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INVESTIGATION AT LOW SPEED OF THE LONGITUDINAL
STABILITY CEARACTERISTICS OF A 60° SWEPT-BACK
TAPERED T.OW-DRAG WING

By John G. Lowry and Leslie E. Schneiter

SUMMARY

An investigation was made in the Langley 300 MPE T- by 1l0-foot
tunnel to determine at low speed the longitudinal s%ability character-
istics of a 60° swept-back, tapered, low-drag wing of aspect ratio
2.55. Several medificationa were made to this wing in an attempt to
improve its longitudinal stability characteristics.

The results show undesirably large changes in *the longitudinal
stabllity characteristics of the 60° swept-back wing. The most
effective modirication consisted in an elteration to the plan form
of the wing by extending the leading edge forward 2bouvt half a chord
lengtn cver the outer 25 percent of the spen. The maximmm 1ift coef-
ficient of the swept-back wing was aboubt the same as that of the
unswept wing, but the angle of attack for maximum 1ift of the swept
wing was more than twice that of the stroight wing. Decreasing the
aspect ratio from 2.55 to 1 improved tr . longitudinal stability
characteristice of the wing, perticulariy in the range of high 1ift
coefficient.

The results of testing the wing with a deflectable tip showed
little promise with regord to improvement of the longitudinal
stabillity characteristics, but deflecting the tip offered interesting

possibilities as a means of longitudinal and lateral control.

INTRODUCTION

The problem of precducing airplanes capable of flight speeds
equal to and greater than the speed of sound with a reasonable
expendlture of power has been studied by airplanc designers for some
time. In order to solve this problem it is nccessary to design an
alrplanc that does not cxhibit a sharp drag risc ncar the speecd of
sound. Roference 1 proposes the usc of highly swept wings as one
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method of eliminating this sharp drag rise. The analysis of
reference 1 is based on the assumption that only the component of
the freo-stream flow normal to the wing leading edge affects the
pressure distribution over the wing, and thus the critical flight
Mach number will be increased by the ratio of one over the cosine
of the angle of sweep. This enalysis also indicates that the flow
affecting the forces and moments of the wing is subsonic =0 long as
the wing remains inside the Mach cone. Much information on the
stability and control of a swept wing to be used at high speeds can
thercfore be obtained at relatively low speeds.

Much work has been done on wings having angles of sweepback up
to 45° but informstion on wings having swoepback greater than 45°
is meager. In order to obtain a better understunding of the problems
involved with angles of sweep groater than 459, tests of an cxploratory
nature were performed on a 60° swept-back, tapered, low-drag wing.
One of the problems was to improve the longitudinal stability character-
istice indjcated in reference 2 for a 60° swept-back wing. Wing-plan-
form variations, leading-edge slats (both full and partial span), and
a partial-span leading-edge flap were investigated in an attempt to
improve the longitudinal characteristics of the wing. Tests of several
trailing-edge flaps were made to supplement the results of reference 2.

APPARATUS AND MODETS

A semispan swept-back-wing model was mounted in the Lengley
300 MPH 7- by 10-foot tunnel as shown in figure 1. The root chord
of the model wes adjacent to the ceiling of the tunnel, the ceiling
thereby serving as a reflection plane. Although only a very small
clearance was maintained between the root chord and the twnnel wall,
no part of the model was fastencd to or in contact with the tunnel
wall. The model was so arranged on the balance framo that all forces
and mements acting on it might be determined. A semicircular root
fairing was attached to the model to defleoct the air flowing into the
test section through the clearance holc around the sttechment strut
in order to minimize its effect on the flow over the model.

