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© NATIONAL ADVISORY COMMITTEE FOR AEZRONAUTICS

MEMORANDUM REPORT

for the
Army Alr Forces, Air Techniéai Service Cdmmand
MEASUREMERT OF INDIVIDUAL ATLERON HINGE MOMENTS AND
ATTERON CONTROL CHARACTERISTICS OF A P=-40T7 ATRPLANE

By R. Fabian Goranson
K o | SUMMARY

Pllght measurements have beén made of the individual
aileron hinge moments, alleron rolling effectiveness
pb/2V, and stick-force characteristics in abrupt alleron
rolls with a P-4CF airplane (AAF No. 41-24119) over an
indicated alrspeed range from 108 to 304 mlles per hour.
Three methods for measuring the rate of change of hinge
moment with angle of attack were investigated. Presented
for comparison with the flight results are data from
two-dimensional wind-tunnel tests of the wing-alleron
profile as measured at the conter alleron hinge.

Thesc measured characteristics of the P-40F standard
ailerons show that these allerons produced a hellx angle
pb/2V  of 0.08 radian at 200 miles per hour, but that the
elastic contrsl system reduced the maximuwn helix angle to
0.06 with full stick deflcctlion at 300 milcs per hour.
3tick foreces were objectionably unsymmetrical to left and
right., Hinge-moment measurements show that the flight _
measured values were approximately 40 to 60 percent of the
value indicated by two-dimcnsionsl tests with the largest
difference appearing at high aileron dcflcctlons. Another
polnt worth noting is that flight tests also showed that the
aileprons were effective to approximatcly 2° higher dcflec-
tion than indicated by the wind-tunncl tests. This com-
parison betwsen flight and wind-tunnel data indicates the
need to evaluate the 1lifting-surface thcory and thereby
provide the numerical quantitles necessary to correct
section data for plan-form effects when estimating stick
forces for a finite alleron-wing combination.
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INTRODUCTION

The program for the development of satisfactory
atlerons for the XF«75 airplaone, which employs the P-40
wing as its outhoard panel, cconslisted of two-dimensional
wind-tunnel tests in the Langley stability tumnel and
flight testes with & P-40F airnlane. Wind-tunnel tests
were made with models of the wing-aileron nrofile as
measured at the center aileron ninge.

Aithough there were a few data available on alleron
hinge moments measured in flight, there were no data
which were comparable to two-dimensional wind-tunnel
tests, Tt was therefore advantageous to Investigate the
effectiveness and hinge-moment characteristics of the
standard P-40F ailerons In fliight and in the wind tunnel
- 1n order to provide data to check current theories for
correcting section data to the free-flight condition.

In addition, the flight tests would provide a basls for
evaluating the characteristics of the XP-75 allerons,
permit investigatlion and perfection of teghniques for
measuring hinge-moment characteristics, and allow measure-
ments of friction forees and streteh inherent in the '
P~40 control system. - o -

The results of the P-40F standard aileron flight

Investigations are presented in this report.
DESCRIPTION OF THE TEST ATRPLLNE AND INSTRUMENTATION

- These tests were conducted with a P-40P airplane
(AAF No. 41-14119) flown at an average gross weight of
7870 pounds with the center of gravity at approximately
28 percent measn aerodynamic chord, wheels retracted. Two
photographs of the test airplane are shown in fipures 1.
and 2, a true view of the right wing giving pertinent
wing dimensions is presented in figure 3, and section
views showing the alleron-wing and aileron profiles are
ehown in filgure 4. Although figure 3 shows the right
wing and alleron, the location of the inset trimming tab
on the left alleron 1s shown by a dotted line., The left
alleron is not equipped with the fixed external tab shown
on the right alleron. The aileron profiles (fig. 4(v))
were obtained from plaster casts of the actual ailsrons
and therefore include local surface detalls. Differences
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between the two a:levoﬁs are primarily due to leocal fabric
reinforcenxents and cover plates and usually extend for
less thun & inches spanwisce on the aller01._

PertAngnt airplane dimsnsions are listed below:

