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WIND-TUNNEL INVESTIGATION OF THE CHARACTERISTIOS OF
BLUNT—-NOSE AILERONS ON A TAPERED VWING

By Paul B, Purser and Thomas 4. Toll
SUMMARY

An investigation has been made in the LMAL 7- by
10—foot tunnel of various modifications of a 0,166—chord
blunt—nose aileron on a semispan model of the tapered
wing of a fighter airplane. The modifications considered
ilncluded various amounts of overhanglng nose balance with
various nose radii., The effects of the vertical location
of the alleron hinge axis were determined for one balance
8ize and the effects of the gap at the alleron nose were
determined for all the modificatlons. Peak pressures were
determined over the nose portions of some of the ailerons.

The stick forces and the rates of roll were estimated
for a fighter airplane with plain sealed ailerons and with
some of the blunt—mose ailerons.

The results of the tests and computations indicated
that, for the arrangement tested, the use of blunt—nose
allerons wilth 40—percent balance would reduce the high-—
speed stlck forces to a very small value. The adverse
effects of a gap at the alleron nose tended to decrease as
the chord of the balance was increased. The effects of
the vertlcal locatlon of the hinge for the aileron with
40—percent balance were small., The effects of increasing
the nose radii on the blunt—nose aillerons was, in general,
to increase the negative slope of the curves of hinge—
moment plotted against alleron deflectlon, to decrease the
rolling—moment coefflicients at small alleron deflections,
to increase the rolling—moment coefficlents at large al-—
leron deflections, to increase the effective deflection
range of the alleron, and to decrease the magnitude of
the peak pressures over the aileron nose,

The magnitude of the peak pressures indlcates that
severe compressibllity effecte would probably be encoun—
tered i1f the allerons were deflected #15° while the air—
plane was flying at a moderately high speed. Accordingly,




it appears that bPlunt—nose allerons should be tested at
Mach numbers consideradbly higher than the Mach number of
the test data herein presented before being considered
for use on high—speed alrplanes.

INTRODUOT ION

Because of the lncreased lmportance of obtalining
adequate leteral control wlth reasonable stick forces
for high—speed alrplanes under all flight conditions,
the NAOA has engaged in an extensive program of lateral—
control research., The purposes of thils program are tc
determine the characteristics of existing lateral—control
devices, to determine the characteristics of modifica—
tions to existing devices, and to develop new devices
that show promise of being more satisfactory than those
now in use,

Investigations in two—dimensional flow (reference 1
to 4) have indicated that use of nose overhang (or bal-
ance) offers a powerful means of adjusting control-—
surface hinge momentse. The present tests were made to
determine the characteristics of 0,155—chord ailerons
with blunt—-nose balunces on a tapered wing model. The
investigation includoed determination of the effects of
balance chord, balance nose radll, nose gaps and seals,
and vertical locatlon of the alleron hinge axis on the
characteristics of bplunt—nose silerons., The dynamic
pressuresexisting over the nose portions of some of the
ellerons at various deflectlions and angles of attack were
also determined.

APPARATUS AND HETHODS

Test Installation

A semispan model of a tapered wing was suspended in
the LMAL 7— by 10-foot tunrel (reference 5) as shown
schemnatically in figure 1. The root chord of the model
was aldjacent to one of the vertical walls of the tunnel,
which thereby served as a reflection plane. The flow
over a semispan wing in this setup is essentlally the
gsamo as 1t would be over half a ‘complete symmetrically
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loaded wing in a 7~ by 20~foot_ tunnel, No part of the
model was -fastened t0o or in contact. with the tunnel wall
"and a small:amoun} of clearance was maintained between
the root chord of the model and the tunnel wall. The .°
model was suspended from' the balance frame, as shown’ 1n
figure 1, in euch a way that all the forces and momenta

- acting on it could be determined. Provision was made

for changing the angle of. attack while the tunhel was, in
operation.- <. .. .

' The aileron deflectiona and hinge moments vere de—
termined by means of a calibrated torgque rod and linkage
system developed especially for this type of setup (fig. 2).
The alleron was deflected by turning the hinge—moment dial
which, through the -torque rod, drove the alleron—deflection
drive tube and ‘the link to the alleron. horn. When the de-—
sired aileron -deflection had been attained, ‘the torque rod
was clamped in posltion in-order that all wing forces and
moments oduld be'determined without any interference from
the operator of the hinge—moment unit. The aileron deflec—
tion wags determined -by the reading of the alleron—deflec—
tion dlal wlth respect to the pointer attached to the .: .
angle—of—attack drive tube. The alleron hinge moments were
determined from- the twist of the torgue rod as indlcated

by the reading of the hinge—moment dinl with respect to

the pointer mentioned., The torque rod was calibrated

after 1t was installed in the.test setup.