The model used for these tests was constructed of mahogeny to
the plan form indicated in figure 2. The airfoil section noymal to
the guarter-chord line was constant throughout the span and was of
NACA 65-210 airfoil profile. The plain wing or the wing with any of
the plan-form variations had a semicircular faired tip. Wing-plan-
form variations involving a change in aspect ratio were made by cutting
off the wing at the stations indicated in figure 3 and adding a semi-
circular faired tip.
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The leading- and trailing-edge extensions shown in figures .
and 6 were made of thin plywood and had flat surfaces that faired
smoothly into the contour of the wing. The partial=-span slats and
leading-edge flap shown onfigures 7, 8, and 9 were of Navy N-22
airfoil section and were supported on the wing by three

%-inch-thick aluminun brackets. The full-span slat (shown in

fig. 10) was made of thin aluminum sheot formed to the contour of
the leadingz edge of the wing and was supported by six %-inoh
Q

wooden brackets. The trailing-edge fla s, shown in figure 11,

were macde of %-inch plywood and were attached to the wing with
L

steel fittings.

The wing with the raked tip and the deflectable tip is showm in

figure 12. The deflectable tip, both sealed and slotted (see fig. 12),

was attached to the model by steecl straps. The slotted tip was
supported by straps on the lower surface only, and a sheet-aluminum
lip was added to the unper surface to give the desired slot gap.

The leading-edge deflector plates shown in figure 13 were made
of soft metal strips bent to the contowr of the leading edge of the
wing and attached with wire brads.

SYMBOLS
Cp drag coefficient (D/gS)
Cy, 1lift coefficient (L/gS)
Cma i pitching-moment coefficient (M/qSc) ebout aerodynamic center
D drag, pounds
ik 1ift, pounds
M pitching moment, foot-pounds
q dynamic pressure, pounds per square foot (ﬁVB/E)

S area of the semispan wing, square feet
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e nean aerodynamic chord, feet

e local chord

A agpect ratio (bL’ES)

A sweep angle (quarter-chord line), degrecs

o angle of attack msasured in reflection planc, degrees
o) mass density of air, slug per cubic foot

v free-stream air velocity, feet per second

b twice the epan of the model, feet

C;, slope of the curve of 1lift coefficient ageinst angle of attack,

o measured at zero 1ift
T
ALy + 2
7 aspect-ratio correction factor, e (reforence 2)
(&5 1‘"é>
=0
A, effective aspect ratio, aspect ratio of the swept wing divided
by cos<h
B edge-velocity correction factor for 1lift of wing of aspect ratio A
(reference 3)
Ee edge-velocity correction factor for 1ift of wing of aspect ratio

Sl (referencs 3).
CORRECTIONS

The force snd moment coefficiente for all but the reduced-aspect-
ratio wings were determined with referenco to the areuw and mean
aerodynamic center of tiie plain wing. The coefficients for the
reduced-aspect-ratio wings ere based on the respective geometric
characteristics of the wing.
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The pitching-moment curves for all but the reduced-aspect-ratio
wings are referred to the serodynamic center of the plein wing as
determined from the pitching-moment curve of the plain wing near zero
1ift. The pitching moments for the reduced-aspect-ratio wings are
presented cbout their own aerodynamic centers as determined by the
game method.

Since no Jjet-boundary corrections for swept wings were available
and an investigetion of such corrections is beyond the scope of this
paper, corrections similar to those for unswept reflection-plane
models were applied to the drag and angle of attack. Ths corrections
applied were

A v Bgrd G s O
Dy ¢ Ly

S
Mo = 8, = Cp 57.3 = 0.866Cy,
wherc
ACD induced drag increment
i
Da, increment of angle of attack
By boundary-correction factor (0.116 obtained from reference k4)
S semispan wing area, square feot
C tunnel- throat cross-sectional area (70 sguare feet)
CLv uncorrected 1ift coefficient

The data at angles of attack greater than 30° mey be slightly in
error since, at high angles of attack, the tip of the wing was close
to the tunnel wall and no additional tumnel-wall corrections were
applied. ) ‘

No corrections were applied to the pitching-moment data. The
data prosented include the aerodynamic forces on the root falring.
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TESTS

Most of the tests were run at a dynamic pressure of 20.1 pounds
ver square foot, which corresponds to a Mach number of about 0.12
and a Reynolds number of about 2,370,000 based on the mean aero-
dynamic chord of the plain wing. For structural ressons, the
trailing-edge~flap tests wers run at a dynemic pressure of 10.1 pounds
per square foot which corresponds to a Reynolds number of about
1,600,000.