Wing area, 8¢Quare et . v« v v 4 4 o 6 & 0 4 . . D236
Wing span, feet "« o o0 0 e v s e s e 0w 0 s BT LB
Wing aspect ratio .« « « v v ¢ ¢ s v o o v v v 505
Wing taper ratio . . © v v v 4 4 v 4 4 e s 4 4 4 . D,3D
Aileron area &aft of hinge iine, square feet . . . 7,04
Root mean sqvare chord of area alt of - A
hin{"& 1J.nJ, ‘tt e . [ » » * . 3 .- . . . u.__ 1.05
Control-stick length, - foet f e e s e e e e el 178
Tab area, squcre ieoeb: - ' ' '
Extelpal teb, right sllevon « v v« v v o 0 . . 0,10
Inset tab, le;t allevon « « o + v & v e e e v 0,25

Aileron lonation, rercent wing semispan
Inboard end v . « +« v « s v 64 2

PR LI l. 54 0
OutbOuI‘d elld . . * a » . . . 'h - v .o

* . u.. "‘ o.. . gl 0
Instrumentation for these tusts *ncluded the followlng_

standard NACA recordéing instwumnnts avnchronized by an
NACA chronometris timer:

Airspead .

Roll turmmeter .

Aileron position

Accelerometer (three- comhonent)

Stick force

Galvanoueter (aileron hinge-moment recorder)

In addition to the recording instruments the ailrplane was
equipped with a sensitive indicating airspesd meter and
an indlcatino fres-alr thermome terp (rP%i t.ance-bulb type)

The alrspeed recorder and indlcatol were connected
to the P~40F productlon alrspeéd head in order to avoid
detrimental air-flow characteristics whickh may occur when
external booms sre mounted near the aileron. The sir-
speed installstion was calibrated for position error and
the thermometer for compressibility effects.

_Alleron Iinge moments were measursd by cable-tension
recorders calibrated In terms of alleron hinge moments.
The cable—tenaion-recorder unit, shown in a three-view
drawing (fig. 5) and in a hotograph {(fig. 6), consists
essentially of 8 "C" sheoped spring unit with electric
strsain gages mounted on the stressed shank 50 as to
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measure cable tenslon as a function of strain in the shank,
A sufficiently large number of strain gages were mounted
on the unit =0 thet the current changes could be measured
directly with a microanmeter without an intermediate ampli-
fier. Because changes in allernn-~stick linkage ratio
occurred between the alleron and the point where the cable-
tension recorder was mounted in the control cable, 1t was
necessary to calibrate the cable-tension recorders in terms
of aileron hinge momwent for verious aileron deflections.

During the high-speed tests, g 35-miliimeter camera
was Installed so as ¥o photograph the aileron fabric
bulging. The c¢amers was mounted in the conpartment behind
the pilot's seat and photographed the upper surface of the
alleron throash the fuqelage opening normally used to f111
the fuselage gas tank.

The aileron deflections were measured at the inboard
end of the alleron and aré therefore independent of stretch
In the aileron control system. Twistlnﬂ of the alleron
-under 1oad iz neglected, however.

The relqtionq%ir betwee1 control-ctick position and
alleron position iz ghown In flgure 7 for the no-load
condition as measured on the ground. The siick forces
due to friction in the control svatem for the nc-lecad
condition as shown in figure 8 1Indicate an average frictim

force of about 2% pounﬂs with & sharp increase in friction
force near full deflection.

| DEFINITION OF SYMBCLS

pb/2V helix angle deqcribed by wing tlp during roll,

radians
‘where. .
, angﬁiar veiqcity.ih follé'radians per second
b - wilng span, 37.3 feet .
v trué'airspeéd;.feet'per éeéond

cy, atleron hinge-moment coefficient (H/qS%)

L
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where

H gileron hinge mement, positive wbﬁn tending to
- rotate the Lrailing edge down, paund feﬁt
q dynsmic pressure (%pﬁd) '
S ailleron area aft of hinge line, 7.04 square fset
T paot mean square chord of the area aft of the
hinge line, 1.C3 feet
V.  indicated ailrspeed /24
i N
cha rate of change of aileron hinge-moment coefficient
with angle of attack at a econstant alleron
deflection
Ch6 rate of change of alleron 1inbe-moment coefficilent
‘ with aileron Qngle at a constant dngle of dttack
5g ‘angular alleron deflectlon with respect to the

wing chord line, degreeés, positive wheu the
trailing edge is ﬂov .

;TZST PROCEDURE

The test progr&m can be roughly divided into two
parts:s Pilrst, méasurement of alleron rollling effective-
ness, control-force and hinge-moment characterictlcs in
abrupt ailleron rolls made with controls locked in accord-
ance with standard NACA procedure; second, tests to
determine hinge-moment variat*ons with angle »f attack.