-Pressures over the nose portions of some of the al-
lerons were measursd by means of statlc—pressure tubes
located at several chordwise.poslitions for each of two
spanwise locatlons (sectlion A and section B of fig. 3).
The tubes were about  0.020-inch outeilde diameter and were
held in position with the tube center line at a distance
of about 0.09 inch from: the surface of the alleron. The
total pressure of the alr streanm wgs . measured by a total—
presaure tube placed ahout a £oot below. the model and

. about é inches ahead- of, thepmodel suppbrt—atrut fgiring.

=
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The tapered—wing medel used in these tests was built
to the plan form’ ahown in ¥figure 3 d4nd repiesents the
‘éross—hatched ‘purtiorn -0f the airpiaue 4in figure 4. -The
basid dirfoll sectlons. were of the WADA 230 saries tapered
"in thiokness from approximately 15% percent at the .root




to 8% percent at the tip. The basic chord ¢, of the

wing model wae increased 0.3 inch.to reduce the traulling-
edge thickness and the last few stations were refalred to
give a smooth contour. Ordinates for the extended and
refaired sections are given in table I.

The slotted flap was built to the ordinates given in
table II and had a chord of about 20,7 percent of the
wing chord. The flap ordinates are given for - the root
and tip sections glthough only the portion of the flap ex—
tending from the root statlon to the 52,3—inch setation was
used for these tests. The slot shapes and flap pivot
pointe are also given in table II,

In figure 5 the detalls are given for the various
0.155¢ by 0,405b/2 ailerons, where ¢ is the wing chord
at any spanwise station and b 1s twico the span of the
semlspan modol. Removable alleron—nosc blocks and wing—
tail blocks wore provided in order that the alleron bal—
ance, gap, and hinge—axis location could be varied, One
nose block was built for each amount of balance. The nose
radll were verled by reshaping the nose blocks after the
tests of a gilven set of nose radil had been completed.
Provision was made for minimum, 30-percent, and 40U-percent
balances. o

Only one hinge—axis location and nose shape was tested
for the minimum—balance (plain) alleron,' The-hinge axis
_wae located on the aileron mean line, and the aileron nose
~at any spanwise station was a circular arc tangent to the

upper and lower surfaces of the alleron wlth its cénter at
‘the hinge axis, The 30-percent—balance mése block was de—
slgned 1in such a manner that the aileron mean line unportoed
above the alrfoil surface.at all polnts along the alleron
span for very nearly the same alleron deflection. The wing
model tapers in percent thlickness and therefore it was
necessary to vary the percent balance along the aileron
span in order to meet the condition Just stated. For the
alleron wlth 30-percent balance the balance chord at any
spanwise station was fixed by the conditlion that has been
specified and by the additional condition that the balance
root—mean—square chord Ty mnust equal 30 percent of the

alleron root—mean—square chord ©¢T5. The aileron with 30—
percent balance will be called the 0.30cy—balance aileron,

The alleron with 40-percent balance was designed in a
8imilar manner and will be called the 0.40Bz—balance aileron.
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The three nose radii tested on the 0,308y~ and the
0.40T,—balance ailerons were selected in the following
manner: When the senter of curvature was located on the
aileron mean line, the radii that would describe oonh%nu—
oys .eirocular args .tgngent to the upper and lower surfaces
of the alleron were ‘designdted medium raddi. . Small radiil
were taken as one—half the medium radil ‘and ‘large radil
were taken ‘s one and one—half times the medium radii.

Provislon was made for two hinge—axis ldcations-aﬁd
two gaps for the 0,40Gg—balunce alleron. A separate wing—

tall block was constructed for each gap and for each posi-—
tlon of the hinge axis, The two positions of the hinge
axis were at the mean line and at a locdtion 80 percent

of the alleron semithickness + below the mean line.