The force tests, in general, wore run through a range of angle
of attack fyom -6° to 26° by 2° increments, except for thet part of
the range between 4O end 12° where the increment was decressed to 1°.
The smaller increments were used so that the irregular part of the
pitching-moment curve could be more accurately faired.

The trailing-edge-flap tosts wore made with the flap deflected
50° relative to the lower surface of the wing. The flep engle was
moasured in a plane mutuelly perpendicular to the quarter-chord line
and the chord plane of the wing. For tests of deflecteble wing tips
either cealed or slotted, thoe tip was deflected reletive to the chord
plene. Tul't studies on the upper surface of the wing were made for
most of the model configurstions.

RESULTS AND DISCUSSION

The results of the force tests are presented in figures 14 to 26.
Some of the tuft date are presented in figures 27 to 30. A list of
the fignres which show the results of the tests are presented in
table I.

Plain wing.- Aerodynamic cheracteristics in pitch of the plain
60° swept-back wing (fig. 14) indicate thet at a 1ift coefficient of
about 0.2, an increase in stability smounting to a rearward shift in
neutral point of about 14.k percent of the meen asrcdynamic chord
occurs. This stable moment variation extends up to a 1lift coefficient
of 0.5 &t which point the moment begins to become violently unsteble.
In the range of low lift coefficient, the lift-curve slope CLm is

very nearly linear but shows sn increage at a lift coefficient of
about 0.2. This increcuse in slope corresponds to the stable shift
of the pitching-moment curve and indicstes that the increasc in 1lift
is occurring at, or near, the tip of the wing.
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The stabilizing moment that occurs between 1ift coefficients
of 0.2 and 0.5 may be associated with the roughness of the flow over
the leading edge of the wing as shown on the tuft picturee (fig. 27)
as well as with the increase in 1ift over the tip portion of the wing.
This roughness or separation existing over the first few percent of
the airfoil chord can very probably be explained to some extent if 1t
is remembered that there is a cross flow zlong the wing span which
builds up boundary layer. This theory is substantiated by the
examination of the tuft pictures for the wing with leading-edge
defloctor plates (fig. 23) which show that the plates retard the
crogs flow along the loading edge, with the result tnat the rough-
negs and stebilizing moment do not occur. (See Tig. 1.}

When the slope of the pitching-moment curve becomes unstable,
the 1ift curve shows a decided decrease in slope. A correlation
of the tuft picturcs (fig. 27) and pitching-mement curve indicate
that as thc pitching-moment curve becomes increasingly less stable
and finally, at a 1ift coofficient of about 0.5, bocomes unstable,
the boundary laycr on the wing is tending to flow morc nearly parallcl
to the quartoer-chord line. Visusl analysis of the flow over the wing,
mede by using tufts placed on staffs about five inchos high, showed
that at anglcs of attack between 12° and 169, a layer of alr 5 or
more inches thick covering the entire chord is flowing approximately

parallcl to the quarter-chord line over the outer portion of the wing.

This body of air very probably causes the loss in 1lift at the wing
tip, which accounts for the unsteble mow. nt on the wing. No distinct
gseparation, however, could be detected by surface tufts in this region.

The meximm 1ift coefficient of the 60° swept-back wing is about
the same as that previously obtained (unpublished date) on a complete
wing having 0° swecp of the quarter-chord line from which the panel
used for these tests was obtained. The angle of attack for maximum
1ift is about 33° for the swept wing as compared with 15° for the
unswept wing.

