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SUMMARY

Results are presented of flight tests made to determine the
effect of flap deflection on the lateral control characteristics of
a2 modified Brewster F2A-2 airplane equipped with partial-span
narrow-chord zilerons on the trailing edge of a full-span NACA
slotted flap. The investigation included determination of the
rolling and yawing characteristics of the airplane in abrupt aileron
rolls with the slotted flap at various settings ranging from 0° to
about L40°.

The results showed that the effectiveness of the ailerons was
greatly reduced at flap deflections greater than about 20°. For
flap deflections up to about 20°, the aileron effectiveness was
about the samé ss with flaps retracted, but the adverse yawing
velocity developed in the ebrupt aileron rolls was somewhat
increased. This increase in tho adverse yawing velocity, however,

|
|
|
was not considered ijcctionable by the pilot. ; :
JNTRODUCTION

Much interest has been evidenced in the possibility of using
narrow-chord ailerons on the flap trailing edge to provide lateral
control with-the use of full-span slotted flaps. Wind-tunnel tests
(references 1 and 2) indicated that such an arrangement would
probably be unsatisfactory because of a serious decrease in the
effectiveness of the ailerons at large flap deflections. Flight
tests have subsequently been mede of = Browster F2A-2 airplane |
fitted with an erperimental wing incorporating full-span slotted |
flaps dnd narrow-chord. ailerons on the flap trailing edge.

The experimentsl lateral-control installation in the F2A-2 air-
Plane was originally arranged so that the flap-trailing-odge ailerons
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vers operated only with the flaps retracted or at small deflections
and slot-llp =ilerons were used at larger flap deflections. The
results of flight tests of such an arrangement are presented in
reference 3. . : : ;

The present paper gives the results of flight tests of the
narrov-chord ailerons on the flap tralling edge with flap deflec=
tions of 0°, 21°, 32° and 42°. In addition to the determination
of the rolling effectliveness of these ailerons, atbention was given
to the yawing motions introduced by the ailerons as affected by
flap deflection.

ATRPLANE

A Brewster F2A-2 airplene, Titted with a special wing
incorporating full-span NACA slotted flaps and both partial-span
flep-trailing-edge ailerons and slot-1lip ailerons, was used for
the tests.

A complete description of the airplane is given in refer-
ence 3. Alrplane dimensions pertinent to the present tests are
given as follows:

Wing:.
EPaRyall i o

. . . . . . . . . . . . . . . . - . 35
Area (1ncluding 30.8 sq

£ o Miselage), 89 ££ « s o » o=+ 2.£08.9

Airfoil section:
BOO% » v v 2+ w@LG O WATPLUPE T e e« RNOK 3000

Tip . . . . . . . . - - . . . . . . . . . * e e . . . I\‘IACA 23009
Wing flaps (NACA slotted type):
T{)tal area’ Bq ft Wl W %R W R e e W L e ’-Lll-.s
Yiap ScBAGEEN. o -+ sids il Soonabiva Gvad, 1pd, 2pegepnl (R w2 o
32
Tr&vel, d.eg . . . . . . . . . . . G W [ . . . . . . 50

Chord (25 percent mean wing chord), 1n. « o « o o o« o » o . 19.05

Flap~trailing-edge ailerons:
Span (E)aCh) . . . . . . . . . . . . . . . . - L) . . 9 ft ].O}l" in'
it

Chord (10 percent mean wing chord), Ine o o o o o o o« o o o . . 7
Arvea (rcarward of hinge line, each), 84 SUvgTERTIN E T & Bub
BPEVEL ¢ ¥ v s i W e ke e v e nos s M50 we, .5° Gown
Balstioe ares {each), 808t nwsmess /vwiel, Gig@ipgel 95 1.76

.
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Vertical tail: " 3
- Vertical PRl o lvcvrw ol b i e @ W iR D Tt 103 in.
AI'ea bl Bq ft . . . © o . ° . . K . . . . - . . L] . ° . . . . . 19 . 2

Velght a8 /flown for Al B « + » « « o o o v'v &% 17w V5 5800
Views of the sirplane are given as figures 1 and 2, and a sketch
shovwing the plan view of the flap and lasteral-conirol arrangement
on the ving is given as figure 3.

