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TECHNICAL NOTE NO, 441

ROLLING, YAWING, AND HINGE MOMENTS PRODUCED
BY RECTANGULAR AILERONS
(Correlating Technical Reports Nos., 298, 343, and 370)

By R. H. Heald

SUMMARY

In this report the studies of the characteristics of
rectangular allerons described in references 1, 2, and 3
are summarized in the form of empirical egquations which
relate the aileron dimensions and displacements to the
rolling, yawing, and hinge moments for pitch angles of O°
and 12 degrees, corresponding to angles of attack of the
wings of 4%and 16 degreses, respectively. The report also
includes & comparison of the results obtained by computa-
tion from measurements on a single alleron, with those
obtained by using two allerons mounted on opposiite wings
and displaced simultaneously. Satisfactory agreement is
gshown between these methods, Rectangular airfoils (10-
inch chord by 60-inch span) having the Clark Y and U.S.A.
27 profiles and mounted on a model fuselage were used
throughout the investigation,

The work was conducted in the 10-foot wind tunnel of
the Bursau of Standards with the cooperation of the Asro-
nzutics Branch of the Department of Commerce and the Na-
tional Advisory Committee for Aeronautics,

INTRODUCTION

The rolling and yawing moments arising as a result of
aileron displacement for a given attitude of an airplans
are dependent primarily on three factors: (1) the magni-
tude of the displacement, (2) the size and shape of the
ailerons, and (3) the lateral position of the ailerons
with respect to the axis of the alrplane., Further, it ap-
pears from a study of the available data that the corre-
sponding coefflicients are approximately proportional %o
the aileron angle and to simple functions of the ailsron
chord and span. These relatlonships suggested the possi-
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bility of expressing the moments in the form of empirical
equations suitable for purposes of preliminary design and
this has been done using data taken from references 1, 2,
and 3, - : - = o

After the completion of the experimental work de~
scribed in these references, attention was called to the
work of Hartshorn, who pointed out from theorsetical con-
giderations (reference 4), that the mesthod of images, which
utilizes the half-gspan of the airfoil and a reflecting
plane, or any method which involves measurement on a sin-~
gle alleron, may lead %o incorrect conclusions when used
to determine the effects of the displacement of two ail-
erons on opposite wings., The error is due to the mutual
interference between the ailerons, which is absent in the
test of a single aileron, - In the investigatlon desgcribed
in references 1 and 2, the measurements were made on onse
aileron @méunted on an airfoil of full span, and it seemed
advisable to make an exXxperimental comparison of the one-~
aileron and two-aileron methods.. The results of the com~
parison are given in this report. ) o

Comparison of One~Alleron and Two-~Alleron Methods

The 20 by 2.5 inch &nd the 20 by 3 inch ailerons
mounted on the Clark ¥ wing were used in the comparison,
the meathod of measurement being the_same as described in
references 1 and 2, in which photographs and dimensions
of the model also are given.

- It was found early in the analysis of the results
that disturbing effects were introduced by a lack of sym-
metry in the model or an uunsymmetrical air flow in the
tunnel which resulted in differsnt angles of attack of
the wing at the two tips. Beceuse of this factor, the ad-
dition of the net moments for equal upwand-lown displace-
ments of the aileron on one wing did not agres well with
resulte obtained when both ailerons were displaced, and
the observed ¥ssults for right-aileron-up, left-aileron-
down were not the same as for right-aileron-down, left-
aileron-up. A To avoid the effects of this disturbing fac-
tor in the comparison, the following procedure was adopted.

The rolllng and yawing moment coefficients arising'
from the displacement of each aileron i1 both directions
were first determined, Call the wvalue obtained at a given
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aileron setting, as measured with the right ailsron down,
Mprg; with right aileron up, Mry; with left aileron down

M1gq; with left aileron up, Miy. Ths total or combined
coefficients were then obtained indirectly by adding

2 2 !
the two ailerons for a gilven direction of displacement.

10,, uging the mean values for

The coefficients were then determined from measurs-
ments with the right aileron up and the left aileron down,
giving a value Mpy,1qa end also with the right aileron

down and the left aileron up, glving a value MUp4,ius In

this method, the combined coefficlents were measured di- .

