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WIND-TUNNE]L, INVESTIGATION OF A FULL-SPAXY RETRACTABLE.
TLALP I¥ COMBIFATION WITH FULL-SPAN PLAIN AND
IXTERNALLY BALANCED AILERONS -ON A TARERRBD WING

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

An investigatlion wae made in the LMAL 7- by 10-foot
tunnel of a 20-~percent-chdord full-span retractadls flap in
combinatien with 8~percent-chord full-span plain and in-
ternally balanced allerons on a semispan model of the ta-
vered wing of a typical fighter sirplane. The full-gspan
flap fits into a cut-out ahead of the aileron to conform
to £4re orliginal wing contour when in the retracted posil-
tion and moves dowd and back to its extended positionn.
Incremente of rmaximum lift coefficient of aporoxlmately
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° 18 thought to
te adtequate in the flap-retracted condltion. With the
flap fully extended, the aileron effectlveness was about
50 percont greater tihan with the flap retracted. A re-
duction of aileron effectiveness of approximately 40 per-
cent relative to the alleron effectiveness wlth the flap
rotracted anpeared unavoldable at certain intermedlate

‘flap positions. The interngl balance reduced the esti-

mated alleron stick forces to acceptable walups for all
flap positions and defloctlions along a selectof 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 in-
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 figktar airplans,
lateral-control devices that appear promieing from previ-
ous wind-tunnel teets.
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The present tests of an B.percent=chord full-span al-
leron on a tapered wing with a full-span retractable flap
may be conslidered an extension of the work reported in
references 1 and 2. The object of the wind-tunnel tests
was to dotermine the 1ift characteristics .and the alleron-
control characteristics 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 rangeo;
with the flap retracted, comparative tests were made of the
alleron with the seal removed. The results lndicated that
an aileron deflection of £15° would provide adequate rate
of roll 1f the alleron were sealed; the ssaled internal
balance was therefore inéreased t0 the maximum overhang
permigslble with an alleron deflection of £15°. With the
large internal balance, tests were madse to determine the
hinge-moment characteristice of thas alleron with the flap
retracted. Some additlonal tests were made with the flap
extonded, primaerily to obtain 1i1ft and rolling-moment
data at angles of attack or flap positiong not Iinvestigat-
ed wlth the smell overhang.

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

APFARATJUS AND METHODS

A somispan wing model was mounted in the LMAL 7- by
10-foot tunnel {reference 3) aes 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
cemlepan in this sotup is essentially the esame as it would
be over a complote wing in a 7- by 20-fuct tunnel. Al-
though & very small clearancce was meiataincd detween the
root chord of the model and the tunnal wall, no part of
the model was festencd to or in contact with the tunnel
wall. The model was supported entirely by the balance
frame, as shown in figurc 1, in such a way that thec magni-
tude of all the forcee and moments acting on it could he
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 weys-
tem developed especially for. this type of setup:(fig.. 3).
The aileron was .deflected by turning the hinge-moment dial
which, through the torque rod, drove the aileron-deflection
drive tube and the 1link to the aileron horn. When the de-
slred- alleron deflection had been attaiped, the torque rod
wae clamped in posltlon in order that all wing forces and
moments cbuld be determined without any interference fronm
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 torgque 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 basic chord 6; of
the wling model was increased 0.3 -inch to reduce the trall-
ing edge thickness and the last few statlons were refalred
to glve a smooth contour. The alrfoll ordinates are glven
iIn table I.

The full-span retractable flap was bullt 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 numdber, as follows: 4A-1, B-3, and so
forth, where the letter shows the chordwlse flap posltion
and the number, the vertical gap in percentage wing chord.
The retracted flap was assumed to be at zero deflection.
The 8-percent-chord alleron had provisions for sealling and
changing the balance. A balance plate, which was tapered
along the span of the alleron to give the maximum overhang
with the rejulired 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. This effect 18 discussed in reference 4.
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Serles of tests in which the angle-of-attack and ai-
loron deflectlon were varlied over the useful ranges were
made for many flap posltions and deflections. These flap
positions were taken on both sldes 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 adout. 2,050,000, based .on
the mean aerodynamlc chord of 33.66 inchee. 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 turbdulence
relative to flight conditione (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 coefficlient (M/qSc!')

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

01'u uncorrected rolling-moment coefficient

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

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

acy Cpn of up aileron minus Oy of down aileron

c actual wing chord at any spanwlsge location with
flaps retracted

c, chord of baslc airfoll sectlon at any spanwlse

location

c! mean aerodynanmic chord

L -394
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allsron chord measured along airfoil-cherd line
from hinge axis of alleron to trailing edge of
airfoll

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

root-mean-square chord of the elleron

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 semlspan model

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

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

yawlng moment, due to aileron deflection, sbout wind
axie in plane of symmetry

alloron moment about hinge axis.

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

free~stream veloclty

true alrspeed at gero altitude, mlles per hour

(30,/3a) 5,

(aoh/asa)m
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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 tralling edge 1s down

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

rate of roll

gtick force

L~To6 &

9s control-stick deflectlon

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 1lift, 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 coefficlient, and ‘the yawing-moment coeffi-
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 corrections 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 Cj

ACp = 0.023 ©1°

AC;' = -0.26 Cy!
u

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

The results indlicate that at all flap poeitione ihves~
tigated, even at negative flap deflections, the maximum °
lift.. cgefficlent was epproximately as high or higher than
thet obtained with the flap retracted (figs. 6 to 12). A
progresslve lncrease of the 1l1ft, the drag, and the neg-
ative pitching-moment coefficients was obtained as the
flep was defleoted positively or moved rearward. The ef-
fect of the vertiocal position of the fully extended flag
on the maximum 1ift coefficlent is shown in figure 12(e).

For any given flap deflection, with alleron neutral,

Ingx increased as the gap decreased within the test

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

deflection of approximately 1,3 was obtalned (fig. 12(e)).
An additional increass in chax was obtalned by drooplng

the allergn; with the flap deflected 50° and the aileron
drooped 5°, an increment of approximately 1.5 in chaz

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

slizhtly higher than those reported in reference 1l for
somewhat eimilar arrangements in two-dimensional flaow and
may bo attridbuted, in the present investigation, to the
incrdased thickness and camber of the flap.

Some dlisagreement will be noted between results of
the orliginal 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 exieted in the aller-
on or flap setting for the two teste.

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

than that of the duplox flap (reference 5). and about 0.4
higher than that of the full-epan slotted flap (reference
6) and that the drag coafficient of the present arrange-.
ment 1e, in general, lawer at any given 1lift coefficlent.

Th'e variation of maximum pitching-moment coefficient
with maximum 11ft coefficient for several £flap arrange~
ments le presented in figure 14. The variation is almost
Independent of flap ‘arrangement and the full-span flap
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reported herein has higher values bf cmmak than the
other arrangements only in the range of higher chaz'

The loss of airplane 11ft coefficient required to trim the
wing pitching-moment coefficlient 1e given by the expres-
slon

cm
tall length

Loss of Oy =

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

chord lengths are presented in figure 14. 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 tall length of 2.5 ¢'. The percentage galn
would, of course, increase with the %all length.

