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NATIONAL ADVISORY COMMITTTRE FOR AERONAUTICS

ADVANCE CONFIDENTILL RIZPORT

ANALYSIS OF AVATLABLE DATA ON CONTROL SURFACES
HAVING PLAIN-QVERIANG AND FRISE BALANCES

By Paul E. Purser and
SUMMARY

The avallable data on control surfaces having plein-
overhang and Frise balances have been analyzed and some
empirical relations thaet will facilitate the prediction
of the characteristics of valanced control surfaces from
the geometric constants have been determined. The
analysis presented has been limlted to the effects of
overhang, ncse shaps, gap, and Mach mumber. Although
the relations given are not considered sufficisntly re-
liable to allow satisfactory prediction of sirplane
stick forces without the aild of wind-tunnel tests of a
scale model, they are considered applicable to the pre-
liminary design of corntrol-surface balances and to modi-
fications of halancos already in wu

= =y @

The effects of balance variations in changing the
slope of the cuwrve of hinge-moment zoefficient plotted
against control-surface deflectiovn and in changing the
lift effectiveness of th:s control surface are correlated
for low Mach numbers by a balance factor that accounts
for the length end shape of overhanz., WMo such factor
was obtained that would adejuately sccount for all of
the variables affecting the slopc of the curve of hinge-
moment coeificient plotted sgainst angle of attack ar
the deflection range over which the balance is effective
in r¢ducing the slope of the hinge-moment curve. The
effects of gap and Mach numbsr arc presented for e few
representative models. Some representative pressure-
distribution diagrams are presented for controls with
plain-overhang and FTrise balances.

INTRCDUCTION

The demands for more maneuversdility and smeller
control forces for high-speed combat aircraft and the
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general increase in the size and speed of all types of
airnlane have resulted in a considerable amount of re-
search on means for balancing control surfaces. The
results of & grsat part of the control-surface research
have recently been collected In two papers: one gener-
ally applicable to ailerons (reference 1), and the other
generally applicable to tail surfaces (reference 2).

The data conteined in the two collections and in other
pepers are heing analyzed, corrzlated, and summarized at
IMAL. The results of thess studics are being published
separately as they are completed, Reference 5 contains
information on internally balasnced controls, rcference
contains information on controls with beveled trailing
edges and simllar contour modificetions, and reference 5
contains data on horn-balanced controls.

The present paper dcals with control surfaces
having plain-overhang and Frise balancec. The effects

of overhang, nose shape, gap, and Kach number have been
studied. The Frise balence is ccensidered only as &
special type of overhang balance, and certain characw-
teristics generally associated only with Frise balances -
such as the effects of bulges, vent gaps, slot shapes,
and the vertical locatiocns of the hinge axes - have not
been considered, Such effects may sometimes be appre-
ciable, but they cannot be properly evaluated from the
existing data,

> YMBOLS

1D LLaid »)

4

The coefficients, varameters, factors, and symbols

used in corrclating and presenting the data are:

C 11ft coefficient

L

¢y, section 1ift coefficient

CLl average 1lift coefficient over control-surface
span for airfoil with plain sesled control
surface

czl section 1ift coefficient for airfoil with plailn

sealed control surface

Cn hinge-moment coefficient
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Ch section hinge-moment coefficient
. & s po
i pressure. coefficlent e
g i
P local static pressure
Po static pressure in undisturbed ajirstrean
q dynamic pressure of undisturbed airstream (—pvl>
a angle of attack, degrees
Gf control-surface deflection relative to airfoil,
degrees
6cﬂ critical control-surface deflection; that a1
deflection at which plain- ovcrharg or Frise
balance is no longer effective in reducing
Slope of hinge-moment curve (approximately
the deflection at whiech maximum 1ift is ob-
tained for a given angle of attack)
¢ airfoil chord
1 reot-mean-square airfoil chord over span of
control surface
ce control-surface chord bhack of hinge line
Ef roct-mean-square control-surface chord
Cy balance chord, distance from hinge lins to
leading edmn of plain- ove”hap~ or Frise
balance
18 root-mean-~square balance chord
ChH' contour balance chord, distance from hinge line
to point of tanbeqcv of malance lnadinm-edge
arc and airfoil contour
Eb’ roct-mean-square contour balance chord
t thickness of airfoil section at hinge line
7 rcot-mean~square of airfoil section thickness at

hinge line
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gpan of control surface

span of plain-overhan~ of Frise

aspect ratio

atlio of tip chord to roet chord

Mach

numbers with subscripts,

balance prefils about hinge axis

Reynclds vumner with &t
radiu

chord-wise locati

for low-drag air

chords from leading edge

di »it in low-dra il

eference 6)

{one=
factor

overhang

dencte overnang-nose

halance

ares moment of the

:bseripts, balance nose

glrirum~g°ossure point
measured in airfoil
tenth of second

deslgnation,

type (table I)
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ACy l

o

ses indicate the
of the peramcters.