Revisions to plain wing.- In an attempt to improve the unsatis-
factory characteristics of the plain wing, numerous revisions to the
model were tested. These revisions were designed not so much to
determine their practicality but mainly to detormine the type of
device that would be required. The determination of whether the
devices would have to be retractcd for the high-speed condition was
beyond thc scope of this investigation. Figures 15 to 21 show the
offccts of these various revisions to the model. The simplcst
conclusion rcached from a study of tho deta is that almost any revision
to the leading odge of the wing will tond to eliminate the stabilizing
momont obtained at e low 1ift coefficient with tho plain wing but may
have little effect upon the destabilizing moment which occurs at a
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slightly higher 1ift coefficient. Of the revisions to the model that
prevented the stabilizing moment et low 1lift, the simplest was the
raked tip (fig. 18). The raked tip did not, however, eliminate the
unstable moment break at a lift coefficient of about 0.5. The most
effective revision to the model, with reference to the elimination
of any large changes in moment over a lift-coefficient range from O
to 1.0, was the leeding-edge extension 1. (See figs. 4 and 15.)
As ig shown on figure 15, a lift coefficient of 1.0 was reached with
a forward shift of the neutral point of 5.6 percent of the mean
aerodynamic chord. This shift occurred at a 1lift coefficient of 0.5.
his small change, as compared with the other revisions, may be
attributed to the maintenance of an approximately linear lift curve
at high angles of attack. Tuft studies (fig. 28) made of this and
the other leading-edge extensions (fig. 5) show that the effect of
the extension was such as to decrease to some extent the outflow
along the wing and thus to assist the tip in maintaining 1lift. The
addition of the trailing-edge extension (fig. 6) to the wing with the
leading-edge extension also gave a satisfactory variation of pitching
moment throughout the lift-coefficient range up to 1.0. (See fig. 16.)
Tuft photographs of the wing with the partial-span slats and leading-
edge flap are shown in figure 26.

Reduced-agpect-ratio wings.- The results with the reduced-aspect-
ratio wings (fig. 22) indicate that as the aspect ratio decreases, the
unstable portion of the pitching-moment-coefficient curve tends to
become more stable, becoming about neutrally stable at A = 1.50
and stable at A = 1.00. As would be expected, the slope of the 1lift
curve decreases, and the drag for a given lift increases as the aspect
ratio decreases. Figure 22 also shows that the lift-curve slope, as
determined from these data, decreases more rapidly with decreasing
aspect ratio then is indicated by the theoretical considerations given
in reference 2. The lift-curve slope for the wing of aspect ratio 2.55,
however, checks very well with both the theoretical and the experimental
lift-curve slope presented in reference 2.

A study of the tuft pilctures taken of the reduced-aspect-ratio
wings (fig. 30) shows that the air flow at a given spanwise location for
each aspect ratio at the same angle of attack is very nearly the same.

his similarity indicates that, if the spanwise flow shown on the
wing of aspect ratio 2.55 is the cause of the loss of lift at the
tip and the consequent unstable moment, removal of that part of the
wing vhere the spanwlse flow occurs will eliminate the unstable
moment. This hypotheeis is borne out by the fact that as the aspect
ratio decreased (tip removed), the magnitude of the unstable moment
decreasad, and the moment finally became stable.
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Deflectable tips.- The results of the tests with the deflectable
tips (fig. 12) are shown in figures 23 and 24. It may be seen that
there was no improvement in the pitch characteristics of the wing
with droop or dihedral in the tip. These results are in agreement
with thoge of reference 2. The deflectable tip, either slotted or
gsealed, however, appears to be an interesting possibility as a means
of both lateral and iongitudinal control. Calculations made on the
basis of these data and some unpublished date indicate that good
rates of roll may result from 20° deflection of the tip. No data are
available to indicate the magnitude of the hinge moments on a control
surface of this type, but it is felt that a reasonably well balanced
surface could be devised.

Flap conditlions.~ The effectiveness of a 0.20c split-type flap
deflected 60° and placed at the 0.80, 0.90, and 1.00c lines is shown
in figure 25. As would be expected from data on wings without sweep,
the 0.50-span flap located on the trailing edge (1.00c) produced the
largest increment of 1lift of the three 0.50-span flaps tested. This
flap gave a lift increment slightly larger than the full-span flap
located on the 0.90-chord line.

