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AN INVESTIGATION OF A EIGH-ASPECT-RATIO WING

HAVING 0.20-CHECRD PLATN ATLERONS IN THE

O

LANGLEY &-FCOT HIGH-SPEED TUNNEL

By Arvo A. Luoma
SUMMARY

A thres-dimensional lateral-control investigation
was made at high sveeds of & wing of high aspect ratio
having 0,20-chord str&ight-51ded-ﬁ*of*le nlain ailerons
with a span 37.5 percent of the wing semispan. Spanwise
loadings and moments and rollina-ﬁoment coefficients were
ovtained from pressure-distributlon measurements, and
hinge~moment data were obtained bty an electrical strain
gage for MNach numbers un to 0.925 gt aileron deflectlons
from =10° to 10° and at various sngles of attack.

The wind-tunnel test data indicate no unusual rolling-
moment end ailleron hinge-moment characteristics for an
airplane with this oarticulsr wing-aileron combinstion and
designed to operate at level il*'fh+ ¥ach numbers up
to 0,830. At higher ¥ach numbers, comparable to those
obtained in dives, the rolling effectiveness was reduced
but the zilerons still producsd some rolling moment &t zero
and positive 1ifts up to the maximum tsst Mach number of ‘0.925%
At Mach numbers between 0,880 znd 0.900 there is possibility,
however, -of flexibi ¢1ty~inquoed aileron snatch for an airplane
having an aileron control system of inadequate stiffnsss,

INTRODUCTION

A general research orogram conducted in n nection
with the design of & high-speed airplene wi&wI wing of
high aspect ratio has been undertaken by tifeMiational
Advisory Committee for Aeronautics Bast thng character-
istics including data on normel force,’%b n loading,
pitching moment, drsg, and wake w1dth ﬁbuve been presented
in reference 1 for & wing of this u'g§. This wing has an
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2 CONFIDENTIAL  NACA RN No. LéH2ga

| NACA 55-210 airfoil section and an aspect ratio of 9. 4s
an aid in the design of & horigzontal tail for use with this
| type of wing. tests were made to determine the downwasih

| and flow fluctuations behind the wing, and the data from

| these tests are presented in reference 2. The effects of

| a solid-front dive braks, a slctted dive brake, and & dive-
recovery flap on the basic wing charegcteristics at high
¥Mach numbers, together with an investigation of the average
incremental downwash due to the addition of the dive-
recovery flap, are presented in reference 3.

The tests presented hersin were made to determine
the ssrodynamic characteristics of 0.20-chord plain allerons
on a wing of high aspect ratio at high speseds. Lateral-
control data including hinge-moment coelficients, rolling-
moment coefficients, pitching-roment coefficisents, and
spen loadings were obtained for ¥ach numbers fron O.AOO
to 0.925 and at aileron deflsctions from -10Y to 10° for
various wing argles of attack.

| SYMBOLS

The symbols used herein are defined as follows:

| a angle of attaclk of finlte-szpan wing
1 v velocity in undisturbed streem
Do static pressure in undisturbed stream
D local static oressure at a point on airfoil section
p mass density in undisturbed stream
a speed of sound in undisturved stream
q dynamic pressure in undisturbhed stream (%4N2>
\ /
. J . . p‘— po\
P . . pressure coefficient [ -——
_ .4/
Pcr critical pressure coefficient obtained when local

speed of sound 1s reached at some point on
airfoil section :

M Mach number (V/a)
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HACA RI No. L6H28d CONFIDENTIAL )

aileron deflection; nositive for down cdeflection

Oq
b, span of aileron; model value, 0.590 ft
c section chord of wing
Cq section 2aileron chord measured along airfoll chord
line from hinge axis of alleron to trailing edge
of airfoil
Eq root-mean-scuare chord of sileron; model value,
& N,
e 1 Pa .
C [l o~ :'—L——‘ )
0.053L £t {73, \{ba‘/ cy dy/
N 0 :
S area of complete wing; wmodel value, 1.10 sqgq ft
ct wean eerodynamic chord of wing; wmodel value,
lﬂ 4) A} .
/ N \0/2 N
FE— -
0.37 ft ( = £ 2® dy)
\ o/
Ha aileron hinge moment

