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NACA ACR No. ILE13
FATIOVAL ADVISORY COMMITTTZZ FOR AERONATUTICS

ADVANCE CONFIDEITIAL RIPORT

AVALYSIS OF AVAITABLE DATA ON COYWTROL SURFACES
HAVING PLAIN-OVERHANC AND MISE BALANCES

By Paul E, Purser and Thomes £. Toll
SUHMMARY

The avallable data on control surfaces having plaine
overhang and Frise balances have been analyzed and some
empirical relations that will facilitate the prediction
of the characteristics of valanced control surfaces from
the ceometric constsnts havo heen detormined. The
analysis presented hae been limlted to the effects of
overhang, nose shapsa, gzap, and Mach number. Although
the relations given are not considercd sufficisntly re-
liabhle to allow satisfsactory predictlon of airplane
stick fovecs without the ald of wird-tunncl tests of a
scale meodrl, they ars congiderud applicamle to the pre-
liminary design of control-surfece balances and to modl-
fications of balancus alroady in use,

The effects of balance variletions in chanzing the
slope of the curve of ninge-momont coefficient plotted
againet control-surfece deflection and in changing the
1ift effectivences of ths control surfuce are correlated
for low }ach numbers by 3 balancz factor that accounts
for the length end shape of overhiang. Mo such fector
was obtained that would adejuatcly sccount for alil of
the variables aftceting the slop: of the curve of hingee
mousent coefficient plotted azalnst angle of attack nor
tho deflection range ovor whieh the talance is «ffective
in ruducing the slope of the hings-moment curve, The
effvcts of pap and Mach mumbor arc prusented for a fow
reprusentative models., Some reproeasntative preesure-
distribution dlagrams ure presented for controls with
plain-overhang and Frise balancesa.

INTRCDUCTION

The demands for more maneuveradility and smaller
control forces for high-speed combat aircraft and the
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2 NACA ACR No. LLE13

goeneral increase in the size auad sresd of all types of
airplene have rorulted in a considerable auount ot re-
scarch cn mcana for balancing control surfaces, The
results of & great part of the control-surface rescarch
have rocentliy boen collected in two papers: ons genar-
ally aprlicable to ailerons (reference 1), and the other
generally upplicable tou tall surlecas (ratforence 2).

The data conteincd in thoe %we conllecticns and in other
papsrs 3ra being analyzed, corr.leted, and sumnarized at
IMAT,, Thu resulie of these studnes are bailugp publlshed
geparntely ac they are coupletusd, Rufurenze 3 contains
inforuetioa op Interaally oalencdd controls, refercnce b
contains informution nn controls with beveled traillag
edzes ownd simllar conbtour woditficctions, znd roference S
containe data on horn-baluaewd ocmitrols.

The preosnt panse douls with conbrel surfaces
having plain-overhang und Filss balancec. The affects
of ovaerhang, rnose chape, gap, and kaclt numder have been
stvdled, The Trise balanco is conaidered only as &
specinl type of ovuruarg dbalspes, and certain charac-
terlstilcs zenerally wscsrcoclated oniy with Frice balances -
svch as the effects of bulrmee, vent mupe, 3lot shapes,
and the vartlical locaticna of the hinge axes - aave not
been coneidered. Fueh effscts wuy sonetlnes bhe ajprra-
clahle, but they csunot be nropgorly sveluated from tho
oxisting date,

SYMI0LS
“he coeffloients, psrametern, fantors, end asymbola

used in corrclating and presenting the Gata ere:

1irt coefticiont

L

cy geeatlon 1lift coefficient

cLl averupt 1ift coefflicient over control-surfacs

. span for afifoll vith lela sealed control
surface

cll section 141t coefficient fcr airfoll with plain
s¢alad coantrol sarfoco

Ch hinge-moment coefficlent

v e
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th

geotion hinge-moment coefficient
. Pp-P
pressure coefficient ( 3 °)

local static pressure

statlic pressurc in vndisturbed airstream

dynamic pressure of undisturved airstream (%pvé)
engle of attack, degrees

control-surface deflectior. relative to airfoil,
Qegrees

critical control-surfuce Jdeflection; that ia,
deflection at which plaln-overhang or Frise
balance is no longer effective in reducing
slope of hinge-moment curve (approximately
the dsflection at which uexiium 1ift is ob-
tained for s ;lven angle of attack)

airfoil chord

root-mean-sjuars: ajirfoll chord over spen of
control surface

contrel-surfece chord hacs nif hinge line

root-mean-square control-surfacs chord

balance chord, distance froa winge linc to
leading edge of plain-overhang or Frise
balance

reot-mean-square balance chord

contour balance chord, distance from hinge line
to peint of tangency of ™tlance leading-edge
arc and airfoil contowr

