause the horizontal tail to be
destabilizing are not too detrimental. Thus, in straight-
wing airplanes the problem is largely to design a tail (ge-
ometry and location) that will be capable of trimming the
airplane throughout the flight lift range. Body effects may
cause the tail location to become a major design problem
and this condition has been shown to be particularly true
in the case of straight, low-aspect-ratio wings employing
sharp leading-edge airfoil sections. In contrast to straight
wings, sweptback wings exhibit flow separation at lift co-
efficients well below maximum lift and, in many cases, swept-
back wings are either unstable or possess only marginal
stability through meximum lift. In such cases any de-
stabilizing tendencies of the tail resulting from nonlinearities
in the flow characteristics may not be tolerable.

As early as 1946 (for example, ref. 10) it had been illus-
trated that a horizontal tail located behind a stable swept-
back wing could result in a wing-tail combination that was
unstable through maximum lift. A considerable amount of
low-speed work has been done, therefore, in order to deter-
mine the most suitable location for a horizontal tail behind a
sweptback wing. Data on such work are presented in the
tables from references 13, 19, 23, 25, 29, 36, 50, 52, and 55.
Additional information is contained in references 28, 82, 95,
98, 99, 112, and 125.

The results of the low-speed tests indicate that, whereas
in certain locations the horizontal tail may be detrimental,
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there are locations at which the-horizontal tail may meas-
urably improve the longitudinal stability characteristics
over those of the wing alone. In order to avoid the adverse
effects and to obtain the beneficial effects that a horizontal
tail is capable of providing, the following general rule can be
stated: The location of the horizontel tail should be such that
it is emerging from the wake through the nonlinear lift range
of the wing (to be discussed later). This rule means that
for very short tail lengths the tail will lie below the chord
plane extended, and for very long tail lengths the tail will lie
somewhat above the chord plane extended.

In cases where the airplane configuration exhibits a high
degree of stability in the maximum lift range, it may be
desirable from trim and control considerations to locate the
tail so that it will have a slight destabilizing influence. Other
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the effectiveness of the horizontal tail operating in the flow
field behind sweptback wings and the over-all stability
characteristics of the sweptback wing-tail combinations.

EFFECTIVENESS

The variations of horizontal-tail effectiveness with angle of
attack for several sweptback wing-tail combinations are
presented in figure 26. The horizontal-tail effectiveness
parameter 7 is a measure of the influence of the tail and in-
cludes the influence of both the wing and fuselage on the
downwash and dynamic pressure ot the tail plane. A deriva-
tion of the formula for ~ can be found in reference 55 and the
resulting expression is given as

factors such as ground clearance, high-speed wake buffeting, > (g)
and structural considerations may dictate a compromise loca- q: O¢ q
. N . . T=——n\| = 1 +(Zg (1)
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Figurp 26 —Influence of high and low tails on the variation of tail-effectiveness parameter = with lift coefficient for several sweptback-wing
configurations. Tail positions are given with respect to the extended root chord line.
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50 that the effect is rather slight. In some other available data
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¢/ isolated

Inasmuch as (OL,,‘) ot and V (tail volume) are constant

for any particular tail and tail location, the variations of =
with angle of attack reflect any changes in the linearity of
Op, with angle of attack. A minus value of  signifies that

the tail is providing a stabilizing contribution.

Data which are representative of the tail effectiveness to
be obtained behind sweptback wings are presented in figure
26. Sufficient systematic data to permit the construction of
comprehensive design charts however were not available.
The influence of tail location on the effectiveness of the tail
can be seen by the manner in which 7 varies in the high-lift
range for the two tail locations considered (fig. 26). Whereas
r for the tail in the high position decreases and actually be-
comes destabilizing in the high-lift range, = for the tail in the
low position remains essentially constant and in certain cases
becomes increasingly negative. A comparison of the data
on parts (a) and (b) of figure 26 indicates that the relative
tail effectiveness is somewhat improved when flow separa-
tion is prevented by extensible leading-edge flaps although

been used to illustrate in figure 27 the rate of change of wake
location with angle of attack as a function of sweep angle.
These data indicate that the wake moves up at a greater rate
with respect to the chord plane extended as the sweep angle
is increased. It should be pointed out that the data pre-
sented in figure 27 represent, in general, slopes obtained
through an angle-of-attack range from 0° to 16°; however,
the trends illustrated in figure 26 appear to continue to even
high angles of attack. The significance of these wake
movements with relation to the downwash field through
which a particular tail will pass is illustrated in figure 28.
The tail located in the high position lies well above the wake
center through the entire angle-of-attack range and, as can
be seen in the accompanying plot of downwash against angle
of attack, experiences an increasing rate of change of down-
wash with angle of attack throughout the greater portion of
the angle-of-attack range. The tail located in the medium
position lies above, but relatively close, to the wake center
in the high angle-of-attack range. The increasing rate of
change of downwash with angle of attack is less pronounced
than that obtained in the high position. When the tail is
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Ficurb 27.—The rate of change of wake-center location (from extended root chord line) with angle of attack at several lateral stations, in the
region of a horizontal tail behind wings of various plan forms. Flagged symbols indicate midwing fuselage combination; plain symbols
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Ficure 28.—Downwash profiles behind a sweptback wing (Acu=50°)
having an aspect ratio of 2.9, a taper ratio of 0.625, and NACA
64112 airfoil section. Profiles located at a tail length of approx-
imately two mean aerodynamic chords and at a station 0.313 semi-
span outboard of the plane of symmetry. (Data obtained from
ref. 13.) .

located in the low position, it lies below the wake center and
experiences a decreasing rate of change of downwash with
angle of attack as the angle of attack is increased. For any
fixed tail location, the movement of the wake seems to define
the rolling up of the vortex sheet with respect to the varia-
tions of de/do obtained; however, another very significant
effect for the present discussion should be noted. An in-
spection of figure 28 shows that the downwash becomes
progressively more unsymmetrical about the wake center as
the angle of attack is increased. The unsymmetrical nature
of the downwash field arises from the rolling up of the vortex
sheet and, to some extent, from the inflow tendencies in the
vicinity of the wake. Both of these phenomena are described
in reference 126 as they pertain to straight wings. An ad-
ditional effect which might be expected to contribute to the
nonlinearity of the downwash characteristics in the high-lift
range is the inward displacement of the tip vortices as
stalling occurs at the tip sections of the sweptback wing.
Actually the experimental data available seem to indicate
that the effect of the inward displacement of the tip vortices
is at least partially compensated for by the accompanying
reduction in wing lift. This result is somewhat verified by
the fact that, when extensible leading-edge flaps are used to
prevent flow separation over the tip sections of a sweptback
wing, the variations of downwash with angle of attack ob-
tained are strikingly similar to those obtained on the plain
wing.

The effects just described can be recapitulated ps follows:
the rolling up of the vortex sheet (as indicated by the upward
movement of the wake) and the inflow tendencies into the
wake are both factors contributing to an increasing value of
defda for tails located above the wake center and to a de-
creasing value of de/da for tails located below the wake center.
It has been shown that the effect of the displaced downwash
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field (indicated by wake movement) is accentuated by sweep.
The influence of sweep on the rolling up of the vortex sheet
has not been extensively studied experimentally. Inflow
tendencies into the wake would not be expected to be affected
greatly by sweep, but even this fact has not been established
experimentally. It should be pointed out that the influence
of the wake on the downwash and not the absolute values
of dynamic-pressure ratios in the wake is the significant
factor to consider in low-speed tail design considerations.

WING-FUSELAGE-TAIL COMBINATIONS

A rational tail location is inherently dependent on the sta-~
bility requirements imposed on the tail by the wing-fuselage
combination. Thus, for a wing-fuselage combination ex-
hibiting neutral stability throughout the lift range, a tail
located in a field of constant de/de can provide an adequate
and constant static margin (see case I, fig. 29). For a wing-
fuselage combination exhibiting an abrupt decrease in sta-
bility through some part of the lift range, it would be ad-
vantageous to have the tail so located that de/da decreased

1417

abruptly at the same lift coefficient at which the decrease in
stability occurred for the wing-fuselage combination (see
case I, fig. 29). The linearity in the stability character-
istics of the complete configuration would, of course, be
dependent on the degree of instability compensated for by
the decrease in de/de. A third condition can be considered
in which the wing-fuselage combination exhibits an abrupt
incréase in stability through the lift range of such a magni-
tude as to be undesirable. A tail located so as to experience
an abrupt increase in de/de at the corresponding lift coeffi-
cient could conceivably provide linear stability character-
istics for the complete configuration (see case ITI, fig. 29).
Although the term “abrupt’ has been used in these illustra-
tions, any gradual changes in the stability characteristics of
the wing-fuselage combination would necessitate gradual
changes in de/da at the tail. Further, the absolute values of
dynamic-pressure ratios occurring in the wake have been
ignored in the preceding discussion inasmuch as they only
affect the effectiveness of the tail and are, therefore, only of
secondary importance with respect to de/de.  Also ignored is
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(a) Case I. Constant tail-off stability plus
linear downwash characteristics result
in constant tail-on stability. (Centrally
located tail,)

(b) Case II. Destabilizing shift in tail-off (¢) Case III.
gtability plus reduction in % results in in- stability plus increase in de results in de-

creased tail effectiveness and constant tail-
on stability. (Generally low tail position.)

Stabilizing shift in tail-off

da

creased tail effectiveness and constant
tail-on stability. (Generally high tail
position.)

Fraure 29.—An idealized illustration of the improvement made in the pitching-moment characteristics of typical wing-fuselage combinations by
the use of a horizontal tail operating in the downwash field behind a sweptback wing.
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the term a, a—g (in equation (1)), which under certain condi-

tions can have a measurable effect on the tail contribution
to the over-all stability. For the tail-on tests available at
this time, however, conditions of large «, have not been
encountered on tail surfaces entering or leaving the wake.

Condition I of figure 29 represents straight wings and those
swept wings on the stable side of the stability boundary of
figure 12. Case II of figure 29 is the typical condition en-
countered with swept wings, and the unstable break in
pitching moment may occur at or prior to maximum lift,
depending on the combination of sweep and aspect ratio
employed. The experimental data available indicated (see
fig. 28) that a tail located so as to emerge from the wake in
the high-lift range will provide the greatest improvement in
the nonlinear pitching-moment characteristics of the wing-
fuselage combination. In general, it is hardly to be ex-
pected that a tail position can be found such that the non-
linearities of the tail will exactly compensate for the non-
linearities of the wing-fuselage combination. In this regard,
pir-stream surveys of the downwash and wake character-
istics are extemely useful in locating the tail position at which
the maximum improvement in the nonlinearities of the wing-
fuselage combination can be obtained. For example, air-
stream surveys were utilized in reference 33 to show that an
inverted vee tail could be used to obtain linear pitching-
moment characteristics for a wing-fuselage-tail combination
in which the wing had A.,=40°, an aspect ratio of 4.0, and a
taper ratio of 0.625.

In many sweptback-wing cases, the degree of instability
is so great that even if the full lift capabilities of the tail
could be used, an undesirable amount of instability would
remein. Also, if nearly the full lift capabilities of the tail
are employed in overcoming the undesirable pitching
moment characteristics of the wing-fuselage combination
the problem of adequate control becomes paramount. These
two conditions necessitate the use of stall-control devices on
sweptback wings. When such devices are effective in cor-
recting the deficiencies of the wing-fuselage combination,
the use of the maximum effectiveness of the horizontal tail
may result in a complete configuration that has such a large
degree of static margin as to be undesirable (case I1I, fig. 29).
Because of configurations such as these an optimum tail
location cannot be defined without attaching numerous
qualifying statements, for it is quite obvious that the use of
stall-control devices reduces the tail requirements for satis-
factory stability and hence allows a wide range of useful
tail locations.

LIFT -
PLAIN WING
LIFT-CURVE SLOPE _

There are available at present a number of rapid methods
for predicting the lift-curve slopes of swept wings (refs. 11,
76, 83, and 84) which do not require extensive calculations
of the load distribution in order to obtain the required
parameters. Figure 30 has been prepared to show the rela-
tionship between the various methods when they are applied
to the same set of wings. Considerable scatter around the
line of perfect correlation exists, except perhaps for the
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Ficure 30.—Comparisons of the experimental lift-curve slopes for
several wings with those ealculated by several methods available
for rapidly making such estimates.

method of reference 11. The amount of data presented does
not suffice, however, to indicate & definite conclusion.

The methods available for calculating the span-load dis-
tributions of sweptback wings (refs. 69 and 127 to 129) pro-
vide values of lift-curve slopes from induced angle-of-attack
distributions that have been more rigorously obtained than
in the preceding rapid methods. The simplest method of
reference 127 has been used to provide the tabulated results
presented in reference 76. Although all the methods effec-
tively converge below aspect ratio of 3.0, above this value of
aspect ratio the differences among the solutions obtained by
the different methods become progressively greater. It is
argued that the differences arise to a large extent from the
manner in which the plan-form discontinuity at the plane of
symmetry is handled in the calculations. Reference 69
proposes means for the special handling of the root discon-
tinuity; however, experimental verification is not yet avail-
able. Calculations have been made and compared with
experimental data for a wing of aspect ratio 8 and A,,=45°
and these results indicate that the special handling of the
root discontinuity is of minor significance (ref. 130); however,
it is necessary to point out that the root discontinuity may be
significant for wings of lower aspect ratio. In this particular
comparison (ref. 130) even those methods which most
closely predicted the load distributions underestimated the
experimental lift-curve slope. The reason advanced for this
underprediction, however, was that the effect of wing thick-
ness on the section lift-curve slope had not been accounted
for rather than that the method of calculation was inade-

quate.
MAXIMUM LIFT

Simple sweep theory (ref. 3) would indicate that the lift
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coefficient for separation, and hence the maximum lift co-
efficient of an infinite wing, will vary approximately as
cos’A. This simple rule, as it is generally known, has not
been found to be consistent with the experimental maximum
lift coefficients of finite-span wings (ref. 131). The maximum
lift coefficient is not only & function of sweep but, as will be
shown in the following discussion, it is also dependent on
the type of flow separation involved. ,As shown in figure 5,
the type of flow separation is in turn dependent on the sweep
angle, the leading-edge radius, and the Reynolds number.

Type of flow separation.—The manner in which flow
separation may occur on sweptback wings has been pre-
viously discussed under the section on “Flow Considerations”
and was shown to exert a controlling influence on the longitu-
dinal stability characteristics. Asin the case of the longitu-
dinal stability characteristics, the type of flow separation that
prevails also plays a significant role in the maximum lift
characteristics. Hence, any attempt to establish an empiri-
cal rule to predict the maximum lift coefficient that is based
on a correlation of experimental data must necessarily take
into account the type of flow separation. Figure 31 has been

; Ol
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angle for the cases of wings with and without leading-edge
separation. In the case of trailing-edge separation (no
leading-edge vortex present) there is a reduction in maxi-
mum lift coefficient throughout the sweep range; however,
the reduction is somewhat less than that predicted by the
cos?’A curve. This variance with simple sweep theory has
been explained by the phenomena which occur at the tips and
at the plane of symmetry on a finite-span wing. Experi-
mental investigations on swept wings (for example, ref. 70)
have shown that the root sections do not exhibit leading-
edge pressure peaks. In addition, the spanwise pressure
gradients are such as to cause an outward drain of the bound-
ary layer from the root sections. The combined influence of
these two effects is such as to make the root sections of
swept wings highly resistant to flow separation and therefore
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Fiaure 31.—Variations with sweepback angle of the ratio of maximum
lift coefficient of the swept wing to the maximum lift coefficient of
the equivalent unswept wing for several families of wings as defined
by their leading-edge radii.
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capable of developing local lift coefficients of such large
magnitude as to more than compensate for the lift losses
that occur when the tip sections of the wing stall. The high
lift potential of the root sections combined with the secondary
rise in lift of the tip sections that often occurs after they have
initially experienced flow separation generally allows the
sweptback wing to experience 2 maximum lift coefficient in
excess of the value to be expected on the basis of simple
sweep theory. The upper curve in figure 31 applies to wings
having circular-arc airfoil sections. Wings of this section
represent an extreme case of leading-edge vortex flow and are
quite unaffected by Reynolds number variations up to ap-
proximately 10>10% The appreciable increases in maxi-
mum lift coefficient with an increase in sweep angle indicate
that the strength of the vortex is increased by an increase in
sweep angle.

The experimental curves shown in figure 31 define the
band in which the maximum lift coefficient of any particular
wing may fall. Experimental data were available to deter-
mine the maximum lift at zero sweep for the sharp-leading-
edge airfoils, but estimates in the case of the round-leading-
edge airfoils had to be used. It isrecognized, of course, that
at a given Reynolds number any particular airfoil section
may not develop leading-edge vortex flow -until moderate
angles of sweep are reached; hence, the variation of maxi-
mum lift coefficient with sweep angle for such a wing may
follow the lower curve and then gradually bend upward and
approach the upper curve.

The ratios shown in figure 31 do not in themselves com-
pletely illustrate the effects of sweep (as defined by flow
separation) on the maximum lift coefficient. An attempt
was made in figure 32 to collect the values of maximum lift
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Fiaure 32.—Variations of maximum lift coefficient with sweepback
angle for several families of uncambered wings as defined by their
leading-edge radii.
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coefficient that have been obtained on uncambered and un-
twisted wings. As can be seen, there is a scarcity of data for
wing thicknesses much in excess of 6 percent. Actually,
most sweptback wings on which data are available have in-
corporated various degrees of camber and would not, if
presented on this figure, correlate. At best, figure 32 illus-
trates that, although the ratios of maximum lift coefficient of

figure 31 are diverging with increasing sweep angle, the cor-

responding absolute values are converging.

Influence of camber.—Although it was found when
figure 32 was prepared that the available maximum-lift-
coefficient data were, in most cases, obtained with wings in-
corporating airfoil sections of some degree of camber, very
little information was found which could be used to isolate
the effects of camber on the maximum lift of sweptback
wings.

Figure 33 has been prepared to present data on wings with
either camber or twist or wings with both camber and twist,
as well as comparable date on wings either uncambered or
untwisted or both uncambered and untwisted. It is signifi-
cant that camber measurably improved the maximum lift
coefficient over that of the comparable uncambered wings.
Results presented in reference 26 have indicated that the
improvements due to camber on the 4,,=35°, 4=>5.14 and
10.07 wings can be estimated from two-dimensional data.

Reynolds number and Mach number effects.—An im-
portant consideration in any discussion of maximum lift
coefficients on straight wings (see, for example, ref. 132) is
the interrelated effects of Mach number (as low as 0.15)
and Reynolds number on maximum lift coefficients at very
low speeds. Methods for the quantitative prediction of
these interrelated effects have not been developed so that
data such as that presented in reference 132 can serve only
as a guide in estimating the maximum lift coefficient of
straight wings. As far as sweptback wings are concerned,
the literature is very meager, even qualitatively. In figure
33 are given two values of maximum lift coefficient for the
A.=35°, A=10 wing incorporating NACA 65,A012 airfoil
sections at a Reynolds number of 6.0X10°%. The Mach
numbers were 0.14 and 0.25 for the higher and lower values
of maximum lift coefficient, respectively. The difference
illustrates that, although simple sweep theory indicates a
reduction in the local Mach numbers at the leading edge
and thus minimizes the Mach number effect shown to exist
at low speeds on straight wings, significant differences in the
experimental value of maximum lift coefficient can be ob-
tained when the relationships of Mach number with Reyn-
olds number are changed, as would result from. a change in
the wing size or the flight altitude. 'Thus, the data presented
in figure 33 for the first three wings were obtained at a con-
stant Mach number and therefore show the effects of
Reynolds number at this value of Mach number. For any
other value of Mach number or for the condition where the
Mach number increases as the Reynolds number is increased,
the comparison between the cambered and uncambered wings
may be different. It appears, therefore, that any correla-
tion of the maximum lift coefficient of swept wings that is
founded only on the basis of comparable Reynolds number
mey be fortuitous.

Effect of aspect ratio.—The effect of aspect ratio, as
determined from tests of a family of wings having A.,=45°
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and 6-percent-thick airfoil sections and three families of
wings of A.4=35° and 12-percent-thick airfoil sections, are
shown in figure 34. The 6-percent-thick wings are repre-
sentative of those wings that experience leading-edge separa-~
tion. Over the range covered, the effects of variation in
aspect ratio are small, as would be expected from knowledge
of straight-wing characteristics. It is interesting, however,
that the rate of change of maximum lift coefficient with
aspect ratio is opposite in sign to that for straight wings.
Presumably, with increasing aspect ratio, it approaches the
value for the infinite swept wing, which is of the order of cos?A
times the two-dimensional value. (The cosine rule is theo-
retically exact only if the phenomenon considered involves
purely laminar flow, and it is not exact when applied to
maximum lift, which is extensively involved with turbulent
boundary-layer flows.) '

INFLECTION OR USABLE LIFT COEFFICIENT

The terms “inflection” or ‘“usable” lift coefficient have
been commonly used to define the lift coefficient of swept-
back wings at which large undesirable shifts in aerodynamic
center occur. Although the terms inflection (% and usable
C;, were previously introduced as synonymous, it is desirable
to put slightly different interpretations on the two terms.
The term “inflection lift coefficient” has been used in the
present discussion to define the lift coefficient at which there
is a break in the pitching-moment curve without any consid-
eration being given to the uncontrollability or undesira-
bility of the shift, whereas ‘“‘usable lift”” connotes & shift in
aerodynamic center which could cause serious control design
problems. In view of the fact that a horizontal tail can
overcome a considerable amount of instability contributed by
the wing-fuselage combination, the term usable lift coefficient
in the present report is still somewhat arbitrary. This lift
coefficient is probably of more significance with regard to
the maximum flight lift coefficient than the absolute value
of the maximum lift coefficient in that it represents the lift
coefficient beyond which stall control is required.

