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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

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

By G. Chester Furlong and James G. McHugh
S-UEM M. A RY

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 is shown that in the case of a sweptback wing,
either type or a mixture of the two types of separation may occur. The
type of separation encountered on any particular wing is dependent
primarily on the leading-edge radius, leading-edge sweep angle, Reynolds
number, and aspect ratio. When the type of flow separation is defined,
generalized trends in the 1lift, drag, and pitching moment can be
established.

Methods of stall control 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 is considered, and generalized procedures for predicting tail
effectiveness are presented.

The effectiveness of various high-1ift devices in the linear 1lift
range and at maximum 1lift has been summarized, and the advantages of the
various types are noted.

For the convenience of the designer, the more significant available
data, as of August 15, 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
6.0 X 106, 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 4.0 x lO6 have been included.
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At the time 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
1ift capabilities of swept wings to be materially less than for compa-
rable straight wings. Both the tip-stalling tendencies and low values
of attainable 1ift of swept wings constituted landing and take-off
problems requiring congiderable research at low speeds.

In an early summary of the longitudinal stability characteristics
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 1ift 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, under-
standing 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 satis-
factory longitudinal characteristics with horizontal tails in combi-
nation 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 many 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 pro-
vide a comprehensive review of the present knowledge of the low-speed
characteristics of swept wings. The present paper has two specific
purposes. The first is to make an analysis and generalization 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 interpo-
lation and extrapolation. The second is to summarize in tabular form

the basic results obtained at large Reynolds numbers (above b0 X 106)

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 (published and unpublished) on straight low-aspect-ratio
wings suitable for supersonic speeds have been included with the tabulated
data on swept wings. Insofar as possible all large-scale data available
as of August 15, 1951 have been included in the tables.
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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 devices, high-1ift devices, and
a horizontal tail on the stability of swept wings is considered in
detail. The 1lift characteristics 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 47 tables located at
the end of the text.

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
CL 1ift coefficient
L Nalise
ACr, increment of 1lift coefficient at o = Q°
CLmax maximum 1ift coefficient
ACLmax increment of maximum 1ift coefficient
CLa lift-curve slope
cy section lift coefficient
Clmax section maximum 1lift coefficient
Co pitching-moment coefficient about Oe29e?
Cp drag coefficient

D drag
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induced-drag coefficient

minimum-drag coefficient

profile-drag coefficient

section profile-drag coefficient obtained by momentum
method

pressure coefficient

suction flow coefficient

Reynolds number

Mach number

rate of rise of wake center location relative to extended
wing-chord plane with angle of attack

angle of attack

angle of attack at maximum 1lift coefficient

downwash angle

trailing-edge-flap deflection
deflection of leading-edge flap, slat or droop

aerodynamic center
center of gravity
aspect-ratio correction factor (see ref. 11)

factor depending on aspect ratio, taper ratio, and flap
span (see ref. 12)

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

wing area
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A certain

terms and in the nomenclature of various devices. For example, some

references use

term "inflection" 1lift. In both cases the terms usable and inflection

wing area affected by suction

wing span \

b/2
mean aerodynamic chord gu/\ c2dy
0

average chord
local chord parallel to the plane of symmetry

ratio of chord of leading-edge flap to local wing chord

lateral coordinate

aspect ratio

angle of sweepback

taper ratio

vertical distance from extended wing-chord plane
tail volume

incidence

quarter-chord line
leading edge
efifective

wing

tail

leading edge

trailing edge

TERMINOLOGY

latitude has been necessary in the definition of various

the term "usable" maximum 1ift, whereas others use the
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are used to designate the 1lift coefficient at which there is a decided »
shift in aerodynamic center. Differences in definition and nomenclature

have been pointed out where comparison with the reference report might

not be clearly understood.

PPRE S ENTATLEON OF DATA

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

Insofar as possible, a tabular form has been used to summarize the
large amount of data available (refs. 13 to 66). An index to the tabu-
lated data has been presented in table 1. The tables 2 to 48 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 easily refer to the detailed conditions under which the
tests were made. It will be noted that values of R ,, and M., are

listed in the headings 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 between 6.0 X 106
and S 08 X 106. In some cases data were available only at Reynolds number

lower than 6.0 X 106 and in such cases the values of Rmax and Mmax
define the test conditions for the tabulated data.

The column headings have the following general significance:

Span L.E. device (b/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 T.E. device (b/2).- The span of the trailing-edge high-1ift
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. Refer-
ence to the original paper 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 Py
where deemed absolutely necessary.
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CLmax" 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 effec-
tively leveled off.

Upax+~ Angle of attack at which the tabulated value of CLmax wa.s

first obtained.

L/D at 0‘85CLmax" The values of lift-drag ratio obtained at a 1lift
coefficient of O.85CLma are presented in order to provide a comparison
X

among the configurations in the high-1ift range.

Cm characteristics.- The longitudinal stability characteristics are

quite easily compared from these compressed figures.

The data presented in the figures attempt to illustrate the trends
indicated by the tabular data. In addition to the data from the tables,
data from references 67 to 88 have been used in the preparation of the
figures. Unfortunately, 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 on page 6k4.

FLOW CONSIDERATITONS

Fundamental to the improvement of both the stability and maximum
1ift characteristics of swept wings is a knowledge of those factors
which both influence and induce flow separation. It has been found that
on certain sweptback wings leading-edge separation may precede or
accompany trailing-edge separation with the result that the variations
of pitching-moment coefficient with 1lift coefficient are quite unlike
those obtained when only trailing-edge separation is involved. Simi-
larly, appreciable differences in the maximum lift characteristics exist
between swept wings exhibiting trailing-edge separation and those exhib-
iting leading-edge separation. Inasmuch as the stability and 1ift char-
acteristics and the required methods of flow control associated with
leading-edge separation are so different from those associated with
trailing-edge separation, an attempt has been made, in the following
sections, to present the basic phenomena of the different types of flow
separation,

One effect attributable to sweep is a change in the spanwise distri-
bution of induced angle of such nature as to cause the load on the wing
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of a given agpect ratio and taper ratio to be concentrated further out-
board when the sweep angle is increased (fig. 1). Flow separation and
consequent loss in 1ift over the outboard sections would necessarily
precede that over the inboard sections.

The induced camber which exists on either a swept or unswept wing
is negative at the tip and positive at the root. The negative induced
camber at the tip sections produces adverse pressure gradients very
conducive to flow separation whereas the positive induced camber at the
root gsections minimizes the adverse pressure gradients so that the flow
over these sections is very resistant to flow separation. The more
significant effect of induced camber is, therefore, its influence on
the chordwise pressure gradients across the span.

TRAILING-EDGE SEPARATION

Another factor which promotes tip stall and which is attributable
to sweep, or at least accentuated by it, is the way 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 distributions are
staggered so that on any line perpendicular to the plane of symmetry the
pressures, for example, 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 1ift coefficient is dependent primarily on the sweep angle involved.
The outflow of the boundary layer produces excessively thick boundary
layers over the tip sections which separate more easily than those of
normal thicknesses and effectively removes the boundary layer from the
inboard sections which makes the boundary layer over these sections more
resistant to separation.

The combined effects of the induced-angle distribution on the span-
wise loadings, induced camber, and boundary-layer growth over the tip
sections on the section-lift characteristics of a high-aspect-ratio,
highly sweptback wing are indicated by the data presented in figure 2.

The airfoil sections incorporated in the wing were 12 percent thick and
the chordwise pressure distributions indicated that flow separation
progressed from the trailing edge to the leading edge of the tip sectionms.
The maximum 1ift coefficients of the tip sections fall far short of the
maximum 1ift coefficients of the root sections.
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Some interesting boundary-layer studies made at low Reynolds num-
bers on a 35° sweptback wing (refs. 89 and 90) reveal the complexities
which arise from the outflow of the boundary layer. The results pre-
sented in references 89 and 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
350, surface tufts have indicated outflow much in excess of 25°. The
development, growth, and separation of a turbulent boundary layer, com-
plex in two-dimensional flow, becomes even more complex when sweep is
introduced.

The variations of pitching moment with 1ift 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 increased 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 1lift coefficient.

LEADING-EDGE SEPARATION

When sweep is incorporated in a 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. T71). The existence of
such a vortex flow is not limited to only those wings incorporating air-
foil 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 airfoil section which in
two-dimensional flow stalls from the trailing edge to stall from the
leading edge. The results may be that a leading-edge-separation bubble
necessary to the formation of the vortex flow is developed. The span-
wise extent of the localized leading-edge vortex due to the induced
camber over the tip sections probably depends most directly on the values
of leading-edge radii involved. The influence of leading-edge radius on
the formation of a leading-edge-vortex flow of sufficient strength to
affect materially the aerodynamic characteristics 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 diameter of the cone increasing in the tip
direction. This shape arises from the fact that at the tip sections the
vortex contains an accumulation of the dead air that has drained from the
more inboard sections. Probe studies made on the DM-1 glider modified to
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provide a sharp leading edge indicated the presence of a vortex lying

on the wing surface (ref. 91); however, the pressure-distribution tests
on a 480 sweptback wing of aspect ratio 3.5 and incorporating circular-
arc airfoil sections (ref. Tl) seem to be the first to illustrate the
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 pressure. Although the section 1lift characteristics pre-
sented in figure 4 do not indicate a strong influence of the vortex flow
at the outermost station, pressure-distribution data of reference 71 show
it to exist. It is probable that the concentration 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 1lift is low
but fairly linear to the stall for this section. With an 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
increase in lift-curve slope as indicated by the data of the 0.60b/2 sta-
tion. 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 1ift characteristics brought about by the vortex
flow produce rather severe changes in the pitching-moment characteristics
through the 1ift range. As can be seen in figure L, the initial dip in
the pitching-moment curve occurs when the vortex has formed with appreci-
able strength over the outboard sections. The vortex moves inboard along
the trailing edge with an increase in angle of attack, thus the tip sec-
tions 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 variation through
the moderate 1lift range. At maximum 1ift it is possible that the vortex
has moved inboard sufficiently to cause a rearward shift in the centers
of pressure, and hence a stable pitching-moment break at maximum 1ift is
obtained or that the stable pitching moment merely results from the tend-
ency of the wing to assume the pitching-moment coefficient for the
stalled flat-plate plan form for this wing.

Although a sharp leading-edge wing is an extreme case used to illus-
trate the mechanics of vortex flow, recent pressure-distribution tests
on a wing of NACA 64A006 series airfoil sections (ref. 92) permits the
same analysis.
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The sweep angle at which vortex flow assumes a contributing 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 1lift coef-
ficient at which the vortex flow is initially formed is also a variable
to be considered. Of immediate concern, however, 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 decreases 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 cases, the wings were not constructed with their theoretical air-
foil sections parallel to the air stream. The smaller leading-edge
radius shown in figure 5 for each of these wings was obtained by multi-
plying 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 a fair approximation of the streamwise radius.

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 1ift 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 size 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 1ift-curve slope,
but it is probable that the formation grows over a finite 1lift range to
a size great enough to influence the section 1lift characteristics. The
results indicate that, whereas the inflection 1lift 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 64p-112

airfoil sections is greatly affected. This result implies that the
boundary of vortex flow illustrated in figure 5 for data at approximately

6.0 X lO6 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 numbers.
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It has been indicated that the presence of the vortex flow pro-
duces undesirable pitching-moment characteristics, This must be quali-
fied, however, as indicated by the data presented in figures 7 and 8.
Figure 7 shows the influence of sweep on the pitching-moment character-
istics of a wing the airfoil sections of which exhibit a separation
bubble in two-dimensional flow and which at 30° sweep would be expected
to have a spanwise pressure gradient sufficiently strong to result in
vortex flow. The data presented in figure 7 show that the effects of
vortex flow are beneficial with regard to both the maximum lift and
pitching-moment characteristics at a sweep angle of 30°. Figure 8 shows
the influence of aspect ratio on the pitching-moment characteristics of
a wing which exhibits leading-edge vortex flow. The data presented in
figure 9 indicate that vortex flow can be used to improve the longi-
tudinal trim and maximum 1ift 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 separation, the stability characteristics
of wings, the geometric characteristics of 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 (ref. T2) at a C;, of 0.35 for the test Reynolds

number of 1.1 X 106 (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 number was

increased to 6.0 X 106, the formation of the vortex flow was delayed to
higher 1ift coefficients and separation of flow over the tip sections
produced the unstable_break in pitching moment noted at a Cy of 0.85.

The vortex flow did form over the inboard sections at higher 1ift coef-
ficients, as indicated by the probe studies, and probably contributed
to the large positive moments measured in the vicinity of CLmax‘ In

this particular case, then, Reynolds number greatly influences the type
of separation obtained. Figure 11 has been prepared to show schemati-
cally how the 1ift coefficients at which leading-edge vortex flow and
tip separation become contributing factors to the variations of pitching-
moment coefficient with 1lift coefficient obtained at various Reynolds
numbers. The force data available in reference 72 and unpublished probe
studies have been utilized in the preparation of figure 1l. The probe
studies were limited by physical conditions to a maximum Reynolds number

QET 39X lO6 and, hence, it is not possible to state whether the vortex
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flow would have been totally eliminated in the Reynolds number range of
the force tests. It is important to realize that any data 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 interpreted in terms of the Reynolds number effect
Jjust described, as to the stability changes through the 1lift range.

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 employed in wind-tunnel roughness tests is entirely too severe
to be representative of that found on production aircraft, 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 rough-
ness, it appears that on wings exhibiting trailing-edge separation rough-
ness eliminates the beneficial effects to be obtained by an increase in
Reynolds number. In the case of a Mp = 420 wing having an aspect

ratio of 4 and incorporating NACA 64;-112 airfoil sections (ref. 9k) the
stall progression for the smooth wing at the lowest Reynolds number
(1.7 > 106) and the progression for the rough wing at Reynolds numbers up

to the highest (9.5 X 106) were very similar, This similarity was also
borne out by the force data.

When roughness was applied to a wing having Ac/h = 500, an aspect
ratio of 2.9, incorporating NACA 64,-112 airfoil section, and exhibiting

a leading-edge vortex flow when in a smooth condition, the inflection
lift coefficient remained approximately constant through the Reynolds
number range tested (ref. 73). Although probe studies were not made
when roughness was tested on 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 1ift coefficient the results pre-
sented in reference 73 are reproduced in figure 6.
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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 1ift behind the moment center of
such a magnitude as to cause a nose-up or unstable pitching-moment vari-
ation. The compilation work of Shortal and Maggin (ref. 10) showed that
whether or not instability would be obtained on a wing of given sweep
depended primarily on aspect ratio (see INTRODUCTION). Although this
empirical study did not differentitate between the types of flow sepa-
ration 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 (figs 12).
It was found that the stability 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 0.25c' 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 excep®
in the low-sweep range where the experimental data upon which the stabil-
ity boundary is based are meager (fig. 12); whereas the second curve,
which lies above that of reference 10, provides considerably improved
agreement with the experimental data for wings with taper ratio of O.

The spanwise distributions of 1lift coefficient obtained for families
of wings having taper ratios of 1.0 and O 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.
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The outward shift in the stability boundary for the family of wings
having taper ratios of O 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 1ift coefficients relative to
the root sections than those on untapered wings, separation occurs
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 expected to be displaced toward the left.

STALL CONTROL

The study of the flow characteristics on sweptback wings makes
possible a raticnal 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 fol-
lowing discussion each approach will be considered separately. Such a
procedure necessarily results in some duplication because in many appli-
cations 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 stall control
on wings exhibiting the types of flow separation 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 1ift 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 elimi-
nation. Obviously, such control would merely create a wing then subject
to trailing-edge separation at the tip sections and which, in turn, would
require further control in order to provide satisfactory stability. It
will be shown later, however, that instead of completely eliminating the
vortex flow, a simpler and more direct approach would be to direct or
diffuse the vortex off the tip sections in such a way as to obtain linear
pitching-moment characteristics.

Devices

Fences or vanes.- Data on fences and vanes are presented in table 7,
20, 21, 22, 26, 27, 30, 34, 35, and 39 from references 14, 19, 27, 3k,
36, 39, 47, 51, and 13. Additional information, obtained for the most
part at low Reynolds numbers, is contained in references 95, 96, 97, 19,
and 98.




16 NACA RM 152D16

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 a 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 separation 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 sepa-
ration, 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 prevent the

boundary-layer build-up over the tip section. Another condition that
would necessitate the use of a multiple-fence arrangement would be that
in which the aspect ratio is so great that the distance outboard of a
single fence (size not a limiting factor) is sufficient to allow another
accumulation 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 forward the fence should extend cannot be
stated, but it appears from available experimental data that in order to
delay the instability to maximum 1ift 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 charac-
teristics through the 1ift 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 boundary of figure 12, an unstable pitching-moment
break at maximum 1ift is obtained.

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 Reynolds numbers to determine the
minimum size of fence required to give the maximum increase in stability
for a wing which without fences was stable through the stall (ref. 95).
These data might be applicable as a guide to the size required on an
unstable wing at high Reynolds numbers.
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Inasmuch as the fence has no appreciable effect on the spanwise
variation of induced downwash and must, in most applications, be of
small height, it serves only as a delaying device for the instability.
Exceptions have been found where besides delaying the onset of insta-
bility, fences have actually caused stable pitching-moment breaks at
maximum 1lift. 1In one case the application of a leading-edge stall-
control device to a swept wing reduced a condition of severe instability
to one of marginal instability which was eliminated by the further addi-
tion of a fence (ref. 51). In another case, a wing-fuselage-tail combi-
nation 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 a 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 empirical 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 fig-
ure 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 arrangements on the
pitching-moment and section-lift characteristics of this wing are shown
in figure 14 (refs. 39 and 69). These results may appear optimistic in
light of a similar investigation on a wing of the same sweep but having
a lower aspect ratio (5.1) (ref. 47) where both single- and multiple-
fence arrangements did not provide very significant improvements 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 47
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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.

For illustrative purpose, the effects of fences on the pitching-
moment characteristics of several sweptback wings of various configu-
rations have been shown in figure 15.

The information now available is not sufficient to allow for ade-
quate prediction of the optimum number, size, and location 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 understanding 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 either
the power plant, fuel, or cargo must be located external of the wing and
fuselage, the basic requirement is that the location selected will pro-
vide the minimum interference 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, ref. 99)
is largely concerned with specific configurations from the drag
standpoint.

In the development work on the Boeing B-47 airplane, some low-speed
tests were made with the outboard and inboard nacelles in various posi-
tions, and a summary of the results appears in reference T76. 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, 20 to 23, 26, 27, 31, 35, 39, Lo,
45 to 47, from references 13, 19, 27, 34, 36, 39, 47, 51, 18, 21, 29, 31,
82, 33, 35, 37, 38, U3, b4, 45, 48, kg, 53, 54, 59, 63, and 64, Addi-

tional information is contained in references 100 to 102.

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 Krueger (ref. 100) to improve the maximum-1ift character-
istics of high-speed profiles. The difficulties of fabricating and
installing an extensible leading-edge flap on an airplane have never
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been 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, however, has allowed a greater scope to be covered
in wind-tunnel work on sweptback wings than would have been possible
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
unstaggering the pressure distributions at the inboard end of the leading-
edge flap. A vortex also is shed from the inboard end of the flap that

is of such a rotation as to oppose the outflow of the boundary-layer air.
The pressure discontinuity at the inboard end of the flap assists in pro-
moting the initial separation inboard of the tip. The camber introduced
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 1ift characteristics while providing longitudinal stability at
the stall, the inboard end of the leading-edge flap should be between
O.hb/2 and O.6b/2 so that the initial separation occurs Jjust forward of
the moment center. If the wing is initially stable then greater gains
in maximum 1ift 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 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 a wing exhibiting trailing-edge
separation and having similar geometric characteristics (see, for example,
ref. 13) and this reduction will be considered in greater detail in a
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 charac-
teristics of a swept wing equipped with extensible leading-edge flaps
has, for the most part, been negligible; however, a series of tests on
a L42° gweptback wing of aspect ratio 4 (ref. 31) did show a reduction in
the optimum span of extensible leading-edge flap when a fuselage was
present.

It has been found that trailing-edge flaps may affect the optimum
span of the leading-edge flap, but of more significance is the fact that
they can alter the successful application of extensible leading-edge
flaps. For example, the results obtained in an investigation of a
47° sweptback wing of aspect ratio 5.1 have been summarized in figure 18
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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 O.57b/2 for the split

type and O.h5b/2 for the double-slotted type nullified the stabilizing
effectiveness of the extensible leading-edge flap. It is interesting
that a greater improvement in stability was obtained when double-slotted
flaps of O.hOb/2 and leading-edge flaps were used in combination than
when just the leading-edge flaps were used. Again, the conditions just
described perhaps depend on the relative position of the geometric char-
acteristics of the wing to the stability boundary of-figure 12. For
example, on a 42° sweptback wing of aspect ratio 4.0 (ref. 35), full-
span split flaps did not produce any detrimental effect on the longi-
tudinal 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 ineffectiveness of the tapered leading-edge flap is that it does
not provide the discontinuity in plan form with the associated pressure
discontinuity and flap-tip vortex necessary to promote initial separation
inboard and ahead of the moment center.

The available experimental data appear to indicate that the exten-
sible leading-edge flap can provide an appreciable but definitely limited
gshift in the stability boundary of figure 12. Figure 19 has been pre-
pared from experimental data to show the manner in which stall controls
displace the stability boundary of figure 12. Also included in figure 19
is an indication of the additional displacement of the stability 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 nct 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 bound-
ary established with these data with that indicated in figure 12 for
wings which have taper ratios of O indicates that extreme taper has
accomplished the same shift in stability boundary. Thus, geners'ization
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.

There are only limited low-speed data available on the air loads on
extensible leading-edge flaps (refs. 34.and 103).
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Extensible leading-edge slats.- Data on extensible leading-edge
slats are presented in tables 7, 20, and 23 from references 19, 27, 29,
and 38. Additional information is contained in references 95 and 104
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 example, 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 fig-
ure 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 avail-
able 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 (ref. 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 Ac/h = 352

and aspect ratio of 6.0 was considered to have fulfilled its design
purpose (ref. 27).

Droop nose.- Data on droop-nose flaps are presented in tables 7, 9,
10, 13, 1k, 20, 22, 30, 35, 40, 42, and 45 from references 14, 19, 27,
ob, BT e e 50, 15, 22, 23, 46, and 56.

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 example, 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 stabi-
lizing device on sweptback wings as either the flap or slat. The experi-
mental 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.
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Boundary-layer control.- Data on boundary-layer control are pre-
sented in tables L, 32, and 33 from references 4k, 45, and 16, Addi-
tional information is contained in references 92 and 112 to 115

It has been known for a considerable time that flow separation can
be delayed by either adding energy to the low-energy boundary-layer air
or removing the boundary layer. 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 include the minimum pres-
sure. With the slot located in the immediate vicinity of the minimum
bressure 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 refer-
ence U4 (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 (ref. 112). The
wing had 63° sweepback of the leading edge, an aspect ratio of 3.5, a
taper ratio of 0.25, an NACA 6LA006 airfoil section in a 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 1ift coefficient at which the pitching moment broke
in the unstable direction increased from 0.4l to 0.68. Reference 112
mentions that control inboard could probably have caused a further delay.
Although this may be true, it should be pointed out that experimental
data 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.

Because the wings on which boundary-layer control has been tried
have exhibited leading-edge separation, the effectiveness 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
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& reference 45. 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. The low-scale data
presented in reference 113 for a Ac/h = 36.4° swept wing of aspect

= ratio 5.85 and incorporating 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 longi-
tudinal stability obtained with the chordwise gap was remarkable inas-
much as the spanwise location seems to have been arbitrarily chosen.

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 reference 92 was done with the
idea of delaying separation over the entire wing and hence the configura-
tion does not represent an optimum one from stability considerations if
it is assumed that the span of porous suction is as critical a stability
factor as in the case of leading-edge slats or flaps. The sweep angle
(Ac/h = 610) 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 devices such as extensible
leading-edge flaps and fences may provide the desired results. Some
recent 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 percent were most favorable from longitudinal-stability considerations.
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.

. 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 suction 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 considerations than from aero-
dynamic considerations.

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

Chord extensions.- Data on chord extensions from reference 52 are
presented in tables 39 and L4O.
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As previously discussed under the section entitled "Fences" the 3
problem of obtaining satisfactory longitudinal stability when the
leading-edge vortex flow is present may not necessarily 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. 52). In fig-
ure 21 are presented the pitching-moment variations with 1lift for two
Ac/h = 50° wings equipped with extensible 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 incorpo-
rating NACA 64-series airfoil sections, the extensible leading-edge flap
was somewhat better than either a sharp-nose or round-nose chord exten-
sion. 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 design of this device.

The following discussion of the effects of chord extensions on the
flow over swept wings and on the longitudinal stability of such wings is
based on force-test results and on visual probe and surface tuft obser-
vations of the flow over the wings described in reference 52, and on
similar unpublished results from another wing of different sweep angle
and airfoil section that has been investigated in the Langley 300 MPH
T- by 1l0-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 sweptback wing because of the
fact that, like an extensible leading-edge flap, the plan-form discon- =
tinuity at the inboard end of the chord extension gives rise to a vortex
in the stream direction which tends to prevent the low-energy air from
the inboard sections from influencing the boundary layer at the outboard
sections. The angle-of-attack range through which this improvement in b
flow over the outboard sections is realized and the manner in which the
pitching-moment characteristics are improved seems to depend on the air-
foil section employed in the wing and to some extent on the wing plan
form. In the following discussion the flow phenomenon is discussed rela-
tive to airfoil section although the influence of wing plan form is such
that it may increase or decrease the relative importance of airfoil sec-
tion for any given swept wing.

In the case of a swept wing with a sharp leading edge, leading-edge
geparation 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 separation would be expected on a wing of the same plan form but
incorporating airfoil sections of large leading-edge radius. The action




NACA RM L52D16 25

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. Although the diffusion of the two opposing vortexes
causes them to lose their identity, probe studies indicate that, in con-
trast to the case of the wing without chord extension where the 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
experiencing the increase in lift and the attendant increase in s.tability

between points A and B of the following sketch A.
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Surface tufts 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 improvement in flow results in
a decrease in 1lift rather than the increase that is customarily obtained
when flow conditions are improved. At 1ift coefficients only slightly
greater than point B, surface tufts do not indicate any substantial dif-
ferences in flow between the chord-extension on-and-off conditions. 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
contributes 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
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inboard end of the wing. It has a measurable influence on the pitching-
moment characteristics in the 1lift range between D and C. (See sketch A.)
This was indicated by the data of figure 21 where the 0.25b/2 chord
extensions provided slightly more negative pitching moments near maximum
1ift than when the outboard 0.19b/2 of the chord extension was removed.
(In some installations chord extensions having spuns greater thun 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 outboard sections through only

a small 1lift 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 coef-
ficient with 1ift coefficient arises from balancing areas experiencing
increases and decreases in 1lift. 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 exten-
sions, the wing has the pitching moment of a stalled flat plate of corre-
sponding plan form.

When chord extensions are used on a swept wing the airfoil 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 deluys leading-
edge separation to 1lift 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
sketch B.)

