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NATIONAL ADVISORY COMMITTEE FOR ERONA 

CONFIDENTIAL BULLETIi' 

PRELIMINARY CORRELATION OF THEEFFECTS OP 

BEVELED TRAILING EDGES ON THE HINGE-MOMENT CHARACTERISTICS 


OP CONTROL SURFACES 

By Pa'il E. Purser and Clarence L.. Gillis. 

SUMMARY 

A study of available data from various tests of 
beveled control surfaces has been made in an attempt to 
develop a rational method for predicting the effects of 
beveled trailing edges on the hinge-moment characteristics 
of control surfaces in both two- . and three-dimensional 
flow.

The results of the study indicated that the change 
in the included angle at the control-surface trailing edge 
formed a convenient basis on which a correlation could be 
made of the effects of various profile modifications on 
hinge-moment characteristics. 	 It. is believed that the 
formulas developed will allow reasonably accurate predic-
tions of the hinge-moment characteristics of sealed beveled 
control surfaces if the characteristics of the original 
control surfaces are known. The presence of a gap at the 
control- surface hinge increased the effect of beveled 
trailing edges on the hinge-moment characteristics at 
small control-surface deflections but the available data 
were insufficient to allow as complete a correlation as 
was possible for sealed controls. 

INTRODUCT ION 

As the size and the speed of modern airplanes have 
increased, the problem of obtaining adequate control with 
reasonable control forces has become increasingly difficult 
and, in an attempt to solve this problem, the NACA has 
engaged in several programs of control-surface research. 
The purpose of the present paper is to corrlate.the hinge-
moment data obtained in various investigations of beveled
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control surfaces (references 1 to 4 and some unpublished 
data from Ames Aerorautical Laboratory). The correlation 
was made in order to develop • a rational method for pre-
dicting the effects of beveled trailing ed.ges on the hinge-
moment characteristics of botrol surfaces in both two-
and three-dimensional flow. 	 - 

Throughout this paper, the beveled portion of the 
aileron is referred to as the i beve1 {I and the °true-
contour" control surface has the same ordinates as the 
trailing-Qdge portion of the basic airfoil section. 

SYMBOLS 

C L	 lift coefficient 

c	 section lift coefficient 

CL	 average lift coefficient over control-surface span 1 
0h	 hinge-moment coefficient 

ch .	 ection hinge-moment coefficient 

a	 angle of attack, degrees 

5	 control-surface deflection relative to airfoil, degrees 

0	 trailing-edge angle - that is, included angle between 
upper and lower surfaces at trailing edge of con-
trol surface, degrees 

c	 airfoil chord 

Cf	 control-surface chord rearward of hinge line 

bevel chord - that is, chord of beveled portion of 
control surface 

b	 airfoil span 

distance from plane of symmetry to inboard, end of 
aileron 

y	 distance from plane of symmetry to outboard end of 
aileron

1'
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bf	 control-surface span 

Rb	 bevel radius - that is, radius of juncture between 
bevel and control surface 

A	 aspect ratio 

ratio of tip to root chord 

- fCL 
La 

.•ba. -

(a CL, 
CL

'a	 '\	 8 

cL8	
'a8,Ia 

(ac

)a 

a8 = (aa 

•Cha=)ô 
(aCh'.\ 

(ach 
Ch cL = 

Ch

(ach'\ 
Cli

=

J
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The subscripts outside the parertheses ind3cate the 
factors held constant during the measurement of the 

¼	 parameters. .	 ... 0 

increment of trailing-edge angle using angle of true-
contour control surface as a base 

A 
a. increments of slopes of hinge-moment curves for test 

Lch (	 conditions using data for true-contour control 
surface as a base	 - 

oJ
increments of	 slopes of hinge-moment	 cute.scor-

h 
C }1 I rected 

theoretical 
to	 section 

values
characteristics based on 
of	 c	 and	 c-

a 

I increments of	 slop es of hinge-moment curves cor-

Ch
rected to	 section characteristics based on 
theoretical values of	 c	 (0.109)	 and 

a
c 

(0.072) and corrected to	 Cf = 0.30c

Subscripts: 

exp values obtained from tests of airfoil and true-
contour control surface 

t	 theoretical values for thin airfoil (reference 5) 

AVAILABLE DATA AND DISCUSSION 

The characteristics of the models used in the correla-
tion were bbtained from references 1 to 4 and some unpub-
lished data from Ames Aeronautical Laboratory an.d are sum-
marized in table I. The geometric chsracteristis of the 
models covered the following ranges: 

.-Airfoil section: conventional'end low-drag with 
maximum thicknesses from 9 to 16 percent of the 
airfoil chord 

2. Aspect ratio: approximately 5.5 and infinity 

3; Taper ratio: approximately 0.5 and 0.6

C 

U 



4.' Ratio of control chord to airfoil chord: from 
0.155 to 0.300 

5. Bevel chord: from 10 to 34 percent of the control 
chord and some flat and, bulged surfaces 

6. Trailing-edge angle:	 from 9•QO to 42.8° 

The slopes of the hinge-moment curves given, in table I 
were measured. in the usual way at an angle of attack of 00 
and with the control neutral. The Elopes are applicable 
over ranges of a r and 8 ofapproximátely -±5 0 and ±100, 
respectively, depending on various factors such as bevel 
chord and bevel radius that will be discussed later in this 
report.

