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SUMMARY

A wind-tunnel investigation was made at low values of Reynolds and
Mach numbers to determine the high-1ift and lateral control character-
istics of a semispan wing of NACA 65p-215 airfoil section equipped with
a 25-percent-chord, full-span, slotted flap and plug and retractable
ailerons. The ailerons were located at the TO-percent-chord station
over the outer 49 percent of the wing semispan and were fabricated in
five spanwise segments.

The results of the investigation indicated that large increases
in wing 1ift could be obtained by use of a full-span slotted flap, and
also that a 15 or a 3Q° flap deflection would probably be more advan-
tageous than a h5 flap deflection for best airplane climb and flight
characteristics; whereas a 450 flap deflection may be more advantageous
for landing or as a glide-path control.

The plug and retractable allerons investigated produced large
rolling moments in all flap conditions, and the effectiveness of both
.allerons increased with increase in the flap deflection. In all flap
conditions, the plug aileron was generally more effective than the
retractable aileron. The yawing moments produced by both allerons were
generally favorable with the flap retracted, and became less favorable
with Increase in wing angle of attack or flap deflection.

A comparison of the 1ift data obtained on the present wing and on a
previously investigated wing of similar plan form having NACA 65-210 sec-
tilons showed the similarity in the incremental values of maximm 1ift
coefficient produced by a 450 flap deflection on both wings and also
showed the more advantageous 1ift characteristics obtained with the
thicker wing used in the present investigation. In addition, the plug
and retractable ailerons on the present wing generally produced larger
rolling moments and more favorable yawing moments than were produced by
similar ailerons at corresponding projections on the NACA 65-210 wing.
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INTRODUCTION

As 8 solution to the high-1lift amd lateral~control problems pre-
sented at take~off and landing for transport alrplanes and other alrplanes
having large wing loadings, the National Advisory Committee for Aero-
nautics has been Investlgating the characteristics of spoiler-type
lateral~control devices 4o be used in conJunction with full-span flaps.
The results of many of these Investigations have been summarized in
reference 1 and have indlcated that, in addition to allowing for the use
of full-span or almost full-span high-1ift flaps, the spoller-type,
lateral-control devices also provide control at high angles of attack,
favorable yawing moments, and higher reversal speeds than conventional
flap-type allerons because of the smaller wing twisting moments of
spoiler-type allerons. In addition, spoiler-type lateral-control devices
provide small stick forces and an increased effectiveness when full-gpan flaps
are deflected, particularly when a plug alleron 1s used. These investi-
gations have also shown the large increases in wing 1ift obtainable with
a full-span flap, and the generally superior 1ift and lateral control
characteristics obbtainable with a slotted-type flape. The results of
other investigations performed on unswept wings having high critical
gpeeds (references 2 to 5) showed the increase in rolling effectiveness
of the spoiler-type allerons when the Mach number was increased in the
high Reynolds number range as contrasted to a decrease in rolling
effectiveness obtalned with conventlonal allerons as the Mach number
increased. '

The present investigation was performed in the Langley 300 MFH
. T= by 10-foot tunnel to determine the 1ift and lateral control character-
istics of a moderately thick, low-drag, semispan wing (having
NACA 650-215 sections) equipped with a full-span slotted flap and either
a plug alleron or a retractable aileron. The present investigation is
an extension of the investigations reported in references 4 to 6 and
employs the same wing plan form but a thicker wing section than that used
in these previous investigations. Wing 1ift, drag, and pitching-moment
characteristics were obtained for the plain wing, and also for the wing
with the flap deflected 15°, 30°, and 45° at verious flap positions in®
order to determine the optimum-1ift flap-deflected positions (that is,
the flap positions at which opbimum 1ift characteristics were obbtained
over the angle-of-attack range). Tests of the plug-aileron and retractable-
alleron configurations were performed at various alleron proJjections
through an angle-of-attack range with the plain-wing configuration and
also with the flapped-wing configuration with the flap at various deflec-
tions in the selected optimum-~1lift positions,

SYMBOLS

The moments on the wing are presented about the wind axes. The
X-axis ig in the plane of symmetry of the model and is parallel to the
tunnel free-stream air flow. The Z-axis is in the plane of symmetry of
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the model and 1s perpendicular to the X-axis. The Y-axis is mutually
perpendicular to the X-axis and Z-axis. All three axes intersect at the
intersection of the chord plane and the 35-percent~chord station at the
root of the model.

