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NATIONAL ADVISORY COIMITTEE FOR AEIDWAUTICS

TECHNICAL NOTE NO, 1245

STMMARY OF LATERAL=~CONTROL RESEALCH
By Langley Research Department

Compiled by Thomas A. Toll
SUMMARY

A summary has bsen made of the available information

on lateral control. A discussion is given of the criterions

used in latersl-control specifications, of the factors
involved in obtaining satisfactory lateral control, and

of the methods employed in mekin; lateral=-control investi-
gations in flight and fn wind tunnels. The available data
on conventional flap-type allerons having various types

of serodynamic balance are presented in a lform convenient
for use in design. The characteristics of spoiler devices
and booster mechanisms are discussed. The cffects of
Mach number, boundary layer, and distortion of the wing

or of the lateral-control system are considered insofar

as the avalleble information permits. An exarmle 1s
included to illustrate the use of the design data. The
1imitations of the available informetion and some of

the lateral-control problems that remain to be solved

are indicated.

INTRODUCTION

The laberal-control research that had been conducted
by the NACA prior to 1937, and that was summarized 1n
reference 1, was. concerned primarily with the design of
lateral~control devices having sufficient eflectiveness
to enable the pilot of an airplane to keep the wings
level at all normal flight speeds. 1In order to meet that
condition large rolling-moment coefficients are required
oniy at speeds approaching the stall; consequently, the
provision of adequate rolling performance is principally
a problem ef the size ef the device, the aerodynamic
balance being of only seccndary impcrtance even for
moderately large airplanes,
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Between 1937 and 1941 a study was made of the
lateral-control characterl tics of a8 large number of
combat and nongombat alrplanes, The results of that

study, reported in reference 2, indicated that the »ro-

vision of lateral control +1at is sulficient only to
ke\w the wings level is inadegquate, and that a certain
inimam standard of rolling performance ia desirablse

for any type of airplane, even at hlgh spesds. Subsequent

experience has indicated that combat airp Tan 8 may be
required to perform rapid rolling maneuvers near maxim

um

gspeed, . The problem.op providing serodynamic balanceé for
light control forces at high spesds therefore has become

at least as importaLt 25 thne problem of pvo"*an adequate

effectivensss of the lateral-contrcl device.

Fal

In crder to mest thse:
fomecosi thoideslgher.-has the choice of relying eantirely
) J

g

equlirements for light control

either on serodynamic balanee or on sone fq m of. booster

mechanism, or of combining a booster mechanism of low
capacity with a small amount cf aerpdynemic balance.
any case, the control forces of fighter airplanes of
average slze may have to be reduced by amounts corre-
sponding to as much as 95 percent of the unbalanced
aileron hinge moments (reference 5). Some of the con-
siderations relating to the provision of light control
forces, as well as to other lateralecontrol problems,
are discussed in reference L.,
The purpose of the present parsr is to summarize
rather comnletely the available information on lateral
control, to point out the limitations of the awvailablse
information and to indicate some of the problems that
remain to be solved., No new investigatlons were

Eial

attempted in preparing the pressnt raper, although some

of ‘the data and analyses have not previously been
published.

The symbols used in presenting ti
efined in the anpendix. Figures tha
in design are listed in table I.

sultss are
S

he re
bisive Wats for u

sSe
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In order to apnly the results of theoretical and

experimental studies to the design of satisfactory lateral-
control devices, the requirements for satisfactory lateral
control must be specified exactly. Lateral-control
speoificafions have been limited to the unstalled flight
range because the characteristics at and aboves the stall

usually are very erratic. The lateral behavior In stalled
flight usually is included in considerations of stalling
characteristics.

Ths first comprehensive set of lateral-control
specffica*ions, which represent the present NACA recom-
mendations, was published in refersnce 5. The present

lateral- coqurvl up601flcatlons cf the Air Technical
Service Command, Army Air Forces, (reference 6) and of

the Bureau of neronautios, Y¥avy Department, (reference 7T)
are ide tical with each other, In the followlng paragrams

the sign ficance of the various criterions used in
specifying lateral-control characteristics 1s discussedis

ROLLING PERFORIANCE

Criterions that have been proposed for specifying
the rolling performance of an alrplane have been based
on the time required to attain a given angle of bank,
the maximum rolling velocity, the lateral movement of
the center of pressure Cu/CL: and the wing-tip helix
angle pb/2V. EBach of these criterions 1s subject to
certain limitations. The results of the investigation
described in reference 2 and some analytical studles
have indicated, however, that the criterion based
on pb/2V is the most conveniznt and can be used to
speciiy satisfactorily the rolling performancs. The
valuz of this criterion is independent of altitude
for given aileron deflections and is independent of
airplane size for geometrically similar airplanes,

Because the maneuvering qualities of fighter alir-
planss are determined by the maximun rate of roll or by
the time required to reach a given angle of bank, the
values of pb/2V required of such airplanes may bs
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considerably higher than the values of pb/2V considered
sufficient for tramsport or trainer airplanes. The
mansuverability of a flghter airnlene near maximum speed
is of ccurse very important, but because of consicdera-
tions of the airnlane structure und of the control
forcas the values of pb/2V reguired at high speeds
cannot be as large as the values of pt/2V required at
moderate apeeds.

o
L

For a given value of pb/2V, the rolling velocity p
apnroaches zero as the glrspeed approaclies zero and may
become very large at very high airspseds. For autogiros
oL . fot Yolkhs D lov %pe°d sireraft an aiditional requirement
may specify that a minimuvm value of the product pb be
obtained. For airplanes capable of very high speeds,
the maximum required rolling periformance may be deter-
mined by the maximum value of the rolling veloc: :
thel 1s desired by tha pilot.

A specification of the aileron effectiveness required
for maintaining lateral trim in all flight conditlions may
be desiraple for airplanes that might be subjected to
extrems asvmmebrlJal power conditions or for alrplanes
having high positive u)lPCh]TG dihedral, which may
exist at wah 147t coefficisnts when a ldrge amount of
sweepvack 1s emploved. "

CONTROL FORCES

Teats of numercus airplanes have indicated that for

all flisht conditions the asrodynamic forces should be
large enough, compared with the statlic friction forece,
to return the control stick or thes control wheel approxi-
mately to neutral when it 1s freed and that the forces
at high speeds should not be sc large th at the pilot ' is
unable to attain the specifisd value of pb/2V. The
type of force variation within these llmits 1s relatively
unimportant, but the force should never decrease to the
value of the static friction excent near the nsutral
control setting. It is desirable, howsver, that the
force should continue to increase umoo*HLm with Increasing 4
daflection. From conslderations of the structural inte g~

ity of the airplane 1t i1s dssirable that ths control
deflection at high speed be limitesc by control forces -
to valuzs within the structural design limitations.
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STICK OR WHEEL TRAVEL

In order to provide small control forces, the stick
or wheel travel should be as large as possible so that
a. hizh mechanical advantage 1s obtainedc, The stick ar
wheel travel usually i1s restricted however for ease of
operation or because of space limitations; that is, the
lateral dlisplacement of a control stick is limited by
interference with the pilot'!'s leg freedom or by the
cockpit width, and the motion of a wheel-type control
is limited to the arc through which the wheel can be
burned comfortably with one hand. Large increases made
in the angular travel of a conbtrol.wheel to provide
light control forces have been found very undéesirable.,

ABverse yaw shoald be gonsidered in the reguirements
for lateral control beecause the changes in heading that
accompany the use of #ilsrons may be annoying to the
pilot, because the directional stability during steady
vawed flight may be reduced wnen the adverse yaw 1s
excessive, because yaw reduces the rolling velocities
unless the rudder 1s skillfully ccordinated with alleron
movements, and because the rudder forces required to
counteract adverse yaw may be excessive. Some flight
investigations and the analysis of reference 8 have
indicated thwt, for highly maneuverable airplanes, critical
vertical-tail loads may result {rom rolls out of accel-
erated turns or pull-outs unless high sideslip angles

re preventeds

As indicated by the analysis presanted in refer-
ance the induced adverse glileron vawing-moment coef-
« )

ficlent is directly proportional to the lift coefficlent.
The critical condition for investigating aileron yaw,
therefcore, is near the stalling speed, Requirements for
lateral control usually specify the maximum angle of

sideslip resulting from the use of the lateral~control
device that may be tolerated.

LAG IN AESPONSE

Any lag in time between the deflection of a control
and the resulting airplane motion 1s objectionable to
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the pllot. Lag may bes dangerous, because it may cause
the pilot to overcontrol the airplane. S“acifi ations
deslizned to eliminate lateral-control devices with

ob jectionable lag characteristics limit the 1nt rval
betweecn the time when the lateral-control device reaches
full deflection and the time when maximum rolling accel-
eration is attained, The permissible lag sometimes is
given as a function of the spsed and the size of the
girplans.,

CONTROL~FREE STABILITY

Although the problem of control-free stability has
presented little difficulty in the design of ailerons in
the past, some tendsncy toward instability has been
exhiblited by a few recent alleron designs. The »roblem
ig:.0f Predfbst significance for large airplsnes or for
hi&h-upeeﬂ airplanes for which the allerons may be
essentially fres even thou*h the pilot has not released
the control. fRegquirements for control-free stability
specify that when the control is released after a sudden
deflection, the aileronu must return to their trim posi-
tions and any oscillations must be heavily damped,

= TR EC TORE INVOLVED TR T"THE

WATERAL=-CONTRL2L PROBLEM

)

LATERAL NAVUVIRABILITY

Concent of Lateral Maneuverability

In the present paver the term "lateral maneuverability"
1s considered to involve those charactpr’stics of an alir-
plane in flight that affect the pilotls abi lifv to
produce a rollzng velocity. This concept of lateral
maneuverability therefore includes the rol" ng morent as
affected by the rigidity of the wing-alleron structure
and by adverse yaw, the damping and inertia effects of
the wing and of other parts of the airplane, and the
control forces that must be exerted by a pilot in order
to produce a rolling mansuver,
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Helix angle.~- For the condition of a pure steady
A

rell about the longitudinal wind axis, the wing-tip
hellx angle is given satisfactorily for conventlonal

"airplanes by the eguation

g
<L M 2N (1)
2V Cy

he total rolling-moment coefficient

in which C; 1s ¢t
he damping coefficient of the alrplane
i

) naglects the damping of other parts
gf the airplane,. Values of CLD, as determined by

1ifting-line theory for wings having round tips, are
given in reference 9 . Values of (g with the Jones

edge=-velocity correction applied are presented in refer-
ence 10, A lifting-surface-theory correction to Cp
k.

3

: b

wash ebtalned in the investigation reported in refexs
ence ll, Values of Clp from reference 11 are presented

in fisure 1. These valuss are lower than the original
values given in reference 9 Dby amounts ranging from
13 percent for wings of aspect ratio 6 to 2 percent for

wings of aspect ratio 16. Values of CLD Zor square-

tinped winzs of aspect ratio € are about.b percent *
higher than the wvalues for round-tipved wings given in

°

figure l. Figure 1 has been prepared in such a manner
that values of CZp can be obtained directly as functions

of taper ratio and of geometric aspect ratio provided
cy is equal to 0.1, Variations in c¢; , whether they
a

are caused hy changes in airfoil shape or by changes

in Mach number in the suberitical speed range, influence
the effective aspect ratio (see reference 12) as well

a8 the velue of Clp Tor a given ef fectiveldapeet ratioc,

and these variations can be accounted for by epplying
the anpropriate value of i to the absclass and the

ordinate of fligure 1.

If values of C; reguired for estimating pb/2V
are not availabls from test data, values of (; as
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derived from 1lifting-line theory may be obtained from
references 1 and 9, A convenient method for esti-
macing pb/2V that avoids the Separate determination
of C; and 0y is presented in reference 13, In
reference 13 a elix-ang gle parameter v

ha

a8 | : e . .

equal to lﬂ+ 6 18 given as a function of the
C1

spanwise location of the inboard and outboard aileron
tips., For constant-percsentage-chord ailerons, the
parameter. y 1s esuentianV indepencent of th@ aspect
ratio and the taper ratio of the airnlane wing., For
convenient application of the units used in the present

4
11L.6
is presented as figure 2., The values of Cip involved

paper, a chart of the parameter «+!' {equal to

in both ¥ and y' are the values given in reference 9.
For a rigid unyawed wing not equipped with a linked tab

or a spring tab

Db AQ

ey o = 25 K

2V AD @ '
where A8 ig t?e total deflection (in degrees) of the
right and left ailerons.

The helix angle pb/2V 1is, of course, affected by

a number of faetors, the most mnortapt of which usually
are wing flPleilltJ, adverse yaw, and deflection of
linkeg bius or spring tabs. In nrelim*nary design, .these
effects sometimes may be estimated and expressed as
simple reduction factors to be applied to the wvalue

of pH/EV given by equation (2). An smpirical equation
for use in preliminary design therefore may be written as

%% 5 ig Aéa<l - kr -~ kp - kp - kt) (3)
&

py and ki are the

reductions in- pb/2V (expressed as fractions of the
value of pb/2V given by equation (2)) resulting from
wing twist, sideslip, yawing velocity, and tab deflection
respectively. The factors kr, kﬁ, and k,, are
discussed subsequently in this section of the present

where the factors kg, kﬁ, k

2
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paper and the factor ki is discussed in the section
"Ailerons Having Linked Tabs, Part IV, Rough »nre=-
liminary estimations of airblana folllnb ppgforn&nce
sometimes are made by assuming that

PES WA
1 e < 3

The substitution of this value in equation (%) has given
satd Schtorv results near the stalling speec and at about
0.8 of the maximum lavel-flight speed for many airplanes.
At intermediate speeds values of pb/2V obtained in

this mannsr usually are conservative.,

Control force,- The control force during a steady
rolling maneuver 1s related to tie aileron hings-moment
coefficisnts and to the geometry of the alleron system
by the edquation

1 - 2 (/ 5 23
Bz =agb_ ¢ C b SRR s ¢ '
?. Va% |h, \ 38 hg 3 ()
up \ up down 0Wn
wheres Gy and Cp are the hinge-moment coeffi-
aup Adown

cients of the aileron that i1s deflected upward and of
the alleron that is defllected downward, resvpectively:

> and < ) are cnrA mechanical advantages
up cdown

of the upgoing and of the downgoing aileron, respectively.
In terms of slopes, for ailerons deflected equally up

andé down 4
6
oo 2{aa),, h
jo) a -
F:-iqb 2 =2 46,0 1% I (5)
d 69 () i¥e) Cs.
a .Llé/

whare (AG) accounts for the effcct of the rolling
velocity on the hinge-moment coefficients and
boa

T3 is the rate of change 1n deflection of a single
alleron with change 1n deflection of ¢
or wheel)., Methods for estimating (A

references 10 and 1ll, The method of re

e control (stick
)D re given in
B nce 11 permits

=~
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the effects of asjpeet ratio to be accounted for more
accurately. A chart for estimating (Aa),, based on the

method of reference 11, 1s presented in figure 3. The
factor }3l ef figurs %5 is-equal te the factor

AuTay ¥+ 2
T O v+ given in reference 11,
c e ”

( 2(2a) | Cng\

e i o R 2 C

The quantity Ejste 4 PR s

frequently is referred to,. narticularly in British papers,
a)

as. the resvonse factor X 1n which the quotient e

a
usually is ‘assumed in analyticel work to be esqual to =0.2
for ailesrons of average size. The rolling velocity
tends to reduce the aileron hinge moments when the
resaonse Tactoxw ls legs than 1.0 (vositivo value
of Cha/chﬁ and the rolling velocity tends to incraase

0
the aileron hinge moment:
greater than 1.0 (ne t

Ailerons frequently have been desiined in such a manner
that the rolling velocity decreases the aileron hinge
moments in order to minimize the 2nount of aerodynamie
balance required for glven control forces. This advene
tage camnot be realized in many designs, however, because
considerations associated with the aileron floating
tendency'in Dull-outs and at high angles of sideslip may
require that the values of Cp, Dbe maintained as near
zero as possible.

A relation between the hingee~momne
constant values of F/q can be obta: ] e valu
of " fan) for a given aileron deflection is assumed to
be indenendent of lfach number. From equation (5) %l
relation is

. it e c (6)
Ng é@a a 2iaaip hg e
C ;)G (Aa)p ;

For a given wing=aileron arrangement, therefore, lines
= ° - -/ ) < R
redresenting constant values of F/q may be drawn on

a chazrt in whiech G 13 nletted against GCr.. The
.L’la - -3 15
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line representing the condition of zero sticl forece is
given by the simple relation
A
a
G = - - C ')

Equations (L) to (7) are strictly an:licable only
to the steady=roll coundition. 4An analysis of ailsron
control-force characteristics during iInitiation and
reversal of an eilleron roll, made by lorgen and Bethwaite
in Great Britain, shows thet for allerons having pnositive

alues of the ratio Ci_/Cw erceeding 2.0, objectionabl
hg/ “hg 3 J

high stick forces may be required for a repid control

0 i 4
movement even though the control forces are satisfactory
guring a steady roll. For most ailerons, however, the
ratio 0n,/Cps 1s considerably lower than 2.0, end the
forces required for renid control movements are no
li%ely to nresent a sgerious problem,

BEffacts of Ving Twist

During a rolling maneuver, the forces resulting
from aileron deflection and from wing damming may twist
a wing and therefors reduce the sileron effectivensss
in proport;on to the torque »nroduced. Because the
aerodynamic forces increase with: the dynamic pressure,
the loss in eileron effectiveness &lbO ineresases with
the dynamic nressure, The aileron effectivensass otecomes
zZews Oy therefore, at some alrsneed -~ called the reversal
sneec. t speeds in excess of the reversal speed, the
airnlane 1rolls in a direction opvosite to that which
would be cbtained for the same aileron deflectiong at
low speeds.

The effects of wing twist on lateral mensuvera-
b11luy may be of considerable imnortence even at speeds
far Yelow the reversal sneed. In an anelysis presented
in refersnce 1l. the rolllng eriomaiance of a P—l?c 1-RE air=
plane was correcte? for the P"f60us of adverse yaw, as
measured in flight, and for the effects of Nach number
on Aa/Ad, as determined from high-speed wind-tunnel
tests, in order to isolate the effects of wing twist.
The leSdle of this enalysis are summarized in figure l.

. Y
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At an indicated airspeed of QOQ miles per hour wing
flexibility is respyonsibple fo“ 31l-percent loss in the
aileron effectivensss of the T “(C 1-RE airnlane. The
reversal speed is at an indicated alrsneed of aiout
505 1iles ner hour. A somewhat similer analysis made
by llorris and Mergan of Great Britein shows that at an
indicated airs 'ced of 1,00 miles per hour the aileron
effectiveness of tnﬂ British Spitfire awrplaqe is
reduced by sbout 65 percent, prineinelly because of
wing twist,

A number of metihiods have bHeen uroposed for calcuw
lating the reversal speed or the effect of wing twist
on the rolling performance at any speed (see refer-
ences 135 to 21). These :ethods differ principally
in the degree of accuracy with which the spanwise
twist is obtained and in the extent to which the
induction effects are acccunted for. In addition, these
methods differ in their adaptability to she inclusion
of the effects of owvres51bllltv on the various aero-
dynamic narameters. Some of the methods (wmfzre c°° 1y,

17, 19, and 21) require that the actual winge-torsional=
stiffness distribution be Linown, hwereas ir other

methods the torsional stiffness is assured %o follow
some simwle mathematical law,

Feference 13 points out that sicafLwcauu éifferences
in the torsional stiffness and in the aerory:°w1o
paremeters of wings for the same »Hroduction cirplane may
be expeeted to result from differences in fabrication,
Beciuse of these uncertainties, the large amount of time
required to obtain a solution uy one of the most exsact
methods »robably is not justified in the usual case.

In a method proposed in reference 1%, the induced-
1lift effects are taken into account and the wing torsional
Qt%fanSﬂ is assumed to vary inversely as the cube of
the distance from the wing center 1‘Lv. Charts glving
values of a rollinpg-~moment-loss sarameter T are pre-
sented in reference 13 and °quoleP" ere given from which
the wing torsional stiffness required to meet a iven

>

standard of rolling nerformance may be quicltly estimated.

[95]

The values of T given In reference 13 are denendent
on the wing taner ratio end on the snanwise locations of
the inboard snd the outboard sileron tivs., A rolling-

¢

T VY
moment=-loss narameter T! egual to e T whe re
J o) 7"; 2 T
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s the distance from the wing center line to the midspan
of the aileron) is roughly indenendant of ‘the location
of the outboard aileron tips Values of 1T' are given
IR Ture 5,

‘ The wing torsional stiffness required for a spsci
M fied value of the helix-angle reduction factor k; may
| 18t :

a ;
3 valuss of V01/2 and for various altitudes are given in

6c

be computed by means of the following general equation
‘ v
| ; 28 -
§ b !
» 1 ;o A ﬂ CCh ]
me ; Z ‘ %1 P iy !
R O M ST 3¢/ &
’ ) b/2 L “~ aileron
‘ R T @
| OCy a
- {t T s i i e ( b )
’ S C“ t"ibJ \/1 MZ
‘ " where mg is the wing torsional stiffness at any span-
7 / e i
’ wise station y., Values of g/ \1 - md for wvarious
’ figure 6, The values of : in equation (3) are
‘ da,
o oc
| v = m
' Por low Mach numbers, If experimental values of et
@ /ey
| DL b . . - g
have been obtainsd at the Mach nmumbers for which values
: /ey
of my are to be computed, these wvalues of ) may
- oa
3 e

be used in equation (8) provided the theorstical

° i e

factor \ll - M& 1is d:sleted from eguation (8. \At the
reversal speed, the iterm \1 i e - kg = Kp = kt, in
2 equation (%) is zero, and the factors k, and k.
lb‘,
. usually may be assumed to be zero. For a known value

off | fm therefor the reversal sneed may be eéstimated
A Y’ s y & J

{
? 5 ¢ / 2 sl
by solving equation (8) for qj'V1.— N<. . when B = R Kt'
If at & given speed Vy the corresponding helix-angle

reduction factor le is known, the value of kTZ
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corresponding to any other speed Vo, may be calculated

as follows:
q/\/l - M3>2
p = kg — (9)
2 1 12
(q/\/l - M)l

Bffects of Control=System Stretch

@]

3

For ailerons having approx lmatﬁlv ismear et
tiveness and hinge-monent charaeterdstiica ) the pr
effect of any stretch in the control sys+“n is simply a
reduction in the .allsron movement, and consequently in

Ehe #ate’ of Tell  for a glven “outro] cgelilection. ¥ 1N
most dinstances stretch results n little or no change

in the mechanlical advantage of the system; therefore, the
centrol forece for a given total a:le;on deflection remains
almost vnchanged. Control-system stretch may cause

large changes in the control forces of ailerons having
very nonlinear hinge-moment characteristics,

Effects of Adverse Yaw

Adverse yaw in a rolling maneuver results from the
comobined effects of an inherent yawing moment of a
rolling wing and a yawing moment cauoaé by operation of
the lateral-control device. Both these yawing moments
nor"qjlv re adverse over the usual range of flight 1lift

effL01ents, when conventional flap~type ailerons are
used. The yawing moments of spoiler~tywpe lateral-
control devices, however, may be favorable over at least
a part of the fllﬁkt lift=-coefficient range. The yawing
moment of a rolling wing is caused by en asymmetrical
distrivution of the drag and by inclination of the 1ift
vectors. The drag effect usually is navora‘ole, but the

ffect of inclination.of the 1ift wvectors invarlably is
adverse .at posltive 11ft cosfficients and usuaelly 1is of
considerably greater magnitude than the effect of the
drag.

Adverse vaw tends to retard the forward movement of
the un”o%ng wing., When the rudder is not used to counter-
act the yawing moment, loss in pb/2V results from the
sideslip anble - for NLngs with nositive effective
dihedral - and from the yawing velocity - for wings at
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positive 11ft coefficients. The corresponding helix-

angle reduction factors kg and %k, wusually canno® be

estimated accurately - particularly at low spseds = in

a preliminary design. Flight tests of present-day air-

nlanes indicate, however, that when conventional flap-type

allerons are used, the value of the sum kg + kp usuelly

ig between 0.2 and 0.3 at landing speeds. If at a 1ift
ape S 2 4 P ¥ N

coefficient CLl’ the corresnonding value kﬁ 2 kr)l

1s known, the value (k + kr) at any other 1ift coel=

2
ficient C; may be roughly estimated from the
2
relation
: CrL,
% Ja
o + X = {u, 4 k) (10)

g ) < g Tha Cry

The effects on rolling veloc
moment may be derleuo d by increa
stablility or by decreasing the dih

y of adverse yawing
the wveathorcock

Vieathercock stability.- lModifications that increase
the we athe“coc" stavllity, such as increasing the
vertical«tall aree, not only nermit greeter rates of roll
to be obtained but also cause the angle of bank for
constant aileron cdeflection to be more nearly a linear
function of time {reference 22). B3Because an increas
in vertical-tall erea malies possible the »erformance of
a given banking meneuver with decreased alileron deflec=
tion, the control forces required for the mansuver ar
decreased when the vertical-=talil area is increased.

The advantages of incressing the vertical-tail area
liminish as the vertical~tail area is increased. In
conventional airplane cdesigns, however, the vertical teail
is seldom of such size that a {further incre¢ase in verticale-
tail area would not give beneficizl recults. Tests made
in the Lanﬂley free-;ll 'ht tunnel indicate that a value

Gl | s at least as “,va as Q.001% usuelly is hecessary

{

for satisfactory flying qualities.

