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' VIND-TUNNEL INVESTIEGATION OF DROOPED ATLERONS
OH A 16-PERCENT-THICK LOW- DiAG AIRFOLL

. 'By Relph W, Ho*tzﬁlaw and Julns B Dods Jr. .

SUILARI

. A wind-tunnel investightion was conductea tq éetpnmine
the "practicability of the droonea-alleron type Jdateralw L5
control device .on MNACA lowqd“ag airfoll Section-aéro=- ... .
dyhamig Ghérscteristics of an NACa 66(235)-c16(a =:0,6) - ..
airfoil-with an aileron of normal profile and with. -an eileron
of strsiaht-sided profile with a modified .nose shape are
presented for various sileron locat;cns hiage centers, and
aerodynamlc ‘balances. o _ : aig3;

Baglc dats consisting of contours of control loeatian ,

for maximum section 1lift coefficient snd for minimum profile.
drag coefficient for various control’ deflections are also
Dresented for use as an aid in ailnron and flen desiqn.

Extensive comnutations were made of the 1ateral—control
charscteristics of three hyootaeuical airplanes. of widely
different silzes. The resuts of these computations- indicate
thet the drooped aileron can be apilied succesgfully to air-

.planes of spens ranging from U5 to 141 feet, - Further) .the

adverse yaw due to full sileron deflection does nob, apoear to
be g0 great 2.8 to produce excessive angles of sidesllp

(rudde;.loc d), or so great as to render- the ruddcr 1nce§able '
OFf trimminT the airplene to zero sideslip.- - L '

The profile of the arooped,a,leron ia critical as )
evidenced by the nonlinear hinge-moment oharacteristios of
the normal-profile alleron. : _

I””ROﬂUGTL“N | fWAEu

Cen The “Ne.tionsal Advisory Gommitpee for Ae onautios has for
somé time been conducting regeareh in .an effort to aevelop
suitable lateral-control devices which wcrmit the ude of
full-aspan flaps. The nesd for such research is readily '}
understood in the light of the present design ftrends toward

-
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higher wing loadings with the attendant high landing speeds: _ _
One lateral-—control device for uge with full-span flaps 1s

the drooped sileron which, in effect, merely utilizes the out—

board portion of a full-span flap to obtain lateral control, :
The operation of the drooped ailerons 1s, from the pllot's =
point of wview, no more compllcated . than %he operation of

normal flaps. The mechanism which extends the flaps also

placeg the aileron in their drooped nosition. The alilerons

are then deflected differentially to provide lateral control,

Some of the problems of lateral control introduced by
the use of high 1ift devices have been summarized in i
reference 1y It was noted therein that the ratio of induced
vyawing to rolling moment incresses adversely in direct pro-
portion to the 1ift coefficient. Furthermore, the effect
of a given yawing moment on.the rolling control ls usually )
greater with flaps in use becgusge of .thé increased dilhedrel _ -~
effect of the flap. . Thus it was conocluded to be almost - -
necegsary to use some device for lateral control that causes
large changes of profile drag resulbting in a favorable com—
ponent of yawing moment, or to resort to pertial-gpan flaps
to reduce the induced yswing moments.

In the past, it did not apnear that drooped ailerons
on conventional airfoil sections would adequately solve these ;
problems., However, a preliminary exsmination of slotted flaps -
on low-drag airfoilsg indicated drag c¢haTracteristics superlor g~
to those for conventional sectionse It anpeared that if a
sultable ratic between up- end down—=aileron deflections were _
used so as to remslin within.the region of favorable drag
characteristics, the effectiveness of the drooped alleron
would be -adequate and the adverse yaw would not be toq severes
It remained to determine if the hinge-moment charascteristics
could be made to provide satisfactory contreol forcess _
Therefore, the present investigation was undertaken to deter—
mine if the obstacles could be overcome wlth a slotted-type
alleron on a lowdrag airfoil, : _ _ -

Two 0.26-chord allerons were tested, one of normal
profile, and one of strailght-sgided profile with a modifiled
noge sghapes Various amounts of aerodynamlc balance and
several drooped positions were investigated., The results
Tere applied to the estimstion of lateral~control character—
latica of three hypothetical airplanes of widely different
slzeas



»

NACA TN No. 1336 S 7

COEFFICIENTS, SYMBOLZ, AND CORRECTIONS

The coefficlents and gymbols used in the presentation
and gppllication of results are as follovs.

ey gsectlon 1ift coefficient _

Acy, increment of gectlion 1ift coefficient due to
ailleron deflection

°q, gection profile drag coefficient

Cm section Ditchingﬁmoment coefficlient about auarter
chord of section

Cng alleron section normalyforce cozffleient (pased
on total aileron chord) _ |

ce, alleron section chord-force coefficient (basged

on %otal sileron chord)

ch alleron sectlon hinge—moment coefficient (besed
a on total aileron chord)

c alrfoil chord including flap, feet

M.A.C. mean aerodynamic chord, feet

b wing span, feet

v veloclity, feet per second ,

S8 Wing area, square feet

o angle of attacxk for infinite aspect ra tio dgéfees
Sq elleron deflectlon, measured relative to the aiffoil

chord line (positive when down), degrees

pb/ev helix engle generated by Wing tip.in roll _radians

P angle of bank, degrees

B angle of gideslip (nositive when right wing is
forward), degrees

e e A —
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W angle ‘of yaw {positive when left wing is forward),
degrees e

t time, seconds P -

) fraction of control-wheel travel

F aileron wheel force, pounds

In addltion, the following s}mbols are empnloyed:

OLa = (écz/ba ) ; 50 {measured through Sa'= 0°)

®15 ~ (30, /08 ) ay = 0° (measured-thfoughl:#o = 0°) ;
o = (de, /da.) . R -

hﬂ _ ha © 8a = 0" {measured through ' a, = 0°)

c = 8 ' ' '

hs (écha/b a)ao = 0° (measursd through 6, = 0°)

ep, = (ocy /d4,) '

hCL ha/ Vg, = 0° (measured through .cg = O)

It should be noted that the ailleron section normal-force
chord~force, and hinge-moment coefficients were. based on the
total aileron chord rather than the- ustel chord aft of the hinge
line.

