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ADVANCE  CONFIDENTIAL REPORT 

ANALYSIS OP AVAILABLE DATA  ON CONTROL SURFACES 

HAVING PLAIN-OVEnilANG AND I^ISE BALANCES 

By Paul £. Purser and Thonaa A. Toll 

SUMMARY 

The available data on control surfaces having plain- 
overhang and Prise balances have been analyzed and some 
empirical relations that will facilitate the prediction 
of the characteristics of balanced control surfaces from 
the ceoinetric constants havo been determined. The 
analysis presented has been li.ir.lted to the effects of 
overhang, nose shape, gcap, and Mach number. Although 
the relations given are not considered sufficiently re- 
liable to allow satisfactory prediction of airplane 
stick force-s without the ^irt of v:ir.d-tunn«;l tests of a 
scale modol, they ar-j considerud applicable to the pre- 
liminary design of control-surface balances and to modi- 
fications of balancos already in use. 

The effects of balance variations in chandln? the 
slope of the curve of hing©-moment coefficient plotted 
against control-surface deflection and in changing the 
lift, effectiveness of th-3 control surface are correlated 
for low I'ach numbers by a balance factor that accounts 
for the length end shape of overhang. Wo such factor 
was obtained that would adequately account for all of 
the variables affecting the slope« of the- curve of hlnge- 
mo.aont coefficient plotted against angle of attack or 
tha deflection range ovor which the balance is effective 
in reducing tho slope of the hin^e-.-noaient curve. The 
effects of fcap and Mach number arc prasenttsd for a few 
representative models. Soiiu. representative- prensure- 
distribution diagrams are presented for controls with 
plain-overhang and Frise balances. 

INTRODUCTION 

The demands for more maneuverability and smaller 
control forces for high-speed combat aircraft and the 
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general Increase in the size and speed of all types of 
airplane have resulted in a considerable aiaount of re- 
acarch en means for balancing control Eurfaces.    The 
results  of a great pari- of the  control-surface research 
have rocently^boen collected in two papers;    one gener- 
ally appliaable to ailerons  (reference  1), and the other 
generally applicable to tail aurraces  (reference 2). 
The data contained in the two collections and in oth3r 
papers arri being analyzed,  corr.-lt.ted,  and nunanarized at 
LMATj.     Tho IT suite  of these,  Stuarts a.1**, baiiig polished 
separately ac  t'ic-j ar« coj/jlet-jci.    riuförenot. 3 contains 
Information on Internal!}' biil&ncJd controls, reference 1+ 
contains  information on controls with bevolcd trniling 
edges end similar contour "modifications,  "md reference 5 
contains data on horn-bal^iotd controls;. 

The prc-t»nt papor duals rith control aurfuces 
having pliin-overhang and Pi-isa balances.    The effects 
of overhang,  nose chape,  gap,  aaf* kach number have been 
studied.    The Prise balanco is considered only as a 
special type of o^rhang balance,  and certain charac- 
teristics generally &rcociat3d only with Price balances  - 
such as tb.3 effects of bulges, vent .w>o •  alot shapes, 
and thn  vortical locations of tho hih^n axes  - have not 
been considered.     Suoh effects Tiay soraetiTies be r.ppre- 
eiable, but  they cannot bo proporly evaluated from the 
oxiating datr.. 

sy»ooLS 

The coefficients, parameter.*!, factors, and symbols 
used in correlating and presenting tho data are; 

C*l 

<-h 

lift coefficient 

section lift coefficient 

aver-uge lift coefficient over control-surface 
span for airfoil vvith 9 la In sealed control 
surface 

section lilt coefficient 1'cr  airfoil with plain 
scaled control sarfaeo 

hinge-moment coefficient 

- 1 •    '   • t = A> 
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section hlngo-moment coefficient 

pressure coefficient (4*9 
local static pressure 

static pressure In undisturbed alrstream 

dynamic pressure of undisturoed alrstream 

angle of attack, decrees 
(H 

control-surface deflection relative to airfoil, 
degrees 

critical control-surface deflection; that la, 
deflection at which plain-overhang or Prise 
balance is no longer effective in reducing 
slope of hinge-roomsnt curve (approximately 
the deflection at v/hich liaxlwum lift is ob- 
tained for a ;;lven anj-le of attack) 

