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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECENICAL NOTE No. 1284

TVESTIGATION AT LOW SPEED OF TEE LONGITUDINAL
STABILITY CEARACTERISTICS OF A 60° SWEPT-BACK
TAPERED LOW-DRAG WING

By John G. Lowry end Lealie E. Schneiter
SUMMARY

An investigation was made in the Langley 300 MPH 7- by 1l0-foot
tunnel to determine at low speed the longitudinal stebility character-
istice of a 60° swept-back, tapered, low-drag wing of aspect ratilo
2.55. BSeveral modifications were made to this wing in an attempt to
improve lis longitudinnl stebillty characteristics.

The resulte show undeslrably large chenges in the longlitudinal
stebility characteristics of the 60° swept-back wing. The most
effective modification consisted in an alteration to the plan foxrm
of the wing by extending the leading edge forward about half a chord
lengtih over the outer 25 percent of the span. The maximum 1ift coef-
ficient of the swept-back wing was sbout the same as that of the
unswept wing, but the angle of attack for maximm 1ift of the swept
wing was more ‘than twlce that of tace straight wing. Decresasing the
agpect ratio from 2.55 to 1 improved the longitudinal stability
characteristics of the wing, particularly in the rangs of hlgh 11ft
coefficient. L

The results of testing the wing with a deflectable tip showed
little promise with roegerd to improvemsnt of the longitudinal
8tabllity characteristics, but deflecting the tlp offered interesting
poesibllities as a means of longltudinel and lateral control.

INTRODUCTION

The problem of producing alrplanes capable of £light speeds
squal to and greatoer thén the speed of sound with s reasonable
expendlture of power has been studled by ailrplane designers for some
time. In order to solve this problem it is nccessary to design an
airplano that does not exhlbit e sharp dreg risc near the speod of
sound. Rofeorence 1 proposes the use of highly swept wings as one
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method of eliminating this sherp drag rise. The analysis of
reference 1 is based on the agsumptlon that only the component of
the free-stream flow normal to the wing lealing edge affects the
presgure distribution over the wing, and thus the critical flight
Mach nuumber willl be increased by the rsatio of one over the cosine
of the angle of sweep. This enalysis also indicates that the flow
affecting the forces and mcments of the wing ls subsonic so long as
the wing remains inside the Mech cone. Much information on the
stability and control of a swept wing to be usged atb. high gpeods can
therefors be obtained at relatively low specds.

Much work has been done on wings having angles of sweepback up
to 45° but informetion on wings having sweepback greater than 45°
is meager. In order to cobltain & betber undsvetanding of the problems
involved with angles of sweep greater than U459, tests of an cxploratory
nature were verformed on a 60° swept-back, tapored, low-drag wing.
One of the problems was to improve ths longitudinal stability character-
istice indicated in reference 2 for a 60° swept-back wing. Wing-plan-
form variations, leading-edge slate {both full snd partial span), eand
a partlisl-span leading-edpe flap were investigated in an attempt to
improve the longitudinal characteristics of the wing._ Testa of meveral
trailing-edge flaps were made to supplement the results of reference 2.

ATPARATUS AND MOTELS

A gemispan swept-back-wing model wazd mounted in the Langley
300 MPE T~ by 10-foot tunnel as shown in figure 1. The root chord
of the model was adJacent to the celling of the tunnel, the ceiling
thereby serving as a reflecticon plane. Although only a vory small
clearance was maintalnod between the root chord and the tunnel wall,
no part of tho modsl was fastenod to or in contact with the tunmel
wall. The model was so arranged on the balanco framo that all forces
end momontd acting on it might be detormined. A scmicircular root
falring was attached to the model to deflect the alr flowing into the
test soction through tho clearance hole around the attachment strut
in ordor to minimize its effect on the flow over tho model.

The model used for these tests was constructed of mahogeny to
the plan form indicated in figure 2. The alrfoil section normal to
the quarter-chord line was constent throughout the span and was of
NACA 65-210 airToil profile. The plain wing or the wing with any of
the plan-form variations had & 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 amd adding a semi-
circulay faived tip. .


http://www.abbottaerospace.com/technical-library

NACA TN No. 128 3

The leading- and trailing-edge extensions shown in figures L, 5,
and 6 wore made of thin plywood and had flat surfaces that faired
smoothly into the contowr of the wing., The partisl~span slats and
leading=-edge flap shown on figures T, 8, and 9 wers of Navy N-~22
airfoll section and were supported on the wing by thrae

%-inch-thick eluminum brackets, The full-span slat (shown in

fig. 10) was made of thin aluminum sheot formed to the contour of
the leading edge of the wing and was supported by six %-:mch

wooden brackets. The trailing-edge flaps, shown in figure 11,
were mads of %-:anh plywood and were attached to the wing with

steel fittings.