The synmbols used in the presentation of results are as follows:

Cy, 1ift coefficlent (Twice 1ift of semispan model/gS)

ACy, increment of 1ift coefficient

Cp drag coefficient (D/qS)

Cpy pitching-moment coefficient {(M/qSE)

Cy rolling-mament coefficient (I./qSb)

Cn yawing-moment coefficient (N/gSb)

Cy damping-in-roll coefficient; that 1s, rate of change of

rolling-moment coefficient with wing-tip helix
angle( 3C ya@g))

pb/2V wing-tip helix angle, radians

c local wing chord
- b /2 5
c wing mean aerodynamic chord (2.86 ft) %Jf c“dy
0
b twice span of semispan model (16 ft)
y lateral distance from plane of symmetry, feet
S twice area of semispan model (Lk4.42 sq ft)
3
D twice drag of semispan model, pounds
M twice pitching moment of semispan model @bout 35-percent-chord
station at root of model, foot~pounds
L rolling-moment, resulting from aileron projection, about
X-axis, foot~pounds
N yawing moment, resulting from aileron projection, about Z-axis,

foot~pounds

q free-gtream dynamic pressure, pounds per square fool (%QV2>
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v free-stream veloclty, feet per second

p mass density of alr, slugs per cubic foot

a angle of atback with respect to chord plane at root of model,
degrees

Sf flap deflection, measured between wing-chord plane and flap-

chord planej positive when trailing edge of flap is down,
degrees (fig. 2)

X distance from wing upper-surface lip to flap nose, measured.
parallel to wing-chord plane and positive when flap nose
1s ahead of lip, percent chord (fige 2)

Y distance from wing upper-surface 1lip to flap nose, measured
normal to wing chord plane and positive when flap nose is
below lip, percent chord (fig. 2)

o, =2
Ly ™ 3«

Subscript:

max maximum

CORRECTIONS

A1l the data presented are based on the dimensions of the complete
Wing . )

The test data have been corrected for jJet-boimdary effects according
to the methods outlined in reference 7. Blockage corrections were
applied to the test data by the methods of reference 8.

MODEL AND APPARATUS

The right semlspan wing model was mounted horizontally in the
Langley 300 MPH 7- by 10-foot tunnel with 1its root section adjJacent to
one of the vertical walls of the tunnel, the vertical wall thereby
serving as a reflection plane. The wing was constructed according to
the plan-form dimensions shown In figure 1 and had an aspect ratio of 5476
and a ratio of tip chord to root chord of 0.57. The model was constructed
with neither twist nor dihedral and had an NACA 65,-215 airfoil section
(table I) from root to tips The wing was constructed with two trailing-
edge sections which were used alternately for tests of the plain-wing
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configuration and for tests of the flapped-wing configuration (fig. 2).
No transition strips were used on the wing, and an attempt was made to
keep the model surface smooth during the entire Investigation.

The 25-percent-chord, full-span, slotted flap used in this investi-
gation was built to the sectlon dimensions presented in table I and
extended from the wing root section to the 95-percent-semispan station.
Thig flap was originally designed and constructed to conform to the
contour of the thinner wing (NACA 65-210) used in the investigations
reported in references % to 6, and, because of its availabllity and
satisfactory aerodynsmic cheracteristics, was used in the flap-deflected
wing configurations tested in the present investigation (fig. 2). The
mein difference between the flap used in the present investigation and a
flap that would be formed from the trailing-edge part of the NACA
655-215 wing is that resulting from a difference in the thickness of the
wings from which these flaps are formed, since the camber and airfoil
series of these wings are the same. A comparison of the wing and flap
profiles 18 shown in figure 3 to 1llustrate the similarites and the
differences in the varlous wing and flap profiles. Xach of the three
wing fittings supporting the flap provided for a range of flap-nose
positions and flap deflections, and allowed a survey to be made for the
optimum~1ift flap position at each flap deflection investigated.

The plug-aileron and retractable-aileron configurations investigated
are shown in figures 1 and 2. The plug aileron 1s a sgpoiler-type aileron
which fits into a slot through the wing when in the neutral position and
leaves this slot open when it 1s extended above the wing. The retractabdble
aileron is a spoiler-type alleron (usually a circular arc) that emerges
only from the upper surface of the wing without leaving an open slot
through the wing. Several ailerons, each having different proJjections,
were used in tests of both the plug-aileron and retractable-aileron
configurations, and each alleron had a span equal to 49.2 percent of the
wing semispan. The ailerons were fabricated fram dural sheet in five
equal segments and were fastened to the upper surface of the wing at
the 70-percent-chord station. (See fig. 2.) Only negative aileron
projections - that 1is, ailerons extending above the wing upper surface -
were employed in the present investigation. Ailerons having projections
less than -9 percent chord had no gap between the lower edge of the
aileron and the wing; whereas ailerons having projections of -10 and
-11 percent chord embodled geps of 1 and 2 percent chord, respectively,
between the wing and the aileron. Although the ailerons investigated
did not move out of the wing profile from the neutral poslition as they
would in. s practical alrplane installation (for exsmple, the configura-
tilong of references 5, 6, and 9), the configurations investigated are
believed to simulate practical airplane instellations and to provide
aerodynamic data representative of these installations. In simulating
these aileron configurations for a full-size airplane, the plug slot
shown In filgure 2 was sealed at the upper and lower surfaces of the
wing for the test at zero projection of the plug alleron, for all tests
of the retractable-aileron configuration, and during the entire 1ift
investigation reported herein, but was unsealed for tests of the plug-
alleron configurations employing finite aileron projections.
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TESTS

