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‘NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

REPORT

FLIGHT TESTS OF F2A-2 AIRPLANE WITH FULL~SPAN SLOTTED
FLAPS AND TRAILING-EDGE AND SLOT-LIP AILERONS
By Joseph W. Wetmore and Rfchard 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 latezal controls: internally balanced,
sealed aflerons on the flap trailing edge for use with
flaps up and slot-lip ailsrons, Immediately forward of
the flaps, for use with flaps down. The tests, made
with various flap posltions ranging from neutral to 50°,
included determination of effectiveness and stick forces
of the two aileron systems, power-off maximum lift coef-
ficients, and static longltudinal stability.

The effectiveness of the trailing-edge ailerons was
somewhat low, primarily because of lack of rigidity In
the control system; the stick forces wvvere fairly large,
probably as a result of leakage through the aileron seal.
Tho slot-1lip ailerons were very effective, particularly
at large flap deflections; with aslight modification of
the control linkage, the stick-force characteristics
would probably be satisfactory for all conditions under
which these ailerons would be used, The highest maximum
lift coefficient, which occurred at a flap deflection of"
about },0°, was 2.1:3. With the center of gravity at
30.lL. 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 110° and 50° at service indicated air-
speeds below 100 miles per hour,

INTRODUC TION

The results of wind-tunnel tests, constituting_a
part of the vrogram of research by the National Advisory
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Comaittee FOr Asronautioff on lateral-control devices for
use with full-span flaps, indicated that a double system
consisting of plain trailing-edge ailerons for ths
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).
in F2h«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 aileron
systems, the maximum lift coefficients obtainable with
the full-span slotted flaps with engine idling, and the-
static longitudinal stability for one center-of-gravity
position, both with engine idling and with bevel-flight
power. The testsin most cases covered flap deflections
rangfng from neutral to $0° by 10° intervals.

AIRPLANE

A Navy F2A-2 airplane, fitted with a special wing
incorporating full-span NACA slotted flaps and both
internally balanced, trailing-edge ailerons and slot-1lip-
ailerons, was used for the tests;, Several views of
the airplane are giver in figures 1 to l. and a -sketeh.
showing the plan-view arrangement ef the devices in theé-
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
fig. 6.) Power for operating the flaps is gensrated by
a hydraulic motor and transmitted to the flaps through a. .
torsion shaft and screw jacks. An electrical .selector.
and 1imit switches provide nominal flap deflections of 09,
10°, 209, 30°, 1,0°, and 50°. The relation between actual
flap deflections and nominal flap deflections is 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 ailerons
continue En operatign as the flaps are deflected from
neutral to about 18°, where an automatic change-over
device locks thse ailerons in neutral position with respect
to the flaps and engages the slot-lipailerons.

The slot-lip ailerons are essentially upper-surface
spoilers, which In. the. neutral position form the lip of
the Flap slot, as shown in figure 8. These ailerons are
in operation for all flap deflections from 18° to full
down and are, locked In neutral for'smaller flap deflec-
tions. The slot-lip ailerons 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 ths strong upfloating
tendency of the ailerons and their extrems differential
motion,

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

Pertinent airplane specifications and dimensions
follow: .

Wings
Span I_I | | ] _I | ] | : | | ] ] | | | | ] | | ] ] | | | | ] | | | ] 35 ft
Area (including30.” sq ft of fuselage). .. 208.9 sq ft

Wing flaps (NACA slotted type):

Total aréa ] n ] ] ] n ] n n n ] ] ] ] n | | | Ll-ll-.8 Sq ft
Flap semispan « « s s s o & = s 2 5 & = = » .1)+f‘t’4§g in.

