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WIND-TUNNE]L, INVESTIGATION OF A FULL-SPAY RETRACTABLE.
FLAP I¥ COMBIFATION WITH FULL-SPAN PLAIN AND
IXTERNALLY BALANCED AILERONS -ON A TARERRD VWIKG

By ¥, M. Rogallo, J&hn G Lowry, and Jack Figchel
SUMMARY

An investigation wae made in the LMAL 7- by 10-foot
tunnel of a 20-percent-chord full-span retractables flap in
combinatien with 8~percent-chord full-span plain arnd in-
ternally balanced allerons on a semispan model of the ta-
vered wing of a typical fighter asirplane. The full-epan
flap fits into a cut-out ahead of the aileron to conform
to the orlginal wing contour when in the retracted posi-
tion and moves dowd and back to 1ts extended positionn.
Incrementse of rmaximum 1lift coefficlent of aporoximately
1.3 and 1.5 were obtalned from the full-gpan flap at de-
fledtions of 30° and 50°, respectively. The aileron ef-
fectiveness for a deflection renge of x18° 1s thowght %o
te adtequate in the flap-retracted condltion. With the
flap fully extended, the aileron effectlveness was about
50 percont greater than with the flap retracted. A re-
duction of aileron effectiveness of approxinmately 40 per-
cent relative to the alleron effectiveness wlth the flap
rotracted anpeared unavoidabvle at certain intermedlate

‘flap positions. The interngl balance reduced the esti-

mated alleron stick forces to acceptable waluss for all
flap positiong and defloctlions along a selectod path.

INTRODUCTION

One of' the problems arising from the increased speed
and wing loading of modern airplenes 1s the difficulty of
obtelning high 11fte for landing and take-off without inm-
palring lateral control. In order to obtain solutions ta
thls problem, the NACA is investigating, on a semispan
nodel of the tapered wing of a modern fightar airplans,
lateral-control devices that appear promleing from previ-
ous wind-tunnel teets.




The present tests of an 8-percent-chord full-span ail-
leron on a tapered wing with a full-span retractable flap
may be consldered an extension of the work reported in
references 1 and 2. The object of the wind-tunnel tests
was to dotermine the 1i1ft characteristics .and the alleron-
control characteristice for various poslitions and deflec-
tlons of the flap. Most of the tests were made with a
"sealed internally balanced alleron with small overhang in
order to obtaln data over a large alleron deflectlon range;
with the flap retracted, comparative tests were made of the
alleron with the seal removed. The results indlicated that
an aileron deflection of £15° would provide adequate rate
of roll 1f the alleron were sealed; the sealed internal
balance was thereforoe increased to the maximum overhang
permnigsllble with an alleron defleoction of £15°. With the
large internal balance, tests were mads to determine the
hinge-moment characteristice of ths alleron with the flap
retracted. Some additlonal tests were made with the flap
extonded, primarily to obtalin Ii1ft and rolling-moment
data at angles of attack or flap positionse not Investigat-
ed wlth the smell overhang.

Tho stick forcos ang the rates of roll were estimated
for an airplane with x15° alileron linkage for soveral flap
positions along a sclected flap path. With the flap fully
sxtended, two arrangements of tho flap and alleron were
investigated; one of these arrangements retainsd the x15°
alleron linkage, bdbut the other required a differential
linkage.

APFARATUS AND METHODS

A somispan wing model was mounted in the LMAL 7- by
10-foot tunnel {reference 3) as shown gschematically in
figure 1. Thke root chord of the model was adjacent to one
of the vertical walls of the tunnel, the vertical wall
thereby serving as a reflection plane. The flow over a
semlepan in this sotup is essentially the same as it would
be over a complote wing in a 7- by 20-fuet tunnel. Al-
though a very small clearancc was melataincd bdetween the
root chord of the modsl and the tunnsl wall, no part of
the model was festencd to or in contact with the tunnsl
wall. The model was supported entirely by the balance
frame, as shown in figuroc 1, in such a way that thc magni-
tude of all the forces end moments acting on it could be
determined. Provisions were made for changing the angle
of attack whilo the tunnel was in oporation.
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The gileron deflections and hinge. moments were deter-
mlined- by means of 'a' calibrated. torque.-.rod and linkage wsys-
tem developed especially for. this type of setup:(fig.. 2).
The aileron was .defleoted by turning the hinge=moment dial
which, through the torque rod, drove the aileron-deflection
drive tube and the link to the alleron ho¥n. When the de-
slred- alleron deflection had been attaiped, the torque rod
wae clamped in poasltion in order that. all wing forces and
moments cbuld be determined without any interference from
the operator of the hinge-moment unit. The alleron de-
flectlion was determined by the reading of the alleron-
deflection dial with respect to the pointer attached to
the. angle-of-attack drive tube. The aileron hinge moments
were determined from the twist of the torgue rod as indil-
cated by the reading of the hinge-moment -dial with re-
spect to the pointer mentioned. The torque rod was cali-
brated after 1t was installed in the test setup.

