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WIHD TUNNEL INVESTIGATION OF iA SPOILER- SLOT AILERON

LRI - -

ON AN WACA 23012 AIRTFOIL WITH A FULL SPIN FOWLER TLAP

By ¥. H. Rogallo and Bartholomew S. Spano
SUMMARY

An investigatlion was mado in the NACA 7- by 1l0-~foot
wind tunnél of a spoller~slot alleron on an NACA 23012
elrfoll with a full-span 30-~percent-chord Fowler flap.
The static rolling, yawing, and hinge moments were deter-
mined and are presented for several angles of attack and
flnp deflectlons,

The ckaracteristics of the spoiler-slot alleron of
the present lnvestlgation are essentlally the same as those
of the same device on the airfoil with a full-span HACA
slotted flap as tested in a previous inveetigation, Up-
rigzlng the allerons, howover, as the flap le cdeflected may
be desirable, The test results indicate that the spoller-
slot alleron will provide acceptable lateral-control char-
acteristics for airnlanes with full-span Fowler flaps.

INTRODUCTIOXN

The NACA 15 invostlzating many dlfferent types of
lateral-control device for use on wvwings with full-=span
high-11ft flaps. Durlng the early daye of the investliga-
tion, full~span split flaps were employed. One of the moset
promlalng arrangements develoved was the plain alleron and
retractable split flap. (See references 1l and 2.) In a
- more recent investlgation, wind-tunnel tests were made of
plaln allerons on an alrfoll with a full-span flap conslst-
ing of an inboard Fowler and an outboard retractadle splilt
flap. (See reference 5.) This arrangement .is to be flight=
tested 1n the near future, '

‘Wind-tunnel tests have also been made of plaln and
s8lot=11lp =zilerons on an alrfoll with a full-span NACA slot-~
ted flap (reference 4) and on an airfoil with a full-span
flap conglsting of an 1lnboard Fowler and an outboard slot-
ted flap (reference 65). At loast onc of these arrangements
1s soon to be flighi-testod.



Another promiesing devico developed in the wind tunnel
is the spoller-slot or plug-type alleron, (See reference
6.) This device 1s rather usnconventlional strucpurally but
provides a lateral-control system that appears to be as
simple mechanically as conventional allerons, It is now
belng dullt £5r flight-testing on a wing with a full-span
NACA slotted flap,.

In the present investlgatlion, wind-tunnel tests were
mede of a spoller-slot alleron in an alrfolil with a fulle
span Fowler flap. Static rolling, yawing, and hinge mo=
nents were determined at several angles of attack and flap
positions,- . .

APPARATUS AHD WETEODS

The tests were mmade in the HACA 7- by 1l0=foot wind
tunnel at a wind velocity of about 40 miles per hour (test
Reynolds number 1,6500,0C0) on the 4~ by 8-foot NACA 23012
semlispan nodel used in the investigntion reported in refw

erence 6, The nodel’ was nodified for a 0,30cfull-span
Towler flap es shown in figures 1 and 2, The Fowlqr flap,
which has e Clark Y airfoil section, wrs so deflected that
the nose polnt woe 1,5 percent of the maln airfoll chord
below the tralling odge of the main alrfoll. Tho spoliler-
slot alileron of this lnvestigation 1s the samo ns nrrango=-
ment B of reforenco 6 except for larger clearancos of
the aileror in the slot.

Calorlations of the rolling, yawlng, and hinge mo-
ments woro simller to thoso of reforonco 6, The values of
11ft coefflcliont wore computod from tho outboard vortical
roaction moasurcd in tho turnel. In the computatlions .a
latoral center of prossurc at 0,45 somispan was assumod,

REZSTILTS AXD DISCUSSION
Tho following symbols are usod in the presentation of
results:
o)
Cy. 11t coefriclont EE

[ ]
C;! rolling-moment coofficiont —E—
qbSs



-y -

B
Cn! yawing-moment coefficiont EEE

a  oiloron hingo momont, inch-pounds at 40 milos
por hour .

c alrfoll ochord

b twico:spnn of half~span modol
.L | twlico 1lift of half~span model

s twico aren of half-span modol
L .rolling momort about'wind axls
ne yowinzg moment about.wind exis

q dynamic preseuro of alr stroan

o! uncorroocted anglo of abttock

A posltivo valuo of L' or Cz' corrosponds to o

.docreaso in 1i1ft on tho modol and a positive valuoe of K!

or Cp! corresponds to an increaso in drag on tho modol,

A downward deflection of the ~lleror 1s consldered posi-
tive and hinge moments are considered positlive when they
tend to deflect thg nileron in n positive direction, as in
the canse of conventional allerons. Twlce the actual 1ift,
area, and span of the nodel wore usod in the reductlon of
resulte because the =odel represents half of a conplete
wing, ¥No correctlons have been nade for tho effect of the
tunnel walls. Such corrections may be rather large for
the model inetallation used in these tests,

The rollling-, yawing-, and ninge-mnoment characterise
tics of the spoller-slot alloron at varlous argles of at-
tack and flap deflections are glven in figuro 3, Tho posBe
itive deflection range of tho amalloron produced a small
adverso rolling-moment coefficient, which, in tho complote
systen, would docroase tho nat rolling-momoent coefficient,
Thoe posltivo doflectlion range.is usoful, howover, for .counw-
toracting the hingo monents produced by tho nogativo de-
flection rango., (Sco rofaruvnce 6.,) Thoso results aroc os-
sentlally the sam6 as thoso of the samo dovico on tho alr-
foll with a full-span FACA slaottod flap as roportod 1n
reforence 6, with tho oxcoption that tho miloron appoars
inoffoctive at low doflooctions, particularly with the flap
dofloctoed 40°,



o)