T T
chord) ....19.047 In,

Travej_ L ] L ] L ] L] L ] L ] L ] L ] L ] L ] L ] L ]
Chord (25 vercent of mean wing

Trailing-edge aileronss
Span (8&0:’.1) | ] | | n | ] | | | } n | | } n | ] n n | ] | | 9 ft loﬁ in,

Chord (10 percent. mean wing chord) +« « « « &« « .« 7 inN.
Area (rearward of hinge line, each) « . ... 5.6 8q ft
Travel. & & &+ 4 2w &+ o« = o« = #17.6° up, 17.6° aown
Balance area (each) . . , « . 1.76 sq rt



4

Slot-lip ailerons:
Span (each} | ] n L ] L | L} L] n | ] n | ] n | ] L | n 6 ft 10_2- in-

Chord (3.0 percent of mean wing chord) e 7 in.
Area (rearward of hinge line, each) . = . L 0 sq ft

Travel o o v o o = 5 o 5 o o o &« o o « L6° up, 9° down

Stabilizer:
(@) % ding 4.86 sq f
A t
re? é g %g r;g n SC]l = = ®§ =® =® &= l302 Sf‘if ft
e tot

Tncidenc hrust aAXIS & & & s+ o2 owoxow o« oa 15

(b) Original

Area [includin 4-86 sq Tt
Of ’.l.]Selagrea)g | | 1 | q | | | | | | | | | | | | | | | 22-6 Sq ft

Incidence t0 ThrUSE axiS « » » + o » & = = 151

Rlevators:
(a) HNew

S’Oan L | n L | n L L ] L | n L | n L | L | lz“- ft % in_
A r e a. -y ] ] ] ] | ] ] ] ] | ] ] ] ] o b 18 8 Sq ft

Trav@l [ ] [} [ [ ] [ [ ] (] [ [ [ ] [ [ [ ] 280 Up 20 dOWﬂ
Tl”im—tab al'ea [ ] n [ ] n u [ ] n [ ] n u [ ] n 0.59 Sq ft

(b) Original 1.
Span n n L | | ] | ] L} n L | L | | ] | | | n L | | | | 12 ft 6'1—- I n .

Ar€a = = = = = s = = = = = = » » » » » 6.9 sg ft

' Tra’(fel L L | | | L L} n n n | 280 u [] 200 dOWn
Trim-tab drea + « = & = = = » = ® = .plosqft

Vertical . fin:
Area | | | | | | | | ] | | | | | | ] n ] n ] n ] n | n ] 1013 Sq ft
Offset | | | | ] | | 1 | | | | | | n | | | | | | | | | | | | | ] | | | | | | | | n | | OO

Rudder :
Vertical span & + & &« s = s = s = 2« » « 5 ft 10% in.

Area (rearward of hinge) . . . T s e m o os 8.8 gq ft

T'Pavel [} [} ] [ ] L] [} [} [ ] [ ] L] [} [} [ ] [ ] 500 IEft rlght
Trim-tab area [ [ ] [ [ ] [ [ ] [ [ ] [] [ ] [ [ ] [ [ [ L"’B Sq ft

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 ’le_in.



Normal gross weight (original wing and tail) . . 5311 1b
Welght &8 flown TOI €SS w v s s » s « « = = + 5765 1b
Normal center-or-gravity position (original

wing and tail) .+ « « « & & & = .« . « 25 percent M.A.C.
Center of gravity as flown (wheels

down) w s s w » s w s = x x « « « 304 percent M.A.C.
ENQGINE « & « = = = = = = = = = = « » » »Wright R-1820-40
Engine rating . .« « «» «» 900 hp at 2300 rpm at 14,000 ft
Gear ratio v 4 4 4 w w o w o w s 3:2
Propeller .+ +« « « « &« « « « Curtiss electric (with cuffs)

Diameter w o« o o = = s 2 s = = 2 » » =« » &« 10 ft 3 in.

