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FULL-SCALE WIND-TUNNEL AND FLIGHT TESTS OF A FAIRCHILD
AR2K~1 AIRPLANE WITH A ZAP FLAP AND UPPER-SURFACE
AILERON-WING INSTALLATION

By L. A. Clousing, Robert R. Lehr
and Willism J. O'Sullivan

SUMMARY

A Fairchild XR2K-1 airplane eaquivped with a wing
having a full-span Zap flap and upper-surface ailerons
was tested in the full-scsle wind tunnel and in flight to
determine the characteristics of the flap and the a2ilerons.
The 1ift, drag, and pitching-moment coefficients of the:
airplane and the aileron rolling-, yawing-, and hinge-
moment coefficients were measured st various flap deflec-
tions. The maximum rolling velocity and rolling accel-
eration, the yawing velocity, the time lag in the aileron
response, and the ajileron control forces were determined.

The flap, when extended from 0° to 43.0°, increased
themeaxinmum 1ift coefficlient from 1:29 to 2,37. Increas-
ing the flap gap from 0.010c to 0.037c with the flap de-
flected 43.0° increased the maximum 1ift coefficient by
0.20 and increased the pitching-moment coefficient. The
ailerons produced satisfactory roll at all flap deflec-
tions but had large hinge moments and produced excessive
stick forces, The silerons had negligible response lag
and produced a small erratic favorable yaw., At full flap
deflection the aileron control forces exhibited a rever-
sal near the neutral position. The control mechanism of
the ailerons was subject boith to large deflections under
load and great friction.

INTRODUCTIO™

At the request of the Bureau of Aeronautics, Navy
Department, the National Advisory Committee for Aeronau-
tics has conducted tests of a full-span Zap flap and
uprer-surface aileron-wing installation on a Fairchild
XR2K~-1 airplane. The tests consist of the measurement,
in the full-scele wind tunnel, of the primary aerodynamic



characteriistdics apd, dn flight, of those characteristics
not readily determined in the wind tunnel. The tests are
of the same general nature as previous tests of various
flaps and ailerons made on a Fairchild 22 airplane (ref-
erences 1, 2, and 3). The Fairchild XR2K-1l airplane has
a different type engine, greater horsepower, and

greater weight than the Fairchild 22 airplane, although
it is similar in most other details. The Zap flap em-
Ployed in this investigation is not the same as the Zap
flap of reference 2.

The NACA is conducting a systematic investigation of
various lateral-control devices for use with full-span
flaps. (See references 76 T R
characteristics of the various lateral-~control devices
used with them. Accordingly, particular attention was
paid in this investigation to the characteristics of the
upper-surface ailerons.

The wind-tunnel tests =are covered in part I of the
paper and the flight tests are reported in part II.

AIRPLANE AND WING

The Fairchild XR2X-1 airplane, equipped with a spe-
cial wing having a Zap flap and upper~surface ailerons,
is shown in figures 1, 2, and 3., Dimensions and other
characteristics of the airplane as tested are given in
table I. The airfoil secti on, which has been designated
by E. F. Zaparka the 2-115 section, is similar to the
N-71 airfoil with a slight modification of the upper sur-
face near the trailing edge. The dimensions of the Zap
flap are given in figure 4 and in table I. The flap has
a curved section and retracts on rollers into the trail-
ing edge of the wing. In the retracted position, the pro-
truding portion of the flap forms the trailing edge of
the wing. The flap is operated Ly a crank mounted on the
left side of the cockpit, five turns of the crank being
required to deflect the flap to its full extent, 43,0°
from the retracted position; the deflection is directly
proportional to the crank motion,

The upper surfsces of the wing near the tips are
fitted with the upper-surface ailerons having the appear-
ance shown in figures 1 to 4 and the dimensions given in
table I and in figure 4, In the neutral position the

end: 7.) - The ysé 6f fulle
span flaps has been chiefly hindered by the unsatisfactory
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ailerons are continuous with the upper surface of the wing.
The silerons rotate upward avout an axis slightly above
and behind the leading edge of the aileron, as shown in
figure 4, The differentisl motion of the ailerons under
no load is given in figure 5. The ailerons are moved by
cam mechanisms located at the ailerons and operated by
control cables from the stick.

