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TECHNICAL NOTE NO. 1802

. WIND-TUNNEL INVESTIGATION OF AN NACA 65-210 SEMISPAN WING

EQUIFPED WITH CIRCULAR PILUG ATLERONS AND
A FULL-SPAN SLOTTED FLAP

By Jack Fischsl
SUMMARY

A wind-tunnel investigation was made of the lateral-control charac-
teristics of a thin, low-drag, semlspan wing equipped with three configura-
tions of circular plug ailerons and a full-span, 25~percent-chard, slotted
flap. The plug ailerons were located at the 68-percent-chord station,
spanned 49.2 percent of the semispan wing, and were constructed in five -
equal spanwlse segments. The investigation was performed through a Mach
mumber range from 0.13 to 0.6l. The Mach and Reynolds numbers were varied
simultaneously during the investigation.

The results of the Investigatien indicated that a satisfactory plug-
allercn configuration (a double-walled circular-plug-aileron configuration)
has been developed for use on high-speed unswept-wing airplianes in conJjunc-
tion with a full-span slotted flap. This plug-aileron configuration produced
increases in alleron effectiveness with Increase in the Mach and Reymolds
numbers, produced a falrly linear variation of rolling moment with aileron
proJectlon, and produced apprsciably larger rolling moments with the flap
deflected than with the flap retracted. In additlion, this plug-alleron
configuration generally produced favorable yawing moments and also produced’
hinge moments which were of moderate value, had a stable variation over the
projection range, and exhibited elther small or inconsistent changes with
increases in the Mach and Reynolds numbers.

TINTRODUCTION

Ag a solutlon to the high-1ift and lateral-control problems presented
at teke-off and landing by the high-performance airplanes currently in use
or in the design stage, the National Advisory Commlttee for Aeronautics
has been investigating the characteristics of spoller-type lateral-control
devices to be used in conJunction with full-span flaps.

The results of several relatively low-speed Ilnvestlgatlions made on
wings having conventional airfoll sectlons (references 1 to 8) indicated
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some of the merits of aspoller-type lateral-control devices, such as control
at high engles of attack, favorable yawing moments, higher reversal speeds
than conventional ailerons because of the lower twisting maments of spoiler-
type devices, small stick forces, and the. increased effectiveness of
spoiler-type controls when full-span flaps are deflected. In additionm,

these investigations indicated the increased effectiveness obtainable wilth
the plug-type spoller-slot aileron (known as the 'plug aileron') as ccmpared
with the effectiveness of the retracteble aileron and also indicated the
large increase in wing 1ift obtainable through use of & full-span flap and
the generally superior characterilstics obtalnable with a slotted flap. The
results of other lnvestigations performed on unswept wings having high
critical speeds (references 9 to 11) showed an increase in aileron effective-
ness of the spoiler-type allerons when the Mach number was increased in the
high Reynolds number rangs as contrasted with a decrease in aileron effective-
ness obtained with conventional ailerons as the Mach number increassd.

In order to eliminate the unfavorable rolling maments sometimes
produced by the downgoing conventional plug alleron and still provide a
slot through the wing for up deflections, a new-type plug-aileron arrange-
ment was constructed. The alleron is so designed that down (positive)
deflections do not produce any changes in the lower surface of the wing;
however, deflecting the alleron up opens & slot and provides a scoop on
the lower surface of the wing. The present lnvestligation therefore was
performed to ascertain the lateral-control characteristics of & thin, low-
drag, semispan wing equipped with a full-span slotted flap and three con-
figurations of the new-type plug aileron. The present investigation,
which was performed in the Langley 300 MPH and high-speed T- by 10-foot
tunnels, is an extension of the investigations reparted in references 10
and 11 and was performed on the same wing model used in these lnvestliga-
tions. Tests of the O. h92 -semispan, new-type, plug ailerons - known herein
as "circular plug ailerons" to distinguish them fram the conventional or
regular plug ailerons of references 5, 6, 11, and 12 - were performed
through a projJection range at several angles of attack with the full-span
flap retracted or deflected and at variqus speeds up to a Mach number of
0.61; lateral-control data obtained in these tests are presented and
discussed herein. Wing 1ift, drag, and pitching-moment data are presented
only with the plug aileron and flap in thelr neutral positions over a speed
range up to & Mach number of about 0.835 with the wing at a low angle of
attack, since these data had been presented previously through an angle-of-
attack range at various speeds with the flap retracted and deflected.