As the Reynolds number 1s.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.

Flap retracted.~ The resulte of the aileron investi-
gatlon wlth the flap retracted are presentsd 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) indicetes that gealing the ailleron
gap increased the rolling-moment coefficient approximately
20 percent for alleron deflections of +15° and approximate-
ly 5 percent for aileron deflections of x=30° For the
0.30c, balance, gap sealed, the alleron effectiveness was
adequate for 8g = £15° (estimated to glve a valua of
pb/2V 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 but, because of the dis-
tortlon of the alleron under aerodynamic loads, the lead-
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ing odge of the balsnce plate-came in contadt with thg re~
traeted. flap when the aildaron was deflected adboéut -1l

Tho. hinge~moment coefficients for negative .alleron der~
flections beyond -106% ware therefore,not used and extrapo-
lation. of ‘the hingde-moment curves to =16°%-mas requirsd
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 increasing the rolling-moment coefficient

avallable. Zor Bg = 159 ‘and £30° the :r.edp.otion in the

hinge-momsnt .coefflcient. wae‘appro:imately.21 percent and
11 ‘percent, respectively. The addition of -balance to the
sealed ‘'alleron caused a further reduction of apProxiMate—-
ly 50 percent in hinge-moment coefficient for ‘84 =_t15
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
a8

amounts of alleron balance. used. Valuspe of cha vere os-

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

ostimpted for the ailerch range pf agproximately '5° to -.5°
at angles of attack of 0.1° amd 13.3 The.effective bal-
apceé 6f 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

valuees of both paramators werc greater nesgativsely infthe
highslift range than in- the high-speed range. The hinge-
moment data obtaincd 1in the present investigation wero

‘orly ineideital-td6 the high-14ft and rolling-moment data

sought and the leakage past the éeals -was not experimen-—
tally checkéd; the results, however, inl3iicate approximate-
ly the variation of- hingeqmoment .8lopas with balance ratlo
expected for the ‘darrangement tested.

Flap extended .- 'The:valueg-of the rolling-moment coef-
ficient :aveilable with pegled aileron deflectlons. of .x15°,
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-
abld, as for the 0.30c, and 0,56cy balance, average valuee
are glven. Rolling-, yawing-, and hinge--moment data for
'‘all the positions investigated are avallahle but are:nct
presented herein., TFigure 17 indicates tHat the cherdwige
‘poeition of the flap nose, the flap-nose ,gap; dand the- de-
flection of the flap influence the values-of the rolling-
moment coefflcient. V¥When the flap attalned 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 avallable rolling-moment coefficient appeared
unavoidable for some intormediate positione. This effect
is, 1n general, similar to that encountered with the du-
plex flap arrangement (reference 5). The resulte 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 was 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, 48 previously indicated,

a reduction of availadble rolling-moment coefficient was
obtained at some intermediate flap positlions, and this 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 O;' of 0.070 at o = 13.8°
wes obtained (figs. 45 and 48), which was approximately 60
percent greater than was avallable with the flap retracted.
With the flap in position L-2, 8¢ = 50°, the maximum

11ft was obtained with the alleron drooped 5° (fig. 12(b)).

A reduction of rolling moment coefficient, obtained when
the aileron was deflected more than 10° (fig. 46), indi-
cated that the best lateral control for this flap positlion
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 ostimnted for an alrplane with the flap 1in the two
following extended positionse: L-3, 8¢ = 30° with an

equal up-and-down control system that would allow an 81-
leron deflectlon of 215%; and L-2, 8 = 50°, 8a = b

l~Fo0¢
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with'twoodifferentigl'abntrdl'systems'that would allow
only a 5° poslitive alleron deflection.." '

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

‘extended (references B8 and 9) and show the same increases

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

In general, with the flap in positions back of the
alleron hinge axis, there was an increase in rolling-
m~rment coefficlent avallable and a neticeable increase in
the slope of the hinge-moment-coefflcient curve as the
flap deflection increased. 4Also, as the flap was moved
rearvard the alleron floating angle became increasingly
negative, Ag previously discussed for the flap-retracted
conditlon, the additlon 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 -hiage-moment coefficlent for &, = #15° ap-
proximately 13 percent for flap position L-g, 8g .= 30°.
However, the reduction ip hinge-moment coefficlent was
greater with the flap retracted than with the flap fully
oextended, possldbly because the flap, when retracted, acted
as a curtain over the allaron balance and, when extended,
completely exposed the aileron balance.

Estimated Airplane Charactoristics
~

From the data prosented 1in the curves, a flap path
wvag seloctod (fig. 49) and some of the charactoristics of
tho airplane shown in figuro 4 were estimated. These air-
plano characteristics are presented in figures 50 to 59
and indicate the-results that may bdDe expected with the
flap in various positions on tho.gelected flap path.

Tho ratos of roll woroe ostimated by moans of the ro-
lationship :

pb 03!
5? = ELT- (1)
by

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

-as 0.46 from the data of reference 10, Wing twist has bee:
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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 relationship

' ACy, -
F, = 45.8 'E% (2)

for the equal up-and-down alleron deflection and
8 = +18° and from the relationshlp

re = E-:—I:;-l- [chup ( ) - ohdown ( >own ] (3)

for the differential control systems of 3:1 and 2:1, as
presented for the flap-extended position L-2, 8¢ = 50°,
8g = 5°. These relationships may be derived from the al-
leron dimensions and the followlng alrplene  characteris-
tics:

Wing area, square feet e v e s 260

Span, feet . . . . . ¢ ¢ e ¢ ¢ e e 0 s . s o8 s s e s 38
Taper.ratio . . . . . . e e e e e e e .« 1.67:1
Airfoll section -+ . ¢ ¢« ¢« + « . . . e . NAGA 230 geries
Mean aerodynamic chord, inches . . .« . . « « ¢ « &« 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
8tick length, feet . . e s s s e o m s e & o e s a » 2
Maximum stick deflection. degrees . . « « « o s o £21

Maximum aileron deflection, degrees )
0.1630g balance " . . . . « o« . + s 4 « o + s o o o %15

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

.0 56c PAELANCE . .« . ¢ s e e a6 e s e s e e e o ee x5
3. lodifferential coatrol (from an initlal '

5 ATOO0P) .+ « 4 o v 4 o o . . e« « o o . . B,-15
21t differential control (from an 1n1t1a1

B2 AT00D) &+ . 4 . ot et e e e e e e e s v e e . B,=10

The values of the constants in equations (2) and (3)
are dependent upon-the wing loading, the size of the al-
lerons, and the stick length; the constant 1n equation
(2) depends, in 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 1e included in the fuaselage and
_which, therefore, provides neither lateral control.nor
stlick -foroce. The loss. in alleron effectiveness from this
area is negligible (referemce 11). Incidentally, in a
twin-engine airplane, the -alleron would not be inatalled
inboard of the nacelles. Thé values of O3' and Op- .
used in equatione (1), (2), and (3) are the values thought
to exist during steady rolling; the difference.in angle
of atteck of the two allerons due t0 rolling hae been’
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, ls observed as the flap 1's extended and a con-
slderable 1lncrease in effectiveness is obtalned with the
flap near or at 1ts fully extended position. From figure
50, it 18 apparent that the reduction of alleron effec-.
tiveness 1s approximately 34 percent at position B-4,

8p = -10°; but the maximum reduction occurs _at or near
posltion I-6 when the flap passes through 0 , as men-
tloned previously, and results in 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 periopd of
flight, that 1s, during retraction or extension, a rela-
tively low alleron effectiveness may be acceptable. A4t
the fully extended flap poaltlon, the alleron effective-
ness lmproves considerably, as is shown in figure b0,
wlth very little  increase in stick force.

