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‘NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

PLIGET TESTS OF F2A-2 AIRPLANE WITH FULL~SPAN SLOTTED
FLAPS AND TRAILIN3-EDGE AND SLOT-LIP AILERONS

By Joseph W. Wetmore and Richard H. Sawyer
SUMMARY

Flight tests were made of a Navy F2A-2 airplane
specially equipped with full-span NACA slotted flaps and
with two sets of lateral controls: internally balanced,
sealed ailerons on the flap trailing edge for use with
flaps up and slot-1lip ailerons, immediately forward of
the flaps, for use with flaps down, The tests, made
with various flap positions ranging from neutral to 500,
included determination of effectivensess and stick forces

£ the two ailleron systems, power~-off maximum 1ift coef-
ficients, and static longitudinal stability.

The effectiveness of the trailing-edge ailerons was
somewhat low, primarily because of lack of rigidity in
the control system; the stick forces were falrly large,
probably as a result of leakage through the aileron seal.
The slot-=lip ailerons were very effective, particularly
at large flap deflections; with a slight modification of
the control linkage, the stick-force characteristics
would probably be satisfactory for all conditions under
which these allerons would be used, The highest maximum
1ift coefficient, which occurred at a flap deflection of’
about 1,0°, was 2.3, With the center of gravity at
30.l. percent of the mean aerodynamic chord and with
engine idling, the airplane had positive static longi-
tudinal stability for all conditions tested; with level-
flight power, the stability decreased with increasing
flap deflection and the airplane became unstable for
flap deflections of L,0° and 50° at service indicated air-
speeds below 100 miles per hour.

INTRODUC TION

The results of wind—tunnéL tésts,'constituting a
part of the program of research by the National Advisory




Committee for Aeronautics on lateral-control devices for
use with full-span flaps, indicated that a double system
consisting of plain trailing-edge ailerons for the
flaps-up condition and slot-lip ailerons for the flaps-
down condition would provide satisfactory control for an
airplane having full-span NACA slotted flaps (reference 1).
An F2A-2 airplane was therefore equipped with these de-
vices and flight tests were conducted.

The results of the first series of flight tests, de-
signed to indicate the fundamental characteristics of the
full-span slotted flaps and lateral-control systems, are
presented herein. These results include the effective-
ness and stick-force characteristics of the two alleron
systems, the maximum lift coefficients obtainable with
the full-span slotted flaps with engine 1idling, and the
static longitudinal stability for one center-of-gravity
position, both with engine idling and with level-flight
power, The testsin most cases covered flap deflections
ranging from neutral to 50° by 10° intervals.

- ATRPLANE

A Navy F2A-2 ailrplane, fitted with a speclal wing
incorporating full-span NACA slotted flaps and both
internally balanced, trailing-edge allerons and slot-1lip
ailerons, was used for the tests. Several views of
the airplane are given in figures 1 to i and a sketch
showing the plan-view arrangement of the devices in the
wing is given in figure 5.

The design of the slotted flaps is based on NACA
slotted flap 2-h, described in reference 2. The flaps
move rearward as deflected and follow a path approxi-
mating the optimum path defined in reference 2. (See
P10V G4} Power for operating the flaps i1s generated by
e hydraulic motor and transmitted to the flaps through a
torsion shaft and screw jacks. An electrical selector
and limit switches provide nominal flap deflections of il
10°, 20°, %0°, L0°, and 50°., The relation between actual
flap deflections and nominal flap deflections 1s shown in
figure 7.

The trailing-edge ailerons are of narrow chord and
large span and constitute the trailing-edge portions of
the flaps. The ailerons are of the sealed, internally




"balanced type, as shown in figure 8. They have an equal
up-and-down motion and are operated through push-pull rod
systems contained within the flaps. These allerons
continue in one”ation as the flaps are deflected from
neutral to about 18°, where an automatic change-over
device locks the allevons in neutral position with respect
to the [laps and engr_es the slot-lip ailerons.

The slot-lip ailerons are essentlially upper-surface
spoilers, which in the neutral position form the 1lip of
the flap slot, as shown in figure 8, These ailerons are
in operation For a1l flap deflections from 18° to full
down and are locked in neutral for smaller flap deflec-
tions. The slot-lip allerons are actuated through a
push-pull rod system, Springs are incorporated in the
control system to prevent overbalance of the control
forces due to the combination of the' strong upfloating
tendency of the allerons and their extreme differential
motion., '

A new horizontal tall of greater area and aspect
ratio than the original F2A-2 tall was used to ensure
longitudinal' trim and stability with the' full~span flaps.

Pertinent aLrplane sp901flcat¢ona and dimensions
follow‘

Wing:
SDEI o5 o wnas 0r sn 20 en on ar wt ok uaimBie o RN ¢ 05Tt
Area’ (including 30.8 sq ft of fuselage). . 203., sq ft

Wing flaps (NACA slotted type):
BOTAl 8reda. . wxe i erv o e sl eive Ruh oduh GBS 1.8 sq ft

Flap semYapan "¢ .0 .0 LT h—g in.
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Chord. (25 percent of mean wing.chord) .. . . 19 o7 in.

Trailing-edge ailerons:

BERAD [Bach) ', c. s g i 0y vies s wate TAEE v SENE ft“lOl in.

