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DEVELOPUENT OF THE Y.A.C.a. SLOT-LIP AILERONW

By Fred E. Velclk 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 tle N.A.C.A. slot-1ip aileron. The
tests were made in the 7- by 10-foot wind tuanel with a
4~ by 8-foot wing hinged at the tunnel jet bouundary and
restrained in roll by elastic cords. Time histories were
taken of the motion of tune control device under test and
of tihre resulting wing motion.

First, tune lag, as affected by the fore—-and-aft loca-
tion of retractable ailerons or spoilers was determined.
The lag was found to increase regularly as the spoiler was
moved from the rear of taue wing toward tie front. Then a
combination of spoiler and fixed sliot was developed that,
with the spoiler retracting into the Torward part of the
slot, redvced the time lag to a negligible value., In ad-
dition, an arrangement was developed using a hinged aile-
ron-type flap as thec upper portlion, or lip, of a slot
through tlie wing. This arrangcment appears to be usable
as a form of lateral coatrol device that shows prouise of
giving iluproved control and stadbility at the high angles
of attack through the stall, with neglizivlie lag, low con-
trol forces, and relatively simple construction.

INTRODUCTION

Owing to the fact that safety in flight can be ia-
creased by improving the lateral contrel and stability at
high angles of attaclk, tie National Advisory Committece for
Aeronautics has undertaken an investigation with that aim
(reference 1). Wind-tunnel tests have shown that sproiler—



[

N.A.,C,A., Technical Note No. 547

type cevices L1ocated in the forward porrvioa of the wing
shorld gzive improvcd rolling and yawing moments at high
anzles of attack (reference 2)., Flight tests have re~
venled, however, that the spoiler control is accompanied
by o delayed response, or lag, (reference 3) unless locat-
cd well back on the wing (reference 4)s The nresent work
was undertakxea to investigate the noture of this lag un-
der controlled conditions in ~ wiad tuanel and to explore
the rossibilities of obtaining a device having spoiler—
tyne control without lag. For this purpose, a special
larce wing was fitted with the desired control devices and
flexibly mounted in the ¥ .A,7.4, 7=~ Dby 10~foot wind tunnel
in such manner that the wing moved when the controls were
deflected, the motions of both the controcl device and the
wing being, in each case, photographically recorded. The
final owtcome of the investigation was the development of
a new form of latéral control device called "slot+1lip aile-
rong, " .

APPARATUS AJD TZSTS

The 7- by 1l0~foot wind tunael is describved in refer-
ence H5. A diagran of the wing arranged for the pregent
lag tests is shown in figure 1. The wing was hingoed at
one ead and was supported abvove and below by elastic cords
(airplune rabber gshock-absorier cords) at a point somewhat
inboard from the otlier end, 7 order to hold the wing
level with the tunnel in operation, the tension in the
lower cord was nade 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 tho wing were plotosraphically recorded on
the same film.

The la; tests were made with the wing at two differ-
ent angles of attack, 0° representing the high-speed and
crulsing conditions of f1light and 15% representing flight
at low speed. With the 0° angle of attack the tuanel was
onerated at 20 miles per hour and with the 15° angle of
attack at 40 miles per Lour, these conditions giving the
same lag for corresponding 1ift coefficients as the fulle-
scale tests on the F-22 airnlane used in the flight tests
with spoilers (reference 3), In ithe present tests the
control devices were deflected various anounts and then
returned to uneutral, tihie records heinzg taken in each case,
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RTSTLTS

‘e present worlk, which i1z iz tl.e nature of a develoyp~—

ment, 1s divided iato several distinet steps: First, inas-—

much as it was kxnown fromn flipght teste (veferences 3 and 4)

that there ig a decided diffcrence between the laz of o ro-

troctable ~30119r near the lecding edge of tlhe wing and

ti one uear the trailias edge, tests were made to

c tais point in the wind twnnel and to obiain the va-

cf lag as the spoiler loca’tion was moved from the

o the rear. Sccond with the swoiler located about
ird baclk from the leading edic, which seemed the

gt wremising wvosition, attenpts zere swmde o elinminate

or at leact to reduce it to a ncgligible value by

conniziug a slet vith a spoiler. Third, whew an arrango-

ment with negligible lag was obtaincd, nodifications vere

made wite tlie view of inmroving the praciicadility of tle

device. Fiaalily, tlc most promising arrangement was teosi-
L T tiong along thoe ciord ¢f the winm,.

el at two othe

Aetractadle spoilers or aflerong.- The retractable

spoilers or ailerons (tliey have been called "groi icrv”
vien located near the leading edge of ithe wing and "aile-
rong" when locatcd near the trailing edge) were curved
plates that clid in and cut of the wpper sarface of the
7ing as indicated iun figure 2, Finally, an ailleron con-
sigting of n hingod flat plato attached to the trailing

L the wiag was tested in thig series as repfosenta—
tne t;po 0f acticn obtained with crdiunary alleronc.