The tapered wing model used in these tests was bullt
to the plan form ghown in figure 3 and represents the
cross-hatched portion of the airplane shown in figure 4.
The basic airfoil segtions were of the NACA 230 series ta-
pering in thickness from approximately 15% percent-at the
root to 8% percent at the tip. The dasic chord 6; of
the wing model was increased 0.3 -inch to reduce the trall-
ing edge thickness and the last few statlone were refalred
to glve a smooth contour. The alrfoll ordinates are glven
iIn table I.

The full-span retractable flap was dbullt to the ordi-
nates of table II and had a chord of about 20.7 percent of
the wing chord., The flap could be plvoted about 1ts nose
at the positions shown by the grid in figure 5. The posi-
tions shown in this figure will be indicated hereinafter
by a letter and a numder, as follows: 4-1, B-3, and so
forth, where the letter shows the chordwise flap position
and the number, the vertical gap in percentage wing chord.
The retracted flap was assumed to be et zero deflection.
The 8-percent-chord alleron had provisions for sealing and
changing the balance. A balance plate, which was tapered
along the span of the alleron to give the maximum overhang
with the rejulred deflection, was attached to the alleron
nose. -The balance chord 1s defined as the dlstance from
the aileron hinge axis to the midpoint of the seal. The
tralling edge of the curtaln was moved rearward for the
large~balance condition to improve the balance effective-
ness. Thls effect 13 discussed in reference 4.




Serles of tests in which the angle-of-attack and al-
loron deflectlion woere varled over the useful ranges were
made for many flap posltions and deflections. These flap
positions were taken on both sides of a path that appeared
promlsing from the results of reference 5.

All tests with the flap retracted were made at a dy-
namic pressure of 16,37 pounde per square foat, which
corresponds to a velocity of about 80 miles per hour and
to & test Reynolds number of adbout. 2,050,000, based .on
the mean aerodynamlc chord of 33.66 inches. The tests
with the flap deflected were run at a dynamic pressure of
9.21 pounds per square foot, whlch corresponds to a ve-
locity of about 60 miles per hour and to a test Reynolds
number of adbout 1,540,000, The tests were made at low
values of Mach and Reynolds numbers and at high turbulence
relative to flight conditlions (turbulence factor = 1.6).
The effects of these variables were not determined or es-
timated.

RESULTS AND DISCUSSION
Symbols

The symbols used in the-presentation of results are:

Cy, 11ift coefficient (L/qS)

Cp uncorrected drag coefficient (D/qS)

Op pitching-moment coefficlent (M/qSc!')

;' rolling-moment coefficient (L'/qbS) .

cl'u unecorrected rolling-moment coefficient

Cp’ yawing-moment coefficient (N'/qbS)

Cy alleron hinge-moment coefficient (Hy/qbgcg?)

acy Cpn of up aileron minus Oy of down aileron

c actual wing chord at any spanwlige location with
flaps retracted

c, chord of baslc airfoll sectlion at any spanwlse

location

c! mean aerodynanmic chord

L-S5a0L
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allsron chord measured along alrfoil-cherd line
from hinge axis of alleron to trailing edge of
airfoll

alleron balance chord measured from alleron hinge
axies to the midpoint of the seal

root-mean~-square chord of the alleron

root-mean-square chord of aileron balance

balance ratlo

twlce span of gemispan model
alleron span

twlce area of semispan model
twice 11ft on semispan model
twlce drag on semispan model

twice pltchlng moment of semiepan model about sup-
port axis- (0,.24¢)

rolling moment, due to alleron deflection, about
wind axis in plano of symmetry

yawlng moment, due to alleron deflection, sabout wind
axie in plane of symmetry

alloron moment about hlnge axils.