N

Chord (10 percent mean wing chord) « « « « o 7 in.,
Area (rearward of hinge line, ssch) . . . . 5 % 054 "
IMBVET o oir i ui e v w0 ST R 17.6 down
Balance area (each) . + o s « & 1.76 sg £t




N

3lot-1lip allerons:
Soad MSEERE vy il gegegn eqe t o ag {UEpNRE leL 4.

. . . "7 1n.
" : h 0 sq ft
. h6° up, 9° down

Chord (10 percent of mean wing chord
Area (rearward of hinge line, each)
Tf';lVel . . . . . . . . . . . . ° .
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Stabiligzer:
(a) New
Area (including .86 sq ft
gfafugeleage] sud- bl e-i Fid 3 92, 808090
Incidencertosbirugttaxia fl «l4 » & sl &
(b) Original
Area (including l;.86 sq ft
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Froldence . torEhrudtranls g 98 o w w3 » winil?

Elevators:
(a) New
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T lPls okt o s 's 42 ats +i3 Sns a 287 up, 20° down

P imabel HPe8 s 6 v s L8 & s ow e U0 GaRDR
(b) Original

Span . . . L . . . . . . ° . . . . . 12 ft 6%; in.
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Trim—tab af'ea . . . L] . . ° . . . . . loO Sq ft

Vertical fin
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Rudder:

VeXbionl spfing, « »'% et d7% 5 1 & s O I lO% in,

Area (rearward of hinge) .« « « « o 8.9 sq ft
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Distance from elevator hinge line to leading edge
of wing at center line of fuselage . . . . 18 ft hﬁ in.

Distance from rudder hinge line to leading edge

of wing at center line of fuselage . . . . 17 ft 5Z in.
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Vormal gross welght (original wing and tail) . 5311 1b
Weight &s flown for tests . '« & & ¢ B¥S h w INT05 1D
Normal center-of-gravity position (or¢ginal
witg and tall) .= % o 3 o e . % RN 2OSHERCRRGEMI A0
Center of gravltyvas flown (wheels
o R T b e e I . e o V@ w0 ks peticant IMIL 0 .
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ments were installed in the
Item measured

Time

Airspeed

control stick
pedals

Positions of
and rudder

Positions of right ailerons

Rolling velocity
Yawing velocity

Normal, longitudinal, and

lateral acceleration
Angle of yéw

Aileron and elevator stick
forces

between control-stick position and the
iling-edge ailerons,
and the elovator are shown in figures 9 to 1ll.

the slot-lip

T INSTALLATION

A photographically recording instru-

airplane:

NACA instrument
%—second chronometric timer
Alrspeed recordsr

Three-element control-
position recorder

Blectrical
recorders

control-position

Angular-velocity recorder
Angular-velocity recorder

Recording three-component
accelerometer

Recording yaw vane

Stick=force recorder




A11 the recording instruments were synchronized by
the timer, The airspeed recorder was connected to a
swiveling static head, free to rotate in both pitch and
vaw, and to a shielded total-head tube, both of which
were mounted on a boom extending 1 chord ahead of the
right wing tip. The yaw vane was mounted on a similar
boom on the left wing tip. The three-element control-
position recorder was situated in the cockpit near the
base of the stick. The electrical control-position
recorders were mounted on the upper surface of the right
wing, each forward of the aileron to which it was con-
nected. The angular-velocity recorders and the three-
component accelerometer were placed as near the center
line and the center of gravity of the airplane as
feasible, Ths original stick was replaced by a stick
incorporating the stick-force recordar.

TESTS

The aileron tests consisted in making abrupt aileron
rolls, during which the positions of the allerons and
stick, the airspeed, the stick force, the yaw angle, and
the rolling and yawing angular velocities were recorded.,
The control stick was abruptly moved either to the right
or to the left from its neutral position and held in 1ts
deflected position un*til maximum rolling velocity was
attained, The rudder was held in neutral throughout the
mansuver. Both full and partial control-stick deflec-
tions were made by using a chain fixed to the top of the
control stick and to the side of the fuselage as a stop.
These abrupt aileron rolls were recorded at various
airspeeds throughout a considerable speed range for all
flap settings, generally in level flight; a few tests
were ‘taken with engine idling for the flaps-neutral condi-
tion (trailing-sdge ailerons). The pilot observed free-
air temperature and pressure altitude to permit determina-
tion of true airspeed from the recorded impact pressure.
The maximum rolling velocity and true airspeed were used
to determins the helix angle gsnerated by the wing tips

as a measure of aileron effectiveness, The stick-force
values used were the values obtained at the time that
maximun rolling velocity occurred. The lag of the

ailerons was defined as the time between the start of
the movement of the ailerons and the beginning of rolling
motion.




The records of yaw angle and yawing angular velocity
were not evaluated except in a few cases for which 1t was
desired to compare the motion of the airplane obtained
with the slot-lip ailerons, flaps down, with the motion
obtained with the trailing-edge ailerons, flaps up.