411 Flights were made with laJding gear and flaps
retracted and at power required for level [light or at
rated power for speeds exceeding the maximm level-flight
speed. An average pressure altitude of 10 OOC feet wa s
maintained throughont the tests. ' .

Three methods for determining the variation of
aileron hinge moment with angle of attack were investi-
gated. Wlnﬂe moments were First measnred in level flight
throughout the speed range. Since the aileron trim engle
was different from zero and varisd with speed, the hinge

-

mﬁ'ﬁ ¥
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moment at zero deflection could not be measured directly,
but this effect was circumvented by slowly nmoving the
ailerons through neutral and measuring rolling velocity
and hinge momentas carreésponding to zero aileron deflec-
tlon. Ths change in angle of attack dus %o rolling was
then consldered to be the increment obtained at the
aileron midspan. The second method investigated was that
of making abrupt pull-ups end push-downs and measuring
the hinge woment during the period of steady acceleration.
The third method consisted of making abrupt alleron rolls
out of accelerated turns. . , _

. Cren celibration and repeated tests indicate that
the measurements are within the following Timits of
accuracys : -

- Rolling velocity, p, radians per seecond , ... . . %0.03
Alleron angle, &,, dsgrees . s e e e o o o, %0,2
"Aileron hinge mément, " H, pound-feet . , , . E1
Alrspeed, mlles per hour . T T 3
Stick forces, pownds . . . . . . . . . . « .. . 0.5

~ The accuracy of the aileron hinge moments i1s based
on a comparison between measured stick forces and stick
‘forces computed from measured alleron hinge moments so
that the proportion of the error due to ecach aileron is
not determined, The scatter in hinge-moment and stick-
force data ls attributable to the friction in the'contrql
system, which in flieht is apparently less than static
friction because of relief due to continual vibration of
the alrplane. : _ - ' -

The aileron dharactefiétids at each of the test
speeds were measured by revneated flights in order to
provide an adequate check on the results.

RESULTS AND DISCUSSIoN

The aileron rolling effectiveness pb/2V  and stick-
force characteristics as measured 1in abrupt aileron rolls
are presented in figures 9 through 14, and the hinge-

. moment coefilcients measured at the time of steady rolling
velocity are presented In Tigures 15 and 16 for the left
and right alleron, respectively.
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- The stick-force variatlonswith aileron angle (figs. 9
to 14} chow a marked dissymmetry between left and right
rolls; however, the asymmetric force gredlent can be
explained on the basis of the hinge moments and aileron-
to=stick linksge-ratio varlation with aileron deflection.
Thet is, an inspection of figurs 7 shows a very rapid
Increéase in mechanical advantage of the stick over the
downgoing alleron. This increase in mechanical advantcage
for a unit down deflectlon is greater than the increase
in hinge-moment coefficient (figs. 15 and 18); conse-

quently, nearly the entire stick force is due to the

hinge moment of the upgolng aileron over which the sticlk
hag a decreasing mechanical advantage. -The shapes of the
hinge~moment-coefficient curves show a dlstinet difference
between two supposedly 1identical allerons with the right
aileron exhlbiting & greater up-ITloating tendency than

he left alleron and also & more negat*ve glope "Ch(5

during roll. - The hinge- momcnt cocfflcient curves 1ndlcate

'cleﬂrly therl that in rsght rolls the stick force will

increase proﬂreqolvely with ailspron deflection whereas

in left 1olls the stick forces will reach a steadv or
decreasing value after the leflt aileron exceeds approxi-
mately -g% deflectlion. This difference between the hinge-
moment characteristics of the left and ﬂzght aileron and
consequent dissymwetry in stick forces Ifor left and right
rolls 18 not entirely attributable to any one factor;

however, the geometric 43 fferences between the two dilerons

(external trimming tab attached to the inboard end of theé
right aileron, slight differences in contour shown in
figure 4(b) and slight differences in rlgring) together
with the unsymmetrical wvawing during right and left rolls
(shown in unpublished data) provide adeQUate reason for
the differences,. o _ i

' Frise ailerons usually'eyhlbit ebrupt c“anges in
hinge moments at high up deflesctions, because the over-
hanging belance protrudes into the airstream at an angle

- that causes the lower aileron surface to stall. Tn order

to determing the deflectlion at which this stall occurs,

the stick stops were removed for all rolls except thoqe

at 108 miles per hour. With the stops removed -23° defiecw-
tion was avallable on the pround with no load. At

