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A wind-tunnel investigation was conducted to determine
the  practicability of ‘the droone dd~-aileron~-type lateral-
control cdevice on NACA low-drez girfoils. Section aero-—
dynamic characteristics of an NACA xf(?lS)—L?f(a'= 0, 659 :
airfoll with an aileron of normal Profile and with an eileron
of straig¢ht-sided profile with a “uﬁlflCO nose shape are
presented for various sileron locations, hiange centers,
aerodynamic balances. ' ‘

n

and

p)

Basic data consisting of conbtours of control location

>

for meximum section Llift coefficient and for minimum profile
drag eoefficient for various oow+“ol deflections are adso
presented for use as an aid in ail eron and flep deslgn.

Extensive computations were made of the lateral-~coritrol
characteristics of three hyoothetical air rplanes of widely
different sizes, The results of these computations indicate
that the drooned aileron can he aprlied succesegfully to air-
planes of spans renging from 4% to 141 feet. Turther, the.
adverse yaw due to full sileron deflection does not appear to
be g0 great as to produce excessive angles of sgideslip -
(rudder loo“ec) or s0 great i render the rudder 1“capable

of  trimming the airplane to

The profile of the ¢
evidenced by the nonlines

Pl

_rooped ai] eﬂop is cr'
e

(3
the normal-profile aileron

The hatlonal Advisory Committee for Aeronautics has for
someé time been conducting research in an effort to develop
suitable laterﬁl- control devices which permit the use of
full-span flaps. The neecd for such research is readily
understood in the light of the present design trends toward
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higher wing loadings with the attendant high landing speeds.
One lateral-control device for use with full-span flaps 1is

the drooped aileron which, in effect, merely utilizes the out—
board portion of = full-span flap to obtain lateral control,
The operation of the drooped allerons is, from the pilot's
point of view, no more complicated than the operation of
normal flans. The mechanlsm which extends the flaps also
places the ailerorr in their drooped positions The allerous
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 summerized in
reference 1., It was noted therein that the ratio of induced
yawing to rolling moment increases adversely in éirect pro-
portion to the 1lift coefficlent. Furthermore, the effect
of a given yawing moment on the rolling control is usually
greater with flaps in use because of the increased dihedral
effect of the flap, Thus it was concluded to be almost
necessary %o use sgome device for loeteral control that causes
large changes of profile drag resulting in a favorable com—
ponent of yawing moment, or to resort %o pertial-gpan flaps
to reduce the induced yawing moments,

In the past, it 4i1d not apnesr that drooped allerons
on conventional airfoil gections would cdequetely solve these
problems., However, a preliminary examination of slotted flaps
on low-drag airfoils indicated drag cheracteristlics superior
to those for conventionsl secctionse It appeared that 1f a
suitable ratio between up— and down—nileron deflections were

used so as to remesin within the region of favorable drag
characteristics, the effectlveness of the drooped alleron

would be adequate and the adverse yaw would not be too severe,
It remained to determine if the hinge-moment characteristics
could be made to provide satisfactory control forces,
Therefore, the present investigation was undertaken to deter-
mine if the obstacles could be overcome with a siotted=-tyve
aileron on a low—drag airfoil.

Tiro Oa25-chord. ailerons were tesgted, one of normal
profile, and one of straight-sided profile with a modified
nose shapes Various amounts of aerodynamic balance and
several drooped positions were investigateds The results
were applied to the estimstion of lateral-control character-
istics of three hypothetical airplanes of widely different

gizes.
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COEFFICIENTS, SYMBOLS, AND CORRECTIONS

The coefficients and symbols used in the presentation
and appliocation of results are a2s follows:

e, section 1ift coefficient

Acy, increment of section 1ift coefficient due %o
alleron deflection

4, gection profile drag coefficient

Cm section pitching-moment coefficient about quarter
chord of gection

cn, alleron section normal-force cozfficient (based
on total ailleron chord)

o, aileron section chord-force coefficient (based

on %total aileron chord)

Ch, alleron section hinge-moment coefficient (based
on total aileron chord)

¢ airfoll chord including flap, feet

M.A.Ce mean aerodynamic chord, feet

b wing span, feet

A velocity, feet per second

S wing area, square feet

Qo angle of attack for infinite asvect ratlo, degrees
8a " aileron deflection, measured relative to the airfoil

chord 1line (positive when down), degrees

pb/EV. helix engle generated by wing tip in roll, radlans

angle of bank, degrees

® : ’ g

8 angle of sideslip (positive when right wing is
forward), degrees
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i angle of yaw (ﬁOﬂitlvo ynen left wing is fOTWﬂr&),
deﬁreus
t time, scednds
f Exractlon of confrﬂ1~rh¢e1-$ravel»
¥ alleron wheel force, pounds.
In addition, the following syubols qré emnloyed:
1 (501/5a ) o ﬂ.(measurcd-th?on?h“ 8§, l= @%)

gla o (601/65 ) Oy = OO (mrﬁouwe’ throueh ao|= OO)
c = (de,. /3c,.) )

h@ o - 51 O (measurcd through B0 @7}
c = B

h8 (acha/é ﬂ)ao = 0° (measursd LH rough 6& =i07)
ch = (oey /de,)

ey A By 0° (meastired through cy = 0)

N
s

It should be noted that, the
chord~force, and hinge-moment coe ,
total 911°“on chord. rsgher than the usu
line,

normal—fiorce
re based on the
1ord aft .of the hinge

The section 1ift, profile 6“"~, and »itching—monent
coefflcients have oeen corrected ;23”@]~va11 «ff cts by
the method of reference 2, A cor ¢ test results
with pressure-distribution messgure: section” 1ift and
pPitching—moment coefficients indico gible end-plate
effect on these coefficients., - The effect on the
Profile-drdg coefficients vwas determin comparigon of
measurements of the loss of momentum i wing . wwake with
the force-test measurements., All the drag results have béén
coryrected for this ozfect.
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It should be noted that no corrections have been
applied to the hinge-moment.cocfficients for the effects
of the tunnel walls., Thig was done because of the uncertain
effects of the hinge~line locations and the large alleron
deflections used on the absolute values of the corrections
However, approximate valueg of Achcz computed for the

various hinge locations by the method of reference 3 are
given in the following table to indicate the order of
magnitude of the corrections:

Hinge : Aﬂhcl
location :
&y O, B 1) Ox0D2d
B o OOl
T £ 002k
5, W | « 0029
sl ol | « 0037

; !
i

No corrections havé .been apprlied to the measured two—
dimengional hinge moments for their application to the
three—-dimensionel leteva1~contw01 calculations,

MODEL AWD APPARALTUS

The model was constructed of 1 iaaqeé manovany to the
NACA 66(215)-216(a = 0,6) profile of Y-feet chord.i The
airfoil ordinates are given in L**le I, A 0,25~chord alleron
of the normal wing profile and a Oe 265—chord aileron of
gtraight-sided profile with a modified nose shape were. tested
(fig. 1)s The aileron ordinates are given in tables II
and III, respectively, The normal-~profile aileron andc - the
glot shape (fig. 2) used for this invegtigation were
identical to the flap and elot A of reference 4,

This was the game 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 verticelly in the Ames 7- DY
10-foot tunnel No., 1 in figure 3. Turntebles, O feet in
diameter, were dttached rigidly to the model and mounted

flush with the tvnnel floor and celling.

Each alleron was ecuipned with a single row of Dressure
orifices buillt into the upper nnf“' 1OW“ surfaces et the
midspan station. The orifice locatlons are listed in Gapliel .

Provisions were made for mecheanicrlly changing the

normel and chordwise location of the sileron as well aa the
alleron deflection. The 1imits~of the model alleron
deflecting aprereatus were -17° and 50°.) This permitted the
testing of the alleron in practlcelily every nosltion required.
to simulate the movement about auny given hinge locatlon.

The tests were conducted at a Gynamic pressure of
50 pounds per .square foot, correspondiﬂw to a Reynolds
aumber of approximetely 5,100,000 and a liach number of C.19.

Cettain undesirable characteristics were discovered for
an ailleron of normel profile., As these Cﬂ”r chteristice were
attributable to the nose shape and profile, & straight-sicded

alleron with an eltered nose was teeted. This aileron

will be referred to ag the st throughout
the report.
The basic 1ift and drag data used for choosing the

alleron hinge locations to be tested for the stralght-sided
eileron are presented in Tigures i and 5. Figure I presents
contours of aileron location for maxinum ection 1lift

l

T

coefficient and figure 5 presents contours of aileron location
for minimum profile drag 000‘fic;eut. The reference point
for these contours was taken as the intersection of -the
eglirfoil chord Yine and the Qlle“oﬂ nogse with the aileron in
its retracted position (station C.75C2 cdorﬁ on the chord

1line). Similar data for the normel-profile aileron have
previously heen presented in fisures 3 :nc 5 of reference l,

A summery of the hinge positlions tested listing the
flight condition for wh 101 they were seleccted is presented
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in tables V and VI fer the normal-profile snd the straight-
gided allerons, reepectivsly.

o

Lift, drag, and »nitching-moment measeureme:
ag precssure—cistribution measurenents over unc

were mace throughout the useful angle-of-att
constant aileron deflections. Tl"QC~'7h€1
and chord-force coefficlente were Obuﬂiﬂfa oy 11 c:
integrating plots of the normel and chordwise pressure :
dletribution over the silerone. The results of the tests
with deflected ailerons are nresented in the form of section
11ift, drag, pitching-moment #nd aileron hinge-moment :
coefficients ae a function of the aileron deflection. Algo
included are the aileron section normsrl- and chord-force
coefficients for use.in the structural Seelgn of drooped
alleronse. '

Q

The data for deflected sillerone are pregented for

) & 1 U 4+ 1 |
gorrected angles of atfack, of ~4Y, 07, 4O, 3% ~ and 129, .18
ghould be noted that the experimental data were obitalned
for a constant alleron 8eflection ag a kvncu1un of-.the

rose-plotting
t¢<rpfar ,_ 10
te but have bee

uncorrected angle of attack be?o“n
against aileron deflection. aym!
the exect teet noints on the lef¢ (o3
used to identify the date.

n TIT M ANTTY T 'r T
RESULTS AND DISE ION

Normal-Profile Aileron

The effects of the slotted
the section aerodynamic car°acfc ,
(a = 0.6} eirfoil are shown in Figu
figure, the effect of *:e undeflecte
alleron wag to increare the drag of the aileronat low and
intermediate 1ift coef 101ont to decreage the elone of
the 1ift curve cleA?lf ang to cauce -a elight decrease of
the maximum 1ift cok*niclﬁqt. There wae slso a snall change
of the’'pitching-moment characteristice.