root-meun-square contour helance chord

thickness of airfoll nection at hinge line

rcot-mean-square of airfoil section thickness at
hinge line
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.bf spen of control surface

bb span of plein-overheny oF Frise balance

a espect ratlo

ratio of tip chord to root chord

N ¥ech number; with subscripts, ores moment of the

: balence prcfile abtout hinge axis

R Reynelds numbher; with subscripts, balance nose
radius

1 chord-wise locotinn of minimum-pressure point

for low-drag 2irfolls weasursd in alrfolil
chords frowm louding edze (oneetenth of second
digit in low-drup airfoil designation,
reference 6)
F1 overhany factor
Fa,Fz' nose~-shaps rfactors
Ky balance fretor (VIFZ')
Subseriote
0, A, B, 2, T, ¥, ™, , donote overhang-nose type {tabls I)

end
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. oz\
' lift-effectiveress parameter ]

k lift-efTact%vcness perauster for »lain sealsd
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Tre subeeripts nutsids tas perenrlecses indicate the
factors hield constant dwring measurement of the perameters,

ACy

rlaps

L

|

dey. |

c
Achc ?— increments of slopes of hinge-.momnent curves due

by | to overhang tyn: of balanec for test condi-
Ac ; tions using data for plain wnbalsanc:d control

h J c

surface with same gap condition £& a base
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AVATLADLE DATA

Theo deta used in tho summary were obtained from the
results of mcdsl tests presented in references T to
and alse from various unpublished test results. Some of
the more pertinent information regarding the geomctrlc
characteristics of thes models and the test conditions
are sumiarized in table II.

Altrough an appreciable amount of data from tests
of two-dimenslionel control surfaces and finite-span aileme
ons:. were avallable, the amcunt of data obtalned for
finite-span tall surfaces was not considered adequate
for © rellable correlation,

The valves of the slopes of tne hinge-moment curves
used in the analysis are the slopes for small control
deflectioms at an angle of attuck of 0°,

CORRELATION FOMHODS

The present paper 1s concerned with the generaliza-
tion of the effects of plain-overhang and Frise balences
in providing asrodynaiic ©walance for flap-type control
surfaces. Empirical factors and design charts were de~
sired In order that approximate relations could be es-
tablished bLetwcen the geometric constants of overhang
balances end the effects of cverheng balances on the
hinge-moment slopes, A preliminary study of the probien,
indlested that tlie slope inersments Ach6 and Acha

{or dcpg and bcha) due to the overhang were more

sultahle for correlation than the totul values of the
slopes.

The aerodynamic talancing efteci of an overhang
balunce is considersd to be a maxiawa when the contour
of the balance conforms to the contour of the airfoil
for the entire length of the overhanz., Rounding or ta-
pering the nose causes a reduction in the effect of the
balance. Tn the present analysis, the effects of over=-
hang length and nose shape vere evaluated independently
by means of various cross plots of the avallable data,
The effects of veriations in the nose shape were found
to dopend on the ovsrhang length; therofore, a measure
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of the net balancing effect of plain-overhang or Frise
balances was obtained as & product rather than as a dif-
rerenca of two empirical factorz. The two factors

are Fq, which 1s related to the length of overhang,

and F;', which is related to the sectional shape of
the balance nose. Thus

Kl = FlFa'

= \@ - N2} o
P, = XY )| 2
cr O by
L _
and ths expressicn for Fo! 1s siven in table I for

various general types of nose shape. As may be geen
from table T, the expression for Fo! 18, In general,
the prcduct of an area-moment ratio and a basic nose-
shape factor that specifies the relative location of the
polnt ¢f tangency of a circular-arc nose end the alirfoll
contcur. “his hasle nose-shape factor P, 1is defined

as
...'2

where

Fa=1--\ - =

It should be noted that for any overhang having a

nose formed by circular arcs (nose types 0, A, B, D, and

G of tahle TI)

Fa! = P,

and therefore
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If the rose shape is elliptical (type C, table I)
or sharp (type E or F, table I) the factor Fp!' is ob-
tained by mwltiplying a nominal value of Fa by an area-
moment factor. For an ellintical nose (type G) the
nouinal value of ¥ 18 the valus that would be outained
for a flap having the some overhung as the given flap but
with a nose shapc of typs B. The appropriate arsa-ioment
factor is glven in table I whers Mg, Yp, and Mg 8are
the arcs mowpents sbout the hinge mxls of tihe balance pro-
files having nose types denotad by the subsecript letters.
A similar methed i3 used for tne charp-nose balances (E
and 7). In these cases, the nominal value of ¥, 1is

obtained for a circular-arc ncso (type D) having a
radina Rp such that the arc bscoucs tangent to the sir-

foll contouwr at a pecint dofined by th: intcrasection of
the airfoll contour and &n extension of ths straight line
formingz the forward portion of the balance nose., The eox-
ponents of the arem-moment factors wsre detormined em-
piricsally.