151 miles per hour it was not possible to =tall the up-

" going aileron at the maximum available deflection, but at

203 mlles per hour a severe os c;llat;on ocecurred when
the alleron stelled. The point at which this aileron
oscillation ocecurred is indicsted hy dashed lines on the
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hinge-moment-coefficient and stick-force curves. At 252
and 204 miles per hour the aileron control system stretched
so much that the gtalling deflectlion could not be attained,
bnt stick-force curves exhibited peculiarities at high
deflections. At 250 miles per hour the stitk-force and
hinge~moment coefficients rose sharply as if to indicate
lnelplent stalling without the buffeting that occurred

~at 203 miles per hour. At 304 mliles per hour (fig. 13),
the allerons exhiblted an abrupt change in stick force

‘at the time maximum rolling veloclty was attained; that
18, the stick-force and hinge-moment varlations With
aileron deflectlion follow the =0lid curve then during the
rolls sudaenly decrease as 1g Indlcated by the dotted '
curve. Since thisz airnlane exhibits low directional sta-
bility, this sudden change in stick force may be due to
siaeslip atta*ned in the roll

- A summary of the Polling characterietics is preeeﬁted
In figure 14. PFrom this figure it 1s amparent that the
control system 1s very elastic and that this ‘stretch
reduces the pb/av from an average value of 0.08 at

200 miles per Liour to 0.06 at I00 miles per hour with

~ the stick fully deflscted. Tt would be most desirable,
“both from the standpoint of effectiveness and stick forces,
_to eliminate the elaﬂticity sf thiq control system.

. The marked changes in slope of the hinge-moment
ourves at high speed, together with pllot's comments
that the alleron fabric was bu]eing, prompted an investls
gation to determine the fabric contour in flight. Con-
tours at the center of one panel of the _upper, surface of
the left atléron in rolls at 350 miles per hour are shown
in figure 17. These contours were obtained from 35~
millimeter motion plctiures of the alleron. A typical
plecture is shown in figure 18, Since the contour of only
one surface is known, no quantitative results are avall-
able, but it appears that the mean camber 1ine deflects
in a direction to increase the hinge moments '

~ Thg resulte of tests to deuermine the hinge-mcment
varlation with angle of attack are presented in Tigures 19
through 21. The data for figure 19 were obtained from
flights wherein the angle-of-attack change was obtained
by varying the airspeed. The angle of attack was also
changed by varying the normal acceleration at a constent

‘alrspeed. 'In flgure 20 are presented the results obtained

from acceleration changes due to abrupt pull-ups and _
push-downs and in figure 21 results from rolling out of
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-The stick-force varialticnswith atleron angle'(fins. 9
to 14) show a marked djesymmetry between lelt and right
roells; however, tle asvmmetric force greadient ¢an be
explained on the basis of the hinge momentq and alleron-
to=stick linkeage-retio variation with alleron deflection.
Thet is, an Jnspection of figure 7 shows a very rapid
incréase In mechanical advantasze of the stick over the
downgoing alleron. This increase in mechanical advantags
for a unit down deflection 1s greater than the increase
in hinge-moment cosff1ﬂient (LLQQ. 1% and 168} ; conse- - -
quently, nearly the eantire =tick force is due to the
hinge moment of the upgoling aileron over which the stick
hag a decreasing mechanical advantage. The shapes of the
hinge~-moment-coefficlent curves show z distinet difference
between two supposedly 1ldentical ailerons with the right
alleron exhlibiting a greater up-I{loating tendency than

he left alleron and also a more negative slope "Ch6

during roll. The binQu-momcnt coéfficient curves indicéte

inerease progressively with aileron deflection whereas

in left rolls the stick foreces will reach a steadv or
decreasing value after the lefi alleron exceeds approxi-
mately -8% defleciion. This difference between the hinge-
moment characteristics of the left and right allercn and
consequent dissymmetry in stick forces {or left and right
rolls 1s not entlrely attributable to any one factor: :
however, the geometric differences between the two ailerons
(external trimming tab attached to the inboard end of the
right aileron, v]ipbt differences in contour- shown in
figure 4(b) and slight differences in riggring) together
with the unsyrme btrical vawing during right and left rolls
{shown in unpibllshed data) Drovide adequa*e reason for
the differences. _ ot