The relatively linear variation of stick force with
alleron effectiveness pb/3V for the flap-retracted con-
dition with the three amounts of aileron balance tested
is 1ndicated by figure 51 at several velocitles. 8Sealing
the gap increaeed 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 the bDal-
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 speed. 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 velocities. The al-~
leron characteristics for the:alrplane with the 0.560,
balanced alleron and the flap in several extended posi-
tione are presented 1n figure 52 and show the effect of
this balance aes compared with the 0.30c, balance on stick
forces and allesron effectiveness. The alleron effective-
ness for flap position I-6, 8y = -10° represents the

most unsatisfactory conditlon investigated near the se-
lected path and indicates a pbd/27V' 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°, 8, = 5° Ybecause of a change in
slope of rolling-moment coefficients at deflectione beyond
8 = 10°, Two differential systems were therefore devised
as follows: a 3:1 diffeisntial that gave alleron deflec~
tions (from the initlal 5° droop) of 5° down, 15° up; and
a 2:1 différential that gave alleron deflections of 5°
down, 10° up. The mechanical characterietics of these
differentlale are glven in figures 63 to 57. Because the
aerodynamic stick forces (figs. 58 and 59) obtained for
both differential systeme were negative, eprings 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 pitehing-moment char-
acteristics of the several arrangements are compared in
figures 13 and 14, ZEetimated rates of roll for the sever-
al arrangemants (arrangemente 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 higher rates
of roll with flap deflected than with. flap meutral. 1In
both conditions the plug aileron had a much lower avail-
able rate of roll than the present arrangement, but this
deficlency of the plug aileron could be remedied by in-
creasing 1ts elze. (See reference 6,) With regard to
rolling effectiveness and. stick forces, 1t appears that
all the arrengements considered could be made satisfactory.
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The varlation of O0p'/C;' -with- O 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 rneutral at any particular 1ift
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 tests may

indicate the desirability of modifying all the arrange-

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

CONCLUSIONS

1. The results of this investigation of a full-span
retractable flap in combination with a.full-span alleron
indicate that an lncrement. qf maximum 1l1ft coefficlent of
1.3 may be attained by deflecting the full-span flap 30°
wlth-.the flap nose about 3 percent below the tralling edgd
of the wing. 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
11ft coofficient with the flap extended was approximately
the same as that of other partial and full-span flap ar-
rangoments 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 waes extended, 4 reduction of al-
leron effectiveness of approximatoly 40 percent relative
to. the flap-retracted condition appears unavoidable at
some intermediate flap positions. 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 1ndicated 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 Tield, Va.
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TABLE I
ORDINATES FOR AIRFOIL

[Spanwvigse stations in inches from root section, Chord
statione 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.

Flap stations

19

Chord
stations and ordinates in percent of basio wing chord, o;]

Model wing station. O Model wing station 88.8
Upper Lower Upper - Lower
[ftetlon | .yrface surfaoc Btation | .2 eace | surfac
o . ~1,29 -1,29 0 -0.76 -0.76
.52 -,08 ~3.30 .53 .01 -1.16
2007 1.39 -2.60 2.12 .80 -1.22
4,156 3,17 ~-2.44 4.24 1,30 -1.10
6.22 2-53 -3-18 6.36 1.42 ".99
8.29 2.40 -1l.91 8.48 1.36 -.87
12.44 1.66 -1,32 12.72 .93 -.623
16.58 .85 -.69 16.95 -51 -.32
20.73 -03 -303 31-20 005 ”'.05

L.B., radius: 1.19 L.B. radius: 0,32
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NACA Fig. 8
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NACA Fig. 13
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NACA Figs. 14,16

T
|
o Loss in C i trimming N
x |\ airplane wifh":- , N
8 7| Ne—Tail tength -2.5¢' (figure 4 N

& e—Tail Jength =5 c’ N
. | \

8 2 o

2

-

3 1 | \

L 3= 4 - -

§ . ‘ ' E\\

g | \ + Plain wing . , o

§ i Il x _ ((Fosition H o X

o 4 \ \| v[Retractatie N D

5 | \ ot flap " K '

kY Lo L]

] T g " L, aileron drooped v

£ & | v 0.58 —span slotted Flap (reference 5) :
g - | o Full-span duplex flaps (reference 5) ' Qg
K \ & Full-span sltted Flap (reference 6)

s |

6 ‘ =
’ 0 4 .8 74 16 20 <. 4 28 32
Maximum lift coefficient C, max !

Figure /4~ Variatien of the maximum pitching-moment coefficient with maximum

(Tt coefficient for various arrangements of Aigh-1ift and lateral-controf
devices on a rtapered wing mode/.

002
x=0./° b S
0 N “ —— "
A g
ChSa_ Che %
/ﬁ —
-002 }a{ g z
. : r
o, 004 0/////
h M
a /0/ [ —73.3
- a (deg)
006 N o o g
4 133
-.008
0 0 .30 30 40 50 60 70 80
Balance ratio ,  Coff,
Figure /6.~ Variation of Choe and C, with aileron balance |,

’

tapered-wing model “with full-spar” flaps retracted.


http://www.abbottaerospace.com/technical-library

L=~ 3 ¢4

Aileron defiection , 84 , deg

@) Balance,03)C,; gap op

Fig./5(a o c) Fio//m Fg evm
/e /Q g

a fx//—spcm a//e

en.

.and hin

Yo

NACA . Fig. 15a
&_)? .
+—
N
9 4
Q
G
Sl
S
Q 2 . —
=45 " _
S ,.,//,x \\:\ )
g O _4 6:/ / X §
& 1331 , "
v T =~y s
.g)-a \ »
N -
i\—g__jc_—“:b..;f:\?"—— s
i : 04 +
i <
L QL
. =
| \ ::
Q
Q
-4.6°| | =
| . gad o ’ S
. | laeg) N 2RI 2
5 ! v ‘4/6 0;85 1 13.3°1 1 pz
| o 4 1 (&)
e I DR Y S <
S 1« 133 /.02 > S
& -04
G, .
S
Q
Q
= 02 /3.3°
<
g / 45:
o X =2 x\xﬁ__ﬁ__,_b"' i ) e o _ 0
- _ T 4.6
S
085 ' .
-30 <0 -10 . o) {0 <0 30

e-moment coeff/c/enfs of

ma¢27 wirth a fulf-s 5pPAr f/ap and

7. F/a/b relracted.



http://www.abbottaerospace.com/technical-library

>
Q
>

_ b) Balance, 0.30 Cp; 9ap Sealed.
Figure /%5 - Continued.

