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FLIGHT MEASUREAIENTS OF THE LATERAL CONTROL CHARACTERISTICS OF
NARROW-CHORD AILERONS ON THE TRAILING EDGE OF

A FULL-SPAN SLOTTED FLAP

By RICHARDH. SAWYER

SU31M.ARY

Results are presented oj @ight tests made to determine the
<feet oj jlap de$ection on the lateral control characteristics of
a modi$ed Brewster F2A-2 airplane equipped with partial-spa-n
narrow-chord ailerons on the trailing edge oj a full-span NACA
slotted -flap. The inrestiga~ion included determination of the
rolling and yawing characteristics oj the airplane in abrupt
aileron rolls with the slotted $ap at carious wftings ranging
from (la to abouf @O.

The results shorted that i’he e~ectireness of the ailerons was
greatly reduced at $ap de$ection.s grea[er than about 2’0°. For
.tiap defections up to about 90°, the aileron e$ectirene.ss UYLS
about the same as with jlaps retracted, but the adr.erse yawing
reloci@ dereloped in the abrupt aileron rolls was someu’hat
increased. This increase in the adwrse yawing r~locity, lLo-LO-
erer, was not considered objec~ionable by the pilot.

INTRODUCTION

Lluch interest has been e~idenced in the possibility of using
narrow-chord ailerons on the flap trailing edge to provide
lateraI control with the use of fulI-span slotted flaps. Tilnd-
tunnel tests (references 1 and 2) indicated that such an ar-
rangement wouId probably be unsatisfactory because of a
serious decrease in the effectiveness of the ailerons at large
flap deflections. Flight tests have subsequently been made
of a Brmrst er F2A-2 airpIane fitted with an experimental
wing incorporating full-span slotted flaps and narrow-chord
ailerons on the flap trailing edge.

The experimental lateraI-controI installation in the F2A-2
airplane was originaUy arranged so that the flap-trailing-
edge ailerons were operated only with the flaps retracted or
at sma~ deflections, and slot-lip derons mere used at larger
flap deflections. The results of flight tests of such an ar-
rangement are presented in reference 3.

The present report gi-res the results of flig$t tests of the
narrow-chord ailerons on the flap trailing edge with flap de-
flections of 0°, 210, 32°, and 42”. In addition to the determi-
nation of the rolling effectiveness of these ailerons, attention
was given to the -yawing motions introduced b~ the ailerons
as affected by ffap deflection.

AIRPLANE

~ Brewster F2A-2 airpIane, fitted with a. special wing
incorporating full-span NT.4CA slotted flaps and both partial-
span flap-trailing-edge ailerons and slot-lip ailerons, was usti

for the tests.
A complet e description of the airplane is” gi-ren-~in- refer-

ence 3. .&irpIane dimensions pertinent to the present tests
are given as foJ.lows:

wing:
Sp~n, ft_______________________________ 35
Ama (including 30.8 w ft of fuselage), sq ft,- 20S.9

Airfoil section:
Root _________________________________ NACA 2301S
Tip ---- . -- . - —- —----- —----------------- NACA 23009

Wing flaps fN.<CA slotted type):
Total area, sift ----------------------- 44.8
Flap smispan ------------------------- 14 ft $22&in.

Tra\-el, deg---------------------------- 50
Chord (25 percent mean wing chord), in. - _ 19.05

Flap-trailing-edge ailerons:
Span (ace) ___________________________ 9ft 10j< in.
Chord (10 percent mean wing chord), in. __ 7
Area (rearward of hinge line, each), sq ft. _ 5.6
Tra~-el________________________________ 17.5° up, 17’.5” down
Balance area (each), sq ft_. ---------------- 1.76

Vertical tafl:
Vertical spin __________________________ 5ft 10$+in.
.&ea, sqft ____________________________ 19.2

Weight as flown for tests, lb__________________ 5S00

Vie-w-s of the airplane are given as figures 1 and 2, and a
sketch showing the pIan view of the flap and Iate:al-contro~_
arrangement on the wing is given as &ure 3.

Positions of the fulkpan slotted flap with respect to the
wing ak -rarious flap deflections are shown in figure 4. A
cross section of the flap-trailing-edge ailerons, which were
internality balanced, is shorn-n in figure 5. The relaiions
between controI-stick position and deflections of the flap-
trailing-edge aiIerom are given in figure 6.

For the present. tests, the IateraI-control system was
arranged to permit fdl operation of the flap-trailing-edge
ailerons at. aIl flap deflections. The slot-lip ailerons were
locked in their neutral positions for all tests.
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FIGUILEl.-Tli, ec-quarter rear view of F2.k-2airpUane"witl)full-span slotted 8ap deflected.
Flnp deflection, SOO.

—.