Craphicel solutions of the expreasions for the over-
Lang factor F3 {for overhanzs reving spans equal to
the control-surface span) and tue basic nose-ghape
factor T, sare presented in flgure 1, The valus of i
for zalencos whicl: do not e:xtend over the entire span of
the contrel surface (as for conveniional rudders) is ob-
talnzd by multiplying the value o1 §; obtained irom

flguecs 1 by the ruatlo of balance sian tc control-surface
span. The use of this figure suould allow 2 rapild deter-
minaticn of Py ond Fp, provided the geomstric con-
stants Ty, &', t, and Ty ar: known.

Ta2 analysls of the availahlc duta on control sur-
facss with beveled trailing odges (refursnce 4) indi-.
catad that the erfects of plan for:z of the wing or tail
aurface conuld be accounted for rzasonably well by as-
suming that hoth the lift-curve slops und the increments
of hinge-moment slopes due to asrcdynanlc balance are
affected by plan-form chenges in the same menner. Thesame
assunpltion has been made in the present correlation of
the varietion of hinpge mcments with control deflection.

In the origiral reports of the partial-span model
tests (models X, ‘XTITT, &nd % of table II) plan-form
corrections were not applied to the hinge-moment Auta

S E,
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but were applied to the other aerodynamic characteristics.
The 1ift characteristics used for these three models in
this correlation ere those corresponding to the actual
portion of the model tested and are not the same as pre-
viously presented 1ift characteristics,

RESULTS

Hinge-Moment Paremeters

The effects of overhang balances on-the variation
of hinpe-moment coefficient with control deflection are
shown in figure 2 as curves of AC or A

& hd/cLla ®hg/Cl1,

plotted against the balance factor Kj3. The parame-
ter cLl 1s the average value of the lift-curve slope
a

over the span of ths control surface and is generslly
- .somewhat dlfferent from the lift-curve slope of the
entire wing, A method of estimating the value of cLl

«
‘for ailerons on wings of various plan forms is given in
refersnce i, For conventional tail-surfaces, cLl

a
generally may be assumed equal to the lift-curve slope
of the entire surface, As shown by figure 2, the varia-.
tion of the parameter 4Gy, . with K, for finite-
Ly 1
a

span allerons waa the same ar the variation -of A°h5/°ll
a

with K; for two-dimensional flaps. The relation was

somevhat different, however, for finite-span tail surfaces
from that for finite-span allerons or two~-dimensional
flaps. MNo attempt has been made to account for the dif-
ferance, but the assumption that hinge-moment slcie
increments and the lift-curve slope vary in the same
manner with plan form is probably not valid for the very
low aspect ratios normally used for tail surfaces. The
relation indicated for finite-span tail surfaces is based
on test results of relatively few models and cannot
therefore bve considered as relimble as the relation shown
for finite-span allerons and two-dimensional flaps.

s iy ——
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Values of Acha/bLl and Ach, fo1, (for negative
a : a

deflections only) for ailerons and flaps having Frise
belances had essentially the same relation to the balance
factor FK; as did the values for allerons and flaps
having plain-overhang balances. The Irise data are pro-
sented in a separate plot, however, in order to show the
1imits of ¥j; covered by the availatle date,

Pirst-approximation velucs of Typ/€f required for
given valuee cf ¥; moy bo ontained for nose shapes of

Jypes 4, 1, or D from figure 3. This figure was derived

from tne ordinates of MACA conventional eirfolls as given
in reference 25, ard values of T/Cp obtalned from this

figure may be accepted wms the final values for any air-
foll of the D4CA conventional four-disdt or five-digit
serizs. TFor other airtoils, figure Z should be used only

for determining first-approximation values oi Ty /Te. By

use of flgure 1 and one or two wdditionsl approximations
the final valves may he odtained,

Mo factor wus obtsined that would adequately sccount
for all the variables vhich «ffect the variation of
hinge-mcment coerficient with anglo of attack, 'The va-
riations of Acha and bcha with the nverhung rac-

tor 7y ere prescnted In figure . for repreaentative

models having varicus nose shapas and open or sezled
gaps, AS mey br meen frem fipues b Achu or AchG in=-

ereasza with ovarhan:, but the increasse 18 less rapid for
medium noses (typu ) cr shorp aoses {cmpes I') than for
blunt nesce (typs R). The elffzcet ¢f nose shape is much
greetsr when the pfap s open than when the zap ls sealed
and seallng the ,;ap renerally risults in a decrszse in
Achc or Acha for a glven balance. [ittle ceonsistency

in tue peagnitude of the decreess cen du noted from
figurs I,
Dsrlection Raryge

Attempts to correlate 8,,, the deflection at which

the overhang losca its baluncing effect, with tie balance
factor ¥y sgave umsatisfactory recults. A sormewhat