Testiconditionq

All the tests were made at a dynamic pressure of
9,21 pounds per square foot, which corresponds to a
velocity of about 60 miles per hour and to a test Reynolds
aumber- of opout 1,540,000 bnsed on a mean aerodynamic
chord of 33,66 inches of 'the model wing. The effective
Reynolda number of the tosts was about 2,460,000 based on
a turbulence factor of 1,6 for the LHAL 7— by 1l0—foot
tunnel., The preaent tosts wore madeo at low scale, low
veloclty, and high turbulence rolative to the flipght con—
ditions to which the rosults arec appllied. The effects of
these variables were not determined or estimated,

RESULTS AND DISCUSSION
Qoefficlents and Corrections
The symbols used in the presentation of the results
05, 11£% cosfflolent (IL/q/8)
Op uncorrected drag oogf;icient_“(nlqes)

Cp pitoching-moment coefficient -(K/q,Se')

C;' rolling-moment coefficlent (L'/q,5D)
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uncorre bed model rolling—moment soeffilé¢ient

_ioot—ﬁean—qduére dhord of aileron

, (T'n/q08D)

.yéwingémdﬁpn@ caeffigient (¥1/q,8Dp)

aileron hinge—moment coeffiolent (E/q,baBa?)

Cp of up alleron mlnus G, of down alleron

:actpal wing ‘chord at any spanwi€é-lécat;on.~

" chord of.baslowgirfoil-séﬁtiqﬁ_at-any spanvise

location .
meaﬁ aefodyﬁamic chord

alleron chord neasured along airfoil chord line
from hingo axis of aileron to trailing edge
of alrfoil | 4

alleron balance chorﬂ.maasufeﬁ alang airfoil’
chord line fron %alancu noso to ailoron o
hinge axis - -

root—mean—aquare chord of aileron baLance

ailbronébhlance-ratlo
twice span of semlspan model

alleron span.

twice area of semiapan model

Benithickness of aileron at hinge atis

twice 11ft on semispan model
twice draé on Semispan mod 81

twiée.pitching moment of seémispun model about:
support axis

e T ST v
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-LY. . rolling moment, .due to alleron defleotion, about:

wind axls in plane of symmetry ..
Lin uncorrected rolling moment. due'to aileron defleo—,
| tion, about win& axis in plane ‘of symmetry
X! .yawing moment. due to aileron deflection. about'-
+ - wind axis in plqpe of aymmetry Ca

H aileron hinge moment - ) : i

q 1ooel dynamie p?eeeure <2pva> ' __.' ‘:: - ?'

q, dynamid pressure. of air'atbeam,'uncorneotei ibr
-%lockiné .%pv°5>'

Qmax maiimum local dynamic pressure

v looal-velocity

Yo fnee—etream velocity

Ty indioaton velocity.

o angle of attack

8g nileron defleotion relative 'to wing, poBitive when
trailing edge 18 down :

8¢ slotted flap deflectlion relative to wing, poeitive
when trailing edge 1s down

0B control—stick défledtion '

ci! rate of change of rolling—moment coefficient

b . 03" with helix angle pb/23V
P rata of_roll
Fg atick force

4 positive value of L! or OC3' corresponds to an
increase in lift of the model and a positive value of N!
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or Op! corresponds.to a decrease in.drag of the model.

Twice the actual 1lift, drag, pltching moment, area, and
span of the model were used in the reduction of the re—
sulte because the model_represented half a complete wing,

The angle of attack, “the drag coefficlent, the
rolling-momant. coefficient, end the yawing—-moment coef—
ficient have been cdrrected for the effect of the tunnel
walls in accordance with the theory of trailing-vortex
images. The corrections applied to the rolling— and
yvawing—moment coefficlents account for the fact that the
spanwise loadlng induced by salleron deflection on a semi-
span wing with a reflection plane at -tiie plane of symmetry
is somoewhat different from the loading that would be in—
duced over a complete wing with no reflectlion plane. This
statement 1s made in an attempt to clarify statements in
previous reports as to the corrpctions applled to lateral—
control data from tests of the tapered—wing model used
and should not be construed to mean that the corrections
epplied to the data presented herein differ -from those.
applied in previous lateral—control tests of 0.155¢ by
0.405b/2 ailerons on this wing model. ¥o corrections have
been applied.to the.1ift, the pitching—moment and the
hinge—moment coefriclents, dut computations indlcate that
.these corrections would be very small. . ¥o corrections have
been applied to any of the results for blocking, for mis—
alinement of the alr. stresm, for. the effects of the support
strut, or for the treatment of the . ilnboard end of the wing,
that 1s, the small gagp between the root section of the wing
and the wall, the leakage through the wmall around the sup—
port tube, and the boundary layer at the wall. These ef—
fects are probadly of second—order importance for the
rolling— and yawing—moment coefficients (wiich are.basi—
cally incremental data) but may be more ‘important for the
other forces and moments, partlcularly for the drag coef—
flelents, It 18 for this reamnson that the drag coefficients
are referred to as uncorrected.