. ot o s 4 —
Cha aileron hinge~-moment coefficlent \Ha/qbacaz

AP resultant pressure coefficient across aileron seal
(4P = (Value of P TDelow seal)
- (Value of P sabove seal))

'
7

X distance along chord from leading edge of airfoil

section :
Yy distance along semispan from wing center line
b span of wing; wmodel value, 3.15 ft
Cn section normal-feorce coefficient of wing Lrom\$v

2 s Iy P~
pressure-distribution data §§b
1 qc/ 3\ <§§§5
= = fp_ < 3 A
Cn I \L L PT_T/ ax ‘,.\%\@
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Co pitching-moment coefficient of semispan wing about
i gquarter-chord line of wing
b/2
no= 2 2 -
Y T So ! ‘ Gmc ay
o
(v
AC,, change in pitching-moment ccefficient of secmispan
- wing about qusarter-chord line of wing due to
alleron deflection
NG }
ac, = | by o dy
. m Q-C' J m
o
Gy rolling-moment coefficient, due to aileron deflec-
tion, &bout,axis ~0L11near with chord line
in plane of symmeiry
/2
| -
Ci" - 5% J Acp cy dy
0
Cy damning-moment coefficlent about axis collinear
jo with chord line in plane of symmetry, couputed
simnly by the eguatio

N2 pr o
7.3 (2 dey 2
CZ - —= cy“- dy
D S b _ da
0

vhere dec,/da  is the sxperimentally determined

rete of change of section normel-force coeffi-

cient with angle of attack of finite-span wing
Subscrints:
U upper surface
L lower surface
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6 SONFIDEWTIAL NACA RM No. LbéH23d
APPARATYS AND TESTS

The tests were made in the Lengley &-foot high-speed
tunnel, which 1s a single-return closed-throat tunnel
with an alr-stream turbulence that is small bhut slightly
higher than free air. For thess tests the a;wspeed was
continuously controllable to a choking Mach number of 0.950
(uncorrected).

The wing with plain aileron used for the lateral-
ontrol investigation is the samre wing that was used for

the tests of reference 1. Ths w;nc as tested is shown
in figure 1. The wing has an NA4CA 65-210 airfoil section,
an asvect ratio of 9.0, a taper ratio of 2.5:1.0, no
sweepback, twist, or dihedral, and a tip having the
dimensions given in tabl . The sffie 0ulve span of the
model wing is 37.0 i e the root chord is 6 inches,
and the tip chord 1is ches. <Crdinates of th
NACA 65-210 a2irfoil s civen in table II. A
complete descriotion o nd tunnel setup is
given in reference 1. The ¢
of the wing chord and the aile
of the wing se: pan, w1th *he 1:bo
at the 60-ver -5 ]
located apnpro tely 25 nerce qt of
either end of tl aileron sujported
ailerons. are of straight sided onrofile with

edge angle of 11.1° (fig. 3).

Il

er on span Irom
eron., ‘The
8

Twenty static-pressure orifices were placed at each
of eight statlons along the wing span (fig. l). The
spanwise locations of the stations in percqnt of the

semispan are 11, 20, 30, A5 56, 6li, 80, and 99. The
four inboard stations mere nlaced Vn the left half of
the wing, and the four ocutbhoard stations on the Pl?ht
half. Pressure deta at stations within the a;luron span
were obtained at stations 6L, 80, and 95 percent of the.
senispan,

Formal-force, pitching-moment, and rolling-moment
data were obtained from pressure-distribution measure-
ments; and hinge-moment data were obtained by electrical-
strain-gage measurements. The hings moments were measured
cn the left aileron, which had no pressure stations within
its span. Pecause of the swall size of the model and the
high loads encountered during these tests, it was not
feasible to incorporate a seal on the left aileron where