Number of blades .« « & v & & & & = & &« = & Three

The relations between control-stick position and the
deflections of the trailing-edge ailerons, the slot-lip
ailerons, and the elevator are shown In figures.9 to 11,

THSTRUMENT INSTALLATION

The following NACA photographically recording Instru-
ments were installed ‘n the airplane:

Ttem measured
Time
Airspeed

Positions of control stick
and rudder pedals

Positions of right ailerons

Rolling velocity
Yawing velocity

Normal, longitudinal, and

lateral ascceleration
Angle of yaw

Aileron and elevator stick
forces

NACA iInstrument
%—second chronometric timer
[o8

Airspeed recorder

Three-element control-
position recorder

Electrical control-position
recorders

Angular-velocity recorder
Angular-velocity recorder

Recording three-component
accelerometer

Recording yaw vahe

Stick-force recorder



All 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
yaw, 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, esach forward of the aileron to which 1t 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. The original stick was replaced by a stick
incorporating the stick-force recorder.

TESTS

The afleron tests consisted in making abrupt aileron
rolls, during which the posltions of the ailerons 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 loft from its neutral position and held in Its
deflected position until maximum rolling velocity was
attained, The rudder was held In neutral throughout the
maneuver, 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 sfde 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-edge ailel”onS%. 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 determine the helix angle generated by the wing tips

as a measure of aileron effectiveness. The stick-force
values used were the values obtained at the time that
maximum 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 it was
desired to compare the motion of .the airplane obtained
with the slot-1lip ailerons, flaps down, with the motion
obtained with the trailing-edge ailerons, flaps up.

For the determination of maximum lift coefficients
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 positions of the landing g}ear
and open and closed positions of the cockpit hood. he
stalls were approached as steadily and gradually as was
practicable to avoid dynamic effects. Records were
taken of impact pressure, position of the controls, and
motion of the airolane throughout the approach and stall.
In order to correct the recorded stalling speeds for
position error, the ‘:3t airspeed Installation was
calibrated by Flying alongside another airplane for which
the airspeed calibration was known and taking records
simultaneously 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 in-forma-
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 obtained from the
stick-force measurements.

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

~ As used in this report, values of service indicated
airspeed V;g were determined from the relation

Vig = L45.1 fo\kde, where fo is compressibility factor
for standard sea-level conditions and q, IS impact

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

;ls réot corrected for error due to position of airspeed
ead,



RESULTS AND DISCUSSION
Aileron Characteristics

Trailing-edge ailerons.=- In accordance with present
NACA practice (reference 3), the effectiveness of the
ailerons in producing roll 1s 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 ths computation of pb/2V,
where

P rolling angular velocity
b wing span
vV true airspeed

The effectiveness of the trailinn-edge ailerons is
given in figure 12 as a plot of pb/2V against right
aileron deflection for service indicated airspeeds Vjg

ranging from 90 to 229 miles per hour with flaps neutral
and. from. 85 to 14,9 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 aileron 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 is suggested In refer-
ence 5 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
169 at g service indicated airspeed of 90 miles per hour
and about 12° at 216 miles ner hour; the corresponding
values of pb/2V wer- about 0,065 and 0.050, respectivelo?/.
The elasticity in the aileron control system is indicate
in figure 13, which shows the relation between stick force
and deflection of the aileron 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°, or

more than 3Q 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
travsl results from torsional deflection of a pair of
torque tubes in the system.

The force characteristics of the trailing-edge
ailerons for the flaps-neutral condition are presented
in figure 1), as effective hinge-moment coefficient
plotted against right aileron deflection, The effective
hinge-moment coefficient Cp, 1is defined as the average

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

— —ESJ’-S——
Che — o= ady
a®a? 35,
where
4 stick force, pounds
lg length of stick from grip to pivot, feet
Sa total area of both aflerons back of hinge axis,
square feet
Ta mean alleron chord, feet
dynamic pressure, pounds per square foot
ST ] _ .
I5- rate of change of ailercn 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

) Fs
Che = 0.322 T
With the exception of the points obtained at an airspeed

of 90 miles ner hour, the variation of Cp, with aileron

angle for all airsneeds tested is deffned reasonably well
by & single straight line. The displacement from this
line of the points for Vi;g = 90 miles per hour is
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probably due, to a la-ge 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
Pull 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 given. At V4 = 200 miles

ner hour, the value of pb/2V attainable is shown to be
only about 0.052. The corresponding stick force 1is
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 o»b/2V of 0.07, the stick force
required would be about 45 nounds at Vyg = 200 miles

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

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

The pilot's opinion of the trailing-edge ailerons
'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.