FIGURE2,—’Nr~ee-quarterrem view of right wing of F2.1-2airplrme with full-span slotted
flap. Flap deflection, 10”; flap-trailing-edge aileron clefleete ddo’m’ward.

NACA slo?ted flop” )7ap-?roihhg-edge” deron

FIGURE 3.—Ple.n form of F2A-2 wing with fuI1-span sIotted flap, tkp-tmiling-edge aileron,
rmdsIot-lip ~ileron.

INSTRUhlENT INSTALLATION

The following NACA photographicdy recording instru-
ments were installed in the airpkne:

Item measured NACAinstrument
Tinw _______________________________ jl-second chronornetric timer
Airspeed --------------------------- Airspeed recorder
Position of control stick and rudder Three-element control-

pedals. position recorder
Positionof right ailero~>..-. _._- __-... Electrical control-position

recorder
Rolli\~gveIocity ---------------------- Angular-velocity recurder
l’a\vkg l’elocitJ’ -------------------- AnguIar-velocity recorder
Arlgle of yam------------------------ Recording yaw vane

~ i9.05”-

FIGURE4.-Positions of full-span slotied flap fc)rvariousangul~r dlspl:lccmcnts \+-ithuo Iwl[l
on flap, asmeasurcd at.spauw’ise station32 pcrccnt ofsemispanfrom centerline. 1724.-2
airpIane.

FIGURE5.—Seetion ~iewof F2.k-2wing sllo!ving fltiI]-traillng+[lgeaiIcron andsluttcd MI].

I?lQUEE6.-Relation ktt!ecnfiaytrailin&cdgc-ailero11qrflection8ndst{()k!:ns[tionwfth no
Ioadon system at all tbp deflections, Stick length, lt2,1.1inches. F2.L-2airplur!r.

All the recording instruments wcr~ synchronized by thti
timer:” Theairspeed recorc]er ~z’ttscollnccLcd to ~swiwding
static head, free to rotate in both pitch md yaw, and (0 w
shielded totaI-pressure tube, bo(hof whichwe.re mounkdon
a boom extending f chord ahead of the right wing Lip. The
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Time, sec

(a] Jf=O”. (%)~f=x”. (c) 5,=32”. [d) J{= 42°.

F IGLT.E7,—Time histories of afrpkne motions in abrupt aileron rolls with flap-trailing-edge ailerons at several dues of Rap deflection 81. Approximately MI mntml deflection;

calibrated airspeed, Y1miIes per hour; IeveI-8ight pawer. FM-2 airplane.

yaw ~ane was mounted on ci simiIar boom on the left wing
tip. The thwe-elemefit control-position recorder w-as situ-
ated in the cockpit near the base of the stick. The electrical
contro~-position recorder w-as mounted on the upper surface
of the right wing adjacent to the i.nbomI end of the ailerom

TESTS, RESULTS, AND DISCUSSION

The tests, consisting of =brupt aileron rolls with the rudder
held fixed in its trim position, ~ere made in accorckmce with
the procedure outlined in reference 4. Full-control-deflection
rolk -were mac{e at ~arious airspeeds in the low-speed
range for flap deflections of 0°, 21°, X?”, and 4?0. SewraI
particJ-controI-defiection rok -were made at one airspeed for
each of the foregoing flap deflections except for 42° flap
deflection. The tests were made at cdtitudes between 7000
and 8000 feet. TypicaI time histcwies of these maneu~ers
are shown in figure 7.

The efl’ecti~eness of the flap-trailing-eclge ailerons-in
terms of the helix angle pb/2 I“—is plot ted against right
aiIeron deflection from trim, for the ~arious flap deflections
tested, in figure 8 and against calibrated airspeed, for approxi-
mtwdy full control deflection, in figure 9. The principaI

characteristic of the ailerons indicated by these results is
the -rariation in effectiveness tith flap deflection. In order
to show this variation more clirectly, the faired data of
figure 9 are cross-plotted against flap deflection in figure 10
for a calibrated airspeed of 95 miles per hour; for comparison,
data obt ainecl from reference 2 for flap deflections of 0° “and
100 are also shown in fi=~re 10. The resuIts of the two
invest igat ions show a discrepancy of about 10 percent in the
absolute -ialue of pbi2 T“with flap neutral; this discrepancy
suggests that cbmges may ha~e occurred in the airplane
cluring the year between the two series of tests. Both- -
investigations, however, indicate simiIar trends in the effect
of smalI flap deflections on aileron effectiveness; the tests of
reference 3 show no change in effecti~eness for flap deflec-
tions up to 10° and the present tests indicate ody a smalI
decrease in effectiveness -with the flap deflected up to about
20°. For flap c{efiections greater than about 20°, the aiIeron
effect iveness decreases rapiclIy, until at 420 flap deflection
the effecti~-eness is ordy about 45 percent of the effectiveness
with flaps up for the airspeed shown. At lower airspeeds,
the decrease in the effectiveness is e~en greater. Th~>e
results are in generid agreement with wind-tunnel results
(references 1 and 2).
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20 /6 i2 8 4 0 4-8 L? /6 r.?O
Down up

Riqhf aileron deflection from trim, deg

(a) f%=o”.
(b) t{=21°.
(cJ F/=32°.
(d) J\=42°.