Positions of the full-gpan slotted flap with respect to the
wing ot various flap deflections are shown in figure 4. A cross
section of the flap-truiling-edge ailerons, which were internally
balanced, is shown in figure 5. The relations between control-
stick position and dsflections of the flap-trailing-edge ailerons
are given in figure 6.

For the present tests, the lateral-control system was arranged.
to permit full operation of the flap~trailing-edge ailerons at all
flap deflections. The slot-lip ailerons were locked in their

neutral position for all tests.

IVSTRUMENT INSTALLATION

The following NACA photographically recording instruments
were installed in the airplane:

Item measured NACA ingtrument
Time %-second chronometric timer
Airspeed Airspeed recorder
Position of control stick Three-element control-position
and rudder pedals recordor
Position of right aileron Electrical control-position
recorder .
Rolling velocity Anguler-velocity recorder
Yawing velocity Angular-velocity recorder
Angle of yaw : Recording yaw vane

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 ang yavw, and to a shielded total-
Pressure tube, both of which were mounted on a boom extending
1 chord ahead of the right wing tip. The yaw vane was mounted on
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a pim!lar boom on the left wing tip. The three-element control-
pogition recorder was situated in the cockpit near the base of

the stick. The electrical control-position recorder was mounted
on the upper surface of the right wing adjacent to the inboard end
of the ajleron.

TESTS, RESULTS, AND DISCUSSION

The tests, consisting of abrupt aileron rolls with the
rudder held fixed in its trim position, were made in accordance
with the procedure outlined in reference 4. Full-control-
deflection rolls were made at various airspeeds in the low-speed
range for flap deflections of 0°, 21°, 32°, and 42°. Several
partial-control-deflection rolls were made at one alrspeed for
each of the foregoing flap deflectlons except for L42° flap deflec-
tlon. The tests were made at altitudes between 7000 and 8000 feet.
Typical time histories of these maneuvers are shown in figure 7.

The effectiveness of the flap-trailling-edge allerons - in
terms of the helix angle pb/EV - 18 plotted against right
aileron deflection from trim, for the various flap deflections
tested, in figure 8 and agrinst calibrated airspeed, for approxi-
mately full control deflection, in figure 9. The principal char-
acteristic of the aillerons indicated by these results is the varia-
tion in effectiveness with flap deflection. In order to show this
variation more directly, the faired data of figure 9 are cross-
plotted against flap deflection in figure 10 for a calibrated
airgpeed of 95 miles per hour; for comparison, data obtained from
reference 2 for flap doflections of 0° and 10° are also shown in
flgure 10. The results of the two investigations show a dis-
crepancy of about 10 percent in the absolute value of pb/&V with
flap neutral; this discrepancy suggests that changes mey have
occurred in the airplane during the ycar between the two series of
tests. Both investigations, however, indicate similar trends in
the effoct of small flap deflections on aileron effectivencas;
the tests of reference 3 show no change 1n effectiveness for flap
doflections up to 10° and the present tests indicate only a small
decrease in effectivencss with the flap deflected up to about 20°.
For flap deflections greater than about 209, the aileron effective-
ness docreases rapidly, until at 42° flap deflection the effective=
ness is only about 45 percent of the effectivoncss with flaps up 3
for the airspced shown. At lower airspoeds, the decrease in the
ceffectivencss is even groater. These resulss are in general
agrecment wlth wind-tunnel results (reoforences 1 and 2)
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Reference 3 points out that although the effectiveness of the
flap-tralling-edge ailerons on the F2A-2 alrplane was not considered
entirely adequate with flaps neutral or deflected 10°, the effec-
tiveness could probably be made satisfactory by a moderate increasc
in the aileron-deflection range. The results of the present tests
indicate that this conclusion is also applicable for fiap deflec~
tions up to about 20°. For larger flap deilections it is improbable
that the ailerons could be made to provide sufficient control by
any practiczl modifications.