Available data have been compiled and used to indicate
the variations of the ratio of inflection lift to maximum lift
coefficient with sweep angle for various aspect ratios (fig. 35).
It has again been necessary to differentiate between wings
which exhibit trailing-edge separation and wings which ex-
hibit leading-edge separation (leading-edge vortex flow
present). The date presented in figure 35 (a) for wings
having well-rounded leading edges (above vortex formation
line of fig. 5) appeared to arrange themselves systematically.
In figure 35 (b), however, some difficulty was encountered in
systematizing the data for wings having sharp leading edges
(wings incorporating circular-arc airfoils for the most part).
It was found that on low-aspect-ratio wings subject to
leading-edge vortex flow (for example, A=2, A,,=45° fig.
35 (b)), a stable shift in aerodynamic center occurred at a
relatively low value of lift coefficient which remained until
the maximum lift coefficient was reached. For wings of
somewhat greater aspect ratio (for example, A=4, A,,=45°,
fig. 35 (b)), the stable shift occurred at higher values of lift
coefficient and was more pronounced than that observed
at the lower aspect ratios. The stable shift also was closely
followed by a pronounced unstable sbift in aerodynamic
center. ’
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Fiaune 33.—Variation of maximum lift coefficient with Reynolds number for several sweptback wings with various amounts of camber. Effect
of Mach number on the low-speed maximum lift coefficient is indicated for one wing.
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(b) Leading-edge separation on
wings having sharp leading
edges.

Fiqure 35~—Variation of the ratio of inflection lift coefficient to

meximum lift coefficient with sweepback angle for wings which
exhibit either trailing-edge separation or leading-edge separation.

(a) Tip separation.

The preceding discussion has considered representative
moment curves in the immediate vicinity of 45° of sweep;
and as both the vortex strength and the relative area ratios
(previously discussed in section ertitled “Longitudinal Sta-
bility’’) change with increasing sweep angle, the discussion
is not representative for wings having sweepback angles
greater or less than 45°. A A.,=60° wing of aspect ratio
2.0 (ref. 87) therefore exhibits an unstable shift in aero-
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dynamic center at a lift coefficient between the inflection
and maximum lift coefficients that was not previously noted
for & A.,=45° wing of the same aspect ratio.

The data presented in figure 35 (a) represent not only the
inflection lift coefficient but also the usable lift coefficient.
The same cannot be said for figure 35 (b). The stable in-
flection obtained for an aspect ratio 2.0 wing of A,,=45°
cannot be considered as seriously limiting the usable range
of lift coefficient at all. At A.,=60° and aspect ratio 2.0,
the stable inflection is again tolerable, but, as previously
mentioned, an unstable shift occurs at a somewhat higher
value of lift coefficient, which is of such a magnitude as to
be very undesirable, and hence defines a usable-lift-coefficient
range. It ig quite interesting that the ratio of this lift co-
efficient to the maximum lift coefficient is approximately the
same a8 the inflection lift ratio for the aspect-ratio4.0 wing
having the same sweep angle. The inflection lift coefficient
for the aspect-ratio-4.0 wing is also characterized by a stable
shift in ‘serodynamic center but, in this case, is of sufficient
magnitude (say in excess of an 8-percent shift) to define also
the usable-lift-coefficient range. For the case considered,
the usable-lift-coefficient range is the same for wings of
aspect ratio 2.0 and aspect ratio 4.0, although it is not de-
fined by the inflection lift coefficient in both cases.

The curves presented in figure 35 were obtained with wings
having taper ratios somewhat greater than 0.5. More data
would be needed to make a similar analysis for delta or
pointed wings. In general, delta wings that do not ox-
perience leading-edge vortex flow are subject to a gradual
rearward shift in aerodynamic center that adds up to a very
large shift between zero and maximum lift. The gradual
nature of this rearward movement precludes the use of the
term ““inflection lift coefficient.” When the leading edge is
sharp and the consequent leading-edge vortex forms, the
rearward movement of the aerodynamic center is arrested
in the vicinity of & maximum lift coefficient of 0.5, and a zero
or slightly forward shift in aerodynamic center is obtained
at & maximum lift coefficient between 0.5 and 1.0. The
point at which the rearward movement is arrested can be
considered as an inflection lift coefficient. As the aspect
ratio for other wings having zero taper ratio approaches
the stability boundary defined for such wings in figure 12,
the forward shift in aerodynamic center becomes more
pronounced but still occurs in the vicinity of & maximum lift
coefficient of 0.5. It was found possible to obtain, by a proc-
ess of interpolation in figures 34 and 35, the inflection lift
coefficients of those wings having round-nose airfoils and
moderate taper ratios but still subject to the formation of
the leading-edge vortex flow. In order to estimate the
inflection lift coefficient of such wings, a first-order approxima-
tion can be made as follows. Estimate the percentage of tho
radius defined by the boundary of figure 5 and then use this
percentage to interpolate between parts (a) and (b) of
figure 35. For example, the A,4,=>50° wing of reference 44
incorporates NACA 64,~112 airfoil sections perpendicular
to the 0.272-chord line and is one of several for which such
estimates were made. From figure 5 the effective leading-
edge radius can be estimated as approximately 80 percent of
the boundary radius. For the aspect ratio of 2.9, the ratios
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of inflection lift coefficient for the sharp-nose and round-nose
conditions are estimated to be 0.25 and 0.80, respectively
(fig. 35). If 80 percent of the difference between 0.25 and
0.80 is added to the value of 0.25, the resulting ratio of in-
flection lift coefficient to maximum lift coefficient is 0.69.
The experimental value as determined from reference 30 is
0.67. The excellent agreement obtained is typical for the
several cases tried; however, additional date are considered
necessary for a more complete quantitative treatment. It
must be emphasized that the boundary presented in figure 5
and the curves presented in figure 35 (a) are subject to
Reynolds number effects which must be considered in inter-
preting the present results. The analysis presented, how-
ever, does have general application at both lower and higher
values of Reynolds number, For example, the boundary of
figure 5 would be displaced upward with a reduction in Reyn-
olds number and hence, in the case of the A.,=>50° wing,
its percentage of the boundary radius would be reduced.
Also, somewhat lower values would be obtained in figure
35 (2) so that the combination of the two changes would
indicate a lower value of the ratio of inflection lift to maxi-
mum lift coefficient. Actually, the experimental data
presented in reference 52 show such a reduction.

The data so far presented and discussed concerning the
inflection lift on swept wings were obtained on uncambered
and untwisted wings. An empirical study of cambered and
twisted wings would, however, require considerably more
data than are presently available. As previously discussed,
there are indications that the effects due to camber are a
function of sweep and can be estimated from two-dimen-
sional data (ref. 26). If such is the case, the effects of camber
may possibly be additive to the results presented for the un-
cambered wings.

Another approach to the general problem of predicting
the inflection-lift coefficient of swept wings would be to
develop a procedure for using two-dimensional airfoil data
to predict the three-dimensional characteristics of the wing.
Reference 131 presents a first attempt at utilizing two-
dimensional data to predict the inflection lift on swept wings.
The comparisons presented in reference 131 show almost a
consistent underprediction of the pitching-moment breaks
obtained experimentally in three-dimensional flow.

HIGH-LIFT AND STALL-CONTROL DEVICES

An inspection of the data contained in the compiled tables
shows that a considerable number of rather detailed investi-
gations which involved the use of high-lift and stall-control
devices have been reported. The data have not been system-
atic enough to provide a basis for generalized design charts.
Such a conclusion may appear to be restating the same one
brought forward in reference 133 in 1947. Actually, how-
ever, these specific investigations, which were unavailable
nt the time reference 133 was written, now permit qualita-
tive generalizations which can be judiciously used in design
work.

LINEAR LIFT RANGE
Experience has shown that through the linear lift range,

stall-control devices do not greatly influence the lift incre-
ments produced by a trailing-edge high-lift device. In an
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evaluation of the linear-lift effectiveness of trailing-edge flaps
therefore data obtained both with and without leading-edge
devices can be used.

Figure 36 has been prepared to show the variations of linear
lift, effectiveness with sweep angle from the systematic data
that are available for wings equipped with split flaps. The
linear lLift effectiveness of the half-span split flaps decreases
markedly as the sweep angle is increased. In the case of the
wings that exhibit either leading-edge or trailing-edge separa-
tion, the linear lift increment is closely predicted by applying
gimple sweep concepts (fig. 36). "In order to indicate the
influence sweep has on the linear lift increment when the
flap span is other than 0.5 span or the type is & double-slotted
flap, the data of references 27 and 48 have been presented in
figure 37. Both of the wings used for illustration in figure 37
exhibited trailing-edge separation. The comparison between
the experimental and calculated curves indicates that in the
case of split flaps the agreement is good, at least up to flap
spans of 0.5 span. In either of the examples, however, the
linear lift increments obtained experimentally with double-
slotted flaps exceed the calculated values for any span of

o mcos2h (AG), . o

Rangs of R

0.99x108 10 1.98%105
(ref.11)

N\AC = 7 cos?A (AG;)

AsO
R=6.0x}08
o} \ (mf.lcd

(b)

_2 1 [ J
) 20 40 60

Acsa.deg

(a) Wings of varying aspect ratio but having a constant taper ratio
of 1.0 and NACA 23012 airfoil sections, which were perpen-
dicular to the leading edge.

(b) Wings have an aspect ratio of 4, a taper ratio of 0.6, and NACA
85A.006 airfoil sections parallel to the plane of symmetry.

FigurE 36.—Variation with sweep angle of maximum lift increment
and lift increment at an angle of attack of 0° due to semispan split
flaps for two families of wings. Flaps deflected 60°.
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Fiaune 37.—Comparison of experimental with calculated liff increment at an angle of attack of 0° due to double-slotted and split flaps on two
sweptback wings.

flap. It should be pointed out that the calculated lift incre-
ments due to flaps can be readily obtained by the method of
reference 134 which has become available since the publica-
tion of references 27 and 48.

In any case, the loss in linear lift effectiveness in the
moderate to high sweep-angle range is rather severe, and it
is of interest to consider the effectiveness of area-increasing
flaps. The data of references 13, 32, 39, 49, 54, and 60
indicate that increases in linear lift effectiveness approxi-
mately of the same order of magnitude as the percent of area

increase can be obtained with partial-span extended split
flaps (Zap). The comparison made in reference 49 between
an extended flap having a rectangular plan form and one of
the same area but having a triangular plan form indicates
that the increased effectiveness of the extended flaps is
somewhat independent of the manner in which the flap area
is added.

Figure 38 has been prepared to summarize the available
data on the lift effectiveness of trailing-edge flaps measured
at an angle of attack of 0°. The data are presented for the
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T1aurn 38—~—Bummary chart of lift increments at an angle of attack of 0° due to various types of trailing-edge flaps.

(Solid symbols correspond

to flap spans which produce unsatisfactory pitching-moment characteristics; open symbols correspond to flap spans which produce satisfactory

pitching-moment characteristics.)

configurations which provided acceptable pitching-moment
characteristics through the lift range and also for the configu-
rations which produced the greatest increments in maximum
lift coefficient but did not possess acceptable pitching-
moment characteristics through the lift range. The flap
spans were greater for the configurations possessing undesira-
ble pitching-moment characteristics but they are not actually
full-span devices. Where comparisons are available, it ap-
pears that the lift effectiveness at an angle of attack of 0°
is not appreciably increased by sacrificing acceptable
pitching-moment characteristics through the lift range.

MAXIMUM LIFT

Trailing-edge flaps.—The influence of sweep on the
maximum lift effectiveness of trailing-edge flaps is illustrated
in figure 36. The data were obtained on two families of
wings equipped with partial-span split flaps deflected 60°.
It can be seen that at moderate sweep angles the flaps on the
wings incorporating NACA 65A006 airfoil sections (pro-
nounced leading-edge vortex flow) cause a negative incre-
ment of maximum lift coefficient. An attempt was made to
analyze the data presented in figure 36 and other available
data, either in terms of the maximum lift increment at
Acy=0° or the linear lift increment previously discussed.
No clear correlation could be found. For the two examples
presented (fig. 36) the difference between the linear and
maximum-lift increments for A,.,=0° is approximately

constant through the sweep range for the wings having
NACA 230-series airfoil sections, whereas the corresponding
difference is materially increased with an increase in sweep
angle for the wings of NACA 65-series airfoil sections.

The influence of & variation in flap span on the increment of
maximum lift coefficient for two sweptback wings having
both split and doubleslotted flaps is shown in figure 39.
The results shown are representative, although the reduced
effectiveness of the full-span split flaps on the A,,=35° wing
is quite extreme. .

The date available for sweptback wings equipped with
slotted or extended flaps seem to indicate that these types of
flaps maintain at maximum lift a superiority over split
flaps of approximately the same magnitude previously in-
dicated in the linear lift range.

An investigation (ref. 111) on A;z=47° wing-fuselage
combination shows the increments of maximum lift coefficient
contributed by a partial-span single-slotted flap to be rela-
tively insensitive to precise flap slot geometry. If the incre-
ments, which are admittedly small, are compared, however,
on 8 percentage basis, they are found to be as sensitive to
flap position as in the case of two-dimensional flow.

Leading-edge stall-control devices.—Grouped under the
heading of leading-edge stall-control devices are such things
as leading-edge slats, extensible leading-edge flaps, droop-
nose flaps, chord-extensions, and boundary-layer control.
Although the primary purpose of these devices is to control
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FIaURE 39 —Variation of inerement in maximum lift coefficient with span of double-slotted and split flaps on two sweptback wings.

flow separation and hence to provide acceptable pitching-
moment characteristics, it might also be expected that if
flow separation were controlled, increases in maximum lift
coefficient would be obtained. The gains in maximum lif¢
coefficient obtained with the use of such devices are not
large; however, in comparison to the effectiveness of trailing-
edge split flaps on moderately to highly swept wings, they
are significant.

It has been shown in reference 48 that the optimum span
for an extensible leading-edge flap from stability considera-
tions is essentially the optimum with regard to the effec-
tiveness at maximum lift. Such a generalization is not, how-
ever, rigorously substantiated by the data of references 27
and 39. The data presented in reference 44 indicate further
that the smallest-chord, smallest-span, extensible leading-
edge flaps which will provide longitudinal stability over the
entire lift range will also provide increases (small) in maxi-
mum lift coefficient of the same order of magnitude as those
obtained with larger-chord and larger-span extensible leading-
edge flaps.

Trailing-edge flaps in combination with leading-edge
stall-control devices.—The individual effectiveness of both
leading- and trailing-edge devices at maximum lift has been
discussed. When these devices are used in combination, the
increments of maximum lift coefficient are not additive ex-
cept in a few isolated cases as can be seen from an inspection
of the data presented in the tables.

Figure 40 has been prepared to show in a more graphic
manner the incremental values of maximum lift coefficient
that have been obtained through the use of both leading- and

trailing-edge flaps on sweptback wings. Again as in figure
37, the configurations which possessed acceptable pitching-
moment characteristics and those that did not but gave the
greatest improvement in maximum lift coefficient have been
included. It is interesting to note that the extended split
flaps compare favorably with the double-slotted flaps for the
several cases available.

DRAG
PLAIN WING

INDUCED DRAG

The changes in spanwise lift distribution attributable to
sweep necessarily produce corresponding changes in the drag
due to lift (induced drag). Inasmuch as experimental data
are unavailable, recourse has been made to calculations in
order to show the influence of sweep on tho induced drag
(fig. 41). The calculations were made by the Weissinger
method in which 15 spanwise control points were used in
preference to the more commonly used seven spanwise con-
trol points. (The loadings computed by .the Weissinger
method utilizing 15 spanwise control points which cor-
respond to the drag values presented in fig. 41 are unpub-
lished.) For wings having taper ratios of approximately
0.25, sweep has only & small effect on the induced drag for
the aspect-ratio range covered. For taper ratios greater
than 0.25, sweep has an adverse effect on the induced drag
which is accentuated by an increase in either taper ratio or
aspect ratio. For taper ratios less than 0.25, sweep has a
beneficial effect on the induced drag.
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Fiaurp 40.—Summary chart of maximum lift coefficients obtained with various types of trailing-edge flaps. (Solid symbols correspond to flap
spans which produce unsatisfactory pitching-moment characteristics; open symbols correspond to flap spans which produce satisfactory

pitching-moment characteristics.)
PROFILE DRAG

The minimum drag data available from a systematic in-
vestigation of a family of wings having aspect ratios of 4.0,
Llaper ratios of 0.6, and NACA. 65A006 airfoil sections parallel
to the plane of symmetry are presented in figure 42. The
drag scale has been enlarged from that used in reference 14
in order to show more clearly the effects of sweep. This en-
larged scale appears to be consistent with the accuracy of
data obtained by semispan testing. As would be expected,
these data indicate that sweep has a negligible influence on
the minimum drag, although there is a slight increase in-
dicated between 45° and 60° of sweep.

An indication of the effect of sweep on the variation of the
profile drag with lift coefficient is given by the wake-drag
measurements presented in reference 88. The results of
reference 88 are presented in figure 43. It will be noted
that the minimum wake drag is unaffected by sweep, as has
proviously been shown by the data of figure 42. There is,
however, a measurably large increase in the wake drag for
the swept airfoil as the lift is increased. In this particular
comparison, it should be pointed out that the wing thickness
and leading-edge radius of the airfoil section taken parallel
to the air stream are considerably less for the swept wing than
for the unswept wing. These changes in airfoil shape may
have had a greater influence than the sweep in increasing
the rate of increase in wake drag with lift coefficient for the

swept case over that obtained in the unswept case.

With regard to camber, it can be shown from geometrical
considerations that the design lift coefficient of a swept wing
is considerably less than that corresponding to the camber
of the sections normal to a swept reference line and is even
less than that corresponding to the camber of the sections
taken in the stream direction. Figure 44 has been prepared
to show the decrease in lift coefficient for minimum profile
drag when the panels of an unswept wing employing airfoil
sections having a design lift coefficient of 0.2 are rotated
such that the airfoil sections are alined perpendicular to the
0.286 chord line on the swept wing.

SPAN EFFICIENCY

The drag of & wing may be considered to be comprised of
three parts: namely, the minimum profile drag, that part of
the profile drag which varies with lift coefficient, and the
induced drag. Various investigators have compiled and
analyzed experimental data on straight wings for the pur-
pose of deriving a generalized drag equation for use in per-
formance calculations. In this country, the commonly
applied drag equation in performance calculations contains
Oswald’s efficiency factor e and the equation is written

Cp= G’
»=(Cb,) cL-o+;:(e
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F1GURE 41.—Variations with sweep angle of the ratios of induced drag
coefficient for elliptical loading to the calculated induced drag
coefficient for wings of various aspect ratios and taper ratios.
Calculations made by the Weissinger method using 15 points in the
solution.
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Flaure 42.—Variation of the minimum drag coefficient with sweep
angle for a family of wings having aspect ratios of 4, taper ratios of
0.6, and NACA 65A006 airfoil sections parallel to the plane of
symmetry. (Data obtained from ref. 14.)
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Figure 43.—Wake drag characteristics for a swept and unswopt
’ airfoil section. (Data obtained from ref. 88.)

012~

Coo* Co axp Co; cal

.0lo

¢ i
° 006l A
A4/4=O°; A=9.0
004
e
Section A=A
.002 (NACA 84-210)
! 1 1 1 |
(o} .2 4 .6 .8 1.0

G

Fi1eure 44.—Variations with 1ift coefficient of the profile drag coofficient
for an unswept and sweptback wing.



A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

It can be seen that the factor ¢ is used to lump the variable
part of the profile drag and the percent deviation-of the in-
duced drag from ‘that of the elliptical wing into & single term.
The literature includes attempted correlations of this factor
with such parameters as aspect ratio and taper ratio (for
example, ref. 135). More recently, attempts have been
made to extend the correlations to include the effects of
sweep (ref. 136). Unfortunately, the lift range where the
parabolic drag variation is applicable is generally small and
the scatter obtained in such correlations has been of such
magnitude as to limit seriously the usefulness of the factor
e. A cursory examination of the scatter seems to indicate
that leading-edge radius, thickness, and thickness distribu-
tion are factors affecting ¢ to the same degree as aspect
ratio, taper ratio, and sweep angle. )

In the event that sufficient similarities may be found
between one of the wings in the present report and a particu-
lar design of interest, values of ¢ and the lift coefficient to
which they are applicable are presented in the following
table:

A, | A | A A Alrfofl section R e Up to
deg deg Cpof
0,9 & 25 0.63 Modified double wedge 7.6X108 0.55 0.2
37.0 35 8,0 .50 NAOCA 64,-112 4.8 .78 Lo
42,0 40 3.8 a3 Cireular-are a9 .37 .2
42,0 40 4.0 63 NAGCA 64112 6.8 .82 .8
47,7 45 6.0 31 NACA 64—210 6.0 .88 .4
47.7 45 51 38 NAOCA 64210 6.0 .83 .3
46,3 45 8.0 45 NACA 6314012 4.0 .68 .4
562.0 50 2.9 63 AOA 64113 6.8 .80 .8
52.0 50 29 a3 -are 6.8 .42 .4

Only drag data which could be reliably read have been used.

HIGH-LIFT AND STALL-CONTROL DEVICES

The drag increment attributable to trailing-edge flaps is,
in general, reduced when sweep is incorporated in the wing.
This fact is illustrated in figure 45, where the effective
parasite drags of two types of trailing-edge flaps on a swept-
back wing are compared with those obtained on an unswept
wing. When a simple method is used to reduce the straight-
wing data to that of the sweptback wing, the reduction due
to sweep is approximately a function of the cosine squared
of the sweep angle.

The reduction in profile drag and lift effectiveness of
trailing-edge flaps that occurs when sweep is employed means
that the principal effect of sweep (indicated by applying
simple sweep theory) is the change in the effective velocity
component (V cos A). The relative drag-producing qualities
are then in the same order on swept wings as on unswept
wings in that split, double slotted, and slotted flaps are in a
descending order of drag increment.

SUMMARY OF RESULTS

The more significant wind-tunnel data on the low speed,
longitudinal, serodynamic characteristics of swept, delta,
and thin unswept wings have been presented in tabular
form.

An analysis of these data indicates that two basically
different types of flow separation can exist; namely, trailing-
edge separation and leading-edge separation. REither or
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F1aure 46.—An illustration of the effect of gweep on the estimated
and experimental values of effective profile-drag coefficient at low
angles of attack for two types of trailing-edge flaps. (Data obtained
from refs. 48 and 89.)
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both types of separation can occur, depending primarily
on leading-edge radius, sweep angle, aspect ratio, and Reyn-
olds number. Criteria for predicting the type of separation
are indicated.