' FPlSG ai]eronq usually exhiblt shrupt cianges in
hinge moments at high up deflections, becsause the over-
hanging balance protrudeg into the airstream at an angle
that causes the lower alleron surface to stall, In order
to determine the deflectlon at which this stall occurs,
the stick stops were removed for all rolls except Lhoqe
at. 108 miles per hour. With the stops removed —230 deflec-
tion was available on the ground with no lcad., = At '

1531 miles per hour 1t was not possible to stall the up-
golng aileron at the maximum available deflection, but at
203 miles per hour a severe oscillation occurred when

the alleron stslled. The point at which this aileron
oscillation occurred is indicated by dashed lines on the
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‘,cdnstant-«veed accelerated turns. All angle-of- attack
. calculations were made with an estimated lift-curve

alope CI of 0. 07‘8

To obtaln the aata presehted iﬁ'figurés 16{a} and
19(b), the airplane was trimmed in level flight over a

speed range from 113 to 220 milesz per hour and the
. ailerons moved slowly from left to right. It was then
pos=ible to obtain measurements (fig. 19(a)) of hinge

moments as the alpplane was rolling with small and equal
angular velocitles to left and rignt a3 well as two

points (a = 2.4° and 3,4°) at zero rolling veloclity. : ‘
In flgure 19 (b} hinge-moment coefficients are plotted as

a function of the angle of attack as corrected for the
increment of angle of attack at the centor of the aileron

due to rolls. These data are segregated according to
increment of angle of attack due to rolling. The third

set of data (fig. 19(c)) was obtained by plotting the

_ hinge-moment coefficient at zero aileron deflection,

obtained from fipgure 15, ag a function of the angle of
attack corresponding to the test airspeed. =Effects of .
rolling are negligible In figure 19{c¢c), becausze level-
flight trim points are so very nearly at zero aileron
deflection. The distribution of aileron trim angled near
zero deflection was obtalned by minor changes in rigging.,

- The data of figure 19 Indicate an averape value of Ch

of =0, 0064 per degree

It appears advantaveous to vary the angle of attack
by varying the normal acceleration rather than the air-
speed, because under this condition 1t 1s possible to

measure Cp independently of effects due Lo speed

changes, O the two methods for cnanging acceleratioﬁ, _
pull-ups and push-downs (fig. 20) were fouhd uncatis-

factory with this airplane because the elastic control

system pernitted the aillerons to float away from neutral

‘as the acceleration changed, thereby introducing hinge-

moment effects due to aileron deflection. TFor an air-
plane with & rigid control system, pull-ups and push-downs
would provide & simple method to obtain data on the angls-
of-attack effect on hinge moments, aileron neutral. - .

‘The data premented in figure 21 were obtained by
trimming the airplasne in & steady turn and making sbrupt
alleron rolls out of the turn.  Thess results are very .
incomplete in that date for only two angles of attack
are available furthermorc, no aileron effectlvcnesq or
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gldeslip data are available. Conslderable sideslip was -
experienced due to the low ‘dircetional stablility of this
airplene and it is not possivls to determine the effects
‘or megnltude of the =1deslip because the Instrumentation
did net include & yaw vane, It therefore appears that
the method of making rolls out of accelerated turns is
“the most nromLelng way to obtain & measu;ement of Ch

for the entir@ deflection range, but the data of flgure 21
cannot be consiﬁered concTusive. )
For compar¢tive purpgaes, wind—tunnel data from two-
dimensional tests in the Langley stabllity tunnel of the
aileron-wing profile at the center hinge (fig. 4) are
presented in figures 22 to 24. These tests employed a
- 1/2-s771e model and were run ab approximately 180 and
300 miles per hour; consequently, these data correspond
ts full-scale Mach number and one-half of full-scale
Reynolds number. - Hihge moments measured in flight when
corrected only for the efrects of rol7inp are approxli-
mately 40 to 80 percent 6r the value indicated by the
two-dimensional data of filgures 22 to 24 with the greatest
differences appearing at high eileron deflections. The
flight data also show that the allerons are effective to
“approximately 2° greater up deflection than i1s shown by
the wind-tunnel tests. Although numerical values for
correcting Cpg Wwhen converting from two-dimensional to
three-c¢lmenslonal flow have not yet been evaluated, the
difference between the wind- tunnel and flight test results
are about what would be expected. Numerical values for
correcting Oy have been evaluated, however, and do
show good agregment between flight and tunnel results;
that is, figure 24 shows a value of -0,0050 for Ch ’
and reference ) indicates & correction of 0.001%2 if
section data are to be applied to the P-40F wing., The
corrected value of Cha’ -0.0038, is in good agreement