[EN

~

Trrpilecal time nistory curves sliowin, the moveuaent af
the wing following a deflection of the conirol surface are
saown in fizure 3, Ia these tests thae contrel devices
were puddenly deflected the Full anouvnt. The inertia of
tae wiang carricd it past the rositiozn of final balauce be-
twrmen the teusion in the olav*ic chord and the air forceg
but the notion waan darped ow in a verv short time. With
the ailleron attac:ed to the trailing edre, tne motion
started in the desircd direetion as soon as the alleron
was oved (within tie limits of accuracy of the ncasure-
ents, or abtout 0.05 second). Tith the retractadle spoil-
er rear the leading cdje, however, tie wing aad a slight
@overnent in the wreug direction ot {irst saod 4id aot start
moviag in the right divection wntil searly a soccoad after
tlie coatrol deflection started, this tine interval beings
terned tl.e "lag."
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The flight tests of references ¥ and 4 showed that a
lag of one~half second makes the control practically ua-
wsable but that a lag of one-tenth second or less was not
‘detectable by the pilot and therefore not objectionatle.
The various lags of the retractable ailerons in the dif-
ferent positions along the chord are shown in figure 2 for
the two angles of attack representing the high- and low-
gspeed conditions of flight. The lag is substantlially
greater for the high-angle~of-attack and low-gpeed condi-
tion thai it is for the loweangle~of-attack and hQigh-speed
condition. It becomes less as the spoiler is moved to the
rear and reaches a usable value about 2C percent from the
trailing edge. Points are plotted on figure 2 for full ce~
fleetion and also for half deflection, both beins :iade suds
denly. The lLag was about the same for bhoth deflections.
When the control was returned to aeutral, there was also
a lag in the return of the wing. (See fig. Z2.,) In fact,
with the retractable spoiler im the forwvard location, a
lag of about the same order was preseat with any arount of
control deflection in either direction.

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

It was noticed in the fiight tests of reference 4
that although the retractable aileron in the 0483 ¢ posi-
tion had no lag noticeadle to the pilots with the original
wing a slight lag was found when a splilt trailin ~edge
flap was in use. This effect was also found in the pres-
ent wind-tunnel tests and the results, which are given in
figure 4, show that a slight incrcase in lag was obtained
when the flap was used.

It was known from the flignt tests of reference 3
that a combination of retractabdle spoilers near the lead-
ing-~edge and coavertional trailing-edge ailerons gave ir-
mediate response; and, in order %o investigate the possi-
bility of obtaining a lag-free control for a wing having
its trailing-edge poriion free to take 2 high-1ift trail-
ing—~edge flap, wind~tu.nel tests were nade using two re~
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tractable devices = a front retractable spoiler and a rear
retractablce ailcron acting together. (Sce fig. 5.) When
onc device was located directly behind the other, the lag
was no greater than that 6f the rear one and the rolling
monent 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 were staggered, the lag was
found to be less than that of the front one alone but
still too largo for satisfactory use.

Spoiler combincd with glot.~ The initial reversed ef-
feet resulting in the lag was thought to be intimately as-
sociated with the time requircd to effect a rather extrcme
change in the flow pattern with extreme local pressure
changeses It scemed that if a slot were put through the
wing permitting air to flow from the high pressure region
below the wing to the region of low pressure that must
tend to form just behind the spoiler as it is raiscd above
the surfacc of the wing, the cxtromo momentary pressure
change, and thereforec the lag, might be climinated or at
lcast recduced to a negligible valuce. Furthermore, if the
slot were lcft permanently open and were properly shaped,
it should delay the stall over its portion of the wing and
theredby improve the lateral stability at the angles of at-
tack iIn the reglon of the stall.s It wonld, of course, be
desirable to have the shape and size of the slot such as
to)have as low a drag as possible. (See referonces 6 and
7‘

The results of the first attempt to combinc a spoiler
and a slot arc shown in figure 6. The nosition of the
spoilcr about one third of thc wiung chord back from the
lecading cdge was choscn from the results of figure 2 and
@lso from thosc of refcronce € as the location prodbadly
giving the nost doesirable rolling moments. The spoiler
was retracted entirely within the slot and curved to fit
the slot shapc. The sizc of the slot was varicd 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 ro-
quired to reduce the laz to lecs thon one tenth second,
With a gop of 4.5 percent or larger the lag was extremely
small, estadblishing the correctness of the reasoning on
wnich the design wag bascd.

