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MR No. L5CZ9

NATTONAL ADVISCRY COMMITTEE FOR AERONAUTIGCS

MEMORANDUM REPORT

Ior the
Army Air Forces, Alr Technical Service Command
THO-DIMENSIONAL WIND [UNNEL INVESTIGATION OF SPOILER
ILERON FLAP MODEL %OR THE HUGHES XF-11 AIRPLANE

William J. Underwood and PFelicien F. Fullmer, Jr.

An investigatlion was made in the Langley two-
Cimensional low-turbulence tuntels of a retractable
spoller aileron on the NACA ,66(215)-216 (approx.) alr-
foll ' with a 7w~'“r*cn:-choru slotted flap. The spoiler
aileron, essentially a curved tkin late arrangéd to

3
rotate about a hinge at the center curvature, moved
edgewlise into and out of the w**v through a narrow slot
in the upper surface at 75 psrcent of the sirfoil chord.
The e”fgct of spoiler th"“n ss, spoiler gap, spoiler
: ler roughness, and flap deflection on
haracteristics of the spollsr aileron
&

The results indicate that the hinge-moment charac-
teristics of the retractable spoiler aileron were greatly
affected by spoiler thickness, rear-gap 'ize, and the
bevel angle of the upper face of the spoil The best
hinge-moment characteristics of the config u“j+Lons tested
were obtained with the thinnest (0.0028¢) spoiler which
had a 170 bevel angle on the upper and lower faces and
roughness on the upper face, the largest (0.0100c)

spoiler rear gap, and the 0.001%c¢ spoiler forward gap

The ho*lor fective in producing s suustan—
tial decresa 5 11ft ¢oefficient for all
a”ﬂtiva spoil ons larger than -3°, The
sooLTov effectivensss varaemeter Aao/A8g for deflections
above -10° was practically unaffected by increasing

the test Reynolds number from 2.5 to 6 million, With
the spoller in the retracted position, air flow through

the cut-outs for the spoiler in the uvper egurface of the
alrfoll caused an increase of approximately 12 percent
in the minimum profile-drag coefficient, The increments
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of section piltching-moment coefficient of the airfoil
produced by the spoiler aileron were less positive than
those produced by a plaln sealed flap of equal effec-
tiveness. The advantage of the smaller increments of
gection piltching moment associated with spoiler ailerons
with respect to the lateral-control reversal speed of an
airplane, however, may be 6firset by the relatively larger
span required for spoiler ailerons.

INTRODUC TION

At ths request of the Army Air Forces, Air Technical
Service Command, tests were conducted to determine the
section asrodynamic characteristics of the NACA 66(215)-216
(approx.) airfoil section equipped with a slotted flap
and a retractable spoller aileron. This investigation
was carried out for the purpose of furnishing sectiocn
aerodynamic data for a retractable spoiler aileron to
be used in combination with 20~-percent-chord internally
balanced ailerons for lateral control with avnproximately
a 90-percent-semispan slotted flap for the wing of the
Hughes XF-1ll airplane (fig. 1). The internally balanced -
alleron, located outboard of the slotted flap, was
designed to be used as a feeler aileron which requires
that the wheel force due to deflection of the spoiler
alileron be small 1n magnitude as compared to the wheel
force resulting from deflection of the Teeler a&ileron.

Tests to determins the spoiler load, effectiveness,
hinge-moment, and airfoll profile~drag characteristics
were carried out in the Langley two-dlmensional low-
turbulence tunnel. Additional tests at a higher Reynolds
number to determine the. spollier effectivenesd, airfoll
profile drag, and pitching moment were carried out in
the Langley two-dimensional low-turbulence pressure
tunnel.

SYMBOLS AND COEFFICIENTS

(o airfoil section ungle of attack

¢y, aiprfoil section 1Lift coefficlent

cq alrfoil section profile-drag coefficlent
o}
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airfoil section pitching-moment coefficient
about quarter-chord point

free-gtream dynamic pressure

spoiler alleron deflection, poaltive when the
upper face 13 de“Wnntul below airfoil u“pc
surface

deflscticn, positive when the trailing edge
s deflected cdown

fla

e T3

free-stream total nressurs

local static nressure

; {J - I
At 0
preESsure ceefiflicient )

spoller aileron hirige moment, vositive when
spoliler tends to retract -into Ce

mean radius of spoiler aileron
thickness of spoiler aileron
span of spoiler aileron

segction hinge-moment coeffi-

clent C-‘
F
q()1‘ )3
nt inssectlion bifEicoe il clentidiiceite
» er alleron deflection measured at
constant angle of attack
increment of section angle
spoiler aileron deflect
constant 1ift coefficie

section aileron effectiveness parameter, ratio
of change in section angle .of attack to
Increment of spoiler aileron deflection to
intain constant 1ift -

increment of section ,1tc.LnU—ﬂ< ent coefficient
at constant 1ift due to spoiler aileron
deflection
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A cast aluminum model having a 2li-inch chord and
35 ,62-inch span was made to Jcrreﬂpond to the contour
of an intermediate section of the wing of the Hughes
XFP-11 airplane (fig. 2). The model was equipped with a
;)-rorcent -chord slotted flap. The ordinates of the
irfoil including the flap are given in table I.