The Fairchild XR2X-1 sirplene is normally equipped
with a rectangular wing with rounded tips theat has a
gpan of 32 feet 10 inches, a chord of 5, fepbsbiinches,
gnd s of N-22 airfoll section, The area of thisg winells
171 square feet and its weight is approximately 200 pounds.
Lateral control is provided by conventionsl ailerons of
12-inch (18.2 percent =) chord, v ich extend across almost
the entire trailing edze of the ing (83 percent b).

In comparison with the wing with which the airplane
is normally equipped, the special wing equipped with the
Zap flap and the upper-surface ailerons is 17,25 percent
smaller in area, 0,6 percent larger in span, and weighs
86.95 percent more,

SYMBOLS

Cp drag coefficient of airplsne without propeller
and horizontal tail (D/gSy)

Cp, profile-drag coefficient of wing (Dy/aSy)

Cy resultant sileron hinge-moment coefficient
a
(Ea/a8,c,)

C; 1ift coefficient of alrplane without propeller
and horizontal tail (L/qSy)

C;' eaileron rolling-moment coefficient about wind
axis (L'/qbSy)

C pitching-moment coeffici it about center of grav-

& ity of airplane withoui preopeller end horizontal
tail (Mg o /ac®d)
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pitching-moment coefficient about gquarter-chord.
point of airplane without propeller and horizon-
tal tail (M./qc®b)
4

alileror yawing-moment coefficient about wind axis
(N'/qbSy)

drag of airplane without propeller and horizontal
tail ‘

aileron hinge moment

lift of airplene without propeller and horizontal
tail

aileron rolling moment about wind axis

pitching moment o6f airplane about center of gravity
without propeller and horizontal tail

pitching moment of airplane about gquarter-chord
point without propeller and horizontal tail

aileron yawing moment about wind axis

area of one aileron (c,b,)
wing area with flap retracted
indicated airspeed

true airspeed

wing span

span of one aileron

flap span

wing chord with flap retracted

aileron chord, measured as shown in figure 4

flap chord, measured as shown in figure 4
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local profile-drag coefficient at 5% feet to
right of center line

P rolling angular velocity 2uout airplane body axis

ap angle of atteck measured with respect to thrust
axis

& aileron deflection from neutral position

8¢ flap deflection, measured as shown in figure 4

——— helical angle described by wing tip in roll

I - FULL-~SCALE WIND-~TUNNEL INVESTICGCATION

Tests

All the tests on the Fairchild XRZ2K-1l airplane with
the Zap flap and the upper-surface ai leron-wing installa-
tion were made with the horizontsl tail surfaces and the
propeller removed. The primary serodynamic characteris-
tics of the sirplane were obtsined for five flap posi-
tions, including the closed end the fully extended condi-
tions, over an angle-of-attack ranze of ~15° to 20° at a
test speed of approximstely 58 miles per hour, Scale ef~-
fect on the maximum 1lift was determined over a range of
test speeds from 28 to 60 miles p.r hour for the closed,
the three~fifths open, and the fully extended flap posi-
tions,

Momentum surveys were made behind the wing to find
the profile-drag characteristics for a number of 1ift
coefficients and for two flap settings. Ecale effect on
the profile drag with the flap retracted was measured
over a range of test speeds from 28 to 81 miles per hour,

Aileron rolling-, yawing-, and hinge-moment coeffi-
cients were obtained at zero rolling velocity for angles
of attack and flap settings simulating flight conditions,
The stick forces required to hold the ailerons at con-
stant deflection were obtained by means of a control-
force recorder and a control-position recorder installed




.aerodynamic characteristics of the airplane (figs. 6 and

tions occurring essentially at the same angle of attack.

in the cockpit; an aileron-position indicator was also in-
stalled on the wing at the left aileron. These instru-
ments made it possible to determine not only the actual
stick force required but also the aerodynamic hinge mo-
ments and the stick forces that would be required if all
the friction were eliminated. The control forces required
to extend and to retract the Zap flap were measured by a
spring scale.