The' correctionsa. that were anplied (by addition) %o
the angle -af attack (ia deg), the drag -coefficlent, the
rolling—moment ‘coefficient, gnd the yawing—moment coeffi—
clent were

Aoy

1.30 Oy,

ACp = 0.023 07
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oA f- Gharéeﬁeristice “with Ailerons Heutral
A cdmpa*ison o£ the 11ft, drag,’ and pitdh:ng—monent
-,charao+e Iatitus -of the-tdapered—wing model equipped with
plali allererie Aud-blunt—nose balahce- ailerone fixed at
deutral. e shows tn” riguré 6. ' In -oréer to make the cém—
c-parison.for tde cafde -in which the ‘greatest ‘poasible- -
deviation mighkt be expected to ocour, the 0. 406 balance

blunt—noea aile;on with 1arge nose radil was selected.

‘It 18 sden from 'thild figure that these characteristigs .
agree reaeonaﬁly well for the various aileron installa—
"tiona; for thils reason, 1t was not considered necessary.
to present data of this type for each of the modificar'
‘tions teeted in’ -this inveetigatibn. ' '

v T
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Plain Aileron

The characteristice of .the plain-aileron, shown in
figure 7, are presented primarily to provide a base with
.which:the-blunt—nose—balance ailerons -might be cotipared.
.The moat significant points to be noted from figire 7 are
. the high negative slopes of the hinge—moment curves
30,/38, .for both sealed and unsealed allerons and. the

marked loss 1n rolling-moment coefficient caused by an open
gap at the aileron nose.

Lt gt

Effect of Type of Seal

Although the greaee eeal seemed to.be eatisfactory
during the teete 0f the plain alleron, great difficulty
balahh d ailerons yhen this type of seal was used. It was
found  during ‘the course of the investigation that consist—
ent: results could be obtained moreée easlly by replacing the
grease peal with a thin strip of rubber danm, cemented at
‘th'e meah 1line to the nosé of the aileron balance and to
the wing tail block. The 1ongitud1na1 ‘gaps, 0,002¢ wide,
betweon the wing and the enda of the balance wer®s left
ofen for ‘all tests. The tests that had already been made

i with: the-grease 'seal wbre not repeated with the rubber
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seal, with the exception of a single test of a 0.40Cp—~

balance aileron with medium nose radll at an angle of
attack of 13,3° A comparison of the characteristics of
the alleron with the two types of seal 18 presented in
figure 8. The principal differences to be noted are that .
the negative slope of the hinge—moment curve 1s smaller
and the effectiveness at positive alleron deflections is
slightly larger for the grease seal. These differences
are probably caused by the fact that the grease, -in addi-
tion to sealing the gap, filled the space between the

wing and the alleron.nose, which may have prevented lat—
eral flow along the leading edge of the alleron, and also
gave a less abrupt change in contour at- that point.. The
less abrupt change in contour: should cause a smoother

flow over the alleron nose and theredy cause both the al-—
leron and the balance to be. more effective., The increase
in balance effectiveness is’ especially noticeable gt large
negative alleron-deflections; at - 8y = —20° the hinge—

moment coefficlents for the two types of seal are approxi-
mately equal but opposite in sign, with the grease—seal
results irdicating the.larger - balance effectiveness.

: O.SOEa—Bale.nce A,ﬂe:‘-o:iq .