The section eserodynamic characteristice obteined for
hinge*positions A to E (table V) for the normml-nrofile
alleron are preecented in figures 7 to 1l. A reversal of

o
b .
en
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glope in the variation of alleron hinge-moment coefficient
with deflection for hinge position A ig indicated in figure Te
The reverssl, vhich would contribute to a nonlinear varistion
of control force with control deflection on an airplane,
ocecurs at an alleron deflection of approximately -10° for
angles of attack above 0% It was in an effort to eliminate
this reversal that a mod*fiﬂd gileron was designed and tested.
Computations are presented later in this report to 1llus-
trate further the UDdPSlr?Dle characteristics of the normal-
profile control,

The effectiveness of the alleron was greatly reduced
when it was positioned for minimum drag rather than mazximum
11ft as shown by hinge positions D and E (figs, 10 and 11).
Consequently, no further consideration was given such loce-
tionse.

Application of the results of the test of the normal-—
profile aileron with hinge locations A, B, and T to specific
alrplane configurations are presented and 5isc issed later in
this report.

Straight-8ided~Proflile Aileron

Because of the deficlencies indicated for the normal-
profile aileron, another alleron was dosigned and tested.
his alleron had a modified nose s eltered to eliminate
the hinge-moment coeflicient reversal 6x 1lo¢fod by the normal-
profile control, In an effort to provide a value of Cns

numerically smaller than th

at of the normal-profile alleron,
the profile was made straight-si

ided, (See table IIT.)

J.e:flu—-S.LOr"d

As shown by figure 6, the effeet of the st‘
a with the

aileron on the airfoil chav cterigtics as comp:
normal-profile aileron wsg to increase the drag 71ﬁ?t’y at
low and intermediste 1ift coefficients, decrease the 1ift-
curve slope slightly, and decrease the pitching moment,
During the course of the investigation it was necessgary to
shorten the curtain to permit the testinz of the straight-
sided aileron as a slotted ailleron with reduced balancea
(See table VIe) 1In general, the effect on the aerodynamic
characteristics of shorteninr the curtain was to magnify
the effects observed by chﬂnalng the normal profile to

D'JI‘
C’J('J"J
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gtraight-sided. It should be noted that Ciscon 1tinuity

in the 1ift curves often cneountersd ~ith low—Arag ailrfolls
at low Reynolds numbers wag much nore noticsable'w*th the
stralghf~sidbﬁ alleron than rith the normel-profile. alileron
(f1g. 61,

Comparigon of the data of figures 4 and 5 for the

traight—-sided eileron with figures and 5 in reference %
for the normnel-profile nilcron indicstes that there is 1ittle
effect upon the maximum 1ift and minimum drag due to changlng
the ailleron profile; furthermore, therse 1s only a small change
in the alleron locations for octimum 1ift and dragz. There is
some varistion in the shape of the eontours, AOfﬂ"‘r, this

_may be partly due to varistions 1n the size of the are

gurveyed and to the frecuenecy of the survey nointg,

C_ﬂ

The sgection aserodynsmic charsctoristics obtained Tor
hinge nositions R to X (table VI) for the straight-sided-
profile aileron are presented in figures 12 to lS It should
be rioted that the straight-sided "L“cron cy ibits the same
hinge-moment reverasl (Fige, 12, 13, =and 1L ns that of the
normel-nrofile aileron (fig, 7) but to a lesser degrec, A
comparigon of the hlngs—moment and effectiveness pﬁwnm:tcrs
for the straight—sided aileron with various amounts of
balance (hinge nositions R, S, and T) with those for the
normal—nwof11 ailoron with U3,35-nercent balance (hinge
position 2) ig ghown in %table VII, It should be noted that

o

the straight-sided ailleron we the desired recduction in ,
Chs

but at the expense of a consid
tiveness Ciyse The veluse of
aileron with #r O5-nercent balan

of 0.037 a2s compared to a Chy 05 =04 0050 "and o Clg of
v

0,045 for the normal-profile aileron wifh L3, 35-nercent
balance. However, undue significance should not be attached
to these values since they are valid only for small eileron—
deflection and angle-of-attack ranges.

o

in a2ileron effec—
":) che etra 10‘1'1'1’..01 ded
ce was —-0,0013 with a CLS

5 Q
el
L)
Q
o]
ot @

In order to determine if the ailerons tegsted would meet
- the reouirements for a satisfactory lateral-control device,
an estimate was made of the lateral-control cmqr9cterwst1oc
of three hypothetical airplaneg assuming a full-gnan-flap
installation incorporating drooped ailerons. The estimated
characteristice were then comnared 1with the characteristics
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required of a satisfactory lateral control dévica. rl. sron
hinge positions suitable Tor use ln the
condition and for the landing e*ar

investigation. For the high-speed cowﬂ‘1“on "lt" the normal-
profile aileron, hinge pos 1fio A (the only spplicsble posi-
tion investwgwted) 1rag chosen. Because of the low value

of Chs end- the higher value of Clg s hinge position R ¥was
chosen for the straight-gided olleron for this condition,

To keep the mechanism relatively simple, 1t was desired tc¢
investigate a position such that the ailero hinge could

i €

ron and
be positioned by s single mechenism for the landing annroach,
'To keep the balance unchenged, hinge position C was therefore
uged for' bhe normnl—profile'Oi’rﬂon end hingé 309L+ on V was
used for the straight-sided aileron. For compsrison, a double-
hinge arrengement was 2lgo investlgated for the ﬂwhﬂosoh

-
=

condl tion (hingb nosition B for nositive deflections of the
normal-nrofile aileron with hinge position A for negative
deflections, and hinge vnosgitlon U for »nosgitive deflections of
the Qtrui9h0~aléqa ﬂil 2ron with hinge pogition R for negative
deflections).

Estimation of the Characterigtics of Airplenes
with Drooped-Allceron Ingtelliations

The airnlanes c wsan for anal 3 al 53 "ﬁd“W'
varying in size, vwhich might nrofitablky u . full-span-Fflan
installation. mhnlr assumed charachtecigtics a 1Vﬁn 1p
table "VIIT, Alrplane A ig' g large I engd ~Lor\:r--wwvm
bomber; airnlane B is a large, t7o-engine, patrol bomber;
and airplsne C ig a carrier-based ing y scout bomber

i

Computations have been mede for rudder-locked rolls for
each of the three eirplanece for the high-speed flight condition
and for the landing apnroach with the f“u,g ,;*‘nﬂ Bl wlhe
section 1ift and profile-érag coefficients first converted
to rolling— and ya"lng~m073nt coefficients hy e method of
references 6, 7, and & These values were then uscé for the
calculation of oD/?V and the angles of bank, sideslip, and
yaw as a function of time by the method of references 9 2nd 10,
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(The results of these c2lculationsg are later referred to ag
the time histories of the roll.) These results are directly

comparable with those of reference 5 for spoiler-type controls.

Assumptiongs.-~ In estimating the charscteristics of the
airplanes with drooped-=ileron installations, the following
assumnptions have been made: -

1. ©Slotted ailerons of 25- aevcent total chord have been
assumed for all three airplanes.

2. Rigid wings have been assumed throughout the calcu- ™
lations.

3« No allowance has been made in +he calculiations for
Mach number effects.

L, The values of »b/2V computed for the landing
apnroach have been assumed apnlicable to the landing condi-
tion.: '

5. The variation of alleron deflection with control-
wheel displacement shown in figure 19 has besn assumed.

6. For the landing apnroach the ailerons have been
agssumed to be droopecd SJPPWCLﬁntly to gilve ‘an inerement of
gection 1ift coefficient of 0,8, (This amounts to a deflec-—
tion of about 16° for all three airplanes.) The estimated
reduction in landing speeds (mph) due to drooping the
allerons and the landing approach speeds of the three
airplanes used in the calculations are shown in the follow-
ing %table:

Reduction in landing speed Landing approach !

Airplane ' due to droopned ailerons, mph sneed, mph f

= | —

| 1 1
A 7ol 98
| B 5.l 105
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Greater reductions could be obtained with increased alleron
droon, However, some rolling effectivenegs would be sacri-
floed 1f the droop were increased %o such a point that the
resulting ailercon ceflectlon erxceads 40°, Also, experiments
have indicated a deterioration in stalling cheracteristics
and laterasl stability near and at the stall of airplanes with
full-gnan flaps when the wing was too hesvily loaded st the
Lip.  Yor these reagone, more conservative deflections were
used, d
Calculated Cheracteristics.~ Roll time histories were
computed for each of the thres alrplanes eguipped "7ith the
normsl-nrofile and gtraight-sided ailerons for the high-speed
flight condition and for the landing enproach, Tynical time
histories (assuming instantaneous control deflection) are
presented in figure 20 for a“wulﬁnp A eouipned with the
straight-sided aileron for the high-gneed end annroach condi-
tions, The wariation of maximum ob/ZV and wheel force with
control travel for each of ths three 2irnlanes is shown in
figure 21 for the normal-nrofile aileron end in figure 2¢ 1o
the gitral ~m—-Slded aileron,

Control effectiveness requirementsg,—~ For a satisfactory
lateral-control device, the variation of rolling acceleration
with time immediately following an abrupnt control deflection
should always be in the corrsct direction, Insnection of the
roll time histories indicated that 211 three a2irplanes met
this requirement with either the normal-profile or straight-
sided ailerong ag evidenced by the positive gradient of the

varistion of pb/_ with time.

