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RESEARCH MEMORANDUM

AN INVESTTGATTION AT LOW SPEED OF A 51.3° SWEPTBACK
SEMTSPAN WING EQUIPPED WITH 16 . T~PERCENT—CEORD
PLATN FLAPS AND ATLERONS HAVING VARTOUS
SPANS AND THREE TRAILING-EDGE ANGLES

By Jack Fischel and Teslle E. Schneiter
SUMMARY

A wind—tummel Investigation was performed st low speed to determine
the asrodynamic charscteristics of a 51.3° sweptback semispan wing
equipped with 16.T7-percent—chord plain fleps and allerons having various
spans and spenwise locations, and with one span of alleron having tralling—
edge angles of 69, 14°, and 25°, ILift, drag, piltching~moment, and flap
hinge-moment data were obtained Ffor the wing equipped with several spans of
sealed and unsealed flaps deflected up to 60°, and rolling-moment, yawing-
moment, hinge—moment, and alleron—seal-presgsure date were obtained for the
verious combinations of aileron span and trailing—edge angles. In additlon,
the wing aerodynamic characteristics were determined for a spoller—type
alleron configuration having e span of 60 percent of the wing semlspan and
e projection of S-percent wing chord in conJunction with a 92.5-percent—
span flap deflected 0°, 30°, and 60°.

The results indicate, in general, that changes in the wing angle of
ettack, flep deflectlion, flap span, or flap spanwlge location produced
trends in the wing lift, drag, pltching~moment, and flap hinge-—moment
characteristics that were similer to, but of different magnitude from,
the trends produced on unswept wlngs, except posslbly at large anglea of
attack near the wilng stall. Also, changes In.the wlng angle of sattack,
alleron deflection, aileron span, or alleron spsnwise locetion generally
produced effects on the swept—wing lateral-control characteristice that
were similsr in trend to, but differing In magnitude from, the corresponding
effects produced on wmsewept wings. Notably, the data Indlcated that a
glven percent—span alleron would be most effective in producing roll when
it spans the center portion of the wing semispan.

At values of wing angle of attack below approximately 14°, the rolling
moment produced by the spoiler—alleron configuration generally increased
wlth increase In the asngle of attack, and the yawlng moment was favorable;
also, I1n this angle—of-ettack range, the spoliler alleron generally produced
larger rolling mcments with flap deflected than with flap umdeflected.

.
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INTRODUCTTION

The plein—Fflap type of control device is being consldered and
incorporated in the design of high-speed alrcraft having swept wings.
The deslgn engineer on such alrcraft is greatly hampered, however, by
a lack of data upon which to base estimates ©f the various 1lift and
lateral—control design parameters. In order to help alleviate this
difficulty, the National Advisory Committee for Aeronasutics is currently
Investlgating flap—type controls on swept wings with the ultimate obJjective
of obtaining flap and alleron design criterions similar to those avallable
on unswept wings (references 1 to 6).

The data presented and discussed hereln are the results of-a low—
speed 1lift and lateral—control investigation of 16.7-percent-chord plain
flaps and ailerons having various spans, spanwlse locations, and trailling—

edge angles on & tepered low—drag semispan wing having a leading-edge sweep

sngle of 51.30. The present investligation, which was performed In the
Langley 300 MFH 7— by 10-—foot tumnel, is an extension of the investigation
reported in reference 7. The model used in the present Iinvestigation and
that reported in reference 7 were essentislly the same, dlffering only in .
the plan form of the wing tip. The characteristics of the wing in pitch
were determined through a large angle—of-etteck range for various flgp
deflections wilth the flaps sealed and umsealed. Rolling-moment, yawing-—
moment, hinge~moment and Iintermal—geal-—pressure characteristics of the
various span allerons were determined for a large range of alleron
deflections and angles of attack with the allerons sealed. The effect

of alleron—end treatment (inboard end of alleron cut off parallel to the
plane of symmetry rather than normal to the ailleron hinge axis) on the
lateral control and hilnge~moment characteristlics of omne of the alleron
configurations was also investigated. In addition, the lateral—control
effectiveness of a spoller confliguration (previously developed on another
sweptback wing, reference 8), investlgated in conjJunction with a full—
span plaln unsealed flap deflected varlous amounts, was determined.

Tnoluded hereir is a comparison between the aerodynemic and lateral
control characteristics of the subJject wing and the reked—tip wing of
reference T.

SYMBOIS

The forces and moments meaesured on the wing are presented gbout the
wind axes, which, for the conditions of these tests (zero yaw), correspond
+0 the stabllity axes. The X—exis is in the plane of symmetry of the
model and 1is parallel to the tunnel free—stream air flow. The Z-axise is
in the plane of symmetry of the model and 1s perpendicular to the X—exis.
The Y—axisg 1s perpendicular to both the X— and Z-axes. All three axes
intersect at the lntersection of the chord plane and the plane of symuetry
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of the model at the chordwlise location shown in-figure 1. This position
corresponds to the aserodynsmic center of the plain wing and is located
at 29.9 percent of the mean aerodynamic chord.

Cg,
ACy,

Cp
Cm

ACp
Ci
Cn
Ch
P

11Pt coefficlent (~L¥=ce 1ift Ozssemis'gan mo:lel)

increment of 1ift coefficlent
drag coefficient (D/aS)

piltching-moment coefflclent
Tywice pitching moment of semispan model sbout Y—-axis)

QST

increment of piltching—aoment coefficlent

.rolling-moment coefficient (I./qSb)

yewing-moment coefficlent (N /qSb)
flap or aileron hinge-moment coefficient (H/2qM)

seal—-pressure coefficlent
Pressure below alleron sesl — Pressure sbove alleron sesal

q

twice drag of semispan model, pounds

rolling moment, resuliting from alleron deflection or spoller
projection, sbout X—exis, foot—pounds

yawing moment, resulting from aileron deflection or spoiler
projection, about Z—axis, foot—pounds

flap or alleron hinge moment, foot—pounds

grea~moment of flgp or alleron rearward of end about the
hinge axis, cubic feet (see teble I)

free—etream dynamic pressure, pounds per square foot (%pvz)

twlce area of semispan wing model, 18.30 square feet
twice span of semispan model, 8.05 feet

aspect ratlo of wing, 3.43 (b2/8S)


