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DETERMINATION OF THE EFFLCT OF WING FLEXIBILITY ON
LATERAL MANEUVERABILITY AND A COMPARISON OF
CALCULATED ROLLING EFFECTIVENESS
WITH FLIGHT RESULTS

By Sidney M. Harmon
SUMMARY

An analysis 1s made to show that, when account i1s
teken of sideslip and wing flexibility, the calculated
rolling maneuverability of an airplane is in good
agreement with the results obtained from flight tests.
The method used for taking into account the effect of
wing flexibllity avoids the complications of successive
approximations but is nevertheless believed to be more
nearly accurate than other methods based on semirigid-
wing assumptions. The application of the method to a
wing of tubular shell construction is considered, and
the procedure is i1llustrated for a modern pursuit air-
plane.

INTRODUCTION

Filight results obtalned from reference l and other
sources indicate that the rolling effectiveness of air-
planes is in many cases lower than that predicted from
the theoretical method of reference 2, based on wind-
tunnel aileron effectiveness. Reference 3, on the
besls of & study of recent experimental data, has sug-
gested the use of an empirical constant of 0.80 to ac-
courit for the various factors contributing to the
reduction of rolling effectiveness in flight. The
present investigation was undertaken in order to deter-
mine & procedure that would enable designers to make a
more nearly accurate prediction of the lateral maneuvera-
oeilat e a i rplaned., Inasmuch as the important factors
affecting the rolling maneuverability appeared to be
sidesllp and wing flexlibillity, the present analysis is




concerned principally with a careful determination of the
influence of these factors and a comparison of. the calcu-
lated with the flight results for rolling effectiveness

when allowance 1s made for sideslip and wing flexibility.

Methods for predicting the effect of sideslip on
lateral maneuverability are given in references 2, 4, and
5 but in the present investigation measured sideslip data
were available and the data were uvtilized in the com-
parison of the calculated rolling effectiveness with the
flight results.

A method for calculating the loss in lateral control
due to wing twist 1s given in reference 6. The method
presented therein, however, depends on an arbitrarily
chosen shape for the spanwise twist distribution in con-
Junction with an empirically determined reference section.
This procedure for obtaining the spanwise twist distri-
bution, therefore, does not establisli for any particular
case the required equilibrium, a%i every section, between
the aerocdynamic tcrque in the rolling maneuver and the
elastic forece of ths wing. For modern airplanes,

moreover, on which the wings have cut-outs for the landing

gear and armament that cause comparatively large varia-
tions in the spanwise torsional rigidity, 1t would be
particularly unlikely that an accurate spanwise twist
distribution could be obtained frem an arbitrarily chosen
chape of spanwise twist distribution and an empirically
determined reference section.

In order to obtaln greater accuracy in the calcula-
tions for the effect of wing flexibility on rolling
maneuverabllity, a method is developed in the present
investigation in which the spanwise twist distribution is
computed on the baslis of the actual wing elesticity rather
than by the method of reference 6. The required equi-
librium between the aerodynamic torque and the elastic
force 1s established at every section with reasonable ac=
curacy without the complications of the successive ap-
proximations oerdinarily required to obtain this equlllb=-
rium. Epsistdndicated that the method Is appliceble
to modern wing designs having conventional allerons.
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SYMBOLS

rolling moment, assumed positive when rotation
of right wing is downward; for contributing
Factors, see subscrlpts

and f factors denoting aspect-ratioc correc-
/)

tion applied to rolling moment com-
puted on basis of two-dimensional
flow
A . o 5
dynamic pressure, pounds per square foot (§pv )

rolling velocity, assumed positive when the right
wing moves downward, radians per second

e eirspeed, feet per Sccond

glope of lift-coefficient curve per degree at
il te Ya'gpect ratio, dcz/da

1ift coefficient at a section, positive upward;
for contributing factors, see subscripts

angle of attack at a section, degreei
Indicated ailrspeed, miles per hour TT%EV [EE
air density

glr 'denslty at sea level

wing chord at any section, feet

aileron chord at any section measured from hinge
iine to tralling edge, feet

coordinate measured along lateral axis of air-
plane, Teet

coordinates indicating, respectively, the fixed
positions for the inboard and outboard edges
of ‘the alleron, feet
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A(pb/2V) g

