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NATIONAL ADVISORY COMMITTEZ FOR AERONAUTICS

AUVANCE CONFIDENTTAI. REPORT

COLLECTION OF BALANCED-ATLERON TEST DATA

By F. M. Rcgallo

SUMMARY

Test data of balanced ailerons !.ave been collected frocm NACA
and British sources. These data, which are pressnted in the form
of charts, are groupel as A - allerc: 3 with Frise balarces, B -
ailerons with blunt-ncse balances, C - ailerons with intermal
balances, D - ailercns with contour uodifications, and E -
allerons with tabs. Results of flig.t tests and of wind-turmel
teats in both two- ani three-dimensicnal flow are presented but
no correlation nor résumé of the data has boen included. Résumés
are being published separately as completed.

INTRODUCTION

The demand for high rates of roll at high speed in combat
aircraft and the gcneral increase in the size anl aspeed of air-

planes of all types have made it necessary to provide very close
aileron balance, :

Provision of close balance at large aileron deflections at
high speed frequently results in overbalance at small aileron
deflections or at low speeds. In some installations, moreover,
an undesirable shaking of the controls has occurred under some
conditions of flight.

Many experimental investigations of ailerons have been mads
but all the results obtalned have not-been available to the
manufacturers and, in general, the results have not been corre-
lated nor suzmarized. A large amount of test data has been
collected herein for convenlent reference. These data are being
analyzed, corrolated, and sumarized vy the NACA; the results of
these studies are belng published separately as completed.

(See references 1 ani 2.)




. Teat resulta of btalanced control surfaces of larger chord than
Are gsnerally used for ailerons sre not included in the present
oollection but are collected in reference 3.

CLASSIFICATION OF DATA

' The present collection of data ie divided into five sections
a8 follows:

A - ailercns with Frise balances

B ~ allerons with blunt-nose balances
C - ailerons with internal balances

D - ailerons with contour modificatioms

E =~ aflerons with tabs

The perameters and eymbols used in the presentation of data

O it coeffioient .

Op drag ocefficient _ '
© wection 1ift cosfficient B,
°‘o section profile-drag coefficlent Ve -

Oh hinge-moment coefficient
Sy seotion hinge-moment coeffioient
0.

1* rolling-moment coefficient about axis in plane of symmetry of
complete model or airplans, referred to wind axes
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yawing-moment coeffioient about axis in plane of syzmetry
of complete airplane or model, referred to wind axes

pitching-moment coefficient

section pitching-moment coefficient about quérter-cborﬁ
point of airfoil .

helix angle of alrplane in roll
rolling volocity; also, statlc pressure
free-strecm static pressure

angle of attack

secotion angle of attack

angle of yaw

deflection angle

sspect ratio

ratio of tip chord to oot chord

wing span; also used with subscripts to dencte omtl
of wing

distance from plane of eymmetry to inboard emd of , . .
aileron

distance from plane of symmetry to outboard end of
aileron

wing chord; also used with subscripts to denote components
of wing

mean wing chord; also used with subsoripts to dencte ocom~
pomntl of wing
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At inorease of aileron trailing-edge thickness )
) 'b radius of juncture between bevel and control surface T )
{ ’ ‘ trailing-cdgo angle, included between sides which form trailing _ B
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q local dynamic prossure N
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Rosults of flight tests and of wind-tunnel tests in dboth two-
and three-dimensionel flow are presented. Some of the data have been
replotted and are given in a form different from that in the original .
source, Supplementary information on tho modele and on the teet oon- . nd

ditions 1e given in tadble I. This table also givee publiehed refer-
ences and eerves as an indox to the results presented becuuee the model
or airplane designation is given in the firet column of the table and




in the upper right-hand coerner of each page of model drawings or
test results. Some of the data have been corrected for tunnel-
boundary -effects. When such corrections have been estimated but
not applied tc the data, the estimated correction factors are
given in table I,

ATLERONS WITH FRISE BALANCES

The results of tests and the test conditions for models and
airplanes having ailerons with Frise balances are given in table

"JA and in figures Al to ABS. -The section characteristics of

three models equipped with Frise ailercns arc presented in fig-
ures Al tc Al3. In general, the ailercms tested did not seem

very satisfactory in the negative deflection range; that 1s, gharp
breaks occurred in the hinge-moment &.d effectivenesa ourves at
relatively low negative deflections. This characteristic seems

to be caused by separation of flow at the prouruding nose. ¥Fig-
ure A4 shows that such separation may be delayed considerably by
increasing the radius of the noso. A similar improvement was
obtained for the wileron of model A-VIII by raieing tho nose

but maintain’ng the seme nose radius (fig. A39). Thuo ailerons

of model A-IIT buffeted very badly over a large part of the neg-
ative deflection range (reference 6) and enly a few test points
could be cbtained in this region (fig. Al3). The results of tests
of variocus partial-spen wing models end complete airplane models
are presented in figures Al4 to A49. Flight test results aro
given in figures AS0 to AS6. The improvement cobtained dy increasing
the noso radius is again evident from figure A22. Figuro A24 shows
that a high pressure peek can be expected at the nose portion
which protrudes below the lower surface even though the nose radius
is relatively large. The buffeting tendency of Frise allerons was
again evident in the tests of model A-VI (reference 7). The
deflections at which oascillation ocourred are indicated in figures
A27 to A34. The characteristics of the ailerons of this series

of tests were improved ty bulging the lower surface or by attaching
a slat to the aileron nose. The esame modifications were found to
roduce aileron buffeting in the flight tests of airplane A-XII.