The 1ift increment from a 0.50-span split flap (0.80c¢ line)
at 0° angle of attack was estimated from unswept wing datea from
reference 2 by the methods given therei~. The estimated 1lift-
coefficient increment was 0.lk. The increment obtained from these
tests was 0.13., The effect of the flaps, as compared with the plain
wing, was such as to produce a negative increment of pitching moment
at a given lift coefficient. Figure 26 shows the effectiveness of
the 0.50-span trailing-edge flap in providing a lift increment on
the wing with the leading-edge extension 1. The 1lift increments
are about equal on the wing with and without the leading-edge
extension. he negative pitching-moment increment produced by the
flap on the wing with the leading~edge extension was slightly larger
than that produced by the same flap on the plein wing.

CONCLUSIONS

The results of tests at low speed of a low-aspect-ratio, tapered,

highly swept-back, low-drag wing indicate that for the configurations
tested:

1l. For the plain wing at a 1ift coefficient of 0.2 an increase in

stability amounting to a rearward shift in neutral point of about
1h.4 percent of the mean aerodynamic chord occurred. At a lift coef-
ficient of 0.5, the stability decreased and the wing became violently
unstable.
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2. The maximum 1ift coefficient of the swept wing was about the
same as that of a wing formed by rotating the wing panel so that the
quarter-chord line had 0° sweep, but the angle of attack for maximum
1lift vas more than twvice the value for the straisht wing.

3. The longitudinal stability of the swept wing was best improved
by the addition of an extension at the lesading edge.

L, Wings of aspect ratios of about 1 or 1.5 had better longitudinal
stability characteristics than wings of somevwhat higher aspect ratios.

5. A drooped or dihedral tip had little effect in decreasing the
large longitudinal stability changes with angle of attack but, however,
showed possibilities as a means of effective longitudiral and lateral
control.

Langley Memorial Aercnautical Laboratory
National Advisory Committee for Aeronsutics
Langley Field, Va., August 5, 1945
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TABLE I.- FIGURES FRESENTING RESULTS

FOR VARIOUS CONFICURATIONS OF 60° SWUEPT-BACK WING

Figure ConfTiguration Dynamic pressuie, g
(1b/sq £t)
Aerodynemic characteristics
1k Plain wing 20.1
15 With leading-edge extension 20.1
16 Several combinations of leading-edge and 201
trailing-edge extensions and slet 1
17 With six leading-edze deflector nplates 20 il
18 With original and raked tip 20.1
1G With partial-span slat 20.1
20 With leading-edgze flep 20.1
2l With full-span slat 20.1
2 With aspect rotio and teaper ratio varied 20.1
2y With deflectable tip, slot sealed 20.1
oL With deflectable tip, slot open 20.1
7 29 With various 0.20c¢ split flaps 10,1
fWith extension 1 £20.1
O

26

Mitb extension 1 and O. 50-, 0.20c flap

l..._l

Tuft studies

Plgin wWing

With leading-edge extension and
8ix deflector plates

Il’.x.) in w i"l

JWith slat 1 or slat 2

’hith leading-edge flap

With aspect ratio varied

n W
S o
b

38R
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o7
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e9
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NACA TN No. 1284 Fig. 1
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Figure 1.- The 600 swept-back wing as mounted in the Langley 300 MPH
7- by 10-foot tunnel.
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Figure 2.- Drawing of the 60° swept-back wing, S = 9,12 square feet; A = 2,55; taper ratio = Ll
(A1l dimensions in inches unless otherwise indicated,)

$82T "ON NI VOVN

g ‘314




f chord

Aerodynamic center(o.c.)

Aspect | Taper | Wing Length X Y a.c.
i «A.C. 5 : ( nt
ratio | ratio (de?‘t) oi(‘i:/ll.ss (¢ (in.) (in.) ﬁ?:?g.)
1.00| 1.39| 5.36 39.60 a5 8 B L R ) 1
1.50| 1.65 | 7.03 3745 20.8| 22.0| 28.0
2.00| 2.03% | 8.27 35.75 26.9| 29.1 | 25.0
2.55| 2.41 | 9.12 3L.25 31.6| 30.6 | 3L4.3

Figure 3.- Drawing of the 60° swept-back wings showing physical
characteristics of various-aspect-ratio wings.
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Figure 4.- Leading-edge extension 1.
1,13 square feet,
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Area of extension,
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Figure 5.- Leading-edge extension 2. Area of extension,
1.70 square feet.
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Figure 6.- Trailing-edge extension.
1.11 square feet.
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Figure T7.- Partial-span slat 1.