airfoil chord 

root-mean-E'iiiars airfoil chord over span of 
control surface 

control-surface chord bac: of hinge line 

root-mean-square control-surface chord 

balance chord, distance froüi Mn^e line to 
leading ed^rc of plain-overhanp; or Frise 
balance 

root-mean-squar© balance chord 

contour balance chord, distance from hinge line 
to point of tangency of balance leading-edge 
arc and airfoil contour 

root-mean-square contour balance chord 

thickness of airfoil section at hinge line 

root-mean-square of airfoil section thickness at 
hinge line 

1! 
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'bf span of control surface 

b^ span of plain-overhang or Frlse balance 

A aspect ratio 

\ ratio of tip chord to root chord 

K     jV&ch number; with subscripts, area moment of the 
balance profile about hinge axis 

H     Reynolds nunberj with si;';scripts, balance nose 
radius 

t      chord-wise location of n.iniLium-prassure point 
for low-drag airfoils .uecisured in airfoil 
chorda from loading edge (one-tenth of second 
digit in low-drag; airfoil dfcsignation, 
reference 6) 

overhang factor 

nose-shape factor3 

balance fr.ctor P^a'} 

rl 

P2,P2- 

*1 

Subscripts 

0, A, B, n,  r, ?.,  7?, f, denote overhang-nose type (table I) 

and 

Of 
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li6 "\ößf/c 

-• (b*k\ ha ~ Via /fif 

- rNM 

a 

k lift-effectiveness parameter 

lift-effgc^iycness pcraiaeter for ;?UIn sealed 

flaps 

The subscripts outsids the parentheses indicate the 
factors held, constant durinc meaevireMerJ: of tho parameters. 

Ac>,  I 

AC] 

Ach 

^ v increments of slopes of hinge -moment cm'vcs clue 
[Q   j    to overhanr typ« of balance for test condi- 

*J tions usinr datn for p?.ciin unbalanced control 
surface  with same gap condition as a base 
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AVAILABLE DATA 

The data used in tho summary were obtained from the 
results of model tests presented in references f  to 2^ 
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 suac-arized in table II. 

Although an appreciable amoviit of data from tests 
of two-dinensional control surfaces and finite-span ailer- 
ons: were available, the amount of data obtained for 
finite-span tail surfaces was not considered adequate 
for a reliable correlation. 

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

CORRELATION :vj!TK0D3 

The present paper is concerned with the generaliza- 
tion of the effects of plain-overhang and Prise balances 
in providing aerodynamic balance for flap-type control 
surfaces.  Empirical 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 overhang balances on the 
hinge-moment slopes. A preliminary study of the problem, 
indicated that the slope increments  AChfi 

a"a ^ha 

(or Acn_ and Acn )  due to the overhang were more 

suitable for correlation than the total values of the 
slopes. 

The aerodynamic balancing effect of an overhang 
balance is considered to be a maxiinuiu 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.  Tn the present analysis, the effects of over- 
hang length and nose shape were evaluated independently 
by means of various cross plots of the available data. 
The effects of variations in the nose shape were found 
to dopend on the overhang length; therefore, a measure 
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of the not balancing effect of plain-overhang or Prise 
balances was obtained as a product rather than as a dif- 
ference of two empirical factors.  T'ie two factors 
are P^, which 1B related to the» length of overhang, 
and F^'» which is related to the sectional shape of 

the balance nose. Thus 

Kl = P1F2' 

where 

pi =\y£) '\*r)\ bf 

and the expression for Fg' is riv;,n 1** table I for 
various general types of noso shape. As may be seen 
from table T, the expression for P2' is, in general, 
the product of an aree-moment ratio and a basic nose- 
shape factor that specifies the relative location of the 
point ef fcangency of a cireular-avc nose and the airfoil 
contour,  "''his basic nose-shape factor P^ is defined 
as 

p3 s l 

It should be noted that for any overhang having a 
nose formed by cireular arcs (nose types o, A, B, D,  and 
6 of table I) 

and therefore 

*a' **z 

*1 * Pl F2 
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If the nose shape la elliptical (type C, table I) 
or sharp (type E or P, table I) the factor F2r Is ob- 
tained by multiplying a nominal value of F£ by an area- 
moment factor. For an elliptical nose (type C) the 
nominal value of F2 la the value that would bo obtained 
for a flap having the some overhung as the given flap but 
with a nose shapo of type 3.  The appropriate area-moment 
factor is plven" in table I where M0, !"ß, and Mc are 
the arta mo.-eents about the hinge axis of the balance pro- 
files having nose types denoted by the subscript letters. 
A similar method Is  uBed for tha sharp-nose balances (E 
and ?).  In these cases, the nominal value of Fg Is 
obtained for a ctreular-ai-c r.oso (typo D) having a 
radi'ia RD such that the «ire becomes tangent to the air- 

foil contour at a point defined by ths intersection of 
the airfoil contour and an extension of the straight lino 
forming the forward portion of t"io balance nose,  The ex- 
ponents of the area-moment factors were determined em- 
pirically. 