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

Ql

|

Cq/Aa

NACA RM No. L8H20

wing mean serodynasmic chord (M.A.C.),
2
2.49 feet’ <§Jn c? ay
0

local wing chord, feet

distance along XZ-exls from leading edge of root chord to
leading edge of mean aserodynemic chord,

2
2.20 feet % [ 4 dy)
0

lateral distance from plane of symmetry, measured parallel
to Y-axis, feet

longlitudinal distance from leading edge of wing rocot chord
to wing leedlng edge at any spanwise station, measured
parallel to X-exis, feet

span of flep, measured parallel to Y-axis, feet
gpan of alleron, measured parallel to Y-exls, feet
free—gtream veloclty, feet per second

mass denslty of alr, slugs per cublc foot

angle of attack of wing with respect to chord plane at
root of model, degrees

flap deflection relative to wing' chord plane, measured.
perpendicular to flap hinge axis (positive when
trailing edge 1s down), degrees

allercon deflectlion relative to wing chord plane, measured
perpendicular to alleron hinge axis (positive when
tralling edge is down), degrees

Flap or alleron trailing—édge angle, meagured in a plane
spproximately perpendlcular to flap or alleron hinge

axls, degrees

wing sweep angle, angle between wing leading edge and =
line perallel to Y-exlis, degrees

rolling-meoment coefficlent produced by 1° difference in .
angle of attack of various right and left portions of a

complete wing (reference 5)
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Ao /AB effective change in the angle of attack over the flapped
portion of a wing produced by e unlt change in flap
deflection

G = <ach)

ha' - da 58.
a
3Be, a The subscripts 8, &and o Iindicate the factor held
3¢ ; constent. All slopes were measured In the vicinlty

Cyn = ( 1 of B, = 0° and o = 0°.

Bg, A :

P = [9P_

Bg, 3
Bg o
-

Subscripts:

1 inboard

o] outboard

ki - flap

2 alleron

max meximm

The suvbscripts 1 to 5 have been used wlth the seal—pressure
coefficlent P +to indicate the spanwise station at which the pressure
coefficient was measured. (See fig. 2.)

The 1ift, dreg, and pitching-moment coefficient data presented
herein represent the aerodynamic effects of deflectlon in the same
direction of the flaps or spoller on both semispans of the complete wing.
The rolling-moment and yawlng—moment coefficlent data represent the
serodynemic moments on & complete wing produced by the deflectlon of the
alleron (or projection of = spoiler) on only one semispan of the camplete

wing.
CUORRECTICKS

A1l the test data have been corrected for Jet—boundary and reflectlion—
plane effects. Blockage corrections, to account for the comstrictlon
effects produced by the wing model and wing wake, have also been applied
to the test data.
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Ro correctlions have been appllied to the data to account for the smell
amount of wing twist produced by =mileron deflection or the tare effects of
the root—~falring body.

APPARATUS AND MODEL

The semigpan—sweptback—wing model was mouwnted vertlcally in the
Langley 300 MPH '7— by 10~foot tumnel, as shown in figwre 3. The rcot chord
of the model wam adjJacent to the celling of the tunnel which served as a
reflection plane. The mpdel was mounted on the six—component balance
system In such a manner that all forces and moments acting om the model
could be measured. A smell clearance was meintalned between the model
and the tumnel celling so that no part of the model came Iin contect with
the tunnel strucsture. A root fairing, consisting of a body of revolution,
was attached to the root of the model in order to deflect the spanwise
flow of alr that enters the tummel test sectlon through the clearance
hole between the model and the tunnel celling,

The model wes constructed of laminated mehogany over a welded steel
framework to the plan—form dimensions shown in figuwre 1. The model was
sweptback 51.3° at the leading edge, had sn aspect ratio of 3.43 and a
taper ratio of O.kk4, and had neilther twist nor dihedral. The wing
sections normal to the 50-percent—chord line of the wing when in the
unswept condition were NACA 65012, Transition was fixed at the leading
edge of the wing in order to duplicate more neerly full-scale condltions.
The transition strip, consisting of No. 60 carborundum grains, extended
over the forward 5 percent of the wing chord on both the upper and the
lower surfaces along the entlre span of the wing model., The carborundum
grains were sparsely spread to cover from 5 to 10 percent of this ares.

The semispan-wing model was equipped with plaln radius-nose control
surfaces (which were used either as lift—flaps or allerons) that were
20 percent chord normal to the 50-percent—chord line of the wing when
in the unswept condition and 16.7 percent chord parallel to the plene of
symuetry of the swept wing, The flape or allerons were conatructed
around steel spars with jJoints (cut normal to the hinge axis) at
three spanwise statlons so that various spans of flap or alleron, occupying
various spenwise locaticns, could be obtained (fig. 1 and table I). The

modified plan form of the O_h{)h—% outboard alleron (table I) hed the

inboard end of the elleron cut perallel to the plane of symmetry (fig. 4).
The three mahogany flap end alleron proflles used had traliling-edge angles
(in a plane spproximately normel to the hinge axis) of 6° (true contour of
tralling edge of NACA 65-012 airfoil), 1%° (straight sides from hinge line
to tralling edge of wing), and 25° (beveled tralling edge), and were built
to the sections shown in figure 5. Except as noted, the various 1lift
flaps did not have a seal across the gap ahead of the flsp nose, whereas
the various allerons were sealed. The seal consisted of a plastic
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impregneted cloth attached to both the wing and the control surface,
acrogss the gap shesd of the control—surface nose, except at the point of
attachment of the flap or ailleron actuatlng mechanism and at the control—
surface support bearings. The seal extended and was sttached to the
bearing housing at the end of each flap or alleron chamber, and 1t is
believed thet the seal 1n each chamber wes falrly complete. Presmsure
orifices were located above &nd below the seal in the wing block ahead
of the alleron at the spanwlise locations shown in figure 2. Two pairs
of pressure orifices were located in each of the two center allsesron
sectlons, whereas only one palr of orifices was located in the Inboard
alleron section.