(See references 10 and 11.)

SYMBOLS

The moments on the wing are presented about the wind axes. The
X-axis is in the plane of symmetry of the model and is parallel to the
tunnel free-stream air flow. The Z-axls is in the plane of symmetry of



http://www.abbottaerospace.com/technical-library

3

NACA TN No. 1802 3

the model and is perpendlicular to the X-axis. The Y-axls 1s mutually
perpendicular to the X-axls end Z-axla. All three axes intersect at the
intersection of the chord plane and the 35-percent-chord station at the
root of the model.

ol

0

[ -

The symbols used 1n the presentation of results are as follows:

Twl 1ift of semi model
11ft coefficient e Sl e >

adS

drag cosfficient (D/qS)

piltching-moment coefficient

Twice pitching mament of semispan model aboutb Y-axis>
gSc

rolling-mament coefficient (I./qSb)
yawing-mament coefficient (N/gSb)

aileron hinge-moment coefficient <Ha[qM where M 18 area
mcoment of exposed alleron top edge about hinge line)

aC'L

damping-in-roll coefficient a@

2y,
wing-tip helix angle, radlans

local wing chard

b/2

2

wing mean aerodynemic chord, 2.86 feet <-S— f c2 ds)
0]

twice span of semispan model, 16 feet

1a£eral distance from plane of symmetry, feet
twice area of semispan model, 4h4.42 square feet
twice drag of semispan model, pounds

rolling moment, resulting fram aileron proJection, about
X-axis, foot-pounds
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N yawing moment, resulting from aileron proJjection, about Z-axis,
foot-pounds
Hy aileron hinge-moment, positive when hinge moment tends to

depress aileron, foot-pounds

free-stream dynamlc pressure, pounds per square foot <-;'-pV2>

v free-stream veloclty, feet per ‘second
p mess density of alr, slugs per cublc foot
@ angle of attack with respect to chord plane at root of model,
degrees
M Mach number (V/a)
R Reynold.svmnnber
a speed of sound, feet per second
CORRECTIORS

With the exception of the aileron hinge-moment data, all the data
presented are based on the dimenslons of the camplete wing.

The test data have been corrected for Jet-boundary effects according
to the methods outlined in reference 13. Compressibility effects on these
Jet-boundary corrections have been comsidered in correcting the test data.
Blockage corrections were applied to the test data by the methods of
reference 1h.

MODEL AND APPARATUS

The right-semispan-wing model was mounted in an inverted position in
the Langley high-~speed T- by 10-foot tunnel and in an erect position in
the Langley 300 MPE T- by 10-foot tumnel with its root section adjacent
to one of the vertical walls of the tunnel, the vertical wall thereby
serving as & reflection plane. (See fig. 1.) The wing was constructed
according to the plan-form dimensions shown in figure 2 and had an aspect
ratio of 5.76 and a ratio of tip chard to root chord of 0.57. The model
was constructed with neither twist nor dihedral and had an NACA 65-210
airfoil section (table I) fram root to tip. No tramsition strips were
used on the wing and an attempt was made to keep the model surface smooth
- during the entire investigation.
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The full-span, 0.25c, slotted flap was built to the section dimensions
Tresented in table I and the plan-form dimensions shown in figure 2. The
flap deflection (45°) and position wlth respect to the upper-surface
alrfoll 1ip used 1n the present investigation for the normal flap-deflected
position are the same as those employed in the investigations reported in
references 10 and 11 and are shown in figure 2.

Each of the circular-plug-aileron configurations tested had a span
equal to 49.2 percent of the semispan wing and was fabricated fram sheet
steel in five equal spanwise segments. Plan-form dimensions of the plug-
aileron configurations are shown in figure 2, section dimensions are shown
An figure 3, and one of the alleron configurations on the wing model is

shown in figure 1. The alleron segments were actuated by ]-_J-:é-inch steel

arms which were fastened to each end of each segment and also firmly
attached to a steel shaft centered on the aileron hinge axis. This steel
shaft extended outside the tumnel wall to a calibrated shaft-rotating
mechanlsm and a calibrated, beam-type, strain-gage setup. By this
mechenlsm, the steel shaft was rotated to produce the various aileron
projections employed in the investigation, and the aileron hinge maments
were simultaneously obtained.

