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TECHNTICAL NOTE No. 1075 I

EFFECT OF COMPRESSIBILITY ON SECTION CHARACTERISTICS OF
AN ATRFOIIL WITH A ROUND-NOSE SLOTTED FRIZE AILERON

By Arvo . A. Luoma _
SUMMARY

Compressibllity effects on the aerodynariic section
chsracteristics of an alrfoll with a round-nose slotted
Frise alleron were investigated from pressure distributions
obtalned at verlous airfoil angles of attack and aileron
angles for Mach numbers from 0.25 to approximately 0.76.

The alleron tested revpresented a modificstion of a sharp-
nose Frise aileron previously investigasted by the NACA.
The modification included an -increased nose radius as well
as an increassed balance chord.

Modifying the. nose of the alleron improved the
section alleron effectivensss Aa/ﬁﬁn at large negastive

alleron deflections and slightly rseduced the effective-
ness at moderate aileron deflections. The wind-tunnel
date indicated a rseduction in stick force and an Iimprove-
ment 1n stick-force chsracteristics gt high diving speeds;
however, the tendency of the up-going ailsesron toward ex-
cesslive overbalance at these high speeds still existed.
Section alleron losds were esséntlally unchanged by
modifying the aileron nose.

INTRODUCTION

Flight tests of a high-speed, fighter-type alr-
plane with sharp-nose 2ilerons showed heavy stick forces
at large ailerdn deflections and undesirable slleron over-
balance tendencies in high-speed dives. These sileron
difficulties were further evicdenced by the results of the
high-speed tunnel tests (reference 1) of an aileron .
model based on tihe midsection of the original sharp-nose
alleron used on this airplane. 1In order to improve the
lateral-control characteristics of the airplane, the
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Langley Flight Research Division modified the original
aileron by increasing the nose radius and nose overhang.
Flight tests of this modifled aileron were made and
reported in reference 2.

The high-speed-tunnel tests of the sharp-nose alleron
model reported in reference 1 were extended to include
tests of an alleron model based on the midsection of the
NACA modified aileron developed for use on a high-speed
fighter~type airplane, Complete pressure-distribution
measurements over the main portion of the airfoll and
modified aileron wers made at Mach numbers up to approxi-
mately 0.76 to.determine the serodynamic sectlon charac-
teristics of the airfoil and aileron asnd the effect—of
compressibility upon these characteristics.

SYMBOLS

The term "airfoil!" i1s herein used to mean the combin-
ation of the alleron and the mailn portion of the airfoil.
The term "alleron alone! refers to the characteristics of
the aileron in the presence of the main portion of the
airfoil. The aerodynamic coefficients and other symbols
used in the present report are as fcllows:

a engle of attack

v veloclity in undisturbed stream

p! rolling angular velocity

p local static pressure at a point on airfoil section
Po static pressure in undisturbed stream

o) mass density in undisturbed stream

a speed of sound in undisturbed stream -

1
o] dynemic pressure in undisturbed stream <épV%>

P pressure coefficient <%—é—£%>

M Mach number (V/a)
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Cny

alleron deflection; positive for dawn deflection
total chord of alleron (see fig 1)

chord of main portlon of airfoll (without aileron)
chord of airfoll (with sileron)

distance along chord from lsading edge of airfoil
or alleron

hinge-axls location along chord from leading edge
of aileron

hinge-axis location along chord from leading edge
of airfoil

distance normal to chord
hinge-axls locatlon normsl to chord

section normal-force coefficient of aileron slons
from pressure-distribution data

oy
. 1 >
c‘gj; (P - Py ax

sectlon normal-force cosfficient of main portion
of airfoil (without aileron) from pressure-
distribution data

HC-‘: )
Cry = a—J (PL - PU) dx

section normal-force coefflcient of alrfoil (with
aileron) from pressure-distribution data;
component of total normal-force coefficient due
to alleron chord force neglected; maximum sbso-
lute error thus introduced approximstely 0.01

1
¢ = . ¢, cos &
Nw EEW (Cﬁq‘cnh{ + Ca na a)_ ]
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section chord-force coefficlent of alleron alone
8 from pressure-distribution data