The spoller—alleron conflgurstion consisted of six spoiler segments,
each having = spen of 0.10% and a projectlion of 0.05¢c, attached to the
upper surface of the wing In a stepped fashlon wlth the span of each
segment normal to the plane of symmetry (fig. 6). The midpoint of each
spoller segment wa.s on the 0.70c 1ine of the wilng and the gpoller

extended from 0.202 ta O. 802-

A remotely controlled motor—driven flap—ectumting mechanism was
used to obtain the variocus flap and alleron deflections emplaoyed in the
investigation. The control—surface deflections were constantly indicated
on a meter by the use of a callibrated potenticmeter which was mounted on
the hinge axls near the outboard end of the alileron. A calibrated
electrical resistance—type strain gege was employed to measure the flap
and. ajileron hinge moments.

TESTS

All the tests were performed at an average dynamic pressure of
approximately 20.5 pounds per square foot, which corresponds to & Mach
number of 0.12 and & Reynolds number of 2,200,000 based on the wing mean
serodynamic chord of 2.49 feet.

Wing angle-—of-attack teste with the unseeled flaps deflected varlous
smounts from 0° to 60C were msde through an angle—of—ettack range frou —10°
to the wing stell angle, whereas corresponding tests wlth the sealed flaps
et zero deflectlon were generally made through an angle—of—attack range
from ~10° to 10°. Additional 1lift, drag, pitching-moment, and hinge—
moment coefficient data presented herein, for both the retracted and ,
deflected conditions of the sealed flaps, were obtained in the course of
obtalning the lateral—control—test detfa.

Lateral-control testis, wlith the various spaen gilerons heving the
various treiling-edge angles, generally were performed through an aileron-
deflection range from —30° to 30° at constant angles of attack ranging
from —4° to 23° in 4° increments.
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Tests of the spoiler configuration were performed through an angle—
of—ettack range fram —l0°. to the wing stall angle with the meximum span

unsealed flap (bf = 0.925%) deflected 0°, 30°, and 60°.

RESULTS AND DISCUSSION

Wing Aerodynsmic Characteristics

The gtatic aerodynamic characterdstics of the wing in pitch for several
deflectlions of 0.521-12 and 0.925h ungealed Iinboard flasps ere presented In

" figure T, and corresponding data for several deflectlons of smeaeled fleps
having various spans and spanwlise locatlons are presented in figures 8

and 9. The incremental values of 1ift coefflclent snd pliching-moment
coefficlent resulting from flap deflection are shown in figures 10 and 11,
regpectively, for the flaps in both the unsealed and sealed condlitions.

In gddition, the effects of flap span and spanwlse locatlon on the values
of 1ift coefficient and piltching-moment coefficilent obtalned on the subject
wing with the sesled flaps deflected 30° are shown in the summery figures
presented as figures 12-and 13.

Lift cherscteristice.— The data presented in figures T to 10 end 12
show that increase in either the flap span or the flap deflection, within
the range investigated, generally resulted in an incresse in the 1ift at
eny given angle of attack and also in the maximm 11ft obtainable. The
incremental 11ft produced by unit flap deflection tended to decrease as
the flap deflection or the angle of attack increased and was generally
larger at o = 0° than at other angles of attack.

The values of AC] obtained with the 0.521% and 0.925% unsealed

fleps deflected 60° were, respectively, approximately 0.33 and 0.43
at o = 0°, approximately 0.29 and 0.35 at a = 12°, and approxi-—
mately 0.07 and 0.21 at Cgp (figs. 7 and 10). The low value

of ACr,. ., shown here for the O. 521— flap as compared to the
value of ACy for the 0. 925— flap has been noted previously in

other investigations of partial—ﬁpan and full-span flaps on swept—
back winge and is thought to be assoclated with a premature stall
occurring over the inboard portion of the wing when a trailing—
edge flap is deflected. This phenomenocn ie more clearly illustrated
by a comparlson of the 1lift curves of figures T to 9, which reveals
that the values of AC, tend to decrease more rapidly for inboard

flaps than for outboard or full—span flaps, as the wing stail is
approached. The decrease in the values of ACy produced by given

flep deflections as o Increased (figs. 7 to 10) was also noted in the
swept—wing investlgatlion reported In reference T, but was not noted in

1)"
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the investigatlons of unswept wings reported in references 1 and 2, and
1s therefore thought to be a phenomenon assoclated wlth sweptback wings.
The deta presented herein were obtelined at a moderately low velue of
Reynolds number; however, the results of other wind—turmel investligatlions
have indicated that the rate of increese of Cg wlth Reynoclds rumbper

1s less for sweptback wings than for mmewept wings in the critical range
of Reynolds number and is slmost negligible when transition is fixed on
the wing leading edge.