FIGURE&-Variation of effectiveness of fl?.p-traiIing-edgeailerons with fiiIercmdeflection at
sereml values of flap deflection &and sereral values ofcalibrated airspeed Vc. Level-flight
power. FM-2 airplane.

Co/ibraf@ o;rspeed mph

FIGURE9.—Variation of effectiveness of flap-trailing-edge Qilerons with airspmd at w.rious
tkp deflections. Approximately full co~trol defection; kwel-flight power. F2A-2 airplane.
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FIGGRE10.—Effwtiveness of ft&p-traiIing-edgeailerons at various fl~iprkffcct~ons. A~ersgt
of right and Ieft ro]ls; calibrated airspeed, 95 miles per hour. Approximately full coDtroI
deflection; IereI-flight power. F2A-2 airplsne.

Reference 3 points out that although the effectiveness of
the flap-trailing-edge ailerons on the l?2A–2 airplane was not
considered entirely adequate with flaps neutral or dctkcted
100, the effectiveness could probably be made satisfactory
by a moderate inereasc in the aileron-deflection range. The
results of the present tests indicate that this conclusion is
also applicable for flap deflections up to about 20°. For
larger flap deflections it is improbabk thtit the uilerons could
be made to provide sufficient controI by any practicml
rnodifkations.

As an indication of the yawing motions int roduccd in the
abrupt aileron rolls, the maximum angles of sideslip developed
(see fig. 7) are plotted in figure 11 against. ctdibrated air-
speed for the flap deflections tested. The direction of roll
seems to aff wt the amount of sideslip during the roll, and the
sideslip appears to be} for the most partj less with fkps de-
flected Ihan with flaps up. For a given rolling effcc [ivencss,
however, the angle of sideslip generally increases with flap
deflection.
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FIGURE11.—Sirleslip angles developed in abrupt 8ileron rolk ~ith flap-traifing-edge tillcrons.
Approximately Ml control deflection; level-flight power. F2.4-2 airpkum.
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The variation of the ratio of maximum &dverse yawing
velocity to maximum roMog velocit y de-reloped in the abrupt
sileron rok with calibrated airspeed at the flap deflections
tested is given in figure 12. The variation of this ratio with

flap deff ection is shown in figure 13 for a calibrated airspeed

of 95 miles per hour. These results show that at 95 miles
per hour the ratio of maximum adverse yawing ~elocity to
rolling velocity increases from appro.tiately 20 percent
with flaps up to about 60 percent. with flaps deflected 420.

The sideslip and yawing characteristics given in figures 11
to 13 are considered of practical importance only for flap
deflect ions up to about 20° because at larger flap deflections
the ailerons ha-i-e so Iittle effecti~eness in producing roll that
other characteristics are of little significance. For the first
20° of flap deflection, the increase in the angle of sideslip
for a given rolling effectiveness and the increase in the ad-
verse yawing veIocity were not considered objectionable by
the pilot.

CONCLUDING REMMZKS

The results of flight tests of partial-span narrow-chord
ailerons on the trailing edge of a fuWspan NTACA slotted
flap indicated that with flap deflections greater than about
WI0 the aiIeion effectiveness decreased rapidly, until at 42°
Hap deflection the maximum effectiveness obtained at low
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FIGURE ~2.—RMi0 of maximum zdrerse yawing rehxiiy to maximum roUing wkmity in
abrupt aileron rolls wilh Hap-tmiIing-edge aiIerons. Appmxirmtely ftdi corrrroI deflection;
Iwel-tlight p+wer. FX-2 airplane.
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FIG_CRE13.—Ratio of maximum admrse yawing Yeloeity to maxfmum rolling YehXitY in
abrupt aileron rolk with tip-trailing-edge aiIeron% Avewe of right and left rolfs; cali-
brated airsp&d, 95miles per how; approximate fti conmoI defl~tiOn; Ie~e~fight PO~~-
F2A-2 airPfwe.

airspeeds a-reraged only about 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 ailerons
but. resuIted in some increase in the adverse -yawing ~elocity
deveIoped in the abrupt aiIeron rolls. This increase in the
adverse yawing wlocit y, howe>-erj was not considered ob-
jectionable by the pilot..

L.WiGLEY MEMORIAL .<ERON.%UTICAL LABORATORY,

NTATION-AL ADTISORY COWJITTEE FOR .! ERON7.<UTICS1

L.kNGLEY l? IELD, 17 A.,Cktober 25, 19.46.
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