Graphical solutions of the expressions for the over- 
Lang factor Fj   (for overhang having spans equal to 
the control-surface span) and thci basic no3e-shape 
factor Fg fere presented In figure 1.  The value of F^ 
for "calanc&e wnicl.\ do not extend over the entire span of 
the control surface (as for conventional rudders) is ob- 
tained by multiplying tho value oi" F'i obtained iTom 
figuco 1 by the ratio of balance span tc control-surface 
span. The use of this figure should allow a rapid deter- 
mination of F-^ &nd Fgi  provided the geometric con- 
stants cVjj  c\j<, t,    and c*f ars kno«n. 

The analysis of the available data on control sur- 
faces with bev-slt-d trailing od^o.T (refüronco l\.)  indi-. 
catod that the effects of plan form of the wing or tail 
surface could be accounted for r&asonably well by as- 
suming that both the lift-curve slope und the increments 
of hinge-moment slopes due to aerodynamic balance are 
affected b7 plan-form changes in the same manner. The-same 
assumption has been made in the present correlation of 
the variation of hinge moments with control deflection. 

In the original reports of the partial-span model 
tests (models x,   OCVIJI, «tod ''OT6 of table II) plan-form 
corrections mere not applied to the hinge-moment data 

4. 
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but were applied to the other aerodynamic characteristics. 
The lift 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 lift characteristics. 

RESULTS 

Hinge-Moment. Parameters 

The effects of overhang balances on-the. variation 
of hinge-moment coefficient with control deflection are 
shown in figure 2 as curves of oCn6/CL- or Ach_/ej- 

plotted against the balance factor Ki. The parame- 
ter Cx,_  is 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 C^ 

a 
for ailerons on wings of various plan forms, is.given in 
reference l\..    For conventional tail-surfaces, CL 

1o 
generally may be assumed equal to the lift-curve slope 
of the entire surface. As shown by figure 2, the variar 
tion of the parameter A 

^öAI 
with Kj for finite- 

span ailerons was the same ae the variation -of Ac^ /Cj 

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

somewhat different, however, for finite-span tail surfaces 
from that for finite-apan ailerons or two-dimensional 
flaps.  Ho attempt has been made to account for the dif- 
ference, but the assumption that hinge-moment sic::« 
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 flnite-3pan tail surfaces is based 
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. 

••'••-•     -•-..l-'S»«^.^".,ii4**jr.":'.w--*-tS2^-L*-',>.  '«!-..V|        , #  •.        • -.\  •  ;••••.;..•' '     ..   , . 
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Values of AChg/Cr,   and Ach-Zsi.  (for negative 

deflections only) for ailerons and flaps having Prise 
balances had essentially the same relation to the balance 
factor %i    as did the values for ailerons and flaps 
having plain-overhang balances. The Prise dat* are pre- 
sented in a separate plot, however, in order to show the 
limits of K]  covered by the available data. 

First-approximation values of cb/cf required for 
given valuers cf K.]_ may bo obtained for nose shapes of 

%types A, D, or D from figure 5. This figure was derived 
from the ordinates of .»TACA conventional airfoils as given 
in rsferenee 25, and values of c-g/Cf. obtained from this 
figure may be accepted as the final values for any air- 
foil of the I'ACA conventional four-di^it or five-digit 
series. For other airfoils, figure J should be used only 
for determining first-approximation values 01 c^/of. By 
use of figure 1 and one or two additional approximations 
the final values nay be obtained. 