In pgddition to the Incresse in wing 1ift wilth flsp span previously
noted, figures 8, 9, and 12 also show that, at engles of attack below that
for Cg s the 1ift effectlveness of a glven percent~span outboard flap

wase less than that of a corresponding percent—epan inboard flep. This is

in excess of the effect that could be attrlbuted to the larger ratlo of

flap area to wing area obtained with inboard flaps then wlth outboard flaps
and agrees wlth corresponding resulis obtained on wmswept wings (references 1
to 3) and with the results obtained in the swept—wing investigstion reported
in reference 7. It wlll be noted that wlth the flsp sealed, the ratio of

AC : . is elmo t = 09, 12° d
I"Df=o.5 BIAGLbf'*J-925B' 8 st constant at « s s an
st Cg, (figs. 8 and 10), but with the flap unsealed, thim ratic is

almost constent only at o = 0° and 12° (figs. 7 and 10). Moreover,
a camperison of the 1lift deta of figures T, 8, and 10 shows that, at
angles of atteck below that for Oy s, the values of ACy; obtained

with flape sealed or unsealed were generelly quite similar (fig. 10),
thereby Indicating that the beneflclal effects on ACy, of sealing the

fiap obtalned in previous investlgatlons on umswept wings were not
obtained on the subject wing,

Drag characteristice.— Increase 1n the flap span or the flap
deflection of elther the sesled or ungealed flaps generally produced
larger values of drag coefflclent &t low glven values of Cp, and
maller values of drag ccefficlent at high given values of Cr,

(figs. T to 9). A comparison of the lift—drag ratios L/D obtained

at the various flep deflections Indicates that at values of Cp above
epproximately 0.6, a flap deflection of 30° provides almost the cptimm
velue of I./'D, and any Iincrease in flap deflection does not improve
this ratic, although it does increase the 1ift coefficlemt (fig. T).
Because of the importance of the L/D ratic for teke—off and landing
(as well as for cruising flight), and because of the increase in
pitching moment with flap deflection (as will be discussed in the
following section) i1t mey be advantageous to 1limit the flap deflection
to a moderate value on sweptback wings.

Sealing the flsp produced no significant changes In the values of
drag coefficient at gliven values of 1ift coefficlent for a glven percent-
span flap (figs. T and 8).
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Pitchlng-moment characterlstics.— At values of 1ift coeffliclent
ebove approximately 0.65, the subJect wing had sn umstable variation
of pitching-moment coeffliclent with 1ift coefflclent regerdless of the
flap span, flap deflection, or the conditlon of the flap-nose seal
(figs. 7 to 9). Incresse in elther the flep gpan or the flap deflection
generally produced negative lncrements of pitchingrmoment coefficlent AChH
over the entire lift—coefficient range (figs. 7, 8, end 11). The values
of ACy reflected only a smell effect of seeling the flap at large flap
deflections, but sealing the flap produced about 20 percent lees negative
values of ACL for the O.925£-flap at low flep deflections. The values
of ACy obtained at o = 0° varied almost linearly with flap deflection
at values of By between 0° and 30° (fig. 11), although the veriation of
pitching-moment coefficlent with flap deflection Cpg tended to decrease
as the flap deflection increased (figs. 7 and 8). For outboard flaps, or

flaps having thelr outboard end at O. 990h the data of figures 9 and 13

indicate that a nonlineer variation of Qm wilth flap gpan exists and
that, for a glven percent—spen flap, AC, was largest for & flap located
over the center portlon or:the outboard portlon of the wing and was
almost negligible for a short—span flap spanning the inboard portion

of the wing. Almost similar trends sre shown by the variation of Cmsf

with flap gpan, although such data are not presented herein. This effect
1s associated with the longltudinel distence rearward of the serodynamic
conter of the loading produced by flaps on awept wings.

Flap hinge-moment charescterigtics.— As would normelly be enticlpated,
the hinge—moment dats of figures 7 to 9 ghow that the values of the flap
hinge-moment coefflclent became more negetive with incresse In the 1lift
coefficient (or the eangle of attack) of the wing, and also with increase
in the flap deflection. Only slight, and in some cases, Inconslgtent
effects on the values of hinge—mament coefflicient were produced by
increasing the flap span, varying the spanwise positlion of the flaps, or
gealing the flaps.

In general, changes in the wing engle of attack, flap deflection,
flap spen, or flap spanwlsge location, produced trends in the swept—wing
1ift, dreg, pitching~moment, and flap hinge—moment cheracteristics that
were similar to, but of different magnitude from, the trends produced on
ungwept wings, except possibily at large angles of attack near the wing
stall.

Aileron~Control Charsacteristics

The variation of the alleron leterel control cheracteristics with
alleron deflection or wing angle of attack for each of the combinations
of aileron span and tralling-edge sngle investigated 1s presented in
figures 14 to 21. The latersl—control parameters 025 y ch8 , and Chm’

a a

determined from the data in figures 1k to 17, 20, and 21 (for allerons

,
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having y, = O.§90.£-), are sghown plotted against the positlon of the

Inboard ei%. of the alleron In figure 22 and ageinst alleron tralling—
efge angle in figure 23. A summery chart, presenting the values of the
aforementloned lateral—control parameters and the values of the seal—
Ppressure parsmeter Paa. obtained wlth each of the gileron comblnatlons

tested, as well ss the valuss of the total rolling-moment coefflclent
produced by +30° deflectlion of each aileron, is given In table IT.

Rolling—moment characteristics.— The data of figures 14 to 21 show
that the curves of rolling-moment coefficlent agalrst aileron deflection
for a glven alleron conflguration are falrly linear and are almost
identical for values of a at and below 8.3°, but that theme curves
generally become less linear and the values of (C; at glven alleron
deflections decrease with increase in a s=bove 8.3°. The magnitude
of the reduction im Cg (as o increased) appeered to 1ncresse as
the span of au ailerom having yg = 0.9_903— (outbeard ailerons)
increaged, snd is particularly large for the 0.513% (center—spen)
end 0.5212 (inboerd) alleromns. This phencmenon 1s thought o be
agsoclated with the premsture stell that occurred when control surfaces’
were used on the inpoard portion of the wing (mee figs. 7 to 9) amnd
Indicates that an alleron on the subject wing would retaln the greater
part of 1ts effectlveness through the o range when 1t 1s located
nesr the wing tlp.

Ag an indicetion of the mexImum rolling effectiveness of the
allerons, assuming an ailerorn system with no d1fferential linkage, the
values of the total rolling-moment coefficilent for 309 alleron deflec—
tion at constant values of o have bsen computed for each of the aileron
arrangements investigeted and are listed in teble IT. Beceuse the trends
exhibited by these values of total Cj for B8, = 330° are similar to

the trends exhiblted by the values of the alleron—effectliveness
perameter Czs for each of the slleron arrangements, only the variations
a

of the parzmeter 07'8 with silercon span, spamwise location, snd tralling-
-3

edge angle will be dealt with in the followlng discussion of rolling—

moment characteristlcs.