TESTS

All tests with the thin-plate circular-plug-aileron configuration
(fig. 3(a)) on the semispan-wing model were performed in the Langley high-
speed T~ by 10-foot tunnel. All tests with each of the double-walled.
circular-plug-aileron configurations (figs. 3(b) and (¢)) on the semispan-
wing model were performed in the Langley 300 MPH T7- by 10-foot tunnel.

With the flap retracted, a speed test was made at a constant wing
angle of attack (o = 0.39) through a Mach nmumber range fram 0.40 to 0.835

with a corresponding Reynolds number range of approximately T.5 X 108 to
12.5 x 106 based on the mean aerodynamic chord cof 2.86 feet.

With the flap retracted or deflected, lateral-control tests were
performed with each of the clrcular plug ailerons at various aileron
projJections, at several angles of attack, and at Mach mumbers fraom 0.13
to 0.61. Negative projections indicate that the allerons were extended
above the wing upper surface.

The variation of Reynolds number with Mach number for thesé tests is
shown in figure 4. The Mach and Reynolds numbers were varied gimultaneously
during the investigation.

e e e e e a e —— —— —_— iy S A ——— = e e e e p— e =


http://www.abbottaerospace.com/technical-library

6 NACA TN No. 1802

DISCUSSION

Wing Aerodynsmic Characteristics

Variation with Mach mumber of the wing aerodynemic characteristics
at a constant angle of attack of 0.3°, with the thin-plate circular plug
alleron neutral and the flap retracted, 1s shown in figure 5. Additional
lift, drag, and pitching-moment data were obtalned through an angle-of-
attack range with each of the double-walled clrcular-plug-alleron con-
figurations installed on the wing and with the flap retracted and deflected
but are not presented herein. These data agree quite well with the data
obtained in the pitch tests reported in reference 10 and indicate that
Installation of any of the circular-plug-aileron configurations on the
wing had no material effect in altering the aerodynemic characterlistics
obtained with the-plaln wing. Figure 5 shows almost no changes in the
aegrodynamic characteristics for Mach numbers below O.73 however, above 0.7
samewhat different Mach numbers for 1ift, drag, and pltching-maoment
divergence are apparent. Because the choking Mach number of the Langley
high-speed T~ by 10-foot tunnel was obtained with the present model at
the angle of attack tested near a Mach number of 0.835, the data shown
for Mach numbers above approximately 0.80 probably are not reliable.

Aileron Control Characteristics

Thin-plate circular plug alleron.- Data obtained through the pro-
Jection range of the thin-plate circular plug aileron are presented in
figures 6 to 9 to exhiblt the effects of angle of attack and Mach number
(also Reynolds number) on the flap-retracted and flap-deflected lateral-
control characteristlics of the camplete wing.

In both the flap-retracted and flap-deflected conditlions, the slopes
of the curves of rolling-moment coefficient against aileron projection
are observed to be generally nonlinear. (See figs. 6 to 9.) In the flap-
retracted configwration, an ineffective region for amall aileron proJjections
at a low angle of attack 1s shown and a reglon of constant or slightly
reduced effectiveness (with increase in ailsron projection) at large
projections and large angles of attack is shown. (See figs. 6 and T.)

The ineffective region observed herein for amall aileron projections at

a low angle of attack has been observed previously wilth the basic plug
alleron of reference 11 and 1s belleved to result principally from the
probably weak "scoop effect' of the particular plug-aileron configuration
(because of the square lower edge of the thin-plate circular plug aileron)
as will be dlscussed 1n a subsequent section of this report - and also
fram the emall differences in pressure existing between the two wing
surfaces in the vicinity of the plug slot. At large angles of attack
with the flap retracted or with the flap deflected the pressure difference
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between the two wing surfaces near the plug slot was sufficient to cause
the air flow through the plug slot to increase the aileron effectivensss.
The reglon of constant or slightly reduced effectiveness observed at large
projections and large angles of attack probably results fram the combina-
tion of the effects produced by the wing angle of attack (end hence the
Iressure difference between the two wing surfaces near the plug slot), the

osltion of the lower edge of the plug aileron {which affects the alleron

8C00D effect"), and the position of the upper edge of the aileron (which
affects any 'rem éffect” - such as to produce & dowmward flow through the
plug slot).

The alleron effectiveness generally increassd with increase in the
Mach and Reynolds numbers in both flap conditions. (See figs. 6 and 8.)
An exception to this statement is noted in the data shown in figure 6(a)
for projections below -5 percent chord, in which a decrease in the
effectiveness 1s observed as the Mach number increased fram 0.27 to 0.41.
This decrease 1in effectiveness is similar to the effect observed in the
plug-alleron investigatlon reported in reference 11 and probably results
fram changes in the wing pressure distribution in the vicinity of the plug
slot as the Mach number increased, which effect in turn influenced the
flow through the slot and thereby the alleron effectivensess.