CONEIDENTIAL



"WACA RM No. L6H283 CORFIDENTTAL 1

the hinge-moment data were obtained. These data are there-
fore for an unsesled zileron with a gap asproximately 0.003
of the wing chord. The pressure data et stations within
the aileron span were obtained on the richt half of the

wing. The right silerocn, howe"er wes completely sealed
and the coefficients derived from the ﬂrgss‘re dsta are
therefore for sealed-gap conditions. ‘p“oaynaﬂlo data
were obtained for angles of attack of -2°, 09, L°,

7°, and 10° at ¥ach numbers of 0.400 and 0.600 and for
angles of attack of -d, 72 :2 4°, and 7° at Mach numbcrs
of 0.760, 0.800, 0.827, 0.880, ©.3907, and 0.925 (uncor-
rected). Tests wers made at seven alleron deflections
from -10° to 109 for =11 Iech numbers. The test Mach
nurbers used herein were corrected as in reference 1. A
Miil discussion of the corrections for model constriction,
wake constriction, end 1lift vortex interference may bde
found in reference 1. No corrections have been wade to
the rolling-moment or hinge-moment coefficient. A dis-
chs¢on of corrections to lsateral-control coefficients
is given in references 4 and 5.

The aerodynamic dsta Uhow that the maximum twisting
moment about a torsion axis passing through the Lio-mercent-
chord noints of the section chiords occurred at a Mach
number of 0.925, an angle of sitack of 7°, and an ailercn
deflsction of 9.6°. gtatic torsion tests of the model
gave & torsional stiffness of the wing at the mldspan
of the aileron of 250 inch-pounds per degree; that is,

a concentrated twisting moment of 290 1nch nounas aorlled
at the wing tlp would resu1t in & twist of the wing of 1°
at the mlispaﬂ of the aileron. Wwhen the spanwise section-
loading and section-moment data at the worst twisting con-
ditions are used and the torsionsl stiffness at & section
is considered to vary inversely &s the cube of the dis-
tance from the nlans of symmetry, the calculations indi-
cate a maxirum twist of the wing at the tip of =-0.20°.

No corrections hsve been madse ifor the effect of twist.

RESULTS

Effects of Feynolds Number

Tn these tests the Reynolds number varied from 900,000
at a ¥ach number of 0.L00 to 1,100,300 at a iach number
cf 0.900 with the Paynolds nunder based on the msan aero-
" dynamic chord of the wing. ESome idea of the effects of

CONFIDERTIAL
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Reynolds number at subcritical ¥ach numbers can be

obtained from the two-dimensional tests of the ssme air-
foil sectionn at RBeynolds numbers of 1,000,000 and 9,00C,000
corresvonding to Mach numbers of 0.07 sand C.17, respectively
(reference 6). The effects of Reynolds number on airfoils
at supercritical Vach numbers are of secondary importance

as cowpared to the effects of compressibility (reference 7).

 Pressures

re distributions at

Sk
three spanwi se st tions within the sileron span for aileron

L
deflections of -5.7°, 0.5°, and .80 and for Mach numbers
up to ©.925 are presented in figures 5 to 7. Spanwise
section loadings thPi“Qd from intezration of the pres-
sure data are shown in figures & to 1i for seven aileron

‘ O

deflections from -10.0° to 5.6°, wing normal-force coef-
ficient against alleron de -lpcbl,n and Mach number are
given in fi”ures l) and 16, respectively. The data for
even values of eailsron de loct*on were obtained from

croas plots. Spanwise section moments for ailsron deflec-
tions from -10.0° to 9.6° are presented in figures 17

to 23. The effect of aileron deflsction on spanwise sec-
tion moments for several ¥ach numoers is shown in fig-

ure 2. ¥ing ﬁitching ~-moment coefficients based on the
wing mean asrodynamic chord are plotted sgainst alleron
Gzflection in figure 25 and against ¥ech number in fig-
ure 26. TIncremental values of wing normal-force and
pitching-moment coefficient resulting from aileron deflec-
tion are plotted against Mach nuwber in figure 27.