Chord-extension
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It is not unlikely that, because the formation of the leading-edge sepa-
ration 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 1lift coefficients 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 1lift

range denoted A to B in sketch B. The improvement in pitching-moment
characteristics on such wings results primarily from the delay in sepa-
ration over the tip part of the wings to higher angles of attack as

would be deduced from unpublished data which indicate only a slight for-
ward shift in aerodynamic center from that obtained in the low-1lift range.
(See sketch B.) 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 unstable direction inasmuch as the induced angle-of-attack
distribution and airfoil section characteristics are not greatly influ-
enced by the addition of the chord extensions. A further improvement in
the pitching-moment characteristics 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 exten-
sions is as critical as the most effective span of extensible 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 1ift coefficients
and low speed. Some points of interest in connection with the design
of such an airplane are illustrated by the results of an investigation




o8 NACA RM L52D16

at low Reynolds number and Mach number of a variable-sweep airplane
model (refs. 77 and 116). Figure 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 fuse-
lage, the wing center of pressure moves rearward 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 rearward.

The data of figure 22 are, in all likelihood, subject to Reynolds
number effects. It would be expected that at A;p = 230  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 App = 63° may be less than the

values shown. Thus, the variations in wing aerodynamic center due to
variable sweep may also be different at flight values of Reynolds number.

Contra flaps.- Data on contra flaps obtained from references 31
and 32 are presented in table 21. 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 sections in the low angle-of-attack range. The nose-up tendency
due to the download at the tip sections decreases with increases in
angle of attack and thereby provides a pitching-moment variation with
1ift coefficient that has a stable slope. At maximum 1ift, 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 1lift range; however, in these particular tests large losses in
1ift and increases in drag accompanied the improvement in stability.
Inasmuch as no attempt was made in these investigations to see if the
adverse 1ift and drag effects could be minimized while maintaining 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 18, 19, and 29 from references 26, 41, and 42. Additional infor-
mation is contained in references 96, 79, and 78. Although most of the
swept wings have incorporated some degree of camber or twist or both
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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, satisfactory 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 longi-
tudinal 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
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 (constant camber
changes over the span) indicated that except for the trim changes to be
expected, the pitching-moment characteritics were not materially affected
by camber (ref. 26). Somewhat comparable results were obtained in an
investigation where the effects of increasing the leading-edge radius
and adding forward camber were studied on a Ac/u = 359 wing (ref. 8.4).

In each of the previous references (refs. 26 and 84) there was no span-
wise 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 character-
istics of two wings (refs. 79 and 78) are presented in figure 23. In
both cases, the twist and camber were calculated to provide uniform
loading at supersonic speeds and at design 1lift coefficients of 0.4
and 0.5 for the A./) = 459 and Ac/y = 60.8° wings, respectively.

Actually, a compromise twist was used in the Ac/h = 45° wing such that

little resemblance remained between that desired for uniform loading and
that tested. The compromise twist was in the direction 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 Ac/u = 60.8% wing are more irregular when twist and camber are

introduced. It appears from the data available that additional work is
required before camber and twist introduced to satisfy high-speed con-
siderations can be evaluated in terms of improvements 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 com-
parison is shown in figure 24 of the pitching-moment characteristics
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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 aero-
dynamic center occurred at or prior to maximum 1ift. In the case of

the Ac/h = 60.8° wing of reference 79, leading-edge flaps and fences
were used in order to ilmprove the characteristics. The greatest improve-
ment obtained by using these mechanical devices is illustrated by the
results of figure 25. Unfortunately, these data are limited in 1lift
range, and it is not possible to tell whether or not a stable break in
pitching moment at maximum 1ift would be obtained for this configuration.

Inverse taper.- The adverse effects of tip stall on sweptback 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 accomplished by means of inverse taper (ref. 117).
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 figure 12. Because of the boundary-layer out-
flow, 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 associlated 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 a model which incorporated inverse taper
(ref. 118) have indicated very satisfactory longitudinal stability char-
acteristics. The sweep angle (Ac/h = 37.50) and aspect ratio (3.0), how-

ever, were such that satisfactory stability would be expected for wings
without inverse taper.

Cranked wings.- Data on cranked wings are presented in table 23
from reference 38. Additional information is contained in references 119
T 128,

It has been suggested (ref. 120) that the low-speed longitudinal
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 (crescent-shaped plan form) or consist of
several steps (cranked-shape plan form). There have been arguments that
the plan-form discontinuities may have adverse effects on the maximum
1lift characteristics; however, the low-speed data available (see, for
example, refs. 38 and 121) 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 compressibility effects
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tend to occur first near the root sections. That the root sections are
the more important in determining the critical Mach number is in agree-
ment with the "crest line" concept defined in reference 124. The only
comparison between a sweptback and cranked wing made on the basis of
equal inboard sweep angles is presented in reference 121. Although the
scope of these tests is relatively meager, the results were definitely
promising as regards the use of a cranked wing up to a Mach number

of 0.84. Two factors which tend to obscure the comparison made are

(1) the thickness of the sweptback wing was 12 percent and that of the
cranked wing was 10 percent. These thicknesses are in the range where
a 2-percent reduction in thickness may be expected to produce rather a
significant delay in the drag rise. (2) The sweep angle (inboard sweep
angle 36°) may be so low that the favorable effect at the test speeds
might not exist at the higher transonic and low supersonic speeds where
the decreased sweep of the outboard portions of the cranked wing may
effect a measurable drag penalty. A further consideration in the com-
parison of a cranked wing with a sweptback wing is the effect a body may
have on the critical nature of the inboard sections. From low-speed
pressure-distribution data, it appears that, with a body on, the "crest
line" concept of reference 124 would indicate that the inboard sections
are no longer as critical.

The preceding discussion has been very speculative and somewhat
discounts the favorable cranked-wing results presented in reference 121.
Actually, the value of a cranked wing is recognizable at low speed and
perhaps should receive a closer scrutiny at high speeds.

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. 125). Recently work has been done on
swept wings with the center sections filled in to form A wings. Sub-
stantial improvements have been obtained at low speeds in the longi-
tudinal stability characteristics of these composite wings. Early swept-
wing studies in this country (ref. 126) also established the low-speed
advantages of the M and W plan forms. There was, however, an implication
made in reference 125 that, when split flaps were deflected, there is no
advantage in using an M wing instead of a sweptback wing. The high-speed
considerations of the juncture 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. Recently, it has been
found that such plan forms may not exhibit the aerodynamic-center shift
resulting from twist due to bending, which is an unfavorable character-
istic of sweptback 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.
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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 combi-
nation, other than by the static margin it provides, depends on the
manner in which the characteristics of the flow fielg in which the tail
operates vary with angle of attack. In the case of straight wings, the
flow separation which could cause nonlinear variations of the flow with
angle of attack is restricted to a small angle-of-attack range prior to
maximum 1lift. 1Inasmuch as straight wings are, in general, quite stable
through maximum 1ift, 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 (geometry and location) that
will be capable of trimming the airplane throughout the flight 1ift
range. Body effects may cause the tail location to become a ma jor 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 1lift coefficients well below maximum 1ift and, in many
cases, sweptback wings are either unstable or possess only marginal
stability through maximum 1ift. In such cases any destabilizing tenden-
cies of the tail resulting from nonlinearities in the flow character-
istics may not be tolerable.

As early as 1946 (for example, ref. 10) it had been illustrated
that a horizontal tail located behind a stable sweptback 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 determine 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, 36, 51, 29, 49, 54, and 23. Additional infor-
mation is contained in references 127, 80, 81, and 128.

The results of the low-speed tests indicate that, whereas in
certain locations the horizontal tail may be detrimental, there are
locations at which the horizontal tail may measurably improve the longi-
tudinal 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 horizontal tail should be such
that it is emerging from the wake through the nonlinear 1ift 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
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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 1ift range, it may be desirable from trim
and control considerations to locate the tail such that it will have a
slight destabilizing influence. Other factors such as ground clearance,
high-speed wake buffeting, and structural considerations may dictate a
compromise location for the tail. It is necessary, then, to consider
separately the effectiveness of the horizontal tail operating in the
flow field behind sweptback wings and the over-all stability character-
istics 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 T is a measure of the
influence of the tail and includes the influence of both the wing and
fuselage on the downwash and dynamic pressure at the tail plane. A
derivation of the formula for T can be found in reference 54 and the
resulting expression is given as

so that
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particular tail and tail location, the variations of T with angle of
attack reflect any changes in the linearity of Cmt with angle of

attack. A minus value of T 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
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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 T
varies in the high-1ift range for the two tail locations considered
(fig. 26). Whereas T for the tail in the high position decreases and
actually becomes destabilizing in the high-1ift range, T 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 separation is prevented by extensible
leading-edge flaps although the effect is rather slight. In some other
available data (ref. 95) the effect is somewhat more pronounced.

The survey data available behind sweptback wings have 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
presented 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 follow to even high angles of attack. The signifi-
cance 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 downwash 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 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. Although the
movement of the wake with respect to any fixed tail location seems to
define the rolling up of the vortex sheet with respect to the variations
of de/da obtained, another effect which is very significant in the
present discussion should be noted. An inspection 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 129 as
they pertain to straight wings. An additional effect which might be
expected to contribute to the nonlinearity of the downwash characteristics
in the high-1lift 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
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displacement of the tip vortices is at least partially compensated for
by the accompanying reduction in wing 1lift. 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 obtained are strikingly
similar to those obtained on the plain wing.

The effects just described can be recapitulated as 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 con-
tributing to an increasing value of de/da for tails located above the
wake center and to a decreasing value of d€/da for tails located below
the wake center. It has been shown that the effect of the displaced
downwash 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 stability
requirements imposed on the tail by the wing-fuselage combination. Thus,
for a wing-fuselage combination exhibiting neutral stability fhroughout
the 1ift range, a tail located in a field of constant dé¢/da can pro-
vide an adequate and constant static margin (see case Ey Bl - 20). - Por
a wing-fuselage combination exhibiting an abrupt decrease in stability
through some part of the 1ift range, it would be advantageous to have
the tail so located that deé/da decreased abruptly at the same lift
coefficient at which the decrease in stability occurred for the wing-
fuselage combination (see case II, fig. 29). The linearity in the
stability characteristics of the complete configuration would, of course,
be dependent on the degree of instability compensated for by the decrease
in de/da. A third condition can be considered in which the wing-
fuselage combination exhibits an abrupt increase in stability through
the 1lift range of such a magnitude as to be undesirable. A tail located
80 as to experience an abrupt increase in de/da at the corresponding
1ift coefficient could conceivably provide linear stability character-
istics for the complete configuration (see case 111, flgs 29). Although
the term "abrupt" has been used in these illustrations, any gradual
changes in the stability characteristics of the wing-fuselage combina-
tion would necessitate gradual changes in de/da at the tail. Further,
the absolute values of dynamic-pressure ratios occurring in the wake
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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/da. Also ignored is the

3 &
.
da
under certain conditions can have a measurable effect on the tail con-

tribution to the over-all stability. For the tail-on tests available
at this time, however, conditions of large o when entering or leaving

term ay (see equation in section entitled "Effectiveness") which

the wake have not been encountered.

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 encountered with swept
wings, and the unstable break in pitching moment may occur at or prior
to maximum 1ift 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 char-
acteristics of the wing-fuselage combination. In general, it is hardly
to be' expected that a tail position can be found such that the nonline-
arities of the tail will exactly compensate for the nonlinearities of
the wing-fuselage combination. In this regard, air-stream surveys of
the downwash and wake characteristics are extremely useful in locating
the tall 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 -Ac/h = MOO,
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 1lift capabilities of the tail could be used, an
undesirable amount of instability would remain. Also, if nearly the
full 1ift capabilities of the tail are employed in overcoming the unde-
sirable 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 correcting the deficiencies of the wing-
fuselage combination, the use of the maximum effectiveness of the hori-
zontal tail may result in a complete configuration that has such a large
degree of static margin as to be undesirable (case III, 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 satisfactory stability and hence allows a wide range of
useful tail locations.
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PLATIN WING

Lift-Curve Slope

There are available at present a number of rapid methods for pre-
dicting the lift-curve slopes of swept wings (refs. 11, 75, 83, and 82)
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 relationship 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 method of refer-
ence 11. The amount of data presented does not suffice, however, to
indicate a definite conclusion.

The methods available for calculating the span-load distributions
of sweptback wings (refs. 130 to 133 and 68) provide values of 1lift-
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 130 has been used to provide the tabulated
results presented in reference 75. A comparison has been made in refer-
ence 133 of the variations of lift-curve slope with aspect ratio obtained
from several of the more rigorous methods. Although all the methods
effectively converge below aspect ratio of 3.0, above this value of
aspect ratio the differences among the solutions obtained by the differ-
ent methods become progressively greater. It is argued in reference 133
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. Both references 133 and 68 propose means for the special
handling of the root discontinuity; however, experimental verification
of the various concepts is not yet available. Calculations have been
made and compared with experimental data for a wing of aspect ratio 8
and Ac/h = 45° and indicate that the special handling of the root dis-

continuity as proposed in reference 111 is of minor significance

(ref. 134); however, it is necessary to point out that the root dis-
continuity may be significant for wings of lower aspect ratio. In this
particular comparison (ref. 134) even those methods which most closely
predicted the load distributions underestimated the experimental 1lift-
curve slope. The reason advanced for this underprediction, however, was
that the effect of wing thickness on the section lift-curve slope had
not been accounted for and not that the method of calculation was
inadequate.
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Maximum Lift

Simple sweep theory (ref. 3) would indicate that the 1ift coef-
ficient for separation, and hence the maximum lift coefficient of an
infinite wing, will vary approximately as cos2A. 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. 135).
The maximum 1ift coefficient is not only a 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 Reynolds number.

Type of flow separation.- The manner in which flow separation may
occur on sweptback wings has been previously discussed under the section
on "Flow Considerations" and was shown to exert a controlling influence
on the longitudinal stability characteristics. As in the case of the
longitudinal stability characteristics, the type of flow separation that
prevails also plays a significant role in the maximum 1lift character-
istics. Hence, any attempt to establish an empirical rule to predict
the maximum 1ift coefficient that is based on a correlation of experi-
mental data must necessarily take into account the type of flow sepa-
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with sweep 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 maximum 1lift coefficient through-
out the sweep range; however, the reduction is somewhat less than that

ration., Figure 31 has been prepared to show the variations of

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. Experimental investigations on
swept wings (for example, refs. 69, 136, and 137) 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 boundary 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 capable of developing
local 1ift coefficients of such large magnitude as to more than compen-
sate for the 1lift losses that occur when the tip sections of the wing
stall, The high 1ift potential of the root sections combined with the
secondary rise in 1lift of the tip sections that often occurs after they
have initially experienced flow separation generally allows the sweptback
wing to experience a maximum 1ift 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
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and are quite unaffected by Reynolds number variations up to approxi-
mately 10 X 106. The appreciable increases in maximum 1lift 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 1ift coefficient of any particular wing may fall. Experi-
mental data were available to determine the maximum 1ift 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 is recognized, 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 maximum 1ift 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 completely
illustrate the effects of sweep (as defined by flow separation) on the
maximum 1ift coefficient. An attempt was made in figure 32 to collect
the values of maximum 1ift coefficient that have been obtained on
uncambered and untwisted 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 incorporated various
degrees of camber and would not, if presented on this figure, correlate.
At best, figure 32 illustrates that whereas the ratios of maximum 1ift
coefficient of figure 31 are diverging with increasing sweep angle, the
corresponding 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 incorporating airfoil sections of some degree
of camber, very little information was found which could be used to
igsolate the effects of camber on the maximum 1ift of sweptback wings.

Figure 33 has been prepared to present data on cambered or twisted
wings or both cambered and twisted wings as well as comparable data on
uncambered or untwisted wings or both uncambered and untwisted wings.

It is significant that camber measurably improved the maximum 1ift coef-
ficients over that of the comparable uncambered wings. It has been
indicated in reference 26 that the improvements due to camber on the
Ac/y = 35°, A = 5.14 and 10.07 wings can be estimated from two-

dimensional data.

Reynolds number and Mach number effects.- An important consider-
ation in any discussion of maximum 1ift coefficients on straight wings
(see, for example, reference 138) is the interrelated effects of Mach
number (as low as 0.15) and Reynolds number on maximum 1ift coefficients
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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 138 can serve as a guide in estimating the
maximum lift coefficient of straight wings only. As far as sweptback
wings are concerned, the literature is very meager, even qualitatively.
In figure 33, there are two values of maximum 1ift coefficient given for
the 'Ac/h =350 TN = 10 wing incorporating NACA 651A012 airfoil sections

at a Reynolds number of 6.0 x 10°. The Mach numbers were 0.1% and 0.25
for the higher and lower values of maximum 1ift coefficient, respec-
tively. The difference illustrates that, whereas 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 1ift coefficient can be obtained when the relationships of Mach
number with Reynolds number are changed such as by changing the wing
size or altitude. Thus, the data presented in figure 33 for the first
three wings were obtained at a constant 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 there-
fore that any correlation of the maximum 1ift coefficient of swept wings

that is founded only on the basis of comparable Reynolds number may be
fortuitous.

Effect of aspect ratio.- The effect of aspect ratio, as determined
from tests of a family of wings having Ac/h =SheD ahd 6-percent-thick

airfoil sections and three familes of wings of Ac/h = 350 and 12-

percent-thick airfoil sections, are shown in figure 34. The 6-percent-

thick wings are representative of those wings that experience leading- =
edge separation. 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 A
change of maximum 1ift 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 cos2A times the two-dimensional value. (The cosine rule is
theoretically exact only if the phenomenon considered involves purely

laminar flow, and it is not exact when applied to maximum 1lift, which

is extensively involved with turbulent boundary-layer flows.)

Inflection or Usable Lift Coefficient
The terms "inflection" or "usable" 1ift coefficient have been com—

monly used to define the 1lift coefficient of sweptback wings at which &
large undesirable shifts in aerodynamic center occur. Although the terms
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inflection C;, and usable C; were previously introduced as synonymous,

it is desirable to put slightly different interpretations on the two
terms. The term "inflection 1lift coefficient" has been used in the
present discussion to define the 1lift coefficient at which there is a
break in the pitching-moment curve without any consideration being given
to the uncontrollability or undesirability of the shift, whereas "usable
1ift" connotes a 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 1lift coefficient in the present
paper is still somewhat arbitary. This 1ift coefficient is probably of
more significance with regard to the maximum flight 1ift coefficient
than the absolute value of the maximum 1ift coefficient in that it
represents the 1lift coefficient beyond which stall control is required.

Available data have been compiled and used to indicate the vari-
ations of the ratio of inflection 1ift to maximum 1ift 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 exhibit leading-edge'separation (leading-
edge vortex flow present). The data 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), how-
ever, 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, Ag/)y = 459 £ig. 35(b)),
a stable shift in aerodynamic center occurred at a relatively low value
of 1ift coefficient which remained until the maximum 1ift coefficient
was reached. For wings of somewhat greater aspect ratio (for example,

A =l Acyy = W59, fig. 35(b)), the stable shift occurred at higher

values of 1lift coefficient and was more pronounced than that observed at
the lower aspect ratios. The stable shift also was closely followed by
a pronounced unstable shift in aerodynamic center.

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
entitled "Longitudinal Stability") change with increasing sweep angle,
the discussion is not representative for wings having sweepback angles
greater or less than 45°, A Ac/y = 60° wing of aspect ratio 2.0 (ref. 86)

therefore exhibits an unstable shift in aerodynamic center at a 1lift
coefficient between the inflection and maximum 1lift coefficients that
was not previously noted at Ac/) = 450  for a wing of the same aspect

ratio.
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The data presented in figure 35(a) represent not only the inflec- .
tion 1lift coefficient but also the usable lift coefficient. The same
cannot be said for figure 35(b). The stable inflection obtained for an
aspect ratio 2.0 wing of Ac/y = 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 is
quite interesting that the ratio of this 1lift coefficient to the maximum
1ift coefficient is approximately the same as the inflection 1lift ratio
for the aspect-ratio-4.0 wing having the same sweep angle. The inflec-
tion 1lift coefficient for the aspect-ratio-4.0 wing is also characterized
by a stable shift in aerodynamic center but, in this case, is of suffi-
cient 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 defined by the inflection 1ift 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 wings. In general, delta wings that
do not experience 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 1ift 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 0.5 maximum 1ift coefficient, and a zero or slightly
forward shift in aerodynamic center is obtained between 0.5 and 1.0 »
maximum 1lift coefficient. The point at which the rearward movement is
arrested can be considered as an inflection 1ift 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 0.5 maximum 1lift coefficient. It was found possible to
obtain by a process of interpolation in figures 34 and 35 the inflec~
tion 1ift 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 1lift coefficient
of such wings, a first-order approximation can be made as follows. Esti-
mate the percentage of the 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 Ac/h = 500 wing of reference 43 incor-

porates NACA 6&1—112 airfoil sections perpendicular to the 0.272-chord
line and is one of several for which such estimates were made. From
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figure 5 the effective leading-edge radius can be estimated as approxi-
mately 80 percent of the boundary radius. For the aspect ratio of 2.9,
the ratios of inflection 1lift 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 inflection 1ift coefficient to
maximum 1ift 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, it is still felt that additional
data are required 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 when interpreting the present results. The analysis

. presented, however, 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 Reynolds number and hence,
in the case of the Ac/h = 500 wing, its percentage of the boundary

radius would be reduced. Also, somewhat lower values would be obtained

in figure 35(a) such that the combination of the two changes would indi-
cate a lower value of the ratio of inflection lift to maximum 1ift coef-
ficient. Actually, the experimental data presented in reference 51 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
indicated, there are indications that the effects due to camber are a
function of sweep and can be estimated from two-dimensional data
(ref. 26). 1If such is the case then the effects of camber may possibly
be additive to the results presented for the uncambered wings.

Another approach to the general problem of predicting the
inflection-1ift coefficient of swept wings would be to develop a pro-
¢edure for using two-dimensional airfoil data to predict the three-
dimensional characteristics of the wing. Reference 135 presents a first
attempt at utilizing two-dimensional data to predict the inflection 1ift
on swept wings. The comparisons presented in reference 135 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 investigations which

)18
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involved the use of high-1ift and stall-control devices have been
reported. The data have not been systematic enough to provide a basis
for generalized design charts. Such a conclusion may appear to be
restating the same one brought forward in reference 139-in 1947,
Actually, however, these specific investigations now permit qualitative
generalization unavailable at the time reference 139 was written which
can be judiciously used in design work.

Linear Lift Range

Experience has shown that through the linear 1lift range, stall-
control devices do not greatly influence the 1lift increments produced
by a trailing-edge high-1lift device. In an evaluation of the linear-
1lift 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 1lift
effectiveness with sweep angle from the systematic data that are avail-
able for wings equipped with split flaps. The linear 1ift 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 separation, the linear 1ift increment is closely pre-
dicted by applying simple sweep concepts (fig. 36). In order to indi-
cate the influence sweep has on the linear 1ift increment when the flap
span is other than 0.5 span or the type is a double-slotted flap, the
data of references 27 and 47 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, how-
ever, the linear 1lift increments obtained experimentally with double-
slotted flaps exceed the calculated values for any span of flap. It
should be pointed out that the calculated lift increments due to flaps
can be readily obtained by the method of reference 140 which has become
available since the publication sof references 27 and L.

In any case, the loss in linear 1lift effectiveness in the moderate
to high sweep-angle range is rather severe, and it is of interest to
congider the effectiveness of area-increasing flaps. The data of refer-
erces 13, 390832, 48, 53, and 59 indicate that increases in 1inear 1ift
effectiveness approximately of the same order of magnitude as the per-
cent of area increase can be obtained with partial-span extended split
flaps (Zap). The comparison made in reference 48 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.
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Figure 38 has been prepared to summarize the available data on the
1lift effectiveness of trailing-edge flaps measured at an angle of attack
of 0°. The data are presented for the configurations which provided
acceptable pitching-moment characteristics through the 1lift range and
also for the configurations which produced the greatest increments in
maximum 1lift coefficient but did not possess acceptable pitching-moment
characteristics through the 1lift range. The flap spans were greater
for the configurations possessing undesirable pitching-moment character-
istics but they are not actually full-span devices. Where comparisons
are available, it appears that the 1lift effectiveness at an angle of
attack of 0° is not appreciably increased by sacrificing acceptable
pitching-moment characteristics through the 1ift 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 increment of maximum
1ift coefficient. An attempt was made to analyze the data presented in
figure 36 and other available data, either in terms of the maximum 1ift
increment at Ac/u = 0° or the linear 1lift increment previously dis-

cussed. No clear correlation could be found. For the two examples
presented (fig. 36) the difference between the linear and maximum-1ift
increments for Ac/4 = 09 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 a variation in flap span on the increment of
maximum 1ift coefficient for two sweptback wings having both split and
double-slotted flaps is shown in figure 39. The results shown are
representative, although the reduced effectiveness of the full-span
split flaps on the Ac/h = 359 wing is quite extreme.

The data available for sweptback wings equipped with slotted or
extended flaps seem to indicate that these types of flaps maintain at
maximum 1ift a superiority over split flaps of approximately the same
magnitude previously indicated in the linear 1lift range.

An investigation (ref. 111) on App = 47° wing-fuselage combi-

nation shows the increments of maximum 1lift coefficient contributed by
a partial-span single-slotted flap to be relatively insensitive to
precise flap slot geometry. If the increments, which are admittedly



5 NACA RM L52D16

small, are compared, however, on a percentage basis, they are found to r

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 flow separation and hence to provide acceptable pitching-
moment characteristics, it might also be expected that by controlling
flow separation increases in maximum 1ift coefficient would be obtained.
The gains in maximum 1lift 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 47 that the optimum span for an
extensible leading-edge flap from stability considerations is practically
the optimum with regard to the effectiveness at maximum 1ift. Such a
generalization is not, however, rigorously substantiated by the data of
references 27 and 39. The data presented in reference 43 indicate fur-
ther that the smallest-chord, smallest-span, extensible leading-edge
flaps which will provide longitudinal stability over the entire 1lift
range will also provide increases (small) in maximum 1ift 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 1ift has been discussed. When these devices
are used in combination, the increments of maximum 1ift coefficient are
not additive except 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 1ift coefficient that have been obtained g
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 1ift 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.



NACA RM 152D16 L7

DRAG

PLAIN WING

Induced Drag

The changes in spanwise 1ift distribution attributable to sweep
necessarily produce corresponding changes in the drag due to 1lift
(induced drag). Inasmuch as experimental data are unavailable, recourse
has been made to calculations in order to show the influence of sweep
on the induced drag (fig. 41). The calculations were made by the
Weissinger method in which 15 spanwise control points were used in pref-
erence to the more commonly used seven spanwise control points. (The
loadings computed by the Weissinger method utilizing 15 spanwise control
points which correspond to the drag values presented in fig. 41 are
unpublished.) For wings having taper ratios of approximately 0.25,
sweep has only a 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.

Profile Drag

The minimum drag data available from a systematic investigation of
a family of wings having aspect ratios of 4.0, taper ratios of O. 6, and
NACA 65A006 airfoil sections parallel to the plane of symmetry are pre-
sented 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
enlarged 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 indicated between 45° and 60° of sweep.

An indication of the effect of sweep on the variation of the pro-
file drag with 1lift coefficient is given by the wake-drag measurements
presented in reference 87. The results of reference 87 are presented
in figure 43. It will be noted that the minimum wake drag is unaffected
by sweep, as previously indicated to be the case by the data of fig-
ure 42. There is, however, a measurable large increase in the wake drag
for the swept airfoil as the 1ift is increased. In this particular com-
parison, 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 case than for the unswept case. These
changes in geometry may have had a greater influence than the sweep in
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increasing the rate of increase in wake .drag with 1ift coefficient for
the swept case over that obtained in the unswept case.