For the determinction of maximum 1ift coefflclents
and stalling characteristics, stalls with engine idling
were made for all flap settings from neutral to full
down, For each flap setting the airplane was tested
with extended and retracted posltions of the landing gear
and open and closed positions of the cockpit hood. The
stalls were approached as steadily and gradually as was
practicable to avoid dynamlic effects. Records were
taken of impact pressure, position of the controls, and
motion of the airvlane throughout the approach and stall.
In order to correct the recorded stalling speeds for
position error, the test airspeed installation was
calibrated by flying alongside another airplane for which
the airspeed calibration was known and taking records
simultaneocusly in both airplanes. The calibration was
made with engine 1dling at several airspeeds close to
and including the stalling speed with all flap settings.

The position of the elevators and the airspeed, read
from the initial, steady-flight part of the aileron-roll
records, provided the information required for the deter-
mination of control-fixed, static longitudinal stability
in the level-flight power condition. Similar informa-
tion for the engine-idling condition was obtained from
the airspeed calibration and stall test records. Some
of these series of tests were made with fixed elevator
trim-tab setting in order that an indication of control-
free longitudinal stability might be obtalned from the
stick-force measurements,

All tests were made at relatively low altitudes,
that is, between 5000 and- 10,000 feet,

As used in this report, values of service indicated
airspeed Vig were determined from the relation

Vig = 45.1 £\a;, where £, 1is compressibility factor
for standard sea-level conditions and qg 1is impact

pressure in inches of water as. measured with the test
alrspeed installation. Unless otherwise stated, Vig

is not corrected for error due to position of airspeed
head,




RESULTS AND DISCUSSION
Alleron Characteristlcs

Trailing-edge ailerons.- In accordance with present
NACA practice (reference 3), the effectiveness of the
ailerons in producing roll is considered as defined by
the helix angle generated by the wing tips as a result
of abrupt aileron displacement; the value of the helix
angle in radians is given by the computation of pb/2V,
where

P rolling angular velocity
b wing span
v tEues "alrspeed -

The effectiveness of the trailing-edge ailerons 1is
given in figure 12 as a plot of pb/2V against right

aileron deflection for service indicated airspeeds Vj

ranging from 90 to 229 miles per hour with flaps neutral
and from 85 to 19 miles per hour with a flap selector
setting of 10°, The aileron effectiveness 1s shown to
vary practically linearly with aileron angle and, for a
given alleron angle, to be essentially independent of
airspeed and flap deflection within the ranges tested.
The maximum values of pb/2V attained, however, were in
all cases less than 0.07, which i1s suggested in refer-
ence 3 to be the minimum satisfactory value.

The low effectiveness of the trailing-edge ailerons
can be attributed, in a large measure, to the excessive
elasticity in the aileron control system, which reduced
the aileron-deflection range attainable in flight to
considerably less than the design range of ¥17.5° even
at the lower speeds, For example, the maximum aileron
deflection obtained with full stick deflection was about
16° at a service indicated airspeed of 90 miles per hour
and about 12° at 216 miles per hour; the corresponding
values of pb/2V were about 0,065 and 0.050, respectively.
The elasticity in the aileron control system is indicated
in figure 13, which shows the relation between stick force
and deflectlion of the alleron due to elastic deformation
of the control system under load. For a stick force of
only 30 pounds, the deflection was reduced by 5.5°9, or
more than 30 percent, Tests on the ground, whereby the
positions of various elements of the control system were




measured with and without a load on the ailerons, indi-
cated that the greater part of the reduction in aileron
travel results from torsional defleetion of a palir of
torgue tubes in the system.

The force characteristics of the trailing-edge
allerons for the {lay .-neutral condition are presented
in figure 1l as erffective hinge-moment coefficient -
plotted against right aileron deflection. The effective
hinge-moment coefficient Cp, 1s defined as the average

hinge-moment coefficient of the upgoing and downgoing
ailerons Including the effects of steady rolling and is
obtained from the relation

- Falg
C T e
o Cad, rotee
a“a -
ddgs
where
Pg gtick force, pounds
lg length of stick from grip to pEvot; feet
Sg ‘total area of both ailerons back of hinge axis,
sgquare feet
Cg mean aileron chord, feet
dynamic pressure, pounds per square foot
d0g g R \
35 rate of change of aileron deflection with angular
S stick displacement, with no load on ailerons

In using this relation, it was assumed that the mechani-
cal advantage of the control system was not materially

changed by the elasticity in the system, For the
present case, the relation reduces to
SN
Ch. = 0.322 —
-Jhe . q

With the exception of the points obtained at an airspeed
of 90 miles per hour, the variation of Che Wwith aileron

angle for all airspeeds tested is defined reasonably well
by a single straight line. The displacement from this
line of the points for Vijg = 90 miles per hour is
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probably due, to a large extent, to the effects of fric-
tion and weight moments in the control system, which are
largely obscured at the higher speeds by the greater
aerodynamic forces.

The variation with service indicated airspeed of
aileron deflection, effectiveness, and stick force for
full control-stick deflection derived from the faired
curves of figures 12 to 1l is plotted in figure 15. At
speeds for which the stick force with full control-stick
deflection exceeds 30 pounds, values corresponding to a
30-pound stick force are also glven. At V;g = 200 miles

mer hour, the.value of pb/2V attainable is shown to be
only about 0.052. The corresponding stick force is
28 pounds.