In comnection with this series of tests, 1t was pcinted out that
bulging tho lower surface may bec unsatisfactery in seme installaticns
because it increeses the downfloating tendency of the aileron. The




buffeting tendency of the ailerons of airplune A-XV was almost elim-
inated by slightly reducing the maximum negntivo defleotions, Prac-
tically no loss in effoctivenoss accompenied this alteration.

ATLERONS WITH BLUNT-NOSE BALANCES

Data pertaining to the tosts of modols lhaving ailerons with
blunt-nose balances are given in table IB and in figuros Bl to B43,
Seotion characteristics for two models equipped with blunt-nose
ailerons are presented in figures Bl to Bl4. The blunt-noso allerons
on an NACA 23012 airfoll seemed to be moro sautisfactory than similar
ailerons on an NACA 66(215)-216, a = 1,0 airfoil; that is, tho values

of {dop/38, . 2 (Bohlaa.)aa were oloso to zero and the unstalled

defloction range was greater for the NACA 23012 airfoil. Increasing
the nose redii rosulted im a slight loss in (dAc, /33, P and a slight

negative increase in '(aoh/aaa)u ‘for smnll deflections but, because

the ailerons with small noso radii tondod to stall at lower doflections,
the maximum values of Ao; were usually grecter and the corresponding
hinge moments were usually lower for the ailorons with larger nose
redii. These characteristics may also be noted from the rosulta of
tests of blunt-nose ailoroms on oconventional and low-drag wing models
of finite mpan as given in figures Bl5 to B32, Tho peak pressures

that occurred over the noses of ailerons of this type wore relatively
high, as may be seon from figure Bl7, That the effectiveness of allerons
with blunt-nose balances was greater than the offectiveness of rlain
unbalanced ailerons is indicated by figure B19, The results of tests
of a blunt-nose ailoron on a complote eirplane model are given in fig-
ures B33 to B43., The effoots of oontrolling the boundary-layer thiock-
ness by fixing the point of transition and tho effocts of moving the

hingo axis rearward to obtain & higher dogroe of balanco may be obtained
from these results.




AITERONS WITH INTERNAL BALANCES

Data portaining to eilerons witk internal balances are
given in tablo IC and in figuros Cl to C89, Section character-
istics are shown in figures Cl to C33; data for finite-span
models 'in figuros C34 to C77; and flight data in figures C78 to
C89. Many of these data havo been analyzed and summarizsd in
referonce 2 in vhich a discussion is given of the balance roquired.
The effects of changing the vent location, tho surface contour at
the vents, or the amount of leakage across the seal are also dis-
cuseed and it is shown that those modifications may somctimes be
utilized for adjustmont of the hingo-moment charactoristics. The
impobrtance of leaksge cannot bo overciphasizod. The reoduction of
ailoron rolling-moment -effectivencss due to lecskage may be incon-
soquential but a leakage area of only two-tenths of the vent area
may reduce the offectiveness of the internal balance by 30 percent,
as shown in figure 7 of roferonce 2. The effects of varying the
length of the fabric seal and of varying the shape of tho balance
chember near the seal may sometimes bo important but these effects
cannot bo determined from tho data now available. An investigation
of these variables, howover, is now uuder way.

AILERONS WITH CONTOUR MODIFICATIONS

The material presontod in table ID and in figures D1 to D60
includes data on several contour modifications that reduce hinge
moments - such as bovels, bulges, and increased profile thicknoss -
and also data on sevoral oontour modifications that incroase
hings moments - such as trailing-edge strips, incroesod alleron
chord and span, and decroased profilo thicknoss. Section chorac-
toristics are shown in figuros D1 to D17; data for finite-span
models in figures D1E to D54; and flight data in figuros DE5 to
D60, A preliminary correlation bas been made ¢f the effect of
bovels at small doflectione of scaled control surfaces (referenco 1).
The corrclation was made on tho basis of the included angle botween
the upper and the lower surfaces at thc trailing odge and included
most of tho data for sealed allerons j;rosented in figuros D2 to D39,




The improvement in offoctiveness and tho mwro nearly linear hinge-
moment ourves obtainable by sealing the ai’uron gaup whon a bevel 1s
usod are shown in figures D22 to D24, D34, and D39,