With thce gap at bac top mrintained ot 3.5 percent ¢,
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the width at the bottom was then reduced in several steps
in order to provide a slot 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 bottom
of 5.5 percent ¢ was found to give a lag of less than one
tenth second.

The hinge moments of this device were not measured
but in the operation of the device in the wind tunnel no
difference could be detected with or without 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 spoil-
er or the location of its axis.

Slot-1ip ailerons.- Although the arrangement having
the spoiler retracting into the slot could apparently be
used satisfactorily as a lateral control device, it seemed
rather cumbersome and it was thought that using a hinged
flap as the upper portion or 1lip of the slot as shown in
figure 8 might be a decided improvement structurally and
might also have less drag. The arrangement shown in fig-
ure 8, which uas the flap hinge axis located 25 percent
back of its leading edge for Vvalancing, was tested with a
slot gap of 4.2 percent c. The lag with this arrangement
was pegligible, Tests were also made with the slot shaped
in such a manner that the gap was closed when the flap was
neutral, in which case the lag was too great at the high~
angle-of-attaclz condition, It therefore appears that, in
order to reduce the lag to a negligible value, it is nec-
essary to have the slot continuously open even with a de-
vice which opens the slot an increcasing 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 aileron 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 tuunnel and the hinge mo-
ment was obtained from the measured twist of a calibrated
torque rod attached to the aileron in line with its axis.
The results of hinge-moment tests are given in figure g.
With all hinge-axis locations and with both angles of at-
tack the free floating position of the aileron (ohl = 0)

was such that its %trailing edge was below the mzin wing
contour, indicating tha%t the pressure through the slot with
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tiie sileron neutral was less than that over the upper sur-
face of the wing at that point and that tiae velocity
through the slot was therefore creater than that over tlie
woper surface of the wing in that regilon. The constant
slope of the curve of hinge~moment coefficient against ai-
leron deflection usually considered desirable was not o~
tained in thesc tests, the curves having zero and even Tre-
versed slope 1in some casese iloving the ailerons back ©vO
provide creater clearance a% the nose, ag s0Wnh by the
dotted 1lines in figure 9, improved the conditions some=
wiat. A gsecond arrangement was then tried naving a
straicat wall at the front of the slot as shewn in figure
10, Two sizcs of overhanging plates to direct the air
10w back over thc top of the flap were tried. As shown
py the curves of Iigure 10, this change did not anprecia-
bly inmprove conditions. Yext, tire aileron Iflap was moved
rearward, tripliag the clearance votween the nose of the
flap and the froat wall of the slot; and this chnat b e, as
chown in figurc 11, resnlted in a decided improvement.

Zhe distance mebtween the nose of the aileron and the front
wall of the slot was then still further incrcased, as
shown in figure 12, and the Linge~moment curves for thaal
arrangeunent have o reasonably satisfactory form.

e
) S
by

¢ hinge-monent curves 7ith o clearance of 7.8 per-
cent of the aileron chord Letween the nose of the aileron
and the front wall of the slot (v+ig. 11) were considered
reasonadbly satisfactory with the proper length of over-
hanging 1lato aheacd of the ailerom, and farther lag tects
were then made with this arrangenent in order to find Liow
small the slot could be wade withount causing objectiona~
ble lage. From thac results of these tests, tabulated in
figurc 13, it is appavent thaet a slot having a 2-nercent-c
cap at the top and a 5=percent~c width at tle bottom would
~ive a lag of lesg than one tenth gecond., The slot was
tuen rebuilt to have a smooth shape with this size, as
shown dotted in figure 14e. This arrangemnent had a lag
less than onc tenth sccond but, as it wos desired to re-
duce it still further, the gap was increased to 3 and the
width to 6 perceant. ILng tests were ther made with the
aileron hinged at four diffeorent axis locations ard it was
found, as suown in figure 24, that the lag was nol appre-
ciably affected by tae hinge-axls location mut that the
rolling moment as indicated by the final wing deflcetion
Vveecane, in seneral, loss asg +the hianpge axis wacg moved to the
recare The =ninge moments were rhen measured Tor this ar-
rangement with all four hinpe—axis locatious. The results
are given in figure 15.