For thin, round-nose airfoils, longitudinal stability char-
acteristics through the lift range can be misleading, if the
data are obtained at any Reynolds number below the flight
value. On sweptback wings exhibiting trailing-edge separa-
tion, the addition of roughness eliminates the beneficial
effects in stability sometimes obtained by an increase in
Reynolds number. An empirical relation based on data for
a wide range of wing sweep angles, aspect ratios, and taper
ratios indicates that the longitudinal stability characteristics
will be good if the wing area rearward of the quarter-chord
point of the mean aerodynamic chord exceeds 69 percent of
the total wing area.

Effectiveness of various methods of stall control as ap-
plicable to each type flow separation are discussed. A
detailed discussion is given on the effects of fences (or vanes),
extensible leading-edge flaps and slats, droop noses, bound-
ary-layer control, and chord-extensions; limited discussion is
given on the effects of nacelles and stores, contra flaps,
camber and twist, and unusual plan-form shapes, including
variable sweep, inverse taper, cranked wings, and A, M, and
W shapes.

Analysis of horizontal-tail data indicates that the in-
fluence of wing wake on downwash is the key factor in sta-
bility. The wake moves up at an ever greater rate as sweep
angle is increased. Addition of the tail can measurably
improve or worsen longitudinal stability characteristics.
For the best results, the horizontal tail should be so located
that it is emerging from the wake through the nonlinear.lift
range of the wing. In general, this location means that the
tail should lie below the chord plane extended for very short
tail lengths and somewhat above the chord plane for very
long tail lengths.

A compilation is made of various methods for calculating
lift-curve slope and, for the four most rapid methods, com-
parisons made with experiment indicate that no one method
is entirely satisfactory. At low sweep angles, wings having
trailing-edge separation develop higher maximum lifts than
wings having leading-edge separation; these differences tend
to disappear as sweepback is increased. Camber can, in
general, be used to increase maximum lift. Maximum lift
is shown to depend not only on Reynolds number, but also
on Mach number aven in the low Mach number range.
Charts are presented for obtaining the point on the lift
curve where large undesirable changes in aerodynamic
center occur. The effects on maximum lift of leading- and
trailing-edge devices, together with information as to the
desirability of the pitching moment characteristics, are sum-
marized in charts.

Calculated induced drag, experimental profile drag, and
experimental values of Oswald’s efficiency factor are pre-
sented for a variety of sweptback wings.
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2 —43.2 —435.0 4.00 0.600 | NACA 65A006 Spltfap 0} emeieceiemccae | emmmen ) memaee
3 —41.3 —45.0 3.56 0.500 | NACA 6pA1I2 | oo U L.E.droop = | cmceee | ememe-
4 —41.3 —45.0 3.3 0.500 | NACA 84A112 Split flap Boundary-layer control On | ......
5 —40.68 —46.0 3.12 0.380 | Rook: NAOA 0015 Spltflap 00 | cmecemcccammacrimecmnnn | secess | cmeae
Tip: NACA 23009
[ —340 —38.23 394 0.625 | Circular aro Split flap L. E. flap on | eememe
7 —-32.3 —35.3 3.7 0.380 | NACA 64210 8plit fia L. E. fia On On
8 tted flap L. E.ala
Double-slotted flap L. E. droop
Fence
8 —25.9 ~30.0 4.69 0.400 | Root: NACA. 0015 Splitflap 000 | cmccemmccmcemememae | cemeee | ecena
Tip: NACA 23009
9 0 0 3.40 100 Ofrcalar arc 8plit flap LEflap 0 | memeae | cmeee-
L. E. droo,
Round L. E.
10 0 0 4.00 Loo Circaular aro Plain flap L. E. droop avmmmn | mmeeea
n R 0. 4.00 0.600 | NAOCA 65A006 Splitflap =00 | cememcmmeremmeeecae | mceaee | aaeman
12 3.6 0 462 0.560 | Root: NACGA 0015 Spltflap 0 | cmmmecmccnimmccae | mmmces | ceeea-
Tip: NACA 23009
13 9.48 9.0 4.00 0.500 | Double wedgs Plain flap L. E. droop On On
14 10. 46 528 2.50 0.625 H nal {-0.08 Plain flap L. E. droop Oon On
15 326 30.0 400 0.600 | NACA 654008 Splitflap 0 | ccmmmmmmcccimmmcae | mcacin | e
18 3.4 30.0 4.84 0.440 | Root: NAOA 0015 Bplitflap 0 | cmmmcieccmccmcaee | mmmmn | mea
Tip: NACA 23009
NACA 85;A012 | e | e | el e
17 38.25 350 514 0.713 | NAOA 64;A312
NACA 84A612
NACA 6HADIZ | oo iiee | cmccmmcmccccmccccccce | mmemen | aeeeen
18 36.25 35.0 10.07 0.500 | NACA 64¢A312
NACA 844612
37.25 35.0 8.00 0.500 | NAOA 61,-212 %pllt flap L. E. ﬂng ............
ouble-elotted flap L.E.sls
L. E. droop
Fence
20 420 40.0 4.01 0.625 | NACA 64112 Split flap L. E. flap ) Oon on
L. E. slat
Fence
21 42,0 40.0 3 0.625 | Oircular arc Split flap 1. E. flap On On
L. E. droop
Fence
2 45-20 | Varlable 412 0.360 | NAOCA 644009 Split lap L. E. ﬂng ...... [
L. E. sla
23 45.0 450 | 400 100 [ NAOA 65400 N I SR U S
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TABLE 1.—INDEX TO TABULATED DATA—Concluded

OF SWEPT WINGS

Hori-
Table | A deg A deg A A Afrfoll section Tralling-edge device Stall-control device Fuselage wtg!tial
24 46.2 45.0 6.00 0,600 | NACA 65A008 Split flap [ B
25 46,33 45.0 802 0.450 | NAOA 63;,A012 Split flap L. E. flap Oon on
Fences
28 46.33 45.0 8.00 0.450 | Cambered 63-012 8plit flap LEflap | cceeem | maeee-
Fencs
27 48, 55 45.0 5.00 0.565 | NACA 64A010 Oon | ...
NAOA 64A810
28 40,6 45.0 6.00 Q.500 | NACA 64A010 | il | cmmemmmcccmmmmmcccmcccemean | cmmmae [
NAOCA 64A810
29 46,7 45.0 4.00 0.600 | NACA 65A008 8plit flap L. E.droop = | coccee | cmmaee
Fence R
30 47.5 45.0 3.40 0.510 | NACA 64A112 Plain flap L. E. flap On R,
31 47.5 45.0 3.40 0.510 | NACA 64,A112 Split flap Boundary-layer control On P,
32 47.5 46.0 3.50 0.500 | NACA 84Al112 8plit flap Boundary-layer control on | aeeee
3 47.5 45.0 3.50 0.600 | Oircular are Plain flap L.E.droop | aceean | aeeeo
Round L. E.
. Fence
34 47.7 45.0 5.10 0.383 | NACA 64-210 8plit flap L. E. flap On On
Sﬁlgle-slotted flap L. E. droop
Double-slotted flap ence
- Triangular flap
35 48.1 45.0 3.64 0.420 | Root; NAGA 0015 Splitflap 0 . | e eiiic ] emeee | e
Tip: NAGCA 23009
38 48.4 450 2.060 0.600 | NACA 85A006 8plit flap [ J—
37 48.6 45.0 4.00 0.300 | NAOCA 654008 Split flap ————— SR
38 52,0 50.0 2.88 0.625 | NACA 64-112 Split flap L. E. flap On On
L. E. chord-extension
Fence
39 52.0 50.2 2.84 0.616 | Oircular arc 8plit flap L. E. flap On - On
- L, E. droop
L. E. chord-extension
40 60.0 50.6 L8 0 NAGCA 001564 Plain flap SharpL. E ' On e
41 60.0 52.4 2.31 0 Otroular arc Plain flap L. E. droop ——
42 60.0 52,4 2.31 0 NACA 65-008.5 Plain flap On ——
43 60.9 60.0 4.00 0.600 | NACA 65A008 Splitflap 0} e s | meeee [
4“4 63.0 60.8 3.5 0.250 | NACA 84A008 Split fa, L. E, flap on | oceo..
‘Igmngufar flap L. E. drooéx
8harp L. E.
45 63.03 85,7 2,04 0 Double wedge Skewed flap L. E. flap On ———
Plain flap
46 03.43 56.3 2.00 0 Double wedge 8plit flap L. E. fla PR I
Round L. E.
47 63.43 56.3 2.00 0 NAGA 0005 Plaln lap | ccccccicmmrmncceecae | meen ———
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TABLE 2—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 43.2° OF
LEADING-EDGE SWEEPFORWARD

REPORT 1339—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Acpy = 45° A=ko Rray = 6.0 x 105
A = 0.600 - 0.20
Afrfoil sactions (parallel to plane of syrzatry)
Root: MACA 654005
_Tip: FACA 654006
Pl oo : ’ L/D at
device |devica Configuration Crny| “Chax f0.85 . Cn characteristics Reference
(/2 | (/o)
] 4 B8 1.2 1.6 2.0
.1t
cne —— 0.99 ] 26.0 3.k1 <. 1%
o ~\'/ + +
-1t
Bone
bt
LY -0 2. |
Ban ov 7| 29 87 1
T
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TABLE 3.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS8 OF A WING WITH 41.3° OF

LEADING-EDGE SWEEPFORWARD

Aoy ® 45
A = 0.500

A =355

Fenx = 10.6 % 106
Hoyy = 0.16

Alrfoil sections (perpendicular to 0.25 chord line)

Root: MACA 64,A112
Tip: TACA 65)Al12

gpan | gpan
ey coigavin o] a0 | o terriics | st
(vf2) | (vf2)
& .Bc"'l.z'l.s 2.0
Y
S m——— . . . )
Hone | ficne 1.08 | 28.0 5,32 o . f . 15
-.1‘[
Lﬁgo Hone 4 /.
-E. Pommm—— 1.18 | 35.0 .ok ——t— 15
1 1 ] Y
‘-ngO' ione Prammm—— 1.21 | 31.0 5.68 ___-__'\/ y S s
droop 4
1 1 A i
Pommm— 1.26 | 0.0 .70 + } + 15
1.000 1
L.E. hione
droop
P‘ 1.2% | 30 ~k.:y9 r_!_\rj + - 15
-500 ]
‘;60 Fone Pmm—— 1.1k | 31.0 3.26 _l/?/‘: t + 15
[ nboard
dovm
500 I R ; N
¢d| Hone —— 1.07 | 29.0 k.60 +—~— s
s ‘ f\/
L.000 ‘ T .
bered| Hone P 1.051 28.0 5.00 - N ’ 15
nose
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TABLE 4—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 41.3° OF

LEADING-EDGE SWEEPFORWARD

Acfu = 5%

A = 0.50

A = 3.55

Reax = 10.6 x 106

Mgy = O.18

Afrfo1l secticns (perpendicular to 0.25 chord line)

_ Root: MGB]_AIL’:‘
Tip: raca 64A112
§P‘= ’;‘P;DE. center
JrSrviag 1 Contiguration Froiveril L S0 "0 cq C, ctarscteristics Peference
(/)| (vf2) (2)
%
C- — 7] ako |10 | 35.0 | —0— C:OQ/\LQ L2 9
-1
- -
s10t ﬁ +—t
.28 |1a8] 29.0 0.0121 16
. e 7]
None
' c’\—“\‘;j 208 |1z ) 290 | ——— \j\ 16
558 ‘
split
flsp
ii/ij 198 |1.29| 29.0 | o.ous T “\T 16
C B ] L
C D:;'::I a2 jimn| 20— _’ﬁ#\',\ s 16
'
Fone
( ;\j 150 1.k0| 2%.0 0.0125 ﬁ'\ 16
LE
C — >::' 25 | 39| 9.0 ——— \/J 16
-558
split N
nﬂP —_
t stes .20k .| 29.0 0.0121 r v 16
C = 7 '
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TABLE 5.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERICTICS OF A WING WITH
. LEADING-EDGE SWEEPFORWARD

Acfy = 450

A =312

A = 0.380
Airfoil sactions (variable)

Root:
Tip:

HACA 0015 (approxicate)
HACA 23009 (epproximate)

=
Roax = 18.0 x 100

40.6° OF

.
g of 2 '
of L.E. .E. L .
device |device Configuration CI’:"" ncl'ﬂ“ o.8§b c. C, characteristics Raference
(v/2) | (v/2) Leax
&
0 . B 1.2 1.6 2.0
Y
Hone e em— g 1.08 | 315 b.ko 17
Y P A
. 0 4
-1 4
—t t ——t
.623 B
Hone | split QT 1.22| 271.0 .50 N 17
flap =
.9'1roc 1] 2%.0 5.0 I w 17
BplL -o\—- . . -
flap L

TABLE 6.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 34° OF
LEADING-EDGE SWEEPFORWARD '

LA -36.2°

A= 3.9

A = 0.625
Airfoil ssotions (normal to lina of maximnm thickness)

Root:

Tip:

n,_x.9.6xm§
Mgy = 0.22

10-parcent-thick circular ara

6.4 -percent-thick circular are

ogp:‘nz. o?;‘?l. Canfiguration c[m "C,_mx L/ at cn characteristics Raference
device |device 0.83 c!'na.x
(v/2) | (v/2)
. 0 .5 .8 12 1.6 2.0
1
P e em——— 0.77| 2.0 3.85 & 18
0
-1
Py — 0.9 | 26.0 3.13 T/-’ 18
_ ( 1 L ] I}
I LY T L) ¥ T
hone Haone
< =—= == |esm|me| sm %HH *
e —
< i o | 26.0 | 3.2 M Ly 18
|‘r T T T

4060194—58——02
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TABLE 6.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 34° OF
LEADING-EDGE SWEEPFORWARD—Concluded

Epan Span Lo at

of L.E. |of T.E.
tevice |dsvics Configuratica Ol “clmz 0.8 ¢ Cn characteristics Reference
(v/2) | (vf2) :
[>] . .8 1.2 1.6 2.0
[ —t——t—t
1.06 | 21.0 2.9 |S= 18
CE PSS A
2_\/)
et
@ 133 265 | 25 _/ i
-500
Noee | eplit
f1ap PP
Y +
117 | 28.2 2.7% 1 18
t + t t +
< .< = 1.13 | 21.0 3.00 ___/-) 18
- T L /:_/7: . +
——— 1.0 | 26.5 5.8 l/ ' 18
800
L.E.
flap L l 1 1
T 1] L) T
:mt
;19”1{ —— 1.3 | 27.0 N8 T \/J‘\ 18
—~—~—— 1.21 | 26.0 5.55 R /._/ . 18
. {/ A !
Yooe =
< —— - 1.31 | 26.0 5.19 / 18
/ +—t———
—t—t—
90 -

.500
split
‘ i /

e L A8 F_/:V —t 18

<500 s

upper

surfuce

flap < s - 1.5 | 2.0 5.25 /_/ 18
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TABLE 7~SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 32.3 OF
LEADING-EDGE SWEEPFORWARD

Agu = 35:3° A=S.T9 Ry = 7-80 x 10°
A= 0.3 Hopy = 0.24
Afrfoil sectioos (perpendiculsr to 0.225 chord livs)
Root: FACA 64-210

Tip: BEACA 6%-210

Span Span L/D st
P ol Configuration ] Chax [0-85 € €, charcteristics Reference
(v/2) | (v/2)
\
— .
0.96 { 18.7 8.15 19
g
N N Y .
2z
1, = -1.6° T -0
L———
= = o |— 19
2: -
Rouo e = 2 b
o
== = |um|mo |— 1
Tooe i, = -1.1° ==
T = = ™| ?
’ e
2
1, = -2.2° 2. a0
25
gﬁ;‘ " 1.10 | 17.0 7.8 19
;3‘1’?: CT 1.20 | 18.0 5.10 19
flap
.600
split = 122 | 16.0 8.65 19
flap
867
split - 1.3 | 18.0 6.20 19
flap
-3+
35 1 +
single P mm— 113} n.o 10.10 19
-1:11:5:«4 [ ‘ L~
1 [ 0 [) 1
500 -.21
single o\ 1.24 | 18.0 8.43 19
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TABLE 7.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 32.3° OF

REPORT 1339—NATIONAL ADVISORY COMMITTEE FOR ABRONAUTICS

LEADING-EDGE SWEEPFORWARD—Continued

spen | span Lo at
o LI fer TR Configuration x| “Gr, o.65 o Cn characteristics Reference
(vf2) | (vf2)
.600 o o 4.8 1.2 1. 6 2.0
ingle L anm— 1.19 9.0 10. t 1!
slotiel N . cn -\( 9
flap
[ [ 1 3 |
_,‘ﬁL — 1.38| 9.0 020 | 19
slotted [ -2
flap
RT3 ] 1 ] H ]
dauble e m—— 120 | 10.0 851 |-1 — 19
Kooe |slotted N\
flap -2
500 3 ] ] 1 1
aouble —_— 1.35 | 18.0 613 |2 19
slotted \N b
flap :
.600 s 4 { N
doub) o 1. 8.0 8. t 19
€ P amm— N\ 32 s e — |
flap . o
1 1 | ] 1
867
double = 156§ 7.0 a.es |21 & 19
slotted [
flap 34
———— 1.20 | 25.0 3.6 S R 19
== = pr|®e] > w
P Y 100 | 2.0 6.38 r_‘/.) 19
<= == |in|#c| & ! / B
N0 Wooe e
L.E
i T == w|me | ——| Do 1
1, = -1.6° % = 361 L \/
f———
<= = |=|me |—| [ o
ig = -1.6° % =232 T
R
1, = 1.5° ) % -1k ’ | \
t 4
1, = -2.1° = w -.107 1
Azs ] /
W) <= = =) o T &
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TABLE 7—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTIOS OF A WING WITH 32.3° OF

LEADING-EDGE SWEEPFORWARD—Continued

o?pi..nz ?‘F:'DB L/D at
davice | ovice Configuration Clrax| %0 f0.65 o | - Cn charscteristics Reference
(v/2) | (v/2)
&
o ¥ .8 1.2 1.6 2.0
. 1
flap o f—t
-_1/
flap .
—
.867 D= fj
=plit == 1.61] 18.0 5.2 +——t 19
flap L _/
E=—==o %
@ 1.78| a5 + \ + 19
1y = -1.3° E..}él ‘\}
E=—— Z
P el [ 2 IR I BN, I
slotted .
i flap 1 = -1.2° %--252 J, U
p :
1y = 2150 el
e e | — .
1, - 2,20 Elaintd .
= > [ts|ae| sm \J 1
, | .
. ol ma| T .
doble o
slotted 1t.-1_6° T"}Gl
flap
g |
1y = -1.6° %' -
| H ’
e [SU ESY [ \) | *
P
‘Lt--l.;" ?..m
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TABLE 7—~SUMMARY OF. LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 32.3° OF
LEADING-EDGE SWEEPFORWARD—Continued

of L.E. ::d!:. Contipmation cp e o_'éé‘” .;-xM €, ctaracteristico Reference
(5f2) | (/2) '

CL
o .4 .8 112 1.6 2.0

Ca
50 -1
& | | —— .
slotted] N — -2
flsp
-3
1, = -2.1° 3 -7 -5

~3 1

.600 :
double Y
slotted] o.\ 1.78 21,3 | ———

Tlsp _st

1 ] L} 1
\ +
== > |1 wz| oo 19
510 -
L.E. |
flap —
< P — e 1.8 | 172 | em— \\ 19
w7 1, = -1.1° 2z, 36
double -
slotted =
< P em— T 1.85 17.2 | ——— A v \ 19
2
1, = -1.a° - 252
== |t®| ®o|— V| ¥
\"d
- o 22 .
1y = <LK >
——
< Py mmm—— >= 1.86 19.0 | —m 19
- 2.0 Z
1, = -2.3 = o7
.m - i n + ya i
LE | moe ——— 128 2.0 1.7 4|T/ o
p
S
Kone P —enm———— 1.80% 29.0 8.80 / t + 19

;Jz.x’: — . 148 | 23.0 8.85

; |1
-2 N
L.E. xt = Q— 1.k6* 25.0 1.5 + 19
flap flap

;gﬁt (‘QT 1.k8* 25.0 8.38 _7./ + } N 19
flap [
T + T '
8671 .
st ~—% 1.62| @>of 135 19
flap
i R,
single| 1
o e Oy 162 230 9.9 9
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TABLE 7.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 32.3° OF

LEADING-EDGE SWEEPFORWARD—Concluded

Span Bpan L/ et ’
sl Bol it Configuration U o.aé‘D L C, obarcteristics Reforence
(v/2) | (vf2)
,
425 o .» .8 1.2 1.6 2.0
L2 Jeoubla . 1.68] 22.0 7.4 of—t —p———ap—+—| 19
flap |olotted N\ Cp
flap 1t~ )
e 1.20 | 25.0 6.00 L___/" 19
Xone
Q_g—) 136 | 250 | 399 1 19
19
split Lk2 | 210 5.25 /
B | <=~ ,
E t.!pﬁ“l;.t — 1.50%| 23.0 5.35 : :): ——|
| = L7
flap / ,
7
1
o 1.60 | 19.0 | s.67 ¢ '#‘A
split @ . : : . / 19
= 1.204 26.0 | 6.37 l 19
Bane {'
== e | .
['..Sg? None ——— 1.26%) 26.0 6.90 r——/‘/ 19
slat
50 , z
L.E. | Mone e 1.33+| 26.0 8.37 p 4 19
elat ]
Keoo <‘;——_>-___> 1.28%) 26,0 | 3.0 T / »
510 :
L.E.
}
Home < = — 1.28 | 26.0 3.7 r 19
ST
L.E. | mone @ 1.37 | 26.0 3.9% 19
droop
7
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TABLE 8.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 25.9° OF
LEADING-EDGE SWEEPFORWARD