ABg

(£7).,

<5

rate of change of section angle of attack with
alleron deflection for constant normal force
at section; used with prime to indicate the
valve at the section for which wind-tunnel
data were obtained

alleron deflection, positive when the right
glileron &g deflected upward, degrees

total aileron deflection measured as the angle
etween the right and left aillerons, degrees

wing twist, positive when the leading edge of
right wing moves upward, degrees

wing span, feet

wing area

aerodynemic twisting moment per unit span taken
about the aerodynamic center, positive for
stalling rioment, foot-pounds per foot

rate of change of pitching-moment coefficient
per degree alleron deflection for constant
normal force at sectionj symbol is primed to
indicate the value at the sectlion for which
wind-tunnel data were obtained

distance from aerodynamic center to elastic
center at a section, positive when serody-
namic center 1s ahead of elastic center,
feet

over-all wing 1lift coefficient; for contributing
factors, see subscripts

Mach number; in expression di/dy, twisting
monment

reduction in helix angle pb/2V due to side=-
slip

total aileron deflection required to balance
steady sidesllp

value of the helix angle pb/2V measured in
a roll from flight data




9]

total aileron deflection measured in a roll

Alagy
from flight data

W ! coordinate indicating fixed spanwise position,
feet

il torsional moment acting outboard of a section

et total aerodynamic twisting moment acting on

% wing outboard of a section, foot-pounds,
nb/2 an ;
..__r[ dy

0 ay

M! concentrated torque applied at section near
wing tip, foot-pounds

Cr.R. coefiiclent of Lo“813nal rigidlity along span,
which is equal to 3573—, where de/dy is
glepe of deformation curve rezulting from
concentrated torque M!

G modulus of elasticity in shear

A area enclosed by line midway between the inner
and outer boundaries of thin-walled section
of wing

i1 well thigknesas of wing section

S perimeter measured by line midway between inner
and outer boundaries of thin-walled section
of wing

&
K torsion factor equal to 44y % for thin-

walled tube in which skin has not buckled

B = q@a[( dcr,/083) . r?i'

Subscripts:

damp used to denote contribution of aerodynamic
damping to aerodynamic characteristics of
airplane

aileron used to denote contribution of aileron deflec-
tion to aerodynamic characteristics of airplane




twist used to denote contribution of wing twisting to
aerodynamic characteristics of airplane

ANALYSIS

The assumption 18 made that, during the steady phase
af g pure roll following the appllieation of the ailerons,
the rolling moments of &n airplane due to the aerodynamic
demping, the aileron deflectlon, and the wing twist are
in equilibrium. Thus,

Laamp * Tatleron * Ttwist = O (1

The changes 1n geometric incidence at any section Yy,
which result from the damping, the aileron deglection,
and the-wing twist are, respectively, EI, . 6g, and
v 00g en

9. From the 1lifting-line theory (reference 7), therefore,
for a symmetrical wing-aileron arrangement, equation (1)
becomes

b/2

T o
0

aocwy2 dy

<7

Jvz ‘A b/2
= foq Y 5-9— bacwy 4y - £3q /A acleyy dy ()
Ba J, 3
1 n 0]

where the normally insignificant rolling-moment contribu-
tion duoe to the drag' 1s neglected, and where p I1s taken

to be positive when the right wing moves downward.

In. - eguation (2), 15 fo

<5 &
ratio corrections for the appropriate geometric angle-
of-attack distribution and pldn form and the aerody-
nemic parameters ay and (éa/é@a)cn refer to values

and fz are the aspect-

appropriate to-a Mach number and 1ift ccefficient for the
altitude and dynamic pressure q under consideration.
Reference 7 shows that the aspect-ratio correction for
an elliptical plan form is independent of the spanwise




distribution of geometric angle of attack. Calculations
indicate, also, that for a wing having conventional
allerons and a plan form that approximates the elliptical
(such as wings having teper ratios of about 1.7:1 to 4:1),
differences in the values of fayp fop 'l Bnd - fz WL

usually be negligible. For these cases, therefore, it
appears justifiable to eliminate i, To, ‘and™¥a'" reoks
equation (2). (For special cases, where the plan form
departs from the elliptical to a greater extent than in
the taper ratios mentioned, the rolling moments in equa-
tion (1) may be obtained by the method and data given in
reference 2, In which the antlsymmetrical change in
geometric angle of attack due to wing twist 6, which
is to be determined herein, can be treated in the same
manner as that indicated for the change in angle of at-
tack due to aileron deflection (éa/é@a)Cn.)