A1l tests of the plain-wing configuration were performed at a
dynemic pressure of approximately 51 pounds per square foot, which corre-

sponds to a Mach number of 0.19 and a Reynolds number of 3.7 X 106 based
on the wing mean aerodynamic chord of 2.86 feet. The wing in the flap-—
deflected configuration was Investigated at a dynamlic pressure of approxi-
mately 26 pounds per square foot, which corresponds to a Mach number

of 0.13 and a Reynolds number of 2.6 X 100. '

A1l of the tests were performed through an angle-of-atiack range
from approximately -8° %o the angle of wing stall. A number of flap-
nose positions with respect to the wing upper-surface 1lip were lnvesti-
gated at each of the flap deflections obtainable (15°, 30°, and 45°) in
order to determine the flap position for opblmum 1ift characteristics.
The optimum~1ift flap-nose positions selected from this survey were
subsequently used when the characteristics of the plug aileron &nd the
retractable aileron were investigated. The wing-alleron lateral control
characteristics were determined with allerons of various projJections
(ranging from O percent chord to -11 percent chord) fastened to the
upper surface of the wing at the TO-percent-chord line.

RESULTS AND DISCUSSION

Wing Aerodynamic Characterlstics

- The wing 1lift, drag, and pitching-moment characteristics obtained
with the full-span flap at various positions with respect to the wing
upper-surface 1ip at flap deflections of 15°, 30°, and 45° are shown in
figures h, 5, and 6, respectively. For comparison, corresponding charac-
teristics obtained with the plain-wing configuration are also shown in
each of these figures. These data show the effects on the wing aero-
dynamic characteristics of deflecting and locating the flap at the
various positions Investigated, and indicate that the flap position for
small deflections is not critical, but becomes successlvely more critical
with increase in flap deflection. Thus, the path teken by the flap at
small deflections to attain a given position and deflection is not
limited by the possibility of obtaining deleterious asrodynamic charac-
teristics. The data of figures 4 to 6 also show that deflection of the
" full-span flap or iIncrease in the flap deflection produced an lncrease
In the wing 1ift at any given value of a and also produced an increase
in the nose-down wing pitching moment at given values of Cr,.

The wing aerodynamic characteristics obtained with the plain-wing
configuration and with the selected optimum-1ift flapped-wing configura-
tions are shown in figure T. Although the data of figures 4 to 6
indicate that maximum 1ift was not always obtained with the flap at the
selected optimum~-1ift position at each of the flap deflectilons
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investigated, more satisfactory 1ift characteristics ( as well as drag
and pitching-moment characteristics) were generally produced with the
flap at the selected positions than were produced at other flap positlons.
Figure T shows that the incremental 11ft produced by unit flap deflection
tended to decrease as the flap deflectlon increased, and the values

of ACy, produced by flap deflection at glven values of a were fairly
constant up to about 90 percent of Cip,, but decreased at larger

values of Cy, because of the lower values of a for wing stall attained

with Increased flap deflection. A sumary of the wing 1ift character=-
istics 1s presented in the following table:

B (CL)Q;OO (hcl)q;oo Clipax | 2CTmax
Plain wing| 0.1l ———- Lok | mmnm-
a15° 80 0.69 2.00 | 0.66
830° 1.27 1.16 2,22 .88
a)5° 1.56 1 .11;5 2.30 | «96

8F1lap at selected opbimum~-1ift positions.

The data in the preceding table and in figure T show that the value
of Clmax produced with a 300 flap deflection was almost as large as

that produced with a 45° flap deflection, 'even though the 45° flap
deflection produced larger values of CL over most of the angle-of-
attack range. In addition, the values of drag coefficient produced at
given values of Cp for flap deflections of 15° and 30° were almost

the same as those produced by the plain wing, and were lower than the
values of Cp produced with the 45° flap deflection. Also, as previously
discussed, Cpy became more negative with increase in flap deflection.
From a consideration of trimmed-flight lift-drag ratios providing best
climb and flight characteristics, it would therefore be concluded that

a 15° or a 30° flap deflection would be more advantageous than a h5 flap
deflection; whereas the 45° flap deflection (or a larger deflection)

may be more advantageous for landing or as a glide-path control.

Because the wing of the present Investigation was chosen malnly
to give large-scale lateral-control data and -had a relatively low aspect
ratio, the 1ift, drag, and pitching-moment characteristics pregented i
hereln are not those that would be obtained on a high-aspect-ratio
transport-type airplane wing. In addition the values of the lift-drag

ratio L/D obtained on the present wing '13 x 26 at %)

13 at Cp = 10, and 7T at Cp, = 2.0>:are not representative of the larger
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values of L/D +that could and would be obtained on the high-aspect-
ratio wings used on transport airplenes (values of (L/D)pay of approxi-
mately 35 were obtained in the high-aspect=ratioc wing investigations
reported in references 10 and 11); however, the present date indicate

the adventages to be gained for transport-type and other high-performsnce
aircraft by use of a full-span flape.