.
v

ic
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At this stage the lag and hinge moments of the sliot-
1lip aileron had apparently been developed to a2 usadle
point for the location 30 percent bvack of the leading edge
of the wing, but it was not certain that this location was
necessarily the best, especially considering that the drag
and yawing moments could not be measured in these tests.
Both the drag due to the slots and the yawing-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
iaproving the lateral stability near the stall should be
greater as the slot is moved forvard, Tests were thero-
fore made with the slot~1lip ailerons located in two addi-
tional positions, 55 percent of the wing chord and 10 per=
cent of the wing chord. At the S5b~percent location the
slot was first given a gap oY 2 percent and a width of 5
percent as shown in figzure 16. Lag tests were made with
tiis size and with one modification in which the width was
decreascd to 4 percent and which gave a lag Jjust under one
tenth second. Hinge-moment tests were then made with four
different axis locations, the results of which are given
in figure 17. fThe hinge moments, it will be noticed, are
definitely lower tlian those Tor the 30=percent location,

Sinilar lag and hinge-roment tests are given for the
l0~percent position in figares 18 and 19. 1Ia this posi-
tion it was necessary to iacrease the sap to 4 percent and
tire width to 7 percent in order to reduce the lag below
one tenth second; ard tie drag would undoubdbtedly be high.,

CONCLUSIONS

Tor the conditions of the %tests, wilcn are representa-
tive of a rather small fullescale airplane, the following
conclusions may de drawn:

l, The lag of single retractable ailerons or spoil-
ers with no slot varies with the position along the wiag
chord from a negligible value for a position near the
trailing edge to the major part of a secoad for a position
near the leading edge. The lag is too great for practical
use (greater than one tenth second) wunless the devices are
located within about 20¢ percent of the wing chord from the
trailing - edge,

2s With two reotractabdle dovices covering the sgame
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portion of the span oand opernting together, one located at
30 percent of the chord from the leading edge and the oth-
cr direcctly behind it at 83 percecat of the chord from the
leading cdge, o usable combinntion is obtaincd that gives
the same rolling moment as the frout onc aloae with no
riore lag thaa the rcar oune alounc,

he ’ug of a retractatle spoiler can be rcduced
gitle value by providing an omen slot of the
e and form through the wing dlrectly behind the

4, The slot-1lip ailerons appear to be usable as a
forn of latersl control device that shows promise of giv-
ing dimproved lateral control and stability at the higa
aagles of attack tharoush the stall, with negligible lagz,
lirht control forces, and relatively simple construction.
It is desiradle that additional tests bec made to find the
vawing moments given by thesec ailerons ard tuc effcct of
the slot on the drage

e

Largley lLiemorial Acrosautical Labvoratory,
National Advisory Committece For Acronautics,
Langley FPield, Voe, April 25, 19305,



10

4.

Se

6

7

N.,.A.C.,A. Techinical Note Ko. 547
REFERTNCES

Weick, Fred E., and Wenzinger, Carl J.: Wind~Tuanel
Research Comparing Lateral Control Devices, Particu-
larly at High Angles of Attack. I -~ Ordinary Aile-
rons on Rectangular Wings. T.R. ¥o. 419, TT.A,C.4.,
1232,

Weiclz, Fred E., and Shortal, Joseph A.,: Wind~Tunnel
fegearch Comparing Lateral Control Devices, Particu—
larly at Higch Angles of Attacks V =~ Spoilers and
Ailerons on Rectangular Wiangs. T.R. YWo. 435,
TJA.CLA., 1032,

Weick, Fred E., Soulé, Hartley A., and Gough, Melvin N.:
4 Flight Investigation of the Lateral Conitrol Charace-—
teristics of Short Wide Ailerons and Various Spoil-~
ers with Different Amounts of Wing Dihedral. Z.R.
Vo« 494, T A.C.A., 1934,

Soulé, H. A.,, and lchAvoy, W. H.: Tlight Investigation
of Lateral Control Devices for Uge with Full-Span
Flapse T.R. Koo 517, T.A,C.4A., 1235,

darris, Thomas A,: The 7 by 10 Foot Wind Tuannel of the
Fatioral Advisory Jommittee for Aeronautics. T.R.
Foe 412, ¥,A.C.A,, 1901,

Weiclk, Fred E.,, aud Wenzinger, Carl J.: The Character-
istics of 2 Clark Y Wing HModel Equipped with Several
Forms of Low~Dra¢ Fized 3lots. TR, Io. 407,
¥.A.C.4A,, 1932,

Weilck, Fred E,, aud Shortal, Josepli A.: The Eiffect of
Hultiple Tixed Slots and a Trailing~Ldge Flap on the
Lift and Drag of a Clark ¥ Airfoil. T.R. To. 427,
Fed C.A,, 1933,

Sihortal, J. 4.: Rffect of Retractable-Spoiler Location
on Rolling~ and Yawing-iloment Coefficients. T.¥,
}TOI 4:99, ::uA- C-A., 1934:.