_ Prom 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, fncreasfng
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
malrg the alleron characteristics satisfactory.

Slot-lip ailerons.~ The variation in pb/2V and
stick force with deflsction of the upgoing slot-lip
ailerons at various values of service indicated airspeed
is given for nominal flap settings of 20°, 30°, [;0°,
and 50° 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
L0o° to Li5° the slope becomes so shallow as to indicate
that little gain In effectiveness could be realized by
%oing to greater deflections. The afleron effectiveness

or a given deflection appears to he practically unaf-
fected by varlstion in airspeed but increases progres-
sively with increase in Slap setting. For a nominal
flap setting of 20°, an upward deflection of the slot-
lip aflerons of about 30° is re?ufred to give a pb/2V
of 0.07; whersas, for a nominal flap setting of 509, an
aileron deflection of betwesn 90 and 120 is sufficient
to give the same effectiveness, The maximum values

of pb/2v attained with approximately full deflection
of the ailerons average (fromrolls in both directions)
about 0,085 and about 0.1%0 with the 20° and 50° nominal,
flap settings, resvectively.

Two curves of stick force are given for each value
of service indicated airspeed In figures 16 to 19, one
defining the variation in measured stick force with
deflection of the slot-1lp aileron and the other defining
the corresponding variation in aerodynamic stick force.
fmeasured stick force less stick force due to springs In
control system)". The "asrodynamic stick forces in all
cases are stable for small aileron deflections; that is,
the aerodynamic forc:s would return the controls to
neutral frem small displacements., As the aileron de-
flection is Increased farther, however, it is shown that,
without the springs, the stick forces would reverse at
low airspeeds for all flap deflections tested, This
overbalancing tendency increases with flap deflection;
with a nominal flap setting or" 209 reversal of the
asrodynamic stick force would occur only at V;g4 less
than 79 miles per hour whereas, with the 50° nominal flap
setting, the reversal would occur at airspeeds at least as
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great as 119 miles per hour. The springs in the control
systemfprevent actual reversal of the stick forces, at
least Tor all the conuitions 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
aerodynamic stick force corresponding to a 30° deflection
of the u.pgoin% aileron (pb/2V = 0,07) is between 1 and
5 pounds at /9 miles per hour and about 25 pounds at
119 miles per hour; the springs increase the forces to
about 1l pounds at the lower speed and to between 35
and 110 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-lip ailerons with a flap selector setting of L0°
are compared in figure 20 with those for a similar
maneuver performed with the trailing-edge ailerons, flaps
neutral. The comparison indicates that the lag in
rolling response following control displacement is not
materially greater with the slot-1lip ailerons than with
the trailing-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-1lip 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-
ditionsr*

In the opinion of the pilot, the rolling effective-
ness of the slot-lip ailerons is adequate for all condi-
tions and he was not aware of any lag in the response to
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control manfpulation, T™e fact that the variation of
stick force with control displacement is not uniform
was not considered a serious defect, so long as the

control forces did not actually reverse. With the 20°
flao 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 pp/2v  of 0.07 with the 20° flap
selector setting is onmy 30° (fig. 16) and at greater
flap selector settings is less than 300 (figs, 17 to 19),
the heavy stick forces for the 20° setting coculd be
materially reduced bg decreasing the upward travel of
the ailerons from L6° to 30° and thereby increasing the
sechanical 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 ailerons 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 rods between the fuselage and the ailerons, The
modified linkage "system gives the same down travel as the
original system - that is, 9° - but reduces the up travel
to 300,

The variation of stick forces with up-aileron
deflection comnuted for the original and modifier? con-~
trol. svstems for a service indicated airspeed 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 40-pound stick force
at an upward aileron. deflecticn of 30°, The computed
results for the modified control system for the same con-
dition indicate a reduction of the stick force to
25 pounds; similarly, the stick force less spring force
is reduced from 29 to 19 pounds for the 30° upward
aileron deflection. The computed stick forces for the
509 nominal flap setting, for which the overbalancing
tendency is greatest, indicate that the modified linkage
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will slightly reduce the stick forces for this condi-
tion but that the . spring force will still prevent
overbalance at speeds at least as low as 8 miles per
hour .