1
dynamic pressure of air stream 3 pV=> uncorrected
for blocking

free~stream veloclty

true alrspeed at gero altitude, mliles per hour

(30,/3a) 5,

(aoh/asa)m



a - angle of attack

aileron deflection relative to wing, positive when
trailing edge 1s down (the notation = with 8,
indicates that both allerons are simultaneously
deflected, one up and the other down)

8¢ flap deflection relative to flap-retracted position,
positive when trailing edge 1ls down

01' rate of change of rolling-moment coefficient OCj'
P with helix angle pb/2V

N

rate of roll V)

8 gtick force \7
[

Og control-stick deflection ~N

A positive value of L' or C;' corresponds to a

decrease in 1ift of the model, and a positive value of N!
or Cn' corresponds to an increase in drag of the model.
Twice the actual 1ift, drag, pltching moment, area, and
span of the model were used in the computation of the re-
sulte because the model represented half of a complete
wing. The angle of attack, the drag coefficient, the
rolling-moment coefficient, and the yawlng-moment coeffil-
cient have been corrected for the effect of the tunnel
walls in accordance with the theory of tralling vortex im-
ages. No corrections have been applied to the hinge-moment
coefflclepnts, and no correctiong have been applied to any
of the results for the effects of the support strut, the
blocking effect of the wing, the small gap between the
wing and the wall, the leakage through the wall around the
support tube, or the boundary :layer at the wall. The drag
values are believed to be comparative and not directly ap-
Plicable to performance estimations.

The over-all corrections applied (by addition) to the
angle of attack (in deg), to the drag coefficient, and to
the rolling- and yawlng-moment coefficients were:

ba, = 1.3 Cp

ACp = 0.023 Cp°

AC;' = -0.26 Cy!'
u

AC,' = -0.061 Cy3' O
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Lift, Drag, and Pitching-Moment' Coaffickents

The results indlcate that at all flap positions ihves-
tigated, even at negative flap deflections, the maximum °
lift-. cgefficlent was approximately as high or higher than
thet obtained with the flap retracted (figs. 6 to 12), 4
progresslve increase of the 11ft, the drag, and the neg-
ative pitching-moment coefficients was obtained as the
flap was deflescted positively or moved rearward. The ef-
fect of the vertiocal position of the fully extended flag
on the maximum 11ft coefficlent Lis shown in figure 12(a

For any given flap deflection, with aileron neutral,

Imax increased as the gap decreased within the test

range. With the flap deflected 30° at position L-3 and
the alleron nsutral, 2n increment of QLmax due to flap

deflection of approximately 1.3 was obtained (fig. 12(e)).
An additional increass in chax was obtalned by drooplng

the allergn; with the flap deflected 50° and the &ileron

drooped 5, an lincrement of approximately 1.5 in chaz

was obtained (fig. 12(b)). These values of Achax are

elizhtly higher than those reported in reference 1l for
somewhat eimilar arrangements in two-dimensional flqw and
may bo attributed, in the present investigation, to the
incrédased thickness and camber of the flap.

Some dlsagreement will be noted between results of
the orlginal and the check teste for the varlous charac-
terigtice with 30° flap deflection at L-3 (fig. 12(a)).
The check test was made several weeks after the original
test and small discrepancies may have exlieted in the aller-
on or flap smetting for the two teste.

A conparison of the results. of tests of various ar-
rangements of high-11ft and lateral-control devices on
the same baslc wing model (fig. 13) indlcates that the
AOL of the present arrangement is about 0.5 higher

than that of the duplox flap (reference 5). and about O. 4
higher than that of the full-span ‘slotted flap (reference
6) and that the drag coafficient of the present arrange-,
ment 13, in general, lower at any given 1ift coefficlent.

The variation of maximum pitching-moment coefficient
with maximum 1i1f%t coeffitient for several £flap arrange~
ments 1s preaented In figure 14. The variation is almost
1ndependeﬂt of flap ‘arrangement and the full-span flap



reported herein has higher values bf cmmak than the
other arrangements only in the range of higher chaz'

The loss of airplane 1i1ft coefficient required to trim the
wing pitching-moment coefficlent 1s given by the expres-
slon

cm
tall length

Loss of Op =

Curves of loss of C;, for tall lengths of 2.5 and 5 wing-

chord lengths are presented in figure l14. The net gain
in airplane chax rosulting from use of the retractabdle

flap 1s over 80 percent of the gain in chax of the wing

alone for a tail length of 2.5 ¢'. The percentage galn
would, of course, increase with the %all length.