The wing with the raked tip and the deflecteble tip l1s shown in
Tigure 12. The deflectable tip, both ssaled end slotted (see fig. 12),
was attached to the model by steel straps. The slotted tip was
supported by sitraps on the lower surface only, and a shest~aluminum
lip was added to the upper suwface to glve the desired slot gap.

The leading-edgze deflector plates shown in figure 13 were mede
of soft metal strips bent to the contowr of the leading edge of the
wing and sttached with wlre brads.

SYMBOIS

Cp drag coefficient (D/gS)
Cy, 1ift coefficient (L/q3)
Cma o pltching-moment coefficient (I-i;'q_S'é) gbout aerodynamic center
D drag, pounds

1ift, pounds
M pitching moment, Ffoot-pounds
q dymamic pressure, pounds per square foot ( pV2/ 2)

S area of the semispan wing, square fest
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Qf

wean aerodynamic chord, feet -

c local chord
(x2fes)
A egpoct ratio \b ’28

A sweep angle (guarter-chord line), degrees

e angle of attack measured in rsflection plane, degroes
mags density of alr, slug per cublic foot

v free-stream alr veloclty, feet per second

b twice the span of the model, feet

C;, slope of the curve of 1ift coefficlent againet angle of atteck,

& mpasured at zero 1lift
e
AcBo + 2

aspect-ratio correction factor, ————m— . (refurence 2)

(7=

: A=0

-3

A effective aspect ratio, aspect ratio of the swept wing dlvided
by coseh

E edgo-velocity correction factor for 1lift of wing of aspect ratio A *
(roference 3)

E edge-velocity correction factor for 1ift of wing 6f aspect ratio
A, {reference 3).

CORRECTIONS

The force and moment coefficlents for all but the reduced-aspsch-
ratio wings were determined with reference to the ares &and mean
asrodynamic center of the plsin wing. The coefficlents for the
reduced-aspoct-ratio wings are based on the respective gecmstric
characterigtica of the wing.
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The pltching-moment curves for all but the reduced-aspect-ratio
wingas are veferrod to the asrodynemic center of the plein wing as
determined frém the piltching-moment curve of the plain wing near zero
1ift. The pltching moments for the reduced-aspect-ratio wings are
presemted about thelr own aerocdynamic centers as determined by the
same mathod.

Since no Jet-boundary corrections for swept wings were evallable
and an investigetlon of such correctlons is beyond the scope of this
paper, corvectlions similar to those for unswept reflection-plsne :

models wers applled to the drag and angle of atteck. The correctlons
applicd wers

= By -5 cLu = 0. 01510Lu

ho = 8,5 0 57.3 = 0,860,

where

B

D induced drag increoment

increoment of angle of attack

boundary-correction factor (0.116 obtained from refurence k)

somlspan wing arsa, square feob

° © g g

tunnel- throat cross-sectionel area (70 square feet)

QLu uncorrected 1lift cosfficient

The data at angles of abtack greater than 30° may be slightly in
error since, at high angles of attack, tho tip of the wing waes close
to the tupnel wall and no additional tunnel-wall corrsctions were
applied. :

No correctione were appliod to the pitching-moment data. The
date prosented include the aerodynawmic r'orces on the root fairing.
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TESTS

Moot of the tegts were run at e dynamic pressure of 20.]1 pounds
per square foot, which corresponds 1o a Mach number of about 0.12
and a Reynolds numbexr of sbout 2,370,000 based on the msan asro-
dynemic chord of the plain wing. For sitructural reasons, the
trailing-edge-~flap tests were run at a dynamic pressure of 10,1 pounds
per square foot which corresponds to a Reynolds number of about
1,600,000.

The force tests, in general, were run through & renge of angle
of attack from ~6° to 28° bg 2° increments, except for that part of
the range between 4° and 12° where the increment was decreased to 1°,
The smaller increments were used so that the irregular part of the
pitching-moment curve could be more accurately faired.