At any speed, the maximum rolling velocity obhtained by
abrupt deflection of the lateral control with the rudder
locked in its trim position should very smoothly with and be
apnroximately proportional to the control deflectlon, Ag

shovn by figures 21 and 22, this requirement is alseo gatisgfied

by all three alrplanes ”lth either aileron,

The lateral control should be of sufficient power to
produce a wing-tip helix angle pb/2V equel To or greater
then 0.09 for airplanes such ag fighters, dive bombers, and
torpedo bombers, and 0,07 for horizontal bombers, cargo,
trangport and 3r1m \ry training airplanes in the hldn— need
flight condition with the rudder locked in its trim position.
The reouired values of Ub/EV are somevhat lower for sgpeeds
in excess of 300 miles ver hour. The lateral control should
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- also be capable of producing a pb/2V' of 0,07 for all
airplanes in the landing condition with the rudder-locked in
i1ts trim position, As shown by figures 21 and 22, alrplsne
C fails to achieve the required pb/2V of 0,09 with either
alleron, reaching a value of only 0,068 with the normal-
profile aileron and 0,074 with the straight-sided aileron.
This airplane has unusually short-span ailerons — only 29
percent of the wing span. To meet this requirement the
alleron span would have to be increased to apnroximately 35
percent of the wing span, The pb/2V for airplane A ias
also slightly low for the approach condition (0,067 compared
with the required 0.07) with the straight-sided aileron.,
Airplane B reaches rather high values of pb/2V in the
approach condition because of a sglight roll instability for
this flight condition,

For all airplanes the product of the rolling velocity.
and the wing span should be at least 10 feet per second for
the landing condition when the sirplane is rolled with esbrupt
full aileron deflection with the rudder locked in its trim
position, The product of the rolling velocity ané the wing
span 1s shovn in the following table for each of the three

airplanes:
| Produet of rolling velocity and wing span |
WAL tane Norigl—profile 1 Straight-sided |
: aileron f ailleron é
A T 22,3 | 19,4
| :
B ] Bl ‘ 29.2
| c | 18.7 | 15.9

As shown by the above table all three airnlanes satisfy this
reguirement with either aileron.,

For horizontal bombers, cargo, and transport airplanes
the ratio pb/2V per 100° of vheel throw should be at least
0,05 up to 70 nercent of the maximum indicated level Tlight
speed in the high-sneed flight configuration with the rudder




14 NACA TN No. 1336

locked in its trim position. An inspection of figures 19,
21, and 22 indicates that both alrplanes A and B satisfy this
requirement with the straight-sided aileron but that airplane
B is marginal with .the normal-profile aileron. (Airplane C is
not aflfected by this reaulrement.)

Control-force requirements.— The variation of lateral-
control force with stick or wvheel deflection in the rolling
maneuvereg previously discussed should be a smooth curve with
sufficient gradisnt to provide satisfactory control-centering
characterigtics. &g shown by figure 21' the veriation of
control force with wheel deflection is unsatigfactory with
airplanes A and B with the norn aL—¢rﬁ””’e aileron. As shown
by figure 22, the variation is satisfactory for all three

el

airplaneg with the straight-gided dlleron. The control forces
appear to be great enough to nrovide satisfactory control-
centering charescteristics for alrplanes & and B with this

dlleron, but airplane € might be deficient in this respect
unless Oﬁe01u* gcare dgiexercliged to keep the control friction
small, However, it is obviously quite aifficult to -make an
accurate nrediction of this characteristic,

With the rudder locked in its trim Do,+tlon, it should
be possible to obtain the recuired values of pb/2V without
demanding forces of the pilot in excess of &0 ﬂounds Hor
wheel-type controls and 30 »pounds for stick-type controls,
Ag ghotmn by figure 21 neither airplanes A nor B satisfy this

11T 2 =
requirement T'rith the normal-profile 91_ero_. As ghown by
figure 22 the control Torces are within the gpecified 1imit
for airplenes & and C with the straight-si der alleron, but the
gonnes Tove gvil]l hlgh for airplane B, It shou‘

[Tatibe noted, thab
the control force for a ﬂb/ ViRt o fOS@rEfor s tepli ane Bowas
reduced from a value of ]63 pounds =rith *te normal-profile
aileron to 92 pounds with the straight-sided aileron. The low
angle of attack rPdV1reo for the high—gpeed flight condition
enéd resulting large hinge moments (fig, 12) of th e up-aileron
contribute %o the hlvh control foreces 'of this asirplane, The
control forces for airplane B could probebly be oﬁwcn@
sufficiently by a sllgnt ad justment of the aileron balance,

From the foregoing éiscucsion it has been demonstrated
that from the standpoint of lateral control the straight-sided
drooped zilsron coan be used successfully on three airnianes
widely varying in size,
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Other reguirements.- Other requirementg, such as the
maximum allotrable reduction of roll velocity due to wing twist,
and. so forth, are considered to be beyond the scope of This
discussion,

A common criticism of drooped ailerons has been that the
adverse yaw -as a regult.of full alleron deflection wwould be
too great in low—gpeed flight. However, an inspection of the
computed roll time histories indicated that the yarr due %o
full aileron deflegtion with the rudder locked 414 nct result
in excessive angles of sideslip for any of the airnlanes, In
addition, an investigation of the rudder power available inci-
cated that the rudder would be canable of trimming out the
adverse yaw,

Application to light airplanes One anplication of
drooped ailerons, not Dreviously conc’de“ d in this report,

is to the comperatively smell airplane flying at speeds not
much in excess of 200 mileg per hour, such as a personal or a
small executive-type airplane, For such an installation, large
hinge-moment coefficients may be tolerated, in which coee one
hinge-location could be used for positive aileron deflections
with an alternate hinge location for negative dmeQCtioﬁs,

the control would droop about the hinge center for pogitive
deflections and would then rotate ebout that same axis for
lateral “€ontrols A further step .could be taken in tThis type

of installation by using large-span drooped ailerons with no
other flaps. The merit of drooped =ileronsg in such instal-
lations would probably not be due so much to the reduced
landing speed mossible (the increment would be ouite small

I8 very low wing. loe 51ngs) a8 o “the pogsipild Eyoms:
increasing the wing loading without an increase in landing
speed,

Comparison with spoilers.,—~ Another method of achieving
lateral control which retsing the advantages of full-span
flaps is the spoiler type of control, The'maximum rate of
roll obtained by spoiler control for the three exemplary aln-
planes is compered with that obtained from the.drooped-aileron

control in the high-speed and 1in t

the approach condition in
figures 23 and 24, resnectlvalv. For-each of the airplanes
a higher rate of roll is reatked 1vith spoiler control than
with the drooped alleron, The spoller control, hovrever,
requires that "feeler! ailerons or gome other Artificial
method be used to provide the pilot with the »proner control
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forces, The computations orcsen+c

for the spoiler control
were teken from figure 23 of reference 5y

data pregented

Drooned cilerons on thin wings.- All the
in this report —ere obtsined from tests of a lb6-nercent-thick
airfoil at low Mach numbers. Preliminery deslen considera-
tions of drooped ailerons on thin wings for use on very high—
gspeed airplanes indica ate that mehy compromises in the optimum
acrodynamic arrangement must made because of

b the extrenme
thinnesg of the aft portion of the SRR ;

The results of the wind-tunnel investigation to deter-
mine the practicability of the ﬁ“ooaod—aileron type of
lateral-control device on low-drag airfoils indicated the

following:

to airnlanes 28 a

.1+ Drooped ailerons can be applied
gatiafactory lateral-control device, a8 shown by calculations
of the lateral-control charﬂct@” st @ (ot airplanes of

spans ranging from 45 feet to 11 feet.

2., The adverse yaw due to full alleron deflection would
not be so great as to produce excessive angles of sideslip
(rudder locfed), or so ‘great as to render the rudder lncapable
of trimming the alrplane to ze

QO

3., The profile of the drooped aileron of the type tested
is critical as evidenced by the non hinge-moment charac-
teristics of the normel-nrofils ails

., The effectivenessg of the drooped aileron ls geriously
reduced when the aileron is posgitiored for minimum drag rather

than maximum 1ift,

Lmes Aeroneuticel Labho qto”y,
Netional Advigory Committee for Aeronautics,
Morfett Field, Calif., July 1947,

)
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' PABLE I o< WAl 66(215)~2i6'(a =0,6) ~iIRFOIL

rstations and ordingtes in percent
of the airfoil chord]:

Upper surface .| Lowver surfacc
Station | Ordinate gtation: . Ordinate '’
A 0 b
e N Ry B ) 529 AL b
607 I L4501 #893° § ~1,319
1.091 1,886 R . ~l.oOu
26311 2,615 2,683 ~2a k27
L,794% | ;.701 . 5,206 ~2.369
1428 L5073 PN 3 1
?.78 £ .3%08 10219 | -9 934
1,788 €.500 | juidBaRl2 . 702
19,806 ZT.ho8 | et ~).zgo
ol gz2 8,155 25,168 |
29.862 8,708 304,138 -( ooo
34,897 9,098 354103 —6.312
29.936 04356 Lo,06L | ~6.h62
- B0..978 9,471 L5,022 ~6.;a
50,023 g 21 . | 59,977 ~6.1L83
55073 9,221 ' | 50,927 | —6433%6
604141 4,800 | 5;.559 | —6.0‘8
65.191 4,080 . 1. Gh 809. | .—5.5 .
70,158 | .7.068 691302 i.aéé
75181 5 e 889 74,819 -1, 037
80. l}’]i'g “‘FQE-‘gE‘ 79. 852 "‘3 Y 107
85,106 3,265 gL, 84 | -2.177
90,061 BeS3( 894939 ~-1.235
95,021 . 762 914979 —~ JU32
100 18 fmast = 0
v ) «
dcadwnb—cdge redius: 1.575 ”rxll;n% —cdge
redius: 0,0625 Slope 5% Todine through
Pccdlng edge; 0,110 - o5 o o

NATIONAT ADVISORY
COMMITTEE FCR AERONAUTICS
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TABLE II.~ ORDINATES FOR THE O,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
- 754000 -1.875 -
75521 o 042 ~3.062
76.042 . 395 : -3, 437
1083 1,937 . ~3. 604
78.125 2.646 @ . =3 417
T9.167 3.125 . ~34229
80.208 3,458 . ~3,042
81.250 3.646 : -2.834
834333 3.625 : ~2.437
&L, 375 3.437 . ~2,250
g5. 417 SweDE i -2.062
&7.500 2.646 -1.667
89.5853 “ . P.083 ~1.292
91.667 1.542 —.917
93.750 PR IR 5 -.583
95.833 .60k —e 333
97917 sETL —~el67
100 - -
Trailing-edge radius = 0.0625

NATTONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IIT.—~ ORDINATES FOR THE O,25-CHORD
STRAIGET-SIDED SLOTTED AILIRON ON THE
NACA 65(215)=216 (a =0.6) AIRFOIL

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

l Station | Upper surface| Lower surface
TB-OOO —0'237 =
THeh 2l H17 ~2v2d L
76,042 EL.021 ; ~-2,646
77,083 2,000 2.875
T8e125 2.68 2a95¢

9.167 3.187 IS ]
80,208 . 3,500 2.896
81,250 . 3,687 el
82,292 3,750 2.667
83,333 7,667 2,500
8L, 375 g 2. 354

fgp, 117 | 54250 1 2,208
Trailing—edge radius = 0,0625

agtraight lines from station

) . . -
g5.1.17 tengent to tralling-edge
radius.