_ Fig. 15b

O
3 4
Q :
&=
Q .
8 2 |
- =N kg
< e—4 = - 7
S o b
S L~
£ L w1 /33°
% ‘ /I77
&
I J
-4.2°\ - = __5»:—\
L6 . D
go.j < .02 é
35 S
17.7° Qo
O
c C, 0 -
(deg) <
v -4& 0.4 QS)
© A .09 -02 S
& 46 45 | ' £
S = Q.0 75 . 1
O x |33 .06 " ’ )
= o 17.7 1.34 -04 S
g T3
Q‘
Q //77’
.§ /%/90 =
- 1 ¥ P
Q. o *f—‘\ —
E O . m— < "
Q. : \46 4
& e 5
> o
§-Oe . : ' 421 z
S -30 <0 10 0 /10 <0 30
- Aileron deflection , & , deg


http://www.abbottaerospace.com/technical-library

' Fig. 15¢

FO 110144300 uswow -buljjoy (422/0T = %2019 1)

4

P8 o ¥ 3
Dby DN | , il
i higenk | eS|
il NN AR B pa SACIRR
/ f W //_ | /U/M 4\4 S

/ N

=10

......

Aileron  deflection , 8,4, deg

Q) Balarnce ,0.56 ¢, ; gap sealed.

. _....
"9 W10 Juskiow- 6

NACA

Mo uBIo14200 Justuoui-

Q
n/u~ <

buimoyg

- Fgure /5.7 Concluded.



http://www.abbottaerospace.com/technical-library

-MACA

%f‘

Fig. 17a,v,c,d

Gap , percent Mng chord

10 .
Position A Bs ¢

- 2y ~

o

"Gap , percent wing chord
§ o

D~

~

o™

Gap , percent wing chord
[, Y

5
35

Poaiti

A~

[+ )

0o

. Gap , percent wing chord
S RS

c

]
Position A B (d) 67=0°,¢=13.5° (appr‘ox.)
O Indicates figure in which complete data appear
* Indicates values obtained from cross -plots.

Fig. /7(a fe b) Values of rolling-moment coefficient due to aileron deflections.
t/5° at various flap positicrs and deflections .. Tapcred wing model
wn‘h a full-span flap, aileron-gap sealed.

L-Yb4¢


http://www.abbottaerospace.com/technical-library

NACA 'Fig. 1%7e,f,g,h

I

-
22
S
(>
[~
54
k3
§ 6
3
Ra
QU
Q
-0
Position A B
o]
%3 - 01I9— |
S |*
Oy
£+ - 02— |
s
g 6 »® .0\3/*/
g |0 )t ey m
%8 6
Q F
[~
9 0 c D. E
Position A B F) &5 =30°,ac=13.8° (appro

o~

~

[

™

Gap , percent wing chord

Position 4 B
g ! /;/
]2 E——"“‘" L
#*
il —T—T7 | 4
$¢ k- N
[
-1E //M x
86 1* * 050— |
Py 019 ——T
Q | —032
.. :::8 —t" | ——’/J G
S, ~”"’JE"/ b ’
Position A B (h) 8¢=50° cc =13.8°(approx)

O Indicates figure in which complete data appear
* Indicates values obtained from cross-plots.

.Figure 17, -Concluded.



http://www.abbottaerospace.com/technical-library

NACA Fig. 18

.\.):
3 .z S
.9 ;
i S N
8 \,'(\\ //CC'—'O /°
..E 2 ‘/ // 6.7
g \ //3.3.
Q 72 s
£
3 ! %
< ’ |
- % N_}_
I
04 S
s
2
= 02
x\']\ . Q(B
T g
0§
e ! 2 S
: //6-7. g
« ' C e 1/33° 08 |
L RN G’
(deg) 3 S
\ : & o I
= a . . _
S x 133 /03 04 &
.
<
QL
G
s s §
SO0L . 2
Q / /° ]
;. )
1S L ;
Y O\J; J /V. v ",3
e =—==1 - :
§ z
)
-0& '

Yawin

30 @0 -0 0 /10 20 30
Aileron deflection , §,, deg

Figure /8. -Ra//mag-, #am‘gﬁ-, ana hinge-mornent coefficierts
or 10e Tapered wing model’with a_ full-span fla
and a J1u/l-span sethled aleron. Flap position, A~ ;
balance,0.30°¢C, : 6,,-5



http://www.abbottaerospace.com/technical-library

NACA Fig. 19
<
X ¢
g
&K_:\)
2 A -40°
T8
- 1§ \’N i
3 b T s Lo
g ; . //“/0’
N 3
N d 5
N g
R B
T_\RPB ol
04>
.‘\.‘\
N
4 E
g 02 2
! - DN
{ L 20° S
‘ iy P ' O
~ - L - o
S | | - 40 >
N ' 50 TS (A 0°— &
. f L~
I e - U R
S o 0 113 =3 D
3 . G0 1% S
) -04 S
\Q 2 /_/0. ,04§
§ 0 . _—__—EFQ—‘H-!‘fsﬁﬁ =5 40°
L ' | Neo?
N |
2 =0z . !
N =30 R0 /0 0 10 20 30
Aileron deflection , §q,deg
Flgure 19.— Rolling-, yawin ana’ Finge- mamem‘ coefficients of
1he tapered win ode/ wWith q full-spen flap and o full-

span Seaoled a//em/? Flap position, B-4; balanc
530 0Zq4, 0, 13, é(approx’)gp ’ calance,



http://www.abbottaerospace.com/technical-library

Fig. 20

NACA
&
§ 4
3.2 R — & =-R0°
)
Q LSS S 40°
3 AR A ]
% O Q. ) l/ -__20’
T = -0
S ] 0°
N
:’: 2
. 7 l B S
| g
04 %
9
e
VL
| 02 S
~, % E
| L
—20% 0 &
R 20° g
Q BN | 40° o
S g o
IS f C, ' 0 EE
-9 ([degq) ’
a‘g v =20 |26
% v =]0 [0/
Q © 0 115
§ . 213
& . _ne g
%.02 — 0/0 &
§ 5 N
& 1) o 40° 4
N Nk 3
3 %0° 2
S
>\.O2 ' |
30 20 -/O o . /0 20 30

Alleron oefection, b6q , deg
Frgure 20— E’o//mg e" yawirg—,and /7//7?e momenr coeff/aenﬁs OF

e 7“0 7ed wir mode/ w/
an sealed alleron. Fla

,00/0/76 ,0-30Cq; @, 13.6 (gpprox.

hq full-sp a,o ono’

