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NATTONAL, ADVISORY COMMTTTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

AN INVECTIGATION OF THE LATERAL-CONTROL CHARACTERISTICS
OF SPOILERS ON A HIGH-ASPECT-RATIO WING OF NACA 65-210
SECTION IN THE LANGLEY &-F0OT HIGH-SPEED TUNNEL

By fxvo 4. Tuome
EUMMARY

A three-dimensional lateral-control investigatlon wes made of
3~ and 6-percent-chord spoilers projecting on the upper surface of
a wing of high-aspect ratio. The spollers were located shead of
conventional 0.20-chord straight-sided-profile plaln ailerons and
tests were made with the spoilers at the 60- end TO-percent-chord
locatlions. Ailerons asnd spoilers had the same span of 37.5-psercent
wing semispen. BSpanwlse loadings and moments and rolling-moment
coefficlents were determined from pressure-distribution measurements.
Hinge-moment data for the conventlonal alleron were obtalned by an
electrical strain gege. Daba were obtained Tor Mack nmumbers up
to 0.925.

The spollers gave large rolling mcoments at Mach mumbers below
the Mach number corrssponding to the bresk in the rolling-moment-
coefficlent cwves. There was an &sppraclable increase 1n spoiler
control with increase In Mach mummber at speeds below the rolling-
moment-breek Mach mwmber; at speeds gbove the rolling-moment-bresk
Mach number there was an abrupt decrease in rolling-moment coefficlent.
At high supercritical speeds the 6-vercent-chord spoilers still
developed notable rolling-moment coefficients. The effectiveness of
the 3-percent-chord spollers at high supercritical speeds varled from
completely ineffective to relatively effective (compared. to the
effectiveness of the 6-percent-chord spoilers), depending on Mach
nunber and angle of atteck. The spoilers at the 60-percent-chord
locatlon were found to be superior to the spoilers at the TO-percent~-
chord location for developing rolling moment. Calculations at a
Mech number of 0.88 indicated that for the sams rolling effectiveness
spollers at the 60-percent-chord location gave smaller wing-twlsting
moments than at the T0-percent-chord location and that gpoilers at
elther location gave appreclisbly smeller wing-twisting moments then
did the plain ailerons. Spollers reduced ailercon hinge moments for
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Mach numbers to approximately 0.83. At higher speeds the eifect
of the spoilers on slleron hinge maments was lrrsgular.

INTRODUCTION

A comprehkengive wind-tunnel research program hes been under-
teken by the Nationsl Advisory Cammittee for Aeronsutics to provide
aserodynamic data for use in the design of a military alrplane to
operate &bt level Flight speeds of A0 percent of the speed of sound.
The various phases of this program are reported in references 1l to T.

Tests to determine the aerodynemic cheracteristics of 0.20~chord
plain ailerons on a high-esmect-ratio wing (reference 1) showed that
the conventionel ailerons experienced appreclable losses in effective=
ness abt high supercritical apeede as a result of adverse compressi-
bility effecis. Addlitional losses in rolling due to wing twist
become seiyloue at these speeds, especlally when thin wings of large
span sre used. Wind-tumel investigations heve indiceted that
gpollers show promise of use as & lateral-control device at high
gpeeds, either alone or in combination wlth conventional aillerons,
because syollers retain & large degiree of control at hligh speeds
(references 8 and 9} and produce less wing twilst than conventional
allerons of equel effectiveness (reference 10).

The present tests were made to deteimine the suitabllity of
spollers as a mesns of lmproving the rolling-moment end wing-twist
characteristics at high supercritical speeds of the wing-aileron
combinetblon reported in refevence 1. Two spoller projections and
two chordwise locations on the upper surface of the wing were tested.
Spanwise loadings and yolliing end pltching characteristics were
obtained from pressure-distribution messurements. The effect of
the spoiler on the hinge-moament coefficlent of the conventlonal
glleron was also determined. Test deta were obtained for Mach
nunbers from 0.40 to 0.925. '

SYMBOLS

The symbole used hereln ere defined as follows:
o engle of attack of finite-span wing

v velocity in umdisturbed stream

oy -
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gtatic pressure in wndisturbed streoam
local static pressure at a point on airfoil smection
mess density in undisturbed stréam

gpeed of sound in wndisturbed stream

dynemic pressure in undisturbed stream (%pve)
P; - P ‘

pressure cosfficlent

critical pressure coefficient; that is, the presswre coefficient
. at any point on airfoll surface where the local veloclty
is equal to ths locel velocity of sound

Mach mumber (V/a)

allsron deflection; positive for dowrmward deflection

ebsolute value of total aileron deflectlon with allerons
at egquel positive and negative deflections

gpan of wing; model valus, 3.15 feet
distance aslong semispan from reflscticn plane

distance slong semispan from reflection plane fo inbosrd
end of ailleron

distance along semlspan fron reflection plane to oubtboard
end of alleron .

span of alleron and.'spoiler,' model valus, 0.590 £t (bg = yo - ¥1)
section chord of wing -
dlstance along chord from leadling edge of alrfoil section

distance along chord from leading edge of airfoil section to
location of spoiler on surface of wing (fiz. 3)

gpoiler projection normal to wing swrface (fig. 3)

spoller locatlon at a sectlon in terms of the loceal section

chord of wing
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spoiler projection et a section in terms of ﬁhe local
section chord of wing

area of complete wing; model value, 1.10 square feet

nean aerodynamic chord of wingi model velue, 0.37 foot

Ql=g ?b/eczda
S o o

section alleron chord measured aslong airfoil chord line
from hinge exis of aileron to trailing edge of alrfoil

root-mean-square chord of aileron; model value, 0.0534 foot

/ Jo
3 l %
Cq = l/ T, /’ ca? ay
gyi
aileron hinge moment
eileron hinge-moment coefficlent < Ha 2)

qbaly

resultant pressure coefflclent across alleron seal
(&2 = (valus of P below seal) - (value of P above seal))

section normal-force coefficlent of wing from pressure-~
jc
distribution date cp =& ‘/o (Pg, - Py) dx

change in section normal-force coefficient of airfoil due
to spoiler projection and/or alleron deflsction

je [~ : I
Acy, =%l/o ‘—(PL - Pg) - (Pg, - Pg)s =_80 J dx
8/0=

section pitching-moment coefficient of airfoll about quarter-
chord point from pressure-distribution data; pitching
moment que to chord forces not included

on = = Oc (Py - Pp) (x'%)d‘

e
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Ocy, change in sectlon pitching-moment coefficient of alrfoil
about quarter-chord point due to spoiler proJection a.n.é./or
alleron deflection :

1 [t :
A°m=;§l/; (Py - P1) - (Py - Prls =00 (I'ﬁ)d-x
hg/c=0 '

CN normal-force coefficlent of semispsn wing

> bfe
Oy = S cpc 4y
0
Cnm pitching~-moment coefflclent of semispan wing ebout guarter-
chord lins of wing -
' 1b/e
o .
m=ger,f, °mEW

ACy change in pitching-momént coeffliclent of semispan wing sboutb
quarter-chord line of wing due to spoller proJection
endfor aileron deflection

bjfe’
2 /I o
= e—— i ZSG] G dy
m - Be'ylo |

Cy rolling-moment coefficient, due to spoiler projection and/for’
aileron deflection, ebout exis collinsar with chord line
in reflecticn plans
o . fiv /2

7 = - = Lepcyr 4y
. Sb {fo :

Subscripts:

U upper surface

L lower surface
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APPARATUS AND METHODS

Apparatus.- The tests were made in the Langley 8-foot high-speed
tunnel, which is a single~return closed-throat tunnel with an air-
. 8tream turbulence that is small bubt slightly higher then free air.

The wing usged for the lateral-control investigation of the
spoilers was the same wing used in the ailoron tests of reference 1.
The wing was supported .in the wind tunnel on a vertical steel
plate as shown in figure l(a). This plate has a modified-sllipse
sectlon of 50-inch chord and e maximum thlckness of 1L.5-percent
plate chord. A spoiler mounted on the upper surface of the wing is
shown in figures 1(b) and 1(c). The wing had an NACA 65-210 airfoil
seotion, an aspect ratio of 9.0, a taper ratio of 2.5:1.0, no
sweepback of the quarter-éhord line, no twist, or dihedrsl, and a
tip which had the dimensions given in table I. (See also fig. 2.)
The effective span of the model wing wea 37.8 inches, the root chord
was 6 inches, and the tip chord was 2.4 inches. Ordinates of the
NACA 65-210 asirfoil section are given in table II. A more complets
description of the model and additional information concerning the
test setup are to be found in reference 3.

Steel spollers having a cross section epproximately triangulax
were mounted on the upper surface of the wing directly In front of
the conventional ailsrons. The spoilers had a smooth, solild,
plens sirface normel to the wing surface and facing the air flow
{fig. 3). 'The span of the spoller was the same as that of the
alleron, 37.5 percent of the wing semispan, with the inboard end of
the spoiler and aileron at the 60-percent-semispan station (fig. 2).
Tests were made with the spoilers located at the 0.70-chord line of
the wing surface and also at the 0.60-chord line of the wing surface.
Two spoiler proJjections of 3 and 6 percent of the local wing chord
were included in the tests.

The alleron was of the plain type with no serodynamic nose
balance. The profile of the aileron was straight sided, defined
by straight linees tangent to the aileron nose radius and peaessing to
the trailing edge, resulting in e trailing-edge engle of 11.1°
(fig. 3). The aileron hed a chord 20 percent of the local wing
chord and was supported on two hinges located epproximately 25 percent
of the aileron span from elther end of the alleron.