NATTONAL, ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IV,- PR:b3URE~OﬁIJZCZ LOC/TIONS IN THE

-L.\.

ATIERONS ON THE NACA 66(215)-216 (¢. = 0.6) AIRE FOIL
. ] i

tation, percent T 4

alrfoil chord N, A
94 00 Le“dl"-eu:e
e 31 Upper and 1ot er s¢rfacas
Z§163 ars,
/5,25 de,
7!7'-51 d“:“
8.7k do.
80,01 do.
82452 do.
85403 dn,
87'55 doo
90, 04 dn.
92,54 do,
95005 Ao, }
97 56 a0 |
3.81 C-‘.’)o J

NATTONAL ADVI, ORY
Cr) \.L TE ~.J \O.I.\-L'J.U-Tm



TABLE V.- SUMMARY OF THE HINGE POSITIONS TESTED FOR THZ NORMAL~PROFILE AILERON

Data
Percent Flight Condition Presented
Hinge Position Balance for which Selected Desired Characteristics in Figure Remarks
L3.35 High-speed Good effectiveness. = Reversal in variation of
Low hinge moments. hinge-moment coefficient
with aileron deflection.
A - NORMAL SLOTTED AILERON
Good 1ift increment in
Landing (use for drooped position plus
26.98 positive deflec- good effectiveness when 8 High hinge moments.
tions) defleated from drooped
1 position.
&ale—— . ococ o]
B - DOUBLE HINGE AILERON
Landing (posi- §
43.35 tioned for maxji- do. 9 Extremely small hinge mo-
mum 1ift at LO ments.
deflection)
- and Low drag and good 1lift
Eiﬁgiggf(posi- increment at 10° droop Poor effectiveness und
L3.35 tioned for mini- plus good effectiveness 10 extremely small hinge
mum drag with when deflected from moments.
10° deflection) drooped position.
0756 s74c —
D - DROOPED AILERON
g 3 . Poor effectiveness and
Take-off and Low drag &nd good 1ift
= ;:]‘——wux landing (posi- increment at 20° droop extremely small hinge
o 43.35 tioned for mini- plus good effectiveness 11 moments .
i:j ] mum drag with when deflected from
=8 %I AJ 200 deflection) drooped position.
‘.07564-——.17416 —

£ - DROOFED AILERON

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

44

98¢T 'ON N.I VOVN



TABLE VI. - SUMMARY OF THE HINGE POSITIONS TESTED FOR THE STRAIGHT-SIDED AILERON
Data
Percent Flight Condition Presented
Hinge Position Balance for Which Selected Desired Characteristics in Figure Remarks
aBZIT — . Tendency toward over- 3 L
| ‘balance; however, it is
L2.05 High-speed Good effectiveness. 12 less severe than that for
o e Low hinge moments. hinge position A for
Fore] normal profile aileron.
B8Z4C —— —0.176C
R - NORMAL SLOTTED AILERON
ae/4ac—-] a $
5 g : 27.05 High-speed do. 13 Effectiveness less than
Pz; J hinge position R.
asi76c 7—-~—.l-7 e
§ - NORMAL SLOTTED AILERON
AR 32.05 High-speed ; . do. 1y Effectiveness less than
L —— hinge position R but
_M?j. = 74 greater than S.
o sion— 1893C
T - NORMAL SLOTTED AILERON
'_W Good 1ift increment in :
- ) 32,14 Landing (use for drooped position plus 15 Good effectiveness with
—| positive deflec- good effectiveness when moderate hinge moments.
| tions) deflected from drooped .
oomIc |
{—— 01692¢ . position. L
U - DOUBLE HINGE AILERON )
060246* | ) Landing (with
? —:>;L k’°““ same balance as
| }2.05 position R)(posi- do. 16 Low hinge moments with
E A iigneg foﬁsgagimum tendency toward over-
Si6C | azdic ift for e~ balance.
= flection)
V - DROOPED AILERON
Landing (with same
balance as position Effectiveness greater than
37.05 S)(positioned for do. 17 for hinge position V.
meximum 1ift at 4O ;
deflection)
W - DROOPED AILERON
.8432C ]
B143C—— | = Landing (with same
P e lance as position
— { 32.05 hera P do. 18 Effectiveness better than

L;}ED74‘7 1893C —

X - DROOPED AILERON

T)(gositioned for
maximum 1ift at LOO
deflection)

either hinge position V
or W.

NATIONAL ADVISORY COMMITTEE FOR

AERONAUTICS

986T 'ON N.I VOVN
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TABLE VII.-— SUMIJARY OF PARALIZTERS FOR THE IORIAL
PROFILE AND THE STRAIGHT-SIDED-PROFILE AILERONS

Normal
Parameter Profile Straight-sided
alleron profile aileron
Hinge {
position A R il R SR
Percent
balance 43,75 2,05 37.05 |32,05
B2 .093 2093 «097% +O8F
Chy ~+ 0030 ~e0013 -.0018| -,0023
Chy ~s0025 |  ,001k .0011{ ,0011

HATTONAL ADVISORY
COMMITTEE FOR ARRONAUTICS



TABLE VIII.— ASSUMED AIRPLANE CHARACTERISTICS
Airplane
ITEM B B C
Type airplane Heevv bomber | Large 2-engine | Carrier-based
4—englae patirol bomber | scout bomber
Wing loading, pounds per sqguare foot | 61.3 Ls 39,2
Aspect ratio ‘ 11 65 10 5.4
Taper ratio ?o 0.5 0.5
Wing area, square feet 171+ 1000 375
Wing span, feet 143 100 U5
Inboard flap span, percent span 60 60 67
Aileron span, percent span 37 36 29
Ailcron area, total for one aileron,
square feet 60.4 35.8 10.85
Wheel diameter, inches 14 14 12
| Wheel throw, degrees 164 164 13
Ky Radius of gyration about X-axis, feet 1.4 14,5 5.54
K- Radius of gyration about Z-axis, feet 26.4 18 9.13

“NATTO AL ADVISORY
AOTMITTEE FOR AEROVAUTICS

=

TOVN

NG

‘Ol

CQET



_.
e e,

-
-t

&

AT

B i p




STEAIGHT SIOEQ A/ ECORS
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Fig. 2 NACA TN No. 1386

0.037/ C

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

FIGURE 2 —DETAILS OF THE WING SLOT OF THE NACA
ee(2is)>zie @=06) AIRFOI .
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(a) Front view. (b) Rear view.

S |

Figure 3.- NACA 66(215)-216(a=0.6) airfoil mounted in the 7- by 10-foot
wind tunnel.
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Fig. b

_j i ..m m M .oa ,w
128 [
aéw g.l ¥ [ ﬁ oélw ...OW..GB ll.lvm oém \w%
; 't aym e
N T 9 ¥ ¥ — 8 ¢ Y
N 1 U Aﬁ _w o g o § 4
azc.. LE % : by PO9@o —— 3 R}
N9 < ~N w w
N ° g8 3 /
W +© / 1 m I|m 2 E ML 5 : N
n oaw 1= o : o ¥ w oam i
R b || ﬁ » X & 5 ﬂw
U i | ] > o o[ I44po]
\ LIV XA FF0D T N\
// 50007 0g01> ; 117
VoI LIS \éwV\‘/. 2 /w % \ 7~ \
T TR T T T I Lyl Ty %
o | R I e monsme o |/ 21T
POILDZS MoOIFZNE - O Mu 3+ N O/ ATW. % Mv K_ I
NN M 7 T IH
° M 24dQ D ° W o
N N 1 §
/ ot \.\ \ ﬁ o c,a
% N A A A )
NN 11 / AN §
N o B | olad e MEE 3
o N N
| | | ‘ |

FIGURE 7 .— CONCLUDED.




NACA TN No. 1386

& - ALECOR QEFLECTION

N e o = s  2e o o || e
' )
o N
NN
WO Sy
Q N} k4 \§7 [ A
~ X S
N
§§ L \\
\J e
g
"I) 3 §§L
L) e R\ :
g =
\ i B
N \Ji\ ~ou
l%./é -4 Vv &= 4" : B e L
i ° o R —
S A 4
S d
o} (=}
03 A
T2 5 o e
N L —
g 3
Y L—
§ o4 =t e o ,\/// il
§ ot—— (o 8 ==
i = a: e :%.,_—- =1
& 2 ‘; T g - -
o° Pe &8° /2 /6° 20 2e° 28° z2° Je 20 az°
28 &, - PHELCAN, OEFLECTION
| —1 TS
e /T
I.J\
== B
24 7# i
1P U O ol et
= SR E
20 o] | //
3 - o
% /T i B
‘$ /6 // P >/
&7 P B
R
luzﬁ/ = = - P =
~N
L I il 0 P ]
g = /o// =
t .8 NATIONAL ADVISORY
BI) /‘ o COMMITTEE FOR AERONAUTICS
\ e /
(¢ 7 / v
: o
// 1
0 //
% z 8 /2° /e° 20" 24° Z 3z° 36° do° | 42°
i i G, - PHECOKS DEALECTIONS AL 5
b
-4 @) cm,c,,,c,___AL ‘ l [ I I |

FIGURE 8 — SECTION AERODYNAMIC CHARACTERISTICS OF THE NACA ©6(215)-2l6 (a=ce)
ARFOIL. EQUIFPPED WITH THE 025 -CHORD WNORMAL PROFILE  AILERON
WITH A 2698 PERCENT AERCDYNAMIC BALANCE ; HINGE ILOCATION B .




NACA TN No. 1386

Fig. 8b

f S o # ° ﬂuﬁu 0
¥ ¥ ¥
W m ow o om m m o
/- m \\; 3 .M i Vg
\/, o Es \\\ ...,m .m. i
/// Z/o/ dm D “W“ﬂ\ 3 3 M \\
NN ) o Y
NN 7 ' 7 el
N 3 i L2
) { 4 o
3 a v . Ll |
170N 3 Ny g &
3 / ¥ Y7 ® L3
/i 3 /) 3
WA o3 Y 4 3
oy i N N &@w b < .
i N LA —
] NN s
A M 4 \%1/1 A RN ”.M
=] ¥ R
& .4,4 - TANW “« ?
| VAl N
L( ~ N ) s \.\ JWW J\E/q(/w/ '
Y4202 %»W&ﬂQNﬁ)G Oxxnkb.&,._,a \meNN\W.@M T " W ¥ w s % ; W _m w ) ﬁ ..,_.W ,._wo. W w
3 s 3 S s - 3 p o R#00 LN SO HOULSZS (10N =%

LNV AATFOD  PIFOT TNV  SYOILIFS  YGIFI N l\k.b

FIGURE. 8 — CONCLUDED.