At the conclusion of the te.ts on the wing with the
flap in the original condition, a metal strip l.4 inches
wide (marked A on fig. 4) was removed from the lower wing
surface in order to incresse the size of the slet through
the wing when the flap wes fully deflected. Abridged
tests at three flap deflections were made for determining
the effects of the slot on both the flap and the aileron
characteristics. A second modification was made by re-
moving some fabric on the lower surface of the flap trail-
ing edge (marked B on fig. 4) in order to change the cur-
vature at the trailing edge of the flap., With both of
these modifications on the airplane, tests were made with
the flap in the fully extended and in the retracted posi-
tions.

Results and Discussion

Lifh,, drag, and pﬁtching~moment coefdl client syt~ 4 bhe

7) show that the maximum 1ift coefficient increases with
increasing flap deflection from 1.29 at &8¢ = O o BT

at 85 = 43.0°, with the maximum 1ift for all flap deflec-

The slope of the lift-coefficient curve is constant
throughout the effective angle-of-attack range when the
flap is undeflected., With the flap deflected, the slope
of the lift-coefficient curve va-.es. In comparison with
the slope for no flap deflection, the slope with the flap
deflected is slightly greater at low 1ift coefficients

and slightly less at high 1ift coefficients.  The increase
in slope may be partly attributed to the increase in the
effective wing area when the flap is extended, because

CL is calculated using the wing area with the flap re-

tracted. The decre=zse in slope is caused by the flow

breakdown over the upper surface of the flap at high an-

gles of attack, Scesle effect on the maximum lift coeffi- %
cient at three flap positions is shown in figure 8.



The airplene pitching-moment coefficients about the
center of gravity (table I and fig. 4) for the various
flap deflections tested are shown in figure €. Pitching-
moment coefficients about the wing gunarter-chord point,
derived from the curves of figure 6, are shown in figure
9 :

The variation of the profile irag coefficient with
the 1ift coefficient for the zerc and the 13,5° flap de~-
flection is shown in figure 10, and the scale effect on
the profile~drag coefficient for the flap-retracted con-
dition is shown in figure 1l1l.

Ubper—-surface aileron chsracteristics.- The rolling-
moment coefficient and the yswing-moment coefficient
about the wind axis as well 2s the resultant aileron
hinge-moment coefficient at zero rolling velocity are
plotted against the left aileron deflection at various
11ft coefficients and flap deflections in figures 12, 13,
and 14, When the ailerons are under no load, the right
and the left ailerons are interconnected up to 3° left
stick deflection (-4 1left aileron deflection), as shown
in figure 5,  When the ailerons are under load, this
interconnection may be extended to greater left aileron
deflections because of the excessive stretch in the con-
trol system.

In figures 12, 13, and 14, the aileron rolling- and
yawing-moment coefficients are produced by both the left
and the right ailerons up to -4° left aileron deflection,
and possibly up to slightly larger deflections because of
the stretch in the control system under load., At left
alleron deflections in excess of this amount the aileron
rolling-moment coefficient and the yawing-moment coeffi-
cient are attributed only to the left aileron. Experi-
mental points cannot be given for "he resultant aileron
hinge-moment coefficients in figurs 12 to 15 because it
was necessary t0 measure the moments at the control stick
and to correct the moments for variation of the mechanical
advantage of the control system with stretch. The aileron
hinge-moment coefficients up to ~-4° left aileron deflec-
tion, and possibly up to slightly greater deflections,
are likewise attributed to both the left and the right
aileron. At left aileron deflections in excess of this
amount the resultant hinge-moment coefficients are at-
tributed only to the left aileron, The hinge-moment coef-
filcieénts shown in figures 12, 13, 14, and 15 are based on



the assumption that the moments arise only from the left

aileron.