'•To factor "«is obtained that would adequately account 
for all tho variables vtiich affect the variation of 
hlnge-rccnent coefficient with anglo of attack. '.Phe va- 
riations of £C^  and Ae^  with the overhung faof 

tor 7n  are presented in figure 'L for representative 
models having various no3S shapes and open or sealed 
{japs. As nay t>r.  peen .from figuro k    AC-,,  or Acu  in- 

crease with ov-srhnry, but the increase is less rapid for 
medium nost,a (typo C) or shc.rp noso-s {c^ps r)  than for 
blunt nesos {typt, v.).    The? effect cf nose sh^pe is much 
greater when the £ap is open than »hen the gap is sealed 
and sealing the ;:ap generally results in a decrease in 
AC^  or Ac^  for a given balanue.  Little consistency 

in the magnitude of the decrease c&n bu notud fron 
figur-; )+. 

V 

Deflection Hankie 

Attempts to correlate 8cr, tho deflection at which 
thfi ovsrhang loses its baluncing effect, with the balance 
factor Kn  gave unsatisfactory recultä. A sor.ewhat 

";':;:- .'-:$t.xiäl&f£'\  •"•* :'*••'*>• \";\-v---r^;*r*-^,,'-';V!E*^''fc/'-. y  ••:*• 
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FO'I/FT 
better correlation was obtained with the function • •• ••    „ 

in which the rector 1 - lc serves to account for the 
lower va?ues of ö__ obtained for lcw-Jra.? airfoils. cr 
The scatter of points In ii^ure 5» which ?"er3nts the 
correlation of ö, er ror a"= 0°,  is proiW-lv rat 113 too 
great to Justify use of the given relation 5n original 
design werk. The givsn relation, However, should allow 
satisfactory estimates of tha change in £er that right 
be expected to acooBipany minor rjodifieatiors to the over- 
hang or rose shape of onlances already in use. 

Lift Jffectiveneaa 

Several Jnvectigafciors have indicated that the Jift 
effectiveness of a J'ILB AS a function of the overhang 
balance and the ;;ap. Rea6onaoly consistent vc-riatlons 
of the offactiveriese ratio kA0 r?ith she balance fac- 
tor IT, were obtained and ara presented in figure 6 for 

several different ?r-ps. The ^ect values plotted are 
principally for 50-perceüt-ohord .Maos (only a few points 
for 20-pcrconfc-chord fl'-pr ware available) but the rela- 
tions shown in figure 6 ate bilieyed to apj-ly reasonably 
well with?n the limits of eoo^d ratios nor-..a i l;; used for 
control evrfaces. Tie effeofcivevieos pa.vairster k for a 
flap having a giver. gap and salaries i'aotor Z,    may be 
determined by multiplying, the value of Y-A'a    obtained 
from figure 6  by the effectiveness parameter k0 for a 
plain sealed flap hnving the au me chertf retio op/a. 
That the effectiveness paraastnr k increcscr v;ith the 
balance factor jr^ and that the rat*, of ir-creae« is 
grantor for the larger •japs may ho seen from figure b. 
If the f^ur 'jia-vea of figure 6 hed been slotted* from the 
si-no bnse, tuny would lnsersoct near k/i:0 ~ 1.0? 
whsre 1^ = O.05. Thus, for Kj values greater than 

0.05, oporing a {rap will generally increase k, and 
for Kj_ valiias lees than 0.03, opening a ^sp rill gen- 
erally decrease k. Although tue lift effectiveness 
increases as the amount of balance increases, the un- 
st^llsd deflection range decrtas-33 {fig. rj). The maximum 
increment ol lift of a highly balanced control surface 
is ^tnerally somewhat lors than the maximum, incrojieat of 
lift of the corresponding unbalanced control surface. 
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Effect 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-dimensionr-l models in figure 7. 
For the conventional airfoils for which results are shown 
there was a tendency for the values of c«  and cn " <x o 
to become les? negative as the f.;ap vat: increased. For 
the lovr-dra£ airfoil fmodel IT), however, the values 
of cn  and cv^. becsraa .-,iore n.eeatlvft as the r;ap was 
increased. The variations not?sd for the various airfoils 
are in agreene-.it with the statement In reference b  that 
opening a gap increase? the t;?nd&noy of larger tralling- 
edre angles to make the hinge-»nor.ent parameters more 
positive. 

The magnitude of the critical deflection decreased 
with gap for the two models shown in figur'j 7« r-'nö rate 
of decrease of •'cr was greater for the low-drag air. 
foil (model TT) than for the conventional airfoil 
(model I). 

