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VIND-UTUIEL LEVATOPKETT CF L PLUG-TYPT SPOILER-SLCY
SLILIRCH 70 4 WIYG WITE A FULL-STAN SLOTTED FLAP
ATD 2 DISCUSSICH OF ITS LFPLICATION

3y Fronels . Rognllo and Rovert S. Swanson

SUMMARY

Aan duvestigation wes made 1in tle MACL 7- by 1lO0=foot
wind tuannel of soversl arzangereants of & nlug-iype, spoiler
slot 2ileron or an IMACA 23012 alrfoll with a fullespen
plotted flap, Ons arransemsnt was also testod on a wing
with a full-gsnan s»nlit flap, The plug-irre alleron is es-
sontially o topered plug that fits into n slot through the
wing so as %o ccaform to the origlnel oxternal wing cone—
tour wien in tho noutral position, Wkhoen dofloctod, the
plug projocts Lfrom tho unper surfaco of the wing ac a
spoller, ot tho snme tiue losvirg a elot through the wing
bohird the spollers Tao static rolling, yawing, and Ziingo
noucnts waere Aoternirod ard arec proronted for sovarnl an-

gloe o0f nttaeclz nnd Tlap dofloctiono,

Ton resnlto Indiecated th~t ~ nlug-type, epellor-slot
aileron nrotrbly hng ropligivlo drag 1la tho novtrnl nosl-
tion nnd will j;rovidic sntisfactory laternl control for aire-
rlanoe oaulpynad with fullespan slobted flaps. Tho anlloron
wion loentcd np testecd wae unsntisirector; for ueo on a wing
with o fullespan split flap dut may bo antisfactory 1f up-
rizncd ndoout 10% whon $he flap 1s dcflcebed ox if loentod
noarcr tho tralliag odgo.

Tho applicention of this alloron to a pursult-iypo nire
plano 1s cecaslderod nnd tho resultant charsctoristlce oro
ostinmntol, TFlight tosts of tho dovico ox nn alrplanc with
2 fullespan slottad f£lap aro rocommcndod,

IRTROIUCIION

Tho TTACA Lins rocently underta'en an extensivs investi-
gatior for tho murno=e of doveloping loterale~control de~
viees prinarily for use wiih fMmllesnan tralling-edso nigh-
1if4% deviees, In tho prosent investigation n spoiler-slot




nllercn hrs deon developod for usoc on a wing with o fulle
soan slotted flap. Sovornl different basic shapos of tlae
rilcroa vere testod 2t a sinzlo nngle o2f attnck of on rire-
foil with o £lop acutral and deflocted 240%; and sono nrre
rangemonts of tho device wore tested at severgl angles of
attacz with sthe flap neutral ond deflected 20°. 307, and
40%, Statiec »rolling, yaving, and hinge monents wore dotere
ained., ILag tests wers not considered nocossary docausne
previous tests of similar devices (refereneo 1) indicnted
thnt tho Jiag will prodatly de accoptable when tho covicos
arc laocrted rolatively necar the $roiling odjze of the aire
foil,

APPARATUS AVD HSTHODS

Al) tes*s wore madoe in tlho TACA 7= by l1lOfoot closede
throes wind tunnel (sco refaroncos 1 and 2) at an air spood
of about 40 uiles peor aour, corrosuonding to an olfoctivo
Roynolds nuaber of approximately “wo milllons, TPas tosat
set-up it showvn schematically ia Jigura 1, The aileron
was inztallod in the onter 0,37 /2 of a 4- by 8-Ioo%