Extrapolation of the data of figures 12 and 1l in-
dicates that, if the ailerons could be deflected suffi-
clently to produce a vb/2V of 0,07, the stick force
required would be about 45 pounds at Vigq = 200 miles

per hour (30 percent of maximum level-flight speed),

or 50 percent in excess of the value considered satis-
factory in reference 3. From the flight tests of
reference l. with internally balanced and sealed ailerons
having twice the ratio of aileron chord to wing chord

of the present aileron, hinge-moment coefficlents only
half as great as those of flgure 1l were obtained.
Calculations of the hinge-moment coefficients of the two
sets of ailerons, based on the results of numerous wind-
tunnel tests of sealed ailerons and flaps of various
chords, indicate that the present ailerons should have
somewhat lower hinge-moment coefficients than the allerons
of reference l. The fact that the seals in the ailerons
of reference li were continuous over the entire span of the
allerons, whereas the secals in the present allerons are
broken at each of four hinge brackets, may account for a
considerable part of the apparent discrepancy because it
has been found that small leaks through the seal of
internally balanced control surfaces cause a marked re-
duction in the effectiveness of the balance.

The pllot's opinion of the trailing-edge aillerons
is in agreement with the measured results in that he con-
sidered the rolling action rather weak and the stick
forces heavy at the higher speeds,

From the foregoing considerations, it appears pos=-
sible that increasing the torsional stiffness of the
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.torque tubes in the aileron control system, increasing

the no-load deflection range of the ailerons to about
+20° to allow for the residual elasticity in the control
system, and more effectively sealing the ailerons might
make the aileron characteristics satisfactory.

Slot-lip ailerons.- The variation in pb/2V and
stick force with deflection of the upgoing slot-lip
allerons at various values of service indicated airspeed
is given for nominal flap settings of 20°, 30°, L0°,
and 500 in figures 16 to 19. For all flap settings,
the rate of change of pb/2V with aileron deflection
decreases with increasing aileron deflection until at
L0° to 1i5° the slope becomes so shallow as to indicate
that 1little gain in effectiveness could be realized by
going to greater deflections, The aileron effectiveness
for a given deflection appears to be practically unaf-
fected by variation in airspeed but increases progres-~
sively with Increase in flap setting. For a nominal
flap setting of 20°, an upward deflection of the slot-
lip ailerons of about 300 is required to give a pb/2V
of 0.07; whereas, for a nominal flap setting of 509, an
aileron deflection of between 90 and 120 is sufficient
to give the same effectiveness, The maximum values
of pb/2V attained v ith approximately full deflection
of the ailerons average (from rolls in both directions)
about 0,085 and about 0.130 with the 20° and 50° nominal
E#ap settings, respectively.

Two curves of stick force are given for each wvalue
of service indicated airspeed in figures 16 to 19, one
defining the variation in measured stick force with
deflection of the slot-lip aileron and the other defining

"the corresponding variation in aerodynamic stick force

(measuresd stick force less stick force due to springs in
control system). The aerodynamic stick forces in all
cases are stable for small aileron deflsctions; that 1is,
the aerodynamic forces would return the controls to
neutral from small displacements. As the aileron de-
flection is increased farther, however, 1t is shown that,
without the springs, the stick foreces would reverse at
low airspeeds for all flap deflections tested. This
overbalancing tendency increases with flap deflection;
with a nominal flap setting of 20% reversal of the
aerodynamic stick force would occur only at Vjg4 less
than 79 miles per hour whereas, with the 50° nominal flap
gsetting, the reversal would occur at airspeeds at least as
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great as 119 miles per hour. The springs in the control
system prevent actual reversal of the stick forces, at
least for all the conditions tested.

With a flap selector setting of 20°, the stick
forces increase very rapidly with airspeed as a result of
the combined effects of increasing dynamic pressure and
decreasing upfloating tendency of the ailerons, The
asrodynamic stick force corresponding to a 300 deflection
of the upgoing aileron (pb/2V = 0.,07) is between 1 and
5 pounds at 79 miles per hour and about 25 pounds at
119 miles per hour; the springs increase the forces to
about 1 pounds at the lower speed and to between 35
and LO pounds at the higher speed.

The relation between aileron deflection and stick
deflection for the slot-lip ailerons was practically the
same in flight as on the ground, which indicates that
there is no appreciable elastic deformation in the con-
trol system of these ailerons under load.

Time histories of the rolling and yawing motion of
the airplane resulting from abrupt application of the
slot-11ip allerons with a flap selector setting of ,0°
are compared in figure 20 with those for a similar
maneuvsr performed with the trailing-edge ailerons, flaps
neutral. The comparison indicates that the lag in
rolling response following control displacement 1s not
materially greater with the slot-lip ailerons than with
the tralling-edge ailerons. The rolling angular velocity
for the trailing-edge ailerons reaches a maximum value
1 second after the start of the control movement and
thereafter decreases slowly. With the slot-lip ailerons,
however, the rolling angular velocity continues to in-
crease slightly after 1 second. This difference may
indicate a reduction in dihedral effect due to the flaps
but does not appear to be sufficiently great to cause
particular difficulty in handling the airplane. The
adverse yaw resulting from aileron application, as in-
dicated by the time histories of yawing angular velocity,
is shown to be small in both cases. The angle of side-
slip developed in a given time following the application
of the controls is practically the same for both con-
ai ti oS-

