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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

MEMORANDUM REPORT

for the
Army Alr Forces, Materiel Command
FLIGHT TESTS OF BEVELED-TRAILING-EDGE
ATLERONS WITH VARIOUS MODIFICATIONS
ON A NORTH AMERICAN XP-51  AIRPLANE
(AAF No. L1-38)

By Maurice D. White and Herbert H. Hoover
SUMMARY

Flight tests have been conducted on a North American
XP-51 airplane with several arrangements of beveled-
trailing-edge ailerons to determine the most satisfac-
tory arrangement for use on this airplane. The aileron
control force and effectiveness characteristics were

investigated for average bevel angles of 250, 27% , and

32°, and for several arrangements of balancing tabs.
The test program included, in addition, the determina-
tion of a suitable means for trimming the beveled-
trailing-edge ailerons.

The results indicate that, as the bevel angles were
increased above 25°, the hinge-moment slopes were reduced
at small control deflections, but were increased at
large control deflections; as a result the variation of
stick force with ajileron deflection deviated progressively
from the approximately linear relationship of the 250-
bevel-angle ailerons, particularly at high speeds. With
a bevel angle of 3%2° the ailerons were overbalanced at
indicated airspeeds above 200 miles .per hour for aileron
deflections below about +7°,

The addition of sealed inset balancing tabs of chord

equal to or greater than the bevel chord installed on

the 25%°-bevel-angle ailerons reduced the hinge moments
without serious effect on the variations of stick force
with aileron deflection. With an arrangement of
balancing tabs of chord equal to the bevel chord on the

| 250-bevel-angle ailerons, a value of pb/2V of 0.095

| was obtained at an indicated airspeed of 200 miles per
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hour with full control deflection; with a 50-pound stick
force, values of pb/2V of 0.086 and 0.041, respectively,
were obtained at indicated airspeeds of 280 and 400

miles per hour.

Adequate trimming effectiveness was obtained with
a sealed inset tab. Fixed external tabs were less
effective and increased the aileron operating forces
with the tabs either deflected or undeflected.

During the investigation, it was found that such
factors as misalinement of the ailerons, location of an
experimental airspeed boom on the wing ahead of an
aileron, and other items tending to disturb the symmetry
of boundary-layer flow over the two ailerons caused
excessive trim forces and differences in aileron
. operating forces required for right and left rolls.

INTRODUCTION

The results of previous NACA flight tests of the
XP-51 airplane with beveled-trailing-edge ailerons having
a trailing-edge angle of 25° showed that, with this modi-
fication, a marked improvement in lateral control char-
acteristics was obtained as a result of a large reduction
in aileron hinge moments. At the same time, however,
it was found that an unsealed inset tab of a size which
gave satisfactory trimming effects with the origlnal cusp
ailerons was inadequate for trimming the beveled-trailing-
edge ailerons.

The present report gives the results of a more com-
plete flight investigation to develop an arrangement of
beveled-trailing-edge ailerons that would provide further
improvement in the control characteristices of the P-51
airplane.,

Three bevel angles and several arrangements of
balancing tabs were tested. The investigation also
included tests to determine a suitable means for trimming
the beveled-trailing-edge controls.




TEST ARRANGEMENTS

The wing of the XP-51 alrplane has a span of 37.03
feet, an area of 235,75 square feet, and a taper ratio
6f 0. H%, The wing is of the low-drag type with the
901nt of minimum pressure at 0.lic and with a cusped
traeiling edge. The wing plan form is shown in fig-
ure 13

In the course of the investigation, a large number
of modifications were tested. he flight conditions
comprising various combinations of these modifications
are defined in table I; each flight condition has been
assigned a letter as a convenient means of identifica-
tion in presenting the test results.

The span of 211 the ailerons tested was 85%% inches
|
and the chord tapered from about 13 inches to 9=

inches; the average ratio of aileron chord to wing chord
was about 0.19.