Fig. 1

N.A.C.A.

Y

N 3| ol 3.3"
e 3= ge™ ]

14.4"7 k 102*

| 1 LA
" allerons v.” I MMA/ ,,, mN

Wing
hinges/

48" 2\
1
Wing hinge axis <7 ,AV/
Ay
\

-

Y
A
~
*‘-Hmo.;
[
Exit cone Exit cone
Flan view
e 8ide view
B
Elastic cord
L.
= ;:\‘\umwhm.fl. Figure 1.- Diagram of Clark Y~15 semi 1
— . _ .- ~15 semiapan wing
/ - 96" J\F set-up in the 7 by 10 foot tumnnel
— for lag teste.
- — —, \_ 7.2"
=S ——— x pre— — N_ﬂ 84"
+ hn er%yrfL T fr:; ~— Wing motion with
,. ailerone deflected
41.7" To allexon horn
|
|
Pull To 4
recorder .ﬁ i
Y
O

e

Tension adjustable Rear view






Fig. 3

N.A.Q.A.

Time lag, second

FS

]

I I ¥
+ \+\\\AI||LIII1
JeZ 10
Wing movement| H\..\ +
yi |
F ]
; Angle of attack = 0°
7 8
7
7
L
1
]
6
i
1
1
X
N ‘
+
,/// \
”ylzm-rnm
.;//J 2
Y
Ao
20 40 60 80 100

Location, percent ¢ aft of L.E.

¥ing movement, degrees

Time lag, second

Note. All
dimensions
are fraotions
of chord
k— 0,135 —
Attached
aileron
. AN
N .V/ \\\ NOO
V\ Pl _(
A Full deflection (O One~-half deflection
_ | I |
i | | |
Angle of attack = 15°
.8
o
.8 =t 6
/] I~ @
1 ~ ]
| . B
+ / _ ~.| ,-Wing movement o
¥ ©
.4 T 4 .
4 H = + m
A_v// - g
lag-~ ////“ §
L 8
3 S 3
. <] 9
ol
.// z
Ib)
L
~%4
0 20 40 80 80 100

Location, percent ¢ aft of L.E.

Figure 2. - Effect of retractable spoller location on lag and rolling moment.






N.A.0.4. Fige. 3,4

8 T
3 ——L.g ﬁ
AN
7T\
Lag — — [’ \
0 5 Qf‘"_‘“"“ﬁ""\ 7 X
i 4 EN | ‘
i 7 X ™ R
] 7 \\ /,’— =
: [ DT \
80 4t / :
: . , - \,
" ! ' \
g i \
H ! ‘
©60 83—+ / L .
g e[ ! b
[ 1] ,' Retracotable |
.- 9 7 apoiler at —1— t
- N I 0.15¢ ./ !
© ® i ’[ i
240 g3 T
» g ! / Control movement |
E N ] X (same for both) ~°
o 8 : % [
1 |
g E) l' - Wing motion |
8 g1 | - T
I
, / '.
' !
/ \
0 0
\ |
‘\ / Angle of attack = 15°
-1 \ /'
]
Lag 1
-2 1
0 .4 .8 1.3 1.6 3.0 3.4

Time, s‘econds

Figure 3.~ Typical time history ourves.

0.60 ———>1 0.83 ———— >
T\ Hinge
\ R Retractable aileron

Atiached

aileron
‘I
¢ ’
\
YRl
P 0°

” 3\

X
< / —- 0,135 ——1
80°
¥ote, All dimensions are Split flap -~ /
fractions of chord
Retractabls aileron | Attached 0.30
o at 0.60c| at 0,83c | aileron
Lag, oY 0.15 6.05 0.01
seoond [15Y .35 .10 0

Figure 4.~ Effect of a split flap on lag due to retractable spoilers near the trailing edge of
the wing.






H.A.C.A.

