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STMLRY

fn Investigation was canducted on a %-sca.le partisal-span

model of the Republic XF-12 airplens to debermine its alleron

end sileron~teh characteristlce. The effects of wing roughness

and aileron balance-seal legkage on the alleron end tsab characteristlcs
were algo investigated. The model was tested &t several engles

of attack and flap deflections through a range of alleron and
aileron~tab deflections. The Reynolds and Mzclk mimbers for the

tests were 8,600,000 and 0.17, respectively.

Ths results of the tests indicated that at small aileron
and teb deflections:(a} the rate of changs of aileran hinge-mcment
coefficlent with alleron deflection had a pogitive valus &t low
angles of attack with flsps neutral but as the angle of abttack
was increased or the flaps were deflected, the value decreased until
et high angles of sttack with flaps msutral or moderate angles of
attack with flaps deflected 1t became megative; this condition
indicates the need for reducing the balancing wffect to preverd
illogical cantrol wheel forces st high speeds; (b) &t all flap
deflections ths rate of change of aileron hinge-moment coefficient
with angle of abtack varied from positive velucs &t low angles of
atteck to negative values at high engles of attack; {c) et conditions
simulating high-speed flight, wing roughness tended to further
increase the positive value of the rate of chango of alleron |
hinge-moment coefficient with aileron deflecticn but reduced the
rate of change of rolling-moment coefficlent with alleron deflections
and (4) increasing the balanco-sesl leogkago decreased the rate of
change of both alleron hinge-mnoment coefficient end rolling-mamernt
coefficient with ajileron deflectlon but had a negligible effect

W
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on the rate of change of alleron hinge-moment coefficient with
tab deflection,

INTRODUCTION

The XF-12 18 a high speed, high eltitude, long range,
photographic alrplane designed by the Republic Aviabtion Corporatlion
for the Army Air Forces. It is of couventional design and is
powered by four Prast & Whitney R~4360 engines. The over-all
dimenslions and some of the details of the alirplune are shown in
figure 1. To eid in the design, models of several componenta of
the airplans were tested in verious wind tvmmels of the NACA Langley
Laboratory.

One of the models was a %-—scale partial~span model of the

left wing of the airplane., It was tested in the Langley propeller
research tunnel in the develorment of the wing duct inlets to be
wged on the alrplane and in the Langley 19-foot prossure tunnsl

to obtaln an indication ofthe effects of tho wing duct inlets on
the maximum 117t snd stalling characteristics of the model and to
dotermine the alleron end aileron-teb characteristics of the model.

This paper presents the results of the aileron investigaticn
end includes rolllng-moment, yawing~moment, and aileron hinge-momend
coefflcients and pressure coefficlents across the ailleron-belance
seal throuvgh a range of angle of attack, teb deflcction, and aileron
deflection with flaps neutral and deflected 20° end 55°. Scme of the
effects of wlng roughness end belance seal leekage on the alleron
ang teb characteristics sre also presented.

SYMBOLS AND COEFFICIENTS

The sywhols and coefflcients presented in this report ai'e
defined as follows:
er, Iift coefficient (L/gS)
Cp drag cocfficient (D/q8}
Cy lateral-force coefficient (Y/qg)
Cn

pitching-moment coefficient (M/qc!S)
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P(p) = Fle)

P(a) - P(a)
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rolling-moment coefficient (IL?/qbS)

yewing-mament coefficient (N/qbS)

aileron hinge-mcament coefficlent ?’ 5
@baCe

pressure coefficient acrosa inteimal balance
(pressure below balance minus pressure &bove
balance divided by free stream dynamic pwressure)

leskage factor (l - w
 Play - Pa)

presasuwre difference acrosg belance of internal
balance

applied pressure difference across vents of internal
balance

overhang factor feg canmplete aileron

I TN\2

(2Y {2 )| 2

\Ea) ca/| Pa

L. .

overhang factor for inboard belancse chamber

2
_ 2 (&
Cp1. 2 P
(_—> -(——) —2< (corresponding for outboard
é e bg
a, a

chember Fp)