Effoct of Kach Number and Reynolds Number 

The offeet of a simultaneous increase in Mach number 
and Reynolds number on the hings-j-voment parameters, the 
lift-effectiveness parameter, and hho critical defloction 
is shown for three representative! oiodels in figure 8. 
The data are too sesree and tho variations too irregular 
to justify any r.*ßttoralizations eycopt with regard to the 
critical Reflection, which decreased as the Mach number 
increased for all three cases. The variation of 6cr 
with ?.? wss a lightly preafcer for flaps vlth sealed gaps 
than for .flaps vrl'th open jraps. 

The tendency for c> and to "oecome less 

negative at th& higher Kach numbers as noted for some 
airfoils is important because it nay lead to control- 
force overbalance at hi^h speed. The available data are 
too meager, however, to"warrant rating the various air- 
foils and types of overhang on this basis. 

i.-V^'r•;;-••. ?-,^-:'"^.',7--: ••"-••-' -V • "•'"'-•t"*i^l '• 
:\. z*f'_i  • - «-.i. •.-.:\\. -v'^-.'^% •••••• V" 

v.- 
V 

I 

'*'.•' "•'" • 

I 



I 

*» 

%fc" w 

NACA ACR Ho. L*E13 13 

Pressure Distributions 

Data on the pressure distributions over control 
surfaces with plain-overhang and Prise balances are rela- 
tively scarce but a few sample diagrams from references 1, 
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 
deflection on the pressures over control surfaces with 
plain-overhang balances is shown for a two-dimensional 
model in figure 0 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 a 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 Prise 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 deflections 
and the positive 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 balance and of 
the control at positive deflections. 

OPTIMUM BALANCE ARnAMOEIIEHTS 

I 

o,1' 

Many factors must be considered in selecting the 
optimum overhang-balance arrangement for a given control 
surface. The following is o brief discussion of some of 
these factors. 

A ?iven value of &5u  may be obtained by many va- 
6 

rlations of balance length and nose 3hape ranging fron 
rather short and blunt balances to longer balances with 
sharp noses. Although the geometric characteristics may 
be adjusted over quite a wide range for any given value 
of ACn ,  other aerodynamic characteristics will not 

c 
remain constant nnd, consequently, must be considered. 

The Tact that 5cr varies approximately as Fg '^i > 
whereas AC^  varies as r^'l"!»  indicates that a long 

overhang and a moderate nose sha;-,e of type B, C, er D is 
more satisfactory than a short overhang and a blunt-nose 
shape ol type A. 

A factor that is probably quite closely related 
to Acr is the magnitude of the peak pressures over the 
balance nose, if ACn  is assumed to remain the same, 

a short blunt-nose balance produces higher peak pressures 
than a long balance with a moderate nose shape. The high 
peak pressure associated with the very blunt nose shape 
Increases the possibility that the control surface may 
become overbalanced at high J,*ach numbers and probably In- 
creases the rate at which .Mach number reduces the value 
of Scr. The high peak pressures increase the possi- 
bility that supercritical local velocities will bo 
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. 

A 

. 

«*-,.-.•.-  .,  •:-. •;•*•. •••*•    , •• ••:••-.',r.' j, •.•.;V.. :&"}• /,*•*/.id;? • :- -,\- / 

;-        •.V^^V-:--   .'..7-- ••.-.,•*, W -•./.:   'I ••••<>..•"»  *-t    > 
-•-• j&TFje,-..   .    .-. ^ - •L-'.-   .-.- -'> •   v :•-•••• f      '   •   .    -    .4 

••••» i.  *•• • • • 

X&'* ' 



i 

f-.* 

L_i 

KACA AOR No. 12(31? 15 

•Phe ease with which static balance nay be obtained 
is important, especially for larjrjo airplanes. Tlie long 
overhangs permit static balance to be obtained by the 
addition of a rainimuii of otherwise nonuceful weight. 

Other considerations isnposo lifiliations on the most 
desirable length of overhang. A Ion£ overhnng requires 
a largo part of the fixed structure of the win£ or tall 
surface to be cut away tc ullow for Tree mvement of the 
balance. The lar^e brcakc in the? tirfoil surface that 
result from the use of riedtun or ?harp nose shapes 
probably increase the drag. 