(8 i
AC >~ increments of slopes of hinge-moment curves due

U, {
a8 ] to overhang type of balance for test condi-
Ach5 ; tions uqin: data for plain anoalan 1ced control
J surface with same gap condition as a base
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AVAILABLG DATA

Thie data used in the summary were obtained from the
results of model tests presented in references 7 to 2L
and also from various unpublished test results., Some of
the more pertinent information regarding the geometric
characteristics of the models and the test conditions
are summarized in table II.

Although an appreciable amount of data from tests
of two-dimensional control surfaces and finite-span ailer-
ons. were available, the amount of data obtained for
finite-span tail surfaces was not considered adequate
for & rellable correlation.

The values of the slopes of tne hinge-moment curves
used in the analysis are the slopes for small control
deflections at an angle of attack of 0°.

CORRELATICN MuTHODS

The present paper is concerned with the generaliza-
tion of the effects of plain-overhang and Frise balances
in providing aerocdynamic balance for f{lap-type control
surfaces. SHmpirical factors and design charts were de-
sired in order that approximate relations could be es-
tablished between the geometric constants of overhang
balances and the effects of cverhang talances on the
hinge-moment slopes. A preliminery study of the probiem,

indicated that the slope lncrements &Ché and 5Chg

(or Acp, end Acha) due to the overhang were more
5 Y

suitable for correlation than the total values of the
gslopes.

The aerodynamic balancing effect of an overhang
balance 1s considered to be a maximum when the contour
of the balance conforms to the contour of the airfoil
for the entire length of the overhang. Rounding or ta-
pering the nose causes a reduction in the effect of the
balance. In the present analysis, the effects of over-
hang length and nose shape were evaluatsed independently
by means of various cross plots of the available data.
The effects of variations in the nose shape were found
to depend on the overhang length; therefore, & measure
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of the net balancing effect of plain-overhang or Frise
balances was obtained as a product rather than as a dif-
ference of two empirical factors, The two factors

are Py, which is related to the length of overhang,

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

where
(/= &bl
21 \ g2\ | B
i - —l T b
v.f ~f
L ~ R o
and the expression for Fol' 18 piwen in ‘table I'for
various general types of nose shape. As may be seen
from table I, the expression for Fa' 1is, in general,

the prcduct of an areca-moment ratio and a basic ncse-
shape factor that snecifies the relative lccation of the
point ¢f tangency of a circular-arc nose and the airfoil
contour. This basic nose-shape factor Fs 1s defined
as

It should be noted that for any overhang having a
nose formed by circular arcs (nose types 0, A, B, D, and
G of table TI)

and therefore

Ly
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If the nose shape is elliptical (type C, table I)
or sharp (type E or F, table I) the factor Fp! 1is ob-
tained by multiplying a nominal value of Fz Dby an area-
moment factor. For an elliptical nose (type C) the
nominal value of Fo 1is the value that would be obtained
for & flap having the same overhang as the given flap but
with a nose shape of type B. The appropriate area-monent
factor is given in table I whers Mgy, Mp, and Mg &re
the arce moments about the hinge axlis of the balance pro-
files having nose types denoted by the subscript letters.
A similar method is used for tne sharp-nose balances (E
end ®). TIn these cases, the nominal value of Fp 1s

obtained for a circular-arc nose (type D) having a

radinas RD such that the arc becowes tangent to the air-
foil contour at a point defined by the intorsectlon of
the airfoil contour and an extension of the straight line
forming the forward portion of the balance nose, The ex-
ponents of the area-moment factors were determined em-
pirically,

Graphical solutions of the sxpressions for the over-
hang factor Fj (for overhangs having spans equal to
the control-surface span) and the basic nose-shape
factor F, are presented in figure 1., The value af "Fq
for balances which do not extend over the entire span of
the control surface (as feor convontional rudders) is ob-
tained by multiplying the value of F; obtained ifrom

figure 1 by the ratio of valance span to control-surface
span. The use of this figure should allow a rapid deter-
mination of Fy and Fp, provided the geomestric con-
stants ©,, ©T,', t, and ©Cp are known.

The analysis of the available data on control sur-
faces wlth beveled trailing edges (reference L) indi-
cated that the effects of plan form of the wing or tail
surface could be accounted for rcasonably well by as-
suming that both the lift-curve slope and the increments
of hinge-moment slopes due to aerodynamic balance are
affecte !
2ssumpt

r

a
jon has been made in the present correlation of
the vari

ation of hinge moments with control deflection.

Tn the original reports of the partial-span model
tests (models X, “XVILI, and WIX of table II) plan-form
corrcctions were not apvlied to the hinge-moment data

by plan-form changes in the sameé manner. Thes same
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but were applied to the other aerodynamic characteristics.
The 1ift characteristics used for these three models in
this correlation are those corresponding to the actual
portion of the model tested and are not the same as pre-
viously presented 1lift characteristics.