Unpublishod data of flight tests of comewhat sinilar
lateral-control devlices Ald not show tks ineffectlveness
et Buall deflectionas that appeared 1in the wind~tunnel
tests of those Aevices. ITf the inaffectlve reglon (fig.
3(c)) appoers in tha flig:ht tente, 1% may be desirable to
uprlz au‘odaticély tle allerons sbout 10~ when the flap 1s
defiected 40°, in accordance with tiie sugzestlon for the
snlit-flap arrangeuent inr reference 6, The yawlirg-nonent
data of figure 3(c) indizate thet %ho drag incurred by tiho
reconnendoé unriggiag night not be dotrinental, A syrstoen

onploylng tho spolilor-slot allorcn and full-span Fowlor
flap (with tko roconnonded provislon for uprigzsing tle
allorors 1f necessary) anpoars *o bo natirfactory on tho
basis of wind-%unnel tosts prosontod hoeroin,

The steop slopes of thoe hingo-nonent curvos noar neu-
tral (fig. 3(b) indizseata Shat thc allecron consrol will
feol stiff ot siiall dofloctiona. Thoso stoop slopos aro
charncteristic of th. alloron arroangoneant tostod (soco ar-—
rangoment ® ia roferonce 6} and naoy be avoided .1f tho aller-
on 1s go constructod &s ot to proJJoct .fn Tolow the lower
surfaco of the oirfoil. (Seo nrranzonont L, roforonco 6,.)

Yo lag tosts woro nado 1n thils Invostigntion; tosts
of roasoandbly sinilar dovicos {reforenco 7} showod tho lag
to bo not teo sroat for satlsfrctory oporatlion,

An 1llustrativo oxzaanlie of tho opplicrtlon of tko data
to n complcto nirplauno 1lnstnllatlion 1eg omlitod from thlg
roport bocauso of tho closo sizllarity of tho datn with

thoso of roforcrnco 6 In wilch an 1llustrativoe cuinoplo was
glvonr,

CO.ICLUSIOHE

Tro characteristlies of tho spollor-slo’% agllcron on tho
alrfoll with n full-s>en Fowlor flad ne tcetod in tho pros-
ent investlgatlion woro substantinlly tho snuo as tho pro-
viously rorortod charachoristics of this dovico on tho alre
foll with o full-spar NACL glottod flep, with tkhe oxceop=—
tloz that tho nlloron apncoars inoffoctivo at low defloc—
tlons, partlcularly with the Towlor fieop doflocted 40

Tho inoffoctlvo rosgion, -1f presont in flight, could
bo eliniantod by a provision in tho alleroxr linkago for
autonatically unprigzzing tho nllorons as the flap ls deflocted,



),

If flight tests provo that tho spoller-slot alleron
1s eatisfactory in combinntion with an FACA slotted flap,
1t 18 recommended that flight tests bc made of the device
in combination with a full~span Fowler flap 1in order to
realize the hlgh naxinup 11ft that thie flap should provide,

Langley Memorial Aeronnutiecal Laboratory,
National Advisory Conmittee for Aeronnutics,
Langley Field, Va.
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Figure 1.- Schematic diagram of test
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Figure 2.- 4 0.37 b/2 s

poiler-slot aileron on an 8-foot semispan NACA
23012 airfoi

1 with a 0.30c full-span Fowler flap.




30
Dovn

20

10

0
(c) Flap deflected 40°.

-10 »

~20

-30

-40

-50
%eg

=60 y;

20 p'ndd

10

Aileron deflection,
(b) Flap deflected 20°

-40  -30 -20 -10 0

-50

Up

, A\ ISR <
“ =RIEDE Lo yia )
@ P i | [1] IV \
[ ) \ VIAY
B o~ pe YRR _
8bolaba A Y|
4 «\hmwxxi\\\\WMU\\J
NildZ o .
1% )
N7, /AN
/4 I i VA ™,
7/ /AN /1
o [/ SZRN [/1]
T 7 17 /av
78 e [/ /A
, 7 / T Wi/
LA/ [ LA L L
: / _ . A I /
VESD I il NIRRT A
VAT L L T b (v |
\ \\ [ | SRR S EJAT A\
" so. 1
\‘1 delﬂwo ﬁmaualu /. ./
: \ Hobdoh 4 18 0 ola gf ] /yw
AT : v A |
{1 : i 7 :
) iy
7 4 4 f
Z) Ve / & A
V74 (] / v Zz 9, /
i1 y oyl f WP a N
/i ALY ) W / V/A A
/ V/ani /i / . ) il
ild 71 AN W/ 7 7 117
/ / [ W 4 / /Y|
[/ [ i / / i
WU IR IR TAATT ) [ 3
ydu oy ge q-ut \1o*querorsgeos \Uy‘quetargzecs udu gy 3e qr-+ut +19'quatorsyecs U3 *quatorge0s
‘Syquewon ePuly uoelry  Juemon-SUTIIOH gquemow-Surms) By ‘quewow oBuTy UOASTIV qUANOU-SUTTToY JusHoU-FUABE

{a) Flap retracted
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Figure 3.~ Aerodynamic characteristics of a 0.37 B/2 sppiler-slot aileron on an NACA 23012 airfoil with a 0.30c

full-span Fowler flap.