A retractable s r alileron having a span of

3% Il inches was installed at the 75—cepcent~chord
station =nd rotated about a hinge axis at a point

661 percent chord aft of the leading edge and

5.31 percent chord above the chord line of the airfoil.
Tnasmuch as the width of the tunnel-test section 18

26 inches, a gap of approximately 1.25 inches existed
between each end of the spoiler and the tunnel wall.

The spoiler aileron retracted through the uoper s: urface
into a recess within the airfoil contour. The model

was so designed that the thickness of the spoiler aileron
and the rear gap between the spoiler rear face and the
unper surface of the airfoil could be varied. The for-
ward gap between the spoiler front face and the upper
surface was held constant at 0.13 percent chord regardless
of the spoiler thickness or rear-gap size. A sketch of
the general model arranﬁemﬂnt showing the spoiler and
snozlnr slot detalils is in figure %. As shown in
figure 3, the spoller aileron was & curved nlate with

the original upper and lower fgces formed by radial lines
through the hinge axis. During the Investigation the
upper and lower faces of the snoiler were beveled as
shown in figure 3., Hereafter the angle between the
original radial and the altered surface will be referred
to &s the bevel angle. With a bevel angle of 17°, both
the upnmer and lower faces of the spoller were parallel

to the airfeil surface when they emerged from the air-
foil. The spoiler aileron was supported along the span
of the model by webs (figs. 2(a) and 3) located at

5.03 inches and 1L.07 inches either side of the center
line of the model span. Tc allow free movement of these
webs for full spoLler deflection, chordwise slots were
cut at the four nositions as previously noted. A typlcal
cut-out in the upper surface is shown in figure li. Pres-
sure orifices were installed in the center of the span

of the 1.0l-percent-chord-thick spoiler at position

shown in figure 5 and in the alleron recess at the posi-

o

tions shown in figure 3.

Q




The relation between spoiler deflection in degrees
as presented in the results herein to svpoiler projection
in percent chord is shown in figure 6,

APPARATUS AND TESTS

Lifts dragewand rit"hing—mo"eni measurements. of
the model were made by the methods described in refer-
ence 1. The hinge moment of the spoiler aileron was
measured by means of a calibrated torgque r d The
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following factors were applisd to correct th
data to free-air conditions:
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Table II gilves the model V.AIiQUIdticp tested in
the Langley two-dimensional low-turbulsnce tunnel at a
dynamic vressure of approximately 53 pounds ner square
foot, which corresponds to a Reynolds number of 2«5 million
and a Mach number of 0.18. Configuration 9 of table II
+was also tested in the Langley two-“;monelon 1l low-

turbulence pressure tur C & dynamic pressure of
avproximately 76 pounds per square foot and a tank

sure of 60 pounds ner square inch, which bOTPPuTOﬂd
a Reynolds number of 6. O million and a Mach number
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The roughness applied to the upper face of the
spoiler allerou for configurations 7 and 9 consisted
of 0.0l-inch carborundum crystals imbedded i iy

n T Mma Rrgn | ey ~ -~
IESULTS AND DISCUSSION

The results of this investigation are presented in
table IIT and Tigures 7 to 20, The surface pressures
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obtained over the spoliler surface and in the spoiler
recess are presented in table III in the form of the
pressure coefficient S and should provide data for the
structural design of the spoiller,

Hinge-moment characteristics of spoiler aileron.-
The eTfect ol a décrease 1n spoller alleron rear gap
on the hinge-moment coefficients of the 1.0l~-percent-
chord-thick spoiler is shown in figure 7. A study of
fizure 7(a) shows that the hinge-moment coefficients of
the spoiler aileron at an angle of attack of 0° vary
irregularly with spoiler ceflection and excessively
high positive hinge-moment coefficilent exists at spoiler
deflections of apnroximately -2° and -500, As the rear-
gap size was decreased, the hinge-moment coefficients
became more negative and the irrsgular variation of the
hinge-moment coefficlents increased to such an extent
that finally the spoiler (configuration i) became over-
balanced through the greater part of the de flection
range. The effect of reducing the rear gap was approxi-
mately the same for an angle of attack of 7.11° as for
an angle of attack of 0°, TIncreasing the angle of
attack alsc caused the high positive hinge-moment
coefficlents for small negative spoiler deflections to
be reduced. The hinge-moment characteristics of the
spoiler aileron were avnoroxlmately the same for the
flap retracted and deflscted conditions (fig. 7(b)).
Since the hinge moment of the spoiler ailleron 1is due
to the difference in the pressures on the upper and
lower faces of the spoiler, a rapid change 1n these
pressures will cause a corresponding change in the
hinge moment. This pressure change accounts for the
rapid change in the hinge-moment coefflicient just as
the upper face of the spoiler emerges from the recess,

If the following airplane dimensions and conditlons
are assumed:

Wing are&, HSquare £e8bt . , + + s o o a s *j® 2fa B & 939
Watoht  POBRAE » w0 v 5lmcd A woa ok i e BCORSECE IS
Control whesl dlameter, feebt « « « &« « o s + » s « 1.25

Area moment of (one) spoiler aileron upper
face about the hinge axls, cubic foot 0.28
(BRL e B o my e D e kR

Mechanical advantage
g ('4}_150 < GS < -510) . . . . . . l
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the anproximate wheel force at [J00 miles per hour at
15,000 feet required to hold the sroiler aileron con-
figuration 1 (fig. 7(a)) at a deflection of -2° would

be 7.6 pounds and at -50°0, };2 pounds. From the hinge -
moment characteristics (fig. 7) and from the anproximate
wheel-force calculations it was apparent that the wheel
force due to deflection of the 0.0104c-thick spoiler
with any of the rear-gap sizes tested would be uneven
and, at times, excessive. In order to reduce the absolute
magnitude of the spoiler hinge moments, the thickness

of the spoiler was reduced from 0.0104ec to 0.0028¢,
Attemnts were made to reduce ths irregular variation of
hinge-moment coefficient with spoiler deflection by
beveling the faces of the spoiler.