A comparison of the 1ift data obtained in the present investigatlon
with comparsble data obtained in the investigation of the NACA 65-210 semi~
span wing reported in reference 4 is presented iIn the following table:

Wing model  Wing configuration| °L (CL ) | 00 (ACL>Q;=O° CLM ACme
Plain wing 0.077 | 0.11 ———— Le3h| =ewm
NACA 655-215 — :
8p = 45°  |ece-- 1.56 145 | 2.30] 0.96
Plain wing 072 .16 R 093] ==--
NACA 65-210 :
(reference L) B = 45° | o==== | 1.h4k 1.28 1.87| <9k

These data show the é:!mila.rity in the valuwes of ACIm produced on:

both wings by a 1+5° flap deflectlion ~ a phenomenon which might be antici-
pated because the same flap wes used in both investigations. Also shown
are the more advantageous 1ift characterlstics anticipated and cbtalned
with the wing Investigated herein - a result of the thicker wing section
used on the present wing, and & phenomenon which has been noted previ-
ously (references 12 and 13).

Lateral Control Characteristics

Variation of the lateral control characteristlics of the complete
wing with plug-aileron projection at various angles of attack and for
various flap configurations i1s shown in figures 8 to 1l. Corresponding
data obtained for various projections of the retractable aileron are
shown in figures 12 to 15. The selected optimum-1ift flap positions
previously dlscussed were employed at the varilous flap deflections at
which the plug-alleron and the retractable-aileron control character-
istics were investigated.

Aileron hinge-moment characteristics were not determined In this
investigation because simplified aileron configurations (fig. 2) were
tested; however, the hinge-moment datae presented in references 1, 5,
and 6 show the magnitude and trends of the hinge moments that could be
expected for varilous plug-alleron and retractable-alleron configurations
that may be installed on the present wing if incorporated in an airplene.
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Plug alleron.~ The lateral-control data of figures 8 to 11 showed that

the rolling effectiveness of the plug aileron was nonlinear over the
projection range and generally increased with increase In ailleron pro-
Jection. Same of the nonlinearity results from the testing techniqus,
as discussed later, and might not be present in an actual instal-
lation. The rolling effectiveness of the plug alleron also increased
with Increase in the wing angle of attack, except at large values of «a
and aileron projectlons lerger than about -2 percent chord where a
slight decrease in rolling effectiveness with increase In o was noted.

The ineffectiveness exhibited by the plug alleron at relatively
smell projectlions and low angles of atbtack for the plain-wing configura-
tion (fig. 8) is similer to that obtained with retractable ailerons on
conventional wing sectlons; however, this ineffectiveness of the retract-
gble ailerons on conventional wing sections was alleviated when a slot
was added behind the aileron (references 9 and 14). The plug slot on
the present wing model was therefore believed to be comparatively
ineffective at these low angles of attack because of the amall differences
in pressure that probably existed between the two wing surfaces 1n the
vicinity of the plug slot when the flap was not deflected. This belief
1s substantiated by the fact that umpublished section pressure data on a
similar wing sectlon show that a reversed (unfavorable) pressure gradient
across the plug slot could be obtained. At high angles of attack in the
plain-wing configuration, and also with the flap deflected, the pressure
difference between the upper and lower wing surfaces near the plug slot
was gufficient to produce an Induced flow through the plug slot and
thereby increase the alleron effectiveness. ©Similar effects were noted
at corresponding low values of Mach number in the ailleron investigation.
reported iIn reference 5, but were alleviated when the Mach number was
increased. Moreover, the data of references 2, 3, 5, and 6 indicate
that an increase in rolling effectlveness with increase in Mach number
may be expected over the entire projection range for the present wing-
alleron configuration. The rolling ineffectiveness encountered at low
angles of attack and low Mach numbers by the present plain-wing con-
figuration is therefore belleved to be inconsequential for a reasonably
high-speed alrplane because the airplane in this attitude (low «)
would normally be flying at higher values of Mach number than those
at which these data were obtained; also, the rolling effectiveness of
the plug alleron on the aforementioned high-speed airplane 1s expected
to vary almost linearly with aileron projection throughout the speed
range in the flap-retracted condition. For airplanes of the private-
owner type having low wing loadings and relatively low maximum speeds,
wing sections similar to those on the present wing - or those that
might give an unfavorable pressure difference. across the plug slot -
probably would be unsatisfactory if a plug~alleron configuration is to
be employed. For such airplanes, use of conventional wing sections
would probably be desirable. -

The large values of rolling-moment coefficient at small aileron
projections of about ~0.0lc shown in figures 8 to 11 at the higher
values of 1ift coefficlent result from the sudden opening of the plug
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slot as well as from projection of the alleron. Because the opening of
the plug slot would probably be more gradual with Increase of aileron
projection in an alrplane installation (probably gomewhat like the con-
figuration investigated on the NACA 65-210 wing in reference 5), the
resultant curves of rolling-moment coefficient against aileron pro-
Jection would not exhibit such a surge in rolling effectiveness with
initial aileron projection as was obtained in the present investigation,
and the aforementioned curves would be more linear. It 1s believed,
however, fram the data of references 5 and 6, that no aileron ineffec-
tiveness would be encountered with the 11ft flap deflected. In addition,
the data of flgures 8 to 11 show that at low angles of attack a . slight
reduction or a tendency toward a reduction in the values of rolling-
moment coefflcient occurred at negative aileron proJections above -9.0 per-
cent chord. At projections greater than -9.0 percent chord, a gap existed
between the wing end the lower edge of the alleron, and 1t 1s believed
that this gap permitted a partial pressure recovery on the wing rearward
of the aileron, the pressure recovery thereby causing a loss in effec-
tiveness. A similar effect was also noted in the investigation reported
in reference 5.