Twenty static-pressure orifilces were placed at each of eight
stations along the wing span (fig. 4). The spanwise locations of
these stations in percent of the semispan were 11, 20, 30, L3,
56, 64, 80, and 95. The four inboard stations were placed on the
left half of the wing, and the four outboard statlons on the right half.
Pressure data at stations within the aileron span were coblained at
stetions 64, 80, and 95 percent of the semispen.
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Test procedurs.~- Normal-force, pitchlng-moment, and rolling-
moment data wers obtaired from static pressurs-distribution measure-
ments end are for sileron seasled-gep conditions. EHinge-moment data
for the ailsron were obtained by electrical straln-gags measurements
end are for an unsealed ailsron with a gap approximately 0.003 of
the wing chord. Asrodynamic data were obtalned for angles of
attack of -2°, 0°, 29, 4°, 7°, and 10° at Mach numbers of 0.0
and 0.60 and for angles of attack of -29, 0°, 2°, 4%, end T° at Mach
nurmbers of 0.76, 0.80, 0.83, 0.88, 0.91, and 0.925. The Reynolds
number based on the meen sercdynamic chord of the model wing
(0.37 £t) varied from 900,000 at & Mach number of 0.40 to 1,400,000
at a Mach number of G.G1.

Static pressure-distribution and aileron hinge-moment messurements
wore made for the spoiler configurations at the TO-percent-chord
location at aileron deflections of approximately 0°, -3°, and -6°.
Pressure measurements for the spoiler configurations at the 60-percent-
chord location were made at aileron deflections of spproximately O
and -3°. Aileron hinge-moment data were obbtained for the configuration
with the 6-percent-chord spoiler at the 60-percent-chord location
at aileron deflections of approximately 0° and -3° and for the
configuration with the 3-percent-chord snoiler at the 60-percent-
chord location at an alleron deflection of approximstely 0°.

Corrections.~ Tunnel-wall interference corrections besed on
model, or solid, constrictlon and weke comstrictlon have been applied
to the Mech number end the dynamic pressure except at the highest
Mach number. The corrections were very small and amounted to a
meximum of about 1 percent at a Mach number of 0.91 as determined
from calculations using the methods of references 11, 12, 13, 1k and
the dreg data of references 3 and 5. The tunnel choked in the -
present tests at an uncorrected Mach number of 0.95. Some tendency
toward choking could be expected at an uncorrected Mach number of 0.925
es indicated By measurements meds In the tests of reference 3. Since
the methods used in estimating twmel-wall interference corrections
becomp unrelisble at Mach numbers in the vicinity of choke, no
corrections have heen made at an wncorrected Mach number of 0.925.
There is also question about the reliability of wind-tunnel data at
speeds in the vicinity of choke. The gensral trends shown by the
data at an uncorrected Mach number of G.925, however, are belisved
to be correct. No corrsctions have been applied to the rolling-
moment or hings-moment coefficlents. A discusslion of corrections
to lateral-control cosfficients is given in references 15 end 16.

RESULTS

In the reduction of the data, plots were made of the section
pressure dlstributions and these plots were then mechanically integrated
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to give section normel-force and pitoching-moment coefficlents. These
section coefficients wore used in determining spanwise force- and
moment-loading diagrams. Wing normel-force and rolling-moment
coefficients wore determined from mechanicel integretion of the
spanuwise force-loading plots, and wing pitching-moment coefficlients
woere obtained from mechanical integration of the spanwlise moment-
loading plots. Previous tests (reference 1) hed shown that the
spanwise~loading curves could be satisfactorily faired without test
points at the 20- and 43-percent-semispan stetions, and in ordsr to
reduce the large amount of computing vrequired, the pressure data
for these two statlons were not worked up.

Chordwise pressure distributions at the 80-percent-semispan
station (approx. midspen of aileron and spoiler) for the wing with
and without spoilers are shown in figures 5 to 8. Data for angles
of attack of 0°, 20, 4O, and 7° and for Mach numbers to 0.925
have been included. The alleron deflection for the various
configurations was epproximately 0°. Difficulity was experienced in
accurately setting the alleron deflection at any partlcular value .
but the effects of the varlation in deflection are small and have
been neglected in the dlscussion of these Ligures. '

The rolling-moment coefficient for the spoller and the sealed
aileron are plotied sgainet Mech number in figure 9 and against
alleron deflection in figure 10. Also included in figure 10 for
comparative purposes are rolling-momsnt data for the wing with no
spoller from the tests of reference 1. Figure 11 1s a comparison
of the compressibility effeots on the rolling-moment coefficlent of
the spoilers and the total rolling-moment coefficient of the wing
with no spoiler at equal posltive and negative aileron deflectiona.
The total aileron deflection is designated AB,.

Plots of wing normsl-force coefficient ageinst Mach number are
glven in figure 12. In figure 13 are shown average values of normel-
force-curve slope ACy / Ax obtained between angles of attack of 0°
end 4° as a function of Mach number for an sileron defleciion of Q°.
Spanwise section loadings cpcb/S erve shown in figures 14 to 23 for
two gpoller projections and two chordwlse locstions oa the upper
surface of the wing with the aileron approximately neutral and st smell
negative deflections. For purposes of compa.risonf spanwise section
loading data from reference 1 for the '"no-spoiler” configuration
at an aileron deflection of 0.5° have been included in figure 1.
Spanwise distributions of section moment factor c,cPb2/52 are
given in figures 24 to 33. Experimental data of the nature shown
in Tigures 1U to 33 at the speeds covered in the present tests are
meagey and not readilly availsble for refersnce. It is believed that
these plote will bhe found to be of general interest in bringing
out the effects of compressibility on spanwise lcadings and of specific
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ugsefulness for design purposes. Wing pltching-noment coefficients
based on the wing mean sercdynamic chord are plotied against Mach
number in figure 34, and incremental wing pitching-moment coeffi-
cients AC, due to spoiler pro.jection are plotted against Mach
number in figure 35. .

Figure 35 shows aileron hinge-moment coefficlent plotted
againsgt aileron deflsction for the several spoiler configwratlions.
Hinge -moment date for the unsealsed aileron with no spoiler from the
tests of reference 1 are also included in figure 36. The variation
of the hings-moment coefficient of the elleron wiith Mach number
end angle of attack are shown in figures 37 and 3#, respectively.

A comparison of the effects of compressibility on the aileron hinge-
moment coefficient at equal positive and negative ailleron deflections
with and without & spoiler shead of the upgoing aileron is shown in
figure 39. The total allsron deflectlon is designated Ady. The
hinge-moment data are for an unsealed alleron with a gep epproxi-
mately 0.003 of the local wing chord. The smellness of the electrical
strain gege which had to be used with the model wing coupled with
severs operating conditions of high speeds, tempsratures, and
aileron loads impaired the accuracy of the hinge-moment measurements.
An idea of the precision of the date can bs obtained from the

scatter of test points of figure 36. The general compressibility
effects on hings-moment characteristlics, however, are well brought
out by the date.

Date of average resultent-pressurs cosfficisnt across the aileron
seel are glven in figure L4O. The data of figure L0 sre for totally
gealed conditions and are not directly appliceble to the hinge- '
moment data of these tests which are for an unsealed alleron. The
seal pressures eare presented to show the compressibility trends and
for use in estimating the amount of aerodynamic balance of an
internally balanced sealed alleron systen.

DISCUSSION

Section Pregssure Distribubions

The generel nature of the action of & spoiler on the air flow
about a wing for Mach numbers to O. g25 1s illustrated by the chordwise
pressure distributions shown in figures 5 to 8 for the wing with
and without spoilers. These pressure data are for the E0-percent-
semispan statlion, which is approximately the midspan of the spoller
and ailsron. .
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- 'A spoiler mounted on the upper surface of a wing generally
modifies the flow of ailr about the wing by slowing up the air on
the upper surface shead of the spoiler and by speeding up the air
along the lower surface. The speeding up of the flow probably
can be explained by the more negative pressures (due to the
separated flow aft of the spoller) existing at the trailing edge of
the wing which would tend to accelerate the lower-surface flow, and
by the change in flow about the airfoll nose duwe to the more positive
pressures ashead of the spoiler. The control produced by the spoiler
at low ppeeds as indiceted by the pressure date of these tesits ls
dve from one-half to two-thirds to retarding the flow on the upper
swrface. At high supercritical Mach numbers the effect of the
gpoilsr 1s alwmost wholly due to retarding the flow on the upper
surface, the veloclties along the lowsr surface belng only slightly
affected for the most part. If the flow is already superaonic at
the trailing edge, then the separated flow from a spoiler would not
be expected to affect the lower-surface flow to any appreclable
extent. Under such conditions, however, if the actlon of the spoiler
is great encugh to glve subsonic velocities ahead of 1t on the upper
surface extending to the leading edge of the airfoll then the lower-
surface flow mey still be affected to some extent as indicated by
figures 6(2) and 8(a).

Since the performance of a spoller is a function of the boundary-
layer thickness at the spoller location, an increase in boundary-
layer thickness in terms of the spoiler projectlon can be expected
to result in a decrease in spoiler effectiveness. Aggraveting the
adverse pressure gradilents on an airfoll results In a thickening
of the bowndary layer, snd if the pressure gradlents are severe and
asgoclated with compression shock, as is gensrally true at super-
critical speeds, then & separation of the flow may result. An
increase in angle of attack usually aggravates the adverse pressure
gradients on the wper surface of an airfoil and a loas In spoiler
effectiveness generally resulits with increase in angle of atteck
as shown in figures 5 to 8., This loss 1s indicated in the preassure
plots by the smaller extent of the more positive pressures shead of
the spoiler. At high supercritical speeds a loss in spoiler effective-
ness occurs, particularly for the 3-percent-chord spollers (figs.5
and 7). Apperently, & thick boundary layer or separation of the
flow has resulted. The Mach number at which this loss in effective-
ness occurs decreases, ag would be expected, wlth an increase in
angle of attack. At very high supercriticel speeds where the flow
over the upper swface 1s completely supersonic, except in the
vieinlty of the leading edges, the presswre gradients tend to become
favorable and there probably is lmprovement in the boundary-layer
conditions with the separation point moving towerd the spoller.