. The characteristics of some of the modificatlons of
" the 0.30Ta~balance aileron are given in figures 9 to 11l.
The characteristics of some aiditional mnodificatlions are
presented in figures 123.%to0 14, which show the effect: of
nose radlus, -

At an angle of attaclk of 1,5° the presence of the
seal on the alleron with .smgll nose rafllii decreased the
negative slope of the hinge—moment curve. 30y /964 at

emall deflections by. about 0. 001 and. increaaeﬂ .the effac—
tiveness for 83 = i15 by about 14 percent . (See fig 9. )

At an gngle of attack of " 14. 80, however, ‘the - seal had
little effeot on the slope of the hinge—moment. curve at
small ‘deflections ‘and t4e unaealed aileron was slightly
more effeqtive than- the sealed allsron, ;
a

Neither npse-radius ror gap had much effect on. the
variation of the hinge—moment coefficient with angle of .
.ubtack, (See Ffig. 12.) .For.all the modifications - ',:
30, /da 1is very nearly szero.wlthin the range of & = —4% to

o = 4% .but assumes a gradually increasing negative value



——

1262

11

as bhe angle of attack is inoreased above 4° The value
of - Bdhlaaf ‘at o= 16%-. s about -0. 005 S e

The negative slope of the hirge-moment curve bchlbaa

increases &8 the nose radiil are increased (figa. 13 and 14)
Tor both open and sealed gaps. Increasing the.nose radiil
decreased. the alleron effectiveness at small alleron de—
flecflons’ for the open gap bhut the effect was.negligidle
for the sealbd gap. - The. allerons with the large nose radil
mainftain their effeotiveneas over.a greater deflection -
range and therefore are usually the most effective and
have the lowest hinge moments for values of 85 gresater

than 16° or 20°.-

0.400,—-Balance Allerons with Mean Hinge Axes

The characteristics of some of the 0.40T,—balance

allerons having the hinge axis op the mean line are pre—
sented in figures- 15 to 17. The characteristics of some
additional modifications are presented in flgures 18 to
20, which show the effect of nose radius.

As 1n the ‘case of the 0.30Cz—balance allerons, the

varlation of the hinge—moment coefficlent with angle of
attack does not seem to be appreclably affected by the
nose radius (fig. 18). With a gap of 0.005c, however,
3Cn/3a 1s slightly positive for angles of attack less

than 23°; whereas, with tle gap sealed, 30y/3a 1s about

zerp over the same range. At o = 16°,  3Ch/da 1s about

~0.004 for all modifications.

The tendency of the larger nose radii to ocause higher
negative slopes of the hinge—moment curves at 8,4 = 0°

is-also apparent.for the 0.40Cy,—balance ailerons, and

' aéain the effect of increasing the nose radiilwaa to de—

crease the rolling-moment coeffliclente at emall deflec—
tions when the gap was open. ¥With small nose radii and
0.005¢ gap, the alleron was overbalanced at an angle of
attack of 0,1° (See fig. 19¢a).) At aileron deflectionmns
of —16° and 8° both the hinge-moment—coefficlient .and . . ..
rolling—-moment—coefficlient curves break away quite rapid-
ly when the small radii are used, and high hinge momente
and low effectiveness can be expected beyond these limits.
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Bffect of gap.— The 0.40Cg—balance alleron having
medium nose radii was tested with-a gap.of 0.0026c as
well as the usual 0.005¢c and sealed gaps. '
shows that the characteristics of the alleroh with the
intermedidte gap .are not unusual gnd lie about halfway
between the characteristics with 0 OOBc gap and those

with sesled €8P. .

Figure 21

The principal effects of gap on hinge— and rolling—
moment .purameters for the 0.40Gg—balance alleron with

" medium nose radili -may bde. Judge& fron figurs 21 end from
the following Hable: .

-

SE- for AG;' for.
Gap a a

: — A0 _ 0

R R

Sealed - . ] —0.0017.| ©.0428
.-.0026¢ | »C.1| .—-.0012 { "~.0407""
- .005e. .|} . ~.0008- .0392: .
Sealed' [\: . -] —0.004%.{ 0.0405
,0025¢ |%13.3| —.0034 | 0404 -

. 008¢- |} - ., —.00us. .0409

-
a

Donvdling the widtﬁiof the gap very nearly-doubles i{s:ef—
fect on the slope of the hinge—mement.curve at either

.angle. of attack.

gap at

The increment of rolling—moment coef—
ficient produced- by aileron deflectlons of i15
noticeably decroasod. with, increasingz

is guilte
‘the low angle

of attack but shows practically no change at the high.

anzle of attack.
of tl:e

At the low angle of attack the effect
.zap in decreasing the rolling-moment cocfficient

appesrs to be almost entirely -on the up aileron; at the

high engle of attack, bhowover,

the reduction 1n effec—

tivoness on the up alleron.is:-countosrccted by a corre—
sppuding'increase in effectiveness on the down alleron.