Coy = EIZf_ymax (Pah - PI.) dy

Imin

sectlon hinge-moment coefficlient of aileron alone
about aileron hinge axls from pressure-
distribution data

2
oy, = (EJ_: {Lcél(PU' p) (x - Xha) dx
+df Jmax (Pah ) Pr).(y ] yh> dyJ
y

min

Ce

Cha

S section pltching-moment coefficlent of ailrfoil
(with aileron) about quarter-chord point of
alrfcil due to normal force on meln portion of
airfoil and aileron; pitching moment due to
chord force of maln portlon of airfoll and
gileron not included

-1 CM .
cpm = (a'l;;) ,.jo (Py - BL) (x - S[—f—)dx
e ) )
. Cw
- cnaca cos Og (th - _}J—

+ cnaca sin 5& yh]

c sectlon center-of-pressure coafficient of alleron

Pa alone (ratlc of distance of center ofpressure
of aileron from leading edge of alleron to
total chord of aileron)
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Subscripts

cr when local speed of sound has been reached on some-
polnt on airfoil ssctlion

U upper surface of airfoll section
lower surfacs of airfoil sectioﬁ -
ah ahesd of maximum ordinstes of alleron
r to the rear of maximum ordinates of aileron
max maximum

min minimum
LPPARATUS AND TESTS

The tests were made in the Langley 8-foot high-speed
tumnel, which is of the single-return, circulsr cross-
section closed-throat type with continuously controlled
airSpeed for these tests in an approximate Mach number
range of 0.1% to 0.75.

The model used in this investigatlon was a
2Li~inch-chord 10.5-percent~thick airfoil with a round-
nose slotted Frise alleron based on the midsection of the
NACA mogdified aileron developed for g high-speed fighter-
type airplane. The model was of unlform sectlon and
spanned the tunnel. The main portion of the airfolil and
the alleron tailpiece were the same as those used in the
tests of reference 1. The sharp noseplsce of the sileron
of reference 1 was replaced with = nosepiece of increased
nose radius and incregsed nose overhang. The aileron
hinge-axis location, with respsct to airfoill chord,
remained the same for both models. A cross sectlon of the
modified round-nose alleron discussed herein is compared
with the original aileron in figure 1. Tables I and IT
give the coordinates of the main portion of the alrfoil
and the modified alleron, respectively. The :.aileron
nose radlus was increased from O. Lof 1 percent of the
alleron chord for the original sharp-nose alleron to
2.2 percent of the aileron chord for the modified alleron.
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The additionsal nose overhsang incressed the originsal
alleron chord by 2 percent and changed the geometric nose
balance from 25.70 percent to 27.16 percent.

Complets statlic-pressure measurements over the maln
portion of the eirfoll and the asileron were made for
Mach numbers from 0.25 to approximately 0.76 for various
airfoll angles of attack and alleron deflections. The
tests were made with ailleron deflections from -15.5° to
159. Model structural considerations limlited the maxi-
mum aileron deflections to values less than those of
reference 1. Slimultaneous observations of the atatlc
pressures acting over the alrfoil were obtained by photo-
graphing a multiple-tube liquild mancmster.

RESULTS

The serodynamlic sgctlon characteristics presented
herein hsve been detsrmined from integration of pressure-
distributlon cata by the same method used in the analysis
of the data of reference 1, .

Section airfoll normal-force coefficient Cny, is

plotted against angle of attack a at various alleron
deflectlons in figure 2. Compressibility effects on
sectlon normal-force-curve slope bcnw/Ba and bcnw/bba

are shown in figure 3.