This 1s the probable explanatlion for the gain in effectiveness as
shown by figure 5(d), for example, at the highest speeds.
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Rolling~Moment Casracteristlcs

Genersl compressibility effects.- The gensral effecis of
compressibility on rolling-moment coefficient are similar for all
spoiler configurations (fig. 2). There is firet an eppreciable
improvement in rolling-uoment coefficient with Mach number end then
at speeds above the Mech nurber corresponding to the break in the
rolling-momgnt-coefficient curves there is an gbrvpt dscreass in
rolling-moment coefficient. Both the increase and decrease in
rolling-moment coefficient with Mach number becore more graduel at
an angle of attack of 7°. -At any given anglée of atteck the rolling-
moment~breal Mach mudber is approximstoly the same for all the
spoller configurations tested, sud veries from 0.83 at an angle
of attack of -2° to about 0.57 at an angle of attack of 7° (fig. 9).

A%t very high supercritical gpeeds all ths spoiler configurations
ghow & notable increage in relling-momsnt coefficlent at an angle
of attack of 7°. The seme improvemsnt in effectiveness at very
high supercritical speeds is also shown to = lesser exient by the
data at an engle of attack of I°. This gain in effectiveness
probably is associated with the imprcvement of the pressure gradlents
on the upper surface of ths alrfoil ab these apeeds and the consequent
lmmprovement in boundary-layer conditions and separation tendencies.

Figure 11 is a comparison of the compressibility effects on
the rolling-moment coefficient of the spoller configurations and
the wing wlth no spoiler at equal positive and negative alleron
deflections. It should be noted that the total span of the two
allerons for which deta are presentsd in figure 11 was twice that
of the spoiler. Spoileir spen is not limited by tralling-edge flaps
as ailercns would be, so thet lnsufficiency of spoller coantrol at
low speeds could be remedied by increasing the spoiler span. The
improvement in rolling-moment coefficient with Mach nwiber iz seen to
be greater for the spoiler conflgurations. At low angles of attack
the rolling-moment-break Mach nurber is higher for the spoiler
configurations and the decirease in coefficlent at supsrcritical
Mach numbers is less for the spoiler configuretions. A+ low angles
of attack and high supsrcritical speeds the 6-percent-chord spoiler
produces more rolling morent then the »lain ailerons deflected £10°,
At large angles of attack end high supercritical speeds the plain
ailerons are relatively more effective than the spoilers end do not
show the large decreese in rolling-moment ccefficient &t supsr-
criticel speseds cheracteristic of the spoilers.

Spoiler projection.- The inersase in rolliing-moment ccefglcient
vwith Mach number sand the sharpness of the decrease of rcllingwuocment
coefTiclent at supsrcritical speeds are esgentially the sams for the
3~ and 6-percent-chord spoilers at a given spoiler location (figs. 9{a),
9(v), 9(c), and 9(4)). In snite of the largs decreass in rolling-
moment coefficisnt at supercriticel speeds the &-percent-chord
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spoilers still develop a rolling-moment coefficient at a Mach mumber
of 0.90 from 50 to 10Q percent of the values developed at a Mach
number of 0.40. The effectiveness of the 3-percent-chord spoilers

at high supercriticel speeds varles from completely ineffective to
relatively effective (compared to the effectiveness of the 6~percent-
?hord sp;ilers), depending on Mach number and angle of attack

fig. 10).

Spoller location.- At the lowest angle of attack at low speeds

a change in spoiler location from the TO- to the 60-percent-chord
locatlon had little effect on the rolling-moament coefficient of
either the 3- or 6-percent-chord spoilers (fig. 10). With increase
in angle of attack, however, the effectiveness of the spollers at the
. 60-percent~chord location over that at the TO-percemt-chord locaticn

generally becomes increasingly greater. This difference in effective-
ness with angle of attack probably can be attributed to the smaller
growth in boundary layer with increase in angle of attack at the
moire Forwerd spoller locatlon. :

The rise irn rolling-mcment coefficlent with Mach number 1s
generally greater for the spoillers at the 60-percent-chord location
and the sharyness of the decrease in rolling-moment coefficlent at
supercritical speeds is aspproximately the same for both locatlons.

The 60-percent-chord gpoiler location 1s seen to be superior to
the TO-percent-chord location for developing rolling moment. Two-
dimensionsal wind-tunnel tests made at the Ames Leboratory conclude
that when spoilers are used on en NACA 65-210 airfoil section for
latereld -control purposes the 50~percent-chord location 1s better than
the 30~ and TO-percent-chord locations on the basis of mere satis-
factory rolling and yewing characteristics.

Adleron effectiveneassg.- The verliation of rolling-moment coefficlent
with alleron deilection is generally less for the spoiler configurations
than for the no-spoiler configuration at speeds below the 1olling-
moment~break Mach number and approximately the same at speeis above
the rolling-moment-bresk Mach mumber (fig. 10). In other words, the
spollers generally effect the slope dCz/dBa edversely at iow

speeds eand liave smell effect at high supercritical spesds. At an
engle of attack of 7°, however, the slope dC3/d5, i generally
affected adversely twrovnghout the speed range and the duta show
that for certain ranges of alleron deflection at high supercritical
gSpeeds the combined effectiveness of the 3-percent-cherd spollers
end the aileron is less then that of the aileron alcne (fig. 10(e)).
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Normal-Force Characteristics

Wing normel-force coefficilent.~ Compressibility effects on wing
normal-~force coefficlent are very similar for all spoiler configurations
(fig. 12). The magnitude of the compressibility effects is not as

eat as that shown by the wing with undeflected aileron and no spoller
%rfig- 12(a}) but is quite like that of the plain aileron at large
negative deflections (reference 1). The Mach number corresponding
to the bresgk in the wing normal-force-coefficient curves ls approxi-
mately the same = the Mach mmber corresponding to the breek in the
rolling-moment-coefficlent curves at moderete angles of attack and is
scmevhat greater at the largest angles of atback (figs. 12 and 9).
The variation of wing normal-~foice coefficlent with ailleron _
deflection is quite similear for the various spoliler conflgurations
(fig. 12). The spollers at the 60-percent~chord location have &
greater effect, for the most payt, in reducing the wing normal-force
coefficient than the spollers at the TO-percent-chord location
(fig. 12). The effect of the spollers at supercritical Mach numbers
is to increase the normal-force-curve slope ABN/Am over that of

the plain wing (fig. 13). An increase in normel-force-curve slope
meens & greoater dsmping-moment coefflclent in roll at these high
speeds for the wing with spoilers. A similar increase in 1ifb-
curve slope at supercritical speeds is shown by the two-dlmensional
wind-tunnel tests made at the Ames Laboratory of aspoilers on the
NACA 65-210 airfoll section for the 50~ and 70-percent-chord
locatlons.

Spenwlse loading,- The curves of spanwlse loading cpcb/S for

the spoiler configuretions (figs. 14 to 23) are similar to those

for the conventional plain ellsron at negative deflections (reference 1).
The irreguler load distributions and large chenges in angle of zero
normal. force at Mach numbers above .83, characteristic of this
perticular wing and observed in previous tests (references 1 end 3),

are also evident in the resulis of the present investigation.

At Mach numbers where the 3-percent-chord spoiler shows a high
degree of effectiveness the influence of the spollsr exbends to the
wing root (fig. 14). At high supercritical speeds where the effect
of the 3-percent-chord aspoiler has appreciebly diminished, the
3-percent-chord spoliler gensrally modifies the span loading only
over the outboard half of the semispan, the inboeard stetlons being
essentlally unaffected. On comparing the spanwise plots Ffor
the 6-percent-chord spoiler with the no-spoiler data shown in
figure 1l, it cen be seen that the 6-percent-chord spoiler modifies
the loading over the entlre span at those Mach numbers where the
spoller is most effective, as wasz true of the 3-percent~chord spoiler.
At high supercritical speeds, however, where the effectiveness of
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the spoiler decreases, the influence of the 6-percent-chord spoiler
is seen to still extend to the wilng root for several of the angle-
of-attack and Mach number combinatlons.

Pitching-Moment Characteristics

Large and somewheat irregular variatlions in the spanwise section
moment factor cm02b2/82 at high supercritical speeds noted in
reference 1 for the wing with the plain aileron are also character-
istic of the wing with spoilers (figs. 24 to 33). These changes are
Pundementally esgsoclated with the unsymetrical effects of shock and
shock movement on the upper and lower surfaces of the alrfoll and
are indicated by the pressure plots of figures 5 to 8. At Mach
mmbers in the approximete range fiam 0.82 to 0.90 the rearwerd
movement of shock with the change in the negative direction of
the presswres on the lower surface of the airfoll rredominated in
affecting the serodynamic characteristics. At Mach mumbers above
appiroximately 0.90 the pressures on the aft halfl of the upper surface
are reduced more than the pressures on the corresponding portion of
the lower surface and the direction of the changes in aerodynamic
coefficlents Just noted below a Mach number of 0.590 are therefore
reversed. '

The general effects of compressibllity on wing pitching-moment
coefficient are very similer for all spoiler configurations (fig. 3k4)
end the trends are the same as for the plain wing. The variatlon
of wing pitching-moment coefiicient with angle of attack and smell
negative elleron deflectionsa 1s guite similar for all spoliler configu-
rations. The general varietion of the lncremental wing pitching-
moment coefficient AC, with Mach nmumber (fig. 35) is essentially

the same for all spoller confligurations, the megnitude of the varlation
due to compressibility belng somewhat girreater for the larger spoiler.
The msgnitude of the incremental pitching-moment coefficient is
approximately the ssme at bobth spoller locations for the 3I-percent-
chord spoller and generally has smaller positive values at the
60~percent-chord location for the 6-percent-chord spoiler.