Maximum Lift Coefficients and Stalling Characterlstics

The maximum lift coefficients obtained with the full-
span slotted flaps are plotted against flay, deflection in
figure 22. 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; although there is some variation in the values
obtained from tha different tests, the variation does
not appear to be related to the position of the landing
gear or hood. There IS a possibility of some error in
estimating the weight of the airplane for individual
tests, which may contribute to this variation; 1t is
unlikely, however, that the error from this source in -
the average value of maximum 1ift coefficient for a given
flap position exceeds 1 or 2 percent. The maximum 1ift
coefficient attainable under the basic condition of the
tests - throttle closed., engine idling - is shown to
occur at a flap deflection of L10° and to have an average
value of about 2.)43, which represents an increment of (.88
over the average flaps-neutral maximum lift coefficient
of 1-550

Wind~tunnel tests (unpublished) of a 1/8-scale model
of the F2aA-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 is pointed out that, In the flight tests, the
Reynolds number was lower with flaps down than with flaps
up. This fact explains a somewhat smaller increment of
maximum lift 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, In flight, caused by the varying
angle of attack, that introduce some uncertainty in the
comparison of maximum lift coefficients from flight and
wind~tunnel tests, The effect of varying angle of attack
wag Iinvestigated in wind-tunnel tests reported in
reference D and it was found that a relatively small rate
of increase of angle of attack gave an appreciable in-
crease in the maximum lift coefficient. The results 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 flaps up. With a given flap
setting, the rate of change of angle of attack varied
rather widely between different tests - from 0.12° to
0.145° per second with flap neutral and from 0,25° to
1.000 per second with a flap selector setting of L0° -
but there was no indication of a consistent variation of
maximlIJ(m lift coefficient 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-
gibility that the ailerons might float up considerably
with the flaps deflected and reduce the maximum lift 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 defleotign of the ailerons at the stalling

speed does not exceed! 2% for nominal flap deflections up

to 4,0° 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 airplane with flaps up
are better than average for a fighter type. In this con-
dition tail buffeting provides a definite warning of
stall, the roll-off at the stall is relatively mild, and
the airplane read-ily recovers with normal manipulation of
the control-s. 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 is a relatively large loss of
altitude before recovery can be effected.

Longitudinal Stability and Control

The fixed-control, static longitudinal-stabllity
characteristics of the airplane with the center of gravity
at 30.4 percent M.A.C. are indicated in figure 2 for all
flap settings by plots of elevator deflection required
for trim against service indicated airspeed, With engine
idling, the airplane is stable with all flap settings.
with level-flight power, the stability is considerably
less than for the engine-idling condition but remains
positive for flap selector settings up to and including
300, With nominal flap settings of EOO and 509, the
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airplane becomes unstable with level-flight power when
the service indicated airspeed is decreased to less than
about 100 miles per hour.

The elevator deflection requfred to stall the air-
plane with engine idling increases a relatively small
amount as the flap is deflected and in no case exceeds
about 11.°,

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-
idling and level-flight power conditions, the stick
force changes from a pull to a push force as the air-
speed is increased through the trim speed, which indi-
cates positive control-free stability, No data arc
available for tbe smaller flap deflections but, with a
flap selector setting of L0°, 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 50° 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 is 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 1S 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 is also
shown in figure 24 for the neutral position and the
nominal 50° position of the Slaps. With the flaps up,
the trim-force change in going from engine-idling to
level-flight power IS from 2 to 3 pounds in the speed
range tested. With the flag selector setting of 5009,
the- trim-~force change between engine-idling and level-
flight pqower conditions is between 8 and 11 pounds.