As the Reynolds number ie.increased to full soale,
the values of chax ‘wlll be expected to increase and the

Increments of chaz due to the flaps may change because

of a change in the progression and position of the .stall.
The effocts of the tunnel boundaries and of scale upon
the stall of the wing were not investigated.

Rolling-, Yawing-, and Hinge-Moment Coefficients.

¥lap retracted.~ The resulte of the aileron investi-
gatlon wlth the flap retracted are presented in figure 15.
The variation of rolling-, yawing-, and hinge-moment co-
efficlonts with alleron deflection appears approximately
linear for the range of 8o = +15. A comparigon of figure

15(a) with figure 15(b) indicates that gealing the aileron
gap increased the rolling-moment coefficient approximately
20 percent for alleron deflections of +15° and approximate-
ly 5 percent for aileron deflectlions of x30° For the
0.30c, balance, gap sealed, the alleron effectiveness was
adequate for 8y = £15° (estimated to glve a valua of
pb/2¥V of 0.09,.as will be discussed subsequently). In or-
der, however, to reduce the values of the hinge-moment
coefficlent, the balance was increased to O. 56c (fig.
15(e)). A deflection range of *15° was obtained with thie

alleron balance before testing bdut, because of the dis-
tortlon of the alleron under aerodynamic loads, the lead-
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ing odge of the balsncy plate-camoe in contacdt with thg re~
traeted. flap when the aildaron was ‘deflected about -1l

Tho. hinge~moment, coeffiqien#e for negative .alleron der~
flections beyond -10° ware therefore,nﬁt used and extrapo-
lation. of ‘the hingde-moment curyes to.-15° was requirasd
for compu&ation 6f the eetimated stick forces. The addi-~
tion of. balance to the eealad aileron appeared to have
1ittle: :or .no.effect -on the-rolling—moment ‘apefficlent.

Sealing the..gap decreased the hinge-moment coefficlent

Jn addition ta inocreasing the rolling-mqment coefficient

avaJ.ln'ble. Tor ba = £159 and £30° the :r.edp.ction in the

hinge-momsnt .coefflcient. wae‘appro:imately.21 percent and
11 ‘percent, respectively. The addition of -balance to the
sealed ‘'allpron caused a further reduction of apProxiMate—-
ly 50 percent in hinge-moment coefficient for "84 = +15°
near gzero angle of attack. .Thise effect of ‘balance on
hinge-moment coefficlent.is indicated in figure 16, where
the values of Gh and ch& _are gompared for the three

amouhts of alleron balance. uead. Valuee of cha were o8-

timated for the & Tanges oflapproximately -4° to 4° and
9% to 17° with alleron neutral. Values of ch& were

ostimpted for the aillerochr range pf agproximately '5° to -.5°
at angles of attack of 0.1° and 13.3 The.effective bal-
apceé o0f the uneealsbd:alleron ‘was assumed to be. one-half
the thickness of the airfoll at the hinge axis (as was
done- in reference 7), and was found to be’ 0. 153c.. Ap an-
ticlpatod, both the soaling of the gap. “and--the addit.on
of balance decreased the' negative values of Ghs and

cha in both the Righ-I1ft and the high-apeed range. The

values of both paramators wero greater neggtively infthe
highslift range than in- the high-speed range. The hinge-
moment data obtaincd in the present investigation wero

‘orly ineideital-t6 the high-14ft and rolling-moment data

sought and the leakage past the &eals -was not experimen-
tally chockéd; the results, however, 1hdicate approximate-
ly the variation 6f-hinge-moment -elopas with balance ratle
expected for bhe arrangement tested.