The effect on lateral mensuverability of changing
the tail length while maintaining the same weathercock

i
|
-4
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stability, thereby increasing the damping in yaw, 1is
shown in reference 2% to be neglligible.

Dihedral.- The reduction in lateral maneuverability
because of adverse yaw varies almost linsarly with the
effective dihedral., Poor weathercock stability, when
combined with high positive effective dihedral, results
in a large opposing aetion to any rolling motion., This
combination may also cause predominance of the lateral
escilliagtion, which i3 nndesirable because of the result-
ant erratie respense-to the application: of contrel aend
the possible discomfort to occupants of the airplanse.

Because .the banking motion 1s owppossd by the effect
T dihedraly inereases in dihedrel cause inecreases in
the control forces necessary to perform a given maneuver,
In general, the effective dihedral should be no larger
than i3 necessary ror meeting other criterions.

Effect

n

of Aspect Ratio

Although increases in aspect ratio, while maintaining
the same alleron-chord ratio cyz/c and the same aileron~
bg
10/2)
in pb/2V the rolling veloeity p will probably
decrease with increases in aspect ratio because of the
increased wing span required for an airplane of a given
weight.

span ratio may result In slight incresses

BEffects of Altitude

Some of the effects of altitude on lateral mansu-
verability, as indicated by the analysis reported in
reference , are summarized in figure 7 for the condi-
tion of constant true sirspeed. .If a lateral-control
device that is capable of producing the same maximum
rolling-moment coefficient throughout the altitude range
is used, the time required to obtain a given angle of
bank is greater at the higher altitudes. In order to
obtain a given angle of bank in a given time at any
altitude, larger rolling-moment coefficients must be
applied at the higher altitudes. These results follow
from the fact that the value of pb/2V and hence the
final steady value of rolling velocity is independent
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of altitude, but the initial mngular acceleration is
reduced at high altitude becauqe of the lower Lnn icated
airsveed, 1¢, on the 'othsr han the aileron deflection

1s limited to thet corres oopdlno to a conSLant Llnge
moment, a glven angle of bank is obtained in shorter
periocs of time at the higher altitudes, beciuue greater
eileron ceflectlions can be ovtained at the reduced indli-
cated airspeed and hence the final walue of rolling
velocity is higher.

For eirplenes having positive wvalues of Cba/chﬁ’
the retio of the control forece required to start a
rolling maneuver to the control force re quired to
maintain the meneuver has beon shown by Morgan and
jethwaite to e hisher at the higher altitudes.

affects of Radii of Gyration and Wing Loading

An analysis of the effects on lateral maneuversbility
of variations in the radius of gyration in roll is '
reported in reference 2i.. The analysis nresented in
referencs 2l was made for constant w 7z loading; increases
in radli of gyr ation therefore corre

: 4
sponcd to increases
in moments of inertia. For a given rolling-moment

coefficlient, the time required %to obtain a given angle of
banik is lrcreused considersbly vhen the radius of eritlon
in roll is increased from 0.080b to 0.,16L (=ses fig. é).

The percent increase in the time required t
given angle of bank is sreater for short banking maneuvers
than for long benking ma neuver: because the radius of
gyration in roll afjectu only the acceleration period

at the start of a maneuver. AC"tvondl u&alYSlﬁ nre-
sented in refersnce 2L shows that, in order %o obtain

a 1i5° bank in 1/2 second with a +vwwcwl fighter airplane,
the Lollln0~mﬁnunt coefficient must be increased oy
apnrox mguely 20 percent when the cgc1us of wyration in
roll is increased from 0.00b to 0.16b,

Increases in the radius of syretion in roll have been
shown Gty Morgean send Eethwaite to cause small inereasas
in the control forces required for ranid movements of
ailerons having §OuitLV° values of GCn. /Chas

The influence on any banking maneuver of changes in
the radius of gyration in yaw is HCFll”’ble.
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When the . .radius of gyration in roll is held constant,
inereases in the moment of inertia inm roll caused by
increagses in wing leogding result in efieets similar to
those obtained by increasing the radius of gyration while
maintalning the same wing loading.

CONTROL-FREE STABILITY

A-stheoretical analysis of the staebility of an aire

planctwith allerons free.ls reportsd. in refersnce 25

The stability boundaries were found to be primarily a
¥y

function of the hinge-moment varameters Cha and Ch@'
The 1esults of the analysis indicated that, in general,
alleron-free’ stability 18 not & sSerious problem fofr a

mas3-balanced aileron system, which usuvally is provided
in order to prevent flutter. ,Mor allerons that tend to

float with the relative wind (negative Cha) the only

possible type of instability is a
unstable variation of control for
The divergence (or zero conitrel f
defined by equation (7). TFor ail

bi undary is
7
float against the relative wind (po

ou
hat tend to

e Cha) y ey
possible aileron~free oscillations are heavily damped in
a mass-balanced system and are of no practicel concern
unless the value of Ch5 also 1s positive, Alleron

a
e with deflection.
r

scillations have been observed in flight when mass-
alanced systems employing ailsrons that are overbalanced
or small deflections and that have high nositive values
£ Cha are used, Unbalanced mass behind the hinge line
1a8 an unfavorable effect on the damying and tends to
shiff the boundary for escillatory instablillity into the
negative range of Cha- Ailerons requiring close aero-
dynamic balance therefore should be mass halanced. The
presance of friction in no case causes undamped oscllla-
tions if the allerons ars otherwise stable,

FLUTTER

The flutter theory, for two-dimensional air-flow
conditions, of wings equipped with conventional unbalanced
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flap=-tyne ailerons is presented in reference 26. In
reference 27 the effects of the various narsmeters
involved in the flutter oroblem are investigated
systematically and comparisons between the theory and
exnerimental results are made. Reference 27 also shows
that three~dimensional effects usually are small.

Equations for a three-dimensional solution of the flutter
problen are »resented in reference 20.

The eir-load narsmeters in the flutter equations are
different for balancec ailerons than for unbalanced
allerons., Solutions for the air-load parameters are
obtained in references 29 and %0 for ailerons having
exnosed~overhang balances and in references 29 to 31
for ailerons having tabs. Rigorous solutions for the
air-load parameters of ailerons having sealed internal
balances have not been obtained, but a method of esti=
mating these parameters ig suggeated in reference Z21.

The influsnce of the proverties of various structural
materials and of the »lan form and the thickness of wings
on flutter characteristics is investipeted in refer-
ence 52.

) Theoretical flutter analyses of wing-aileron systems
have been concerned primarily with types of flutter that
involve the counling of either two or three of the
Belliowing motionss wing flexurs, wing Torslon, and
alleron deflection. The wind-tunnel tests reported in
reference 53 show that freedom of a wing to oscillate in
& chordvise nlane may permit an additional tyoe of flutter.
Another ossible degree of freedom is introcduced when a
spring tab is used in conjunction with an aileron.

Any sneclfic type of flutter can be .eliminated for:
a given sneed range (with the possible excention of the
transonic range) by several different cowbinations of
the wvarious wing and alleron parametsrs involved in the
Flutter equations. Elimination of all the basic
types of aileron flutter usually can be accommlished by
the use of suitable mass balance. The most favorable .
conditions are obtained when the center of gravity of
the aileron is slightly forward of the aileron hinge
axis and is at the same elevation = in a direction normal
to the chord « as the hinge axis. For ailsrons with
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soring tabs, Doth the alleron and the tab should be
mass helencedg but as shown by Coller of Great Britaln

mass bala: nee of a soring tab is favorabvle only when the
icstence between the tab hinge axis and the balancing

' %+ Where ki/%s normally

1t g

vantity snd is equal to the ratio of tab
11eron cdeflection with the control (stick
red Any friction in the ‘aileron ﬂvrtew 18
‘% regard to flubler, snd SUff*,.Ohb frietion,
wiiich ﬂc“@“ the system essentially irreversitle, J“}
prevent the DbDaslec tynes of sileron flutter. The
intentional use of friction to prevent ilutter is not
considered desirable, however, because of its adverse
effects on’'control feel. Any slack in the alleron or

tab linkage is unfavorable.

weight is less than
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In this section of the nresent narer, a descrintion
is given of the methods being used by the Langley
Laboratory of the HACA for nau'ng flight investigations
of lateral-control characteristics. A discussion 2lso

is given of soime of the most common wind-tunnel test
setups, of the limitations of these sebuns, ond of ths
methods that are being used for applyin: wind-tunnel data.

FLIGHT INVESTIGATIONS

Procedure for Determining Tolling Performance
o IS z

Descrintion of maneuver,- The rolling wnerformance
of an airplane -usually is determined during abrupt aileron
rolls mace from laterally level, trimmed, straight
flight at different indicated sirspeeds. Power for
level flight ordinarily is used at smeeds below the

1evel-flwﬂhu gneed obtaineble with maximum continuous
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or wheel) sbruptly to some predetermin
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power; above this speed rolls are made during steady
diving flight with maximum continuous power. The test
altitude is not particularly important unless com-
pressibility effects are involved. In a given series
of tests, however, the altitude should be malntained
approximately constant, :

At each selected speed five rolls in each direc-
tion, with a different control deflection for each roll,
usvally are sufficient. A greater number of contrel

‘deflections may be necessary for airplanes having very

nonlinear latersal-control charscteristics. At high
speeds the maximum control deflection may have to be
restricted in order to ensure that the aerodynamic forces
on the ailerons and on other parts of the airplane do

not exceed the structural desizn limilts,

Bach test roll is made by moving the control (stick
ed deflsction and
by holding the control at that deflection until the
maximum rolling velocity occurs, Until maximum roliling
velocity occurs, the rudder is held in 1ts original trim
position. Recovery from the mansuver 1s made by any
method the pilot desires. The control should be deflected
as rapldly as noszible. When control forces permit,
full deflection can be reached -in about 0.1 to 0,2 second.
The desired controcl deflection usually can be obtained
by means of a variable-stop device attached to the stick
or control wheel; however, with such an arrangement care
must be exercised to ensure that the proper control
forces are measured,

Varisbles measurcd.- The following variables are
measured qurin; cohe riost general investigations for
Q

determining the rolling periormance of an sirnlane:

iolling velocity

'Free-stremn impact »ressure or indicated airspsed
Rudder nosition

Aileron position

Stick or control-wheel deflection

L )

Stick or control-wheel force



) NACA TN No. 1245 .

Alleron hinge moments
Pressure altitude
Free-air temnerature
Aileron cdistortion

Presentation of data.- The test results may be
plotted in the form of a time history, as illustrated
In figure 9, for a roll with ailerons partly deflected.
The maximum helix angle pb/2V is computed from the
maximum rolling veloecity, the wing svan, and the true
airspeed. The values of alleron force and deflection
which occur at the time of maximum rolling velocity
should be used, since the steady force that the pilot
will be able to hold is of »rimary interest. ihen there
is a large negative value of (p, or when there is a
spring-tab system with a weak soring, the maximum force
and .deflection as well as the force and deflectlion at
maximun rolling velocity may have to be considered,
Plots usually are made to show the variation of control .
forece and pb/2V with total aileron deflection for each
of the test indicated airspeseds. Another very useful
plot is one in which the total aileron deflection, the
rolling velocity at some standard altitude, and pb/2V
are plotted against indicated airsneed for a Ifixed value
of the eontrol forece.

Then alleron hinge-moment coefficients are to be

<
L8]

plotted, the tests should be made with the trim tab
locked in one positlion (preferably neutral), because
the variation of hinge-moment coefflicient with speed
may be somewhat obscured if the control force is
trimmed to gzero at each speed tested.

Procedure for Determining Adverse Yaw

Description of maneuver.=~ Tests for determining
adverse yaw are made by performing abrupt rudder-fixed
rolls at low speeds. The maneuver is similar to that
described for determining rolling performance, except
that tle rolls must be continued heyond the time at
which maximum rolling velocity occurs in order to reach
the maximum sideslip angle before recovery is started. e
Because some modern airplanes with »owerful ailerons
may require a large change in angle of bank (90° or
more) in order to reach the maximum sideslin angle for

o e ncas bt A L i




NACA TN No, 1245 28

full aileron defle cblon, the maneuver may ve mwodified
to allow rolls to be made out of an initially vanited
attitude (not exceedin; Li5°) in low=acceleration turns,
In this meneuver the maximum sidesllp angle occurs at a
smaller absolute angle of Dbanlt,. tHolls should be meade
in both directions with partly deflected ailerons as
well as with fully deflected ailerons.

Variebles measured.- The varicbles measured during
a maneuver for determining adverse yaw include the side=~
slip angle, the normal acceleration, and the firset six
of the tem" listed in the nrevious section on the deter=-
mination of rolling performance. The sideslip angle
usually is measured by means pf . a freely 5wlvellng vane
mounted on its vertieal axis at the end of a boom extending
ahead of the airnlone wing.

Presentation of data.- A fime history of the
important variables obtained durinz a maneuver for deter=-
mining aileron yaw may be pTO ted as illustrated in
figure 10, Another useful plot is one in which 'the maxle
mum change in sideslip angle is iven as a funetion of
the total aileron deflection,

Procedure for Determining Aileron Trim
Changes with Spneed

A complete flight investization of lateral-control
characteristics shonld include weasursments of aileron
trinm changes with sneed for straig bu, laterally level
flight, .Theae 1ev~ureneuts are made by trimming the
alleron control force to'zero at levelesflisht speed
with normal rated pover and with the airplane in the
clean condition, and then LY measuring the aileron
control forces and the aileron derlections reguired to

trim in laterally level straisht flight at various other
snpeeds with rated »nower and with Hower off. Decause the
lateral vosition of the alrplane center of cravity may
have a large effect on aileron trim variations, the
lateral caqber-oL~,r vity Josition should be determined
and s»heeified, eooeclally if large unsymuetrienl welzht
distributions are nossible with the 81“)1 ne being tested,

Close aporoximations to the maneuvers that -are per-
formed during flight investigabtions of lateral=control

TR
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characteristics can be o:tained in wind tunnels only
when dynaric models are used anc are permitted to fly
freely. - The evno¢ds numbers snd the model scales for
such tests are nscessarily very "low ano conooquenily the
air-rlow con01t10*s and the structurel details of the
ailerons may be very different for the moedel than for
the airplens, In the usual case, accurate simulation
of the air-flow conditions and the structural details
has seemed more imortant than accurats simulation of
the flizht maneuver., Wind-tunnsl aileron=develo ment
programs therefore are conducted almost invariably on
large static 1wedels for which hizh LZeynolds numbers may
e obtained.

TwomDinensional iodels

Ailerons frequently are investigated in two-
dimensional flow because such an arrangement permits
the use »f the largest possible model scale for a given
wind tunnel, ;ecause variables associasted with wing
plan form are eliminated, —nd bscause tJﬁ-”!hEnSion’l

L l,.__

mocels are simpler and less costly th(l finite~span
models. In spite of the fact that 131: fleynolds numbers
can be obtained with two=d i~fn5wonpl odels, the results
of tesgsts of such models are extrewely l “JLQd in their

ayo¥ieation to soscific desiﬁns. Timitations result from

&3

the inadequacy of the available metheds for compubing

finite-span cheracteristics from two-dimensionsal data.
For the most part, these methods are based on llftgng

2

‘line theory, in which the followins two assumptions are mades

(1) The induced downwash enzle may be uonsidered
to 'be constant along the chord of o finite=gnan wing

(2) The wing wake leaves the lifting line in a
planar sheet. i

Although thess assumptions result in small errors
in the helix sngles comyuted from the results of tests
of two=-dimensional models, they result in much larger
errors in the alleron hinge~mo”enu characteristics.
Computntions based on lifting=surisce theory (refer-
ence 9u) show that the induced dewnwash ang 1e wmay vary
considerebly along the chord of a'ﬂLn_uu~sprn wing,
esnecially at sesctions near the wing tin. This variation
in dovnwash angle results .n a chordwise load in additlion
to the load considered by lifting-line theory. The
nonlinearity of fi nxte—suah h_n~v~uo~°nu curves, as compared
with two~dimensional hin:e=moment CurVu\, yrobably 1is a
result of the rolling up “of the wing~wake qh-mt, esneclally
at high angles of attac!: and at 1arg sileron deflections.

gy 5



vequal

NACA TN No, 1245 28

Equations based on lifting-line thsory are given
in reference 35 for computing finite-span hinge-moment
parameters of full-span control surfaces from two-
dimensional data. Thess equations may be expressed as
follows:

(‘311 ) 5 % op : (11)
PR g SR

£
: Aa g
Cy \ SR TR TR R (12)
( %) 1L Po T 46 "Rg ©lq,

For the evaluation of eguations (1l1l) =
value of the ratio Cj, /cz can ©e
: » a, a

A
actual snan~load distributions of a wing and of a
partial-span aileron are accountesd for more accurately
in the following equations, wnich were first presented.
I8 reiabence -37:

5

(see reference 35), Tha effects of the

R s Al

sa /1 ©, 0e \ ¥
+ Gy, o e 9 ]} Ca2d T ¥ (1)

© 46%y 8 gm0
a

38

where the integrations are carried over the span of the

aileron. The span-losd narameters -7— and
- Cr, Cy
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(¢ in radians) may be ~btained from references 33 and 9,
respectively. Equations (15) end (1) probably zive the
most eccarafe values for iuﬂ finite-gspan hingg-moment
narameters that may be obteined »y methods baged on
1“"' ing=1line theory; 1\.3*.%.':vev because of the Dasie
limitations of the theory, %hc refinements of [these
equations do not, at the »present time, seem o be worth

whﬁle for oneliminsry design worlz, For rnost winge-

aileron arrangements, values obtained from cquations (1%)
and ( u) are vefy'cioce to walues obtained from the
simplified relations exdressed by equations (11) and (12).

he chiordyvise wveriation in the down-
e=moment narameter are

The effects of t
wash engle on the hin Cha

evaluated for az Ffew sra crence 37. A

seéeific ceses in vef
lifting=~surface-theory correction for thiin airfoils is
- ° 2! - ' S - “4l b
obtained in the form of an increment {Ach0§ s which
Sl e
~ A D

can be added to the value of

i
<

obtained from lifting-

ng
line theory. The use of ifting=-surface=-theory
correction is shown in re: ge 57 to give yplues
of. Cn that are in good ement with the experimental
i | P C(. 7 e de Ve N v P T a0 - 3 %
slopes = .for three models sasured over small ranges of
ivlication of reference 37

angle of attaclk,. Since the »Hubvl
similar satisfactory chsclis heve veen owvnbained for
several other nodels. Charts from which aphroximate

values of (Acbg\ may be obtained for almost any

/
finite-"“ﬁn C)Ltr
given in referenc
The faector By (
1n faepe Al Gevepds for its on the mowment about
the Hinre axis of the load by the chorcdwise
variation of the dJdownwash & e and for expogedwoverhang
balances 1s a function of tk— ~zorﬂ ol lne coﬁtrol
surface and of the chord of :lance., The factor B

nrenarced from data
nted in fijgure 1l

R n
! in refarence 11

for sealed internal 3 01
of the seal as well g ontrol
surface and of the he wvalue of b2 fop
internally balanced control surfaces having chords up

to 10 percent of the wing chord can be anorozimated from
figure 11 by assumlng the. internal=-balance:chord to be
equivalent to about eicht~tenths of the sams|exnosed-
overhang-balance chord., The wvalue of uha for a

mpleteness




NACA TN No, 1245 o7

finite-span model therefore mey be expressed as

S S SR e (15)
h { ¥hpa [ alh
AR ) (O SR
whe re Op Y {8 obtained from eguation (11) ofv
Q@ JLL
equation (1%) and /Ac‘a: 1s obtalned from figure 1ll.
TRNE
No systematic corrections to (Ch 5) have yet
LL

been obtained for silerons, but the avallaole data

indicate that such corrections may be ag large as the

corrections to (?nq> . No simple solution has yet
5L :

been found for the nroblem of the nonlinearity of the
hinge=-moment curves of finlte-span models.

Because of the inadequacy of the present 1L“ory for
application to the compubation of finite~span hinge=
moment coefficients, corrections for the effects of
Finite 87on Us ually are not aﬁnl ¢ when stick forces
1L lata; cons quenblv

=1

are estimated from two-dimensi s
ered to m "_L

such COA?LtLU"WHS cenerally are ¢
value only for comparing the effe
to a given aileron.

In the estimation of stick forces and rates of roll
‘the two=-dirensional 1ift and hinge-mcoment data may Dbe
" »nlotted either aga*nst pileron deflection or against
angle of attac! The . wing 11t coefficlent of the air=-

ﬁlu“ mustc be com,utcd for the flizht sheed for which
stick-force computations are to be made. From this
value of wing 1ift coefficisnt the sectlon 11FE ‘goslfls
cient and the corresponding section angle of attaclk,

at the midsnan of the '1]opon, can be estimated from
the theoretical snan-load distrisution for the condi=-
tion of zero rolling veloclity.

The airolane control force 1is computed from the
section hinge-moment coefficients at snecified ceflec=
tleons of bh“ wsgoing and downsoing ailerons., The values
of the hinge-moment coefficients should be talten at the
angle of attack for gero rolling veloelty corrected by
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an increment (Aa)p (from fige 3) to account for the

effect of the rolling velocity. The control force is
computed from the equation

bl )+ o, ()]
e l( >u.p 2 (?ha>down \7§; dowgJ

The helix angle pb/2V may be estimated for the

rigld unyawed wing from the equation

nb

?_,v:: YlAa

where the value of &' for the particular wing-aileron
arrangement is obtained from figure 2, The value of Aa
is obtained from the two-dimensionel 1lift data and is
the chenge in angle of attack that results in a change
in section 1lift coefficient egual to the change caused
by the total aileron deflection for which the stick
force 1s estimated.

Finite-Span Models

For equal test Reynolds numbers, results obtalned
from tests of finite-span models are considered to be
mach more reliable than results obtained from tests of
two~dimensional models, In order to obtain high Reynolds
numbers in tests of finjite-span models, alleron investi=
gations frequently are made con models that represent only
the outer panels of airplane wings. A mcodel of this type
usvally is mounted in such a manner that one wall of the
wind tunnel may serve as a reflection plane at the root
section of the model, The model scals for a given wind
tunnel, therefore, may be more than twice as | large as
the scale for a complete model., The largs model scals
available allows accurate simulation of most of the
structural detalls of the airolane wing panel, A dis-
adventage of tests of partial-span mcdels results from
the fact that large corrections (,upeyjdlly to the
rolling=-moment OOPfIJCiG“t%) riust be applied in order
to make the wind-tunnel data appliceble to free-air
conditions,
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Wind-tunnel tests have been made of full-scale outer

wing panels of actual airplane construction. For wind

tunnels that are not large enough to accommodate complete

full-scale airplanes, teats of this type present the
onlv possibility for a wind-tunnel model to simulate

curstely an alrolane wing lanel while under aerodynamic

loac. The results of such tests are very useful.

Data obtained from 2ileron investijations on
partial-snon winz models usually are analyzed by
estimating the airnlene stick Iorces and helix angles
in steady rolls. Vhen aileron investigations are con-
ducted on complete aironlane models, the static lateral=-
stability narameters as well ms the ailercn charac~-
teristics may he determined., Such data sometimes are
analyzed by estimating the ailrplane rolling and yawing
velocities as funcitions of time after the 2ilerons have
been deflected. Good agresment with the actual rolling
and yawing velocities, as measured in iflight, have been
obtained when the compubntion methods of reference 39
have been used.

A method for estimating ailrnlone helix angles and
gbiliecls foreces from wind-tunnel datoa on tests of statie

models is civen In reference 11, This method may be
apnlied most conveniently when the increments of
rolling-moment coefficients caused by aileron deflection
anc the ailleron hinse=-moment coefficients are plotted
ageinst angle of attack. Equations (1) and (L) are

used in the comoutations. For a given indicated airspeed,

values of C; and Cp for the upgoing and the downe
b P8

going ailerons are talten at angles of attack corresponding
fo the indicated airspecds but “corrected by an amount (Aa)

(from fig. 3) to account for the rolling velocity.

Because the value of \Aa)p denends on the total rollinge

moment coefficient, which, in turn, depends to some
extent on the angle of atbiﬁj of the parts of the wing

S

over which the ailerons extend, values of (Aa)p are

determined most accurately as a result of a series of
successive approximations. In the usual case two
approximations are sufficient,
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g =R A S TR RIBRICE OO LAPERALYL =
SO FTROL DEYNYIOERES

CONVENTIONAL FLAP=TVPE AILERONS

The most cormon latersl-control device of “resent-
day airplanes is the conventional flap~type aileron. The
popularity of this devics results principally from its
slmmlicity, from the fact that the response to aileron
deflection is almost instantaneous, and because the
rolling moments end the hinge moments usually are
conroximately linear functions of the sileron deflec=
tion, Disadvantages result from the unfavorable yawing
moments, from the pitching moments that tend to bwist
the wing in a manner that redusss the rate of r»ally . from
the difficulties inveolved in nroviding the nroper amount
of aerodynamic balance, and from the necessity for
limiting the snans of conventional high-1ift flaps.,

The eharecteristics of flap-tyove silorons have besn
studied extensively with the object of obtaining designs
that require minimum amounts of eerodynamic balance in
order to obtain :iven rates of roll with given control
forces, Analysis presented in reference 1 indicetes
that, in this respect, ailerons having long spans and
nerrow chords have an advantage over ailerons having
short spens and wide chords. An additional advantage
1s obtained if the allerons are designed in such e
manner that the aileron chords inecrease, rather than
decrease, as the outboard tip is esoroached (see refer=-
ence LO).