The distributions of spanwise twist 6 for use in
equation (2) may be obtained from a consideration of the
aerodynamic torque and the elastic forces acting on the
wing.

]

During the rolling maneuver the 1lift force at any
section consists of the component contributed by the
alleron deflection, which acts at the center of pressure,
and the components due to the aerodynamic damping and
wing twisting, which act at the aerodynamic center of
the sectdon, This resultant chordwise 1ift distribution
gives a twisting moment at each section having the value

B /e + —— g
i Lclaileron 3 \ L aamp cztwistj] ey & (3)

In equation (3), ¢, 1s taken about the aerodynamic center

of the section; the term in brackets is the resultant 1ift
coefficient for the components due to the aileron deflec=
tion, aerodynamic damping, and wing twisting; and e/ow

1s the distance as a fraction of the chord from the aero=
dynamic center to the elastic center, reckoned as positive
to the rear. In this equation, the first term on the
right-hand side represents the total twisting moment of




the sectlion 1f the elastic axls colncldes with the aero-
dynamic center and the second term gives the additional
twisting moment due to the displacement of the elastic
axis from the aerodynamic center, A consideration of
the additional twisting moment contributed by the dis-
placement of the elastic center from the aerodynamic
center shows that the twlsting moment wlll usually be
smell for conventional wing-aileron systems in which the
allerons have a span of about 40 to 50 percent of the
wing span and extend to the spanwise position of about
90 to 100 percent of the wing semispan. This low value
for the additional twisting moment follows from the fact
that the three-dimensional 1ift distributions due to the
aileron deflection, aerodynamic damping, and wing twisting
tend to have similar shapes because the preponderance of
the geometric angle-of-attack distribution due to each of
these components is in the outboard region of the wing;
consequently, because of the equilibrium of the rolling
moment and the similar shapes for the 1ift distribution
of the components, the magnitude of CLda Gl ’

mp twist

when each half of the wing is consldered separately, will

generally be opposite in slign and of the same order as

the magnitude of Crg,_, . The factor e/cy 1s also
aileron

small for usual wing sections because the elastic center
is.in the viecinlity of the aerodynamic center. The addi-
tional twisting moment in the case of conventional wing=-
aileron systems, therefore, will normally represent, the
product of two small terms; hence, in most cases, for
practical limits of accuracy, the last term in equa-

tion (3) may be neglected as a second-order quantity.

In order to estimate the magnitude of the effect on
the rolling maneuverability of the additional twisting
moment due to the displacement of the elastic axls fron
the axis of aerodynamic centers, computations were made
for a typical wing-alleron system having a 40-percent
aileron span extending to the wing tip in which the
elastic axis was assumed to be at a constant distance of
10 percent of the chord length behind the axis of aero-
dynamic centers. The computations utilized experimental
data (furnished by the Army Air Forces), which were ob-
tained from torsional-rigidity tests for the P-47B wing.
On the basis of these calculations it is estimated that
the effect of the 10-percent displacement of the elastic
axis behind the axis of serodynamic centers would be to
increase the rolling effectiveness by an amount of the
order of 1 percent or less for the complete range of
speeds up to alleron reversal. Inasmuch as the elastic




exls in modern wing designs is usually located within
0 perbent of the ghord lenéth from the aerodynamic
center, the conclusion regarding the negligible effect
of the addi*tional twisting-moment term in equation (3)
appears to be Justified.

The subsequent analysis will consider a wing of
tubular shell construction. The twilist of g geetlon
at a length y' from the wing center line may be ex-

pressed as
NGO kLT ET) (2)
Al 0 dy J )

It 1s shown in references 8 and 9 for the .case of tubes
having closed sections, such as wings in which the wall
PR S ol In uOlpafl son with the cther dimensions,
that the angular twist at any section of infinitesimal
wldth dy can be expressed in the form

T p
7@ (8)

OJID-:
D

8 the torsional moment ecting outktoard of the
3 the"motulus of elasticity 1in shesv ianitie
K 1s a factor depending on the dimensions
on and, as' long as buckling of the skin does

Wi emie G e ]
seclilony G 1
seetilon, an

ot Glg seetl
not occur,

K = —meome
Hary
S dn/b

J

If 8 concentrated torque is
wang ‘sip, T in cqwatlcn { i
amd Hisiiequal to M! by definitio
tion (5) may be written