.
- i 8 S
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¥ '\/F—'
better ccrrslation wag obtained with the function ( 3
-1
in vhie the fector 1 = lz serves to accommt for the
lowver values of Oop OWtalned for low-drag airfoils,
The szatter of potnts In fi~rure 5, which sverants the
correlation of &,, for a = 09 48 prohailv stlld too

grezt to Justifv uﬂe of the pgivan relation *n originel
design werk., The givan relaticn, noewever, shonld allow
sa*lstdvtory estinutes of ths chanre iu &, that rmight

be expscted Lo accompaar mlanr molificationrs to the over-
heng or rose shape of valeancas alreedy in use.

Tift Lifsctiveness

3averal Investigations have indicated that tue 1ift
effecctivencas of & fluc L& & 1uncbion of ths ove*haag
balance and tha gpap. Reasouanly consistent verioations
of the nrisctivensse ratio L/, with the balance fac-

tor Iy were obtained end ars prrsented in rigure 6 for

sayeral difforent mups. The “est values plolted are
prineipally '~ 30-perceat-chord flasus (oyly & tew points
for 2u«pc~csnf-cho"u flups ware uvailihle) but the rela-
tlions shown in flaure £ are bHallsved to aprly reasonably
well witidn the 1limits of cno»d ratios =wer-allir used for
controal svriaces, ™he effectiveasss pazrarster ¥k for a
Plap baving a glven can &nd halanss factor %y may te
determinéd Ly multiplyinzs the valus of k/kG obtained
from fignre & by the effuvctivenuss purndeter k, for a
plalin ssaled flep naving tha sure cheord retio cf/b.

That the cffer*ivoness param2isr Y increezoc vwith the
balence facter Iy and that the rate of lrercase is

graator for the laryer zaps may »e sfen from firure b,
If the four curves OF P!fure % hed heen plettad from the

gauc bHage, tuny would intersoaet rnoer Wy = 1.05

vinsre %y = 2,05, Thus, for ¥, valuss ;rsater then
0,0%, opuring = gap w111 nererally incrause k, and

for Kl valuas l-aeq then 0.0%5, opening & zsp will gen-
erally decrease k. Althcugh the Lift efieztiveness
Inersases ad the awnouwnt of balencs increases, the une
stallsd detlection range deccenssz (fiz. 5). <he wmaximum
inceceent ot lift of = n*whly valancsd contrcl surface

1s senerally souewhat less than the neximuor increment of
1ift of the corresponding undulanced contrel suwrfacc.
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Effect of Gap

The effect of gap on the sectlon hinge-moment pa-
rameters and on the critical deflection 1is pglven for a
few rapresentutive two-dimension:l models in figure 7.
For the conventional airfoils for which results are shown
there was a tendency for the values of cha end chb

to become less negntive as the pap vas inereascd. Tor
the low-drurs airfoll f(modal T17), however, the velues
of Chq and Chg becam:2 acre nepative as the zap was

increaced. The varlations notzd for the varlous airfolls
are in agreement with the statemernt in relcrence I taat
opening a gap increases the tandency of larger tralling-
ears angles to meke the hinge-morment perameters more
positive,

The magnitude of the critisul deflection decreased
with gap for the twvo wmodels shown in tigurs 7. The rate
of decrease of {,, was greater for the lew-drag alr-
foll (model TT) than for the conventionel airfoll
(model I).

Rftact of Mach Number and Reynolds Number

Tre offect of e simultaneous inercesse in Mach number
and RNeynolds number on the hings-rmoment paramneters, the
lift-effectiveiess paraneter, and thoe critical deflection
1s shown for three ropresentative nodels in figure 8.

The deta are toc scereé 2nd ths varistions tco irregular
to Jnstily any pencralizations except with regard to the
critiesl teflectilion, which decreased ag the Mach number
inereused for 2ll three cases., The variation of &,mn
with ¥ wezs Sliphtly greeter Tor flaps »ith seszled gaps
thaa for flaps with cpon aps,

e tendency for chu and °h5 to hecome less

negatlve st ths higher %ach nuwabers as noted for scme

alrfoils is important btecause it may lcad to control-

force ovarbalance at high spzed. The avallavle data are

too neager, howsver, to warrant rating the various air- v
tolls and types of overhang on this huasis.

e e e AL
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Pressure Distributions

Data on the pressure distributions over control
surfaces with plain-overhang and Frise balances are rela-
tively scarce but a few sample diegrams from references 1,
19, and 26 are presented in figurcs 9 to 13, Additional S -
data may be obtained from references 27 and 28, :