. The change in elevator stick force required to
maintain trim with fixed tabs when the flaps are de'-
flected is shown in figure 25 for Vi4 = 9L miles per
hour with engine idling and with power for level flight,
.flaps. up, The maximum trim-force change with flap
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position occurs at a deflection of about [,0° and, for
the sveed represented, amounts to 8 pounds with engine
idlinz and to 6 pounds with'power for level flight,
filaps up.

' CONCLUDING REMARKS

The principal results of ths Flight tests of a Navy
F2i-2 alirplane, equipped wisth full-span NASA slotted
flaps and wtth a double system of' internally balanced,
treiling-edge allerons and.slot-1lip ailerons, are sum-
marized as follows:

-

Trailing-ed~c~ai’sron characteristics:

1. The errectiveness of the trailing-edge-
a2ileron installation was unsstisfactory; with full stick
travel, the maximum values of wing-tip helix angle ob-
tained were 0,065 ut a service indicated airspeed of
90 miles per hour and 0.050 at 216 miles per hour..

_ 2. The low effectiveness of these ailerons
is attributed to the extreme elastic deformation Iin the
control system under load,

3. "he stick forces were excessive at high
speeds. It was sstimated that at a service indicated
airspeed of 200 miles psr hour (80 percent; of maximun
level-rlight speed}, if the effectiveness were not
limited by deformation of the control system under load,
the stick force required to give a value of wing-tlp
helix angle of 0.07 would be about L5 pounds.

. & reduction in the effect of the internal
balance caused by gaps in the aileron seals at the hinge
brackets may be responsible for the high stick forces,

5. Tncreasing the torsional stiffness of the
torque tubes in the aileron control system, increasing
the no-load dseflection range of the ailerons to about
£20°, and more effsctively sealing the ailerons might make
the aileron characteristics satisfactory.

Slot-lip-aileron characteristica:

1. The effectiveness- of the slot-lip_ailerons
was adequate for all conditions tested-; ths maximum

4
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values 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-1lp ailerons 'to prevent overbalance
of the stick forces at low speeds, particularly with the
larger flap deflections.

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

li. With the 20° nominal flap setting, the
stick forces (including spring force) became too heavy
at moderate speeds; for example, at a service indicated
airsmeed of 119 miles per hour, the force required to
give a value of wing-tip helix angle of 0.07 was between
5 and 40 pounds. It is indicated from calculation,
however, that the stick forces far this condition could
be materially reduced (Ffroml.o to 25 1b at 119 mph) by
modifying the control linkage system to reduce the full-
deflection up-aileron travel from 1.6° to 30°, which is
sufficient to give a wing-tip helix angle of at least
0.07 with all flap settings involvinz use of the slot-1lip
ailerons,

5. The lag in the response of the rolling
motion to control application did not appear to be
materially greater I%gr the slot-1lip ailerons than for
the trailing-edge ail.-:.pons and was not noticeable to the
pilot

Meximum 1ift coefficients and stalling character-
istics:

1. The highest value of maximum lift coeffi-
cient obtained with engine idling was 2.43; this value
represents an increase of 0.83 over the value obtained
with flaps neutral.

2. The highedt value of maximum lift 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,

4
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Longitudinal stability and control (center of
gravity at 30.L 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 L0°
and 50° nominal flap settings, the airplane was unstable
ﬁt service indicated airspeeds below about 100 miles per
our.,

3. 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 14°.

Langley Memorial Aeronautical Laboratory, _
National Advisory Committee for Aeronautics,
Langley Field, Va.
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HACA Fig.
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NACA Fig. 9
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WACA Fig.- 15
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WACA Fig. 20
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Figure 25.- Variation of elevator stick force required for trim
with deflection of full-span slotted flap, Steady
flight; service indicated airspeed, 94 mph; c.g. at 30.4 percent

M.A.C.3; landing gear up; F2A-2 airplane,
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