In the opinion of the pilot, the rolling effective-
ness of the slot-lip allerons is adequate for all condi-
tions and he was not aware of any lag in the response to
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control manipulation. The fact that the variation of
gtick force with control dilsplacement i3 not uniform
was not considered a serious defect, so long as the
control forces did not actually reverse. With the 20°
flap selector setting the stick forces were considered
to be too great even at fairly moderate speeds, The
abruptness with which the change-over from one aileron
system to the other occurs apparently caused the pilot
no concern.,

Inasmuch as the upward slot-lip-aileron deflection
required to give a pb/2V of 0.07 with the 20° flap
selector setting 1ls only 30° (fig. 16) and at greater
flap selector settings ls less than 30° (figs. 17 to 19),
the heavy stick forces for the 20° setting could be
materlally reduced by decreasing the upward travel of
the ailerons from héb to 30° and thereby increasing the
mechanical advantage of the control system, Computa-
tions of stick forces were therefore made for both the
original linkage system and an assumed modified system
by use of hinge-moment-coefficient data obtained on
similar allerons by the Douglas Aircraft Co., Inc. The
assumed modification to the linkage system consisted in
reducing the length of the primary bell cranks in the
fuselage, which transmit the stick motion to the push-
pull reds hetween the fuselage and the ailerons. The
modlfied linkage 'system gives the sams down travel as the
original system - that is, 9° - but reduces the up travel
to 300,

The variation of stick forces with up-alleron
deflsction comvuted for the original and modified con-
trol systems for a service indicated airspsed of
119 miles per hour with the 20° flap selector setting
and for a service indicated airspeed of 8L miles per
hour with the 50° flap selector setting is shown in
figure 21, The computed results for the 20° flap selec-
tor setting with the original linkage agree fairly
closely with the experimental data of figure 16; both
computed and experimental data give a l0-pound stick force
at an upward aileron deflection of 30°, ' The computed
results for the modified control system for the same con-
dition indicate a reduction of the stick force to

5 pounds; similarly, the stick force less spring force
1s reduced from 29 to 19 pounds for the 3%0° upward
aileron deflection. The computed stick forces for the
500 nominal flap setting, for which the overbalancing
tendency is greatest, indicate that the modified linkage
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wlll wlleghtly reduce the stitk farees for this '‘eondl=
tion but that the spring force will still prevent
overbalance at speeds at least as low as 8 miles per
hour.

Maximum Lift ‘Coeflficients and Stalling Characteristics

The maximum 1ift coefficlents obtained with the full-
span slotted flaps are plotted against flap deflection in
figure Z<, The results of several tests covering the
conditions of landing gear extended and retracted and
cockpit hood open and closed are given for each flap de-
flection; elthough there 1s some variaticn in the values
obtained from the different tests, the variation does
not appear to be related’ to the position of the landing
gear or hood, There 13 8 possiblllity of some error in
estimating the weight of the asirplane for individual
tests, which may contribute to this variation; it is
unlikely, however, that the error from this source in -
the average wvalue. of maximum 1ift coefficient for a given
flap position exceeds 1 or 2 percent. The maximum 1ift
coefficlent attalnable under the basic ccendition of the
tests = throttle closed, engine idling -~ is shown to
occur at a flap deflection of [;0° and to have an average
value of about 2.l3, which represents an increment of 0.88
over the average flaps-neutral maximum 1ift coefficient
ol Lad 95

Wind-tunnel tests (unpublished) of a 1/C-scale model
of the F2A~2 airplane with full-span slotted flaps,
propeller windmilling, gave an increment of about 1.00
(corrected to trimmed conditions) with a [;0° flap deflec-
tion. It igd pointed loutschat, 1n tlie flighlt Tests, the
Reynolds number weas lower with flaps down than with flaps
Up .« This fact explains a somewhat smaller Increment of
maximum 1ift than was obtained in the wind-~tunnel tests,
for which the Reynolds number was the same in both condi-
tions., There are also -other factors, such as propeller
effects and the effect, 1w 111ght, gaused by the warying
angle of attack, that lntroduce some uncertainty in the
comparison of maximum 1ift coeffiglents from flight and
wind~tunnel tests. The effect of varying angle of attack
was investigated Iin wind-tunnel tests reported in
reference 5 and it was found that a relatively small rate
of lncrease of angle of attack gave an appreciable in-
ereage lIn the maximum 1ift coefficient, The resultse of
the present tests indicated that, in general, ‘the rate
of increase in angle of attack at the stall was greater
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with flaps down than with flasps up. With a given flap
setting, the rate of change of angle of attack wvaried
rather widely between diffarent tests - from 0.12° to
0.1i5° per second with flap neutral and from 0,25° to
1.000 per second with a flap selector setting of [,0° -
but there was no iIndication of a consistent variation of
maximum 1ift coefficlent with rate of change of angle of
attack.

The presence of extreme elasticity in the control
system of the trailing-edge ailerons introduced the pos-
sibility that the allerons might float up considerably
with the flaps deflected and reduce the maximum 1lift coef-
ficients attainable. The position of the ailerons was
therefore measured with several flap deflections and the
results are presented in figure 23, These results in-
dicate that the deflsction of the ailerons at the stalling

O ’ ;
spesd does not exceed 2% for nominal flap deflections up

to 1;0° and therefore probably has no material effect on
the maximum lift coefficients.

