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NATIONAL ADVISORY C0MMITTE3 FOB AERONAUTICS 

ADVANCE CONFIDENT!!!, REPORT 

COLLECTION OF BALANCED-AILERON TEST DATA 

By F. M. Rcgillo 

SUMMARY 

Test data of balanced ailerons '...v-re  been collected from NACA 
and British sources. These data, vhV.h are presented In the form 
of charts, are grouped as A - a 1 Lore • with Frise balances, B - 
ailerons with blun'--ncse balances, C •• ailerons with Internal 
balances, D - ailerons with contour  liflcatlons, and E - 
ailerons with tabs. ResultB of flig > tests and of wind-tunnel 
tests In both two- and three-dimensi< .il flow ar« presented but 
no correlation nor resume of the data has been lnc'.uded. Resumes 
are being published separately as completed. 

INTRODUCTION 

The demand for high rates of roll at high speed In combat 
aircraft and the gcnei-al Increase in the size and speed 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 sc:..^ Installations, moreover, 
an undesirable shaking of the controls has occurred under some 
conditions of flight. 

Many experimental investigations of ailerons have been made 
but all the results obtained have not been available to the 
manufacturers and, In general, the results have not been corre- 
lated nor sunmarlzed. A large amount cf test data has been 
collected herein for convenient refei-eice. These data are being 
analysed, correlated, and summarized by the NACA; the results of 
these studies ore belrg published separately as completed. 
(See references 1 and 2.) 
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Teat results of balanced oontrol aurfaoea of larger chord than 
art generally used for ailerons are not included in the present 
oollaotion but are oollaoted in reference 3. 

CLASSIFICATION OF DATA 

OM prevent collection of data le divided Into fire aeotlona 
M follova: 

A • ailerons with Frlae balances 

B - ailerons with blunt-nose balances 

C - ailerons with Internal balances 

9 - ailerons with contour inodlf lcatlone 

E • ailerons with tabs 

The parameters and symbols used la the presentation of data 

avet 

Oj, lift coefficient 

Op drag coefficient 

0| aeotlon lift coefficient 

a* aeotlon profile-drag coefficient 

Ojj hinge-moment coefficient 

Ojj aeotlon hinge-moment coefficient 

0}* rolling-moment coefficient about azla In plan* of ay—try of 
complete model or airplane, referred to wind axes 

• 

r 



/ 

pb/fcv 

P 

a 

«b 

ft 

A 

X 

b 

*o 

jawing-moment coefficient about axis In plans of 
of complete airplane or model, referred to wind axes 

pitching-moment coefficient 

section pltchin3-moment coefficient about quarter-chord 
point of airfoil 

helix angle of airplane in roll 

rolling velocity; also, static pressure 

free-stream static pressure 

angle of attack 

seotion angle of attack 

angle of yaw 

defleotion angle 

aspect ratio 

ratio of tip chord to root ohord 

.?.*•>'/ 

•,«• 

wing span; also used with subscripts to denote 
of wing 

distance from plane of symmetry to Inboard sod of .. 
aileron 

distance from plane of symmetry to outboard end of 
aileron 

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

wing ohord; also used with subscripts to denote com- 
ponents of wing 
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t^ aileron semithickness at hinge 

At  lnoreaee of aileron trailing-edge thickness 

Sjj  radius of juncture between bevel and control surface 

4      tralllng-edgo angle, Included between eidea vhloh font trailing 
edge 

« 

Ap 

P 

local dynamic pressure 

free-stream dynamic pressure 

pressure across balance 

pressure coefficient^ 2-1-22 \ 

T free-stream velocity 

Tj Indicated velocity , 

B Reynolds number 

II Mftoh number 

FB stick force 

Subscripts: •-,. '-:••••  , • 

a aileron 

* balanoe; also, bevel 

t flap '-   ;,.  ;. 

a •tie* 

t tab 

Results of flight testa and of wind-tunnel tests in both two- 
and three-dimensional flow are presented. Some of the data have been 
replottod and are given in a form different from that In the original 
source. Supplementary Information on tho models and on the test con- 
ditions is given In table I. This table also gives published refer- 
ences and serves as an index to the results presented because the model 
or airplane designation is given in the first column of the table and 
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in the upper right-bond corner 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 hut 
not applied to the data, the estimated correction factors are 
given In table I. 