The effectivensess of the slleron for producing roll
i1s indicated by figure l, which shows the variation in
angle of attack with alleron deflection necessary to
maintalin a sectlon airfoll normael-force coefficient of .0.
A large negative slope 18 necessary for high rate of roll.
The effect of compressibility on alleron effectiveness for
moderate ‘alleron deflettions is more fully brought out in
figure 5, which shows the variation of the effectiveness
ratio Aa/h@ (here taken as the average value for
deflections from -6° to 6°; the minus sign is omitted)
with Mach number. Figure 6 1s & plot.of sectlon stesady
rate of roll against Mach number. This section roll
varies directly as the product of the effectiveness
ratio Aa/ABg . and the veloclty V and wss determined as
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explained 1n reference 1. The section roll is propor-
tional to the roll of & rigld wing in pure roll; therefore,
figure 6 has been included to illustrate the nature of the
compressibllity effect on roll.

Section alleron hinge-moment-coefficient data are
glven in filgures 7 and 8 and section center- of—pressure
coefficient data in figure 9. Eatimated stick-force data
for nondifferential aileron deflections, based on hinge-
moment coefficients at airfoil 1ift coefficients corre-
sponding to those of a high-speed fighter-type airplsne
in level flight, are given in figure 10. These dJdata were
calculated for an aileron linkage of 1.7° aileron deflec-
tion per inch of stick movement, en area of the single
alleron of 13.2% square feet, sn sileron mesn chord of
19.1 inches, and g hinge- axis location 27.2 percent back .
from the leading edge of the aileron. No account has been
taken of variation of the section aileron geometric
balance along the aileron span or of the effect of three-
dimensionsal flow on actual stick forces.

Comparative data on peak negative pressure coeffi-
cients (here taken as peak experimental values at 2 )
static orifice) for the subject aileron and that reported
in reference 1 are shown in figure 11. The data for the.
modified aileron at aileron deflections of -12° and -15.5
are shown extrapolated, where necessary, to the P rwcurve.
Figure 12 gives section aileron critical Mach ﬁumber data.
Section alleron normal-force coefficient data and section
alleron loading datas ars presented in figures 13 and lh,
respectively. .

Figure 15 shows data on section critical Mach number
of the main portion of the airfoll., Section airfoil
pitching-moment-coefficient data appear in figure l6rgnd
section glleron. chord-force cosfficient Jdata in figure 17.

Included in some of these figures are curves taken
from reference 1 for the original sharp-nose alleron.

These date are presented for comperative purposea, and the

sharp-nose aileron is designated the originsl eileron
(reference 1).

I
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DISCUSSION

The noseplece of the alleron used in these tests
had a larger nose radius and more nose overhang then that
used In the tests of reference 1, as previously mentloned
and snown in filgure 1. This change in nose form, of
course, modifled the shape of the slot between the main
portion of the alrfoil and the alleron necse. Excent for
the diff'erent nose shape with 1ts modifying effect on sliot
siiape, the two ailrfoil models were the same. The discus-
sion 1s, therefore, chlefly concernsd with the effect of
modification of the alleron ncse radius and geomstric
balance upon aerodynamic sectlon characteristics of the
airfoll and slleron. The results reported for the
modified alleron are compared with those presented in
reference 1 for the airfoil with the original sharp-nose
alleron.

Control Effectiveness Chsasracteristics

The normal-force-curve slopes écnw/éa and 6cnw/éﬁa

for the modified sileron (figs. 2 and 3) are essentlally
the same as those glven in reference 1 for the original
alleron., Improved alr flow at large negstive alleron
deflections renders the modified alleron more effective in
producing roll at these deflections than the originsl
alleron, as shown by the larger changes in angle of
attack « at large negetive deflections necessary to
maintain a constant wvalue of sectlon airfoll normal-force
coefficient (fig. 4). Hence, at-moderate speeds at which
stick forces permit aileron deflections of this magnitude,
greater rates of roll are indicated for the modifled
alleron. This difference in effectiveness, however,
becomes less with increase 1n Mach number. For figure 5
the effectiveness ratio Aq/Ady; abt moderate aileron

deflections (*60) is found to be somewhat lower for the
modified alleron model than for the orlginal alleron

model., Thils loss in effectlveness can be seen to amount

to less than 5 percent at a Masch number of 0.7

(figs. 5 and b), ‘he flight tests of reference 2 showed
increased effectiveness at large alleron deflections for
the NACA modified allerons, as indlcsted by the
two-dlimensional data, but the flight tests generally showed
some Improvement et moderste deflectlons also.
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Ailerom Hinge-Moment Coefficient