The =ffects of nose radius, gap, and control-surface
deflention on the pressures over control surfaces with
plain-overhang balances 1s shown for a two-dimensional
model in figure 9 and for a finite-span model in
figure 10, Within the unstalled range, decreasing the
nose radil had little effect on the pressures back of
the hinge but increased the pcak pressure at the pro- ‘
truding nose of the balance. Control surfaces with very
small nose radil stalled at relatively low deflections,

i Sealing the gap decreased the poaitive pressures on the , j :

i upper surface of the balance for negative deflections : .

but had a negligible effect on the preszures over other I .g ot

portions of the control surface, et

: 1
* The effect of Mach number on the pressure distribu- oo .

tion over a control surface with plain-overhang balance ‘
is shown in figurc 11 for control-surface deflections

of 109V, The increase in peak negetive pressure, which
usually accompranics an incerease in Mach number, is not
evident in figure 11. Evidently the adverse pressure
gradient back of the balance nose was so great that the
control surface stalled at some intermediate Mach number,
Pressure surveys over the lower surface at the nose and
the upper surfacc at the hinge line of a Frise alleron
on a semispan model of a low-drag wing are shown in
figure 12,

-

The effects of nose radius, vent gap, and modifica-
tions to the slot-entry shape are chown in figure 13 for
a control surface with a Frige balance,+ Decreasing the _ :
nose radiug with this control had effects similar to -
those noted previously for the plain-overhang control;
that 1s, the peak negative pressures were increased for
every case except for the smallest nose radius, with
vhiech the nose was stalled at the deflection for which .
the diagram is shown, Increasing the vent gap or
rounding the slot entry slightly reduced the negative
pressures over the balance nose for negative deflections
and the positive pressures over the balance nose for
positive deflections, Rounding the slot entry and
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inereasing the vent gap increased the flow veloeity
througr the slot, s is esvidenced ty the morc nogative
pressures over the upper surfacaes of the balance and of
the control at positive deflections.

OPTIMUM EALANCE ARRANGEIENTS

Many factors must-bte considered in selecting the
optinum overhang-balance arrangecment for a given control
surfuce, The following is o brief diacuasion of some of
these factors. :

A given value of Ach5 may te obtained by many va-

riations of halance length and nose shape ranging from
rather shert and blunt balances to longer balances with
sharp noses, Aalthough the peomstric characteristics may
be adjusted over quite a wide ranre for any given value
of Achc, othar werodynamic characteristics will not

remain constant and, conssquently, muast be considered.

The Tact that 6op Varlss approximately as Fp'"\/F,,
vheroas Ach6 varies es I"p'Py,. 1indicates that a long

overhang and a wnderate nose rshane of type B, C, cr D 1s
more satlsfactory than & short overnang and & blunt-nose
shape of type A. .

A factor that 1s prohably ynite closely related
to 8., 1is the magnitude of the peak pressures over the

balance nose. If Ach6 is assumed to remalin the same,

a short blunt-nose balunce produces uigher peak pressures
than a long halance with a moderate nose shape. The high
peak pressure associated with the very bluni nose shape
increages the possibillity that the control surface may
become ovarbalanced at high Vach numburs and probably in-
craases the rate at which Nach number i1 educes tiie value
of 5.,.. The high peak pressurcs incrcaca the possi-

bility that supercritical loeal velocities will be
reached over the noss of the balance. Although little
definite information is at preseni availsble concerning
the effects of sheck waves that oceur over only a rela-
tively short chordwise portion of the airfoll, such
effects are probably not benefinial,

P
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‘The case with which static balance way be owtalned
1s importent, sspecially for larso airplenes. The long
overhaungs nermit statis balance to be obhtained hy the
adéditlon of & minimum of otherwise nonusefal weight.

Qther consideratiors iwmposne lirnitatlions on the mnst .
desirable length of overhang. A long overhang reduires . w
8 largu pars of the fixed structwe of the wing or tall
surface to te cut away tc wllow for I'ree moivement of the
balance. Tie large Hreake in the &irfoll surface that
resvlt from ths use of redium or rharp ncse shupes
probably increase the drag,

Tocs ahrpes of types ¢, D, 4, or M ara likely to
glve overbvalansze at high deflectlons if designed for
8l1lght underbalance at low deflactions Lecause a large
pertion of the baleneing action o.' the overherng type of
balance is nroduced by the ncgublive prassure devolcped
at the portion ol the nose that nrotrudes above or below
the airfoll contowr. PFor nose tmes £ and D the negative
pressure peak moves forwerd and lnereasés lu mugnitude
as the deflection is increased, therenr resultins in an
effective Increase in balance. Mrom these consideratbions .
1t might “e mentior.sd that a shaps of tvpe D coan Le GxR- (o
pected to he more satinimetory thwin a zhape nt typae 3, '
nnless the reflastion lirlss allaw tha most Torwara polnt
of the ncse o orotrude outside the airfoll contour.