Correlat ion Procedure 

The increments' of the slopes of the hinge-moment curves 
LCh,	 Ch, ACh8 , and.	 ch8 for the sealed control sur-

faces were . first corrected to conditions for theoretical 
values of c ,	 and c	 (reference s) by means of the 

a	 8 
following relationships,:

(c 

= Cha	 or Lch 	 (1) 

a exp	 exp 

/	 \	 /	
\\ 

(c 
c h8	 C18	 or ACh5	 (2) 

\. ' ô .Jexp	 ' \: 81exp 

For finite aspet ratio, (CL ' 	 is the product of 
\ 'a,J	 '	 \	 ,' exp 

and the ratio of the average slope of the lift curve over 
the control span to the slop e • of the lift curve of the wing, 
asdetermined.from s p an load distributions in references 6 
and. 7. For aileron tests,. CL	 was not,,easily determined 

and therefore	
cc&)/(CL	 7as replaced
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by (c	 in auation (2). For infinite 

	

\\ aJt/	 'alexp	
\ aspect ratio, the values of ( c L '.	 and	 were 

\ a,iexp	 \\ 81exp 
obtained directly from.the test results. The values of 

	

9ha and	 ch8 obtained by use of equations (i) and 
(2) . were plotted against . Ø because preliminary work 
had indicated that this angle formed a convenient basis 
for correlation. From the plots of & c h	 and 

and from cross plots on logarithmic paper, it was fouid 
that	 'c	 varied inversely as the first power of the 

control chord and that	 'ch8 varied as the four-tenths 
p ower of the control chord. 

In order to indicate how well the data may be brought 
into agreement, thevalues of	 ch	 and	 tch	 were 

a	 8 
corrected to c f/c = 0.30 by means of the following rela-
_tionships:

(c/c\ 
LYCh	 L'C (_I1_ 

a	 a\030J 

/	 \O.4 
O.30 = 

and the results are presented in figure 1. 

Application of Results 

Aids to aUcation.- In order to simplify the appli-
cation of the results of this study, the variations with 
control-surface chord of the increments in the slopes of 
the hingemoment curves 	 and	 'ch	 available from 

8 
various increments of trailing-edge angle	 Ø are given 
in figure 2. Interpolation between the curves of figure 2 
should be relatively easy because	 'ch	 and	 'ch	 vary 
directly with	 Ø.	 a	 8 

An additional aid in the application of the results 
to aileron design is presented in figure 3 in the form of 
plots of the ratio of the average slope of the lift curve
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over the aileron span .to th.e slope of the lift curve o.f 
the wing for various aileron-wing combinations. These 
curves are p resented only for an aspect ratio of 6.0 but 
an insp ection of several span-lift-distribution curves 
indicated that the effect of aspect ratio on the ratio of 
lift-curve slopes was.negli.gible. 

QQ ,rocedure.- In applying the, results of this 
study to the design of beveled: sealed ailerons, the follow-' 
lug items should be known: 

1. Geometric characteristic of wing and. aileron. 

2. Slope of lift curve for wing of finite aspect ratio 
with original aileron 

3. Hinge-moment characteristics Qf original aileron 

The procedure for.applying the data is then: 

1. Determine	 1ch	 and 
a 

any given value of 

7 
2. Dete mne ( C L. ; 

(cL	 ep 
a,/exp

Atch	 from figure 2 for 

from figure 3 and known 

3. Determine i Ch	 and tCh	 by means of the follow-
a 

ing relationships:
(•\ 

	

Ch =	 'Ch	 (3) a	 a	 (ct 
\ aj 

	

Ch8 =	 ch	 ,	 .(4) 

4. 'The desired.value of LØ may then be determined 
by simpleproportion because	 Ch	 and ACh a	 '8 
vary direc'tly'with	 . 