At speeds where the problem of wing twist in roll becomes
serious, consideration must be given to the pitching moment, caused
by & control, In relation to the rolling moment developed by the
control and the demping characteristics of the wing (reference 10).

Wing-Toralonal Conslderations '

: Torsicnel-stiffness calculations were made In the analysis of
reference 1 for an eirplane of 104.5-foot span with plain ailerons
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for lateral control. It was determined thet in order for this alr~
plane to,retain at lesast 25 percent of the rigid-wing-rolling
effectiveness at a Mach nmumber of 0.88 and sea-level conditions,

a wing with a minimum torslonel stiffness -at the midspan of the
aillerons of 6,400,000 foot-pounds per redian was necessary. Similer
calculations have been made for this airplene at & Mach number of. 0.88
and see~level conditions with .spoilers used for leteral control.

For the same rolling effectliveness, it was found thet if spollers

are uged. for lateral control the 60-percent-chord-spoiler location
gave smaller wing-twisting moments than the TO-percent-chord locatlon,
end that spoilers at either location gave appreciably smeller wing-
twisting moments than 4id the plain ailerons. As a conseguence, &
wing gbout one-half as iigid torsionelly as the wing with plain
ailerons would be satisfactory when the spoilers axe used for laberal
control. These results are in line with the conclusions of reference 10.

Hinge-Moment Characteristics

For Mach numbers up to approximetely 0.83 for most of the angle-
of-attack range, the spollers change the hinge-moment coefficient
of the alleron in & negative direction and compressibility has
small effect on the coefficient up to this Mach mumber (figs. 36
and 37)- Ae mentioned previously, the hinge-moment data of these
tests are for an unsealed aileron. At high supercritical speeds,
where marked changes occur in airfoll characteristics as a result of
critical shock conditions, large verlations in aileron hinge-
moment coefficient quite similar to those noted for the no-spoiler
configuration occur (fig. 37). At these high supercritical speeds
the effect of the spoilers on the aileron hinge-moment coefficilent
varies. For some conditions of angle of atback, alleron deflectlon,
and Mach number the spoilers change the alleron hinge-mcoment
coefficient in a positive direction. At the highest speeds, for
the most part, the change appeers to be negative as at lower speeds.
The variation of aileron hinge-moment coefficlent egalnst angle of
attack (fig. 38) is quite regular for speeds to a Mach number of
approximately 0.83. At higher speeds, large irregulerities similar
to those previously noted occur. -

The present tests indicate that a spoiler used in conJunction
with eilerons for laterel control on the wing investigated could
be expescted to reduce stick forces For speeds up to a Mach mumber
of approximetely 0.83. A%t speeds above this Mach number, however,
where the large changes Iin aerodynamlc chéracteristics occur the
dete Indicate that the spollers could be expected to increase stick
forces for some of the speed conditions and generally would be
unsatisfactory in improving hinge-moment characteristics (fig. 39).
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CONCILUDING REMARKS

A three-dimensional investigation of spollers for lateral
control at high speeds was made 1n the Lengley 8-foot high-speed
tunnel. Three~ and 6-percent-chord spoilers were tested on the upper
gurface of a high-aspect-ratio wing at 60~ and TO-percent wing chord.
The epoilers were mounted shead of conventional, 20-percent-chord,
stralght-sided-profile allerons. Both the spoilers and aillerons had
the seme spen of 37.5 percent of the wing semlispen. The following
statements specificelly epplying to the wing investigated can be
made from the results of these wind-tunnel tests:

1. At Mach mumbers below the Mach number corresponding to the
breek in the rolling-moment-cosfficlent curves the spoiler configu-
ratlons investigated gave large rolling moments. There was appreclable
improvement in rolling-moment coefficient with rise in Mach number
at speeds below the rolljing-moment-bresk Mach number. At Mach
numbers above the rolling-moment-bregk Mach munber there was an
abrupt decrease in aspoiler rolling-mament coefficient. The 6-percent-
chord spollers, however, still retained a notsble amount of their
effectiveness at high supercriticel speeds. The effectiveness of
the 3-percent-chord spollers at high supercritlcal speeds varled
from ineffective to moderately effective (compared to the effective=
ness of the 6~percent-chord spoilers), depending on Mach number and
angle of attack.

2, The 60-percent-chord-spoiler location was found to be
svperiov to the TO-percent-chord location as regerds developing
gresater rolling moment.

3. Calculations at a Mach number of 0.88 indicated that for the
seme rolling effectiveness the spoilere at the 60-percent-chord
location produced less twisting of the wing than at the TO-~percent-
chord locetion, and that spollers at either location produced
appreclably smaller wing-twisting moments than 20-percent-chord
plain ailerons. As a consequence, If spollers are used for lateral
control a wing having about one-half the torsionsel stiffness of the
wing with plain ailerons would be satisfactory-
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k. Spoilers used in conjunction with allerons could be expected
to reduce aileron stick forces for Mach mmbers to approximately O.83.
At higher speeds the effect of the spollers on eileron hinge moments
was found to be irregular.

Langley Memorial Aeronsutical ILaboratory
National Advisory Committee for Asronsutlcs
Lengley Fileld, Va.
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TABIE I
) DIMENSIONS OF WING-TIP SHAPE

(See fig. 2.)

Plan-~foriz contour

Distance from | Distance forward of Distance resrward of
tip, T 25-nercent-chord 25 ~percent-cherd

(in.) line, xp line, X,
(in.) (in.)

0 ~0.3560 0.360
.026 041 .9563

.053 176 1.166

.079 .268 1.307

.105 .337 1.413

.158 36 1.565

.236 529 1.710

341 <595 1.817

- 173 623 1.868

Section contour at B-B, fig. 2
Distance from Upper-surface Lower-surface
tip, ¥4 ordinate, zyy ordinate, zy

(in.) (in.) . (1n.)
0.026 0.076 0.02h
.053 .093 Ob1

.079 .103 .052

.105 .113 061

.158 126 07k

.236 .138 .085

.34 147 _ .09k

L73 .151 .098

NATTONAT, ADVISORY
COMMITTEE FOR ARRONAUTICS
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TABLE II
ORDINATES FOR NACA 65-210 ATRFOIL

[ Stations and ordinates in percent wing chord ]

Upper surface Lowsr surface
Station Ordinate Station Ordinate

0 0 0 o]
135 819 565 -.719
.678 .999 .Be2 -.859
1.169 1.273 1.331 -1.059
2.408 1.757 2.592 -1.385
k.,898 2.ho1 5.102 -1.859
T.394 3.069 T.606 -2,22]
9.80L 3.555 10.106 -2.521
1i+.899 4.338 15.101 -2.992
19.909 4.938 20.091 ~-3.346
ol .921 5.397 25.079 -3.607
29.936 5.732 30.064 -3.788
34.951 5.954 35.049 -3.89L
39.968 6.067 k0.032 -3.925
4y, o84 6.058 45.016 -3.868
50 .000 5.915 50 .000 -3.709
55,014 5.625 54.986 -3.435
60.027 5.217 59.973 -3.075
65.036 k.72 6l .96k -2.652
70.043 h.128 69.957 -2.184
75.045 3.479 Th.955 -1..689
80.04k 2.783 79.956 -1.191
85.038 2.057 8k.g62 -. 711
90.028 1.327 89.972 -.293
95.01k 622 gh.986 .010

100.000 0} 100.000 o]

L. E. radius: 0.687. Slope of radius
through end of chord: 0.084

NATIONAL ADVISORY
COMMITTEE FCOR AERONAUTICS
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(a) Front view.

Figure 1.- Wing of high-aspect ratio mounted on vertical support
plate in Liangley 8-foot high-speed tunnel.
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Fig. 1b
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(b) View of right wing showing 6-percent-chord spoiler mounted on
upper surface of wing at 70~-percent~-chord location,
Figure 1.-

Continued, e 3B
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(¢) Close-up of right wing tip showing 6-percent-chord spoi_lel; mounted
on upper surface of wing at 70-percent-chord location.

Figure 1.- Concluded. o@iehinivinbaibisiinin |



e | 2
. .&0¢ gpolier /ocation Q
) Suppor? plore P0¢c sporler location h
Cenrer block ‘ ‘l Y é
7 R | N | o
. . . ) A IS . o
A 3 '—'T'] f t
9 — 5“)_’ P é
— — =
Arleron J
\ -
N Plan view - 708 o7
7&-' -——A%f/a:r‘/bn ,D/G"WIB 9 arrial viaw of ""’;’9 ﬁ}D
' Sca/a
! irneH
h
E
= - .mo
L. N .
View Yowrrd Prailing ede —4,{’@
Soa/e 117 T
y=h L LR
T+
Feference: plane §
Sectian B-8
. Sca/a .
T ! rnchH
NATIONAL, AtvzORY
. oM S et

F}'gure Z- Dimensions of mode/ wing. (Al Frmmansnins w wches),

7 *3tg



,ODI-/B/’ r_c-a =000 C

0875 [ redrus

/—C/;ora’ frne

" HATIONAL atrvryony
- CONTYEE IO ARSRARTICY

Figure 3.— Cross-seclron of the wing within Fhe aileron Span Showing Fhe aimensions of
the 020-chord plain arlerons ond rhe mouniting of lhe solid sposfars on Fhe upper
surfoce of rhe wing.

g ‘3T

T8dLT "ON WY YOVN




&
RN
Q
r.. P
A
D c‘ B LEADING EDGE 5 y ;gu
e e -j — =
80 PERGENT GHORD i o
] e Lo ________J r.|
375 , J:_____/___,/ é
|
P a6 1096 75
\ - 1549-=
85 = 1833

UPPER SURFAGE
47 72 /I 1928 -
_‘_/__.--—“‘r_" L_ \
! 600 T
/25 PERCENT GHORD 240
LEADING: EDGE - ) N — H
ADI D ¢ § A E F G

LOWER SURFACE

NATTONAL ADVIEORY
COMMITTEE FOR AZMNANTICS

FIGURE 4.- SPAN LOGATIONS OF PRESSURE ORIFICES.
{(ALL. DIMENSIONS ARE IN INCHES.)