Fig. 9a

O,- AHELON OFFLECTION

00° &° St T /6° Z0* e e8° T2° 36° L£0° gz 48°
: B4BIC——
o P \\%\“ et 500
NN |
PR |
g g N 5 \\ et
el 18 R st L s
S N
& 3 § \%\\ . 36/C
-3| & AN (744C al
3 \
3 RSN
A AR
N ) 03
e @ < Z = .
§ & g m a‘ v N
] o z* <
o N
538 L |5
ks Lo | //"/A/%
.04 3 -
3 . N BT I T - =
: t'l T X -
- i I Y 1
o° a° ae = /6° 20° 24° 28° 32° 36° Zo° a° 48°
b4,- ANERON OEFLECTIN
28, o
l /<r"/‘ ,ﬁ—q\j
18- A
J 4“1 - = T'\ ]
N E P P /,a’ = /,a—\l.\;>
Q e
3} o]
20 Eg = = it
_%' O o] / #*\\_
14 \.T /(V / e
r2 - /‘/
& / 79//
; NATIONAL ADVISORY
8 £ e //e/ | COMMITTEE FOR AERONAUTICS
// ,%/ 2
L~
v VO//
T
OF /4‘v/ 8° e | e | 2o e 28 = 3 | 400 | 42 | &
V | & - ANEEON OEFLECTION | .
-« s
(@) &, Cq » G

FIGURE 9 —SECTION AERODYNAMIC CHARACTERISTICS OF THE NACA &6(2/5)-2l (A=)
AIRFOIL. EQUIPPED WITH THE 0.25-CHORD WNORMAL PROFILE AILERON
WITH 4 4335 PERCENT AERODYNAMIC BALANCE ; HINGE LOCATION C .




Fig. 9b NACA TN No. 1386
3-8
i %
A
b V B S
47 s
LA
ped HEk
/4] 72
. A
i y
N\ %
N g o
N Xy=-4°
0| R § VY & v o=
§;§ / ’ / . 4°
¥ 60
24| Y ,//Aég/ 5 /2°
§ § ////‘(/ / BIBIC — st N
) - ' /5/9¢C
6| & /Q/ 4 / 3\ ==L _
- /‘ { ,// /—T.\\\\ ——
£ ! L B
NI e
o e (=]
T 7 = l—.0756""——./744¢ —*
oa s .
° 2 W &° | =0 2t A 2® | 320 | 2 | @ | 25°
?\( / 1 4 i \ g // c{-lﬂ/eé‘m OEALECTION
W%gx\ N y L]
i o ° o o ,wﬂ 240 ”c \38‘ \36. 400 440 450
03 d@:\a\g‘z i 8- AREROR) ODEFLECTION
K
et 18 § N RN P
$ad N
¥y § = NATIONAL ADVISORY
-03 § % S S COMMITTEE FOR AERONAUTICS
N
04 0 | 44 5° /,2’ 6° ° /240 ‘-a:’o ; o 36° 20° 440 25°
| = < G- ANEEONS DERLECTION.
' & TEEL N %/ NS .
o508 —
iy =/ N T
be==uN BN
- Q&8 ‘Y\ - ]
i e *
g ¥ =1
2 5 -
3.8 N
WL N
Ueyd =
6| X8 .
¢ NS
_ﬂ (b) ‘-ﬂ y Cq 0 Q %\Q =
a a ‘a \§
| FIGURE 9.~ COMCLUDED .




NACA TN No. 1386 Fig. 10a

3
Yt
Y
TR
) §‘§
— 189
4 & S
—0
-/2° -ﬁ\ ¥ e &8° R T i A B
\§ &, — ANELON DEFLECT/ON.
BSTTUl |
RS
N
Sae=— :
L[ 2 o° -z RN L\ :
73 7° Frapedill
— @ &7 K }
& 7:2° S'J $ =i Jl
§8
QN _
N
RN
.08 S .
k e
) /
os| Y — = e
= o]
v2° | -&° | -«° b° 4° e 1 2| ~° | @ | ev° | 2o°
&y - ANERORS OEFLECTION
& o=tma|
3§ 22 -
‘{4 .«O// |_—]
33 =
NI B
& § /6 2od | =
; P A L
(&
|74 = ,//V L
e 4] =
5 Pz NATIONAL ADVISORY |
q:r/ //4‘ /cfj/ COMMITTEE FOR AERONAUTICS _|
= // //
z : /‘l’/
= = z 5 o = = e
| /ov/ o’ 4/(/& 73 20 a <8
,4}__ &, - 4/ e-eou OELLECTION
=t /w
-4 — ?\ \} A76C —
| 5 f:
_
il ¢
¢ A
NI G,, G G .

0756 ~—— ./ 744C —

FIGURE 10 .— SECTION AERCDYNAIIC CHARACTERISTICS OF THE NAA 66(215)-2/6 (a=0.6)
AIRFOIL. EQUIPPED WITH THE 0O.25-CHORD NORMAL PROFILE AILERON
W/ITH A 43.35 PERCENT HERODYNAMIC BAANCE ; HINGE LOCATION D,



Fig. 10b NACA TN No. 1386
Vi
N
& 5 == ]
QT{' /
NN =
NS
By
V)
N : :
T :
YO
N -
'y | -2 // o //
A .
P
2 e
_Aeo _ao /¥4o 40 00 Ka /60 Zﬂo ﬂ wa
Oy- ALELOK| OEFLECTION
Y A ot | |
E v &,= -4°
YN °© o*
M - 4L_°) S ,3 A a°
174 8 : | &
318 S
R
/3 IR
= ¢
i |
2 T -6 %4 |1 | 3%—> =l ote” | 200 | 277 | 2
|t —
T 1 | T 5
A =
g_../ &, - ANELCON | OEFLECTION |
N
N
§ Yoo
S
Y
QW
Sl s gﬂ4 S A | B
M
¢ \\7\ & ’
#° | o~ 2" | o2 4° & | z8°
= G- AKELON | OELLECTION | | |
Ty i—re T TN\ [ y
06 —— ] ‘ NA‘I'K‘)NAL ADVIstl)Rv
~\\*_;\\8<:\ | COMMITTEE FOR AERONAUTICS
R 1
74 4 > < %g T
N = |
| ] ORE
& —~
L— ©G) al) s Chg——

FIGURE 10 .— CONCLUDED -

< .q_‘




NACA TN No. 1386 Fig. 11a

4
8
£ B T T
1?, Oy ~- ALEEON) DEFLECTION
§ o1 4 8° /2° /6° Zce || Erin (e 3&° 36 | #°
|
S A~
§ *./8\2$ <]
N T_ NN L
é =2 §§ = ]
1 S S e N o = —
\)s,._j . % \% (0] g 0‘, \\\ .
sSg o 7 e - Mgy
= a' ‘d; a] ao
04 3 BiS & ="
091§ 0 ===
b
L 8 ——
07| ¥ - sl — 2 ;
L —1 | L A
e e o 0 I e v O 0 g
p——C
S ——— e
2% Y )
o° #° é&° 25 6" 20° 24° i 3R° 3¢° F0°
J, - AKEEOR/ OEALECTION.
|
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
| =
o | bl
| L 11 J/ el
's e /Q; /
% / o]
8- " = =
: 0/ == s o = ——]
]
% /R Lo ,/ Y ol \‘ﬁ
o = - I
§ : o o 826! —
S .s Pesll - o 73—
9 =1 i
\Ij" K/ //( / 5 3 = ‘
(
/ z/v/ :‘7 i § o
4 o ¢ 04’ -~ m36ic \
/ S i : 1
o //W 0756-;———4‘7446 —J
I 1
- e 2° | s | 20° | 261 26° | 32° | J6° | #0°
| Oy- AKECON) DEFLECTION
g o

@) < » Cdy » €7

FIGURE [l -~ SECTION AERODYNAMIC CHARACTERISTICS OF THE NACA ©6(2I5)-2/6 (a=.6)
AIRFOIL. EQUIPPED WITH THE O.25-CHORD NORMAL PROFILE AILERON
WITH A 4335 PERCENT AERODYNAMIC BALANCE ; HINGE LOCAT/ION E .



NACA TN No. 1386

Fig. 11b

w v ¥ ¥ TS i
g 3 8 AR 4
o i i ] 7
// \ Yok ww ..x | B g m &
///// Moaao &m u.d \ \\ Ww m \\\\ \
R SR NN AN i
W ﬂm W” w X i i
! N3 LAN 3% v
T N SRAERIEE -
I . TR %\N
m W. o 0 < £
A R 1 A Y W/
Q | m L ad o ‘,N Y \\\ N
3 | ) S DN \ N\\
X \<< / /A/ //.// - N \\ \ &m\m MW
i N ook NI
N D e T e R R

LN AAIOD POFOF IO  IVOILIZS Yoy -0

..
LI/ FFDOD DO
QIOHD WoILIFS /YoF3Ne 20

LIV3/2/FFTOD  LVINON
o DOV VOLLOFS VoI - D

s/q

=5

®) Chra s

T CONCLUDED.

FIURE [




NACA TN No. 1386

Fig. 12a

® i S i S T T
3] B ] |
¥ "
Q
il i % §
K
NS
; N3
S S & § v
5 a0 IQ
=N
e e -8 -£ 7 & e /6 zo°
— O,- ILELON ODEALECTION—
L ood
i % =7 1
aszdc —- s .
|
§\§ i 5 3 |
S D B R sl 8 N |
; o 10— YT
‘w ¥ _..‘—-’V N
= o 38
0324C|: e 0 |76C — oa,?
1 2 o
NI
5
oe & — T il
\_’\\v\ o—>17] 1 —
S — i ) — & =
I
-/6* -2 -8 -2 o P2 a° /2° /6° z0°
: T & - AneRons OEFLECTION
A |
5 20
e R R T
A 4° N Y %//‘\E
o 8 NN
o ta § %’ ,o/ﬁ e
" \\}
' ,0/ }/ /S
& }274 /a"[( =
R (I 1 =
r(a/% & /( | A/‘
'S =
| <1 }/
L] o7 |
W e | e LT | o £ e = 6 | zo°
2] o o=~ AN ECONS  OELLECTIONM]
b 21— TR, e
- b NATIONAL ADVISORY ||
b COMMITTEE FOR AERONAUTICS
e | i o
i ¥ | | i 1
@) G Gs & I | |

FIGURE /2 .- SECT/ON AERODYNAMIC CHARAC TERIS TICS

AIRFOIL EQUIPFPED WITH
WITH A 42.05 PERCENT

CF THE NACA ©E(2/6)-2/6 (a=o0.¢)

THE €25-CHORD STRAIGHT SIDED AILERCON

AERCDYN /i #1C

BAIANCE ; HINGE LOCATION K.



