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DEVELOPHMENT OF THE N.A.C.A. SLOT-LIP AILERON

By Fred E. Weick and Joseph A, Shortal
SUMMARY

An investigation of the undesirable delayed action,
or lag, of the spoiler—type lateral control device led to
the development of the N.A.C.A. sloi-l1lip agileron. The _
tests were made in the 7- by 10-foot wind tunnel with a
4~ br 8-foot wing hinged at tae tunnel jet boundary and
restrained irn roll by elastic cords, Time histories were
taken of the motion of the control device under test and
of the resulting wing motion,.

First, the lag, as affected by the fore-ané-aft loca-
tion of retractable ailerons or spoilers was determined.
The lag was found to increass regularly as the spoiler was
nmoved from the rear of the wing toward the front. Then a
combination of spoiler and fixed slot was developed that,
with the spoiler retracting into the forward part of the
slot, reduced the time lag to a negligible wvalue, In ad—
dition, an arrangement was developed using a hinged aile-
ron~type flap as the upper portion, or lip, of a slot
through the wing. This arrangement appears to be usable
as a form of lateral control device that shows promise of
giving improved control and stability at the high angles

of attack through the stall, with neglizible lag, low con~
trol forces, and relatively simple construction.

INTRODUCTION -

Owing to the faet that safety in flight can be in-
creased by improving the lateral control and stability at
high angles of attaclk, the National Advisory Committee for

Aeronautics has undertaﬁen an investigation with that aim
(reference 1). Wind-tunnel tests have shown that svoiler-
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type devicos liocated in the forward porvioa of the wing
ghould give inmproved rolling and yawing moments at high
angles of attack (reference 2). Flight tests have re-
vealed, however, that the spoiler_control is accompanied
by a dslayed response, or lag, (reference 3) unless locat-
ed well back on tne wing (reference 4)., The present work
was undertaken to 'investigate the nature of this lag un-
der controlled conditions in a wind tunnel and to explore
the possibilities ¢f obtaining a device having spoiler—
type control without lag. For this purpose, a sgpecial
large wing was fltted with the desired control deviceg and
flexibly mounted in the WN.A,Z:A. 7~ by 10-~foot wind tunnel
in such manner that the wing moved when the controls were
deflected, tho motions of both the control device and the
wing being, in each case, photographically recorded. The
final outcome of the investigation was.the development of
a new form of lateral control device called "slot-lip alle~
rong."

APPARATUS AND TESTS

The 7~ by 1l0~foot wind tunnel is descridbed in refer-
ence D, A diagram of the wing arravged for the present
lag tests 1s shown in figure 1. The wing was hingod at
one end and was supported above and below by elastic cords
(airplane rubber shock-absorber c¢o¥ds) at a point—somewhat
inboard from the othsr end. In order to hold the wing
level with the tunnel in operation, the tension in the
lower cord was made adjustable., The motions of the wing
and the control device were transmitted by means of cords
to a control-position recorder developed for flight tests,
With this instrument, the motion of the control device and
the motion of the wing were photographically recorded on
the same filn.

The lag tests were made with .the wing at two differ-
ent angles of attack, 0° representing the high-speed and
eruising conditions of flight and 15 representing flight
at low speed. With the 0° angle of attack the tunnel was
operated at 80 miles per hour and with the 15° angle of .
attack at 40 miles per hour, these conditiong giving the
same lag for corresponding-1ift coefficients as the fulle
scale tests on the F-22 airplane used in the f£light tests
with spoilers (reference 3), 1In the prosent tests the
control devices were deflected various amounts and then
returned to neutral, the records heing taken 4in each case.
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RISULTS AND DISCUSSIOY

The present work, whick is in the nature of a develop—
ment, is divided into s6vEFAL distinct steps: First, inas-
much as it was Xnown from flizht tests (references 3_and-4)
that there is a decided difference bpetween the lazg of a rTe~
tractable spoiler near the leadinz edge of the wing and °
that of one usar the trailinsg edgé, tests were =afls to
check this point in the wind tunnel and %o obdtain the va-
riation of lag as the spollef location was movdd from the
front to the rear. Socond, with the spdbiler located about
ons third back from the leading edge, which seemsd the
nost promising position, attempts were made %6 eliminate
“he lag or at least to reduce it to a negligiblse _value by
comhiniang a slot with a gspoiler. Tkird, whemn ah‘arraﬁ@ﬁﬁ*
ment with negligible Tajz wab obtainea, modifications wers”
made with the view of improving the pradticadbility of the
device. Finally, the most promising abfrangsmest wvas’ testu
ed at two other locsations along the cho*d of the wing.