In order to allow the greatest nossible spen of
the hich-1ift device, short wide-chord ailerons are
desiradle., Flicht tests (refervence lil) of ailerons

V/having chords equal to L0 ~ercent of the wing chord

during sideslip, large control forces had to be apnlied
in order to wrevent the forward wianz from "digsing in®
and thus overcoming the dihedral effect, This charace
teristic is associated with o tendency for the ailerons
to float with the wind and thercfore is alleviated by
the use of a balencing device that reduces this floating
tendency.

indicated that these aillerons were unsetisfactory because,
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A common arrangsment for reducing aileron control
force has involved the combination of a strong upfloating
tendency with a differential ailsron linkage that permits
greater up-aileron deflections than cdown-aileron deflec-
tions, Fixed tabs, deflected downward, sometimes are
used in order to increase the upfloating tendency.
Arrangements of this kind are discussed in detail in
reference 1., A digadvantage of such arrangements results
from the fact that the unfloating tendency usually isg
greatest at the lowest speeds and, consequently, the

greatest effect on the control forces occurs at the lowest

speeds. A design that gives accepntable control forces at
high speeds therefore may give overbalance at low speeds.,

A means for decreasing the variation of control
force with speed is indicated by an arrangement involving
the combination of a downfloating tendency with a
differential linkage that cermits greater down-alleron
deflections than up=-aileron deflections. The practica-
bility of this arrangement has not yet been established,
however, by flight tests. ’

The pertinent results of a number of wind-tunnel
investigations of balanced ailerons were collected and
are nublished as reference !'2. A second collection
(reference h3) was made of wind-tunnel data that are
more nearly apovlicable to airnlane=tail control surfaces.
Because the balances used on tail control surfaces are
essentially the same as the balances 'wsed on ailerons,
the date from both collections, as well as some data
on ailerons and tail control surfaces obtained since
the publication of these collections, have been used in
most of the nresent analysis. lMore accurate evalustion
of the effects of such paramsters as aspnect ratio and
aileron chord is believed to have been obtained from
the use of the two sets of data than would have been
obtained from the uss of aileron deta alone, The
correlations presented in this section of the present
paper therefore should be apnlicable to tail control
surfaces as well as to ailerons, except when an indle
cation is given that only aileron data have been used.

Data on control surfaces with beveled=tralling-
edge balances, sealed internal balonces, exposed-overhang
balances, and tabs had been corrslated previcusly, and

the results are published as references bh, k;, 16, end h?,

respectively. The published correlations have béeen
modified for »resentation in the nres-=nt paper when
simplifications could be made »r when additional data
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permitted more accurate evaluvations of some of the
geometric parameters. For the most part, the correla=-
tions apnly only to the small ranges of angle of attack
and of zileron deflection over wiiich the characteristics
are linear., Hstimetes of characteristics at large angles
of attacl: and at large sileron deflections can be made
by means of the test data of reference L2..

Decause the characteristiecs of some allerons are
extremely sensitive to Mach number or to any condition
that affects the boundary layer, the correlations have
been derived from dats that were obtained under approxi-
mately the same test condlitions. The data that have
been correlatsd were chtained at low lMach numbers and
under conditions for which transition from laminar to
turbulent flow could be expected to occur quite far
forward on the airfoils. The effects of lach number,
Teynolds number, surface roughness, and air-sstream
turbulence are discussed under the heading 'Effects of
Mr-Flow and Wing-Surfece Conditions, Part IV." Decause
of a scarclty of test data only gualitative or rough
quantitative evaluations of these effects may be made.
The methods nresented herein therefore are not considered

to be gufficiently relieble to enable a designer Lo arrive

at a satisfactory final aileron confisuration without
some development worl in flioht or on a large-scale wind-
tunnel model. The methods are ussful,however, for making
preliminary designs or for declding the manner in which
existing ailerons should be modified in order to obtain
desired changes in characteristics.

Tn most cases the hinge-moment parameters of
balanced allerons may be estimated most conveniently
by considering the nlain aileron ond the effect of the
balance, separately, as follows:

’

Cn > = (Cy, ) o+ (ACy )
( balanced ( % plain k Q)balance
aileron alleron d

(16)

’ = (G / '
() TR S U
balanced O/plain . O/palance

aileron aileron
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The value of Ch for the plain aileron mey be calcu-

lated from equabion (15) when the two-dimensional
verameter oy, for the nlain aileron is known. The

value of Opg for the »lain ailleron should be estimated

frow available dete (such as that of reference Lh2) on a
finite-snan model havin; spproximately the same wing
plen form, relative aiJVron span, aileron chdrd, and
urallvn"-errc angle as the proposed arreanzement.
Variations in tre iling-edge angle seem most 1maortunt,
but these may be acconnted for “with fair accuracy by
means of a correlation of the effects of trailing-edge
angle on OCp »
ke

Bquations (16) and (17) are well adapted for
apnlication of the availapble correlations of the effects
of aserodynamic halances on aileron hinge- -momént parameters.
The greater part of the data used in dcr1VLn; the correla=-
tions was obtained from tests of finite-spnan models.
variations in asnect ratio are accountecd for by erpirical
aspect-ratio correction factors. The correlations
therefore are considered to be more reliable when aprlied
to finite-soan models than when applied to two= :
dimensional models. :

”

Plein Ailerons

The term "plain aileron" as used herein includes
any conventicnal .flap=-type ai 1Vfou, repardless of [
contour, that i& not equipped with any form of over-
hang balance, tab balance, or exte rnal balance.

M nge-moment characteristics.- The hinge-moment

characteristics of eilerons have been found to be
critically denendent on the aileron contour near the
treiling edze. Allerons on airfoils without cusped
trailing edges, such - as thosv having the thickness
distribution defined in reference L, usually reguire
considerably less overhang or tab halance than ailerons
on airfoils having cusped trailing edges. In genersl,
any increase in trailing-edge angle, whether obtained
by changinﬁ the basic airfoil section or by modifying
the contour of a piven airfoll section, may De exnected
to reduce the degree of unbalance of .the plain aileron.
The greatest balancing effect of a large trailing-edge
an;le occurs at small angles of attack and at qmall
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aileron deflections; therefore, the hinge-moment curves |
of ailerons having large trailing-edge angles usually |
are characterized by a high degree of nonlinearity. i
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An explanation of the balancing effect resulting

from the use of a large trailing-edge angle can be made

on the basis of an effective change in airfoll camber.

As an aporoximation, the effective contour of an airfoil

in a viscous fluid is the contour obtained by adding

the bBoundary-layer-disvlacement thiciness at each

airfoil surface to the geometric ordinates of that

surface. Changes in angle of attack or in aileron

deflection cause increases in the boundary-layer=

displacement thickness on the surface of the airfoil

where the pressure gradient becomes nore adverse and cause ‘

decreases in the boundary-layer-displacement thickness |

on the surfece of the airfoil where the oressure gradient {

becomes less adverse. These changes in boundary-layer- |

disnlacement thickness cause changss in the effective |

camber of the airfoil which, in turn, cause reductions }

in the incremental aileron 1lift and hinge moment for |

given changes in angle of attack and in zileron deflec~ }

tion. Changes in camber near the trailing edge are i 4

much more imyortant with regard teo hinge moments than ;

with regard to 1lift, and the magnitudes of such camber |

changes seem to depnend to & large extent on the trailing- . s

edge angle, the greater chanzes occurring for the larger |

trailing-edge angles. An open gap at,the nose of sn |

aileron allows the boundary-layer air to flow from The

hi ~h-pressure airfoil surrface to the low-»ressure alr- |

foil surface. The effective change in camber and |

consequently the effect of the Loundary layer on the {

hinge moments, particularly for ailerons hayving large |

trailing-edge angles, therefore are greater when the

ge» is open than when the gap is sealed. |
|
\
|

Yhen an aileron is heveled, dimensions other than
the trailing-edse ansle affect the hinge-mcment
characteristics, but the principal eifects of such
dimensions seem to De on the ranges of angle of attack
and of aileron deflection over which the increased tralling=-
edge angle is most effective in changing the hinge-wmoment
slones. Ailerons having bevels of large chords
(25 to L0 percent of the aileron chord) and large radii
of curveture hetween the bevels and the oarts of the
ailerons forward of the bevels usually are more satis- .
factory than ailerons having bevels of small chords and
small radii of curvature.
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The trailing-edge angles of varinus true-contour
and straight-sided airfoils have been plotted against
the airfoill thickness in figure 12. The straight-sided
alrfoils considered are those having the rear narts of
their contours formed by streight lines drawvn from the
trailing edge tangent to the true airfoll contour.

For all sirfoils the trailing-edge angle is defined
arbitrarily as the angle betwesn lines drawn from the
eirfoil surfaces at the trailing edge to the airfoil
surfaces at about 0.98c.

For most finite-span ailerons, the trailing-edge
angle varies along the aileron span. An effective
tralling-edge angle for such an aileron can be considered
to be the constant trailing-edge angle for which the
parameters COp, and Ghﬁ would be the same as for the

variable trailing-edge angle. Such an effective trailing
edge angle ® can be determined approximately by the
following expression
1 ¥ '
& B o
REen Fo~ dy (18)
B¢, Yyt
a“a

/ The hinge-moment parameters cp and cy,. for
i a o}

true-contour, bilged, beveled, and straight-sided sealed
ailerons on various two-dimenslonal models are plotted
egainst the trailing-edge angle in figure 1l%. Some
additional information on the models from which these
data were obtained is given in teble ITI. Aileron chords
of 0.15¢, 0.20¢, 0.30c, end 0.l0c are considered. This
correlation is useful for obtaining rough estimates of
the values of the two~dimensional hinge-moment parameters
of plain ailerons provided the aileron chord and the
trailing-edge angle are 'mowvn. The hinge-moment
narameters seem to increase almost linearly as the
treiling-edge angle is increased from 6° to about 500.

A further increasé in trailing-edge angle is not likely
tn produce much additional balance. 'fthin the linear
renge, the incremental changes in section hinge-moment
parameters aprear to vary with the incremental change
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in trailing-edge angle epproximately in accordance with
the follow1n; ralqtlons:

tl

0.0005 | Ag (19)
0.000L Ag (20)

Acha

il

ACh(.QJ

The effect of a gap on the hinse-moment parameters
is shown in figure 1L for a 0,30¢ nlain aﬁleron with
various LWﬂ111n~-edﬁe angles. Fpr the airfoill considered
(NACA 0009) the alnme-moment chaprecteristics are almost
unchanged by a gap at the nose cof a true-contour aileron.
For a tra¢11n*-ecgn angle larger than that of the true-
contour aileron, the gap causes bot1 Ch, &nd hg to
become less n@gatlv The variation with trailing=-edge
angle of cp, 1is about 20 percent greater and the
variation with trailing-edge angle of Ch is about
50 nercent éreaier when the gan is 0.005¢c than when the
gap.is. sealed. The n“’ﬂL+UC° uf the effect of gap may
vary considerably on utf| the trends
indiceted in figure o

g , of the airw
folls that have been ijvestwghbeo he 'greatest effect
of the gap usually is at s» WlT angles of attack and at
Small ailoron c¢eflections The ALﬁgc-mnmeLL curves

therefore may be e: noctﬂd to be more nonlinear with the
gap open than vith the r~ap sealed.

Extrapolation of the curves of fisure 1l through
small trailing-edge angles indigates that opening the
gap may male Cp, and Chy more negative, This
effect has been observed on alrfoils with cusps, but
the effect may be considerably greater than that indie
cated by figure lb, escecially for thick airfoils if the
maximum thickness is relatively| far back,

The effects of changing the trailing-edge angles
of {ive finite~span medels (Sbe table IT) are given in
figure 15. The incremental changes in Cha and Ch6

are plotted against the product of an asvect~ratio
correction factor and the incremental changs in trailing-

A it s s
edge angle lr;r?-h¢. The finite~snan data|ars in fair
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agreement with curves having the slopes obtained in the
correlation of two=dimensional date (equations (19)

and (20)). The equations of the corrslation curves for
finite=gpan models are as follows:

. % ¢ it
A0p, = 0.0005 75 rf (21)
AChH. = 0.000L = A | (22)
8 g
A

The asnect-ratio correction factor as used

A+ 2

herein is strictly an emnirical factor and was chosen
simoly for convenience and because its use brings the
available data on the incrermental hinge-moment slopes
into fair agreement, regardless of the aspset ratio of
the model. This factor also has been found apvlicable
to the effects of nlain-overhang and internal balances
on both Cp, and Ch@'
Lift characteristics.- Modifications that effect
the hinge-nmoment naram-eters of plain ailerons generally
have some influence on the 1ift narameters. The effect
of the trailinc-edge 2ngle on the lift~-curve slope,
reletive to the lift-curve slone obtained by extrapolating
to zero trailing-edge an-le, is given in fipgure 16. The
effect of a pap «lso is expressed in a ratio form in
figure 17. Althoug b the effect of the gay was expected
to be greatest for the most forward positions of the gap,
no systematic vari.t;on could be detected within the
renge of aileron chords investigated.

A correlation of the available cata on aileron

effectiveness is nublished as reference 5., which shows
that, by the uss of the section eilercn effectiveness
factor, the aileron rolling-moment coefficients may be
computed with sufficient accuracy by the methods of
lifting=line t heory. An analysis of the effects of
aileron modifications on the rolling-moment coefficients
therefore reduces to an analysis of the effects of these
modifications on the section alleron effectiveness factor.
7018 of the felred correlation curves of refer-
ence Bl are re:uroduced in figure 10, Curves are given
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for lar;e end small aileron cdeflections and for sealed
end oden gaps. The data used in obtaining these curves
are for low lMach numbers and for a small range of
treiling-edge angle, the average railing-edge ang le
being about 109, Data also are ven in reference 5l
on the variation of the effe bilveﬂecs factors with
trailing-ed-e sngle as determined from tests of several
airfoils, These duta are renlotted in figure 19 as
ratios of the effectiveness factor at the various
trailing-ed;e angles to the effectiveness factor at a
trailing-ed e avﬂlo of 10°. The effectiveness factor
of an aileron with a siven chord and trailing-edge angle
may be estimated by muluwulylnﬁ the value oot ined fron
figure 18 by the sporopriate ratio obtailned from

figure 19,

Pitching-moment characteristics.- An analysis of
tqe Dwtch1n s=moment cnqr‘u teristics - in terms of the
(aum/éajcl - of »loin ailerons having

c..A_
&
o}
3
j&3)
kl)
C‘l‘
(©]
Ly

A corre=
g on the

various chords is »nresented in reference §
lation of the effects of trailing-edgse mod
S

cation
pitehing-moment varameter lacm/Bba}CZ is given in

(W)

o o \
reference 56. -The ~arameters (?Cr a)c and (acm/asa)CL

are related to each other by the expression

fde..,
, \ S5
,’ acm \\ o ~\ aa/cl
SN

This rel"tionchi?, the »ite aJD‘-ﬂotvnu data of refer=
ences 55 and 56, and values of the paraueter Aa/Ad
obtained from figures 1C and 19 have been used to
construct curves ziving values of the jarameter (?cm/éa)cz
for various aileron-chord ratios and for various trailing=-
edge angles {fig. 20)., Values of the narameter (?c]/aa)cz
are directly nroportional to vilues of the wing torasional
stiffness required for a given reduction in pb/2V
resulting from wing twist. (See equation (J).) Fige-

ure 20 indicates that reductions in the required wing
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torsional stiffness may be obtained by increasing the
aileron-chord ratic ca/c or by increasing the traliling-
edge angle .

A correlation of the effects of trailing-edge
modifications on the airfoll aerodynagmic-center location,
i s 7 s - >
indicated by the »arameter \?cm/acl)é s 1s given in
a

The trailing=-edze engle and the airfoll
0.9¢c were used as parameters in nbtaining
tion, the results of which are sumnarized

reference 56
thickmess afb
that correla o

in ficure 21, In general, when the trailing-edge angle
is increased, the eirfoil aerodynamic center moves
forward.

O 3 C

Flight tests.- The effects of alleron contour
modifications were investi ated in flight during an
aileron develonment »nrogrem for the XP-5Hl airnlane. The
orisjinal ailerons for this airplane were sufficiently

gffective nHer unit deflectiOéj but because of small

aileron travel 6amax * 100 the maximum effective=

5

ness at level=-flighit spneeds was fairly low.. The ailerons
were very satisfactory, however, at diving speeds

because with the high mechanical advontage of this alr-
nlane alwost full ajileron deflection was possible with=-
out excessive stick forces.

The purnose of the develonment Hrogram wes to obtain
an aileron desicn that would permlt the use of an
increased deflection range, particularly at the level~
flight speeds, without increasing the stick foreces, ' ID
order to reduce the alleron hinge moments at the higher
deflections, the aileron profile was thiclkened and
beveled at the trailing edse to ;lve an average trailing=
edge angle of 25%.° (See fig., 22.) TFlight tests of this
pileron were made with the aileron lin'zage altered to
give maximum aileron deflections of +200 with the original
marimun stick travel. The aileron nose gap wes unsealed

.for these tests.

A comparison of the results of flight tests of the
original and the modified allerons is shown in flgure 22.
3oth sets of ailerons were eqguinned with balancing tabs.
At indicated airsneeds less then 300 miles per hour the
helix ancle pb/2V  obtainable with a 50-pound stick
force was anproximately doubled by changing from the
original to the modified ailerons, TFor a 50-pound stick

U
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force the deflections of the modified ailerons that
were obtalinable were considerably reduvced at diving
specds, but because the deflections still were gfoater
than £10°, the helix angle was alweys higher than the
helix angle obtainable with the original ailerons.

During the course of the investligation, ailerons
having trailing-edce angles of )dh also were investi=-
gated. These ailerons were overbalanced for small
deflections, but for large Leflections, the |stick forces
were about the same as the stick forces for the allerons
with trailing-edge angles of 830. Sealing the nose gan
reduced but did not enti rely eliminate the qverbalence
for small deflections. At an il“icaund airgpeed of
520 miles wer hour, a condition for which the ailerons
were overbalsnced, a free~control oscillation of the
sealed ailerons was recorded vhen the control stick was
deflected and then released. A time history, shown in
fipure 2%, indicates that the alleron nscillated steadily
between 70 and =100 with a meriod of about 0.5 second.
Similar oscillations could not Qe nuuced at lower sveeds.
No aseillations were ene :

“ny conditions
with the ailerons that

]

Ailerons Having Excosed-0Overhang 3Balances

Hinge-moment characteristics.~ The addition of an

exposed~overheny balance (either »lein or Frise) ta the
nose of @ nlain alileron results in a balanging effect,
because changes in pressurs caused by changes in angle of
attack o aileron ceflection are W‘Lm]LLGQ to act on a
uayt of the movable surface thalt is ahead of the hinge
line and because additional balancing press ures are
210

procduced over the overheng as it trudes into the air

stream.,
Correlations of the effects of Dls ln-OV“PhCnP and
Prise balances on the hinge-moment naraneters Uha

ol

and Cp have been made on the hasis ol three empirical

B
factors, each of which is related to some physical
nronerty of the wing-aileron arrangement. | An asject-
J. £ =8 Fal A L0, -
ratio corrsection fasctor ; - performs the same function
e 2
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A fagtor ¥., which is related to the overhang length,
is defined &g follows:
B e e it
L ETH [E/2\ 10
By = \s.) " \Z /5,
-Caf 5 a/ 8.
A factor F,', which is related to the nose shane of
(5
the balance, is in Teherzl the »roduct of an area~moment
ratio and a basic nose-shane factor  Fp, where F2
is defined by the exdression

Frece s
Tibbwes \ [’l 2 1 + cbl/ca\l2
VT ee,/

The general expression for the noseg=-shape factor Fyf
&
L

for each of nose types considered is given

in figure 2l.. The symbols I, JB, liys and so forth
that a»aesr in the area-moment ratios (fig. 2L) refer to
moments about the alleron hinge axis of the »rofile

el

areas of exnosed-overhang U_lTWC”S of types corresponding

to the subscriosts O, 3, ¢, and so forth. The balance
profile area is defined as the total profile area of the
aileron a2head of the hinge axlis. TFor any balance
having & noce shope formed by circular arcs (nose
fides 0, A, B, D, end @' of fip,.2h)

F,t = F

i ure 25 °

Chadts for deterrmining Fl and F, are given in
iz :

Correlations of the incremental effezts of plaine-
overhang and Frise balances on the hinge-morment
parameters Oy~ and Cp, are presented in figure 26,

Some additional information regarding the models consldered

is given in teble III. The increment Aché is expressed
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as a function of the three factors K.A iy
+

but the increment ACha, being relatively. indenendent

Fi, end Fo!,

of the nose shane, is expressed as a function of

only . f s and Fy. The equations of the correlation

curves are as follows:

“Cha = 0,017 5 b Fl (23)
A ! )
= ( L LA | ) |
ACh6 0,10 o flL2 (21.)
The -correlation of AG, for Frise balances cdoses notb

necessarily apply at zero aileron deflection but does
epply to the negative range of aileron deflection where
the effect of the balance is greatest. In the positive
range of aileron deflection, Frise ba lances have almost
no effect on aileron hinge moments.

)

The data used in the correlation of ACy. of
figure 26 were obtained from finite-span aileron models
and from two-dimensional models, but the data used in
the eorrelation of Acha were obtained only from tests

of finite-span alleron models. “hen compared on the basis
of the same correlation factors, the avallable two-
dimensional data on ACh_  were in poor agreement with
the finlte-snan data. The available data on finite-span
tall control surfaces indicate that for such surfaces

the incremental slopes ACh, and LChg that are
attributable to a glven overhang balance are about

30 percent greater than the incremental slopes indicated
by figure 26.

for estimating the required length of over-

X ; ences having several renresentative nose
shapn L2 »Lusenued in fisure 27. For a given design
e ;ﬁﬁavct MFst  corresnonding

tne value of th
gu

to the wre: red valus of must first be obtained

h
from the correlation oresented in rigure 26, The value

@)

cp/Cq required for this value of "1F2' may then
st figure 27 for any of the |nose shapes
nsidered. The charts glven in figure 27 were derived
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for allerons on ai rfoils having the thickness distri-
bution “efined in reference i G, These charts may be
used, however, to obtain first upnroximnti010 to the
requ1r0u overhenzs for eilerons on airfells having
other thiclmess distributions. For such aiTLOlla, more
Felliaeble values for the required-overhangs can be
gotained by calculating the value of the nroduct FFs!

()
A
ol

corresnonding to the first-epnroximation value
of GCp/Cy from the expressions ;lven in figure 2L
for ¥T,' and the charts of figure 25 for Fy and Fs.

~ -

If the calculated velue of TI'qFp' does not agree with

O

3

the required value qbtained from figure 26, a new value
of T./¢. must be asagumed and the nHrocess repeated

b’ “a
until satisfactory egrecment is bt ined between the
required and the caleulated values of TF4Fp

Critical dsfle
heving exnosed=o
“CST“lCtE’ withi

e
verha

n limits defined Ly some critical
2

deflection Gac beyond vhich the overhang ceases to
P
have a favorable effect on Gba anc the 1ift ceases to
increase linearly with deflection. In an analysis
" r4

renorted in reference L€, an attemnt was made to

correlate Og wlth the product ¥FF,', which was

8o ] 1“2

used in the correlation of Acha. The correlation was

not satisfactory, however, becauss & seemed to be

oy

influencel wmuch more strongly by.the nose shape than

by the overhang length, and smaller values of ﬁacr

usually were obtained for rearward locatinns of the
maximum alrfoll thickness than for forwsrd locations
of the maxAmum.alrLOLI thickness. A somewhat detter
correlotion of (see fig. 2C) was obtained in

P2t ¥y

2
1 -7

ction of the wing chord) from

Lo>a<::r'

i o £l
reference Il in terms of the factor where 1

l1s the distcones (as a f
the minimum nressure po
gdistribubion to the . aipf
overhanss of flxvr 2L, the wvalues of Gacr were

9
A
2

4

=

somewhat larger numerically for negative deflections

tion.~ The deflection range of asilerons
ing or Frise balanges usually must be

a
nt for the basic airfoil pressure
0il leading edge. For the plain
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than for npositive deflections because most of the airfoils
considered were cambered. Although the test| values are
somewhat scattered from the rfaired curves, the given
relation shouvld be sufficiently reliable to serve as a

rough guide in preliminary design work or to|malze
estimates of the change in 0§g that might be exnected
5o

to result from minor modif
el

ications to the overhangs or
most shanes of balances h 5

gady in use.
Increases in the critical deflection aacr may be

expected To result from incresses in the aileron-balance
nose radii, from decreases in the balance chord, and
from forward movements of the airfoil minimum pressure
point. Other means for chanzing the critical deflection
are available, however. Apnreciable increases in ﬁacr

of exposed~-overhang balances have been obtained by
equinping the ba ]urcb noge with a slat or al|slot or by
bulging the surfaces of the control near the hinge line.
Vith tihe possible excention of the addition of the slot
or the slat, however, any kxnown modification that

results in an increased value of 6acr reduces the

aerodynamic balance for small deflections.