.

free-stream dynamic pressure (%pv?-)
mass dengity of air ’
veloclty of air in free stream

118t

drag

lateral forcse
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M pitching moment sbout alrplane cenber-of-gravity location
{0.2743 ¢% on fuselage center line)

It rolling moment aboubt alrplems center-of-gravity location

N- yawing moment sbout airplare center-of-gravity location

Hg aileron hinge moment

s wing area

ct wing mean aerodynewic chord

I wing span

Tg root- mean-square chord of aileron behind hinge axis

Ch root- mean-square chord of belance from elloron hinge axis
to middle of sealed gep

Dg, ailercon span

by balance span

% root-mean-squsre thlckness of aileron &b hinge axils

144 angle of attack of wing root chord

5f flap deflection

Bg aileron deflection with respect to wing, positive with
tralling edge down

B¢ aileron tab deflection with respect to alleron, positive
wilth tralling edge down

R Roynolds number (pzcv

M Mach number(V/ a)

3 coefficient of viscosliy

a velocity of sound

Subscripts:

1l inboard belence cheamber
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2 . ocuthoard belance chsmber

Slopes:

Chasa. B (acha /358) a,By
Cng, = (acha / am)aa,at

Chaﬁt = (Bcha / ast) a5,

5, (3c4 / %), y

@2)5, = ey [ 206, 5,

where subscripts to the partial derivatives Indicate factors held
constant.

Ci

MODET: AND APPARATUS

The ~ﬁ‘-scale partial~gpan model of the Republic XF-12 girplans

represents the outboard 92.4t percent of the left wing of the
airplane. The princlpal dimensions of the model are shown in
figure 2 and teble I. The alrfoil sectlons were developed by the
Republic company and are described in reference 1.

The mcdel was tested In the Langley 19-foot pressure tumnel
in conjunction with a reflection plare. (See reference 2.} The
genereal dimensions of the tunnel setup are shown in figure 3 and
views of the model in the tunnel are shown in figure 4. The gap
between the inboard end of the model and the reflection plane was
maintained at 3/16 ¥ 1/32 inch by means of an eutomatic telescoping
mechanliem built into the modsl.

The model was equipped with a sealed internally balanced silleron,
the dimensions of which are shown in flgures 5 and 6. The gaps
between the lesding edge of the belance end the forwerd wall of
the balance campertment and bebtween the ende of the belance and
the sides of the hinges were sealed with flaxible » koroseal impregnated
voile. The deflectlion of the alleron was remotely controlled
by means of a hydraulic piston which was connected to the
alleran through a beam upon which electrical strain gages were
mounted for measuring the hinge maments. The elleron deflections
were remotely indicated by a potenticmeter type combtral position
Indicator which wes conmected directly to the eileron. The aileron
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was equipped with a marually adjustiable constemt chord tab wkose
leading~edze gep was scaled by a rubber wiper secal. o provision
wos nmade for measuring tae t4ab hinge momonts.

The flaps on tlhe modsl were of the double-slottod type and
were mounted by means of breackets which fixed then st the desired
deflections. Tihe gemneral srrangenmsnt of ths flaps 1s shown in
fi%ure 7. The sngles of deflection tssted were neutral, 20°, and
557,

An air inlet which was developed in the Langley propeller
regearch turnel wes installed along the lseading edge of the wing
betwoen the nacelles. Ths inlet was comnecbed to ducts which
represented the intercooler, tha oll cocler, =ad the cliarge slr
ducts of the airplans, Tace ducts had exits along the lower
surfaces of both nacelles snd ware equipped with adjustable shubters
for regulating the alr flow. The sbutbeors were set to glve ratios
of wveloclity in the duct entrance to velocity in the free stroam of
.41 at 2° anple of attack, with Tlaps neutral So simulate the high-
spoed condition and 0.75 «f 80 angle of abtack with fleps deflected
200 and 55° o simulete the btake-off and landing-approach conditions.