In the design of control surfaces other t hafl ailerons,. 
the procedure .s' th\e sam.e as for ailerons except that in 
equation (4) ('CL	 /('c, '	 should be replaced by 

,	 a



8

• The value of (.ct..: may be determ±ned 

from'the- app roriate value of (.a& )	 ( reference 5)' an& 
from the value of (C "	 of 0.109'. 

ajt 

Determination of oDtimum chord for a beveled aileron.-
The results of calculations to determine the aileron chord 
and the trailing-edge angle required to obtain desired 
values of Ch	 and Ch	 are shown in figure 4. The cal-a	 8 
culations were made for the aileron of airfoil D of table I 
by use of equations (3) and (4) and. the estimated values of 
Ch	 and Ch' for the wide-chord plain ailerons. 'a	 8 

From the curves of figure 4 it is evident that, if an 
aileron of the usual size is fitted with a bevel to reduce 
0h	 to zero or to a s.mall negative value, 0 r	 will have 8 
a large p ositive value. This conditionh.as an adverse 

H	 effect on th	 tck forces encountered diring rolling. 
For beveled ailerons the adverse effect,is not so great as 
would be indicated by the value of Ch	 at, 8 = 00 

because the effect of the bevel on C: 	 tetds to disappear 

at large values of 8	 A shown in figure 2, the effect 
of the bevel on Ch	 becomes greater and the.effect oi 

0h	 becomes smaller as the aileron chord is increased. a. 
Figure 4 indicates that, in order to reduce both C, 

and Ch6 to zero, it would 'be necessary to use aileron 

chords and trailing-edge angles outside the range covered 
by the available data. Then the characteristics of ar 
aileron are changed, however, the stick-free stability of 
the airplane may be considerably affected. Before the 
final design of anaileron is selected, therefore, the 
stability characteristics should be investi gated. An 
alternative arrangemnt is a narrow-chord aileron with a 
beveled trailing edge in combination with some ' other type 
0±' aerodynamic balance, such as a sea,led internal balance 
vented at the hinge line. The bevel will cause a large 
reduction in Ch	 and a small reduction in Ch 8 ; whereas 

the sealed internal balance vented at the hiz'ige line will 
cause a large re.ution in	 and a small 'eduction in
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. With such a combination, the hinge-moment parameters 
probably could be adjusted to any desired value. 

•	
ons.- An opportunity , for checking 

the validity 'of the method was afforded when the effect 
of • a beveled trailing edge on the hinge-moment character-
istics of a Frise aileron was investigated. By the methods 
herein presnted it was found that Ch8 near zero deflec-

tion would be reduced to zero by a bevel with 0 = 25° or 
7°,	 •c'	 O.3OCf,'	 and R b	 O..20c.	 The. changes in 

the initial hinge-moment coefficients at zero' deflection 
were determined from	 'Ch	 and the difference between the 

angle of' attack for zero lift and the angle of attack 
under consideration. 	 It was assumed that the' bevel, being

symmetrically distributed about the mean line, would not 
appreciably affect the hinge moment at zero lift. The 
additional change in hinge-mome±it coefficient at each 
aileron deflection was a product of	 and the deflc-

tion under consideration. The resultant increments were 
then added to the original hinge-moment coefficients shown 
in figure-5(a) and new curves ivere drawn through these 
points.	 . 

The computed hinge-moment characteristics were thought 
to be satisfactory and the aileron was accordingly modified 
and tested in the NACA full-scale tunnel. A ôomparison of 
the computed and he test hine-moment characteristics of 
the beveled aileron is given' in figure 5(b). The principal 
discrepancie.s between the computed and the test values. 
occur at large deflectionsor high angles of attack because, 
in the computations,	 Ch	 and	 were assumed to be 

a.	 .8 
indepenent of aileron deflection and angle of attack. As 
shown by the coefficient values at 8 = _20 0 , the bevel 
evidently tended to delay the usual separation over the 
Frise nose in addition to reducing the slope of the hinge-
moment curve. 'This result wasprobably pebüliar to this 
particular installation and shàuld not be expected to occur 
on other installations because of the limited deflection 
range over which the present methods 'are th6ught to be 
applicable.	 ,•,
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Additional Factors in Design of Beveled Trailing Edges 

The effects of the gap at the control-surface hinge, 
the beveL chord, the bevel radius, and trimming tabs have 
not been considered in the foregoing anAJysis because of 
the small amount of available data.	 It is felt, however, 
that these fact ors deserve some ment ion although the 
scarcity of data makes any definite conclusions subject 
to revision. 

Effect of gap at control- surface hing .e.- The av a i 1-
able data on the effects of the gap at the control-surface 
hinge on the hinge-moment charact eristics of beveled con-
trolsare presented in references 2 to 4. The principal 
conclusion that can be drawn fromthe data is that the gap 
has little effect on Cha but has considerable effect on 

Ch5 . The effect of the gap on	 increases a. the 

trailing-edge angle increases and as the chord •of the con-
trol sirfac decreases. The data indicate that the effect 
of the gap occurs principally at small deflections of the 
control surface and that little effect occurs for deflec-
tions of the order of ±150. It can also 'be noted from 
the data of references 3 and 4 that the presence of a gap 
reduces the control effectiveness more on beveled than on 
true-contour control surfaces. 