The resultant s2ileron hinge-moment coefficients for
all of the conditions except that with the flap fully ex-
tended are similsr in that they increase, although irreg-
ularly, with increasing ai leron deflection. In the con-
dition with flap fully extended a reversal of the moment
occurs in the region from =19 te -9° deflection of the
left ajileron., When the flap is fully deflected, a small
opening (0.,010c, measured on the lower surface of the
wing) occurs between the flap and the wing., This opening
tends to increase the pressure on the lower surface of
the ailerons at high 1ift coefficients and to produce
thereby a negative alleron floating angle. This floating
tendency may exist at other thsn full flap deflection but
was not indicated by the resultant 2ileron hinge moment,
probably because of the interconnestion of the ailerons
and: the excessive fricetlon of th. gontrol system, The
aile rons not being weight-balanced, except in the neutral
position, the resultant hinge moment normally includes
the moment due to the weight of one 2ileron, The result-
ant hinge-moment coefficients of figures 12 to 15 do not
include the weight moment,

In figure 16 is given the stick force required to
slowly increase the aileron deflection at wvarious flap
deflections. The mean curves of "hysteresis loops"
found by incrcasing snd decreassing the aileron deflection
are also given. These mean curves represent the approxi-
mate forces that would be encountered if all friction
were eliminated from the control system provided that the
fricticn and the cable stretch are the same whether in-
creasing or decreasing the aileron deflection. Even in
the approximately frictionless condition the control
forces were excessive. (See reference 8.) Beyond ap-
proximately -4° left aileron deflection the forces shown
in figure 16 include the weight moment of one alleron,

The aileron rolling-moment coefficients at zero rol-
ling velocity (figs. 12, 13, and 14) showed an increase
with increasing aileron deflection and were slightly
greater when the flap was deflected. The coefficient is
less than would be given by simple sealed ailerons of
equal size having upward deflection only (reference 8).
Unlike the simple aileron (refererse 8), the upper-surface
alleron did not exhibit a rapid Cccrease in the slope of
the rolling-moment coefficient curve at about -20°

e
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deflection., A value of pb/2Vy = 0,07 has been found (ref-

erence 9) to represent setisfactory rolling for pursuit-
type airplanes of present-day speeds. If zero angle of
sideslip and zero yawing velocity are assumed, the Ci!

required to give a pb/2Vy of 0,07 is found to be 0,038

for this particular sirplane (calculated by reference 10).
The maximum measured values of G;! were, in all cases,

v

in excess of this amount.

The yawing-moment coefficients at zero rolling ve-
locity given in figures 12, 13, and 14 are very small at
all 1ift coefficients with the flap retracted, With the
fl ap deflected, the aileroas appear to give sdverse yaw-
ing moments, Similar results have been noticed in other
investigations of upper-surface ailerons (reference 11),

Flap operating forces.- The operating forces re-
quired to extend and to retrsct the flap are given in
figure 17 for two 1lift coefficients at a test speed of
58 miles per hour and in one condition with the tunnel
not operating. From these curves it was concluded that
the air forces tending to extend .r to retract the flap
are negligible, thet the frictior of the operesting mech-
anism constitutes the mein portion of the operating force
eand does not vary greatly with the aerodynamic lozd on
the flap, and that the unbalanced ‘weight of the flap aids
in extending the flep 2nd hinders in retracting it.