The shutltcrs were nobt changod for other angles of attack. The
cowl exit fiaps were sgeot o simulebe the alrplane crulsing condition
for all tests.

Por same tests with flaps neutral a roughness strlp wes installed
on the urper and lower surfaces of the wing at 0.20c. Calculatlons
indicated that transition at that location on the nodsel would cause
the relative thlckness of the boundsry layer over the sileron to be
approximately the seme as that on the alrplane at high speed with
trensition et the leading edge of the wing. The roughness strip
was obbtained by eppiication of mmber 60 (0.01l-inch dismcter)
carborundam grains to a thin leyer of shellac sboutb g'éuinch wide

and extending slong the full span of the model. The grains covered
5 to 10 percent of the area of the strips.

To ¢btain an indlcation of the effects of seal leskege on the
alleron characteristics, some tests were made with a serles of

%—;-—inch holes drilled in the balance neer its leading edge. The

holes were evernly snaced elong the span of the belance with an

equal number of holes in each compartiment. The leskege Tactors

for the seal, with and without the holes, were determined by placing

& rectangular box over the upper surface vent end epplying alr pressure
to the box. The leakege fectors were determined for epplied

mressure differences ranging from 10 to 100 pounds per asquere foobt

&
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for the "no hole" condition end 10 to 60 pounds per square Toob
for the maximrmm ileskage condition. The legksge factors thus
cbtained are presented in figure 8. The leskage factors showed

no definite trend with variation of pressure across the venbs so
the curves of figure 8 rexresent an everage of the values obtalned.

TESTS

The aileron and tab characteristics were determineld by
measuzing the rolling moments, yawing moments, and alleron
hinge moments at several angles of attack through a range of tdb
and slleron deflsctilon. BRBalancs compartment pressures were also
meesured for the teb neutral condition. Thse characteristics were
determined with the double-slotted flape neutral and deflected 20°
and 55°. The effects of the roughness strips and lecksge holes
an the alleron characteristics were determined only for the flap
neubral conditlon.

The 1ift, dreg, and pitching-moment characteristics of the
model were determined through & range of angle of attack wlth
the aileron and ted noutrsal and with the [laps neutral end
deflected 20° and 55°.

The tesls were made et & value of dynemic pressure of
approximstely 100 pounds per square foot with the elr in the
tunnel canpressed to approximately 2% gtmospherog. .The Reynolds

end. Mach numbers thus obtained were 8,600,000 and 0.17, respsctively.
CORRECTIONS TO DATA

The results of all tests have been reduced to standard
nondimensional coefflclent form sc that they apply to 2 complete
gpan wing with 6° dihedrel. Moments wore camputed about & point
corresponding to a center-of-gravity locabion ot the center iine
of the airplene fuselage at 27.43 percent of the mean asrodynsmic
chord.

Jeb-boundary carrections and plan-form corrections were
caleculated and spplled to the dats by the method described in
refererce 2. Corrections for the absence of dihedral in the modsl
were made by rotating the axes of the forces and maments 6° (the
amount of dihedral on the airmlans) and by carrscting the projected
model srea and spen for the effects of rotation.
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The tobtal corrections sppliied are as follows:

Cr, = Crgross = 0+105L Ovgross
; 2
= 5
Cp = 1.0055 CD@:oss + 0.015% CI‘g;!:‘OE:-H
Cp = Cmpoms * 0.0087 Crgross - 1.8665 cngross
Gz = 0.8012 (_ngross = Cz-bare)

= = - : - 3
n = 1:0055 (Cngrogs = Ongape) + (70-0311 GZCL@OSB)

+ 040059 Cagposs

(@]
I

& = Ogyiper + 1-003G
~agrosa

where the subscript "gross” refers to the utncorrected coefficient and
the subscript "tare" refers to the uncorrected ccelficient obtalned
with aileron znd teb noubtral. The tare and interfevence effects of
the modsl supports have been neglected because of the difficulties
involved in their determination. The influence of these effects

on the alleron cheracteristics, however, is belleved to be small.