Four aileron configurations, which have been de-
0

sthwmchSO-, 27%-3 32O—bevel—angle ailerons, and cusp

ailerons were tested. The bevel angle is defined as

the included angle at the trailing edge of the aillerons.
As indicated in figure 2(a), where the sections at thse
inboard and outboard ends of the ailerons are shown, the
designation for two of the beveled-trailing-edge ailerons
refers to bhn average bevel angle along the ailcron span.

For the a?— -bevel-angle ailerons, the bevel angle was

uniform along the span. The cusp ailerons, with which
the airplane was originally equipped, had concave sur-
faces conforming to the normal airfoil sections of the
wing; unsealed balancing tabs were used on these ailerons

for all tests. Sections of the cusp ailerons are shown
in figure 2(b).
10
The 27— - and 32°%-bevel- -angle ailerons were con-

structed by attaching wood false ribs to the original
cusp ailerons; an aluminum covering was then fastened to
the ribs with wood screws and riveted to the original
covering along the leading edge (refsrence 1). The
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Lb _bevel- angle allerons were fabricated similariy to
the original cusp allerons, that is, with aluminum alloy
ribs and covering (reference 2).

Some tests were made of the 32°-bevel-sngle ailerons
to determine the effects of sealing the nose gavs of the
ailerons. The sealing was accomplished with doped
fabric between the trailing edge of the fixed portion of
the wing and the hinge axis of the alleron.

uring the test projram the available deflection
range of the ailerons was changed several times with
resultant changes in the mechanical advantage of the con-
trol . system, The various relationships between aileron
deflection and stick-grip position used are shown in
figure 3, and in teble I the parficular control system
linkage used for each flight is listed.

Two sets of inset balancing tabs, which have been
designated normal-chord and large-chord balancing tabs,
were tested on the 25°-bevel-sangle ailerons. The nose
gaps of both sets of tabs were sealed with doped fabric.

The normal-chord tabs had approzimately the same
plan-form dimensions as the balancing tabs on the original

cusp ailerons. They were ZLAL inches in span (0.29 of
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the aileron span) and were tapered in chord from hF:Umhes
to 5f inches (0.3l of the aileron chord) (figs. 1 and L).

These tabs were tested at linkage ratios of 0.61, 0.77,
and 0.78, linkage ratio being defined as the ratio of
tab deflection to aileron deflection.

The large-chord tabs had the same span as the normal-
chord tabs, but were 1 inch greater in chord (0.39 of
the total alleron chord), the additional chord projecting
behind the trailing edges of the ailerons (figs. 1, L,
and 5). These tabs were tested at a linkage ratio of

Qw78+

During the tests of the inset balancing tabs, the
tab on the left aileron was employed both as a trimming
tab and as a balancing tab. Some tests were also. made
with a normal-chord :'nset tab installed only on the left
aileron as a trimming tab.




Tests werc conducted with a set of fixed external
tabs on the 52o~beve1—angle aillerons. These tabs, which
consisted of flat sheets of metal installed on the
inboard end of each alleron, were 12 inches in span

and 1%% inehes in ehord (fig. 1). When these tabs were

deflected to balance an existing trim force, the tab on
the left aileron was deflected up and the tab on the right
aileron was deflected down.

During the early tests of the investigation, it was
found that rather large stick forces were required for
lateral trim and that there were considerable differences
in stiek forces required for left and right rolls,
Several possible causes of these conditions were investi-
gated including aileron alinement and factors that might
produce differences in the boundary layer over the two
ailerons, A description of the factors investigated
follows:

For some of the tests, an airspeed head was mounted
on a boom fastened to the lower surface of the left wing
ahead of the alleron (figs. 1 and 6). To determine the
effect of this installation, tests were made with the
boom removed.

The first tests of the present series were made

with regulation star insignia painted on the upwer surface
of the left wing and on the lower surface of the right
wing (fig. 1); the edges of these insignia were quite
sharp and about 0.008 inch  high. Later tests were

made with the edges of the two insignia sanded smooth,

no changes being made to the remaining surfaces which

were covered with camouflage paint.