Fig. 12b NACA TN No. 1386

3]
K
§ % & ;
R =
8
g g //"Z -
0 ///v/
N
) o]
1{/
-/6° —/2° =8¢ 4° 8° 2 - /6 20
rg %? & INECON  OEFLECTION
24
: -2
// A
VsZba " e
%] //;? a 4°
- o 8°
/5 . _é " o 2
583
3ot
Y
-J§§§
&
P 5
S X 2] f/ii
IR T e et T T | e | @
- e [ 7] <J>;- Aféé?ia(/ xx—;zsclr/m/
=/
2 a824C - —
3¢
5 ,
¥ |os
— 1 T e
R 8 NS ; 024/ ¢
‘K\_\\ 8 § -~ fo74c-
o 3 |# 0829C — o~ 576C —»s
\\-\i\\<k é@
| el .A!,;> N l l l {
/6 12 -8 it A8 /2° /6° 20°
P O~ 2 — & - InECON | DEFLECTION
. S
-04
| | T
| NATIONAL ADVISORY 5
i

(©) Sy s Ca s g

TIGURE /2 .- CONCLUDED.




NACA TN No. 1386 Fig. 13a

. 03
i
Ny
§ Y
§ = B
3
83
%ﬁg § 8T
1
V\'\-‘;' \0.\ L bf
[ .Z§§a\\
[ é~§g 0.
-/6* -/2° -8° gV?*v\ _a 8° 2° /6° zo°
SO, — IUECON) DESRLECT/ON
=p g |

0.8143¢ —

/‘\ W N
. &7 -4 = e -
o, " &3
7% i
i 0.1824C — §
08/76C — — 083 ¢
> R
e ¥
8y
o4 s 0
t*\v- - i _0_‘P___‘0,4L——‘<>—’"F/4L C_ _——
=== g e
:gs A
ﬁﬁag@: o
6° | -2t | -8 T8 0" a° g | #° e* 20°
* &, - ANECON DEFLECTION
- 'Q_ &0
v =& tl S =]
o o° % /W
& z° 38 /6 g
o a8° t\} § L~ /lM
o » b & o1
°|) Q 9/
g /VZL/ I
%5 =2 A= ot ]
\/%Y 0/ — 6‘[}/ = ]
o || ,K/’r ]
o e _A/VA/ L
4
D//B/ ' | o /O//O'J T
— I
/.J = Y //V—/r/
A= @2 -&° <z 2 2° w1 = /6° 20°
o | V- AMECORS OELLECTION
[ =i | ’ ‘
- 9——"0/ _/V‘ -4 l S {2 | ——— —
’V/% | NATIONAL ADVISORY
_ = COMMITTEE FOR AEROMAUTICS _
| ) '
. - & BIEND L

@) Gn s Ca 5 G

FIGURE /3.~ SECTION AERODYNAMIC CHARACTERISTICS OF THE NACA ©6(2/5)-26 (A=0.6)
AIRFOIL. EQUIPPED WITH THE 025 CHORD STRAIGHT SIDED AIERON
WITH A 3705 PERCFNT AERODYNANMIC BALANCE ; HINGE LOCATION S .




Fig. 13b NACA TN No. 1386

N .8 I =
4 i
o
g S Lo T /:
Ny # =
% § 4 }/ )
q
Sv 4 el 2{ ///0/
§ % o] = //9/
WL
$ ITF
%
-/6" -/2 -8 73" 4 g 2° 7%6° z20°
= Oy~ ARECOL OESLECTION
| LA | L |
L v
Fhag X A vV s -4
v / % g o o°
v &/ -4 a4
= TN I
a i
R
R
/388
| N Q
¢ & - ANECON OEFLECTION
'/6; /2./€’/$-:—t ﬁ\ o ,8' 123 ——VLG-\ 2"': P
et ] o |
:&§§; -
S
i
N
D) § |30&
i\a N Y N =
: \
SN tgd
N 3894
\\x \ X0 0./824¢C —
3 <& |
= N Q
M,o//—‘;z -8 s 4 8 I 122 T s T 20
=3 | Ca- INECON, DEFLECTION 1
-04 = ~NN"
| NN
| i
~08 NATIONAL ADVISORY x
l COMMITTEE FOR AERONAUTICS
l :
=12 —[ 1 l

(b) e s CCq » g

FIGURE. 3 —~COMCLUDED



NACA TN No. 1386

Fig. 14a

S
B 34
I8 +2
N
R
Sro Tty 5
I~
-6 | -2r | -& S 2° & 2 /6" 2o
\g\v\ | — & -onceor oerFLeECTION
ol ~ -
BT ——— & A
- 2 7 -
9
1 B Ty § 3
Jaade, ——— g
|
- 0607~ ] 38
SO e b
p8olt-— g g
ik
AR
O o
b s O ottt 1 o | b
-16° -/2* -8 -4 0° z° S8 re° /6° 20*
OG- ANELON, OEFLECTION |
20
v @, =& ‘g 5 B
o o° N
E . R ="
° s §§ ~ail e
- X4 e
g i //D/
B N
N
' |t
¢ % £
; o1 /)/A/
/’7/ ] K/“
1 e ]
Jn//‘:r’ A — i
2d o | L—] Tt
= =77}
- 3 °
/G, -/2° -8° 4 ar Z° " /2 /e zo0°
A/A/ o | ] e Ou - PHELON) DEFLECTION
/-O" /
o] P I RN O e
y//v NATIONAL ADVISORY
"] COMMITTEE FOR AERONAUTICS
‘,Aﬁz, , )
| -8
@ &, a, <

FIGURE M - SECTION AERODYNAMIC CHARACTERISTICS OF THE NACA 6G6(215)-2/6 [@A=06)
AIRFOIL. EQUIPPED W/ITH THE 025 cHORD STRAGHT SIDED AILERON
WITH A, 32,05 PERCENT AERODYNAMIC BALANCE ; HINGE LOCAT/ON T.



Fig. 14b NACA TN No. 1386

T T 3
1 ; P
L. | W=l
3, 0 4]
NN @ 0 L
v § 3 2
Y 77 i
g N S 4 ;;’ b
HENNCa%%e
e ' //E( 1 6/
e 2 L —]
& |2
L~ "
ol il ' % /}/ 4 = 6/45@4//2;:&-':(4—1/-‘75—:04/ il
= -~ j% -2 l J
2 vec,= -4:
' 3 A
Cala N
_‘ NS 8
= TR
9 Y
LT
S$q
i34
¥ 4, - oneeav | pEFLECTION
RRE == == o s Ak aa
i ; 4 =/ §&\\‘ )
£ i
At N
N N
g2 S
\q\\’ g ‘$ =1=3
AN ¥ 8o
o I~ NI
o) ] \%v %
A-C/s" -12° —a‘; L a4 & 2 16 20

-.0607~ NATIONAL ADVISORY
~——01/893C—> _ COMMITTEE FOR AERONAUTICS
o8lo7c—— . ‘ | I l '

R

(b) (”4 ’ Q} ) C)D,,

FIGURE 14 ~CONCLUDED




NACA TN No. 1386 Fig. 1ba
N
3. &~ MECON OEFLECTION
§ 0 ar 4° (o ¥ r/6° b7 e4° e8° o F6° 40° 42°
N A
$h
N
2%
N N -2 P
x \\o\
L e~
b :
T a ~od
@ \\‘k
‘0
A 2824C —— o
v @, =-4° E\ S =,
; o o* e
&./2 =5 A = "r/ I ——
§ g 2‘_ } SO L ©
} = 0.074/C
¢ ol 0.1892C~
.08 BlOBC ~ oY
& il
3 =
/ 5
éu e [ A"
Q | 3] —1 ) L
; 2l o 2% = O L —
3 ==c=cc====t =
/]
§ a° £° (e P /6° zo* o V' 1 T F&° g0° a44°
:}' 28 d,- ARECONS OEFLECTION | e
L] i
4
A L
= N Pz =
20 = // ~oe
b 4%/ ] o
:u: o = =4 . L= - —
{ = = = 3 il
§ s | * | //0/ |
¥ P il /"/
N A
N
89’: / /o’ =
N
QO
7% il — ] o L
' NATIONAL ADVI
G = 4 COMMITTEE FOR AERONAUTICS
=
0 7/
o z % T /6° 2 e Ll N 7 S 7 a2°
T Al - AHERON OEAECTION
A
=4 @) 7 3 Cay » @ l , ] l 1 I

FIGURE /5 .—SECTION AERODYNAMIC CHARACTERISTICS OF THE NACA ©6(2/5)-216 (3=06)
AIRFOIL. EQUIPPED WITH THE 0.25-CHORD STRAIGHT SIDED AILERON
WITH A 32.14 PERCENT AERODDYNAMIC BALANCE ; HINGE LOCATION (.



NACA TN No. 1386

Fig. 15b

M | &
— # ” #
/ 3 » -
g
hlﬁ e
/r/ ” Z Dy
NS W} % / N ‘ %
NN ¥ e 1 5 / |
A\ yS o -
N =D \ 7 By |
7 L3 . L g
/V/V SR q} $ : |
| AN i IR/ |
N SEPEAY 7 |
L N o 4
|8 _ 5 V4
\,\ ,A (e) N
\, , O / & \ \x
! N 0 | o % /
<\ Q ~ ~
f \A./ Jwﬁ; 7
N N m
M N!/, L9 N\ B Yoy !
. VS . _
.\(-_\:/‘V W ﬁ mo 4ao ,,w w
_ Q ) ¢
N\ . &
RY_ | A o8
. ¢N~ ,/W i
\ g
A\ ¢
Q Q * & g Q © % N N i © N 9 8 3 ] Q
LIV IONAFPOD  DI0F v r : _ ! i _ W
WOy 012358 MoFINe -7 = o T o o T+ O 00 2rewow SO proneoss oIy - %o

SADOD  WOIOT OFOND fYOILIDS OFR N -



NACA TN No. 1386 Fig. 16a

-10° -5 g /10° s ga° e85 304 25° L0° 45°
: | &, - ANECON, OEFLECTION

=1
~

|
N
ol
QX
Ny -2
3§
&
33
'G § T3 +—
83
8§
AL -4 — Q,‘s
N
5l N
¥y
=5 — %
g N
bR
ot |
==
-/0° -5* 0° 5°
S 28
Y
N
£ {2 -
3
N =
% 20
3 =
§ /6 —
&= =
t2
J / i
4 (// // . P
e 8 7 X7
/ - NOTE O, SCALE
| 7 | /‘ y
4 [~ /f NATIONAL ADVISORY
COMMI FOR AERONAUTICS
7
‘ . [ |
-/0° -8 o° 5 10° £8° 20° 25 z0° 25* 7 5°
L / / &y - ANKECON —OEFLECTION
= 2
=1 |
171 i ! |
| @) Gm 1 an s l |

FIGURE /6 - SECTION AERODYNAMIC CHARACTERISTICS OF THE NACA G6(2(5)-216 (A=0.6)
AIRFOIL EQUIPPED WITH THE 025-CHORD STRAIGHT SIDED AILERON WITH
A 42.05 PERCENT AERODYNAMIC BALANCE ; HINGE LOCATION V.