All the pointed nore shepes (tynun D, 2, and F) show a

greatly incressed talancin- cffz2at vhen the ncse pro-

trudes above or Lelow the airfcil contour. Tt appcars

. that such a condition should be aveided by the uso of
steps unless the control deflection regulrsd would be
beyond the eritiez) value and it 45 desired to uss the
control in this condition. fontprol suriaces with Plunt- .
nose overhangs {types A and B) have alio shovm scme . v i
tendency toward incrsascd balance st higrh deflections ;
(refersrces 7 and 19) buk the arfeet la not oe great as
for the medien~ and sharp-nosc shrpss just dlscussed.

sl

R

An pointed out in a previcus section the pa- : -
rameter Acha 18 relatively Indeuendent of nuse shape

for sealed halances and fsppecrs ho dencna principally on : ' Ll
the balanco chord. Tae cheilce of the best conbination _
. of noze shape and overharz for 2 gslven Ach6 wmay there- S '

fore Ye influenced hy the valus of Achﬁ ontulned, the

decrac of Influence depending on the specific mpoliration. '"5 ;“'-;f
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The choice of an open or & sealed gap for use with
the ovzrhang will be influsnced by the fact that ncse
shape hes more effect on cha with tho gap open than

with the gap sealed., For dalances having values of X

greater than about 0.05 the use of an open zep generally
ineroases the lift-effuctiveness parameter Lk of the
control suv.rlace, Part of ths gain in ¥, hovevir, 1s
obtaincéd at the zxnpense of a loss in cza. The lossa

in o, generelly i3 not harmful if the control surface

153 &n allcron but uffects the alrplane stability ade
versely if the control surface 1= » rudder or an
elevator,

The possibility of any buffeting tendency should
not Y8 overlooked in the dAssign of & bilaneed coantrol
surface. ¥light tests aa well as wind-tunnel tests have
revealed such tandencics for Frise allerons &2 pointed
out in refarence 1, The buffetin~ anpesrs to occur in
the region of the negative deflections at which the air
flow saparates from the protrudins noss; that is, zt de-
flections near the critical /alues glven for zero angle
of attack in flgure 5, #n incrcase in angle of attacl:
usually delave huffeting for ™rise allerons, Buffeting
may 8l3o be delayed by any madificatior that tendy to
delay separation; that ls, by inercasing the nose radius,
reducing the overhans, raising tho noss, buleing the
lower swurface of the alleron, or providing the nose with
& 5lot cr a slat. Vith the poesiLle =xneptlion of the
addition of a slot or slat, all thesz moasurzs tend to
reduc: the sorodynamic nelance for small daflactions.

Some butfeting was noted during tests of two models
havins plain-overheng halances. +he nscillations were
not so zeverec, however, as tuose notéed for Frlse balances,
Because this type of halance wey mrotrude into the air
stream clther esbove or below thz airfoil surface, the
deflection st which buffeting ray occur would by expected
to bs less for elther positive or negative angles of
attaclt than for zero anglc of attack,

Prom the foregoing discussion it miy be concluded
thut the final selection of a control-curface nose shaps
must ha & ecompromise depending on the relative importance
of the various factors considered.

3
)
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In the case of ailerons, the selection of overhang
and nose shape may be made principally from a considera-
tion of the value of Chy required. The effect of OCp

on the stick forces during a roll must be consldered 1n
the choice of chb' but the adjustment of the noes shape

or overhang of alleronsz to obtaln & desired value of cha

is not recommended. A no3e shape similar to type B
seems the most promising of thosec tested; therefore, for
original design work, it should generally bLe necessary to
determine only the overhang for a nose shape of type B
required to give a value of chb alrsady decided upon.

The value of ch6 actuslly obtalned may be adjusted

later within a limited ranre by meking minor modifica-
tions to the nose shape without changing the length of
overhang., The effect of nose shape on the peak pressures,
the critical deflection, and the variatlion of cha with

deflection, however, must Le given concideration.