Mry,14 + ¥rd, ln
2

rectly, and the mean wvalue wasg used for

comparison with EEQ_%—ELQ + Yru ; Min a5 determined by
the indirect method. In both methods, the effect of any
constructional dissymmetry between the right and left ai-~
lerons or wing tips as well as any effect due to air spin
in the tunnel is thus balanced out. Approximateiy as good
agreement was obtained by comparing Mrd + Myy With

The results of the comparison of the direct and indi-
rect methods, using the mean values, are glven in Table I
and Figure 1., It will be noted that in general the values
of the combined rolling moment coefficient determined by
ueing the direct method are somewhat greater than the com-
bined values which were obtained indirectly, the mean of
all the ratios of the directly observed to the indlrectly
determined coefficients being 1.03. In the case of the
yawing moment coefficients the corresponding mean is 1L.0l.
However, the range of the ratios 1s considerably greater
in the latter case due %o the fact that the preclsion of
the yawing moment observations is less, Based on this in-
vestigation, the conclusion appears to be valid, that the
indirsct method may be expected to give results whlch are
in substantlal agreement with those obtained by use of the
direct method,

When the indirect method (with one aileron) is used;
the results apply to the angle of attack of the wing at
the aileron., Since the aileron moments depend greatly on
the angle of attack, care must be taken to know this angle
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when applying the results, For example, in the results
published in references 1 and 2 on the effect of aileron
dimensions, some of the ailerons were located on the right
wing and some on the left wing to simplify the construc-
tion of .the model. The results for these two groups of
allerons indicated a difference between the angles of gt-
tack at the two wing tips of about one-degres.

_Io
EMPIRICAL EQUATIONS

The possibility of expressing the rolling, yawing,
and hinge moment coefficients, given in references 1, 2,
and 3, in the form of empirical eguations, was pointed out
in the introduction. The monoplane model which was used
in the experiments consisted only of a fuselage and wing,
the tail mssembly, landing gear, etc., being omitted. The
dimensions of the ailerons are given in Table II.

~ TABLE II. Dimensions of Ailerons
UeS.4,27 and Clark Y Wings .

ba by ca
(inches) Position ‘
20 by 1eB eeserncesensense.s vight wing tip
20 8.0 4 & ® & « » 8 4 2 8 & @& 0 53 & e ’l ll "
. 20 " 3.0 8 ¢ 8 v 6 s v B s i e e s e s " n n
20 t 2-5 ' ) s s am e e e s " " it
lo " 2.5 [ ] l. a8 9 0 .r._. LI ... e o 9 -.- . 1eft wing tip
is5 * 2.5 Gt s e esesesases e e ey it #
20 " 2.5 e 56 s 2 e s s e v s e e f " i

Rolling and yawing moments were determined simultaneously
by observing the changes in tension of small wires run-
ning from the wing tip and tail of the model, respechive-
1y, to the roll and yaw balances, the model being support-
ed by a mast projecting from the wall of the ftunnel into
the alr stream and carrying at its extremity a univérsal
joint housed within the fuselage. (References 1 and 2.)
The hinge moments were determined using the same mounting,
the universal joint being locked at the desired angles,
The tension wire connecting the model and the balance in
this case was attached to the tralling edge of the alleron A
at its midspan, (Reference 3.)
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The measurements of rolling and yawing moments werse
made with the variable-~chord graoup of. ailerons mounted on
the right wing and the variable-span group mounted on the
left wing. This arrangement was modified in the hinge-
moment measurements so that both groups were mounted on the
" right wing, in order to minimize the effects of air spin in
the tunnel and warp of the model.

The coefflcients in references 1, 2, and 3 were based
on the dimensions of the wing.s A To introduce the alleron
dimengions, it was assumed as & trial that the coefficients
* Were proportional %o powers of the chord, span, and angular
displacement of the aileron. In order to determine the
values of the exponents, the coefficients.were plotted log-
arithmically against the chord, span, ‘and displacement of
the aileron in turn. The méan values of the exponents were
found from these plots and the nearest half power was used
in the equations, Having detsermined the exponents, the
wing dimensions and the distance from midspan of the wing
to midspan of the aileron were introduced to make the equa-
tions dimensionless. The equations for rolling and yawing
moment coefficients refer to body axes, those for hinge
noment refer to an axis along the leading edge of the ai-
leron, nmidway betweeq the upper and lower surfaces.