0.40¢cy

[3

~Balance Aileron with Low Eings Axes

The characteristics of two .0.40Gg—bslance ailerons
having low hinge axes are shown 'in figures 22 and 23.
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The characteristics of some additional modifications are
included in figures 24 to 20, which show the effect of
hinge~axis loeation.

The hinge—axis locatlion had very little effect on
the variatlion of hinge—moment coefficient with angle of
attack when the flap was retracted (fig. 24) but, with
the flap deflected 50° (fig. 25), the allerons with low
hinge axes showed a greater tendency toward positive
values of 30p/da for angles of attack below 3°. In

general, it can be Balid that the change in vertical posi—
tion of the hinge axis had little effect -on any of the
characteristice. For most of the nose modifications the

‘allerons with low hinge axes seemed to retain thelr ef-

fectiveness to slightly higher poisitive deflections and
to lose theilr effectlveness at slightly lower negative
deflections. There was a corresponding shift in the
values of 845 at which the breaks in the hinge—moment

curves occurred. At high angles of attacl the alleron
with a gap of 0.,005¢c, medium nose radii, and low hinge -
axis (figs. 26 and 27) gave considerably higher effec—
tlveness for negative deflections and only slightly less
effectivoness for positive deflections than the same ai—
leron with a mean ninge axis, but this tendency was not
evlident for the allerons with sealed or 0.005¢c gap and
with large nose radii, (See figs, 28 and 29.)

Effect of Balance Ohord

The effect of the balance chord @y on tho charac—

teristicos of the blunt—nose allerons with medium nose
radll and mean hinge axes are shown in figure 30. Some

of the more important effeots of balance are summarized
for several of the ailerons in figure 31, Increasing the
balance chord was more effective in decreasing the slope
of the hinge—moment curve for aillerons with 0,0060c gaps
than for allerons with sealed gape. The increment of
rolling—moment coefficient produced dy alleron deflections
of *15° was inoreased as the balance chord was ipcreased
for both medium end large nose radil and 0,005¢ and sealed
geps. The effectiveness of the aillerons with 0,005¢c gaps
increased more rapidly with balance chord than did the
effectiveness of the ailerons with sealed gaps.
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Peak Pressures

Local 4ynamic pressures were determined at varlous
positlons over the noses of some of the allerons, and the
results are presented in figures 32 to 35 in terms of the
ratlo of the local dynamic pressure to the free—stream
dynemic pressure, In each case an attempt was made to
seloct positions as near as poesible to the point at which
the peak pressure could be expected to occur. The peak
pressure for a given spanwise position on a given aileron
seemed to depend principally on the aileron deflection,
belng practicelly independent of angle of attack until the
" occurrence of local stalling over the alleron nose. The
peak pressures at the lnboard and outboard sections were
very nearly the same for a glven alleron deflection ex—
cept during a condition of »artlal alleron—nose stall, as
in figures 33(c) and 33(d). The pressures on the lower
surface of each of the ailerons were generally somewvhat
lower than the pressures on the upper surface. Sealing
the gap seemed to have little effect on the peak pressure
on eithor surface.

The ratio of the peak dynarmlc pressure to the free—

stream dynamic pressure qmax/qo is plotted against

alleron deflection for the three nose-rgdius modificatlons
in figure 36, At aileron deflections of 15° the ratio
Umax/%e &t the intoard section ranges from 2.65 for the

large nose radll to 3.0R2 for the small nose radiil; these
valueg correspond, respectively, to local velocities of
1.63 gnd 1.74 times the velocity of the free stremm. The
penk prescures over the nose of the aileron with medium
nose radil are only slightly Lhigher than the peak pres—
sures over the siloeron with large nose radii,

‘Becouse the peal pressures were relatively high for
8ll the modifications tested, it is probable that the ef-
fects of compreseibility will be severe at high speeds.
It 48 recommended that blunt-nose ailerons be tested at
liach punbers conslderabdly higher tnan the Hach number of
the test data hereln presented before they are considered
for uss on high—speed airplanes,