Some tests were made with spanwise strips fastened
to the wing surfaces ahead of the ailerons in an effort
to cause transition of the boundary layer at the same
point on both left and right wings. These strips con-
sisted of lengths of double-thickness fabric doped to the
wing surface (fig. 1). On the lower surfaces, the strips

were located about 7% percent of the chord, measured

along the surface, aft of the leading edge and were 0.018
lhéh thick and 1 inch wide. On the upper surfaces

the strips were located about 10 percent of the chord,
measured along the surface, aft of the leading edge and



were 0.013 inch thick and % inch wide. The strips

were always located symmetrically, either on the lower
surfaces of both left and right wings, or on both the
upper and lower surfaces of both left and right wings.

For most of the tests of the various aileron srrange-
ments, the left aileron was out of alinement vertically
with respeect to the wing due to the location of the hinge
fittings in the wing (fig. 7). To investigate the
effect of this misalinement, tests were made with wooden
wedges approximately half the aileron span in length,

LE inches wide, and tapered in height from % inch to a

feather edge, located spanwise on the wing directly ahead
of the outboard halves of the ailerons to simulate or to
fair in the misalinement (fig. 1). One wedge was
installed on the lower surface of the right wing to
sinmulate the misalinement of the left aileron; the other
wedge was installed on the upver surface of the left to
fair in the misalinement. For several of the tests with

0
the 250— and 27% -bevel-angle allerons the alinement was

corrected by lowering the outboard end of the alleron
¢ s

e L8
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hinge axis remained unchanged.

inch, with the inboard end unchanged (fig. 7). The

TESTS

The procedure used for the tests was similar to that
used in the tests of references 1 and 2; that is, records
were obteined of airspeed, alleron deflections, stick
force, and rate of roll as the aileron control was ab-
ruptly deflected various amounts and held, the other
controls being held fixed.

Standard NACA recording instruments were used.
These included a stick-force recorder, control-position
recorders connected to both allerons, and an airspeed
recorder. The airspeed recorder was connected to the
NACA eirspeed head when this was available; otherwise,
it was connected to the airplane airspeed head. Flight
calibrations were obtained for both these heads. For
several flights, noted in table II, an airspeed indicator
was used instead of the recorder.

| .



The majority of the tests were made over a range of
indleated airspeeds from sbout 110 miles per hour to
about 300 miles per hour. With the cusp ailerons and
for some tests of the 25 ~-bevel-angle ailerons, the
speed range wasoextended to about 4bO miles per hour.

Because the 27zj~and the 32°-bevel-angle ailerons were

considerably heavier in weight than the original cusp
ailerons and 1t was uncertain what effect this increased
weight would have on the flutter characteristics of the
wing, the tests of these allerons were restricted to
indicated airspeeds below approximately 300 miles per
hour. The indicated airspeeds of the tests of each of

the arrangements listed in table T are given in table II.

RESULTS AND DISCUSSION

The results of the tests are shown in figures 8 to
29, the data being presented largely in the form of
curves of alleron stick force and the effectiveness
parameter pb/2V against change in total aileron
deflection from trim for several indicated airspeeds.
The parameter pb/2V 1is defined by

P angular velocity in roll, radians per second
b wing span, feet
\ true airspeed, feet per second

The average indicated airspeed for each group of
curves is indicated on the figures.

Indicated airspeed, as used throughout this report,

is defined as Vv, = 6UIV/%q

o
where
Vi indicated airspeed, miles per hour
q dynamic pressure, pounds per square foot
P sea-level density, slugs per cubic foot
o) 3 S E



The values obtained from this definition differ
somewhat from the values given in references 1 and 2
where indicated alrspeed was defined as

29,
vy = 0. 681 7;‘, q, being the impact pressure.
i 0

To serve as & basis for comparison, the results for
condition P are repeated in all the curves. Condition
P represents the 25°-bevel-angle ailerons with the alr-
speed boom removed, the insignia smoothed, and no transi-
tion strips on the wing.

Aileron Configuration

The results of tests of various alleron arrangements
intended to give improved stick-force and effectiveness

cheracteristics are shown in figures &€ to 18.

Bevel angle.~ Tn figures 8 and 9 the characteristics
of thé %.7-hevol-angle ailerons are shown. The data in
figure 8 show that these allerons are unsatisfactory
because they become overbalanced for smell control de-
flections at normal flight speeds.