The varlatlion of the aileron—effectiveness paraemeter Cza with

the position ofothe inbosrd end of_bthe alleron, for allerons

heving ¢a. = 14° and Tag = 0.9905 and with alleron trailing-edge

angle, for outboard ailerons of_O.ll»O_h%, ie shc_m.'__z in :E‘igures 22 end 23,

respectively. As would be normally anticlpated, CZB Increasged wlth

increasing alleron spen and decresged with increasinga'aileron tralling—
edge angle. (Correspc effects have been determined previously on
mnswept wings (reference L4).) The veriletion of Czs wlth aileron

a8
gpan was nonlinear, and the data of figure 22 and teble II indicate that
a given percent—span ailercn would be most effectlive when spenning the
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center portion of the wing semlisgpen and least effective when spanning the
Inboard portion ofthe wing semispan. A comparison of the values

of Czs measured with the 0.51'3% center—spen alleron and with
a . :
the 0.521:5- inboard asileron (table II} with the values of Cig
; o a

estimated for these allerons from the Ciy_ -~ curve of figure 22
a
indicates excellent agreement. The estimated values of Cza were
a

obtalined from flgure 22 by taking the difference between the values
of Czsa. at the Inboard end outboerd ends of each alleron. Because of

+his excellent egreement between the meagured and estimated values
of CZS » 1t 1s Indicated that the Czb curve of figure 22 could be
a a

used to estimate accurately the allerom—effectiveness parameters of.
allerons spenning veriocus portiong of the wing semispan on wings having
plan forms similar to the wing investlgated.

In +the investigatlion reported in reference 9, the gubject data and
data obtalned in other I1nvestigetione heve been analyzed and a method of
computing control parameters for sweptback wings has been developed,
which, for the subJect wing, is represented by the relatrionshiy

C1 2
Czba = As cos“A

The variation of C;5  Wwlth aileron span calculated from thils relation—
a

ship is shown in figure 22. The variation of C;/Az with alleron span
uged in these calculations was cbtalned from reference 5 for a wing of
agpect ratlo 6 and a taper ratio of 0.5; these values gpproximetely
correspond to the geometric characteristics for the wing of the present
pesper when 1t is unswept. A value of 0.4k was used for Aa/AB which
corresponds to the velue for a sealed ailleron of Q.20c (normsl or
epproximately normal to the hinge line). The theoretical curve of 015
a

is in excellent agreement with the experimentelly determined curve (as
was shown in reference $), except for short—spsn aillerons located near the
wing tip, where the experimentally determlned curve provides slightly
smaller values of Cgg . o ' '

a

Yewing—moment cheracterlstics.— The total yawlng—moment coefficient
resulting from equal up and down deflection of the sllerons was generally
edverse (silgn of yawing moment opposite to sign of rolling moment) for
gll combinastions of aileron spen and trailing-edge angles tested (figs. 14
to 21). The magnitude of the adverse yawing-maoment ccefficlent increased
ag the angle of attack increased, 1n one case becoming ag much as
84 percent of the total rolling-momsnt coefficient. The ratic of adverse
Yawing moment to rolling moment weas considerably lerger for the sgubJect
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wing than the corresponding ratio cbtained for unswept wings. Reference 10
indicates that these large mdverse yawlng moments would tend to reduce the
rolling power of the ailerons and that these adverse yawlng moments, when
coupled with the low aileron effectiveness encountered at hlgh values of
11ft coefficlent and/or low airplane directional stebility, may be qulte
deleterious. As would be expected, the yawlng moment produced by any
glven equel up snd down deflection of the allerons Increased with
increasing alleron span. Variation of the sileron trailing—edge angle
caused no significant changes in the yewlng moments produced by

the o.uolig outboard aileron (figs. 16, 20, and 21).

From considersilons of elther the total yawlng moment or the ratio
of yewing moment to rolling moment, there sppears to be mo. edvantage to
be galned in the use of allerons spemning the center portion or the
inboard portion of the wing semispen. The center—span alleron (0.513%) s

while producing more rolling mament, also produced more adverse yawing
moment than would probably be produced by & comparable span alleron
located at the wing +tip; however, the ratio of yawing moment to rolling
moment wes almost ldentilcal for all configurations.

Aileron hinge—moment cheracteristics.— Hinge-moment—coefficient data
obtained on the verious spens of aileron (figs. 1h to 21) show that the
values of the hinge—moment coefflcient Cj, at glven aileron deflectlons,

generselly became more negmaitive as the wing angle of ettack incressed. The
data slso show that a fairly linear veriatlion of Cp wlth B was

obtained for the 0.9252» aileron et low angles of attack. The variation
of Cp with By, for the up—going alleron, generally beceme less as

the value of a Iincreased, as the aileron span of outboard allerocns
decreased and, for the 0.11-015% outboard allerons, as the alleron tralling—
edge angie lncreased.

The values of the alleron hinge—moment paremeters chu and Cha
a

were only slightly affected by changes in the span or spanwise location
of the aileyons (fig. 22 and table IT). For allerons having Fa, = 0.990%
and @, = 140, Cp, and Chg exhibited a slight shift toward more

2

negetive values as the slleron spsn was increased, and for the 0.513% center—

spen aileron esnd the O.EZL-B- inboard alleron as well as for the 0.40’-% out—
board alleron, the data Indicated a slight shifit toward more negative
values of both cha. and Ghﬁa when the spanwise position of the alleron
was moved inboard. In addition, for outboard allerons of 0.11-01{%, Chy
and Chg,_ exhiblted large changes toward less negative (or more positive)

velues a5 the ailleron tralling—edge angle was increased (f1ig. 23). Corre—
sponding effects on the values of Cho;, and Ghsa produced by change In
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alleron tralling-edge angle have been noted previcusly in other investi— )
gations on swept and unswept wings (references T and h, respectively).