Modification of the alleron has a favorsble effect,
because of improved flow conditions, on the hinge-moment
coefficlent of the aileron over an extended range of _
negative aileron deflections (figs. 7 and 8). The nega-
tive aileron deflection, beyond which there 1is a rapid
increass in hin%e-moment coefficient, has been incrsased
from -6C deflectlon for the originsl aileron to ~-12
deflection &t the lower Mach numbers for the modified
aileron (fig. 8), and this extension 1s desgirable in
keeping stick forces light over a greater range of alleron
deflections. The pressure plots 1ndicate no separstion =t
the lowest Mach number for s deflectlon of -12°, but some
separatlion off the lower surfacse occurs at the higher ’Mach
numbers. This tendency toward separation 1s further evi-
dencsed by the increase in hinge-moment coefficlient with
Mach number (fig. 8) and by the rearward shift in aileron
center-of-pressure coefficient with Mach number (fig 9(a)).
For an alleron deflection of -12° ‘the hinge-moment coeffi-
clent of the modified aileron st low ¥ach numbers iIs
appreciably less, even to ths polnt of overbslance, than
that of the original aeileron. Compressibllity effects,
however, diminisgh this difference so that, at a Msach
number of 0.6, the hinge-moment coefficient of the modi-
fied alleron approsches that of the origlinsl aileron. At
alleron deflsctions greater than -12° there is a rapid
increase in hinge-momsnt coefficient (fig. 8) and a : .
rearward shift in centér-of-preassurs coefficlent (fig. 9)
due to increased flow separation off the lower surface of
the alleron. This separation 1s aggravated by compressi-
bility. Flight tests of the modified NACA alleron
(reference 2) showed Improved flow conditions over an even
greater range of negative alleron deflections than did the
two-dimsensional tests. The aileron stick-forcs data from
the flisht tests indicate no severe separation off the
alleron for aileron deflections up to -15° (maximum
deflectilon tested) at a -a¢h number of 0.%23 (mazimmr test
speed with maximum deflection).

The tendency toward excessive overbalance at high

Mach numbers noted in reference 1 for aileron deflections
of -li° and ~60 1s also noted for the #wmodlfied aileron.

Rounding the nose of the aileron delays angd makes more
gradual the unporting of the alleron nose at up deflec-
tions, and this feature lessens the,undesliraeble tendenciles
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of an alleron of this tyne to "snatch". A high-sneed
flighter elrplane eguipped with a set of NACA modified
ailerons has been dived, with allerons kept approximetely
neutral, to a Mach numper of 0.86 without showing ailesron
snatch or any of the other objectionable features charac-
teristlic of the originsl sharp-nose gilerons in high-snced
dlves. The tendency toward excessive overbalance at hilgh
Mach numbers, howsver, is still to be expscted with any
type of control surface that depends upon 8 nose form
which protrudes into the air stream for close sasesrodynamic
balance. For positlive alleron deflections the
hinge-moment coefficient (fig. 8) and the center-of-
pressure coefficient. (fig. 9) of the modified alleron show
characteristics simllar to those of the original alleron;
the hinge moments for the modified aslleron, however, are
somewhet less,

. Undegirable stick-force characteristics at the
highest Mach numbers, where in a region of moderate
aileron-deflections the stick force decreased with
increasing deflection as a result of the tendency of the
up~going aileron towsrd excesslve overbalsnce, were noted
in reference 1 for the original alleron., These charsac-
teristics were improved in the modlfied aileron (fig. 10)
but extrapolation of the stilck-force curves 1Inilcates
that, at speads beyond those of thie test data, similar
control difficulties may be encountered. TIstlimated stlck
forces at moderate alleron deflections (FLO) were
somewhat increased for the modifled alleron at the lowest
Mach numbers and reduced at the higher Mach numbers.