The effect of various bevel angles of the upper and
lower faces of the thin svoiler is shown in figure 8.
A comparison of the hinge-moment characteristics of
configuration 1 (fig. 7) with configurations 5 and 8
(fig. 8) shows that, in general, beveling the upper
and lower faces and reducing the thickness of the spoiler
cauged the peak hinge-moment cosfficients occurring at
spoller deflections of -2° and -50° to be opposite in
sign and approximately half the magnitude of the curve
for configuration 1. Comvarison of the data for various
bevel angles at low angles of attack presented in fig-
ure 3 shows that the hinge-moment characteristics for
small cdeflections are extremely sensitive to relatively
small changes in the bevel angle. As the sSpoiler lower
face emerges from the recess at a deflection of -l 70
(fig. 6), the hinge-moment coefficients showed a rapid
change at negative deflections greater than approxi-
mately -45° as a result of air flow under :he spoiler
lower face,.

The effect on the hinge-moment characteristics of
applying roughness to the upver face of the Spoiler is
shown by comparing figures and 9., It can be seen that
the application of roughness to the upper face of the
spoiler (configuration 9) eliminated some of the
irregularities in the hinge-moment-coefficient curves
near 0° spoiler deflection. This change is believed to
be due to the roughness causing irregular flow of the
air over the upper face of the spoller ailercn as it
emerged from the recess and this irregular flow, in turn,
tended to spread the rapid changes in pressure loading
which were responsible for the unstable hinge-moment
characteristics near zero spoiler deflection over a
larger range of spoller deflections. These results
would indicate that furthsr improvement in the hinge-
moment characteristics could be obtained by scalloping
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the upper face of the spoiler spanwise or by rigging the
Spoiler in such & manner that the various sections of
the spoller along th wing span would not emerge from
the recess at the same time,

The hinge-moment coefficlents for spoiler aileron
configuration Y arespresenteds in f]oure 10 for VaPlouS
angles of attack at flap deflections of 0°, 20°, and l0°.
With increasing angle of attack the large chanbe in
hinge-moment coefficients for small deflections was
reduced with the result that the hinge-moment coefficients
varied almost linearly with sp01lcr deflection at the
higher angles of attack. If the aforementloned airplane
dimensions and conditions are again assumed, the approxi-
mate wheel force at [;00 miles ver hour at 15,000 feet
requlred to held tho spoiler aileron uonflguration 9 at
a deflection of -2° would be 5.5 pounds and at -}5°
12 pounds. From the hinge-moment characteristics (flg 10}
and from the avproximate wheel-force calculations it was
apparent that the wheel forces corresponding to the
observed hinge-moment coefficients of spoiler alleron
configuration 9 between deflections of 3° and -45° would
be small in magnitude as compared to the wheel forces
due to the deflection of the feeler ailerons. Furthermore,
to obtain a smooth variation in the wheel force for
small deflections of the control wheel, it would seem
advantageocus to rig the spoiler and feeler ailerons in
such a manner that the negative deflection of the spoller
would lag the deflection of the upgoing feeler aileron
by several degrees.

Effectiveness of spoiler aileron.- The effect of
changes In the spoiler rear-gup size, bevel angle, and
the application of roughness to the upner face of the
spoller on the section lift characteristics was small,
as shown in figures 7, 8, and 9. As mentioned Drev1ously,
at & deflection of -47° the lower face of the spoiler
emerges from the recess and the thin spoller aileron at
that deflection becomes ineffective in producing any
further change 1in the .Sectijon, LG coebflcdecnbs,

The effect of angle of attack and flap deflection
onl the section 11ft characteristics of the elrfodl
produced by the deflection of the spoller aileron is
presented in figures 10 and 11, Inasmuch as the spoller
aileron, since it is used on only one wing at a time,
does not operate at approximately constant 1ift as w1th
conventional ailerons but at some condition between
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constant 1ift and constant angle of attack, an analysis
of the effectiveness of the spoiler aileron has been made
at both constant angle of attack and constant 1ift.

The effect of changes in the angle of attack and
lap deflection on the increment of section 1lift coef-
cient Ac; due to spoiler deflection is shown in
gures 12 and 13. In general, the increment Acy due
to a given deflection of the spoiler decreassd as the
angle of attack was increased (fig. 12). Between angles
of attack of approximately 0° to 70 at & = 00,
i G0 49 st &, = <209 T2V HE 90 Tk 4 :,ﬁoo, increasing
the test Reynofds number from 2.5 bo million caused
a decrease in the increment Acy or effectiveness of
the spoiler aileron when based on the constant angle-
of-attack conception. At the higher angles of attack,
the increment Ac; increased with Reynolds number,

This effect was caused by an increase in thes 1ift and
lift-curve slope at the higher angles of attack with

the spoiler neutral, similar to that shown in figure 11,
In combination with a decrease in the lift-curve Slope
with the spoiler deflected up. The increment acy Ibr
all spoiler deflections increased with flap deflection
up to 20° (fig. 13)., At a flap deflection of L0° the
increment Acj; 1increased further for spoiler deflections
greater than -10° and decreased for spoiler deflections
less than and including -10°., The results at a flap
deflection of [0° (fig, 12) show that for a Revnolds
number of 6 million a spoiler deflection of -30 wag
Ineffective in producing any change in the lift at
angles of attack less than 7°.