¥ ‘314



Fig. ba MACA RM No, L7D21

]
=
-8
_ ] me il -1 2r
i “’:“:;; — s > O i kU R
o) el B Y A 7 [ N LN e
\ \ S
N
-t
g N
8
M40 At O 70
/£
—— Ybper surfoce
-——— Lower surface
Q L&
£ -8 n )
% - e _*“‘ I i /J—*ﬁi‘\ 3,
;.q\: ¥ ¥2oc a) 4 ] b‘\_ = = 2r
S © X -
U o
4 h,
N
A} S
“ | M.083 | Aa88
§ 12 . .,
& Wirth sporfer ; Sq=0.5
o No spoiler; 6gq=0.5" (reference /)
(&
-8 pre iy
" -1 N o
- [Sal Pa o,
A= N )5//7‘?’
o T i T’?f —2~ [—[- 1 T 1T 3%
i
!
{
8
| ARS8/ [ | M0925(uncarref:fad)
LE

0O 20 40 60 80 /00 O 20 40 60 80 /00
Farcen?® chord
@ oc=0".

Frgure S — Fressure distribution about
the wing and aileron at the 80-percent-
sem/spdn station. Ls-0.03; Xs- 070.

NATIONAL ADVISORY
COMMITTEE FOR AEROWAUTICS



NACA RM No. L7D21 ~ Fig. 5b

L
A=
—_ AT
8/\ Fandl
_4_“* u T'—"—:_:\' &l
Y o B Y L j /‘ A"\k‘v\ =t
P PEES SN AT TR
5// \‘ - [// V—E
41 {
38
| A= 00 L | AMO76
/=
— Upper surface
———= Llower surface
L -,
g 3 d ’\"\‘\ —
G -t o A \ o o1 ‘\'“\
R T EER. Ser % 2 Gl I A N
9 )% P HANS [l o
3 ofy s :
- K i
S
S
‘§ | AM.Q83 | At.088
Q\\ V=
a With spoiler ;; Sq=0.5
e No spoiler; &q=0.5 (reference /)
L
-8 o]
P —
-t E S P af” TaSiN
TFCATTIN, 5
7 0 O 5 o o
i 1]
ﬁ’-
8
L | N-QS/ L | A O.QEJ(uncorreclfeaa
£

O 20 <40 60 80 /00 O 20 40 60 80 /00

Aercent ochara’ NATIONAL ADVISORY
B o =2 COMMITTEE FOR AERONAUTICS

Fiqure S .— Continued. fc’£=o.03; Xs =070,
COER



Fig. 5¢ NACA RM No. L7D21
GRS
A T
~a.
-8 o | | -_
B aNun sV N 4
M - »/—‘\ e ul \"&\ \{""W
o L RIE K R S S N
/’," v\\a—’ // \ \\yo’
24 \ " N _
4 IAI I’/
e g
S
|| NOFO0 M- Q76
/& C—
— Upper surface
-——=— Lower surface
Q -5
-|S -8 F,,%\ L _ 1 wm e R
S ~AETTrEE =16 | PE A 5
gt T AT T4 1\ 7
‘4603 o x K\ _%: // . cr
0 i
I, 1/
| I
N ‘
S .8
§ | | AM083 | | AM.088 _
\ [E '
Q

s With spoiler; &6q=0.5"
® No spoiler; 6q=05 (reference /)

e AN

.
AN

TV

A ez

RS

7

“If f

il
+

|| A=-09/ =

8

M-0.8G25 @ncorreifed)

QO 20 40 60 SO /00 O 20 40 60 & /00
NATIONAL ADVISORY

Percentr chord
©) o¢ = 4' COHMITTEE FOR AEROWAUTICS
Figure & —Continuved. 1s-003;2%:0.70.
F -



Fig, 54

NACA RM No. L7D21
‘GaniNEREN
-2,
=
=16
"
=12 /N
_ =
-8 \\‘\'\ \
— i < fer |
- ‘\{.—‘--\ e \)
b [ool e
o [ 7] o 41~ rsd e
P 7
1 /]
8l M=040 f | A7-076
AT (11T
A i
— Upper surface
—-—=- Lower surface
0\ —LE
< ] N ,4:
g -8 N ~ -
S LTSSl it
§ (@) i i TR e
3 4~ /"’
jul “ .7" /A'
1Y o /
§ afl AMr-083 N=0.88
§ ALTTTT] [T 11
s With spoifer; &g= 0.5
e No spofler; 6q=0.5 (reference )
/.2 T I P J
-,8 |t \ N —"/’f—u\ - -
- _Je—jo~ ‘54 “"u
== 2, R = = PN
0 4 cr
7 ~ R
/. i
-“ ,’
8l aroos il M=0925 (uncorr sote)
a1 RN RN
O A0 40 60 80 /oo O 20 <40 60 80 /oo
FPercenf¥ crord NATIONAL ABVISORY
@) oe=7. ou s
Figure & .—Concluded. fc’§=o.03; Xs=070.

S



Fig, Ba NACA RM No. L7D21
G
-8
- P~ a il e P, o L
1 s I AT LI
)15 i B M NS f””\'"' ST
/r" To— P ’\] 1o lo
1 S
ST =040 A T-0.60
/2 P P T
— Upper suvrface
———— Lower surface
Q
+ -8
c . 1~ ar e
.9 P | S /j'f_o—-—\w “
9 i - 1 =18 7 7oy
N PR R e
5 o ol \ < o,
Q I« AN T N\
0 4! N
X L2
3 ST Wr-083 A XE]
g
Q & With spoiler; &g =0.0°
© No spoiler ; &4=085° (reference /)
i
~8 SN B
_.4_ ! ] i\n /:{
L Z T, A~
] |
\\J \\
ST T A097 A -0825 (incorrected)
/2 1] [J T TP TT
D 20 40 60 80 /00 © 2O 40 60 80 /00
Fercent chord NATIONAL ADVISORY
o COMMITTEE FOR AEROHAUTICS
: @ oc=0. . ) )
Frgure 6 .— Pressure distribution about
the wing and aileron at the 80-percent-

Semispar Sraftion .

Ps - L Xs
5s-0.06; Xe-070.

e



NACA RM No. L7D21 Fig, 6b

SR |
-8
ﬁb.. = ﬁ// N
R RN G I N
0 _'—e-? —-—-_.k_o\ - /;/';/M U\u\‘%ﬁ
// ""\h_e}- /) \.u_,o’
F N A
5 N S
BT Wwi-c40 AN1-0.80
) (L1 (11
_— Upper Surrface
————= Lower swurface
Q
g e ,:///NH\\ Sa‘“
2 -7 o //h
S CrEErEEnLTe R,
“?.3 o '[/// ™S N R‘QS %// \ er
§ °F X = S
o N \
3
@ -8 M=o.f N7=-0.88
N [ | [ P11
O V=
L With spoiler; 6q=0.0"
e No spoiler; &g =0.5 (referencel)
-8
/"‘('./ ' y. & \
iy A s HEd) "N
RTINS [ :
0 /i 3 cr LN T r
T~ A
I \ \
P 3 \
: A 4
8 =0.9/ 7= 0925 (uncorrected)
- (L1 1T [T 111

0 20 <40 60 80 /00 O 20 «#0 60 80 /00
Fercent chord NATIONAL ADVISORY

( b) o = 2 2 COMMITTEE FOR AERONAUTICS

Frgure 6 —Continued. %@:0.0G,- X8=0.70.
e



Fig. 6¢ NACA RM No. L7D21

O
=46 - —
'/.IL\
_ali .
817K S
- \ Vaa N o -
4 N dan, < k\“ Y. _\‘( .,:
ol LT e LTI
// /" O\\MP // ol ‘D'D
D Ly
4{ N i
ST 040 ' AT-0.60
AT [1] _
— Upper surface
———Lower surface
=/
q -8 el B Lot
-~ _ o o IS
N AR SN I I e
2 1A Ay 1) o Yo /] <"
;'% 0 7 \ - L’ o
“ 7 Y 7 S
(] 4& \ .
8 g M s o
ST 083 NT-088 -
ATTTT] [ 11 :

aW/ith sporfer ; éq =0. O:
o No sporler; &Eq=0.5 (reference/)

Pressure

-8 P /( ;%’:;
AP e = » - art el I
MNP i Xk
o1« N T2 N LS

Ve

L N
] A b B
BT nr=0.9/ 77095 5luncor recred)
12 [ T1 TTITrrrt

O PO 40 80 80 /00 O 20 40 60 80 /A0
FPercent chord NATIONAL - .

(C) o = 4". COMMITTEE FOR AENORAUTICS
Fiqure 6 — Continued. $s-0.06; %s-070.
- .