No correlation of the data on unsealed controls could 
-bemade because the irregularity of the curves through 
zero deflection left slope measurements open to question 
and because a large part of the unsealed-gap data were ob-
tained with variations of other factors, such as bevel 
radius and bevel chord, and separation of the various ef-
fects is difficult. An attem'Dt will be made to extend the 
correlation to include unsealed control surfaces when 
sufficient data become available. 

EU ect of bevel chord.- From a study of the available 
data it appears that the bevel chord has little effect on 
the hinge-moment characteristics at small deflections but 
that an increase in bevel chord tends to increase the 
deflection range over which Ch5 is relatively small. 

Probably the best procedure at present is to use a b'evel 
chord about 30 percent of the control chord. 

Effect of bevel radius.- The data of reference 3

indicate that leaving the corner of the bevel sharp tends
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to have the same effect as opening'.a , gap at'the. control 
hinge; that is,	 Oh8 tends to bec'omin'ore oositive for 

small deflections and,to remain unaffected for deflec-
tions of the order o' ±15°.

The results' of tests of 
trimming tabs on a beveled aileron (reference 4) indicate 
that inset" tabs of about the same chord, as the bevel have 
small and unsymmetrical effects on the aileron hinge-
moment characteristics. More recent tests (as yet unpub-
lished) have indicated that a smal] attached tab or an 
inset tab' ., having a choi'd about 50 percent larger than tie 
bevel chord would be more satisfactory. It should be 
noted tht' the presence of an attached tab or an unsealed 
ins ,et tab, will aPpreciably alter the aileron''hinge-moment 
characteristics. Uhiess both, right- and lefthand ailerons 
undergo the 'same rnodificat ions,, the syst eñ will have un-
symmetrical stick-force characteristics for right and left 
rolls. A marked stick-force asymmetry was noticed in flight 
tests of an airplane equipped with beveled ailerons having 
an unsealed inset trimming ta on only , one aileron. 

Effect of eve1ed Trailing Edges on


Drag and Effectiveness 

Although no att'émt has been made in the present 
paper to correlate the effects of beveled trailing edges 
on airfoil drag or on the airfoil and control-surface 
effectiveness, it is felt that these effects should be 
ment ioned. 

Drag.- It is natural that questions' should arise 
concerning the effect of thickened and beveled trailing 
edges on the airfoil drag coefficient. The , ata in refer-
ences 1 and 2, which were obtained under conditions of 
low scale, low velocity, and high turbulence, indicate 
that bevels caused increases from 0 'to 0.0014' in the mm-
imui profile-drag coefficient. The data in references 3 
and 4, which were obtained at low scale an.d high turbulence, 
showed negligibe inc±'eases in minimum drag. Unpublished 
data from tests at, higher scale and low turulence showed 
that the bevel on airfoil E (table I) caused an increase 
of about 0.0002 in the minimum profile-drag coefficient. 
Wake surveys made during flight tests of an airplane 
equipped with an unsealed beveled aileron having a trailing-
edge angle of 26° and similar to the 310 beveled aileron of
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airfoil D (table I) disclosed no measurable effects of 
the bevel on the drag coefficient and later :tests (unpub-
lished) of an intermediate section of the wing and ailerons 
in the NACA two-dimensional low-turbulence p ressure tunel 
indicated that the bevel increased the minimum profile-
drag coefficient. by 0.0001 to 0.0002. 

Airfoil and control-au	 tiveness. - •The data 
in references 1 to 4 indicate that thickening and beveling 
the control-surface trailing edge reduce the slope of the 
airfoil lift curve and also the lift effectiveness of the 
control surface. For ailerons the reduction in the slope 
of the lift curve sIii,4 reduce the coefficieit of' damp-
ing i.± roll, the loss in available rate of roll s' ould 
therefore be less thar that indicated by considering only 
the change in available static rolling-moment coefficient. 
The majmum aileron deflection generally, can be sufficiently 
ihcreased . to counteract the less in control ass. c,ia.ted with 
theuge of bevels.	 For tail surfaces, unlike ailerons, 
the question of air p lane longitudinal ' or d.rectional tà-
bility must also be considered. Th loss th control 
effectiveness may again be counteracted by larger deflec-
tions but the decreased slope of the airfoil lift curve 
would necessitate a larger tail area or a larger aspect 
ratio to maintain the se.m degree of airplane stability. 

CONCLUDING REMARKS 

The amount of data concerning beveled trailing edges 
available at present is considered too small to justify 
any definite conclusions.	 It is believed, however, that 
use of the method develoo ed and presented herein will lead 
to reasonably accurate estimates of the effects of beveled 
trailing edges on the hinge-moment characteristics df 
sealed control surfaces. Th available data were insuffi-
cient, however, to extend the correlation to include 
unsealed control surfaces. 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va.
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