The data shown in figure 10 afford a comparison of
theostick~force characteristics of the 25°- and the

}
27§ -bevel-angle ailerons. The results indicate that,

] . . ~ 0
in general, the ailerons having the 25  bevel angle are
the ;0

superior to those having/é?z bevel angle. The stick

forces for the 25%°-bavel-angle ailerons are higher at
small control deflections, but are, on the average, equal
to or 1oweroat the larger control deflection than those

for the 273 -bevel-angle ailerons. Also, the variation

tick force with aileron deflectlon is more nearly
1in%ar for the 25 -bevel-angle ailerons than for the

kS ; A ’ 5 i
272'-oex3l~angle ailerons with the control linkage used.
Greater scensitivity of stick-force ohnregteristics to
. ’ } ok

changes in alleron alinement for the 2(5 -bevel-angle

allerons as compared with the 25O-beve1-ang1e ailerons
is indicated in figure 10.

A comparison of the data in figures 8 and 10 with
9 and 11 indicates that bevel-angle modifications that
reduce the stick forces also tend to reduce the effective-
ness. As a consequence the effectiveness of the




32%-bevel-angle ailerons is less than that of the 25°
o

and the 27% -bevel-angle ailerons.

Sealed aileron nose gaps.- During the tests of the
52O-bevel-ang1e allerons, the effects of sealing the
nose gaps of the allerons were investigated. The re-
sults presented in figure 12 indicate that this modifi-
cation effectively reduced, but did not entirely
eliminate the overbalance noted at small control deflec~
tions. Qualitatively, this result is in agreement with
wind-tunnel results (reference 3%).

The data in figure 13 indicate that the aileron ef-
fectiveness, as defined by the slope of the curve of
pb/2V against aileron deflection, is increased silghtly
by sealing the nose gaps of the ailerons.

An interesting free-control oscillation of the
ailerons was recorded at an indicated airspeed of approxi-
mately %20 miles per hour for the sealed-gap condition
when the control stick was released. A time history of
this oscillation showing aileron position, airspeed, and
rolling velocity is glven in figure 1l.

The pilot was unable to induce similar oscillations
at lower speeds.

Balancing tabs.- Previous tests having indicated the
25°-bevel-angle contour to be the most satisfactory of
the three contours tested, tests of sealed balancing tabs,
designed to improve still further the stick-force char-
acteristics of these ailerons, were made only with the
25°-bevel-angle ailerons.

The stick-force characteristics of 25°-bevel-angle
allerons with normal-chord tabs and large-chord tabs,
each set operating at a linkage ratio of about 0.78, are
compared in figure 15; data are also given for the
normal-chord tabs operating at a linkage ratio of 0.61.
In these tests, the tab was not used for trimming. With
both tab-linkage ratios the normal-chord balancing tabs
effected a marked reduction in stick forces as compared
with the ailerons with no tabs. The magnitude of the
hinge-moment reduction is even greater than would be
indicated by a simple comparison of the stick forces
because, simultaneously with the installation of the
balancing tabs, the deflection range of the allerons
was increased for the same stick travel, thereby re-
ducing the mechanical advantage of the control system.

Rt it S Bt sl i e i ot oo S I e Wt i s s i T e R LA S e B it e
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A further decrease in stick forces was accomplished
by increasing the chord of the balancing tabs, the ad-
ditional chord projecting behind the aileron trailing
edge.

As shown in figure 16, the effectiveness per unit
control deflection was reduced by the addition of bal-
ancing tabs, the average reduction being about the same
for all tab arrangements. An item of additional interest
shown in figure 1Z is the tendency of the large-chord
balancing tabs to eliminate an asymmetry in effectiveness
slopes between right and left rolls experienced with the
normal-chord tabs.