J

Increase of the angle of attack in the flap-retracted condition
increased the alleron effectivensess over almost the entire aileron-
Projection range, particularly for small Projections, and tended to
linearize the curve of rolling-moment coefficient againsgt aileron projec-
tion for projections of less than -3 percent chord. (See figs. 6 and T.)
The alleron effectiveness obtained with flap deflected was considerably
larger at all projections than that obtained with flap retracted; the
maximum values of C; obtained with flap deflected were approximately

125 percent larger then the corresponding values obtained with flap
retracted. Although no data were obtalned above the flap-deflected wing-
stall angle, it is believed that the thin-plate circular plug aileron
wlll retain effectiveness in this condition, and the data rresented in
reference 1l tend to substantiate this belief.

The values of yawing-moment coefficient obtained by projection of
the thin-plate circuler plug alleron were generally favorable (having
the same sign as the values of C37), particularly in the flap-retracted
condition, and generally beceme more positive with increase in aileron
mrojection and less positive with increase in angle of attack. The values
of C, obtained over the projection range generally were less favorable
with the flap deflected than with flap retracted. Mach number, as was
shown in the investigation reported in reference 11, has only a small
effect on the yawlng-moment characteristics.

The varlation of aileron hinge-moment coefficient with aileron
rrojection was irregular over the projection range. The curves of Cn

e e e e e e e - ————— i~ St 3 P — - e s _
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against. alleron projection gemerally were unstable for small proJjectilons,
stable for large projections, and became unstable over a greater part of
the projJection range as « increased. The'values of Cp generally were
slightly or inconsistently affected by increasé in the Mach number, but
generally became more negative as the angle of attack increased. (See
figs. 6 to 9.) Deflecting the flap resulted in values of hinge-moment
coefficlent more negative than those obtained with the flaps retracted.
Desplite the large values shown for the hings-mament coefficients, which
result from the small area upon which the ‘coefficient is based, the actual
hinge moments of the plug aileron are very emall.

Double-walled circular plug aileron.- The lateral-control charac-
teristics of the double-walled circular plug aileron at various angles of
attack and Mach and Reynolds numbers are presented in figures 10 and 11
for the flap-retracted condition and in figures 12 and 13 for the flap-
deflected condition. It will be noted that the Mach number range covered
in tests of this configuration was quite small and in the range of Mach
mumber where campressibility effects are usually emall; therefore, any
aerodynamic effects occurring as a result of changing the Mach and Reynolds
numbers (slmulteneously) are probably mostly Reynolds nmumber effects. In
the ensulng discussion, Mach and Reynolds number chenges are not discussed
where the aerodynamic effects produced by such changes are negligible. =

The variation of rolling-mament coefficient with alleron projection
1s observed to be fairly linear over most of the aileron-projection range -
for the flap-retracted condition but generally slightly nonlinear for the
flap-deflected condition. Increases in the Mach and Reynolds nmumbers
generally resulted in increases in the aileron effectivensss far elther
flap condition. (See figs. 10 and 12.) It is anticipated that the aileron
effectiveness of the double-walled circular plug aileron would exhibit
additional increases (similar to those exhibited by the plug ailerons of
reference 11 and the thin-plate circular plug ailerons of the present
investigation) when the Mach and Reynolds mumbers are increased beyond
the range of the present investigation and up to the critical Mach number.

Increase 1n the wing angle of attack resulted in an increase 1n the
alleron effectiveness over most of the aileron-projection range in the
flap-retracted condition and generally resulted in a decrease in the
alleron effectiveness over the alleron-projection range in the flap-
deflected condition. The alleron effectiveness obtalned with flap
deflected was conslderably larger at all projections than that obtained
with flap retracted; the maximm values of C; obtained with flap deflected

were about 85 percent larger than the maximm values of C,; obtained o

with flap retracted. The data of figure 12(d) (which were obtained above

the flap-deflected wing stall angle) also indicate that the double-walled

cilrcular plug alleron was quite effective and produced large rolling moments o
above the flap-deflected stall angle. It will be noted that small favorable
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rolling moments were produced by positive alleron projections for both
flap condltions. Although the upper edge of the aileron is below the
upper-surface wing contour for positive alleron projections and the lower
edge of the alleron extends no further below the lower-surface wing
contour than 1t does when neutral, the favorable rolling moments are
thought to result from the more complete plug-slot seal produced by
positive aileron projections.