KG =

1

6>,
=
=%

by definition of Cqp p .
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The factors K and G depend only on the modulus
of elasticity in shear and on the dimensions of the
section and can therefore be considered invariant for
equivalent loads on the wing as regards T obtained by
elther a concentrated or a distributed torque; conse-
quently, the equality of the product KG to Cqp p, 1is

gimilarly valld for the case where T wvaries along the
span, or, from equetion (5),

If this value for d8/dy is substituted into equa-
tion (4), the twist at the spanwise position y' be-
comes

xr!
6 L
1 - copi——
Uq

[

In practice, the variation of Cg g, along the span

is usually determined by applying a pure twisting couple
M' at a sectlon near the wing tip and obtaining the
slope of the deformation curve d6/dy from measured
values of the angular twist at various points along the
span. The foregoing procedure for determining the span-
wise dlistribution of twist 6 1In a rolling maneuver 1is
1llustrated for the case of a modern pursuit airplane

in table I(c) and in figures 2, 3, and 4.

As a result of the foregolng analysis, for the case
of conventional wing-alleron systems having approximately
elliptical plan forms of taper ratios from about 1l.7:1 to
4:1, equation (2) may be written

b/2
57.5% }[ aocwy2 ay
i
0

S)
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where © 1s determined from equation (6), in which the
value of- T at any spanwise position y 1s:

b/2 2 D fR
T = e T 2 4 (8)
& e G q/ e\gla L OF &F
¥ ¥ /Cn

Lquations (7) and (8) are also applicable to the case of

a symmetrical wing-alleron plen form with differentially
operated ailerons provided that the average aileron
deflection is used for ©&g. If (acm/éaa)Cn is obtained

from low-speed wind-tunnel results, the value of this
parameter should be multiplied by a compressibility cor-
reetlion -faetor, such asg 1/4/1 - Mz, when used in equa-
tion+(8) On the right-hand side of equation (7) the
first term represents the part of the rolling effective=-
ness contributed by the rigld wing and the second term
represents the reduction of rolling effectiveness due

to wing flexibility. The speed V 1is contained in
equation (7) in the expression for 6, since '8 1s ex-
pressed in equation (6) as a function of T, and T is
expressed in equation (&) as a function of q

(or %pvz).
from equation (7) by plotting p or pb/2V against V
and noting the speed corresponding to the intersection
of the curve with the horizontal axis, I (éa/ééa)cn

The aileron reversal speed can be obtained

and (écm/bba)cn can be expressed analytically with

reasonable accuracy as functions of V, the aileron
reversal speed can be obtained by setting the leflft member
of equation (7) equal to zero and solving the equation
for V through 6 as previously explained.

RESULTS AND DISCUSSION
Calculated Results
Calculations were mede by the foregoing method for
the rolling effectiveness of a modern pursult airplane at

various speeds. The details of the computations are
given in order to illustrate an application of the method.




The calculations were made for the P-47C-1-RE air-
plane for a range of indicated airspeeds from 150 miles
per hour to the aileron reversal speed at an altitude of
approximetely 4000 feet. The two-dimensional slope of
the lift-coefflicient curve a, was assumed constant

along the span and was therefore eliminated from equa-
$ian (7). The dimensions of the wing-aileron system
were obtained from drawings supplied by the Republic
Aviation Corporation and are given in figure 1 and

table I. The values for the aerodynamic parameters
> oc
<§é§ and <66: in equations (7) and (8),

reupectlvely, were based on two-dimensional test re-
sults obtained from unpublished tests made in the NACA
8~foot high—opeed tunnel for a. section at the midaileron
span of the P-47C-1-RE airplane. Because the ratio of
aileron chord to wing chord varied significantly along
the spen, the test results for the midalleron section
were extrapolated on the basis of the theoretical curves
of Ilgure 1 of réeference 10 1n order to-obtain the corre-
sponding values at the other alleron sections; that is,
1t was assumed that the ratio of the actual aileron ef-
fectiveness at any section to the theoretical value was
the same as the corresponding ratlo deduced for the
section tested in the wind tunnel, Thus ,

da > ]

<66_a'_) t ti<6—65 Cn theor [(gg B (9)
Oa Cn Niw a>Cn

LﬁCGa C;] theor

where the primed symbols refer to the values as obtained
for the section tested in the wind tunnel. A corre-
sponding relationship was also assumed for

oc
e . The variation with V3
06g o

of the parameters

Su B 4 /98 By 1
oy and S5 is shown in figure 2. The
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values given in the figure are based on the unpublished
data from the 8-foot high-speed tunnei for an aileron
deflection of %4C at a wing 1ift coefficient and Mach
number appropriate with reasonable accuracy to the
P-47C-1~RE airplane at an altitude of approximately
4000 feet.