The section 1ift, profile drag, and nitching—moment
coefficients have been corrected for tunnel-wall. cffects by
the method of reference 2, A comperison’ of forcoe-test results
7ith pregsUre~distribution measurements of section 1ift and
- pitching—moment coefficients indicated negligible end-plate
effect on these coefficients, The end-blate effect on the
proflle—~drag coefficients vas determined by .a comparison of
measurenents of the loss af momentum in the ring wake with
the force-test measurements., All the dreg results heve becn
corrected for this effect,
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It should be noted that no correctlong have been
spplied to the-hinge-moment coefficients for the effects.,
of the tunnel walls. This was done becausge of the uncertain
effects of the hinge-line locationa and the large aileron
deflections used on the absolute values of the corrections,
However, approximate values of Aéchcz computed for the

various hinge locatlons by the method of reference 3 are -
given in the following table to indicate the order of ~.
magnltude of the corvec+ions. : : o

Hinge i £Dth
location |
A, C, D, E ; 00,0021 :
B © ey Jo0kk L
R, V i . 0024
S, W i « 0029
T, X, U | 0037

No corrections have been applied to the measured two-
dimensional hinge moments for their application to the
three-dimenglonal lateral—-control cslculatlons,

JMODEL AND APPARATUS

The model wasg constructed of leminated manogagg to the .
NACA 66(215)-216(a = 0.6) profile of U-feet chord.® The
alrfoil ordinates are given in table I, A 0,25-chord alleron
of the normal wing profile and & 0,2 —chord aileron of
straight-eided profile with a modiTied nose shape wers tested
(fig. 1). The aileron ordinates are given in tables II
and III, regpectively, The normal-profile aileron anc the
slot shape (fige 2) used for this investigation were =~ _
identical to the flap and slot A of reference L, -

1This was the same model as that used for the tests of
references 4 and 5, However, the designation has been _
changed to conform with the new NACA system of airfoil
designation.
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The model is shown mounted vertically in the Ames 7~ LY
10-foot tunnel No. 1 in.figure 3. Turntables, 6 feet in
dlameter, were attached rizldly to the model end nounted
flush with the tunnel floor and ceiling

Fach aileron was equipped with a single row of preasure
orifices built into the upwer and lower surfaces &t the
midepan station. The orifice locatlons are listed in table IV.

Provisions were made for mechanicelly changing the
normel and chordwise location of the sileron as -well aad tne
alleron deflectlon. (The limits of the model aileron
deflecting apneratus were -17° and 50°.) This permitted the
testing of the alleron in practicaelly every position required
to simulate the movement about eny given hinge location.

TESTS AND PROCEDURE

The tests were conducted at a dynamic pressure of
50 pounds per square foot, corresponding to a Reynolds
number of approximetely 5,100,000 and a ilach number of 0.19,

Certain undesirable characteristics were discovered for
an alleron of normel profile. Ae these cherscteristics were
attributable to the nose shape snd srofilie, & straight-sided
elleron with an altered nose shape vcs tested. This aileron
will be referred to as the straizht-sided eileron throughout
the report,

The besic 1ift -and drag data used for choosing the
sileron hinge. locations to be tested for the stralght-sided
eileron are presented. in ficures U and 5. Figure I presents
contours of aileron location for maximun section 1ift
coefficient and figure 5 presents.contours of aileron locetlon
for minimum profile drag coefficient., The reference point
for these contours was taken as the intersection of  the.
elrfoil chord line and the sileron nosé with the aileron in
ites retracted position (etetion 0.7532 chord on the chord
line). Similar data for the normel~profile alleron have
previously heen presented in figures 3 and 5 of reference .

A sumrary of the hinge vositions tested listing the .=
flight condition for which they were sclected is presented
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in tables V and VI for the normal-profile and the etvaight~
sglded ailerone, resgpectively. .

Lift, drsg, and pitching-moment measurements, as well
as preasure—distribution measurements over the ailnron&,
rere made throughout the useful angle-ol-attack range for
constant alleron deflectionas. Hinge-moment, normal-force,
and chord-force coefficients were obtained by mechanically

integrating »lots of the normal and chordwige pressure .

dietribution over the eilerone. The resulte of the teste
with deflected ailerons are preeented in the form of gection
1ift, dreg, pitching-moment and esilsron hinge-moment _
coefficients as a function of the sileron deflection. Aleo
included are fhe allsron geciion.normel- and chord-force
coefficients for use in the strucuurnl deeign of drooped
ailerOWS.

‘The data for defleched pilerone o ATE pregented for
corrected angles of attack of —4°, 07, 4O 4% ang 12°, I%
should be noted that the exnerimental data were obtalined
for a constant silleron deflection ae a function of the
uncorrected sngle of attack before the final crose-plotiting
ageinst alleron deflection. The symbols are, thercfore, not
the exact teet Hointe on the .final cross olots bat have been
ueed to identify the dsata.