Pilot's observations indicate that with engine idling
the stalling characteristics of the ailrplane with flaps up
are better than average for a fighter type. In this con-
dition tail buffeting provides a definite warning of
staell, the roll-off at the stall is relatively mild, and
the airplane readily recovers with normal manipulation of
the controls, The stalling characteristics become pro-
gressively worse, however, with increasing flap deflection.
There is little or no warning; the rate of roll-off at the
stall increases; and, with the larger flap deflections,
the airplane assumss a very steep nose-down attitude with
the result that there 1s a relatively large loss of
altitude before recovery can be effected. '

Longitudinal Stability and Control

.  The fixed-control, static longlitudinal-stability
characteristics of the airplane with the center of gravity
at 30, percent M.A.C. are indicated in figure 2l for all
flap settings by plots of elevator deflection required
for trim against service indicated airspeed. With engine
idling, the alrplane is stable with all flap settings.
With level-flight power, -the stability is comsiderably
less than for the engine-idling condition but remains
positive for flap selector settings up to and including
300, With nominal flap settings of L .0° and 500, the
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airplane becomes unstable with level-flight power when
the service indicated airsveed 1s decreased to less than
about 100 miles per hour.

The elevator deflection required to stall the air-
plane with engine i1dling increases & relatively small
amount as the flap is deflected and in no case exceeds
about 1,°,

Some elevator stick-force data are included in
figure 2l as an indication of the control-free stability
characteristics. With flaps neutral for both engine-
1dling and level-flight power conditions, the stick
forece changes from a pull to a push force as the air-
speed is increassd through the trim speed, which indi-
cates positive control-free stability. No data are
available for the smaller flap deflections but, with a
flap selector setting of L,0°, it is shown that the air-
plane is unstable with controls free for the level-
flight power condition, probably at all speeds below
about 100 miles per hour, The curve of stick force for
level=-flight power for the 500 nominal flap setting
indicates control-free instability at all speeds up to
at least 130 miles per hour. The stick~force curve
given for the engine-idling condition with the 50°
nominal flap setting does not include a trimmed condi-
tion within the speed range covered and therefore does
not show directly whether the airplane l1s stable or
unstable for these conditions, If 1t can be assumed,
however, that the change in stick force due to a
change in trim-tab setting is proportional to the square
of the velocity, then the shape of this curve indicates
positive control-free stability.

The elevator trim-force change due to power 1s also
shown in figure 2l for the neutral position and the
nominal 50° position of the flaps, With the flaps up,
the trim-force change in going from engine-idling to
level-flight power 1s from 2 to 3 pounds in the speed
range tested. With the flap selector setting of 50°,
the- trim-force change between engine-idling and level-
flight power conditions is between 8 and 11 pounds.

The change 1n elevator stick force required to
maintain trim with fixed tabs when the flaps are de-
flected 18 shown 1in figure 25 for Vigq = 94 miles per
‘hour with engine idling end with power for level flight,
flaps up. The maximum trim-force change with flap
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position occurs at a defleﬂtton of about 1,0° and, for
the sveed repressnted, amounts to 8 pounds with engin°
Td1tnz and to & pounds with power for level flight,

Rlans up.
CONCLUDING REMARKS

The principal results of the flight tests of a Navy
F2A-2 airplane, equipped with full-span NACA slotted
flaps and with a double system of internally balanced,
tralling~edge ailerons and:slot=-lip ailerons, arse sum=-
marized as follows:

Trailing-edge~alleron characteristics:

1. The ef. ctiveness of the trailing-6dge-
aileron installation was unsatisfactory; with full stick
travel, the maximum values of wing-tip helix angle ob-
tained were O.\F at a service 1nulcate€ alrspeed of
90 miles pe hcuf and 0,050.at 216 mliles perthour,

2. The low effectiveness of these ailerons
ig ettributed to the sxtreme elastic deformation in the
gontrol system under load,

3. The stick forces were excessive at high
speeds, It was estimated that at a service indicated
airspeed of 200 mliles per hour (80 percent of maximum
level-flight speed), 1f the effectiveness were not
limited by deformation of the control system under load,
the stick force requlred to give a valun of wing-tip
helix angls of 0,07 would be gbout lj5 pounds.

li. A reduction in the effect of the internal
balence caused by gaps in the aileron seals at the hinge
brackets may be responsible for the high stick forces.

5. TIncreasing the torsicnal stiffness of the
orque tubes in the aileron control system, increasing
tho no -~load deflection range of the allerons to about
20°, and more effectively scaling the ailerons might make
tho aileron claracteris+lcs sat1s¢actory.

Slot-lip-aileror -characteristics;- \

1. The effectiveness of the slot-1ip ailerons
was adequate for all conditions tested; the maximum
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valves of wing-tip helix angle obtained increased pro-
gressively with flap deflection from 0,085 at a flap
selector setting of 20° to 0.130 at a flap selector
setting of 50°,

2, Springs were required in the control
system of the slot=lip. . ailerons To.prevent overbalance
of the stick forces at low speeds, particularly with the
larger flap deflectlous.

3. The variation of stick force with control
deflection was not uniform but the pilot did not con-
sider this characteristic a serious defect so long as
the force always tends to return the stick to neutral.