The torsional rigidity of the wing was obtained from
experimental data furnished by the Army Air Forces,
Materiel Center, VWright Field, Ohlo for a prototype P-47B
alrplane. The P~-47C-1-RE alrplane wing structure 1s the
same as that for the P-47B, although the sharp-nose
Frise allerons of the P-47B were modified for the
P-47C~1-RE by introducing a blunter nose., The tests at
Wright I'leld were made by applying a pure twisting couple
at a section near the wing tip and measuring the angular
twist at various stations along the span. The varia-
tlons along the wing semispan of the twist 6 per unit
M!' and of the torsional-rigidity coefficient Cp g, as

obtained by the foregoing tests are shown in figure 3.
The spanwlse variations of the aerodynamic twisting
moment due to the rolling maneuver dM/dy and the re-
sulting total twisting moment outboard of any section T
were calculated by means of equation (8). In the com~
putations the effect of the displacement of the elastic
center from the aerodynamic center on the aerodynamic
torque due to the rolling maneuver was neglected because
data obtained from the Republic Aviation Corporation.
indicated that the elastic axis for the P-47C-1-RE wing

was ofi the order of 5% percent ,0of the chord: length baeck

of the guarter-chord point. The spanwise twist distri-
bution during the maneuver was computed from equation (6)
by obtaining the value of T/Cp,g. at several stations
aleng 'the span and plotting these wvalues as a function of
the spanwise position 7. The twlst at any section 1is
then equal to the area of the resultant curve measured
from the center of the wing span to the desired station.
The distributions of dM/dy, T, and 6 in terms of

the aileron deflection, dynamic pressure, and pitching-
moment-coefficient derivative at the test section

dcCpy . ¢ y
53; are shown in figure 4.
lcn

pil

The detailed steps and the numerical results obtained

in the evaluation of the three members of equation (7) per
unit aileron deflection are shown in table TI. For
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convenience in making the summation indicated at the end
of this table, the respective formulas for the three
terms are referred to as I(a), I(b), and I(c). The
specific computations for each term are given separately
in the (a), (b), and (c) parts of the table. 1t shoulg
be noted at this point that the unit aileron deflection
referred to is for one aileron and consequently the
graphical integration given in the table 1s divided by 2
in order to present the results in terms of the total
aileron deflection Abg.

On the basis of the foregoing data,
7 ik 4. U '
B/2V - 00819 gg..\. 4 O°000237q‘1’&>ﬂ) (10)
Bl

pb/2V_
Adg '
total aileron deflectlion measured as the angle between

' !
the ‘right and left allerons. Values for 26 ]
\é@a en |

oc .
and Erm ‘ for use in equation (10) were obtained
Oa cn

where 1s the value of the hellx angle per degree

from figure 2 at the V3 corresponding to the dynamic
pressure Q.

The results of the calculations are presented in
figure 5. Figure 5{a) gives the variation with Vi of
the effective helix angle pb/2V per degree total
aileron deflection both for an assumed rigld wing and for
the actual flexible wing in a pure roll at an altitude of
approximately 4000 feet. The figure shows that, at
V4 = 400 miles gegvhour, the effect of wing flexibility
is to reduce DA6“ from 0.00343 to 0.00239, and that
A0g
alleron reversal occurs at Vi = 545 miles per hour.

Figure 5(b) summarizes the calculated results from
figure 5(a) and gives the variation with V3 of the

ratio of E%égz“ for the flexible wing to the value for
a

the assumed rigid wing. This figure shows that at
V4 = 400 miles per hour, the allerons for the P-47C-1-RE
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airplane are only 69 percent as effective in the actual
flexible wing as In an assumed rigid one. These
guantitative results are based on data.for a total alleron
deflection of 8°. Because of the variation of compres-
slbllity effects with ailleron deflection for Frise
ailerons the quantitative results may be noticeably dif-
ferent for very small deflections.