£Hi

e rolling-moment cogfficisnts for the sealed alleron
sre plotted sgainst ailsron deflection in figure 28 and
against ¥ach number in figure 29 The rate of change of

'rolllnb-ﬂoment coefficient withn ﬂALeron de flacuion

Z/Aéa,a for small aileron deflections (#2°) is plotted

against ¥ach number in figure 20. A damping-moment coef-
ficient UL based on the experimentelly determlned

values of acn/da for zero alleron deflection is given

in figure %1 to show the general effects of compressibility
on damping in roll. The calculated rate of roll per unit
aileron deflection for & rigid wing with sealed aileron

in pure roll is nlotted against ¥ach number in figure 32.
The rate of roll per unit all@ron deflection was obtained
from the equation

CONFIDENTIAL
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Hinge WYoments

An electrical strain gage wzs used to determine the
hinge moments. The small size of the model necessitated
the use of a small strain gage and this smallness of the
gage, coupled with the severe operating conditions pro-
duced by high speeds, high temperatures, and large aileron
loads impaired the accuracy of the hinge-moment measure-
ments, An indicetion of the accurascy of the data can be
obtained from the scatter of the test rpoints of figure 33,
The basic effects of compressi bzlwbv however, are well
illustrated by the data. TFigurss 3L and 35, which were
obtained from the data of flgule 5%, show the variation
of the hinge-moment coefficients of the unsealed alleron

with Jabh number and angle of attack, rosnectlvely. In

figure %5 is vwven the eri¢Llo of the paremeters

<}CH /A3, ) o (Ach /Aa _ w1th Hach nuaber.
a=0Q" O O

These sloves cme the aversage vaT for aileron deflec-

tions from -1° to 17 and angles of att .ck from -1° to 1°,
Data on the average resultant pressure coefficient across
the aileron seal are shown fv*varlous alleron deflections
and Mach numbers in figure 37.

Pressure-Distribution Diagrams

In reference 1, large variations were observed in
normal-force coefficients at Mach numbers greater than
0. 76n and in pﬂtcHLn r-moment coefficients at Mach numbers
greater than 0.825. These large changes in the aero-
dynamic characteristics are asscciated with the unsym-
metrical effects of shoec¥ and shock movement on the
upper and lower surfaces of the airfoil. At ¥ach numbers
in the apnroximats range from 0.825 to 0.900, the rsar-
ward movement of shock on the lower surface of the air-
foil predominated in affecting the aerodynamic character-
istics and resulted in a reduction of ncrmal-force

P s

coefficients, an increase in pitching-moment coefficients

ONFIDERTIAL
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8 positive direction

in (except at large angles of attack),
and zenerally, as the present tests showed, a positive
incresse in hinge-moment coefficients (except for the
largs angles of attack at positive aileron deflsctions).

At Mach numbers grsater than 0.900 a greater increase in
the negative direction of the pressures on the rear half
of the upper surface as compsred with those on the lower
surface reversed the direction of the changes just noted
at ¥ach numbers less than 0.300. These oressure ohsenomensa
are 1llustrated by the chordwise pressure distributions

of figures 5 to 7, which are for spanwise stations within
the aileron span.

Normal-Force Chiaracteristics

The data showing the effects of compressibility on
spanwise loading for various zileron ceflections (figs. 8
to 1) are ouite similar to the data for zero deflection
(reference 1) which, &t the higher speeds, show irregular
load distributions, an outboard movement of the lateral
center of losd for positive 1lifts, and rapid changes in
the angle of zero 1lift. At the highest Mach numbers,
positive aileron deflections are more effective in pro-
ducing 1ift than negative deflections (fig. 15). when
the flow over an airfoll 1s largely supersonic, a control
surface becomes relatively ineffective in controlling the
supersonic flow ahead of it (reference £€). This loss in
contrcl effectiveness at such speeds is illustrated Dby
the data of figure 16. At positive angles of attack, a
positive deflection of the control changes the lower-
surface pressures to values of negative pressurs coeffi-
cient that are low enough to escape the full effects of
compression shock on the lower surface for sveed condi-
tions correspondingz to those of these tests (figs. 6
and 7; so that the control surface still retains some
control on the flow over the lower surface. As is to be
expected, an increase in angle of attsck increases the
ability of the control at positive deflections to modify
the flow over the lower surface. 7The schlieren photo-
graphs of reference 8 for a 19-vpercent-thick wing
section show separated flow associated with comores-
sion shock cff both surfaces aheed of the control surface
at surercritical Mach numbers and explain the lack of
effectiveness of the control as a result of this separa-
tion. The reduced effectiveness at supercritical Mach
numbers for negative alleron ceflections noted for the
10-percent-thick wing used in the present tests 1is
probably the result of similar separation off the upper
surface, which is more disposed toward separation than
the lower surface bsczuse of the 0.2 camber of the section