Flap extended.-'The:valueg-of the rolling-moment coef—
ficient :avallable with pegled aileron deflectlons. of £15°
at .the vqrioue ¥lap positions investigated. are presented
in figure i%. "The range'*15°'wae choden because it was
thought that suffiéient roliing éffectiveness could be ob-
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tained 1n- thie range._ Where similar results were avall-
abled, as for the 0.30c, and 0,56cy balance, average valuese
are glven. Rolling-, yawing-, and hinge-moment data for
‘all the positions investigated are aveillahle but are:nct
presented herein., TFigure 17 indicates that the cherdwige
‘poeition of the flap nose, the flap-nose ,gap; and the de-
flection of the flap influence the values-of the rolling-
moment coefflicient. When the flap attailned a :positive:
deflection of '30° or greater near the fully extended posi-
tion, the alleron effectiveness increased and was consid-
erably higher than when-the flap was retracted. A reduc-
tion in the available rolling-moment coefficient appeared
unavoidable for some imntermediate positione. This effect
is, 1n general, similar to that encountered with the du-
plex flap arrangement (reference 5). The results indicated
that the flap should be extended over most of 1ts path at
negative doflections; whereas, the flap of the duplex ar-
rangement of referenco 5 was extended at positive deflec-
tions., In the present arrangement, the flap-extended posi-
tion waes at the wing trailing edge, whereas the flap-
extended position of the duplex .arrangement was several
percent ahead of the wing tralling edge.

Fairly complete afleron data are presented (figs. 18
to 48) and show that the rolling- and hinge-moment coeffi-
cients are. generally nonlinear witk alleron deflection
and vary with angle of attack, 4s previously lndicated,

a reduction of avallable rolling-moment coefficient was
obtained at some intermediate flap poesitions, and thls re-
duction appeared greatest at flap deflections near 0°.

¥With the flap in position L-3, 8¢ = 30°. and an alleron
deflection of #15°, a value of ©C;' of 0,070 at o = 13.8°
wes obtained (fige. 45 and 48), whioch was approximately 60
percent greater than was avallabdle with the flap retracted.
With the flap in position L-2, 8¢ = 50°, the maximum

11ft was obtained with the slleron drooped 5° (fig. 12(db)).

A reduction of rolling moment toefficient, obtained when
the aileron was deflected more than 10° (fig. 46), indi-
cated that the best lateral control for this flap positlon
would be obtained by only a sinall positive and a large
negative alleron deflection from the neutral position,

8g = 5°, Thue, the aileron ond stick-force characteristics

vore eostimnted for an alrplene with the flap 1in the two
following extended positlons: L-3, 8¢ = 30° with an

equal up-and-down control system that would allow an 81-
leron deflectlon of £15°; and L-2, 8 = 50°, 8a = b

l~So0¢
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with two differential ebntrol ‘systems that would allow
onlv a 5° posltive alleron defleotion..

With thé flap 1in: the' fully extended pésition (L),
alleron characteristics of the present arrangement are
similar to those of the slot-lip arrangemént with the flap

‘extended (references 8 and 9) and show the same increases

in effectiveness with .flap deflection as wers shown by
the slot-11p aileron.

In general, with the flap in positions back of the
alleron hinge axis, there was an increase 1in rolling-
m~ment coefficlent avallable and a noticeable lnocrease in
the slope of the hinge-moment-coefflcient curve as the
flap deflection increased. Also, as the flap was moved
rearvard the alleron floating angle became increasingly
negative, Ag previously discussed for the flap-retracted
conditlon, the addition of balance reduced the sealed al-
leron hinge-moment Blope with flap extemded. (See figs.
35 and 37 or- 45 and 48.) It 1s indicated in figures 45
and 48 that the addition of balance to the sealed aileron
reduced the -hlage-~moment coefficlent for = ¢15 ap-
proximately 13 percent for flap position L~ 3 .= 30
However, the reduction ip hinge-moment coeffic;ent was
greater with the flap retracted than with the flap fully
oextended, possidbly because the flap, when retracted, acted
as a curtain over the allaron balance and, when extended,
completely exposed the aileren bdalance.

Egtimated Airplane Charactoristics

From the data presented in the curves, a flap path
wag seloctod (fig. 49) and eome of the charactoristice of
tho airplane shown in figure 4 were estimated. These air-
plano characteristics are presented in filgures 50 to 59
and indicate the -results that may be expected with the
flap in various positions on tho.eelected flap path.

Tho ratos of roll woro ostimated by moans of the ro-
lationship

pb 03!
oy - ELT- (1)
b o

whore tho ccofficlent of damping in roll 0;'p was taken

-as 0.46 from the data of reference 10, Wing twist has dee:
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neglected and it was assumed that yawing moment would be
counteracted by the rudder.