Aepy = P A=b69 Reax = 18.0 x 106
A = 0.k00
Airfoll sections (varisble)
Root: FACA 0015 (approximate)
Tip:  BACA 23009 (sapproxirate)

of L.E.|of T.E L/P at
dovies |dovies Configuration Ly Gctm 0.3 O Cy characteristics Reference
o/2) | (v/2)
3
lo & .8 1.2 1.6 2.0
Home S 118 25 | 170 |%& 17
-1
623
e | e —— 147 | 20 | 6 ' 17
t t t $
ar
fisp _— 1.60 | 19.5 5.52 ’ 17
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TABLE 9.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 0° OF
LEADING-EDGE SWEEPBACK

Aoy = P A=3k Roay = 8.4 x 108
A=1.00 Hogy = 0.14
( ‘) " Alrfoll sections (normal to line of maximm thickness)

Root: 10.percent-thick eivcular arc

Tip: 10-percent-thick circular arc

f L.E. .E. L/D at
devicn 3:.;@5 Configuration x| e |0.85 Chigx Cn characteristics Reference
(b/2) | (v/2) '
1'2 3 .8 1.2 1.6 2.0
—_— 0.58{ 13.9 6.8 [on a
O'é—l——l—i—H
lcne —
[ e—— 0.60] 15.5 9.06 ,./;\ + ; ' &
P 0.032¢c round lesding edge ; ; ;
=14 ' I
bone
_ 1.00| 10.0 k.25 ’7 2
k80 ; -2+
split
fap . t t + } +—
'Q 1.25] 15.5 5.33 ] e 21
0.032c round leading edge = - . ; ; |
9D , -2t .
split -.C:\» 1.2k | 8.00 3.h0° ) 21
fiap -3t
Eooa — 1.20| 22.8 7.8% . /../" 2
/
tooo | a0 T
L.E. split (Q 1.8 20.0 .64 1 21
flap flap /
-1 1 1 { § |
/A 1.68 | 17.5 3.57 21
}”3,, —_— -2 /
8n = 300 t t—t +
Koo —— 0.78| 18.5 8.29 | P 2
8n = 10° ST N
—_— 1as| o | e - a
-.24
w0 | 8n=20° . % - BT N A N
split P —— 1.23 > ———"7 21
flsp -.2
3o = 30° - -~ 1 [} 1 | i
—— 1.27| 18.0 %.90 —_—D 2
, -.er
8o = 10° - N T R
:', gm Q 135 12.5 3.37 9 21
drocp -3t
915 | ta = 20° -2t 1t 1
split _— 1.5 | 16.0 3.45 — 2
flap -3
8n = 30° -2 i [ | i
P 1.88 | 16.0 3.38 > 21
8o = 10° T
Hone — 1er| 235 T2 = | a
0.032 rownd leading edge ]
tn = 10° —t +
k8o N
split “CY' 1.k5 1 20.0 5.1k = 2
flap
0.032 round leading edge




14438

TABLE 10.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 0° OF

REPORT 1339—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LEADING-EDGE SWEEPBACK

N

A-:/h-°°

A =1.000

A = %.00

Rogx = T+67 x 105
Moy = 0.13

Airfoil secticos (parmal to lina of maximm thickness)

: lO-perocent-thick circular arc

10-percant-thick circular aro

Span | Span a L/p at
of L.E.|of 2.E. Contipmation ®loax| Ciax [0-85 Cf C, characteristics Baference
(vf2) | (v/2)
b
2 .8 1.2 1.6 2.0
Koo e —— 0.62] 14.8 6.58 %0-4—'—|——o—;— =
-1t
8, = 30° ]
o.82| 3.4 6.23 /j ——t—rt 2
50 b = B3°
plain A} —
flap _Q 0.88]1 11.5 .62 /) e2
be = 60
_— 0.9 | 10.5 5.09 } /7 =
Hone
8 = 15° I
———— 0.8 | 12.0 7.00 1 /)4 —t 2
8p = 30° "
——, 1.0 | 1.0 5.59 /) 22
1.000
pmn + P I T I
flap 8r = u50 ) ’
~— i 9.8 k9T /7 22
By = 60°
_ 116 | 9.3 L3 / 22
2, = 20° ‘l‘
— o.& | 18.0 8.50 r/} =
1.000
L.E. Rana
&roop 8, = 20° l‘
1 ), 1
— 0.5 [ 2.0 | s.06 1/ E 2




A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS 1449

TABLE 10—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 0° OF
LEADING-EDGE SWEEPBACK—Concluded

Bpan Span
of L.E.}of T.E, L/D at ics Reference
Sovi Configuration Crax | oy ¢y charncterist
' oo |G O Ol
8, = 30° c“
10 ¥ 8 1216 2.0
— 0.85 | 26.0 b3 c“o ——— 2
e WA
-1t
oy = %° * T
o D 0.76 | 18.6 7.53 i 0' i 22
8, = bo°
e o0| 255 [ 3.7 L =
8, = 200 8 = 60° S
—_— 12 (197 | 600 - 2
8y = 30% Br = 60°
SR\ 1.09 1 169 | 3.00 Ne— 2
4% T
Plain
flep | 3y = 36° 3¢ = 60° —
Looo N 110 (11,9 | 5.0 \/ =
L.E. 4
droop
6n-1-0° 8r = 60°
S 0.98 | 16.0 k.02 \—7 22
g - 20° B¢ = 60° —
L\ 1.39 | 17.0 B3 \—/4 2
8, ~ 30° B¢ = 60° e
—_— L32| 64 | uaz ) 2
= -
;igﬁ 8y = 36 8 = 60° —
flap |
T L32[ 15.5 3.80 \7 =
8, = M® B = 600 ——t—t—t—t
m 1.22 { 1k.6 .39 “\\_7 22
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TABLE 11.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 3.58° OF
LEADING-EDGE SWEEPBACK

3.560 Acfy = O° A =40 Bbx-lz.)xlos
A = 0.600 Hony = 0.20

Alrfoll sections (psrallel to plane of syrmetry)

Root: FACA 65A006

Tip: MNACA 654006
Span Span L/D at
of L.E.lot T.E. Cn characteristics
of L.E.|of T.8 Configuration Coona| CLuax | 0.85 oy Reference
(v/2) | (v/2) .

] 8 1.2 1.6 2.0
Koo P cemm——— 0.73| 13.h 6.54 ] — +

S

' ;;Olgt 1231 1.8 .93 | 1k
flap OT )

TABLE 12—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 3.6° OF
LEADING-EDGE SWEEPBACK

Befy m 0@ Anh.62 Roay = 18.0 x 105
3.6%

A = 0.550 N
@ Adrfoll sections (varisble)

Root: MACA 0015
Tip: NACA 23009

8pen \
::'v:ll'm ?‘M!: Configuration Clonx| %01 o0 o_%.{bc;:‘x Cu chersateristics Reference
(v/2) | (v/2)
[+] L3 8 1.2 1.6 2.0
-1l
¥ona —_— 1.37| ;20 8.91 "-c N 17

623
Eone | split o‘- 1.98 | 20.2 5.h3 —_— 17
flsp
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TABLE 13.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 9.46° OF
LEADING-EDGE SWEEPBACK

9.46° Aopy = 0.8 Aaho Rpex = 10.0 x 108

A = 0.500 Mgy = 0.20
Mrtoilmdms(panunlwplmotlymﬁ'y)‘

Root: k.2-percent-thick hexagonal
Tip: k.2-percant-thick haragoaal

B, Spen
. \ o L t
o L;E. :tv’fcf‘ Configuration “Chaax oaéb(::ﬂx Co charactaristics Reference
T |
CL
o & .8 12 1.6 2.0
.1f
0.77| 13.0 5.9 G

23

A
o.&*| 18.0 | .98 \\ —t— 2

[ By = 0°

8y = 30° B = %0°

8p = X° Bz = 50°
.33*| 15.0 6.02 1 23

"

e
EE8
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TABLE 14—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 10.46° OF
LEADING-EDGE SWEEPBACK

Acpy = 5.28° Aa25 Reax = 7.6 x 105
A« 0.625 Moax = .16
10.46° Afrfoil secticns (narmal to line of mhximm thickness)

Root: Hexagonal tfc = .06
Tip: Hexagoumal t/c = .06

Span Sp..u .
of L.E.{af T.E. L/D at
devi Confipmation  ° g | “Chax |o. charactaristi Reference
T TS OB Oy *
‘L
o .4 .8 1.2 1.6
R
— 725 | we 5.32 C-O_ >
-1t S
< : > —_— Y 25
E—
+
S ——— By .
2_:--.'&0 WE -2 1 = -2,00° 1
— T
S——— ——— | >
182
? - AT7 14 = -2.75°
———
Kana %1. -aT7 © 1y = -2.28°

e —|—— :—\ -

@
Vil
I
1

= .20 14 = -1.95°

1y = -L.T3°

;
IEdE

Z.an 1p = 225°

Bg = 30° 955
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TABLE 14—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 10.46° OF

’

LEADING-EDGE SWEEPBACK—Continued

ClLpax

o, | “
of L.E.|of T.E.
device |device Configuration Cliay L/D at Ca cbarscteristics
(v/2) | (vf2) 0.85 Cp,.
[ .acLl.z 1.6
Cn 0 —t—t—t—a
N 1.025] 12.9° L.85 1 /-\
B = 50° -2t
35
T.E.
flaps +————
= 1.0710| 13.0° 5.29 /—3
8y = 500 1
————
B o Y 1.16 | 1e.0° &.58 T - }
B = 30° L
e
Fone
_— 1.26 | 122°f 3.9
by < o0 Y
-1
1.F.
flaps
e
- 1.3k | 12.2° 3.59 1 :
. bf - 500
-
:ZEE%&:::: . RN
B¢ = %0°
—-—r 0.&‘ 2.8 5.25 ""‘:"Y' + +
8, = 20° ]
tlone
8, = 10° [
<115
L.E.
droop
i\ 1.09 | .2 RS Ty
8y = 20° 8y = %0°
35
T.E. ;
A
&p = 10° By = =0° 2
e
E !
-E. -
&, = 10° 8 = %0° 1.38] 12 bl T 5/3
not reached.
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TABLE 14—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 10.46° OF
LEADING-EDGE SWEEPBACK—Continued

u?:nx ogp;n: L/D at
lavica [device Configratica ira] “Lrax 0.8 ¢ Cp characteristics Reference
(v/2) | (b/2)
G
0 & .8 1.21.6
e e
- Cn
=] .
2y = 10° B = 50° 2l TS
—r af 13| 7120 L j 2%
8o = 20°
Hone .
| — }vﬁ)— .
oy = 20°
+—r b
P \Y ' 1.10| 1k.9 k.82 /—“3 25
35 | Bn- 2 B¢ = 30° +
T.E.
flaps .
F—t———t—
—\—— - |-
By - 20° Br = 50° 4
. ———
1 ]
C\ - 1.36] 15.1 3.50 \_,j
175 5 | 84 = 20° Br = 50° 1
L.E. T.E.
droop flaps
+—————
———] 11— |
8y = 20° s a 50°
PPN,
2y = 300 I~ o7| 166 | e I e
/
—|— = »
8y = %° k
13« 2 - 1p = -1.96° ,
B ——— T >
& = 3° 2.0
e -2 ie- -L75°
&g = 30° 21_'1- - 177 ®
13«2 1g = -2.16° s
S —|—|— -
By = 30° 2'-:1 - =177
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TABLE 14—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 10.46° OF

LEADING-EDGE SWEEPBACK—Continued

Span Spen
of L.E. ?mToE Confipration Cligx | €L o-g}ﬂ: c:t Cy characteristics Reference
(v/2) | (v/R)
c
o .4 .8 12 1.6
04+
1a7] 6.2 4.52
P c,-.xs_,—: ®
By = 30° 8 = 50° 2T
D . e — —_——
— —) >
8, = 30° ) 5:-5°°
e -2 - - %..uo
El| <= e TS| s
droop | flsps 4
8, = %° 3 = 30°
15 -2 .23'...117
=S e || — :
5,-500 8¢ = 50°
e w2 %.-.rn .
wene || ] .
E— E
8y = 30° 52_500 ﬁ
—_——
<<= — |~ 1= .
8y = 30° 8 = 50°
a3 %E- %0 —
< > —_— \\S 2
1 =198 8y = 20° 8r = 50°
e -3 & o a1 5
S5
L.E. [
B == |—|—|—] | -
1t = -1.70° - 50 1
5o = 30 % = 5 .
e =3 &«-am
= e >
1 = ~2.20° Br = 50°
By = 300
TS T5 I
L.E. T.E. 1.39| 16.3 5.8 25
8y = %° b = 50°
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TABLE 14—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 10.46° OF
LEADING-EDGE SWEEPBACK—Concluded

-Span Span

:ﬁ,’,’: ﬁj Configuration Clony | %oy, of‘én g Cp characteristice Refarance
(br2) | (o/2) Losx
CL
~ 0 & .8 1.2 1.6 2.0
= =
| -a
2
-2
3y = 30° 3p = 0P -
1c=2 P - L0
= e | —| TS -
By = 30° 3¢ w 50°
2z N
1t a2 Z.am ,
- — =57 -
B, = X0 b = 50°
1fca2 gbi -t , .
R = .
B
tn = 30° Br w 5P
T -5 4
LE | T.E

i
;
A

—_—_ |||

8y « %° 8¢ « 50°

‘8, = 20° 1 = -1.89° Be = 50°

MWE e 3 i;:..rn

9
!
i
1

A
\I/.z
T

8, = 30° 1 = -1.68° 8p = 0%
/2 =3 -";-‘. - =177
N 2
T = = ||
3, = 30° 1 = -2.12° 8¢ = 50° ]
U
1.00
Hone | T.E. Erd
flaps q — ] — ] ——
e | >
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TABLE 15.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 32.6° OF
LEADING-EDGE SWEEPBACK

Acfy = 3° A=bo Rogx = 12.0 x 106
32.6°
A = 0.600 Mony = 0.20
Airfoil ssctions (parallsl to plans of syzoatry)
Roots NACA 65A006
Tip: NACA 65A006
f L.E ogp';nit LD
o «B. +E. t
deviee | dovice Coafiguration Corax | “loax | 0.85 C:n“ Ca charscteristics Reference
(b/2) | (v/2)
CL
0 4 .8 1.2 1.6 2.0
0 p—t——t
None e emm—— 0.92 | 19.5 w89 o ) ™
-1
Mane
500 Oﬂi— 1.18 | 1.0 5,37 ~ 1%
split T
flap

TABLE 16.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 33.4° OF
LEADING-EDGE SWEEPBACK

Acfy = 300 A 5Bh Reag »-18.0 x 166
35.4° A = 0.440

Alrfoil sections (variable)

Root: MACA 0015 (approximate
Tip1 NMACA 23009 (approxizate

039::5- ‘:p;?B- Configuration- Clipy | “leax Lo at ¢, cheracteristics Beference
devica |device 0.8 e,
(v/2) | (v/2)
CL
o & B8 12 1.6 2.0
Nooe —_— 1.28 | "20.0 9.87 o \J +—t 17
-t
: —+
-«
P i — 17| 185 | s.es T T~ ad
flap L
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TABLE 17.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 36.256° OF
LEADING-EDGE SWEEPBACK

—— Agpy = 35° A= 5.0% B, = 10.0 x 108
36.25° A= 0.723 Mgy = 0.2
Afrfoil sectioas (parallel to plane of symoetry)
u?‘l:E of T.E MACA LD at
device |device Configuration atgorr | S| ®Clony |0.85 1y G, characteristics Referende
(vf2) | (b/2) section
b A
10 A8 12 1.6 2.0
Cn
65,A002 0.98| 11.0 13.6 [+] ——r"".) t—t—t 2%
-1t
"
Hope | Hone — a2 |1.30 | 20 10.5 I o e e 2
3 AN 1
L] L] L) L]
6ua612 | 143 1 22.0 9.85 (__/ 2%

\

TABLE 18.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 36.25° OF
LEADING-EDGE SWEEPBACK

.

— s —
36.25° ofy = 35° A« 10.07 Ry, = 10.0 x 106
A = 0.500 Hogy = 0.25
ALrfoll sectilnms (perallel to plane of sy=metry)
e ogp;nr HACA
- -E. Configuration airfoil |c | Lfp at
device |device Legx | “Clenx Cp characteristics Reference
®/2) | (o/2)- section 0.85 Crog,
[
10 &8 Ii.a 1.6 2.0
6530012 | 0.96 | 16.0 23.3 Cn l/ 26
O —t—
- -.1
[ 26
e 6yA312 | 1.26 | 21.0 17.0
Kooe Hm l” 7 1 1 /T 1 1.

&A1z} 1.32 20.0 16.0 , . / .




A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 19.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 37.25° OF
"LEADING-EDGE SWEEPBACK

Aq/b » 350 A =60 Rony = 935 % b
37.25° A =05 Hopy = 0.18
Airfoll secticos (perpendicular to 0.270 chord lina)
Root: NACA 6ky-212
Tip:t HACA 6%;-212
K swlr: L/D st
::'i": ::':;ﬁ' Configuration Cl " “C;m 0.85 C1 Cp characteristics Reference
(b/2) | (vf2)
CL
0 & .8 712 1.6 2.0
1
Hone —— 1zr| 1500 | 2235 c;l\‘/ — 27
5012 O t———I——
split = - 1 17.1 93 \)
fiap ) Sl 17 T --II' 27
9T .1 | A R I N |
Hooe | ap1it _— 1.65| 131 6.36 27
flap .2
e ol I_l_:>>|
frpoenit Oo\ 12| w.3 7.09 27
flap -
9T -5 [ I T B
double
alotted C’o\ 2.32| 1.9 6.85 . F4)
flap =
-500 04 3
opLie — 13| 15.0 | .33 ‘. \F 27
o | 70 A -1
L.E.
flap |.500
4oable P e vl ma s Fal Vb [ | o
slotted N\
flap -
0 f——t—+—+—+
Kone —— 1.25| 199 | m.82 _4\» 27
| : [
375 | 500 -1
LE. | spli = 137 [ 219 | 12,20 2
flap | flap .2
&5-00 -1 | I Y IR [ |
rpreoit (o’\ 18] 1.2 | 15 — 27
fiap -2
o4 t t — t
Hone — 1.39 | 2.0 9.80 1l‘—\\| 21
500 | 500 o ——t—t—t—
L.E. |spu v 146 | 15.0 8.26 \-7 27
flap | flap 14
5500 1 [ T T N |
cuble < 1.87 | 3.8 7.05 —_— P
;i::urd A 2 27
o t t —t }
lione T 150 | &0 | 10.50 '_.L_-—’_‘-‘l 27
650
L.E.
flap #3500 04—t ; . N ;
ﬁt ~— 1.63 f18.2 7.82 1|> ;—7' l a1
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TABLE 19.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 37.25° OF
LEADING-EDGE SWEEPBACK—Concluded

spen | spen )
o LE | Configamation | "t o'gb it €, characteristics Referonoe
(6/2) { (bf2) Teax
‘L
650 <500 :s .|B 1.'2 1.6 2.0
orell st — 2.06| 164 | 600 |3t 'A -
f1ap N\ 2
] 1 } t t t
Bane ~—— 1w | 25.0 | 10.78 — -
-T00 P E
L.I.
Llap 500 -
split —— e | a3 | 7.7 f—— -
flap ; L.—\ 3
950 R 1
LE | Xooe e ves| & " X
o SR L e W
.14
Of—t————+
¥ome e — 1.%2 | 26.0 8.13 -1 ’_ﬁ 21
-2+
K 500 o ——+
1:-1:; mt KCT 143 | 1s.0 . 8.06 1 \_’ F-14
500 N =14 1 | 1 | !
dotla ———, 1.5} w3 | 10 —p P
flsp - AN =-.2
oo = 20° 0 et}
T 1.28| 2.0 | 15 1\/( 277
5 ~ 300 P T
—— 1.28| 20,0 | 1.9 1\4 o1
Kone .
b x 3 . —
5 1.28 | 18.9 1.75 \_’\ o7
8 = 2P $mmer o f——+
P mmm—— 1.26 | 20.0 1.8 \J 21
L.E.
droop 8, = 30° : ; s
ot
X 15|81 | 808 \P o7
<500
split
i B St ———t—t
@ 1.49 | 26.0 8.20 \r 27
By = 30° N L
", 1oe|153 | T30 \Q 21
500 AN . e
douhle
'“”m,""’ 8y = 30° BT R I T |
5\ z.02 | 178 6.95 2 ——— 0 27




A SUMMARY AND ANALYSBIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 20.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 42° OF
LEADING-EDGE SWEEPBACK

U Aefy = W0 A=4.01 gy = 9:50 x 106

Vil A = 0.625 MHowo = 0.22

Alrfoil sections (perpendicular to 0.273 chord lipe)
Root: HACA 64y-112

Tip: NACA 64y-112

Egon Span
of L.E.|ef T.E.

@ 1.26 | 16.3 1.28 l
< =X |1 ] 18 1.25 Jr

Cr not reached,

t
device |device Coaf 1guration CLisax | *Loax o.gs',b c:nx Cp characteristics Raference
(v/2) | (v/2) )
[ .Bct'l.a 1.6 2.0
T — 1.02 | 19.0 n.52 o ot 28
Cm
-1
< e T e e femmmt——i— |
—_—
e = el — | TN 5
M
it = =3.7° & 50 E N
e \ . .
S e e | — | G 5
1y = =3.1° A 3 ™~
~ —
e ———— <
i = 4.2° % a 031 \\_’
T
e—
P e
1, = -3.6° E’E. = .b17 b
— N L .
Hone 1.08 | 22.0 —_— ~\-‘ = 29
1, = ~3.6° = 162 1 N
R X
1y = 4,20 - 061
< = 1.05 8.0 | — l } ' ;I + 29
o
7 ™| T ?
1 = =3.5° g
1.3 20 | —— \ 29
[an—g
1 = 4.° - .26
_—= 1.2 | 17.3 7.2 30
L —_—
T il [ I R [ »*
2300
split
flap ' : .
_
—

h!hsh curves for distance 0.923 fram ground.
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TABLE 20.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 42° OF
) LEADING-EDGE SWEEPBACX—Continued

:E"I;'; of T.E ClLong| “Clonx | | WP &° C. characteristics Reference
bje

CL
o .+ 812 16 2.0

1.5 | 15.0 6.26 c;l n
o%ﬁ P

1| 131 6.06 TS 3

1.50| 6.5 7.09 32

1.29 | 18.% * 5.08

/

= T | ma | — R

b

Sa—— e LU L R ——l =

1 = 300 &2 .7

e ]
AR e e b b b »
split
Tsp 162 T

2z
1 = -5.4° -

n
T

< T ||| — ﬁ T 5
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TABLE 20.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 42° OF
LEADING-EDGE SWEEPBACE—Continued

Bpan Span LD st
m' ﬂ: Conf iguration Cloay | “Clogy |0.85 Croay Cn charscteristics Reference
(b/2) | (v/2) (=)
0 & .8 1216 20
lione T 1.2% | 25.0 T.30 C: d ‘> R 31
.11
e 1] 86 | em ————iy 8
@ e e L/’y”‘ »
—
@ w1l 205 | —— \ bt 29
- N
1 = 580 B= 50 i \
— ] >
< — 135 198 | m— < 29
~
2 I
1 = 3.2 g L !
S Y P -
1g = 4.2° 2 - o
=== = lwe|as|— ®
ST -300
LE | eput
flap flap ———=9

R T b b |

e L £ S| m
2z

e B e DS I
1‘,’--’&.50 %--.%1 -

@ 13| 2.5 | —— \°\7' ! »

1 = 3.5° Z .ty

t T~ t t

1g = -3.4° ?-.]52
g} + }
< e = jums|ae [—— \ »
T —
iy = .0° 2.6

"thurmmrordumcno.%tmground.