TACA 23012 airfoil with & 0,27882 fullespan slotted Llap,.
The slotted-Ilap inctallation was tho inetallation desipg-
nnted 2-h in refercnce 2 and tho flep was onorated zlong
tie reconmondcd nn%tinum math, Ono eileron arrpnzeron% was
tosted with o 0,20c fullespan split flap deflectod 60°,
Tho alrfoil wae susroaded anrizontelly in $ao wiad tuanel
with tLo invonrd ond attachod to tlio Sunnol wall so as to
ginvlato the somisyan of a 16=foot wing, Tho attaehnmont
at tho tunnal wall rostrainod the znirfoil in piteh vut nod
in roll or yrawv, Tho forcos nocessary %o rostrain tho onte
board ond ol tho nairfoil weroc dotormined by mezns of 3he
rofular belance srstema. Tho 1if% of the airfoll with tle
aileron noutral wans connuted from tho vertical outboar? re-
cetion and the assumption that tlhe latorsl conter of pros-
sure of tho seuispan war 0,45 b/a from %ho Dlene of syiiioe
try. ©Tho rolling nomont was computed fronm %the differenco
betwoon tho vertical roactions mr%t the ovtboard ound of tue
airfoil witn tho ailoron neutral and dofloetod; the yawing
sonont wves determincd sinilarly fron the horizontal ronce
tions,

The® aileron wos nanually oyeratod by mcans of o crark
outsido tho %unnol wall noar tio indboard ond of tho model,
The aileorou hinge moments wero dotermined by moans of o
calibratod %orouo rold cornoccting tho aileron and tho croank,




Tho plug-type alloron 1s ossentially a tnporod plus
that fits into a slot through tha wing so as to conform %o
the original external wing contour when in the neutral Do
sition, When deflectsd, the plug prejeets from the upper
surfece of the wing as a svoiler, at the same tims loaving
2 slect throuzh the wing bshind the spoiler, Tho %two ailor-
on nrraingenents most completely teoted are slhown in figuxr
2. Skatches of other arrangomente, which wore prolimianiy
stops in the development of thess showa in figurse 2, are
given in tho figures that prosont tke test results,

RESULTS AFD DISCUSSICY

In tho prosentation of results, the following aymdols
are usod:

117t coafficlent (L/qS)

rolling-moment coofficicnt (L!/qbS)

rawlng-monont coofiicl ont (!'/qbs)

stlck deflection
nlloron dofloction
sticl: force 1n poundo

alleron hingo momont, inch-pounds at 40 nilos
per hour

alriell chord

twico thie 1i1ft on the half-span model
twico tho area of the half-span modol
twice tho span of the hali-span modol
rolling moment ebout wind axia

yYawing momcnt about wind axls

dynaric pressaro of alr stroan

uncorroctcd anglo of attack




A peceitive value of L' or Cl' corrasponds to n do=
ercaso in 1ift on tho model and a positivo value of I
or O0,' corrorponds to an incronsc in drepg ou tho model,
A dowavard doflcction of tha allorons is conslderod posil-
tive, as 1s tho caso of conventional alleroas, Twico tho
actunal 1ift, arca, and span of tho rodsl woro usad 1in the
roluction of results bocruso tlio wodol roprosents half of a
coxplete wiaz, as proviously ctabtod. Ho corroctlions have
boen made for tho coffoct of tho tunncl wnlls although it 1is
tecliovod tho corroctions rmay be rathor lerge for %thils set-
up.

Tho rcsulis of rroliminary tosts in which tho basie
shape of tho plug-itypo spoller-slot ailleron was varlod
over a “nirly wido range, includiag spollcrs without slots
(rotractnblo ailerons), nre proseated in figures 3 to B,
Thore torts were mnle wiih the airfoll set at 8% angle of
attoelr anéd wilth thie Tlap nsubzrel and doflected 40°,

An opening in tho lower surfaco of the nirfoll without
a slot complotely through the aivfoil {a condition truo at
nileron defloctione bolow 54° fov the dovice of fig, 3) had
little e¢tffect on the rollirg~ anld yavwing-momont cooffi-
clents, (Soe filg. 5.) At sileron doflections adove 540.
wiore 2 slot vwns nciunnlly oveaod 4hrough the sirfoill, an
increnso 11 rolling-rnonont coofficlent wns noted., Tho
rolling-nowont charnctoristice of %the dovices shown 1n fig-
ure & aro coasldorod unsntisfactory bocauneo of inoffoc-
tiveness at low ailoron deflections, particularly with tho
elottecd flap leflosted, Tho hinga-—rmomont characteristlcs
are unstable and therefore coneldored uncatlalactory.