Effectiveness of principal modifications.- 1In order
to provide a comparison of the improvement In character-
isties effected by the nrincipal modifications, data for
the cusp ailerons and the 25%°-bevel-angle ailerons with
balancing tabs and the 25%-bevel-angle ailerons without
balancing tabs are presented in figures 17, 18, afnd 9.
The balancing tabs on both sets of ailerons were the
size designated as normal-chord tabs. In figures 17
and 18, the stick-force and effectiveness characteristics
are plotted ageinst control deflection, and in figure 19
the values of 1pb/2V obtainable with a 30-pound stick
force and a 50-pound stick force are shown plotted against
indicated airspeed for each installation. In some cases
it was necessary to extrapolate the data of figures 17
and 1& to full deflection or to a stick force of 50 pounds,
as indicated by the dotted extensions to the curves, in
order to permit construction of the curves of figure 19.
It should be noted that the mechanical advantage of the
aileron control system used in obtaining the data shown
in these figures for the 25°-bevel-angle ailerons was
greater than that used in obtaining the data of fig-
ures 15 and 16 with the result that lower stick forces
were obtained for a given condition. Tnasmuch as
known sources of disymmetry discussed in a later section
of this revort were eliminated, the causes of differences
in stick-force characteristics between right and left
rolls, evident in figure 17, are not known.

The data of figure 19 indicate that, with beveled
trailing-edge ailerons and normal-chord balancing tabs,
a value of pb/2V of about 0.095 was obtained at an
indicated airspeed of 200 miles per hour with full con-
trol ‘deflection. With a stick force of 50 pounds,
values of pb/2V of 0.086 and 0.0l1 were obtained at
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indicated airspeeds of 280 and 400 miles per hour, respec=-
tively. These values represent increases in rate of

roll of 100 percent at 280 miles per hour and 37 percent
at 400 miles per hour over that obtained with the cusp
alleron-balancing tab arrangement.

Some minor differences are evident between the data
for the cusp ailerons and the 250~bevel-angle ailerons
presented in this report and the data presented in ref-
erences 1 and 2, This is probably due to the fact that,
because of manufacturing irregularities, neither of the
sets of allerons tested here was identical with those
previously tested.

Trimming Tabs

Several arrangements of tabs were investigated to
determine a suitable means for trimming the beveled
trailing-edge ailerons. The results of these tests are
indicated in figures 20 through 23.

Inset tabs.- In figure 20 the trim-force variation
with airspeed for several deflections of a normal-chord
tab is shown. With a sealed inset tab installed on the
left alleron only (fig. 20(c)), substantial changes in
trim force were obtained by deflecting the tab. The
available tab deflection range of +7° was insufficient,
however, to trim out the forces caused by the installation
of an NACA airspeed koom on one wing.

With sealed inset balancing tabs on both ailerons,
and with wing conditions symmetrical except for the
misalinement of the left aileron, the tab on the left
alleron provided complete trim as indicated in figure 20(b).

An observation pertinent to the present discussion
was made when a very pebbly coating of paint was inad-
vertently applied on the upper surface of the right winge.
It was found that, all other conditions corresponding to
those of figure 20(b), a tab deflection of approximately
8° was then required for trim. This result is of
interest as an indication of the trimming tab deflection
range that should be provided with the beveled trailing-
edge ailerons.

As a matter of interest, data from reference 2,
showing the relative characteristics of completely
sealed and imperfect1¥ sealed tabs, are shown in fi%-
ure 20(a)., These data indicate that the imperfectly

sealed tab itself introduces asymmetry such that



12

approximately 7° of deflection is required of the tab to
trim ‘out ks ‘own effect.

The actual trimming effectiveness was not Iinvesti-
gated for the sealed lerge-chord tabs, but the data for
these tabs in figure 15 indicate their effectiveness sas
a trim tab would be about the same as that of the normal-
chord tabs.

In connection with the use of deflected inset tabs
for trim, the stick-force characteristics in rolls are
of interest. As shown by the data for 201 miles per
hour in figure 22 and in reference 2, deflecting an inset
tab incresses the stick forces 1n rolls to one side and
reduces the stick forces in rolls to the other side.

The direction of the effect corresponds to a persistence
of the trim-force change, but the magnitude of the force
change appears to increase with increasing aileron de-
flection. This behavior is in agreement with wind-
tunnel data (reference 3).