Internal seal—pressure characteristics.— The internal seal—pressure -
data obtalned on the various span allerons having a trailing—-edge engle
of 140 (fige. 14 to 19 and table II) ghow that the most linear variation
of P with B, and the highest value of P at any given value of Sga

were Iinvarigbly obtalned on each alleron at the spenwise stetion located
nearest the inboard end of the alleron. In =ddition, for each span of
alleron, the values of P for given alleron deflections and the values
of Pga generally decreased in proceeding from the inboard pressure—

orifice statione to the outboard stations. Increesing the wing sngle of
attack had sn’ inconsistent effect upon Paa but generally produced a

shift of the pressure curves toward more positive values of pressure
coefficient. For a constant alleron gpan (ba = o.hohg), Increasing the

slleron tralling—edge angle generslly produced slightly smaller values
of Ps, and produced only negligible changes in the values of P at

glven alleron deflections (figs. 16, 20, and 21 and teble IT).

The seal—pressure date indicate, in general, thet sealed internal .

balences will provide hinge-moment balancing effects on a highly sweptback A
wing through e nmoderate slleron—deflection range and & large angle—of—

attack range up to and through the angle of wing stell. Calculations of —
the balancing moments of various sizes of sealed internal balance made by T

the methods and data presented in reference 11 and the data presented in

the present paper showed that an Internal balance which would permit

#2000 ailleron deflection on the wing investigated would provide considereble

balancing effects through the wing angle—of—ettack range; however, this -
would also limit the rolling power of the ailerons, which msy be serious at

low speeds. 1In order to increase the deflection range of the allerons

above #¥20°, and thereby the available rolling moment, the size of the

overhanging balance would necessarily be shortened with an accompenying

loss in available balancing power of the internal balaence.

Characteristics of the modifled O.kOAB alleron.— Ag has been previously

noted, and as shown in figure 1, the allerons tested .in the main part of
this investigation were formed by segments the ends of which, with the

exception of the ends at the 0.065g and 0.990% stations, were cut

perpendicular to the alleron hinge line. In order to determine t+he _
effects of alleron end treatment or changeg in alleron plan form on : B -
alleron control characteristics, the 0.40 outboard aileron having a Y
tralling-edge angle of 6° was modified by cutting the inboard end of the
alleron parsllel to the plane of gymmetry (fig. 4). A comparison of the
deta for the modified aileron configuration with that of the original
aileron configuration (figs. 24 and 25 and table II) shows that the
modification resulted in epproximately a 9—percent. reduction in the
rolling power of the aileron, no notgble change in the yawing—moment
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characteristics, and a negligible reduction in the value of the hinge—
moment parsmeter cha. 'I‘he main effect of the modificatlon was &

reduction in the variation of hinge moment over the aileron deflection
range; this reduction amounted to approximately 55 percent in the value

of chﬁ'
a

Spoiler Control Characteristics

The aerodynamlc and lateral control characteristics of the wing
equipped with the spoiler conflguration shown in filgure 6§ and with

the 0.925% unsealed flep deflected 0°, 30°, and 60° are shown in

figure 26. As has been previocusly noted, the spoller configuration
uged for these tests is simllar to one of the more satisfactory
configurations developed in the investigatlon reported in reference 8.

A ccamparison of the aesrodynemic characteristics of the flapped
wing-spoller confliguration with the characteristlce of the plain flapped
wing (fig. T(b)) shows thet the addition of the spoiler configuretion on
both gemlgpans of the complete swept wing (for possible use as a speed
breke or a gllde—path control) generally produced the same effects on
the values of Cp, Cp, Cp, and Cp at valdes of « below approxi—
mately 16° as are produced on umswept wings. Addition of the spoller
configuration to the gwept wing reduced . the velues of Cp over the
entire angle—of-attack range; in sddition, the values of Cp were
increased, end the velues of Cp and OCp generally bscame more
positive (or less negative) at low angles of attack, =nd opposite trends
were exhiblted by these coefficlents at large angles of attack. The
gpoller configuration produced only emall changes 1n the incremental
values of Cp, Cp, Cp, and Cp resulting from deflection of the flap.

The variation of gpoller—elleron rolllng-moment coefflcilent with
angle of attack was Ilrregular for all three flap deflections; the values
of C7; generally increased wlth increase In « at values of « below
approximately 14° and tended to decrease wilth incresse In « above
a = 1h°, Except in the high angle—of—attack range, the values of C3
produced by .spoller proJection generslly were greatest wlth the flap
deflected. The yawlng—moment coefficlents produced by spoller projec—
tlon were favorable over most of the angle—of-—attack range but became
adverse at angles of attack greater then aspproximstely 12°.

It is rather difficult to make s direct comparison between the
relatlve effectiveneas of the one spoliler configuraiion Investigated
and.the effectiveness of the ailerons investigated, principally because
the gpoller was tested at only one projectlion and the configurstion
tested may not be optimum for the subJect wing. However, considering
the varisation of the rolling-moment charscteristlcs over the proJjection
range of this spoller confilguration on another wing (reference 8) —
which would probgbly be quite similar on the subjJect wlng — i1t appesars
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that the present spoller canfiguration at a maximum projection of
approximately 0.08¢ would probably provide as much rolling moment

over the angle—of—ettack range =as the o.hou% outboerd atleron (which

represents a falrly typicel alleron configuration) deflected £20°
(to allow for adequate internsl balancing). A compasrison of thim
nature is not complete, however, because the gpollers exhibited more
favorable yawling-moment characterlistics and would have more favorable
stick—force characteristica than the O.hOh-B- alleron, particularly at

high speeds. It should be remembered that the comparative anslysls of
the effectiveness ofthe two lateral control devices l1s baged on data
cbtalned only at low speed and, as such, 1s not Intended to gpply in the
transonic speed range wherein wings of this plan form are designed to fly.