This reduction at the higher Mach numbers, for sxamdle,
amounts to 13 percent for an aileron deflectlon of *4°

at a *ach number of 0.525. (Ses fig. 10.) The decrease
in stick force at the higher Mach numbers permits greater
alleron deflections for the modified alleron st speeds
where stlck force is the limiting factor detsrmining
maximum possible ailleron deflection., Although the effec-
tiveness ratlo Aq/Adg for small deflections 1s sligotly
less for the modified alleron, the rate of roll at these

speeds can be expectsed to be lncreassed as a consegusnce
of the larger range of alleron deflections poasible.

™e hlngs-moment=coefficient data of the
two-dimensional tests indlcated s reduction of stlck
forces at large alleron dsflections &8s a result of modil-
fylng the alleron noss, and this reduction was also shown
in the flight tests of reference 2. At moderate aileron
Ceflections there 1s variance, however, in the effect of
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nose modification on estimeted stick forces besed on
two-dimensional data and actuaml stick forces obtained in
flight. ¥ention has been made previously of ressons for
the dlscrepancy between flight values and those based on
two-dimensional data. In sddition, with an aileron of the
Frise type, small differences 1in alleron contour, balance,
end rigging resulting from manufacturing and assembly -
Irregularities can cause appreclable cheanges 1n stick-force
values. Stick-force data obteined FTor an aileron of this
type, therefore, apply rigorously only for the particular
wing-aileron combination used in the tests and may be quite
different for another wing-aileron combination buillt to the
same nominsl dimensions. The flight stick-force data of
reference 2 are messured from the trim position of the
ailerons, and changes in trim position can have notable
effect on stick-force magnitudes for a nonlinear varlation
of hinge-moment coefficient with alleron deflection. The
two-dimensional data indicate, for example, that at a Mach
number of 0.60 and for & total alleron defiection of 8°
from trim position a change in trim from 0° to ¥ 1° can
reduce the stick force by 15 pereent. ' - o

Frise Ailleron Critical Speeods

Increasing the nose radius of the Frise alleron had a
marked eTfect on the magnitudes and varlation with Lach
number of the pesk negative pressures about the ailleron
nose at large negative alleron deflections., The round
noss of the modified aileron retarded flow sasparatlon off
the lowser surface to larger negative deflections with the
consequent development of high peask negatlive pressures
about the nose at large deflections, as shown in figure 11.
The rapld decrease in peak negatlive pressures for the
-12° @aileron deflection, due to compressibility effects,
and for the -15.50 deflection, due to botn section airfoil
normal-force-coefficient variation and compressibility,
with the resultant lncreased tendency toward flow sepa- .
retion is further evidenced by large changes in slleron _
asrodynamlc characteristics, especlally hinge-moment
coefficisnts., At negative deflsctions up to =-6° the nose
modification »nroduced no large changes in peak negative
pressures. Any marked departure of the air flow about a
body from the streamrlline pilcture, in which the flow
follows the contour of the body, results in =dverse effects
on aerodynawmlc characteristics. This flow change may
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result, at subcritical Mach numbers, from ordinary
separation or, at supercritical Mach numbers, from energy
losses (that csuse incomplete pressure recovery behind the
shock) and from sep&aration of the flow as a result of the
severe pressure gradients across the shock waves. The i
critical Mach number of a body refers, of course, to the
minimum free-stream Mach number at which the local
velocity of the air stream at any point on the body has
reached the local speed of sound. For flow that has not
separated, the critical Mach number 1s the criterion for
determining the spesed atwhich detrimental flow changes
due to compression shock can be expected to develop. The
field of supersonic flow oyer the Frise alleron at up
deflections is. localized about the nose of the alleron;
thus the compression shock losses are not so severe as
those on an alilrfoil where supersonlc flow occurs over a
much greater extent of surface; but at speeds 1n excess
of the slileron critical speed adverse effects including
vibration and shake of the control can well develop. If
separation has occurred at subcrltical speeds so that the
flow is already undesirable, the critlical Mach number 1is
no longer of primary interest. 1In this case, the critical
Mach number merely means that a flow, which already 1is
undesirable at subcriticsl speeds, can be expected to be
even worse at supercritical speeds.