RESULTS AND DISCUSSION
Normal-Profile Alleron

The effects of the slotted ailerons (undeflected) on
the section aerodynamic characteristice of the NACA 66(215)-216
(a = 0. 6) airfoill are shown in figure 6. As shown by this
flgure,  the effect of the undeflected normal-profile slotted
sileron wag to increase the éreg of the ailergnat low and
intermediate 1ift coefficlents, to dscreage the glone of
the 1ift curve elightly, and £ causc a slight. decrease of
the maximum 11f%t coefficiont. Thero was also a amall cHange
of the »itching—-moment characteristics.

The section aerodvnémic charscteristica ob*alned for
hinge posltions A to E (table V) for the normesliprofile
alleron are precenfed in figures 7 to 1l. A.reversal of
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slope in the variation of aileron hinge-moment coeffilcient _
with deflectlon for hinge pogition A isg indicated in figure 7.
The reverssl, which would contribute to a nonlinear varietion
of control forece irith control deflectlon on an airplane,
occurs at an alleron deflectlon of approximately ~100 for
angles of attack above 0°, It was in an effort to eliminate
this reversal that a modified sileron was degigned and tested,
Computations are presented later in this report to 1llus-
trate further the undesirable characteristics of the normal~
profile control,

The effectiveness of the aileron wasg greatly reduced
when i1t was positioned. for minimum drag rather than maximum
1ift as shown by hinge positions D and E (figs. 10 and 11).
Consequently, no further consideration wag given such loce—
tions.

Application of the results of the tests of the normal-
profile aileron with hings locations A, B, and C to specifilc
alrplane configurations are presented and discussed later in
this report, _ ' _ -

Straight-Sided-~Profile Alleron

Because of the deficienciesg indlcated for the normal-
profile sileron, aenother alleron was designed and tested.
This aileron had a modified nose shape, altered to eliminate
the hinge-moment coefficient reversal exhlbited by the normal-
profile control, In an effort to provide a value of Gh6

numerically smaller than that of the normel-profile aileron,
the profile was made straight-sided, (See table III.)

As shown by figure 6, the effect of the stralght-sided
alleron on the airfoil characteristics ag comparéd with the
normal—-profile aileron was to increase the drag glightly at
low and intermediate 1ift coefficients, decrease the 1ift-
curve glope slightly, and decrease the pitching moment,
During the course of the 1lnvestigation i1t was necessary to
ghorten the curtain to permit the testing of .the gtraight—
glded alleron as a slotted aileron with reduced balance.
(See table VI,) In general, the effect on the aerodynamic
characteristics of shortening the curtaln was to magnify
the effects obgerved by changing the normal profile to
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straight-sided, It should be noted that discontinulty

in the 1ift curves often encountersd with lov—drag airfoils

a2t low Reynolds numbers was much more notlceable with the
?traigg§-sided alleron than -rith the normalrpréfile alleron
fig, . ' .

Comparison of the data of figures 4 end 5 for the
straight—-sided aileron with figures 3 and 5 in reference L
for‘the normal-profile sileron indicstes that there lg little
effect upon the maximum 1ift and minimum drag due to changing
the aileron profile; furthermore, there is only a smell change
“in the alleron locations for optimum 1ift and drag. There is
some varlation in the ghape of.the @ontours, however, this
nay be partly due to variations in the size of the araa
gsurveyed and to the freauency of the survey points,

The section aerodynemic charscizristics obtained foy
hinge poegitions R to X (table VI) for the straight-sidéd-
profile aileron are prcsgented in figures 12 to 18, It should
be noted that the straight-sided aileron sexhibits the same
hinge-moment reverssl (figs, 12, 13, and 1U4) =s. that of the
normal-profile aileron (fig. 7) but to a lesser degree, A
comparison of the hinge-moment and effettiveness parameters
for the stralght-sided alleron with variousg amounts of
balance (hinge positions R, S, and T) with those for the
normal-profile aileron with 43, 35-nercent balance (hinge
position A) is showm in table VII. It should be noted that
the stralght-sided alleron gave the desired reduction in cpg

but at the expense of a considerable loss in ailleron effec~
tiveness ¢i3.. The values of chy for the siraight-sided,
alleron with L42,05-nercent balance was —~040013 with a C1g

of 0,037 ag compared to a cpg of -0,0030 and a £y of

0,045 for the normal-profile aileron writh U3, 35-0ercent

balance, However, undue significence should not be attached
to these values since they are valld only for small alileron-
deflection and angle~of-abttack ranges. -

In order to determine 1if the ailerons tesgted would meet
the requirements for a satisfactory lateral-control device,
an estimate was made of the laterali-control characteristice
- of three hypothetical alrplanes assuming a full-span~-flap
installation incorporating drooped allerons, The estimated
characteristics were then compared with the characteristies
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required of a satisfsctory lateral control device, Alleron
hinge positions suitable for use in the high-speed flight
condition and for the landing apnrosch were chosen for :
investigation. For the high-speed condition with the normel-
profile sileron, hinge pesition A (the only snplicable posi-
tion investigated) twas chosen. Becauge of the low value

of Chs and the hlgher value of Clgs hinge wosglition R was

chogen for the stralght-sgided aileron for this condition.