The effectiveness of the spoiler aileron based on
the constant 1ift conception is shown in figure 15.
It can be sesn that the effectiveness parameter 40o/Abg
varied considerably with spoiler deflsction and only
slightly with 1ift coefficient except for spoller
deflections of -39 and -10°. 1Increasing the flap
deflection from 0° to LO® caused the effectiveness
parameter to increase for spoiler deflections larger
than -10°, Increasing the test Heynolds number from
2.5 to 6 million caused only a slight change in the
effectiveness parameter for spoliler deflections larger
than -10°, Within the Reynolds number range investiguted,
therefore, 1t is apparent that only if the Spoliler effec~
tiveness analysis is based on the conastant angle-of-attack
conception instead of constant 1lift will scale effect
cause an appreciable decrease in the spoiler effectiveness.




10 MR No. L5029

The increment Aag, due to deflecting the spoller
aileron to -45° would be 7.4° (fig. 15, ¢; = 0.2,
60 = 0°) as compared to an increment Aa, of approxi-
mately 18°% due to a total deflection of L0° (¥20°) for
a 0.20c conventional alleron., It 1s apparent, therefore,
if equal rolling velocities are to be obtained, & spoiler
ileron of the type tested should cover a larger portion
f the wing semispan than a conventional aileron. This
longer spoller span is entirely feasible, however,
because of the small wheel forces resulting from use of

qt+

a spoller of the type investigated.

o W

il drag.~ The effect
in the upper surlface on the drag characteristics of the
eynolds number of 2.5 million 1s shown
in figure 16. These results show that the section
profile-drag coefficient was lowest with the 0.01lllec
spoller total gap. The spanwise varlation of the section
profile-drag coefficient of the airfoil at a Reynolds
number of 6 million with spoller allesron configuration 9,
which had a total gap of 0.0lllc, is shown in figure 17,
The peaks occurring in the drag-coefficient curves
(figs, 16 and 17) at 5 inches either side of the center
line apvear to be causaed by alr flow in the chordwise
slots in the alrfoil unper surface. (See fig. L4.)
Profile-drag-coefficient polars for differsnt spoller
deflections are oresented in figure 13, .The section
profile-drag coefflicients presented in this figure were
average values obtained from surveys over a 20-inch
section of the model span as shown in figure 17. Because
of the difficulties in making wake surveys behind the
deflected spoiler, the nrofile-drag coefficients may be
in error as much as 15 percent,.

of the total spoiler gap

The effect of leakage of alr in and out of the
slots on the profile-drag coefficient of the airfoll
with the spoiler retracted is shown in figure 19. It
can be seen that the minimum profile-drag coefficient
of the alrfoil was increased approximately 12 percent
by air flow.

Airfoil pitching moments.- The pltching-moment

characteristics of the airfoll section at several

spoiler aileron deflections are shown In figure 1l.
_Because the change in pitching moment produced by lateral-
control devices is of primary importance for determining
the lateral-control reversal speed, figure 20 presents

the increment in the piltching-moment coefficient Acmc/%
L
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based on the increment of ssctlon angle of attack
produced by deflection of the spoiller aileron. A
study of figure 20 shows that as the flap was deflected,
the increment Acmc { Increased, and as the 1lift coef-

ficient was Increased, the increment decreased,

The increment Acy at e¢; = 0, for the same

(&7
airfoll (NaCA 66(215)-216) with a 0.20c sealed plain
flap (reference 1) was included in figure 20 to judge
the relative merits of the spoiler aileron and a vlain
sealed flap with respect to wing twist or lateral-control
reversal speed. When a comparison is made at the same
increment of sectlon angle of attack, the increment of
section piltching moment produced by the spoiler aileron
is about 60 percent of the increment of section pltching
moment produced by a 0,20c plain sealed flap or aileron.
This sgrees with the conclusion of reference 2 that the
sectlon pitching moments produced by spoller ailerons
were less vositive than those produced by the plain
flaps of equal effectiveness, The advantage of the
smaller increments of section pitching moment associated
with spoiler ailerons with respect to the lateral-control
reversal speed of an airplane, however, may be offset
by the relatively larger span required for spoiler
ailerons.

CONGCLUSIONS

The results of this investigation of a retractable
spoller alleron used as a lateral-control device on an
NACA 66(215)-216 (approx.) airfolil section with a
0.25c¢ slotted flap indicated the following conclusions:

1. The hinge-moment characteristics of the
retractable spoller aileron were greatly affected by
spoiler thickness, rear-gap size, and bevel angle of
the upper face of the spoiler. The best hinge-moment
characteristics of the configurations tested were
obtained with the thinnest (0.0028¢) spoiler which
had a 170 bevel angle on the upper and lower faces of
the spoiler and roughness on the upper face, the largest
(0.0100¢c) spoiler rear gap, and the 0.0013c¢c spoiler
forward gap.