460184—58——03
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TABLE 20.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 42° OF

RBPORT 1339—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LEADING-EDGE SWEEPBACK—Continued

Span Bpan
of L.E.|of T.L.
device |device Coafiguration Crpgy| “Cloax O'Eén c;;x Cy charscteristics Reference
(v/2) | (v/2) (v)
0 & .8 2 1.6 2.0
Y
———

Ty heas | —| [ | s

1, = -3.5° %---5‘6 ] ~—

— e i
= || —| ]
1g = N.0° Ba--6

ra 132 | 18.0 | —\ 2
1
\
575 -S500 t I M
Tlsp |
%--).bc’ %-.509
= I 3 1 4
AY
1t = =3.2° 2 .zh 1
— L + +
1y = 5.2° Z«.on ] '
,
== = e | — | -
1
—
<ra _>’ 18| 205 | —0 0 29
1p = -3.4° % - ..kr{
2
iy - <3.4° T{"l& L
E: — 153 185 § | »
L1lap Vﬁ
ST
L.E.
Tlap ] + ' N N 1
2? T 1.52 } 19.1 6.40 ‘ 32
aplit )
flap
Nooe —————— 120 | 21.% T.82 l: l 32
15 . — s
finp = 1.58 | 2.0 6.25 —— 5
«300
split
Llap " + py] e
< > 1.500) 25.8 | —— === 29

* ey Bot reacked.
Mwm:cmo.gzzmm



A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 20.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERIBTICS OF A WING WITH 42° OF

LEADING-EDGE SWEEPBACK—Continued

Tk | o EE
0: . £2 7} [ at
devi davi Configuratioca Loax| “CLay fo.B5
o/ | /) el A
cL
_ 0o .3 .8 1.2 1.6 2.0
1.52| 258 | em—m——
<@i,c,2‘—__> . ol\ —
Cn \\‘
1 = =340 2. 509 -2 \\.»
Lo
<::::;;::EE:;__;:::::> 108 28— | .
2 o
o= g b
1.59%| 23.8 ‘\57*/ ;
< :: = . K. 3 ] Ny
B ~
ig = 4.1° 2 N
-0 )
=== = | s
1 _/—/
== L
e = || — | e
1y = -3.3° 2z, oy L
—— L
=~ = [|u#| ae| —
1 = -3.5° FRe F—\;——m—o\—,‘h—o—
<= > || ae| — "‘t:i:j:::—+—
1 = -h.2° _'%: - —.061
- — .
Tle| <= = || — | [T
L.E. |split
flap | flap
———
= o] || [
1 = -3.5° % -z Te—
e e
1y = %.0° ?-—.1‘6 l
L $ —_ 3
= e }/
\ :
1t = -3.2° R
== = || ms| — | |
1 = .20 B..on l
[
== = he|ss|— h‘ﬁ—"
1y = 300 % - N7, r'
—
r—— S P D N
1, = -3.5° Z..a6 1

“clnx not reached.
VDhash curves for distance 0.922 frem ground.
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TABLE 20.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 42° OF
LEADING-EDGE SWEEPBACEK—Continued

Span
okt bl Configuration Clrax| %10y
(f2) | o/2)

£
BEAE
j p

l N
ﬁt ,O\— .79} 5.0 6.1k l /..-—————‘- n
flap
Co'_ > 183 | 5.0 | 357 }j?‘—%'__» n
None
< e - 148 | 310 3.76 = S n
/cnv 1.33 | 19.0 6.50 l A
<®;_> T z2o | —— ’/—’l =
e v - -
. N .
S ] EE }\ -
P I g
LE.
slat — \ J LAY +
< B LAY (PP | 2
1y = =5,20 2. J

— p—
T || me| e »

e 1| B0 | 637 \ n

0L, DOt Teached.



A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEHPT WINGS

TABLE 20—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 42° OF

LEADING-EDGE SWEEPBACK—Concluded

Span Bpan LD et
of k. or 2.5 Configuration L N P Cloay Ca charscteristics Reference
CLmﬂ) (v/2) .
12
0 & 8 12 2.6 20
o + " + " %
=== = |2 ——n . 5
-.1'/1
———d
™~ N
N B \ >
AY
T
L = -3.5° - 509
N~————
—
==y |amfms || \1 s
ST | 00 - 3. =3
L.E. | sput - -3.6° g
slat flap
< 3 = | as | —— | | \ 2
1y = %.0° %= .om ]
vl o | sae |\ »
@ 155 | 2.0 | 5.9 — *
o | === = hw|ae | e | P %
- e (L ER —
e - /J n
»slat
.500
eplit
flap !
@ = |16 .0 5.05 / n
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TABLE 21.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 42° OF
LEADING-EDGE SWEEPBACK

U "‘c/k"'oo A= 3.9% Rn¥-9.60x106
42°
A = 0.625 Koy = 0.22
Ammm(mmlwumogmmm)

Root: 10-percent-thick circular arc

Tip: 6.5-percent-thick circular arc

8pen Spen ,
of L.E.Jof T.E. Contigaration L A L o.agw C:;x G, charactaristics Reference
(o/2) | (v/2)

< . = |em|we| — [ ] *

< = |e®]we | — St %
1 % -1.1° 2.5 L
; —
< . == e w0 — 7 %
1, = 149 ? - .3%
Eone =
Caj 0-8 | 19.0 L *
1y = -1.2° % -2 |

<—-—’_—2__> 0.9 | W0 | —— i %
L=
1y = -£1° % - -0l

—_ 0.95 | 1.0 5.18 — T n

)

0.97 | 17.0 3 :/-A —t—t b1

B

B === || o] e | [
' T

flep

Hone e —— 0.87 | 17.0 vy 1 %

L.E.

Ey

flep
(f1at)

__/
D
T
1| 20 | w2 —/—§ 3%




A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 21.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 42° OF

LEADING-EDGE SWEEPBACK—Continued

Span
of L.E.|of TE ¢ LD at
davice |device Configmration Lrax R
oo | e il R B
‘ c° B ._Bcli_.a 1.6 2.0
@ 1% | 2k 5.07 cn /3 T
-2
T === = || w | Ty
i St
== = |mfwe| —
1p = 120 N 2. ]
P=—— b—‘ } s +
: == > |=|w2|— ‘\Q
2
LJ}‘_’ qﬁg 1t = -1.2° . 5 - 00 _
() | B B
=
1, = 1.2° g-.m 1
N 1.35{ 7.8 | —— [
< 1
1y = -2.1° ’_:1.-,011 L
ar—— e I T R B =
T || | [N
Bone P e — 1.19 ] .24%.% 5.26 s
Xooe < P —— - A1.bo 2.5 .93 L—»@‘—H—
695
LE.
Tlap
f1a0) | +300 gt
(e g e 193 | 2 | %63 —
-%00 +——t t
Bl === |n|as | = \
z r
—_— 132 | 2.2 | s5.00 —
/ i
/‘a 12| 0.6 | 5a7 o
700 | 500 —
(f1at) ] ,
C=————
P~
=== 0] L1 bl BN ERN\Y
1y -1.5° =L a6 i .
< R :
L.%3 | 18.7 et
1 - 1.2 %-.}}9 } "N
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TABLE 21.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 42° OF
LEADING-EDGE SWEEPBACK—Concluded

Span Span .
of L.E. |of T.E. Configuration | e | "y o.at’;n c;;x Cn characteristics Raference
®/2) | (vf2)
°L
& B 1l 1.6 2
T Ca
ig = -1.0° %&..m _al ﬁ\e%
155 | 26 | —— I %
Ee——
il Pcrodll FFQREERT Z..m
£1np flsp
(r1at) e LNy
San il P EXY IEE »
/‘u.,-!_\l
——— el 2
695 Boze - ) 02 5
L.E.
(carvea) it e 152 | 20.5 5.06 /_) 3
Tlsp r
—_— 1.16 | 23.0 3.58 \7 T 36
== pw|ae|a | [T 'V %
Hooe ‘ ) e —
Pl ) P ~——
—_— 1.28 | 20.5 5.2 \—/‘» %
5 1.26 | 19.3 5.68 \’-3 36
.600 . )
droop =
== |awe|w | %
S t——t—
ssay——ue i (S RN Sl B BN "
1, = 120 %-’bf“ .
500 E=— - Ny } ' + +
"’nli; 1.8 | 185 | — '\¥ ’ %
1¢ = 100 & .» 1 )
N N—t
< = o [ | *
1 & -1.3° & -1 ] .
Y 1 ot 1
ely————— N L L bl 0 *
1, = 19° Z--m -3
= T |w|ma| 5= _— %
— == ||| W | [T &
None — 1.12 | 22.0 5.01 \ I 36
L.E. |split —_— 29| 19.0 k.97 36
s = wsfws | s | T2 %
flap . F




A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 22.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 45°-20° OF

LEADING-EDGE SWEEPBACK

A=k = 6.0 x 106
N A=0.36 Raax
Hpax = 0.13
- Adrfoll sections (parallel to plane of symmetry)
Boot: HACA 65AO09
| - Tip:  HACA 64A00D
ogp;:s. ogp;n.B. Canfiguration ' Cl'nax g
of 7. Cloay 085 €1 | Ca charactertstics
(6/2) | (v/2)
CL
o . .8 1.2 1.6 2.0
YHons T 0.88 | 17.5 12.06 ° —
-1 \
Be = 50°
= 1.17| 1k.5 6.42 1 \
*None + + t +
3r = 130
61?.2 126 1
op O< . 3.1 .
finp 5.3 I \
N QT 125 | 12.8 L% [ \
Nooe —_—— 090 | 165 | 1m0 f\ '
<350 + + + +
L.E.
s ,.,,]6_1’2 /or 1.33| 13.0 577 |
flap
Fone P —— 1.171{ 20.% 9.05 j\
-700
pet ] 650
split /OT 1.60| 16.8 kl9s T .
flap \
Koas [ 1.25 | 20.0 9.15 —
1.000 -
L.E. . ¥
flap .
npi‘ig IC'T 1.66| 17.8 5.10
fap T
Hooe — o0.92] 19.5 | 10.30
350 r
L.E.
slat bt
-pf.t’g /DT 133§ 13.0 k.92
Tlap

469194 —058——04
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TABLE 23.—SUMMARY OF I:.ONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 45° OF
LEADING-EDGE SWEEPBACK

: Agpy = 35° Axb.0 Reax = 9-0 % 10°
v A = 2.000 . M_py = 0.20

Alrfoil sections (parallel to plane of syr=etry)

Boot: MACA 65006
Tip: HACA 654006
Spen 1o c at
m ::v:: Configuration Leax uct-mx o.IB";D L Cy charncteristics Reference
(v/2) | (v/2)
0 .h .Bcl'l..e 1.6 2.0
2t
Hooe  m— 1| 2.0 5.73 b 1
Ca
[}
Hooo
.,;15‘1‘2 e 1.0% | 22.0 La /—/ . 1w

TABLE 24—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 40.2° OF
LEADING-EDGE SWEEPBACK -

%0 Ao = 55° A=60 Fpx = 6.0 x 108
A = 0.600 - 0.20
Arfoll sections (parallel to plans of symoetry)
Root: HACA 63A006
Tip: HACA 654006
e Lr. |ot T, o at
davice | device Configuration i ", o 0.85 c:t:nx Cn charactaristics Refersnce
(v/2) | (v/2)
e cr‘
0o .k B8 1.2 1.6 2.0
32 d
2 ,
Rooe — 1.05| 28.5 3.5 1»
a4
Ca

[

Bane

500 K
oplit 1.00| 22.8 526 4 b
Tlep Oﬂv




A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 25.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF

LEADING-EDGE SWEEPBACK

_— 7
1635 Aopy = 5P A- B2 Frax = %8 x 105
A= 0.5%
Hogx = 0.23
Alrfoil soctions {(parallel to plane of symmotry)
Root: NACA 63A002
Tip: UACA 63,02
FLr|of Tor,| Fonoo L
:m,:, devics | 1ocation Configuration c‘bx aanx 0.85 e C, characteristics Refercnce
(v/2) | (v/2) (v/2) 7 e
o .k .8 12 16 2.0
.hT ;
%’y
Panms——— 01| 2a.o 8.%0 21 »
al
[ — t -+
-2 N
5 - ?
Hona 1.3k | A0 6.05 39
iy = 0°
[
Bone | Boos { yi 1.15{ 3.0 6.50 33
iy =4
P ———Y 2.07] 2%.0 | ———— 1 9
5T
f om———= 130| 210 | —— 39
ST
@ 1.30 | 27.0 9.60 1 39
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TABLE 25—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF
LEADING-EDGE SWEEPBACK-—Continued

device [dovice | locatlom at
e |G | G Contigmation Teex| Vs 0,85 € G, charastertstics Referende
- ‘L
0. .4 .8 1.2 1.6 2.0
3
.2
e Los| 9.0 [ —— fe »
575 .1
.80
-89 []
-1
Hoos = 1.9 | 2129 8.95 1 39
5T :
<80
-89
o ?@ § 19| 30 | —— | -
.80 °
-89 R —t
1, -8 /
;13:152: Bone C>\— 1.e2| 16.6 10.58 '\) 39
Fooo ' 1 t + + +
;gﬁ't Mopse o? 1.29| 1%.6 10,25 - J . 39
flsp
-
split Boe Q 13| 15.6 10.25 53
flap B
250 T
g | wee = 1.30| 156 [ 105 - 3
-
by 0| 15.6
ot oz == L.kol 13 10.72 9
Llap |
—t——————t—+
- 5\ 1.37] 2%.7 —_— 39
.80
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TABLE 25—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF

LEADING-EDGE SWEEPBACK—Continued

T

8pan 8pan
of L.E.|of T.E.| Pence et
device |devi location
(v/2) ("/‘2? (v/2) Coariguration c[mx uclh’- 0.85 ¢p Cp characteristics Reference
- o,
0 & B 1.2 1620
At
@ 13| 270 | —— %= 39
573 o]
. . ===<;| —t
| G ) 1.05 | 20 | —— L j 5
. — :
-80 { A H
X Y —=—Y 1.06 | 19.6 | ——— 15
-]
.80
{ 1|20 [——— -
&
None ¥ona 1,,-k°
é 1.19 | 29.0 | —m——— -
- 1, =A°
@———\-——' 108 | 2.0 | —o -
i
(e 109| 250 | —— 1 39
g -
§ e
12| neo | —m— 59
i :
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TABLE 25.—SUMMARY OF LONGI;]?UDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF
LEADING-EDGE SWEEPBACK—Continued

fpan °
Fenoo
of L.E|ot 7B, A o}‘é" at C, charastaristios Feference
(vf2) | (v/2) (6/2) Trax
S
0 . .8 12 16 20
3
24
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one =\ 1. 5.7 . 2 2]
° ————— \ *
0 -t
bl [ty "
~ ]
& a 1.M4 | 1.8 10.46 T 39
I
) et
— . o 18 | 28.6 | 9.52 %Ua—h—' 39
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=13 . —Jl
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Kone —_— 126 | 15.6 | —— 1 : i 39
350 L
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— ves | 1.6 | —— \? »
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L.E.
flap . s
ﬁt Xone P o 2.29 | Bb | — 59
n-w 1 4 e n
Bozs —_—— L] e |—— | b 39
\ ‘
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split
Llap . T
e || o | ——| | »
57
80 L
.600 . ) .
= = ol w1 | | | s
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A BUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS
TABLE 25—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF

LEADING-EDGE SWEEPBACEK-—Continued

Span | Spen
of L.E. ::"{;E- Fence Ol uclm o lééb at .
davice location Configuration '
(bf2) | (6/2) (b/2) Luex »
i ‘10 5 .ec?..z 1.6 2,0
Xons Wooe — | B | —— C-T N
0Pt ey
|
it | moos P ——— .83 | 136 | — \/S
Nep I a
o I
L.E.
flap 3
;pjﬁt Hemn Q‘ 1.26 | 15.0 —_— |
flep 1
600 '
plit Hone ‘Q 1.3k | 15,4 —_—
flsp .%
Hone P —em——— l.22 | 27.0 8.95 ] )
Hone
T 125 | 21.0 9.00 . "QU; —
I
.80
LT 1.28 | z1.0 —t
) )
.0
.89
; i La | Rno | — .j, 4 —
575 ) i
& oy
‘tf;—\v 1.22 | 16.6 1.8
50 Bons f ) E 13 | 0.7 | ——— /
L.E. .
flap 1y = ° ——t——t——t
350 s
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1=k ' 1
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5T 1
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TABLE 25.—8UMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF
LEADING-EDGE SWEEPBACK-—Continued

8pan Span LD at
of L.E.|of T.E. 'Jim’, Contiguration o] i [0.85 G, charsateristics Raferense
02 | /) /2) ’
20 A 8102 1.6 2.0
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A =3 i »

8
b oo
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e il
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e 1
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g
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+

Boa = L33 155 10.27




A BUMMARY AND ANALYSBIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS
TABLE 25.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF

LEADING-EDGE SWEEPBACK—Continued

Span -
gheletnl r N— SO LA N p—
(v/2) | (v/2) (v/2)
L0 b B L2 1.6 2.0
Koma = 137 | .6 | n.e c:}\/]
1} + $ '/ t : od
0 |
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split +
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<3§§§k P 136 6.6 | — \\\\_’7
55 —t—t ):
8o 1
= Lhe| 156 | n.x \/) —
| /
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1, = ¥ ¥
b0 : .
L& P 13| 6.6 [ —— .
flap !
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.8
500 T
ext.
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K= |
575 |
.80 !
1, .0 +
- A
L{&\ . § 1.9 | 6.8 | ——0v —/ +—rt
& : ' *
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60 - —
oxt, .
split
& ==\ 1 | g | "\_55
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R ]
Noze xme P e T Tyt
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X — L0 | 2.8 T ——
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) }
<500 ’ !
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TABLE 25.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF
LEADING-EDGE SWEEPBACK—Continued

Gories |arvice| locatien Configaration e | e 085 ;:mx C, charsctertstics Beforonce
(/) [ (vf2) (v/2) .

o} o .
1
L o7 207 | —— c.:[}—’} . 39
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B
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600
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flsp
-500 1.38 | 8.2 | ——— T 39
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- P 129] %2 | :) »
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B ]
LK.
flsp
—_— 125 0 | — 5 3

=350
split
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i

Al

‘a 1| 6 | —0—



A BUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 25.—8UMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF

LEADING-EDGE SWEEPBACK—Continued

Bpan Span Fence L/D st
of L.E.|of T.E. characteristics Ref
device |device lm;;m Configuraticn cl'ﬂ! “‘Clm 0.85 Cr Cn erence
(v/2) | (v/2)
‘L
0 & .8 1.2 1.6 20
Hone ‘Q- 138 | Hb | —— ] 7 39
. \/}
} 3
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—t—tN——1
- I
.Bo
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+ + t + 1
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st —|
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1.43 2.7 | — t T l\‘\l 39
T
ST
L.E.
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156 | X0 | e T \/) 39
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1.59 28 | —0 \—/ls ., 39
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L] T T L)
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oLt 1.66 27 | — N 39
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TABLE 25—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF

REPORT 1339—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LEADING-EDGE SWEEPBACEK—Continued

o;.'p;:z. of'p;n.z. Fence o, L/D at
device |device lmm Configration Tosase| i [0.65 C C, chersaterfstics Baference
(v/2) | (v/2) 2
o & Tg 1.2
_— 21
== e | — .
b
&.o0w
i, =o° 1, = -3.86° O —————+
i T T \) .
2z
- s
iy = o° v i = -3.80° T
T
= b | — | | .
P i
1, =5 1, = 3.76° ]
= TS e | — f ‘ ‘0
B A
1= L° ) 1, - -5.768°
= = ]
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A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 25.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF

LEADING-EDGE SWEEPBACK—Continued

e, cg,;n e fom
devize | deviea] location Configuration O o}.‘f’ pig C, chamactertstics Refarencs
w2 |2) | /D ik
o & BY1z1L6
. - a1
. Cn
Ef ~ 30 -1
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5T C f >° 1ast| 288 | —— Lo
Hene |,800
-2k
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- 1, = 3.
—
T o] e | — -
HEaos
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? w 1k 4
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T P - .
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A5
L.E.
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=TT | o | —— 2 0
<33 1 kO %-.}0 1, = 3.0 1
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o " 511 ]
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‘e not reached,
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TABLE 25.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF
LEADING-EDGE SWEEPBACK—Continued

Fente

of L.B.|of T.E. c o L/D at

aévt, 2 location Configuraticn T, 0.85 C, characteristics Refarence
O (G | R ax

= 1.5 29.8 | — T
= 7= N w

£
%
‘_’»

1
e
%
o

-3

- 4 o0
2. ]
1, = 4@ 1, = -3.801°




A BUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 25.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF

LEADING-EDGE SWEEPBACK—Concluded

Open Bpan
of L.E |or m.p,| Feco L/D at
device dw;cf 17:‘/‘3“‘ Configmation Cliax uclm 0.85 C Cp charscteristics Reference
(v/2) |(v/2)
0 . B 1.2 16
.1
cﬂ
0+
50
» & = | me | — | .
L.E. [splt S
Tlaps | flaps a’g R - 080 _2
. L w0 1, = -3.62°
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-
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TABLE 26.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF
LEADING-EDGE SWEEPBACK

—_t fofu = k3O

- A«8.0 k2
" ' -0, Paax x 166
A=ods Haax, = 019

Alrfoll seatione (parallel to plase of symmetry)
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m of T.T Teoce - at
device |aevice | locatica Configaration e |t |98 €| Ca stics
(v/2) | (vf2) (v/2)
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[ I A 8 1.2 1.6
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2
Nooe P a—— 1.3 | 27.0 15 1 3
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o 1
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| | G—— 138 |26 | —— / I
= 1% |29.0 | —— [ { 0
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A BUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 26.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF

LEADING-EDGE SWEEPBACK—Continued

o?p?.n E ogp;n E Fesice
. ce | Locatd Conf: ac, at
e — LON LT o) (RS .
g,
o & 8 1.2 1.6
Bt
= 13| 265 | ——— m
0
o =S et |-
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m——— | ’ n
. 1.% | 770 | —
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-]
split .
flaps
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split By = 30°

*Cp Dot reachbed.
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TABLE 26—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OT
LEADING-EDGE SWEEPBACK—Continued

Span Span P
of L.E.| of T.E. MT ¢ o L/D at i
d?;ﬁ; s (/2) Gontigumation fone| Theax 085 €, Cp charcteristics Referonce
- 3
[ I .BLl.z 1.6
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N |
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o
N | = ||| s |
.50 .
Booa ext.
split
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S
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flops
(a 1.68 ] 2%.% 10.3 | : t b
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S S ————
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.35 /"\//
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A BUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 26.—8SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF

LEADING-EDGE SWEEPBACK—Continued

Span | Span
of L.E.|of T.E. Fence ¢ o LD at
davice |device | locaticn Configuration Lny] “Leax j0.85 ¢ €, charactaristics Reference
(v/2) | (vf2) (b/2) . Eax
L
o ., B8 1.2 1.6
<0 n -2 ’
- cne —
opiit PR —— R T - 3
flops 8y » 60° .
O e
£o
epLit Kene P 1| 200 [ —— “
& = ° S W —1
1| ok | —— /\/f n
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1| a0 | —— /\ﬂo n
L
«0
L.E.
flapo &0
split 1.55 | 2.2 - U 5
flapa | 575 3
£0 \ 3¢ = 60°
)
: 147 | 2x.2 n.s k [ e
8¢ o 20°
149 2t | — /\—\/f 5
e U V—
1.54 | 25.0 —_— /\_/P 41
-
1.57 | 204 —_— ’ , 0
1.66 | 20.% . : : j) [
72| 200 | T ¥> kL
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TABLE 26—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF
LEADING-EDGE SWEEPBACK—Continued

Span Fexnce
of L.E.|of T.E. at.
dz;i/;!)! d?:;;t)x 1—‘7:;‘;‘;" Configuration “Lrax s A o.ajl{b oL, Cy characteristics Reference
cL
.35 o .k B8 12 1.6
ext.
;ﬁg PN 1.6 | 28.0 10.8 cm'lli ? %
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.60
ext.
it (a 17| 02 | — l T~ i 0
. flaps 5 o = 30°
LE.
flaps
X = o | e | —— | e n
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.80 -
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Hone P —— Lho | 00 | — l i n
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& P el R M "
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of L.E. flap
g Hone at .50bf2
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183 | 9.0 | — 7_‘_4‘/_, L3
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. of L.E. flap M
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PP | Hoe P 143 | 265 | —— | 0
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By of L.E. flap
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/
g
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A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 26—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.33° OF

LEADING-EDGE SWEEPBACE—Concluded

Span Span ¥ t
of L.E.|of T.E. :I.oc::l:eon Configuration clm ﬂclnz o‘gh c;m C3 characteristics Reference
®/) | b2y | 2
CL
10 * B 1216
pcam—— 1. . —_— n
. 5 » | %2 o)
N Fence bolght = 0.15tpe,
-1
— 1w | %5 [ —— *t*:j‘éi* e
2D Fance Neight = 0.15tmy -
0.50toax
Pr—— _0r 1.3 | 21.2 7.5 i N
i, = O° 4
Bone HEcoe | Noos
5 [ —— N _8_ 132 |z | — B
iy = k0 -
i
6, _5:_. - 1.3 | #8.2 8.5 n
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1, = O° )
? fe— . g sz | —— | -] : )
Ay = ke
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flaps | split 3'.5’ |
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1, = 40 Oy = 36°
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TABLE 27—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.66° OF

REPORT 1339—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

LEADING-EDGE SWEEPBACK

46.55° Agfy = hs® A= 5.00 Roax = 10.0 x 108
A = 0.565 Mgy = 0.2
Alrfoll sections (perpendicular to 0.250 chord line)
spen | Span TacA
of L.E. |of T.E. LD at
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bgt)' ‘?;73 Configuration soction & Tyax Ca
o
4 .8 1.2 1.6 2.0
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- il
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0 prmteH—t
-1t
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—
SN LY P ER Jo |-

TABLE 28—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.6° OF

.

LEADING-EDGE SWEEPBACK

1660 Ac/,‘.l;f A=6.0 nmx-a.oxlds
A« 0.500
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g P S i e e L R
®/2) | 0o/2) reeken
L
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A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 29.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.7° OF

LEADING-EDGE SWEEPBACK

NS

Aefy = ¥5°

A = 0.600

A= b.00

Roay = 11.5 % 105
Hogy = 0.20

Alrfoil sections (parallel to plane of syr=etry)

Root: KRACA 654006
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(v/2) | (v/2)
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o .k .8 1.2 1.6 2.0
.1
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0 b t v
N
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0 [/
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flap
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Rone n
By = 07
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split
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TABLE 29‘——SU\I\IARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 46.7° OF

REPORT 1330—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICB

LEADING-EDGE SWEEPBACK—Concluded

Span Spen L/D at
:.r'i.g. zﬂ'fg. Configuration L A °C!=u 0.55 . Cp charactsristics Reference
(vf2) | (v/2)
o
o .5 .8 12 1.6 2.0
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B = 20 [ —
Hone —— 1.09 | 7.8 | wey Lt/ mn
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0 @ 132 | 28.0 6.5% —\) 1%
L.E.
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fap
B = P T 1
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A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 30.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.5° OF

LEADING-EDGE SWEEPBACK

1
’«\7-;5° Aoy = B30 A = 3.50 Rogx = ¥k X 1067
A = 0.510 Hegy = 0.07
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enmm—
‘- -
8, = 0°
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8 = 20° I =
C 1.03| 23.0 6.08 l ) 8%
P — )
e = 0.20
By = b5° .
—
c¥ » 0.10
&, = b5° " ’ ¥
Q@) Lot) 2.0 572 —F\) "
Hons T
o = 0.15
- 45° 4 L
fjg? ( ,C“)— ) 101 22.0 7.15 l \ s
flap o = 0.20 !
By = 60°
C = R B D e M
o™ = 0.10
8y o 60°
C | 1.02{ 2.0 5.60 ' h
c” a0.15 r
8, = 60° P
T L
C i 1o au0 1.1 o b
 ema0.20
8y = 30°
430 C — ;‘ 18 [ 23 3.5 - "
plain ..
flap c® = 0.0
B, = 45°
1.1% | 20.0 6.68 ) ' bt
Q@V‘) j. —
c® = 0.10

4091904—08——95
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TABLE 30 —SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.5° OF
LEADING-EDGE SWEEPBACEK—Continued

Span | Spen
t
m:. of T.E. Configuration | Clinx Clax o,{;’,"c;m Cy charsctaristios Referenca
(bf2) | (v/2)
By = 3¢ *
.0 4 .8 1.2 1.6 20
o e}
Ca
C = < e R bl Il I Y SO .
-2f
655 c" = 0.10
plain
fiep [ f
— T 1.8 | 18.0 6.88 — A W
300 c* « 0.10 g
L.E.
L. T —t—t—t—t
( 3 1.2 | 210 3.95 ':A_)O 1Y
B30 <" = 0.10 "
plain
flsp 8y = b5° —+
Cm = || o { — S
c'-o.].o_\ - ]
8y = 30° \
ev——mae—R I E SR
c® = 0.10
g = 3° !
1 1 I " " 1
Ce——" [|o| > | 5] »
c¥ = 0.5 i
B = 30°
— R 106 | s | sm ._._j = "
c" « 0.20 k
By = ¥5°
G — i 1.8 | @0 | 632 l o "
c® = 0.10 3

.05} B5 3.7

PR
§

AT

c” = 0.15
0, = ¥5°
( ) 1.07| 2.0 5.33 + ™ '
<™ = 0.20 o
8, = &0°
Cee—— > ||| o=
o" = 0.10 L
By = 60°
1.05f 2k.0 6.24 14
e = 0.15 o

"
e" = 0.20
8 = 3P .
430 .
116 1B. 6. i
P C O 5 3% Iy
N
<" = 0.10
3y = 30°
655
P‘-“‘m ( o < ; 1.26| 05| 5.9 Y
e” = 0.10




A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 30.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.5° OF

LEADING-EDGE SWEEPBACK—Continued

1

e el E o |ec Lo et
9 5. Configuration Irax [0-85 O, Cn charactaristica Reference
(v/2) | (v/2)
b = 3P e
o . .8 1l.2 1.6 20
C ! 10| 2.0 | 23 0 oo bbb i1
Cn °
c” = 0.10 -1
By = 200
C ‘) L0 | 23.0 5.34 | ﬁ
e
8% = 0.15
- 30° g
. % C > L.06| 22.0 5.29 l \
c" = 0.20
bp = 150 |. + P
C — 1.09| =3.0 5.55 l——\,
o" = 0.10
20| e | 22 L - !
fisp ( — ) 1.08] 22.0 3.57 l ‘Jﬁ
c" = 0.15
&, = 45° 1 N : t —
C — 3 1.05| 220 5.95 l \
&" = 0.20
L 60° : $ M
( — )] 1.07| 23.0 | 6.8 l —'\7
o = 0.10
8, = 60° " I
( — 3 1.07| 230 | 535 G
e = 0.15
5, = 600 —
( ] 1.08 | 23.0 6.80
c” = 0.20 ]
430 | tn= B30 L —
plain 118 | zt0 | 6.28
flnp —
" = 0.10
s | % —
plr::: C === > .23 2.3 | 6.5 D
" « 0.10
ey = 20° \ e
C PP enm—— ] ; .10 | 22.0 320 7
' o = 0.15
Bp = 200 At
( — D 1.06| 220 | 3.3 D)
" » 0.2 i
+5% -
L.é? Hooe b = 450 1
fiap ( — — 1.09| 22.0 5.30
e = 0.10 b
B, = ks° ’ 3
C e > Lot 220 [ 3.5 ] .
& =
e" » 0.15
By = k30 r
J—— ) 1.06] 2.0 6.00 = = S
‘ c™ 4 0.20 ' I
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TABLE 30—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.56° OF
LEADING-EDGE SWEEPBACK—Concluded

8pan

Spen 1/D at
of L.E. :i';tj Configmation | Crax| *Crcax | 0.3 Ly Cn characteristics Rafarence
(of2) | (v/2)
. CL
o = 60° o .4 .8 1.2 1.6 2.0
C e |rofes | |22 20| ,
HI
- ¢” = 0.10 -t
k50 % - &
L5 | nee C I 109 | 225 | 599 l > N
c™ = 0.1%
8, = &0° - —
( s 1.08 | 23.0 5.7% l ? iy
‘ c” = 0.20
&, boad ;
( e ——— ::‘ 1.09 | 22.0 3.0 l \ Ly
c" = 0.15
8y = 50 —t—
C ) 1.08| 22.0 5.10 1 . j y
c” = 0.20
8y = k5°
C ] 1.09 | 23.0 5.45 l :i
500 “
L.E. Hooe c” = 0.10
i o = 15 T
( e _> 1.09 ) 23.0 5.45 l *\9 ry
c™ = 0.15
By = 43°
C o > el R l ' w
&" = 0.20
3, = 60°
r ; 1.08 | 3.5 6.10 l — 1*Y
) ¢ = 0.15 :
8, = 50° oy
——t—t
C — 1.8 | 2.0 | 6.3 _l M bt
c” = 0.15
8, = 300 o R
G——— ) 1.0 | 220 | 5.8 l A "
550 c” = 0.20
L.E Hone
flap 8, = 43° . 4 N
Sttt
- ) 130 |20 | s.50 l b
g" = 0.10°
8y = b5° — et
( 1 1.9 | 2.0 5.90 v\f' b
o" = 0.20 M ’

1.08-| 22.0 645

1.10 | 22.5 6.56 ' Y




A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 31.—8SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.5° OF

LEADING-EDGE SWEEPBACK

S
57.5° Aopy = 580 A w3k Rogy = 6.2 % 105
A = 0.510 Mogy = 0.20
Adrfoil sectiocns (perpendiculsr to 0.250 chord line)
Mote Boot: MACA 6% A112
Tip: MNACA €MAL12
Span Span
of L.E. |of T.E.
device| device Configumratica Suction Loy {200, cq Cp cheracteristics Raference
(v/2) | (v/2) suction
Cy
o .k .8 1.2 1.6 2.0
Boaled | 1.03 | - —m— | ———— 0-—=I<O-\T+—'—l- 1%
. Ca
f-+1 T
+ t t 15
0.005¢ | 1.20 | 0.17 High }
0.005¢ | 1.12| 0.09 | Modarste _[_\/—,‘ 43
Buction ¥ =
0.005¢ |0.98 | -0.20 pover a5
failure
out- et ————t
boara | 1.13] 0.10 High 15
0.005¢
s
0.005¢ —
tioos | Moca | (7 ) ed |19 | 0.6 High [T ¥
Cenat—— 0. |
0.005¢ e
and .15 | 0.10 Moderate 45
0.kOe 5
Out-
board et %
0.005¢ | 1.17 | 0.1%
50 igh [\\q
| 9:400
0.05¢ | 1.20 | 0.17 Eigh r’\ 55
0.025¢ |2.15 | 0.10 | Hoderate l ~J ¥
0.025¢ ——t——t
and 1.19| 0.18 High N ks
0.50¢ |
0. 1 t
.fc 1.13 | 043 Moderate , L]
0.40c |
Sealed | 1.06 | —~——| ———— ___,\) &5
ko —
split o o . v
g | C E—— | oo faz2| 0.6 | me | —_ >
0.005¢ | 1.13| 0.07 | Hoderate 2 s
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TABLE 31—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.5° OF
LEADING-EDGE SWEEPBACK—Concluded

Span
of L.E.|cr 2.8, Soction charactoristics
device |device Contigmration alote | Clome| Flmax | &g fa Referance
b/2) | (o/2) . suctico
i oL
Out- Go' & 8 1.2 1.6 2.0 '
voard | 28| o0.12 i
0.005a e Ca| J
-1 i
0.005¢ 3 —t
and
o o 1w o Bigh j_ —_ ¥
Mone split
flsp C@——:
0;2:& L2 0.3 Kodarate I ‘ . L]
0.%00 : l —_—
bosrd H t
. o.mse | 10| on | men l _ il
0.500
Soalsd”

0.025c | 1.17 | 0.0 | Hoderste | _? L

L

Sealed | 2.8 —— | —— — ) ¥
0.025¢ | 1.26| 0.08 | mien L —— s
N S
0.025¢ [ 1.25 | 0.05 | Moderate l \ L)
50
ae || C —
flep e
‘ Suctica
Y 0.02% | 1.09 | -0.17 powver L3
failure
°;.‘?§’° 1.29] o1 High S L]
0.%0¢ \
°;;‘§5° 1.28 | 0.056 | Moderate l ) \') C L3

0

»

:
N
\
g
;
|
;

flap X




A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 32—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.5° OF

%7.5°

LEADING-EDGE SWEEPBACK

hofy = 45° A w35
A = 0.500

Roay = 7+1 % 10%
Hogy = 0.13
Afrfol) sections (perpendicular to 0.250 chard lina)
Boot: HACA 6hjAll2

Tip: HACA Ghane

Span Bpan .
of L.E.|of 2.E. Saction
dovice |deviee Configaration o | Cleax Ly Cq Cp characteristics Raference
(v/2) | (v/2)
CL
o .4 .8 L2 L6 2.0
Sealsd |0.96 | 2.0 o r‘\j $ + $ Y
Cn
-1
0.0 {111 | 23.0 | 0.028 R ' %
0.500 [1.06 | 22.0 | o.o2h l -~ 13
—_—
( . 2. 0.026 ~/
Hocs — ) 0.0 f1.00 ° 1 %6
0.80¢ $ + + —
oboe |V |3 0.05% ' -~ Y3
fons
0.200 + 4 —t—
0.700 1.12 | 2.0 0.033 \/l %
0.50¢ 1t
.00 1.8 | &4.0 0.035 ~J ¥
\ 4
0.20¢ T
o.k0e [1.11 | 23.0 0.0 < ) ' v
0.70¢ 1
Bealed |22 | 360 | ] — »
450
ol I oo o
osoe |28 | 19.0 | o.0x7 /) s
0.70¢ T
——t—t—t
Bealod |1.09 | 15.3 ——— 1 —_‘\s L7
.130 +
t
s - Lomm—— I 0.200 —
050s [1.23 | 185 | o.037 A6
0.70¢ —
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TABLE 32—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.5° OF
LEADING-EDGE SWEEPBACK—Concluded

Spen Bpen .
of L.E.|of 2.E. Sucticn charaoteri, Roference
Configaration oot Cloay | “CLgy cQ Cp stics
(b/2) | (v/2)
Cy,
0o .4 B8 1.2 16 2.0
Seeled [1.10 | 25.5 0 =b—+— 1+ 73
Cn TN
-1
Xooe
C—
:3‘; 1.1k | 225 0.057 '3
<o
-500
L.E.
mp L + L
- Gealed [2.15 | 19.6 | —— l_q_\ %
430
st | ( P m—— ;
m ¢ A 1 1 'l 1 t '
.20c et
2% fra |as | oo Jr 2o ]
Scaled [1.09 | 22.8 | — } j): —t %6
Hono
C—
.20c t + t +
boe ra7 | 2.0 0.037 TN ¥
.T0c L
600
L.E.
flsp
2oaled 1.4 | 2000 | — —t f t—+t I3
A50 -
ol Q-
/ S —
200 —
'ﬁ a.2v | 218 0.037 i —J %6
)
Sealed |21.10 | 23.0 —_— LT3
woor | (e D — —
.20¢ ~ L
B0e 38| .8 | o. l N 6
.oc 031
70 _
B Sealed [1.05 | 203 | ——— ]' ,J 73
450 :
spite | ( e —
y N f—t—t—t—
:385 1.28 | 215 0.057 l — "4
+T0c




A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEFPT WINGS

TABLE 33.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.5° OF

LEADING-EDGE SWEEFPBACK

Agpy = b5° A =350 Bonx = 6.8 x 106
§7.5° !
A = 0.500
Airfoll sections (norzal to line of maximum thickness)
Root: 10-percent-thick circular arc
Tip:  10-percent-thick circular are
B;F?.nz o?;nx 1/p at
0. B .B.
davica |device Contiguration o | “trex|0.85 ¢, Cn charactaristics RBeference
{v/2) | (v/2)
0 .4 .8 12 16 2.0
Y
— oor| as | sm % w7
-1
Hicne Hone
_—— 0.8 | 23.5 | s.08 H—‘—‘—" u7
P —e—— 0.88 | 23.0 3.57 }‘/\/7 +——t 7
»500
rounded | Hone
L.E. \
= Ly —
0.87} 25.0 3.79 1 <3 7
By = 20° I
1 P
~T N 0.95 | 20.0 5.9 l ~7 T b
B = 500 '[
500 . o ——t———
00 ——\ 0.9 | 18.0 5.00 r A ¥7
flap
8 = 60°
Q 0.92 | 6.0 .86 ' ./ ' = 47
Hone
. B¢ « 20°
Lt l.oL | 19.5 5.05 4 ) b7
te = bo° ——t—t +—
1.000
plain N 1.05 | 18.0 h.85 3 / 7
flap
By w 60° + + + } -+
- 1.05 | 16.0 5.69 ? N7

460194—058——06
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TABLE 33.—SUMMARY OF LONGITUDINAL’ STABILITY CHARACTERIBTICS OF A WING WITH 47.5° OF
LEADING-EDGE SWEEPBACK—Continued

Span Span L/p at
?rm!":' z;.f; Configuration Toxx Ganx 0.85 Cx Cp charncteristics Reference
(v/2) | (vf2)
8, = 2° ‘ CL
o . .8 1.2 2620
2t
Y 0.8 | 25.6 | 3.8 s
0 —:@_.__‘._,_
Cn
-1 4
B [~ ,
250 ._/-\ " ’
ol — 0.8 | 23.6 | 3.57 ' T Y]
&, = 30° 4
500 bt .
i ==\ ool 110 | %6 _4
8, = 20° T
— 0.92 | e2.5 3.72 1 Kl s
Hone P
<500 T N 1
e e Lo 26 | a2 1 < i ¥
8, = 50° &8s = 60° I
500 S
plain P mtm— 1.06 | es.2 3.50 v w7
Llap s/\
&, = 20°
P mm—— 1.00 | 26.3 5,36 \ @ * 7
Bane
oy = 30° I
.T50 —_—

LY)

E
:
|

7

T 136 | 2.0 | s

8

O';
1l

0.9% u.37 b
3, = 2P
1.000 P ——mm— 1.00%| 26.3 5.k9 [%4
L.E. Hooa
daroop -~
&, = 30°
e lo5%f 6.3 | 6.6 — v
o, = ko°
e Lops( 263 | 7.28 8




A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTHRISTICS OF SWEPT WINGS

TABLE 33.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.5° OF

LEADING-EDGE SWEEPBACE—Concluded

Span Span
L,
::v:;s ::v‘f:' Configuration Clrax acr-mx o.Bé]J c:’: . Cn characteristics Beference
(v/2) | (v/2)
‘L
By = 30° by = 60° 0 .% .B 1.2 1.6 2.0
ol + t + ( }
-500
plain 1.1 | 18.2 6.08 - ) A7
pias ﬁ:\ 1
-.2
8y » ko° 8 » 60° +—t +—+
e 115 | 20.0 6.11 \—3 57
8y = 10° 8¢ = 20° —t
|
— 1.06 | 21.2 5.8 N7
oy = 10° Be = b0 PP
= 1.0 | 20.0 5.35 _,_J 7
8y = 20° 8y = 60° —t—t 3
_ 1.10 | 16.0 4.66 _,\j 87
8y » 20° 8¢ w200 Y
—u 122 | 23.0 6.3 T x7
8y = 20° 8 = koo —_—
1. 1.000 P ~—um— .16 | 18.0 5.80 7
L.E. | platn | V\J
fnp
B = 20° 8 = 600 PA—A———?—»
_— 117 | 16.0 $.11 \/_] 57
8y = 30° 8y = 20° F———
e 1.20 | 26.0 6.58 1 57
By = 30° Br = O° e
Py 123 | 200 | 597 [ NG ¥7
8, = 30° 8 = 60° ’
m 1.23 | 18.0 5.09 1 \/ 57
8 = bo° Br w kOO f—t—t +—
S 105] 20 | 6o \/I 57
8, = 500 8r » 60° ———
Fg 1.26 | 2.0 5.16 \) N7
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TABLE 34—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.7° OF
LEADING-EDGE SWEEPBACK

_,‘_7.‘; Aoy = 85° A =510 Fpay = 6.00 x 106

A =035 Honx © 0.1
Airfoll sections (perpendicular to 0.286 chord lina)

Root: NACA G4-210

Tip:s MACA 65-210

of L.E. |of T.E. L/D at
device {devi Configuration c"n-x cl.t ax |0- characterist. Referanc
w3 { o 0% Clon % tes °

pat—— e L e Q/ —=l Y

Nooe
i —— O R ;o
1, s 4.1° E;l.-og
c:;-
= "= ]| ®
1p = =3.10 E. @

I~

450
flap \]

— .