Comparison of Calculated and Flight Results

Figure 6 presents a-eomparison-of the calculated
rolling effectiveness with Tlight results for the
P-47C~1-RE airplane for a range of V3 from 150 to

405 miles per hour at an altitude of approximately

4000 feet. The calculated results show the rolling ef=-
fectiveness for the assumed rigid wing and also the
rolling effectiveness when allowance is made for the wing
twist and sideslip which accompanied the actual rolling
maneuver. The flight data shown in figure 6 are based
on unpublished results from tests conducted by the NACA
on the P-47C~1-RT zirplane. In these tests the angular
deflections of the ailerons represent values measured at
the ¥ inboard ' edge of the alleron Span. The measured
alleron deflections thus eliminate the factor of stretch
In the aileron control system but the assumption is made
that the' alleron deflectlon at the inboard 'edge of the
aileron span is representative of the deflections over
the entire aileron span.

In figure 6, curve A glves the calculated value
for M

ADg
Curve B presents the results of curve A corrected for
the sideslip and wing flexibility. The magnitudes of
the corrections due to sideslip as represented by curve C
were obtained by taking the measured values of the side-~
slip at the time of maximum rolling velocity and then
employing flight data based on the P-47B airplane for the
alleron deflection required to balance the measured
magnitude of steady sideslip. As the rolling criterion
pb/2¥ . is directly.proportional to  6g,. the ratlo.of the

aileron deflection required to balance the sideslip to

the deflection measured in the roll is equal to the corre-
sponding ratio of the loss of pb/2V caused by the side-
slip to the sum of the measured pb/2V and the magnitude
of the reduction in pb/2V contributed by the sideslip.
This relationship may be expressed in the form

for the assumed rlgid wing in pure rolling.
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s(B), o seay
or by the equivalent formula
(20) 40, /b
i ¥y iy ABqo, - ABg K%v)fz

where A(%%) refers to the loss in pb/2V due to side-
/s
slip, Abgy, 1s the total alleron deflection required to

balance the sideslip, and the subscript fl 1s used to

indicate the measured values obtained in flight. The
2

reduction in =%~ due to wing flexibility given in

curve D of flgure 6 represents the difference in rolling
effectiveness between the rigid and flsxlble wing as
determined from figure 5(a). The flight results in

" figure 6 (designated by circles) represent the average

velue of E%éﬁy for right and left rolls. The flight
a.

values were obtained for a total aileron deflection of-8o
by plotting the measured values of pb/2V against Abg

for each of the indicated airspeeds and using the faired
values of . pb/2V et “ABa = 8°,

The comparison in figure 6 of the calculated results
with the flight results i gicates Food agreement when the
V :
calculated values for B%Si— are corrected for wing
a
flexibility and sideslip. The greater values of rolling
effectiveness in flight than the calculated values, at

speeds above approximately Vs = 550 miles per hour, may

be explained to some extent by the fact that the flight
results are based on ailleron deflections measured at the
inboard edge of the alleron, whereas the crank for the
P-47C~1-RE aileron control system is located at the
center of the ailleron span; consequently, the effective
aileron deflection along the span is likely to be
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somewhat greater than the value measured at the inboard
edge because of the twisting of the torque tube.

On the basis of the foregoing comparison, it appears
that, when stretch in the control system 1s neglected,
the usual discrepancy which has been found between wind-
tunnel and flight alleron effectiveness can be fully
accounted for by the sideslip and wing twist that ac-
companies the roll.,

in figure 6, a8 ls to be expected, the reduction in

ABg
the square of the speed; whereas the loss due to wing
flexibllity lincreases approximately as the square of the
speed. On “this basis the trend 1s for the fllght re-
sults for a certain range of comparatively low speeds to
show l1lttle or no reduction in aileron effectiveness
with ilncreasing speed because the reduction in pb/2V

due to the wing twist is being compensated for by the in=
crease in pb/2V due to the smaller sideslip at the
higher speed.

due to sideslip varies approximately inversely as

CONCLUSIONS

1. The calculated results of the present analysils
indicate that the ailerons of the P-47C-1-RE airplane
when deflected 4° at 400 miles per hour indicated air-
speed at approximately 4000 feet altitude are only
69 ‘percent as effective in the actual flexible wing as
in an assumed rigid wing, and alleron reversal occurs
at 545 miles per hour indicated airspeed.