L. With the 20° nominal flap setting, the
stick forces (including spring force) became too heavy
at moderate speeds; for example, at a service indicated
ajirspeed of 119 miles per hour, the force required to
give a value of wing-tip helix angle of 0.07 was between
35 and LO pounds. t 1s indicated from calculation,
however, that the stick forces for this conditlon could
be materially reduced (from L0 to 25 1b at 119 mph) by
modifying the control linkage system to reduce the fulle-
deflection up-ailleron travel from héo to 500, which is
sufficient to give a wing-tip helix angle of at least
0.07 with all flap settings involving use of the slot-lip
ailerons,

S [ The lag in, the response.of the rolling
motion to control application did not appear to be
materially greater for the slot-lip ailerons than for
the trailing-edge ailerons and was not noticeable to the
pilot,

Meximum 1ift coefficlents and stalling character-
istics:

1.7 | The highest value of maximum 1ift coeffi-
cient obtained with engine idling was 2.43; this value
represents an increase of 0.08 over the value obtained
with flaps neutral.

2. The highest value of maximum 1ift coeffi-
cient occurred at a flap deflection of L0°,

3., The stalling characteristics of the airplane
were good with the flaps up but became progressively worse
as the flaps were deflected.
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Longitudinal stability and control (center of
gravity at 30.4 percent M.A.C.):

1. With engine idling, the airplane had posi-
tive static stability with controls fixed, for all flap
positions,

2., With level-flight power the stability was
considerably reduced but remained positive for all flap
selector settings up to and including 30°; with [0°
and 50° nominal flap settings, the airplane was unstable
at service indicated airspeeds below about 100 miles per
hour,

5. The elevator deflection required to stall
the airplane with engine idling increased a relatively
small amount when the flap was deflected and in no case
exceeded 1°, ‘

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va,
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Figure 1.-

Three-quarter front view of F2A-2 airplane with full-span slotted

flap retracted.
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Figure
slotted flap. Nominal flap setting, 50°.

2.-

Three-quarter front view of left

wing of F2A-2 airplane

with full-span
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Figure 3.- Three-quarter rear
slotted flap. Nominal flap

view of the right wing of the F2A-2 air
setting, 10°; trailing-edge wilerons de

plane with full-span
flected upward.
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Figure 4.- Three-quarter rear view of the right wing of the F2A-2 airplane with full-span
slotted flap. Nominal flap setting, 50°; slot-lip aileron deflected upward.
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Figure 8.- Section view of F2A-2 wing showing slotted
flap, internally balanced, trailing-edge
aileron, and slot-lip aileron.
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Figure 14.- Variation of effective hinge-moment coefficient with aileron deflection. Internally
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YOVN

¥1 31




WACA Fig. 15

=3

|

!

|
10 : i

|

|

S e

- T

———— Full stick deflection

= ===~-- J0-<1b shicktfErce
i |
T

Deflceetion of one
aileron, deg

D
H ST
!
f-..
1
I
L
i

!
= i
. .ﬁ}f ] B S ISR

T ~—

~el

o SEIUUR RNPUME - e

-
H
a0
[=]
3 ! 3
i .

4 i ! : =
o= i | i i S L
D5 04 # PR } Rt R i
e lo] |

® !
A = l
ol
i) ;; toome e e LM ST R ] [T S RS Sl S _..f,_ _____ o)
4 & ! ; :
(o | i
o O i i
= 0 |

i - P e

i | |
40 |— - : -_m«mw__u"__w-__ﬁfmwﬂuww-“l g
! 2 |
i Nl P L A =l S SRS TR D O T R

- |

nY
(&
T
|
|
|
f
|
|
1
|
1
i
|
i
- i
\\ '
|
|
|

Stick force, 1b
\S |

T
—

0 100 150 200 250
Service indicated airspecd, mph
Figure 15,- Variation of aileron deflection, effectiveness, and stick
force with airspeed for full stick tharow or 30-1b stick
force. Internally balanced, trailing-ecdge ailerons; level-flight
power; F2i-2 airplane.




(3/09s “sbu

m B G EE
g ..%m t ‘ ox 5. < xu b ” T )—T?T;L—u:la ..|!.x e se S8 H

H : R : i H 2 H : PR

f i :

n.. T m .
: H =t - i

HHHH i HEL
S S :
E R

HiH

e -
e
-
= e “
S . ﬁ% i i 3

w HE umgm,u. QMH.AV Am Mmmmw i
i EEE _ .
B i A i SR i e i |
e -
” EEE w i % e

-
m v
cle~1




b3

i3
S

HHH

FHH

C.0t/01

i

= ¥20/9 /

35888 88

Hi

i

eLe~1




(.0F/0/ = 2219 /

22017 if

(&4

e

ror gefle

=

ar




H

(.0%/01 = ¥20/9 /)
i W T
i - i i it % i
Mﬁ L " i i 4 W w ;
= i B S g i
T R i L i it
1R G R f i : i i [ EEE i R N HH n.%ﬁm*
e i R SN e
i N T . : D g i
B L . e
i i e e o S -+ m St : i . G5 i i 4 - Fe
£ i i i EEE b g e it i HE
e S : - HEMRE i e : i
_ m_ .4 : : i N .i tH “_}},. it m H }_. H 8 +H H;
_Wm”mt : 1 i w%um%mm“ . S ¥ meumnmm.mn “«4". S35 EEdi EERed saes ez ite i SR _mM\mh
| i S SR S — | e i : & e T ,u
i B __.:;..24. I - e £ S 1 S : w
R : A , %q_ . — 17 B 1 88 4
ey s e e i
: S S s T : o
i —t : = w, s "wmu_ : m.w
g e e s i i - = - ﬂ o
: 12 4‘ . - e HEE : i muu: + e @m : j uuuw.mm ; : :
m mm ; m. i ; &/ 1w . “ L i : m.mmm i ; ,WH" - 7 rwmw mmur..,&wmmm : __ : i
e - o R s T i