By g

*suemow Buyirolr puw Fey uo IeyTTods 61QqEIORILSI
1¥0I B8 DUV PIBMIOY ¥ JO UOTIRUTQWOD W JO 3060IFY -°GC @

Figs. 5,7,8

o e 5
o
2 g 3|88
88
e g ' | B
B 3 o
(<]
Q =«
') © 0 5 ' g'g
7138
3 [ @ LI
2 - ° e G| 8
Ak
A~
< 0.205 iy "7/
: fk;u“3° /0.10 Note: All dimensions are
i fractions of chord
. 0 03—-;

Mod] w&w_i#o
a [None| 1 [1,3,471,3,3,4[1,3,3,4,6/1,3,3,5!23,3,8(1,3,3,8] 6
Lag, 09/0.04] 0 [0.06 .02 0.0 0.04 10.03 0, 34 0.03
segond 169] [+] .03 .05 .30 .08 .04 o .03
Wing motion,| 0Y[8.8 [5.6[6.3 8.0 6.7 5.3 6.5 - % 5.8
degrees 18915.5 17.216.6 6.3 8. 6.4 5.0 [ 5.7

Figure 7.~ Effect of various modifications of a fixed slot on the lag and rolling moment due to an
adjoining retractable spoller.

L
.

0.303

0.035 —

k7 4°°)|

~-0.10

_.-Gap, 0.043

Note: All Aimensione are
fractions of ochord

0.380

S8lot |Bottom|Slot

a |sealed| open |[open

, Q01 0.30 [ 0. Q.01
segond 169 0.50 | 0.35 [0.02
Wing motion,| 0°] 6.0 4.5 3.7
degrees 15°( 4.5 4.6 14.0

Figure 8.- Lag and rolling moment dus to & slot-lip aileron at 0.30 ohord with a special-shape slot
of slot gap 0.043c and slot width 0.086c with the slot both open and sealed.






Tig. &

E.A.C.A.

f—— 0.308

0.338 — 8lot —
4< width 4 Note. All dimensions are fractions of chord
T T 1 10
Angle of attaok = 0°
el -+
T~~1+
i T 8
T
! B -
' b H
Wing movement &
| i ©
[ I { 6o
A Tull deflesction O One-half deflection o
g
8
.4 i 4 §
E X £
g \ =
®
- 2 2
? \- r Lag
®
N
5 4 ° o d
o & A y o
0 3 4 8 8 10
8lot gap, percent chord
I | I [ ]
Angle of attack = 18°
= + 6
-1
~resolo
R . =0 -
P Sl I ©
P + ©
k Wing movement [+
4 43
g §
[7] *
H 8
- o
-3 3§
sf < Lag 80
© had
] N2 =
: a \hA_ q
[+ [¢] o
0 2 4 6 8 10

8lot gap, percent chord

Figure 8.~ Effect of slot gap on lag and rolling moment dus to a forward retractable spoller
used in conjunotion with a fixed slot adjolaing the aileron.






H.A.C.A. Fig. 9

€y = 1.00 = 0.10c ————>
— 0,30 ——
k—0.80
0.05_|0.10
T
e ll -------
t + + + — A
N 2 =
0.36 [©~--0,30 station
s :

0.23|
Op. = Hinge moment
by qcfi‘

Whers o4 is overall ajileron ohord,
by is aileron span

.8
+ T -~
Sy 17"~
fnd ity -~
a — ] S
o 4 SN
e e Nt
8 - \‘*\ ~=-
3
bl
8 go—I
S .
8
o
2]
g = “-1"::—'_:
0
! - -
p | Angle of attack = 0 M
o i
!
-.3
6 + 0.05 axis
o o .10 *
a & "
] TN o .3
& NN -——--x ,05 " Dback 0,05 |
\\ “-r-__‘__*_
4 Py, (S
. =<
'5‘ '\}.\ \\\:\\
) T &\
> ~
b1 ~
o N
§ ot SN
Q . " e~y \\
E r\\‘;\ : >
N\
1]
(<]
L ~
H o \L\\‘\ >
o \\ Y
g Angle of attaok = 15° Mo B 3
1 So
¥
2.3, | ~ .
-.4
-80 ~50 -40 =30 -30 -10 0 10 30 30

Aileron deflection, 84, degrees

Figure 9.~ Hinge-moment coefficients of & slot-lip aileron at 0.30 ohord with & speolal-shape
slot of slot gap 0.042c and slot width 0.066c with various aileron hinge-axis positions.