2. The comparison of the calculated rolling effec~
tiveness based on wind-tunmnel data for the aerodynamic

parameters of the wing-aileron system indicates good agree-
ment with available flight results when allowance 1s made
for the sideslip and wing twist which accompanied the roll.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I.- COMPUTATIONS FOR %/AO.; P-47C-1-RE AIRPLANE

I(a) I(v)
/2 2
57.3p /'b cqy? dy f ( “) cuy 4y
9 N 'g'!: ©n
Distance
from cen- (29/%%) ¢
ter line, =
y . de ao.)on =
rt eron
(rt) chord, [(g-‘- ] v (29/20a), "
cy gy ogy? h-o-. oo n |theor m)c haop Eu/ao.)e ]v’ w
2 3 ing Reference 1D, n
(re) (£t") (rtY) 1ine, 04 fig. 1 +55
(ft)
(from equa-
tion (9))
(o] 9.04 0 0
2.42 9.00 21.76 52.59
4.33 8.83 38.28 165.9
5.33 8.71 46.46 247.8
8.67 8.19 70.97 615.2
11.00 7.70 B84.74 932.3 1.10 0.143 0.465 0.845 71.64
13.50 7.03 94.87 1281 1.32 .188 537 976 92.83
15.17 6.47 98.12 1488 1.29 +200 «550 1,000 98.12
16.00 8.06 96.99 1552 1.27 +209 .560 1.018 98.74
17.67 5.20 91.81 1622 1.03 .198 +545 991 90.98
19.34 3.64 70.43 1362 +40 .110 415 .756 53.14
19,92 2.75 54.78 1091
20.39 (o] Q (o]
By graphical integration, By graphical integration,
b/ v2 dy = 16,300 rt4 2 (ﬁ")
= a
/<‘> x o ! f S0 o4y dy = 745 £t3
. n [(3s ) ;
n/2 Kfs: &
I(a) = 57.3f / ey dy
(¢] T2 '
a 24 3
I(b) = ( ) cyy dy = 745 (n-) a2
= 5528 8% x 16,300 n gu:on */on
b .3 I(b) _ 745 a WSS
= 45,500 By rt T%:" =18 K&:)en] £t
I(e) )
/2
f fcyy dy
0
2 3 en/d0a 1 aM _ P2 c /B - ¥
) n_ . 1 g s e [ g [ g}
Distance ©n |theor dcm/d0a)e, |' 5 hrte «R. B
Irom cen- e. 5, 2 P SR /B 4
ter line,|pererence 10, aGm) (rZQ) _(a_c_,,,/a .)cn._ cu? ’ %%—-’; ay deg (“'..—928) /oq R dy| .r.'ﬁﬂ)
04 . Al 1b e /
(re) Bed1 ®/cn]theor Kacm/ab‘)cn] o from (“2 ﬂ!ﬁ>
0 (££2) (££5) fie-is >
o 81.63 328.2 oo 0 0
2.42 8l1.04 323.2 oo 0o 0
4.33 78,00 323.2 - co (o] (¢]
5.33 75,86 323.2 1,900,000 | 0.00017 0.000080 | 0.0037
8.67 67.04 323.2 162,000 .001995 .002024 2146
11.00 0.0104 0.929 59.32 565.09 323.2 83,500 .003871 009844 8342
13.50 .0111 .991 49,37 48,93 1956.1 > .004014 .02048 1,943
15.17 .0112 1.000 41.84 41.84 120.1 .003087 +02636 2.587
16.00 0112 1.000 38.72 36.72 87.3 .002410 .02859 2.778
17.67 .0112 1.000 27.00 27.00 32.8 .000966 03120 2.865
10.34 .0096 +857 13.26 11.37 0 0 .03190 2.247
19.92 7T.56 (o] 0 03190 1.748
20.39 0 0 .03190

By graphical integration,

b/2
f fowd 4y = 21.80 £t3
o B

b/2
T(o) /= / Bcyy dy = 21,608 ft
()

IA‘:‘! = 21560q [(°°m/°°-)cn]' S

1

By use of equation (7) with 8 given in terms of the total alleron deflection,

AS, . &b . b
45500 pb _ 745 [72a\ | _ 21.60 [f3cm) |'
YT T m),,n 2 T Tk

b/2V 2a -, " Ocm) u
B_Lw. = 0.00819 (“-)cn 0.000237q (5= .
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