!Tocs -ihr pen of type3 C,  T>, :'u,  or Y  are likely to 
give overbalance at hißh deflections if designed for 
slight underbalance at low deflections Lecauue a large 
portion of the balancinc action o„' the overhang type of 
balance 13 produced by the negative pressure devolcped 
at the portion of the nose that protrudes above or below 
the airfoil contour. Por nose fn)C3 0 and 3 the negative 
pressure peak moves forw.rd and Increases In magnitude 
as the deflection is increased, thereäy resulting in an 
effective incraase in balance. Proa: these considerations 
it mifjht be mentioned that a shape of type D can "r,e s?:-- 
pectei to be ».ore sati^raefcory than a E"i£ipe of typß C, 
unless the deflection liiritf allow th3 ::ost forward point 
of the nesö f;o protrude out?.roe the airfoil contour. 
All the pointed nora shapes (tjnon £>,  2,  and P) show a 
greatly increased balancing off'jot v/hen the nose pro- 
trudes ebovo or below the airfoil contour.  It appears 
that such a condition should bs -welded by the uso of 
stops unless the control deflection required would be 
beyond the critical value and it 5s desired to uaa the 
control in this condition. Control surfaces with blunt- 
nose overhangs (types A and B) ha^e also shown some 
tendency toward increased balance st hi^h deflections 
(references 7 and 19) but the affect is not as ;;reat as 
for the .Tedium- and sharp-nose- shrpss just discussed. 

An pointed out in a previous section the pa- 
rameter ACn  is relatively independent of nose shapa 

for sealed balances and nppecrs ho depend principally on 
the balance chord. The choice of the best combinwtion 
of nose shape and overhang for a ?iven    AC»-,  raay there- 

0 
fore be influenced by the value of ach  ootained, the ft 
degree of  influence depending on the specific application. 

1 
1 
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The choice of an open or a sealed gap for use with 
the overhang will be Influenced by the fact that ncse 
shape has more effect on Q\*      with the gap open than 

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

greater than about 0.05 the use of an open s&p generally 
increases tho lift-effectiveness parameter k of the 
control surface.  Part of tho gain in k, hov-ovor, is 
obtained at the expense of a loga in The loss 

in generally is not harmful if the. control surface 

Is an aileron but affects the airplane stability ad- 
versely If the control surface Is o rudder or an 
elevator. 

I 

*•':*'- 

The possibility of any buffeting tendency should 
not be overlooked In the design of a balanced control 
surface. Flight tests as wall as wind-tunnel testr have 
revealed such tendencies for Frise ailerons as pointed 
out In refortp.ee 1. The buffeting appears to occur in 
tho region of the negative deflections at which the air 
flow separates from the protruding :IOSD; that is, -*t de- 
flections near the critical values given for zero angle 
of attack In figure 5.  An increase in angle of attack 
usually delays buffeting for ^rise ailerons.  ^uffetlns 
may al30 be delayed by «my r.odiflcatior that tends to 
delay separation; that Is, by increasing the nose radius, 
reducing the overhang, raising bh:> nos;;, bulging the 
lower surface of the aileron,"or providing the nose with 
a slot cr a slat. V'ith the possible exception of the 
addition of a slot or alat, all these moasurss tend to 
reduca the aerodynamic balance for srcall deflections. 

Some buffeting was noted durinr tests of two models 
having plain-overhang balances.  The oscillations v;ere 
not so severe, however, as those noted for Prise balances. 
3ecause this tjpe of balance cay protrude into the- air 
stream cither above or below tha airfoil surface, the 
deflection at which buffeting ray occur would bt» expected 
to be less for either positive or negative angles of 
attack than for zero angle of attack. 

Prom tho foregoing discussion it «uy ba concluded 
that the final selection of a control-surface nose shape 
must be e eonpromlse 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 he made principally from a considera- 
tion of the value of Cnfi required. The effect of Cn 

on the stick forces during a roll must be considered in 
the choice of Ch.t  out the adjustment of the nose shape 

"o 
or overhang of ailerons to obtain a desired value of Cn 

is 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 Cn  already decided upon. 

The value of Ch« actually obtained may be adjusted 

later within a limited ransje by making 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 Cn. with 

deflection, however, must be given consideration. 

The hinge-moment parameters Cn. 
ai"i Cn  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 already been pointed out, the nose shape has 
little effect on Cn  provided the gap is sealed. The 

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

selected to obtain tho desired value of Cn_, due consid- 

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

of 0h_ cannot be obtained by selection of only the nose 

shape, some adjustment of the overhang may be necessary, 
and compromise values of Cn  and Cft  will thereby be 

obtained. 