The values of yawing-mament coefficient produced by projection of
the double-welled circular plug alleron were generally favarable and
became more favorable with increase in aileron projection with the flap
retracted but were gemerally favorable only for large aileron projections
with the flap deflected. The values of Cp generally were more favorable
with the flap retracted than with the flap deflected and became less
favorable with increase in the wing angle of attack in either flap
condition. (See figs. 10 to 13.)

The variation of hinge-moment coefficlent with aileron projection
was only slightly irregular and was generally stable in the negative
projection range in both flap condltions and beceme less stable over
most of the proJection range as the wing angle of attack increased.
Deflection of the flap resulted in a larger variation of C, over the
projection range and in values of Cp more negetive than those obtained
with the flap retracted.

Modified double-walled circular plug aileron.- The -characteristics
of the double-walled circular plug aileron modified by removing the 0.015c
top plate and replacing i1t with one as wide as the aileron forward wall ‘
(3/32 inch) are shown in figures 1k to 17. As was discussed in the
preceding section.for the ummodified double-walled circuler plug alleron,
the Mach number range covered in tests of this modified aileron was quite
small and in the range of Mach number where campressibility effects are
usually small. In the ensulng discussion, Mach and Reynolds mumber changes
are not discussed whéh the aerodynamic effects produced by such changes
are negligible; when these aerodynamlc effects are significant, they
probably result mostly from changes in Reynolds number.

The alleron-effectiveness characteristics of this modified plug
alleron were generally quite similar to the characteristics of the unmodified
plug aileron discussed in the preceding section. The values of C, obtained
with the modified aileron were fairly linear over most of the aileron
projectlion range 1n both flap conditlons and increased with increase in the
Mach and Reynolds numbers. In addition, when the wing angle of attack
was increased, the values of C; generally increased in the flap-retracted
condition and decreased in the flap-deflected conditlon. The data of
figures 14 to 17 also indicate that the ailleron effectivensss with flap
deflected was appreclably larger than that obtained with flap retracted
(approximately 85 percent larger for maximm values of C;) and that the

C e e i . - pa - - e e & R Tt o —— e . S e e — e m
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modified aileron was quite effective up to and above the angle of wing
stall. (Compare the values of Cy, end a with corresponding values
from reference 10.)

The yawing-mament characteristica of the modifled plug alleron were
generally similar to those of the ummodified alleron; the spame effects
and trends of the C, curves with changes in angle of attack and flap

deflection discussed In the preceding section for the ummodified alleron
generally were obtained with the modified plug alleron.

The variation of hinge-moment coefficient with proJection of the
modified plug alleron was markedly nonlinear, and generally became less
stable (or more unstable) over a greater part of the negative projectlon
range as the wing angle of attack lncreased. In additiom, the values of
Cn generally becams more negative as the wing angle of attack lncreased,
and more negative values of Cn were generally obtained with the flap
deflected than with the flap retracted. (See figs. 14t to 17.) The afore-
mentioned effects on C;, when compared with the data of the ummodifiled
double-walled circular plug alleron, are generally the effects expected to
result from removing the aileron top plate and have been found in previous
investigations. (See references 5 and 11.)

Camparison of Lateral-Control Characteristics of
the Three Configurations of Circular Plug Alleron

For purposes of direct camparison, scme of the lateral-control data
previously presented for the thin-plate, double-walled, and modified
double-walled circular plug ailerons have heen replotted for similar test
conditions in the same figure and are shown in figures 18 and 19. A more
camplete camparison of these data can be made with figures 6 to 17.

For each of the three clrcular-plug-aileron configurations investligated,
increases In the alleron effectiveness with increase in Mach and Reynolds
numbers were generally obtained in both the flap-retracted and flap-deflected
conditions. In the flap-retracted condition, the alleron effectiveness
of each of the circular plug allerons increased when the angle of attack
increased; the thin-plate circular plug alleron exhibited the largest
effects on C; produced by changes In «. In the flap-deflected condition,
increases in o had an inconsistent effect on the alleron effectiveness
‘of the thin-plate plug aileron but generally tended to decrease the alleron
effectiveness of each of the double-walled plug allerons. Deflecting the
flap had more effect in increasing the values of C3 for the thin-plate
plug aileron than for either of the double-walled plug allerons.