To keep the mechanism relatively simple, 1t was degired te
investigate a position such that the ailleron and hinge could
be pogltioned by a single mechenism for the landing annroach.
To keep the balance unchenged, hinge position ¢ was thercfore
used for the normasl-profile aileron and hinge position V was .
used for ths straight-gided a2ileron.  For comparison, » double-
hinge arrengement *es alsc investigated for the.avnroach
condition (hinge position B for nositive deflections of the
normel-nrofile aileron with hinge positiop A for negative
deflections, and hinge nosition U for vnositive deflectione of
The straight-aided esileron with hinge position R for negative
deflections).,

Estimation of the Characteristics of Airplanes
with Drooped-Aileron Installations

The airplanes chosen for anslvsis are tymes, widely
varylng in glze, *hich might profitably use a full-span-flap
ingtallation, Their assumed choracteristics are given in
table VIII, Airplane A is a large, four engine, long-range
bomber; alrplane B is a large, two-engine, patrol bomber:
and airplene C is a carrier-besed, cingle-engine, scout bomber,

Computationsg have been made Tor rudder-locked rolls for
each of the three airplanes for the high-epeed f£light condition
and for the lsnding epprosch with the flaps extended. The
section 1ift and profile-frag coefficients were_first converted
to rolling— and.yawing-moment coefficients by the method of
references €, 7, and & These velues were then used for the
caleulation of »b/2V and the engles. of benk, gidsslip, and
yaw ag a functlon of time by the method of references 9 and 10,
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(The results of these ceslculations are lster referred %o es
the time histories of the roll.) These results ars directly
comparable with those of reference 5 for sno*ler—type controls.

Assumptions.~ In estimating the ohar?cteristice of the_
airplanes with drooped-sileron instal‘auions the follo*ing
agsumptions have been made:

1. BSlotted silerons of 25-percent -total chord have been
agsumed for a2ll fthree airplanes.

e Bigid ¥ings have been aggumed throuphout the calcu~
lations, - R .

2. No allowance has been made in the calculatione for
Mach number effects.

k, The velues of pb/2V comouted for the landing . .
approach have been assumed apv»lilcable to the landing condi-
tion. i . h

5. The varlation of aileron deflection 1ith control-

-

vheel displacement sho'm in f;gﬁ:e 19 has besn assumed,

6. TFor the landing aporoach the allerons have been
agssumed to be drooped sufficiently to give en increment of
gection 1ift coefficlent of 0,&, (This emounts to a deflec—
tion of about 16° for all three airplanes.) The estimated
reduction in landing speads (mph) due to drooping the
ailerons and the landing apnroach speeds of the three
airplanes used in the cslculations are shown in the Polio"-
ing table:

Reduction in lending speed Landing anproachi

! Airplane ' due to drooped ailerons, mph. sneed, mph -
) i
| A : ST ; 98
i . 5 B . .
; B : 5.l t 105
c | 3.8 ; 86 -
t .
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Greater reductions could be obtained with increaged aileron
droop., However, some rolling effectiveness ~ould be sacri-
ficed 1if the droop were lncreased to ‘such a point that the
resulting sileron deflection erceesds 40°, Also, experiments
have indicated a deterioration in stalling characteristics
and lateral gtability near and at the stall of airplanes with
full-sman flaps when the wing was too heavily loaeded st the
tip. For these reasons, more congervative deflections were
used, .

Calculated Charscteristics.~ Roll time histories were
computed for eacn of the three alrplensg eoulpped -rith the
normel-nrofile anéd straight-sided ailerons for the high-speed
flight condition and for the landing approach. Tynical time
histories (agsuming instantaneous control deflesction) are
presented in figure 20 for airplane A egulpwned with the
straight-gided alleron for the high-sneed and annroach condi-
tions. 7The variation of maximum pb/EV end gheel force with
control travel for each of the three airnlaneg is gho'mn in
figure 21 for the normal-»rofile-aileron and in figure 22 for
the stralght-gided alleron.

Control effectiveness requirements,— For s satﬁsfactory
lateral—-control device, the variation of rolling acceleration
with time immedlately folloring an abrunt control deflesction
ghould always be in the correct direction, Insnection of the
roll time histories indicated that all threc slrpnlanes. met
this reaquirement with either the normal-profile. or straight-
glded allerons ag evidenced by the’ positive gradient of the-

variation of pb/EV with time.

At any spez2d, the maximum rolling velocity obtained by
abrupt deflnction of the lateral control with the rudder
locked in its trim position should very smoothly with and be
approximately proportional to the control deflection. As .
shorn by figures 21 end 22, thisg requirement is also satisflied
by all three alrplanes with either =ileron.

The lateral control should be of sufficlent »nowrer to
produce a wing-tlip helix angle pb/2V  equal to or greater
than 0.09 for airplanes such as flghters, ¢ive bombers, and
torpedo bombers, and 0,07 for horizontal bombersg, cargo
trangport and Drimary training alrplanes. in the high—soeed
flight condition with the rudder locked in its trim position,
The recouired wvalueg of pb/EV are gomevwhat lower .for spceds
in excess of 300 miles wer hour, The lateral control should
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also be capable of producing a pb/EV of 0,07 for all
alrplanee in the landing condition with the rudder locked in
its trim position. Aeg shown by figures 21 and 22, airpl=ane
C fails to achieve the required pb/2V  of 0,09 with either
aileron, reaching a value of only 0,068 with the normal- —
profile aileron and 0,074 with the straight-sided alleron.
This alrplane has unusually short-span allerons — only 29
percent of the wing span. To meet this requiremsnt the .
ailleron span would have to be increased to approximately 35
vercent of the wing span. The pb/EV for airplane A wag
also slightly low for the approach condition (0,067 compared
with the required 0.07) with the straight-sided ailerén. ,
Alrplane B reaches rather high values of pb/2V 1in the
approach condition because of a glight roll instability for
this flight condition. L -

For all airplanes the product -of the rolling velocity
and the wing span ghould be at least 10 feet per second for
the landing condition when the airplane is rolled wlth ebrupt
full aileron deflection with the rudder locked in its trim
pogition, The product of the rolliing velocity and the wing
span 1s shown in the following %table for each of the three
alrplanes: T '

- Produet of rolling velocity and Wing span j_

|
; Airplane

| Normal-profile ; - Streight-sidsd
% Sy alleron v .. . alleron .
A % 23,5 | 19.4
B . 5.7 29.2
; ¢ . 18,7 L 15.9
. o .