RESULTS

Hinge-Moment Parameters

The effects of overhang balances on-the variation

of hinge-moment coefficlent with control deflection are
N = ]

shown in figure 2 as curves of AChG/CLla or Acha/czla

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

over the span of the control surface and is generally

- -somewhat different from the lift-curve slope of the

entire wing. A method of estimating the value of Cy,

a
for ailerons on wings of various plan forms is_given -in
reference li. For conventional tail-surfaces, Cr,

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 AC . with K for finite-

hé/CLla 1

span allerons was the same as the variation -of ~A°h5/@zl
a

with Kl for two-dimensional flaps., The relation was

somewhat different, however, for finite-span tail surfaces
from that for finite-span ailerons or two-dimensional
flaps. No attempt has been made to account for the dif-
ference, but the assumption that hinge-moment slcpe
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 baced
on test results of relatively few models and cannot
therefore be considered as reliable as the relation shown
for finite-span ailerons and two-dimensional flaps.
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Valves of A0h5/CLl and Aché/bll (for negative
L a a

deflsctions only) for ailerons and fleps having Frise
balances had essentially the same reclation to the balance
factor K3 as did the values for allerons and flaps
having plain-overhang balances. The Irise data are pre-
sented in a separate plot, however, in ordsr to show the
limits of X3 covered by the available data.

First-approximation values of - 8y/Cf vequired for
given values of Ky may be cbtained for nose shapes of

types A, B, or D from figure 5. This figure was derived
from the ordinates of NACA conventional airfolls as given
in rsference 25, and values of ¢€,/Cp obtained from this

figure may be accepted as the final values for any air-
foil of the TACA conventional four-digit or five-digit
series. Tor other airfoils, figure 3 should be used only
for determining first-approximation values ol ¢y/Cr. BY

»

use of figure 1 and one or two additional approximations
the final values mey bhe obtained.

Mo factor was obtained that would adequately account
for all the variables which effect the variation of
hinge-mcment cosfficient with angle of attack., The va-

riations of ACy and Acy with the overhang facw»
Lo .&J.a'

tor F,  are presented 1in figure !{ for representative
models having variocus nose shapes and open or sealed
e ~ \ o
gaps., As may be seen from figure [ A, or Acy in-
-L;a .A.a
but the incrsase is less rapld for
or sharp nose¢s {type F) than for
A
o

creasss with ovsrhan 5
of nose shape is much
¥

medium noses (type C
blunt noses (typs RBR). The effsc
greater when the gap is open than when the gap is ssaled
and sealing the gap generally results in a decrease in

AChG or Acha for a given balance. Little conslstency

)

in the magnitude of the decrease can be noted from
figurs !

'
- ®

Deflection Range

Attempts to correlate 8,,, the def ig

the overheng loscs its balancing effect, wi
factor K, gave unsatisfactory results. A somewhat
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P2 "YFy

)
(-12)
in‘which the factor' 1 '« Z2 servesa to account for the

lower values of &, ., obtained for low-drag airfoils.

4
The scatter of poilnts in figure 5, which prssents the
correlation of §,, for a = 0° 4is probably stilll too
great to justlfy use of the given relation in original
design work. The given relation, hecwever, should allow
satisfactory estimates of the changze in 8.p that might
be expected to accompany minor modifications to the over-
hang or nose shape of balances already in use.

better correlation was obtained with the function

Lift Zffectiveness

Several investligations have indicated that the 1lift
effectiveness of a flap is a function of the overhang
balance and the gap., Reasonably consistent veriations

se ratio k/k, with the balancs fac-

r.

of the sffectivens
tor Kl were obtained and are presented in figure 6 for

several different gaps. The test values plotted are
principally for 30-perceat-chord flaps (only a few points
for 20-percent-chord flaps were available) but the rela-
ions showr in figure 6 are bslieved to aprly reasonsbly
well within the limits of chord ratios nocrmally used for
control surfaces, The effectiveness parameter %k for a
flap having a given gap and balance factor Ky may be
determined Dy multiplying the valus of k/ko obtained

7/
from figure 6 by the effectivencss paraneter Kot ToRH
plain sealed flap having the same chord ratio cf/b.
That the effectiveness paramster It creasces with the
balance factor X, and that the rate of incrcase is
greater for the larger gzaps mey be seen from figure 6.
If the four curves of figure & hed been plotted from the
same base, they would interssct nsar /ﬂo = 1«05
whare By = 0,05. . Thus, for Ky velues greater than

.05, opening e gap will generally increase Ik, and

for X, values less than 0.05, opening a gap will gen-
¢rally decrease k. Although the 1ift effectiveness
increases as the amount of balance increases, the un-
stalled deflection range decreases (fig. 5). The maximum
Increment of 1ift of & highly balanced contrcl surface

is generally somewhat less than the maximum increment of
1ift of the corresponding unbalanced control surfacec.
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mffect of Gap

The effect of gap on the section hinge-moment pa-
rameters and on the critical deflection is given for a
few representative two-dimensional models in figure 7.
For the conventional airfoils for which results are shown
there was a tendency for the values of ¢y and cp

to become less negative as the gap was increased. Tor
the low-drag airfoil (model II), however, the values
0f Chy &nd Chg became more negative as the gap was

increased. The variations noted for the varlous airfoils
are in agreement with the statement in reference li that
opening a gap increases the tendency of larger trailing-
edge angles to meke the hinge-moment parameters more
pasitives

The magnitude of the critical deflection decreased
with gap for the two models shown in figure 7. The rate
of decrease of 0&,, was greater for the low-drag air-
foil (model IT) than for the conventional airfoll
(model I).