EifeCuwvcne S~ The lift-sffectiveness parameter Aa/Ad
is changed somewhat by an overhang balance and the magni-

the chenge 1is ceﬂendenb on the gan at the balance
nOSC. A correlotion of thes effecis is giwen in refers
ence U6 and the faired curves of that correlation are
reproduced in fi ure 29, The value of A4a/A6 increases
as the balance (defined by the Hroduct F1F2') is

increased end the rate of increase is greater for the
larger gans. For the sealed-gap condition [the increase
in Aa/A8 with increased aileron balance mesults from
an increase in Clgs wvhereas, for hizhly valanced

erons, the inerease in Aa/AG with incxeased gap
is caused nrimerily by a decrease in Clq The

)

Lctlons, and tecause of the reduction with increased

e

ues given in figure 29 are apvlicable only to smell
l &

ance of the critical deflection 6acr’ the maximum

t increment of a highly balanced aileron usually is
nsiderably less than the maximum 1ift increment of
16 gorresponding plain aileron.
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agign considerations.- A given value of ACh6

usuelly can be obtoined by many variations of balance
length and nnse shape, ranging from rather short and

hlunt balances to longer balunces vith sharp or medium
nogses. The increment ACH 1s reletively independent
a

of nose shape, narticularly for sealed balances. By
careful selection of the overhang and the nose shape,
thergfore, many corbinations of values of (Cp  and Cha

gan, bs ovtalned.

The fact that &g varies approximately

cr

PZ",Fl’ wvhereas AQha varies as F F,', indicates

that for the same degree of balance a larger increment
oft 1ift »robably can Qe aobtalned from an allegon having
a long overhany and a mocderate nose shepe (type B, O,
o D of fig. 2i.) than from an-aileron having ‘& shoprt
overhang and a blunt nnse shape (similar to tyoe Ay

Other considerations imnose limitations on the
most desirehle length of overhanz. A long overhang
requires that a large p»art of the fixed structure of ‘the
wing s cub away to allow free movement of the balance.
i“e larze brealkts in the airfoil surface that result
al

from tne use of medium or sharp nose shapes have been
found to increase the drag

A'nose shape of tyre C 1f designed for slight
underbalance at low ﬂﬂfluub'qng may ;ive overbalance at
meoderately lerge deflections, veceuvse the neak negative
Pressure over LJO wrwﬁruding balance moves forward and
increases in magnitude as the alleron deflection
awvroaches the r“'twc 1 value. All the pointed nose

apes (tynes D, E, or F) show a greatly increased

lancing effect when the nose »Hrotrudes above or below
‘he airfoil contour, unless the air flow already has
~ena"1tec from the aileron ot that deflectioun. This
condition normally shﬂw_d be avoided by restricting the
available alleron deflection.

) .,_; -

O

=

ise tyne of sileron bolance was developed
as g nossible means for increasing the profile drag of

the upgoing ﬁilﬁﬂon, and the“eLorg, for reducing the
adverse yawing ncment, This property cannot be
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ealized with most airplanes, however, hecause almost

0 increase in profile drag is obtained until the air
low separates from the protruding nose. A small amount
f flexibility in the control system may cause severe
aileron shake when the aileron is near the deflection

at vhich sejaration begins., At higher deflsctions the
alleron may be stable, but the hinge moments usually are
excessive and the 1lift effectiveness is reduced.

5
n
7
(o}

A disadventage of the Frise balance results from
1ts ineffectivenGS“ for reducing hinge moments at
positive aileron deflections. Frise ailerons may have
to be overbalanced for negative deflections, therefore,
in order to reduce the net hinge moments of the two
ailerons to values that can be handled by the pilot.
This condition causes the stresses in the aileron
linkags system to be wuch higher than they would be for
a balanve that is equally uiierTVe for nositive and
negetive deflections, High stresses in a flexible
control Bystem not only c"grqvab the tendency to shake,
but may allow an alleron to be "snatched” to a large
nep atlve deflsction during certain c:itica girnlane
meneuvers asy for exwy qalc g Poll while oulline out of

high—speed dive,

5

Flight tests of bvlse allerons.- An investigation
was concducted on the Xrl U=l alrolAne To detﬂrulne means
of alleviating the ailcwon shalte that occurrsd at
moderate negative deflections. The original ailerons
and a number of modifled ailerons were tested. The
various aileron profiles are shown in fizure 30,
together with a tabulation of some of the important
alleron characteristics, The modifications consisted
prineipally of bulging the lower surface or of adding
a slat at the lower surface of the balance nose. Either
of these modifications was found to reduce the shake,
but the bulged ailerons, when used with the original
differential linlrage, were unsatisfactory because they
required excessive control forces. The aileron with a
nose slat at an angle of %2° seemed most satisfactory,
beceuse the shake was almost entirely eliminated, the
stick forces at high deflections vefe reduced, and the
maximum value of Ub/BV was increased.

An aileron development program for the P-h?C-l-RE alr-
plane was undertalzen not only to reduce the aileron shake,
ut also to reduce the aileron stick forces et large
ailerpon deflections. The original ailerons (fig, 31)

i

o i ik i L L
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for this airnlans had very of curvature at
the balance nonses, and al ick forces were
very ilzht for small alle rcn dpfl CblOHS, flow senaration
from bhb balance nose caused very hizh stick forces at
large aileron deflections. ™Modified ailerons (fig. 31)
having increased nose radii and increased balance chords
were ﬁasL ned and were tested in flight. Preliminary
tegts sho ved that these sileions tended to overbalancs
when used with the orizinal linkage (maximum cdeflections
of =16° apa 129), Tests madoe with the linkace arrance-
ment changed to ~ive maximum deflections of 2150 indi-
cated tuct, althouch the availeble pb/2V was increasec
the stick forces were heavier than with the original
allerons A Renublic differential unit, which gives
arhdgher m%Ch‘ﬁLCQl advanbyJ {or smsll deflections than
for 11f ve dellections, was then installed. Comparisons
of the ~hmr cteristics of this aileron arrangement with
the charascterigtics of the oricinal silerons are given
in figure 31. Decause of the greater avallable deflec=
tion ran;e, the modified ailerons were more effe ctive at
3 ony <*weeca *’an the original allerons, but at an indica oted
airapbe\ of 1OC miles per hour, the value of pb/2V
obtainable with 50 pounds stick foree was greater Lor
the original ailerons. Decreasing ?hb maximum deflec-
tiens of the nodlfied allerons o 313, '0 caused these
ailerons to be more effective than the or;ojnal aillerons
t

throughov the speed range. Mo ul1cron shake was
renorted duaring testa of the ified allerons

The  fac hat conbiol-systew stretch may have 4
igrge effe on sticl=force 1h@x“"c~7vSLL"s was shown
during 3 airolane pred with highly
halance 3 linked 30“ m“xlnun eilectlons
of +21.°, pTOllle and o coimarison between
forces measured for he actual elastic control system

and forces comouted for an assumed rigid system are pre=-
sented in figure 532. As in many Frise alloroq systens,

the eilerons tested were overbala nced for necative defle

tions and.were underbalanced for positive ueflbutlons,

f control-system stretch %herefore, the posi=-

eflections generally were s ler and, before flow
tion had occcurred, the nenative dellections

gensrally were ;reater than the dﬁftections that would
he obtained for the same stick position with & -rigld

’ eja:;Lea from the nose of
6flection regardless of
ease in MLlelnn hinge

control system. The eir
the vpgoing aileron at a
a

&3 D
AAD LSS
e .
Lad

I3

® Ho

. G Ca P

glitels bosition, and & lar iner
moment results. The total available deflection of the
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two ailerons therefecre was less for the flexible system
than for the rigid system, and the reduction was greater -
at hizh srpeeds than at low sweeds. Computed stiek forces
sresented in figure 33 show that the variation of stick
force with stick nosition becomes :ore nonlinear as the
flexlibi lwtv of the system 1s increased and that a given
exivility is more unfavorable at the hisher
Stretch has been !mown to cause violent over-
some alleron systems that incorporated dif-

aileron motions., 24

speeds.
balance of
ferential

Ajilerons Having Sealed Internal Balances

The internal type of aerodynamic balance has certain
advantazes over other balance types, narticulerly in
apvulication to high=-sneed airnlanes. These advantages
résgult from the fact that the 1ift, drag, and pitehing-
moment cheracteristics and the chordwise pressure dis-
tributions of a wing with a nlain secled eileron are
unaffected by the addition of o sealed internal balance.

Sealed internal balances for use with ailerons
usuelly consicst of a plate (attached rigidly to the
aileron noee) in a chamber that is vented to the air

stream In such a manmner that a nressure difference

across the plate is created ;“ch1>aljj by alleron

geflection and to a lssser sree DY changes in the angle
of attaclzs A flexidle seal oonnec*s the ncse of the
balance »nlate to the forward wall of the balance chamber,

considered to be more
than other types of
balancing force is
ObtuLPtﬁ from the pressure difference between two
chambers in which the air 18 egsentirlly statiec. The
balancing moment, the forc, can be derived from the

suitable to anmlytical treatment
aerodynanic balance bscause the

geometry of the astem rovided the nressure difference
i1s ¥novn. The characte-L ytics of an alleron hawving

late and of the
f*”e, from the
ealﬁr balance
ure coefficient is
i ;bcrement of hinge=-
halance is related to

almost any arrangement »f the halence
flexible sezl can be celculated, there
haPTCuGP’St“Cb measured for one part]
conficzuration. If the resultant Hres
constant al ng the aileron s)an,
moment coefficient caused by the
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the resultant-nressure coefficient and to the geometry
of the system by the followinﬁ equation:

|
~— A 2 b
. - d Cb 4 b ;
ACng = PR \~R/ (1 + mg) (Ca !b—-—a (25)

where Ebp is the root-mean-square chord of the balance
plate and mg is the ratio of the moment contributed
by the flexible seal to the moment contributed by the
balance plate.

Values of mg have been determined enalytically

(reference 5G) and checlied experi:entally (refer-

ence 59). The exnerimental 1nveSuwgatLﬁn included a
number of a“wangements for which the deflection of- the
balance plate is regtricted and the shape of the flexible
geal is constr“’ne“ oy balance=-chamber cover nlates.

Some of the e\ﬂe“LnLnually determined values of mg ALor

sSeveral by\lCQI balance arrengements are presented in
figure 3L. Tor all arranger onts represented by Tigure 3h,
the seal was attachsd to the forward wall of  ‘tie balance
chamber at the vertical location corresnonding to the
intersection of an extension of the balance nlate (at
zero deflection) with the forward wall of the balance
chamber. %hen the resultont nressure coefflficient Pr
and the balance »nlate deflsction Oypp are of the same
algebraic sign, values of mgy always should be taken
from firure 3l at vositive values of 8y regardless

of the actual sign of 8p,y. If, on the othev hana, Pr

&

and Gbn are of opposite sign, values of my should

<)

be taken at negative values of O,
i bp

ance frequently

The ef als
8 llowing eguation:

ffect of a sealed internal ba
is ecalculsat fo

ed apnroximately from the

i
&G = 1]_3 !( .C.E -E 8‘\ E.t.).
hg = Z7RA T, E‘ ) | Pa
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where EB is the root-mean-square of the overhang, the
nose of which is assumed to bs located midway between

the two noints of attachment of the flexible seal, and Fl

is the overhang factor used in the correlation of data
on ~“°5n-ovp~hang and Frise balances. (See fig. 25.)

Computations oaqed on the seal arrangements con-
sidered in lenle 2zl indicate that for sorme arrangements
values of AChg computed from equation (26) may be

consid QP“DlJ in error, Tbe error -is small, howgver,
for the arrangzements that apvear to give the most
desirable aileron hinge-moment characteristics., Such
arrangements involve small ga>ss (7.lcb0 or less) and

seals that arec just wide enough to be tangent to the
cover nlete of the balance chamber when the aileron is
at maximum ceflection. IEquation (25) is always recom-
mended for use, however, when the exact seal configura=-
tion is known and when the resultant »nressures across
the balance alﬂ*@ have becn accurately determined for
the nerticular wing-aileron arrangement that is being
considersd.

In many instances the exact seal configuration is
not well defined or the rﬂbulu int pressure coefficients
are unlinovn. Approximate corirelations of the effect of
sealed internal balances on the hinge-moment parameters,
Chy and Ch@’ therefore, are convenient. Such correla-

tions (fige. 35) have been obtained from the available
exnerimental date (see table IV) without taking into con-
Qi”ﬁration the. effeclt of alrfoll profile on the resultant
pressures and with the assumd>tion that the geometrical
T@l”DlOﬂS expressed by equation (26) are qulficwently
reliable. These correlations are 1ntenacd to supersede
those given in reference L5. The equations of the faired
correlation curves. are a3 follows:

A /Ea\‘
8Cp, = 5. 14 i '-5) Fy (27)
ACha = 0.09 Al Fq (28)




.

NACA TN No, 1245 o

These correlations are believed to he most reliable
:n the following conditions apply:

(1) The bolance plates are attached rigidly to
noses of the ailerons and the vents are as close to
the hinge line as »racticable

(2) There 1s no leakage across the seal
(3) The cover plates are of airfoil contour

Small variations in any of thesse conditions mey cause
large chenges in the effect of an internal balance.

An indication of the orobable effects of changes in
the chordwise location of the balance=-chamber vents
(dotermined from dsta of references L3 and l15) is given
in figure 35 for an aileron of 18-percent chord. Moving

3=

the venis forward of the hinge line causes PRQ to
Increase and Ppﬁ to decrease. Tor internal balances

of the tyne considered in
of the resultant nressure
deflection usually 1s ab

B,

correlations, the wvariation

ss8 the balance plate with

vo=-thirds the variation of
at the hinge with deflection.

- o
'

the peal: resultant
The characteristics of internally balanced ailerons
heave been found to be very sensitive to the alinement
of the cover plates just forward of the vents. The
effects of misalinement as determined in a few tests,
are shown in fi ure 37 (cata from reference AS). When
small aileron deflections and small changes in angle of
attack are considered, bending the cover platesslightly
out normally decrecses the effect of the balance on Cha

and increases the effect of the balance on Ché. Bending

the cover slates out usually decreases the deflection
range for which the balance has an effect on the hinge=
moment slones, nrobably because of the earlier separation
of the flow. For large alleron deflections the control
forces may be larger when the cover nlates are bent out
than when the cover plates are of true contour.

The loegs in balancing effect caused by leakage
across the balance »late is significant because of the
difficulties involved in installing completely sealed
internal balences, because some means usually must be
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ed for dreining water from the upoer balance
r, and because of the convenience of meking small
ments to the amount of azerodynamic balance by

an

g the amount of lealage.

Leakage across the balance plate of an internally
balanced aileron affects the aileron hin e moments by
reducing the vressure difference across the balance
plate and by altering the flow conditions behind the
balance-chamber vents. In an analysis presented in
reference 115, a correlation of wind-tunnel data on the
effects of leal:nge was obtained by expressing the
lncremental effect of the internal balance on Cpy as a

function of the ratio of leak area to vent area (see
fig. 30). For this correlation the vent area is defined
as the minimum area between one balance-chanber cover
plate and the nose of the eileron. This correlation
neglects any effect of lealage on the flow conditions
behind the vents. For most true-contour ailerons this
effect is small and the correlation that was obtained Dby
neglecting this effect has been found to apply satis=
Factorily in most instances.

The.effect of lealtage on the flow conditions
behind the balance-chamber vents may be important for
thick -cusped alrfoils having their maxirmum thickness
legated far beck. Data obtained from tests of such an
airfoll in two~dimensional flow (reference 52) are com-
pared in figure 30 with the data used to obtain the
original correlation. For the model of reference 52
lealtage couses the flow to-separate at the aileron hinge
and thereby causes a large change in the external »res-
sure distribution. (See fig. %39.) The change in »res-
gure -Aistribution not only causes an increase in the
gerodynamic moment over the part of the aileron behind
the hinge but, because of the reduction in the external
nressures in the vicinity of the balance-chamber vents,
2lso caunses a large reduction in the pressure difference
gcrosg. the balance plate. For the model of reference 52,
the value of Ché for the aileron with 0.75e, overhang

and with a ratio of lealr ares to vent area of 1.0 is
more negative than the value of Ch@ for the plain
sealed aileron,

Flow through the balance-chamber vents, which
results from lealtage across the balance plate, may be
exneeted to alter the houndary=layer conditions in such a
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manner that the balancing effect of a large trailing=
edre angle is shsrenaat 1ase iy M, The effect of
Leuha“e on the hinge moments of an 3n*ewnullv balanced
aileron therefors can be exsected to be smaller when

the troiling-edze angle is large than when the trailing=
edre angle is m¢11. When the lealiase does not cause
16 flow Lo seoarate at the aileron hinge, the effect
ajleron having a large Lraaﬂ_n ~cdze angle may be less
than the efrlect iDQl“J ed by the corrolation curve

(f‘is. U)o

The available data have indicated that the percent
reduction in ACh, resulting from leakage 1s about the

same as the percent raduction in AChe

At lerons Having Linked Tabs

A teb that is linled in such o mennsr that the tab
deflection denends cnly on the aileron defle ction is
conmonly called a 111“0& tab, Such a tab is & very con=
venient device in thaet it can be combined with any of
the ailsron balsnces that already have been discussed
and because the balancing or unbalancing effect can be

altered readily by changing the ratio of tab deflectlon
to aileron deflection.

¢ of a linzed tab is that a
e produced without causing

o

A unique characterist:
large chanze in Ché an

O" j=in

()

any so»reciable chenge abig) Cha; g small effect on C11

o

introduced by the tedb linkage usuali" mey be neglected.

Almpet any desired values of Ch and Oy, can there=
Q o}

fore be obtained by combining the linked tab with one
of the other balancing devices.

Because & balancing linlted tab deflects in a direc=
tion opposite to that of the aileron to which it is
attached, a reduction occurs in the net 1ift resulting
from alleron deflection. An unalyﬂis of a large amount
of pressure~distribution data on an WACA 0009 airfoil
(reference Li3) indicates that the most efficient trailing-
edge balancing teb is one having a chord between 20 per=
cent and 25 percent of the aileron chord, because such
a tab osroduces the least change in 1ift for a given

of leakage on the hinge moments of an ‘ntvrnallv balanced
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change in aileron hinge mrment. On the other hand, a
linked tab used to augment the 1lift of an aileron
(leading or unbalencing tab) should nroduce the greatest
change in 1ift for a given change in aileron hinge
moment., A tab of this type is most efficient when the
tab chord is equal to about 50 percent of the ailleron
chord.,

The influence of a linke X i
can be calculated by considering: the tab | .
aileron and by using the methods for calculating eileron
effectiveness that already have been exn
change in sileron effectiveness can be expressed in a
form convenient for some analyses by means of the heli x-
angle reduction factor ki, which can be given with
sufficient accuracy for nreliminary desiyn 0y the
egquation

kt o -E.g: /A(i 663 (29)
AO

In the-usual case, a tab linked for balancing should be
placed at the smanwise location corresvonding to the
maximum aileron chord in order to produce the most
balance for a gziven change in aileron effectiveness.

The effect of linked tebs on the hinge moments of
ailerons is expressed in the present analysis as a
function of the deflection ratio 354/06, and of

four factors that are defined as followss:

™ bt ’Ea : 2

P

i

2

7
3
L

Ca
H, SiE9l  +0.5 Py (31)
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Fy = i3 » 0.026¢ (32)

i,//ff "\2 /-'E'/Z 2]
Fg =1 - o,,85[\-c_:-; i (33)

_a T MY

Ihe factor F5 accounts for the effects of the span and
the s»honwlise location of the tab. The factor Fy

accounts for the effects of the tab chord and the
eileron chord, The factor F5 accounts for the effect

of the trailing-edge angle, and the factor Fg accounts

for the effect of the tab on the pressure difference
across an aileron overhang balance (either exposed or
internal). The inclusion of bthe factor Pg i the tab
correlation malkes wmecessary an adjustment in the
Increnent Achﬁ resulting from an aileron overhang
kalance for the effect of the: tab on the pressures
across the overhang balance.

For wings having linear taper, constant-percentage-
chord ailerons and tabs, and tabs beginning at the:
inboard ends of the ailerons, the ratio ©c '/¢,

involved in the factor F can be evaluated with

U

sufficient accuracy for most design work by means of
the relation
c ! /! 8}
a i t "
—==1.0 + 0.L{1 - — (1 ~3) (3l1)
Ca \ Py

where ) 1s the winz taper ratio. The factors F;,
Fj,, eand F5 can de evaluoted conveniently from the

. Y ! - - )
charts given in fizure 40. An inspection of the
factor Fg reveals that the term

('8 (Er¥

\-5.8. ¢ / \-‘E‘a'
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is similar to the expression for the overhang factor Py

used in the correlations of exposed=overhang and sealed
internal balances, with the excentions that the various
chord and thickness elements are the root-mean-squares
of values measurecd over the tab snan rather than over
the aileron span, and the overhang-span ratio bb/ba

is omitted. This term in the factor F6 can be

evaluated, therefore, from the chart given for A

figure 25,

The correlation of the effect of linked tabs on the
aileron hinge-moment narameter Ch@ is glven in fige=

ure I'1 (data from reference b7). Some information
regarding the models considered in the correlation is
Slven in table V. The equation of the correlation
curve is

" 05,
ACp, = 0.022 F3I)FcFg e (35)

This equation may be used to estimate the incremental
chenge in Ch6 of an eileron resulting from a glven

linked tab or to estimate the configurations of tabs
that are capable of »roducing a given change in Cyp,

of an aileron.

The effect of a tab on ajleron hinge moments usually
decreases slightly when a gap is onened at the nose of
the aileron, This effect is illustrated in figure L2
for & model in two-dimensional flow,

The effect of a gap at the nose of a tab may be
very large, althougzh the available data on this effect
are too inconsistent to permit any reliable correlation,
For some ailerons, such a gap has resulted in a reduction
of the tab balancing effect by as much as 50 percent,
In any design the tab gap should be sealed or at least
made as small as possible.
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Comparisons of Variowus Balancing Devices

Hinge-moment chapacteristics.- The correlations
thet have been prasented may be used to 1llustrate the
relative effects of the verious balencing devices on
the hinge=-moment parameters Oy and Ché' The

' a g

variations in these parameters that might be expected

to accompany the additicn of each of the balances to

a 0,25¢c pnlain aileron on an assumed fighter-aironlane wing
(fig., L3) are showa in figure 4y, By means of methods,
which already have been described, the velues of OCp,

and Chﬁ of the ¥truew-cortour nlain aileron are esti=
mated to be =0,001Z and -0.,0065, respectively.

ne of zero stick force (see equation (7))

A 1i
cated in Ffigure Ll for sn aileron extending

g Andd
fpom 0.552 to 0.972. Gonsbant values of Fg/l
11rom .5/-2- (0] . ('2-. vonstanc LLue s S/q

over the ranges of angles of attack and of alleron
deflections for which the parameters Op, and Ch6

are applicable may be represented by lines drawn
parallel to the line of zero stick force. Because of
the positive slope of the line of zero stick force, the
increment ACh6 required for & glven reduction in stick

force is largest for balances that produce the greatest
change in Cha for & glven change in Ché' In the

order of incrsasing effects on Cha for a given effect
on Cpgs Gthe various balances may in general be listed

as follows: balancing teb, sealed internal balance,
nlain-overhang balance, end balance obtained by
increasing the traillng-edge angle.

The comparisons given in filgure Ll were obtained
from the correlations that were derived from low Mach
number data. The results given are not necessarily
apnlicable, therefore, at high Mach numbers.

The comhinations of two or »ossibly three types of
balance may be desirable in order to obtain specified
values of the aileron hinge-mcment parameters or in
order to avold the difficulties that are encountered
almost invariably when a larze amount of one type of
balance is used. The effects of such combinations on
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the aileron hinge-moment parameters may be illustrated
by means of figure ldi. Because moderete changes in
trailing-edge angle have only a small influence on the
ineremental effects aof exposed-ovérhang or sealed internal
belances, the curves representing these balances may
orisinate from any Hoint on the curve representing

various trailing-edge engles. The. curve representing

the balancing tab may originate frowm any point on the
curve representing various trailing-edge angles, or on

the curves representing various overhang balances

(exposed or internal), but the increment ACh@ attrib-
utable to a given linked teb is eltered by variations

in the treiling-edge sngle or in the aileron overhang.

Because of the desirsbility of obtaining increased
rolling moments for given aileron det'lectiocns, con-
sideration fregquently has moinzation
involving a very wide-chord sealed internal bhalarce and
an unbalancing (leading) teb. Such an arrangemont,

gle

ral

although probably satisfactory for commercial airplanes,
has been considered undesirable for military airplanes
beceause of the »ossibility of the tab being shot. away,
thus leaving the allerons overbalanced.

N

Effect of angle of rig.- An anslysis reported in
reference 6l was made to determine the effects on the
stick=-force characteristics of changes in the angle of
rig of beveled ailerons, of ailerons having Frise balances,
and of ailerons having sealed internel balances. The
results of the analysis are summarized in figure L5,

The stick=force characteristics of the ailerons having
Frise balances were found to be very sensitive to the
angle of rig, whereas the stick-force characteristics

of allerons having beveled trailing edges or sealed
internal balances seemed to be relatively insensitive

to the angle of rig. 1In generel, when there is no
differential in the linltage system, only ailerons having
decidedly nonlinear hinge-moment curves, particularly

at aileron deflections near 0°, may be expected to be
sensitive to changes in rigging.