Ag gshovn by the above %table all three alrplanes sabiafy this
requirement with either 2ileron, .
. For horizontal bombers, cargo, and transnort alrplanss

the ratio pb/2V per 100° of vwheel throw should be at least
0.05 up to 70 pmercent of the maximum indicated level flight
gpeed in the high-speed, flight configuration with the rudder -
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locked in i1ts trim pogition. = An ingpection of figures 19,
21, and 22 indicates that both airplanes A and B _satlsfy this
requirement with the straight-gided aileron but that airplane-
B is marginal vith the normal-profile aileron. (Airplane C is
not affected by this requirement.,)

Control-force requirements.~ The variation of lateral-
control force with stick or wvheel deflection in. the rolling
maneuvers previousgly discussed should be a smooth curve with
sufficient grsdient to provide satigsfactory control-centering
characterigtica. As ghown by figure 21 the variation of
control force with whesl defiection is ungatisfactory with
alrplanes A and B with the normal-profile aileron, As shown
by figure 22, the variation is satisfactory for all three
alrplanes with the straight-sided aileron, The control forces
appear to be great enough tc provide satisfactory control-
centering characteristice for airnlanés A and B with this
aileron, but airplane C might be deficient in this respect
unless snecial care is exerclsed to keep the .control friction
small. However, 1% is obviously quite difficult to make an
accurate predic%ion of this characteristic.

With the rudder locked in 1ite trim positlion, it should
be poggible to obtain the reouired wvaluesg of pb72V without
demanding forces of the pilot in excess of &0 pounds for
wheel-tywe controls and 30 pounds for stick-type controls,.
Ag shown by figure 21 neither airplanes A nor B sgatisfy this
requirement with the normal-profile aileron. As shown by
flgure 22 the control forces are within the specified 1limit
for airplenes A gnd C with the gtraight-sided alleron, but thse
forceg are gtill high for ajrplane B, It should be noted thet.
the control force for a pb/2V of .0,07 for alrplene B was
reduced from a value of 165 pounds =rith the normal-profile :
alleron to 92 pounds with the straight-sided aileron. The low
angle of attack required for the high-gpeed flighf condition
and resulting large hinge moments (fig, 12) of the up—aileron
contribute to the high control forces of this airplane., The
control forces for alrplane B could probably be reduced
sufficiently by a slight adjustment of the aileron balance.

From the foregoing discussion it hag been demonstrated
that from the standpoint of lateral control the straight-sided
drooped eileron .cen be uged aucceggfully on three airnlanes
widely varying in size. . e L -
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Other reguirementsg.- Other reguiremente, such as the . .
maximum sllowable reduction of roll veloclty due to wing twist,
and. so forth, sre considersd to be beyond the geope of thig
discussione. .

A common criticism of drooped allzrons has veen that the
adverse yaw ag-z2 result of full aileron deflection would be
too great in lowsgpeed flight., However, an inepection cf the
computed roll time histories indicated_tkau the yair due. to
full alleron deflection with the rudder lociked 4id not result
in excessive angles of sideslip for ‘any of the airvlanes. In
addition, an investigation of %oz rudder powWwer aveilable indi-
cated that the rudéer would be caneble of trimming out %the
adverse yaw, : :

Application to light airplaneg,-— One ewplication of
drooped ailerong, not previously considered in this report
is to the oomparatively small airnlane flying at speeds no%
much in excess of 200 miles per hour, such as a ‘perschal or a
small executive-type airplane, For guch an ingtallatlion, large
hinge-moment coefficiente may be Gtolerated, in vhich ca se one
hinge-location could be usged for positive ai“eron deflectlions
with an alternate hinge location for negative deflectlons;
the control would droop about the hinge center for positive
deflectiong and would then rotate about that same axis for
lateral control. A further step could be taken in this type
of installation by using large-span drooped ailerons *rith. no
other flaps. The merit of érooped =ilerons in such instal~
lations would probably not be Sue so much %o the reduced
landing speed mossible (the increment would be quite small
for very lo™ wing loadings) as %o the pogsibility of
increasing the wing loading without an increase in landing
speed., .

Comparigson with gpoilers.- Anotuer method of achieving
lateral control vhich retasine the advantagés of fu71—span )
Tlaps ls the spoller type of control, The maximum rate of
roll obtained by spoiler control for Sthe three exemplary air—
Planes is compared with tha% obtained from the drcoped-aileron
control in the high-speed ané in the spproach condition in
figures 23 and 2& -respectively, For each of the airnlanes
a higher rate of roll ieg reacred *"1th spoiler control than
with the drooped alleron. The snoller control, horever,
requires thet "feeler" allerons or some other Aaritificisl
method be used to provide the pilot .with the proper control
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forces. The computations presented for the spoiler control
were taken from filgure 23 of reference B, -

Drooped ailerong on thin wingg.- A1l the ﬂata presented
in this report rere obtained from tests of a 1&-nercent-thick
airfoill at low Mach numbers. Preliminery design consildera-
tions of drooped ailerons on thin wings for use on very high-
gpced ‘airplanes indicate that -many compromises in _the optimum
acrodynamic arrangement must be made because of—the extreme
thinnuss of - the aft portion of the airfoil.