The etick forces were estimated from the relationehip

' Ac .
F, = 45.8 —B (2)
8 1,
for the equal up-and-down alleron deflection and
8 = +18° and from the relationship
max
64. '
P e 52 [on,, (0 ) o G | @
u wn
L P sdown

for the differential control systems of 3:1 and 2:1, as
presented for the flap-extended position L-2, B¢ = 50°,
8g = 65°. These relationships may be derived from the ail-
leron dimensions and the followlng airplene  characteris-
tice:

Wing area, square feet e v e s 260

Span, feet . . . . . ¢ s ¢ 6 o e e s s . e 8 s e e s 38
Taper.ratio . . . . . . e e e e e e e .« 1.67:1
Airfoll section - . . . v e . . e . NAGA 230 geries
Mean aerodynamic chord. 1nchea © e s s e = 2 e e s 84.14
Welght, pounds . . . . . . . « . & e o + o« o « o« o 70863
Wing loading, pounds per equare foot e o s s e s o » R7.2
Stick length, feet . . . . .« ¢ ¢« v ¢ o & o o o o o & » 2
Maximum stick deflection, degrees . . . « .« « « « o« £21

Maximum aileron deflectlion, degrees )
0 1SSOa T TP 3 X

) o 3003 Balance . . [ ] [ ] [ L) L] .. . L] L - [ o L] . L L] :t15

.0 56c PAElANCO . © . ¢ « e s 2 s e s e s e e s e e %156
3. lodifferential coatrol (from an initlal '

B ATOODP) =+ o o » =+ o « o o s o o =2 o o o s o & B,-15
211 differential control (from an initial

B% AT00D) 4+ . 4 4 ot e e e e e e e e s v e . . B,-10

The values of the constants in equations (2) and (3)
are dependent upon-the wing loading, the slze of the al-
lerons, and the stlick length; the constant in equation
(2) depends, 1in addition, on the deflection of the aller-
ons relative to the stick. .4 factor of 0.805, moreover,

L-So¢
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l1s included in the constants to -correct for that part of
the wing and alleron that i1e included in the fuaselage and
_which, therefore, provides neither lateral control. nor
stlick -foroce. The loss- in alleron effectiveness from this
area is negligible (reference 11). Incidentally, in a
twin-engine airplane, the -alleron would not be installed
inboard of the nacelles. Thé'values of C3' and "Op- .
used 1n equatione (1), (2), and (3) are the values thought
to exist during steady rolling; the difference.in angle
of attack of the two allerons due t0 rolling hae baen’
taken into account.

The estimated lateral-control charactoristics and the
corresponding stick forces for the airplane, with the flap
following.-a selected path to its extended position, are
presented 1n figure 50 for the 0.303; sealed alleron at

several velocities and attitudes, A value of pb/2V 1lesas
then 0.07, the minimum required (reference 10), is 1indi-
cated at several flap positions. A reduction of -alleron
effectiveness, as compared to that for the flap-retracted
condition, 1ls observed as the ‘flap 1's extended and a con-
slderable lncrease in effectiveness is obtalned with the
flap near or at ites fully extended position. From flgure
50, it 18 apparent that the reduction of aileron effec-
tiveness 1s approximately 34 percent at position B-4,

8p = -10°; but the maximum reduction occursoat or near
posgltion I-6 when the flap passes through 0 , as men-
tloned previously, and results 1n a loss of effectiveness
amounting to approximately 40 percent with pb/2V = 0.054.
The reduction varies with velocity, flap deflection, and
flap path. Because the flap would normally be in these
intermedlate posltlons for a relatively short period of
flight, that 1s, during retraction or extension, a rela-
tively low alleron effectiveness may be acceptable. A4t
the fully extended flap poaition, the alleron effective-
ness lmproves consideradly, as is shown in figure b0,
wlth very little  increase in stlck force.