The alleron effectiveness increased with increase in flap deflectionj

the values of C; obtained at a flap deflection of 450 were more than
twice as large as the values of Cj; obtained with the plain-wing con-

figuration. In addition, the data of figures 8 to 11 show that the plug
aileron provided large rolling moments up to and even above the wing
stall angle in any flap configuration.

The values of yawing-mament coefficient obtained by projection of
the plug aileron on the plain-wing configuration were generally favorable =
(that is, having the seme sign as the values of C3) at almost all
angles of attack and the values of Cp generally became more favorable
with "Increase in aileron projection in all flap configurations. As
would be expected, the values of Cp generally became less favorable
with increase in the flap deflection snd elso with increase in the
angle of attack in all flap configurations (figs. 8 to 11). The sudden
surge in negative values of C, mnoted for initial aileron projections
at large values of o with the flap deflected probably result from the
sudden opening of the plug slot (as previously dlscussed for the aileron
effectiveness) and probably would not be encountered on a normal plug-
aileron installation (reference 5). On the basis of the results obtailned
in the investigations reported in references 5 and 6, Mach number would
be expected to have a negligible or an inconsistent effect on the yawing-
moment data.

Retractable ailerone- The values of rolling-moment coefficient
obtained by projection of the retractable aileron increased nonlinesrly
with alleron projection over most of the projection range in all flap
configurations (figs. 12 to 15), but exhibited trends of reversed
alleron effectiveness for small projections with the flap deflected 30°
and 45°, a phenamenon usually exhibited by retractable allerons in the
flap-deflected configuration (reference 14). :
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In the plaln-wing configuratian, small alleron projectlons were soms-
what ineffective in producing roll at low values of «, but an increase
in «o increased the effectliveness in this proJection range. Because the
data of references 2, 3, and 5 indicate that an increase In aileron
effectiveness with increase 1n Mach number may be expected over the
entire projection range for this ailleron configuration, particularly for
small aileron proJections, it 1s believed that the aforementioned lneffec-
tive region of roll for small aileron proJectlons in the flap-retracted
configuration would not be encountered in flight by a reasonably high-
speed airplene employing the present wing-aileron configuration. For
such an alrplene, flap-retracted flight would be at high speed and low
angles of attack and vice versa; therefore rolling-moment coefficlents
probably would vary almost linearly with aileron projection.

In all flap configurations, an increase in the angle of attack
usually produced an increase in the rolling moment for small aileron
projections. At moderate and large alleron projections, an increase
in « at low values of a produced an increase In C;; whereas an
increase In «a at large values of o produced a decrease In Cj.
These trends are in contrast to the decrease in effectiveness exhibited
by retractable ailerons on wings having conventional sectlons when the
angle of attack was increased (references 1 and 14). At low values of a,
a constant or a slightly reduced aileron effectliveness was generally
exhibited at retractable~aileron projections greater than -9 percent
chord in all flap configurations. This effect was also noted and
discussed for the plug-aileron configuration and is believed to result
from the partial pressure recovery on the wing rearward of the aileron
when a gap exists between the lower edge of the alleron and the wing
gurface.

The rolling effectiveness of the retractable ailleron Increased with
increase in flap deflectlion and was approximately 100 percent larger
at ®p = 45° than in the plain-wing configuration, (Compare fig. 12
with fig. 15.) The retractable aileran also provided large values of Cy
up to and above the flap-retracted or flap-deflected wing stall angle.
Because the rolling effectiveness of the retracitable alleron appears
very good at ®p = 15° (fig. 13) and the rolling-moment data obtained at
this flap deflectlion do not exhibit the reversal in effectiveness for
smell alleron projections exhibited by the data obtained at flap deflec-
tions of 30° and 45° (figs. 14 and 15), 1t would appear that the
retractable aileron would be a very effective and desirable lateral-
control device throughout the 1ift range provided that the 1ift charac-
teristics produced at the small flap deflections (up to approximately 150)
are acceptablee.

The yawing moments produced by projJection of the retractable aileron
with the plain-wing configuration generally had the seme sign as the
rolling mamentes, and hence were favorable, bub became less favorable with
increase in flap deflection (figs. 12 to 15). The values of Cn
generally became more favorable with Increase 1n aileron projection and
less favorable with increase iIn the wing angle of attack in all flap
configurations. Although the effects of changes in Mach number were not
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determined in the present Investigation, the data of references 5 and 6
indicate that the retrasctable-alleron yawing-moment characteristics
presented hereln would be expected to be elther negligibly or incon-
slstently affected by such changes.