CONCLUSIONS - - S
The regults of the wind-tunnel investjgation to deter-
inine the vractlcability of the drooned+sileron type of
leteral-control device on lov-drag eirfolls indicated the
following: _

., 1. Droowned ailerons can be apblied to airnlanes ng a -
satisfactory lateral-control device, os ghovn by calculetions
of the lateral—control characteVistics of three alrwnlaneg of
spans ranging from 45 feet to 1M1 feet,

2 The. adverse yaw due to full eileron deflcct*on would
not be so great as to produce excessive angles of sidesliy
(rudder locked), or so great as to render the rudder incasnable
of trimming the airplane to zero gidesglip, !

3. The profile of the drooped sileron of the type tested
ls critical as evidenced by the nonlinear hinge-moment charac-
teristlcs of the normel-nrofile aileron.

%k, The effectivenesg of the drooped alleron is sgeriously
reduced when the aileron is positioned for minimum drag rather
then maximum 1if%,

Ames Aoronautical Laboratory,
National Advisory Committee for Aeronautics
Hoffett Field GﬂTif., July 1947.
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TLBLE I.— 300a 66(215)-216 (o =0,6) LIRFOIL
[Statione and ordinatcs in percent

nf the airfnlil chord]

, . I
Upper surfacse . Lnwer surface
station | Ordinate Station | Ordinatec
0 e 0 0
W371 1 1,242 629 | -1.112
607 1 1.50L » 893 -1,319
1.091 1: 886 1.409 ~1,608
24317 2,615 2,683 .| ~2,127
4,794 ,701 5,206 | -2,869
7.284 Fe563 7.716 —3 441
«781 5« 308 10,219 -3,93MU
C 14,788 6.500 15.212 | -i.702
12.806 | 7428 20,19 —5.2?0
ol,g832 | &.15% 25,168 -5.7041
22.862 8,708 30,138 -6,080
34,897 9,098 35.10 1 —64,312
.9%6 9.356- 5,064 |.-~6,062
L. 978 9,471 45,022 ‘-6.523
50,023 9431 49,977 ~6.5483
55.073 | 9.224 sh.927 _~6-326
60.1)4'1 go 800 53. 859 ""6.0 ‘_8
65,191 &, 08l gL, 809 ~Z.5Zu
704198 7.068 69,302 ~I,866
go.1ld | L.585 72.852 ~3.107
85,106 3,265 glL,gol | -2.177
90,061 1,937 89,939 -1.235
95,021 . 762 o979 | ~ JH32
100 0 ' 100 - o)
Leading—edge radius: 1,575 Tralling-cdge
radius: 00,0625  Slope of rodius through
leading edge: 0,110 -~ ) -

NATTIONAT, ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE II.- ORDINATES FOR THE 0.25-CHORD
NORMAL~PROFILE SLOTTED AILERON ON THE
NACA 66(215)-216(a.= 0.6) AIRFOIL

[Stations and ordinates in
percent of airfoil chordl

Station | Upper surface Lower surface
75.000 1.8 g
7%.521 .oﬁg ~3.062
76- O)-l-?. 0895 . . --._.)-1-3 R
77.083 1,232 ~2.60
9.1 T = —~Se
80.208 3.458 - ~3.,042
81.250 3.6U46 —2.822
g2,292 3.687 -2.6
83,333 3.625 ~2.437
gl.375 3,437 ~2.250
g5.417 3.208 . —2.062
87.500 2.6U6 . =Ll.667
g9.583 2.083 ' -1.292
91,.667 Ll.542 -.G17
9%.750 1.062 . —~.583
95.833 .60l ) - 333
97.917 271 . =167
100 : - - -
Trailing-edge radius = 0.0625

NATIONAL ADVISORY
COMMITTEE FOR AERCNAUTICS
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TABIE III.,~ ORDINATES FOR THE O.25-CHORD
STRATGHT-SIDED STOTTED AILFRON ON THE
NACA 66(215)=216{a = 0.6) AIRFOIL

[stations and ordinates in
percent of alrf»il chord ]

Station | Upper surface| Lower surface
et | U L e
76.0u2" | 1.021 . —2.646
77.083 2,000 - 2,875
78.125 2.687 2.937
79,167 3.187 2.332
&0, 208 %.500 2,89
81,250 3,687 2.792
g2, 292 3-759 . 2.667
83,333 24007 - 2,500

8375 2,479 L. 2,354 -
85,017 5,250 | 2,208 ‘

Trailing-edge radius = 0,0625 -

85tralght lines from statlon
85.417 teangent to tralling-—edge
radius.

NATTIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IV.~ PRESSURE-ORIFICE LOCATIONS IN THE
ATIERONS ON THE NACA 66(215)-216 (a = 0,6) AIRFOIL

1station, percent
alrfoil chord Looation

75,00 Leading=edge
7531 Upper and lower surfaces
7%. 3 do.
76.25 do.
7751 dn.
78.76 doe
80,01 do.
82,52 do.
85,0 dn.
87.55 do.
90,0 : do.
92051'!‘ do. -
9505 do.
97.56 an,
93,81 dn,.

*Flap retracted.