HESULTS AND DISCUSSICN

The results of the aileron tests are presented in figures O
to 20 and ere sumnarized in table II. The 1ift, drag, and
pitching-moment characteristics of the model are presented in
figure 21.

Smooth model alleron and tab chesracteristics.- The character-
igtics of the sealed alleron on the smooth model with the double-
slotted flaps neutral and deflected 20° and 55° are presented in
figures 9 to 13. The parameters of table IT obtained from these
figures sghow that at low angles of attack with fleps ncutral
Chasa is positive through a limited range of deflections. As

the angle of attack is increaged or the flapes ere deflected Chaa
e

decreases wntll at lavgs angles of atback with fleps neutral or
moderate aagles of attack with fleps deflacted 1v bocames negative.
Table IT &also shows that Chaa, is popitive at low anglies of abtack

and bocones negetive at angles of attack ebove 6° with all flap
deflectlions. The reversal of sign of Ch&a indicates thst the
a



o

NACA RM No. L6I18 <uliiD—" 9

that the control wheel forces for a direct linked ailleron on the
airplane would be in the logicel directlon at low and moderate

speeds but in the 1llogical direction at high speeds. The sign

of Chau ~is such that it tends to relisve the overbalanced condition

in the high-speed range of engles of attack and the underbalanced
confltion in the low-speed range of angles of avtack when the
alrplane 1s in a steady roll.

Effects of roughness on aileron and tab cheracteristics.- The
effects of upper and lower surface roughness strips at 0.20c on
the flap neutral alleron and tab characterlstice aie shown in figures 1h,
15, and 16. At ths lower angle of attack investigated (a = 0.8°)
the roughness strlps caused an increage 1in Chaf, of (0.0003.

a

They also caused a considerable decrease in the alleron effectiveness
07'5& and in --Cha-t' At the higher angle of attack investigealed

(¢ = 9.0°) +the roughness strips appeared to have a negligible
effect on the aileron hinge momente but considerably reduced the
elleron effectiveness in the large negative deflection range.

The location of the roughness stirips was calculated to give
epproximately the sams relative boundery-layer thicknoss at the
aileron hinge line as would be found on the alrnlane in high
speed flight vheore transition is expected to be at the leading
odge of the wing. The airplene, sherefore, would be expected to
have groater sileron overbalance and loss aileoron effectiveoness
in high-apcod flight than was found on the smooth modcl.

Effccts of ledkage.- Tho offccts of various amounts of seal
leakago on the ailleron characterlstics ere shown in figures 17 to
12 and aro summairized in figure 20. Figures 17 and 18 show that
lecakege not only reduces the effectivenoss of the balance but also
reduces tho range of aillcron defloctlons at which the balance is
most effective. The largest amount of leakage invostigated, howover,
did not rcduce tho balance offectivencss cnough to eliminate tho
overbalance at low anclce of athack.

The rolling-moment curves of figure 18 ghow that tho leakage
has its largest cffect on the ailoron effectivenoss in the negative
doflection range. Figuro 20 and table II show that the range of
leckage investigateod causcd a reduction in 015 of approximately

a
1T porcent end a roduction in (AP)s, of appraximstely 26 percent
But had & mogligiblo offect on Chaﬁt..

-

L
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CONCLUSIONS

An aileron inrestigation on a pa‘c‘fial-—spen model of the
Republic X¥-12 airplars indicated the followlng conclusions:

1l. Tne rate of change of aileron hings-mument coefficient with
alleron deflection had a posibtive value through & asmall range of
elleron and tan defisctions at low anglos of abtack with flaps
neutral dbub—es the angie of attack srag incressed or the flaps
were deflected the rate of chunge decreased until at high angles
of abtack with flaps noutral or ab moderate angles of attack with
flaps defiscted the rese of chtnse becara negative. This condition
Indicates the need for reducing the balancing sffect to prevent
1llogical control wheel forces &b high speeds.