The trelling-edge~flep tosts wore made with the flap deflected
60° reletive to the lower surface of the wing. The flap engle was
measured in a plane mutually perpendicular to the quarter-chord line
end the choxd plane of the wing. For tests of deflectable wing tips
either soaled or slotted, tho tip was deflected relative to the chord
plane. Tuft studles on the uppor surface of the wing wero madoc for
most of the model configurstions. '

RESULTS AND DISCUSSIL

The results of the force tests are presented in figures 14 to 26.
Soms of the tuft date are presented in figures 27 to 30. A list of
the figures which show the results of the tests are presented in
t&bl@ I . A

Plain wing.- Aerodynemic characteristics in pitch of the plain
60° gwept-back wing (fig. 14) indicate that at a 1ift coefficient of
about 0.2, an increasse in stabllity amounting to a rearward shift in
neutral point of about 14.h percent of the meen aerodynsmic chord
occure.. This stable moment varietion extends up to a lift coefficient
of 0.5 at which point the moment begins to become violently unstable.
In the range of low 1lift coefficient, the lift-curve slope CLm is

vory nearly linear but shows an increase at a 1ift coefficlent of
ebout 0.2. This incroase in slope corresponds to the stable shift
of the pltching-moment curve and indicaies that the increaso in 1ift
is occurring at, or near, the tip of the wing.
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The stablllzing morent that occurs between 1ift coefficlents
of 0.2 and 0.5 may be associated with the roughness of the flow over
the lsading edge of the wing as shown on the tuft pictures (fig. 27)
aB well as with the increase in 117t over the tip portion of the wing.
This roughness or sseparation existing over the first few percent of
the eirfoll chord can very probebly be ¢ plained to some extent if it
is remenbered that there is a cross flow elong the wing span which
buillds up boundary laysr. This theory is substentiated by the
examingtion of the tuft pictures for the wing with leading-edge
defloctor plates (fig. 23) which show that the plates retard the
cross flow along the loading edge, with the result tnal the rough-
negs and stebilizing morent do not occur. (See fig. 17.)

Wien the slore of the pltching-moment curve becowmes uvnstable,
the 11ft cvrve shows & decidod docrease in slope. A correlation
of the tuft plcturos (fig. 27) wnd pitching-moment curve indicate
that as tho pitching-moment curve bocomos increesingly less stablo
end finally, at o 1ift coofficiont of about 0.5, bocomes unstable,
the boundary leyer on the wing is tonding to flow noro noariy parallel
to the quartor-chord line. Visual analysis of the flow over the wing,
medc by using tufts pleccd on staffs about five inchos high, showed
that at anglos of atbtack betweon 12° and 169, a layer of air 5 or
more inches thick covoring tho cntlire chord is flowing approximstely
parallel to the quartor-cherd line ovor tho outcr portion of the wing.
This body of air very probebly causes the loss in lift at the wing
tip, which accounts for the unsteble moment on the wing. No distinet
separation, however, could be detected by surface tufts in this region.

The meximm 1ift coefficient of the 60° swept-back wing ie about
the same as that previously obtained (wnpubiished date) on e complets
wing having 0° swesp of the guarter-chord line from which the panel
used for these tests was obtained. The angle of attack for meximum
1ift is about 33° for the swept wing as compared witii 15° for the
unsvept wing. : :

Revisions to plain winz.- In an attempt to improve the unsatis-
factory characteristics of the plain wing, numerous resvisions to the
model were testod. These rovisions wesre designed not 80 much to
determine thelr practicality but mainly to detormine the type of
dovich that would be required. The determination of whether the
devices would have to be retractod for the high-specd condition wes
beyond the scope of this invostigation. Figuros 15 to 21 show the
effocts of thosc various revisions to the mcdel. Tho simplost
conclusion reached from a study of tho deta 18 that almost any revision
to tho loading odgo of the wing will tend to elimlnato the stabillizing
momont obtalned at a low 1lift ccefficient with the plain wing bubt may
have little effect upon the destabilizing momont which occurs at a
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glightly higher 1lift coefficient. Of the revisions to the model that
rrevented the stabilizing moment &t low 1ift, the simplest was the
raked tip (fig. 18). The raked tip did not, however, eliminate the
unstable moment break at a 1lift 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 leading-edge oxtension 1. (See figa. 4 and 15.)

As is shown on figure 15, a lift coefficlent of 1.0 was reached with
a forward shift of the neutral point of 5.6 porcent of the mean
aerodynamic chord. This ghift occurred at a lift coeflicient of 0.5.
This small change, as compared with the other revisicns, may be
attributed to the mainteonance of an approximately linear 1ift curve
et high angles of attack. Tuft studies (fig. 28) made of this and
the other leadins~edge extensions (fig. 5) show that the effect of
the extension was such ag to decrease to some extent the outflow
along the wing and thus to agsist the tip in maintaining 1ift. The
addition of the trailing-edge exbtension (filg. €) to the wing with the
leading-edge extension also gave a setisfactory variation of pltchin
moment throughout the lift-coefficient range wp to 1.0. (See fig, 16.)
Tuft photographs of the wing with the partial-span slats and leading-
edge flap are shown in figure 28.