Rolling performence.- Data have been collected
on the rolling-nerformance characteristics of a number
of Fighter airplanes of American and foreign manufacturs.
Pertinent details of the wing-aileron arrangements of
these airplanes are given in table VI. All the balancing
Gevices that have been discussed are represented.
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Commarisons are made on the basis of the helix

angle pb/2V and the rolling velocities obtainable

at 10,000 feet altitude with a JO-Uoun1 stick force
(figs., L6 and L7). An asccurate rating of the balanced
ailerons is not possible from the data presented. The
only conclusion to be drawn perhaps is that good per-
formance can be obtained from allerons having any of
the various balances, provided sufficient care is
exercised in the des;gn and development., The wide
variations in the performance - of airplanes having Frise
allerons mav be an indication of the well«known fact
thet Frise ailerons are extremely sensitive to each

of a large mimber of design narameters.

Application to Arrangements Involving Full-Span Flaps

SevCral methode for incorporating conventional
flap=type ailerons in arrangements that involve full-
pan 1lift flaps have been oroposed. In some of the

ore promising arrangements, the lateral=-control system
is made up of a combination of conventional ailerons
with a spoiler=-tyne lateral~control device. Only the
characteristics of the conventional ailerons are con=
sidered at this time. The characteristics of spoller=
type devices are discussed in the section of the present
paper entitled 'Spoller Devices, .Part IV."

Ll )

.

i

Flap=tralling-edge ailerons.- In some full=span=
flap arrangewents, conventional ailerons are ?nstalled
in the rear ~arts of the 1ift flaps (references 65

69). ¥or such arrangemen fs, conventional aileron

balancing devices can be used, although the allsron
chord may have to be limited to about 10 percent of the
ving chord. In order to obtain a reasonable amount
of lateral control, the aileron span must be long,
although only a small increase in lateral control is b
obtained by extending the ailerons inboard of stations 0.2=
from the plane of symmetry. e

The rolling=-, yawing-, and hinge-moment charac-
gtics of a plain alleron at the traillng edge of a
flap (feierenoe 67) are presented in figure L8,
When the flap is retracted the aileron characteristies
present no unusual problems, Then the flap is deflected,
the aileron maintains most of its effectiveness for
negative deflections but is relatively ineffective for

positive deflections. These characteristics are such
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that in order to ohtain the best rolling performance a |
differentiel aileron motion should be used when the ‘
flap 1s deflected but not necessarily when the flap 1s *
reétracted, The use of the differentisl with flzps ‘
deflected mey cause some ailerons to be overbalanced,

however, if the ailerons are designed Tfor close aero= /
dynamic balance when the flans are retracted. ‘

The yawin“ charecteris ics of an aironlane having ‘
a lateral-control device consisting only of flap-trailing= ‘
edpe ailerons may be expected to be wvery unfavorable [
when the 1ift fl lapns are deflected, because the adverse
induced aileron yawing-moment coefficient varies directly }
with the 1ift conefficient, and because the variations
in profile drag caused by alleron deflecbion also cone
tribute an adverse yawing moment.

Consicderations of over-all characteristics indi-
cate that when full-span flans are fully deflected,
lateral control should be obtained from some device
other than conventional allerons at the treiling edges
of the flaps. .

Drooped ailerons.= Ailerons outboard of partial-

span flaps sometimes are cdrooned and operated differ= & }
entially when the flaps are oniiect ds  IEnsother

arrangements a single flap or the re&r flap of a double=-
slotted-flap combination is used to »rovide lateral ‘
control as well.as 1lift. The la LerQl-conurol charac=-

teristics for all of. these arrangements are very simllar

to the lateral-control characteristics for flap trailing-

edce ailerons; that is, when the allerons are drooped

the aileron effectiveness for positive deflections is

low and the adverse yawing moments for either positive

or negative deflecticns are high, The »roblem of

UPOVldLﬂ” serodynamic balance for lateral control while
maintaining an efficient hig -11 t device, may be more

difficult for drooped QLl“rODG than for flap-trailing- J
edge allerons, ‘

Ailerons with retracteble flaps.=- A number of
investigations have been made of conventional flap-type
ailerons in combination with 1lift flaps that may be
retracted ahead of the ailerons., In an early adentation 4 \
of this arrangement the {lap moved rearwarcd as it was
deflected, but no gap was left between the flap nose
and the lower surface of the wing. The lower surface
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of the aileron, therefore, was completely shielded by
the deflected flap. In snite of this shielding effect,
flight tests (reference 70) indicated that the allerons
were nearly as effective with [lans deflected as with
flaps retracted, and the yawing charactéeristics at a
given 1ift coefficient were less unfavorable with the
flans deflected then with the flapns retracted.

St

TAnd-tunnel tests indicate that some improvement
in the characteristics of ailerons with retractable
flaps can be obtained if a gap is left between the nose
of the deflected flap and the lower surface of the
wing. An arrangement of this kind may consist either of
an aporoximately full=span, narrow=chord aileron in
combination with a single full-span flap (reference 71)
or of a partial~span eileron in combination with full=-
span duolex flaeps (references T2 and 73). Although the
eileron effectiveness may be somewhat less when the flap
is abt some intermediote position than when the flan is
retracted, the ailleron effectiveness can be even higher
when the flap is fully deflected than when the flap is
retracted. This fact is demonstrated by the data (fig. L9)
obtained from the tests revorted in refercnce Tl. The
indicated flap positions corrpsnond aporoximately to
positions on the flap patih selected in reference Tl.
Then the flap is fully deflected, only small nositive
alileron deflections are effective in increasing the
rolling moment, bubt negative deflections as large
as =500 are effective, A differential aileron motion
should be used, therefore, to obtain maximum rolling
moment. A tendency toward overbalance of the differ=-
entially operated alleron is indicated by the large
negative floating angle when the flap is fully deflecteda
Data given in reference 71 indicate, however, that this
tendency is reduced by increasing the chord of the
sealed internal bhalance.

Although the yawing-moment characteristics of
flap-type ailerons used with retractable flaps generally
are not favorable, at a given wing 1ift coefficient the

s () 3 [ s b
awing moments usually are less unfavoravle with flaps

(&) o

deflected than with flaps retracted.

Effects of Alr-Ilow and Ving-Surface Conditions

The preceding discussion has been concerned
primarily with the characteristics of ailerons under
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certein very restricted conditicns; that is, the Mach S
nunber was low transition was assumed to occur far
forward on the atrfoil, and the ailerons were of suffi=-
clently rigid construction to prevent any appreciable
distortion by the aerodynamic forces. In the present
section the effects of deviatlions from the previously
assumed conditions are discussed and some information
is provided from which rough quantitative cstimates of
these effects may be made, The applicability of the
information is limited by the fact that the available
data are not sufficient to nermit an accurate deter
mination of the “olat¢ve importance of the various
factors concerned.

Boundary=layer effects.- Larce variations in alleron
characteristics may result Lfrom chanzes in the thicknesses
of the boundary layers at the surfacss of an aileron. At
low Mach numbers the thickness of a boundary layer denends
largely on the chordwise location of the region of
transition from laminar to bturbulent flow. For a given
airfoil the most important factors that govern the
transition location are the airfoil surface condition,

- the Reynolds number, and the air-stream turbulence.

The relative immortance of each of these factors is

not easily established, but experience indicates thet

for almost any JlPTOLl, transition near the leading edge i
may be brought about by the wing roughness that may

result from conventional airnlcine febrication methods

» by a Reynolds number within the flight range of some
airplanes. The turbulence that exlists in some wind
tunnels is sufficient to induce transition near the

leading edge for most airfolls,

Tn 2 recent unpublished theoretical study, values ‘
of the section hinge-moment parameters c and ¢

in viscous flow were compubted for allerons having small
trailing-edge anzles. The method used was based on the
concent that Qlffolences in the thicknesses of boundary
layers at the upper and lower airfoll surfaces effec=
twvely alter the cambp; of the airfoil. - Computations of
the parameter ohn were made for the conditions of

fixed transition at the leading edge and at O0.5¢, and ?

computations of the parameter Cp, Were made for the

condition of fized transition at the lsading edge. .
(See fiz. 50.) Conditions of fixed transition location
| may not renresent accurately the boundary-layer conditions
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thet are most likely to be encountered in flight, because
for most airplone wings changes in the transition loca= ‘
tions on the upper and lower wing surfaces can be

expected to result from changes in angle of attack or in

aileron deflection. The results presented in figure 50

therefore are considered to be of use principally for j
illustrating the »ossible magnitude of the effects of |
the boundary layer rather than for »roviding numerical ;
values of the hinge-moment parameters for use in design.

Wind-tunnel investigations of aileron characteristlcs
frequently include tests of a model with smooth airfoil

airfoll leading edge. The fact that the effects of
roughness strips at the airfoil leading edge may be
exmected to e greater when the trailing-edje angle is
large than when the trailing-edze angle is small 1s
illustrated in fipure 51. In these tests the addition
of rouchness strins at the leading edge resulted in
positive increments of c¢py of 0.0005 and 0.0025 for
trailing-edge angles of 60 and 339, resnectively. The
roughness strip also caused a somsvhat greater reduction J
in 15 when the trailing-ed e angle wes large than when
the trailing-edge engle was swmall. The available data
are insufficient to show the effects of trailing-edge
angle on the changes in c¢p, and ¢, caused by the

(
2

O

addition of the trdnsition strin, but these effects are
expected to be somewhat similar to the effects on hg
andl 1C o

o}

Te transition location on the upper surface of a
smooth low-dragr airfoil usually moves forward very
ranidly as the angle of attac!r, corresponding to the
upper limit of the low-dras; ranze, is exceeded. A
gimiler effect usually occurs on the lower surface as
the angle of attack is decreased below the lower llmit
of the low=-drag range., Curves of Cha plotted against a
may be characterized by an irregular shape, therefore,
as indicated in figure 52. The shapes of these curves
are such that a large sudden change in the floating
tendency of an aileron moy be expected at the limits of
the low-drag range. This effect is most noticeable
for low=drag airfoils having large trailing-edge angles.
The irrecularitiss in the curves of Op, plotted against a

1.2

do not ocecur when conditions are such that extensive
laminar flow is nrevented (fig. 52).



64 . NACA TN No, 1245

At a given angle of attack extensive laminar flow -
may occur over a wide range of control-surface deflec=-
tions. Curves of Cp, plotted against 0O therefore,

8

as’
are not characterized by the irrezularities noted in the
curves .of Cha plotted against a. Roughening the alr-
foil surface may cause the slope Ch5 to be less negative
through the greater part of the normal deflection range.

: The variation of transition location with angle of
attack usually is less for smooth conventional airfoils
(those having the thickness distribution defined in
reference hS) than for smooth low=C.rag airfolls. Test
results indicate, as sxpected, that for apdroximately
equal trailing-ede angles, the effect of adding
rouchness strips near the leading edge generally is
smaller  for the conventional aeirfoils than for the low-
drag airfoils,

Geometric narameters associated with overhang

balances do not seem to be of much significznce with

regard to bouncary-layer effects In the usual case,
e

the resultant-oressure wnarameters P and P, are
! : Rq Ry

more »Hositive over the entire airfoil chord when the

transition location is far back than when the transition ¢
location is far forward. The increased balancing effect

caused by the more positive values of these narameters

forward of the hinge line usually is small, however, when
corpared with the unbalancing effect of the increased

nositive values of these parameters near the aileron

trailing edge.

The effectiveness of a linked tab in chianging
ai leron hinse moments usually is diminished by condi-
tions thet tend to increase the boundary-layer thickness,
The addition of roughness strips at 0.25c of one model
having a 0.09¢ tab resulted in a 25-vercent reduction in
the rate of change of control=surface hinge-moment coef-
ficient with tab deflection.

Mach number effects.- The following discussion
concerns lach number effects only in the range of sub=
sonle ‘speed.,

Tn most wind-tunnel tests variations in Mach number
are obtained simoly by varyling the tunnel speed. The

indicated Mach number cffects therefore include changes
(=)
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in boundary-loyer conditions caused by simultaneous
changes in Reynolds number and, for some wind tunnels,
by changes in the turbulence of the air stream. Because
variations in either Reynolds number or in fach number

within the suberitical speed range may result in forward

movements -in the trensition location, the true effect of
Mach number is difficult to isolate from most wind-
tunnel data. When the transition location is fized and
when the Reynolds number is held constant, variations

in Mach number within the subcritical speed range seem to
have sme2ll effects on the boundary-layer thickness.

The profiles of 3 two=-dimensional models that were
tested in the Langley C=foot high-speed tunnel over a
wide range of Mach numbers are shown in figure 53. The
varietions with Mach number »f the normal-force
parameters ng and ¢y, @are shown in fizure 5l end the

variations of the effectiveness factor 4a/id, relative
to the wvalues of this factor obtained by extravolating
to =0, are shown in figure 55. Increasing the lMach
number from O to C.7 decreases the value of A4a/A0 by
12 percent for the Frise alleron, by 35 nercent for the
true=contour nlain aileron, and by 50 nercent for the
beveled aileron. These reductions in 4a/Ad, particularly
for the true-contour nlain aileron and for the beveled
aileron, probably are zreater than the recductions that
would have been obtained if the aileron nose gap had been
sealed. Several unpublished investigations heve shown
that an oven nose gap may cause large losses in control-
surface effectiveness with increased llach number. In
the usual case, for allerons having either onen gaps or
sealed gans, the reduction in Aa/iLd is quite gradual
wntil shock occurs on the airfoil., At speeds in excess
of the speed at which shock occurs, the reduction
el Aa/A6 is more rapid, »robably because a trailing-
edge flap cannot induce »ressure changes forward of a
shock wave,

The variations with Mach number of the hinge-
moment parameters (fig. 56) of the three ailerons con=-
sidered agree qualitatively with results obtained from
other investigations of smooth airfoils. The test data
available indicate that vhen the trailing-eds;e angle is
small, the harameters cp, ond Cpg usually increase in
absolute masnitude as the Mach number is increased.
When the trailing-edge angle is large, the hinge-moment
parameters of smooth low-drag airfoils almost invariably
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become more positive when the Mach number is increased
by increasing the tunnel speed, and the hinge-moment
parameters sometimes change from negative to positive

at some sveed within the test range of Mach numbers

The large veriations in the hinze-moment parameters

noted between Mach numbers of 0.15 and 0.L0 (fiz. 56(c))

nrobably do not result simly from compressibility
effects, which would be expected to be small over this
Mach number ranzge. A larze part of the indicated
effects may be coused by variations in transition loca=-
tion resulting from increased Reynolds number as the air=-

speed is increased. The fact that a given change in the
trailing-edge ansle of a smooth low-drag airfoll may

nroduce much greater effects on the hinge-moment

parameters at high Mach numders than at low Mach

numbers 18 indicated in figure 57.

When on exposed=overhans balance (either Frise or
plain) is used, the center of pressure of the aileron
load resulting from cileron deflection usually moves
forward as the critical Mach number is approached.
The parameter OCp, thorefore tends to become less
negative. This effect may cause the aileron to become :
overbalanced near the critical Mach number, even though
the trailing-edge anzle is small. Adverse compressi-
bility effects orobably will be encountered at a lower E
Mach number with ailevons having small nose radii than
with ailerons having large nose radii,

Some unpublished data on an internally valanced
alleron with 2 small trailing-edze angle have indicated
that the effsct of Mach number on aileron hinge moments
is swall until shock occurs in the vicinity of the
balance-chamber vents. When shoc!z on either the upper
or the lower surface is in the vieinity of ‘the vent,
the variation of aileron hinge moments with either
deflection or angle of attack may become very nonlinear.
Internally balanced ailerons may become very heavy when
shock moves to the rear of the vents because deflection
of the aileron then can produce little, 1f any, pressure
difference across the balance plate.

only a small amount of data is available on the
varietion with Mach number of the balancing effect of a
tab. The results of two unpublished investigations
indicate, however, that for ailerons having small
tralling-edge angles, the balancing effect of a tab 1s
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essentially unchanged until shock is sufficiently
developed to cause flow separation from the alirfoll
surface. ;

The aileron hinge-moment parameters of an assumed
fighter airplane (fig. Li3) equipped with each of the
three ailerons shown in figure 53 were estimated from
the section data by methods described nreviously in
the nresent paper. The results of the computations are
presented in fizure 50, on which lines of constant Fg/q
for aileron deflections of L5° have been drawn (see
equation (6)). The computations indicate that the stick
force for the true-contour »nlain oileron woulcd increase
with lMach number at a rate considerably in excess of the
roate of increase of the dynamic pressure, whereas at
Jlach numbers c~reater than about O.2 the beveled aileron
would be overbalanced. For the deflection ranse con-
gidered in figure 53, the Frise alleron was less
sensitive to lMach number effects than either the true-
contour aileron or the beveled aileron. Additional data
given in reference 7! indicate, however, that at large
negative deflections, the Frise aileron mey e very
sensitive to Mach number effects because of the critical
nature of the flow over the protruding nose of the
balance.

surface-covering distortion.= Contour changes caused
by eerocynamic lforces na f sufficient magnitude to
produce objectionable st rce characteristics for
ailerons that otherwise woul satisfactory. The type
and extent of covering disto n denends on the external
y surfeces of the alleron,
eron, on the initial tension

(@]
® O 0®Q

on the pressure inside the al
of the coverinz material, on the modulus of elasticity
of the coverinc material, -and on the method -of attachment
of the covering material. Different vent locations may
cause positive, nesative, or static internal pressures.
An analysis of the effect
distortion on aileron characte €
Bryant and Holoubol in Great B Itaine
similar analysis is epplied to elevetors in rsference 75,
Typical distorted aileron contours for extreme internal-
pressure conditions are illustrated in figure 59 For
either lar~e positive or large nogative internal
pressures the chanzes in stick force caused by distortion

ace=covering.
has been made DYy
A somewhat

gL of [SuP
i 3

g
»

. result chiefly from changzes in the trailing-edge-angle
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as the airspeed is increased. Because such pressures
stress the covering meterial and thus increase the
rigidity of the covering material, the change in
camber caused by the external-pressure differential
between the upper and the lower surfaces of the
aileron is reduced.

Positive internal nressures cause both surfaces of
the aileron to bulge. Bulging cf the forward part of
the aileron seems to have little effect on the hinge-
moment narameters, but the increase in trailing-edge
angle causes these parameters Lo become less negative.
The stick forces, therefore, are decreascd and may
become overbalanced if the undistorted aileron 1s
designed to zive stiek forces within the required limits,
In the case of one airnlane equipned with fabric-covered
ailerons, the internal pressure became-so great during
a high=speed dive that fabric failure resulted,

Negative internal pressures cause both alleron
surfaces to be drawn in with the result that the trailing-
edge angle is decreased. The parameters Opng and Ch6

therefore ‘become more nezative and the stick forces may
increase to such an extent that the pillotts abllity to
roll the airslane mey be seriously restricted at high
speeds.

The data nresented in figures 5l to 56 for the true-
contour »lain aileron and for the beveled alleron may be
used to i1llustrate the effect of trailing-edge angle on
the stick forces of'a fighter airplane (fige. L3). The
¢hanpge in stick force per degree change in trailing-edge
angle for aileron deflections of £50 1s given as a func=
tion of Mach number in fisure 60, The results indicate
that the incremental stick force caused by a 1° change
in trailins~edge angle may be of the order of magnitude
of the maximum allowable stick force for the assumed
airnlane,

For internal pressures near stabtic nressure, changes
in stick force caused by distortion may result chlefly
from changes in aileron camber., TUnder this condition
the covering material is not highly stressed by the
internal pressure; therefore, the external-pressure
diffsrential can cause both surfaces to bow in the
same direction. The aileron surface-covering dlstor- _
tion that occurred for such a »recsure conditlion during
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flight tests of a P-LOF airvlane at an indicated airspeed
of 350 miles per hour is shown in the photographs of
figure 61.

The effect of a change in camber on the variation
of hinge-moment coefficient with ailleron deflection is
very similar to the effect produced by an unbalancing
tab with a linkage ratio that increases progressively
with increasing speed. Increased sticl forces again
result and the increases for this condition may be of
greater magnlitude than for the condition of negative
internal pressure; furthermore, the chanzes in the hinge=
moment parameters are greatest for small alleron deflec=
tions because for small aileron cdeflections the surface
covering is stresseéd the least and can deflect most
rapidly. This condition results in a nonlinear variation
of stick force with aileron deflection.

In the foregoing discussion careful consideration
of distortion effects is shown to be necessary in the
design of ailerons for hich-speed airplanes. As sug-
gested by Bryant and Holoubok, the problem may be
attaclzed in two ways. The distortion may be allowed
but controlled by proper venting in order to obtain
desirable stick forces throughout the speed range, or
the greater part of the distortion may be prevented by
using very close rib snacing or a sbiff covering
materisl. The second solution is far more satisfaectory
from aerodynamic considerations, but it has the disad-
vantage of increasing the aileron weicht. Distortion
that occurs near the trailing edze, however, seems to
have much greater effects on ajileron characteristics
then distortion that occurs near the hinge line; thus,
the greater nart of the dlstortion effects »nrobably
can be eliminated by stiffening only the rear 25 percent
of the aileron.

SPOILER DLVICES

Some success has been obtained with lateral-control
devices that »nroject from the wing surfaces into the air
stream. ¥hen located neasr the wing leadin; edre and
when nrojected above the up»ner surface of the wing, these
devices reduce the lift of the wins by spoiling the flow
and thereby oroduce a rolling moment that is roughly
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proportional to the 1lift coefficient., Thée name spoiler -

hes been applied to these devices. The effectiveness of
similar devices vlaced near the wing tralling edge 1is
rore nearly independent of the 1lift coefficient. The
name speciler also 1s used commonly in referring toc
devices located near the trailing edge, even though the
action of suvch devices is more lilte the action of split
flaps than like that of the devices to whlch the name
spoiler originally was sapplied,

The snoiler-type latersl-control devices illustrated
in fijure 62 are renresentative of most of the arrange-
ments of these devices for which experimental results are
available, Although certain aserofynamic characteristics

are critically dependent on snecific detalls of the
snoilﬁr arrangesment, some statements may be made with
regard to the cnavact isticg ol §0o oiler devices in
general,

Flizht tests as well as wind-tumel tests have
indicated that when a snoiler is located f{ax

a wing, an appreciable time lag may occur wetween &
movement of the s»oiler and the ﬂerodfn mic¢c response
resulting from that movement, and that small spoiler
projections may nroduce very little rolling moment or

even a rolling moment in a direction opnosite to that S
desired. As sooilers are moved rearward, the time lag
is reduced, and in ceneral the fl@wav‘nbvu for small

spoller projections is improved. In these respects

spolilers located at about O.7c have nroved sctisfactory
in flight, although the final rolling moments at high
positlve 1L oouific*ents are somewhat lsss for such

spoilers than for svoilers located far forward.

The fact that spoiler control is obtalined simply
through e decrease in 1lift of one wing has resulted in
the criticism that difficulty may be expcpﬁenooi in
raising a wing that had dropped. Such & cifficulty can
hardly be of a serious ncture, nﬂmVVQW, Lecduse the
decrease in 1lift cauvsed by spoiler contrel usually
results in a movement of the axis of rotation cof no more
then 20 percent of the wing semisnan away from the nlane
of symmetry. y

The greatest adv
results from their adantability to arrvangements that :
£t flaps. An important advantage,

ess airplanes, results from the fact

antage of spoiler Cevices nerhaps
4

involve full— span 11
especially for talll
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that the yawing mowents caused by spoiler control may be
favorable over a large nert of the anﬁle-of~ﬂttack range.
The pitching=-moment churantcfisbic oP snoilers (fig. 6j)
are less adverse frowm considerations of wing twist than
the pitching-moment characteristics of convenbtional flap=
type ailerons; the rolling effectiveness usually increases
with 1ift coefficient; and some lateral control may be
retained beyond the stall.

Hinged=i"lap Spollers

An investigation of a number of confiouratLans of
spollers of the hinged=flap tyne (i, (a)) on plain
wings and on wings with split flavs anu slotted flaps
is reported in reference 79, Though the effectiveness
of such spoilers is about the same as the effectiveness .
of some other spoiler devices, the hinge-moment characw=
teristics "cnP“ale are unsatlufaotory unleass a balancing
device is provided. Some degree of balance may be
obtained with a small plate that projects into the alr
stream below the wing as the spoliler is deflected
(reference &0).