2. At 8ll flap deflections, the rate of change of alleron
hinge-moment coefficlent with angle of sbteck varied from positive

values et low angles of attack to negatlve values at high angles
of ebtack.

2. At condlitions simulating high-speed flight, wing roughness
tended to further increease the positive value of the rate of change
of alleron hinge-moment coefficient with aileron deflection but
reduced the rase of change of rolling-momsnt coefficlent with
sileron deflection.
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4, Increasing the balance-seal lsakage dscreased the rate of
change of both aileron hings-moment coefflclent and rolling-mwoment
coefficlent with silerom deflechtian but had a nesgligible effect on
the rate of change of aileron hinge-moment coefficlent with tab
deflection.
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GEOMETEIC CORSTAXTS OF REPUERLIC

IF-12 ATRPLANS AND MOLEL,

S, sq £t

ct, Th
bg, fb
by, T
Cur I8
&ps T

Full scale
(8° dihedral)

1/h scale

(6° dihedral)

Pezrtiel-gpan model
(0° dihedral)

1640,
129.167
13.433
23.21
20,67
1.844
.565

102.5
32.292
3.358
5.803
5.168
RIS
.216

46.177
15.006

- -
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TABLE IT
SUMMARY OF ATLFRON CHARACTERISTICS OF
L SCAIE DARTTAL-SPAN MODEL OF XF-12 ATRPLANE

b _
[%ll values measured over a emell range of angles at By = &y = §]

comition * [pe| B |y | Crau | ey | o |De,
(a)

Smocth 0.8{0 }{0.027{0.0016]|0.0045] -0.0026|0.00160 {0.064
Smooth b7 .COOk| .0011| -.0030| .00155! .05k
Smooth 9.0 -.0034|~-.0027| -.0029| .00134| .039
Smooth }13.6 -.004T7|-.0056| -.0029! .00127} .038
Sricoth .8 .5%2 +0009 | == umm -.0027{ .001k6] .058
Smooth 9.0 -~ 0042 mmmmem -.0027{ .00115| .036
Smooth .8 .£{6 0006 ~mmmmm | e .00138| .o48
fmooth | 9.0 -.0048 | mmmmme ] e 00119} .025

Roughness

strips at ¥
0.20c .8 027| 0019 |-emeun .0021L| ,00130} .048

ouginest | 9.0 SN 'e) 3 [—  mmmee-| ,00132] .037
0.20c \J
Smooth 3.2|20 .0002| .0017} -.0031} .00165! .0TL
Smooth 8.4 -.003%-,0031| -.0030} .001k5| .052
Smnoth 1.3 -.0052{-.0055| -.0026} .00110{ .O43
Smooth |-3.0 ;; .0003| .0021| -.0031{ .00173| .078
Smooth . | 2.3 -.0016| .0010{ -,0031| .CO165| .OTL
Smooth 7.4 ~.0052{-.0031 | -.0031] .00162} .059
Smooth 12.11j t |, |--0070|-.0046 | -.0032{ .001L45] .052

a
Inboard chamber. NATZONAL ADVISORY
COMMITIEE FOR AERONAUTICS
W
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FIGURE LEGENDS

Pigure 1.- Three-view drawing of the Repu'blic XF-12 airplane.

Figure 2.- Plan and elevation of the -E-scale partial- sps.n nmodel
of the XF-12 airplene wing. -

Figure 3.~ Arrangement of the -i—‘—-scale Xr-12 partial-span:modeil' end
reflection plane in the Langley 19-foot pressure.tummel.

Figure 4.~ =}l_--sr:a:!.e partial~spen model of the IF-12 airplane mounted

in the 19-foot pressure tumnel.
(a) Front view.
ﬁgu1~e --ll»'r Concluébd-
(b} resr view.

Figure 5.~ Plan view and typlcal cross sectlon of aileron and teb;
%F-scale partlal-gspan model of the XF-12 sivplans. .