The thin-plate plug aileron generally produced larger values of Cg
over the projectlon range in both flap conditions than did either of the
double-walled plug ailerons, except possibly at low values of @ with the


http://www.abbottaerospace.com/technical-library

NACA TN No. 1802 11

flap retracted. As may be seen fram the data in figures 6 to 19, each

of the double-walled circular plug ailerons produced a more linear varlation
of C; over the projectlon range than did the thin-plate circular plug
alleron, and the double-walled plug allerons did not exhibit the ineffective
reglon exhibited by the thin-plate plug aileron for small projections at

a low angle of attack with the flap retracted. The greater linearity
exhibited by the rolling-mament curves of the double-walled circular plug
aileron over the proJjection range is thought to result from a dual effect
produced by the baslic physical differences between the double-walled and
thin-plate plug-aileron configurations. At small alleron projections and
low angles of attack the beveled lower edge of the double-walled plug
aileron produces a greater "scoop effect' and hence a greater alleron
effectiveness than the thin-plate plug aileron. At all aileron projections
and large angles of attack, the upper edge of the double-walled plug
aileron permits the air flowing up through the plug slot to exit behind
the alleron, whereas the air would exit ahead of the upper edge of the
thin-plate plug afleron; thus, the combination "ram effect" at the upper
edge and the "scoop effect" at the lower edge of the thin-plate plug
alleron probably offset each other in some manner to produce the region

of constant or reduced alleron effectiveness observed in figure 18(b) and
in figures 6 and 7.

Camputations to determine the helix angle pb/2V generated by the

Y
wing t1p in a roll were made by utilizing the relationship g; = 5——,
1
iy
where C, 1is the damping-in-roll coefficlent, and indicated the large

P
rolling effectiveness of the circular plug allerons investigated, parti-
cularly in the flap-deflected condition. These camputations showed that
a value.of C; of 0.036, which was usually exceeded at large aileron
projJections with the flap retracted and easily exceeded with the flap
deflected, corresponded to a value of pb/QV of 0.09, based on a valus
of CZP (obtailned from reference 15) of 0.40.

The yawlng-moment characteristice of the three circular plug ailerons
investigated were generally similar and exhibited the same tremnds with
change in the Mach and Reynolds numbers, angle of attack, and flap
deflection.

The data for the ummodified double-walled circular plug aileron
exhiblted the most stable variation of Cp &and the smallest variation of
Cp over the alleron-projection range of the three circular plug ailerons
investigated. Because the area moments of the top edge of the thin-plate
and the modified double-walled plug ailerons were almost similar, these
ailerons exhiblted generally similar variations and values of Cp over
the projection range. For each of the circular plug ailerons, the curves
.of Cp eagalnst alleron projJection generally became less stable and the
values of Cp generally beceme more negative as a incréased. In general,
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the values of Cp for each of the circular plug ailerons were only
slightly affected by changes in the Mach and Reynolds numbers, and more
negative values of Cp were generally produced by each of the circular
plug ailerons with the flap deflected than with the flap retracted.

Tt is well to note that the hinge maments of the double-walled
circular plug aileron are of falrly moderate value, whereas the hinge
moments produced by the thin-plate and modified double-walled clrcular
plug ailerons are extremely small. These hinge moments may be masked
in an airplene installation by a booster -system, a mechanical device
providing "stick feel," or by & 'feeler aileron (reference 16). For
exemple, the hinge maments produced on the model investigated herein
at a dynamic pressure of 200 pounds per square foot (approx. 300 mph)
and at a value of c]%m_gf 1.0 were approximately 1.2, 5.4, and 1.1
foot-pounds for the -plate, the double-walled, and the modified

double-walled circular plug allerons, respectively.

Camparison of Lateral-Control Characteristics of the Clircular
Plug Ailerons, a Conventional Plug Alleron,
and a Retractable Alleran

Comparisons were made of the lateral-control characteristics of the
circular plug ailerons of the present investigatlon with the corresponding
characteristics of ‘the conventional plug and retractable allerons reported
in reference 1l. Several of these camparisons are shown in figures 18
and 19.