A slot oven throwvsi the ~irfoil at all norative {up)
doflectinng of tha nlleron caused o marked 1ncrease in the
rolling-nornent ocoaf€ficlent, as shown in figures 4, 5, and 6,
ospocinlly ot low nlloron deflections whoro tho aspoller
alone is cliown to be lnoffective. In a provioue invasti-
gation of such epollere (reforence 5) thie roglon of in-
offectivencss wns n0% detoctold bocauro the low doflection
racso was rot iavostlgatod., In figures 6 and 6 a varia-
tion of slot widt:h from 0.C30c¢c to 0.,015c wns effoctad dy o
romoval of ths rear half of tho plug nnd a longthoning of
tho lovor rear 1liv» of the slot so thot in nll ecnsos the
slot wna tclosod when the alleron was noutrsl or doflccted
downward., Tho rolling- and the yawing-nonont characterie-
tica of *hcso spollar-slot coubvinations woro concidored
gonerelly ecatisfactory dbut tholr hinge-momont charasctorise-
tics nenxr the noutral position wore unot, Tho narrovest




basic shnpe {sce fig. 4) was chosen for further dovelon=
nant bec~usce 44 had the lowost hinge mouents nnd its
rolling~ and raving-rnoment charecteristics werv conslé-
erol as unticfectory as thosa cf ths taicker nilerone,

Somo detailed nileron alterations tlrt were nnde
solely %o iuprove tie hiange-moncnt characterlistics rro
ehovn in figuro 2, One of the mnost important nlterntions,
two Torma of which are siown in figwre 2, was to provids
air vents in the spolile= witi: Inlet openings that »rojoct-
cd volow %tha lewer surfaco of the airfoil when the ailoron
wvas deflocted positively, The purnoce of theso vonts was
to incroase negntively the hinge nonents of tac ailerca
whon nt moritive deflcctions by increneing tha pressuro in
tho chander bahind the opoilsr, Ia order to illustrate
tho effectivonoss of the vents in the ranzge dotweon
8, = 5° aud S, = 15%, {(in which rengo tho zolificetions

a

to *he top of tho plrg hald naglipgldle effect, ac shown in

fig. 7) tho hinge-nonent curves of figure 4 may e cctnvared
with thoso of figure 8,

Tha plates on the uwpper surfacze of 1
rangenenss 4 and 3 {see fif. 2) were tiltod and t
epoctively, so tuha% the trailing edge »roje 3
above tho nlrfoll contour vhen thks sileron v neutral,
This nodlfication, wiilch incrensed %he hinge =suonie pHOB
itively a% nezntive (uwp) deflections as chowa in fisure 7,
could casily be radc ae an adjustuond in o~ rractical in-
stallation. IIL tiho vlato wore hinged and its angls variod
by neane of a aunitadvle linkege tho hingo-uonsnt chavactor
igtices conrld Yo further nodificd.

ar-

T

The slotr or 3an ¢ througk the top of the spoller
(fiz. 7(a)) wore vrovidod to slininato the tumn in the
hinzu=monunt surve at very emall nogativo dcfloctiona. IF
tho slota orc undo anprecintly ilergar than troso shown in
Tiguare 2, howaver, thoy will decrenso thy cffoctivoncre of
the ailcron a2t low doflocticns,

Ir order to dotormino tho oifzct of more quiekly cx-
peaing: tho vont vhen tho alleron ig daflozted downward,
the plato P (fig., ?(?)) was romoval. Altkough romoving
this plate vas consildoerod denoiicinl %o the hiage-unonent
charactorigtiaos, it was thought vost to leavo the plato in
place to aveid incraasing tho drng of the alrfoil wiil the
pileron neuitral,

aristics
e proscniod

Rolling=-, raving=, and hinge-nonent charact
of the rileron arrangenonts shown in figure Z ov