Reduced-aspect~ratio wings.~ The results with the reduced-aspect-
ratio wings (fig. 22) indlcate that as the aspect ratio decreases, the
unstable portion of the pitching-moment-coofficient 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 dacreases, 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 tiiese data, decreases more rapldly with decreasing
agpect ratio than is indicated by the theoretical considerations glven
in reference 2. The lift-curve slope for the wing of aspect ratlo 2.55,
however, checks very well with both the theoretical and the experimental
lift-curve slope presented in reference 2.

A gtudy of the tuft pictures taken of the reduced-aspect-ratio
vings (fig. 30) shows that the ailr flow at-a glven spanwige location for
each aspect ratio at the mame angle of attack ls vewy nearly the same.
This similarity indicates that, if the spanwise flow showm on the
wing of aspect ratio 2.55 is the cause of the loss of lift at the
tip and the conséquent unstable moment, removal of that psrt of the
wing vhere the spanwise flow occurs will eliminate the unstable
moment. "This hypothesis 18 borne out by the fact that as the aspect
ratio decreased (tip removed), the magnituie of the unstable moment
decreased, and the moment finally became stable.,


http://www.abbottaerospace.com/technical-library

NACA TN No. 1284 9

Deflectable tips.~ The results of the tests with the deflectable

tipe (fig. 12) are shown in figures 23 and 24. It may be seen that
there was no improvement in the pltch characteristics of the wing
with droop or dihedral in the tip. These results are in agreement
with those of reference 2. The deflectable tlp, either slotted or
sealed, however, appeers to be an interesting possibility as a means
of both lateral and longitudinal control. Calculations made on the
basgis of these data and some unpublished datas indicate that good
rates of roll may result from 20° deflection of the tip. No data are
availeble to indicate the magnituds of thoe hinge moments on a control
surface of this type, bub 1t is felt that a reasonably well balanced
surface could be devised.

Flap conditlonsg.~ The effectliveness of a 0.20¢ gplit~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 wlthout sweep,
the 0.50~-span flap located on the trailing edge (1.00¢) produced the
largest increment of 1ift of the three 0.50-span flaps tested. This
flap gave a 1lift increment slightly larger than the full- span Tlap
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 data from
reference 2 by the methods glven therein. The estinated 1ift-
coefficient increment was 0.1lhk. 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 & negative increment of pltching moment
at a given 1ift coefficient. Figure 26 shows the effectivensss of
the 0.50-~gpan trailing-edge flap in providinz a 1ift increment on
the wing with the leoading-edge extension 1. The 1ift increments
ars gbout equal on the wing with and without the lsading-edge
extension. The 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

LY

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 coefficlent of 0.2 an increase in
stability amounting to a rearward shift in neutral point of about
1k.k percent of the mean aerodynemic chord occurred. At a lift coef-
ficient of 0.5, the stabllity decreased and the wing becams violently
unstable.
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2. The maximm lift coefflclent of the svept wing was ahoubt the
seme as that of a wing formed by rotating the wing panel so that the
quarter-chord line hed 0° sweep, bubt the angle of attack for maximum
1ift was more than twice the value for the straight wing.

3+ The longitudinal stabllity of the swept wing was best improved
by the addition of an extension at the leading edgs.

L. Wings of aspect ratios of ahout 1 or 1.5 had better longitudinal
stability characteristics than wings of scmevhat higher aspect ratios.

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

Langley Memorial Aeronautlcal Laboratory
National Advisory Committee for Aeronautlcs
' Langley Field, Va., August 5, 1946
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TABLE I.- FIGURES FRESENTING RESULTS

FOR VARIOUS CONFIGURATIONS OF 60° SWEPT-BACK WING

Figure Conflguration Dynamic pressure, g
{(1b/sq £t)
ferodynanic characteristicy
ik Plein Wing 20.1.
15 With leading-edge extension 20.1
16 Several combinations of leading-edgs and 20.1
trailing-edge extensions and slat 1
17 With six leading-edze deflector plates 20.1
18 With original end raked tip 20.1
19 With partial-spen slat 20.1
20 With leading-edze fisp 20.1
21 With full-span slat 20.1
22 With aspect ratio and teper ratlio varied 20.1
23 Wita deflectable tip, slot sesaled 20.1
oh With deflectable tip, slot open 20.1
25 With verious 0.20¢ split flaps 0.1
¢ fiith extension 1 20.1
2 [With extension 1 and O. 50—, 0.20c flap 10.1
Tuft studies
27 Plgin wWing 20.1
28 With leasding-edge extension and 20.1
g8ix deflector plates