The hinge-moment parameters Chg end Cp, are of

almost equal importance for tall eurfaces, and the selec-
tion of the overhang and nose shape therefore depends on
obtaining desirable values for sach of these parameters.
As has elrendy been pointed out, the nose shape has
1ittle effect on cha provided the gap 1s sealed, The

overhang may consequently be selscted to obtain the de-

sired value of cha and the noce shape may then be
selected to obtain the desired value of cho, due consid-

eration being taken of the e«ffect of nose shape on the
peak pressure, on the critical deflection, and on the
variation of ch5 with deflectlion. If the desired value

of °ha cannot be obtained by selectlon of only the nose

shape, some adjustment of the overhang may be necessary,
and compromise values of cho and cha will thereby be

obtained,

A 4

. *
[ )
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COMPARISON QF RYSTLTS “WITH THEORY

The faired curve of figure 2(b) and the theoreticeal

values of op, for plain sealsd flapa derived by Glaucrt st
b and presented in refercnces 29 and 30 were used in com- .
S puting the hinge moments of flaps with rlain sealsd over-

hengs on an infinitely thin eirfoil, for which ¥, .

reduces to (Ch/Uf)zn The wvalues thus computed were then

. compared with theoretically derived values presented in

: figure 5 of reference 31. The deta of reference 3] are
S presented for values oi thz ovar-all control-surluce

T “ chord ({cp + cp) egual to 0.25c and 0,50c with various

hinge locations for several values cf a parameter \.

In reference 31, A is an effective reduction in halance

chord and is the distance over which the concent:ated

T source~-zink representing tnn stecp Yrealk at the balence
noss is spread in order to plcturs thi local I'low and at

.« the same time retain physical reulity. Accordiag to ref-
erence 31, N 1is probably greatur than 5 percent and

_ less than l;0 percent of the balance chord for airfoils

* . - of finite thickness. ™he valuss for on infinitely thin

airfoil would bs vxpected to fall near the lowor limit
of the surgested range of A, This premise 1z borne out _ s
by a2 comparison of the theorctical curves sand the experle

. mental data extrapolated to zero thickness in the manner . . ‘
noted, The experimental data forms a curve locnted at n |
& A = 0.0% to 0.05 for both values of over-all control

surface chord, .

DESIGN PROCEDURE

~ The results of the present analysia are considered
applicable to the original design of control-surface
balances and cf balance medifications for control sur-
faces already in use. The procsdure recommended for an
original design will be illustrated in detail by an

example s _j
K Let 1t be required to estimate the length of plain IR
overhang for a nose shape of type B to give a final M I

value of cha of -0.0010 for a 0.20c aileron on an

NACA 27012 airfoil. The aorodynamic characteristics S
needed in the design are: (1) the slope Cp, of the Do
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plain uvnbalanced aileron having the same gap condition
as the proposed balanced aileron, and (2) the average
slope of the lift curve over the alleroun portion of the

wing CL].
a

Aecause only the increments of slopes due to ths
halance &re considered in the prezent correlation of
hinge-moment characteristics, the a»ility to obtuin a
desired value of cho for the bmlanced control swrface

15 2ritically depondent upon the aceuracy oi' the value
of cha used a8 a baxc, The valuve of thiz basc may be

estimated from comparable finite.gvan deta or rcalculated
from sectlon data, but the flnel valus of Cng chtained

for the halanced ailsron cannot be expected to be more
accurate than the value used for the bage. The slone of
the 1ift curve of the entlire surface CLa will nsuvally

be known from experimental data. e &average slope over

the span of the aileron CLl may bto estizeted with suf-
@

ficiont accuracy by the method of refercnce li.

It is asswied that the folloving resulte were ob-
tained:

Gha {for niain unbulancad slleron) = -0.0070

cI' = 0 . 080
1q
The increment of hinge-moment slope requircd of the
plain-overhang balance 1s

ACpg = -0.0010 ={=0.0070) = 0.0060

and therafore

ACh
8 _ 0.0060
= = 0.075
0 .
cLla 030

For finite-span ailerons ths balance

is equal
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(fig. 2); thus,

Ky = 0.075

Tre raequired overhang for & noss shape of type B
may now be determined approximatsly from figure Z{a), bY

_use of the value of Xj just deternined en

%52 = 0,131 from the lnown eirfnil ordinates at the

aileron hinge line. Thersfore,

Y
b
= = 0.397
f

The accuracy of this value may he checkad by drawing the
aileron nose to the proper ordinates (bzlance 1 of

fig, 1i) from which the contour-balance chord may be ob-
tained graphically. Por constanb-percentege-chord
ailerons, the result 1s

-C- ]
2 = 0.221

Op
-

Now, from figure 1, Fq = 0.141, Fp = 0.521, and there-
fore ¥y = 0.07l, which is eufficiently close to the

value required. Ahs has already bheen gnown, the value

of ©y/Tp obtained from figure 3 may ve accepted as the
final velue for nose shapes of typs A, B, or D for any
airfoll of the YACA conventional four-dlglt or five-dlglt
series and, therefore, the cheel: just performed was not
necessary in this instance. If an airfoil sectlon
having a different thickness distribution had »een used,
or if it had been desired to use & nose shape ether than
type A, B, or D, figure 2 wonld still have boen used, but
only to obtain a preliminary estimate of Eh/if.

e et om0
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The prncedure to be us2d In connection with pronosed
modifications to plain-overhang belances is similar to
that just outlinud for an criginel deslgn «xesnt that
the value of Gha of the original balanced control zura

face may be used as the base. If only & certain Inerc-
ment Acha- i1s desired, no base veluc is necessery.