Retractable-Arc Spoilers

ImvestjﬁatLong of retractable-arc spoilers
5 4 T 62(b)) are renorted in references 65, 70, 77,
and 81, When such spolilers are located uufxlclenuly
far rearwerd, the laz characteristics and the effec-
tiveness for small spoiler »rojections generally are
satisfactory with flao0 retracted, With split flaps
or slotted flaos deflected, spoiler projections as large
as 0,02¢ may be ineffective uOWqur, in producing
rollin; moment. Empmerience with the p-01 Q*rﬂlanc has
indicated that with slotted flaps deflected, the rolling
effectiveness resulting from small spoller projections
may be improved either by oveninz a slot just behind
the gpaller or by se¢11nf the slot .of 'the 11ft flan,
Elimination of the fl%p ¢‘low, nowever, has detrimental
effects on the 1lift Qﬂu drag of the wing with flaps
deflected,

The hlnme-moment characteristics of retractavle-arc
spoilers can be varied considerably by changing the width
of "the spogiler vlate, the anzle of the upper surface of
the spoiler, or the distance between the opoiler pivot
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axis and the center of curvature of the spoiler plate,
In most cases, however, ths type of variation of hinge
moment with spoiler projection that results in the most
desirable stick. feel can be obtained only through the

use of some euxiliary device. A solution of this problem

was obtained on the P-61 airplane by combining small
conventional ailerons ("guide ailerons"), located near
the wing tips, with retractable~arc spoilers (fig. 6lL)

The wheel-force and rollinge-performance charac-
teristics of the P-61 airplane have been measured in
flight with both spollers and ailerons in operation and
with only spoilers in operation. The results are shown
in figure 65. The characteristics were considered
satisfactory when both spoilers and ailerons were used,
For. the spollers alone the wheel forces were very small,
but: the force variation with wheel deflection did not
seem unsatisfactory for this airplane, Wind-tunnel
tests indicate, however, that for spoilers that are

thicker than those used on the P-4l airplane, undesirable
control=-force characteristics may result from a tendency

=

for the spoilers to be pulled smgll distances out of
the wing and from large forces required to hold large
spoiler projectlonas The minimum
mey be limited by the rigidlity req
flexural vibrations.

red to prevent

The rolling veloclties obtainable with spoilers
alone on the P=0l airplane generally were only about
one~third less than the rolling velocities obtalnable
with spoilers and guide ailerons, At small wheel
deflections, however, the use of the gulde allerons
resulted in greater improvements in the lateral~control
characteristics, particularly at low speeds,

The yawing characteristics of the P-61 airplane with

spoilers and guide ailerons are fgvorahle at high speeds
and at modsrate speeds and are only slightly unfavorable
at landing speeds. (See section entitled "Effects of
Adverse Yaw, Part II.")

The maximum speeds of airplanes may be reduced
somewhat by the increased profile drag associated with
the small spoiler projections required to maintain the
wings lewel' in flight, The use of a gulde alleron

appears to offer an advantage in this respect, esspecially

when the movement of the guilde alleron leads that of the
apoiler at ‘small control deflections,

vl
thickness of a spoiler
ui
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The simultaneous operation of spoilers and con=
ventional ailerons (located just behind the spoilers)
has been considered as a possible means of decreasing
the ailleron hinge moments and of nproviding large rolling
moments., Investigations have been made of several such
arrangements, one of which is reported in reference 7.
Althouzh the yawing- and the rolling-moment charac=-
teristics seem promising, dlfflculﬁLes wrobably would be
encountered in selecting a linkage that would vrovide
desirable stick-force characteristics throughout the
speed range. The relative alleron and spoller motions
required for cdesirable stick-force characteristics
depend to a lerge extent on the spoiler hinge moments
and on the VQrWQtlon of rolling moment with spoiler pro=-
Jectwon. Both the hinge=- and rolling-moment character=
istics of snoillers may “be very nonlinear for some flight
speeds., Wind-tunnel tests show that the hinge moments
of zilerons located immediately behind spoilers may be
strongly influenced by the variations in flow conditions
that result from nonlinear s»noiler effectiveness.

Slot=Iip Allerons

A slot=1iv alleron consists essentially of a small
flap hinged near the front of a slot through a wing.
In some arrangements (fig. 62(c) and references T9
and 82) the zlot is fixed in the wing structure some
distance forward of the high-1ift device., Experience
has indicated, however, that from considerations of time
lag, profile urag and wing stwucture, certain advantages
are nrovided by an aileron formed from the 1lip just
forward of a slotted flan (fig. 62(d) and references 65
to 67 and 69), The discussion in the following paragraph
concerns this tywe of slot-lip aileron.

slot=1lip aileron in the neutral position lies
close to the 1lift flap when retracted. Only small
positive ailsron deflections therefore may be nsed, and
the operation of the aileron for this flap condition
necessitates the use of a complicated llﬁkn»e arrange=-
ment or of & cam, Because of this dilllculty and because
slot=1in ailerons are lesc effective with flaps retracted
than with flaps deflected, a lateral-control system
including a conventional flap-irailing-edge aileron for
use with fla»s retracted and a slot-lip aileron for use
with flaps deflected is considered superior to a system
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that consists only of a slot=lip aileron. Flight tests
(reLerence 69) indicate that with the combined system
good lateral control can be obtained with an airplane
having full-spnan lift flaps.

Plug=Type Spoiler Allerons

Some of the disadvantages of the retractable-arc
spoiler are overcome with the plug=type spoiler aileron
(fig. 62(e) and references 79 and 03 to 05). This
device ls designed in quon a menner that a slot through
the wing is open@d &s the »lug is )TOJGCbOC 1nuo the air

stream. Data from wind-tunnel tes (1=, 66) have
indicated that »nlug=-type spoliler a1lerons when used with
slotbted flaps are very nromising, but these ailerons when

used with sallt flaps may be uns &bLSfQCbOPY because of
low effectiveness for small »rojections.

The tests renorted in references 79 and 3% indicate
thet hinge-moment characteristics. of the type that result
in satisfactory stick feel can be oatulned. For some
airplanes, however, the »nlug; may have to be quite narrow |
W or some 2lternative means may have to be »rovided in
order to avold excessive stlck forces.

In order to simnlify the linlage arrangement the
nlug-tyne snoiler aileron is designed to allow projec=
tions either above or Delow the neutral »nosition.
Projections below the neutral position can be expected
to contribute little or no effectiveness.

The s»oiler and lift-flap arrangerment of the
P=51 airnlene (fig. 6lL), when tested “with snoiler
slot and ,$ap slot onen, included the esseh“‘al features
intended for the nlug-type snoiler aileron with slotted
flaps Flight tests indicated that the effectiveness
characteristics of this arrangement are very Jood, but
| during the tests & severs chordwise vibration of the
spoiler nlate occurred. Sealing the spoiler slot
eliminated the vibration »ut reduced the effectiveness
| of the spoiler, vnarticularly for small spoller »rojections
| when the 1lift flap was deflected. Satisfa CVOLy effec- 3
tiveness characteristics for small spoiler projections
were obtained by sealing the flap slot. The performance
of the P=6l airnlane is consianmec satisfactory with this
configuration, even though the efficlencies of both the
spoiler and the flan were reduced by sealing the slots.
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Erfects of Mach Number

Results of wind-tunnel tests (references T7 and 86)
indicate that the rolling-moment coefficient, resulting
from a given projection of a spoiler located at O T ¢
increases rapidly as the lMach nuiber is increased to
BUout 0.72, which 18 approximately the Mach number at
which shock would be expected to occur on the wing. An
abrupt reduction in rolling-moment coefficient is indi-
cated as the Mach number is increased from 0472 to 075
the maximum test Mach number, The effectiveness of a
conventional flap-type alleron on the same model also
decreased, though less abruptly, over the same Mach
number range. From considerations of effectiveness,
therefors, when shock occurs on a wing, a spoiler located
near the wing trailing edge does not seem to offer an
advantage over a conventional flap-type aileron.

Unpublished high-spesd wind-tunnel tests indicate
that spoiler effectiveness at aupercritical Mach numbers
probably can be improved DY locating the spoiler forward
of the 0.,75¢ location, . The forward location may also
be advantageous from considerations of wing twist as 1is
indicated in figure 65. As discussed previously, the
lateral contrel obtainable from a spoiler located far

forward may be unsatisfactory at low speeds because
of lag in response and ineffectiveness for small spoller

projections, Spoiler control at high Mach numbers may be

satisfactory in these respects, although a forward
spoiler may possibly cause puffeting,

V-BOOSTER MECHANISMNM S

The control-force reduction provided by any of the
conventional aerodynamlc balances that already have
been described depends on the allsron deflection and on
the dynamic pressure of the sir stream but not on the
force supplied by the pilot. A device that supplies a
control-force reduction that is prop
suprlied by the pilot, regardless of the alleron deflec-
tion or of the dynamic pressure, commonly is referred to
as a "booster mechanism,"

The use of convenbtional aerodynamic balances on
large or high-speed airplanes is limited by the sensi-
tivity of the control forces Uo small changes in the

ortional to the force
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hinge-moment parameters. Experience has indicated that
changes in the values of Cp and 'Ché of anproxi-
. 0]

mately ¥0,0010 may occur because of slight variations

in the construction of different ailerons for the sams
airplane, GChanges caused by Mach number effects and by
surface-covering distortion may be considerably greater,
Such changes cause large variastions in the control-force
characteristics of some present-day airplanes. For
future high-speed airplanes the problem of providing
close aerodynamic balance will be more difficult. In
many cases, therefore, the use of a booster mechaniam
in conjunction with ailerons that are not closely
balanced probably will be desirable. The optimum

degree of aerodynamic balance has not been definitely
established, but the condition expressed by the relation

C i |
2(Aa)p by
Ch Lo ; = -0,0020 (56)
6 ‘_\63 Cht‘)

probably is satisfactory for ailerons on most combat
airplanes., The use of a booster mechanism on some low-
speed airnlanes may be desirable because the control
forces then can be predicted quite accurately and
therefore the required development work is reduced.

Booster mechanisms may be classified as aero-
dynamic or mechanical. Aerodynamic boosters utilize
power from the air stream to deflect the alileron,
whereas mechanical boosters utilize a hydraulic or an
electric power supply contained within the airplane.

AERODYNAMIC BOOSTERS

In the most common type of aerodynamic booster, a
tab is used to deflect the aileron. Such devices have
been called servotabs, Flettner tabs, flying tabs,
booster tabs, or spring tabs in previous papers. In
the present paper a servotab is defined as the arrange-
ment shown in figure 67(a) and an ordinary spring tab is
defined as the arrangement shown in figure 67(b). A
servotab is equivalent to a spring tab with the spring
omitted. A modified arrangement that is herein called
a geared spring tab 1s shown in figure 67(c). This
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device differs from on ordinary spring tab in that when
the aileron is moved with the stick free at zero alrsneed,
the tab deflects with resvect to the aileron in the same
manner as & conventional balancing (or unbalancing) tab.

Equations for Control Force

Eguations for, calculating the control~force charac-
teristics of control surfaces with spring tabs have been
derived by Gates of CGreat Britalne The characteristics
of the ordinary soring tab (fig. 67(b)) are completely
defined when the constants Iky, ko, and k5 are

specified. These. constants are defined by the following
formulas in which &5 and 'F are the deflection and

the control force of an aileron, reanectively, and Og¢
is the spring-tab deflection:

D
|

F = kzbgy (38)

For the ordinary soring tab (fig. 67(b)) the
relation betwesn the control force, -the aileron hinge

moment, and tab hinge moment when the system is in
equilibrium is given by the formula

(& x

e (39)

Within the range of linear hinge-moment characteristics,
Hg and H, can be expressed in terms of the ailleron
and tab hinge-moment parameters, and by means of equa-
tions (37) to (39) the following general equatlon can
be derived for the stick force resulting from the
deflection of one ailleron:
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joje) -
In equation (L.0) values of (Aa)p <= for any specific

2V
wing-aileron arr-angement can be obtained from figure < I
b » Cha buh
and the tab-floating parameters and |—= y
: oa ﬁf é@a

tf
which represent the variations of aileron hinge-moment

coefficient against angle of attack and against alleron
deflection with tab free, are defined by the expressions
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Equation (l;0) is directly applicable to an aileron
with a spring tab. For an alleron with a servotab the
constant k is zero., DBoth the constants kp, and k3

are zero for an alleron without a tab.

Characteristics of Spring-Tab Allerons

When applied to aileron control the spring tab pro=-
vides the advantage of reducing the control force at
high speeds %o low values withoubt making the control
force unduly light at low speeds. The characteristic
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variation of control force with indicated airspeed for
spring-tab ailerons is shown in fizure 63. The control-
force variation with indicated airspeed is much less
than that glven by the "speed=sjyuared" law. Various
other types of control-force variation with indicated
girspeed for a given ailleron deflection may be obtained
by aerodynamically balancing or overbalancing the tab,
Some of these possibilities are illustrated in figure 69,

As a result of the smaller increase in conirol
force with alrspeed, the rolling velocity obtaineble with
a given control force may continue to increase with
increasing airspeed for spring-tab allerons, whereas
for conventional aerodynamically balanced ailerons, the
rolling velocity varies aporoximately inversely as the
airspeed within the range for which the aileron deflec=-
tion is limited by the control force.

The measured rolling=nerformance characteristics of
an FOF=-3 airnlane equipped with the oricinal »Hroduction
allerons and vith spring=-tab ailerons are compared in
figure 70. At an indicated airspneed of 100 miles per
hour the value of pb/2V obtainable with a stick force
of 30 pounds was about 70 wercent hisher with the spring-
tab ailerons than with the orisinal production aileromns.
At indicated airspeeds less than about 200 miles per
hour, the spring-tab ailerons were less effective than
the original ailerons because the amount of stick travel
that was effective in deflecting the ailerons was reduced
by the amount of stick travel required to deflect the
spring tabs. 4 large vart of the loss in aileron
effectiveness that was cncountered at low sneeds with
these ailerons nHrobably could have been avoided by
changing the gearing of the ailerons to increase the
value of 06,/060 with tab locked.

The orincinal design difficulties introduced by the
snring tab involve the provision of adequabte structural
strength to withstend the increased rolling velocities
obtainable at high spneeds and the problem of avoiding
fluttey, '"Although ‘the wuse of goring Labs may allow
large aileron deflections at hizh speeds, any danger of
aileron overbalance hecause cof comdressibility effects
or surface~-covering distortion con be reduced because
the ailerons do not have to be clossly balanced.
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Theoretical calculationg of spring-tab flutter

have shown that the aileron snd the tab should be mass

balanced about their hinge lines and that the tab
balance weight should be close to the tab hinge line.
The r*qui*ed mass-balance welght therefore may be
rather large. Experimental evidence relating to the
mass=ralance weight required to nrevent flutter is
lackings hovrevel, several »roduction airplanes suc-
CGSSLully use spring~tabd ailerons with no mass balance
on the tab, Any Lcnuﬁncy toward flutter may be aggravated
by slack in the lirkege system of elither the alleron or
the tab,

Some spring-~tab ailerons may have a tendency to
float wp symme trically, especially in accelerated
marieuvers at hl‘h speeds, This tendency is discussed
in reference 87 and, as shown by lorgen, Bethwaite, and
Nivison of Great Britaln, 1t czn be reduced by increasing
the negative value of kl/ka- "his upfloating tendency
generally is not serious when the valus of kl/k9 is
more negative than =3,0.

Snecial Spring-Tab Designs

Use of preloed.,~ If the svl'ng in a spring tab is
preloaded and any tab movement is thus prevented until
a certain control force is exceeded, the controleforce
characieristics for forces below the »Hreload are the
same ag those for an alleron withcut a tab; also, at
forces above the »relcad the variation of force with
deflection is the same as that for a spring-tab alleron
without 3“6]0?@ At those sgneeds for which the tab may
become operative, the variation »of control force with
aileron dGJ1GC’*OD therefore is nonlinear. The use of
preload mey be desirable in order to obtain increasod
effectiveness from the ailerons in low-speed flight.

If a smell amount of friction is present in the tab
system, an amount of preload equal to the friction may
be desirable to genter the tab and therefore to avoid
erratic changes in the lateral trim.

Geared spring tab.- By means of the geared s»ring
tab aFrangement (f1g. ¢7(c)), the control force requiﬂed
to deflect an alleron at low spneeds may be reduced if
the tab deflection has a balancing action or increased
if the tab deflection has an unbalancing action. At
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very hich speeds the control-force cheracteristics are
anpro dlqntely the same for a geared soring tab and for an

°dlbufj gpring tab.,- An advanbmae of a sgring tab geared
to lead, or unbalance, the aileron is that at low aire
speeds this rrﬂngemcnt mey give greater alleron effec=-
tiveness per degree gilsaron ﬂe*iﬂct_on than an Qilu”on
without a tab. A digeusslion of the use of geared snring
taba for elevator control is given in reference 88, and
with slight modificatlions the theoretical results derived
in that rcport may be annlied *to sileron control.

Detached tab.~ A detached tab, consisting of a btab
mounted on booms that extend back from the trailing edge
of the aileron, may have certain advantages over the
more common i nvt tab. Because of the sreater moment
arm of the dgtached teb, a smaller tTab area may be used,
The adverse effect of the tqa on the ailsron effec=-
tiveness therefore is reduced, Preliminary calculations
indicate that the detached tab may not have to be mass
balanced in order to prevent tab-alleron flutter, although
the aileron may require additiona )alan01ng welghts in
order to provide mass balanece gbout the aileron hlnge
l1ine. "~ Detached tabs in the wing walie may, however, have
a greater *unue\cy to buffet than inset tabs. Wind-
tunnel téests of a detached tab, as well as of convens=
tionel spring tabs, are reported in rseference 89.

Other Asrodynamic Booste

Very. little work has been done on a2erodynomic
baoosters that do po+ use tebs to deflect the ailerons.
Some experimentel work, however, has been done on a
varisble=- fitch Hlﬂdmlll that is used to drive the ailerons.
This .device was first tried on a 3ritish bomber in 1919,
Wind-tunnel tests of a similar device, called the
whirleron, were made recently in the Langley Laboratory
of. the NACAs, The operation of this device is simllar
to the operation of a servotab except tlhiat the pilot'ts
effort 1s used to change the pitch nf the blades of a
small windmill raether than to deflect a tab., A
whirleron has an advantage over a uab ~n that the
operation of a whirleron does not cause a doolease il
aileron effectiveness, A very ;:ull windmill is
T@HUlfeA‘ for example, a windiaill that is 9 i n ches
in diameter should be adesguate to deflect an zaileron on
an alrnlane of the medium-bomber class, Unpublished

B
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results of wind-tunnel tests show thet the whirleron
is a promising means of control, but care is required
in désign to avoid undesirable control ferces resulting
from friction and from inertia effects on the windmill
blades.

Another type of aercdynamic booster that has been
proposed consists of a piston linked to the aileron and
operated by the dynamic pressure of the air stream.
Disadvantages of this device result from the difficulty
of providing space for the plston size required and from
the difficulty of avoiding high frictional forces.

MECHANICAL BOOSTERS

Several hydraulic and electrical booster systems
have been tested, but only a few hydraulic boosters
have proved at all successful for use on the primary flight
controls. No attempt is made to describe herein the many
hydraulic and electrical mechanisms that have been tried,
but some general considerations as to the requirements
of such systems are dlscussed. 1In order for the aileron-
control characteristics obtained with a booster to be
similar to those with the conventlional control, the
aileron position should be proportional to the stick
position and the force exerted by the pilot should be
multiplied by a constant. The maximum rate of movement
of the aileron should equal or exceed the rate that can
be applied by the pilot when conventional aerodynamically
balanced ailerons are used. This requirement imnlies
that a large amount of instantaneous power should be
available to move the aileron for a short period of
time. This requirement has in the past restricted the
use of electrical boosters because of the heavy welght
of the electrical equipment required to provide sufficlent
power. With a hydraulic mechanism energy may be stored
in an accumuilator to supply large amounts of power for
rapid aileron movements, and the hydraulic pump need be
only sufficiently large to supply the average power
required by the booster over a long perliod of time.

The desired control feel has Leen supplied in some
hydraulic booster mechanisms by a small piston connected
to the control stick, which transmits a part of the
force applied to the aileron back to the pilots 1In
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another system a direct mechanical linkage is used
between the control stick and the control surface. The
main disadvantages of hydraulic systems that have been
used in the past are compllcatlon, vulnerability, and
lack of reliabllity.

In spite of the generally poor results that have
heen obtained in the past with mechesnical boosters,
these devices probably will continue to be of interest,
especially for airplanes intended to fly at high Mach
nurbers. For these cases, aerodynamic hoosters may be
unsatisfactory and some more positive means of operating
the controls may be desirable., The use of a mechanical
booster mechanism in connection with an irreversible

1leron linkage seems (o be a logicel method for elimi=-
nating the possibllity of alleron shake when shock
occurs on a wing., Aileron mass balance probably is not
necessary in an irreversible system.

¥ o R BT R e L s P BT

A briefl summary of the structural considerations
related to lateral control seems desirable, even though
some of these conoidaratﬁono alreedy have been pointed
out in various sections of the present paper.

INTEGRITY OF ATRPLANE

The problem of providing the strength necessary to
prevent structural failure of any of the airplane com-
ponents that are subjected tc increased stress during a
rolling maneuver becomes increasingly difficult as air-
plenes are designed for higher speeds. Variations in
Mach number may cause large changes in the magnitude and
in the distribution of the erodjnaM¢c load on wings and
on ailerons, The investigation recported in reference Th
shows that the aerodynamin load on a Frise aileron
increases more rapidly with Mach number when the aileron
is deflected negatively than when the aileron is deflected
positively. hb large sudden changes in the alleron load
that usually take place when shock occurs on the wing
may result in severe aileron shake, which imposes high
dynamic loads on the wing, the aileron, the support
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fittings, and the control linkage. The provision of =

'rigid control linkage is an aid to the pllott!s ability

to control any tendency toward shake.

A recent unpublished analysis indicates that the
loads on the primary wing structure are likely to be
higher during a rolling pull=-out than during a simple
pull=out and that the critical loading condition
probably occurs in a meneuver that combines high rolling
velocity and high rolling ecceleration with the maximum
normal acceleration.

Large positive internal aileron pressures have
resulted in complete feailure of fabric-covered ailerons
and in failure of the rivets used to attach metal skin
to alleron ribs. Loads of this type can be controlled
to some extent by careful selection of the vent loca=-
tiong, but the possibility of high skin stresses resulting
from inadvertent variations in the vent locations should
not be overlocked.,

The ailoron hinge-moment characteristics must be
considered in the structural design of the various
components of the alleron linkage system. Allerons

having hinge-moment characteristics that are unsymmetrical
with respect to zero aileron deflection may impose large
loads in the linkage system even though the complete
alleron system is closely balanced. Ior the same control
forces, therefore, the loads in the linkage system may

be much greater for Frise zilerons than for conventional
arrangements of beveled allerons or of ailerons having
plain-overhang balances, internal balances, or tab
balances.

A tendency toward severe chordwise flexural vibra-
tion of retractable-arc spollers has occurred in some
installations. Retractable=are spoilers must be made
sufficiently rigid to orevent vibration,

Vertical-tail failures have occurred as a result
of sideslip caused by adverse aileron vawing moments in
rolling pull-outs., Increased slze of the vertical tail
reduces the sideslip angle which, in turn, reduces the
vertical-tail load., (See reference G.)
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For most conventional airplane designs, any flexi-

NACA TN No, 1245

ROLLING PERFORMANCE

bility of the wing or of the lateral-control system

results in & loss in rolling performance, and the loss

increases almost linearly with the dynamic pressure,
Loss in rolling performance for given aileron deflec-
tions results from structural deformation of the wing

and aileron.

Loss in rolling performance because of

decreased aileron deflections results from cable stretch

or deformation of push-pull rods, bell cranks, pulleys,

and pulley brackets,

Most present-day airplanes are required to meet a
- given standard of rolling performance,
rigidity of the various structural components involved

The required

should therefore be specified from considerations of

the required performance,

The required torsional

rigidity of the wing can be estimated conveniently by

the use of methods discussed previously in the present

pgper.,

tions must be assumed.

In the process of estimating airplane control forces
a8 definite aileron contour and definite aileron deflec-
Contour deformations may cause

CONTROL FORCES

large variatiohs in control forces and, consequently,
such deformations should be maintained at a minimum even
though little possibility for structural failure exists.

Variations in the relative deflections of the right and

)

left ailerons, because of stretch in the control system,
may result in undesirable control-force characteristics,
particularly when a differential linkage system is used.

Pl AP PLICLETION OR BEUATTONS

design of ailerons for specific alrplanes depends to a

AED. BEBIGN CHAERTS-

ILLUSTRATIVE EXAMPLE

The procedure to be followed in the preliminary




NACA TN No. 1245 87

large extent on other aspects of the airplane design.

In the present example an Investigation is made of the
various spanwise and chordwise parts of the wing that
mast be allocated to the aileron plus balance in order
that specified rates of roll with specified stick forces
may be obtalined., The alleron configuration chosen in
tihils design consists of a sesled intsrnally balanced
aileron with & combination of a spring tab and a linked
tab. Equations and charts, which. already have been
pressnted in the present paper, are used in arriving at
the various combinations of aileron and tab dimensions
that would be expected to meet certain required condi-
tions. The method used may be applied to ailerons having
gither exposed-overhang balances or beveled trailing-edge
balances rather than the sealed internal balances that
are considered herein.

The assumed airplane has the geometric constants
and the wing plan form indicated in figure 3. The
assumed performance requirements are that a value
of pb/2V of 0.09 be obtained with a stick force of
30 pounds for an airspeed of 520 miles per hour at sesa
level, and that the wing torsional stiffness should be
such that the loss in pb/2V resulting from wing twist
does not exceed 20 percent at an airspeed of 1,00 miles
per hour at sea level. Although these requirements
concern only the high-speed flight condition, eileron
characteristics at low airspeeds as well as at high
airspeeds should be Iinvestigated in practice.