Since the critical Mach number corresponds to a
unique value of pressure coefficlent, veriatlons in criti-
cal pesk negative pressure coefficlent as a result of
alleron rnose modificetion will be reflected by corre-
sponding variations in critical Mach number (fig. 12).
Because of higher peak pressures about the nose, the
critical Mach number of the modified alleron at—large up
deflections 1s seen to be lower than that of the original
alleron. As has been brought—out previously, the slr flow
about the modsl with the originsal saileron at large up
deflectlions 1s already undesirable at suberitical speeds
as a result of severe separation off the allercn. Thils
separetion meant reduced negative pressure peaks about the
aileron nose and a higher critical spsesd which in this
case, however, is no longer of primary importance since
the flow 1s already undesirsble. Nose mcdification
improved flow by delaying separation at large up deflec-
tions but with the development of high negative pressures
about the aileron nose. For moderate negative alleron
deflections (up to -6°), nose modification changed the
critical Mach nuwber by a maximum of only 0.025.
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For positive alleron deflections two negative pres-
sure peaks occur on the upper surface of the alleron, one
at the leading edge and the other 28 to 33 percent behind
the leading edge where there is a relatively rapld change
in curvaturse of the upper surface. For the original
aileron the maximum negative pressure cosfficient occurred
at the second of these prsssure peagks. The maximum
negstive pressure coefficient of the modified allseron
occured at tiie firgst of these peaks, as the increass 1n
nose radius and balance caused an incresse 1lan the negstive
pressure peak at the leading edge, Lower critical ¥ach
numbers for the modified aileron ensued and were alsoc more
affected by the section airfoll normal-force coefficient
(fig. 12). The maximum decrease in critical KVach number
at zositive deflectlons smounted to 0.075 st a defleaction
of o, . . -

If 1ift effectiveness is to be maintained, separation
must not occur. Modifying the sileron nose delaved -
separation to larger up deflectlions and consequently :
improved effectiveness but also increased the peak negative
pressure coefficlents about the aileron noss. Prevention
of separation with a control of the Frise tvpe can therefore
be attained only at the expense of the development of high
negative pressures about the sileron nose. Instability of
the high negative pressures, morsover, nroduces corre-
sponding undegirable variations in aerodynamic balance and
nence, in hinge-moment characteristics.

Jection Alleron Loads

The msgnitude of the section aileron normsl-force
coefficient {fig. 13) was .essentially unchanged by the
modification of the nose of the alleron except st the
largest negatlive deflectlons where the loading increased.
At the lowest Mach numbers there was also some increase in
sectlon alleron normal-force coefficient at positive
deflections above 69, but compressibility effects dimin-
ished tnis dlfference in the cosfficlents noted at these
Mach numbers. The section alleron losds (fig. 1) were
generally -somewhat less for the moiified gllercon for
deflectlons of L9, 29, and -12° an3d somewhat more for
deflectlons of 120, 6%, 09, -2°, -LO, and -8°. Nodifying
the alleron nose increased the loadlng at up deflections
on the forward portion of the sileron but gensrally
decreased the loading on the rear portion. For a
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deflection of -12° the decrease in loading on the rear
75 percent of the sileron wasg sufficient to cause a net
decrease in loading as shown in figure 1.

Qther Airfoil Characterilstics

The modified nose on the ailleron produced only small
changes in the criticsl Mach number of the main portlon
of the airfoll (fig. 15). The largest chsnge was an
increase in critical Mach number of 0.02 for the airfoll
with the modified alleron at an alrfoll normal-force
coefficlent of O and en alleron deflsction of -12¢., The
section pitching-moment-coefficlent characteristics
(fig. 16) for the modified alleron -nodel are qulte
simllar to those for the original aileron model. Thers
ls some difference, at the largest negative alleron
deflections where delayed separation on the modifled
elleron resulted in an increase in pitching-moment coef-
filclent; however, this difference in piltching-moment
coefflicient 1s lessened with Iincrease in [fech number slnce
separetion off the odifiecd alleron is sggrevated oy
comprossibility. The modified nose hes apprecleble effect
on the section aileron chord-force coefficlents (flg. 17),
and compressibility alsobss & lerge adiitlonal elflect on
these chord forces.