AILEE0E3 WITE FRIST5 BALANCES 

The results of tests and the teut conditions for models and 
airplanes having ailerons with Frise balances are given In table 
IA and In figures Al to A86. The section characteristics of 
three models equipped with Frise ailerons are presented in fig- 
ures Al to A13. In general, the ailerons tested did not seem 
very satisfactory in the negative deflection range; that is, sharp 
breaks occurred in the hinge -moment a.id effectiveness curves at 
relatively low negative deflections. This characteristic seems 
to be caused by separation of flow at the protruding nose. Fig- 
ure A4 shows that such separation may be delayed considerably by 
increasing the radius of the noBo. A similar improvement was 
obtained for the . ?.ioron of model A-vIII by raising tho noBe 
but maintalnlTig the same nose radius (fig. A39). Tho allorons 
of model A-III buffeted very badly over a large part of the neg- 
ative deflection range (reference 6) and only a few test points 
could be obtained In this region (fig. A13). The results of tests 
of various partial-span wing models grid complete airplane models 
are presented In figures Alt to A49. Flight test results are 
given In figures A50 to A86. The improvement obtained by increasing 
the nose radius 1B again evident from figure A22. Figure A24 shows 
that a high presaure peak 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 ailerons was 
again evident In the testa of model A-VI (reference 7). The 
d-jflections at which oscillation ocourred are indicated in figures 
A27 to A34. The characteristics of tho ailerons of this series 
of tests were improved by bulging the lower surface or by attaching 
a slat to the aileron ncse. The same modifications wore found to 
reduce aileron buffeting In the flight tests of airplane A-Xll. 
In connection with this series of tests, it was pointed out that 
bulging tho lower surface may bo unsatisfactory in some installations 
bucause it increases the downfloating tendency of tho aileron. The 



buffeting tendency of the ailerons of alrpltine A-XV was almost elim- 
inated by slightly reducing tho maximum neeublve deflections. Prac- 
tically no loss In effectiveness accompanied this alteration. 

Increasing 
and a slight 

AILERONS WITH BLUNT-NOSE BALANCES 

Data pertaining to the tests of models iiavlng ailerons vlth 
blunt-nose balances are given In table IB and in flguros Bl to B43. 
Section characteristics for two models equipped vlth blunt-nose 
ailerons are presented In figures Bl to B14. Tne blunt-nooo ailerons 
on an HACA 23012 airfoil seemed to be more satisfactory than similar 
ailerons on an NACA 66(215)-216, a - 1.0 airfoil; that Is, tho values 
of (dcjj/&&aJ  and (Scjj/oaU  were close to zero and tho (installed 

deflection range was greater for the NACA 23012 airfoil, 
the nose radii resulted In a Blight loss In fd&Oj/doA 

negative Increase in (^sn/^5u)  for email deflections but, because 

the ailerons with small nose radii tended to stall at lower deflections, 
the maximum values of doj were usually greater and the corresponding 
hinge moments wore usually lower for the ailerons with larger nose 
radii. These characteristics may also DO noted from the results of 
tests of blunt-nose ailerons on conventional and low-drag wing models 
of finite span as given In figures B1& to B32. Tho peak pressures 
that occurred over the noses of ailerons of this type wore relatively 
high, as may be seen from figure B17. That the effectiveness of ailerons 
with blunt-nose balances was greater than tho effectiveness of plain 
unbalanced ailerons 1B Indicated by figure B19. The results of tests 
of a blunt-nose aileron on a complete eirpltme model are given in fig- 
ures B33 to B43. The effects of controlling the boundary-layor thick- 
ness by fixing the point of transition and ttt effects of moving the 
hinge axis rearward to obtain a higher dogro-. of balance may be obtained 
from these rosuits. 
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AILERONS WITH INTERH/'.L BALANCES 

Data portioning to ailerons with Internal balances ore 
given In table IC and In figures Cl to CB9. Section character- 
istics are shown In figures Cl to C33; data for finite-span 
models in figures C34 to C77; and flight data In fIgureB C78 to 
C69. Many of those data have boon analysed and summarized In 
reference 2 In which a discussion Is given of the balance required. 
The effects of changing the vent location, tho surface contour at 
the vents, or the amount of leakage across tho Beal are also dis- 
cussed and It Is shown that these modifications may sometimes be 
utilized for adjustment of the hingo-Homont characteristics. The 
Importance of leakage cannot be overt .aohasizod. The reduction of 
aileron rolling-moment offeotivenose <iue to leakage may bo incon- 
sequential but a leakage area of onl.. tvo-tenths of tho vent area 
may reduce tho effectiveness of the internal balance by 30 percent, 
as shown In figure 7 of reference 2. The effects of varying the 
length of tho fabric seal and of varying the shape of tho balance 
chamber near the seal may sometimes be Important but those effects 
cannot be determined from the data now available. An investigation 
of these variables, however, 1B now under way. 