b
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and the nositive angles of attack at which the sections
operate. At an angle of attack of 79 and at Mach numbers
of 0.907 and 0.925, however, it is to be noted that for
aileron deflections up to -3° the alileron shows some con-
‘trol of the flow. The date for an angle of attack of Lo
at a Fach number of 0.907 alsc shows some control of the
flow for deflections up to -5%. 4 study of the chordwlse
pressure distributions for these negative deflections and
angles of attack reveals that the aileron has a noticeable
effect on the lower-surface flow and also to some extent
on the upper-surface flow. This discussion is also
generally applicable in the analysis of changes in wing
pitching-moment coefficisnts and rolling-moment coeffi=
cients &t these hizh ¥ach numbers. Alleron deflection
had relatively 1little effect on the Mech number at which
the force break occurred (fig., 1€). MNoticeable incrcases
in normal-force cosfficient at Kach numbers greatsr than
0.900 wers obtained' for all alleron deflections as well
as for zero deflection {fig. 16).

Pitching-Moment Characteristics

Large, somewhat irregular veriations occur ip the
spanwise values of the section moment factor opb 02/S2
at high Mach numbers for all aileron deflectlons
(figse. 17 to 23). Increments of cpb2c2/Se due to
sileron deflection show similar variations (fig. 2L4). At
the higher Mach numbers, the positive aileron deflections
generally havse a greater effsct on wing ni tching=-moment
coefficient than the negative deflsctions (fig. 25), as
was the case for the effect of aileron deflection on wing.
normal=-force coefficient. General compressibility effects
as regards unsymmetrical effects of shock movement over
the upper and lower surfaces are the same for all alleron
deflections (fig. 26). The effects of compressibllity on
the changes in wing normal-force coefficlent and wing
pitehing-moment coefficient dus to alleron deflection
presentad in figure 27 show somewhat more clearly than
figures 15 and 25 the effect of zileron deflection on
thege characteristics,

Rolling=-YMoment Chnaracteristics

The data of figures 28 to %0 show that compressibility
nproduces no greet losses in al on rclling-moment coef-
ficient for Mach numbers up to snd including 0.825, which
is well above the wing critical ¥ach number of 0.730 (wing
normal=force cosfficient of 0.2). Positive alleron deflec=-
tions are shown to give rolling control at all speeds for

CONFIDENTIAL
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12 CONFIDENTT AL NACA RM No. IéL2Ea

positive 1lifts and improvement in control with increase

in enzle of attaclt, At low angles of attack the negative

deflections are ineffective at ¥ach numbers greater than
0.625 Lut, with an increase in angle of attack, the effec-
tiveness improves so that at an angle of attack of 79 tie
ailerons are effective for positive and negative deflec-
tions. At an angle of attack of -2%¥ an actual reverssal
occurs in aileron effectiveness between ¥ach numbers

of 0.685 and 0.925 (figs. 28, 29, znd 30); but the mnormal-
force ccefficient for these conditions is approximately -0.18
so that an airplane with this wing-aileron combination
would not fly a2t an angle of attack of -2° at these high
Mach numbers under all normal maneuvers. The discussion
made in the preceding sections concerning the effect of
aileron deflection on air flow over the airfell applies also
in the analysis of compressibility effects on rolling-
moment coefficient.