The chord ratios selected for the linked tab and
the spring tab of each of the possible allerons are

c

GL? = 0,25
Ca

)

Sk = 25
ca‘

These chord ratios were selected because they may be

expected to produce apprroximately the maximum changes
in aileron hinge moment for given changes in aileron

effectiveness.,
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For an aileron with a spring tab, an aileron
deflection exists above which the loss in aileron effec-
tiveness resulting from increased spring-tab deflection
1s greater than the gain in aileron effectiveness

esulting from increased aileron deflection. No advantage
is obtained, therefore, in exceeding. this deflection.

For large airplanes or high-speed airplanes the value

of this deflection corresponds approximately to the

limits of the range of linear hinge-moment characteristics;
for internally balanced ailerons the limits of this range
are usually about ¥12° or %15°, The maximum tab deflec-
tions should not greatly exceed the limits of the range

of linear tab effectiveness. For the present example

the following maximum deflections of the aileron and of
the tabs, as used for each of the ailerons investigated,
are assumed:

— #7900
L 12
o 0
o) = =1
7'tmax >
o ik O
6stmaX = =15

Computations have been made of the geometric con-
stants required for_each_of a number of allerons when
Qs F. €& ey
2 £ and of j? are assumed. The
c c
procedure is illustrated in detall only for the case of

various values of

Cr + 8
2 2 = O.‘L;.O
¢
and
c
& e OR25
c

The balance chord ratio therefore is
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Phe: procedure used is as follows:

Sten (1):
(en] + 4 e - ) i A a
Compute the alleron effectiveness parameter —,
; Ad
h Aa ; y
Values of S - the effectiveness parameter at low

Mach numbers and at trailing-edge angles of about 10° -
are given in figure 18. The ulfeot of variations in
trailing=-edge anﬂle is glven in figure 19, A Tough
estimate of the effsct of Mach number can be made by
means3 of the datd of figure 555 From-this data g value

l\a
of the factor ( corresponding to the
1\1

trailing-edge ang 1e of the pPOpOSFQ aileron is obtained
by 1nterD07atan between the curves for the true-contour
plain aileron and the beveled aileron gt the Mach number
of the deslign condition. A conservative value of the

Aa g ) L e R
paramster .— probably is yielded by this procedure

Ad
because the data of figure 55 are given for small open
Aa
nose gaps. The reduction in —: with increased Mach
I AS

number usually 1s greater when the nose gap is open than
when the ‘nose gap is sealed. For the present design

condition, ﬁ = 15° (from fig. 12 and egquation (18)),
M = 0,42, and therefore
Iy

— = 0,53 X 0,98 x 0,90
A0

Step (2)3

moment parameters. The
anced sileron may be

Estimate the alleron hinge-
hinge-moment parameters of a bal
oxpressed by equations (16) and (17), in which the
incremental parameters acbrlbuu able to the balance are
given by equations (21) and (22) for a trailing-edge
modification, by equatio 18 (23) and (2lL) for an exposed
overhang balanuu, by equations (27) end (28) for a sealed
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internal balance, and by equation (35) for a linked tab.,
The value of uh for the plain aileron is given by

egquation (15) in which Qq%J may be obtained from

equation (11). Eouations for tne hinge-moment parameters
of an aileron with a ¢ompletely sedlvd internal balance
and with a linked tab therefore may ve written as follows:

il

. CL ol %
7 A Ca
‘a/nlain Sévs c

BB N A+ 2

alleron

e

A @

b — i 0, /~— + C i
“hg <(’h6>h e At h)‘[,t b
lar -

where the increment (ACb ) is the increment of Ch6
' i t

attributable to the linked tab and (Chc> must
lain

aileron
be estimated from test data. The ratio CLQ/EZG can be
ggstmed to equal ———"—,
e A
FTor the assumed airplane

CLa 6 .
Gza 6 + 2ab

1

= 0706

1

Ch ~0,0037 (Trem fige 1354
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il

<A Cha) .

3

0,001 x 1,01

0,001, (from fig., 11; the inboard
aileron tip assumed to be located

4%
at
b/2

£ iy al
variations in 75 have only small

b/
effects on (Acha LSf)

= O.55.y.Relatively large

2 e
Py & 0,538

The wvalue of G;

hg

= 0.15

ot
® I

<;rom figs 25 at

for the plain ailsron must be

o

estimated from test data for a finite-span wing model

having apvrroximately the same zeometric characteristics
as the wing of the provosed airplane, A suitable model
is that having the flat-sided aileron for which data are

presented in figure D

35 of reference 42, The value of

Chg for that model is about -0,004, the trailing-edge

angle is 17.50, and the seal and hingé line are located

in such a mgnner that

the aileron has a small effective

overheng (F1 = 0.045), The value of (Cp_ should be
&

corrected to a trailing-edge angle of 15° and to F, = 0O

C
L)
by means of equations (22) and (28). For the proposed

airplane, therefore

x




92 , NACA TN No. 1245

i

Cr . -0.004; - 0.,0007 - 0,001
( ho)plain = i l b

aileron
-0.0065

1

2y

Boquations (41) and (42) now may be written as

0.706(-0,0037) + 0,001l

<
B
I

+ (0.1h % 0475 % 0.0625 x 0,338)

= 0,0010

Gy = =0.0065 + (0.09 X 0.75 X 0.5 x 0,538) + @Ché)Lt

1
O
9
o_
=

O

+
>
G

i

Step (3):

Estimate the balance requirements of the linked
tab and of the spring tab. The value of 2(Aa)p 46, ' in

equation (35) may bte assumed to equal -0.,2; therefore
G’ —
Ch6 1= gl v d= «0,0020 (L3)

The expressions obtained in step (2) for O, and
for Cp, now may be substituted in equation (L3) as

follows?

(80pg). = =0.0020 + (0.2 X 0.0010) - 0.00L9
S0 5 N

1

~0.0067
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The linked tab therefore is unbalancing. The linkage
ratio, as determined from the maximum cdeflections of the

aileron and of the linked tab, is

Mys 15
é@a Al
= 1425

For the purposs of estimating the required span ratio

of the spring tab, the assumption is made in this
example that the spring tab must be capable of pro-
viding aileron hinge moments that are approximately

equal in magnitude to the hinge moments of the internally
balanced aileron with linked tab; that is,

(Aché)st = 0,0020

e of this increment should cause the size of
the spring tab to be somewhat conservative,

Estimate the required span ratios of the spring
tab and of the linked tab. For either tab, values of
the' Tactors " M, PF., and Fg = obtained from equa-

tions (31), (32), and (33), respectively - ars

F5 = 0.90
B = 0470

Values of the ratio -c'q'/ca in the expression for the
<
factor F3 (equation (30)) can be estimated Ly means of

equation (BL) provided the inboard ends of the tabs are
at the inboard end of the aileron, For the present

example the assumption is made that the inboard snd of
the spring tab is at the inboard end of the aileron and
the linked tab is just outboard of the spring tab. 1In
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order to cdetermine the required span of the linked tab
the combined span of the spring tab and the linked tab
must first be determined. The required values of F5

are, from equation (35), 0.23 for the spring tab and 0.99
for a fictitious tad having the combined span of the
spring tab and the linked tab. From equation (3L) and
the expression for FB the required span ratios arec

EE.JE: 0.17
bg
Pgt + bt

4o
b

% 4992

a

and therefore

Step (5):

Compuie the helix-angle reductlon factors resulting
from tab deflection. For either the linked tab or the
spring tab

Aa
Aé)tab 0,21
(ég) 0.53
08/gileron

0,395 (from fig. 18)

Therefore, from equation (29},
= -0.58)4-

kst = -0'1.'7 X Ooj95 ("'}-%)
= 0,08,
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andyithe - total reduction factor i1s
kt = -OQBBL},. + ()008}4.

-00500

il

Step (6):

Compute the helix-angle reduction factor resulting
from wing twist., According to the assumed requirements,
the torsional stiffness of the wing should be such that
the loss in pb/2V caused by wing twist should not
exceed 2C percent for an alrspeesd of 100 miles per hour
at sea level. For the design condition of an alrspeed
of 320 miles per hcur at sea lsvel, substitution in

svel,
equation (9) of values of g/\l - ¥ from figure 6 gives

290
e & 0,0 %
R L80

= 0vie

Step (7)¢

. Estimate the helix-angle reduction factors resulting
from adverse yvaw., At an airspeed of 100 miles per hour
at sea level, the vslue of the sum k, + kg 1s estimated

fo 'be approximately 0.2, For level flight, the 11f%
coefficient varies inversely as the square of the speed,
and therefore, for an airspeed of 520 miles per ‘hour at
sea level, equation (10) gives

0.2 1022

z204

1

kr + kﬁ
= 0e02

Step (8):

Compute the required aileron span ratio, The
various helix-angle reduction factors that have been
evaluated in the preceding steps now may be substituted
in equation (3). For a value of pb/2V of 0.09
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o 0.09
Gl X QPRI - a2 Dl +0,350)

0.0068

1

: ‘ 0
For -an outboard aileron tip location of ~O.97§, the
inboard aileron tip location, as determined from fig-

i b 3 i : .
WP S 48 0.625. The aileron span ratio therefore is

ba b2
— = Ot97 by 0002
b/2

= 0.35

. Step (9):

Compute the required wing torsional stiffness. For

oc

the present case, the quantity T! ~2 in equa-
da ¢y

tien (8) must be evaluated for the aileron, the linked

tab, and the spring hebs ' Valuss of. TV .and

oc,

b i may be obtained from figures 5 and 20, respectively.

ca

t

O.11l % 6,018

_j“"l
s,
Sl lee
Q

11

ailesron

1

0,00206 ' .

#F 041018 % 04026

A
ey
fale &

e 4 linked
tab ;
" = 0,00307
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oe. 2 :

l:' BE = 1Dl le - 0086

I %0/ ¢y

4 i spring

teb
= 0,00297

and

the required wing torsional stiffness at station ¥y
from eguation (8)

(=N
0 .
“

1 )
5 — - (0.00206 + 0,00118 - 0.00025) 290

B o 0
v/2

7900

= —<——  foot-pounds per degree
./y 5
(y@

The torsional stiffness frequently is specifled at the
aileron midspan. For the present example the aileron

5 /2

. . T S 5 . |
midspan is at fi— = 0,79, and the required torsional
stiffness-at that location is

VA
Bdn

= 156,000 foot-pounds per degree

Step (10):

Calculate the spring stiffness and the mechanical
linkage of the ailleron-spring-tab system by means of
equations (%7) and (39). In this process a value for the
ratio kl/kg must be sgelected,  Expressiens for the
aileron hinge moment H, and for the tab hinge moment



98 NACA TN No, 1245

Hgy must be obtained in terms of the spring-tab deflec-
tion 6st‘ FPor the present example

8 5 2. 31:,8°
max
6 = 129
fmax
r = 2.35 feet
4 g0
i s R &
o 2
= ~15 pounds
-f-\- oo ! !
ua e 1.»‘-1-}}. fe@t
ba = 7.5 feet
Coy = 0.36 feet
bst = 14,5 feot

q = 262 pounds per square foot

gnd 1t 1's gasumed bthat

The aileron hinge moment is given by

h
L 2t o = a
Ha = gb o—aCh6 A e 2

aoa
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Hrwhich

3¢y,

e}

Blias 1
- - 2L mnax (Acha)
0 0 3
st SCax e

(@ &
5Ch i
12
; 22 a=% 10,0020
B 15

= -0,u016

Trherefore

> 2 : Looels
Ha =002 % T,50 ¥ YLl [ia(-o.ouzw + ést(-0.001éiI
= —9706 ! 6.56St
The spring~tab hinge moment is approximately

oC
H., = qbayB.s26 st
1 st¥st “st
. OBt
oC,
n :
where the value of 35 is estimated by extrapolating
st .

the data of figure 13 to be approximately -0,0060,
Therefore

i ol . i S DAL ; O ODED
Hape' = 262 X 1,30 X 0362 X B X_(20,0060)
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The expresgions thus ohtained for Hy and Hgy, when
substituted in equation (39), give

-L1.9 = 2.7984+

e B =2 (L5)
and .
«15 = - 3;&%%952 + Bgyks (46)
BEquation (37) may be written as
1h.8 0% 12k + ky0,, (L7)

A simultsneous solution of equations (LL), (L5), (L6),
and (I,7) vields .

Bgy = =9.8°
1{1 = 0.97
ky ® =0,%23

ka = 1.18 pounds per degree

The required value of Oqt 18 smaller than the value
(6g¢ = =15°) that was assumed originally. Some margin

in spring=-tab deflectlion should be provided, however,
to allow for deviations from the conditions assumed in
the preliminary design.

DISCUSSION

Computations similar to those made in the section
entitled "Illustrative Example, Part VIT," have been

—C- o, + -(;b Ea
made for many assumed values of —=—— and tg
c

of internally balanced allerons., The results are presented
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in figure 71. The ccmputations were made for the general
case in which consideration is glven to ailerons having
spring tabs as well as either balancing or unbalancing
linked tabs. For specific preliminary-design probtliems,
the investigation may be limited to silerons having
spring tabs and balancing tabs, or to ailerons having
only & spring tab, only & linked tab, or no tabs, Con-
siderations regerding the wing structure and the required
span of the 1lift flap usually impose limitations on the
chordwise and the spanwise parts of the wing that can

be allocated to the ailerons, For the usual case,
therefore, the number of aileron configurations that
needs be investigated is much less than the number that
was considered in order to obtain the data of figure T1.

The results presented in figure 71 indicate that
¢ + ¢
for a given value of i s the reguired alleron span
c

is reduced when the hinge axis is moved toward the rear,
thet is, when the sileron chord ¢, is dscreased end the
balance chord c. is increased. The decrsase in the
required aileron span results from the fact that the
favorable effect of the variation in the configuration
of the linked tab mors than compensates for the unfavorsable
effect of the decrease in ailercn chord., For a given
percentage loss in pb/2V resulting from wing twist,
however, the required wing stifiness increases rapidly
as the hinge axis 1s moved toward the rear. For an
aileron not equipped with a linked tab, both the required
aileron span and the required wing stiffness are reduced
as the aileron chord - cg 1is lncreased.

it aE D AT U8 P LATERREL «CUORTR OL

In the preparation of the present paper, en attempt
has been made to discuss rather completely the problems
assocciated with lateral control and to present the
available information that is believed to be most useful
in the aerodynemic design of lateral-control devices,
The inadequacy of the available information for applica-
tion to some of the airplanes now contemplated is fully
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appreciated, This section 'is therefore included in the
present paper in order to establish the present status
of some cof the most important phases of latersl-control
research and to indicate some of the lateral-control
problems that remain to be investigated.

Rapid advences in airplane design have increased
the importance of certain variablegs that previocusly have
been largely neglecteds. These variables are associated
primarily with high-speed effects and with the effects
of the large changes in boundary-layer cond’ tions that
may possibly occur on wings designed for favorable
pressure gradients cver a large part of the chord.

CONVENTIOWAL FLAP=-TYPE AILERONS

Rolling Performance

In general, the rolling performance of an airplane
at low lMach numbers and at given aileron deflcctions can
be predicted with sufficient accuracy from the available
analytical methods provided that a reasonably accurate
estimate can be mude of the wing torsional rigidity.
Reliable estimates of the rolling performence at high
Mach numbers can be made only when experimental dabta on
the aileron effectiveness parameter Aa/A6 at the
appropriate Mach numbers are available., Reductions
in &4a/A6 that usuelly result from increassd Nach
number cannot be predicted from the present theory, and
the avallable experimental data are insufficient for
accurate quantitative estimates of the variation of
Aa/A6  with Mach number for arbitrary wing-aileron
arrengements. The available data indicate, however,
that as the Mach number is increased to that at which
shock occurs on the wing, the smallest reduction in
aileron effectiveness is obtalned when the aileron nose
gap 1s scaled and when the trailing-edge anzle is small.
Large losses in aileron effectiveness may occur for any
aileron when the Mach number at which shock oceurs on the
wing is exceeded. The addition of a protruding nose
balance usually causes the Mach number at which shock
occurs to be decreased.
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Hinge Moments

For airplanes not equipped with booster devices the
alleron hinge moments usually are of no less importance
than the alleron effectiveness, Even though booster
devices are used, a reasonably accurate knowledge of the
aileron hinge-moment characteristics is necessary for
the design of an efficient lateral-control system,

The available methecds for predicting hinge-moment
characteristics are not considered to be sufficiently
reliable for direct application to the design of ailerons
of a full-scale airplane,

Analytical methods of predicting hinge moments
involve the following two fundamental steps:

(1) Determination of the section aileron hinge-
moment characteristics

(2) Application of corrections te account for the
effects of finite aspect ratio

Section hinge-moment characteristics calculated by
methods based on potential-flow theory are very different i
from the measured characteristics for most airfoil sec-

-tions, even when laminar flow can be msintained over as !

much as 60 percent of the airfoil chord. Methods based

on viscous-flow theory appear to give results .that at

low Mach numbers are close to the experimental results

for ailerons having small trailimrg-edge angles, The
viscous-flow theory takes into account the transition
locaticn and gives a reasonably accurate indication of

the effects of changes in the transition location for
airfoils having small trailing-edge angles. At the
present time, however, the influence of the airfoil shape -
particularly the trailing-edge angle - on the aileron
hinge- moment characteristics is not adequately accounted
for by the viscous-flow theory. The necessity for
deriving aspect-ratio corrections to the hinge-moment \
parameters by methods based on lifting-surface theory,

rather than on lifting-line theory, is pointed out in
reference 37, At the present time, lifting-surface-
theory aspect-ratio corrections have been obtained for
the parameter Cha but not for the parameter Chg-

Reasonably accurate estimates of the hinge-moment
characteristics of balanced ailerons, at lecw Mach
numbers and under conditions for which transition can be
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expected to occur near the airfoil leading edge, can be
made by means of the test data of reference L2 and the
correlations presented herein.

The availeble experimental dats are insufficient
to permit any reliable estimates to be made of the hinge=-
morent characteristics that may occur at high Mach
numbers. Because the effects of Mach number appear to
be critically denendent on certain geometric properties
of wings and aillerons, a systematic investigation 1s
needed to establish the relative effects of the various
geonetric parameters on the hinge-moment characteristics
and to determine any configurations for which the Mach
number effects are a minimum.

Some knowledge of the boundarye-layer conditions on
the wing of an airplsne in flight is necessary in crder
that any reliable prediction of aileron hinge-moment
characteristics may be made either by means of viscous=-
flow theory or by means of wind-twmel data, For
present-day production airplanes, the assumption usually
can be made that the existing boundery~layer conditions é
correspond to a transition location near the wing leading
edge, whether or not the wing is designed for favorable
pressure gradients over a large part of the chord. .
Information is needed, however, on the veriations in
the boundary-layer conditions thet may possibly result
from improvements in manufacturing methods and in air-
foll design.

In view of the large variations in hinge-moment
characteristics that may result from menufacturing
irregularities, surface-covering distortion, Mach number
effects, or possible boundary-layer effects, the use
of nonadjustable aerodynamic bulances to provide
acceptable control forces on large airplanes or on high=
speed airplanes 1s not considered practiceal. Satisfactory
characteristics sometimes can be obtained by adjusting
the amount of leakage in an internal balance ar by
changing the linkage of a balancing tab. The wuse of
some type of booster mechanism probably will be necessary,
however, for most future high-performance airnlanes.

Some aerodynamlc balance is desirable, nevertheless, in
order to minimize the required capacity of the booster
mechanism and in order that some lateral control can be
obtalned in case of failure of the booster mechanism.
The spring tab has proved to he a satisfactory booster
mechani sm for many present-day airplanes. VWhen a spring
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tab is applied to very large airplanes, however, some
aerodynamic balance on the tab may be ncecessary.
Information is needed on the most efficient methods of
providing aerodynamic balance on tabs. A mechanical
booster mechanism, used in conjunction with irreversible
alleron motion, seems most desirable for airnlanes
designed to fly at spesds at which shock occurs on the
wing.

SPOILER DEVICES

A large amount of work has been done on the develop=-
ment of spoller-tyne lat ral=control devices for small

low=-speed alrplenUJ. Very little information is available,

however, on the éhardcteristics of spoilers at high
speeds. The high-speed data that are available indicate
that the effectiveness of a snoiler located near the wihg
trailing edge, like the effectiveness of a conventional
flap-type aileron, may be reduced considerably when
shock oecurs on the wing. Investigations should bs

made to determine whether improved spoliler effectiveness
and satisfactory lag characteristics can be obtained at
high speeds by locating the spoiler at some chordwise
10uat10n other than that established on the basis of
low=speed data. Information also is needed on spoiler
hinge moments at high speeds, on means of preventing
vibration or buffeting, and on the effects of variations
in alrfoil contour on spoiler characteristics,

LATERAL CONTROL WITH SWEPT WINGS

The possibility of ralsing the critical speeds of
wings by using large amounts of sweep 1ls indicated by
the results of a theoretical analysis presented in
reference 90. The theory indicates that at 1lift coef-
ficients near zero the critical Mach number of a wing
with sweep is gpproximately equal to ths critical Mach
number of the same wing without sweep divided by the
cosine of the angle of sweep. A few unpublished experi=-
ments have provided at least a qualitative verification
of the thesory. High angles of sweep are roquired % 4
the value of the cr*tical IlT”ht Mach number is to be
raised appreclably above 1.0.
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Although the use of large angles of SWeep may pro=
vide definite advantages at high speeds, certain important
problems associated with low=speed lateral-control
characteristics are indicated by the results of tests
reported in reference 91, Figure 72 shows that for a
glven defllection in a plane perpendicular to the aileron
hinge line, the rolling-moment coefficient caused LYy a
flap-type aileron decrecases rapidly with increased angle
of sweepback., The rolling-moment coefficient caused
by a snoiler located at 0.7c and projected a given
distance above a wing surface is affected by angle of
sweepback even more than the rolling-moment coefficient
caused by a flap-type alleron (fig. T72).

The indicated effsct of sweenback on the rolling=
moment coefficients (fig., 72) is not a direct indication
of the effect of sweepback on the helix angle pb/2V
because the valus of ©»nb/2V depends on the valus of
the damping coefficient Cy as well as on the value of

the rolling-moment coefficient, Results obtained from
tests in the Langley free-flight tunnel and in the
Langley stability tunnel show that the value of the
damping cogfficient CZD i1s reduced as the angle of

sweepback is increcased.”

A fundamental characteristic of swept-back wings is
that for a given angle of sweepback the effective
dihedral, indicated by the value of the paramcter Cky,

lncreases rapidly as the 1lift coefficient is increased.
The test data of figure 73 indicate that for a wing
having an angle of sweepback of 5% a rolling-moment
coefficient of approximately 0.0l must De provided by a
lateral=-control device in order to maintain lateral
trim at an angle of sideslip of 10° when the wing 1ift
coefficlient 1s 0.6. For the flap=-type ailerons con-
sidered in figure 72 a total aileron deflection of
about L0° must be used in order to supply the required
value of the rolling-moment coefficient. The deslgn of
& device capable of providing lateral trim and some
lateral maneuverability at high angles of sideslip
therefore may be very difficult.

The tests that have been made of wings having large
amounts of sweep have been conducted primarily for the
purpose of exploring the nature of the oroblems involved.
Few, 1f any, attempis have been made to develop lateral=
control devices specifically for swept wings, Because
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the problems associated with lateral control, particularly
at high 1ift coefficients, seem to be of a rather serious
nature, a large amount of development Work 1s required.
Satisfactory solutions of these problems may require that
lateral control with swept wings be obtained by devices

~that are considerably different in principal from either

the conventional flap-type ailerons or the spoiler devices
that are being used on present-day airplanes.