o
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typical pursuit eirplano. {DPhose computatione can also be
dircct 1y cozpared with the couputations ef tie charscture
istics ol otaer laitsral-control devices fer uso on the =zane
wing witl full.span flaps, as glven i1 references 5 and 6.)
The goneral arrangensnt ef the wing 1: siiowxn in figure 11,

fullespen slotted flap of 0.20c is indicated altliough the
flap on tiie wind-tunnel :odel was about 0,25c, I¢ was ac-
guned tlnt alleron characteristics at a given flap lefllece
tien and 1ift coofficient aro independont of flap chord
over tlhie rango of flap cherds froun C.20c¢ to 0,30c. Zach
ailoron has n rpanr cf 115 inckes or 0,514 b/2, a2s sheowa in
fizurs 11, Cross soctions at tha indbeard and the ountdoard
onds of tho anllerons aro shown in figure 12; notico the ole
ternato eugge stions for plug construction, In either de-
sigr tlhio rear cpenings cf the vents should be within tio
wing contour with the aileron full cdown ani tlie uyper nlate
ehould Yo frso to be bont un., A schezatic diagran of the
alleron orerating linkage 1s shown in figure 1&; the angu-
lar deflections and the necaanical advantages of the aller-
ons rolntivo Yo the sticikk are shown in figure 14,

Tlie conputeld aorolynanic caarncteristics of tiie aller-
on systom (eno fiz. 15) are beased on tho ciunle bdut approx-
inately cerroct assuziptica that the rolliing- and tho yawing-

noniont coeificlionts due to the ailorons vary direct ly with
tho ailoror span, 11 percent of wing esenlepan, and with the
distanco from the alloron axis to the dewnsiroan edgo of
tho top foce, & distanco approxinately nroportional to tho
projoctlion a% any givon alloron doflection, in percentagoe
of the wing chorf et tho alloron., Tho section hinge =monont
was assuiod to vary diroct 1y with the wilth ef tho top faco
and with tha distance frorm tho alloron axis to the down-
stroan olsc of the top face; this variation wasindicatod by
an anal;rsis of the hirge-nement data of figuree 4, 5, and
6. T=ze nlloron-control characteriotics presanted cover tlhe
rango of 1lift coefficlents estimnted for the wing in the
tuanrol. (Soe Apparatus and Msthods for lift-coefficient
estination.) This 11ft range wns prodabdly greatsr than
could be realized on the pirplane, oven 1f the chord of the
slotted flap were incromsed to 0,25¢c,

The alleron-coutrol charactoristice givon in fizure
15 nay be diroctly conparel with taose given in roferences
5 and 6 bvecauee tho saze airplane was assuned in the threo
eets cf cornputatione, Althouskh tho zaxinun siick deflec-—
tion in degroes was slightly altered, the stick travel in
inchos wans the samne, At a 11t ceofficient of 0,17 with
the slotted flap rneutral, tho stickz forcoe on the spoilor-




slot allcron vere ostiuntod to be less than thoso of tho
0.10c¢ plair aileron for rolling-mouent coofficionts, O,
los han 9,022; at higher values of ¢;! the spolilor-
slo% 21lcron las tho higher stick fecrces Tho stick forcos
ine to tl.o svoilor-slot ailecror aprear to bo no ligher than
for 3 ors with plaiz allorons of sbout 0,15¢ (soc rofer-
onco 5) and theso forcos may Yo further rcduced by o do-
croasd in tho width of tlhe plug; 1%t may bo rocallod that
ono of tho obicctionp to a thinr-plate rotractaltle aileron
wasthe alucst ccanlote absence of acrodyramic hingo zoacnt.
(Soo roforeancc 4,) It shoull e pointad out, however, thet
ng the spciler-slot aileron thickness is reduced, the slot
wildth 1s reduced ancd the ésvice b2 tones lore nearly a I'Ce
tractable aileron, davice that wind-tunnel tests have
shovr S0 Le inerffectivae at low atlcoron defloctions. Thick-
nese variantions over %tho ranjo of the preosent tosts (s2e
fins, 1, 5, and §) a1d ot show aay reluction of ailoron
offoctiverces with rvluz *hickness (or slot width) at low
defloctions, If the cdovice is to 20 applied to very large
or vory fast nirnlanos, additioral tcsts s:ould to zado on

ailcrons designod %o give sanll stlck forces.