The data on bulgod or.thickened aileron profiles shown in fig-
ures D46 to D48 were obtained on an unsealod Frise alleron. Tho
effoct of the changod profilo wns correlated in roferences 25 to 27
with the maximum amount of the change in profilo thicknoss and its
position along the aileron chord as parametcrs. Tho effoct of a
hollow or a thickenod profile on a plain scaled ailoron ia shown in
figuree D2 to D7, An unsymmotrical bulge or bevol (figs. D30, D35,
and D47) or a refloxed trailing edge (fig. D17) mey be usod to give
an upfloating or a downfloating tendoncy; thls effoct may be doslr-
ablo if tho ailoron has a difforential lini.ago.

Tho aileron-contour modifications previously montioned provide
balance by utilizing the difforonco in tho houndary-layor thickneoss
ovor the upper and tho lowor surfacos of tho rear portion of the
airfoil in such & way that tho lift ovor this portion 1s altered.
The aileron effectiveness as indicatod by the statio rolling moments
will thus be reducod whon a bovol or bulgo is usod. As is pointod
out in reforcnce 1, tho loss in rolling powor of an ailoron will
bo less than tho loss in static rolling moment indicatos, howcver,
boecause tho damping in roll is also roducod bty tho bevol or bulgo.

Tho results of flight tests of several unsoaled-ailoron arrango-
monts on & fighter airplane are givon in figures D56 to D60. The

offecta of using large trailing-edgo anglos and of fixing trans-
ition are shown.

The modifications shown in figures D17 and D49 to D54 are
ntonded to increare the Yratio of the hinge-moment parameters
tbch/&x.)aa and (D(}h/&a .«,Analysis showo that increasing the
" 0y, /da 8
poaitive value of tho ratio 2 will tend to lighten stick
forcos during rolling. 9C/0%, a




ATLERONS WITE TABS

The reasults of tests and the testu conditions for models and
airplanas having allerons with tabs are given in table IE and in
figures El to ES3, Section characteristics of tabs on two low-drag
airfoils are presented in figures El to E7. Characteristics of
ailerons with tabs ou a number of semiaspan and full-span models
are presented-in figures E8 to E46, A falrly large range of wing
soctions, tab chords, tab spans, aileron chords, and allsron balances
1s covered.

A fair amount of data for tabs ou. ailerons with thickened end °
beveled trailing edgos is inoluded. Tubs on such ailercns, unfor-
tunately, are most effective in produv:ing alleron hinge moment
vhan deflected in the asame direction &s the allvron, Figure E30
shows a decrease in tab effectiveness OCy/33¢ with increase in
trailing-edge angls. o

Data from flight teats of an alleron equipped with &4 spring
tab (fig. E47) are shown in figure E48. Because ths ‘srring unit
was preloaded, the tab.did not deflecb until the stick force
exceoded approximately 91 pounds. - Both .alleron and tab were mass-

balanced. Severe flutter was experienced when play daveloped in
the tab linkage. This phenomenon is not peculiar to spring,tab
but may occur with any tab linkage having backlash.

Characteristics of an airplane having allerons with bevelqd' 5
trailing edgos are shown in figures E49 to TS3. For the balancing-
tab tests (fig. F52), the stick travel was inadvertantly set at
18 inches instead of %2 inches. As a result, {igures ES2 and FE53
aro not dirsctly comparable. - Information preaented in figure BSO
for balencing tabs in operation has been corrected to a stick
travel of £9 inchea.

Langloy Memorial Asronautical Laboratiry,
dational Advisory Committee for Acronautios,
Langley Field, Va.
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Figure Al - The J8.5- scale model of a tapered low-drag wing.
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Fi Al8-The COMMITIEE F
igure - 04 -scale model of @ tq . X U'Mlmn'um
LMAL Rty 1O-Fool Ewnel, @ tapered low-drag wing,

Hinge axs
Inboard end of avieron

Hinge aniy
N HUMAL ADVISDRY
COMMITIFE SOR AbRNNANTICG

Outboard end of aileron
Figuwe Al3. - The O295¢c, balance Frise aderan on the
O#-scale model of a tapired flow-drag wing.




(6) Modified.

NATIONAL ADVAORY
COMMITIEE FOR AERORAUTIC

Figure A20-The G#0c, balance Frse aileron on the af-
Scale mode! of a tapered low-drag wing.
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Figure A35-Plan (orm of sernispan wing rnodel
and profile of Frise aileron.
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Figure A37-Planform of wing of Yi3-scale alrplane model.
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Figure A45-Plan form of wirry of C375-scale airpkine model.
NACA 19-foot pressore Lonne/.

NATIONAL ADVISORY
COMMITIEE FOR AERONAUT I~
Figure A46-Typical cross section and deflecled positions
of 0.375-scale airplane model
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