In order to illustrate the chaen-& in overhang thsat
would ncrmally be reguired to give the same awount of
asrodynamic balance r'or small derlecticns when the nose
radiyr gre varled, two additional nose shapes nhave heen
derived and are presented in figure 1li(a). Balance 2
has one and cne-hal? times the nase radius of balance 1
and belance %2 has one half the ncee radlius of balance 1,
The peomatric constants of the tiwrze valances ars tabue-
lated in figure 1L (3).

The variation of chb that mnay ve expected to

accompanry moderste changeo Iin the noss radlus with a
fixed ovorhang is indiceted in figurc 1l (b). The esti-
mated values of Ch& rangs fron -0,0022 to 00,0002,

The recormended procedure for the design or modifi-
cation of control surifaces with Frise talunces is similar
to that Just outlined for plaln-overhang halences except
that the increment Acha applies only to the nagative

deflectlion range., 'The slope ch&
tions groster than ahout 8° may be considered to be unaf-
fected by overhang or nosz shape, The complete hinge-
monent curve can bs apnroxiuveted vith a felr degree of
Qccuracy at low angles of attack by fairlng a curve
betwaen the balanced nepgative nortion (tan~ent st

&p = -2°) and the unbalanced positive pertion (tangent

at 6p = 8°), The cxact locatlor of thc curve with rc-

speat to the axvs s dependent on & numher of factors,
however, ineluding the shapc of the anirfoll ssction. A
pradiction of the characteristics of a control surface
with a Frise balance, therefore, cunnot be expected to
be as nccurate es a prediction for a control surface
with a nlain-overhang balance, It is believed, however,
that the eifsct of minor modificutions to uitiier plaine
ovarhang or Frise balences can he predicted with falr
accwreacy by the method outlined,

for rogitive deflec-
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CONCLUSIONS
s The results of the preceding correlation and snaly- e
' sis indicate the following penerul conclusions regarding . :
-L control surfaces having rlain-overhang or Frisge balences:
>

: : 1. T™he elfecets of valencz veriuticns in changlng

£ the alcpe orf the curve of hings-iovoah cozffleioent

S , plotted agoinst control-surface deflection and in

S crhanging the 1lift efiectivsness of thy conirol surface
o could be correlated for varicus models at iow Yach nui-

bers by the use of a balance facteor that acceunted for

the size snd shape of the overhung.

. \ 2. Wo correlation fartor was ohteinsed that would
i ' adejnuately account for all the varishles which affast
3 the slepe of the curve cf ‘unpe-moment cosfficient

plotted against angle of abtaeck or which affect the de-
. flaeeion rangs over uwalch the balsnce is aftective in
w reducing the slops of the Lilngo-roasnt curva,

3. The prescnce of & small san wt the nosz: of a
plain-cverhang belanced flap and of the corresponding
unbalsnced flep does not appreciakly alter the differ-
ences In the slopes of tne curvis of Nlinse moment
pPlotted agzinat cuatrol dzflecticn,

h. The shape of the brlanze nose varied the effeoct
of a yap at the control loadiny edee on tae slope of the
curve of hinge moment plotted rguinst engle of attack
for plain-overhang valances.

5« ™he prasence of a ;ep at the control leadlng
edge consistently inerecsed the effect of overhang In
Incroasing the control lift-effuciivencss purameter.
™ith the open gap the inereasge in the lift-effectlveness
parameter with increase In cverhans was ceunsd by an in-
creane Su the slope of thoe curve of 1ift plotted against
. control-surface deflection arnd » decretse in the slone
. of the curve of 1ift vplotted asainst sugle of attack,
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6. The data were too meager to justify any definite
generalizations concerning the effeets of Mach number on
plain-overhang and Frise balancess except that increasecs
in Mach number consistently decrecassd the deflection
range over which the balance was effcctive in roducing
the slope of the hinge-moment curve.

Lanzley Memorial Asronautical Laboratoery,
Rational advisory Committee for fteronautics,
Lengley Pleld, va.,
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TABLE I.- VARIOUS NOSE SHAPES CONSIDERED IN
CORRELATION OF PLAIN-OVERHANG AND FRISE BALANCES
AND CORRESPONDING EXPRESSIONS FOR NOSE-SHAFE FACTOR.
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