CONCLU DTG REMARYS

Sectlon airfoil and alleron characteristics wers
determined from wind-tunnel measurenents of the complete
pressure distributions over an elrfoll with a round-nose
slotted Frise alleron {(based on the midsection of the NACA
modified alileron developed for a high-speed fighter-t;pe
airplane) for Mach numbers from 0.25 to approximately 0.T6
Tor various airfoll angles of attack and alleron deflec-
tions. The allerons tested represented a moiification of
a shearp-nose Frise allsron previously investipgsted by the
NACA. The modificatlon included an lIncreased nose radius
as well as an increased balance chord. These tests
Indicated the following comparative conclusions:

1. The airfoil with the modified aileron can he
expected to be more effective for producing roll at large
negative aileron deflections than the sairfoil with the
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original aileron. "This difference in effectiveness,
however, would become less with igcrease in Mach number,
At moderate alleron deflections (X5°) a small loss in
section aileron effectiveness Aa/Aﬁ regsulted from

modifying the alleron nose.

2 The estimated stick forces for noniifferential
alleron deflections were reduced for the modified alleron
and, bscause of the greater range of alleron deflections
oossible at high speeds at whicli stick forces becowms
eycessive, an lmprovement in rate of roll 1s indicated at
these speeds.

3« At high diving speeds a tendency of the up-going
alleron toward excesslve overbalance still exists but
modification of the saileron nose improved the stick-force
characteristics at these speeds. :

. Section alleron loads were essentially unchanged
by modifylng the aileron noss.

Langley Memorlal Aeronsutical Laboratory
National Advisory Committee for Aeronsutics
Langley Fleld, Va., March 7, 1946
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NACA TN No.

1075

TABLE I

16

ORDINATES FOR MAIN PORTION OF AIRFOIL (WITHOUT AILERON)

-

[Stations and ordihates in inches from alrfoil L.E.
and chord line, respectively]

Ordinate Ordinste
Statlion Station
Upper Lower Upper Lower
surface | surface surface | surface
0
003 Ooll “Oa08 9.50 lOZl -0091
015 027 -017 10-10 1. 7 -.gO
«30 12 -.23 10.6 1.43 -.38
0L|.5 056 -028 1108 loBLl. -9
. 9 06 -032 15007 1023 -_.7
* 9 08 -9 8 lLL-Zb 1.10 - O
1.19 1.00 - 43 15.45 .38 -.61
1.)4.3 1.12 -0).].7 16025 ° 8 -055
107 1022 "051 16.65 085 - e 2
2.08 1.30 =.55 16.78 .82. -.49
2.38 1.37 -.59 16.93 .80 - 43
2.67 1.13 -.62 17.08 .78 -.20
2.97 1.47 =66 17.2% « (7 0L
302Z 1051 -.69‘ 17-38 075 020
Z.S i1.54 -.T71 1;.52 <72 31
016 1059 -137 1 067 071 03
L.75 1.62 -.82 17.82 .ZO .
505 106 "085 1 .97 L[] 8 -LI.
5.9 106 "089 l 012 066 _050
6.53 1.63 -.90 18.27 NIn .53
7'13 1062 -091 180).].2 '63 052
goga 1.60 -092 1805? ogl 056
L] 2 lc -091 1 L] [ .
8091 logl?l. -.91 180;6 . g 058
LeE. radius: 0.18 in,,
- Slope of radilus through end of chord: 0.100
- Shroud tralling-sedge radius: 0.01 in,
) NATTIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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TABLE II

ORDINATES FOR AILERON ALOKE

[ordinates in inches from ehord line ]