Rotractadble spoilers or ailerons.— The retractable
spoilers or ailerons (they have beef ¢aI¥sd Topoilers”
wvhen located near the leadiang edge of the wing and Tailo-"
rong" when located near the trailing edge) weére curved = -
plates that slid in and cut of the upyer surface of the
wing as indicated in figure 2, Finally; an aileron eof~
gigting of a hingea flat plate attached to the trailing
edge of the wing was tested in this sorles as repragenta-’
tive of the type of action obtained with ordimary ailerdni.

Typical time history curves showing the movenent of
the wing following a deflection of the control surface afe
shown in figure 3. In these tésts the conirol devices
were suddenly deflected ths full amount. The inertia oFf ~
the wing carried_it past the positiom of final baladfe b&=
twsen the tension in the elastic chord and the air foreces,
but the motion was damped out in a very short time. ~Witk
the aileron attacked to the trailing e&ge, the motion
started in the desired direction as soon as The aileron
was moved (within the limits of accufacy of the measurd

ments, or about 0.05 second). With the retractadle spoil~_

er near the leading edge. however, the wing had a slight
movement in the wrong direction a% first ard d4id not start
moving in the right direction vntll nearly a second after

the coatrol deflectlon started, this:- time interval being
termed the "lgg." _ - S N

- e . mT——
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The flight tests of references ¥ and 4 showed that &
lag of one~half second makes the control practically un—
usabdble but that a lag of one-tenth second or less was not
detectable by the pilot and therefore not objectiomadle.
The various lags of the retractable ailerouns in the dif-
ferent positions along the chord are shown in figure 2. for
the two angles of attack representing the high-~ and low-
gpeed conditions of flight, The lag is substantislly
greater for the hlgh-angle~of~attacl: and low-~speed condi~-
tion tharn it is for the low~angle-of-attack and high-speod
condition. It becomes less as the spoiler is moved to the
rear and reaches a usable value about 2C percent from the
trailing edge. Pointe are plotted on figure 2 foxr full de~
flection and also for half deflection, both being mnade sude
denly. The lag was about the same for both deflections.
When the control was reiturned to neutral, there was also
a lag in the return of the wing. (See fig. 3.) In fact,
with the retractable spoiler in the forward location, a
lag of about the same order was present with any arnount of
control deflection in either direction. :

The final deflection of the wing was a rough measure
of the rolling monment given by the lateral control device,
ané this deflection, in degrees, is given in the dashed
curves of figure 2. At the high angle of atteck the de-
flection, or the rolling moment, became greater as the
spoiler was moved forward to 30 percent of the wing chord
but- fell off slightly for the foremost position, At the
lew angle of attack the deflections were about the sane
for all positions except for the foremost, which had a
rather small valus.

It was notlced in the flight tests of reference 4
that although the retractable aileron in, the 0.83 ¢ posi-~
tion had no lag noticeadble to the pilots with the original
wing a slight lag was found when a split traeilinz~edge
flap was in use. Thilg effect was also found in the pres~
ent wind~tunnel testsg and the results, which are given in
flgure 4, show that a slight increase in lag was obtained
when the flap was used.

It was known from the flight tests of reference 3
that a combination of retractable spoilersg near the lead-
ing~edge and conventional trailing-edge aileronsg gave im~
medlate response; and, in order to investigate the possi-
bility of obtaining a lag—free control for a wing having
its tralling-edge portion free to take a high-1ift trail-
ing—edge flap, wind-tuinel tests were made using two re~
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tractable devices -~ a front retractadle spoiler and a rear
retractable aileron acting together. (Scec f£ig. 5.) VWhon
onc device was located directly behind the other, the lag
was no greater than' that of the rear one and the rolllng
moment was the same as that of the front one, making a
combination satisfactory except possibly for some Increase
in the mechanical complication. When the spans of the
front and rear control devices were reduced to half their
original lengths and the two wore staggdoreéd, the lag was
found to bc less than that of the front one alone but
8t1ll too large for satisfactory use.