Larger values of rolling-mcament coefficient generally were obtained
over the projection range in both flap conditions with each of the
circular plug ailerons then with either the conventional plug or retract-
able ailerons. One notable exception to this statement 1s observed for
the flap-retracted condition at a low angle of attack where the
thin-plate circular plug alleron is seen to be less effective, for small
projections, than elther of the other spoller-type devices. (See fig. 18(a).)
The ineffective region at low projectlions and low angles of attack exhibited
by the thin-plate circular plug alleron 1s quite similar to the results
obtained on the conventional plug without the top plate (reference 11)3
and, as previously indicated, modifying thls clrcular plug alleron by
beveling the lower edge of the aileron and installing a double plug wall
and a top plate, thereby producing the double-walled circular plug
aileron, alleviated this condition appreciably. The two double-walled
circular plug ailerons thereby produced more linearity in the variation of Cj
with aileron proJection than either of the other aileroms. The circular
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plug allerons also exhiblited larger increases in alleron effectivensess
than either of the other allerons when the angle of attack was Increased
in the flap-retracted condition. In additlion, the circular plug allerons
showed the same trends of C; with flap deflection and with increase

in the Mach and Reymnolds numbers as the conventlional plug and retractable
allerons.

The values of C, obtained with each of the circular plug ailerons
generally were slightly more positive (more favorable) in all configura-
tlons than those obtained with either the conventional plug or retractable
ailerons. (See fige. 18 and 19.) The tremds of C, with angle of attack,
flep deflection, and Mach and Reynolds numbers were the same for the
ailerons of the subJect Investigation as for the allerons of the investi-
gation reported 1n reference 1l.

The thin-plate and modifled double-walled circular plug ailerons dis-
played a larger variation of Cp over the projection range in the flap-
retracted condition than either the conventionmal plug or retractable
allerons considered in the comparison, whereas the variation of Cp with
projection for the urmodified double-walled clrcular plug alleron was
almost similar to that of the conventlonal plug and retractable allerons.
Generally, a less stable varlation of Cj over a larger part of the
proJection range was displayed by the thin-plate and modified double-walled
circular-plug-alleron data, and a more stable variation of € over the
mrojJection range was displayed by the data for the uwmmodified double-walled .
circular plug aileron than by the data for the conventional plug and
retractable allerons. The hinge-moment-coefflcient curves of the circular
plug allerons showed slightly larger effects produced by changes in the
angle of attack and flap deflection and about the same effects produced by
changes in the Mach and Reynolds numbers as the Chn curves of the conven-
tlonal plug and retractable ailerons.

It would therefore appear that the maln advantages to be galned by
using any of the subJect plug allerons instead of the conventlonal plug
alleron are to eliminate the adverse rolling maments produced by the
downgoing conventlonal plug and to provide larger rolling maments for a
given plug-alleron proJjection.

Camparison of Lateral-Control. Characterlistics
of the Circular Plug Allerons with Those
of a Sealed Plain Alleron

The varilation of helix angle pb/EV end aileron hinge mament with
deflection (or projection) of the double-walled circular plug aileron and
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a 0.20c, 0.38 -g-, sealed plain aileron investigated on the same wing

(reference 10) are campared for several representative conditions in the
flap-retracted condition in figure 20. As was discussed in a preceding
b C3
sectlion, the helix angle was camputed from the relationship :TT =&
b
and the value of CZP employed was 0.40.

The camparison shown in flgure 20 -11lustrates the effectliveness of
both types of lateral-control devices and, in particular, the degree of
linearity of the plug-ailleron effectiveness over the deflection (or
projection) -renge, especially mnear zero deflection. Further camparisons
of the circular-plug-aileron data with the plain-alleron data of refer-
ence 10 1llustrate the increase in alleron effectiveness with lncrease
in the angle of attack and Mach and Reynolds numbers obtained with the
clrcular plug allerons contrasted with opposite effects obtained with
the sealed plain alleron. Also, the plug ailerons produced extremely
large values of rolling moment in the flap-deflected condition and were
quite effectlive &bove the flap-deflected stall angle; whereas the plain-
alleron effectiveness probably would not be Increased by deflecting the
flap and probably would be inadequate &above the wing stall. It should
also be noted that plug allerons permit use of full-span flaps - with
an accampanying increase In alrplane performance - whereas plain ailerons
restrict the flap span.

A camparison of the yawing-moment data obtalned with the present
Plug ailerons and the plain ailleron of reference 10 shows the genersally
favorable yawing characteristica - such as to increase aileron effective-
ness - of the plug ailerons contrasted with the unfavorable yawing
characteristics of the plaln aileron.