The relatively linear variation of stick force with
alleron effectiveness pb/2V for the flap-retracted con-
dition with the three amounts of alleron balance tested
is 1ndicated by figure 51 at several veloclitles. Sealling
the gap increased the maximum value of pb/2V by approxi-
mately 20 percent and reduced the stick force approximate-
ly 33 percent for full stick deflection. 4dding thke bel-
ance had no effect on pb/aV of the sealed alleron dut
reduced the stick force approximately 650 percent for full
stick deflection at high epeed. With the ailerons sealed,
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the available pb/2V far 8y = 515° ‘was greater than the
mninimum required; whereas, .with the unsealed ailerons this
effectiveness was not provided at all veloocities. The al-~
leron characteristics for the:alrplane with the 0.560,
balanced alleron and the flap in several extended posi-
tione are presented in figure 52 and show the effect of
this balance as compared with the 0.30c, balance on stick
forces and aileron effectiveness. The alleron effective-
ness for flap position I-6, 8y = -10° represents the

most unsatisfactory conditlon investligated near the se-
lected path and indicates a pb/2V- of 0.05 at V3 = 101
miles per hour. This low value may be increased somewhat
by uslng a different flap deflectlion &t this position.

-In the flap-extended position, the.necessity of a
differentlal control for the aileron 1s indicated with
flap at L-2, 8¢ = 50°, B8, = 6%  Dbecause of a change in
slope of rolling-moment coefflicients at deflectione beyond
8 = 10°, Two differential systems were therefore devised
as follows: a 3:1 diffeisntial that gave alleron deflec~
tions (from the initlial 5° droop) of 6° down, 15° up; and
a 2:1 différential that gave alleron deflectlons of 5°
down, 10° up. The mechanical characterietics of these
differentliale are given in figures 63 to 57. Because the
aerodynamic stick forces (figs. 58 and 59) obtained for
both differential systeme were negative, springs were re-
quired to-provide positive forces. The alleron effective-
ness appeared to be adequate for both proposed systemp
and, 1in all attitudes, was greater than that obtalned in
the flap-retracted condition.

Sevbdral alleron and flap arrangements have been test-
ed on the wing model of the present investigation (refer-
ences 5 and,G?. The 11ft, drag, and pitching-moment char-
acteristices of the several arrangements are compared 1n
figures 13 and 14, Egtimated rates of roll for the sever-
al arrangemants (arrangements 1 to 10) are compared in
figure 60(a), in which it may be seen that the present
arrangement and the plug alleron gave much hligher rates
of roll with flap deflected than with. flap mweutral. 1In
both conditions the plug aileron had a much lower avail-
able rate of roll than the present arrangement, dbut this
deficlency of the plug aileron could be remedied by in-
creasing 1ts size. (See reference 6,) With regard to
rolling effectiveness and. stieck forces, 1t appears that
all the arrengements considered could be made satisfactory.
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The varlation of O0p'/C;' -with- Oy of the several
arrangemente was eeeentially the same (fig. 60(b)), but
the 0,'/0;' at any given value of Oy differed widely-.
ampng.the .several,arrangements. The plug.aileron gave. the
lovest values df adverse Gn'/O; and, with all the ar-~

rangements, the advérse -0,'/0;' was much lower with-

flaps down than with flape neutral at any partioular 1lift
coefficient. If drooped allerons are used, however, high
adverée O0,'/C;' .may be expécted, as is indicated by the

single point obtained. from errungement 4. The effect of

yawing moment on alleron control 1s treated analytically

in reference 13, High yawing-moment ratios of either

sign should be avoided if poesible, and flight testp may

indicate the desirability of modifying all the arrange-

mente e:cept the plug alleron to reduce the adverse
0n'/Ci' at high Oy.

CONCLUSBIONS

1. The results of this investigation of a full-span
retractable flap in combination with a.full-span alleron
indicate that an increment. of maximum lift coefficient of
1.3 may be attained by deflecting the full-span flap 30°
wlth-.the flap nose about 3 percant below the tralling edgd
of the wlng. This increment was lncreased to 1.5 by in-
creaslng. the flap deflection and drooping the alleron.
The pltohing-moment coefflcient obtained at any given
11f%t coofficient with the flap extended was approximately
the same as that of other partial and full~span flap ar-
rangoements tested in the same wing.

2. The estimated alleron offectiveness was adequate
in the flap-retracted condition and was iincreased by abdbout
50 percont when the flap was extended, 4 reduction of al-
leron effectiveness of approximatoly 40 percent relative
to. the flap-retracted condition appears unavoidable at
some intermediate flap positlions. An internal dalance re-
duced the estimated stick foroes to acceptadble values for
all flap positions and deflections along a selested path,

3, It is indicated by the estimated rates of roll
and.the stick forces that the wing arrangement tested would
provide satiefactory lateral control on the assumed fighter
alrplane.