With regard to camber, it can be shown from geometrical consider-
ations that the design 1lift 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 4k has
been prepared to show the decrease in 1ift coefficient for minimum pro-
file drag when the panels of an unswept wing employing airfoil sections
having a design 1lift coefficient of 0.2 are rotated such that the air-

foil sections are alined perpendicular to the 0.286 chord line on the
swept wing. .

Span Efficiency

The drag of a wing may be considered to be comprised of three
parts: namely, the minimum profile drag, that part of the profile drag
vwhich varies with 1ift coefficient, and the induced drag. Various
investigators have compiled and analyzed experimental data on straight
wings for the purpose of deriving a generalized drag equation for use
in performance calculations. In this country, the commonly applied
drag equation in performance calculations contains Oswald's efficiency
factor e and the equation is written

.2
CD = (CDO)CLzo + ;Kg

It can be seen that the factor e 1is used to lump the variable part of
the profile drag and the percent deviation of the induced drag from that
of the elliptical wing into a single term. One can find in the liter-
ature attempted correlations of this factor with such parameters as
aspect ratio and taper ratio (for example, reference 141). More
recently, attempts have been made to extend the -correlations to include
the effects of sweep (ref. 142). Unfortunately, the 1ift range where
the parabolic drag variation is applicable is generally small and the
scatter obtained in such correlations has been of such a magnitude as

to limit seriously the usefulness of the factor .e. A cursory exami-
nation of the scatter seems to indicate that leading-edge radius, thick-
ness, and thickness distribution are factors affecting e to the same
degree as aspect ratio, taper ratio, and sweep angle.

For the convenience of the reader who may find sufficient similari-
ties between one of the wings in the present paper and his particular
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design, values of e and the lift coefficient to which they are appli-
cable have been presented in table 49. 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 sweptback 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 1ift 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.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va.



50

10.

A

oy

NAGA RM 152D16

REFERENCES -
. Busemann, A.: Aerodynamischer Auftrieb bei {iberschallgeschwindigkeit.
Luftfahrtforschung, Bd. 12, Nr. 6, Oct. 3, 1935, pp. 210-220. A

. Gothert, B.: Ebene und raumliche Stromung bei hohen

Unterschallgeschwindigkeiten (Erweiterung der Prandtlschen Regel).
Bericht 127 der Lilienthal-Gesellschaft fir Luftfahrtforschung,
1940, pp. 97-101.

. GOthert, B.: Bereschnung des Geschwindigkeitsfeldes von Pfeilflugeln

bei hohen Unterschallgeschwindigkeiten. Bericht 127 der Lilienthal-
Gesellschaft fur Luftfahrtforschung, Sept. 1940, pp. 52-56.

Ludwieg, H.: Pfeilflilgel bei hohen Geschwindigkeiten. Bericht 127
der Lilienthal-Gesellschaft fur Luftfahrtforschung, pp. 44-52.

. Ludwieg, H.: Improvement of the Critical Mach Number of Aerofoils

by Sweep-Back. Reps. and translations No. 84, British M.A.P.
Volkenrode May 15, 1946.

. Jones, Robert T.: Properties of Low-Aspect-Ratio Pointed Wings at

Speeds below and above the Speed of Sound. NACA Rep. 835, 1946,
(Supersedes NACA TN 1032.)

. Jones, Robert T.: Wing Plan Forms for High-Speed Flight. NACA

Rep. 863, 1947. (Supersedes NACA TN 1033.)

. Jones, Robert T.: Effects of Sweep-Back on Boundary Layer and

Separation. NACA Rep. 88L, 1947. (Supersedes NACA TN 1k02.)

. Soulé, Hartley A.: Influence of Large Amounts of Wing Sweep on

Stability and Control Problems of Aircraft. NACA TN 1088, 1946.

Shortal, Joseph A., and Maggin, Bernard: Effect of Sweepback and
Aspect Ratio on Longitudinal Stability Characteristics of Wings
at Low Speeds. NACA TN 1093, 19L6.

Letko, William, and Goodman, Alex: Preliminary Wind-Tunnel Investiga-
tion at Low Speed of Stability and Control Characteristics of Swept-
Back Wings. NACA TN 1046, 1946.

Pearson, Henry A., and Anderson, Raymond F.: Calculation of the .
Aerodynamic Characteristics of Tapered Wings with Partial-Span
Flaps. NACA Rep. 665, 1939.



| 5
|
J 16.
|

| 17.
|

19.

J 22,

- 11552

1.
|
| 8
( 1o.
|
|

2

NACA RM L152D16 51

Griner, Roland F., and Foster, Gerald V.: Low-Speed Longitudinal
and Wake Air-Flow Characteristics at a Reynolds Number of

60 x 1P 6r o 520 Sweptback Wing Equipped with Various Spans
of Leading-Edge and Trailing-Edge Flaps, a Fuselage, and a
Horizontal Tail at Various Vertical Positions. NACA RM L50K29,

19511,

Cahill, Jones F., and Gottlieb, Stanley M.: Low-Speed Aerodynamic
Characteristics of a Series of Swept Wings Having NACA 65A006
Adrfoil Sections. NACA RM LS0F16, 1950.

McCormack, Gerald M., and Cook, Woodrow L.: Effects of Several
Leading-Edge Modifications on the Stalling Characteristics of a
450 Swept-Forward Wing. NACA RM A9D29, 1949.

McCormack, Gerald M., and Cook, Woodrow L.: Effects of Boundary-
Layer Control on the Longitudinal Characteristics of a 15° Swept-
Forward Wing-Fuselage Combination. NACA RM A9KO2a, 1950.

McCormack, Gerald M., and Stevens, Victor I., Jr.: An Investiga-
tion of the Low-Speed Stability and Control Characteristics of
Swept-Forward and Swept-Back Wings in the Ames 40- by 80-Foot
Wind Tunnel. NACA RM A6K15, 1947.

Conner, D. William, and Cancro, Patrick A.: Low-Speed Character-
istics in Pitch of a 34° Sweptforward Wing with Circular-Arc

Airfoil Sections. NACA RM LT7FOka, 19L48.

Martina, Albert P., and Deters, Owen J.: Maximum Lift and Longitu-
dinal Stability Characteristics at Reynolds Numbers up to
1. 8% ¢ lO6 of a 35° Sweptforward Wing Equipped with High-Lift and
Stall-Control Devices, Fuselage, and Horizontal Tail. NACA
RM L9H18a, 1950.

. Graham, Robert R.: Lateral-Control Investigation at a Reynolds

Number of 5,300,000 of a Wing of Aspect Ratio 5.8 Sweptforward 32°
at the Leading Edge. NACA RM L9H18, 1950.

Lange, Roy H., and May, Ralph W., Jr.: Effect of Leading-Edge High-
Lift Devices and Split Flaps on the Maximum-Lift and Lateral
Characteristics of a Rectangular Wing of Aspect Ratio 3.4 with
Circular-Arc Airfoil Sections at Reynolds Numbers from 2.9 X 106

to 8.4 x 100, WNACA RM L8D30, 1948.

Lange, Roy H.: Langley Full-Scale-Tunnel Investigation of the
Maximum Lift and Stalling Characteristics of a Trapezoidal Wing
of Aspect Ratio 4 with Circular-Arc Airfoil Sections. NACA

RM LTH19, 1947.



e

23

2k.

2D

26.

i
28.
29
30.
Bl

32.

NACA RM L52D16

Johnson, Ben H., Jr., and Rollins, Francis W.: Investigation of a
Thin Wing of Aspect Ratio 4 in the Ames 12-Foot Pressure Wind
Tunnel. V - Static Longitudinal Stability and Control Throughout
the Subsonic Speed Range of a Semispan Model of a Supersonic
Airplane. NACA RM A9IO1l, 1949.

Johnson, Ben H., Jr., and Reed, Verlin D.: Investigation of a Thin
Wing of Aspect Ratio 4 in the Ames 12-Foot Pressure Wind Tunnel.
IV - The Effect of a Constant-Chord Leading-Edge Flap at High
Subsonic Speeds. NACA RM A8K19, 1948.

Williams, D. H., Brown, A. F., and Miles, C. J. W.: Tests of Some
"General Aircraft" Wings, with and without Sweep-Back, in the
Compressed Air Tunnel. Rep. No. 9321, British A.R.C., Jan. 1T,
1946.

Tinling, Bruce E., and Kolk, W. Richard: The Effects of Mach Number
and Reynolds Number on the Aerodynamic Characteristics of Several
12-Percent-Thick Wings having 35° of Sweepback and Various Amounts
of Camber. NACA RM AS0K27, 1951.

Koven, William, and Graham, Robert R.: Wind-Tunnel Investigation of
High-Lift and Stall-Control Devices on a 37° Sweptback Wing of
Aspect Ratio 6 at High Reynolds Numbers. NACA RM 18D29, 1948.

Furlong, G. Chester, and Bollech, Thomas V.: Effect of Ground
Interference on the Aerodynamic Characteristics of a 42° Swept-
back Wing. NACA RM L8FO4, 1948.

Spooner, Stanley H., and Martina, Albert P.: Longitudinal Stability
Characteristics of a 42° Sweptback Wing and Tail Combination at a

Reynolds Number of 6.8 X 105. NacA RM L8E12, 1948.

Salmi, Reino J., Conner, D. William, and Graham, Robert R.: Effects
of a Fuselage on the Aerodynamic Characteristics of a 420 Swept-
back Wing at Reynolds Numbers to 8,000,000. NACA RM LTE13, 1947.

Graham, Robert R., and Conner, D. William: Investigation of High-
Lift and Stall-Control Devices on an NACA 64-Series 420 Sweptback
Wing with and without Fuselage. NACA RM L7GO9, 1947.

Conner, D. William, and Neely, Robert H.: Effects of a Fuselage
and Various High-Lift and Stall-Control Flaps on Aerodynamic
Characteristics in Pitch of an NACA 64-Series 40° Swept-Back Wing.
-NACA RM L6L27, 1947.



NACA RM L52D16 53

d 33.

3h.

35.

36.

il

38.

39.

4.

Foster, Gerald V., and Griner, Roland F.: A Study of Several
Factors Affecting the Stability Contributed by a Horizontal Tail
at Various Vertical Positions on a Sweptback-Wing Airplane Model.
NACA RM L9H19, 1949.

Salmi, Reino J.: Pressure-Distribution Measurements over an
Extensible Leading-Edge Flap on Two Wings Having Leading-Edge
Sweep of 42° and 52°. NACA RM L9A18, 1949.

Pratt, George L., and Bollech, Thomas V.: The Effect of Span and
Deflection of Split Flaps and Leading-Edge Roughness on the
Longitudinal Stability and Gliding Characteristics of a 42° Swept-
back Wing Equipped with Leading-Edge Flaps. NACA RM L9E0O2, 1949.

Woods, Robert L., and Spooner, Stanley H.: Effects of High-Lift
and Stall-Control Devices, Fuselage, and Horizontal Tail on a Wing
Swept Back 42° zt the Leading Edge and Having Symmetrical Circular-

Arc Airfoil Sections at a Reynolds Number of 6.9 X 106. NACA
RM L9B11l, 1949.

Neely, Robert H., and Koven, William: Low-Speed Characteristics in
Pitch of a L42° Sweptback Wing with Aspect Ratio 3.9 and Circular-
Arc Airfoil Sections. NACA RM LTE23, 1947.

Lange, Roy H.: Maximum-Lift Characteristics of a Wing with the
Leading-Edge Sweepback Decreasing from 45° at the Root to 20° at

the Tip at Reynolds Numbers from 2.4 X 106 to 6.0 % 106. NACA
RM L50AOk4a, 1950.

Pratt, George L., and Shields, E. Rousseau: Low-Speed Longitudinal
Characteristics of a 45° Sweptback Wing of Aspect Ratio 8 with
High-Lift and Stall-Control Devices at Reynolds Numbers from
1,5000,000 to 4,800,000. NACA RM L51J0k4, 1951.

. Salmi, Reino J., and Jacques, William A.: Effect of Vertical

Location of a Horizontal Tail on the Static Longitudinal Stability
Characteristics of a 45° Sweptback-Wing - Fuselage Combination of

Aspect Ratio 8 at a Reynolds Number of 4.0 x 10°. NACA RM 151J08,
1952.

Johnson, Ben H., Jr., and Shibata, Harry H.: Characteristics
throughout the Subsonic Speed Range of a Plane Wing and of a
Cambered and Twisted Wing, Both Having h5 of Sweepback. NACA
RM A51D27, 1951.




54

L2,

43.

LL.

45.

46.

b7,

49.

50.

NACA RM L52D16

Hunton, Lynn W.: Effects of Twist and Camber on the Low-Speed
Characteristics of a Large-Scale 45° Swept-Back Wing. NACA
RM A50A10, 1950.

Pasamanick, Jerome, and Sellers, Thomas B.: Low-Speed Investigation
of Leading-Edge and Trailing-Edge Flaps on a 47.5° Sweptback Wing
of Aspect Ratio 3.4 at a Reynolds Number of 4.4 X 100. NACA
RM L50E02, 1950.

Pasamanick, Jerome, and Sellers, Thomas B.: Full-Scale Investigation
of Boundary-Layer Control by Suction through Leading-Edge Slots on
a Wing-Fuselage Configuration Having 47.5° Leading-Edge Sweep with
and without Flaps. NACA RM L50B15, 1950.

Pasamanick, Jerome, and Proterra, Anthony J.: The Effect of
Boundary-Layer Control by Suction and Several High-Lift Devices
on the Longitudinal Aerodynamic Characteristics of a 47.5° Swept-
back Wing-Fuselage Combination. NACA RM L8E18, 1948.

Guryansky, Eugene R., and Lipson, Stanley: Effect of High-Lift
Devices on the Longitudinal and Lateral Characteristics of a 45°
Sweptback Wing with Symmetrical Circular-Arc Sections. NACA
RM L8D06, 1948.

Salmi, Reino J.: Effects of Leading-Edge Devices and Trailing-Edge
Flaps on Longitudinal Characteristics of Two 47.7° Sweptback Wings

of Aspect Ratios 5.1 and 6.0 at a Reynolds Number of 6.0 X 106.
NACA RM L50F20, 1950.

. Spooner, Stanley H., and Mollenberg, Ernst F.: Low-Speed Investiga-

tion of Several Types of Split Flap on a 47.7° Sweptback-Wing -
Fuselage Combination of Aspect Ratio 5.1 at a Reynolds Number of

6.0 x 100, NACA RM L51D20, 1951.

Salmi, Reino J.: Horizontal-Tail Effectiveness and Downwash Surveys
for Two 47.7° Sweptback Wing-Fuselage Combinations with Aspect
Ratios of 5.1 and 6.0 at a Reynolds Number of 6.0 X 109, maca
RM L50K06, 1951.

Mollenberg, Ernst F., and Spooner, S. H.: Low-Speed Investigation
of the Effects of Single Slotted and Double Slotted Flaps on a
47.7° Sweptback-Wing - Fuselage Combination at a Reynolds Number

of 6.0 x 100. NACA RM L51E2k, 1951.




NACA RM L52D16 35

51. Foster, Gerald V., and Fitzpatrick, James E.: Longitudinal
Stability Investigation of High-Lift and Stall-Control Devices on
a 52° Sweptback Wing with and without Fuselage and Horizontal Tail

at a Reynolds Number of 6.8 x 10°. NACA RM L8IO08, 1948.

52. Furlong, G. Chester: Exploratory Investigation of Leading-Edge
Chord-Extensions to Improve the Longitudinal Stability Character-
istics of Two 52° Sweptback Wings. NACA RM L50A30, 1950.

53. Foster, Gerald V., and Griner, Roland F.: Low-Speed Longitudinal
Characteristics of a Circular-Arc 52° Sweptback Wing of Aspect
Ratio 2.84 with and without Leading-Edge and Trailing-Edge Flaps

at Reynolds Numbers from 1.6 X lO6 to 9,7 X 106. NACA RM L5OFl6a,
1950.

54, Foster, Gerald V., and Griner, Roland F.: Low-Speed Longitudinal

and Wake Air-Flow Characteristics at a Reynolds Number of 5.5 x lO6
of a Circular-Arc 52° Sweptback Wing with a Fuselage and a Hori-
zontal Tail at Various Vertical Positions. NACA RM L,51C30, 1951,

55. Lovell, J. Calvin, and Wilson, Herbert A. Jr.: Langley Full-Scale
Tunnel Investigation of Maximum Lift and Stability Characteristics
of an Airplane Having Approximately Triangular Plan Form
(DM-1 Glider). NACA RM LTF16, 1947.

56. Whittle, Edward F., Jr., and Lovell, J. Calvin: Full-Scale Investi-
gation of an Equilateral Triangular Wing Having 10-Percent-Thick
Biconvex Airfoil Sections. NACA RM L8GO5, 1948,

57. Anderson, Adrien E.: Chordwise and Spanwise Loadings Measured at
Low Speed on Large Triangular Wings. NACA RM A9B1T, 1949.

58. McCormack, Gerald M., and Walling, Walter C.: Aerodynamic Study
of a Wing-Fuselage Combination Employing a Wing Swept Back 63°. -
Investiation of a Large-Scale Model at Low Speed. NACA RM A8DO2,
1949,

59. Hopkins, Edward J.: Aerodynamic Study of a Wing-Fuselage Combination
Employing a Wing Swept Back 63°. - Effects of Split Flaps, Elevons,
and Leading-Edge Devices at Low Speed. NACA RM A9C21, 1949,

60. Anderson, Adrien E.: An Investigation at Low Speed of a Large-Scale

Triangular Wing of Aspect Ratio Two. - III. Characteristics of
Wing with Body and Vertical Tail. NACA RM AQHOL, 1949,



56

61.

62.

63.

6k,

65.

66.

67.

68.

69.

T0.

NACA RM L52D16

Kolbe, Carl D., and Tinling, Bruce E.: Tests of a Triangular Wing
of Aspect Ratio 2 in the Ames 12-Foot Pressure Wind Tunnel. IIT -
The Effectiveness and Hinge Moments of a Skewed Wing-Tip Flap.
NACA RM A8E21, 1948.

Stephenson, Jack D., and Ameudo, Arthur R.: Tests of a Triangular
Wing of Aspect Ratio 2 in the Ames 12-Foot Pressure Wind Tunnel.
IT - The Effectiveness and Hinge Moments of a Constant-Chord
Plain Flap. NACA RM ABEO3, 1948.

Wick, Bradford H., and Graham, David: Exploratory Investigation of
the Effect of Skewed Plain Nose Flaps on the Low-Speed Character-
istics of a Large-Scale Triangular-Wing-Fuselage Model. NACA
RM A9K22, 1950.

Anderson, Adrien E.: An Investigation at Low Speed of a Large-Scale
Triangular Wing of Aspect Ratio Two. - I. Characteristics of a
Wing,Having a Double-Wedge Airfoil Section with Maximum Thickness
at 20-Percent Chord. NACA RM ATFO6, 1947,

Anderson, Adrien E.: An Investigation at Low Speed of a Large-
Scale Triangular Wing of Aspect Ratio 2 - II - The Effect of
Airfoil Section Modifications and the Determination of the Wake
Downwash. NACA RM ATH28, 19L47.

Graham, David: Chordwise and Spanwise Loadings Measured at Low
Speeds on a Large Triangular Wing Having an Aspect Ratio of 2 and
a Thin, Subsonic-Type Airfoil Section. NACA RM A50AOka, 1950.

Sivells, James C., and Neely, Robert H.: Method for Calculating
Wing Characteristics by Lifting-Line Theory Using Nonlinear Section
Lift Data. NACA Rep. 865, 1947. (Supersedes NACA TN 1269.)

Multhopp, H.: Methods for Calculating the Lift Distribution of Wings
(Subsonic Lifting Surface Theory). Rep. No. Aero 2353, British
RUACE. , Jan, 1950.

Graham, Robert R.: Low-Speed Characteristics of a 45° Sweptback Wing
of Aspect Ratio 8 from Pressure Distributions and Force Tests at
Reynolds Numbers from 1,500,000, to 4,800,000. NACA RM L51H13,
1951,

Anderson, Raymond F.: Determination of the Characteristics of
Tapered Wings. NACA Rep. 572, 1936.



NACA RM 152D16 57

Ak

28

3.

Th.

[PX

6.

.

8.

9.

80.

Lange, Roy H., Whittle, Edward F., Jr., and Fink, Marvin E.:
Investigation at Large Scale of the Pressure Distribution and
Flow Phenomena over a Wing with the Leading Edge Swept Back 47.5°
Having Circular-Arc Airfoil Sections and Equipped with Drooped-
Nose and Plain Flaps. NACA RM L9G15, 1949.

Salmi, Reino J., and Carros, Robert J.: Longitudinal Characteristics
of Two 47.7° Sweptback Wings with Aspect Ratios of 5.1 and 6.0 at

Reynolds Numbers up to 10 x 100. NACA RM L50A0%, 1950.

Fitzpatrick, James E., and Foster, Gerald V.: Static Longitudinal
Aerodynamic Characteristics of a 52° Sweptback Wing of Aspect
Ratio 2.88 at Reynolds Numbers from 2,000,000 to 11,000,000.
NACA RM L8H25, 1948.

May, Ralph W., Jr., and Hawes, John G.: Low-Speed Pressure Distri-
bution and Flow Investigation for a Large Pitch and Yaw Range of
Three Low-Aspect-Ratio Pointed Wings Having Leading Edge Swept
Back 60° and Biconvex Sections. NACA RM L9JO7, 1949.

DeYoung, John: Theoretical Additional Span Loading Characteristics
of Wings with Arbitrary Sweep, Aspect Ratio, and Taper Ratio.
NACA TN 1491, 1947.

Ganzer, Victor M.: Aerodynamic Development of the XB-47 Airplane.
Pt II - Development of Model 450 up to June, 1947. Rep.
No. D-7824A, Boeing Aircraft Co., Sept. 1947.

Kemp, William B., Jr., Becht, Robert E., and Few, Albert B., Jr.:
Stability and Control Characteristics at Low Speed of a %-—Scale

Bell X-5 Airplane Model. Longitudinal Stability and Control.
NACA RM L9KO8, 1950.

Hunton, Lynn W., and Dew, Joseph K.: The Effects of Camber and Twist
on the Aerodynamic Loading and Stalling Characteristics of a
Large-Scale 45° Swept-Back Wing. NACA RM A50J24, 1951.

Weiberg, James A., and Carel, Hubert C.: Wind-Tunnel Investigation
at Low Speed of a Wing Swept Back 63° and Twisted and Cambered for
a Uniform Load at a Lift Coefficient of 0.5. NACA RM A50A23, 1950.

Hoggard, H. Page, Jr., and Hagerman, John R.: Downwash and Wake
behind Untapered Wings of Various Aspect Ratios and Angles of
Sweep. NACA TN 1703, 1948.




58

8

8a.

83.

8k.

85.

86.

87.

88.

89.

90.

o

NACA RM L52D16

Furlong, G. Chester, and Bollech, Thomas V.: Downwash, Sidewash,
and Wake Surveys behind a 42° Sweptback Wing at a Reynolds Number

of 6.8 x 10° with and without a Simulated Ground. NACA RM L8G22,
1948.

Polhamus, Edward C.: A Simple Method of Estimating the Subsonic
Lift and Damping in Roll of Sweptback Wings. NACA TN 1862, 1949.

Toll, Thomas A., and Queijo, M. J.: Approximate Relations and Charts
for Low-Speed Stability Derivatives of Swept Wings. NACA TN 1581,
1948.

Demele, Fred A., and Sutton, Fred B.: The Effects of Increasing the
Leading-Edge Radius and Adding Forward Camber on the Aerodynamic
Characteristics of a Wing with 35° of Sweepback. NACA RM AS50K28a,
O 1

Rose, Leonard M.: Low-Speed Investigation of a Small Triangular
Wing of Aspect Ratio 2.0. II - Flaps. NACA RM ATL11, 1948.

Lowry, John G., and Schneiter, Leslie E.: Investigation at Low
Speed of the Longitudinal Stability Characteristics of a 60°
Swept-Back Tapered Low-Drag Wing. NACA TN 1284, 1947.

Dannenberg, Robert E.: Measurements of Section Characteristics of
a 459 Swept Wing Spanning a Rectangular Low-Speed Wind Tunnel as
Affected by the Tunnel Walls. NACA TN 2160, 1950.

Sivells, James C., and Spooner, Stanley H.: Investigation in the
Langley 19-Foot Pressure Tunnel of Two Wings of NACA 64-210 and
64-210 Airfoil Sections with Various Type Flaps. NACA Rep. 9k2,
1949. (Supersedes NACA TN 1579.)

Kuethe, A. M.: Report on Investigations of Flow in the Boundary
Layer of a Sweptback Wing. Project No. M59k4, NACA, Dept.
Engineering Res., Univ. Mich., May 1946.

Kuethe, A. M.: Velocity Distribution in the Boundary Layer of a
Swept-Back Wing. Project No. M4O4, NACA, Dept. Engineering Res.,
Univ. Mich., April 194k,

Wilson, Herbert A., Jr., and Lovell, J. Calvin: Full-Scale Investi-
gation of the Maximum Lift and Flow Characteristics of an Airplane
Having Approximately Triangular Plan Form. NACA RM L6K20, 1947.




NACA RM 152D16 59

» 92. Cook, Woodrow L., Griffin, Roy N., Jr., and McCormack, Gerald M.:
The Use of Area Suction for the Purpose of Delaying Separation
of Air Flow at the Leading Edge of a 63° Swept-Back Wing. NACA
RM A50H09, 1950.

93. Von Doenhoff, Albert E., and Tetervin, Neal: Investigation of the
Variation of Lift Coefficient with Reynolds Number at a Moderate
Angle of Attack on a Low-Drag Airfoil. NACA CB, Nov. 1942,

9k. Neely, Robert H., and Conner, D. William: Aerodynamic Character-
istics of a 42° Sweptback Wing with Aspect Ratio 4 and NACA
6&1-112 Airfoil Sections at Reynolds Numbers from 1,700,000 to

9,500,000. NACA RM L7D1k4, 194T7.

95. Queijo, M. J., and Jaquet, Byron M.: Wind-Tunnel Investigation of
the Effect of Chordwise Fences on Longitudinal Stability Charac-
teristics of an Airplane Model with a 35° Sweptback Wing. NACA
RM L50KOT7, 1950.

96. Weiberg, James A., and Carel, Hubert C.: Wind-Tunnel Investigation
at Low Speed of a Wing Swept Back 63° and Twisted and Cambered
for Uniform Load at a Lift Coefficient of 0.5 and with a Thickened
Tip Section. NACA RM A50I1k, 1950.

\ 97. Naeseth, Rodger L., and MacLeod, Richard G.: Aerodynamic Charac-
teristics of an Airfoil-Forebody Swept Flying-Boat Hull with a
Wing and Tail Swept Back 51.3° at the Leading Edge. NACA

RM L9F08, 1949.

98. Weil, Joseph, Comisarow, Paul, and Goodson, Kenneth W.: Longitudinal
Stability and Control Characteristics of an Airplane Model Having
a 42.80 Sweptback Circular-Arc Wing with Aspect Ratio 4.00, Taper
Ratio 0.50, and Sweptback Tail Surfaces. NACA RM L7G28, 1947.

- 99. Tinling, Bruce E., and Kolk, W. Richard: The Effects of Centrally
Mounted Wing-Tip Tanks on the Subsonic Aerodynamic Characteristics
of a Wing of Aspect Ratio 10 with 35° of Sweepback. NACA RM A50K15,

1951.