L "3t

7821 "ON N.L VOVN




Figure 8.- Partial-span slat 2,
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Figure
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9.- Leading-edge flap.
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Flgure 10.- Full-span slat.
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Figure 11.- The 0.20-chord split-type flap deflected 60° about
the 0.80, 0.90, and 1.00 chord line.
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wnslotted deflectable tios were
def/ected. NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

Flgure 12.- Raked and deflectable tip.
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Figure 13.- Six leading-edge deflector plates. Height of
plates 1, 2, 5, and 6, 1/2 inch; height of plates 3 and
Ly ndnch.
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Figure 16.- Aerodynamic characteristics of 60° swept-back wing

with several combinations of a leading- and a trailing-edge

extension and slat 1.

g = 20.1 pounds per square foot.
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Figure 17.- Aerodynamic characteristics of 60° swept-back wing
with and without 6 leading-edge deflector plates. q = 20,1 pounds

per square foot,
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Figure 18.- Aerodynamic characteristics of 60° swept-back wing
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Figure 20.- Aerodynamic characteristics of 60° swept-back wing
with and without leading-edge flap. q = 20.1 pounds per
square foot.
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Figure 21.- Aerodynamic characteristics of 60° swept-back wing
with and without full-span slat. q = 20.1 pounds per square
foot.
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Figure 22.- Aerodynamic characteristics of 60° swept-back wings
of various aspect and taper ratios. q = 20.1 pounds per
squarge foot.
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Figure 23,- Aerodynamic characteristics of 60° swept-back wing
with deflectable tip, slot sealed. q = 20.1 pounds per
square foot.




NACA TN No. 1284 Pig. 23 cone.

AX/5
1hrovgh
@c

Z :
o Plain wing

O /0°drooped tip
& 10%ahedral  tip

32

S
~
o o
Tl

S :
16

s
ki %

Yy Kﬁfif ’
5

a
*
4 :
U%T NATIONAL ADVISORY 5
- 8 COMINITTEEI FOR AﬁRO”AUTIK:S
2 0 72 4 b 8 /.0 12

Lirr coefficient, Cp

Figure 23,- Concluded.




Fig. 24 NACA TN No. 1284

Ax/is Through a.c. ot
/
/ 1 56
Plain wing I
wing with skotted tip 5148
Wing with slotted tip arooped /0° rh
Wing with slotted 17p drooped 20° 40
N
. 5
o
g 32 5
S
N
b
>,
§
16
J6
_ %0
§ )
S /2 :
S T
3 /
sg 08 b
N o/ b
Q
X 04 A
v
S g fod f {/ //
o,
R ol N B /
S os— S
08 e, Y
LA\—A.A./IP/

-2 0 2 4 b .8 10 12

NATIONAL ADVISOR
Lift coelficient, CL COMMITTEE FOR AERONAU':ICS

Figure 24.,- Aerodynamic characteristics of 60° swept-back wing
with deflectable tip, slot open. q = 20.1 pounds per square
foot.
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Figure 25.- Aerodynamic characteristics of 60° swept-back wing
with various 0.20-chord split-type flap configurations.

q = 10.1 pounds per square foot.
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Figure 26.- Aerodynamic characteristics of 60° swept-back wing
with leading-edge extension 1 with and without 0.50 b/,
0.20-chord flap. Flap at g = 10.1 pounds per square foot,
extension alone at q = 20.1 pounds per square foot.
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Figure 27.- Tuft study over upper surface of plain 60° swept-back wing.
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Figure 28.~ Tuft studies over upper surface of 60° swept-back wing with leading-edge

extensions and six deflector plates.
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(a) Plain wing. (b) Slat 1. (c) Slat 2. (d) Leading-edge flap. 3

Figure 29.- Tuft studies over upper surface of 60° swept=-back wing with slats
and leading-edge flap.
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Figure 30.,- Tuft studies over upper surface of 60° swept-back wings of various aspect ratios.
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