Flap-gap modificstions.- The maximum 1ift coefficient
of the airplene (figs, 7 and 18) was increased for the
retracted-, for the three-fifths-~extended~, and for the
fully extended-flep conditions when the gap between the
wing and the flap was enlarged to 0,037c¢c by removal of
the metal strip marked A in figure 4, With the flapsfully
extended the increase in 1ift coefficient was 0.20. The
Pitching-moment coefficients were simultaneously increased
because a large percentage of the incresse in 1ift occurred
on the flap, The slope of the lift curve is about the same
as that obtained with the original flap gap, but the curve
is shifted toward the negative sngles of attack. The drag
at all 1ift coefficients wss slightly decreased with the
enlarged flap gap (figs. 17, 18, and 19). The incresse in
gap size will probably cause an increese in the reverssl
of the aileron hinge moment when the flap is fully ex-
tended., During the tunnel tests with the stick locked in
the neutral position and the flep fully extended, the
serodynamic forces were sufficient to float both ailerons
at an angle of approximately -5°9,
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Flap trailing-edge modifications.- The finzl tests

were made on the airplane with a modified trailing edge

on the flap together with the incressed flesp gap (4 and B,
fig., 4, removed), The maximum 1ift and pitching-moment
coefficients (fig, 20) in this condition were only slight-
.ly increased over those without the trailing-edge modifi-
cation. The drag of the sirplane was also increased and
approximated the drag for the condition without the en-
larged flap gap and treiling-edge modification (fig., 19).

LCi=1

II - FLIGHT INVESTIGATION

Tests

Flight tests of the Fsirchild XRZ2X-1 airplane
equipped with the Zsp flap and upper-surface aileron-wing
installation were made in order to investigete the cherac-
teristics not messurable in the wind tunnel. Among these
characteristics are the maximum rolling velocity, the
rolling acceleration, the accompsnying yaw, and the time
lag in the ailerons. These characteristics were measured
both with the flap retracted and extended and at various
speeds. No flight tests were made with the modified flap
gap and the revised flap treiling edge.

Continuous photographic records of control movements
and the resulting behavior of the airplane were obtained
by installation of the following NACA instruments:

NACA instruments

1., Airspeed recorder

2, Control-pasition re-
corders

3, Angular-velocity re-
corders

4, Two-component acceler-
ometer

5. ~LControl-force recorder

6. Timer

Items measured

Airspeed

Budder, elevator, and
lateral stick move-
ments; and flap pos-
ition

Angular velocity in
roll and yaw

Transverse and normal
accelerations

Stick forces required
to operate ailerons
and elevators

Time
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In addition, an aileron-position indicator was placed
on the left sileron to permit the reading of actual ailer~
on deflection in flight.

The error in the airspeed recorder resulting from
interference was not determined. It is judged that the
error in dynamic pressure did not exceed 5 percent with
the flap extended and was probably less with the flap re-
tracted.

Results and Discussion

Rolling velocity.~ The upper-surface ailerons were
e 3 PT

investigated by abrupt rolls made in level flight with
rudder and elevator held fixed. The maximum rolling
velocity is presented in figure 21 in terms of pb/ZVt

as a function of the actual aileron deflection. The
expression pb/zvt represents the tangent of the helical

angle described by the wing tip in a roll. The angle
being small, pb/2V, may be considered to equal the hel-

ical engle in radians. Numerous other tests (reference 9)
have shown that a value of pb/2Vy of 0.07(4.0°) or above

at full aileron deflection indicates a satisfactory roll-
ing velocity for pursuit-type 2irplanes of present-day
speeds. The Fairchild XR2K-1l airplane with the normal
wing and ailerons has a value of the helical angle of
about 0,075 raedian. Figure 21 shows that, with the flap
retracted, the upper~surface ailerons gave a helical angle
Just slightly greater than the minimum of 0.07 radian for
satisfactory control, This value, while obtained at full
stick deflection, is nevertheless at much less than full
ali leron deflection becsuse of the excessive stretch in
the control system under load. It 4s apparent that, 1F
full aileron deflection had been reslized, much greater
values of the helical angle would have been attained.

When the flap is in the retracted position, the hel-
ical angle increases slightly with decrease of the 1ift
coefficient, as shown in figure 21. The helical angle is
approximately directly proportional to aileron deflection.
This condition is desirable. With the flap fully ex-
tended, the helical angle is much greater at all aileron
deflections than with the flap retracted., Also, at small
aileron deflections, a relatively greater helical angle
is produced than at large aileron deflections. This
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result is more pronounced at the lower speed or greater
1ift coefficient:.