100. Krueger, W.: Systematic Wind-Tunnel Measurements on a Laminar Wing
with Nose Flap. NACA TM 1119, 1947.

101. Spence, A.: Low Speed Tunnel Tests of Fowler Flaps, Slats and Nose
- Flaps on a Model of a Jet Aircraft with a 40° Swept Back Wing.
Rep. No. Aero 2302, British R.A.E., Nov. 1948.




60

102.

103.

10k,

105.

106.

L0

108.

109.

17107

1kt

-2

NACA RM L52D16

Kruger, W.: Wind Tunnel Investigations on a 35° Sweptback Wing

with Different High-Lift Devices. Part I - Six-Component
Measurements. Reps. and Translations No. 311, British M.A.P.
Volkenrode, Oct. 1, 1946.

Conner, D. William, and Foster, Gerald V.: Investigation of Pres-

sure Distribution over an Extended Leading-Edge Flap on a
42° sweptback Wing. NACA RM L7JO3, 1947.

Fox, A. R.: Tests on a Sweptback Slotted Wing in the 24 Ft. Wind

Tunnel. Rep. No. Aero 1761, British R.A.E., April 1946.

Cahill, Jones F., and Oberndorfer, Gale C.: Pressure Distributions

over a Retracted Leading-Edge Slat on a 40° Sweptback Wing at
Mach Numbers Up to 0.9. NACA RM L50LOka, 1951.

Queijo, M. J., and Lichtenstein, Jacob H.: The Effects of High=

Lift Devices on the Low-Speed Stability Characteristics of a
Tapered 37.5° Sweptback Wing of Aspect Ratio 3 in Straight and
Rolling Flow. NACA RM L8I03, 1948.

Trouncer, J.: A Comparison of the Effects of Slats, Nose Flaps

and Double Split Flaps on a Model of a 40° Sweptback Tailless
Aircraft. Rep. No. Aero 2141, British R.A.E., June 1946.

Recknagel, Paul W.: The Aerodynamics of Wings Having Sweep.
NAVAER DR Rep. No. 1001, Bur. Aero., April 1946.

Turner, W. N., and Katkov, R. B.: Wind Tunnel Tests of a %-—Scale

Semispan Model of the XP-86 Airplane to Determine the Effect of a
Revised Slat Position on Stability Slat-Opening Tendencies and Slat
Pressures. Rep. No. NA-48-375, North American Aviation, Inc.,

Mar. 24, 19.8.

Kelly, John A., and Hayter, Nora-Lee F.: Aerodynamic Character-

istics of a Leading-Edge Slat on a 35° Swept-Back Wing for Mach
Numbers from 0.30 to 0.88. NACA RM AS51H23, 1951.

Spooner, Stanley H., and Mollenberg, Ernst F.: Positioning

Investigation of Single Slotted Flaps on a 47.7° Sweptback Wing

at Reynolds Numbers of 4.0 x 106 and 6.0 x 10°. NACA RM LSOH29,
1950.

McCormack, Gerald M., and Tolhurst, William H., Jr.: The Effects

of Boundary-Layer Control on the Longitudinal Characteristics of
a Swept-Back Wing Using Suction through Streamwise Slots in the
Outboard Portion of the Wing. NACA RM A50K06, 1951.




NACA

il 3

114,

HEE S

116,

ALIETAS

118,

119.

120.

1E7e

ez,

IE2 55

12k,

RM 1L52D16 61

Kettle, D. J.: The Effect of a Chordwise Gap on the Tip Stall of
a Swept-Back Wing. Rep. No. Aero 2165, British R.A.E., Oct. 19Lé6.

Poppleton, E. D.: Wind Tunnel Tests on a Swept Back Wing Having
Distributed Suction on the Leading Edge. TN No. Aero 2081,
British R.A.E., Nov. 1950.

Pasamanick, Jerome, and Scallion, William I.: The Effects of
Suction through Porous Leading-Edge Surfaces on the Aerodynamic
Characteristics of a 47.5° Sweptback Wing-Fuselage Combination

at a Reynolds Number of L.k x 106. NACA RM L51K15, 1951.

Kemp, William B., Jr., Becht, Robert E., and Few, Albert G., Jr.:
Investigation of the Low-Speed Aerodynamic Characteristics of a
Variable-Sweep Airplane Model with a Twisted and Cambered Wing.
NACA RM L51K22, 1951.

McLarren, Robert: Theory of the Inversely Tapered Wing. Aviation
Week, vol. 50, No. 12, March 21, 1949, pp. 30-33.

Purser, Paul E., and Bates, William R.: Low-Speed Wind-Tunnel
Investigation of a 37.5° Swept-Back Wing Having Inverse Taper with
and without a Horizontal Tail. NACA MR L6G1l7, 1946.

Barnett, U. Reed, Jr., and Lange, Roy H.: Low-Speed Pressure-

Distribution Measurements at a Reynolds Number of 3.5 x 106 on a
Wing with Leading-Edge Sweepback Decreasing from 45° at the Root
to 20° at the Tip. NACA RM L50A23a, 1950.

Krﬁger, W.: Six-Component Measurements on a Cranked Swept-Back Wing
for Ar 234. Reps. and Translations No. 816, British M.A.P.
Volkenrode, Jan. 15, 1947.

Hills, R., and Kucheman, D.: A Note on Cranked Sweptback Wings.
Technical Note No. Aero 1911, British R.A.E., July 19L47.

Nixon, H. L.: Wind-Tunnel Tests on an All-Moving Tip Fitted to a
Cranked Swept-Back Wing. Rep. No. 12, 477, British A.R.C.,
July 19, 1949.

Falkner, V. M., and Nixon, H. L.: Wind Tunnel Tests on the Stability
of Two Swept-Back Wings. Rep. No. 11,854, British A.R.C., Oct. 20,
1948.

Edwards, George G., and Boltz, Frederick W.: An Analysis of the
Forces and Pressure Distribution on a Wing with the Leading Edge
Swept Back 37.25°. NACA RM A9KOl, 1950.




62

25

126.

1L 278

128.

129.

130.

NACA RM L52D16

Lemme, H. G.: Investigation on a Normal Swept-Back Wing, a Blunted
Swept-Back Wing, and an M Wing. Reps. and Translation No. Ly,
British M.0.8. (A) VOlkenrode, 1946.

Purser, Paul E., and Spearman, M. Leroy: Wind-Tunnel Tests at Low
Speed of Swept and Yawed Wings Having Various Plan Forms. NACA
RM L7D23, 1947.

Purser, Paul E., Spearman, M. Leroy, and Bates, William R.:
Preliminary Investigation at Low Speed of Downwash Character—
istics of Small-Scale Sweptback Wings. NACA TN 1378, 1947,

Queijo, M. J., and Wolhart, Walter D.: Wind-Tunnel Investigation
of the Effects of Horizontal-Tail Position on the Low-Speed
Longitudinal Stability Characteristics of an Airplane Model with
a 35° Sweptback Wing Equipped with Chordwise Fences. NACA
RM L51H17, 1951.

Silverstein, Abe, Katzoff, S., and Bullivant, W. Kenneth: Downwash
and Wake behind Plain and Flapped Airfoils. NACA Rep. 651, 1939.

Weissinger, J.: The Lift Distribution of Swept-Back Wings. NACA
™ 1120, 1947.

131. Mutterperl, William: The Calculation of Span Load Distributions

132

188

134,

i35

136.

on Swept-Back Wings. NACA TN 83k4, 1941.

Falkner, V. M.: The Calculation of Aerodynamic Loading on Surfaces
of any Shape. R. & M. No. 1910, British A.R.C., 1943.

Schlichting, H., and Kahlert, W.: On the Calculation of the Lift .
Distribution of Swept Wings. Rep. No. Aero 2297, British R.A.E.,
Oct.' 1948.

Schneider, William C.: A Comparison of the Spanwise Loading Calcu~- ®
lated by Various Methods with Experimental Loadings Obtained on
a U5° Sweptback Wing of Aspect Ratio 8 at a Reynolds Number

of 4.0 x 100, NAcA RM 151630, 1952.

Maki, Ralph L.: The Use of Two-Dimensional Section Data to Esti-
mate the Low-Speed Wing Lift Coefficient at Which Section Stall
First Appears on a Swept Wing. NACA RM A51E15, 1951.

Weber, J.: Low Speed Measurements of the Pressure Distribution and
Overall Forces on Wings of Small Aspect Ratio and 53° Sweepback.
TM No. Aero 2017, British R.A.E., Sept. 1949.




NACA RM L52D16 63

137.

1385

139.

140.

141,

142,

Weber, J., and Bredner, G. G.: Low Speed Tests on 45° Sweptback
Wings. Part I. Pressure Measurements on Wings of Aspect Ratio 5.
Rep. No. Aero 2374, British R.A.E., May 1950.

Furlong, G. Chester, and Fitzpatrick, James E.: Effects of Mach

Number up to 0.34 and Reynolds Number up to 8 x 106 on the
Maximum Lift Coefficient of a Wing of NACA 66-Series Airfoil
Sections. NACA TN 2251, 1950.

Young, A. D.: The Aerodynamic Characteristics of Flaps. Rep.
No. Aero 2185, British R.A.E., Feb. 1947.

DeYoung, John: Theoretical Symmetric Span Loading Due to Flap
Deflection for Wings of Arbitrary Plan Form at Subsonic Speeds.
NACA TN 2278, 1951.

Wood, K. D.: Aspect Ratio Corrections. Jour. Aero. Sci., vol. 10,
nio. 8, Oct. 1943, pp. 270-272. '

Driggs, Ivan H.: Aircraft Design Analysis Methods as Employed by
the Research Division of the Bureau of Aeronautics, U. S. Navy
Department. NAVAER DR Rep. No. 1139, Bur. Aero., Oct. 6, 1949.




LIST OF FIGURES

Fig. Ordinate Abscissa Description
il ic_ &4 Load distributions on a wing having 0° and 450 of sweep.
cre b
2 C, a Stall progression as indicated by section 1lift characteristics, Ac/h. = 45°,
3 Cr, Cn Pitching-moment characteristics for a family of swept wings.
in P, Cp, Cy X/C, Cr, « Effect of leading-edge separation on pressures, pitching moment, and 1lift.
5 eizzdi;ius A /4 Boundary for leading-edge separation as defined by leading-edge radius. -
6 C, inflect R Reynolds number effect on inflection-1lift coefficient.
T CrL Cp Pitching-moment characteristics, L.E. separation present, for several swept wings.
8 Cr Cn Pitching-moment characteristics, L.E. separation present, for several aspect ratios.
9 Cy, Cm Pitching-moment characteristics on delta wing with and without leading-edge separation.
10 Cy, Cp Effect of Reynolds number on mixed-flow separation.
11 Cy, R Type of flow separation as influenced by Reynolds number.
12 A Ac/h Empirical stability boundary and its relation to constant area ratio.
: 5% 2y Sk e : ;
3 @ > Load distributions for families of wings defined by constant area ratios.
14 Cys Cp a, Cp Effects of fences on section 1ift and wing pitching-moment coefficients.
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20 Cy, Cn Boundary-layer control by suction on a swept wing. ‘
il Cn Cr, Chord extensions on a swept wing.
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TABLE 1.- INDEX TO TABULATED DATA

Table /\Lr Pie A A Airfoil Trailing-Edge Stall-Control |Fuse- | Horizontal
) e/ Section Device Device lage Tail
2 -43,2 | =45.0 4,00 | 0.600 | NACA 65A006 Split flep
% -41.3 |-45.0 3.55 | 0,500 | NACA 647A112 L.E. droop
L =41 ,3 | =45.0 | 3.55 | 0,500 | NACA 64;Al112 Split flap Boundary-layer On
control
5 -40.6 |-45.0 | 3.12 | 0.380 [ Roots NACA 0015 [ Split flap
Tip : NACA 23009
6 =34.,0 [=3642 3.94 | 0,625 | Circular arc Split flap L.E., flap on
Split flap L.E. flap
74 =323 [=35.3 5.79 | 0.389 | NACA 64-210 Single-slotted flap| L.E, slat n n
Double-slotted flap| L.E. droop
Fence
Root: NACA 0015
8 =25.9 [ =30.0 4.69 (0.400 Tip : NACA 23009 Split flap
L.E. flap
9 o 0 3.40 [1.00 | Circular arc Split flap L.E, droop
Round L.E.
10 (o] 4.00 |1400 Circular arc Plain flap L.E. droop
oL 3.58 4,00 [0.600 | NACA 65A006 Split flap
Root: NACA 0015
12 3.6 0 4.62 |0.550 Tip : NACA 23009 Split flap
13 9.46 9.0 | 4.00 |0.500 | Double wedge Plain flap L.E. droop On On
1L 10.46 5.28| 2.50 [0.625 | Hexagonal %50.06 Plain flap L.E. droop Qn Oon
15 32.47 | 28.4 | 5.91 |0.280 | RAF 34 Split flap
16 32.6 30.0 4.00 [0.600 | NACA 65A006 Split flap
Root: NACA 0015
14 33.4 30.0 | 4.84 |0.440 Tip : NACA 23009 Split flap
NACA 65;A012
18 36425 | 35.0 | 5.14 |0.713 | NACA 647A312
NACA 6474612
NACA 6514012
19 36425 35.0 |10.07 |0.500 | NACA 647A312
NACA 6414612
L.E. flap
Split flap
20 37.0 35.0 | 6.00 |0.500 | NACA 64;-212 L.E. slat
Double-slotted flap L.E. aroop
LA, Fence
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.
TABLE 1.- INDEX TO TABULATED DATA - Continued
Table| A A A A Airfoil Trailing-Edge sStall-Control | Fuse- |Horizontal
5/4 Section Device Device 1age Tail
L.E. flap
21 42.0 40.0 | 4.01 | 0.625 |NACA 649-112 Split flap L.E. slat on on
Fence
L.B. . fisp
22 42.0 40.0 3.94 | 0.625 | Circular arc Split flap L.E. droop On an
Fence
L.E. flap
23 45-20 # 4,12 | 0.360 | NACA 64A009 3plit flap TR talat
2l 45.0 45.0 | 4.00 [1.00 "' [NACA 65A008 Split flap
25 46.2 45.0 | 6.00 | 0.600 | NACA 65A006 Split flap
L.E. flap
26 46.33 | 45.0 |8.02 |0.450 |NACA 631A012 Split flap Fencesd on on
27 | 46.33 |45.0 |8.00 |0.450 | Cambered 63-012 Split flap {;e.‘ﬁ;.n“’
NACA 64A010
28 46.55 |45.0 |5.00 [0.565 |yacA 644810 on
NACA 64A010
29 46.6 45,0 |6.00 [0.500 |y ach g4r810
30 | 46.7 |45.0 |4.00 |0.600 |NACA 65A006 Split flap 1‘;;:;.‘1"“1’
31 47.5 45,0 |3.40 |0.510 |NACA 6474112 Plain flap L.E. flap on
32 | 47.5 |45.0 |3.40 |0.510 |NACA 6414112 Split flap Sﬁﬁ‘é‘iii"'l"" an
»
35 | 47.5 |45.0 |3.50 |0.500 |NACA 6414112 Split flap pyiasise kg
L.E. droop
3l 47.5 45,0 |3.50 [0.500 | Circular arc Plain flap Round L.E.
Fence
] Split flaps L.E. flap
Te 45.0 |5.10 |0.383 |NACA 64-210 Single-slotted flap | L.E. droop an on
35 71 B f - Double-slotted flap | Fence
Triangular flap
| Root: NACA 0015
36 48.1 45.0 |3.64 (0420 |myy y NACA 23009 Split flap
2T 48.4 45.0 |2.00 |0.600 |NACA 65A006 Split flap
38 48.6 45.0 |4.00 | 0.300 [NACA 65A006 Split flap
L.E. flap
39 52.0 50.0 |2.88 | 0.625 |NACA 64;-112 Split flap L.E. chord ext. | On on
Fence
L.E. flap
of L0 52.0 50.2 2,84 | 0,616 |Circular arc Split flap L.E. droop an Cn
L.E. chord ext.
* variabie —_NACA =
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TABLE 1.- INDEX TO TABULATED DATA - Concluded
Table |/ AN A A Airfolil Trailing-Edge Stall-Control Fuse- |Horizontal
LE c/4 Section Device Device lage Tail
L1 60.0 50.6 1.80 |0 NACA 0015-64 Plain flap Sharp L.E. on
L2 60.0 52.4 231 |0 Circular arc Plain flap L.E. droop
L3 60.0 52.4 2.31 |0 NACA 65=006.5 Plain flap On
LL 60.9 60.0 4,00 [0.600 | NACA 65A006 Split flap
L.E. flap
Split flaps PR
LS 63.0 60.8 3.50 |0.250. | NACA 64A006 Trianguler flaps Shfrpdi‘.?gr.’ on
Skewed flap
L6 [63.03 |[55.7 |2.04 (O Double wedge Plain flap L.E. flap o
.E,
L7 |63.43 |[56.3 |2.00 O Double wedge Split flap AEARZ, S
L8 |63.43 |56.3 |2.00 |O NACA 0005 Plain flap

~NACA
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L
-
TABLE 2.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
(0]
43.2" SWEPTFORWARD WING
Moy =450 A=Hho Rpax = 6.0 x 106
Aisio-6a0 Mpex = 0.20
Alrfoll sections (parallel to plane of symmetry)
Root: NACA 654006
Tip: NACA 654006
:EE:E;?:E:E Configuration Ot W Q‘!gébc::“ Cp Characteristics Reference
(b/2) [(v/2)
%
Ao 8 1.21.6 2.0
None —_— 0.99 | 26.0 3.4 C;l 1
o}
&
None

.500 |

:‘:“,‘ — 1.17 | 29.0 2.87 1
.
-
-
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TABLE 3.~ SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

41.3° SWEPTFORWARD WING

Aeps =50

A= 0.500

A =3.55

= 10.6 x 106
= 0.1

Alrfoll Sections (perpendicular to 0.250 chord line)

Root: NACA 6k)Al112
Tip: NACA Q;‘A112

R Bl o L/D at
;,“;,';fv'{éf Configuration CLmax CLmax|0.65 ool Cy Characteristics Reference
(v/2) [(v/2)
0
o L.8 12 1.6 2.0
None | None e mm— 1.04 | 28.0 .32 c,o_ ' 15
-

.500
L.E. [None ———— 1.18 [33.0 | L.oy #—0—'— 15
Droop
i780 |wono e 1.21 [31.0 | L4.68 w——»—o— 15
Droop

m— 1.26 | 30.0 k.70 #—4— 15
1.000
L.E. |None
Droop

F’:;; 1.24 | 31.0 4.39 jj—v—f— 15
.500
outb'a)
1
500 |None e 1.4 |31.0 3.26 e S 15
Tnb'd
Down
bt red oo e 3 1.07 | 29.0 L.60 #’—0—# e
Nose
e ins o 1.05| 28.0 5.00 c@*—'—v 5
Nose
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TABLE

.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

41.3° SWEPTFORWARD WING

Acpy =us° A =3.55 Rpax = 10.6 x 106
A = 0.500 Mgy = 014
Alrfoll Sections (pervendicular to 0.250 chord line)
Root: NACA 6l4jAl12
Tip:  NACA 6l4;A112
gean, | Span Mosn
pf L.E.of T.E enter |o o c
Device [Device Dt isiradcn Location| “Imay “Loax| 2 Cp Characteristics Reference
(v/2) [(/2) (&)
[
A 4T.8 1.2 1.6 2.0
— = 7 3 0
=== | e || 3|0 |& %
ko
None
stot .
L .28 [1.8] 29.0] o0.0121 %
None
-558
s;’\n:
Flap
L= 198 |1.29| 29.0| o0.0118 “\f %
== =7 | -2 131 29.0f © ﬁl—._‘- b
None
slot i
-7 150 [1.h0f 29.0| o.0125 16
1.000
L.E.
Droop
PRl h i L e
.558
spit]
Flap
Slot l 16
_:I .204 1.51 29.0 0.0121 A

fifialy
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5.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

40.6° SWEPTFORWARD WING

Aepy =15 A=3.02 Rpax = 18.0 x 106
2= 0.380
Atrfoil sections (variable)
Root: NACA 0015 (approximate)

Tio: NACA 23009 (approximate)

Span Span L/D at
;:'!;;E-;:"{éf Configuration e Plnay 0.65 ¢, | Cm Charactertstics Reference
(b/2) [(b/2)
C.
o .k .8 1.21.62.0
A
None — 1.08) 315 | Lo fo
L P~ P Lot e 17
- .1
P e e e
1
.623
None [Split —_— 1.22| 27.0 | k.50 N 17
Flap
S el el
b 17
Spltt 1.31| 26.0 | 5.k0 _/
Phap Cﬁ- I

NACA
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TABLE 6.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

34° SWEPTFORWARD WING

Acpy =-36.2° A=3.94 B, =9-6% 106
A = 0.625 Mpey = 0.22
Airfoll sections (normal tc 1line of maximum thickness)
Root: 10 percent thick circular arc

Tip: 6.4 percent thick circular arc

A P
. f T.
;-vxe- anlco Configuration lmﬂ Lmax0.85 Cp, .o Cp Characteristics

(v/2) |(v/2)

Reference

%
0 A4 .8 1.21.62.0

None None

.1
e 0.77|21.0 3.85 Cn 2 18
= .1

73
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TABLE 6.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
(¢]
34~ SWEPTFORWARD WING - Concluded
span_| s
pé Le o e oo Lgerition e taslo HPor | 4 cu ouareamerasrise |, [irarenss
(v/2) [(v/2)
0 .th.a 1.2 1.6 2.0
0
——— 1.06 [21.0 | 2.99 c-‘ o
=)
@ 113|265 | 2.1 8 18
.500
None Split
Plap ]
@ 1.7 | 28.2 2.7 | ; { 18
4
None = 1.20 [26.5 | .86 7d‘_'_'— &
.800 i
L.E.
Flap re e BT [
FES 18
p: 13 |27.0 | k.78 r
Flap (Q
]
—_— 1.21|26.0 | 5.55 | -~ 8
-
None =
L 18
.
i 18
Piap — 1.40 (280 | L.96 \/f
égggc
Flap
2500
Upper
lsurface 18
L3
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-
TABLE 7.~ SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
-
O
32.3% SWEPTFORWARD WING
Acpy =-35.3° A=5.79 R =7.80 % 106
A=o.
0.389 ¥, = 0.2
Airfoil sections (perpendicular to 0.225 chord line)
Root: NACA 64-210
Tip:  NACA 64-210
Span Span
;:v!x'::f FS.I;E Configuration cxﬂliac"nlx o.é‘ébo::u Cp Characteristics Reference
(b/2) |(v/2)
G
o .4 8 1.2 1620
——— 0.96 | 18.7 815 |0 19
m
-1
—=
1, = -1.6° %‘ = 361
—
1, = -1.3° 22 = 252
None L] )
ad k
i [
Lo 1, = -1 {; = 2k
e L e 7|
-
19
i e | P
1, = -2.2° 2{_ 2 =5107
3 Slﬁ t —_— 1.10 | 17.0 7.78 \J) 19
Flap
00 1 1 X ' ]
Pt 1.20|18.0 [ 5.0 |-2 \{_] 19
Piap Q
o3
553‘1; — 1.2 16.0 | 8.65 N_‘_'— 19
Plap
867 1 ] 1 1 I
Split — 1.31 | 18.0 6.20 [-.2 \/ 19
Plap
5 NI
7 -
Single ey 1.13 | 11.0 10.10 19
ttad N )
N ; ”_5,2 = R R T
oy _— 1.2} {18.0 845 19
Flap S e

® Cppay MOt reached
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TABLE T.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

32.3° SWEPTFORWARD WING - Continued

Span Span L/D at
;:'x;;i B.'J;f Configuration Clmax Tnax o.eé c;m Cp Characteristics Reference
(b/2) [(b/2)
%
.600 0 J4 B8 1.2 1.6 20
Single| — 1.19| 9.0 | 20.60 |50 19
Flap -1
' Ll ' l
81.861. 5 . bl 4
" 1, .0 | 10.
ot —« 381 9 i 19
Flap o
42! I\i ki
Doubls —_— 1.20( 10.0 8.51 .1
None Sl?e“nod \ 19
Plap L2
echi — 35| 18.0 | 675 |3 ‘ i
joudble 1. “ 0
Slotte 2N i 19
Flap s
600
Double! ——e 1.32| 8.0 8.77 19
Slotted N\
ap
1 1 1 1
.86 -
pouege —_— 156 7.0 | B |2 o
Slotta N
Plap -3
= B 1.20| 25.0 5.67 Fy"_‘_‘f 19
— 1.20| 24.0 | 6.38 =5 i
i R i w
410 | None ———
L.E.
= o 28 o .
1, = -1.6 2= 36
— _ \/\ 3.3oM 2500 | - : o
- 25 L
1, = -1.6° =252
=T == = pane .S -
2 \
1 = -1.5° Z=.ub
P —— = hlofosef . \ 19
= s2.1° 24
1: = «2.1 'F‘ = -.107
e Ve
X =
Flen === . — il 2005} 5.5 1
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-
TABLE 7.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
-
0] ;
32.3° SWEPTFORWARD WING - Continued
|
|
S
532543325 Configuration Clmax Clmax u.réénc:u Cp Characteristics Reference
(b/2) |(v/2)
Lo
0 J4 .8 1.2 16 2.0
spie = —— | aess| 20| wes [ed 1
Plap —— —_— 04
= .1
.600 == J
soitt @ 146 21,0 | 5.39 1
Plap =
.867 — "
Split = i e 1.61f 18.0 5.26 }74_‘
Plap — —
(\l;(%g //, 1.68 18,0 7.93 1 ] 1
/’__—-—‘\ -
‘ =l e L T B ) 5
1, = -1.3° %’. =.361 \
R =
Lb:O sinoin il ,og L 2:69] 7.0 | —— 1 D ‘) %
R e 1y =22 2 - 252
e
~ 1y = -1.5° ?5-‘- = .11
o 1
@ S VL BT Ty
1, = -2.2° %t =-.107
- P e
= 1
@ 1.76| m.2|  s5.77
.500 @:\:/\) 2.60] 2302 | —— 1
Double! 5 5
Plap 1, =-1.6 .s! = .361
= 3t
Esal——— 0 a2t [ [ : '
: e 0B = 19
» 1, = -1.6° ?S!“ = 250
e . L £l
== = [ maf—— &
1, = -1.5° 2‘_' = .21

e L cl‘ux not reached NACA

Bl
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TABLE 7.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

32.3° SWEPTFORWARD WING - Continued

Span | Span e Yo at
Zf.’i;ﬁ“ﬁ{.f;f Configuration iman CLmax 0.85 o, 0 Cp Characteristics Reference
(v/2) [(v/2)
C.
L
o0k B 121620
= B el S i
Cn
500 - 2 5
pouble| < ——v e 1.88] 255 —— |
Plap
-3
2% oo
1, = -2.1° gy =407 S
«3 ' | i i
600
Et s 1.76 | "2r.z|| SRRy 20
Plap N\
5
— i 1.85 | 17.2 8.07 19
10
L.E.
Flap —
= |nsma|—| ] By
867 1e=—1.1° %:,551
Double
Slotted —
2z -
1, = -1.1° T‘ =.252
=y e e, L
- 2z =
1y = -1.° _bz a1y
1, =-2.3° 2 =oa07
LSP None — 1.28"‘ 29.0 T7.27 W 19
Flap
None —_——— 1.40% 29.0  8.80 “[7‘L"_" )
ol e 1.48| 23.0] 8.85 1 7 "
Plap
L R RN
+750 o
1.?2. 32‘1’& — 1.46% 25.0 7.53 t
Flap | Plap 19
.600 e
21&: =" 1.48% 25.0 8.38 —}= 19
ap
.86
i‘;lzt —— 1.62| 23.0 7.35 : l 1
ap
sikﬁo — 1.62| 23.0f 9.9 | 7 19
Slotted
Plap