1! • • :i: 
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COMPARISON OP R3STJLTS ^ITH THBOHY 

The faired curve of figure 2(b) and the thsoretioal 
values of oh. for plain sealed flaps derived by Olauert 

and presented In references 29 a**d 30 ware used in com- 
puting the hinge moments of flaps with jlain sealed over- 
hangs on an infinitely thin airfoil, for which K^ 
reduces to (Ofc/ef) . The values thus computed were then 
compared with theoretically derived values presented in 
figure 5 of reference 51. The data of reference 31 are 
presented for values oi' the over-all control-surface 
chord  (cD + Of)    equal to 0.25c and 0.50c with various 
hinge locations for several values c.f a parameter \. 
m reference 31, \  is an effective reduction in balance 
chord and is the distance over which the concentrated 
source-sink representing tho steep break at the balance 
nose is spread in order to pictur« thü local flow and at 
the same time retain physical reality. According to ref- 
erence 31» ^  is probably greater than 5 percent and 
less than J.j.0 percent of the balance chord for airfoils 
of finite thickness. ?he values for an infinitely thin 
airfoil would b$ expected to fall near thfc lower limit 
of the surrsjested range of \ .  This 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 at 
\  = 0.03 to O.05 for both values of over-all control 
surface chord. 

DESIGN PR0C3DÜRE 

The results of the present analysis are considered 
applicable to the original desißn of control-surface 
balances and of balance modifications for control sur- 
faces already in use. The procedure recommended for an 
original design will t>e illustrated in detail by an 
example r 

Lot it be required to estimate the length of plain 
overhang for a nose shape of type B to give a final 
value of Gn  of -0.0010 for a 0.20c aileron on an 

NACA 23012 airfoil. The aerodynamic characteristics 
needed in the design are;  (1) the slope Cn. of the 

( 

I1 
j 

1 
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tiF- 

plain unbalanced aileron having the same gap condition 
as the proposed balanced aileron, and (2) the average 
slope of the lift curve over the aileron portion of the 
wing CL xo 

'because only the increments of slopes due to the 
balance are considered in the present correlation of 
hinge-moment characteristics, the ability to obtain a 
desired value of Cv,  for the balanced control surface a8 
is critically depondent upon tho accuracy of the value 
of Ou. used as a ba«o. The value of this base nay be 

estimated from comparable finite-span de.ta or calculated 
from opction data, but the final value of Cn„ o^tainfed 

for the balanced aileron cannot be expected to be more 
accurate than the value used for the bnse. The slope of 
the lift curve of the entire surface CT  will usually 

be knovÄi from experimental data. The average slope over 
the span of the aileron CT,  may bo estimated with auf- 

-'1« 
fioiont accuracy by the method of reference /;.. 

It is assumed that the following results were ob- 
tained: 

°h6 (for Plain unbalanced aileron) = -0.0070 

CL  = 0.080 

The Increment of hinge-moment slope required of the 
plain-overhang balance is 

ACh6 = -0.0010 -(-O.OO7O) = O.OOßO 

and therefore 

AChfi _ 0.0060 _ . n__ 

Lla 

For finite-span ailerons th9 balance factor K,  is equal 

I. 

'•A. 
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AC*. 
to —-2 (fig. 2); thus, 

CI»1 
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Kx = 0.075 

The required overhang for a nose shape of type B 
may now be determined approximately from figure 3(a), by 
use of the value of X  just determined and 

t/2 -*— = 0,131    from the known airfoil ordlnatöB at the 
cf 
aileron hinge line.    Therefore, 

AK&sjtyt; 

=r = 0.397 
cf 

The acouraoy of this value may be checked by drawing the 
aileron nose to the proper ordinates (balance 1 of 
fig, lb.) from which tho contour-balance chord may be ob- 
tained graphically. For constant-percentage-chord 
ailerons, the result Is 

ob' -=- = 0.221 

Now, from figure 1, F± - O.l^l, F2 ~  O.521, and there- 
fore KA = 0.07l{., which is sufficiently close to the 

value required. As has already been shown, the value 
of e\/cf obtained from figure 3 may be accepted as the 
final value for nose shapes of typo A, 3, or D for any 
airfoil cf the ^ACA conventional four-digit or five-digit 
series and, therefore, the eheel: just performed was not 
necessary in this instance,  if an airfoil section 
having a different thickness distribution had been used, 
or if it had been desired to use a nose shape ether than 
type A, B, or 75, figure 3 would still have been used, but 
only to obtain a preliminary estimate of c^/e'j.. 
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Tho procedure to be usod in connection with proposed 
modifications to plain-overhang balances is similar to 
that just oufcllnud for an original design <jxcftpt that 
the value oi* Cn  of the original balanced control cur- 

face may be used as the base. If only a certain incre- 
ment ACnp.  is desired, no base value is necessary. 