]0 ,008/7'/0/7


http://www.abbottaerospace.com/technical-library

N e

Fig. 21

NACA
-~
= 4
N
)
S
N 2 I~
g ISSN
© X —a=0./"
.‘g 0 4 // 6-7.
8§ T —_1/33°
Q X,
S s
& =2 % = I I :‘:
RN - - i @ 8
] 7 P — .
N
Q
0\ | Q
x\x\' 02%
Ko X, Q
™~ Q
V| N
N i N
$ . J° g
v x C L~ -6.7° S
B (deg) 11331 | 8§
S o O 0.06 ¥ )\(L EE'S
EN & 67 56 o N
] x 133 102 X <
C o2 T
-~
S —
S 0 g Pt
8 N NAN
§5 6.7°
N i
A =30 20 /10 0 /0 20 30 40

Aileron defjection, &,,deg
Figure 21— /Po///ﬂg ga win

1the 7
ar u//-
balanc

red
éD /7 sea/
,0.30C,; &

0/70’ hinge-mornent coefficients of
model wirh a full-span flap and
d a//eron Flap position, B-2;


http://www.abbottaerospace.com/technical-library

NACA

Fig. 22
&)
o
= 4/—CC'=<9.J3. ||
g 4 T 6s
S * » = (3.4
< x\‘\x—x X
§ 0
£
Q
-2
NE ——
BN g B~ e
7 -
——=Ip° o
1)
9
.(g
| 02 %
kﬁ\k& 8
3° s
i 6.8 0 g
13.4° §
_ O
(dég) “ o.e%
e
- e "
S a 6. .
S x 134 99 o
S /3.4°
% 02 Ry 65" A
3 //I/ // ?
S i '__jsé o
%é O g —‘E5é==5% }\\\\ E
S ~.3° e}
\s )
50 |
R 20 -10 0 0 20 30

Aileron defiection,8q,deg

Figure 22~ Rolling; yaw/a/g_,— and hingée-moment coefficients of
e Tapered Wing modey with a full-span flap and a

Tull-span sealed aileron. rlap position,B5-4;balance,
05 Ca; 60)-/0-_0



http://www.abbottaerospace.com/technical-library

NACA

Fig. 23

S
3
e . t—t—x
\ —~ ——— - o
§ ~} ; ;\ﬁ,ﬁm 82715
+ |
¥, s MR 10
Q X bl '
ES . ‘\\\x ! ‘4/"¢5. ~
N = g
Ql) =< x E
S S ——— :
L7 =
=%
G~
-N\
N %8
S
T o
] 08
S 8: ¢ 15 Y
O F ey *
DY ﬂjé@» - F\\\x f’///::’/'_ﬂo’ gi
S + =5 116 -5 |-
3 > -0 10l T Z2N
& x =5 .07 N
3 N
S .02 -15°—-04
S / —iNne §
N — =10 QQ:
) —&—
§ 0 qw—*—*_—*‘*qp:F‘L‘gg—{I:‘: \\\ “5-
I
NN
§ 02
N 300 R0 -0 0 /0 20 30 40
Aileron deflection, &, ,deg
Figure 23- FPo///nég; aw/ng—, anc h/hge—mome/?f coerfricients
orThe rapered wing model with afull-span fla

and a full~span sealed ailerop. Flap'position,
C-6; balance,0.30¢,; a,/3.5 (appro).


http://www.abbottaerospace.com/technical-library

=

Hinge -moment coefficient, G,

7

=
Q
3

Fig. 24

~

ot}
[

/
L\
i)

S
IS
<
S
s 02 &
I~ X'\)’_(_:\\ %j
‘ 0O ¢
N L
///;77‘4 : §§
(aeg) e =t 02 ¥
e =i 3. '
o ‘04 033 N >
a 70 .79 o =
| x 135 118 2

)
aM

/ /\3.5’
7.0

Ef
>
i\

=i T4

(1 block = 10/32")

o
oV

Yawing-moment coefficient, C,,*

30 <0 =10 0 10 &0 30
Alleron deflection | §, , deg

Figure 24 ~ Rolling~ yawing-, ond hinge-moment coefficients of
the fapered wing model with a full -Span flap and a
gugéspan Ssea/g?g aileron. Flap position, C-6; balance,

. Cqr t Or,~ .


http://www.abbottaerospace.com/technical-library

PR

Hinge-moment coefficientC,

NACA

o [ 0N

i\‘)

4Gy

QS N

Yawing-momerr coefficier
o)
&

Figure 25.- Rol/in

/,ffo-=23ﬁl:
- — 0°
> P
I
I
_ — ~
f
Y \\\_,L“‘1>1=—1$5;5~ ///,,(7'
“——R0°
L\\‘*)-4!:’/"V //,//
| S
o)
oep "
o 0
& 20 1.52
09<
/
120°
‘#:——_1528:?:0;% —

~30 <0 -/0 0 10

Alleron derfection, d,,

20 30
deg

the tapered wing model with a full-span f/ai
a

rull-span sealed aileron. Fia
0.30&,; ac,/36° (approx.).

p position, D-§;

02

Fig.. 35

(Y
Rolling-moment coefficient, G

(1 block = 10/32")

g% Yawing-, and hinge-moment coefficients of

and a
lance,


http://www.abbottaerospace.com/technical-library

Fig. 26

=]
>
o
>

S # <
'*E". \o\

3 2 SRS

- % . s —

3 = A7
0 ~ 4 1
§ \+\ \ L 0°
£ \4\ /5
§ 2 ¢ — I
)

x ] -

(1 block = 10/323")

N 40°
, R 20—

%
|

\
/,
/ /

{
¥

O

3

'0‘2.§

1 ] O

%M‘ R

L _1| P~ RS

8 s N | i

N . &f L N =< ~ 0° S

S } ([deg) ! S e l-p2 &

o~ . - \ /,60 .02

N B S S S S Rk

b . 20 (93 —= 3

S g2 I o 40 (72 e D

® | | p TR

S —7 S
S
£
g
2
S

=30 20 =/0 0 10 20 30
Aileron deflection &, ,degy
Figure 26.-Rolling~ yawing-, and hinge-moment coefficients of
the tapered wing model/ with a full-span flap and a

rull-span sealed ‘aileron Flap position, D-8;balance,
0.30¢q; cc, 13.6°(approx).



http://www.abbottaerospace.com/technical-library

=
>
Q
>

Fig. a7

()Q 4
*L: j’\
§ 2 m_M.‘X" 7,(\} ‘
-\,% 6:9:// TN
% 13.59"
S AN
?
S -2 "
S S L S
v 5 NS
L -5 N
N Ny
JL ©
: 02 o
—~ R
-4° I
6.9 o =
/13.5" Q
\ 8
)
\\‘ =02 §
a C N N
\ deg) TS 04
N e 04 030 1 N
J s 69 77 N
= x |35 /.20
0] .
o % 13.5
£02 A 16.9: -
8 y v 4° 8
/XS_/A §
N e DENES == ..
E >
o o
§102
o 30 20 -0 O 10 20 30
£ . | |
3 Aileron deflection, &g, deg