Comparison of Lateral Control Characteristics:
of the Plug and Retractable Allerons

The rolling-moment characteristics of the plug alleron and the
retractable aileron generally exhibited the same trends with Increase in
aileron projection, angle of attack, and flap deflection (f1gs. 8 to 11
and 12 to 15). The rolling maments produced by both ailerons in the plain-
wing configuration were about the same at low values of a, but the plug
aileron produced larger rolling moments than the retractable aileron at
large values of a. (Compare fig. 8 with fig. 12.) With the flap
deflected, *the plug alleron generally produced larger rolling moments
over the entire projectlon range than did the retracteble aileron, and
the tendency toward reversal of effectiveness for small projJections
exhibited by the retractable-aileron data at dp =30° and 45° was not
shown by the plug-aileron data. Because of these differences in the
effectiveness of the plug and retractable ailerons with flap deflected,
use of the plug alleron would be more advantageous for high-performsnce
alrcraft, particularly in the high-1ift flight range and at flap deflec~
tions of 30° end 45°.

Values of the helix angle pb/2V gene:gated by the wing tip in a
roll were computed from the equation £2 = —b (where Cy. is the
2V Czp _ P

damping-in-roll coefficient) and indicated the effectiveness of the plug
and retractable allerons investigated, particularly with flap deflected.
These camputations showed that a value of Cj3 of 0.036, which was

usually exceeded at large aileron projections with the flap retracted, and
easily exceeded with the flap deflected, corresponded to a value of pb/2V

of 0.09, based on a value of Ci, (obtained from reference 15) of 0.40.

The yawlng moments produced by proJection of the plug or retractable
allerons were generally similar for all flap configurations, and exhibited
the same effects produced by Increase in alleron projection, angle of
attack, and flap deflection.

Comparison of Lateral Control Characteristics of the
Plug and Retractable Allercns on the Present Wing
with Similar Ailerons on an NACA 65-210 Wing

Compearisons were made of the lateral control characteristics pro-
duced by the plug and retracteble ailerons on the NACA 65,-215 wing of
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the present investigation with the corresponding characteristics produced
by similar ailerons on the NACA 65-210 wing (reference 5). Some of

these comparisons are presented in figures 16 and 17 for the flap-retracted
and flap-deflected (8¢ = 45°) configurations, respectively.

At comparable values of 1ift coefficlent in elther flap configuration,
the plug and retractable ailerons of the present investigation generally
produced larger values of C3 at corresponding aileron projections than
the plug and retractable ailerons on ‘the NACA 65-210 wing. The plug and
retractable allerons on both wings produced nonlinear increases of (3
with aileron projection, and also produced large increases in C; when
the flap was deflected. In all flap configurations, the ailerons on the
present wing produced increases in C; with increase in o at small
projections, and at moderate and large projections, produced increases
in C; with increase In o at low values of a, and decreases in Cy
with increase in a at large values of a« In contrast, the plug
ailerons of reference 5 generally produced an increased effectiveness
in both flap confilgurations with increase in «, and the retractable
ailerons of reference 5 generally produced an Increase in effectiveness
with increase in a only at small projections with the flap retracted.
On both wings, the plug ailerons were usually more effective than the
retractable allerons with the flap deflected.

At comparable values of 1ift coefficlent in either flap configura-
tion, the plug and retractable ailerons on the present wing generally
produced more favorable values of yawing-moment coefficient than similar
allerons on the NACA 65-210 wing. The yawing-moment characteristics
produced by aileron proJjection on either wing exhibited similar effects
of changes in alleron projection, angle of attack, and flap deflection.

CONCLUSIONS

A wind-tunnel Investigation was made at low values of Reynolds
and Mach numbers to determine the high-1ift and lateral control charac-
teristics of a semispan wing of NACA 655-215 alrfoll section equipped
with a 25-percent-chord, full-span, slotted flap and plug and retractable
ailerons. The allerons were located at the TO-percent-chord station
over the outer 49 percent of the wing semispan, and were fabricated in
five spanwise segments. Theé results of the Investigation led to the
following conclusions: .

l. Deflection of the full-span flap or increase in the flap
deflection produced an increase in the wing 1ift at any given angle
of attack, and also generally produced an Increase in the nose-down
wing pitching mament and either a negliglible change or a slight increase
in the wing drag at given values of 1ift coefficient. A value of
maximm 1ift coefficient of 1.34 was obtained with the plain wing, and
values of maximum 1ift coefficient of 2.00, 2.22, and 2.30 were obtained
with the flap deflected 15°, 30°, and 45°, respectively, at the selected
optimum~flap positions.
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2+ On the basis of a camparison of 1lift, pitching-moment, and
lift~drag-ratio data obtained at the various flap deflections investi~
gated, 1t appears that a 150 or a 30° flap deflection would be more
advantageous than a h5° flap deflection for best climb and flight
characteristics; whereas the 45° flap deflection may be more advan-
tageous for landing or as a glide-path controle.