Langley Memorial Aeronautical Laboratory

National Advisory Committee for Aeronautics
Langley Field, Va., February 1., 1946
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APPENDIX

DEFINITIONS OF SYMBOLS

Definitions are given hereﬂn of most of the symbols
used in the present paper. S3wmmbols having a very restricted
usage in the present papsr are defined as they are
introduced. Although some experimental data on control
surfaces other than ailerons are used for illustrative
purposes anc for the development of correlations, aileron
symbols are employed in referring to exnerlmental data
regaraless aff the type of conurol surface involved. The

arious spans and the various chords that are referred to
in the following list of symbols are measured perpendicular
and parallel, respectively, to the plane of symme try of
the alrrlane. The various deflsctions are measured in
planes perpendicular to the hinge lines,

c, airfoll section 1ift coefficient

c11 additional 1ift coefficient at a section caused
by an angle-of-attack change over wing

Cp airfoll section normal-force coefficient

Cm airfoil section pitching-moment coefficient

Ch aileron section hinge-moment coefficient

a

Cr, wing 1ift coefficient

Cy rolling-moment coefficient

Cn ~ yawing-moment coefficient

: Ha

Ch hinze-moment coefficient of aileron

®
Ol
o

CD

Chs snoiler hinge-moment coefficient

Ol

Ht

Ch tab hlnme-momvnu coefficient -~
t qbtct
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3 Cs damping coefificient, that is, rate of change
¥ of rolling-mome nt coefficient C; with
wing-tip helix engle ©pb/2V
2 bressure coefficient
Pr resultant pressure coefficient
(PLower - I’Upper’)
mg seal moment ratio for internally balanced
aileron; ratio of Iglancwnb moment. of
flexible seal toc balanecing moment of thin-
rlate overhang
pb /2V helix angle of recll, radians
o) angular velocity in roll, radians/sec
fol span of wing, ft
v true airspeed, ft/sec unless otherwise noted
B indicated airspeed, mph
F control force (stick force with subseript s,
wheel force with subscript w), 1b
) Ha alileron hinge moment, ft-1lb
Hy tab hinge moment, ft-1b
Hq spoiler hinge moment, ft=-lb
q dynamic pressurs, 1b/sq ft (pve/2)
0 mass density of air, slugs/cu ft
G ratio of mass density of alir at gltitude to
mass density of alr at standard sea-level
conditions
. b span of aileron, ft
a i= 4
by span of balance, ft
bs Span of spoiler, ft
bt span of tab, £t
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Es root-mean-square of unper-surface width of
spoiler, It
d distance from spoiler hinge axis to midpoint
of upper-surface width of spoiler, ft
a root-mean-square of distance from spoiler
hinge axis to midpoint of upper-surface
width of spoiler, ft
t airfoill section thickness at aileron hinge
line, ft
® root-mean-square of airfoil section thickness
at aileron hinge line over span of alleron,
£t
A root-mean~-3guare of airfolil section thickness
at aileron hinge line over span of tab, ft
a angle of attack, deg unless otherwlse indicated
(Aa)n effective changze in angle of attack caused by
K rolling velocity, deg
L By deflection of aileron, deg.
Aﬁa total deflection of right and left ailerons,
deg
0. critical aileron deflection: that ia, deflecs
e tion at which plain~overhang or Frise
balance is no longer effective in reducing
slope of hinge-moment curve, deg
Oy deflection of tab, deg
6p deflection of 1ift flap, deg
O1n deflection of balance plate of internally
i balanced ailerons (pecsitive when attached
- aileron is deflected positively), deg
5bp . ., ~1imiting deflection of balance plate'when
. 1imit horizontal balance-chamber cover plates are

used, deg
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angular deflection of control (stick deflec-
tion with subscript s, wheel deflection
with subseript w), deg

angle of sideslip, deg
angle of yaw, deg

trailing-edge angle at any aileron section,
deg

effective ailleron trailing-edge angle, deg
distance from plane of symmetry to any span-
wise station, ft

distance from plane of symmetry to inboard end
of "ailepon; ft

distance from plane of symmetry to outboard

end of aileron, ft

distance from plane of symmetry to
end of tab, ft

nboard

o

distance from plsne of symmetry to outboard
end of tab, ft

chordwise location of minimum pressure point
for low-drag airfoils, measured in szirfoil
chords from leading edge

moment arm of point of application of control
force; that 1s, control stick length or
control wheel radius, ft

width of flexible seal of int

[=%
alleron, expressed as a fra
balance plate chord  cyn,

rnally balanced
etion of the

gap between leading edge of undeflected balance
plate and forward wall of balance chamber of
internally balanced aileron, expressed as a
fraction of the balance-plate chord T

aspect ratio (bH2/3)
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A wing taper ratio; ratio of wing-tip chord to
wing-root chord

M Mach number; also, with subscripts ‘0, A, B,
and so forth of figure 2/., area moment of
exposed~overhang-balarce profile about hinge

xlis

R Reyrolds number; also, with subscripts O, A,
B, and so forth of figuve 24, nose radius
of exposed-overhang bala

B, factor used in evaluating (Aa)p

B, factor used in evaluating (Ach )

Fi, Ty, Fz‘, F5’ Fh’ F5’ correlation factors

kl ratio between angular deflection of control
(stick or wheel) and aileron deflection with

spring tab fixed

k2 ratic between angular deflection of control
(stick or wheel) and spring-tab deflection
with sileron fixed

k5 ratio of control force to spring-~tab deflec~-
tion when aileron is held f*xed an¢ alr-
speed is zero, 1b/deg

Ke helix-angle reduction factor resulting from
wing twist

kB helix-angle recducticn factor resulting from
sideslip angle

kr helix-angle recduction factor resulting from
yvawing velocity

k helix-angle reduction factor resulting from

tab deflection




114

(o7

I

NACA TN No, 1245




NACA TN No, 1245

50n,,

o
?\J"U
-

Q
0%
Q
(o]
)

o
t
i (0%
t
2]

&
e7]
o
O

"

The subscripts outside the parentheses of the
partial derivatives indicate the factors held
during measurement of the derivatives.,
C value of C computed by means cf

Ro)1r hg ; '

a1y .
line theory

Chx) velue of Cp computed by means of

6/ 1L 6

line theory

GC~ ) lifting-surface~-thesory correction to
LS

1125

foregoing
constant

lifting-

lifting-

Gl

A . "
~% aileron effectiveness parameter; effective
AD change in ssection angle of attack per unit
change in alleron deflection
Aa . ; P
(—— aileron effectiveness parameter fgr a trailing-
88/, edge angle of approximately 10~ and for
Mach numbers approaching zero (values of
g, 18)
Ag alleron effectiveness parameter for a tralling-
40 P/ edge angle ¢ and for Mach numbers
approaching zero
Aa
("* glleron effectiveness parameter for Mach
88/ y=0 numhers anproaching zero
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Subscripts

gensral subscript t, for tabs, refer to linked tabs
and to spring tabs, respectively.,

NACA TN No. 1245 .

alleron effectiveness par amﬁte" for faiMaech

number M
7'6/L\6
helix-angle parameter

rolling-moment-loss parameter
wing torsional stiffness at station v, ft-1b/deg

radius of gyration about longitudinal axis;
fraction of wing span

lt and st when used in place of the
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TABLE I.,- INDEX TO DESIGN FIGURES

General:
Values of damplng coefficlent Clp D R R T
Values of helix-angle parameter ' o« « ¢ ¢« o s o« o o ¢ ¢ o o o
Values of angle-of-attack change in roll (Aa)p o alehelinine o
Values of rolling-moment-loss parameter ! ol 'a Teitelielie et Bl le
Variation of Vol/2 with aAA - 2 and with altitude . . . .

Values of 1lifting=-surface-theory correction @Cha> s erie s
LS

Plain gllerons:

Trailing-edge angles of various airfolls . « ¢« ¢ o ¢ o o o o o
Correlation of section hinge~moment parameters cp, and Chg

Effect of tralling-edge angle on Cha and Ch5 GG G
Effect of tralling-edge angle on Clg oo o g elis e ehte aite e e
Effect of alleron nose gap on Bly © ® o & s o s s & s ieie e
Values of effectiveness parameter AG/A0 « « o o o o o o o o o
Values of section pitching-moment parameter (dcm/éa)cL o e

Effect of trailing-edge angle on (bcm/écl)6 3 S 13 Ut ol
a

Allerons having exposed-overhang balances:

Expressions for nose-shape factor F,' for exposed-overhang balances

Values of factors F; and FZ 5 S O RO ROR A OB

Effect of exposed-overhang balances on Cha and th O

Variation of Eg/Ea with FlFa' for representative exposed-overhang

Effect of exposed-overhang balances on critical deflection bacr

Effect of exposed-overhang balances and gap on da/Ab s elle e

Ailerons having sealed-internal balances:
Values of seal-moment ratio mg o e e ee e e el e W eelte
Effect of sealed internal balances on cha and Ch6 e e teitts
Effect of vent location on PRa and PRG PRI T T R
Effect of cover-plate misalinement on Cp, and Ch6 s e s e

Effect of leakage on Chﬁ Aol 20/ 010, 16!, @kl &) 6! R e e binl el ey o e

Allerons having linked tabs:
Values of factors P3' Fh‘ and F5 el le s sl s als. s sl et el

Effect of linked tabs on Ch& @tk iphEen iy e o) e, Wi E erie el @ el

Spoiler devices:

Values of section pitching-moment parameter (écm/ba)cL » e 08
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TABLE III.- SUPPLEMENTARY INFORMATION REGARDING MODELS HAVING CONTROL SURFACES

WITH EXPOSED-OVERHANG BALANCES

Location of Alr=riow
control T
Syrjr-lbol Aspect| Taper| T surface characteristics
Piures Type of test Basic airfoil section Petio| patis| =8 Souses of Aaka
26 and 28 A A | [ ) X .
v/2 | v/2
Plaln-overhang balances
@) Two-dimens ional NACA 23012 © 0.20 0.20 [2.8 x 108 Reference 42, model B-I
A Two-dimensional |NACA 66(215)-216, a = 1,0 @ |ememme | (20 [~mcen | camaa 36 |5.1 Reference 42, model B-II
] Two=-dimensional NACA 0009 @® et T B 10 ) T .10 [1.43 Reference 43
figs. 5 to 45
~dimensionallfl  ° = | NAGA 0015 = | o> et moleciil loiiis Reference 43
> Two-dimensional NACA 0015 ® «30 .10 [1.43 figs. 59 ta 68
N Two-dimensional NACA 0015 (modified) ® |ee—as o30!f===ctieoi ol .10 |1.43 Reference 43,
figs. 69 to 75
Ref L
\v Two-dimensional NACA 66-009 o= % {0y e BT .10 |1.43 gigrs'?n;’e{ t2’102
Reference 4
N Two-dimensional NACA 66-009 (modified) o o oG e[S, .10 [1.43 s - 05
4 Semispan wing { ;gg?d@i“gggéég } 5.6 [0.60 | .155{0.579 |0.98L| .08 [1.51 Reference 42, model B-TII
A Root, NACA 65(223)-222, a= 1,0 )
> Quarter-span wing {Tip, Naca 65(216)-1415, a = 0.5 12 32 | .23 o641 [ J945] .11 [1.99 Reference 42, model B-IV
7 Complete model ;;’;E’N%iAhﬁ{gls T2 | Jli2 .%2 <500 | ,960| .11 | .80 Reference 42, model B-V
Frise balances
Q Two-dimensional NACA 23012 ® |- 0620 [mmmmm | wmmam 0.20 |2.8 Reference 42, model A-I
NACA conventional (approx. .
G Two-dimensional percent thick) @  |em—— 020 |=mmmm e «13 |1.91 Reference 42, model A-III
) Semispan wing NAGA 23012 Lo 1.0 .2010,63 [1.0 J11 |2.88 Reference 42, model A-VI
D Quarter-span wing {?;;thxéiAég?éfg?lﬁfsf":;3“50 12,0 | 32 |23 o641 ) 945 .11 |1,99 Reference 42, model A-IV
a Third-span wing NACA 66-series TeD L2 |.20( .509 «980| .11 |2.35 Reference 42, model A-V
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TABLE IV.- SUPPLEMENTARY INFORMATION REGARDING MODELS HAVING CONTROL SURFACES )
WITH SEALED INTERNAL BALANCES o
N osation of| atr-rion
ayr;z‘;ol Aspect |Taper | = surface characteristics
figures Type of test Basic alrfoll section ratio(ratio| _a- Source of data
L gu A P = b O
35y 5T, 28 c —_ M R
’ b/2 | b/2
o Two-d1mensional NACA 0009 o R G50 | mmwi amea=]0.10 |1.43 x 206 ngrggce 43, figs. 5
A Two-dimensional NACA 0015 ® |e-=a- 430 |==aa- cmeea| 10 143 Refgrggce 43, figs. 69
and
Two-dimensional | NACA 66(215)-216, a = 1,0 | @ |-==== BT pe— eeeea| 420 [2.8 Reference 42, model C-VII
O o ensio (215) , 8 . @® and unpublished
o Two-dimensional NACA 65,3-018 (modified) o0 mmmem | 182 [mmmes|aaaaa| ,20 2.8 Unpublished
N Two-dimensional FVACA 66(2x15)-216, a = 0.6 I e et B L L8 B P JAh L2 Reference 42, model C-I
A Two-dlmensional NAGA 66(215)-216, a = 0.6 ©  |ewmee] 320 |=ee=eleec-a] 33 9.5 Reference 42, model C-IX
74 Two-dimensional NACA 66(215)-216, a = 0.6 @ |mm—— Sl e «20 19.6 Reference 42, model C-V
N Two-dimensional [-- @ [e==-- 022 [===== B T Unpublished
< Third-span wing NACA 66-series 7.3 |0.42 | .20 |0.509(0.980| .11 [2.35 Reference 42, model C-XV
NACA 23015, .
> Semispan wing {5?;%,;&%?305?22 e }5.6 60 | .155( 579 .98 11 [2.05 Reference 42, model 0-X
Root, NACA 66(215)-1(165),a=1.0 i
a Complete model {Tip, NACA 67(115)-213, a=0.7 5. +60 | 25 | o5k | «953| <11 | .99 Reference 42, model C-XVI
= Root, NACA 65(223)-222, a=1.0 5 rerat] R I Al (B aias Ref' 42, model C-XIV
] Quarter-span wing {'I‘ip, MACh 65(216)-14,15’, a=0.5 12.0 3 3 6l 945 99 eference , mode
. = 175
Root, NACA 66,2-118, 8=1.0 .906
Q Semispan wing Tipf.'NACA 66(éx15)-i16, a=1.0}6'2 33 .h% 496 .377 1 29 Reference 42, model C-XI
Root, Clark YH (19 percant thick) ¥ r
) Quarter-span wing [{ny'c “tyorye vil (12.2 percent thick) 6.2 L9 | 218 | 54 | 93 05 |1.1 Reference 42, model C-XVII
Root, NAGA 23015.5 3 o a1 2. s
o Semispan wing { Tip, NACA 25008.52 5.6 60 08 |o 98l 1 |2.05 Reference 42, model C-XVIII :]Z>
o Semispan wing NACA 23012 4.0 [1.0 | .15 | .63 |1.00 | .05 |1.h4 Reference 42, model C-XIT g
©  [vertleal tall on | oy 64-sertes (modifted) | 2.1 | 7 | k2 [0 [1.00 | L10 |1.51 Reference 43, figs. 131 .
ag and 138 =3
D Yot asetege | | MACA 65-series (modified) | 2.17 |----- 035 |mmmmn e .21 (3.3 Unpublished Z
a SerSbRD horizantal yucu 45,-012 (modified) 5.00 | .50 | .32 [ .09 | .9h2| .21 [2.76 Unpublished g
.
. (V] Semispan wing Root, NACA 216 6.2 | W43 | .20 | JL430| .966 .21 (3.38 Unpublished . e
Tip, NACA LL12 o
N
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TABLE V.= SUPPLEMENTARY

INFORMATION REGARDING MODELS

HAVING CONTROL SURFACES WITH BALANCING TABS

Symbol Locattonlor Tooatlon
Aspect|Taper | COntro f tab ' = = G Overhang Alr-flow
fii:x-e Type of test Basic airfoil section thlo raléio surface it Sa’ S Bl 4 F. e balance characteristics
f 4 A YL | Yo | T Y. & T | gr ((deg)] 73 =% Source of data
1 S oS a a Control | . Sl R
v/2 | v/2 b, b surface v Type T .
a
o 6.0 (1.0 (04700(1.000(0 1.000/0.400(0.10p[0.095 [13.0 | 1,000 | Unsealed| sealea None 0.095 [0.11[0,61 x 106
a 0 1.000 200 1.000 None .095
v +250| .750 .500 ‘ Frise 350
& Comple te wing Clark Y o.500 1.;)88 None .095 Reference 60
o .
Q «250| .750 l L l l
) .600 0 1.000| .250| .100 1.000 v
a 5.6 | «52 | J26L| 97| o 2156 .200| .190| .160]15.0 | .216 | Sealed | Sealea Internal | .505{ .11{2J;
& i/ i l 15.0 | Unsealed Frise «400
s Third-span wing Root, NACA 66(215)-2(13.716) 31.0 v Sealed None +160 Reference 42
A Tip, NACA 66(215)-2(13,125) +900 300 150 .388 model E-VIT
A i 200 300 270 l l l
A 200 .500 270
Q ; = 6.2 | .33 | JL99| .B9k| o [1.000[ .149] .260 21951 9.0 | .950 | Sealed | Sealed | Internal | .688( .11[1.9
6,2-118, a=1.0 Reference 42
o |Semlspan wing {R°°t- Naca 66, 2s g } .89l .500] .162| .239| .200 399 563
5 Tip, NACA 66(2x15)-116, a=1.0 J 1 ) .930 ¥lit Siko| i220) Hesl 4 | 332 S | model E-VI
» 5.6 | <60 | .579( .98L |0 1.000| .155| .200| .110[11.7 [1.00 Sealed | Sealed None 2110| ,08[1,5
v % 0 £ 333 .12l 1.1 .333 .é;l; ,
b3 Root, NACA 23015.5 . 1.000 «0 10. 289 . Reference 42
P eettepan e {’I‘gp,t’NACA 250065.25 } 333 .667 130 11.7 | 335 -110 model E-V
4 0 1.000 2102 |10.9 | .625 .102
v 0 667 JAX7112.3 | 725 «117
o L.3 [p111p-] 4290] .793| © .858| .22 | .158| .122[12.8 | .962 | Unsealed| Sealea None 122} ,06{1,3
¢ IMird-span wing Root, NACA 2213 tie .858 2329 .122(12.8 | .962 122 Reference 42
& Tip, NACA 2205 J/ | l l l 433 l A78| 270131 | €21 l l l 127 l l model F-XI
b3 - 1433 W32 | J2713. | L6221 127
Q |Partial-span wing Te2 | «60 | J1L3]| .925 |0 346) .167| .376] .158[1h.5 | .345 [ nsealea Sealed [Blunt nose| .41 [ .3 (5,0 Unpublished
[} Semispan wing NACA L3012 746 |1.00 | Jy22| .892 .355| .6L5| .188 «25 | «130(14.5 | .291 | Unsealed| Sealed Prise #330 | .16[2,5 Unpublished
4 " iy s Root, NACA 0015 10.8 | .26 | J56L| .965| .011| .254( .121] .236 45 10.4 | L245 1 d t 1| .365| a2p|8.0
x| sentepen wing |(Rect, ok co1 Ji%id | 3 | 2% 3% conl g am| = A ol | 138 | Soeied | Sealed | macemmet | :253| 2BS:2 DT
a 3.0 | 6L 0 [1.000] o .686 .5gs «10 | .063| 7.0 [ .79L | Unsealed| Sealed None .ogi .08[1,2
» TaL ou tase NACA 0006 7 l l l l e :gg l l l J, l s l l Reference 60
G .5 Bk V| sy “05ls
“ Semispan 3.9 | 38 | 0k | .953| .150 342 J491| .20 | .095] 8.2 | .282 | Unsealea| Sealea Blunt nose| .260 | .11]2.0 Reference 143,
bl horizontal tail 3.9 | 58 | J0h | ,953| ,09L| .B92 .530 #35 | +095| 7.3 | .962 | Sealed | Sealed |Blunt nose «500 | ,11{2.0 £igs. 127 to 130
o Semispan tail NACA 16-series (modified) 2.9 | .39 |o 1.000) 343/ .554| .318| .30 | .152(14.1 | .225 | Sealed | Sealed None 152 | .08[2.3 Reference 51
; Horizontal tail 37 | 47 0 11.000| .195( «83L| .306| .20 | .093(11.6 | .83 | Sealed | Sealed |Blunt nose .gg} «11| o5 g &
mounted on NACA 000 . Reference
R fuselags 7 \l’ ¢ ‘L l ‘l/ l 'J! »L Jr ‘L l +50 l »l«
Semis Se Sealed t .280| .11|1.0 Unpublished
& horigénchneaa1 e 3.1 [1.00 |0 669 |0 .586| .310| .410| .125(16.1 | .585 aled aled |Blunt nose npublishe
@ |Tall-surface model NACA 0020 2,0 |1.00 |0 +300(0 1.00 | Lo | .200( .4L7[25.6 [1.00 Sealed | Sealed None «05]1.0 Unpublished
< horsz,‘,z’;{““u NACA 0009 3.0 |1.00 |0 1,00 | .193| .679( .300| .200| .093|11.6 | .486 | Sealed | Sealed | None 2093 [ J10[1.43 Reference 63
Bl Root, NaCA 2,16 L.6 | .50 [ +167] .950[0 242 20 | J25 | a7 |19s0 2 Sealed |Unsealed| Internal | .L10 | .21 3,38
5 [Partisl-spen wing | {700 Ja0h 213 RHEAEE XN | e B B e B Unsealed| Internal | .410 | J21[3.38 Upbihed
o Ve’:éﬁglrﬁgiéith NACA 65-series (modified) 2.17| .557| +238| .932|0 +533| 2350| .209| .120{14.0 | .570 | Sealed |Unsealed| Internsl | ,325 | .21(3.30 Unpublished
Semt
3 hoz-izzn:ﬁnmu NACA 657-012 (modified) 5.00{ ,50 | .O94| .943 |0 h13] .32 | .20 | .131[16.0 | .545 | Sealed |Unsealed| Internal W410 1 .2112.76 Unpublished
o Ve":tﬁgl r&:gagéth NACA 0009 2,400 .50 |0 1,000 .1L41| .340| .25 | 425 | .10 (19.0 | .253 | Unsealea|Unsealed [Blunt nose 2360 | Jyo[1.9 Unpublished

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

G¥2T 'ON N.IL VOVN

1€T



132 NACA TN No. 1245
Table VI.- SUPPLEMENTARY INFORMATION REGARDING THE FIGHTER-TYPE AIRPLANES FOR WHICH
ROLLING-PERFORMANCE CHARACTERISTICS ARE PRESENTED IN FIGURES 46 AND h?

Wing-aileron Type of Wing span Ty E_ E_a
Airplane arra:gement aﬁeron (ft) b/2 b/2 7
Focke- ‘
\?hilf : Frise 3L.5 0.57 0.43 0,20,
190 I
Typhoon % D Frise L1.58 595 35 | eem=-
Spitfire '
Yocomat| | Frise 36.92 195 375 165
wings) l
Spitfir ‘
(glippeg. | Frise 32.5 563 125 .165
wings) i
FYF-3 ’ l; Frise 38 .6875 275 .225
| Frise
1th
F6F-3 ! S;ring 42.83 .6l .30 .20
' tab
! Frise with
< aiad | D balance 3l .55 .376 75
s
P-%Ec-l- i [:::::;;;;;;) Frise Lo.78 i .08 .18
Japanese L I S e e | (IR S| IS R | B T S TN
“Zero | | ; Frise 39.33 .37 545
l Plain with
Mustang '
XP-51 | D b::;gx;ce 37.03 61 2555 187
| Internal
P-%lB-l- ! balanze 37.03 .61 +355 .187
A | and seal
! Internal
o kan balance 38.33 L2 .525 .15
’ and seal
! Beveled
P-LOF Frise 375 .5kl .368 .20
] and seal
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Fig. 11 NACA TN No. 1245
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Fig. 13 NACA TN No. 1245
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Fig. 15 ' NACA TN No. 1245
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Fig. 25 ~ NACA TN No. 1245
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Fig. 27 ' NACA TN No. 1245
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Liguire 27.— Charts for estimating the required lengihs or
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B,C, and D refer 7o the corresponding nose
shapes of Tfgure £4.
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Flgure 30.- Summary of results of flight tests of the original eilerons and various modified
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Fig. 31 ' NACA TN No. 1245
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Fig. 34 ' NACA TN No. 1245
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NACA TN No. 1245 Fig. 38
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NACA TN No. 1245 ‘ Fig. 43
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NACA TN No. 1245 Fig. 45
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Fig. 46 NACA TN No. 1245
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NACA TN No. 1245 Fig. 53
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Fig. 56 NACA TN No. 1245
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(a) Aileron in up position.

(b) Aileron in down position.

Figure 6l1.- Photographs showing distortion of upper surface of a production
P-40F aileron during flight at an indicated airspeed of 350 miles per
hour. Narrow lines indicate locations of every second rib; lower edges
of broad lines indicate centers of panels.
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NACA TN No. 1245 Fig. 62
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NACA TN No. 1245 Fig. 66
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Frojection of plug-type spoiler aileron, fracltion ¢
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Frgure 66 .- L/Tecls of /ift flaps on the charocteristics
of o plug-type spoiler alferon . fPeference 73,




Fig. 67 . NACA TN No. 1245
/o confo/ .sf/'c/v/
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(o) Servolab.

(b) Spring fab.
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Frqure 67 .- Arrangements of 1ab -type

a//eron Booslter preckHor/s 95 .
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Figs. 68,69
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Frgure 68.- Comparison of stick-force characrerisincs
of a prain diferors,an aikeron with a spring tab, and
an alleron with a servorab.
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Figure 69.- Effect of aerodynarric balance of tab
on stick-force characterisiics of alleron with
spring tab and of aileron with servol ab.
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W Original ailerons , right rolls
/ Original ailerons , left rolls
// / Spring -tab ailerons, right rolls
08 A7 Spring -tab ajlerons , left raolls
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Frgure 0. — Comparisons of rol/ling performarce of F 6F -3
alrplane with original ailerons and with spring -rob
ailerons . Stick force /imit , PO pounds . Unpublished data
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NACA TN No. 1245 Fig.. M1
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Aileron chord ratio, Co/€
Frgure 7/ .- Aileron configurations estimated % be capable of
producing a pby2V of 009 with 30 pounds stick force af 320 miles per hour
for airplane of Flgure 43. S,,2/2°; 8, 2/5°; 84, 215 °; ppfey s U5
Cst/Ca,085; Ospp , 14.8° . . :
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be ~0.5,500ler al 0.7¢ . Reference 9.

Angle of sweepback./\, deg
Flgure 72 .- £1Tect of amgle of sweepback on ralling-
moment coélficients produced by flap-type
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Angle of sweepback, A, aeg
Frgure 73 .-£fTect of amgle of sweepback on variation
of rolling-rmoment coefticient with angle
o yaw. Reference 9i.
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