Rffect of Mach Number and Reynolds Number

The effect of a simultaneous increase in Mach number

and Revnolds number on the hinge-moment parameters, the
lift-effectiveness parameter, and the critical deflection
1s shown for three rcpresentative models in figure 8.
The data are too scarce and the variations too irregular
to justify any generalizations except with regard to the
critical deflection, which decreased as the Mach number
increased for all three cases. The variatlion of O,

with ¥ was slightly greater for flaps with sealed gaps
than for flaps with open gaps.

The tendency for cp gana ¢ 5 to become less
a -

»

negative at the higher Mach numbers as noted for some
airfoils is important because it may lead to control-
force overhbalance at high speed. The available data are
too meager, however, to warrant rating the various air-
foils and types of overhang on this basis,
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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 diagrams from refe?ences -
19, and 26 are presented in figures 9 to 13, Additional
data may be obtained from references 27 and 28,

The effects of nose radius, gap, and control-surface
deflestion on the pressures over control surfaces with
plain-overhang balances is shown for a two-dlmensional
model in figure 9 and for a finite-span model in
figure 10, Within the unstalled range, decreasing the
nose radii had little effect on the pressures back of
the hinge but increased the peak pressure at the pro-
truding nose of the balance. Control surfaces with very
small nose radii stalled at relatively low deflections,
Sealing the gap decreased the positive pressures on the
upper surface of the balance for negative deflections
but had a negligible effect on the pressures over other
portions of the control surface,

The effect of Mach number on the pressure distribu-
tion over a control surface with plain-overhang balance
is shown in figure 11 for control-surface deflections
of ¥10°, The increase in peak negative pressure, which
usually accompanies an increase 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 surface at the hinge line of & Frise aileron
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 shown in figure 13 for
a control surface with a Frise balance, Decreasing the
nose radius with this control had effects similar to
those noted previously for the plain-overhang control;
that is, the peak negative pressures were increased for
every case except for the smallest nose radius, with
which 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 defleetions
and the positlve pressures over the balance nose for
positive deflections, Rounding the slot entry and
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increasing the vent gap increased the flow velocity
through the slot, as is evidenced by the more negative
pressures over the upper surfaces of the halance and of
the control at positive de lections.

OPTIMUM BALANCE ARRANGEMENTS

Many factors must be considered in selecting the
optimum overhanr balance arrangement for a given control
surface. .The follow1ng is & brief discussion of soms of
these factors.

given valus of AShS may ve obtained by many va-
L
riations of balance length and nose shepe ranging from
rather short and blunt balances to lenger bhalances with
sherp noses, Although the geonstric characteristics may
be adjusted over qulte a wide range for any given value
of Achﬁ, other aerodynamic charecteristics will not

remain constant end, conssquently, must be.consldered.

r < & 5 . Y
The Jagt Lhat '8 varizs approximately as Fp'F,,
whereas Ach6 variss &s Fo!Fi,. 1indicates that a long

cverhang and a woderate nosc shape of type B, C, or D is
more setisfactory than & short overgang and & blunt-nose

shape of Type.A..

A factor that is probably 4uite closely related
to 8., 1s the magnitude of the peak pressures over the
balance nose. If Achﬁ ig assumed to remain the same,
a ghort blunt-nose balance produces higher peal pressures
than a long balance with a moderate nose shape. The high
peaV pressure asscciated with the very blunt nose shape
increases the pos uibxl*ty -.at the control surface may
become overbalanced at high NMach rumhurs and probably 1in-
creases the rate at which X¥ach number reduces the value
of 55p. The high peak pressurcs 1nvreasa the possi-

bility that supercritical local velocities will he
reached over the nose of the balance., Although little
definite information is at present available concerning
the effects of shock waves that occur over only a rela-
tively short chordwise portion of the airfoil, such
effects are probably not beneficial.
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The ease with whilch static balance may be obtained
is imnortanu, especlally for large airplanesa. The long
overhangs permit static balance to be obtained »y the
adcéition of & minimum of otherwize nonuseful weight.

Other considerations imposs limitations on the most
desiraule length of overhang. A long overha g requires
a large part of the fixed structure of the wing or tail
surface to be cut away to allow for rfree movement of the
balance. The large breaks in the airfoil surface that
resvlt from ths use of medium or sherp nose shapes
probably increase the drag.

Nose shapes of types C, D, %, or F 8re likely to
give overbalance at high deflections if designed for
slight underbalance at low deflections because a large
portion of the balancing. action of the overhang type of
balance is produced by the negabive pressure developed
at the portion of the nose that protrudes above or below
the airfoil contour. For nose types ¢ and D the negative
pressure peak moves forward and Increases in magnitude
as the deflection is increased, therebr resu flnr in an
effective increase in balance. From these considerations
it might be mentioned that a shape of type D can be ex-
pected to be more satisfactory than a shape of type C,
unless the deflection limits allow ths most forward point
of the nose to protrude outside the airfoil conbtour. _
All the pointed nose shapes (types D, 2, and F) show a
greatly increased balancing effzct when the nose pro—
trudes sbove or below the airfoil contour. It appea
that suel a condition should oa avcided by tne use of

la

stcps unless the control deflection required would be
beyond the critical value and Lt is desired to use the
control in this condition. Control surfaces with blunt-
nose overhangs (types A and B) have also shown some
tendency toward increased balance at high deflections
(references 7 and 19) but the effect is not as great as
for the medium- and sharp-nose shapes just discussed.