Figure 6.- Verietion of vent gep elong spen of elleron:

Figuwre T.~ Typical eection of double-slotted fleps on the E—scale
partiel-span model of the Republic XF-12 airplme

Figure 8.- Bffect of holes in aileron 'balance nose on seal leakage
factor. :

Figure 9.- Alleron end teb characteristics of %’-—soale-‘partial-span
model of the XF-12 sirplane. Smooth model; Sf = 09; E = 0.027.

" (a) @ = 0.8°
Figure 9.~ Continued.

(b) a=L4.7°
Figure 9.- Continusd.

(c) o = 9.0°,
Figure 9.~ Concluded.

(4) o = 13.6°.
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FIGIRE LEGENDS - Continuved

Figure 10.- Alleron and teb cheracteristivs of jf-scale partial-spen
model of the XF-12 alrpleme. Smooth modol; 8¢ = 20°; E = 0.027.
() ¢ = 3.2°,
Flgure 10.- Continued.
(b) @ = 8.4°.
Figure 10.- Concluded.
{c) a = 14.3°.

Flgure 11.~ Alleron end teb characteristics of =-scale partial-span
model of the XF-12 elrplene. Smooth model; “®p = 55°; E = 0.027.

(a) o = ~3.0°.
Figure 1ll.~- Continued.
('b) o = 2.39.
Flawre 11._- Continued.
(¢) o = 7.!_+°.
Flgure 1l.- Concluded.
(a) e 12.1°,

Figure 12.- Pressure coefficients across’ eileran balance on %450316

nartisl-span model of the XF~12 alrplens. Smooth model; O = 0°;
E = 0.027. T

(a) 8¢ = 0°.
Flagure 12.- Conbtinued.

(b) 8p = 20°.
Flgure 12.- Concluded.

(C) Sf =2 55ol
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FIGURE LECENDS - Continued
Flgure 13.~ Variation of allerom hinge-momsnt coefficlient with angle
of atback on the %—scale partial-span model of the XF-12 airplene.
Smooth model; B4 = 0°; & = 0°; E = 0.027.
Figure 1h.=- Aileron and t&d characteristics of %;—-scale pertiel~gpan

model of the XF-12 airplane. Roughness strips at 0.200; 8¢ = 0°}
« = 0.8% B = 0.027.

Figure 15.~ Effects of roughness strips &t 0.20¢ on alleron

characteristics of %,‘-scale partiel-spen modsel of the X¥F-12 alrplens.
8p = 0% ®; = 0°; E = 0.027.

Figure 16.~ Pressure coeofficients across alleron belence on %—scale

partlal~span model of the XF-12 airplens. Roughness strips
&t 0.20¢; dr = 0% B; = 0% E = 0.027.

Flgure 17.~- Aileron and teb characteristics of i-scale partial~span
model of the ¥F-12 airplane. Smooth model; 8e = 0°; E = 0.072.
(&) @ = 0.8°
Figuwre 17.~ Concluded.
(b) o= 9.0°.

Figure 18.- Effects of verious emounts of leskage cn the alleron

characteristics of -]=-acale pertisl-spen model. of the XF-12 alrplanse.

L
Smooth model; Bp = 0% & = 0°.

(_a) o = 0. 80.
Flgure 18._— Concluded.
(b) o = 9:00.

Flgure 19.~ Effects of varlous amounts of leekage ocn the pressure
coefflclonte scrogs the alleron belence of %-scale partisl-span
model of the XF-12 eirplane. Smooth model; 8¢ = 0°; &y = 0°.

(a) a = 0.8°, )
L
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FIGURE IEGENDS - Concluded

Flgure 19.- Concluded.
(b) o = 9-000

Figure 20.~ Sumeary of offects of leskage on alleron characteristics
of -'-:—;-scale pertisl-span model of the XF-12 airplene. Smooth
model; a = 0.8; &, = 0% & = 0°; B, = 0%

Figure 21.- Acrodynamlc cherscteristics of %;-scale pertial-spen
model of the XF-12 airpleme. B, = 0% 8&; = 0%
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