2. The spoiler aileron was effective in producing
a substantial decrease in the gection 1ift coefficient
for all negative spoiler deflections larger than -3°,
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TABLE I
ORDINATES FOR THE SPOILER AILERON FLAP MODEL FOR THE HUGHES XF-11 AIRPLANE
[Stations and ordinates are given in percent of the airfoil chord]
Airfoil Flap slot Flap

Stati Upper airfoll|Lower airfoil Upper slot Lower slot Upper flap " Lower flap

gutel ordinate ordinate ordinate ordinate ordinate ordinate

0 0 % 0 ol

0.50 1 I

0.75 1.55 1.2%&

1.25 1.921 1.563

2.50 2.602 2.11

5.00 .621 2.89,

7.50 438 507

2.126 .022

15,00 2l L.846

20.00 7112 5.481
25,00 5.785 2.965

30.00 .295 .555

5.00 8.66 6.5

0.00 8.906 6.5 2
L45.00 .018 6.827

50.00 .993 6.285

55.00 8.817 6.622

60.00 8.35 6.287

65.00 Z. 1 2.739

70.00 «95L .962

The617 |  c-ce- L.138 1.456

75.00 5.898 Lk.o71 0.109 3.037 2.284
75.625 T.E. Radius =

76.25 5.608 1'223 0.125 1.067

77.50 59313 2.67 2,12
g o5 3.017 3.295 2.832

0.00 .71k 3.084 3.660 3.293 3,08l
81.25 L oo 3.833 i.ssg
82.50 L.092 3.921 3.66

83,125 T.E, Radius =

83.75 0.032 3.63L

85.00 3 52 2.081
90.00 2.1 Y126
92.50 1.562 0.698
95.00 0.98 0.338

7.50 0.470 0,092
100,00 Treiling-edge radius 0,032

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS







TABLE II

DESCRIPTION OF VARIOUS TEST CONFIGURATIONS FOR THE SPOILER AILERON FLAP MODEL
FOR THE HUGHES XF-1ll AIRPLANE

(See figures 2 and 3 for general arrangement.)

All dimensions unless otherwise noted are given in percent of airfoll chord

Spoiler | Spoller
Configuration Spoller
Number Thi ckness Forward Rear Spoller surface conditions
Gap Gap
1 1.04 0.15 1,00 Both faces radial, no roughness.
2 1.04 0.13 .07 Both faces radial, no roughness.
3 1.0, 0.13 0.51 Both faces radial, no roughness.
Ly 1.0l 0.13 0.2 Both faces radial, no roughness.
5 0.28 0.13 1.00 Spoiler beveled 30° on upper face,
lower face radial, no roughness.
6 0.28 0.13 1.00 Spoiler beveled 10° on upper face,
beveled 17° on the lower face, no
roughness.
1 0.28 0.13 1.00 Spoiler baveled 10° on upper face,
beveled 17° on the lower face,
roughness on upper face.
8 0.28 0.13 1.00 Spoiler beveled 17° on both faces,
no roughness.
9 0.28 0.13 1.00 Spoiler beveled 17° on both faces, 5
Toughness on upper face. ¢
o

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.
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TABIE III

SPOILER SURFACE AND CHAMEER PRESSURES FOR THE SPOILER AILERON FLAP MODEL FOR THE HUGHES XF-11 ATRPLANE NATIONAL ADVISORY
(For location of pressure tubes see figures 3 and5,) COMMITTEE FOR AERONAUTICS