Effect of Wing-Tip Shape

Reference T presenta the results of an investigatlion, similar to
thet reported herein, performed with essentlially the same wing model
as the present model, except that the wing model of reference T was
equipped with & raked tip. For purposes of identiflcation, the wing
of reference 7 will be referred to in the ensulng discussion as the
"raked—tip wing" and the wing of the present investigation will be
referred to as the "swept—tip wing."

Comparison of wing aserodynemic characteristice.— The varlation of
the wing angle of attack and drag, aend pitching-moment coefficlente with
11ft coefficient for the raked—tip wing with the largest span of flap
tested at 0° and 30° deflections were almost identical to the corre—

sponding characteristics of the swept—tip wing with the 0.9252- flap at

similer deflections. This rather complete lack of slgnificant changes
in the wing amerodynsmic characteristics as a result of changing the tip
ghape has been noted previously In several unpublighed investigations.
This phencmenon, plus the fact that the aspect ratlos of the swept—tip
and. raked—tip wings under discussion were about the same, leads to the
bellef that any major changes in the wing amerodynemic cheracterilstlcs
resulting from a chenge in the wing—tip shepe are the result of changes
in +he wing aspect ratio. In addition, 1t is considered somewhat
surprising that the variation of the increment of 1ifi coefficient with
flap deflection produced by the largest span flap on the raked—tip wing

was almost in perfect sgreement with the results for the 0.925:% flep on

+he swept—tip wing, because the ratlos of area and span of the largest
gpan flap on the raked—tip wing to the area and span of the raked—tip
wing are smeller than the corresponding ratlos for. the swept—tip wing.,

Comparison of alleron lateral control characteristics.— In genseral,
the. C3, Cp, Cn, and P data obtained omn +he swept—tip and raked—
tip wings were quite similar and exhibited the same trends with change
in ailleron deflection and wing angle of attack. Also, in general, the
effect of varistion of the wing—tip shepe on the variatlon of the lateral—
control parameters Ch&a, Chq,: and CZaa with aileron trailing-edge
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angle and on the varlastion of Cha and Cha with elleron span was

negliglble. For any. glven span of a.ileron, the rolling—effectlvensess
parameter 07,5 for the swept—tlp wing was slightly greater then

the 07'5 va.lues for the raked—tlp wing. Thils effect seems logical
-

when one consid.ers the compara.tive spans and spanwlse locatlons of the
allerons tested an both wings. From a comparison of these low—speed
data, 1t appears, therefore, that the wing with the swept tip would be
preferred because the wing with this tlp has, for equal aspect ratilo
and taper ratlo, more physical length of trailing edge upon which to
ingtall allerons and high—1ift devices than the comparable rsked—tip
wing, and because it would provide more saetisfactory performance (ass a
result of 1ts larger ares) for an alrplene.

CONCLUSIONS

A wind—tunnel investlgation was performed at low speed to determine
the aerodyneamic charscteristics of a 51.3° sweptback memigpen wing
equipped with 16.T7—-percent—chord plain flaps and ailerons heving various
spans, spanwise locatldna, and tralling-edge angles. In additlon, a
spoller—elleron conflguretion was tested on the semlspan wing in conjuno-
tion with a 92.5-percent—span flap. The results of the investigation
led to the fellowing conclusions:

1. In general, changes In the wing angle of attack, flap deflection,
flep span, or flap spanwise loceatlon produced trends in the swept—wlng
1ift, drag, pltching-moment, end flap hinge—moment characteristics that
were similer to, but of different magnitude fram, the trends produced
on unswept wings, except pomslibly at large sngles of attack near the
wing stall. In the low and moderate llift—coefficlent range, a seal
installed ecross the 0.5—percent—chord gap ahead of the flap nose
produced no significant changes in the 1if%, drag, pltching-moment,
and hinge—moment characteristics of the wing obtained with the flap
wmsealed.

2. The incremental value of 11ft coeffliclent ACT,  obtalned
with 52.1-percent span snd 92.5-percent span unsealed flaps deflected 60°
were, respectively, a.pprcxrima.tely 0.33 ard 0.43 2t zero a.ngle of attack,
approximately 0.29 and 0.35 at an angle of atta.ck of 12°, and approxi-—
metely 0.07 and 0.21 at maximum 1ift.

3. As would be normally anticlipated the effectiveness of the
allerons, as-shown by the varistion of rolling-moment coefficient with
aileron deflectlion CIS s I1ncreased as the aileron span Incressed and

a

decreased as the trailing—edge angle of a given alleron was increased.
The date Indicated that & glven percent—span sileron would be most
effective when spanning the center portion of the wing semispan, but
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would retaln the greater part of lte effectiveness through the angle— -
of—ettack range when spanning the outboerd portlion of the wlng semispen.

4, The total yewing moment, resulting from equal up and down . .
deflectlons of the allerons, wes generally adverse for all combinations
of alleron span and trallling-edge angle teated and became more sdverse
as the wing angle of attack or the alleron spen incresassed. Variation
of the trallingedge angle caused no significant changes in the yawing
momente produced by e gliven spen of aileron.

5. The values of the alleron hinge-moment parameters cha and Chs
8

were only slightly affected by changes in the span or spanwise location
of the allerons; Chm and Ch6 exhiblted a slight shift towerd more
a

negative values ag the aileron span was Increased towerd the wing root

section and as the spanwise locatlon of a given span of alleron was

moved inboard. In additlon, for a given gpan of aileron, Chm and Ch5
a

exhibited large changes toward less negetive (or more positive) values as
the aileron trailing—edge asngle was increased.

6. Increase in the wing angle of attack haed an inconsistent effect
on the variation of seal-pressure coefficlent with alleron deflection Paa.

but generally produced a shift of the curves of the pressure coefflclent

ageinst alleron deflection toward more positive values of pressure -
coefficlent. Increase 1n the aileron trailling-edge angle generally .
regulted 1in glightly smaller velues of PSa but had a negligible effect

on the velues of pressure coefficlent obtalned at given aileron deflections.
The seal-pressure data indicate, 1n general, that seeled internal balances
will provide hinge—moment balancing effects on a highly sweptback wing
through a moderate alleron—deflectlion range and a large angle—of-attack
range up to and through the angle of wing stall.