- Cw‘ not reached
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TABLE 7.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

32.3° SWEPTFORWARD WING - Concluded

Span Span u s /D ok
n:.!{;ﬂ;f.‘f;f Configuration Tmax CLmax(0.85 Op |  Ca Charactertstics Reference
(b/2) |(v/2)
95
o .4 .8 1.21.62.0
i s =2 1.68|22.0 | 7.9 04 %
Plap Ca
it 4 =1
— 1.20| 25.0 | 6.00 F‘j_’_k 4
None
156] 5.0 | 399 i
L2
e ol e
lap 4
.500
i [ 7L -
Slat ap
.600
Flap
seﬁ’: @ 1.60| 19.0 5.67 7L S
Plap
e h.20% 26.0 | 6.37 ;;' W
None
' P
f .
1.?;? None e 1.26% 26.0 | 6.90 — %
s1et
.750 1 T
:.ixé None — 1.33" 26.0 8.37 TR 19
. =
Nooe @ -28% 26:0 ] £3:10 19
Lo
LY.
Droop
i o < >
o] == |rfue|n | | S .
Droop

# Gy, not reacbed NACA

)
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TABLE 8.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

25.9° SWEPTFORWARD WING

Aepy =30° A=L.69 Rpax = 18.0 x 106
A= 0.400

Alrfoil sections (variable)
Root: NACA 0015 (aprroximate)
Tip:  NACA 23009 (approximate)

Ll o ag, L/D at
peviss bicice Configuration CLoax “Laax|o.85 OLpax| Cnm Characteristics Reforence
(v/2) [(v/2)
o
19 k7.8 1.21.6 2.0
I
None e 1.8 e25 | 770 |7 ' ~ 1
=
623
None gglpl Q‘ 1.47( 21.0 6.02 \J 17
smie )
44 1.60} 19.5 | s5.92 )
e —_——

NACA
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TABLE 9.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

0° SWEPTBACK WING

Aepy = 0° A=3.0 Roex = 8.4 x 106
A =1.00 . ¥ = 0.l

Alrfoll sectlons (normsl to line of maxlmum thickness)
Root: 10 parcent thick circular arc

Tip: 10 percent thick circular arc

Span_ | Span L/D at
r'ti.;:.;:';; Configuration Clmax CLpax 0.85 O 0 Cp Characteristics Reference
(v/2) |[(b/2)
o 4.8 1.21.62.0
1
e 0.58|15.9 | 6.58 [%a =
07-435—&—%—1»—9—
None
—_———— 0.80 | 15.5 9.06 L= e 2
9.032¢ round leading-sdge
=%y T Vool T
_ 1.00 | 10.0 4.25 ) a
.80 = 2
None | Spitt i
Plap
— 1.25 [ 15.5 5.33 21
90320 round lesding-edge
= o | | I
Spiit _ 1.24 | .00 3.40 1 /) 2a
Plap w2
Yone ———— 1.20 |22.8 | 7.8 .74‘——0—0— 2
‘1‘.300 éhf?; 1 1.58 | 20.0 k.6l ;
Flap | Plap G - il &
S S T R
split 1.68 [17. 3.37 2
#hap e—— 5 ?1 e
6n = 30° 5.78 |18 8.2 ]
e e <18 |18.5 .29 b 2
ST = 5 R
e 1.25 | 1k.0 L.66 "ﬁ 2
.2
180 | on e20° .1 ] {1 T !
Split . 8 .
;Il’.p P 1.23 |16.5 L.y 2 ——ﬁ n

Lo 2

T
én = 10

X = = .35 |12.5 | 3.37 j g '—Q'

k28

Droop

;31& i —_— .16 |16.0 | 3.45
F-3

Flap

n = 30" F.2

—— n.Le [16.0 3.38
3

&n = 10

None —————> 1.21 |23.5 7.92 '7",9'——'—*‘ 2

0.032 round leading-edge
6n = 10° e

-L8o i
Spiit e h.Ls5 |20.0 5.14 = 2
P{‘lp e =\ =

0.032 round leading-edge
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TABLE 10.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A .

0° SWEPTBACK WING

Acpy = o0 A =L.00 Rpax = 7.67 x 106

= 1.000 =
A Maax = 013
Alrfoll sections (normal to 1line of maximum thickness)
Root: 10 percent thick circular are

Tin: 10 percent thick circular arc

spmlz Span ‘ At
;f,';;.'?,f,f;f Configuration CLmax “Lmax 0.85 0r 0y Cp Characteristics Reference
(v/2) [(v/2)
c,
5 b ".8_ 1.2 1.6 2.0
o
None —_— 0.62 |14.8 6.58 b == 2
-1
op = 30°
—— =~ ! b——
0.8213.4 6.23 /j 2

.hst; 6r = 15

Plain

Plap — 0.88]11.5 5.62 2
b¢ = 60°

| 0.94 | 10.5 | s5.09 22

J

g

None
b¢ = 15°
+—
o 0.8 [12.0 | 7.00 = id
F o
&g = 30°
e 1.00 | 11.0 559 —) > -
b
1.000
Plain
Plap 6¢ = LS°®
=== 111 9.8 L.97 N 2
4
&g = 60°
— 1.16 | 9.3 L.3y / 22
& = 10° +
_————— 0.82 |18.0 8.50 74—“"—‘— 2
1.000
L.E. |None
Droop b 20°
— 0.95 |23.0 8.06 == 22
s
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TABLE 10.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

0° SWEPTBACK WING - Concluded

?m £ L/D at
:..&;E :{.3;5 Configuration L e S 0.65 ¢, | Cm Characteristics Reference
(v/2) |(v/2)
6n = 30° Cp,
Q0 kB 121620
o
= 0.85 | 26.0 4.32 ‘:) " A . 3
=
-1
6 = %°
None +—
— 0.76 | 18.6 743 - 22
6n = L0°
+——
S — 0.70 [ 25.5 3.72 &
\__\
0
&n = 20° ¢ =60°
P\ 1.20 |19.7 | 6.00 ___// %
6n = 30° 8¢ = 60° B
2
— 1.09 |16.9 5.00 N
.50
Plain
Flap bp = 36° &g = 60° e e et I
1.000 I——\ 1.10 [17.9 5.00 \/ %
L.E.
Droop
+———
&n = Lo® b = 60°
—\ 0.98 [16.0 k.02 N—or 2
—
6 = 20° 6 = 60°
— 1.39 | 17.0 L3k J 22
By RS
bn = 30° br = 60°
—\ 1.32 | 16.4 4.2 22
1.000
Plain| &, = 3%° b = 60° Tttt
Plap
2
@ 1.32|15.5 3.80 \7 2
n = 1o° 6 = 60° ——
= d22i{2hi-6 | 535 \> 2
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TABLE 11.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

3.58° SWEPTBACK WING

3.58° Aepy = o0 A=ko Ryex = 12.3 x 106

A= 0.600 Mooy = 0.20

Alrfoll sections (parallel to plane of symmetry)
Root: NACA 654006
Tip:  NACA 65A006

Span Span

f L.E.| X c L/D at

P vice ;fvzef Configuration R g 0.85 0|  Cm Charactertstics Reference
(b/2) [(b/2)

o

0 .4 7.8 1.2 1.6 2.0

e e 073|134 | 6k c°J[_'°S‘—‘—‘—“ T
n
<1

500
Sp11t

1.23| 11.8 k.93
Plap Q u

None

“‘GH;!F'
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TABLE 12.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
3.6° SWEPTBACK WING
o Aoy =00 A=L.62 Rpex = 18.0 x 106
% 2 = 0.550
@ Airfoll sections (variable)
Root: NACA 0015
Tio:  NACA 23009
bl e p:p;ns c ag L/D at
Dovice [pevice Configuration Imaq “Lmax|0.85 cr, .. Cp Characteristics Reference
(v/2) [(b/2)
.bc".e 1.2 1.6 2.0
.1
None — 1.37| 210 [ 8.9 °-°‘¢'='7_’_*_ ”
-2
e
.623
None 'sg:;c Q— 1.98| 20.2 5.43 T 27
—
.92
3’1’:2” — 2.21| 20.8 | k.57 | 17
-~
»
-
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>
TABLE 13.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF
»
o
WING WITH 9.46° L.E. SWEEP
9',“60 Ac/h = 4.8° A=14.0 Rpax = 10.0 x 108
A= 0.500 Mpax = 0.20
Airfoil sections (parallel to plane of symmetry)
Root: |, .2 percent thick hexagonal
Tip: ;.2 percent thick hexagonal
R At c o L/D at
;"x;;. s Configuration Tmax “Lmax(0.85 0, | Cm Characteristics Reference
(b/2) [(v/2)
K .uc'-.a 1.2 1.6 2.0
_ 0.77| 13.0 | 5.9 c'u
—ﬁ‘—‘—#—k 23
=1
< 'T> 0.72| 13.0 6.12 FEAN——— 23
None | None 0.80% 15.0 | 5.24 1 -
1, =18 2.,
1, = -4° 2= 360
o |11 m1= 28 _ 0.97| 18.0 [ 9.70 [; 2 %
6n = 30° ¢ = 50°
P 140 | 16.5 5.73 23
e
[ &g = 50° L4
=& e 1.33[ 16.5 | 6.L2 \/ 5
6n = 30° 6 = 50°
1.000 | .609 L. el SN
el = = = (50| 6o %
1, = -4° ib! =0
6, = 30° ¢ = 50° i
= 4 L.
=5 == o [usfse| sss L
v
1, = 0° {; = 361

LS Ch.x not reached ;\_. NACA ;
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TABLE 14.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

10. 46° SWEPTBACK WING

Ac/h = 5.28° A =25 Rpgx = 76 % 106
q A =o0.625 et
— °
10.L6 Atrfoil sections (normal to line of maximum thickness)
Root: Hexagonal t/c = .06
Tip: Hexagonal t/c = .06
FLiE ot 1o
b B o a L/D at
n-;tc- pevice Configuration Clmax CLmax o.sé (9 Cm Characteristics Reference
(b/2) [(b/2)
or
0 J .8 1.21.6
a
—_— 25 [w.age | sz [ Cm ] Un-
"“T‘_*_‘ published
-1
= = R "
publishec
—
e
published
=
2z - o L% 2 1y = -2.00°
g - .
-
Un-
1 published
18 =2
.25; = a7 1, = -1.75°
e
Un-
_— published
/8 =2
None ?sl. = =177 1, = -2.0°
Un-
- R — {@r )
1 Un-
published
15 =3
.2%5 = 40 1y = -1.99° g
= ! Un-
published
15 =3
Z=-anm 1, = -1.73°
Un-
e =3
% =077 1p = 2.15°
F g
-ho
1.8,
Flaps o ——— o d Un-
6g = 30° .955( 12.9 6.98 publtshed

“.NACA




NACA RM 152D16

TABLE 1k4.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

10. 46° SWEPTBACK WING - Continued

it Lo
b “Edof T.E. Q, L/D at
?;};c)aﬂz(:;};‘;. Configuration ®Luaq CLpax 0.85 Cp, o Cp Characteristics Reference
1,
0 .4 .8 1.21.6
¢, H———
— 1.02512.9° | 4.85 » 5 D=
T /_\ published
8, = 4o°
s -2
Lo
7.%.
Flaps
A
~ 1.070013.0° | L.29 /—3 Un-
8, = 50° published
G————
_n o [1-16]12.0°] k.58 "j Un-
6, =30 published
f————
None
e N 1.26 [12.1° ] 3.96 Un-
51- = 4o° published
i,
Flaps
——1 ] 134 |12.2° | 3.59 Un-
8, = 50° published
e L
By TRy oublished
_— .80 21.e | 5.25 ] \
=10 ta
n putlished
None
e X
=g published
175
L.E. A
Droop
- 1.09 [ k.2 L. Un-
8, = 10° 5, = 50° i pubianes
n *
+3!
2.
Flaps ]
it 5050 published
e R
75
kS e
Fais c\ ] published
38| .2 by == 3
8, = 10° op = 50° :

o Copax DOt Teached. .m@a
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TABLE 14.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

10.46° SWEPTBACK WING - Continued

span_ | span
L/D at
;’:'!i'.: Pavice gonfignesion Clmad L cAeé “":m Gy Charscteristica Befbtaras
(b/2) |(v/2) m
C;
T
o 4 .8 1.21.6
——
¥ u
iap < publ
Plaps
Lo S e =S
Fyield 8y = 50
== j va-
— .81 15.%| 7.10 published
o
5, = 20
None
— = U
F ! oublished
6, = 20°
PR e
Un-
A 1.0| 1.9 | L.82 —— published
]
35 |9 = 20° 8, = 50
e,
Flaps
f—————
/'/\) published
e" = 20° °t‘ = 50°
PN
0 publi
=N 1.36] 15.1 | 3.5 \"j
o
Yk | B8 5 = 20° . = 50
Tadal e
Droop | Plups
+——
_a \/3 puvllshed
3 - -]
5, = 20 o, = 50
27| 16.6 | 6.8 ] 5 pu a
5 = 30
] tn-
< = = s i
o
8 =30
e =2 — g -1.96°
J e
e | e i
Ll 30° ?E‘— = L0
R =2 Ty = -1.75
—
T = = F:*T_h penten
nond 2Z-an
18 =2 1y = -2.16° e
Un-
e s
=
5, = 30° Z--an

SacA
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TABLE 14.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

10. 46° SWEPTBACK WING - Continued ]

NACA

!

Span Span
:'Ii;: REEE Configuration i Fgan a_é“ébc;:" Cp Characteristics Reference
(v/2) |(®/2)
C
L
o . .8 1.21.6
e
c Un-
= 1.27| 16.2 | L.s2 T ) L ivaned
6, = 30° 6, = 50° =D
f————
//> Un-
<= publtahed
8, = 30° 8, = 50°
16 =2 = 2= 4o
05 32 1, = -1.960 1 Un-
Droop Flaps published
8, = 30° 8¢ = 50°
/8 =2 %g = an
| Un-
o _as®
o, = 30 6, = 50
e =2 %‘ = =277 }
£ =-2.24° Un-
=
o 2
% =30 8, =50 \‘
i
published
= o
8, = 50
}/E =D 2 _ o — /
b
Un-
'L'T - |
—~ o 5
xt = -1.98 N &0 ‘
s =3 2 .
/! 22 = a17
3
yone | 8. — G f
|l <= > 1 puiianed 5
1, = -1.70° 6, = 50 }
15 =3 2% = -7 1 ‘
Un-
published
1, = -2.10° oy = 50°
G R 1390 16.3 | 3.8 publi abed v ‘
Droop { Plans ——
o
= o =
8, = 30 8p = 59 ’
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TABLE 1k.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

10.46° SWEPTBACK WING - Concluded

span_ | Span L/D at
bt L-Eof 7.5 Gones giration Taian Claxlo:be CLpyy| Ca Characteristics Reference
(b/2) |(v/2)
Cr
0 .4 .81.21.62.0
04
cm
e - -
e published
o= 30° b = 50° =3
/8 =2 — T‘ = .0
~ 0 il Un-
o, = 30° O = 50°
= 2z
15 =2 2= any
=5 1 =i=1070° Un-
8, = 30° 8, = 50°
15 =2 2z _ PR, S L
/e E 177
1 =-2.1,° Un-
=
a, = 30° 6, = 50°
J 215 ————
L—’\P T.E. 1
Droop | Flaps Un-
8, = 30° o, = 50°
VE=3 2 - Lo
—
] Un-
= @ ey
o
8y =30 1 = -1.88° Bg/=i50
e=3 ?sz. = 77
. s Un-
o = 30° 1, =.-1.68° oy = 50°
i S 3
yE=3 2 -.an
Un-
published
-mo
o Y
=30 1, = -2.2° Lrg J
———
1.00 -
None T.E. Un-
Flaps e published
= O
8, = 50 D

NACA
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TABLE 15.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

32.47° SWEPTBACK WING

e Ac/h = 28.,° A= 5.91 Rpgx = 535 x 10°
32 7% A= 0.280
Alrfoll sections (parallel to plane of symmetry)
Root: R.A.P. 3L
Tip: R.A.P. 34
span Span
B o ¢ L/D at
LED L Configuration CLusd CLmax o.eé °!.mx Cy Characteristics Reference
(v/2) [(b/2)
Cp
1o 4B 1.2 1.6 2.0
None (i 118( 19.3 | .00 [% 2
0—&-16—.—-—
-1
; o e via| s | em _E::;;}_+ s
ione
1450 E 2
Spie Q 1.5 264 | 6.28
Q 1.5 | 16 | 6.5k W %
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TABLE 16.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

32.6° SWEPTBACK WING

Aepy = 30° A=L.o Ryax = 12.0 x 10®

A= 0.600 ¥zax = 0.20

Alrfoll sections (parallel to plane of symmetry)
Root: NACA 65A006
Tio:  NACA 654006

Span Span

L/D at
E.l[: Pl Configuration Cimid Lmax o.eé Oy Cm Characteristics Reference
(v/2) |(b/2)

3
0 . 7.8 1.21.6 2.0

500
31‘5’“‘ —— 1.8 |0 | b7 e i
ap

93
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TABLE 17.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

33.4° SWEPTBACK WING

,ALC/L = 30°

|
|
g A=h.gy Roax = 18.0 x 106
330 A= 0.440
Airfoll sections (varisble)
Root: NACA 0015 (approximate)
\ Tip:  NACA 23009 (approximate)
span_ | span
bf L.EJof T.E Configuration Gl il e Gy Characteristics Reference
ice [Device Cloax
(v/2) [(v/2)
(=
0 .48 1.21.62.0
None — 128 20.0 | 9.87 |0 1
-1
623
) None | Sp1it C}- 1.77| 18.5 5.83 \ 17
Plap
|
19 17
Split 1.70| 15. .
S —_— 70| 15.5 | L.67 S

W
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TABLE 18.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
< o}
36.25° SWEPTBACK WING
Nopy =35° A=5.4 Rpax = 10.0 x 106
36.25° A = 0.713 Mpax = 0.25
Alrfoll sections (parallel to plane of symmetry)
L NACA /D &
(:72‘;5 (:72‘;5 Configuration atrfon1 St uas o,é'an;u Cq Characteristics Reference
¢
19 b8 121620
i ——‘4‘—'—0—‘
6511«012 0.98] 17.0 13.6 04 26
e
Mo/ || Hooe = 6iya312 |1.30| 21.0 | 1045 et et 2%
6Ly A612 |1.43( 22.0 9.85 p’\q_" 26
TABLE 19.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
36.25° SWEPTBACK WING
%o Aep = 35° A =10.07 Rpax = 10.0 x 106
A = 0.500 Mpgx = 0.25
-
Alrfoll sections (parallel to plane of symmetry)
Span_ | Span
E Pvise bavioe SeateIretis Aireory | Cimad Claax o.‘e‘ébc,:u Cp Characteristics Reference
(v/2) [(v/2) Section

0 L8 1.2 1.6 2.0

65,4022 | 0.96] 6.0 | 23.3 =4 ) 2

None | None b —— 64,4312 | 1.2L) 21.0 17.0

o 6hya612 | 1.32| 20.0 16.0 i ‘ 26
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TABLE 20.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

37° SWEPTBACK WING

Aepy = 350 A=60 R x = 9435 x 106
biad A =o0.5 Moax = 0.18
Alrfoil sections (perpendicular to 0.270 chord 1line)
Root: NACA 6l -212
Tip: NACA 6l -212

Span Span
T.E.

t
bf L.E.for Gonfhguation e R el Characteristics Reference
pevice Pevice 5 CLnax
(b/2) |(b/2)
0 4 .8 2 1.6 2,0
None — 1.27 | 19.0 12,35 27

G
1
+500
Split _ 1.55| 17.1 W46 21
sa L1.55[ 17 7ol H\~S
T (ST N
None |Split _— 1.65) 15.1 | 6.36 27
Plap 2
500 5 L |
| Doubi e = 1.92| .3 | 7009 [ 2
<97 L &R G
Sont1d C:»\ 2.32| 11.9 | 6.85 2
A 6
+500 0
11t — 1.36 15.0 | 13, 27
250 ;plp A 2 22 -1 \-F

L.t
Plap |.500 | |
Doublel o'\ 1.76| 1.1 | 7.75 -.1[ I é o
"l’;" 2
[
None —_—— 1.25[19.9 | 11.82
b 27
75 |2500 ' R
DE |3h%e — 137209 12020 2 2
Plap |Flep 2
<500 gep LU I
Doubl e P 1.8113.2 | 7a5 —A &
|20t ted \ 2
Flap s
oI_—I‘_"\—'—H
None — 1.3 [2h.0 [ 9.80 27
-1
LE igﬁ’e —— 1.46 |15.0 | 8.26 \—7
n; P ap o 27
500 L1 TR R T I
IDoubl o 1.87 | 13. .0
Povtile ,o\ 7 [13.4 | 7.05 zI ———~_P 27
1 ap ~
o
None ——— — .40 |24.0 ]10.50 I m’l 27
+6
L.E.
Rap | 500
11t
e — n.63 [18.2 | 7.82 _—7 27
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TABLE 20.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

37° SWEPTBACK WING - Concluded

Span Span L/D at
%}ZTE ’(3,.:7;; Configuration Coman Clmaxfo.b5 Orpay| Cm Charactertatics Reference
o
.500 0 Iu .'8 1.2 1‘.6 zl.o
+650 [Doub E 27
1‘..2. Slgn;! ,ob\ 2.06 [16.4 £.90 d:I —A
Plap (Flap L2
0 W
None — 1.41 | 25.0 10.75 27
700 -
L.E. 2
Flap
.500
;;‘::;c e 1.69 (21.3 7.75 t: 27
iee :
L2 flone 1.63 |2b.3 | 99 | 2
-1
0
None O p.k2 |26.0 8.3 | 27
-2
500 | .500
LE i —_—— 1.43] 15.0 [ e.06 T 2
.500 R TIS
sn;:::; f@,\ 1.85| 14.3 7.10 ——\P 27
Flap [
6 = 20° 0
o — 1.28( 23.0 11.45 x 3 27
b = 30°
O 1.28| 20.0 | 11.90 27
None
&g = 30°
—— 1.28(18.9 | 11.75 :$ 27
&p = u0®
(— 1.26 [20.0 | 11.88 w 27
%8 .
Droop & = 30
e S o
—— 1.55 | 18.1 8.06 \P 27
+500
Split
Plap z
oy = 30
TS 1.49 [16.0 | 8.20 \T 2
6, = 30° o s S
=1
Ty 1.94f15.3 [ 7.d0 - \7& o
.500 Fi
Doubl -
511,;:;“ &p = 30 .1 | 1 | L JUE)
50\ 2.0217k | 695 | e 2
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TABLE 21.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

42° SWEPTBACK WING

Aoy = ho°
—v /4 = Lo

A = 0.625

Alrfoil sections (perpendicular to 0.273 chord line)

A=L.01

Root: NACA 6li;-112

Roax = 9-50 x 106

Mpax = 0.22

P

Tip:  NACA 64,-112
Span Span
;:";;‘: priz e Configuration Shad linaz o_é‘ébq" Cp Characteristics Reference
(v/2) [(6/2) (b)
0 .4 L8 1.2 16 2.0
—— 1.02( 19.0 | 1152 [g 0 = %
.1
1.08[ 17.0 =
. : e N 25
1, = -3.7° <2 = .509 ~N
—
1, = -3.1° _2‘; =.254 ~3
1 %
= [ 220 | —— NI 29
2
1, = 4a° %'. =.031 e
= == —— hwles— Lt ]| »
=
1, = -3.6° s =.417
p—
| | =——— | | ] -
lt - -3-60 T‘ =.162
o 4
el O L W Il
1, = 4.2° ER Y
=
——— [ —| P~ -
0 z
1, = 3.5 &= 25
P e e
AT \ 2
1, = -4.2° G ket
———— 1.28]17.3 | 7.26 1—‘——'—‘—‘—‘—- 0
————
== s ele a1 —= %
.500
solit
Plap

& cp not reached

b Dash curves for for distance 0,928 from ground
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TABLE 21.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

42° SWEPTBACK WING - Continued

b2 Ll o T e Clman L, Ty ut haracteristic Reference
S Sl Configuration Imad “Lmax|0.85 (= Cn Characteristics L
(b/2) |(v/2)
20 o 48 1.2 1.6 2.0
Isurfuc C—% 135 (15.0 | 6.26  |o-2 2
Flap - -
.5C0 o
Snltt
Flan
Eed
noer
[Prao —— 1.4 [15.1 | 6.06 eS——— | a1
500
sn1tt
[Plap
1
poer L
None |qitere 13| 15.2 5.86 31
Flap — t 4
.500 m_‘_“_
Split
®lap
.500 1_‘_’
e 1.40 | 16.5 7.09 2
Solit \ )
Plap
575
pper
Surface 32
Plap O< 1.29 (18 [ 5.08
.500
Ext.
split
Flap
=
143 |20.2 | —— S 3
1g = -3.4° &= a7
None
1, = -3.4° 2= a6
o2 w o 28 -
LI:!? 1, = =42 g =00
Flap
=
e pa|u | — | P
1, = -3.° &= 7
—
;;11: o 2z
ap = = .
1, = -3 2= a6
1, = -bo3° =06 i

é
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TABLE 21.- SUMMARY OF LONGITUDLNAL STABILITY CHARACTERISTICS OF A

42° SWEPTBACK WING - Continued

Span Span c o, L/D at
P et IR Configuration Imax “Lmax[0.85 cp, | Ca Charactertstics Reference
(b/2) [(b/2) (a)
2
0 .4 .81.21.6 2.0
None e 1.24] 25.0 1-30 : 31
.1
,C>\—— 1.39 | 18.6 6.77 ———=3 28
H
- 141|205 | —— < -
13 =3 40 F 509 3
— >
J
(
1, =-3.2° E= 25 !
1.42 |20y | —— 29
- o e
1, = a1 Z=.omn
e
575 | .500 I
L., | split
Flap | Flap —
o A e »
1, = -3.8° 2= r
@} L.Lk |22.5 \ + + 29
1p = -3.4° 2= a6 r \/)
2z _
1, = 4.3° Z =06
p—
1, = -3.5° 2= a7
%— 3
e 141|225 | ——
1, = -3.4° 2z = 162
—_— =
1y = <4.0° 2 =061

“Dash curves

sre for distance 0.92%. from ground.
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2 2 o
o % 2 2 o o o o w ® ] A Q
L A s 2 & 2 & & by Ed & 2 |
b3 1
° 1 i
o~
- |
s 2
3 -
g a |
| 7 o
: m ~
s 4
PR ] \
b I
- =3 /
5 + \
| & ° ! ! bt ! } —
o -
c- -.
" e o w
A s e |3
m.—\l “ ~ o~ o
)
o
®
e~ - - - @ o o o o o o ~ @« o n P w
% o~ ~N ~ ~ - - - ~ ~ ~ ~ ~ - ~n ~
Lof ) g a < ) - - S o ~ @ %
ki & i ? R ) ) =l R 3 3 3 ® & & 2 2
S - i § ] - ~ - e - - - ~ - ~ &5 - o

42° SWEPTBACK WING - Continued
ool e = 5| s

- = .,
= -5.5° o=k
=
1, = 4.0° 28 oo,
g = b0 = 146
[=——0
1, = -3.4° 22 - .509
T
1, = 3.2 28 o 28
° 2
1¢= 4 Z-.on
==
1 =380 2 =la
—
1y = 3.4° %!:J‘l
b pash curves are for distance 0.928 from ground