Figure 27- Rolling-, yawing-, and hinge-moment coefficients of
Lhe tapered wing model/ with a full-span flap an
a full-span sealed aiferon. Flap position, D-8;
balance, 0.30¢,; dr-/13"


http://www.abbottaerospace.com/technical-library

Fig. 28
4
C‘f x
£ 1 N
L 1 ae037) AN
Q / \
‘) o
S O 13.5% X <
"E Cal
S N
g -2 \\ ,
£ AN
. ¢ — N\
- BN \
x 1 o
=6 A ;E)
02 2
LT
X- g
37 S
~ 7.0 0
13.5°4 g
jo)
(deg) C @
[ o
- o 0% 03 AN g
O a 7.0 79 X -04 =
< x /35 /23 T @
QO
k3
%
3.02 /13.5° ‘fgf N
5 7
& 0 o
Q o
3 :
S0 .
S -30  -20 IO 0 0 20 30

Aileron deflection , &, ,deg

Figure 28.- Rolling-, ya wing-,and hinge -moment coefficients
(o]

he tapered wing

and a full-span seale

balance, 0.30¢,; &,-15

model with a full-span flat =
d, aileron. Flap position, E-8;


http://www.abbottaerospace.com/technical-library

“$o0g

NACA Fig. 29

R 4

e

$

L 2

% /_.._ =0°

8 \*'\ ///’ lo‘

~ 0 "’t. < —q

Q + P~ L | o

Q \ o > I 5

R = ] — /o> S

V0 \“" \1 | []
<] .

§‘ a1 15" 3

b a

J
|
|

L 7 .
==
o
h
— — 2§
ot TR g
E’\x:>\,L p ' “%
S = L] 0 0:
A - -5 R
-5 ; 1)
S + =157 123 % —/0* N
® v -0 [/3 b 3,
S gz Lo 0 /29 ~ 20° =g &
- s 20 |62 L s
N ° 40 /&2 £0 &
§ o — N >-10°
§ s N
N Ny ne
N 40
= -30 20 -0 0 /0 20

Aileron qeflection, &,, deg

Figure 29.- Rolling-, gaw'%g 5> 900 finge -/poment coeffrcients
of 7he Topered wirq 17008/ with o rull-span Flap and o
1yl ~spar seoled arferon. flap pos/7/e , /=8 balarce
0.30Cq ; <, /3.6° (approx.).


http://www.abbottaerospace.com/technical-library

TACA Fig. 30

4
& T
¥ 3
o 2 4
S S
S
. 8 0
.‘§ —— =0.3°
T g 7.0.
} = 155
O 5
g g
X -4 .
3
-15°
«% >
7.0° o
13:5° 25
. \xLx.————’ T S
\ \ 3
Q
K)Q
< SN X
Ky beg) 28
s LY s 2
R x 135 /23 ~ &
O 02 204 K
q\‘ o
& X — X §
8 - P e . W)
N s NWEES
S, 70"
N 3°
3 -02
N\ -30 20 -0 o] /0 20 30

Aileron deflection,d,,deg

Flgure 30.- Ro//ing-, yawing-, and hinge-moment coefficients
of the tapered wing model wrth a full-span flap
and a full-span sealed aileron. Flap position,
F-8; balance, 0.30G,; &,-/5"


http://www.abbottaerospace.com/technical-library

Fig. 31

NACA
<
Q¢
9
;\%
S 2 AN
S
Mo
2
/QS':o.;a.'
g [ /// 69.
& 72 é/ 3.5
S
N
¢
]
I
—/E‘ ]
4GS
"\l“
°
A oz§
x: X X N :
, ~A S
\ , S
‘o L )
S o 169" §
' [deg) -/3.5°
S o OF 045 95 | R
Q A 69 < X 4 .
% x I35 .15 A—" _8*
Q =
O - (o)
- 02 04 &
% X X
S oL | ' === 3
N : \\ 13.5° S
™ 6.9° "
K8 S lr 3
R 3
N 30 20 -/0 0 10 20 30 <
Alleron deflection, &, ,deg
Flgure 3= Rollm owmg and hinge-moment coeff( -
cients of The ered’ wing model with a full- span

flap and a FuH 5 an seal

&-8; balance, 0.30¢,; &f,-IC°

alleron. Flap position,


http://www.abbottaerospace.com/technical-library

“ -5 g

NACA Fig. 32

.6
S
\.\
9
s
Q
3 2
)
3
S 0
8
)
§\ =2
NN
\u'\'
__N’\
1N
Q
S
=
QO
3
AN
~ ,\\ /’50 §
40;, Q
sote | s | e
-1 (deg) t . K"f D\
T 40 /94 \\8/ N
4+ 50 RO05 ° -04
‘ g
02 -40°
«T1 . _L50° z
B Sy g = 0.
, ‘ k/{/w :
4 —t—F ' o
=02 l =

Yawing-moment coefficient,C,)’

30 -20 /0 0 0 - 20 30
Aileron deffection, 8, , deg

Figure 32 - Qollin%—,yowmg—,ond hinge-moment coefficients
of the fopered wmg model with a full-gpan flap and
Q full-spon sealed ay

leyon.Fla osifion, H-3: balonce
O30 Caj & ,138 PP B ’


http://www.abbottaerospace.com/technical-library

NACA

2

0

Hinge-mament coefficient, C
NS o

oA
N

4Gy’

S

Yawing-moment coefficien
- o
& o

Fig. 33

L 18.-30°
< ,,,ff— 40°
B
L K\
A 04
“0‘\.
| 02 ¥
L S)
N
0
N S0° +e
S =03
Esf C:L \\\\%:\::hL4"////////”_ﬁﬁcy. 7612 g§
. Yoo NN 30° S
. 26 182 {v ~ =
[0 A )
s 50 2.0/ SRS o _Mg
Qz
06
N |l . g
=t eSS 30 3
T~ ~ 40° M
\~5or'_ ki

-30 20 ~/10 o /10 20 30
Aileron deflection, 6, deg

Figure 33 -Ro\\mgayawm -, ond hinge-moment coefficients

of the taper
Q —
once,0.30 Cq

wing model with a full-span flap and
full-span sealed aélaevon. Flap position,H-5; bal-

)


http://www.abbottaerospace.com/technical-library

S
Q
»

%

4

Hinge-moment coefficient C
LV N V)

R

Ny

~moment coefficient C,’
S

Yag/n g
o

Fig. 34

N
P m=0.»€'
~ 6.9°7
] o
3.5 ]
=%~ o
/{ 1 *;3"
043
LD, % %
N S
X \x\x OZN
N
1))
2= 9§
x C 1188 | 8
(deg) s Ko 135 65
© 0. 0.17 _oa.Q
a 69 .69 x—7 N
x 35 L5 QQ:
A //3. * o
11 6.9° 3
/x,_—»—-&x ' b1
VL \ ‘u. E:

30 <0 -0 0 /10 20 30 40
Aileron deflection, &,, deg

Figure 34.- Rolhn aqum - and hinge-moment coefficients

of the YTaper
a full-span 2ealed a
T A0 -

wmc% odel wifh a full-span fldp and
L 3% Meron.Flap position, H-8; balance,
“a , 10


http://www.abbottaerospace.com/technical-library

[
»
Q
>

1.Ch
EN

o )