Estimated Rates of Roll and Stick FYorces

The rates of roll and the stieclxt forces during asteady
rolling of the airplane, shown in figure 4, have been
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estimated from the data of figurss 7, 10,.11, 16, 17, 22,
and 23. "The rates’ of roll were:- eatimuted by means of the
relationship  -- . .

pb _ 03! T L e e
. oy B cil e . ST o (1)
. __'P --'-. P |_- -

LR

where the cosfficient .of damping "in roll:: 0; 2 hgintaken_:

as 0.46 frow the data of referenoe 6. rt has been aasumed
that the rudder will be used to counteract the yawing .
moment, that the aileron—operating meqhanism ds noneIas—
tio, and that the wing will not twist. The stick forces.
were estimated from the relationship ' :

op -~ a8 - W

which may. be derived from the alleron dimensions and the
following airplane characteristics:

. 280

Wing area, square feet e o s s s o = » a o » & a s

Span, feet . v o v & o o ¢ .0 0 e 8 e s 4 s e e e ‘88
Tajer ratlio . -. Y o s e e . e 4 s s e & 1.67:1
Airfoil section (basic) &+ « « s+ e « &+ « "HACA 230 series
Mean aerodynamic chord;, inches . . . . . « « o . ., 84,14
Weight, pounds . . . + ¢« + &+ & o & s s o 8 s = 7063
Wing 1oading, _pounds per -square foot P 27.2
Stick length, feet . ..: . e & s e e s o s o e o -2
Maximum stick deflection, Bg;:deg?qea e e s e £31

The value of the constant in equation (2) is ‘dependent .
upon the wing loading, the sige-of the allerons; and the
length of the stick. The values of daa/des in equat ton-
(2) may be determined from the maxtmum stick deflection
of £21" and f£vaonm. the'maximum alilercn def1ections noted on
the figurea ehowing the computed resultst for a given ai—'
leron d§,/ddg 13 assumel constaut. The values of C3!

and A0y used #n-.sghaticms (1) and (2) are the values

computed for the tondition of Btead? r911ly the difference
In angle ¢f attack or the two atlersnsg ¢éues to rolling has
been teken into accovrt. L1l ilhe ailerons were assumed
to deflect equally up and down with maximum deflections
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- “sufficient: to produce pb/2V = 0,09'at high speed, which
' -would -allow:for a 20-percent loss ‘due to «cable stretch
and wing twiet for the nonrigid ailrplane and still pro—
vide pb/2V = 0,07 (the minimum requirement stated in
reference 6). P

Stick—~force characteristics of the 0.30G,~balance

alleron with 0.005c¢c gap and medium and large nose radii
are presented in figure 37. Stick—force characteristics
for the 0,40T a—balance alleron ‘with 0.006¢ gap and medium

and large nose radil are -presented in figure 38 -for the
mean hinge—axie -locatlion . and in figure 389 for the low .
hinge—axis ldcation. - No computatlions were made for the
dllerons :‘with small .nose radii because the aileron nose
was nearly stalled at the deflectlions required for “the

small alleron used in these tests. TFor all cases shown
in figures 37 to 39 increasing the nose radil increased
‘the stick forces and the alleron deflection required to
attain & given 1pb/2V. In general deflecting the flap

increased the aileron effectivenesa., With the 0.40Tg—

" balance aileron, lowerirng tlXe hinge akis decreased: the
high—speed stick forceés for- the ‘medium nose radii and in-—-
creased the high—speed etick forces for the large nose
ra.d.ii. * ’ . ‘. = - . -

. A comparison of the stiek~force. characterieties of
the plain sealed  aileron- and. the.three balanced allerons
with- 0,005¢c gaps:- and - medium nose radii 1s given in figure

40, 'As shown byrthe- curves of.flgure 40, the upe of
'0.40€g—balance blunt~nose ailerons will reduce the maximum

high—speed stlck forces %to' about: 15 percent of: those ex—
perienced in'the use of plain seal®sd ailervns. -There- was
no indication that the use of blunt—nose allerons would
causs overbalance at low speeds, - The small reduction in
" stick force, produced by thé 0.306, balance as cbmpared

with the reduction caused. by the 0 40T, balance nay be

axtributed to the larger reate of change of ach/asa _with

. balance chord for the largér balance and also to the fact
" that the 0.30T,—balance alleron with 0.005¢ gap was less

efffective than both the plain sealed aileron and the
0.40cy,—balance alleron with 0.006c¢ gap. Had all three

ailerons been sealed, the difference in belance effec—
**tivenees would have been smaller.
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CONGLUB IONS

- . . [RCTRR o e e - - e

‘Trom the resulte of the tests nnd computations here—
in reported, in which the effects of compressibility,
turdnlence, aud scale have heen neglected, the following

‘concluslons may be drawn:

1, Por the arrangement tested, the use of blunt—nose
allerons with 40-percent balance and medium nose radit
would reduce the high—speed stick forces to about 16 per—

- cent of tross experienced in the use of plain sealed

allerons.