TABLE 21.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

]
3
| H
, S 1%
ne. . e Pt ohmv Wuﬂ 2
£5 s B | WE o A8
Lis
2 gids o g £ g :
a 5 L S Tk
a uA2
n
=
<
=
L
. + ) » A '




- » 1 ’ ¥
Ne}
—
&
et <
= B
= o
8
g 5 ;
. 8 B 2 2 2 5 e ? & 2 8 2 &
= & 5 2 8 2ol & £ z %
= 2
& .
3
e L
I
3 «°
ol L 1
S 90 & ?
&
o < e e
R , _ _
B
= L B
=l o
=i O N
[aa] D S
M . : @ @ @ ° 2 Q < 2 @ 2 5 @ 2 = 2
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Reference
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TABLE 22.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

42° SWEPTBACK WING

— Nofl=h0®  a=3gh Ry = 9.60 x 108
X =o0.625 Mpax = 0.22
Alrfoll sections (normel to line of maximum thickness)
Root: 10 percent thick circular arc
Tp: 6.l percent thick circular arc
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TABLE 22.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
o : {
42 SWEPTBACK WING - Continued
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-
TABLE 23.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
~
O
45~ - 20° SWEPTBACK WING
[ A=La2 Ry = 6.0 x 106
[5° A= 0.36 Ypax = 013
~~30° Alrfoil sections (parallel to plane of symmetry)
0° Root: NACA 6lA009
Tip:  NACA 64A009
Span_ | span
vali;‘:-l;:";z Configuration Crgan Ol g,é‘é"o:u Cp Characteristics Reference
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« TABLE 24.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

45° SWEPTBACK WING

RS Aoy = 1s5° A=L.o Rpax = 90 % 106
? A = 1.000 ¥pax = 0-20
Alrfoil sections (parallel to plene of symmetry)
Root: NACA 65006
Tips NACA 654006
52:5"53:5 Configuration o °°L,., o,'ééno:u Cp Characteristics Reference

(b/2) |(v/2)

T
§ra 1.21.6%2.0

None
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TABLE 25.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A f

46.2° SWEPTBACK WING

16420 Aepy = 1s° A=60 Rogy = 6.0 x 108
X
A = 0.600 Mgy = 0-20
Alrfoil sections (parallel to plane of symmetry)
Root: NACA 65A006
Tip:  NACA 65A006
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= TABLE 26.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

46.33° SWEPTBACK WING

e A
w3 Aop=°
A= 0.450

A
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Rpax = U8 x 20°

Mnax = 023

Arfoll sections (parsllel to plane of symmetry)
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TABLE 26.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
46.33° SWEPTBACK WING - Continued
»
:3?1:25 ’;?:“{:E "g&;:‘:)“' Gonfiguration c“!lﬂucl'nu 0.%%;:“ Cp Characteristics Reference
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TABLE 26.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
> 46.33° SWEPTBACK WING - Continued
:EEZ?;?EZE L:::i:en Configuration Clma ﬂc“n-x o.'élsbc;:“ Cm Characteristics Reference
(v/2) [(v/2) (v/2)
.10 .LCL.B 1.2 1.6 2.0
e @ Tas|er.0———— -:. ;j 39
X @ 1,051 20 = ? 39
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TABLE 26.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

46.33° SWEPTBACK WING - Continued

Span Span
;:v&;:: ;:J::E U(":!l/lgon Configuration Clmax %Lm“ 0. 5Dc1:_i Cp Characteristics Reference
(v/2) |(v/2) b
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TABLE 26.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

46.33° SWEPTBACK WING - Continued

NN S e Jec /D at K
S iee Pavise] tosatien Configuration Imax ‘Lmax[0.85 Cr,, | On Charactertstics Reference
(/2) |(/2) | (v/2)
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TABLE 26.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

46.33° SWEPTBACK WING - Continued

span_ | Span
o X Pe c L/D at
;:'1;;2 g:v:cE Yosation Configuration Clmax “Lmax|o.85 B (S Gaituaracte tiekion Reference
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.89 e
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TABLE 26.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

46.33° SWEPTBACK WING - Continued

NACA

bee ngp;n!z o c 9c L/p at
Sy o Conttprraticn Inax ‘lmax[0.85 O, | Ca Cheracteristics Reference
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TABLE 26.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

46.33° SWEPTBACK WING - Continued

NACA RM 152D16

n%p;.ne.‘ iv;ng Pence c C, L/D at
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. TABLE 26.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

46.33° SWEPTBACK WING - Continued

\
\
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; TABLE 26.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A :
{ 16.33° SWEPTBACK WING - Continued |
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TABLE 26.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

. 46.33° SWEPTBACK WING - Continued

Span_ | Span Fence /Dt
£ L.EJof T.E CLnad 1at1 Re
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TABLE 26.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

46.33° SWEPTBACK WING - Continued

Span_ | Span Fenoe L/D at
:&z-;{"{: Ll(:bo‘;im Configuration CLnaq CLuax o.eé c;m“ Cq Characteristics Reference
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*
TABLE 26.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
. 46.33° SWEPTBACK WING - Concluded
7" o i e Tooetton Configuration CLey CLmax]0.55 "_x Cn Charactenistics Refscenos
‘(’;Pé”)‘ '(’;)éi‘ (v/2) - & o,
0 .Ac“.e 1.2 1.8
g
Pﬁ‘" ‘800 \ e L 1y = -3.82° _:3
5
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TABLE 27.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

46.33° SWEPTBACK WING

/\——“6_‘5.:: o = 45° A=8.0 Rnax = 4.2 x 108
A = 0.45 ¥pax = 0.19

Airfoil sections (parallel to plane of symmetry)

Root: | NACA 63A series, 12 percent thick,
camber varies from 0.73 at root

Tip: to 0.86 at the tip
Span_ | Span Fence D at
;:‘li:: g"{;f u:;;;l)un Configuratlon L A L o.t!a'-/y e:m“ Cp Characteristics Reference
(b/2) |(v/2)
Cy, &
0 HIN8 1206
3 e
1.30] 27.0°| 7.5 published
2
None e
g
0/
-.1
Un-
.35 @ 1.35] 28.20! _ published
Un-
5 4 »1ished
o (Ga— 1.38) 26.8° ] : publishe
i ] e
@ 1.36 | 29.0° published
.80
35 — o biis
J ublished
575 S| Gk -
Yiahed
o pub she:
i ——— 140 [27.2°] 8.2
.80
Yone None
e
.35 @ F—Q;‘;LA blished
575 1.38 [ 27.5° b
.80
ubYiahed
she
1.38 | 27.0° B
bYiahed
she
1.37 |27.8° =
% -
1,34 | 27.0° "'@4—' published
Tiahed
1.40 | 28.0° i
Yished
iblishe
h Lo |26.8° F@L e
Tianea
1.2 27.00 publishe
b‘lkl‘-h d
L5 G 1.0 | 26.2° publishe
<70
.89
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TABLE 27.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

|
46.33° SWEPTBACK WING - Continued
Span Span
f L.EBJof 7.E{ _~°N°° J D at J
;::;S. %;;‘;. L?g};‘;m Configuration Clman “Claaxlo é'{, o;“ Cq Characteristics Refere }
e,
o hlg 3.2 1.6
o ‘ ‘ n- r
~;’?5 @ 39( 26,59 bﬂl published
.80 ] [
Yone |22 m— }_ = oita
L2 1.39 | 26.5°
.89 (
3 e pebliabes (
ggs
: 1.39 | 27.0°
80
9 [
o N 1.30| 24.2° published |
o, = 60
.35 }
ISplit
Flaps
Un-
- = 3 1.41{22.5° \-/7 published r
.80 N 8, = 60° ; . ’
. |
Non e 205t |bahiza publL
5, = 60° r
e
EERET. A
L3
. [z |
Boiit Un-
ave 575 1l | 22,20 \/ REBAEsheg ‘
.80 bp = 60° e |
< s /
=35 pul o
.575 == 1.4 | 27.0° [_\‘_é\:__‘
.%% N\ 8, = 30
o }
Hook L 2.35 | 21.2° published
8, = 60° {
.60 :
Fpllt
1lap: ‘
\ I
575 ez% 1.8 23.0° published
B N\ 6p = 60°
= |
-
.50
B one e 1.617 31.2° Ll ‘
Flaps e = 30
* Clpax MOt reached. NACA }
I J

LY, o . S 2 L ) e B e e o e L R R 1)L P LA o S S AR S ISt L IR 100 0 g LRSS S
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TABLE 27.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

| 46.33° SWEPTBACK WING - Continued

span_| span | sence
;:vti‘:::.;:v;énz "‘;ﬁ}g” Configuration Clmax °cL_" o.%bo::“ Cy Characteristics Reference
(b/2) |(b/2)
’ o 4 L8 1.2156
| 52
B o -
\ o % 1.6 51.2 - \/) published
\ 8o =3 o
) | o -
Edioace \\_/( published
\ =
Un~
\ 1.58 | 25.4° et ) published
T, un-
‘ 1.59 |25.4° ]_.__.__._. published
l i -
\ 1.4 [27.0° 9.l published
! e
‘ None 1.15 | 21.0° \j published
Dr = 6D°
.50
Split
\ Plaps
Un-
1| 120 1.0 published
\ o (‘a" L9 |5 tt z(
80 \ 8, = 30
| -
~h2 None e 1.61 | 20.2° ‘ ’\__j publiahea
L.E. =iy
Plaps 8y = 60
.50
Ext.
Split
Flaps -
575 1.68 | 2L.4° 10.3 : ! published
\ .80 8y = 30°
tn-
None (8 1.47 | 26.5° 9.0 published
575 N~
.80
e
| Moowili « Noos ——— L4 31.2° ( : published
\ .50
ik
Plaps
\ st None e b2 [21.2° /'\// pubg;:hbd
| Flaps = soi

5
B

#i0y not reached.
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[
Un-
published {

; |
|
} TABLE 27.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A /
-
(0] .
f 46.33° SWEPTBACK WING - Continued
Span_ | Span r
J :;vl;::z-gv:;: ‘%‘E:?yﬁ“ Configuration Clma %Lm.x o.éénc:“ Cy Characteristics Reference
(b/2) |[(v/2)
( ‘L 3 ‘
o . .8 1.21.6
’ ir‘:nt None — 119 | 21.2 . published
Flare 8, = 60° c i
r S [
0 —t———t—
} 2 o bl fshed ‘
Split None e o 149 | 20,0 P ‘
Flaps S
o N —]
1. | 20.0° /\/r publﬁl;had
J .80 \ 8, = 60°
35 Y e g
Split
Plaps ‘
i Y \
/ 16 21,271 1045 /—\T published
&, = 60°
“ .80 \\ r {
o /\70 Un-
1t
Phavs | .75 1,51 {21.0° published ‘
.80 \ 8, = 60° ‘
‘ .50
L.E.
Fl .60
l " i 1.55 |21.2° i il Lo [
| Flapa < s published ‘
‘ o, = 60° /
. 35 T
} gﬂ;: 1.7 | 24.2° 1.5 k : i published |
8, = 30° |
| '501 n-
;{:p: 1.49 | 22.4° /"\/f published
» 8= 30°
.60 Un- }
( S 1.5k [ 25.0° IN/{) published
] 5, = 30°
t
J : y |
+35 Un-
Lt 1.57 | 20.4° published
Split
} Flaps e[ = 60°
‘ o - 1.66 [ 20.4° { —\-—)_J publizhed
( solit 8, = 60° !
J - Plapa
.60
Sxt.
Split 1.72 | 30.0°
| il = | St
|
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TABLE 27.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

46.33° SWEPTBACK WING - Continued

* ¢ not reached.

Span_ | Span Fonce L o
£ L.Ebot T.E ¢ e, B e
F,..u. Ipevie L‘(’g;gﬂ Configuration Lma max(0.85 o, Cp Characteristics Reference
(b/2) [(b/2) :
c
o A4%8 1216
i ] "
Xt &)
Sp1it | o25 1.61 | 28.0° 10.8 ;1 published
b o
Flaps % 8¢ = 30 i
.50
n-
ket e 1.7, | 28.00
spiit [ .575 = h published
Flaps | ap ¢ =50
.60
Ext. e
Spilt 1.78 30.2° = d My
Flaps | -575 5. = 30°
+50 .80 £
Flaps
s o1 ane
1.50 [ 31.2° publishe.
575 e—— 5
.80
5 ey Tiinoa
* L,© ublishe
None | 575 @ 147 [ 30.4 P
<80
Un-
1.8 | 30.0° b*—tﬂ- published
Tn-
None — 1.0 | 30.0° published
2575
382
Plaps | ¥om®
Un-
e 1,519 31.2° published
575 L A
.80
s
None 1.39 [30.0° 11.0 published
Inboard end
of L.E. flap
¥ at .40b/2
[L'EL
lPlaps | None
-
43 |29.0° published
“Inboard end
of L.E. flap
at .L4Ob/2
-
i12) | wone — i3 [26.5° published
SHace 575 N\ “Invoara ena
-2 of L.E. flap.
at .525b/2
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TABLE 27.-, SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

46.33° SWEPTBACK WING - Concluded

Span

o, Pence L/D at
f L.Edof T.E L o Characteristics Reference
Location Configuration aX Lmax|0.85 Cm
prviee st | G010) Oaz
L
22 b 812246 -~
smmme— 1.39 |26.2° u published
e Fence heipht = 0.15t;.x
Un-
—— 1.1 |26.5° I"'C?L‘ published
:ZP S Pence height = 0.15%p,, —
0.30tmax
= 0 jrarfer.2® 745 o
‘— S e published
1, =0° )|
None None | None
=
gJ o R
1=L° ),
w
o
e Un-
eyl
< I
o ,
1 =0°
w
(pq. e il
5 —_—— 0 1.5 |27.4° LT
.97
KiY -
1, =4°
—— Un-
45 |50 — QL h.ee¥31.20 published
L.E. [Fxt
Plaps |soltt | -575
=lans | .80 T
1, = ko 8y = 30

#* ¢ not reached.
Tmax

{
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TABLE

NACA RM L52D16

28.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

46.55° SWEPTBACK WING

TR

16-55° Aepy =150 A =5.00 Roax = 10.0 x 106
A = 0.565 Mpex = 0:25
Airfoll sections (perpendicular to 0.250 chord line)
span_ | span NACA
f L.EJof T.E. AMrfoll |C oc L/D at
e ctaeipavice Configuration Section | mad Lmax[0.65 ¢ | Ca Characteristics Reference
(b/2) [(v/2)
Sy
8
2 4 .8 12 1.6 2.0
i
— 644010 |0.95]| 23.0 L.37 Ca 5
0
-1
</\C—_,\__,__,’_/)’\ 6La010 [0.95]| 23.0 [ 6.82 | / a
None None
IR
e 64810 (1.06 (23.0 | 12.02 |
. IhY
Ll S 64A810 (1.06 |24.0 |12.00
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= TABLE 29.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

46,6° SWEPTBACK WING

Y
16.6° Aepy = s A=6.0 Rgax = 8:0 x 10°
A = 0.500
} Mrfoll sections (perpendicular to 0.250 chord line)
Span Span NACA
b Loedor 1.5 Cr,i0¢ L/D at
Configuration Atrfoll| “Imax “Lmax|o. Characteristics Reference
jovios < Section uax|0.85 Opppy|  m

vice
(b/2) |[(b/2)

%L
0o .4 .8 1.21.62.0
e cll

— 614010 24.0

e —————— e | annto [itog | 22257 Sa5 50 | ) L2

)
o
=
-
o
)

T

o BN

None None
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“y ‘
TABLE 30.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A \‘
-
46.7° SWEPTBACK WING
W67° Acpi = 15 = 4.00 Roax = 21.5 x 108 |
A = 0.600 Mpax = 0.20
Airfoll sectlions (parallel to olane of symmetry)
Root: NACA 65A006
Tio:  NACA 654006 \
sSpan_ | Span
pL I Bprahb Configuration Clmad CLaax o.é’ébc:“ Cq Characteristics Reference |
(b/2) |(v/2)
° .LCL.S 1.2 1.6 2.0
o
None —_——— 1.05 | 25.0 3.72 Cmo 1
None
500
e ——— L:0li120- 01 S4se06 F%L‘—‘—‘ o
8¢ = 30°
None e 1.01] 25.5 3.73 {—vé——‘—‘ 1, \
<370
TNE;
Draop e x°
.500 1@ b
sp‘;::t g 1.05 | 26.6 L.25 PN \
&y = 10°
— 1.02 |2h.5 | 3.95 _=.<:,£-¢——o—~— W ‘
& = 20°
P—— _ 1.06| 27.8 3.61 e+ W \
None Be 3° »
— 1.20 | 30.0 2.8y ivﬂv’—‘ U ]
6 = k0®
—— 1.1k | 30.7 3.03 1N
.500 ~
.8,
Droop on = 10°
— 1.04 | 26.5 | 5.20 %‘;‘:@k*—* b
& = 20°
—= 101218 | L.72 3 "
.500
Spit
Plap | &, = 30°
——— 112 25.7 | 3.8 P 1
&, = L0°
——= 205 240 | 497 A ——+ 1 .
L ]
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TABLE 30.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

46.7° SWEPTBACK WING - Concluded

Span Span
::le‘és';{vzéf Configuration CLina nch“ o"éé"o“:u Cp Characteristics Reference
(v/2) |(0/2)
CL
o= 20° C"O Lk 1.2 1.6 2.0
— 1.06 | 27.0 k.18 "o ! bt
-
Nons
6 = 20°
s 1.09 | 27.8 L.22 lﬁyJ———‘—* wh
620
L.E.
Croop
6, = 20°
— 1.2 23.5 5.01 1
.500
split
Flap [ 4 . 30°
g— 1.4 | 22.0 L.97 b
&y = 20°
e 1.08 | 26.5 3.99 SN
6n = %0°
None m— 1.09 |27.8 L.87 1
&n = 30°
—— 112 |25.0 | 6.3k 1
P8
Droop
6y = 20° 2
pv 1.14 |22.8 5.38 1l
$59 6y = 30°
1
Prl"l‘: Pﬁ- 1.16 | 20.0 5.37 W
6, = 30°
@ 1.22 [21.8 6.12 r@——o——v— pU
6, = 20°
e 1.08 ] 26.5 5.11 1L
None
6, = 30° }
m—— 1.15 | 26.8 €.11 1l
1.000 3
L.E.
Dr
e by " 20°
— 1.10 | 21.0 6.5 1
500
Sp1tt
Flap
6 = 30°
P?- 1.16 |18.6 1.35 1
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TABLE

31.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

47.5° SWEPTBACK WING

brs® Ao =1s°

A= 0.510

A =3.40

Boax = by x 208

Myy =0.07

Alrfoll sections (perpendicular to 0.250 chord 1line)

NACA RM L52D16

Root: NACA 6l)Al12
Tip:  NACA 6li;A112
ols'p;?e.bip;'.'z c ag L/D at
?;)g. 1(7;;;«’.-. Configuration Iman “Lmax|0.65 ;|  Cm Characteristies Reference
°L
0 .4 .8 1.21.62.0
Ea
6, = 30°
cn =010
& = 30°
@ 1.02| 24.0 6.20 It‘—ﬁ_v- L3
C* = 0.15
8 = 30°
o 1.03( 23.0 [ 6.04 S 3
c" e 0.20
by = 15°
C—e—s = 1.03| 25.5 [ 6.7 ﬁ_\v‘_ﬁ—'—'* 0
5 C" = 0.10
bn = L5
c* = 0.5
8, = 1s°
LSSO 1.01 22.0 7-15 ; L3
gep o= 0,20
b = 60°
c" = 0,10
6, = 60°
1.02| 2L.0 5.60 I—QT‘_—‘—’; 13
o = 015
8, = 60°
Ca_fo _) 1.01] 2uo | 7.79 = 13
C" = 0.20
bn = 30°
i’lﬁ?n —'j 1.18] 21.5 5.91 _— -
Flap c" = 0110
by = 1S
A 1a4f 200 | 6.68 I'_'_’_*_*—‘- 13
c"e= 0.10
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-
TABLE 31.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
-
47.5° SWEPTBACK WING - Continued
Span_| S
Zf.ﬁ;ﬁ g:'.f:f Configuration R o o.é'{,pc:u Cq Characteristics Reference
(b/2) |(v/2)
\ (] .nc".e 1.2 1.6 2.0
0
(‘—'_j 1.22| 20.5 610 |% u3
,MA - ——0
.655 c* = 0.10 i
Plain
Plap | &, L5° I_"_‘
1.18 | 18.0 6.48 AL L3
.300 ¢* = 0.10
o
Plan &, = 30°
1.26|21.0 | 5.95 [ % L
.880 c» = 0,10
Plain
Plap (] 1s°
( ) 1.23 | 22.5 6.00 g L3
gv= 00y
6y = 30°
c"e= 0.10
oy = 30°
C"= 0.25
6, = 30°
1.06 | 23.5 5.31 1=’=‘—T'—'—’— 13
c'e= 0.20
by = LS°
1.08 | 2L.0 6.12 — b
- c" = 0.10
1350 by = 15°
Sl 1.05 (2325 | 5475 —_— 13
cr= 0.15
——1
b, = 1s®
( = 1.07 | 24.0 535 % L3
» cYe= 0.20 i
bn = 60°
5 i, 1.07 | 23.5 6.07 ]ﬁ‘—’—_'— u3
ch = 0.10 i
6n = 60°
e 1.06 | 2.0 6.2l i "<§ 13
cv - 015
on = 60°
; = — sl 7.9 1——:_»—»——47 i
c' = 0.20
S0 | % 3°
Flap £ T
2 c" = 0.10
o = 30°
.655
Piain 1.26| 20,5 | 5.95 ‘ T S k3
Plap
c" = 0.10
NACA
»
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TABLE

NACA RM 152D16

31.~ SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

47.5° SWEPTBACK WING - Continued

Span
pf L.E.of T.E.
Device [Device

Configuration (! o e 0.65 0| Ca Charactertstics
(b/2) |(v/2)

Reference

©
8, = 30

L
9 1.10 | 23.0 535 c_° u3

c" = 0.10 =X

6p = 30°

L3

L3

L3

.Loo

Plap ( ; ' 3 2.08)22.0 | 5.47 b3

L3

u3

L3

L"e= 0,20
o

B aRr.
P
PRGN
AT,
ey
g
I e
o o st
=
i e
|
gt WA
e M
T

Cc" = 0.10

5

655 | Gl

P};ln 1.23|21.5% 6.15
ap -

L3

u3

150
L.E.
c* = 0.10

L3

u3

c" = 0.5

1.06 [ 22.0 | 6.00 LY
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TABLE 31.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

47.5° SWEPTBACK WING - Concluded

Span_ | Span
;:,;‘;5‘;:';;3 Configuration Clmax Clnax o.é’énc:u Cp Characteristics Reference
(b/2) [(b/2)
- 60° cp
= e P 15 0 .4 .8 1.21.62.0
ke | & R P
c* = 0.18 o1
&y = 60°
.li50
ap
o= 0.15
8, = 60°
1.08 | 23.0 5.75 = L3
cv = 0.20
&, = 30°
Ce—x = [u|zo|s» \ "
o= 0.15
& = 30°
o= 0.20
on = bs®
C ——— =, 1.09 (23.0 | 5.L5 3 s
.500
| gn= 00
&, = b5°
Ce— = oo sk o &
L¥ = 925
&, = LSO
1.08 |22.0 | 5.75 =< B
c* = 0.20
oy = 60
1.08 [23.5 | 6.10 —t— i 3
c* = 0.15
6, = 3°
C > = 5 == 1.08 |22.0 | 6.30 13
C" = 0.15
6, " 30°
L2 | Hone et 0.0
Plap by = 1w°
c¥=0.20
by = 15°
Lh'=0.20
8, = 30°
1.08 | 22.0 | 6.L45 L3
o= 0.15
6, = 30°
.600 % &
i [ | O = o|pe |
a
oM = 0.20
8, = 1s®
1.10 { 22.5 6.46 ) L3
ct'= 0.20
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TABLE

NACA RM 152D16

32.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A -

47.5° SWEPTBACK WING

Aepy = 15° A=3 R = 60x0
A= 0.510 Mgax = 0.10
Alrfoll sections (perpendicular to 0.250 chord line)

Root: NACA 6l A112

Tip:  NACA 6kjan12

Span_ | Span
pf L.EJof T.E

C
Dvice [Dovice CaRtigiration Suetton| Clnatlne|  cq G Charectertstics Refarence
(b/2) [(v/2) lsuc tior
A
0 .4 .8 1.21.62.0
sealed [1.03 [——| —— | 0 "

0.005¢ |1.20[0.17 | High

0.005¢ [1.12 | 0.09 | Moderate . Lk

Suctlon
0.005¢ [0.98 |-0.21 | Power
Pallure

0.005¢
nd

o |3 | T [T psoas | me
0.40¢

OQut-
Board 1.13 | 0.10 High % Lk
0.005¢

0.005¢
and”  [1.13 [ 0.10 [Moderate == ks
0.40¢
Out-
board
0.005¢ [1.17 | 0.1 | High Q Lk »
and
0.koc
0.025¢ [1.20 | 0.17 | Hign <S "
0.025¢ [1.13 | 0.10 | Moderate I—‘—‘G‘_’_” "
-
0.025¢
and 1.19 | 0.16 High I
9.10¢
P (|| Lk
8 . <13 Moderate .
0.40c ~
Sealed [1.06 | ——— | ——— —\) L
Lo
BCo . —emhaloasfie | T u
0.005¢ |1.13 [ 0.07 | Moderate S bk »
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( TABLE 32.~ SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
I
£ »
o}
| 47.5° SWEPTBACK WING - Concluded
[ e bt e suction|cy  lac
fe TREs It Configuration SN Clmax*CLuax| Cq Cq Characteristics Reference
[ (v/2) |(b/2) buction
\ o
2 o .4 .8 1.21.62.0
Sodza 11810232 High o © L
J .005¢ ﬂl = i)
0.005¢ m
} o o..Egc 1.20| 0.1k High \/
| S e [ ——— [
i 0.005¢
/ oana [ 111 0.05 |oserate R W
|
3?552c 1.20] 0.2y | Hign —— "
0%l
Sed1ady Tl —— St E=t= e i
fﬂ? Noro | (° T |o-025¢|1.19] 0.06 | men 5 il
Plap
0.025¢ | 1.17] 0.0k |Moderat _) "
Sealed | 1.18) — | ——— :5 uy
+590
.
0.025¢ { 1.20{ 0.02 {Koderat l v) ik
sealed [1.18) — | —— F: < L]
-
0.025¢ | 1.26| 0.08 High l: : I
0.025¢ | 1.23] 0.05 |Moderate =\ L
740
L.E. |None
Vies Ce—
Suction uly
0.025¢ | 1.09]-0.17 [Power l -
Patlure
0.025¢ "
and’ [1.29] 0.11 ( High F#
0.40¢c
. 0832 [ 12| 0.06 |Moderate ~) L]
0.L,0e I
ko m
R e 1 [ Y PR 5 e
NACA
» ~ o
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v
|
TABLE 33.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A . J
|
47.5° SWEPTBACK WING l
e Aep =5 A=3.5 Bpgx = 72 x 206 |
A = 0.500 Mpax = 013 \
Alrfoll sections (perpendicular to 0.250 chord line) \
X Root: NACA 643A112 \‘
SLote Tip:  NACA 643Al12 ‘
gl it b | . |
bevice [Device Configuration siots | mad “Lmax Q Cp Characteristics Reference
(v/2) [(v/2) l
o 4L 12 1.6 2.0 \
Sealed |0.96 |21.0 Q c_° 15 \
-1 \
|
0.20¢ |1.11 [23.0 | 0.028 =7 s |
0.40c [1.06 |22.0 | 0.024 =V us l
|
wone | ( — | 0.700 [1.00 |22.0 | 0.026 57 » ‘
o |
|
g:ﬁgg 1.13 |22.5 | 0.03Y 1__’_‘\_;“_*—‘_ s ‘
None l
g:gg: 1.2 |24.0 [ 0.033 I—Q—-\'—/—'—-‘——* s \
3
Q4% [1.08(2k.0 [ 0.035 =5y 4 15 }
0.20¢ ﬁf—v—* |
0.40e [1.11]23.0 | 0.036 8 ~
0.70¢ ‘
|
sealed[1.02| 16.0 | © | 3 1S ‘
450 - ‘
spite | 5 =]
<pld 0.200 = l
0-hoe |1, 19.0 | 0.037 ) 5
0.70¢ \
sealed|1.09] 15.5 | o i Is \
) fa— |
Split
Plap
0.200 P . \
0.40c [1.23]18.5 | 0.037
0.70¢ — ‘
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TABLE 33.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