3. The rolling effectiveness of both the plug and the retractable
allerons generally increased with increase in aileron 8rojection,
except at small projections with the flap deflected 30° and 45°, where
the retractable aileron exhibited trends of reversed rolling effective-
ness. In all flap configurations, the rolling effectiveness of both
allerons at moderate and large proJjections increased with increase in
the wing angle of attack o at low values of a, and decreased with
increase in o at large values of oj for small aileron projections,
increase in o Increased the alleron effectiveness. The rolling
effectiveness of both allerons increased with increase in the flap
deflection and was more than twice as large with the flap deflected 45°
as with the flap neutral. Both ailerons also provided large rolling
moments up to and above the wing stall. In the plain-wing configuration
at large values of a, and with the flap deflected at all values of «,
the plug alleron was generally more effective than the retractable
aileron.

k. The plug and the retractable allerons produced similar yawing-
moment characteristics. The yawing moments of both ailerons were
generally favoraeble in the plain-wing configurations; and in all flap
configurations, the wing yawing moments generally became more favoreble
with .Increase in alleron proJjection and less favorable with increase
in wing angle of atback and flap deflection.

5« At comparable values of 1ift coefficient with the flap
retracted or deflected the plug and retractable ailerons on the NACA:
65,-215 wing of the present investigation generally produced larger
values of rolling moment and more favorable values of yawing moment than
were produced by similar ailerons at corresponding projections on a pre-

viously investigated wing of simllar plen form having NACA 65-210 sections.

In addition, the rolling-moment and yawing-moment characteristics pro-

duced by ailleron projection on elther wing generally exhibited similar

effects of changes in aileron projection, flap deflection, and angle of
attacks

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Air Force Base, Va., January 28, 1949



NACA TN No. 1872 15

REFERENCES

Lo Fischel, Jack, and Ivey, Margaret F.: Collection of Test Data for
Lateral Control with Full-Span Flaps. NACA TN No. 140k, 1948.

2. Laitone, Edmund V.: An Investigation of the High-Speed Iateral-
Control Characteristics of a Spoiler. NACA ACR No. 4C23, 194k,

3. Laitone, Edmund V., and Summers, James L.: An Additional Investi-
gation of the High-Speed Lateral-Control Characteristics of
Spoilers. NACA ACR No. 5028, 1945.

4. Fischel, Jack, and Schneiter, Ieslie E.: High-Speed Wind-Tumnel
Investigation of High Lift and Aileron-Control Characterilstics
of an NACA 65-210 Semispan Wing. NACA TN No. 1473 » 1947,

5. Fischel, Jack, and Schneiter, Leslie E.: High-Speed Wind-Tumnel
Investigation of an NACA 65-210 Semispen Wing Equipped with Plug and
Retractable Allerons and a Full-Span Slotted Flap. NACA TN
No. 1663, 1948. )

. 6. Fischel, Jack: Wind-Tunnel Investigation of an NACA 65-210 Semispan
Wing Equipped with Circular Plug Ailerons and a Full-Span Slotted
Flap. NACA TN No. 1802, 1949.

Ts Swanson, Robert S., and Toll, Thomas A.: Jet-Boundary Corrections
) for Reflection-Plane Models in Rectangular Wind Tunnels. NACA
Rep. No. 770, 1943.

8. Thom, A.: Blockasge Corrections in a Closed High-Speed Tunnel.
R. & M. No. 2033, British A.R.C., 1943.

9. Rogallo, Francis M., and Swanson, Robert S.: Wind-Tunnel Development
of a Plug-Type Spoller-Slot Alleron for a Wing with a Full-Span
Slotted Flap and a Discussion of Its Application. NACA ARR,

Nov. 1941.

10. Sivells, James C.: Experimental and Calculated Cheracteristics of
Three Wings of NACA 64-210 and 65-210 Airfoil Sections with and
without 2° Washout. NACA TN No. 1hk22, 1947.

11. Bollech, Thomas V.: ZExperimental and Calculated Characteristics of
Several High-Aspect-Ratio Tapered Wings Incorporating NACA klh-Series,
230-Series, and Low-Drag 64-Series Airfoil Sections. NACA TN
No. 1677, 1948.

12. Recant, I. Ge: Wind-Tunnel Investigation of an N.A.C.A. 23030 Airfoil '
with Various Arrangements of Slotted Flaps. NACA TN No. 755, 1940.



16 NACA TN No. 1872

13. Harris, Thomas A., and Recant, Isidore G.: Wind-Tunnel Investigation
of NACA 23012, 23021, and 23030 Airfoils Equipped with 4O-Percent-
Chord Double Slotted Flaps. NACA Rep. No. 723, 19h1.

1k. Wenzinger, Carl J., and Rogallo, Francis M.: Wind-Tunnel Investiga-
tion of Spoller, Deflector, and Slot Lateral-Control Devices on
Wings with Full-Span Split and Slotted Flaps. NACA Rep. No. 706 »
1941.