(Configuration number 1; Reynolds number = 2.50 x 106; Mach number = 0.18

JTube numbera —»-1 1 [ 2 T 5 T [ T 5 T 27T 7 T8 T 9 T30 137 32 133 1 3k [.ia T 3181 171 181 191 201 =1
Test conditiona | | | = | i i i 1 | | | | | | [ | | | i |
%o O bp Pressure coefficient, 8
(deg)| (deg)! (deg)
0 Q 0 10.97210.82170,79211,30711.297]1.287(1,285(1.287]1.28711.29311.297]11.29711.29%11.292]1.292]1.292] 1.29211. 292 1.285 (1. 311 11291
Q =10 0 11.06811.00611,02010,78101.,20511,23111.,18511.1631.156(1,155[1.15811.158(1.160]1.16311.17011.17511.175 11.17011.22%11.252 11 .14%
) -20 o) L10611.10611,3).810,37010.16811.22111.330(1.320[1.257]1.2509[1.255]1.27%11.28711.28311.28711.287]1.2 .26711.195(1.356(1.275
[’) =30 0 11.12611.06611.3L570.27210.36/10.37611.090(1 0811, /58[1.311]1.328]1.330(1. 301 [1.350 [1.355]1.35] 1. 328 1. 311 | 1203 1. 12211 351
Q - 0 [1.047/0.92511,131]0.209/0.298]0.%32610.328/0.,362]1.571]1.320|1.3501.%55]1.L05 0001.1,9611.376]1.35L (1, 1.23811,50711.261
Q =45 0 [1.,01810,86710.996/0.20110.28210.310[0.31), [0.30810.548]1.53(1. 67111 .670]1. 1200111011, 081100l 1.382 1,268 [1.053 |1 .20k 11 200
Q =52 0 10.97000.79310.81710.19210.26610.292(0.30)[0.312]0.32) [1 .Lo% 1 )AL 7 1783 811 1 1113310 121 | 1. 403 1. %08 [1 . 17811 202 (1 10&
2.0%[-52 0 10.95810.77L10.718[0.2[310.%1610.338]0.350[0.352]0.362 1. 74116811185 1. Lol T 1.430011.02011,50511,166[1.195]1.096
IASH 0 10,95710.77210.672[0.340]0.Lo0l0.[1kl0.[37]0.137]0.L29 l‘~§h 1.18511.47001.0521.055 [1.452]0. 1.42671.0420101,19611,221 (1,110
6.08] 0 0 11.18711.13511.098/1.285(1.28,11,280]1.277[1.27711. 1.28011.28011.28011.27712.27711.280(1.280]1.27711,280(1,279(1.287 [1.281
B =10 0 11.106/1.055]1.022]0.919]1.22711.228/1.206/1.123]1.19211.189/1.1911.19311.19711.19911.201 1.20111.20%11,19911,17911,231 11.2¢)
O8] -2Q Q [1.115(1.022(0,976[/0.680/0. 0.55511.316[1.328(1.27711. 210 (1 ,2681(1.28011.290]1.28711.29211.29%]1.287 [1.28011.257 1.2L011.0
6.08(-30 [ 0 11.09L10.97810.92510.50910.60L10.535]0.80 1. 0811. 50112337 1,350 1,350 12357 1. 36811380 1 36011 308 11.33L 11 271 1. Lo8 11 58
6.08] -1,0 0 [1.0%0/0.861/0.808]0.067(0.531]0,5%3[0.521[0.509]1.555[1.30511.%76 [ 1.37311. 1.50811.L0001,385[1,365 [1,355 [1.271 [1.505 [1.371
6,08 - 0 11.00L10,8L710.76810.061]0.,51310.519]0,5%110.50710,510(1.570]1.6261.6001 11361103011 L2511 L1651 1.L00 1.387 1207 11 22811 31z
6,08] =52 0 10,94870,758]0.66L10.02310.L7510.L85(0.L8710.08210.,871.La0l1 185115611158 111561 1.030 0. 128 1,221 0,213 0218
8.12| -52 0 [0.85110.6L0[0.527[0.576(0.632]0,6,0[0,636]0,628[0.612(1.LB0]1.L76]1,L60(1.L565](1, 1.4138[1,02801.,1801,415101.281 11,261 11,195
9 0 0 11.215/1.19711,198/1.258/1,2%8]1,238]1,238]1.238[1.238(1,2[0[1.200]1.2L0(1.2L0]1.2L011.2L0l .20l .2hol1.oka 1 2Lzl ololn ola
) -10 0 [1.101011,10811,098/1.078/1.203(1.195[1.187{1.183(1,181 [1.183[1.1683(1.185(1.185]11.18511.187 1118711187 1. 186 11 1801 207 [ 16
9.1);1 =20 0 11.10101.08111,05010,957]0.97111.287]1.28911.28311.,255 [1.257(1.25511.263911.27511.275 11,277 1. 27711275 11267 11 227 11 504 27%
[ g =30 0 13.110(1.01310,96810.587210.89510,88911.19011.265]1.38811.315]1.325[1.3231 [1.337 [ 1. 30311345 1. 3L5 1. 355 11325 11 . oR% [1 28> [ 258
9. 1{-10 0 11,00510,91710.85610,80610.95610,83010,82610,83811.17611.30711.369/1.505 1,585 1.3, |1.582 (1. 3751 1,362 [1.355 11 208 [1 L5k [1.358
9. 2h1 -5 0 /1.006{0.873|0.806].0.782/0.808]0.808[0.802{0.786]0.893]1.178(1.52L 1.51L [1.L05(1.599 |1.597 [1.592|1.582 [1.373 1 21311 253 [ 357
9 -9 9 10,92110,758]0,688[0.73L10,762]0,76L10,76010.752]10. 704211, L0621, 05811, 1361, 132]1, 1.0611.007 0,007 11,255 11,277 1.2.1