Flain wing 20.1

29 With slat 1 or slat 2 20.1
With leading-edge flap 20.1

30 With aspect ratio varied 20.1

NATTONAT, ADVISORY
COMMITTEE FOR AERONAUTICS
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L MAL 45909

Figure 1.- The 60° swept-back wing as mounted in the Langley 300 MPH
7- by 10-foot tunnel.
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Figure 3.- Drewing of the 60° swept-back wings showing physical
characteristics of varlous-aspect-ratio wings.
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Figure 4.~ Loading-edge extension 1,
1.13 sguare feet,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Aren 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.- Tralling-edge extensilon.
1.11 square feet.
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Figure T.- Partlal-span slat 1.
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Figure B,- Partial-span slat 2.
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Figure 9.~ Leading-edge flap.
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Pigure 10.- Full-sapan 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 1line.
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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
4, 1 inch,
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NACA TN No. 1284 Fig. 14
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Figure 14.- .Aerodynamic characteristics of 60° swept-back

wing. g

1 pounds per square foot.
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Figure 15,- Aerodynamic characteristics of 60° swept-back wing
with and without leading-edge extensions., q = 20,1 pounds
per square foot.
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Figure 15.- Concluded.
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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 16.- Concluded.
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Figure 17.,- Aerodynamic characteristice 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 17.- Concluded,.
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Fig. 18 NACA TN No. 1284
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Figure 18.- Aerodynamic characteristics of 60° swept-back wing
with original and raked tip. q = 20.1 pounds per square foot.



http://www.abbottaerospace.com/technical-library

NACA TN No. 1284 Fig. 18 conc.

AX/S

Through
a.c.
OZ%/OM//) wing
- '57/%/@(7 #10
32 A

™o

Ga
s}
RN

4

Do
(S

~
O

N

Angle of altack, o, deg
N

10\
N
2l
9

NATIONAL ADVISORY
CO!‘IMITTE% FOR AERONAUTICS

=2 0 2 4 6 .8 L0 /2
LT coefficrent, Cy,

Figure 18.- Concluded.
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Fig. 19 NACA TN No. 1284
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Figure 19.- Aerodynamic characteristics of 60° swept-back wing
with and without partial-span slat. q = 20.1 pounds per
square foot.
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Figure 19.- Concluded.
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Figure 20.- Aerodynamic characteristics of 60° swept-back wing
with and without leading-edge flap.

square foot.

q = 20,1 pounds per
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Fig. 21 NACA TN No. 1284
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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.


http://www.abbottaerospace.com/technical-library

NACA TN No. 1284

Fig. 21 cone.

32

™ ™
~ o

ck, oc, deg
N
S

~
(S N

Angle of atta
@ N

AX/S
Through
.ac. -
o ﬁ Plath wing
Dyﬁzﬂ-span slat
il
SV
A7
s A
284
iz
o
mﬁj
[¢
_/-' .
: NATIONAL ADVISORY
COH}HTTEEIFOQ AE?ONAUTF‘ :

-8

-2 o 2 4 6 8 L0 L2
LirF coefficient, G

Figure 21.- Concluded.
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Figure 22.- Aerodynamic characteristics of 60° swept-back wings
of various aspect and taper ratios. g = 20,1 pounds per
square foot.
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Figure 22,- Concluded.
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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.
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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 24.,- Concluded.
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Figure 25.- Aerodynamic characteristics of 60° swept-back wing
with various 0,20-chord split-type flap configurations.
@ = 10,1 pounds per square foot.
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Figure 28.- Continued.
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Figure 25.- Concluded.
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Figure 26,- Aerodynamic characteristics of 60° swept-back wing
with leading-edge extension 1 with and without 0.50 b/g,
0.20-chord flap. Flap at q = 10.1 pounds per square foot,
extension alone at ¢ = 20,1 pounds per square foot,
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a = -6.220

Tuft study over upper surface of plain 80° swept-back wing.
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Figure 28.- Tuft studiea over upper Burface of 60° awapt-back wing with leading-edge
extensions and six deflector platss,
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12.56° 12.48° 12.47° 12.40°
(a) Plain wing. (b) Slat 1. (¢) Slat 2. (d) Leading-edge flap.

Figure 29.- Tuft studies over upper surface of 680° swept-back wing with slats
and leading-~edge flap.
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12.58° . 12.45° 12.3%"
(a} A = 2.b5. (b) A = 2.00. (¢) A = 1.50. (d) A = 1,00.
Figure 30.- Tuft studies over upper surface of 80° swept-back wings of various aspect ratios.
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