Rolling acceleration.- The variation of maximum
rolling accelerati on with ai leron deflection in abrupt
aileron rolls for several speeds aand flap settings is
shown in figure 22, TFor the Fairchild XR2K-1l airplane
these characteristics appear to be satisfactory. If the
ai leron-control system had exhibited less stretch under
load, it is likely that the maximum rolling accelerations
would have been greater,

L&Gi=1

At all flap positions in both slow and abrupt all-
eron rolls, the rolling acceleration began and remained
in the correct direction, which indicates that there was
no reversal of the rolling-moment coefficient at small
aileron deflections, as is sometimes noticed with spoiler-
type a2ilerons.

Response time.- Because 0of the great friction and

stretch of the aileron-control system, measurements of
the time between the start of the stick motion and the
beginning of the rolling velocity in abrupt sileron rolls
are not believed to be a true indication of the aileron
response time. The pilot noted no aileron lag and con-
sidered the ailerons satisfactory in this respect,

Yawing charscteristics.~ In figure 23 are shown two
typicel time histories of the yawing velocity in adbrupt
al leron rolls with flaps fully retracted and with flaps
extended, The rolling velocity, the transverse accelera-
tion, and the stick position (aileron control) are also
shown, It is to bPe noticed that the yawing velocity is
seen to be first favorable, then less favorable, some-
times becoming adverse, and finally becoming and remaining
favorable, In figure 24(a) is shown the maximum yawing
acceleration occurring immediately after aileron deflec-
tion, corresponding to that st approximately 0.55 second
in figure 23, This acceleration was such as to produce
favorable yaw for all flap deflections. In figure 24(b)
is shown the magnitude of the yawing velocltiy at that
time during the roll when it was least favorable and in
some ceses adverse, corresponding to approximately 1.5
gseconds in figure 23, For want of a better name this
velocity is called the maximum adverseness of yawing ve- 5
locity. The wvalues fall on either side of zero and are
generally small, As a result of the yawing characteris-
tic, the angle of yaw produced by the el lerons at the
time of the maximum rolling velocity is relatively small,
though favorable,
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Aileron control forces.- Records were obtainesd of

the control force during slow ai lsron reversals and nor-
mally executed S turns with vsrious flap deflections
and 2t various airspeeds. In all cases, the plot of con-
trol force against stick deflection gave loops of large
area, an indication that the friction of the conbtrol sys~=
tem was excessive. This result confirms the wind-tunnel
measurements of the friction shown in figure 16, The
magnitude of the stick forces was excessive; in one case
with flaps retracted, appréximately 40 pounds was re-
quired to obtain 2 stick deflection of 68 percent of
maximum at a speed of only 80 miles per hour., In addi-
tion, because of the stretch in the control system, this
stick deflection does not represent the aileron deflec~
tion. In some cases, the stretch was so great that a
full stick movement resulted in only a 50~percent aileron
deflection., If the stretch of the control system is dis-
regarded and the stick deflection is considered to rep-
resent aileron deflection, the forces encountered were
from four to eight times greater than forces thet would
be obtsined with conventional ailerons on this airplane,
With the fleps fully extended there was indication of a
reversal of stick force at small ai leron deflections;
these results confirm those of the resultant hinge-moment-
coefficient curve shown in figure 14.