-

7. Data obtalned on & L4O.h—percent-span outboard aileron modifiled
by meking the inboard end of the aileron parallel to the plane of
gymmetry (+he original alleron hed its inboard end normal to the alleron
hinge line) shows that the only notable changes resulting from the modifi—
catlon were an approximately G—percent reduction in the rolling effective—
nesg of the aileron and & 55—percent reductlion in the parameter Ch8 .
a

8. The rolling mcment produced by the spoiler—aileron configuration
generally increased with increase in wing sngle of attack « at values
of o below approximately 1h° and, in this o range, generally was ’
greater with the flap deflected then with the flep undeflected. Also,
in the aforementioned o« range, the spoller aileron produced favorable

yawing moments. . o -
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9. A comparison mede between the dats obtained on the subJject swept
wing and data obtalned on a reked—tlp version of the subject wing Indiceted
no major differences existed In the trends and megnitudes of the cocef—
ficlents obtained.

Langley Aeronautlcel Leboratory
Nationgl Advisory Committee for Aeronautics

Langley Field, Va.
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TABLE I.— DIMENSTONAL CHARACTERISTICS OF THE

VARTOUS 0.167c FLAPS ARD ATTERONS TESTED

ON THE 51.3° SWEPTBACK WIKG

¥Flap or alleron spanwlise locabtion
Flap or M
alleron span y£y OT Tay £, Or Ta, (£+3)
0.9258 0.065% 0.9901;- 0.2131
.6863 .3042 .990% -1399
.Lox2 5862 -9908 .0637
1732 8172 -990% .0225
5212 -0652 .586721 149k
5138 .301% -.817% 117
®. 4048 -586% .990% .0561

8odified by cutting inboard end of aileron perallel to plane of

gymme+try .
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TABLE IT,.— SUMMARY OF THE LATERAT CONTROL CHARACTERISTICS OF 0,167c ATLERONS

OF VARTOUS SPANS ON TEE 51,3° SWEPTBACK WING

Aileren Ps, Total C; for B, = 30°
Bﬁ:n’ (d:E) %“ Chﬂa -chu' Sta. 1|Sta. 2|8ta. 3|Sta, 4[0ta. 5|a s 0°|c & 8.3%(a & 12.5°|« & 20.8°
0.925% 14 |0.00118]-0.0064|-0.0024 {0,025 {0,033 [0.030 |0.033 |0.027 [0.057k| 0.0562 | 0.0k95 | 0.0k36
(636R | 1k | .00105| ~.0060| —.0015|wsmum 033 | .03L | .033 | .027 .0511£ 0503 | .ouis | ol
.hohlel 1k | 00057} —.0057| —.0011 [-=—-- SN (— 030 | .02k | 0209 .0e98 | L0250 | .02k0
73R | b | .00022|-enmeen -- S I .013:9; 0134 | .0129 | .0096
5212 | 1h | .00063| —.0067| —.0025| .02k | 026 | .083 |-m=u-- veeme-| 0323 .0315 | .0265 | .0190
.51312} 1% | .00081| —.006%| —,0011|----=- .031 | .027 | .028 | .023 | .0433| .ok25 | .0358 | .0308
.hohlel 25 | .00048| —.0035| ,0015|-mmmun|ecaen-m 027 | .021 | ,0276| 0243 | .0268 0255
hoh% 6 | .00059| —.0069] —.0015 -- .030 | .026 | .0310] .o0276 | .0276 0242
“.hoh% 6 | .0005%| ~.0031| —.001k SRR R IS R E— e
® Modified by outting Inboard end parallel to plane of eymmetry TR

OCHEL "ON WM VOVM
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Figure 1.~ Sketch of the 51.3° sweptback semispan wing model, § = 18,90 square feet; A = 3,43;
taper ratio = 0.44. (All dimensions in feet, except as noted.)
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Figure 3,~ The 51.3° sweptback semispan wing mounted near the cefling in the Langley 300 MPH 7- by
10-foot tummel,
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Figure 5.- Sketch of the flap and aileron contours tested on the 51.3° sweptback
semispan wing model. (Contours and dimensions shown are in a plane
normal to the 50 ~percent-chord line of the wing in the unswept condition or
approximately normal to the aileron hinge line,)
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Figure 7.- Effect of flap deflection on the aerodynamic characteristics in pitch -
of the 51.3° sweptback wing. @ = 14° over entire wing span; flap unsealed,
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@ = 14° over entire wing span,
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Figure 15.~ Variation of lateral control characteristics with aileron defiection
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Figure 18.- Variation of lateral control characteristics with aileron deflection
o
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@ = 6° over remainder of wing span.
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Figure 18.- Variation of lateral c¢ontrol characteristics with alleron deflection
on the 51.3° sweptback wing, by = 0.5135; Va, = 0.817%; @, = 140;
@ = 14° over remainder of wing span.
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Figure 19.- Variation of lateral control characteristics with aileron deflection

on the 51.3° sweptback wing. b, = 0.5212; y, = 0.5860; §, = 14°,

g = 14° over remainder of wing span.
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Figure 20.- Variation of lateral control characteristics with aileron deflection
b
on the 51.3° sweptback wing. b, = 0.4045; Vao = 0.9905; g, = 8°,
@ = 8° over remainder of wing span.
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Figure 21.~ Variation of lateral control characteristics with aileron deflection
on the 51.3° sweptback wing. b, = 0.4043; Yo = 0.990%’-; g, = 259,
(o)
- @ = 6° over remainder of wing span.
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Flgure 25.- Comparison of the variation of lateral control characteristics with
aileron deflection for the original and modified ailerons of b, = 0.4042 on

the 51.3° sweptback wing. o = _OO; ¢a = 60; Yo = 0.990%.
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