- - 2Lz - . . :




WACA

Rolling angular
velocity, radian

Yawing angular

velocity, radian

Side-slip angle, deg

Stick deflection, deg

f** Left

{
o

(A%}
(<)

=t
(@)

Ly s et s
/ .
’ !
/4 i

i T el e PRI S L T O R N
5; ' '
R IR T TR ] T 8
b '
{
f : + .
t . .
1 | Stick deflection
i

= -

et { e B
e Rolling angular velocity
0 Q
O .2 sty
2 | a
= L ; | \
0 t :
| | | N
| | !
: =
|
t45 ‘ i
o > f : .
&t I Yawing angular velocity
o o0 | | ;
Bl 2 i !
® t |
2 | (e
i ! PR B e
r’; ‘O" == ——.:\a-'—...._~iq‘ PR, e e—— ; i
o S e
i , . | i
3 i . 1 . ' 4 - I . O_
| .Slot~11puallarons;wiLapwsotflng# ", g (RO
. Vig = 84 mph f i ( .
n - == -+ Trailing-edge aildrons; flap sotting,:
QO - e v.;.u»..o. s et SRR --‘.-...|. R - e o non .
i . 0% Vig = 90 mph |
! : i ‘
e : -
{ ‘ B ek //
: | Angle of sideslip s l
1 1L 8 : : = ;
10 : ; i ! i _ = |
e , | | ’ | et
S R WREE N
R RNE
1- L
0 o4 «8 1.2 1:6 2.0 2.4
Time, sec

Figure 20,- Comparison of motion of FRA-2 airplanc resulting from
abrupt application of slot-lip ailercns and of trailing-
edge ailerons. Level-flight power.




NACA Fig. 21
60
| 5
+ 40 r/
g; V//// a8
= oA —1
L7 T R e
= ] LR Vig = 119 mph
/ // - LT l
Pl z*///
i g
L ,/
0 L=
=
5 20 Force...-
o Original total
R —— — Original total less spring
o - = =-- Modified total
M = Modified total less spring
O
a1 60 =
Ly
14p]
1
+0
' |
l
20
! o
|t il Flaps 50° :
ot Wl LT it TXVU WG SIS ¥ig = 84 mph
R 0 e PR g s
l - = —
20 |
0 10 20 30 40 5Q 60

Right up —
Allsron deflection from trim, deg

FPigure 21.- Computed variation of stick force with up-deflection of

right aileron for original and assumed modified control
systems. Slot-lip ailerons; nominal flap settings of 20° and 500;
F2A-2 airplane.




L=272

JTACA

i 1ift coeffict -
Maximum 1ift coefficient, CUmax

Fig. 22
2.6
0
] //%"\ T
4-4 X}/ é
A
% ol | N
Z ; |
S PAY
2.2 £ a
/]
ol 1/
X/
/o
1.8 -
I.Gg[
| Gear Hood
1.4 — x Up Closed
G  Down Closed
0 Up Open °
& Down Open
102
1L(0)
0 10 20 30 40 50 of

Flap deflection, deg

FPigure 22.- Variation of maximum 1lift coefficient with deflecs
tion of full-span slotted flaps. Engine idling;

FPRA-2 airplane.




Right aileron deflection, deg

Up

Down

6

Figure 23.- Up-floating angle of trailing-edge ailerons in locked condition with
flaps down. Measured on right aileron; level-flight power; F2A-2 airplane.

I T T T T
Nominal flap position, deg
i
X 40
L—1
///T
—_'_,,xf:{‘ A ++1 30
x——"""/'/—‘ﬂ 4-_.——4—”"+4M17 o
+___..—L———""‘T'—‘ ] 20
It 4'—'—“—-? F_____;@- )
&F0- Ot C |
Nominal
flap position
o} 200
+ 30°
X 400
70 80 90 100 110 120 130 140

Service indicated airspeed, mph

S b

VOVN

g2 314



(.0¥/01 = ¥20/q ()
m_. i i g 3

: srif: i
: {5553 fasisass FHEH Bt g g3 i
TS H Hit T
f35! fiE : i B st esnaas
= i e
Rent ke
i
]
=
=52
HTHHE
i3 8
g i
e -
i 22 2
HH i

?ﬁ&

H
B e
d i L & - -




L- S \
|

Fig. 25

NACA
T 14
~
~
3 Power
12 O Level flight,
flaps up
+ Engine idling
|
! R
+
Engine idling -- /

1° /
-y /

/

4
Vi

Level fli
flaps up

ght,

.

Elevator trim stick force, 1b

| NP
RN ¢
LA
\ P
. 7
& '/O/

Flap deflection,

deg
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