e

e
dats of reference & and the methods o:
damping-moment coefficient of 0.52 was obtained for the
wing with round tios assumed and 2.55 for the wing with
sguare tins assumed The variations of the damping-moment
coefficient sre largely reflected in the rolling effective-

The general effects of cowmpressibility on damping-
moment coefficient (fig. 31) parallel, as is to Dbe expected,
the effects ¢f compressibility on the parameter dCwy/da
presented in reference 1. By use of the low-spsed section

s

f reference 9, a

d‘;’
R 2 o~ o 1 y 7 : : 3 a
ness per unit allercn deflection 9§52‘ for a rigid wing
S

with sealed aileron at two altitudes (fig. 32) and this
rolling effectiveness is seen to decrease with increasing
¥ach number up to a ¥ach nurber of 0.760, *hen to increass
abruptly to a ¥ach number of 0.800, and then generally to
decrease again as the ¥ach number is further increased,

At Mach numbers greater than 0.8550 the rolling effective-
ness increases with altitude because of the improvement

in rolling-woment coefficient resulting from the increase
in angle of attack at altitude for level-flight conditions.
For an actual airplane in flight, wing twist and yaw would
avpreciably reduce the rigid-wing effectiveness.

The data on the rolling-moment coefficient indicate
that the ailerons are satisfactory for producing rolling
moments on an airovlane with this wing-aileron combina-
tion ard designed to operate at maximum level-flight
speeds in the Mach number range from 0.760 to 0.830. 1In
dives in which the airplane would operate at higher Hach
numbers the ailerons still procduce some rolling moment at
zero and positive 1lifts un to the maximur test Mach number
of 0.925 although, at these higher ¥ach numbers, their
effectiveness is decreased.

CONFIDENTIAL
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Hinge-Moment Characteristics

The hinge-moment data of these tests are for an
unsealed aileron. The qpqeral compressibility effects,
howsver, can be expe.ted to apnly alsc for a sealed
aileron. For Mach numbers through 2.8320 the data on the
hinge-wmoment coefficient for the unsealed aileron show
no unusual compressibility effects (figs. 33 and 3hL)
but, at higher Mach nurbsrs, marked changes occur in hinge-
moment ppulflcleﬁt associated with rearward movement of
shock. A possibility exists of flexibility-induced aileron
snatch (refersnce 10) s a result of the positive slopes

} noted in the data

)

«

of 4C,, /ﬂég (overbalsnce condltion

z

”

or some of the test conditions. Tlexibllity-induce

aileron snatch will cccur if the change in aorodvlomlc
ings moment ver degree chsnse of aileron deflection
ad exceads the stiffness of the control systsem

e d in terms of resisting hinge moment developed
twist of aileron. The maximum value of

resulted at a M¥ach number of 0.880 and an

S
[
H
(e}

o = O
O
®

; ) 1 . PR
angle cf attack of 2° and amounted to ©.021. (See
fig. 3%3(cj.) In order to avold elastic 'instability, the

ailsrcn-control stiffness when expressed in this same
form must exceed the value of 0.021.

o l"'ge ariation of h113e—”omﬂnt coefficient with
engle of attecy occurred for ¥ach numbers less than O. £59.

At dMach numbers
bensvior rssult
moment paramete

greater th«n 0.850, however, erratic

(fig. 35). The conventional hings-

S
TS (AC / 5) and /LGy /Aa) show the
( .

same generally large variations previously noted at speeds
exceeding a Mach number of C.550 (fL“. 56) Included in
figure 35 are twn—d.mensiondl data from reference 6 for
ths same sirfoil section and aileron fsealed gzap) at &
Mach number of 0.17 ard with a Feynolds number of 9,000,000
Also included are dats from unpublished tests of a ab—.nch-
chord ¥ACA 66,1-115 airfoil section with 2 9.20-chord
plain aileron (0.00E—chori gap). The general effects of
compressibility on the hinge-moment narsmeters for the
NACA 66,1-115 2irfoil in two-dimensional flow are shown

to be very similar to the results obtained in three-
dimensiocnal flow with the winz of the present tests.
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No tests were made to determine the effect on the
aerodynsmic characteristics of fixing transition on the
airfoil. Unoublished data obtained in the Langley S-foot
high-speed tunnel on 2 three-dimensional model of a
horizontsal tail of lhw—ﬂrag section and having roughness
at 0.10 chord on both surfaces ghowed that f‘flﬂé transi-
tion rade the parameter <?uh/d9 more negative, the
&

parameter (éch/d§> less negative, and lessened the

a :
of the compressibility effects on both th:

F=3
Lifts were reduced but the general effs
bility on 1lift were the ssme.
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o=-dimensional data of
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subcritical sweeds, however
with the low-speed (M = D,:

) \

eference 6 and with the data from unpublished low-speed
(M= 0,21} tests mwade in the Lzngley stability tunnel of
a three-dimensional model of a hecrizental tail, both of
which show 2 linear veriation of resulftant seal pressure
for both pcsitive and negative aileron deflecticns.
Tests of a partly sssled aileron (reference 11) show
that negative aileron deflections a2re somewhat less
effectlve in modifying seal pnressures than positive
cdeflecticons at ¥ach numbers from 0.3 to 0.7.

Frowm tThe hinge-moment data, no serious compressibility
effects on kinge-woment charac feriﬁfﬁ g are Indicated foran
airnlane with the wing-aileron co etion tested and
designed to oversate at maximum level fWJ,ﬁb Yach numbers
uo to C,8%0. At higher W¥ach numbers {approx. 0.380)
comparable to those obtained in dives, a nossibility of
flexibility-induced aileron snatch sxists fer an alr-
plane having an ailleron control system ol inadequate
stiffness.
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Wing-Torsional Consideration

Prem the high-speed aerodynamic data of these tests,

some calculations of the effect of wing twist on the
roll ing characteristics have been made for an airplane of
10, 5-Toot sran. The torsional stiffness of the wing wes
assumed to vary inversely as .the cubs of the distance from
the wing center line (reference 12). The spanwise distri-
bution ¢f wing twist resulting from the spanwise distri-
buticn of oitching mwoment due to eileron deflection wes
thus obtained and the opposing rolling moment due to W1ng
twist could then be determined by use of the section twist,
the experimentally determined rate 2f change of section
normal-force coerficient with angle of "ttac dep/da,
ahd the distance to the spanwise station from the center

iine. The calculsetions indicated that in order for the
alr lane with an aszumed wing snan of 104.5 fset to retain
at least 25 rarcent of the rigia—wlnv rolling effectiveness
(fig. 32) at a Mach number of 0.880 and sea-level condi-
tions, & wing with s minimum tﬁ“°1onal stiffness at the
midspan of the ailerons of 6,100,300 foot-pounds per
redisn must be obtsined. The “eouired'torsional stiffness
for the same rolling effectiveness for similar wings on
girnlanes of dlfferent size variss as the cube of the
wing span (reference 12) and conversion of the torsional
reguirements from one sirplane to another is therefore
straightforward.

The rate of change of pltching-moment coefficient
with ailarcon deflection was found in these tests to vary

o e e oo

approximately as the factor 1/vi ~ 1 up to & Mach
number of 0.880. Calculations of the torsional stiffness
obtained for a Mach number of 0.880 by the method of
refersnce 12 from the low-spssd data of referense & and
extended to & Mach number of 0.850 by the factor

1/4/1 - ¥, 1ndicated that & minimum torsional stiffness
-of the wing at the sileron midspan of 6,080,000 foot=-
pounde wer radian is required to retaln 25 percent

of the rzglc-w‘rc r0¢-1ng effectiveness. Beyond a Mach
numosr of 0.880, an ebrupt decreass occurs in the rate
at which the vitching-moment coeffl ient varies with
aileron dsflection so that at s Msc ]9 £ 0.900 the
rate is only about one~fourth fb"t at & Mach number

of 0.86C. The pres:znt tests show, therefors, that the
low-speed aerodynamic data for this wing can be
satisfactorily extended for wing-twist calculations by