2., Increasing the balance chord 1ncreaae& the al-
lercn effectliveness alightly and reduced the adverse ef—
fects of a gap at the smileron mnose,

3.. Increaning the nose radil decreased the alleron
effectiveness for small deflections but 1ncreased the
effectiveness at large deflections and extended the de—
flection range over vhich the silerons malntained their
effectiveness,

4, Incroasing the nose radil increased the negative
slope or the curves of hinge—moment coefflelent plotted
against cileron deflection but, at the same time, extended
the defloction range over whick the slope was relatively
Bmﬂ.ll .

5. Ohanging the position of the hinge axis from the
alleron mean line to a position near the lower surface of
the alleron had codmparatively little .effect on the ai—
leron characteriatica.

6. The peak pressures over the noges of the blunt-—
nose ailerons were relatively high at moderate deflectlons.

Langley Hemorial Aeronautical Laboratory,
Natlongl Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I
ORDINATES FOR AIRFOIL

@panwisefstations in inches from root section. Chord
stations and'bfdiﬁates In percent o6f baslic wing chord ¢y

i
=

ca : 8

Model wing station O - Model wing station 88.8
Upper Lower . Upper Lower
Station surface | surface Station surfacs surface
o) 0 0] 0 o] 0
1.25 3.48 -1.60 1.25 1.89 -.84
2.5 4.61 -2.36 2.5 2.65 -1.07
5 6.10 -3.21 5 3.70 -1.26
7.5 7.14 -3.82 7.5 4.45 -1.40
10 7.89 -4.33 10 4.98 -1.52
15 8.80 -5.12 15 5.54 -1.86
20 9.22 -5.71 20 5.73 -2.22
25 9.40 -6.10 25 5.77 -2.46
30 9.37 -6.28 30 5.71 -2.62
40 8.90 -6.23 40 5.36 -2.70
50 8.02 -5.78 50 4.78 ~2.56
60 6.85 -5.05 - 60 4.06 -2.27
70.. 5.44 -4.10 70 3.21 -1.87
80 3.87 ~-2.97 80 2.26 ~1.36
90 2.12 -1.67 90 1.22 -.78
98 1.16 “=e94 95 .70 -.46
100 718 "-16 100 ] -18 -.14
100.73 .03 -.03 101.2 .05 -.05
L.E. radius: 2.65. Slope L.E. radius: 0.70. BSlope
of radius through end of of radius through end of -
chord: 0.3058 chord: 0.305 - ' '
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TABLE II | -
ORDINATES FOR FLAP AND SLOT SHAPES
l?panwise stations in inches from root section.

Chord stations and ordinates in percent of basic
wing chord ej]

clo LE

¢, Jo LE >
87¢ Jo L.E,——

/%

-3 147,

Chord /line

Flap Stations

Model wing station O Model wing station 88,8
Station Upper Lower Station Upper Lower
surface surface surface surface
0 -1.29 -1.29 0 ~-0.76 ~-0.76
.52 -.08 -2.30 .53 .01 -1.16
1.04 .48 ~2.50 1.06 « 36 -1.23
2.07 1.29 -2.60 2.12 .80 -1.22
4,15 2.17 -2.44 4,24 1.30 ~-1.10
6.22 2.53 -2.18 6.36 1.42 -.99
8.29 2.40 -1.91 8.48 1.35 -.87
12.44 1.65 ~1.32 12.72 .93 -.62
16.58 .85 -.69 16.96 .51 - B2
20.72 .03 -.03 21.20 .05 -.05
L.E. radius: 1.19 L.E. radius: 0.32

Slot Shape

Flap Pivot Point

Station O] Station 88.8

85.8 84
7.7 8

Station O| Station 88.8
Rl 5.3 5.1 A
Ro e 2
x 85 83.3
vy 2.5 3.3
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