As pointed out in a previcus section the pa-
rameter AChO is relatively independent of nose shape

for sealed balances and sppears to depend principally on

the valance chord. The cholce of the best combinastion

of nose shape and overhang for a given ACh5 may there-
g

e
fore e influenced by the valus of ATy, . obtained, the
t

degree of influence depending on e 8peelfic application.
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The choice of an open or a sealed gap for use with
the ovorhang will be influenced by the fact that nose
[} v
shape hes more effect on Onp, with the gap open than
with the gap sealed, For balance
greater than about 0,05 the use o

having values of &,
- 2 5
increases the lift-effectiveness parameter k of the
control surface. Part of the gain ln Xk, however, ls
obtained at the expense of a loss in ¢, . The loss
c

in ey generally is not harmful if the control surface

3
f an open gap generally

N
1s an aileron but affects the alrplane stabllity ad-
versely if the control surface is a rudder or an
glevator.

The possibility of any buffeting tendency should
not he overlooked in the design of & balanced centrol
surface, Flight tests as well as wind-tunnel tests have
revealed such tendencics for Frise allerons as pointed

out in reference 1., The buffeting appears teo loceuy in
the region of the negative deflections ab which the ailr
flow scparates from the protruding noss; that is, at de-
flections near the critical values given for zero anglé
of attack in figure 5. An increase in angle of attaclk
usually delays buffeting for Frise allerons. Buffeting
may also be delayed by any modification that tends to
delay separation; that 1s, by increasing the nose radius,
reducing the overhang, raising the nosc, bulging the
lower surface of the aileron, or providing the nose with
a slot cr a slat. ith the possiule exception of the
addition of a slot or slat, all these measures tend to
reduce the aerodynamic balance Tor small deflectlons,

e

Some buffeting was noted during tests of two moce ls
having plain-overhang balances. The oscillations were
not 8o severe, however, as these noted for Frise baleances
Becsuse this type of balance may protrude Into -ths aly
stresm either sbove or below the airfoil surface, the

deflection at which buffeting may occur would be expected

toc be less for elther positive or negative angles of
attack than for zero angle of attack.

From the foregoing discussion it may be concluded
that the final selectlon of a control-surface nose shaps

must he & compromise depending on the relative importance

of the various factors considered.
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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 Ch6 required. The effect of Cha

on the stick forces during a roll must be considered in
the choice of Chas but the adjustment of the nose shape

or overhang of ailerons to obtain a desired value of Cha

1s not recommended. A nose shape similar to type B
seems the most promising of those tested; therefore, for
original design work, it should generally be necessary to
determine only the overhang for a nose shape of type B
required to give a value of Ch6 already decided upon.

The value of Ch6 actually cbtained may be adjusted

later within a limited range 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 variation of Ch6 with

deflection, however, must be given consideration.

The hinge-moment parameters Chg &nd Ch, are of

almost equal importance for tail surfaces, and the selec-
tion of the overhang and nose shape therefore depends on
obtaining desirable values for each of these parameters.
As has glready been pointed out, the nose shape has
little effect on Cha provided the gap is sealed. The

overhang may consequently be selected to obtain the de-
sired value of Cy and the nose shape may then be
a

selected to cobtaln the desired value of Chﬁ, due consid-

eration being taken of the effect of nose shape on the
peak pressure, on the critical deflection, and on the
variation of Ch5 with deflection. If the desired value

of Ch5 cannot be obtained by selectlion of only the nose

shape, some adjustment of the overhang may be necessary,
and compromise values of Ch5 and Cy will thereby be
a

obtained.
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COMPARISON OF RESULTS WITH THEORY

The faired curve of figure 2(b) and the theoretical
values of Chg for plain sealed flaps derived by CGlauert
and presented in references 29
puting the hinge moments of flap
hengs on an infinitely thin eair 1 hich K,
reduces to (cb/cf)z. The values thu mouted were then
compared with theoretically derived values presented Iin
figure 5 of reference 31. The data of reference 51 are
presented for values of the ovsr-all coOntrol-suriace
chord (cp + cp) egual to 0.25¢ and 0.50c with various
hinge locations for several values of a parameter Ao»

In reference 31, A is an effective reduction in balance
chiord end is the distance over which the conecentrated
source-gink representing the stecp break at the balance
nose is spread in order to picture the local flow and at
the same time retain physical rsality. According to ref-
erence 31, A 1is probably greatcr than 5 percent and
less than L0 percent of the balance chord for airfoils

of finite thickness. The valuss for an infinitely thin
airfoil would bs expected to fall near the lower limilft

of the suzgested range of A. Thisg premise is borne out
by a comparison of the theoretical curves and the experi-
mental data extrapolated to zero thickness in the manner
noted, The experimental data forms a curve located av