In order to illustrate the change in overhang that 
would normally be required to give the came amount of 
aerodynamic balance for small deflections when the nose 
radix are varied, two additional nose shapes have been 
derived and are presented in figttre 14(a). Balance 2 
has one and one-half times the nose radius of balance 1 
and be lance J has one half the ncse radius of balance 1. 
The geometric constants of the three balances are tabu- 
lated in figure ll;(a). 

The variation of Cn   that may be expected to 

accompany moderate changes in the nose radius with a 
fixed ovarhang is indicated in figure 1'i.fb). The esti- 
mated values of 0>,  range fro-n -0.0022 to 0.0002. 

6 

The recomended procedure for the design or modifi- 
cation of control surfaces with Prise balances is similar 
to that just outlined for plain-overhang balances except 
that the increment A0h  applies only to the negative "6 
deflection ranyo. The slope Cv,a for positive deflec- 

o 
tions greater than about 0 raaj be considered to be unaf- 
fected by overhang or nosa shape. The complete hinge- 
mo-nent curve can be approximated rith a fair decree of 
accuracy at. low angles of attack by fairing a curve 
between the balanced negutiv-2 portion (tangent at 
Of  * -Z°)  and the unbalanced positive portion (tangent 
at öf ~ 8°). The exact location of tho curve with re- 
spect to the axes Is dependent on a number of factors, 
however, including the shape or  the airfoil suction. A 
prediction of the characteristics of a control surface 
with a Prise balaneo, therefore, cannot be expected to 
be as accurate as a prediction for a control surface 
with a ?,ialn-overhan£ balance,  it la believed, however, 
that the effect of minor modifications to wither plain- 
overhang or Prise balances can be predicted with fair 
accuracy by the method outlined. 

1 ?;! 
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CONCLUSIONS 

The results of the preceding correlation and analy- 
sis indicate the following general conclusions regarding 
control surfaces having plain-overhang or Krise balances: 

1. The. effects of balance variations in changing 
the slope or" tho curve of hinge-r,o-ront coefficient 
plotted against control-surface deflection and in 
changing the lift effectiveness &f tho control surface 
could to correlated for various models at low Vach num- 
bers by the us3 of a balance factor that accounted for 
the sJze and shape of the overrun,3. 

2, wo correlation factor wan obtained that would 
adequately account for all the variables Which affect 
the slope of the curve cf hj.nne-mo'sent coefficient 
plotted against angle of attack or »/aioli affect the de- 
flee ticn range over '.mich the balance is affective in 
reducing the slopo of the hinge-nouient curve. 

3» The prBPcnce of &  small r-ap *>t the nosa of a 
plain-overhang balanced flap and of" the: corresponding 
unbalanced flap does not appreciably alter the differ- 
ences in the slopes 01" tne curv-js of liin-;e moment 
plotted agjiinst control deflection. 

li. The shape of the balance noso varied the effect 
of a yap at the control loading edgo or. the slope of the 
curve of hinge moment plotted Ä£'.iinst anglo of attack 
for plain-overhang balances. 

5» The presence of a ^ep at the control leading 
edge consistently Increased the effect of overhang in 
increasing the control lift-effoctiveness parameter. 
with the open gap the increase In fie lift-effectiveness 
parameter with increase in overhf-.n^ was caused by an in- 
crease in the slope o** tho curve of lift plotted against 
oontrol-surfaco deflection and a. decrease in the slope 
of the curve of lift plotted against 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 increases 
in Mach number consistently decreased 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, Vs., • 
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TABLE I.- VARIOUS  NOSE SHAPES CONSIDERED IN 
CORRELATION OF PLAIN-OVERHANG AND FRISE BALANCES 
AND CORRESPONDING EXPRESSIONS FOR NOSE-SHAPE FACTOR. 
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