AILERONS WITH C0ET0OT! MODIFICATIONS 

Tho material presented in table ID and in figures Dl to D60 
includes data on Boveral contour modifications that reduce hinge 
moments - Buch as bovels, bulges, and IncroaBed profile thickness - 
and also data on several contour modifications that lncroaso 
hinge moments - such as tralllng-edge strlpB, incruasod aileron 
chord and Bpon, and decreased profile thickness. Section charac- 
teristics ax-e shown in figuroB Dl to D17; data for flnlte-spon 
modelB in figures Die to D54; and flight data in flguros D55 to 
DGO. A preliminary correlation has boon made cf the effoct of 
bovels at small deflections of scalod control j.inucou (reference l). 
The correlation was made on tho basis of tho included angle botwoen 
the upper and tho lower surfaces at the. trailing edge and included 
most of the data for soaled allorons presented In figures D2 to D39. 



The improvement In effectiveness and the m>.ro nearly linear hinge- 
moment curves obtainable by sealing the al .ron gup when a bevol Is 
usod are shown In figures 022 to D24, D34, and D39. 

The data on bulged or thickened aileron profiles shown In fig- 
ures D46 to D48 were obtained on an unsealed Frlso aileron. The 
effect of the changed profllo was correlated In references 25 to 27 
with the maximum amount of the chango in p?.\>f lie thickness and its 
position along the aileron chord as parame'-ors. Tho effoct of a 
hollow or a thlckenod profile on a plain sealed alloron Is shown in 
figures D2 to D7. An unsynmotricul bulge or bevel (figs. D30, D35, 
and D47) or a reflexed trailing edge (fig. Oil)  may be used to glvo 
an upfloatlng or a downfloatlng tendency; thia effoct may bo doslr- 
able if the aileron has a dlfforontlal lln •. ;•--. 

The aileron-contour modifications pre-, iously mentioned provide 
balance by utilizing tho difference in the boundary-layor thickness 
over the upper and the lower surfaces of the rear portion of tho 
airfoil in such a way that tho lift over this portion is altered. 
The aileron effectiveness as indicated by tho statin rolling moments 
will thus be reduced whon a bovol or bulge is usod. As is pointed 
out In roforenco 1, tho IOSB in rolling powor of un alloron will 
be less than the loss In static rolling mo:-., nt indicates, however, 
because the damping in roll is also reduced by the bevel or bulgo. 

The results of flight tests of several unsealed-alloron arranao- 
monts on a fighter airplane are given in figures D56 to D60. The 
effects of using large trailing-edge angles and of fixing trans- 
ition are shown. 

The modifications shown In figures Dl" and D49 to Dr>4 are 
Intended to increare the ratio of the hinge-moment parameters 
(dCn/da)0_ and fdOkASL] ..Analysis showo that increasing the 

positive value of the ratio j  ka! \      Mi.1l tend to lighten stick 
forces during rolling.    f^h'^ajQ, 
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AILERONS Will TABS 

The results of tests and the tost conditions for models and 
airplur.es having ailerons with tabs E.. -B given in table IE and in 
figures El to E53. Section characteristics of tabs on two low-drag 
airfoils are presented in figures El bo E7. Characteristics of 
ailerons with tabs on a number of ser • .ypan and full-span models 
are presented In figures Ed to E46. A fairly large range of wing 
sections, tab chords, tab spans, aileron chords, and aileron balances 
Is covered. 

A fair amount of data for tabs on ailerons with thickened and ' 
beveled trailing edgos Is included. T^.bs on such ailerons, unfor- 
tunately, are most effective In prodi . i.g aileron hinge moment 
when deflected in the same direction M the ail-iron. Figure E'10 
shows a decrease In tab effectiveness dCh/^t with increase in 
tralling-edge angle. 

Data from flight tests of an aileron equipped with a spring 
tab (fir - FA?)  are shown in figure E4"-. Because the'spring unit 
was preloaded, the tab did not deflect until the stick force 
exceeded approximately 9l pounds. Both ailarou and tab were mass- 

balanced. Sovere flutter was orperie-. :ed when play developed 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 ailerons with beveled 
trailing odgos are shown in figures E49 to T53. For the. balancing- 
tab tests (fig. E52), the stick trtwe' was inadvertently Bet at 
±8 inches instead of ••=? inches. As a result, figures E52 and E53 
are riot directly comparable. Infoima' ion presented in. figure E50 
for balancing tabs in operation has been corrected to a stick 
travel of ±9 inches. 

Langloy Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va. 
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