47.5° SWEPTBACK WING - Concluded

Span o
Jof T.E Confipuration Suckion c‘ﬂll4 CLoax| @

?nnng
pf L.
jDevice [Device Slots Reference
(v/2) [(v/2)
Sealed {1.10( 23.5 0 c! us
-1
None ( D
.20
40e 1.1 |22.5 0.037 us
70¢
500
L.E.
Plap
sealed |1.15 [19.6 | o i
-li50
Split
Plap C 2 ; =)
.20¢ i
40e (1,21 [21.5 | 0.037 B
.70
Sealed |1.09 | 22.8 | o e
None =
——
.20¢ s
Li0c 1.17| 24.0 | 0.037
1600 .70
L.E.
Plap

Sealed |1.14 [20.0 | O

- Lso
Plap
«20¢e
L40c 1.24| 21.5 0.037 &
o

UEHCERHEREL

- Sealed |1.10| 23.0 0 1S
Non¢ ( ‘j
«20c &
Jboe  |1.8| 24.8 | 0.037 5
.710 .70¢
L.E.
Flap
Sealed |1.15| 20.3 | ©
.li50
Plap = ——
.20¢ s
40e 1.28| 21.5 0.037
.70¢
-
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-
TABLE 34.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
o
47.5° SWEPTBACK WING
Aepy = 450 A=3.50 Rax = 6.8 x 20
47.5° A = 0.500
Atrfoll sections (normal to line of maximum thickness)
Root: 10 percent thick circular sre
TP: 10 percent thick ciréular are
Span Span
i';'ﬁ;i o T2 Configuration CH-J e . o.gébg::u Cp Charscteristics Bererence
(v/2) [(v/2)
0 .hcx‘.a 12 16 2.0
<3
e S—— 0.87| 21.6 3.71 o%_ﬁ_____‘_ L6
cll
oY
None [N
a=—— o.8uf 23:5 [ 4.08 H——‘ﬁ 16
{ —mm— 0.88| 23.0 3.57 i e
.500
None
L.E.
— 0.87| 25.0 | 3.79 | %
g = 20°
_— 0.93] 20.0 | 4.9k = 16 i
6 = ko®
Fiatn -— 0.94 | 18.0 | 5.00 %
Plap
6y = 60°
4 -
-—A 0.92( 16.0 | L4.86 j L7
None
& = 20°
B =
_ 1.01{ 19.5 5.05 A o
8y = ko®
éi’?ﬁ et 1.05[18.0 | k.85 / %
ap
oy = 60°
- 1.05| 16.0 | L.69 J w .
-
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TABLE 34.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

47.5° SWEPTBACK WING - Continued

Reference

"3

teristics

Cp Charac

o
0 J B8 12 16 2.0

L/D a

3.48

3.57

k.69

3.72

3.21

3.0

3

5.49

6.61

Clmad “CLmax

0.88 | 23.6

0.86 | 23.6

0.91 [ 17.0

0.92 | 22.5

1.02% 26.3

1.06 [ 2.2

1.00 | 26.3 L.36

1.10| 26.3

1.26 | 22.0 Ly

09 | 2.5 | k.37

1.00% 26.3

fL.05% 26.3

h.o7® 26.3 | 7.28

Configuration

- 20°

- 30°

L3

3
n.’(\

- 10°

-20°

—_—

o
=30

.500
Plain
Plap

.500
Plain

Plap

+250

# Cip.x ROt reached
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TABLE 34%.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

NACA RM 152D16

47.5° SWEPTBACK WING - Concluded

PR R Lo c g, L/D st
;:‘!‘-;!._ ;s"{éf Configuration Imax “Lmax|0.85 Climax Cp Characteristics Reference
(v/2) [(v/2)
%
& = 30° 6, = 60° o &4 .8 12 16 20
c@ A
=
#i%in =\ 101 [18.2 | 608 |3 3 16
®lap
L2
6, = u0° b, = 60° e
g ———\ 1.15 [20.0 | 6.11 St ) L6
by = 10 &g = 20° —
I
ey 1.06 |21.2 | 5.8 6
6, = 10 ¢ = lio®
—_—\ 1.10 [20.0 | 5.35 ) &
6, = 10° by = 60°
"3
_ 1.10 [16.0 | L4.86 —/J
6n = 20 8¢ = 20° 3
\—"\1 L6
S 1.12 | 23.0 6.3Y4
e
6, = 20° 6g = ko®
16
1,000 [1.000 — 1.26 [18.0 | 5.8 V_\J
L.E. a
[Droop Plap
6= 2C br - 6oc
L
— 1.7 |16.0 | 5.11 \_A
LR O A
oy = 30" 6g = 20° "
— 1.20 [ 26.0 6.38 \/\/’
w0 6y Lo° A —
==\ 1.23 | 20.0 | 5.97 \/_) 1
T
n = 30° &g = 60°
L6
@\ 1.23 | 18.0 5.09 \/
et
6y = L0° &g = Lo°
L6
/I—A 1.25| 23.0 | 6.07 \/I
MR o s
6y = kO p = &°
—\ 1.26| 22.0 | 5.16 \) "3
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J TABLE 35.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

47.7° SWEPTBACK WING

u7.7° Aepy = 150 A=5.10 Rpgx = 6100 x 106
A = 0.383 Mpax = 0414
Alrfoil sections (perpendicular to 0.286 chord line)
Root: NACA 64-210
Tips NACA 64-210
Span_ | Span
:f'x{é‘.! ;:vréf Configuration Lma acl-.u o,é’gbc: = Cy Characteristics Reference
(v/2) [(v/2) 2
] .l.oi.e 12 1.6 2.0
— 1.16| 26.1 52 g Z W
m 0.
-1
None el —————
- 28 5
1, = -ba® 2= -.05
=SS
@ 11§ 220 *\_L I 19
1, =-3.2° 25 } \/
t i = 38
.50 J
t
600
Plap
None
618
Split ——— 1.22 24.0 TW1 1 # ¥
Flao
972
s:;'n fa—— 1.34] 24.3 | ——— \/ w
Flao
-ls0
1.26| 25.0 S S 1
e : "
Plap
i) et 7
Saveed — LeoOlEzzE | RSt \/ w
Plap N\
450 B ity = 50 ]
pouble QO —— |13 25.0| 5.2 18
Flap =
516 e
jpouble —_— 1.39| 23.2 7.62
ISlo t te: AN w
Flap
626 Y T T T T
Pouble —. 1.452[ 23.0 7.5
\ b 2 L7
Plap
e GL'Mx not reached
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TABLE 35.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

47.7° SWEPTBACK WING - Continued

span_ | span .
pr L.5.of 7.2 Configuration T R Oyag| Cm Charsctertatics Reference
‘ (/2) |(v/2)
9
0 &4 8 12 1.62.0
978 c'_'z 1 |
By R —o———— 186312l bT | | !
Plap % il ¥ 7
ki
| 2
Tri- &g = 30°
‘ ey e 120|180 | — — W 8
|
sid 18
\ Yone [Motated —_— dids |5t |
Plap
450
Bxt.
solit @ 1k || 22i0 ([I——= \\f 18
\ Plap
—
.600 bp = 15°
| | <—=——_ = e 1 __ f 1
Plap
i!;‘»ggc — 1.20| 23.0 7.28 w
‘ .275 Plap
5
‘ Tt 5616 1.21 | 20.0 7.62 u
D11t — i / 5
Plap \/)
\ e 1.23 | 27.2 475 ‘ % Ly
‘ Hore
= = puselms | I i &
«loo
\ Spltt ~— 1.26 | 25.0 6.92 == LY
Flap
s PPE e [ oy | S 18
oy e e L e
‘ 25 | sanne —— 131 [25.0 [ 6.18 w
‘ Plap | Plep
e
.600
Plap \\_j\
618
St — st 23,5 | 6.2 ! P et o
Plap
-ls0
Flap
NACA

\
\
\
\
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’ TABLE 35.-~ SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
J <
} 47.7° SWEPTBACK WING - Continued
‘ Span
} L’E;E‘%?E B, Sortgaabion CL,,.,W“CL“, o.é’épo:“' Cq Characteristics  |Reference
(6/2) |(6/2)
g
0 J .8 1.2L6 2.0
( Setind —_— 136 [22.5 | 613 (%] Fan a
] 1 \ - \
|
J L5 ¢ = 30° et
Double
| 2 1
. ————n 1.38 | 25.0 T7.34
Plap N \/.
{ 626 -1 1 1 1 1 T
uble g i
“ L ,O,\ 1.50 | 18.0 7.52 : =l i
J b 555 YANED ) ST
J R’:’:Eé"d\ _— s |19.6 | ——— |- \f L
-5
} - 3%° —————————
(Q“ 141 ] 19.0 —e \7 L8
f Tl’i:
Pla o
| i :
Flap N\ 3 A \._\\'
{ » -L50 g
r xxxxx —_— 137|238 [ —— \,7 "
Flap r
‘ Q{C% 127322 | —— . : 18
v ]
Spli
Plap
} @ 138|310 | S i 18
( bg = 25° |
’ @ 13 st = \,\L )
B o e e
J bp = 30°
J 450
Ext.
3{:;’ AT e
/ - @ 1.6 | 30.0 | ——— \_\4 18
|
S S———— =
@é i::~ oamilaihs [isScoul et \ 8
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TABLE 35.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

47.7° SWEPTBACK WING - Continued »

|
| prg
| pE LIz st configuration Clmed"CLnax|0.85 0rry| O ChATRctortsts Refere
(b/2) [(v/2)
458 12 16 2
0 . 1 1.1 .0
375 | .600 o = 15 T e W
\ L =t 1.59] 23.0 | — [°a 18
\ o L
ettt
’ —_— 1.30| 30.0 | L2 l\/n W
| [
None
‘ ;‘;‘1’1’: —— 1.31% 25.0 6.36 ur
Plap
\ =
\ b = 30°
Li50
Spll
Plap e
425
L.E.
Plap
sante —— 1,379 22.0 | 5.5 w
Plap a

~£E00
Plap

L8

RN

b = 30°
L50
\ bonoie = e——1. = [l oea w .
\ Plap
516
P —_— 19| 205 | 719 L
Plap \
g
\ K
| e\ 144 22.0 18
\ ™ri-
gular
Plap

1l essh] =

325
S ERd
——t

# gy ROt Teached ] NACA o
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TABLE 35.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

47.7° SWEPTBACK WING - Continued

Span_ | Span

B A ©; e, L/D at
:;Ec:’ %:;Z:}:: Configuration Imaq “Lmax|0.85 o, .. Cy Characteristics Reference
(v/2) (v,

L
L 0 4 .8 12 L6 20

S
- .1

1450
Step
split
Plap

425
L.E.
Plap | -450

Ext.

Plap

.600 ' g

| === ||z |—
Plap

L8

_— 1.28‘1 25.0 [ 5.7 W

Un-
published

Kone

e L L E S

—
if 2Tl | ¥
4, = -3.1° 2z - .38
¢ = =31 2L =
PP w

Plap _— h.37% 25.0 569
.hoo
Split
Plap

Ly

e P PP

e i

1, = ~5+12 ?‘} = .38

450
A
& ® Cppax NOt Teached

L8

AT
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TABLE 35.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

47.7° SWEPTBACK WING - Continued

NACA RM I52D16
|

span_ | span
;:";;‘:'g‘:éf Configuration Gl b iend o.génc:u Cp Characteristics Reference
(v/2) [(b/2)
%
0 .4 .8 12 1.6 2.0
—_—— 143 |25.0 | 5.79 o "
-.11\"\
e L9
(\@ 1538|1880 | ———— — s Sy
.500
Split
Plsp
@ Tesillverail- =0 &
1, = -3.3° ‘2F' = -.053
+600
®lap ———
618 f——
Sp1tt — 1.46] 23.5 5.6k e A u?
ap
ot ==
o tmd @ 1.49] 25.0 [ 5.77 \,\ L8
Flap
+—t——
—— 1.48) 22.5 | 6.55 u?
475 N\
LR
Flap
" .
N\
\ —
1y = -3.9° z?. # =053
00
Doudble
Slot
Plap
—
. o | el ] 19
N L L
= -29° 25 i
§ % oy T= 150
—
= paus | — bj?( T
\Y
1, =-32° 2z = 322
®
- le not reached
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TABLE 35.~ SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

h %7.7° SWEPTBACK WING - Continued

D)
St ot
ex]

v
%

CL--J "L nax ¥

Cp Characteristics Reference

L
o .4 .8 12 1.6 2.0
A —

C;
1.57[ 26.0 | 5.99 | 18
e T
Double s 1.58| 22.5 6.88 ur
Slottad
Flap N \_/~ .
AT T
626
glou:h {o,\ 1.70| 23.0 6.57 21 1
Flap -3t
p—p————
18 ]
) 1,66 1e5.0, | —mns fﬁ 18
3 +——
— 1.46|19.0 | — \') i
ri-
mgu
Plap 5
‘ q CUAR| O | e — 18
475
LK,
St
S
J 5’.”0
/ -
e
450
r solit —_—— A e —— \’) {
Plap
‘ - ﬁ——a——\o—_’—owfﬂ——ﬁ——
-b50
Step
Spiit
Flap W
‘ | He = T clARad el iy .
’ 450 et
Ext.
spiit @ 1.5 26.0 | 6.8 18
} Plap a— \“
} 6y~ 1s°
.600
-
Shrie @ 70 [i23t0) 8
| Plap
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TABLE 35.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

47.7° SWEPTBACK WING - Continued

\
NACA RM L52D16 :
|
|

Span_ | Span
bf L.E 4 P D at
?;;%‘;. z(,i;z; cccccccccccc Lmax L, g5 [ Cx ctert Refere:
%
0 & .8 X2 L6 2i0 ‘
———— 1.35% 27.0 4.99 0 L7
cl
-
None
— ot leaao | o ‘ = v \
@ 145 (2.5 | ——— 1 L ‘
-Loo \
splt
Fla F
—le—— o aalas —— : NG \
1, = -3.7° 2z __
g 2Bl 2 =-.053 \
L9
1525 | 1500
2. | spuit
Flap P‘x’tp 1
- H.x0
1, = 3.3 2o ]
600 \
si'ﬁgo W \
Plap
400
osd _—— url22.5 | 695 \,J -
Flsp s
450 bp = 30°
|
160 S |
i
.516
ER — 160 flezs | ——— \/.7 w
Pla
- 30 1 ‘
Tri- 18
rels —— P (e RO ﬁ
Cumax NACA \
|
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TABLE 35.-

SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

47.7° SWEPTBACK WING -~ Continued

Span Span t
::";;:';:";éf Configuration L o,‘a‘ébc:m'x Cy Characterist! ics Reference
(v/2) |(v/2)
° Cy
e ) 0 A4 .8 12 1.6 2.0
AP e | £ EE8 2 r
Plap & \/%
.2
frged
o'
e ——— 161 18,00 | e \,) i
Flap
@ o) Pk ey IM 18
+525 | 50
Lirs |svep
P (split
450
i g s B g 1
Plap
.600 g = 15°
Ext.
Flap
e . 1.32 | 26.0 5.75 I(:j_‘_* i
400
split —_— 1.38)23.0 | 6.90 q w
Flap
.500 e u
Sp1t —_— 1.42 | 20.5 6.89
Plap
e ———— 1.4 [ 20.0 [ 6.80 1\) w
Flap
2 e, = h
\E. 3 .80 1
Flap _— X2} 8225 s S
Plap \
—
516 o
Doubl.
—e 1.59)22.0 | —— \j
Plap \
|
626 4
Doubl. g W
Fppere! —_— 1.66 |21.0 | 7.06 \j
Plap \
o
=30 1
Bt vt famie ] e "o
Flap € = A published
_NACA
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\ TABLE 35.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

47.7° SWEPTBACK WING - Continued

NACA RM L52D16

‘ Span pan
Pavie boiie Configuration CL-.{CL..“ u.é‘ébg,::u Cp Characteristics Reference
\ (v/2) |(b/2)
o
o .4 .8 1.2 1.6 20
1.27|2 8 & Ly
N P T—— o 5.0 .00 Ca
| ]
-
\ i':g?z 1.41 | 20.5 8.01 \ u
Phap Q ‘\/
700
L.E.
‘ Flap
5?1’2: — 1.45 | 20.5 7.96 —i——gﬂv—*— b7
\ Plap
.61
\ sglgz 'Q 148|204 | —— ﬁb—» ur
Plap
e CENEE Sl
‘ o .618
va Split Q 1.5 [19.5 7.65 \\) u7
‘ Plap | Plap
| TPl i s o G
‘ 5 — 1.19 | 26.0 k.59 = _'..: LY
5, = 20°
\ s;‘x’?; ——=x 1.22 | 23.0 6.47 : W
Plap
- 20°
FETTS — 1.25|23.0 | 6.65 \ﬂ u
‘ i
‘ - 20° e
o, 1.34 | 22.0 e a7
iy 3 59 \
375 5 =200
L.E. B e
\ Lo i
Double
Slotted
‘ £ -+
| TR .
—
2
\ 1 4.1 ‘;. 053
o = 20° —_—
| PP R i -
|
\ £:=»h.7° 2"_‘ 382

~_NACA
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47.7° SWEPTBACK WING - Concluded

Span Span
f L.E fp;.B
Device [Device
(b/2) [(v/2)

Configuration CLiax

it

L/D at

0.85 Oriax

Cp Characteristics

Reference

-375 -516
L.E. |Doudle
Droop| Slo tted
Flap

by = 20°

—" 1.36

19.0

c. 04

™
~ol.

'
L)

L7

©
b, =20

31.0

ur

.00
Split
‘ Plap

-
bn = 20

‘;EEEEEE;§> J1.32

23.0

5.59

ur

+500
Sel1t
Plap

bp = 20°

— 1.38%

25.0

L7

475 | -618
L.E. | Split
Droop| Flap

o
b = 20

23.0

545

w7

Doubdle
Slo tted|

( oo
Plap

o
by = 20

23.5

.516

Plap

&y = 20°

e 1.53

20.0

6.88

L

8y = 20°

—— 1.58

20.5

7.47

700 | Plap

o
6, = 20

7.6k

Droop!

o 1.57

T.61

uw

375 | .Loo
L.E.
Droop

6p = 30°

o .32
[—— N i

20.0

L7

on = 3¢°

Sm— 147

22.0

5.68

Droop

7.34

2400
Double
Slo t“%
475 | Plap
1.2

L] 2700 | .626
Droop| Slot te
Plap

‘ L.E. {poubdle

e 1.60
\

23.0

7.36

uwr

L not reached

Lmax
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TABLE 35.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
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TABLE

NACA RM L52D16

36.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

48,.1° SWEPTBACK WING

o, Aepy = 15° A =364 Rgay = 18.0 x 108
A= 0.420

Alrfoil sections (variable)
Root: NACA 0015 (approximate)
Tip:  NACA 23009 (aporoximate)

Span_ | Span
bf L.EJof T.E

g L/D at
Device [Device Gonflausation ClnuJ “Lnax o.eg Ol ux| Cm Charactertstics Reference
(v/2) |(v/2)
Oy
None —_— 1.22| 28.0 142 |0 4 .8 1.21.6 2.0 "
n
-1

.623

None |Split — 135]17.5 | 5.0
Flap N

62

éZm Q 1.36 | 16.5 5.03 N 17
Plap

NACA
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[ 5 TABLE 37.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
J 48.4° SWEPTBACK WING
E .
J _1.871.0 Aep = Ls°® A=2.0 Rpax = 12.0 x 108
A = 0.600 =0.20
/ Airfoll sections (parallel to plane of aymmetry)
Root: NACA 654006
Tip:  NACA 65A006
|
":p;‘?‘“ %p;"‘g Configuration L o Characteristics Re
‘ (b;g- E‘-);s. L J max|0.85 o, o Cm r ference
‘ o .4 .8 1.21.62.0
J None ———— 1.05(2k.0 3.65 : U
| .500 F
3:;:;: Q 1.13{ 20.7 3.8 U
|
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TABLE 38.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
»
48.6° SWEPTBACK WING
5 A=4.0 Fpax = 11.9 x 10°
A= 0.300 Npay = 0-20
Alrfoll sections (parallel to lane of symmetry)
Roat: NACA €5K006
Tip: NACA £5A006
Span_ | Span W/Das
Zf.féf'%fvfi Configuration Clmad %Lm-x o.sé c;m Cm Charscteristic Reference
(b/2) [(v/2)
0 h Y8 1.21.6 2.0
None —— n.08 |24.5 3.83 1l
Yo
500
?mp‘ e h.oe [20.5 L.39 U
-
-
»
.
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TABLE 39.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

52° SWEPTBACK WING

S Aesy = 500 - - 6
520 o/ = 50 A= 2.88 Rpax = 11.0 x 10
A = 0.625 Koar =020
Afrfoll sections (verpendicular to 0.282 chord line)
Root: NACA 6l,-112
Tip:  NACA 6L)-112

Span | Span ik
"v’i;ﬁ ;:v;;E Configuration Clpa. “CL.“ o.éé °:-u Cp Characteristics Reference
(v/2) ((v/2)

%
0 . .8 1.21.6 2.0
 —m—— 1.12 | 27.1 5.26 CO 51
n
- 1
@ 1.1 | 26.0 L.97 U 51
=
1
= = = paleef— FT- :
1, = -3.2° 2 - a5
—
aasliatio | —ee 51
1, = -3.1° 2z _
232 S )
— |
1.15]| 27.0 [ —— 51
= -3.2° 2 -,
iy 3.2 < 307
1, = -ba° % = .037
None None
-
—_—
rasl 26.0. ] ——— N_“ 5
» 1, = -3.2° 22 - 502
—_—
= 3 o
1, = -3.2° L= a7
= e | — }V——— .
= %z -
1, = -3.2° 2= 296
== Q:_:) h.28% 26.0 | —— 0 51
=
. o 2% =
1, = -4k == -0
i son 6.06 51
split 1.15|22.1 5 =1
Piap — 5
* Crmax DOt reached
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TABLE 39.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

52° SWEPTBACK WING - Continued

Span Span s /e
S S Configuration Clmax ““Loax0.85 o, | O Characteristics mecereice
(v/2) [(v/2)
CL
oc 4 812 1.6 20
10 |21 6.10 Gn
v e o U P o N
Yone Brait
[Flap
———— 1.07 |27.4 | 5.68 lﬂmﬁ——'——‘* 13
+2!
L.E. None
Flap
225 | None e 1.10 | 30.0 | 5.32 ‘ \ 13
Flap
p —— 1.19 |29.2 | 3.64 = ; 13
None
,Q— 1.k | 24.7 559 4\_’ 13
g | T P R e e
1y = <3169 =
—
i Sl u Laluel—— xﬁ_" 2
Plap
S e I
Split
Flap :
=
1y = -ba° 2 = -.o7h
b2l 30 | L.29 F::‘ o
=
== s |—| | ¥
1y = -2.9° ?E‘- = .50l
# Crmax Not reached




NACA RM 152D16 161

TABLE 39.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

. 52° SWEPTBACK WING - Continued

gv’lnE Span o D er
S-.’;;J;E.I;E Configuration ®Lmax CLmax|0.85 o, | Ca Characteriatics Reforence
(/2)- |(b/2)

9
o .4 .81.2 1.6 2.0
— 2

1.24% 30.0

koo
Split
Plap

(j)

|
"lw
T

=

1y = -4.3° %' o7h
R
_— 131 23.5 | 5.50 ﬁ 13
e
@ 1.45] 31.0 ) L.55 1 13

oo | .4oo
L.E.

Ext,
Flap |[spiit @ 1371 sok
Plap

1, * -2.9° %; = .504

—
P 1, = -2.8° 2= a9

» 1, = -4.3° % = -.07k

st
!;-y Q 1.17) 23.0 5.53 13

(‘ Séz?l? 1.36( 24.0 4.9 13
t — 3 4 y
Pgiw & ﬁ

None —_— 1.13| 28.6 | 5.06 = 13

-ls0

Flap 2
ap 00 et T

} ;‘:ﬁ' e 1.15) 23.0 | s5.68
|

% Clnax Dot reached
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TABLE 39.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

52° SWEPTBACK WING - Continued

Span Span D
:;v‘i: ;:v':: Configuration CLya: aan;x o.éé o:u Cq Characteristics Reference
(v/2) |(v/2)
7
400 00 4 8 12 1.6 2.0
g;{f: ——\ 1.35| 2.0 5.29 | 1
Flsp Al
22 | s = 1.9 22.8 | 5.L6 = 13
Fle> Plap
bt
.500
St — 1.4 |25.5 | .83 7 13
Flap L
A
—_— 1,177 28.2 5.13 o
None
o 1a0f 282 | 6.37 ‘ N 2
—_—— 132|273 | 526 Fj*—* 5
1@ 1.27 | 24.0 5.69 1_’—‘4_‘_’_4_——'\\ 51
@ 131 [26.3 [ 5.0 Pﬁ—'—k 51
-515 ‘
Tan .35 |26.0 | —— 5
1, = -3.3° EERGt H
O s R
.500 |
Split = 2z = |
r‘l’-e e -3.2° T 307
1, = -h.3° 2 = o7
=
e | palee N 2
251 0
1, = -3.3° % = .615
—
1, = -3.2° 2. e
% Crpax DO reached
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TABLE 39.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

52° SWEPTBACK WING - Continued

Span Span %
g-’iéi'%&f&ﬁ Configuration Clmax %Lnu o.é’énu;“ Cp Characteristics Reference
(v/2) [(v/2)
5
o .4 .8 12 16 2.0
— v
—— 29laye | —— = 5
1, = -3.2° % = 307 -1
ol o BelaiiEs 5 "
= -4 252
Gl 28 = 037
= v === fo|sa e t:_—Qj—._._ 51
hoso™l 27 | k.70 P: 51
——
.575 | .50
L=, | spute
& b ey Lz | —— s
1, = e 22 - 502
=
J 8, = -3.0° 2% -
==l 2= a2
= = hartlors | — ﬁt;\—'—'- 5
- 2
1, = =3.2° 2= a9
e WD R R : 5
1, = -hac ‘255 = <07
Yene P .24 28.2 | 5.29 %4—‘_*‘ o
725
LiB"
Flap
save 1.36(27.0 | sk 5
Plan ,Q—
- ch“x not reached
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TABLE 39.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

52° SWEPTBACK WING - Concluded

e ot e of ToE e fec L/D at
K ;:"féo g‘!‘é‘ Configuration Imaxy “Lmax|0.65 ¢y | Cm Charscteristics Reference
(b/2) |(v/2) | (%)
%
.l 07 iy B 12 2.6/2:0
Round 0 52
L.E. |None [ .15 e 1 27.0 | L.66 |g
Chord k.1
Ext.
25
Round
L.E. [None | .15 — 1.8[ 29.3 | L.67 52
Chord
Ext.
-075 = 1.6 25.0 | L.88 52
L3
Round
L.Z. |None
chord
Ext.
.15 —_——— 1.24| 26.0 | L.os 52
' 52
.075 —_— 1.08| 22.0 [ L.82
L3
Sharp
A )
Chord
Ext.
15 T 1.09| 26.0 | k.58 / 52

NACA

Q
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TABLE 40.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

52° SWEPTBACK WING

Ac/L =50,2°
A= 0.616

= 2.8

Roax = 9.7 * 106

Mgy = 019

Airfoil sections (normal to line of meximum thickness)

Root: 9.8 percent thick circular arc

® Cprmax NOt reached .