A = 0,02 to 0.05 for both values of over-all control
surface chord.

r
with plain sealed over-~
hi

o
o
2

DESIGN PROCIDURE

The results of the present analysis are considered
applicable to the original design of control-surface
balances and of balance modifications for control sur-
faces already in use. The procedure recommended for an
original design will be 1llustrated in detail by an
example

Let it be required to estimate the length of plain
overhang for a nose shape of type B to give a finalk
value of Cy oft «0.,0010 for a 0,20¢c aileron on an

116
5

haracteristics

NACA 2%012 airfoil., The aerodynami !
pe  Cng of the

c
needed in the design are: (1) the slo
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plain unbalanced aileron having the same gap condition
as the proposed balanced aileron, and (2) the average
slope of the 1ift curve over the aileron portion of the
wing CLla

Because only the increments of slopes due to the
balance are considered in the present correlation of
hinge-wmoment characteristics, the ability to obtain a
desired value of Chb for the balanced control surface

is critically dependent upon the accuracy of the value
or Ch@ used as a base. The value of this base may be

estimated from comparable finite-span data or calculated
from section data, but the final value of ¢ oh:tained

Ih6

for the balanced aileron cannot be expected to be more

accurate than the value used for the base. The slope of
wi usvally

the 1lift curve of the entire swrface Cr

ot
1= @

a
be known from experimental data, The average slope over
the span of the aileron CTl may be estimated with suf-

ad
a

ficient accuracy by the method of reference l..

It is assumed that the following results were ob-

Chﬁ (for nlain unbalanced aileron) = -0.0070
Crg ™ 0.080
a

The increment of hinge-moment slops reduired of the
plain-overhang halance 1is

8Cpg = -0.0010 -(-0.0070) = 0.0060C

and theraefore

AChgs  0.0060
Gp,  0-080

(6 4

Por [inite-span ailerons the balance factor Ky 1is equal
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%o (fig,/2); thus,

K, = 0.075

The required overhang for a nose shape of type 3
may now be determined approximatply from flgure Sta L by

-use of -the valus of X, just determined and

t/2

i
ailsron hinge line. Therefore,

131 from the known airfoll ordinates at the

The accuracy of this value may be checksd by drawing the
aile ron nose to the proper ordinates (bgjauvv 35 of
fig. 1) from which the contour-balance chord may be ob-
tained graphically. For constant-percentage- ~chord
ailerons, the result is

Tl

.P = 0.221

N/
e

Now, from figure 1, Fyj = 0.141, Fp = 0.521, end there-
fore E; = 0.07h, which is sufficlently close to the
value required. As has already been shown, the value

cy/Cs obtailned from figure 3 may be accepted as the
final value for nose shapes.of type A, B, or D for any
airfoil of the WACA conventional four-digit or five-digit
series and, therefore, the checlk Jjust performed was not
necessary in this instance. If an airfoil section
having a different thickness Aistribution had been used,
or if it had been desired to use a nose shape other than
type A, B, or D, figu” z would still have been used, but
only to cbtain a preliminery estimate of Eb/ﬁf.

Ui
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The procedure to be used in connection with proposed
modifications to plain-overhang baluACCS i8 similar to
that just outlined for an original design exeept that
the value of bla of the orlgﬁnal balanced control sur-

face may be used as the base. If only & certain incre-
ment ACp, . 1s desired, no base value is necessary,
5 :

In order to illustrate the change in overhang that
would normally be required to give the same amount of
aerodynamic balance for small deflections when the nose
redii ere varied, two additional nose shapes have bee
derived and are Drc ented in figwre 1lli(a). Balance 2
has one and one-half times the ncse radius of balance 1
and balance % has one half the ncse radius of balance 1.
The geometric constants of the thrse balances are tabu-
lated in figure 1li(a).

The variation of Ch@ that may ve expected to

accompany moderate changes in the nose radi with a
fixed overhang is indicated in figure 1 (b) The esti-
mated values of Chﬁ range from -0 0022 g0, 0002 .

The recommended procedure for the uss"*n or modifl-~
cation of control surfaces with Frise oaIAnc is similar
to that just outl‘ncd for plain-overhang ba 1encPs except
that the increment Achf applies only to the negative

deflection range, The slope Cbé for positive deflec~

tions greater than about 8° may be considered to be unaf-
fected by overhang or nos: shape. The complete hinge-
momsnt curve can be approximated with a fair degree of
accuracy at low angles of attack by fairing a curve
beuw«on the balanced negative nortlnn (tan"ent at

8p = -2%9) and the unbalanced positive portion (tangent

at & = 8%), The exact location of the curve with re-

Spect to the axes 1s dependent on a number of factors,
however, including the shape of the airfoll section. A
prediction of the characteristics of a control surface
with a Frise balance, therefore, cannot be expected to
be as accurate as a prediijOH for a control surface
with & nlain-overhang btalance, It is believed, however,
that the sifect of minor moawflcations to eéither plain-
overhang or Frise balances can be predicted with fair
accuracy by the method outlined.
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CCONCLUSIONS

The results of the preceding correlation and analy-
sis indicate the following general concluslons regarding
control surfaces having plaln-overhang or Frise balances:

1. The effects of valance varlations in changing
the slope of the curve of hinge-morent coefficient
plotted agalnst control-surface deflection and Tl
changing the 1ift eflfectiveness of the control surface
could be correlated for varicus models at low Mach nwa-
bers by the use of a balance factor that accounted for
the size and shape of the overhang.