Fixed external tabs.- The results shown in figure 21
for tests of fixed external tabs on the 32°-bevel-angle
gilerons indicate that some trimming effect can be obtained
with the fixed external tabs. Their practical value 1s,
however, diminished by the fact that, either deflected
or undeflected, these tabs cause a considerabls increase
in stick force in rolls (fig. 22). These results are
in agreement with wind-tunnel data (reference 3).

The alleron effectiveness data in figure 23 indicate
no difference in effectiveness characteristics to be
caused by the fixed external tabs.

Factors Affecting Symmetry of
Aileron Chearacteristics

Reference to the test results previously discussed
indicates that excesgsive trim forces and a difference
between the stick forces required in right and left roll
existed. In order to determine and eliminate the cause
of these variations, the effects of geveral factors which
included the NACA ailrspeed boom, the wing insignia,
transition strips fastened to the leading edge of the
wing surface, and vertical alinement of the aileron-were
investigated. Results of tests of these items are shown
in figures 10 and 11 and 2L through 29.




The results shown by the test dats may Le summarized
as follows:

Trim forces.- All the factors investigated hac
some effect on the asymmetric forces experienced. The
principal source of the excessive trim forces, however,
was the NACA airspecd boom as shown in figure 2U. The
transition strips which were always installed symmetri-
cally reduced slightly the trim forces caused by the
alrspeed boom. Figure 28 shows the effect of the rough-
ness caused by the wing insignia on the trim force. The
rough edges of the wing insignia tended to counteract
the effects of the boom as shown by the fact that
smoothing the edges of the insignia increased the forces
required for trim with the airspeed boom in place. These
insignia, it will be noted, were located unsymmetrically,
one of the insignia being on the wing surface opposite
that to which the airspeed boom was attached.

Figure 10 shows that the effect of aileron
realinement on trim forces was rather large, particularly

with the 27% -bevel~-angle ailerons. This trim-force

change is in qualitative agreement with the effects of
cover-plate realinement indicated in reference 3. The
pilot's observations of the effects of alinement changes
simulated by wedges indicated that these modifications
were relatively ineffective as compared with actual re-
alinement of the aileron.

Symmetry of forces in rolls.- As regards the
asymmetry of force variations in rolls, the data in fig-
ures 2L and 28 indicate that the effects produced Dy the
alirspeed boom and wing insignia are, with the exceptions
noted, consistent and explainable on the basis of pre-
mature separation over the alleron bulge, caused by the
boom or the insignia. In"rolls Iin the dirsction’ of "the
trim-force change (that is, in ri. ht rolls where the
modification required more right trim force) the forces
obtained with and without the modification approached

each other at large control deflections. In“rollssto
the opposite direction, the difference in trim force was
maintained at all control deflections. Exceptions to

this behavior were noted in left rolls at moderate
speeds between the conditions of rough and smooth wing
insignia.

Transition strips installed symmetrically, in
general, reguced the forces in rolls for both the 25°-

and the 27% -bevel-angle ailerons (figs. 2l and 26).
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Transition strips on only the lower surfaces gave about -
the same effectl as strlps on both upper and lowcr sur-
faces (filg. 2l).

The effects of alileron misalinement on forces
in rolls were dlffbrent for the two aileron arrangements
tested. With the 25°-bevel-angle ailerons, the differ-
ence in trim force was awntqlned at all control de-

o)
flections, while with the 27% -bevel-angle ailerons, the

forces in rolls to both directions were less for the re-
alined ailerons than they had been for the original aline-
ment at large deflections.

Effectiveness.- As shown in figures 11, 25, 27,
and 29 the various modlfications discussed in this
section of the report resulted in differences in effec-
tiveness characteristics that were consistent with the
stick~force changes; that 1s, lower effectiveness was
generally associated with lower stick forces.