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE VII.~ SUMIIARY OF PARAIZTERS FOR THE HORMAL
PROFILE AND THE STRAIGHT~-SIDED-PROFILE AILEROIS

Normal
Parameter Profile Stralght-sided
alleron pirorfile aileron
Hinge §
positlon A R ) ' T
Percent
balance 43,35 o,05 37.05 132,05
Clg. LOlUs « 037 .030 + 030
Sl 093 .093 .093 | ,093
Che -4 0025 «O01l .0011| L0011

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Fig. 20a NACA TN No. 1386
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Fig. 21a NACA TN No. 1386
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Fig. 21c ' . NACA TN No. 1386

° =
.08
”“:—_:—(
> 06 T
E =ZF
)
Q) ol
~ P
/4 Pad
Pl
4=
oz o
Cd
Pl
0
a v 2 2 & .5 G 4 8 R, 70
T-chr/aul klaz. WJVEL
o HINGE PosirroN A - .
A& HINGE pPOoS/iT/ON & ]
gJHINGE POS/T/oN & FOR POSITIVE DEFLECTIONS
INGE POSITION A FOR NEGATIVE DEFLECT/ONS
—— HIGH SPEED - 259 MPH AT SEA LEVEL
_____ APPROACH SPEED -86 /1PH AT SEA LEVEL -
FLAPS DEFLECTED .
100
g
~N
g 80
g 60 NATIONAL ADVISORY )
2 _OOMMTTEE FOR AE
Y 7
40 e
: ]
¥z —— 1 | | -
1 &0 N - - ———
Q B /‘ _ e
B e e s O O Al A A A
o . 2 e 2 4 5 .6 —.7 .8 .9 170

& = FRACT/ CONTROL. TRAVEL
(C), AIRPLANE C.
FIURE 2/ —COMIULDED.



NACA TN No. 1386 Fig. 22a

./
)
a8 -
-1
~A-~
i -
- -l
g 4
§.06 = 1
i}t V‘,ﬂr’ |
= 0217 ]
/'lZ:/
o
//’V/
oz !;/%
///-
=
-
0 ==
Qg / 2 3 k-4 & © 7 & 9 /1O
B-FRACTION CONTROL TRAVEL
© HIMGE Pas/7ion £
A HA/GE PFPRS/IT/ION v
a AHNESE  LOSITION U AL LOSI77VE LOEALECTIHNLS
AHAGE LOSITION B FO8 MEGATIVE DEALECTION'S
HIGH SPEED — 288 MPH AT 25000 FT
———— —  APOROACH SPEED — Q8 MPH AT SEA LEVEL
FLARS OCEFLECTED
1]
00 A
//
,/
re
1
e -
-~
§ - J//
2] — <
3 - /(r /”’r
™ z. ] e
: o —
i L~ -
40 P = et
-1 - -
§ e L/‘ '4(?/
A _ NATIONAL ADVISORY .
N 20 ‘ﬁ// ] COMMITTEE FOR_AERONAUTIOS
g L,/’y -
A ’b/df
o
0 = .
a v 2 5 4 .5 .6 .7 .8 .8 V374

B-FRACTION COMNTROL TRAVEL
(Q). AIRPLANE A.
FIGURE 22 .~\ARIATION OF (pbl2V)pa, AND WHEEL FORCE W/TH CONTROL TRAVEL

IN ROLLS WITH THE RUDDER LOCKED FOR THE EXEMPLARY AIRFLANES
EQUIPPED WITH THE 025 CHORD STRAIGHT SIDED AILERON.



Fig. 22b - NACA TN No. 1388

~
/O -~
A7
=
o8 - e S S
4 //
e ]
wx .06 /’;// e
); 7
TQE L]
&._/ /’///0/
.04 Cal -
~=d 1
V2 -
oz 4// >/
. ///
/ ==
&
o J 2 3 4 S £ 7 8 9 147]
O- FRACTION CONTROL TRAVEL
o MINGE POSITION R
A HINGE POSITION V .
HINGE PosSrioN U FOR POSITIVE DEFLECTIONS
HINGE POSITION R FOR NEGATIVE DERLECT/ONS
HIGH SPEED — 228 MPH AT SE9 LEVEL .
/€0 — — —— APPROACH SPEED —~/OS MPH AT SER LEVEL .— FLAPS DEFLECTED.
- p
wo //
/
20 Vi
Q
»
§ 100!
S /
g
/(
o
g 80 v4
]
"% i 4 / — -
Y 1L--1
¥ | — —T
] 0 Z -
W /7 L
P — —
L~ L e —t
//’ ’_,_—-—r""A'—— [
20 e S ot ;
X~ A NATIONAL ADVISORY
- AT " - COMMITTEE FOR AERONAUTICS
/.,——4/ F’,?/ { z
o F
(2] 4 2 3 4 5 @ 7 & -4 Lo

O-FRACTION CONTROL TRAVEL
(b). AIRPLANE B.
FIGURE 22 = CONTINUED.



NACA TN No. 1386 . ‘ Fig. 22c

N4
a8
5
S .06 — M/ ’-‘L
B B
~ ==
af > =
e
B
oz %/
Pt
‘7
/
o P
o / 2 5 4 S .6 .7 -} K4 /10
&~ FRACTION CONTROL TRAVEL
© HINGE LoSITION £
A HIMSE ROSITION Y
o [HNGE FOSITION U For PGSITIVE OEFLECTIONS
HINGE POSITION B FO& NEGATINE DELLECTIONS
HIGH SPEED — 259 MPH AT SEA LEVEL
— — — ——  RPPROACH SOEED — 86 AMPH A7 SEA LEVEL
FLARS OEFLECTED
0
Q
~
gao
~
gao
NATIONAL ADVISORY
] COMMITTEE FOR_AZRONAUTICS
§ =
40
\y /w
N
] //
‘;‘za — ]
—
| p—"} e R IS O S _...-rT*:
/.—E___ ______ e b :J:_’_'_ __F______%.—--—— -1
o -:H/‘S#== =q=R-—T T

0 V4 .2 .3 4 -5 -6 7 .8 .9 20
6-FRACTION CONTROL TRAVEL

(C) AIRPLANE C .
FIGURE 22 .- CONMCLUDED.