Y

-

=m
-

=
=
—

D

618

b

450

single —
B = |u|
doue

flap

50 B = 30°
doubl

flap

516
slotted N\

double [ camm—— 1.52| 23.0 7.5%

slotted . AN -2 8

*CL_: not reached



A BUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 34—S8UMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.7° OF

LEADING-EDGE SWEEPBACK—Continued

Span
of L.E.
device

(v/2)

Span
of T.E.
device

(bf2)

Configuration

oax

Sty

0.5 op

1.61

2.5

1.30

18.0

&9

1.25

19.0

A9

1.34

a.0

A9

.39

A9

E&§

25.0

7.28

7-62

<315

1.23

27.2

AT

1.36%

29.3

49

1.26

6.92

450
split
flap

1.32

31.0

k9

split

6.18

split
flap

1.34»

49

.618
split

1.35%

23.5

6.72

450
osingle
olotted

1.45

29.5

».60

[~ not reached.
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TABLE 34—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.7° OF
) LEADING-EDGE SWEEPBACK—Continued

e, [, o
o 2B |or 22 Configaration | iy [ 0,85 Cp cajagtaristics Reference
(6/2) | (v/2)
500 - o . .8 l2 1.6 2.0
[l + L + +
toxle _ 1.36 | z2.5 en  |a S 8
Nep \ -1 \
-2
50 B = 50° —t
doudle
S e L ol I ¥
et \’\
A ' N
o . o . 8
slotted Pamm— N\ 1.38 | 25.0 .35 L \”
flap
P pEY [ AL
double
slotted P e N 1.5 | 18.0 1.52 -2 18
flap \ * 3 \r
T 0 Tt
918" ?
prpveeil . 1.75 | 196 | ——— | -t 8
flap N\
-5
5‘-500 + T + Ly
,C:-“ 1K | 19.0 | ~— \7 b9
oy
angnlsr!
flap 8, = 30° "
30
i =~ = | 0
flap
A0 i
Totated] ..
split —y 11| B8 [ g
Tiap L
=< > |ar|ns |[——| | w
A50
step
split S
Tlap .
e e |we | — | —y »
b = 150 — et
=N W*) PR3 (. \“{ ?
o~ 30 —
T = = p|m|—| ] v
A50 I
ext.
split By = b5° "
<’C'\—> 1.6 | 30.0 | —— \—1 v

*C1, ., Dot reached.



A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 34—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.7° OF

LEADING-EDGE SWEEPBACEK—Continued

o??.nz a?p;ni: L/D at
devico |devics Conf iguration x| “liay |0-85 ¢ C, characteristics Raference
(vf2) | (v/2) '
8, = 450 o .k .ect'l.z 1.6 2.0
ST .600 .3 -1 1 1 [ |
e || <= = M| | &
fiep -2t \/D

- 130 300 | e \/\ . -

Lone ’L
<= = jrur|wmo| D L\/\ 0

.ﬁt == 1.3+ 25.0 6.3 . w8

flap !

8t = 25° L
Bt = 30° —
== = jam|wma|——| T 9

450

split .

i 8¢ = 45° b f——t
e || e | — | I~ »
e = || e |——| 1™~ "

k23
L.E.
nnp I 1 1 1 T

500 f—

split = 137 22.0 5.5 \’\ 8

flap . 4

600 ————1

B e e || 4 o

P
8r = 30° S

450

.516 1 + —

ﬁbt::d (Ob\ 149 | 20.5 7.19 1 59

4 B¢ = 30° .
(QQ 1.kh ]| 22.0 59

Tri- 1

angnlar 1

fisp

o = 300 L
=== = |*|| [T i

-450 ——t —

rotated

oplit e N 1| B | | \_,\ 59

flap

!

'C! not reached.
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TABLE 34—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.7° OF
LEADING-EDGE SWEEPBACK—Continued

of L.E. |of 7.E. ) +
dz;i/;; am Configuration ctnxacr-nx o.g)/b c: Cyp, cbarscteristics * Raference

o :
e el Bl el [ B '
450 Y
step -
split
g
e ) S e T B '
25
L.E.
flap %50 —+ +

k9

.
mel <= = Y| ——
flsp

49

600
ext.
| e = e me |

1.28*

e
T
— = |w|me|—| T |

%8

§

3
5

e i s | ——

1, = .10 2% w -.053

1, = -3.1° 2. 3

spite < > 1. 22.0
flap P 33 6.34

b9




A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS 1511

TABLE 3¢—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS8 OF A WING WITH 47.7° OF
LEADING-EDGE SWEEPBACK—Continued

Span
B, .E. L, t
::wli.cf of T.E Configuration [~ e o_aéb c;m Cn characteristics Reference
(b/2) | (v/2)
A
[+ 4 .8 1.2 1.6 2.0
— 153 | 25.0 5.79 od—— + 8
G \\
-1
e e |—| | —— .
eplit
fiap Ny ;
e —— L N 3
1y, = =3.3° 2z, o5
b
TT~— "
flsp .
.618 —
spLIt rc\- 1.56 | 23.5 3.64 \ﬂ 18
450 : .
:l.otted < .«O‘E - 1.9 | 25.0 5.77 »

flap

@ 142r| 0 | 68

Aguble
olotted

1, = -2.9° . a%

penr—— N L e e | \ 50
N
7

e T e D N

1, = -3.1° ' % - 382

oy, not reached.
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TABLE 34—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.7° OF
LEADING-EDGE SWEEPBACK—Continued

\E. .E. : LD at -
g:v:.‘cf gv}.: Configmation cltnx aanur. 0.85/D Clinx Cn characteristics Reference
(6f2) | (vf2)
- C
150 ’ e e .5 .8 1.2 1.6 2.0
acuble 0 T SO S S
e I =S bl hl Bl o
i 0 i '
-2}
M6 .
Aoubl —. . X . R
Mt:d 9\ Rl B 628 \/Nr °
Liap i
-1F 1 1 ! ' |
626
double . 1.70| 23.0 657 | .2t \_/ %8
slotted AN
flap -3l .
&y = 150 + + 4 + 4
P —mmm—— L) 230 "\) -
8 = 30° ——
- (o“ 1.8 | 9.0 | —mm \—7 49
ori- i
angular
flap By = k5° —
,C-“ v faso | ——1| 49
575 r
L.E.
flxp r
o - 3 s
@ 150 30.0 6.2 \ v

&9

= = ||

k50

flap

&9

par—— N e Ll B

me| <= > M| ®e| e® | g v
flap H

600 t + +
mi| < e > [P | ] .
flap -\A




A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 3¢—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.7° OF
LEADING-EDGE SWEEPBACK—Continued

Span | Span L/D at
of L.E. Jof T.E. Configuratica enx| Lo |0.85 O C, characteristics Refereace
(v/2) | (v/2)
aQ
o .+ .8 1.2 16 2.0
1.35%| 27. . O 8
— 35%| 21.0 L.99 Cn ",
-1t
Hone
—_——
—_— L lzoe | N\"\ 48
T
@ 15 |2bs | —r 3 »
400
split -
i N
= =l [—— | \\\\\\‘ )
—— i
1, = 3.7° 2 .0 L
5
e i|ms | —| |—~ »
'% . <+
Le | 20
flsp | fisp —t———t
\ L=
1g = 3.3° 2. 053 T
D)
600 N
o B el Y P I D VA
450 Pt
e s N L L ~—— ¥
flap = )
"".’:g?" — 1AT {225 6.95 \,J 18
slotted \N
fl=p
150 ’ =5 — Y
:.mbla :: -~ > 1.62 | 23.0 5.98 #\_/b 59
flap '
516
sioteed) — 160|225 | —— \jJ 18
fiap \
8r = 30° L
- ¥
aginhr Q 1.5 | 17.0 | ——— ?
flap
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TABLE 34—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.7° OF
LEADING-EDGE SWEEPBACK—Continued

at
zvli“cg' ﬁ: Coafiguration h clm uc[m o.gncx Cp characteristics Raference
/) | (vf2) :

i o s +—t +
o M b e
o P p— )

250 t + + )
”,;ﬁ:“ —— 16| 8.0 | 1 9
flap

@ 13| @2 | —— _w\l : 9

2525 | .0

LE |aop

flap  fapiit N
Tisp

e ||| —| | v
450 t t t t + +
mis | <= 7| ][\A ¥

600 5,-155“ 1 y f + + +
Mie | <= > || ®e—— , s
K ~

Hooe — 1.32| 26.0 5.7 — 18
500 '
oplit — 138 =.0 6.50 \’) 18
f1ap
besvl ——= 182 205 6.9 _\/v 18
flsp
618 1| 200 6.8 \/\ 8
flap :
515 |
Il:i:; munneﬂh P 5| 2.5 6.8 \) 18
flsp \
516 —
:.m:‘bl.e —— 15| 2.0 | ——mm8 ] \j 58
finp AN I
o —t—t
oo e 1.66] 21.0 7.06 8
flap \ N
1
By = 30°
Tri-
~ 153|180 | —— | | Ua-
fiap . publiched



A BUMMARY AND ANALYSBIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 34—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.7° OF

LEADING-EDGE SWEEPBACK—Continued

Spen Span
of L.E.|of Z.E. LfD at
devi devi Configuration g characteristi
(b/;; (b/;‘), cI‘:m: uanx 0.85 ¢ Cn c8
0 & .8 l.2 1.6 2.0
RES
Hoas Pe - enm—— . 1.27| 5.0 8.00 C )
(] + + ., +
\_/
-4
-500 1 \
;ﬂf = 1M | 20.5 8.a — )
\’\_/
.700 i
L.E.
flsp 4
0 J
oplit QT 1.55 | 20.5 1.96 + + +
flap \)
618
rﬁt ,C_}—T 148 | 208 | — \J
. .618
L?E split C‘- 1.5 | 19.5 1.65 \)
flap | fimp
°n'2°° l
Rono P 119 | 26.0 ».59. M —t
aoo | =2 ~ ——t——
g = 122 | mo | 6 \/}
B, » 20°
vl = 125|250 | 65 ~~—~
flap 4
o =208 F————
—— 1.3% | 2.0 7.5
LE B = 2 s
= e L Ll {\
200 8, = 20°
double
slotted
flsp
N Ll Ll
——
2
st--b.1° -b—---055 ]
%'200 — ]
Nt
=i N P R I \)
1, = 570 2T . 382 -F
®
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TABLE 34—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 47.7° OF
LEADING-EDGE SWEEPBACK—Concluded

Span Span
.E. T.E. L/D at
| i i e e M
- 20° L
% o .8 1.2 1.6 2.0
. -526 —
L?'E ﬁ:ﬂ P 136 | 19.0 7.70 C.o 48
droop fiap \ -1 \_,.r
-2T
B, = 20° . . . )
Yoo — 13| s0 | sa ~—— 18
8, = 20°

a8

331
&
8
§

T
§

48

tte = 1387 250 | 532
fisp

By = 20° —
s | 618 14| 2500 5.k 8
L., | splt DR— . 23. 55
drgo’ flap \/
- 2P —
A o + —t
dosble 147 235 5. ~— 8
sioes T g 1
on = 20°
cfhfe . 1.53 | 20.0 6.88 T 48
slotted AN \/]
fiap - +
By = 20° $ + t + +
626
aiotren — 158 | 2.5 | T *
i ) P~
8, =207 ——t——t—t—t
o P 17.0 6
double o 159 | 170 T L
slotted] \ 48
.70 | nep 13
L.E.
droop 5y = 207 ——t
626 X
prsdl — st 155 | 1.6 18
flap N\ 1
h0O 8y = 0° n "
LE | - 12| 20 | 7 \___) 8
droop flap \
500 &, = 30° + +—t
prjreel [ 17| 22.0 5.68 ! \/-* 18
475 | fiap \ -
L.E.
droop 8y = 30° ot
o 1 8
m Pramm— 1.6 | 23.5 7.5%
flap N\ L
By = 30° y
gl e 6| 2.0 1.3 1 8
LE. |aomle 1. . .
el prseesil YN
f1sp




A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 35.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 48.1° OF

LEADING-EDGE SWEEPBACK

Aofy = b5° A= 3560 = 18.0 x 106
N /b Frax x
8.1 A = 0.520
Adrfoil sections (variable)
Root: MACA 0015 (approxizate)
Tip: MACA 25009 (approximate)
Bpan
of L.E. ogp;?r:. . Configuration ¢ Lp e
devies |dsvics Tenx| “Cleay |0 Cleay Cp characteristics Refarence
(b/2) | (v/2)
cL
.6 2.0
Hoae P ——— 122 | 8.0 7.%2 on - ? 1.2 1;6 + 1
-1}
Lone ;Sﬁt C>\- 33| 178 5.10 W
zu N
562 1. X
oplit e o i N !
flap
T

TABLE 36.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 48.4°JOF

LEADING-EDGE SWEEPBACK

£8.5° Aoy = AP A=2.0 Py * 12.0 x 106
A = 0.600 Heay = 0.20
Alrfo1l secticns (parallsl to plane of symmatry)
Root: MACA 654006
Tip: HACA 65A006
Span Span . .
gvi..r.. of T.E. Configmratica x| *Clnax o BI",f‘D e Cn characteristics Baference
to/2) | (o/2) Y Pleax
b .acl'l.z 1.6 2.0
0
toon — 103|240 56 |% q’t‘_'_._ »
-1l
Kone
'ﬁgﬁ e 113 | 2.7 5.8% '\ "
f1ap
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TABLE 37—~SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 48.6° OF
LEADING-EDGE SWEEPBACK

_k?‘; Acpy = 83° A=k By = 10.9 x 105
A = 0.300 Hegy = 0.20

Airfoil secticns (parsllel to plane of syzmetry)

Root: MNACA 654006

Tip: NACA 65A005
Span -
of L.E. ogp;?x. Configuration > LD at Cp charscteristics Baference
device |device “Cleax |0.83 Cloag ‘
®/2) | (v/2)

cL
10 8 1.2 1.6 2.0
None — 1.08 [2v.5 3.83 | o 1w




A SUMMARY AND ANALYBIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 38.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 52° OF

LEADING-EDGE SWEEPBACK

520‘ Agfy = 3° A =268 Rapax = 11.0 x 106
A = 0.625 Hoax & 0,21
Alrfoil sections (perpendicular to 0.282 chord 1i0a)
Root: MACA 6%)-112
Tipt HACA 64y-112
?;:B ogp;n!: LD at
:avicn. device Configuration Ot pe]| Cliny [0.65 Crone Cpn characteristics Reference
(v/2) | (v/2)
.
0 4 .8 1.2 1.6 2.0
[ m—— g 1.2 | 271 5.26 0 +
o N se
-4
P —— 3
== "
AN
P —enm— ]
1 = =3.2° &. a5
= N
S T el — | T *
e
23
1 = -3.2° = 483
[ K 1
e = e | — | [ *
iy = =3.20 %’- = 207
e || | — | [N 2
e
1 = 410 : 2. o J
Kone Hone
4 +—t
== == ||me| e | ] &
. e— “
N (
e B B bl B AN &
1 = 5,20 %- = 502
T
<Z e m— — - 126" 210 | — —fs s2
i = -3.1° % = JIT2 + \j
= = e | — | P "
it = -3.2° % - 1% -
= = | — | *
1 = 4,10 %l - -.07h L
500 = 66 + + 52
t 0(- 1. .1 .
fiap » i ~J
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TABLE 38—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 52° OF
LEADING-EDGE SWEEPBACE—Continued

Mx m.n. p LD at
&'f,vi”n' ::r:n Configuration Clrax| *linx 0.85 Cr Ca characteristics Referente
(of2) | (v/2)
C.
o 4 .8 12 16 20
- 04 + + + + +
1.0 | 2.7 6.10 Cn - 52
@\—_} o l—\ (
<300 -
¥ooe split d
m 1 1 L n I "
a——— e P VRS [EE I I SN 5
o 107|218 | s.68 — 3
.20 ]
L.E. Hooe
Llap 7
< Py emmmm—— g = 1.18 | 30.8 ».18 13
- bt —d———+
gl - ———— 110|300 | 5.32 l ) B
flap
P m—— 1.9 | 29.2 .6 ) 13
Hona
e
== = |mefme | | [T »
t
— L |7 | 559 ]r—'\r 13 ]
@ 18 |50 | s.03 i
e _A
<. 3 - 1.15 | 0.0 \'\:ji —t 13
lt--2.6'° %'-50" +
ey = s S
2| | == |—| P
oo | m . 2 T
split
Llsp -
P ———t—t—+
@ wsfne |—— . \ "
L
1, = -52° %"07" A
et
== = e e | [T 3
- =
Saw—— e o E B T\\/\ ——| »
1, = <2.5° %"5‘” - l




TABLE 38—8UMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 52° OF

LEADING-EDGE SWEEPBACK—Continued

A BUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

ogp;”n!. Span ag, LD at
dovien m- Configuration Cligy | “loax | 0.85 CLoay C, characteristios Raference
(6/2) | (v/2)
cL
o . .8 1.2 16 2.0
_ At
@ 1.2 30.0 0 X —t 3
Cn
-1t
iy = -2.8° B 24
500
split
flap
| (]
— === || |— >
1p = -4.3° :‘\—:---.075
=\ 3| 2.5 5.50 3
< - — 1.5 [.31.0 b33 ""—’\f 13
}
[==—"m N
500 400 N r
L.E, :ﬁiz I Pt
flap fisp . - 13
1g = -2,9° % - .50%
= .
— e ||| —| [ >
1 = -2.8° %- - 156
< = | 159] 02 | —— B
1, & 4,30 %.-.o‘r&
—t—t———+—
el ~—X 127| 3.0 | 5.5 1 B
pi 1 t $ ¥
split = 136 20 | o ﬁ 3
flep
Hoss — 135} 28.6 | 5.0 —7 1
450 ’
L.E
flap . ; —
R - y N
split —_—— —
flap 15| z0| 3.8 L 13

"o wot rosched.
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LEADING-EDGE SWEEPBACK—Continued

Span Spen L/D st
e R S I R
b/2) |
A 500 o . .8 1.2 2.8 2.0
ext. o +— +
split =\ 1.3 | 2.0 3.29 Cn 3
flsp -1l T
—— ——
Lb.?:o ﬁ: ~= 115 | 22.8 5.5 3
flap Tlap
300 j
.:ﬁt ,C)—\ 1.8 | 55 ».83 - \Ip . 13
finp 1
A —t
——— 107" | B2 5.13 r 2
Hooo
T 110 3.2 6.5 52
= 32| @3 | 5.6 e s2
ta 1.27 | 2.0 5.69 —"\ =2
| i —t—t—
T e | e | T "
C——
S I\
s e |le | — | P
Sg = =350 N -? = .61%
e \ / I
<(,\__\- ) el e TN T =
«300
split N ? = 307 1
fisp 1y = =320
] \
— = |w|me |— ~ s
1, = w30 & - o1 1
@ s |23 | s — 52
S 1
e
T e=——=a = |m»|ee |— ~ 52
21 1
1y = -3.30 T 6
< == = |ue|so [ —— ’ — 52

1 = 5.2

er oot reached.

TABLE 38—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTIC8 OF A WING WITH 52° OF

-
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TABLE 38—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 52° OF
LEADING-EDGE SWEEPBACEK—Continued

Spon Span
of L.E.|of T.E. Lo at
devl PP Configuration “Cleax | 0. Cn characteristics
v | TS Leax 8 Clon Baference
C
0 4 8 1.2 1.6 2.0
’ = 1
129 | %2 | |%a sz
4] 3 "<i‘ t
1y = -3.20 :‘LE. 307 -1
e
e |ue|m | — .
1c--b.l° %u 037 -
. R )
500
ST .
L.E. 31:;
£
1o S l— N ER%) TN A s
1y 8 -3.20 ’ &« 502
4
- \ 3
— == = ||| T 8
iy = -3.0° 2. 372
S e (W —
1| 27 —_— =2
| \\
ig = -3.2° ?=-196
T = || m | — \ 52
1y a 4,1° ?u-.oﬁ
| <t
Hone P m—— 1.2 a2 5.29 r sz
L.E
flop
o |
split Q— 1.36 | 27.0. 5.4 — /’ — 52
flap 3 1

er, not reached.
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~

TABLE 38.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 52° OF
LEADING-EDGE SWEEPBACEK—Concluded

B):a.n 8pan -a:m-d

of L.E.|of T.E.| of L2, Configura L/D at
device |device | device tioa Cloay | Clrax {0.85 o1 Cy characteristics Raference
(vf2) | (v/2) | () ‘
CL

A 0 .4 .8 1.2 16 20

LE | Boma | a5 e e L R c:.]r T~z »
chord .1

oxt. .