10.19]-52 0 [1,30610.805/0.732/0.798[0.825/0,825[0.821]0,812]0.805[1.5551.L62 (1. LLA1 1. 5 1.01601.507[1. 002 1. ko2 11,267 1. 28 1,221
12.18[-52 0 10,99810,88910,837]0,925[0.9L2]0.9L0]0.93410.92210,912]1., 1. 1.L,80 L1811 L1610,50711,[10011,396 1,397 [1.287 1 .00 [1 . 255
9 0 20 11,51801,560[1.592]1.588/1.592]1.592(1,592[1.592[1.5921.58811.590]11.502]11 59211 59211 595 1.£5ﬁl 1,594 11,609 h.sql h.588 01
9.1l -10 | 20 [1.384{1.350[1.%2711.317(1.07211,063[1. 05100, Lhela. L511.L07 iyl WA i B A v W Vil R P W P v 1007 DLLE N7 h)ss
=20 1 20 11.357]1.29311.25001.1L311,16711,508(1,51011,50611. 76 1. 87108511 Lox (1,500 1,500]1.500]150L]2:L97 [L-LoL 1 162 [i-ca1 1108
9 =30 20 .230] 1,198(1.1L811,053[1.077/1,068[1.396]1.576]1.597]1.528]1.538[1.50011.6L611.552 11550 (1 . 55211, 2533 7h.590 [ .538
9.1uf-10 1 20 11.212(1.09111.02310.99001.018/1.013[1.002]1.008[3-470 1542 [1.582|1.574 1. 59L | 1503 11530 1 5Ho[1.067 L 228 [ 180 [ 2es [ 278
9 =L5 20 11.17911.05210,98610.96910.99210.9900.97710.960[1 07811 A781.710]1 48911 59711502 1. 50011 88 11.573 N.565 N S0Z hocil B 2o
Al =02 0 [1.096]0,906[0, 0.92910.95210.95210.90310.93510.927[1.672]1.870]1 47011831 [1.222[1.50L [1.5692[1.5 583 0152 h.T66 N.I22
-10.15]-52 Q 11.12610.978/1.170(0.19310.23510.2501 0. 25910 2510 59011 .70511 49011 . 485 |1 660] 1. 6A011 . 6381120611500 D582 B .314 h.250 B .28
-8.12[-52 1,16311.00611,15010,22510,28%10.281[0.230[0. 290031411 . 71511735 (1,720 11 -702 11681 11 65011 €2e 236 T 205 B35 b %83 hoo's
.08l -52 0 .380[1,01711, 0, 0.28810.30710,318]0.32010.3)0[1.797 (1. 78R [1.785|1.75011.738 11 .713 1. 690(1. 675 L6605 R.L0S B.L30 0 .3:5
=L.08l-52 1.1801 0.97911.018[ 0.2)k9l0.319[0.3L0l 0 35 0. 3581 0. 377 1 . 8181 . 8071 805 1. 7471772 1755 1 724 11,710 I, . 05 0.3
.08[-10 Q 11.71001.622/3.565)1.61311.0L0[1.921]1.834(1.87611.87001.86211.864L 1187011 ?37% 1.88311 . 88711 ,8921.893 . - %_ =
.06] =20 0 L1.12011.31701 29501 0820112301 34611 17710 17000 15710 1340133110511 .125[1.127 121281 2130)1 120 1127 1.539 1621 [1.57 Y
061 =30 9 11.32311.19911.13710.957(0.99210.980[1 180811 T670 1 T69RN TAdg N A1 11 1A 11 40811408 11409 1 ~ADAI1 605 12595 11 253 11691 |07
06[-L5 0 {1.71701.05410.96810.86500.902[0.902[ 0 88910 8701 223(1.815[1.850]1.857 1 .77 17641176811 - 76aln 761 .73 11207 11 624 [1 .65 =
06 -52 0 [1.126 -0.80510.79310.83510 Blolo Bz710 85710 80811 9on[1. 8331183511 8381 826 181411 79811785 o785 1.579 11685 [1.5h1. o
8.1% =52 Q 11.72011.068/0.99211.,05111.073]1 07811 071[1.06311.058(1. 87511870 18700 . 326 1. 82006021 70l 783 L 777 L 256 [ 2L7 1L 206 .
10.1 0 Lo 11,891[1.885[1.90211,950(1.,960]1.960(1.95011.960]1.980]1.080[1.962 10521108211 062 [1-0ks 1] aloln 0ko L Set 1 o025 L acB ot
10.15/-10 40 | 1.077/1.59101.538/1,535(1,655(1.801]1.833[1.630/1.630(1,6%0]1.830]1.63011.83011.630 1123001 23011 220 11 . Zo8 11 &o1 1 222 11 2% (l
10.151-20 40 [1.432(1.39L11,37211,307/1.305(1,506/1.551(1.500(1.52011,52201,522[1.52L 11,620 11,628 (1,531 (1. 521 |1.5%3 [1.5%] 11 50811.559 1153 o
10.151 - 0 [1.L3713.%6311.32711 ., 28L11,%0111,287(1.56911.512]1.662]1.617 1,619 1,020 1. 200 127 L AL - 2 T L 1 200 272 % Q
10.15] -1 Lo T1.38711.28511.23511.20L311,263]1,258]1,238]1,23%]1.790(1,703/1.710(1.708]1.703 1170011 40011 2ocTL ¢B8 *.689 LT 11,776 1.6 o
10.151-L5 Q '1.32011.21511.16211,195/1.21811,215[1,203[1.183(1.319(1.69%[1.703(1.705]1.708 |1 .705 1 .703 1. 4aR ] 1,695 [1.685 |1 .620 .7% E8 | ©O
10.15[-52 0 [1.276[1.13713. 4.17%11,19511,195(1.19001.28%2.275(21.,89511.902 (1,913 10 8L 7 11 . 8L7 11,837 1. 81911 .809 11,806 11,6L5 [1.6 .62