Fig. 23 . NACA TN No. 1386

|

O Q/IRPLANE A
A 8
a C

DROOPED AILERON CONTROL
———— SPO/NER CONTROL

/0

7
7
08 < e
| S
(7 %)MAX e’ “’f/ //
06 ' /"//4,
A
vy
o4 // o’ v

Y7/ ’ﬁ NATIONAL ADVISORY

_ /;:// //‘ COMMITTEE FOR AERONAUTICS
A
o -
0 2 4 & 8 /10

&- FRACT/ON CONTROL TRAVEL

FIGURE 23.- COMPARISON OF THE VARIATION OF @b/zv),,,,qx
WITH FRACTION  CONTROL TRAVEL /N RUDDER LOCKED
ROLLS AT HIGH SPEED FOR AIRPLANES A, 8B, AND C
EQUIPPED WITH DROOCPED AILEROMNS AND SPOILER
CONTROL.



NACA TN No. 1386 _ Fig. 24

O AIRPLANE A
A B
o} c

DROOPED ANILERON CONTROL
———— SPO/ILER CONTROL

Ao - ~=
L~ 2
'./
/,/A }
. . / ‘/
08
VoA
(Pb/) / / z -
2Vima a / Jog S
f e
o6 £ A 2 s / .
v L~
. // /,Z/ // : /
//, Ve . - -
04 /A/L /4' A/
2 7 |
/] ,oj,////
I
oo LA g7 .
. /Y %8/ NATIONAL ADVISORY
///, ¥ / GOMMITTEE FOR AERONAUTICS
W/
W
o 2 4 6 N-] LO

8 -FRACT/ION CONTROL TRAVEL

FIGURE 24 .~ COMPARISON OF THE VARIATION OF (Ph%\) pax
WITH FRACTION CONTROL TRAVEL /N RUDDER LOCKED
ROLLS AT" 7THE APPROACH SPEED FOR AIRPLANES A,
B, AND C EQUIPPED WITH DROOPED AILERONS AND
SPOILER CONTROL..



— . e—

|

+

T FOR 9 (13 rem 47) ATI- 10529
Holtsclaw, R, W, | DIVISION: Aerodynamics (2) [ORIG. AGENCY NUMBER
Dods, Jules B., |SECTION: Control Surfaces (3) TN-1386

CROSS REFERENCES: Ailerons - Aerodynamics (03201);
Control surfaces ~ Aerodynamic balancing (25500) e
AUTHOR(S)
AMER. TITLE: Wig-igml investigation of dropped ailerons on a lé-percent~thick low-drag
airfo
FORG'N. TITLE:

ORIGINATING AGENCY: National Advisory Committee for Aercnautics, Washington, D. C.

'NCLASS] U. SCIASS.| DATE [PAGES| ILUS. FEATURES
U.S. Eng. Unclass. |Aug'i?| 69 32 |photos, tables, diagrs, graphs
ABSTRACY

Aerodynamic section characteristics of NACA airfoil with aileron of normal profile
and with aileron of straight-sided profile with modified nose shape are presented for
various aileron locations, hinge centers, and aerodynamic balances. Basic data consist-
ing of contours of control location for maximum section lift coefficient and for various
control deflections are also presented. Profile of drooped aileron ia critical as
evidenced by nonlinear hinge-moment characteristics of normal-profile aileron.

NOTE: Requests for copies of this report must be addressed to: N.A.C.A.,
Nashington, D, C,
T-2, HQ., AIR MATERIEL COMMAND AllEONCAI.'PDEX WRIGHT FIELD, OHIO, USAAF




ATD- 10929
* Wind-Tunnei Investigation of Dropped Alierons on a 18-Percent-Thick Low-Drag [momse
Ai-foil {None)
THOR(:;: Hoitzclaw, R. W,; Dods, Juies B. 00, AGTXCY 10.
IGINATING AGENCY: Natlonai Advisory Committee for Aer ics, Washington, D. C. TN-1386
BUSHED BY: (same) PUSLISHING ADTNCY 0.
(Same)

oA
Aug ‘47

I ﬁcm. TJE?.' I mm I ugg lmmgtgr tabies, diagrs, graphs .

ABSTRACT:

Aerodynamic section characteristics of NACA airfoii with aiieron of normal profile
and with aileron of straight-sided profile with modified nose shape are presented for
various alleron iocations, hinge centers, and aerodynamic balances, Basic data
consisting of contours of control location for maximum section lift coefficient and for
various controi deflections are also presented. Profile of drooped aileron is criticai
as evidenced by nonlinear hinge-moment characteristics of normal-profile aileron

DISTRIBUTION: Request copies of this report oniy from Originating Agency

DIVISION:
SECTION:

Aerodynamics (2)

Control Surfaces (3) Controi surfaces - Aerodynamic balancing (25500)

SUBJECT HEADINGS: Ailerons - Aerodynamics (03201);

ATl SHEET NO.: R-2-3-11

i AIR TECHNICAL INDEX Wright.Pattorson Alr Forco oso

Alr

Division,
Alr Matorie] Commond Dayton, Ohle

=41 14