with the measured value of -0.0034 obtalned from figure 19
'CONCLUDING REMARKS

The results of thls investigation, although not suf-
ficiently complete to determine all the hinge-moment
characterlistics of the P-40F allerons, have clearly indil-
cated the feasibllity of measuring aileron-hinge moments
in flight. Purthermore, the two-dimensional wind-tunnel
teste carried on in conjunction with the flight tests
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have pointed out the nece*qity of more extensive flight
investigations incorpeorating positive control of all
var’iaoleq sc as to 1rovﬁde the data necessary for checklng
avaldlable methods used in correcting wind-tunnel data to
the free-flight conditisn. Finally a comparison of the
two~dimensional and flight data indicates that theoretlcal
corvectlons to the value of Ch obtained from two-

dimensional tests give re}atively good agreement mith the
flight values and thet the difference between the values
of Cpx obtalned in two-dimensional and threc- “dimensional

teets 18 in tho expected direction., The need is therefore
indicated for extending the lifting~surface theory to .’

‘provide numericsl values for the basic aerodynamic Inducw~

tion factors necessary for correcting two-dimensional
hinge momente to the three- dlmensional free flight
condition. S

Langley Memortal Aercnsutical Laboratory
National Advisory Committee for Aﬂr‘onauticq
Langley Fﬁe1d Va., January <9, 1945
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Figure 8.- Top and side view of the cable-tension unit used to
o measure the aileron hinge moments,
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effectiveness and gtick force characterisgtics

Figure 9 - Atleron rolll
-4OF ailerons as measured in a eteady roll at

of gtandard
an average indicated sirspeed of 108 miles per hour,
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~ Aileron rollinﬁ effectiveneéé'aﬁd stick fbfce chéracterlsticé:
of standard P-HOF allerons as measured in a ateady roll at
an average indicated alrspeed of 151 miles per hour.
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Figure 11 - Alleron rol ing effmsctiveneass and stick fcrca. t.:ha.ra'ateriatics
- . ¢f stapdard P-30F silerohn ap ménsursd in & steady rell at
an averages indicated airspeed of 203 miles per heur,
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an average indionted airspeed of 252 milea por hour.
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¢« characteriatica

OF ailerons as measursd in o steady roll

f standard

‘Figure 12 - silerom rolll
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40F milerons as Eaasursd in a steady foll at

leron Iuil.ing sffectivenens and wtick force charactaristicns
an average indioated airspsed of 30% miles per hour.

of standerd P-
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Naximum gtick forcee 43 pounds to right

and 36 pounds to left.

- Yariatien of rolling charaoteristics With sirspeed at full
stick defleotion.

Figure 14
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Left mileron,

ap Eraoured durlng a stendy roll,

Figure 15 - Hinge-no'mt coeffictants of standard P-UOF ulaioﬁa
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Flgure 16 - Hinge-woment coefficisnts of standard ?-ﬁD!' allerone

s

Right atleren,

ng meagured during n asteady roll,
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Figure 18.- Typical photograph of left aileron showing fabric
bulging at V; = 350 mph. 6, = 6.8°. Wide stripes are

2 inches wide with the inboard edge at the center of the
panel. Narrow stripes are 1/2 inch wide and mark rib
locations.
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- Figure 19 = Varietion of the left sileron hinge moment ocoefficient with sngle of atteck, Memsured

in level flight by slowly moving the aileron through neutral.

() Bach pair of ocomneoted points represents equal velocities to left and right
{b} Angle of attack sorrected for the rolling increment of angle of mttact at

(c) Zero deflection intercepts from figure 14,

the oenter of the allsron,
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Pigures 22, - Variation of section coefficients with mileron
angls at varioua stotion Angles of sttack a,.
Impact prégsura g, of 240 pounds per aquare
foot, Data from 2wo-dimenaiona1 toats in the
Langley 8Stabiliiy Tunnel,
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Figure 23, - Variation of section acefficlenta with alleron
’ angle at various ssoiion angles of attack ag,
Impact pressure of 60 pounde per sguars
foot. Data from two dimenaional tests in the
Langley Stavbility Tunnel, -
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Pigura 24