As an indication of the yawing motions introduced in the
abrupt aileron rolls, the maximum angles of gideslip developed
(see fig. 7) are plotted in Tigure 11 against calibrated airspeed
for the flap deflections tested. The direction of roll seems to
affect the emount of sideslip during the roll, and the sideslip
appearse te be, for the most part, less with flaps deflectecd than
with flaps up. For a given rolling effectiveness, howsver, the
angle of sideslip generally increases with flap deflection.

The variation of the ratio of maximum sdverse yawing veloeity
to maximum rolling velocity developed in the abrupt aileron rolls
with calibrated airspeed at the flep deflections tested is given
in figure lz. The variation of this ratio with flap deflection
is shown in figure 13 for a calibrated airspecd of 85 miles per
hour. These results show that at 95 miles per howr the ratio of
maximm edverse yawing velocity to rolling velceity increases from
approximately 20 porcent with flaps up to about 60 percent with
flaps defloched 4°,

The sldealip and yawing characteristics glven in figures 11
to 13 are considered of practical importance only for flap deflcc-
tione up to gbout 20° bocause at larger flap doflections the
ailerons have so little effectivencss in rroducing roll that other
charactoristics are of little significance. For the first 20° of
flep deflection, the increase in the angle of sideslip for a given
rolling effoctiveoness and the increasc in tho adverse yawing
veloclty were not considercd objectlonable by the pilot.

CONCLUDING REMARKS

The results of flight teats of partial-span narrow-chord
aillerons on the trailing edge of a full-span NACA slotted flap
indicated that with flap doflections greater than about 20° the
alleron effectiveness decreased rapdily, until at 42° flap
deflection the maximm effectivencss obtained at low airspeeds
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averaged only ebout 45 percent of the effectiveness with flaps
retracted. Deflection of the flaps up to about 20° had little
effect on the rolling effectiveness of the allerons but resulted

in some Increase in the adverse yawing velocity developed in the
abrupt eileron rolls. This increase in the adverse yawing velocity,
however, was not considered objectionable by the pilot.

Langley Memorial Aeronsutical Laboratory
National Advisory Committee for Aeronsutics
Langley Field, Va., October 25, 1946
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Figure 1.- Three—quartér rear view of F2A-2 airplane
span slotted flap deflected. Flap deflection, 50°,

with full-
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Figure 2.- Three-quarter rear view of right wing of F2A-2
airplane with full-span slotted flap. Flap deflection, 10°;
flap-trailing-edge aileron deflected downward.
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Figure 3,- Plan form of F2A-2 wing with full-span slotted flap, flap-trailing-
edge aileron, and slot-lip aileron.
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Figure 4.~ Positions of full-span slotted flap for various angular displacements
with no load on flap, as measured at spanwise station 32 percent of

semispan from center line. F2A-2 airplane.
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Figure 5.-- Section view of F2A-2 wing showing flap-trailing-edge aileron and slotted flap,
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Figure 7.- Time histories of airplane motions in abrupt aileron rolls with flap-trailing-

edge ailerons at several values of flap deflection
control deflection;

F2A-2 airplane.

8 .

Approximately full
; calibrated airspeed, 91 miles per hour; level-flight power.
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abrupt aileron rolls with flap-trailing-edge ailerons. Approximately

full control deflection; level-flight power,

F2A-2 airplane.
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Figure 13.- Ratio of maximum adverse yawing velocity to maximum rolling velocity in
abrupt aileron rolls with flap-trailing-edge ailerons. Average of
right and left rolls; calibrated airspeed,95 miles per hour; approxi-
mately full control deflection; level-flight power, F2A-2 airplane.
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