Tip: €.2 percent thick circular arc
Span Span
a L, t
;:v!ii'gvtéf Configuration Cluax CL.u o.eébc:m“ Cp Characteristics Reference
(v/2) |(b/2)
c
o s 121620
3
—— 1.04 | 24.5 3.58 C-o%_‘_‘_ 53
=3k
—
None S 5 10181 5050 =1 @—‘—‘— st
1, = 0 2z _
¢ = 2.8 Z = e
L — 1
= Sk
None ("ZD 1321152000 [l——=
2z -
g w310 -b! = .136
e T
TS . sk
== -_— —  [r1.36 [31.0 | ——
—
= 2.2° 2=,
it = 2,2 &5 132
.500
Solit 53
Plap e h.09 |21.0 | k.o ==
£900 ———t—t—
£xt.
Solit O\ h.29 |22.0 4.05 53
Flap ;
ity |mone —_— h.c6 [26.0 3.23 | 53
Flap
i
—_— 1.06 [27.5 | 3.23 4}-»—*0— 53
.250 S sk
; o None —— 1.26(%21.0 2.75
Flap
—
- o ez =
1, = 2.9 £ L2 [a |
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TABLE 40.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

52° SWEPTBACK WING - Continued

o? Te ;p;nt: Clman CL, bes Cp Characteristics
EuJof T. 1 ax i 4
wios Pavice Configuration max[0.85 Cp o n

Reference
(b/2) |[(b/2)
C
0 & %8 121620
)
— m
-2
1, = 2.9° £= 236 =
None
J
—
1y = 22° ?FZ = =231
— i
== L
1, = 2.9° oL k2
.250 |.400 2 T
L.E. |[Split
Plap Plap
P
1, = 2.8° 2= a6

Sk
=
= 2z = -.132
1, = 2.2° S 3
§:2?z ———— 1.18] 27.C 3.06
Plap g1
——\, 1.30| 23.6 3.72 53
.500 4 a
| = = pw|ne|—
Sn1it
flap
=
m sk
1y = 2.9° 2Z = M2
® Cp,, DOt Teached

TDEIEEIE]
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TABLE 40.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

52° SWEPTBACK WING - Continued

Lot T L/D at
;vl;.;c ;:VICE Configuration CLina “CLE" 0.85 Cp 0y Cp Characteristics Reference
(b/2) |(v/2)
g,
9 W 8 1:21.62:0
21
2
1, = 3.1° 2= I3 L
.250 | .500 b B 136
L.B. | Ext.
Plap | Split .’,_..,_.___,_+——+—
Plap
i 5=
i = 2:2° ?‘ = -.132
None e 1.22%31.2 2.40 {ﬁ_'_" 53
.350 | .500
2280 [ spse — .21 (26.0 2.78 53
Plap | Plap
ie, 53
Seait ————\ h.36 |22.2 3.73
Flap
.bZO
L.E. | None e 53
Plap h.1%|28.1 3.21
None e 1.12 | 27.2 3.97 er—"—" o
.550 | .500
L.E. | Split ,Q 1.34 | 2L.5 3.61 ?"ﬂp—_'—_"— 53
Flap | Plap
.500
Ext. 4 3 53
Seric Ge——=""Y 1.58 |235.5 [ 3.64 [t 3
Flap
.250
L.E. | None e 1.06 [26.0 3.12 "4)"’_‘_’—‘ 53
Droop
}.
450
£'27 [ vome —— .18 {29.5 | 2.87 L —t—t 53
Droop
[..600 5
E. one
Droop E s 1.19 [29.0 334 53
8 Cppay POt Toached NACA
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4O,.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

52° SWEPTBACK WING - Concluded

Span_ | Span | Chord e -
;:vl{:.;:v:c'f g:v:‘::; Configuration Clmad “Lmax 0.85 Op 0y Cqy Characteristics Reference
(/2) [(v/2) | (3)
Oy
o .4 .8 1.2 16 20
1
52
3 .02 | 24.0 d
-07h 1 2k 3.47 o - {}Z
'
.06 -1
Sharp
L.E. | None
Chord
Ext. .
b7 e 1.06 | 24.0 3.2 52
1 ; 52
o7k ————— 1.03 | 23.0 | 3.39
.13
Sharp
L.E. None
Chord
Ext. v
———4—0/'——0—0—'- 52
a7 — 1.07| 24.0 3.37
.07k ————— 111 25.0 | 3.20 ‘ 52
.25
Sharp
L.E. | None
Chord
Ext
47 ——————— 1.12| 25.0 [ 3.18 ; o2

~_NACA —
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TABLE 41.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

60° SWEPTBACK WING

£0 J\—c/h = 50.6°

A=0

3

4 =1.8

Boox = 5.3 % 206

Alrfoll sections (parallel to plane of symmetry)

Root: NACA 0015-6L (Approximate)
Tip: NACA 0015-6l (Approximate)
Span_ | Span 1/D at
;:&;Hgv:éf_ Configuration Clgad “Lpax 0.5 °l.mu Cp Characteristics Reference
(b/2) |[(v/2)
c
0 .4 L8 1.21.6 2.0
= 0.92| 37.5 2.06 0 — 55
n
1
None
b =-23° o
- 038111700 [T PR T 55
Yo C/D/
.608
Plati e
Fle:o: 0,57 [17:0 | ——— =il 95
Flap
6 = 23°
e e
0.60 |17.0 | —— 55
e
o —— i U LA W e TR P g
—tqao——a—o— 55
o F.zg .o | ——
+553
Shar
R
ta,--u"
55
| &.o’.‘ 30,0 | —— ——
-257
Plain
Tri +—t
Flap é oatianio i — L=t 55
) b = 11°
— 55
)= 06 130.0 Mtem—ne | F—rb—d—abb—+=
= e
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TABLE L41.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
60° SWEPTBACK WING - Concluded
Si Span
;:EE: “:'.f;f Dot Cpnration Cl,.J“CL“, o.tli'épc;:u Cq Characteristics Reference
(b/2) [(b/2)
o C,
sheas { A8 216 240
//} 0.98133.0 | —— ,-‘—‘ 55
i " 3
A.l
it |10
A 1.04 [33.0 [ —— bttt 55
i |
bg v +23°
—t .
T
| A
:f 1.32 {Lo.o \ 5
None
78 é e ~ i
Patred
Sharp
L.E. &g v -15° .
.608
Plain
[Ele von
Plap ; 0.96 |28.5 | ———— —+<_‘_—+_4_ 55
-
by » 5°
& gt ?g.s A VH—’_'_+—'_ 7
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TABLE 42.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

60° SWEPTBACK WING

\ &b

Acpy = 52.4°

A=-o

A=2.3

~ 6
B = 9.6 x 10!

Alrfoll sectiops (parallel to plane of symmetry)

Root: 10 percent thick circular arc
Tip: 10 percent thick circular arc
Span Span
{ 5 L/D at
E:'!{c: r';e: Configuration cl‘llx“c"unx o.eé (-t Cp Characteristics Reference
(v/2) |(v/2)
%
o' ok B 21.272.6 20
5
None _ 1.09 32,5 | 2.2 % s
-3
-.2
&g = 20°
——
——— 1.15 [31.0 2,51 \ 56
8y = Lo°
PoE s
.500
Bies
an;uﬂ —— 1.09 |27.0 \_7 s
Flap
S
8y = 60 SRR P G
56
—_— 1.00 (25.0 o
None
o
8p < 20 bt
— 1.12 131,0 | ———— \’B 2
b = 20° e
1.000
Hpisd —— hag |30.0 | —— \D 56
bg = 30° +—t—t
. 1.29( 25.0 | ——— \‘—-' 56
b = 207
4 T i
= 1.20 | 360 | ——— \ 56
.500
lragor
Loz | Rone
Droop 6y = 40° oA
— 0.0 |31.0 | —— \ 3
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TABLE L42.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

60° SWEPTBACK WING - Concluded

NACA RM L52D16

span_ | span i .
;:v&e: %f.féf Configuration Clmax CLumaxlo.85 Gy Cgq Characteristics Reference
(v/2) [(/2)
& = 20° o
0 . .8 1.21.6 2.0
c.04
e 1.06129.0 |—— |'= 56
-
-.2
6, = 30°
e 1.1 [32.0 | —— %
None
.500 =
Qut- = Lo L
S oot \
L.E.
proop P 2l [3hs0 |i— %
by = 50°
56
— h.a7 [35.0 | —
5 = 20° by = 20°
.500 o
Plain
Inboard e 1.20 | 25.0 2.80 \ 56
Flap
o
ba " 30 ——t
e 1.2 [35.0 | —— \\ 56
6p = 20°
56
None —————— 1.9 |37.0 | ——— \
8y = 20°
et
1.000 ]
Liks
Proop — 1.21 |37.0 [ —— 56
8 = 20° &g = 20°
.500
Pinin
Inboar — h.10 |32.5 | ——— 56
ap
6, = 20° b = 20°
1.000
Piain
Flap —— 1.20 | 340 | ——— \ g
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TABLE 43.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

60° SWEPTBACK WING

T Aop =200 A=2.31 Rpax = 6.4 x 106
A=0 Mpax = 0.13
Arfoll sections (parallel to plane of symmetry)
Root: NACA §5-006.5
Tip:  NACA 65-006.5

o
b e dor ToE y er. o L/D at
evice [Device Configuration Imax “Lmax|0.85 cr .. Cp Characteristics Reference
(v/2) |(b/2)
oy
, oo 408 1.2 1.6 2.0
e e 3
— C,
None =N —_— 1.13 |27.0 n 57
e AL -4
-.2
None
.850 57
Plain ;to—s—o-
Plap 1.04 |33.0

~_NACA
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TABLE 4k4.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

60.9° SWEPTBACK WING

wolbe Aepi = 60°

A=l.0 = 6.0 x 106
A= 0.600 = 0.20
Alrfoll sections (parallel to plane of aymecry)
Root: NACA 65A006
Tip: NACA 654006

L/D at
Cl«wJ uchnx o.e{, szu Cp Characteristics

goan_ | Span
;uvll'ﬁ‘g:vzéf Configuration
(b/2) |(b/2)

Reference

.2
None

Em— 1.08 [ 35.6 2.29 |c;t U
o]
47L.8 1.2 1.6 2.0
None
+500

Spiit 0.94 | 25.0 3.80 | ( W

®lap =\
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TABLE 45.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
& o]
63° SWEPTBACK WING
“Z Aoy = 60.8° A=35 Fax = 8:0 x 206
A= 0.250
Alrfoll sections (parallel to plane of symmetry)
Root: NACA 644006
Tip:  NACA 644006
span_ | span
;‘:";;‘: pris Configuration Cl‘m.J RO o_é‘énc‘:“ Cq Characteristics Reference
(b/2) |(v/2)
95
0 . .8 1.21.62.0
.2
— 1.28] 39.5 2.12 o1 58
)
None
1
e T 1.32| 38.5 2.05 k%_, 58
= —_— > 1.38| 38.0 1.90 %7&4—‘ 59
B e W R BEHCR Y7t"—'_" 59
Plap —
e 59
- None @ T i X ﬁ_ﬁ
bp = 0°
— 5 1,654 38.5 2.06 WJ_* £
.
by = 25° e e e
P cr———nl| 0 P B AN
.500
K
Plap o
— ——— 1  — |euEEsliiele
= b, e 5
~
® cmu not reached
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TABLE 45.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

63° SWEPTBACK WING - Concluded

Span_ | Span .
B bt Conflguration A G:u.u Cq Characteristics Rate o
(b/2) |[(v/2)
<
0 o %8 1.211.6:2.0
= — A
= e \Y = 1.23 | 38.0 215 | 59
Sl g i T N
.500 A
Split
pf.p 59
N
lone ar-oe
@ 1.69 | 38.5 2.15 : :) 59
bg = 25° e
.500 £
Flap
&g = LS° —
@ 1.76[ 28.5 | 2.2 \_/) 22
Ly e e I N e
.500 - -
e 500 ¢ = Is° e
Flep Iasy. il 50
Plep
il @ et 8 | —— ﬁ 59
1.000
L.E.
1ap PR ——
2 1,767 28.3 2.72 59
gnlit —\ i R { A g
Plap ——
None 1.45 | 38.0 \//,—N 59
.500
LiE. -
Droop
Fet ol o
Split 1.68)38.3 .| ———
Plap
s 59
1.000
L. . : 7
Droop et-hs"
Flap
.500 8 :74._\_._,.
Sharp | None @ 1.50 | 38.2 1.99 59
L.
1.000
Sharp | Hone @ 1.52 | 38.2 1.95 | 59
LB vé\—‘—"
® C;oyy DOt reached
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TABLE 46.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

63.03° SWEPTBACK WING

TARLF [j6 .- SUMMARY OF LONGITUDINAL STABILTTY CHARACTERISTICS OF A 63.03° SWEPTBACK WING,

T o A = - = €
63.03° e/h = 55.7° A =2.0}4 Rpex = 15.0 x 10
A=o0 Mpex = 0-18
Atrfoil sections (parallel to plane of symmetry)
Root: 5 percent thick at 0.20c hexagonal (faired)
Tio: 5 percent thick at 0.20c hexagonal (faired)
span_ | span
bf L.E.of T.E [ L/p at
Device [Device Configuratior Imax “Lmax|0.85 r,, | Ca Characteristics Reference
(v/2) |(v/2)
oL
0 .4 7.8 1.2 1.6 2.0
@
—_— 13k o | o239 | g 6
None @ 1.31% 310 | 241 < P
K
@é—é 1.32% 200 | 2.3 &
- L4° 4
et T t
None ewe
2 T™p —_— 1.26% 30.0 2.9 61
Flap
g = L° 4
_———— 1.29% 28.0 — : 2
1.000
Plain
Flap &g = ho 4
62
e =
1.000 .
Skewed | oo
s IR e
A
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TABLE 47.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A

(0]
63.43 SWEPTBACK WING

ok Non =56

A=o0

A=2.0

Rpax = 32.3 x 108

Airfoll sections (parallel to plane of symmetry)

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

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

be L ot 1oE ot ausavicn Ot Ot sl Cp Characteristics Reference
Davice [Device L & CLmax
(b/2) |(b/2)
0 .4L.8 1.21.62.0
0
cﬂl
-1 o
None - 1.37] 33.0 2.3%
-.2
-.3
& = 22° ettt
860 4
None [Spltt _ 1.39] 310 [ 2.9 \\ &l
Plap !
&y = -22° 4
860 Sz
b _—— 1.18] 35.0 1.89 1 6l
Flap
T 65
None —_————— 1.3L | 33.0 2.0 ;
¢ = 22°
R e e
000 |-860
Round [Sp11t 1.40 | 32,0 2.30 L
L.z Plap ———
6 = -22°
260 4
Upper P — 1.18| 35.0 2.00 &
Plap
None B 1.62 | 37.0 2.15 ¢ _,_3 6l
&g = 22°
.360 y
£k —————— 1,64 [3u.0 | 2.5 6
Flap \,\,_/1
.860
solit
Plap bp = bli5°®
g = bl
——— 1.55 | 330 1.99 . 6l
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( 63.43° SWEPTBACK WING

J _(:57143" Aepy = 56.3° A=2.0 Rygx = 15.3 x 106
A=o0 Vo = 0-13
Alrfoil sections (parallel to plane of symmetry)

Root: WACA 0005 (Modified)
Tip: NACA 0005 (Modified)

?l)lnE Span i L/D )
Pee ;f,I;E Configuration Clman “Lmax|0.65 o, | Cm Characteristics Reference
(b/2) [(v/2)
c,
( 0 . L8 1.2 1.6 2.0
c 0
e 1.32 | 35.0 236 |7 3
| .1
J -2
1.000
None | Plain Ceemamme e 4 1.2 | 33.0 2. 66
Plap
/ EESEeE e 1.18 | 37.0 2.16 Fﬁﬁf &
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& TABLE 48.- SUMMARY OF LONGITUDINAL STABILITY CHARACTERISTICS OF A
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TABLE 49.- VALUES OF SPAN EFFICIENCY FACTOR e

FOR SEVERAL SWEPT WINGS

T T R B e RS
9.9 v g5 10,63 Modified | 7.6 % 106 0.55 0.2
double wedge

37.0 35 6.0 .50 | NACA 64;-112 | 6.8 JB 40
k2.0 4o 2.9 .63 | Circular-arc | 6.9 37 3o
k2.0 | ko 4.0 | .63 | NACA 64y-112 | 6.8 i - e
LTt W5 6.0 .31 | NACA 64-210 | 6.0 .83 b
7= | 45 5.1 .38 | NACA 64-210 | 6.0 .83 e
46.3 45 8.0 .45 | NACA 63;A012 4.0 .68 o
B0 50 2.9 .63 | NACA 64y-112 | 6.8 .80 2.6
S50 50 2.9 .63 | Circular-arc | 6.8 L2 o b

9 W
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@ Calculated by method

of ref 16
/.4 P f 0% 4
.2 A
Calculated b thod
( Q2 uo? Ie*ef.yéréle .
10 K 2 Ac/h = b5

Experimental date

It Rt K \[ (ref
G e A/l = 458"
cc

.6

4 I

e

0 e | | ]

o g E4 .6 g 1.0
2y/b

Figure 1.- Effect of sweep on the load distribution of a wing having an
aspect ratio of 8.02 and a taper ratio of 0.45.
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&t - +
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(peri:itéiog/e) 4 3 — — — Two-dimensional S e
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Figure 2.- Stall progression on a sweptback wing (Ac/h-= h5°) having an
aspect ratio of 8.02, a taper ratio of 0.45 and NACA 63,A012 airfoil

sectiong as indicated by the section 1lift characteristics. (Data
obtained from ref. 69.)
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S A
Lrgq = 15"

Achzoo

A, ), = 30°
1.8 T T T
1.6 4 1 i
1.4 il t i
1.2 + 1 i
1.0 - 4 4
74

8 T - +

6 1 3 4

4 :

e T I 1 SUNACA,

0O r + { . t — b sy
04 O =04 -08 0 -04 -08 -12 -16 0 -04 -08 -12 -6
Gm 6/7) Gm

Figure 3.- Variations of pitching-moment coefficient with 1ift coefficient
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. T70.)



Figure 4.- Schematic view of leading-edge vortex flow and its effect on
the pressure distribution and the 1ift and pitching-moment charac-
teristics of a swept back wing (Ac/h = h5°) of aspect ratio 3.5 and

incorporating circular-arc airfoil sections. (Data obtained from
ref. Ti.)
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Leading Edge Radius
(percent local chord)

=
5
o i Predomiggg;r:&aéi%ng_edge E
= 270 28 51 \\\\\\\
bW
8 27 28‘\\>\>\
g W B
- Q&®§&&§§& T2 Predominant leading-edge separation
4 b (I iy
1 i
= .l).,, .—-L‘.lh .124 |
o &2 | . | aTglby53 s B
Acya

Figure 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 6.0 x 10°. Open symbol denotes
radius perpendicular to c/h line; solid symbol denotes radius

parallel to plane of symmetry. (Numbers adjoining symbols denote
references. )
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Figure 6.- Effect of Reynolds number on the inflection 1lift coefficient
resulting from leading-edge vortex flow for wings incorporating

round-nose and sharp-nose airfoils.

and 73.)

(Data obtained from refs. 53
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Figure 7.- An example of the effects of sweep on the variation of
pitching-moment coefficient with 1lift 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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Figure 8.- An example of the effect of aspect ratio on the variation of
pitching-moment coefficient with 1lift coefficient when leading-edge
separation is present. The wings are sweptback (Ac/u = h5°) have

taper ratios of 0.6, and incorporate NACA 65A006 airfoil sections.
(Data obtained from ref. 1k.)
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| .
-

| 1.0 —

Iy Figure 9.- An example of the reduction of the longitudinal stability and
| out-of-trim pitching moment of a delta wing (ALE = 600) by the leading-

edge vortex flow resulting from leading-edge separation. (Data
‘ obtained from ref. 55.)
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Figure 10.- An example of the effect of mixed-flow separation resulting

from an increase in Reynolds number from 1.10 to 6.00 x 106 on the
pitching-moment characteristics. (Data obtained from ref. 72.)
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Figure 11l.- Variation of the 1lift coefficients with Reynolds number at
which trailing-edge separation and leading-edge separation occur.
(Data obtained from ref. 72 and unpublished probe data.)
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Figure 12.- Empirical longitudinal-stability boundary of reference 10
and its relationship to lines of constant area ratio. (Experimental
data obtained from refs. 55 and Th.)
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Figure 13.- Load distribution for families of wings defined by the lines
of constant area ratio in figure 12. (Loadings obtained from ref. 550
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Figure 14.- Effect of fences on the section 1ift and wing pitching-moment
characteristics of a sweptback wing (Ac/h = MSO) having an aspect

ratio of 8.02, a taper ratio of 0.45, and NACA 63;A012 airfoil section.

(Data obtained from ref. 69.)
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Figure 15.- The effect of fences on the pitching-moment characteristics
of several sweptback wings.
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Figure 16.- The effect of nacelles on the pitching-moment characteristics
of a sweptback wing-fuselage combination (Ac/h = 350) having an aspect

ratio of 9.43 and a taper ratio of 0.42. (Data obtained from ref. 76.)
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Figure 17.- Stall patterns on a sweptback wing CAc/h = 350) having an
aspect ratio of 6.0, a taper ratio of 0.5, and NACA 647-212 airfoil

sections equipped with an extensible leading-edge slat, an extensible
leading-edge flap, and a droop-nose flap. (Data obtained from
ref. 27.)
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(Data obtained from ref.. 47.)

tudinal stability characteristics of a sweptback wing (Ac/h = hSO) having an aspect ratio

of 5.1, a taper ratio of 0.383, and NACA 64-210 airfoil sections.
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Figure 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.k.
references. )
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Figure 20.- Effect of boundary-layer control by suction at the leading
edge on the pitching-moment characteristics of a sweptback wing

(Ac/u - l+5°).

(Data obtained from ref. Lk.)
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(a) Circular-arc airfoil sections. (b) NACA 6lh-series airfoil sections.

Figure 21.- Comparison of the effects of extensible leading-edge flaps and chord-extensions on
the pitching-moment characteristics of two sweptback wings @\c/h = 500) having different air-
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Figure 22.- Longitudinal stability characteristics of a model of a
variable-sweep airplane. (Data obtained from ref. 77.)
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Figure 23.- Effects of combined twist and camber on the variations of pitching-moment coefficient o

with 1ift coefficient for two sweptback wings.
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Figure 2k4.- Variation of pitching-moment coefficients with lift coefficients for a wing with and )
without camber and twist, both with and without chordwise fences. Ac/y = 459 A =8.0; S

A =0.45 R =54o x 10°.
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Figure 25.- The effect of extensible leading-edge flaps and fences on

the pitching-moment characteristics of a twisted and cambered
sweptback wing (Ac/h = 60.80) having an aspect ratio of 3.5, and a

taper ratio 0.25. (Data obtained from reference 79.)
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Figure 26.- Influence of high and low tails, on the variation of tail
effectiveness parameter T with lift coefficient for several

sweptback-wing configurations.

to the extended root chord line.
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Figure 26.- Concluded.
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plane of symmetry.
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Figure 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.
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Figure 28.- Downwash profiles behind a sweptback wing (Ac/h = 500) having
an aspect ratio of 2.9, a taper ratio of 0.625, and NACA 6k4;-112 air-

foil section. Profiles located at a tail length of approximately two
mean aerodynamic chords and at a station 0.313 semispan outboard of
the plane of symmetry. (Data obtained from ref. 13.)
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Figure 29.- An idealized illustration of the improvement made in.the.
pitching-moment characteristics of typical wing-fuselage coyblnatlogs
by the use of a horizontal tail operating in the downwash field behind

a sweptback wing.
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Figure 30.- Comparisons of the experimental lift-curve slopes for several
wings with those calculated by several methods available for rapidly

Experimental G, =

making such estimates.
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Figure 31.- Variations with sweepback angle of the ratio of maximum 1ift
coefficient of the swept wing to the maximum 1ift coefficient of the
equivalent unswept wing for several families of wings as defined by
their leading-edge radii.
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Figure 32.- Variations of maximum-1ift coefficient with sweepback angle

for several families of uncambered wings as defined by
edge radii.
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Figure 33.- Variation of maximum-1ift coefficient with Reynolds number

for several sweptback wings with various amounts of camber.

of Mach number on the low-speed maximum-1ift coefficient is indicated

for one wing.
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Airfoil
Symbol J«-q/h section References
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Figure 34.- Variation of maximum 1ift coefficient with aspect ratio for
Airfoil sections listed are parallel to the

several sweptback wings.

plane of symmetry.
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Figure 35.- Variation of the ratio of inflection-lift coefficient to maximum 1ift coefficient with
sweepback angle for wings which exhibit either trailing-edge separation or leading-edge separation.
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Range of R

0.99%106 to 1.98x106
(ref. 11)

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

P 8¢ (a = 0)
ac,
N

b2 3

KCL =n cos? /A (ACL)_/\_ -
o

\ R = 6.0 x 106

(ref. 1)
~2 1 | |
o 20 40 60 TNAcA
N, deg
Z

(b) Wings have an aspect ratio of 4, a taper ratio of 0.6,
and NACA 65A006 airfoil sections parallel to the plane

of symmetry.

Figure 36.- Variation with sweep angle of maximum 1ift increment and 1ift
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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Figure 37.- Comparison of experimental with calculated 1lift increment at an angle of attack of 0°
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due to double-slotted and split flaps on two sweptback wings.
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Figure 38.- Summary chart of 1lift increments at an angle of attack of 0°
due to various types of trailing-edge flaps. (Solid symbols corre-
spond to flap spans which produce unsatisfactory pitching-moment char-
acteristics; open symbols correspond to flap spans which produce
satisfactory pitching-moment characteristics.)
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Figure 39.- Variation of increment in maximum 1ift coefficient with span of double-slotted and
split flaps on two sweptback wings.
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Figure 40.- Summary chart of maximum 1ift coefficients obtained with

various types of trailing-edge flaps.
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Figure 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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Figure 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. 1k4.)
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Figure LL.- Variations of the profile drag coefficient for an unswept

and sweptback wing with 1lift coefficient.
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Pigure 45.- An illustration of the effect of sweep on the estimated and
experimental values of effective profile-drag coefficient at low angles

of attack for two types of trailing-edge flaps.
refs. 47 and 88.)
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