23
round

L.E. | Kooe | .18 o 118 | 29.5 V67 l 33
chard

ext.

Ky ] T — 136 | z5.0 %.50 1 LY
43
round
L.BE, | Nome
chord
ext. » — { : :
a5 o T e— 1.2 | 26.0 5,05 L 33
.\-_/. t
o ——— 208 | 220 | nee2 l »
A3
sharp )
1.E. | ¥ooe
chord
ext. -4 @1\ 7—'——'——-'—
L) — T T 1.09 |” 26.0 xs8 | L 33




A BUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 39—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTIC8 OF A WING WITH 52° OF

LEADING-EDGE SWEEPBACK

Aofy = 50.2° A a2

A = 0.686

Rope = 9.7 % 105

HAE: = 0.19
Airfoll sections (normal to 1ine of maximm thickness)
Root: 9.8-percent-thick eircular are
Tip:  6.2-percent-thick circuler arc

L — —
?‘TB of T LD at ’
Q. 3 <E.
Configuration
d-(:;};; dg;;; e} e [0-85 O, Cn charactertstics Reference
G,
o .k .8 1.2 .6 2.0
1.0h | 24ls 3.58 —=-|=—4—|—|—4— »
o
-.1
T =——= = |w|mo| s {4_@_.__ »
— +
m | < —=———= > || we [—— w ”
2z
1, = 2.8° T oM
—
e == = |w|me | »
- 3,10 2.0 t
1 = 3.1 > 36 ,
e W PR P \\ ’
_—-
o 2z, . 1
1, = 2.2 > 132
3
e - 1.09 | 2.0 —— L
flap -09 . 5.06 /4
+
0 —t——t—+
ik e 1.29 | 22.0 .05 | h_7 54
flap
+
I‘130 Mone - 1.06 | 26.0 5.2 _«::4_._._‘_ 5‘
flap .
1.06 | 27.5 3.23 b
.250 .
Ir'ing' Reme @ 1.26 | 3.0 2.75 /-K-\, t 53
P
L
- —
[
1 = 2.5° .il..uz -

‘c,ﬂx pot reached,
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TABLE 39.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 52° OF
LEADING-EDGE SWEEPBACE—Continued

Span
£ L.E. |of T.E. Lfp at
device |fovics Configuration Tax CI':'-m: 0-84D cp C, characteristics Reference
(v/2) [ (bf2)
Cy,
o .5 .8 12 16 2.0
0 =ttt —+—
f—
= T |elme | — | 5
-2t
1 = 2. %- 136
Rone -

T = = |m|me |— "

Q‘Q 1.5+ 52.0 | —— Tt —i— 55

w\lﬁ L
== = |awr|me | i »
1, = 2.9° %‘. - N2
250 400
L.E. split
flap flap +
L——— ’ N a
T=——x = |eer|me | — | 7§ 2
1y = 2.8° 2. a% i
-]
. —
———t—t
< == = pefme [—— | 5
E— L
= 2.29 2z ..
it 2 ™ 132 1
<500 $ Ot 1 }
:‘,’;;‘ ——— 118 | 27.0 3.06 ——— 3 5
— T ¥ T
—— 130 23.6 3.72 1 ~/'> . %

;Z‘w M T T T
S | < === = e | [— &

T e | — | [T 2

iy = 2.5° ’s:_..uz

*Cy Dot reached.



A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 39.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 52° OF

LEADING-EDGE SWEEPBACK—Continued

Span Bpan .
of L.E. |of 2.X, 3 st claracterist
dories |terics Coatiguratio “Loax| “Cynsd o:'éénﬁm G o
o .k 812 L6 2.0
[} + + + —t—
G
-2t
1y = 3.1° i_‘. - 136 -3t 1
2% |
Le | 32
flsp split ——
flap
@' 1.68r| 2.0 | ——— \
2e
1g = 2.2° el T
Rone P —emm———— l.22%) n.2 2.%0 --‘@V{_‘—.—
l‘.’.’%‘.’ ;pjg.lot (..c\.. 1. | 26.0 2.78 :
flap flap '
o : ——t—t—t——t
ext. L 136 | 2.2 | 3.1 —/‘)
split \
flap
450
’;;f]; Hooe —~——— 1180 28.1 5.21
I
Kooe —~— 112 | 27.2 3.97 jr—on—A——v—
.5%0 .
L.E. iﬁ: —~——R 1.3 | 245 3.61 —4_—/—V'7L+—"—
T 1 H .
i 4
—t—t———
-500
ext. ,c:—\ 1.58 | 23.5 3.60 T
split
flap !
!'.2550 Hone M 3
o P —m— 1.06 | 26.0 3.12 ' 1 N T
T+
450 . f
L.E | nose q— 1.18 | 29.5 2.87 ’5/-\;"1 +—t
droop "
.600 . ; =—4¢F—£—.-—.—
L.E. Nona e 1.9 | 29.0 3.34 T
‘e not resched.

469194—58——07
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Iy

TABLE 39.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 52° OF
LEADING-EDGE SWEEPBACK—Concluded

of L.E. jof T.B.| of LiE. N L/D at ,
device [devico |device Configuration Ctax ﬂch 0.8 Cr . Cp. claracteristics Reference
) | o) | (@
A
o -4 .8 12 1.6 2.0
- a4
o — T 1.0 | 2.0 347 ° ' _/’_2 —t—t »
L Ca
| .05 a1
4 L.E. Hons,
chord
ext. e
' —41—%—4—
T | o — 1.06 | 2.0 3.52 ]
oTh —~— 1.03| 230 | 3.3 ’ ‘ B 4
33
sharp
L.E. Xooe
chord .
| et
JINT - 1.07 | 2.0 3.37 I 4
oTh — 1111 25.0 3.20 33
25 3
sharp +
L.E. Rone
chord
ext. "
N7 e 112 | es.o | 3.8 ‘ 53
3




A BUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 40.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH. 60° OF
LEADING-EDGE SWEEPBACK

mo

. F- N7 Agp - 50.6°

A=oO

A=1.8

Roay = 53 %205

Roott MACA 0015-6% (w&)
Tip: HACA 0015-64 (spproxizate)

Adrfoil sections (parsllel to plane of syroatry)

OSNI:R. o?“tns. 1/D st '
device | device Configuration cl‘h,uclhx 0.85 ¢ C, characteristics Referance
(b/2) | (v/2)
0 . .BCI‘ 2.2 1.6 2.0
S — om |55 | 206 |ood—sr——|
. -2t \
Bone
E o.6L | &30 | \‘ %
br..zf -\
. 0.38 | 17.0 + + } L3
Xono -
.608
plain —
elevon 0.57 | 17.0 | e %
flsp r\
o, = 2° T
0.60 | 17.0 { ——— "
C:ffE;;;;; ¥\f‘ *
Q 1.25 | %0.0 2,15 56
= e e i
+
E ‘ .29 | 0 | —— \'_\ %6
553 i
sharp
L.E. o
8, = -1
é g
1.00 | 30.0
plain . .
I B W W e
8, = 11° ]»
é o | o = *
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TABLE 40.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 60° OF
LEADING-EDGE SWEEPBACK—Concluded

Span Span
of L.E.|of T.E. [ GUL L/D at
devi dervi Confimpuration Ligx 0. C_ charactaristias Reference
(b/z‘)a (b/a‘)" ‘rax |0.85 . n
3

t 0 .4 B8 1.2 1.6 2.0
1t
0.88 | 335.0 | —— |Gy 36
° —_—
.608
;?5} Plsin
L.E. elevon —1b 1 4 4 o
paily 1.0% | 330 | —— —
5:"'250 .

f 1.05| 3.0 | —m— %
<Cé el J(
=] ]|

726

L.Es 8, = -15°

;] o e
o.eeze.j——L 6

3, = +15° ]
g l 0.97 | 28.5 ——t—t——+ 56




A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 41.—8UMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 60° OF
LEADING-EDGE SWEEPBACK

A

60° hgp v 5240 A =231 Rope = 960 x205 | )
A=0
Arfoll sections (parallel to plane of symetry)
- Boot: 10-percent-thick oircular are -
Tips 10-percent-thick circular arc
of L.E.|of T.E. Contimrati L/D at
device |device guration clhx “I‘_,_m“ 0.85 CIm C, characteristics Reference
(b/2) | (v/2)
e
0 . .8 1.2 1.6 2.0
214
Kono —_— 1.09 | 2.3 22 [gf e
-1
-2
8, = 20° —
TN 1.15 | 3.0 2.5 \ 7
8, = %0° —_—
m 4
{rboard ey 1.09| 27,0 | ——— \_7 57
flap .
b, = 60° L —
~ 200 | .0 { ——— | ] ~ 5T
None
' b = 10° —t—t
1]
—_— 12| %0 [ — \_,5 7
, r
8, = 20°
1.000 . T
Plain —_— . 1193 200 | ——— 3 M 7
flap "
8, = 30° o )
p— 19| 23.0 | — 1 \n’ , 51
by = 20° .
— 110 | 360 | —— 7
toard
1“" m - A 3 1 3 3 n
droop By - LoP U + + +
Y — 0.90| 3.0 | —— \ 51
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TABLE 41—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 60° OF
LEADING-EDGE SWEEPBACE—Concluded

Span Span 1/D at
of L.E]of T.E. Configmration Ly acl._x 0.85 Cf C, charsctaristics Refersnce
(v/2) | (v/2)
o, = 2° o
0 & 8 1.2 1.6 2.0
Q fe————
— 1.06 | 29.0 —_— {C 5T
. -1t :
-2
an.:,o" -
P 11| 320 | —— T o7
Hona :
500 oo
ont- -
board ta
L.E.
e —— 1k |30 | —— I 57
8, = %0°
p—- 1.17 | 35.0 —_— | b2
By = 20° B » 20° — =
:m ’ I Y .
;::a P .20 | 25.0 2.80 N .
flap ‘
By = 10° — —
f—t—t—"
— 222350 f——m 5t
.
By = 20° + + } +
. —_— 119|310 | —— \ 7
3, = 30°
1.000 —
L.E.
aroop — ralsoe | —— | B R
&, = 20° 8 = 20° N — s :
.:o?n
zﬁt:.m P cam—— 1.10 | 32.5 — 5T
flap
8, = 20° &y = 20° +—t + + +
*11.000 1
iy T Lolmo | —— [ 1.\__; o




‘A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 42—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 60° ORF

60,7 Agpy = 52.5° A=231 Rogy = 16.4 X 10

LEADING-EDGE SWEEPBACK
]

A=0 Moy = 0.13

Alrfoil secticms (parallel to plans of symmetry)
Rootr MACA 65-006.5
Tip: FACA 65-006.5

u?;unk. 039;?2. Cont L/D at
devica |device leratiga Laax uﬁ‘m 0.85 ¢ C, charsataristics Reference
(b/2) | (v/2)
%
0 & B 1.216 20
Y 1 &° i
Kaone [ eem— e 113} 27.0 | ————— =8
S = |
s -24
Hone
o, = -10° -
.8%0 . \ N +
Plain il —_— 1o4) 330 | —— ~ -
{

TABLE 43.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 60.9° OF

LEADING-EDGE SWEEPBACK

60.901 Aoy = 60° A=ko0 Bpny = 6.0 % 105
A = 0.600 Moy = 0.20

Alrfoll sections (perallel to plane of symmetry)

[ .GCLLE 1.6 2.0

Root: MACA 654006
Tipt  WACA 6506 |
Span Span’
of LE. Jof T.E. Configuration W o.gn o €, characteristics Raference
(b/2) | (v/2)
.2
Kooe — 108 | 35.6 | 229 [T b
o]

= ’ o.% | 23.0 .80 1 4 n
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TABLE 44—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OFJALWING WITH 63° OF
LEADING-EDGE SWEEPBACK

7 650; of = 60.B° A =35 Rpay = 8.0 % 109
A = 0.250
Kirfoll secticos (paraliel to plane of symmetry)
Root: HACA 6MA006
Tp:  MACA 6RAO06
E oy L/D at
of L.E. jof T.E. o .
devics oavies Contigurstion Lnx Lrax 0.8% CL Cp charsateristics Mnnm.
(x/2) l(v/2)
CL
0 & .8 1.21.6 2.0
24
— 1.8 2.3 2.12 c".l- 5
L)
Nooe N

i

1.32 2.05

|

4
-+

2

X
)

%

o

S

——
2

132

)

i
4
g

™~

.

< e > e[| 2

g
'

3
°

(]

<Z T Te— = 1.70| 38.5 2.1

-

5
o
%
8

Qo—\ 1.70| 8.5 2.x2

\
t

*Cy Dot resched,



A SUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 44—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 63° OF

LEADING-EDGE SWEEPBACEK—Concluded

ogp;:x. a;.;’;n.x. Configuration C, < Lp st Cy charecteristics )
dm( d/ct) dz'}? Trax: Loax |0.95 cr
v/2) | (vf2
Gy
o .4 8 12116 20
Rt
1.2 . 2.1
g sl Bl X NS
2 af
split
e N
B I I N
Hone
3 = O°
500 8y & 25° t $ + ¥ +
tri-
| < === > |2m|®s | 2k \/)
flsp
o = 450 — =
e ] ol I B DN
P = W [P R [ S
11:1’:; 500 i 87 = 450 d t t
dh| == = e[ me | — |
lap
e | e > i me | —— | /
1.000
L.E ‘ ]
flap 00 8 = 350 t t t +
s LR
flap N
o | < e T s o <
droop Y
2 S INg
| <<= T e e
fiap i
Nooe <a_> 1.48+) 381 2.07 vﬁ{—;
1.000 L
L.E. i
droop o - 130 : —F—F
500 I
i | L e lse | e \,j
plit . [
Tlsp
.,ﬁ: Booa @ 1.50 | 8.2 1.99 {@QH
LE.
:i::: Nooe < fp —s—— - - 1.52 | 8.2 1.95 T y 4 + +~
'cl not reached.

469104—58——08
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TABLE 45—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 63.03° OF
LEADING-EDGE SWEEPBACK

\ 63.03° Apy = 55T A= 2.0 Repx = 15.0 x 10°
A=0 M_ye = 0.18
Arfoll sections (perellel to plene of sym=etry)

Root: 5 percent thick at 0.20c hexagonal (faired)

Tip: 5 percent thick at 0.20¢ hexagonal (faired)

Span Span
of LB o - Contigureticn | “Clamx o.gfsn E‘I;x Cn characteristics Rofe
(v/2) | (vf2)

CL
o .5 .8 1.2 1.6 2.0

—_— s o | 2w e | Nl
= 6

1.32¢| 20.0 2.3

&
E/

& = 40
Hooe ~633 . “
'kup" * f e N 1.26%| 0.0 2.9 62
fiap
LY R A " + "
— T ——— 1.29¢ 6.0 | — \ 7 63
1.000 1
plain
fllp' uf.hO + t 1 t +
e o | — | [ e
@ 132 [ 3.0 | 230 \ &
1.000 1
mL.B.“ﬂ Hone
flsp ——t——————t
e L LN B S~— &
R V
-~ .




A BUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 46.—SUMMARY OF LONGITUDINAL STABEITY CHARACTERISTICS OF A WING WITH 63.43° OF

LEADING-EDGE SWEEPBACK

PR Aefi = 96.3° Aw-20 Foax = 32.3 x 106
AnoO
Alrfoll sections (parallel to plane of sycretry)
Root: 5 percent thick at 0.20c hexaganal (faired)
Tip: 5 percent thick at 0.20¢ hexagonal (faired)
ogp:ni ?‘p;u!: [ ag L/D at charac
.E. |o +E. { guratd teristd
devics |device Cent o Toaz| *Cr e 0851 = o
(v/2) 1 (v/2)
[
o .k .8 LJ..z 1.6 2.0
0 ft——+—+—+
-1
Hooe B ———— 1.57 33.0 2.33
-2
-3t
br = 27 s ;
] T T
.80 1
split . R .
Hlona flap -"_\—;-': 1.8 .0 2.19 \/\
B, = 220 4+
860 :
o I
ace SV 118 | 3.0 1
flap -8 '\
: L L}
Home — 1% | .0 2.0 \
8 = 22°
1,000 | . 1
Yound ,,ﬁ‘: 1.80 | 32.0 2.30
L.E. | f1sp — ~ X
By w -22° R
860 \ — +—
upper .
. —_——— 1.18 | 35.0 2.00 1
flsp
——t—t—+—
None —~ 1.62 | 37.0 2.15 M
br = 22° 1 —
860
ﬁ T —— 1.6 | .0 215 | ~~———
860 r
split
flop Bp = W50 —t —i
—~———— L5 | 330 199 T —_——
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TABLE 47.—SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A WING WITH 63.43° OF
) LEADING-EDGE SWEEPBACK

"‘n/h"s”o A =20 - 15,
6;.1;}" Reosy 15.3 x 166
A=O Hoay = 0.13
Mrfoll ssctions (parmlisl to plane of symatry)
Root: NACA 0005 (modified)

Tip:  MACA 0005 (modiftied)

Span Spen L st .
m. of T.E. Configuration Clpax| *Crp, {0.85 €y Cnp charagtaristics Bafarance
(v/2) | (vf2)
CL
°o A .8 1.2 1.6 2.0
— 1324 B0 236 G &

]
3]

12330 | 2h \ &7

e ——— 1181 37.0 2.16 67




A BUMMARY AND ANALYSIS OF THE LOW-SPEED LONGITUDINAL CHARACTERISTICS OF SWEPT WINGS

TABLE 48 TABLE 48—Concluded
Figure Ordinate Abscissa Description Figure Ordinate Absciszsa Description
1 L A Lood distributions on wings having a7 dw Ak Rate of change of wake center with
Cre b2 0° and 45° of sweep. da angle of attack.

3 [ a Stall progression as indicated by sec- T Downwash
tion lift characteristics, A (x—=35°. 28 e . ing for sapmmmesma}esbehh;iiaammpt

3 Cr C, Pitching-moment characteristics for Ca Oorrela

S - : e i aen, dommmah and
P, Cu, &1 zje, CL, Effect of leading-edge separation on . "
1 T ’ Purte;mres, pitching moment, and %0 " alentated CL’.M-..: Aﬁm%m domtal end
Cr

" L. E, radius Aent Boundary for leading: sgparation ma3 Eflect of leading-edge radius on

¥ ¢ as defined by L. E. radlas, 31 (Coo) e A maximum Iift of swept wings.

8 CLpnstaction R Reynolds number effect on inflection- 32" CL_., Ao Variations of maximum Mlft with
lif; coeffictent. sweep angle for several famflics of

C C, Pitching-moment characteristics,

7 E = L. E. soparation presont, for several 33 o/ R Reynolds number offect on the maxi-
swept wings. munm lift of several swept wings.

8 CL Cn Pitching-moment characteristics 34 CL e A Influence of aspect ratio an the maxi-
L, E. separation present, for s¢ mum Uft of several swopt wings.
aspect ratios.

CLM"“ . Influence of sweep and aspect ratio on

g cL Ca Pitching-moment characteristics 35 G 2 A the inflectlon lift coeffcients of
on delta wing with and without Lpgar wings.

L. E. separation. N
L, Infl of swee) T. E.
7 L Ca Effect of Reynolds number on mized- 36 ac A oot iocnesaeep on T. E. fiap
flow ssparation. ne
C R of flow soparation as influenced 37 ACL Flap span Comparison of experimental and eal-
n “ ¥ Reynolds numbsr. ﬁmvlgnt‘?eg. linear-lift range fap effec-
12 A A Emplirical stability boundary and its 38 AC Varlons w g
ommary chart of lift increments
relation to constant area ratio. - Lia—g andﬂapl:gs duetovétﬂousty&fsof‘ll)‘at}h:.ﬂ%
13 L L Lond distributions for famflles of $dsmmb]e, tare stable
[6/%:] b/2 wings defined by constant area
ratios, 39 ACy Flap span Effect of span and of T. E. flaps
mes on the maximum of two swept
14 (a) ¢ a Effects olftéc:nces on sectlon licl‘tl:egnd wings.
W -moment coefli ts.
U Ce Cm ‘Ing pltching 40 ACL ., Varfous wings | Summary chart of maximum-lift
16 Cnm cr Effects of fences on the pitching- and flaps increments due to varlous of
moment characteristies of several T. E. flaps on swept wings are
swept wings, both stable and unstable.
C C, Effects of nacelles on the pi - Cp
1g - - moment characteristios of atg?“]{'gt a Yolliptieal - Calculated Induced drags on swopt
wing. Cp, wings.
L3
1 Cy, C, Effeqts of L. E. devices on the stall Variation of minim drag wi
7 b &n « patgm of a swept wing, 2 CD""‘ At gsibéep angolo. nm t
18 L. E.flap span | T. E. flap span | Effectsof L. E.and T. E. flaps on the C. C Influence of sweep on the wake
P P pitching-moment characteristics of s Yuate ! of an alrfoll sectl:on. drag
a swept wing.
Influence of sweep on the file
19 A Aen Effect of stall-control dovices on sta- H Co, Ce drag of o wing. © pre
bility boundary of figure 12,
AC; Influence of sweep on the effective
20 Cy Cn Boundary-layer control by suctfon on 4 7o « rofile drag of a wing with T. E.
a swept wing, E.aps.
21 Cu Ce €hord extensions on a swept wing.
22 Cun CL Vartable sweep.
2 [¢/2 Cm Cambered and twisted ewept wing.
24 [¢/2 Cu Cambered and twisted swept wing
with and without fences.
25 C Cu €Cambered and twisted swept wing
= i with L. E. flaps and fences.
23 r [2/2 Horizontaltail effectiveness at vari-

ous vertical posttiong.
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