Hinge -moment coefficien
o
™

-moment coefficient,Cp’
)
o o

g
5

Yawin

i

Fig. 35

.
Gf.“ao.
//00:‘
— 1 -10°
]
7 - =
& O
.04§
9
&
N 02 3
-
A "—'—/0. g
N 01T © §
A S
] [ /0° o
oy N 20 02 £
A
o -0 //4 g
o O [40 :
a 10 189
o 20 /.90
/"’80° g
___/ﬁ)‘ S
= 0° 3
~—~-j0° 2
-20 -0 0 0 20

Aileron deflection 8, deg

gure 35 -Rolling~ yawing=, ond hinge -morment coefFicients

of 7he rapered Wing mode] with & Ful/- Span Flap orprd o

ful/ -?oan Seaseq“giferon. Fl/ap positiorn’, 7-6 ;
a5

0.5¢ a, /3.6° (approx).

ba/orce ;


http://www.abbottaerospace.com/technical-library

L-SO&

NACA

) Flg. 36
]
S | | e
1 N
S <
S
% \,‘\
£ © /Q =02
6.9°
§E AVT x\\<gh—~""/:i:5‘
Q)..é? X
b, -
£
b
O~
-'E\
Q
_ 0c 3
g//&\ g
fséa’//////////ﬁétt¥§ﬁ§$4 O
1 ] % o E
13.5° =g g
[~
&
=02
e
w S—
: deg) - ®
“e o Q.27 0.04
Q & 6.9 62
= x 135 /.14
] -
Q 8
T .02 3
S _r13.5° .
"§ | // 6.9 §
0 »
—— \’\ o —
.§ L
(e}
<
=08
B3
R 20 -0 0 10 20

Aileron deflection 8, deg

F)gure 36.— Qollm %\lwm ,aNd hinge-moment coefficients
the tap ered odel with a full-span Hop and

a Gul\ spom seo\ed Q\\eron Flap position, I-63 bal-
ance,0.56 Cqg; ¢, -


http://www.abbottaerospace.com/technical-library

NACA

Fig. 37

5
s, =
N N
N S
E 5
S
~o
S 0
8
EE L—TCC =CZ§3‘
G -2 \&/ L 5 e
D 156
B X I
ol e TR
]
—
‘iqglilii!l!l!!!EEI!I=> 1
13,6 =
2\
7.0 \‘5&\
3 ‘
I
N a ¢ [
0 L S5 n
(deg) S —
by o 05 052
S s 70 1172
S x 136 /68
3
NEZ
/36°
3 e 70"
Xm=— T
) B —
D
7
S 30 20 -0 0 0 20 30

Figure 37.- Rollin
of the taper
o full-span _sealed
ance,

Alleron deflection,d,, deg

WiN ode| wit
? alleron. Flap position,

30 Ca; 3¢, IO

8 %
Rolling-moment coefficient,C,’

S

-
N

= 1G/323")

(1 block

-9OWINg-,and hinge -moment coefficients
of a full-span flap and
L-6; bol-



http://www.abbottaerospace.com/technical-library

o~ oz

NACA Fig. 38

s ;
S 2
3 N
S .
s 0
Q
Q
Q
~
2
3 A
S R
S - N "
o
N w\\ ~
b~ -6 06 «,
&)
<\ "E\
‘\L . W
-y 04 S
\ =~
\\\\\ S
NN 023
\‘\\\ *E
p QL
. oS
3 r30° N
- S C \ PP
S weh * U\ 023
50 o 30 2.24 # 40a Q.
Ky . 55 558 NS
2 4 ] e / L 10 -04
& Vi
3 < ~
Q o
02 50 06 <
® FEERy: : SR
S // : 40. )
— |30 4
S o — 2
S e 2
e
o T 15
= -30 20 -/0 0 /0 20 30 40

Aileron deflection, &,,deg

Figure 38.— Rolling-, yawing-, and hinge -moment coefficients of
the tapered wing moadel with a full-Span flap and a
full -span sealed aileron. Flap position, J-3; balanr
030 ¢, ; ec,/3.8".


http://www.abbottaerospace.com/technical-library

Fig. 39

4V
|
|
I

o

2o

:Al

Hinge -moment coefficient,Cy, %

)

SuNE ..

;-)N
o
02
S
G
0 O 8
S B
\5(/—400 g
N 30° 0& 8
- \\c / A G’
5 6o b 01 =
o @ .98 \ S
= o 40 /9] ) o
9 4 50 /99 \x g
= N . 06
) | 50° s
S.02 X 40° 2
% / L 300 %
S o ;
& p— ol
(=)
302
N 30 20 -0 0] 10 20 30

Aileron deflection 8, ,deg

Figure 39.- Rolling- yawirg— and hinge-moment coefficients of
the Tapered wing model with o full-span flap and a
full-span sealed aileron. Flap position, J-5; balance,
030 ¢4; ¢, /13.8".



http://www.abbottaerospace.com/technical-library

, Ch &
no
-

a=05"
A
-/3.8°

o

a
(AN}

-~ sy R

Hinge-moment coerficrient
(TN

. N &
\\\4\ ©
6 \\\r’ﬁ IS
Q
< 06
Rpas 3
o \N AN
Q
04 9
N
02 o
N
- Q
§ NKL 0 S
IS x C ' N
) | (deg) - ~ 02
S o 05 098 S 02 X
N e 7./ /52 >
B x /3.8 £.08 AN
Q -
N 0%
02 - %
w0 ) /3.8 g
R = = 7./ Y
° 0 — .5 e
§ L 1 ;
> I _,,><7X 2
S 02 -
S 30 20 /0 0 /0 20 30

Alleron deflectron, dy , deg

Figure 40.-F20//mg-,yowmdg-, and hm?e-moment coeffrcients
of the tapere wm? model with a full-span flap
and a full-span sealed aileron. Flap position, J-4;
balance, 0.30¢q; 6, 30"

___



http://www.abbottaerospace.com/technical-library

Hinge -moment coefficient,C), §
Y 2 © o

.1
10)!

(@)
o ¥

Yawing-moment coefficient,C,
8

N I g
x\i\x\x\
N s
7.1
NI
_7./.: G ) “~N
/3.7 4—F>% Q
4 N 04 %
™
X A4
by
\, 02 T
W S
A 0 %
) s
(deg) Co ¥ | 02 i
P Pt N a1+ §
x /37 198 N |4 G
/j"-——x\ /“'—/3.7‘ %
X — 7./ ° 1
T e i ST
:::——;————"c ’g/’x( ~
1]
30 ®©0 -0 0 0 20 30

Aileron deflection, &y ,deg

Figure 41.- Rolling-, yawing-, and hinge -moment coefficients of the

tapered wing mbdel with afu//—jpan‘ flap and a full-spar
\seagfcolo aileron. Flap position ,J-5; balance,0.30 ¢,;

5f>


http://www.abbottaerospace.com/technical-library

NACA

2
X b
R |
L Z‘=0.5'—%
S 7.5 —
\ | [ ]
S /3.5
S 2
>~
3
§ -4
v K | %
6 = X 06
|
-8 \(< o8
x S
| 2
x Q
\& 02
X QO
TK X
o
23
:
. x, “ X -02
deq) }
S g N e
§ "/3:8 2:03 \\ 7avi 7‘2‘ _04§
S \& et
3 NeHA—s
S )
v %2 x— /3.8° %
D 72 == SN umpy T
A et e L]
6\ x/: == — =
§702 | ‘
S 30 =2C -/0 0 Y7, 20 30

Aiferon deffection, &,, deg

Figure 42.- Rolling-, yawing-, and hrnge-moment coefficients
of the” tOpered wing modél with a full-s {oon 7lap
andafu//-doan 5ea/ed a//eron Flap position, K-
balance 30¢&.; &

__-



http://www.abbottaerospace.com/technical-library

NACA

)Ch

Hinge -moment coefficient
o X N S

t£

@)
o

~moment coefficient,C,)’

Yawing
o
Y

Y

o

Alleron deflection |§,,deg

Figure 43. =F0lling- yawing-, and hinge-moment coefficients
the tapé&red wing model with a full-span f% any

a full-span sealed aileron. Flap position,
balance b 030c,; 5,)40?