Ags shown in figure 21, satisfactory aileron control
was obtained at about 60 percent sileron deflecti on, which
indicates that the aileron chord could be reduced and that
satisfactory control could still be attained at full ail-
eron deflection. This modification would reduce the stick
forces. A low-friction control system would be a consid-
erable improvement, By means of a control system that
does not stretch under load, full ai leron deflection would
be attained with less stick motion (fig. 5). This system
would permit the use of a greater mechanical advantage and
would further reduce the stick forces, "'If a suffiecient
reduction of stick forces could not be obtained with these
improvements, further reduction could be made dy aerody-
namic balancing, as, for example, by a paddle-type balance
or by other suitable means,

The attainment of satisfactory control~stick forces
at full aileron deflection will not eliminate all odjec-
tionable characteristics of the upver-surface ailerons
used in this investigation., ' The reversal of the control
forces near the neutral position, which was masked to a
large extent by the excessive friction of the control sys-
tem installed for the tests, will probably be easily
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noticed in a low-friction control system, The jerk st
the neutral position arising from abruptly stopping the
mot ion of one aileron and starting the motion of the
other may also become noticeable and objectionable in a
low-friction system.

CONCLUSIONS

The tests made in the full-scale wind tunnel with
the propeller and the horizontal tail surface removed led
to the following results.

1. The Zap flap when extended from 0° to 43.0° in-

creased the maximum 1lift coefficient of the alrplane from
1n 29ad0ies 3Va

2. The maximum 1lift =nd the pitching-moment coeffi-.
cients were increased for all flzsp settings by an increase
ifh the £lap zap:fromi 0.010c to 0.03%c.

&s i A reversal occurred in the resultant ‘aileron
hinge moment when the flap was deflected to the position
that opened the flap gap.

4, Large eileron hinge-moment coefficients and ex-
cessive stick forces were messured at high aileron angles,
but these stick forces are probebly, in part, a fault of
the particular test installation.

5. The ailerons geve sztisfactory rolling-moment
coefficients.

6. The yawing-moment coefficients of the upper sur-
face ailerons were very small at all flap deflections and
Lift coefficlients.,

The test made in flight showed the following results:

1., The ailerons produced the minimum satisfactory
rolling velocity with the flap retracted end more than
the minimum satisfactory rolling velocity with the flap
extended, despite the excessive stretch of the control

‘mechanism under load,

2. The time lag in the response of the allerons was
so small as to be unnoticeable to the pilot,

Lghe
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3. The yawing characteristics, although slightly
irregular, produced a small favorable yaw,

4, The sileron operating forces on the XR2K-1l air-
plane installation were excessive, . :

5. RBecause the aileron control system used in these
tests had excessive friction and wess very flexible under
load, the results regarding the aileron-control forces
cannot be considered as conclusive.

6. The results indicate the necessity for a congid-
erable overlsp in the starting and stopping of the upper-
surface ailerors; and that the control system must bte
dezigned with low friction and & :mall smount of stretch.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Vs,
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TABLE I,~ CHARACTERISTICS OF FAIRCHILD XR2K~1 AIRPLANE

WITH ZAP FLAP AND UPPER~SURFACEZ AILERON

WING INSTALLATION

Wing:

Zap

Area (flep retracted), Sy, square feet . . , . 141,5
8pen, by feet . . R T e G A AL R R R
Chord (flap retracted) Rl T R WO R N 4,34
Aspect ratio . . SR T i fat
HdnfollSsection (N 71 w*th s]ight modiflcation

off Moper surface near trailing edge) ., . . .. Z=115
Angle of incidence, geometric, degrees . . . . 3.0
Angle of incidence, of zero-lift chord line,

SHEEE T o e R e R P SRR e 620
REREEEOR L ARETRE - .« o i s e e e wal g 0
Lo b e e 4 N PSSO S R G A 0 S 391
flap:

Total area, (0,3645S,), square feet . . . . . 51.6
SURR VOEAR ), (Be, Bttt . ., L vl BEs
Chord (0,376e), ce, foet . . , ., gt ! & 1,68

Angle of flap when fully deflected relat1ve to
retrasted position, degrees . . . . .« 4 « s 43

Ailerons:

Area of one aileron behind hinge axis, S§gb,
square feet Sy o e S 8217
Span of one aileron (O 58~n) st BEEES TR 9.62
Chord behind hinge axis (O 190 6c), Gay Foek . 01640
ROBLTal . gEBBIDE  + v v v v v e o4 3is e flush with
upper wing surface