CONFIDZINTIA
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the factor 1//L - ¥ up to the Nach number where the
brezk in rate of chaﬁge of pitching=-moment coefficient
with 2ileron deflection occurs but at Mech numbers beyond
this break where, for example, wing reversal speeds are to
be determined, actusl experimental data should be used.

in the Langley 8-foot
i ] a2tio with
straight-sided-profile O.EO-charg pl:j
37«5 percent wing semispan, For an airpl
particular wing-aileron combination, t
data indicate the following conclusions.

ne with this
nd-tunnsl

~
)
]
<
Q.Ja

1. The ailerons are satisfactory for producino
rolling moment on an aironlane designed to cperate 2t -
maximum level-flight Nach numbers up to 5.830. In dives
at which the airnlane would opérate at higher Mach numbers
the ailerons still ﬁ“oﬂuCA some rolling moment at zero and

vositive 1ifts up to the maximum test Mach number of C.925,
although, at these higher Mach numbers, their effectiveness
is decressed. :

2o No serious commressibility effects are indicated
the sileron ElAgvumcweﬁt characteristics for level-flight
cb numbers up to 2.830., At higher iach numbsrs

(agproﬂ. 0. 860) comﬂaruble to those obtained in dives,
flexihility~induced alileron snatch is peossible for an air-
plene having an aileron control system of inadesquate

stiffness.

Langley Vemorial peronautical Laboratory
National Advisory Committes for Aeronautics
Lengley ?ieid, Va. ,

CONFIDENTIAL
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Distance from | Distance forwsrd of | Distance rearward of
tio, ¥y 25-nercent-chord 25-percent-chord
{in.) line, Xp line, Xy
fin.) © (in.)
0 -0.%60 0.360
026 oLl .963%
.053 L1756 1.168
.079 260G 1.?07
<105 3537 1.41%
155 1136 . 1.565
250 . 529 i 1.710
.F¢1 .595 | 1.817
73 .627 1.668
Section contcour
Distance: from Lower-surface Upper-surface
tv?, Vi ordit?te, Z7, ordinsate, Z 3

(in.) lin,) § (in. )
D.026 0.02h 5.076

eggé L0ll .093 .
76 y 05
P .Oéa .lp‘)
. 105 0ol .113%
150 .07k . 126
.2?6 .0E6 L1383
100 .09l .1ﬁ7
TR .09¢ 151
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TABLE IT
ORDINATE3 FOR WACA 65-210 ATRFOIL

[Stations and ordinates in percent wing chord]

Upper surface Lower surfsace
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Station Ordinate Staticn Ordinete
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1.599 | L[.330 15.101 -2.992
19.909 l,.©33 23,091 ~3,316
2,021 . 397 25,079 -3,5607
20,936 L7132 20,06k -%.788
3. 251 L 954 55,049 -5.990
20,968 .67 [[G.032 -3.925
i gl 058 15,016 -%,360
0.000 015 20,000 -%,709
5,010 625 51,986 -% )
0.02 217 54,97 2
5.0 : 3 2
R
B
9
9

[T AUIEAGANG N bl et NG NG 2 TN 0 B AN SXNG RN SN S
PRI O3 GO P\ N o

Co CAHT\N O3 2
A\ ;}_4

O '\.D GO S~ O O\
..
-
foe

c
° Ay j_}. - ° 6
Ol L1285 69,957 -2. 18k
5. 0l Jh79 74,955 -1, 654
0.9 753 79.956 -1.191
5.0% 057 gl.ab2 -7
0.02 7 bﬂ 972 -, 29%
95,01l . 022 .936 .010
100,000 0 : ¢oo 000 0

L. E. radius: D2.687. Sloge of radius
through end of chord: 0.08L
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(a) Front view.

Figure 1.- Wing of high aspect ratio mounted on vertical
support plate in Langley 8-foot high-speed tunnel.
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(b) Three-quarter view of right wing.

Figure 1.- Concluded.
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