Hosépiece Tallpisce
Station Ordinate Statlion » ordingte
o | Bpmran .y | vpper murtace | Tower surtace | I3 R o )| [Fe SO o ) | vpper surface | Lower surface
17.1 0 ~0.30 ~0.30 19.75 2,3} o.ﬁs -0,2
17.hl .03 -.19 -.ﬂa 19,90 2.@3 47 -2
1747 .06 -.12 -0 20.05 2. 45 ~26
17.50 .09 - =42 20,20 2. 42 -.25
17.52 A1 -.10 -.hl 20.50 3.33 g .39 =25
17.5 b -0 =05 20.@ 3,38 o3 -.21
17. .17 -.& -5 21, . o3 =420
17.61 .20 - -5 21, .58 27 -.17
17. 2 N -1 21, 27 23 -
17.67 2 -0l -5 21,98 57 .20 -.1&
17.70 .29 .01 -5 22,28"° ].I..BZ W17 , =12
17.73 .32 02 -5 22.37 5.1 .13 -.10
E.'zs .53 .gﬁ -.ll'tE %1; 5.%2 39( -.gg
17. :E.l 205 N 25,047 2205 .05 -
17. .56 .10 -3 23,76 8. .02 -.02
1 ?Z .gl .15 =Ji2 za.go 6.%3 0 (]
la'ﬁl .86 .20 -0
180 1-01 |26 'c59
18.56 1.15 .30 37
18.71 1.30 .35 -.36
18.86 1.5 A0 -.}Z
19.01 1.60 tg -
19.16 1.75 . =55
19.31 1.90 L9 -.32
19,L6 2.0 .50 -31
13.%0 2.13 * .ao -.30
19,70 2,29 L9 -.29 .

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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NACA TN No. 1075 Fig. 2b
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NACA TN No. 1075 Fig. 2d
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Fig. 21 . NACA TN No. 1075
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NACA TN No. 1075 ' . Fig. 7a
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Fig. 7b NACA TN No. 1075
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NACA TN No. 1075
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Fig. 7d,e NACA TN No. 1075

U_ce P17 ~ T

\g . é(:y deg —¢&

9 —G

® 2 -Z, ;*_‘ﬁ ~ Ao

Y ZEARS S aD

Q gf? ™~~~ ™~ N = -
2 % | . - [ |
g Z= -

R &= :

S ~02 -

N

% V=

N

\e 0 \\ \\ i

S N

S - 1
O & - <+ =2 o _ =2z 4 @& 8

Angle of arfock, cc, dey :
(d} M = 0.550C.

.é q,r LI = ~< -

o o6 ! deg =L

W

<

3

g\:l O

3 £ TG

v .CEE? £ L. N \;‘\\

E & P T \: T

B 1< i ) S
§ 7 ﬁs.,N_jL*_'*
s | e I
2 ¥ )

%\—.02 n

X - 04_"/2 ~r NATIONAL ADVISORY
Q . 7 ‘\\‘ N COMMITTEE FOR AERONAUTICS
3 NN
§ 8 -6 < == o £ 7 7] 3
S Angle of arfeck, oc, dey

{e) M = 0.600
Figure 7.~ Continued.


http://www.abbottaerospace.com/technical-library

NACA TN No. 10785 Fig. 7f,g
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Fig. 7h,i NACA TN No. 1075
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Fig. 10 ' NACA TN No. 1075
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Figure 10.- Estimated aileron estlck force for nondifferential slleron deflections and
steady rate of roll &t two altitudes.
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Figure 1l.- Concluded.


http://www.abbottaerospace.com/technical-library

)

Upper surface ' yigrina/ arleros
————Lower Surfoce \ %-(I‘e ference

)

]
/
"

N

()

o

f’f \\ “l&.‘\
y N,
J\ //' _4}'1 V \\\
-, v -él,o /’/i _ c”"’L:_ﬂJ
N
\/ 4 NATIONAL ADVISORY

| Origina/ arleron
fy /arance //

4

[

Sectror arleron critical Neackh number; M.,

(] -IZ -8 -+ o . S 2 /6
Aileron deflectron , S, , deg

Flgure 12.- Section critical Mach number of alleron against alleron deflection at
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Section norma/- force coefficient, ¢,
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NACA TN No. 1075 . Fig. l4a
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