2. Wo correlation factor was obtained that would
adeguately account for all the variables which affect
the slope of the curve of hinge-moment coefricient
plotted against angle of attack or which affect the de-
flection range over which the balance is effective in
reducing the slope of the hlnge-rioment curve.

%. The pressnce of & small gap at the nose of*a
plain-cverhang balanced flap and off the corresponding
unbalanced flap does not appreciably alter the giffer-
ences in the slopes of the curves of hinge moment
plotted against control deflecticn,

L. The shape of the balance nose varied the effect
of a gap at the control leading edge on the slope of the
curve of hinge moment plotted agalnst angle of attack
for plain-overhang bvalances.

5. The presence of a gap at the contreol leading
edge consistently increased the effecy of overhang in
increasing the control lift-effectiveness parameter.
with the open gap the increase in the lift-effectiveness

parameter with increase in overhang was caused by an in-
crease in the slope of the curve of 1ift plotted against
control-surface deflection and a dscrease in the slope
of the curve of 1ift plotted asainst angle of attack.
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<

6. The data were too meager to justify any definite
generalizations concerning the effects of Mach number on
plain-overhang and Frise balances except that increasecs
in Mach number consistently decreassd the deflection
range over which the balance was effective in reducing
the slope of the hinge-moment curve.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
langley Field, Va,,
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TABLE I.- VARIOUS NOSE SHAPES CONSIDERED IN
CORRELATION OF PLAIN-OVERHANG AND FRISE BALANCES
AND CORRESFONDING EXPRESSIONS FOR NOSE-SHAPE FACTOR.
gogg Section showing nose shape Nase-shope factor, Fp'
Cb/=0 "
i e ! = - </+c'
e g 2
_ - (1+Cu/E
4 i (/ *%ﬁ‘f)
1+ /ey
8 : (/+ab/e;
Me-Mo & {n _(/*C’b}f"
c Mot T3t/
/+Ep /e
= bt (/*‘C'b/C;)
le-Mo 7/_ 4 (/+Cb’/éz) )
£ Mp-M, ! +Cp /CF /
oo 7] Ié-(mz'/é;)f
3 Mo-Mo 1 +Ch/5
/*+Cp)
. V(e
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Table II.- INPORMATION REGARDING TESTS OF MODELS HAVING BALANCED CONTROL SURFACES
A - CONTROL SURFACES WITH EXPOSED-OVERHANG BALANCES

[Du!.ynum of low-drag airfoils, regardless of the form in which they appear in the other
referenses, are changed throughout to the form prescribed on p. 2la of reference 65

L-665

MVodel
Typical section of A A Se/5 /5 Gap e of test Refer-
SymqDes- control surface Airfoll section 2 AL bl ence
bol |1gna Plan form of surface
tion
e— 30"
T =~> Sealed
i 0.000
o) : 1 HACA oo -—- lo.20 | o0.35 00360 Two-dimensional | 7
" .0055¢
: = __-_:h e .01330
4 ,=9=
~— 30" —> : Sealed
0.0005¢
} NACA =5 - 0.20 0.35 .0030¢c Two-dimensional 8
! ! 66(215)-216 -0055¢
Al ! I 24" Mg o .0107¢
S e I8
NBR =]
Sealed
i e | T | O P
! =) - 0.30 ¥ . Two-dimensiona » »
22 = ] e g 1) -—— - —— - ——= &‘é; .350 .00500 L1, 12
__-__ﬁ_AL 95 .0100¢
fe— 18"
i3 7 NACA oo 0.30 | { 3% {3‘8%;3 }'r o-dimensional | 13
R o . . WO~
1§ e | = # |t

*ON YOV VOVN

eTdHV1

62
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Table IT.- TNFORMATION REGARDING TESTS OF MODKLS EAVING BALANCED COFTROL SURPACES - Oemtinuwed

A - CONTROL SURPACES WITH EXPOSE-OVENNANG BALAWCES - Ocatimued NATIONAL ADVISORY
[estgnations of lew-aras atrfetls, regurdioss of tha fora 1n ik €307 p e COMMITTEE FOR AERONAUTICS.
references, are ehanged througheut presoribed =

¥odel

Des- Tﬂ:;il':::ﬁ:.“ Airfoil section A A |%/F| /3% Gep Type of test Refer-

1gna+ Plan form of surface ence

tion
T .
| T i
i -— ——-Zh =w 66-009 oo - | 0.26 0.30 go;‘l’;d } Pwo-dimensional | ----
_L (straight-contour sUV10
flap)
E =

B . |

030l 028
VI | —————————— ! o) 0035 = -3 230

.