Spoiler combined with slot.- The initiel reversed. ef-
fect resulting in the lag was thought to be Intimately as-
socliated with the time reguired to effect a rather extrome
changoe in the flow pattern with .extreme local pressure
changes. - It socomed that if a slot wers put through the
wing permititing air to flow from the high pressure rogion
below the wing to the rogion of low prosstufd® that must
tend to Torm just behind the spoiler as it is raisod above
the surface of the wing, the oxtreme momentary pressurs
change, and therefore the lag, might be oliminated or at
lecast reduced %o a negligible value, Furthermore, 1f tho ™
slot were.lcft pormanently open and wore properly shaped,
it should delay the stall over its portion of the wing and
thereby improve the lateral stability at the angles oFf at-
tack in the region of the stall. It would, of course, be
desirable to have the shape and size of the slot such as

to)have as low a drag as possible. (See references 6 and
v moTox

The results of the first attompt to combine a spoiler
and a slot arc shown in figure 6. The position of the
spoiler about one third of the wing chord back from the
leoading cdge was choson from the rosults of figure 2 and
also from thosc of roferonco 8 as the location probadly
giving the most desiradle rolling momcnts. The spoilor
was retracted cntirely within the slot and curved to f£i%
the slot shapd. The sizo of the slot was varied by moving
the rear wall; the effect of this variation on the lag is
plotted in figure 6. A gap at the top of the slot (see
fige. 6) of 3.5 percent of the wing chord or larger was e~
quired to reduce the lag to less than onec tenth second.
With o gep of 4.5 percent or largoer the Iag was. extremely
small, establishing the correctness of the roasoning on
which the design was based,.

With the gap at dac top mointalned af 345 percent e,
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the width at the bottom was then reduced. in several steps
in order .to provide a 8lot having somewhat lower drag.
The shape was modified both .at the front and at the rear
of—-the slot as shown in figure 7. A width at_the bhottom
of 5.5 percent ¢ was found to give a lag of less than one
tenth gecond,

The hinge moments of this device were not measured
but in the operation of the device in ths wind tunnel no
difference could be detected with or witnout the air in
motion, indicating that the aerodynamic hinge moments were
close to zero. The hinge moments of such an arrangement
could easily be changed by changing the angle of the spoll-
er or the location of its axise.

Slot=lip ailerons.—~ Although the arrangement having
the. spoller retracting into the slot could appareantly be
used satisfactorlly as a lateral control device, it seemod
rather cumbersome and it was thought that using a hinged
flap as the upper portion or lip of the slot as shown in
figure 8 might be a declded improvement structurally and
nmight also have less drag. The arrangement shown in fig-
ure 8, which has the flap hinge axis located 25 percent
back of itg leadlng edge for dalanclng, was tested with a
slot gap of 4.2 percent ¢, The lag with this arrangement
was negligible, Tests were algo made with the slot shaped
in such a maaner that the gap was closed when the flap was
neutral, in which case the lag was too great at the high~
angle—~of-sttack condition, It therefore appears that, in
order to reduce the lag to a negligible value, i% ig nec~
essary to have the slot continuously open even with a do-
vice which opens the slot an increasing amount as it is
deflected.

At this stage it was desired to obtain some informa—
tion in regard to the control forces required to operate
a slot-lip sileron of this form, and the hinge moments
were measured with the aileron hinge axis moved to give
various degrees of balance. For these tests, the wing was
wired in a fixed position in the turnel and the hinge mo-
ment was obtained from the measured twist of a calibrated
torque rod attached to the aileron in line with its axls,
The results of hinge~moment tests are given in figure 9.
With 2l1ll hinge-~axis locations and with both angles of at-
tack the free floating position of the aileron (chl,; 0)

was such that itw trailing edge was below the main wing
contour, indicating that the pressure through the slot with
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the aileron neutral was less than that over the upper sur~
face of the wing at that point and that the velocity
through the slot was therefore greater than that over The
unper surface of the wing in that region. The constant
slope of the curve of hinge~moment coefficienk agalnst ai~
leron deflection usually considered desirable was H6% ob-
tained -in these tests, the curves having zero and sven re~
versed slope in some cases. Loving the ailerons dack to
provide greater clearance at the mose, as shown by the
dotted lines in figure 9, improved the conditions soméd="
wviaat., A secdénd arrangement was then tried having a ~
stralght wall at the frort of the slot as shown in figure
104 Two sizes of overhaliging plates to " direct the air
flow back over the top of the flap were tried. As shown
by .the curves of flgure 10, this change dld not” apprecla—

"dPly improve conditions. Next the aileron Tlap was moved,

rearward, tripling the clearance'between the nose of the |
flap and the Tront wall of the slot; and tais chang s, a§=
shown in figure 11 resulted in. a deC1ded inprovenent. )
The distance between the nose of the aileron and the fronE
wall of the slot was then still further increased, as
shown .in figure 12, and the hinge~moment curves for that
arrangement have a reasonabdly satlsfactory 1orm.