15. Swanson, Robert S., and Priddy, E. LaVerne: Lifting-Surface-Theory
Values of the Damping in Roll and of the Parameter Used in
Estimating Aileron Stick Forces. NACA ARR No. I5F23, 1945.



17

NACA TN No. 1872

VR

Ge*0 :°3*1 Y3uoaqy snipex Jo edors

¥780°0 :°@*1 YBnoayy sngpex Jo edorg
GOS°T ssufpex °*g1
0 000°00T o 000°00T
44 Sk 086°%6 e 020°%6
929°~ 096°68 099°1 0%0°06
£0E° T~ sv6°¥8 69°¢ 950°98
790°2~ LE6 6L £99°€ £€90°08
grg‘e- SE6° YL 8€9°Y 990°9L
829°¢~ 8€6°69 LSS 290°0L
eLey- L76°19 €eY9 £90°99
L70°G- 196°69 68L°L 6€0°09
§29°9~ 6L6°75 gI8°L T20°5S
$90°9= 000°0% 2’8 000°0%
2EE9- reo°sy 48] 9L6" 7Y
L7 9= go°oy 694°8 T56°6€
99¢ °9- £L0°SE 9z s L26° e
6LT9- 960°0¢ £21°8 Y06°62
898°9~ ) R4 859°L e88° e
9z g- LET®02 g10°4 €98°61
628°7- 26T°9T SLI®9 878"t
gc0° 7~ 691°0T 690°¢9 178°6
- XA 899°L ose*Y el
qc6°e~ (47 88 L99°¢ grs*y
ere- 9€9°2 90§°2 G9E°e
T66°1~ 89%€°1T S08°T LT
[+ AN 9498° et qr9°
0LO T~ Y65° 0LT°T’ 907°
0 0 (o 0
89BUTPJIQ uo§381g &1 BUTPI0 U0T383g
Q0BIING JOMOT eosJang Jeddp

08°0 :sapped *§°1
0 00°%¢
e 0s°2e -
T.* 00°0¢
0 00°92 01T T5°4LT
(4% 67°22 05°T TO°ST
oT* 66°6T - 16°1 19°Ct
T0° 87°LT 91°¢ 00°TT
eI~ 86°7L gee 00°6
L2~ g7zt o7°e 00°4
rre=- 86°6 8e°e 19°¢
£9°~- gL €e°e 05y
£8°~ 86°7 e ge°E
£0°1T~ gree 66°1 (T A4
00°1~ 69°T 08°t 69°T
88°= o4 Wl 8 9¢°1 40 §
29°- 9g° 6T°T 9s°
ire- 8e* 6° ge°
0 (6] o] (4]
9BUTPID ToFIeLS @3 BUTPI) WOT}61S
edBJag JoMoy evBgag Joddp
dery pPe33o0Ts

(pxoyo 3uta Jo juedyed Uy ueAtd nu.o._"ndoﬂc TIv)

dVId ANV TI0JMIV 04 SELVNIQHO

-1 TI9VL

TTOJIT® STZ-59 VOWN




NACA TN No. 1872

*dBTJ Pe330Ts ueds—~TINJ B PUB SUOJISTIE od Ly
—~zeTt10ds y3Tm peddinbe Tepom Surm—uedeTmes—y3TL JO WO UBTd —'1 eansTg

- 2550 —

! . %Em\.{Jv.vm%\\ o
“\ﬁk\w\\\\u\?\r —»{[«£ 1900 N—su 09,

|
]

18

98T
Tz |§9e H_% JTNSS Eoacy
N%L) 92004 wiZ 9560 Zoars — _ \
2247 | _ i ) N5k .m:_até}\ ] H W.
w . X—osuy 2570 ofm N
] L\ 0 /],H
4
- . -, 000 .mvmw —




NACA TN No. 1872

19

Aileron projection,
percent chord
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ZTEN— 60 *1

~—Aileron (used as a plug aileron and a retractable aileron)

Gap sealed for refractable-aileron configdration, gap
open for plug-aileron configuration

Wing chord line

‘\lGap seqled for retractable-aileron configuration, gap open
for  plug-aileron configuration

(a) Alleron configuration on the plain wing.

oL Bse
~LeLE ), e

“—Aileron(used as a plug aileron and a retractable aileron)

Gap sealed for retractable -aileron configuration, gap
open for plug-aileron configuration

N W/
l %, %
<

N _ ‘ \,<\\ _
u s

Gap sealed for retractable-aileron
configuration, gap apen for plug-aileron

configuration
- AN J48¢
- v J7c -
o LE WY
To TE
of flap
(b) Aileron configuration with flap deflected.

Pigure 2.— Schematic drawing of plug-aileron and retractable—aileron
configurations tested on semispan wing.
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Figure 16.— Comparison of lateral control characteristics of plug and
retractable ailerons on present wing (NACA 65,—215) and on wing of

reference 5 (NACA 65-210)., Full-span flap retracted.
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