NACA RM No. L7D21 Fig. 6d

£l T
\
- T —;&\ I~
-8 & ™ - L-\ | -
N . N 1 1 N __\:\ I
iy '\\A \( 4 N %>._‘ cr
AN 7 h A
i /&.‘\L ,/!‘ Bl} r
o L~<) ~ A\ “la,o% |41 T
//_—o’ A
i
¥ 4
BF
A7 =040 AT« (0.76
l2
— Upper surface
-——— Lower surfoce
Q
7=
¥ = =
-8 N ] N
3 AN SEENEE
JUEERELSECCCN S
. | z ¥/
s T
0 (o} > = 7 Ra?
L7 7
g 8 4 ¥
E — A1=083 =088
Q V=, -
= With spoiler ; &q=0.0",
o No spoiler; bq=0.5 (reference ()
—£E) o]
/r'
-— 8 d ad
ﬂ—n\\ >I‘\‘: - |
o Y,
NG /:d—-kdB A —? Tn
L Al P 1 a
72 i i s 7 s i s o o S £
o % v 4
// ’/I/
=
8f
WA=0.9/ — M=O.9£5(uncorft'ecfed)
A
C 2 40 60 80 /00 O 20 0 80 80 /o0 ‘
Fercent chord JATIONAL ADVISORY
(d) o= 7' COMMITTEE FOR AIROKAUTICS

Frgure 6 .—Concluded. hs.006; 2:.0.70.
LN -



Fig. Ta

coefficient, P

Pressure

NACA RM No. L7DZ21

- ]
8 T
- ) ArAESNNEKAE
4;*}*«&-—_—*;_ ] ) A et e P91 1)
ol fo- Do 7 o Lo N
N To-p- if N o fo- 3
p
ST /=040 076
AT LTI [T
— Upper surrace
-——— Lower surface
-8 ~ ta
T - *:‘ mfé';:&:w& *J-\
e = 2z o Bl i N S e X LIl ‘_€
ol el F T I~
id A doto-3 £
\
'4 K
ST A7-083 A= 0.88
At LT 1] HRE
& With spoiler; S =0.0° :
©@ MNo spoiler; &y =0.5° (reference /)
- 1
8 resieg e
> o e LN
- NS _—‘ - b
ol G ol o kB T e e e ey =)
fr \\ F? \
< ! i ’ f 'S
S A70.01 M-0.925 luncorrecrea)
NN HEREENEE

=
O PO 40 60 80 /00 O PO <40 60 80O /00
FPercent chord

NATIONAL ADVISORY

(CI) o = 0_" COMMITTEE FOR AERORAUTICS

Figure 7 .- Pressure distribution about the wing and
arleron at the 80-percsent- semispan Srotion.

_ . Xs _
“2-003; 22~ 060.



NACA RM No. L7D21 Fig. o

L
-/
_-8 n/‘\
al #1 I
= r AN
- N ~ p a—a ;
o=t B N N ol
;/: 'y b o// \ Octe— 4
“Ar ¥
8
MO #0 - N0 76
LE
— Upper surface
————Lower surfoce
Q -/
:Q\; -8 }/"'\n\e\
~ |« e T2~ o= 4y o~
9 _‘-4 i v Ty ool =2 /“‘Y\L“\
w ] o ~h A< o -y e . \ =)
b s N ol \ cr
) o4z o S L 3 N L
o 5 \ h o101 1] ‘\
4
0
3 .8
] .
2 | | AMe0.83 | AM-a88
0& 12
aWith spoiler; &g=0.0°
° No spoiler; &qg=0.5 (reference /)
/3
—-8 —o\\:
- L LA” A T8
) d’é—:x\ "‘P ] ‘T:><|\
T17l T 1N T1~%r YN ) e e S 2
O v:¢
=0.9/ N=0.825(uncorrecred)
< / P [T T TPT T 19

D 20 <0 60 80 /00

0 20 40 60 80 /00

Aarcent chord

(b) oC = 2‘:- NAT!ONA[’BQAD“SORYM
) _ . he ) Xo
Figure 7 .—Confinued. 2:-003; 5=0.60.



Fig. Tc NACA RM No. L7D21

—/C(\ /"'Hr’"’
-8 )
I Py = N A
h - -A\_I“o. Aj \_) -.:\“ i&- jar”
O = ﬂf’:g /e % k“\m_,.\
.4£ 4 \ //J ‘\
ST Ar-0.490 A7-0.78
AL TTT] 11T
— Upper surface
~——— lower surfoce
Q /2
S T8ET _
S -4k N ol TR
"g o 1] o O ] 18 = ,--/.'VS AN Y
Ey > W Ak
S o N o1 %
o =4 2
p |
5 8
9 AM=083 -0.88
® JLTTTTT] (11
Q .
~ With spoiler ; ég=0.0,
o No spoiler; bq=0.5 (reference /)
‘lc
-8 ‘\0.\ /1(
- o [ -..‘ T~ ‘.;”.‘“4
< 2 ad T o \e R
= z’ = - ‘cr —— 2 SR W ESUS Shy—"
O 74 //7 -
& 7
r
3 M-0.9/ A1=0 825 (uncorrecied)
AL T [TT 1111}

O PO 40 60 80 /00 O 20 0 60 80 /00
Fercent choro
NATIOMAL ADVISORY

(c) o = 4°- COMMITTEE FOR AEMONMTICS
Figure 7 — Continued. £s-0.03; 2% -0.60.
s



NACA RM No. L7D21

Fig, 7d

S
—-
- I
-2 i
= ‘6
A P
AT )
*lag \
8 N ______::;_\ i1l
[N cr|
- == 3
,1&'"— [~ 1‘.’ - 1
,9 // ’—‘.‘__ -l‘ﬂ—“" / E™3
/
/1
F3 o
8 -
— Af-0.<40 — A7-0.76
Vi -
—— Upper surface
———= Lower surfoce
Q —/2
- (; = —
- N 2z N
8
S 3 / N SJ\
e o i o K2 N O % 5 O A I 77
E o - e Lo |- A &
8 7 i
4 L7
o 7 7
5 7
5 8
3 — A~R0.83 N- 088
6: LE
< With spoiter; 65=0.0
s No  spoller; 6q=0.5 (reference /)
= T
-8 Lo T = L] )
: T —r"‘\.%\‘f' T
= P P # ,/_
o LT°F "'"—""1:""'8' F g e
7 7
P-4 “F
BE ¢
A0 — A//.asa‘J@ncogrecfed)
AE

Q 20 <0 860 80 /00
Percent chord

@) oc=7.

Frgure 7 .— Corncluded. £s-0.03;
’ oI

O 20 <40 60 80 /00

NATIONAL ADVISORY
COMMITTEE FOR AERORAUTICS

;ﬁ = O- 60.



Fig. 8a NACA RM No. L7D21

- 8 T a
‘ A
_FE PP o B S W B Rl
G o1 L ] Q ,/.—Q"' —~P~de.
O sl o | el | < “\% .
P oo ? = Jolo-]
P | .
; _ \ -
ST Aro=o A-O76
= [T 11 [T T B

— Upper surface
-——— Lower surface

Q

;Q: -8 i IO _A/- F“\
N = 2 =

N i e BT,
< ff, Y 2 Rt cr
@ o 13 ~ "

Q [ - ~ e P il 2

© i

° <z

A

% 8 3 A}

3 AM-083 M-0.88

QE i -

s With spoiler ; q=0.0" for M S O.76
Eq =03 for N1 & 0.83

o No spoiler ; &4:=085" (reference /) .
-8 [a—] ’ L
- hom o~ 5] L
g1 RANNR A 5
- Ai/ % ”W//
e e
O
[ e, Flet )
7 N
N N
8 N\ A
ANM=-09/ M=0.92 5 (uncornecred)

"5 20 0 60 80 0O O 20 <0 60 80 /00
A~ercent chord

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

@ oc=0"
Frgure 8 .— FPressure distribution about
*he wing anda arleron at fhe B0O-pcrcent-
semispan slation. Ds-0.06; X5-060.

L .



NACA RM No., LL7TD21 Fig. 8b
Y
—_8 ‘°~ /\/8 -:“c\\h
B e e e o ~ = Pkt 2,
A A———'—-o—_ R o = ~ /’u = = ~Y
O é_,/ Y o \‘o— z A \\ vL‘v,o)
i N
Ay ] N
X
8
N-O. L0 M=080C
AT T [T1]
— Upper surface
————Lower surface
Q
.
_§ © =W o S
8 -— -~ ] t‘(—-o— &,
t 4T ;"\":::.o_\' = - :‘ _é)r B i __—T N _P
Q)' o) 4—' \tk "} z\ ‘\. <
8 "// N NV b
I
e “HTEN
3 g Y N
g T A”083 M-O88
o IR LI T
D& /A
AWIth spoiter; 6= 00" For M = 0.40
Oq =-0.3° for NM 2 0.80
oNo sporler ; E6q=0.5" (referencel)
-.8 3
A > — 4 >
-4 = T //:,_r“"‘"
T =18 Pl e rr e
F N N
i
e N N
N X
8
’ N8/ N =0.925 (uncorrecred)
pruENN HEEENENEN
O 2P0 <%0 60 80 /00 C 2P0 <40 60 80 /00
Fercent c,:horo’ NATIONAL apvsoRy
(b) O(,=2 . COMMITTEE FOR AE
Figure 8 .— Continued. 0s3-006 ; %3-0.60.

W



Fig. 8c

=

Pressure coefficient

-8

-

L2

NACA RM No. L7D21

N
)

K
0

!
A

o3

N

AE

Aarcent chord

©) oc= 4.