Slotted flap

| Aileron chord is 20,00 %
of the wing chord 538 .LL,

—— I r——r——¢

\_65% of chord at the

wing reference line

Leading edge

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

i Nacelle

Figure 1.~ Schematic drawing of the lefthand outboard wing panel for the Hughes XF-11
airplane showing the alleron and spoilers.
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4 NACA
~ LMAL 42238

(a) Three-quarter front view of model showing the spoiler webs.

Figure 2.- Photographs showing the spoiler arrangement and the chordwise slots in the

airfoil upper surface for the spoiler webs. Spoiler aileron flap model for the Hughes
XF-11 airplane.
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NACA
LMAL 42237

(b) Three-quarter rear view of model showing the spoiler aileron and slotted
flap deflected,

Figure 2.- Continued.
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LMAL 42239

(c) Three-quarter top view of model showing the spoiler aileron slots in the airfoil
upper surface,

Figure 2.- Concluded.
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Spoller webs are located
5.031 and 14.967 inches
either side of the
model centerline.

] )
0.0531 /

0.664

The spoiler deflection is measured
from airfoil upper surface to the
upper face of spoiler; the sign is
negative for spoiler deflections

above airfoil surface and is positive

for deflections below airfoil upper
surface.

Airfoil chord, 24.00 in.
Spoiler span, 33.Ll in.

All dimensions are given in
fractions of the airfoll chord
wless otherwise noted

Figure 3.~

Gap dimensions
Front gap Rear ga

B C
0.0013 0.0100
0013 .0077
.0013 .0051
.0013 .0024

1,000

10, 17, and 30 degree bevels were cut
0.28 -percent chord thick spoiler

on the

Spoiler aileron dimensfons]

Thickness Mean radius
t

0.010l
.0028

Spoiler chamber orifices

NATIONAL ADVISORY

airplane.

COMMITTEE FOR AERONAUTICS.

Sketch showing the general model arrangement, spoiler, and spoiler slot detalls for the spoiler alleron flap model
for the Hughes XF-1l
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All dimensions are given in
fractions of the airfoil chord

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

Figure L.~ Sketch showing the chordwise slots in the airfoil upper surface
for the spoiler webs for the 0.28-percent airfoil chord spoiler. Spoiler

aileron flap model for the Hughes XF-1l airplane.







MR No. L5C29

Orifices 19, 20, and 21 are in
spoller slot and are shown

in figure 3,
0. //7 0.055
235 %0
’ 1
All dimensions are given :
in inches and were measured
along each surface. Y,
%
/585
\
\
e Y

Flgure 5.~ Sketch showing the location of the pressure orifices in the
1.04=percent airfoil chord spoiler for the spoiler aileron flap model
for the Hughes XF-1l airplane.
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MR No. L5C29

I 1 1 | T | 55;

| | ley | | B i 3 H

t t i T p o v o 33 5 £ T il :

] 1 i n £ Contfiguration Spdiler rear gap

Bl ] I = | { No. dimension

T i (percent airfoil cherd)
T > 3
1 | iz 1.00
; i
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Spoiler deflection, ﬁs, deg

Figure 7.- Variation of section hinge-moment and 1ift coefficient wi
Gimension for the spoiler aileron flap model for the Hughes XF-11 a
LTT test 392.

th spoiler rear gap A
irplane. R = 2.5 x 10°;







Lt

2
(deg)

guration

No.

Spo

er rear gap
dimension

(percent airfoil chord)

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

Figure T.=-

Concluded.

$55 i85

Spoiler deflection, &_., deg

(®) a, =7.12°

i - : §

35 $23 23388 3 T
deflection, sy, de

poiler
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Configuration

Spoiler bevel angle ki
No. k E

17 on lower face

8 17° on both, faces

5 30° upper rwe, 1o'er% SEEmEEE
face radi. -

6 10° on upper fmg,

Section 1ift coefficient,

.%QT

;_;05 ==

i Spoiler deflection, . &g 7, deg

model for

igure 8.- The effect of spoller bevel angle on the section hinge-moment and

urt characteristics of the spoller alleron
the Hughes XF-1ll airplane. Spoller upper face smooth; bt 0° = 2.5 x 106' LTIT test 392.

c

l7° on both faces

10° on upper face,

17° on lower face -

nge

Section 1ift coefficient,

B R <10

sloc;t.lon'

R

=CTICRERERS. RS :
4 Spoller deflection, c, s deg

i

Figure Q=

Section hinge-moment and llrt characteristics for the spoller aileron flap model for the Hughes XF-11 airplane.

Spoller upper face rough; 8, = 0% R =2.5 x 106; LTT test 392.
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%o
(deg)
© -6.08
B -3.05 ¢
© 0
A 5,07
v. 10.15
i

i s e

"Spoiler deflection,

e L S

gure 10.=-
it

= on0
(b) 5r = 20".
Continued.

nge-moment coefficient, c

it
:
i

e

Spoiler deflection, &g, deg

Section 1ift coefficient,

L)
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[ 7 T ! COMMITTEE FOR AERONAUTICS.
it
|
I ¥
7 1710.159 |
i i ] o
‘ ’ ,r N N1 ogll // Vi i
O i % 4 | ik
] ;
| |
6 5 R R L
.t.,oa°7k>S |
sl

el

; Section llft éoe!:ficienl,
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e

He

H

it

iSection iift‘coefficlent, ¢y

g-moment

| _|coefficient cmc/ Eg
4

j_
g

Section pitchin

{5 || =21, les -8 g 3
i Sectlon angle of attack, ao, deg
0°

| Judthatil 17
(s) °f GO 5 e e i
Figuro 1l.- Section 1lift and pitohing-moment charaeteristioa for ttw apoiler alleron flap

model for the Hughes XF-11 airplane. Configuration number 9; R = 6.0 x 10°; TOT
tests 799 and 80 .
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Section lift coefficient, ¢, |

ient,

|

-
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| Section angle of attack, a,, deg i
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- Section lift coefficient, ¢
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R é_ectioh piLching;moment coefficlent',‘ c

i

Figure 11.-

£

|

|
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Concluded.
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6.0 X 106—__ 6g = -3°, R = 2.5 X 106
:“:L‘R:Z—K_,, s —t_4--1" o o
=-10% R=2.5x 1054, | e A
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Figure 20.- Varlation of the increment of section pitching-moment
coefficient with the increment of section angle of attack for
the spoller alleron flap model for the Hughes XF-11 airplane.
Configuration number 9.