The hinge-moment curves with a clearance of 7.8 per—_
cent of the aileron chord between the mnosé of the aileron
and the front wall of the slot (fig. 11) were consgidered
reasonably satisfactory with the proper length of over~
hanging plate ahead of the aileron, and further lag tests
were then made with this arrangement in order to find how
small the slot could bo made without causing objectiona-
ble lag. ZFrom the results of thess tests, tabulated in
figure 13, it is apparent that a slot having a 2-percent-c¢
gap at the top and a S=perdent-c width at the bottom would
£ive a lag of less than one tenth second. The slot was
then rebuilt to have a smooth shape with this size, as
shown dotted in figure 14. This arrangement had a lag
less than one tenth second but, as it was desired to ré-
duce it still further, the gap was increased to 3 and the
width to 6 percent. Lag tests were then made with the
aileron hinged at four different axis locatlons and it was
found, as shown in figure 14, that the lag was not appre—
clale affected by the hinge-axis locaiion but that the
rolling nmoment as indicated by the final wing deflectlon
became, in general, less as the hinge axis was moved %o the
rear. The hinge moments were then measured for this ar—
rangement with all four hinge~axls locations. The results
are given in figure 15. S e e
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. At this stage the lag and hinge moments of the slot-
lip aileron had apparently been developed to a usable
point. for the location 30 percent back of the leading edge
of the wing, but 1t .was not cerfain that thig location was
necessarily the best, especially counsidering that the drag
and yawling moments could not be measured in these tests,
Both the drag due to the slots and the yawling-~moment coef-
ficients due to the ailerons should decrease as the combi-
nation is moved to the rear, but the effect of the slot in -
improving the lateral stability near the stall should be
greater as the slot is moved forward. Tegts were thero-
fore made with the slot~lip ailerons located in two addi~
tional positions, 55 percent of the wing chord and 10 por-
cent of the wing chord. At the 5b5-~percent location the
gslot was first given a gap of 2 percent and a width of &
percent as shown in figure 16. Iag tests were made with
tals size and with one modification in which the width was
decreased to 4 percernt and which gave a lag Jjust under one
tenth second. Hinge~-moment tests were then made with four
differert axis locations, the results of which are.given )
in figure 17. The hinge moments, it will be noticed, are _
definitely lower than those for the 30-~percent location. .

Sinilar lag and hinge-moment tests are given for the
l0~percent position in figures 18 and-19.  In thils posi-~ -
tion it was necessary to increase the gap. to 4 percent ang
tis width to 7 percent in order to reduce the lag below
one tenth second; and the drag would undoubtwdly be high.

CONCLUSIONS

For the conditions of the tests, which ars representa-
tive of a rather small full—scale airplane, the following
conclugionsg mdy be drawn:

1. The lag of single retractadble ailerons or spoil-
ers with no slot varies with the position along the wing
chord from a negligible value for a position near the
trailing edge tuv the major part of a second for a position
near ‘the leading edge. The lag. is too great for practical
use (greater than one tenth second) unless the devicoes are
located within about 20 percent of the wing chord from the .
trailing edgs. . -

2¢ With. two retractabls &evicéa-covering the sane ’
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portion of the span and operating together, one located at
30 percont of the chord from the leading edge and the oth-
er directly behind it at 83 percent of the chord from the
lcading cdge, a usablc combination is obtaincd that gives
the same rolling moment as the froat onc alone with no
more lag than the roar one alone. T o

3. The lag of a retractable spoiler can be roduced
to a negligible value by providing an open slot of the
proper size and form through the wing directly behind “the
spoller.

4., The slot- llp ailerons appear to be usable as a
form of lateral control device that shows promise of giv-
ing improved lateral countrol and stability at the high
angles of attack through the stall, with negligidle lag,
light control forces, and relatively 51mple construction.
It is desirable that additional tests be made to fimnd the
yawing moments given by thess ailerons and tno effect of
the slot on the drag. < i :

Langley liomorial Aeronmutical Laboratory,
National Advisory Committeo for Acronauntics,
Longley Field, Va., April 25, 1935b.
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