The hinge moments of the double-walled circular plug aileron (as
well as those of the other circular plug allerons) are extremely small
campared with the hinge moments of the plain aileron (fig. 20) and indicate
a merked degree of linearity over the deflection range. The hinge moments
prosented in figure 20 were camputed for the allerons on the present wing;
therefare, 1f these controls were applied to a specific airplane, the
hinge moments would be magnified by the cube of the ratio of airplane wing
span to model wing span. Because the hinge maments of the plug ailerons
investigated were relatively unaffected by lncrease 1n Mach number and
these allerons produced small hinge moments that could be altered (refer-
ences 5, 6, and 11) or masked, large control deflections, hence control,
would be avalilable at all speeds. Conversely, the pleln allerons of
reference 10 exhiblted adverse affects of Mach number on the hinge moments,
and the large hinge mcoments obtalned at high speeds probably would limit
the aileron deflection and the lateral control of the airplane.
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CONCLUSIONS

A wind-tunnel investigation was made of the lateral-control charac-
teristics of a thin, low-drag, semispan wing equipped with three configura-
tlons of circular plug ailerons and a.full-span, 25-percent-chord, slotted
flap. The plug ailerons were located at the 68-percent-chord station,
spanned 49.2 percent of the semispan wing, and were constructed in five
equal spanwise segments. The investigation was performed through a Mach
number range from 0.13 to 0.6l. The Mach and Reynolds numbers were varied
simulteneously during the investigation. The results of the investigation
led to the following conclusions:

1. For each of the three circular-plug-aileron configurations
investigated, increases 1n the alleron effectiveness with increase in Mach
and Reynolds numbers were generally obtained in both the flap-retracted
and flap-deflected conditions. In the flap-retracted condition, the aileron
effectiveness of each of the circular plug ailerons increased when the angle
of attack was Increased; the thin-plate circular plug aileron exhibited the
largest increases in aileron effectiveness with increase in angle of attack.
In the flap-deflected condition, increase in angle of attack had an incon-
sistent effect on the rolling moments produced by the thin-plate circular
plug alleron but generally tended to decrease the aileron effectiveness of
each of the double-walled circular plug allerons investigated. Apprecilably
larger velues of rolling-moment coefficient were produced by each of the
circular plug.allerons with the full-span flap deflected than were produced
with the flap retracted, and the allerons produced large rolling moments up
to and above the flap-deflected stall angle. The thin-plate circular plug
aileron generally produced larger values of rolling-mament coefficient in
both flap conditions than did either of the double-walled clrcular plug
allerons, but the double-walled circular plug allerons produced a more linear
variation of rolling mament over the aileron-projection range.

2. Each of the circular plug allerons produced yewing moments that
were generally favarable, beceame more favorable with aileron projection,
less favorable with increase in angle of attack and flep deflection, and
were only slightly affected by increases in the Mach and Reynolds numbers.

3. The variation of hinge-moment coefficient with aileron projection
for each of the circular plug allerons was nonlinear and exhibited elther
emall or inconsistent changes with increase in Mach and Reynolds mmbers.

The double-walled circular plug alleron equipped with a top plate exhibited
the most linear veriation of hinge-moment coefficient with aileron mrojection
and also had a fairly stable variation of hinge mament with projection.

For each of the alleroms, the variation of hinge-mament coefficlent with
rrojJection beceme less stable over a greater part of the projection range
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and the values of hinge-moment coefficient became more negative as the
angle of attack increased. In addition, mare negative values of hinge-

moment coefficient were generally produced by each of the alleroms with
flap deflected than with the flap retracted.-

Langley Aeronautical Laboratary

National Advisory Camittee far Aeronautics
Langley Air Force Base, Va., December 1, 1948
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TARLE I.- ORDINATES FOR ATRFQIL AND FLAP

[A11. aimensians given in percent of wing ohdrd.]
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plate. Flap retracted.
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Figure 18.— Camparison of lateral—control characteristics of the three
circular plug ailerons, a conventional plug alleron, and a retractable
alleron investigated on the subject wing. Flap retracted.
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Figure 19.— Camparison of lateral—control characteristics of the three
circular plug ailerons, a conventional plug aileron, and a retractable
alleron investigated on the subject wing. Flap deflected L45°.
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Figure 20.— Comparison of lateral—control characteristics of the double—
walled circular plug aileron and a 0.20c, O. 38121, sealed plain alleron
investigated on the same wing (reference 10). Flap retracted.
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