N.A.0.A. Fig. 10

— 1,00 = 0.100 — T T
TL ]
F B
1) ‘ !
. 4 = [
» e |
g .
° \ \l
ol
ol !
e .3 : i
o3
2 | AN
s — e ‘, %
] "
] e
8 I~y L~
10 , vl %
¥ Angle of attack = 0° N\i:ji::;’ S
: |
-.3
.6 ]
O 0.013 Plate
A 0,039 "
s . S N
o
4a
1)
-
o
3 S
o .3 ‘ ‘\
-
>~
% | ) I % h\l\
8 N
»
g 0 ¥
8 Angle of attack = 15° —
) :
g |
-.2 —
i |
o
. .
-60 -50 -40 -30 -20 -10 [o] 10 30 30

Alleron deflection, SA, degrees

Figure 10.— Hinge-moment coefficients of a slot-lip aileron at 0.30 chord with & slot with
a straignt front wall with a clearamce of 0.026 aileron chord and a slot gap
0.042¢c and elot width 0.066c.






N.A.C.A, Fig. 11

0.081

0.0685
0.013—"-—*‘ F,aO.:&Oo station

1.00 = 0.100
.8
-t ;\
& "*-~=~““
- . N
Fed
; \& ]
: \L_:ﬁ?\‘
a —3
~
2 .3
: Angle of attack = 0°
d
o
]
ﬁ S
0
? ‘B\
=
-.3
O 0.078 clearance, 0.013 plate ]
A 078 . .065 "
o .078 . .081 "
.8 x .0% — * T— .065 | "

Angle of attack = 15°

/

Ringe-moment coefficient, Gp;

0
\
-.3
-4
=60 =50 -40 ~-30 ~30 =10 0 10 20 30
. Alleron defleotion, 64 , degrees
Figure 11.- Hinge-moment coefficlents of & slot-1ip aileron at 0.30 chord with a slot with a

straight-front wall with a olearance of 0.078 and 0.039 aileron ohord and & slot
gap 0.042c and slot width 0.066¢.






N.4.C.A. rig. 18
0.117
0.013 - I-— Lo_‘}i,l‘_,o.soc station
U — — _
0.13
1.00 = 0.10¢c

.6
A S
© 3 \\
- P
g — \
3 ~
had
be . '\_?_ﬁ\\
[ ]
o ° <\Q§§
o
g N
g - =y —
a =
] Angle of attack = O :==~*
] 0 -
2 == SS
A
o —

-2
.6

O 0.013 plate

AL\ A 17 0*
(!\ \‘
\ | —

4 | [~

. Pe— T~
[a]
A
154 N
8 \
i, N
B
5 \\'%
B
-4
© Angle of attack = 15°
)
Q
g
7
) N
H N
-.3 \
-.4

~60 -50 ~40 =30 -30 -10 0 10 20 30

Figure 13.- Hinge-moment ocefficlents of a slot
aetraight front wall with & olearano

slot width 0.086¢c.

Aileron deflection, §i, degrees

~1lip aileron at 0.30 chord
e of 0.13 alleron ohord and a 8lot gap 0.043c and

with a slot with a






N.A.C.A. Fige. 15.14,16 18

i 0.384 k 24 5 ™~0.10
P l

,-~""-8lot gap Note: All dimenaionse are
fractions of chord

3
pun}

{ ! T~
K 0.238 *—— 8lot gap/c 0.043/0.039/0.019/ 0.011]0.019(/0.019
v ot width/ ,08810.088 5.0861 0,086 0.051/0.040
Slot width- ag, a=0Q% 03] ,08 [ ,02[ .05 ] ,06 1 .05
gecond v =1 .04 | .04 | 057 ,08 | .08 .18
Wing motion).= 097 4.0 3.6 (4.1 (4.8 (3.6 |3,
degrees .=15°4.1 |4.2 [4.6 (5.1 [4.1 (4.0

Figure 13.- Lag and rolling moment due to & slot-lip allerom at 0.30 chord with a slot with & straigns
front wall with a oleuafxoe of 0.078 aileron ohord with several slot gape and widths.

k sk 27T
0.383 T/ 7 “ 0.100 Note: All dimensione are
T Slot gap fractions of chord
—
\ . )
k‘r~>1 Gap 0.03¢ 0.03%
Slot width-~ [dth .Q5¢ 0.08¢
Hinge 0.050,/0,05¢,[0.100,10.30¢,]0 . 30¢
ag, d = 051 0.04 [¢] [o] 0,03 0.04
seocond . =180 .06 .03 .04 .0 « 04
Wing motion,| - = O 4.1 4.1 3.1 3.8 3.0
degrees « =15°] 4.6 5.8 4.5 4.5 4.5
Figure 14.- Lag and rolling moment due to a slot-lip alleron at 0.30 chord with two slot gaps and
widths and various hinge axes.