Fig. 16b NACA TN No. 1386

3 I I
§! & | 0158 EERN a
§§ ) 052464'11 p— > |/
8 §~ - ) |/ )&'
§§'} o E T /{/// /
;\: & = ‘ 1
N
VT
9@45 — gl 4 /1 ; / 25:6;-4/4’2;4/ a::e-'cr/af i il
L N ‘/M a4
; SV 74V
i: / |

W T

/ T -
R

FOBCE COEFL/CIENT
w

|

Coq= AHEROK SECT/ION CrO€O

|
[
)

Mo
R
LB,
N

O

3

g

gl
/ﬁé

/5° 20" 25° 0°
\0\ &y~ ANERN/ OEALECTION \
>.
/4 vV a&=-4" =
YV ¥ A e
o 8”
(;‘ s <o 12

| ~NoTe & scae |

DEALECTION

|
\
¢
1
8
/
8
N8
%’
8
N
&

_‘_A

i

EE.
===9

é

- ANEEON SECTION HIMGE
MIOVIEN/'T™ COELEICIEAIT

8
F
-
iy
i g
§<
/|
1
L

=l6

ey

(6) Giyr Gy s Sy |

L"_IGURE 16 —COMCLUDED.




NACA TN No. 1386 Fig. 17a
7
j\\ ; I
T -5* 0 LT 10° 5% co° =257 SG° 25° q0° 45°
N : Rausl &y - AreELON  DELLECTION
Q N
9
g =/ o
A\
o N
8y
¢
§.s
§ g
S
3 \
Yedmit
Q $ W
2N
Y
. Q \,
— N %’
NS
3§
0a|-S
0 1
10° < a° -
N 28
§2
)
0
N
§24
93
N
N 20
3
g 4 %
' P
(O
/2,<>/ /
1 ~
/ ax /
4 L //
A /
L / /dy/ - [/VOI’E Gp SCAE ‘
A ' ] |
4
=¥ L NATIONAL ADVISORY
// /(/ // COMMITTEE FOR AERONAUTICS
/
o RN
-10° —T o G s | 20 o 35° 20° 75
/l/‘ #__ +—t & - ANEROR) LOEFLECTION

@) S s %

-

|

FIGURE 17— SECTION AERODYNAMIC CHARACTERISTICS OF THE NACA 66(215)-2/6 (a=0.6)

AIRFOIL EQUIPPED WITH THE 0.25-CHORD STRAIGHT SIDED AILERON
WITH A 37.05 FERCENT AERODYNAMIC BALANCE ; HINGE LOCAT/ION W .




NACA TN No. 1386

Fig. 17b

Y So ) 1

% o
A4 ¥ g w Zun

X j W y
N ﬂT w P s w
& Y \\%ﬁ 4% § Mﬁ ]
e X ) §E—
R T L s Emiaya |8

. "Vt Vs o g8

S , bo<BO Y N e

UNVEREN A ey % /A

/// ~ L M\a 3 < N s
NN ] 8§ 844
M NN LA 3 AL |
3NN L\\%N o & N
NN ; -
. A $ T g
Q) SN : ] f N Q opSye/S $
- b 5 %/ sy b \xkk\ﬁ\b\u‘.ﬁ@b Lrvamwow l|i|\“/
/// \. 21ty rYorLoss pYoZse Yo I,,.I(
AMENSNSSNRRERY /i EFAI

b 8 N EIIHJ /0 /4_ 3 |

e e o e T e R e e

V22NN N | 1
. . B . S e

L /W 0 QI ok ﬁA Q ! |
w, e BN ] N R S O O D 0 P

*

FIGURE 17 .~ COMCLLIDED .




NACA TN No. 1386

Fig. 18a

T

Ba=Np

-10° -5 N5 10° /5° z20° &5 30° z5° “0° 45°
ls Rl d,- ANECON OELLECTION
il |
g NS ; v “‘,:-('

4 ‘N o o*
© A z
§ s. -2 NN o a8
N ° e
N0 -3
N
R
O
g
1
§

-4 4 s
“f L
L2 38
QX
-5 §
3
84
oz | §
: 50 oS
i iﬂ
-/0° 5° o* 5°
O, - INKECON) DEFLECTION
K 28
% 1
§ /T/ -
E " )/‘ /%7’_‘ 1\\
O /é/
K T
% 20 - ———a
é 16 // Q/ =
9 A / /
| pd // // Dk <]
¢ >
L L2 J// / ///
(\/ / // =
5 = ///
1] P o A
~ ,/ - NOTE O, SCALE
JZ /‘4}/ P P / NATIONAL ADVISORY
)’/
~0° /w/’a 0° 5 /;a' s | 200 | a5 | 2 | » | a0 | 45
& &y~ ANECON — DEFLECTION !
e '
-4 |
@ Gn sy, G [
1

FIGURE /8 .— SECTION AERODYNAMIC CHARACTERISTICS OF THE NACA 66(215)-216 (4=0.6)

AIRFOIL EQUIPPED WITH THE 025-CHORD STRAIGHT SIDED AILERON
WITH A 32.05 FPERCENT AERODYNAMIC BALANCE ; HINGE LOCATION X.



NACA TN No. 1386

. ﬁ ﬁ 6 = i\ux
ﬁ = 4 \ \ I_u \\ /
of vw 5 | N
d : : {1
N : R Ny e
./ ww Q .._¢.o.4.s.m s 8 m W |m m
| AN W n 7 .m m 5
8 m 5 cqaoo pe A b ] m ,\ 3 S
AN N &y
| N x.ﬁ_w. 7% mlT g /) 2
| PR 88 —9% 8
oo b = NN el [ 17 it
= | _ \ : / .\ 74 M —1T © & \\
SN 7 .8 ﬁ} 41
H Q // \ m \\\ \\ 4l
8 % /VM S v o 4 |
= = LU 2 G
N i e
\ ~ ! .m / . / _ .M Q \ S N
& \ S NN N N A
AN g wl LAONNINKY | LA
3 N N/ SR U e 2w
= M{l mﬁ D.,p)? w B ;\ M //A// /7_/ @.\w\\\m\ © % % b
~ ~ < % R < 8 < O 5
T 22900 30707 T 9 w\w e T .M / \\ \ N
PNION | porloFS oI -o ) : B :
Rtz o SR 5
AF % .ﬁﬁ,wl/f/_
| =

Fig. 18b

FIGURE /8 — CONCLUDED.




O, - AILERON DEFLECTION

N pown 3

20

uP

/0°

]
|

80° 100° 120° 140°
CONTROL WHEEL DISPLACEMENT |

\
\\

Ll T
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS

\

e

P ——

PMAXIMUM

WHEEL THROW AIRPLANE C J

MAXIMUM WHEEL THROW AIRPLANES A ANDBJ

FIGURE /9 .- LINKAGE CHARACTERISTICS OF THE AILERON CONTROL SYSTEMS

OF THE EXEMPLARY

AIRPLANES .

—_—

9861 'ON NI VOVN

8T "314



Fig. 20a

SO

NACA TN No. 1386

I |
> I
o L o 6-/0
7/
o6 // o= B
75
% // //
oz 4/
/ / i [ et 50
/ e
/ // v
oz
// / e — T .25
Z
0
o < 8 72 /6 20 24 28 Fe
t- TME, SEC | |
\ Vo-r0 /9-72
R ¢ —
V- /
T
Y zpe /// —|
RS - L—
s T T [ B
: =1
/ /r’/ NATIONAL ADVISORY
AN . ///ﬁ—"// COMMITTEE FOR AERONAUTICS
o P .8 12 16 20 24a 28 o
Q ¢ - TIME , SEC | 6=r0
N = l
~N
9
§ & ——t— 75 —
9 L—1
3 L // e !
T
L= .50
R,
< // — |
N L —] | E5 |
A = /" [E—
§ 00 :-—//éﬁb—/’-"r’/‘w—’d |
N 0 P & 42 /6 —t— ro—f—2d 25 15 5z
t- 7IME | SEC s e
it 6
3
3w
Y

(@) HIGH SPEED - 298 MY A7 24 000

AT, HINGE RRSITION £

FIGUEE 20. -~ ESTIMRTED CHALACTELISTICS OF RIELPLANE A EQUIPFPEDO WITH THE

STEAIGHT -SIOEL ANXELON MW/ TH

.05 PEECENT ABAELOOYrA/AATC

EBGLANCE W LOLLS HI7H THE £LUOOEL LOCKED,




NACA TN No. 1386 Fig. 20b

/O
.08
06 ] o
W // - S L R T
N /
ey \
0=/0
// / |_—1 "\\_\ \ 75
// P i
b .50
\
o
14 g 8 /2 A& 20 24 28 Fe
v - TIME , SEC
§ co° &=/.0
/ il i
L— .75
3 s B
'8 e e oot AW 50 _|
! maee = z
? o° %
- Vi o g .8 Vi /6 20 2a & 70 F2
¢ - TIME , SEC /
//
/ 0 TR
//
% L~
N
N
:) '/ > Al /
Q /
Yy ge — ?; — —— 6=.25 __|
~N
) S
s e CEaET
U
E== — | — NATIONAL ADVISORY
X ﬁ//ﬁ// COMMITTEE FOR AERONAUTICS
o” ri
o R~ 4 8 ‘e V4= 20 24 e& F
3} | | | ¢t - TImE , SEC I |
N | ! i |
% o o .8 ’re /6 Lo =24 28 Fe
o
% QE‘SS‘Q\::*\ 6= .25
N s = .50 —
< \.\\i\
) D
b SR B 2.0 i
) #PrPECACH SOEED - 98 MOH R7 SE4 (EVEL ; HINGE POS/T/04 ¥
_ aneeoMs oeoorEo /60 | | l ol l | [

FIGURE S&0. = CONCLUDED.