{ 5“0‘15;: }r-o-u-nuoul %’2' 15

g {=>>
Modified
I i 0015 o - |0.30 { 0.153 } 0.005¢ Two-dimensional |17, 18
VII g : 2l (-:raiﬁ:-(;ontour .500
R & | ;

*ON ¥OV VOVN

2TV

0g
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Table II.- INFORMATION REGARDING TESTS OF MODELS HAVING BALANCED CONTROL SURFACES - Continued

A = CONTROL SURFACES WITH EXPOSED-OVERHAKG BALANCES - Continued

[Dulgnltionl of low-drag airfoils, regardless of the form in which they appear in the other

references, are changed throughout to the form presoribed on p. 21a of reference

L-665

Model
TZE;:;;‘ ’:ct}m of Airfoll section A /T | /%, Gap Type of test Refer-
s Des- 1 surface I i
Lo [ Plan form of surface ence
bol |igna
tion
18.00'1
Root, Tip,
7 lvirr }-h Z;Gg; s 1.2 0.L2 {o:;gg °:§g§ } 0.0025¢ | Complete model e
fe-L3.20" Lez.so-
I"‘—!&S-OO'
Root, Tip, 0.113
NACA NACA s
= \ 2 5 2 g 5.6 0.60 0.155 .300 Sealed } Semispan
) L et e Kl
]
25.31" 12,557 [ —— - G,
Root, Tip,
HACA N
- yssca_zg).zzztse_ﬁ)%j - o . Quarter-span
as=1,0 a = 0.5 12.0 0.32 0.225 "0.35 2:0050 wing model =
NACA 0.090 Tail-surf
+ 0009 3.7 | 0.57 |o0.3q -350 {g’aé;g } model mounted 20
. 500 ® on fuselage

%values glven are for complete wing and not for partial-span wing tested.
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Table II.- INFORMATION RTAARDING TESTS OF MODELS HAVING SALANCED CONTROL SURFACES - Continued
A - CONTROL SURFACES WITH EXPOSED-OVERHANG BALANCES - Concluded

[DOlig'nlt:iona of low-drag airfoils, regardless of the form in which they appear in the other
references, are changed throughout to the form prescribed on p. 2la of reference ]

Model
Typical section of ’ A - e - =
!i)eg:;- Plan form of surface control surface adnfelljacction L Se/T| Tp/Tr tap Type of test  [Refer-
tien ence
XIX NACA
0009 L.7 0.50 |o0.45 { 0.10 0.005¢ Isolated full- 21
.20 scale tail surface
S0k
i 30.7"
. 59.7" ’ Modified 0.12 Tall-surface
XIII B l “NACA 2. === "lo.L0 .30 15“‘1“ model mounted =
! -series . .50 { 0.0035¢ on stub fuselage
= Y
r'___ 66n
il ;1 ’ Root T 0.5437 0.
|55 3 ’ P» ]
X1V Ed NACA NACA 4.5 0.50 42 397 0.0036¢ Semispan
. . D1 30 . tail 1 o
LS 'i
-
Xv NACA .0 1.00 0.35 Sealed Semispan AR
0009 5 0:30 .50 0.005¢ tail surface
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Teble IT.- INFORMATION REGARDING TESTS OF MODELS HAVING BALANCED CONTROL SURFACES - Concluded
B - CONTROL SURFACES WITH FRISE BALANCES

[nuxp-um of low-drag airfoils, regurdless of the form in which they appear in the other
references, are shanged throughout to the form prescribed on p. 2la of reference 6]

L-665

Model
Sym-| Des- 73’;3331':?322.“ Airfoil section A A |5/ | ®/3r 0ap Type of test Refer-
bz']!, igna- Plan form of surface ence
tion
NACA oo -— 0.20 0.35 0.005¢ Two-dimensional 22
O Lk 23012
O XVII Conventional sectsiony oo -—— 0.20 0.37 Open Two-dimensional 2%
(approx.
1, percent thick)
l
Root, Tip
a [Y Quarter-span -
D |xvir 63&35522#5_(2:160)-};15 12.0 0.32  [0.23 | 0.2 open Sl
ld—l}Z.OO" Jx
' lq-]_z’_zo"j T SEae e s
L '
?‘" NACA low-dra 0.293 Third-span
& . & —
d| *Xw . (Ses plan form) 75 R80=1= R 0-20 1283 opec wing model
U 23.20m .1,00
R |
|3 »
L=
=
»
K
bS]
¥ NACA 0.278 2
. o .20 n Semis
O XX ) gn 23012 k.0 1.00 |0 { 336 } ope ke g
l .L

€values given are for complete wing and not for partial-span wing tested.
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Two-dimensional , flaps with plain-overhang bolances

008 V,<i Model Nose lype
A __* 7 8-
e \\“—‘EZ C ;
006 T | ~m B |
LChy % i S/ ¢ =
064 poZz4R o i
/2;6?/ = Lo
002 V" > 1 =
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Figure 5.-variation of critical deflection with factor FZIV%T/&-ZZ) for
bolanced control surfaces. M, 0/ to 02; a,0°%; symbols are for corresponding
models of fable II; plarin symbols, open gaps; flogged Symbols, sealed gaps.
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Figure /0.~ Effect of aileron deflection and nose shape
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