SPTTNRERNN
AN 5
\'\
~n i B DS VRN
B A p
+ ) i :/_‘\}.‘m -
0 - N 19 ; l N \»—D
P fr \
I
B~ Azo40 AM-0.76
RN [ 111
—— Upper surface
——~— Lower surface
L ’/..
s Aa ‘?::\“A )
s J"c?r W _ TP
d 'ﬂ\ A p ) L 4 ‘cr
M ZA N > ) N
g ’
3 N ¥ <
AM083 M-088
[ L1} N
& With spoiler; 6g=0.0" Ffor NM£0.76
60:-0-3. fof N7 0-83
® No spoiler ; 6q=0.5 (reference /)
- e T n T
._4 Vi 3\‘ - g - \
‘ B g BN 2
Bt e A e
V4 \
; 7 B
\
M08/ N=0 G258 uncarrecrea)
[ | INEEEEENEN
0 £PO 40 60 80 /00 O 20 <40 60 80 /00

NATIONAL ADVISORY

COMMHITTEE FOR AERONAUTICS

Figure 8 .—Continued. s .0.06; 25 -0.60.
S



NACA RM No. L7D21 Fig. 8d

. C . B
_E:J
i
- /6
e
ek A
-.8 \\ \l\
T T S
-4 o p
o Nt T a3} B Jo~fach | 151
% W= NI
:4 2! J/
P’ £
3 5
: A =00 WI~0. 76
AT 11
~—— Upper surface
~——— Lower surface
R
o SSEA
) 8 N, N f
S N o i -
&~ TT TS B T [ er R o 1> al
3 TS TR Ee
3 ol N
rd Ve
”
[} “ Wi
<
3 8 .
@ 7= 0.83 =088
§ LTI TIT
& With spoller ; 6= 00 for M £ 0.76
Eq=-0.3" for A = 083
2 Mo goorfer ; Og= 0.5 (eference /)
=
—_— - 1 \*\
.8 ~q = ~ ~
- N Ml
—.4, \‘ 1 -‘\
o » =TT N L e — -1z T I L TE
v -
4 /
S r-0o7 " Wr-0925 (uncorrecred)
/ I [T T T TT ]
. : O PO 40 60 80 /00 O 20 40 60 80 /00
AFercent chord
o HATIONAL ADVISORY
(d) o= 7. COMWITTEE FOR AEMONAUTICS

Figure 8 .—Concluded. _’é& 0.06; X3-0.60.
SRy



05
04 —+
03 %o Ak ba el Paa 1N
L 3dag) PEEDER ﬁ)'eg) L+1-F L 1“ : (1_65]) Rill2 20
~ o BT E . OETTTLF ; L0 T T %
A 5 -2.5 =F A
Q 'Oé Rg. N _r \\ o= v
-~ ol; "%"’ l_ W
[N Q 2 ] \\v
.g 0 N
b\ A2 a =0 a=a"
o |
o0/
)
T
) !
)
)
€0
1
I
£ 04 bq 8a Sa
0: ) e Y .
el PEENE = ___:\
.Oé-&’.oz_ i 2 X ‘r5.0 ]
\ ) S -
0! b o M= ; 50
. AN . b~ - ,’ _2»5 bl S
0 Ny N4 O IT
=" o= 77 a=/o’i
=0/
3 4 5 6 7 8 9 03 4 5 6 7 8 9 M 3 L& 5 6 7 8 9 0
Mach number, A7 Mach number, A MNMach numbar, N
@ s -003; Zs -070. s, ooy
Figure 9 .—Variation of rofling-moment coefficient with

Mach number. L )

e

12T "ON INY VOVN




Mach number, N
R
fiqure 9 .— Continued.

Mach number,

Y

0.06; Xs.:-0.70.

T

O
J LAY /.—
.05 60 /I// AR 60 / - 60 ‘/" \\
©eq) -1 ) (©eg) ZiEZN (@eq) A TN
HEEEEAN S B 4 O ) Csd LTI EER
I ePE] 25 VT st PN
.03_ -5/ “ 2.9 [~ " (6] " o
N 0 \62 Ok \é‘" ot N
O oA o
"é
) 0/
S
N .
< = -2 a=0 a=2"
0_ .
o =0/
¢}
b
%
4
S
E 04 60 60 60
I eg) [ N Keq) ©eq)
0\ .O“ f;—"\‘
K tdo——L— s 2y 50
S od 2T IS SEEN
Q ] 0 \\\\ T 1t
Q: AN 2.5 N S = 4 N
0 - = AR NP
\ AN /r'4 -2.5
N \I\ 1//1 0 -.-;\"
.0/ i ~ ]
O - L]
= 4 QL= 7 oL = /0
-0

/
3 4 5 6 7 8 9 o3 4 567 89 /034 5 67 8.9 0

NMach number, M

NATIONAL ADVISORY
FOR AERONMITICS

T8dLT "'ON WY VOVN

ag *31d



€
¥z :
/
04 N ™,
60 A /A J‘\ 60' - - g 60 g--s-"‘}\‘
02\ (@ey) P8 \¢ deq) FL¥ \ (deg) T=F :\
O 02250415 - 0T ) o[~ I
% o i ; !
S o o :
N o2 a=0 a=2
g—.OlL
]
.
5
0]
§
8 0
§ (So 60 60
o 04beg e o
S
3 1
S 0 1™ y
Q _2 t__---‘:n-“"“ ) ) _EJ I
04 0 N )= N8
N : \‘r\
01 T X i 251
0 ~ | . S -
oa=4 - a=7" : o =/0°
=01 ! .
3 4 S5 6 7 8 9 03 4 5 6 7 89 /03 4 5 6 7 8 9 w0
Mach number, N ’ NMach numper, M NMach number, N
@ 2 -003; X .o.60. come o e

Figure 9 .— Continued. .

o8 *310

TedLT *ON WY VOVN




T2dLT "ON WY VOVN

0O
p';\\ N |
05 60 - L 1’ .\ 60 ,”;/‘ 6a ';),.\\
Oeq} T eg) 3 Ereq) B N
1 £ { I Bl \ Lz N
04-2.525 2 2Ll } =2
0 A h
P ol
Q.
T 0/
o
s 0
b s -2 o=0 =2
o —of
Q
-
¢
g o5
g .
t 05
s 09 &, b4 w
) R eg P
.c 04 - ’/ '
X -1 R 250 - L-F-1-1.
o 03 0 = T
% 0 ot A0 s
-‘2 ' “-P_-'{! o [~ T~l
ol v T naNE
O . » o
o = 4 oL=y oce=/0
=0/

g 4 5 B 7 8 £ /0 8 4 5 6 7 8 88 /03 4 5 6 7 8 .9 /0

@ fs-

NMach number, M

Frgure 9 .— Concluded.

Mach number, M
0.06 ; 35,,5:.060.

Nach number, A7

COMMITTER. FOR ASRONATICS

P8 "3Td



06 T
035 ST TH-- g ::
\-.
04 3 i a e T I~
“~L N1 ~] .
03 T3 ~ Nan 7
02 Pt = 4
-] ™~ N
(3‘ 'Oi ™ - P,
2 0 ‘.\
g _ - I BN
- N
S 0! |M-04 M=0.60 M=076 M=0.80
<
o
Q Asfc xgfC
Q —— 003 070
+ OB --—- .03 .60
g =T —--— .06 .70
oy < —_ .06 B0
£ o T —— No spoller(ret))
E T = ny ==
& 03 o
5 . b A e
:,0-; .02., T N o=
X 3 R Trrrr =
: L 1T 7T
] ] n
oy = ]
-0l AM-C8 3 AM=0.88 NM=0.0/ IN=QB25 (uncorrac e}
6 42 0 2 642 02 642 02 642 0 2
&g, deg ) bq.dsg . 8q, deg bq.deg
@o=-2. COMTITE it AR

Figure 10 . — Variation of aileron-spoiler rolling—moment

coefficient with aileron

deflecticn fo

Fweo

spoiler projections and fwo chordwise locations

on upper “surface of wing.

BOT 314

12dLT "ON WY VOVN




06

R

]

S

5 8

R 8 B

Rolling-morment coefficient, C,
[

2 o

S e F> S~ = 41—
Ny P ~L
~ ‘.‘:::--.-" T ~
\\ N i \“- ™ \"\
~ ™~ : =~ ] T T T™
- +
- [~ [ ™
P ] ) ™~
'\.\ ~J
[~
- [ ., P
/\_4-0.4-0 M=060 M=0Q76 NM=0.80
sk x/c
—— 003 070
) ---— 03 .60
\\ - e 06 .70
S —-- 06 60
TTS ~——— No spoiler(
L ...‘- ..-L ..\ —) ~ .-:T -'—\_
- T— 1 = S0 ]
AN 11T T - L1
- R T
"~ gy =1
- M=083 M= 088 ‘M=0.Q/ APO.OES(uncorrece red)
-6 4 -2 0 2 -0 4 2 0 2 -6 ~ -2 0 2 -6 -4 £ 0 &
bq,cleg 8q,Hg 8q.deg bq.ceg
by oc- 0. e

flgure 10 .— Continued. "

13dLT *ON WY YOVN

qQr1 314



® 8 B

2 o2 P

Rolling-moment coefficient, C,
(S R
S 28 R &8

!
e

-0l

11
~ ‘\.:'-. ER T ]
T ~ = ~t -
P T 1 [~ B ~ T~
=1 N T+ 3 = g =
< 3=1] T 3
N +> = T '
~] <~ ~
-, )
M=0.40 AM=0.60 M=076 M=080
hsfc xg/c
—— 003 Q70
-——= .03 .60 [T |
—-— .06 70 . '
—-- .06 6O
S NEYN — No gpoiler{re]
~{. i INER !
N = Jo1 '
~ 1~ T
~1 -L ) -._- 3 I e T4 =
~ :-::'\ 1 =1 13
-~ I e e b
. ] | n
M=-083 NM=0.88 M=0Q/ N = 0928 uncorrecied)
-6 4 2 0 2 -6 -4 2 0 & 6 4 2 0 2 -6 -4 = 0 7?7
6a'de9 (Sa, deg 50'! de? ‘Sa ,deg '
. BATIONAL AWYISORY
©) o= 2. COMKITTLL Fot AMAKITICS

Figure /0 —Continued. Y“

o0T 314

12041 "oN WY YOVN




.05 b
04 1= T4 I 2]
- E . ] - b et S \\ . - - -
03 - T 1
=+ 1 T~ —1 N RN L
02 = - = <
o [l
o] SN ~ Sy —
0 o] o o ™ |
- = N 1 ~1_|
© M=0.40 M=0.60 M=076 M=0.80
0!
N
2
(8]
& As/C XpfC
5 —_— 003 070
8 (2 4] ~——— 05 .80
— 06 70
T — 06 .60
o —— No spollerfret,
§ oal4L P
3 . -1
,5 03 H34= d-1-
4} B TS T
L o2 i = T T =%
$ o5 =NuE i
= 1= Eianﬁ-“gx R
0 << Y . .
ot | M=083 M=088 M=0.0/ N1=0.025uncormatee)