CONCLUSIONS

The results of flight tests of beveled trailing-
edge ailerons with various modifications on a North
American XP-51 airplane may be summarized as follows:

1. The 25°-bevel-angle ailerons gave a large re-
duction in hinge moments as compared to the original
cusp aileron=-balancing tab arrangement, and gave an
approximately linear variation of stick force with
alleron deflectlion for the control linkage used. In-
creasing the bevel angle above 25° caused greater re-
ductions in hinéo-nombnt slopes at small deflections,
but increased the hinge-moment slopes at large deflec-
tions, so that the variation of stick force with aileron
deflection departed increasingly from a linear relation-
shlip, particularly at high, speeds With a bevel angle
of 329, the ailerons were overbalanced at indicated air-
speeds above 200 miles per hour for aileron deflections
below about 7°.

2. Further reductions in hinge moments were
obtained with sealed inset balauplﬂg tabs of chord
equal to or larger than the bevel chord installed on
the 25°-bevel-angle ailerons.
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%, The 25%°-bevel-angle ailerons with sealed inset
balancing tabs of span equal to 0.29 of the alleron span
and chord equal to the bevel chord, geared to a linkage
ratio of 0.78 to 1, gave a value of pb/2V of 0.095 for
full: ednbrol deflection at an indleated.airdpeedi of 200
miles per hour; with a 50-pound stiek force, wvalues of
pb/2V of 0.086 and o.oﬁl were obtained at indicated
airspeeds of 280 and 400 miles per hour, respectively.
These values represent increases in rate of roll of 100
percent and 37 perc:nt at 280 and 400 miles per hour,
respectlivelyy as .compared with the original cusp allerons
with balancing tabs.

li. A sealed inset tab gave adequate trimming effect
and appears tobe @ satisfactory device for trimming beveled-
tralling-edge controls. Fixed external trimming tabs
were less effeetlve .and inereased- the stick foreces in
rolls whether the tabs were deflected or undeflected.

5. An asymmetry in stick-force characteristics for
the beveled-trailing-edge aillerons, evidenced as excessive
trim forces and as differences between the stick forces
required in right and left rolls, was found to be due to
several factors. These factors included misalinement
of the allerons, location of an experimental ailirspeed
boom on the wing ahead of an aileron, end other items
tending to disturb the symmetry of boundary-layer flow
over the two aillerons.

Langley Memorial Aeronautical Laboratory,
National Advisory Committes for Aeronautics,
Langley Field, Va., December 7, 19L3,
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TAELE I

SUMMARY OF FLIGHT TEST CONDITIONS

Figure sumber Condition|Bevel | Aileron Tab Tab Tab Wing surface conditions Al rspeed g::::;t
angle | gap gap | angle, boom Alleron Alignment (Sae
deg deg Insignia Transition strips rigure .3)
9 22,23 A 32 Open None None None Rough None on Original 6 S
{521 022,23 B 32 Open |Pixed tab on each alleron}Sealed 0 Rough None on Original 11
¢ 32 Sealed | Fixed tab on each alleron|Sealed 0 Rough None On Ooriginal 11
2, ),22 D 32 Sealed | Fixed tab on each alleron|Sealed| #+ 73 Rough None on Original 1T
12, 13,21 »23 E 2 Open |[Pixed tab on each aileron|Sealed| + T. Rough None On Original I1
P 25 Open |Inset trim tab on left Sealed |Variable Rough None on Original 11
aileron
G 25 Open |Tnset trim tab on left Sealed|Variable Rough None on Vedge ahead of right afl- 11
alleron eron.
H 25 Open |TInset trim tab on left Sealed|Variable Rough None On Wedges ahead of both all- II
aileron / erons
28,%3 T 27 Open None None None Rough None On Original I1
Zl‘.,gz, 1,29 5 27 Open None None None Smooth None on Original II
»25 X Open None None None Smooth |Strips ahead of both ail-| on Original II
erons on lower surface
24,85 o 27% Open None None None Smooth |[Strips ahead of both ail-| On Original 1x
erons on upper and
lower surfaces
2,25 M 274 Open None None None Smooth |[Strips ahead of both ail-| off Original IT
erons on upper and
lower surfaces
2,25 N 274 Open None None None Smooth |Strips ahead of both ail-| off Original 11
erons on lower surface
10,11,24,25 0 274 Open None None None Smooth None off Original 11
8 to 9 P 25 Open None None None Smooth None off Original Ir
10,11 Q a5 Open None None None Smooth None off Left aileron realigned IT
(see figure 7)
10,11 R 274 Open None None None Smooth None off Left alleron realigned It
15,{6,20 s 25 Open [Balancing tab on each Sealed |Linkage Smoo th None off Original ITE
aileron ratio Q6L
15,16 T 25 Open |Balancing tab on each Sealed |Linkage Smooth None off Original III
aileron ratio Q.77
17,18,19 U Cusped| Open [Balancing tab on each Open |Linkage Smooth None off Original 1
aileron ratio .48
15,16 \ 25 Open [Large chord balancing tab |Sealed|Linkage Smoo th None off Original 1YY
on each alleron ratio 0.78
2‘.27 w 25 Open lancing tab on each ealed L inkage Smooth Strips ahead of both ail- off Original v
alleron ratio 0.78 erons on upper and
lower surfaces
17,18,19,26,27 b ¢ 25 Open lancing tab on each Sealed [Linkage Smooth None ofe Original v
aileron ratio 0.78
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TABLE 1IT
SUMMARY OF AVERAGE TEST ATRSPEEDS