Exzont for tno somewhat high sticit Jorcos at iigh
spacd, Sic snoiler-slot riloron awnesrs tc be rorodynanic-
ally ns 5cold or batier thar any of the plain and tihe slot-
1ip aileron continatlons discusced in refereace H. lochane
ically, *lo spoiler—glot silercn allows an allercn linkage
systen far sluplsr than any discussed In refsrencs b. The
structural Ceeign uay prosent soe2 prodlens not encountarecd
in tho lecsign of conventional trailing-odge dovicos, btut
tho Cifficulties do not appsar to be rericus.

oluc—-type alleron nmust dieplacc sone alr
toving downward fron noutral, its action
ni & viecous danupor o cdasiipot. Thoro-
be innioreatly fros of alloron flutter, Uasil
teato sliow 1% tc¢ Yo unnocossary, nhowover, 2ass bale-
i1z roconrendod,

Tho daagoer of 1cing of the spoiler-slot ailloron has
teon volced as an objection, If the dcvice proves to Yo
otlierwiso acceptadlo, khowecver, 1t is felt that it uny e
ale rcasonadly fros of any icing Lazard by tho epplication
£ hoet or of de=icing fluid or by nskiaz fo20 of the ai-
aron parts of flexlble matorial so that the iec will bvo
roion off Ly contact.

o
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CCHCLUDING REHARI

The results of this investisation indicate that a
spoller-slobt aileron will provide satizfactory latoral
control on alrplanes equipred wlth frll-syran slottcd flavs,
3ocauso the alleron requires no large slots or oponings in
thoe wing when i1t 1s In tie noutral pesition, 1t siould be
accoptable for use on modern high.performance alrplancs,
Tho spoiler—-slot allecron located as testcd was coasidorod
unsatisfactory for vse cn a wing with a fullespran split
flap unless theo nllcron is udrigzed whenrn the flap ie do-
flocted, tut it may be sctisfostory whou loecatcd noaror
thoe trnillnz cdge. TFlipght toets of thoe dovico on nn alre
plane with a full~spen elottcd flap aro roconnonded,.

Langloy licnorinl Acroanautical Leboratory,
¥atlonnl Advisory Conrltico for Aeoronauties,
Langley Fleld, Va.
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CCHCLUDIKG RENARIS

The resulte o %this invastisatlion indicate thet a
spoiler~slot aileron will provide satiafactory lasaeral
control on alrplanes ejuippod with fullespan slotted Tlaps,
Bocnuso *tLe alleron requires x=o largo slots or openings in
tho wing vhea it is in 4Le noutral positicn, it should dbe
acceptadlo for use on modera high~perfsrnanco alrplancs.
Tho spoiler~siot alloron locoted as tostcd wne considorcd
unsatisfactory for uso ca a wing with a fullespaa split
flap ualoss the alleron is uprigsed vhon tho flap 1is do-
floctecd, tut 1t may bo satisfectory whon locatcd nearor
the trailinzg cdgo, Flisht tests of tho dovico on arn alre
plaro with a Tullezpan slettcd flap aros rocournonded.

Langloyr licrmorisrl Aoronautical Lebdboratory,
Xatilonnl Advisory Comnittoe for Aoronn~uiics,
Loagley Field, Va.
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Figs. 7 ,8c
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Fizure 7 .- The effect on the hince-moment characteristics of tilting or bending the upper
nurface rlate of an 0.7 b/2 spoiler-slot afleron or un NACA 23012 wing witn
a (.25662 full-opan alotted flap. Arrancement 8, a ,19, Cp ,C.15. Flap neutral.
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Figare 11.- wing arrangement of the spoiler-
system for 8 pursu
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rplane. Effective stick
%240,
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Stick deflection,bg.deg
Figure 14.- Spoiler-slot atlzron-control linkage character-

10

istics for a pursuit-type ai

length, 21l inchesy maximum stick deflection
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