8a,ceg ba,deg bq.aeg ba, deg

) o= comaTTTE it Ak

Figure /0.-Continued. T

-6 4 2 0 2 6 4 & 0 2 6 -4 £ 0 2 -6 4 -2 0 &

T2dLT "ON WE VOVN

. POT "31.0




—
06 —
035
04
~ T+~
03 e =1 1T
=~k A e .
-OE-‘ "~.‘ -+ — e - ~ - \\
~ I~ ™ ~ s
foJ| ] i S [ 3 ‘\\k\ ~h
] ~L re
k')h 0 - N T I~
w-0f | M=0.40 N =0.60 A M=0.76 AM=0380
<
)
R
b hsfc  xfc
3 —— Q03 070
o 06 -—— .08 .60
+ —— .06 70
& 05 —=-= .06 60
— No spoiler{ref
£ oa r
S
1 03
g
E .OZ \J__ . Sy - :____“ 1:— ’--'L-."
€ of L] - N = ] i e N o
LT R ¥ R
o - -
- - -
~of | M=0.83 M=0.88 M=08] M= Q02 Suncorrecten)
-8 -4 -2 0 2 -6 -4 -2 ¢ 2 -6 = -2 O -6 -4 -2 0 2
bg.deg Sq, e g bg,deg bq.deg
@ 0= T, L
COMNTTEE R ABNDIAUTICE

Figure /0.— Continued. e

201 "3td

12dLT *ON WY VOV




NACA RM No, LTD21 Fig, 101

-~
UN /7$/C XS/C
N —— 003 Oro
s 06 ——— .03 .60
-9 —— .06 70
& 05 —-- .06 .60
:,(3 o4 — No spoiler(ref./)
‘IE .
o .03
S
02 -
g =1
| 1 <
o~ O ] == S
S . \t:l\ ‘T:Q;.\\
5 ¢ == -
€ -0 |M=040 M=0.60
-6 <4 2 0O 2 -6 4 -2 0O Z
Sq, deg Sq,deqg
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
U
) oc=/0:

F/‘gure /0. — Concluded.



Fig. 11 | NACA RM No. L7D21

.06 = ey ————
oL = O -
* /’/ \" Y
I 3 Lt -~ \
oq AR
T T
—1 s \
.03 | g - - — - i‘ ™~ \\ \
\/’ _———fé’—_‘:\\ \\ \
ACZ - 2 = === =1 \ NN
.02k 5 ’_—_," S 1Y \..6
| N
/ T vy
01 _J Curve  hsfc  xs/c - Ao‘\k r3
number - (deg] \‘{a -
=4
o / o — 5 (reﬁ/)xv_/ }._J
|2 0 — /0 (refs )
-0/ L— 3 o — 20 (ref 1)
—_ 4 aos o.70 o
-—=-5 .03 .60 o
—_-—6 .06 7O o
-05 _r[—'_ 7 05/ .60 ’PO
1 i \\
-, \
.03
// / -1 /__ \& \\
-~ -~ el / P \
.03 67 ’:/ ——— = ,‘_:A‘\ q
A0 B ] - L\ \\‘ 7 ||
2 Lo
z 5 // /V N \ v
-02_ L - z/ \ b "3 t—
4 |1 N\ Z2E:
o = W
. Ty =
\ W.4
Al
(o
oL = @
NATIONAL ADVISORY —-]
ot LT CORTTE Fox crouurics |

.3 < o .6 -7 .8 .9 Lo
Aach number, M
Frgure /.~ Comparison of effect of compressibility
on rolling -moment caefficient of spoilers and phin

ag/leronrns ar nondifferential deflectrons.
L



NACA RM No. L7D21

Fig. 11 conec.

| ot = 4° | cansmmm—m
05
~- 3
.04 I ==¥
| /’/ \'~—\
L. -~ X K
.03} 57 Sk T S ey i R *;‘\
TN
C, P AN N
A Z _25 . ’__‘/’ 3 \\ \\ 3
.02F R . — 7
IR S A\ |6
\ NAZEF
orE 7 5
\ \\ %‘-4
\\/l'\-/
0 » A
Curve  As/C Xsfc A&,
I number (geq)
—g1 = / o — 5 (ref: /)
2 (o] —_ 10 (ref /)
3 (o] — 20 (reft)
_05__——‘—"5 .03 60 o
|—-—6 06 .70 (0]
.04 "__—7 406 -60 0
3
3 S /
.03 e ]
b ~d
7 - ~{_ >
AC ook & oI VL NS
7 ¢ 5_/-"’ ~ ﬁ\\_ L&
L, \\ A 1 . A
o| 4 H==E S T
. T |7
\\\ // /’ 4
3 L~
o N A
a - 79 J’
I I J NATIONAL ADVISORY
TO/ COMMITTEE FOR AERONAUTICS
.3 = 4 .5 .6 7 S 9 L0

rFrgure /.- Concluded.

Atach number, A7

pesss Y



Win normal-rforce coefficient, C
g . 2 N

Fig. 12a NACA RM No. L7D21

-5 Cca ,_ - N (Feterence ()~ |~
4 — = \\
.3
O 1 =3 F
2 (Reference H—~, - 25 11T F SEEN \o
Sot= — N\ =50 —F—F -1 N\\
/ (ced) 5 )
b o L1 1 11 - (Ejeg) \
ot Kl S o R 1
o = =+~ N A
-/ [0} Vpeterence I):\ < \:\\
k=s=
=2 e <
-3 Ly V\;
oa=-27 a=0° o =2
—~
No spoiler (reference /); Sg« O°
-9 | Reference i o Reterence )
8 s T ) E=Es =
a b TN
- =e) Py s g ]
: freference N N\ _2?5 e \F, (cle T
6Bl &, -5.0 E N
L1
ceq, PR
.| i {:’;’ R [
A—. 321 \‘ (=]
5.5 E= == o\
“IE3 \‘ﬁF 1
\)
.3 Ny .
= -
/ A1
oL =4" e 7° oL=/0" +—
0
3 4 5 6 7 8 9 3 4 S5 6 7 8 9 3 4 O 6 7 8 @9
NMach number, N Moach nrumber, N Nach number, M
_ @) ___gs -0.03; 25 -0.70. o s
Frgure /2 .— Varration of wing normal-force coerfficient

with Nlach number., canEmEss—



Wirng normal- force coerlficient, Gy

e
_f\? e e e
/ S R o 0 T S s i
' ol
e 3
0 \LII'
'£5 e 5041 iV
1 &g 5.0 [T+ 4 <L
./% NI
X AN N7
_-2 —2.5 “- 3 > EN
0 s
5 T S
=3 St
\‘\ s
+ WAL
o = -2 " oL=0 =2t
'TS +
.8 |
o] ] ]
s g 2S5F
A2\
.7 5(} s \\}"f.;\ 60
@ze et N
8 (@) el AN
' 2l W
3| &4
p’ j‘::- Yy ]
+ o | “Aa 1 W
._2_ e I _:_- -t \\‘\o .
il )
2 by
.S
-4 o=7" o= /0"

C
8 &4 5 6 7 8 98
Mach number, N1

3 4 H 6 7 8 9
Moach nurmmber, M

A ,
(0 L2 -006;5%-0.70.

£, /'9'ure /2 —Conrnitinued.

3 4 95 B 7 8B 9
Meooh number, M

NATIOMAL ADVISORY -
COMMITTEE FOR AERORAUTICE.

12411 "ON WY VOVN

qz1 31



Ca

Gl F L e e,

Viria niormnt - Foree

0gT "31d

3
| T ] | »
= | 0 I Pt ]
= 60# -2.5 - W a
Y @ b0 \
0 Fe A
2.3 I~ ~
O 6 I el P =
ny (dec | ‘HT
) —_— [}
. ==L 4
- ! L
AT ] i
- ' | i AN
ol R \!‘\/1. _ . .
&=-2 X =] =0 =2
_:4 L e | 1
o f I
—h 0 b=
. Tl -
5 —i 8y s 2.5F
| — e ya F2s 5
7 o T 4 ‘i\ii:‘ e
£ '; i 2.5 1L N/
= 50 / 3
Eleg ”/’ Y.
<l o = a 3
S EREE I
3 I \\
i .
2= :
i I
e =< w=7" o =/0"

2 = 85 86 7 8 8
AlachH number, M

3 4 5 6 7 8 8
MNach numbar, N

3 4 5 6 7 8 8
Nach number, A7

” %
© _Ci = 0.03; TS_ = 0.60. JATIoNAL ADvisoRy

Sinpre 12— Contrnuved.

<

IZALT "oN WY VOVN




Wing normaol - force coefficiernt, Cu

F/?Ufe /2 — COﬁC/Uded. -

-
ba
Hegh
/ b Y o e o e o e N Y
de s
o & "2(.)5 -] \Lt
-/ (Cfea "‘::‘:__-‘N o] v
o \\:315—
hY
= EIEeS s . > |
N
-3 =
\‘5‘_
.y \}
; ia-=_2' \\4‘ 1=0. CL;:E'
-9
Re)
]
.8 0 _.-_-:‘_-:
I ba . s
7 (e PEGRWwaY Sq
T W (
.6 o ,-f;: < =
5 el
60'
-2 Heg) T~ [z
P oty E‘Y
o [ [d1T-F -
Bl2s Pt \'\
-
.E ‘\\._-!
.
o =4 a=7" o =/0°
o
3 4 L5 6 7 8 9 3 4 5 6 7 8 2 3 4 5 6 7 .8 9
NMeach number, M Mach number, A1 Mach numbear, M
@) s.006; % -060. MmO sovsowt

T2dLT "ON WY VOVN

pzZT "84



Fig. 13 NACA RM No. L7D21
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NACA RM No. L7D21 Fig. 15a,b,c,d
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NACA RM No. L7D21 Fig. 16a,b,c d
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Figure 40 .— Concl/uded.
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