Langley Memorlal Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley FTield, Va.
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TABLE I
ORDINATES FOR AIRFOIL

[Spanwise stations in inches from root section, Chord
stations and ordinates in percent of basic wing.chord, c;]

Model wing station O Model wing station 88.8
Upper Lower Upper Lower
Station surface surface Ftation surface surface
0 o o] 0 0 0
1.25, 3.48 -1.60 1.26 1.89 -.84
2.5 4 .61 ~2.36 2.5 2.65 -1.07
5 6.10 -3.,21 5 3.70 -1.26
7.5 7.14 -3.82 7.5 4.456 -1.40
10 7.89 -4,33 10 4.98 -1.62
156 8.80 -5.12 15 5.54  =1.86
20 9,22 -5.71 20 5,73 -2.22
25 9.40 -6.10 25 5.77 -2.46
30 9,37 -6,.28 30 5.71 ‘=2.62
40 8.90 -6.23 40 5.36 -2.70
50 8.02 -b5.78 bo 4.78 -2.56
60 ) 6.85 -5.06 60 4.06 -2.27
70 b.44 -4.10 70 3.21 -1.87
80 3.87 -2.97 80 2.26 -1.36
90 2.12 -1.67 90 1.22 -.78
95 1.16 -.94 96 .70 -.46
100 +18 -.16 100 .18 ~.14
100.73 .03 -.03 101.2 .05 -.05
L.B. radiue: 2.65. 'Slope L.BE. radius: 0.70. Slopﬁ
of radius through end of ‘of radius through end of
chord: 0.306 chord: 0,305

[ Nt 4
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TABLE II
ORDINATES FOR FULL-SPAN FLAPS

[Spanwise stations in inches from root sectlsn. Ohord
stations and ordinates in percent of basioc wing chord, o;]

Flap stations

Model wing station. O Model wing statlion 88.8

Upper Lower Upper - Lower

[Btetion | . face | surfac Btation |y face surfacJ
o . ~1,29 -1.29 0 -0.76 ~-0.76
.52 -,08 -2.30 .53 .01 -1.16
1.04 <48 -2,.,60 1,06 .36 -1,23
2.07 1.29 ~2,.60 2.12 .80 ~1.22
4.156 3.17 -2.44 4.24 1.30 -1.10
6,22 2.53 -2,18 6.36 1.42 ~-.99
8.29 2.40 -1.91 8.48 1.36 -.87
1l2.44 1.66 -1,32 12.72 .93 -.63
16.58 .86 -.69 16.96 .b1 -.32
20,72 .03 -.03 21.20 .05 -.05

L.B, radius: 1.19 L.B. radius: 0,32
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Figure 49. - Schematic diagram of flap position along the selected
Flap  path.
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Figs. 53,54,55
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Figure 83-Schematic . diagram of aileron linkage for equal up and down
deflections. &, .. ,*15°
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Figure 54.-Schematic diagram of 3:l differential aileron linkage with
a &° aileron droop . Sapax » 55 15°
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RACA Fig. 60a

Indicated  velocity , Vi, mok
(a) Yanation of rollmq effectiveness with velocity.

Fig.o0(a,b).-Com parisen of the effect of aileron deflect-
1on on estimated airplane characteristics for sev-
erql ah hft and Ion‘ero\ control arrangements on

tapeved wmg model.
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NACA Fig. 60b

Yaw -roll ratio , C,/C,

Arrangement Alleron Flap Reference
Type Span . Droop Deflection Type Span Deflection

1 ----- —x plug 5 0.45 b/2 0¢ 36.6°,-50° slotted 1.0 b/2 oe 6

2 ——e + plug 5 .45 b/2 0* 36.60,-50e slotted 1.0 b/2 50 3
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8 ———A plain 1.0 b/2 0% 2158 °  petractable 1.0 b/2 30° at L-3

9 ——0 plain 1.0 b/2 5% &e 1156 retractsble 1.0 b/2 50° at L-2-

10 ————¢ plain 1.0 b/2 5 5o, .10° retractable 1.0 b/2 50° at L-2
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