' NOTATION
b, wing span (£t.)
e, wing chord (ft.)
by, alleron span (f%.)

cp, aileron chord (ft,)

£, digtance from center of rotation to end of
fuselage (ft.)

v, air speed (ft./sec.)
4, 4 P v2=0,001189 V3
T, rolling moment (1b-f%.) -

N, vawing moment (1b-ft,)
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H, hinge moment (1b-ft.) -

84, aileron displacemént .(degrees)

Equations for rolling moment.- The egquations for the
determination of rolling moment for the conventional ar~
rangement of equal up and déwn displacements of opposite
allerons apply to the silerons on the Clark Y and U.S5.4.27
wings as mounted on the fuselage, the pitch angle being ei-
ther O or 12°% (angle of attack 4 or 16°) as stated. The
ordinates given in Flgures 2a and 3a were obtained by mul~
tiplying the rolling moment coefficients given in rafer-
ences 1 and 2 by the expression:

2

b Je 5%
b
by Wey (5‘?’

It can be shown that this 1s the same as multiplylng the

rolling moment L, by -
/ SA
c

1)
avsex (§-5%)

Calling

L =
b BA 14
q Py cs (5“5‘) :
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we have:

5
/ YA
L res —. . _FEK‘
b 1 c
g by ca (§ - 5‘/

Introduction of the square-root reiationéﬁipngr éiie—
ron displacement results in bringing the higher values of

Gzlh/ S4 more nearly inbto line, Straight lines were
drawn %hrough the plotted points so that the percentage
departures of the extreme points were approximately the
same throughout the range of alleron angles., Actually
these lines must pass through the origin somewhat as in-
dicated by the dotted lines in the figures. ¥No measure-

ments were made for alleron angles bqlow"4 gpg;ees.

Using this method the following equations were ob-
tained: ’ e

o1, / %& = 0,55 (/B4 - 1.0) ngffhe clark ¥,
' 09 pitech (4° angle
of attack) (1)

01,/ %A =0,25 (/8 - 1.0) for the Glark T,
¢ 12° pitch (16°
angle of attack) (2)

c . ‘ L . T 4 a2 el
01,/ 3= = 0.50 (,/8y - 1.0) for the U.S,£.27,
0° pitch (4° an- _
E " gle of attack) (3)
= - R
Gy, 2= 0.28 (/84 -~ 1.0) for the U.S.4,27,
129 piten (16°
- angle of attack) (4)
Equations for ﬁawing moment.~ The equations for yaw-
ing moment were obtained in & manner s&imilar to that used

in the case of rolling moments, In this case, hoWever,
the yawing moment coefficients (references 1 and 2) wers

multiplied by the factor £ ”bc — The values
e TE G- B

corresponding to the resulting expression:
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N AT | CA
E"" or Cnl' E—

q by cg (3 - §A>

are shown plotted against ,/ 6y in Figures 2b and 3b for
the case of the Clatrk Y wing. Here, again, introduction
of the square~root relationship for the aileron displace-
ment brings the higher values into better allgnment, Equa-
tions were determined for both the Clark Y and U.,S.A.27
wings as follows:

On, ¥/ —& = 0,055 (,/84 = 1.0) for Olark ¥, 0°
c pitech (4° angle
of attack) (5)

c ' .
Cn, g = 0.085 (,/8y - 1.0) for Clark ¥, 12°

pitch (16° an-

. gle of attack) (8)
e A . - L
0n, / 2 = 0,085 (,/8) ~ 1.0) for U.5,4.27, O°
: - "~ piteh (49 angle
. of attack) (7)
[ ) T )
Gnl ,\/'_'él- = 0.075 (,\/—8:;. - 1.0) fOI‘ UQS,_-A-_QE'?, 130

piteh (16° an-~
gle of attack) (8)

Equations for hinge momsnt.- The equations given
below were obtained by multiplying the hinge moment coef-

ficients given in reference 3 by h~931; . the resulting
expression having the form bA_CA

G = -

B 0Dy cat

The values of Cp, Were plotted directly agalnst aileron
displacement, (¥Figures 2¢ and 3c.) Straight lines drawn
through thesse polnts are represented by the egquations:

0.022 84 for the Olark Y, 0° piteh (4° an-
gle of attack) (9)

1

Ghl

Ch, = 0,020 83 for the Olark Y, 12° pitch (16°
angle of attack) (10)

Chy = 0.019 85 for the U.S.4,27, 0° pitch (4°

angle of attack) - (11)
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On, = 0,018 84 for the U.S.4.27, 12° pitch (16°
angle of attack) (12)

There appeared to be no advantage from the standpoint of
precision in bPrianging the sgquare root of the aileron dis-
placement into the equations for hinge moment,