Maximum deflection from neutral with S5-inch
control stick horns ~

Right aileron, degrees up 41
degrees down ., s . s L
Left aileron, degrees REB- ol v i e 44
Aeereasl downiy,, in b, R O

e A o io
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TABLE I, - CONTINUZED

Stabilizer:

Area (not including fuselage), square feet. . . 19,4
Area (including fuqelave), gaquars feet. . . , . 23,0
Boef, feelbt ., . ., ., / &R s s
Maximum deflection rela+ive to thruvt axis,
degrees up., . . . 2B
Gagesen down "L Gl e e e RS 3.6
Elevator (sealed-hinge type):
Aren. square feet . . .. .« PR L Y
Maximum deflection relative to thrust axis,
i i o SR RN SR B R :24
degrees down . g 35
Distance from leading edge of W1ng to elevator'
MERES BRS¢ . . . vk e e w ok w e SR
B A panars 0t . . .. o ey elia ke in e RS 4,8
Rudder:
RN pauare Feeb ! . . vty et e e, w Rl RIS RN
Maximum deflection, degrees right , . . . . « . 27,6
degreess 1eft . ¢ s el ke GBS
Weighing data:
Weight as generally flown, pounds . . . .2040 to 2160

Center-of~-gravity position- .
Back of leading edge of wing (0,258¢c), feet . 1,121

Below leading edge of wing (O v30c), fant L | " BLWY

BRave thruet sxte, 8% . . v o ¢ o« e iE M
Engine:

B e i st e s e o o e i MAERR

S TR A S PR i ey seven cylinder, radial

Rated horsepower, brake horsepower at 2050 rpm 145

Propeller:

e R P Al L S ilael Tptiiam O N
B L v e o e eow B sblanes fixed piteh, metal
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Fig.1

Figure 1. - Zap-flap and upper-surface aileron wing installation
on the Fairchild XR2K-l airplane.




Figure 2.- Fairchild XR2K-1 airplane with Zap flap retracted and upper-surface ailerons in neutral position.
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Figure 3.- Fairchild XR2K-

1 airplane with zap flap fully extended and right aileron raised.
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in retracted and fully deflected position

Figure 4. - Sectional view of wing showing Zap flap/, up-
per-surface ailerons, trailing-edge and gap modifica-
tions, and center-of-gravity location of the airplane,
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propeller
removed.
Approximate
test speed,
58 miles
per hour.
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Aileron deflection, percent of maximum
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Figure 21.- Variation of the wing-tip helical angle with aileron
deflection for various flap settings and airspeeds in aileron
rolls. Fairchild XR2K-1 airplane with Zap-flap wing installation.
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Figure 22.- Variation of the waximua rolling acceleration with aileron doflection for several

indicated airspeceds and flap settings in abrupt ailcron rolls. Fairchild XR2K-1 airplane

with Zap-flap wing installation. Fower on.
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Figure 23.- Time histories of abrupt left aileron rolls with particular

reference to yawing eharacteristics, Rudder and elevator

held fixed. Fairchild XR2K-1 with Zap-flap wing installation.




L-437

NACA Fig. 24
oV
[3)
o 2
75
Eg X B
P P
&
3 L
L <) 1 ] 1
0 "
o o (0] @
o ~ X
— @ Q (0]
& @ a
§o> &
£ 5
B i go 25, o)
£ 0 20 4o 60 80 100
Left alleron deflection, percent
or, deg Vi, mph
o 0 7851
B 9 5.1
X 17.8 67.8
a 262 65.8
o 3.3 62.8
A 43.0 Ele e
o
8
“ ol
O o~ %)
o) £
n &~ > A
O = o] q
ol <
o o +
£ o
® O 0 AI
>~ i
< O o g
T > -
s
g & & .
E'; o (b)
8 2 el
Pt 0 20 Lo 60 80 100

Left aileron deflection, percent

Figure 2l.- Summary of aileron yawing characteristics on the
Fairchild XR2K-1 airplane with Zap-flap wing

installation.