Condition

L=550 «

Average indicated airspeeds, miles per hour
vy = 0.68V %2'

1.

1,
1.

H g < d = @B B O Y o = R P Oom e N 5om U 0O B

107
117
116
115
ns

114
115
109
112
112
112
112
113
115
113
112
1l
1l
113
112

153 | 200 251
153 | 202 251 296
157 204 252 296
154 20l 250 296
153 | 202 250 297
202 251 298
153 | 201 250 297
153 | 206 252 29
149 | 198 | 248 | 29k
152 | 202 | 250 297
152 202 250 296
152 202 250 296
152 202 250 296
151 201 2449 299
151 202 24,9 298
151 202 29 299
151 201 249 300 343 32 L37
150 201 250 300 3uly 394 | L38
19 | 202 | 249 | 301 | 3u5 | ¥4 | 438
149 202 248 296
150 200 2yl | 295 3u6 385 L33
196 245 303 340 379 430

1. Alrspeeds for conditions M, N, and 0 were obtained from readings
of pilot's indicator instead of recorder.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS






NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

{ //‘Ai rspeed  Boom

|
\

/

-Transition Tapes

Large chord
Normal chord

Balance and Trim
Tab

Figure - XP=51 wing showing mod(fications







NATIONAL ADVISORY

B °o% - COMMITTEE FOR AERONAUTICS
4" T r"—"‘ 3;’;_—-—»—
oo Octboard 4'RNE P
L;:p; I Hinge Line j}/.L
Y
25" Bevel
% 1371‘- . >
. = 4%
i i /nboard c'R T
= o b -
:; \chqe Line l

l 9
T — b
' J\ e —‘%5/7>¥ T
l ; \1 Hinge Line J
>275 Bevel
13"
W 48
e |
/nboard ef i) :,T’:_L
o ” 22 - st
Hinge Line ,//""I—]
|L< ’ % ] "

iy Py | —
ke Outboard B
=71 —\_ i N ] — T e
H e Line
l e |

> 32" Bevel
Ir% 13%' -
', i |
4 qf;/ .-
o] Inboard 14" Tk
) ™ 5 RS
ot Hinge Line
! .

Figure Za.- End sections of beveled trailing-edge
ailerons .  XP-5/ airplane.







< " |
it /W j

Ny
N L 2
| g4 N—Hinge Line
e

i

i ’
<

/nboard
Hinge Line

3-:

r<— /5 >t/

oy

el

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Frgure Cb-End sections of cusp arlerons. XP-5/
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Cloth Seql Lﬂfye Chord

Normal Chord

Zigure4. ‘5ccti075 of sealed inset balancing tabs on 252
evel-angle qilerons. North American XP-5/ airplane
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Figure 5.- Views of large-chord balancing tabs on 25° bevel-anglé
ailerons, North American XP-51 airplane.







Figure 6,- View of NACA airspeed boom mounted on left wing of
North American XP-51 airplane.
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