CONCLUSION

The indirect methéd of determining the combined roll-
ing and yawing moments of a model by adding the mean val-
ues for corresponding up and down displacements of sach
aileron, using data obtained by displacing right and left
ailerons separately appears from the results of these
tests to be of satisfactory accuracy. When one aileron is
used, however, and the comblined moments are obtained by
adding the values for corresponding up and down displace~
ments, care must be taken to avoid uncertainty in angle of
attack due to warp of the model and spin of the tunnel alr
stream, since a difference of the order of 1% in angle of
attack of the two wing tips may result in consliderable
difference between the moments arising from the same angu-
lar displacement of opposite allerons,

Bmpirical equations are given, which illustrate the
approximate relationships betwesn the moments due to the
displacement of rectangular allerons when the pitch angle
is increased from 0° %o 12°. For example, the rolling mo-
ment is decreased approximately one~half as a result of
this change. This decrease 1s accompanied by an increase
in yawing moment of the order of 100 per ceant, the hinge
noment remaining substantially constant,

The precision of the equations with respect to the
valuss of the coefficients glven in references 1, 2, and
& is of the order of 15 per cent, In the case of 12°
pitch angle the greatest departuresg of the individual
points from the straight lines are of the order of 20 per
cent., In &ll cases the points ghow a decided departure
from the linsar relationsghip and increased dispersion when
the aileron angle is greatep than about 24°, It should be
pointed out in this caonnection that while the equations
are based on the resulfts of a somewhat extended investiga-
tion they may be expected to differ considerably from
those derived on a basis of other observations, obtained
under what appear to be only slightly different conditions,
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leron and wing equal in width to 0,8 per cent of the wing
chord decreases the observed rolling moment by as much as
40 per cent compared with a completely ssaled gap, such as
was used in the investigation on which the equations are
based. (Reference 5.) It is also known that the fuselage
exerts a considerable effect on the 1ift of the wing (ref-
erence &) and it is reasonable to suppose that a part of
this effect extends to the ailerons. The esguations, there-
fore, should not be expoected to hold rigorously but it is
believed they will prove useful for the estimation of ai-
leron moments in preliminary design, particularly with re-
gard to monoplanes,

Bureau of Standards,
Washington, D, C., Sept. 2, 1932,
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TABLE I, Comparison of Rolling and Yawing Moment Coefficients
Determined by Experiments on One and Two Allerons,
Respectively, Clark Y Wing*

Rolling moment| Yawing moment

coefficient coefficient
Aile- |Con- Com~ Com-— Combined
ron bined bined |bined (by ob=
Pitch Angle - dis- (by ad-| (by ob-| (by ad-|servation
angle of place~{dition |serva- {(ditlion [from two~
(de= attack Ajileron |ment from tion fron allsron
grees) (dew (de~ one- from one- tests)
grees) greeg)|aileron|two-~ aileron
tests) |aileron| tests)
tests)
0 4 20 by 2.5 8 |£¢050 |+.058 |-.012 -.013
16 .091 ., 093 -.020 -.022
. 24 113 «110 -,029 -.,026
32 135 « 136 -.032 -,031
44 «163 164 -.,033 -.,033
8 12 20 by B3 8 |f.041 [+.044 |-.016 -,015
16. |..079 w079 -.029 -,029
24 . 097 «103 -.030 -.,032
32 <116 «117 -.,037 -.035
44 | .128 | .135 |-,084 | -.030
123 16 20 by 3 8 | 021 +0024 |-.026 -.025
16 ~,052 ., 0850 -.042 -,045
24 071 . 069 -.046 -.051
32 .076 079 -.067 - 057
44 .0938 0789 ~-.089 -,059

*The signs (+ éiﬂfzifgggg;—?géspectively,5 to the right aileron
up, left down condition., These values differ somewhat from
those published in references 1 and 2 because they repre-
sent averages of Qeasurements on right and left ailerons.

\

|
|
!I -.i. W}
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FPigure 1. - Comparison of observed and combined rolling and yawing % v
moment coefficients. (Using two ailerons). The signs refer Yk}

to the right up left down condition.(+8y = 5,)
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Figure 2.-Plots for determination of rolling, yawing and
hinge moment equations. Clark Y wing on fuselage,
0 degrees pitch (a=4°). The signs refer to the right ai-

leron up,left down condition. (+6A=-8A)
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Figure &.-Plots for determination of rolling, yawing and
hinge moment equations. Clark Y wing on fuselage,
12 degrees pitch (0=16°).The signs refer to the right ai-

leron up,left down condition. (+6p=-b4)