Fig. 43
i —— ]
¢ _ —
<05 — . ——
7. 7‘?\ 40°
N 13,724 — TN
3.7 x}
\KXK%
X.
\‘L X 04
5.——’/>< N
7.1'—] AN 02
187 —] % 02 s
"\; *E\
0o 9
\
&
\ )
=02 3
=
\ i 3
\ 04 E
/ g
o, C A 06 €
eg) -\ 74 TS
o 0.5 092 S
s 7] 4% o
x 137 9] 08
T el 757 5
s :\\t‘g 7/" .
A__,JLi | | “ﬂ:iéz;:;rszx 7 .:; é
- :
30 w0 40 © 0 20 30

of


http://www.abbottaerospace.com/technical-library

L-~Jo¢

NACA

&N o

.
K

Hinge-moment coefficient, C,
.
Qo

=~
o

£C,’

Yawirng-moment coefficien

. Fig. 44

.
O

. 08
<>\‘\ %‘ : = &¢=30° '

>\ . —Op " LS?'

\‘ Ku / 4_0 ° .06‘§

\ \\\ &> 50° :Q

. PR

N \E\ 3

IR AN 3

v

A : r o2}

o Q

2 30 1, §

/ N

N - i 3

—02%

& | o’
deg) _ \ T
s 30 <226 \ Fe 50
21 Saney

=

v }_\x 50 ° '.06 E

20 40° 3

4—4,,/41—’—" ) l . HiC 3 /M e

20 <10 o w0 20 30
Aileron deflection, d,, deg

Figure 44, Ro///ng dqawmg ,and hinge -moment coefficients of the

tapered wing model with a full-span Flap and a full- span
?sea/ed )a//eron Flap position, L-& ; ba/ance 030¢,; «,/13.8°
approx,



http://www.abbottaerospace.com/technical-library

NACA

Fig.

o

1
N

e

Hinge-moment coefficient, Cy,

i\

45

"\i&/—— &-30"
_ ' | 140 O
-8 ‘ \\\ \\ ‘ .04%
\:\\, \ S
RSNt
N 3
~ Q
= 0§
] \_300 .E\
\ 10° 3
- 202
\)? (de) L \ \ /
& R M
s & S o . —
S « 50 .97 v [ 3
g R avil 2
Q 02 £ -6
X % ~] ;
S o LL ' o
§ 50—

Yawing
o
N

40° l—/t::: g
TBO, M

/0 0 /0

20

20 30

Aileron deflection, &,,deg

Figure 45 -Folling- yawing -, a.no’ hinge-moment coefficients of

the tape€rea wing mode

with a full-spar flop and

@ full-span Sealéd aileroii. Flap position, L-3;
balance, 0.30¢C, ; a, /3.8 (approx).



http://www.abbottaerospace.com/technical-library

NACA Fig. 46

(S

Y
o

NS 1/~ /3.8 °
\»{ - 182 °

Hinge-moment coefficient,Cy,

>
N

N)
Rolling-rmorment coetficient, C,’

X
X—

v
Y

I I
O X P O 4
'
()
DO -S
PN
OO
/ ¥ ‘
o7
| .
G~
O o
] i
RN N

—
G~ O

8
N
\X
g
P
|
G
(6. Y4
N
&

I

-moment coefficient, &

Yawing
N
e

-30 ~20 ~/0 0 /0 20 30
Aileron deflection, &,,deg

Figure 46.- Rolling-, yawing-,and hmge -momént coeffIC/enfs of the
tapered’ wing model with a full- span flap and a full-span
seagod a//emn Flap pesition, L-c" balance ,0.30 C4;

J

(1 block = 10/32")


http://www.abbottaerospace.com/technical-library

NACA

2 - =
S o ——
S 0 N : .
é% a ‘Xk$\;J::T\5( ¥
Q AN
S -2 \\\:\v\k..
5 . \\;\
I :
g% J4 V%&ﬁ ,f-—-af=-éi23‘
<'D : AL | 54
IS \Jﬁ 182"
é% '63 \\ f |~ Zl//;x_‘ 19‘4
S=—~3s"
8 = \ .02
-0
— =02
\ <
( dcecg — C, %z 138° -04
- v 62 042 W\ | ¥ ee
QO ® S .95 /gt .G’
o s T7Z 148 5 06
3 o 18z 436 ‘ ]
S N L 1 +mz;
S 02 «&,{ —/3.8°
S /‘{/ I &% 7.87
gg S ' % X\\\-;Aj
EE <) ] ij:sz—__4._——— - ﬁi\\» é;:§1
= 62
I ’F.ii/f"
S0 -
= .
S -30 <0 -10 0 10 S0 30

Aileron deflection , §,, deg

Figure 47. - Rolling-, yawing-, and hinge -moement coefficients of the
fapered” Wing model with a full-span flap and a fall-span

Sealed aileron . Flap p

&, 50

asition,L-3; balance ,0.30 &, ;

Rolling -moment coefficient | C,

rig. 47

(1 block = 10/32")



http://www.abbottaerospace.com/technical-library

NACA

Hinge -moment coefficient, Cy,
® 2 o &

o

o
¥

Yawing-moment coefficient,C,'
o

O
&

Fig. 48

<0 =10 0 10 <0 30

Ailleron deflection,

//CCI' -6./
| £F é.
73"
k 183°
/139"
/8.36—
13.9° 06 &5
7.3 *«5
!s'fj:j 04 G
. \&\ <
3
02
S
Q
c C §
(deg) 0 &
v -6 057 )
2 81
x 130 223 ~0¢ &
o |83 256
L _
o -
73— A f
/3.9°:k,< 3
18.3° A 2

8q,deg

Figqure 48.- Rolling- yawing- and hinge-moment coefficients of

the tapéred wing modei
and a full-span sealed
L-3; balance, 0.56 @, ;

with a@ ful/l-span flap
ag/g[on. Flap position,
) :



http://www.abbottaerospace.com/technical-library

NACA Fig. 49

Figure 49. - Schematic diagram of flap position along the selected
Flap  path.
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