Fig. 21a NACA TN No. 1386

N7 i

/\’//4;
'/
§ E
N =
L=
a2 /,g/
L~
A,
0
0 / 2 3 5 6 Z & 9 /0

L . . .
8 -FRACTION  CONTROL TRAVEL

O HINGE POSITION A
A 5{//\/@5 POSITION C

a{ HIMGE POSITION B FOR PROSITIVE DEFLECT/ONS
INGE POSIT/ON A FOR NEGATIVE DEFLECT/ONS

I
HiGH SPEED — 298 MPH AT 25000 FT- | —1
0 |— |———— APPROACH SPEED -98 /PH AT SEA LEVEL =
FLAPS DEFLECTED e
yoe
¢
L 7/
20—+ /
s
p
) s
3 )
100 7
) /
L) /1
X
| N & /
& 80 Z
Z
3 %
e
> 7
R 60 -
L—
N | 00—
Q 7 zea
N : T
3 40 f/g/ - —
Y / A — +
N Y =
ll 7 = NATIONAL ADVISORY
20 / J==er COMMITTEE FOR AERONAUTICS
/ 4= 5
£~
0

b 0 -/ 2 3 7 5 ¢ > & 9 10
©-FRACTION CONTROL TRAVEL

(A). AIRPLANE A .

FIGURE 2/ — \ARIATION OF (pb/2V)p,x AND WHEEL FORCE WITH CONTROL TRAVEL
IN ROLLS WITH THE RUDDER LOCKED FOR THE EXEMPLARY AIRPLANES
EQUIPPED WITH THE 025 CHORD WNORMAL PROFILE AILERON .




NACA TN No. 1386 Fig. 21b

1E

>
= v
b2 1=
N W @
il
AT
a8 z L
3 =
7/1 L//
Z
4 /
~
z
Xls ldr
b 5 4;?1?
o4
oz ,/
| 4/
|
a /r/
\ o o/ 2 & 4 5 6 7 & 9 1o
8- FRACTION CONTROL TRAVEL 7 b
© HINGE PDSITION A /
A HINGE POSITION C /
INGE POSITION B FOR POSITIVE DEFLECT/ONS
YINGE POSITION A FOR NEGATIVE DEFLECT/IONS {
— ————— HIGH SPEED -228 MPH AT SEA LEVEL
———— APPROACH SPEED - IO5 MPH AT SEA LEVEL .-
« FLAPS DEFLECTED.
140
3
20 Z
Y :
100 y ,)3
-~
P i
R /| 4-
&so [P,
" s =
3 i 1-
N 60 = =
R -
Q =
N\ L~
S0 4 =7
*\\t, / = NATIONAL ADVISORY
; /L,-r - COMMITTEE FOR AERONAUTICS
'] 9% e
20 4/ e e
2 3 > | 5 -—4&" =
\ o S i
= = ke o
* 7] 2
o i & .z 4 5 .6 S 8 .9 10
6 - FRACT/ION CONTROL TRAVEL
(b). AIRPLANE B.

FIGURE 2/ .~ CONTINUED.




Fig, 21c NACA TN No. 1386

0

.08
=
| = ‘L,.—\
X A“"}/
‘ 4% [
RN Z=f
QU 182
e o4 s ~
| —1==
o
ﬂ"ﬂ i
oz Qe
-
/4’
L~
0
17 o/ 2 K4 P4 ) .6 7 .8 .9 /0
6 -FRACT/ION CONTROL TRAVEL
50 10 O O (o
o HINGE PoS/T/ON A
A HINGE POSIT/ON C
aJHINGE POS/TION B FOR POSITIVE DEFLECT/ONS
INGE POS/TION A FOR NEGATIVE DEFLECT/ONS
HIGH SPEED - 259 MPH AT SEA LEVEL
_____ APPROACH SPEED -86 MPH AT SEA LEVEL -
FLARPS DEFLECTED . .
L]
100 — 1
Q
~N
%,‘ S0
Y
60
¥ NATIONAL ADVISORY )
Q COMMITTEE FOR AERONAUTICS
s : 4
40
3 =
¥
N gt
% o /,——-——()’" e =
) =
T T _1——F
Y ///< o Ce——(
e T e i g | [ e | sy
0 b v i (BT AR S e B e T i
7] A7 = 3 P4 5 -6 Z .8 9 10

6 - FRACT/ON CONTROL TRAVEL

(C). AIRPLANE C.

FIGURE 2/ -COMIUDED.




NACA TN No. 1386

Fig. 22a

- v
.08
=1 -8
et
V/,/’ /JS
Q f e
i =7 L=
R/ ” L’g:/"
// -
=
>
£
oz —
- =
///
=
=
4
0 / 2 FN Ny &5 6 > & 9 10
B-FRACTION CONTROL TRAVEL
O MINGE POS/TION £
A HINGE PASITION V
a { HINGE POSITION U  FOE PRSITIVE OERLECTIOMS
HIMGE POSITION R FOE MEGATIVE OEALECT/IONS
— HIGH SPEED — 298 MPH AT 5000 FT
———— —  APPROACH SPEED - 88 MPH AT SEA (EVEL
) FLARS OEFLECTED
-7
3 100 y -
o~
s
~
//
30 —
u; /ﬁr /‘\
O > [
§ /V /
60 i =
2 ] e g
Y ! - s
§ /;(L/ ~"
A 1
40 /r/ ]
P s
§< A A
N 4 _ - NATIONAL ADVISORY ]
» -
R 2 | Lo QOMMITTEE FOR AERONAUTICS
4 =1 _ ]
i
0 L= i
0 A . .3 z s G 7 .8 .9 10

(a). AIRPLANE A .

FIGURE 22 .—\JARIATION OF

8- FRACT/ON  CONTROL TRAVEL

(Pb/2V)ppy AND WHEEL FORCE W/TH CONTROL TRAVEL

N KROLLS WITH THE RUDDER LOCKED FOR THE EXEMFLARY AIRPLANES

EQUIPPED WITH THE 025 CHORD STRAIGHT SIDED A/LERON.




Fig. 22b ’ NACA TN No. 1386

l P /JT
/0 |
=
P
o =
8] P — /
08 % 4?(
-
~ //
A A g
1 / /0’
',?5 f./ X /
N P
04 e = <
T
2
oz i
’///
|
(o]
o J 2 3 4 = o 7 8 9 /1.0
O- FRACTION CONTROL TRAVEL
o HINGE POSITION R
A HINGE POSITION
f{HINGE PosTioN U FOR POSITIVE DEFLECT/ONS
HINGE POSITION R FOR NEGATIVE DEFLECT/ONS
HIGH SPEED — 228 MPH AT SEA LEVEL -
1e0 —— —— APPROACH SPEED -0 MPH AT SER LEVEL .~ FLAPS DEFLECTED.
»
3 //
120 /
X
~
§ 100 4
DY /
¥ 80 v
¥ N
$ 4
/ﬁ]
L
= g -
$ ol
% - —o
5 5 T
// = —
L~ - | __A—+1 —t==
// - = | 1 i ‘
20 X~ = T NATIONAL ADVISORY {
= — COMMITTEE FOR AERONAUTICS ‘
— [ ‘ ] T
o B e T e e |
o J 2 3 4 5 © T 8 9 10

O- FRACTION CONTROL TRAVEL
(b). AIRPLANE B .

FIGURE 22 - CONTINUED.




NACA TN No. 1386 Fig. 22¢

NV
.08
3¢ /% —j
" S = b
-Qlﬁ = /’/"’
[N = =
N ’/‘Z//
od ==
s
A=
]
A=
o2 L
e —
L~
o =
0 o 2 Z &z S .6 7 & .9 /0
- FRACTI CONTROL TRAVEL
O WINGE LOSITION £
A HINGE POSITION — V
o [HNGE POSITION U FoE POSITIVE OEFLECTIONS
HINGE POSITION B FOE MNEGATIVE OEFLECTIOMS
HIGH SPEED ~ 259 MPH AT SEA (EVEL
| — — ——  4PPPOACH SPEED — 86 MPH AT SFA LEVEL
FLARS OEFLECTED
/00
Q
~N
lé’, 80 L
§
L%
¥
t 7 NATIONAL ADVISORY
3 COMMITTEE FOR AERONAUTICS
\ERO
P
§ 40 /
R} LA
co
SO R ) TR
== § e = [
/:i‘/:‘%i:::::::»::f-i e B s e el
0 —=e=m=S="I—
0 7 4 =< =4 4 ] 2] Z -3 .9 /70

6-FRACTION CONTROL TRAVEL
(C) AIRPLANE C .

FIGURE 22 -COMCLUDED .



Fig. 23 NACA TN No. 1386

N

O 4/IRPLANE A
a 8
g c

DROOPED AILERON CONTROL
e S Y SEPOLERN CONTIROL

.10

08 = ////
/A - o | 7
( B PZ/V)MAX % J‘“%/ // =

=
S

R
N
A
SN
N
W
\\\‘\\

W

P V/
02 7 e
: %/ 7 /<5 NATIONAL ADVISORY
/,/// ///m COMMITTEE FOR AERONAUTICS
y 228
0]
0 2 4 @ 8 e

- FRACTION CONTROL TRAVEL

FIGURE 23 .— COMPARISON OF THE VARIATION  OF Cbb/zv) MAX
WITH FRACT/ION  CONTROL TRAVEL /N RUDDER LOCKED
ROLLS AT HIGH SPEED FOR AIRPLANES A, B, AND C
EQUIPPED WITH DROOPED AILERONS AND SPOILER
CONTROL.




NACA TN No. 1386

———— SPOILER CONTROL
O ~ —
< A
/
/A/
A4 //%
.08 — L
b o 4 //K // /‘J?
/lx i /////i
O ’/ / ‘/ ’T‘/‘ A o
g -7
)% //?// [
.// //
o A 7
v //6//
. / // 7 /EJ/ NATIONAL ADVISORY
/ , // COMMITTEE FOR AERONAUTICS
WA
o
0 2 4 6 8 X

O AIRPLANE
A

O

A
B
c

DROOPED AILERON CONTROL

O ~FRACTION CONTROL TRAVEL

Fig. 24

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

DEOILER CONTROL..



B

=