PNy
0.54 >1ek\/*%3~’\ 0.10 Note: All dimensions
[ are fractions

-%{,—‘Slot gap of chord

i
|
ki p—
Slot width- - 1
(
: <..0.02R
Slot Gap 0.03¢c 0,03¢c
closed Width 0.05¢ 0.04q_
Hinge 0.05c,| Hinge Q.05c,l 0.20c,10,05¢cs
Lag, a = 00 0.14 0,03 0.08 0.04
gegond « =169 .20 .06 .05 .08
Wing motion, - = Qg 8.0 3,8 3.0 3.8
degrees w=]lB 4.5 3.5 3.0 3.5

Figure 16.- Lag and rolling moment due to & slot-lip aileron of 0.55 chord with 0.061 aileron chord
clearanoce with slot gap 0.03c and width 0.04c and 0.050 with two different aileron-
hinge axes. . .--.

AR T
\‘/77K 0.10 Note: All dimensions are
/// oo Slot gap fractions of ochord

. )
N\
L—"—/ ’] Slot Gap 8.3:650 0.8;0 g(o)#_
{ ¢losed Width 0.06¢ | 0,Q07¢ 0%
Slot width e 0.050,] Hinge 0.05¢,] 0.050,]0.300,
Tag, & = 00 EE_c>'.3§ A 0 0.02 ] 0.0
second « =15 .70 A2 .04 .05
Wing motion,- = QO 3.3 1.3 1.3 )
degrees « = 1B 5.3 5.0 5.1 5.4

Figure 18.- Lag and rolling moment due to & slot-1ip aileron at 0.10c with 0.078 aileron ohord
clearance and various slot gapa and widtha.






N.A.C.aA,

}«—o. 17 > _--0.30c station

.08

<

0.10 _.]
K—0.30

[ 0.30 —>

— k— 0.078

k——————— 1.00 = 0,100

Fig. 16

i O
\I:\*/;:i>§+
\A\ ___JP\

Hinge-moment coefiicient, Chl
o 2 ;

Angle of attack = Q°

COoOoOw
WA
=2 = 3

op O+
IRk

SRR\ N
—

7
i

o

A

Hinge~moment coefficient, Chl

Angle of attack = 15°

TN

[

]
0

~

]

-50 ~40 =30 -30 -10 [
Aileron deflection, §,, degrees

10

30

30

Figure 15.- Hinge-moment coefficiente of a slot~lip aileron at 0.30 chord with 0.078 aileron
chord clearance with slot gap 0.03¢c and width 0.08c with various alileron-hinge

axes.






N.A.C.A. Fig. 17

1.00 = 0,3
--0,560 station

’V__ BN
.6 -
- T
a
[&] +
- *I\
-
o T~
: \‘f\ \T
© ~__|
fal
s l’\\%\ \+
8 .2 +
o -
L
g —
§ —
e O y——
i
Angle of attaok = 0°
-.3
B
S e
4\\+ z 10% .
4 t o ]
+
AL\‘\*T\ \'\+
—
[
6:1 23\ '\“\ | \
- —
5] [~
ha M T
g
e
3 0
131 ¥y N
-
g I ¥
o \
§ Angle of attack = 15° 3@
é-—.z
g
-l
=
~4 %0 -50 40 -30 -30 -10 0 10 20 30

Alleron deflection, 84 , degrees

Figure 17.- Hinge-moment coefficlenta of a slot-lip aileron at 0.55 chord with 0.078 alleron
chord olearance with slot gap 0.02c and width 0.05¢ and various aileron-hinge axes.






N.A.C.A. Fig. 19

.6
6'; >~Q>\\
g_.4 I ::::\\\\Y__,,::::::::
.‘2 . I \T\\‘L/ \0
g ‘}\\\\\\\\ﬂL\\\N~\_7 ;::\
g N
Z Y S.
Angle of attaok = 0° ~3
-.3
B r—
i — ;lg; axis
'4{)\ = — r/,/:\ A3% -
g I i e
g E . /\1\
: —— RN
g3 R - <
§ TN S
§ Y -
g
\
g-,a Angle of attack = 15° \\\ \\
3 ANEN
N

-4
-80 -50 -40 -30 -20 -10 0 10 \ao 30
Aileron deflection, §,, degrees

Hinge-moment coefficients of a slot-lip alleron at 0.10c with 0.078 aileron chord

Figure 19.-
clearance with 0.04c gap and 0.07c width and various sileron-hinge axes.






