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SUMMERY

An investigation was conducted on a %—scale partial-span
model of the Republic XP-12 airplens to destermine its aileron
end aileron-tab cheracteristics. The effects of wing roughness
and aileron balance-seal lecgkage on the aileron and tab characteristics
were algo investigeted. The model was tested at meveral eangles
of attack and flap deflections through a range of aileron and
aileron-teb deflections. The Reynolds and Mach numbers for the
tests were 8,600,000 and 0,17, respectively.

The results of the tests indicated that at small alleron
and tab deflections:(a) the rate of chenge of aileron hinge-mcment
coefficient with aileron deflection had & pogitive velue at low
angles of attack with flaps neutral but as the angle of attack
was increased or the flaps were deflected, the value decreased until
at high angles of attack with flaps neutral or moderate angles of
attack with flaps deflected it became negative; this condition
indicates the need for reducing the belancing wiffect to prevent
illogical control wheel forces at high specds; (b) at all flap
deflections the rate of change of aileron hinge-moment coefficient
with angie of abtack varied from pogitive valuss at low angles of
attack to negative values at high angles of attack; (c) at conditions
simulating high-speed flight, wing rouvghness tended to further
increase the positive value of the rate of change of aileron
hinge-moment coefficient with aileron deflectiocn but reduced the
rate of change of rolling-moment coefficient with aileron deflection;
end (d) increasing the balance-sesl leskage decreased the rate of
change of both aileron hinge-moment coefficient end rolling-moment
coefficient with aileron deflection but had a negligible effect
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2 CONFIDENTIAL NACA RM No. L6I18

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

INTRODUCTICN

The XF-12 is a high speed, high altitude, long range,
photographic airplene designed by the Republic Aviation Corporation
for the Army Air Forces, It is of conventional cesign and is
powered by four Pratt & Vhitney R-4360 engines. The over-all
dimengiong and some of the details of the alrplane are shoym in
figure 1. To aid in the design, models of several components of
the airplane were testsd in various wind tunnels of the NACA Langley
Laboratory.

Cne of the models was a %--scale partial~-gpan model of the

left wing of the airplane. It was tested in the Langley propeller
regearch tunnel in the develomment of the wing duct inlets to be
used on the airplene end in the Langley 19-foot pressure tunnel
to obtain an indication of the effects of the wing duct inlets on
the meximuvm 1ift and stalling characteristics of the model and to
determine the aileron end aileron-tab characteristics of the model.
This paper presents the resulis of the aileron investigation
end includes rolling-moment, yawing-moment, and aileron hinge-moment
coefficients and pressure coecfficients across the aileron-balance
seal through a range of engle of attack, teb deflecction, and eileron
deflection with flaps neutral and deflected 20° and 55°. Some of the

effects of wing rovghness and belance seal lezkage on thes alleron
eng tab characteristics are also presented.

SYM3OLS AND COEFFICIENTS

The symbols and coefficients presented in this report are
defined as follows:
Cy, 1ift coefficient (L/gS)
Cp drag coofficient (D/g8)
Cy lateral-force coefficient (Y/qS)

Cpy pitching-moment coefficient (M/qc!S)
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E
P(p) = 2(c)

Pla) = P(a)

F

Q

< o B2 9 v

rolling-moment coefficient (L?/qbS)

yawing-moment coefficient (N/qbS)
H
aileron hinge-moment coefficient —
qbaéaz/

pressure coefficient across intermal balance
(pressure below balance minus pressure above
balance divided by free sgtream dynamic pressure)

leskage factor (: - ?S?Z_:~f£?)

pressure difference across belance of internal
balance

applied pressure difference across vents of internal
balance

overbang factor for complete aileron

| N2
(.C’O -tf_.) ™
\Ca/ \fa/ b

o

overheng factor for inboard balance chember

| [ ~'
I/C'm
l}} o corresponding for outboard

a/

chamber Fo)
I / i f“\
free-stream dynamic prossure K;ﬁV"/
mess dengity of alr
velocity of air in free stream
1ift
dreag
lateral force
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M pitching moment sbout airplane cenber-of-gravity location
(0.2743 ¢? on fuselage center iine)

I rolling moment about airpleme center-of-gravity location

N‘ yawing mcment sbout airplene center-of-gravity locstion

Hg aileron hinge momsnt

S wing area

ct wing mean eserodyneawic chord

b wing span

Cq root-mean-square chord of aillercn behind hinge exis

Cp root- mean-squerc chord of bhalance from ailcron hinge exis
to middle of sealed gap

bg, ailleron span

by balance gpan

t root-mean-squere thickness of alleron at hinge axis

o angle of attack of wing root chord

O flsp deflection

O, alleron deflection with respect to wing, positive with
trailing edge down

B¢ aileron tab deflection with respect to aileron, positive
with trailing edge down

R Reynolds number <E’{~C~j>

M Mach number (V‘/ a)

1l coefficient of viscosity

a velocity of sound

Subscripts:

L inboard balance chamber

CONE TDENTTAL
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2 outboard balance chamber

Slopes:

oy (%), e

C- ot aC / Fole?
na@ he‘ )85,’ St
c ={ac, /[os )
haat < ha/ % 0,0,
Ci. = (502 /35
% / a)% B¢

(&)55, - E(&)/aﬁa.oo,‘ét

where subscripts to the partial derivatives indicate factors held
constant.

MODEL AND APPARATUS

The %-scale partial-gpen model of the Republic XF-12 airplane

represents the outboard 92.4 percent of the left wing of the
airplane. The principal dimensions of the model are shown in
figure 2 and table I. The airfoil sections were developed by the
Republic company and are described in reference 1.

The model was tested in the Langley 19~foot pressure tummel
in conjunction with a reflection plane. (See reference 2.) The
general 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 meens of an automatic telescoping
mechenism built into the model.

The model was equipped with a sealed internally balanced aileron,
the dimensions of which are shovm in figures 5 and 6. The gaps
between the leading edge of the balance and the forward wall of
the balance compartment and between the ends of the balance and
the sides of the hinges were sealed with flexible, koroseal impregnated
voile, The deflection of the aileron was remotely controlled
by means of a hydraulic piston which was connected to the
aileron through a beam upon which electrical strain gages were
mounted for measuring the hinge moments. The aileron deflections
were remotely indicated by a potentiometer type control position
indicator which was connected directly to the eileron. The aileron

CONFIDENTIAT,




6 CONFIDENTIAL NACA RM No. L6IL8

was equipped with a manually adjustable constent chord tab wkose
leading-~cdze gep was sceled by a rubber wiper scal. No provision
was made for measuring tins tab hinge moments.

The fleps on the model were of the double-sglotted type and
were mounted by means of Prackets which fixed them at the desired
J
deflections. The genersl erreavgermsnt of the flaps ig shown in
¢ €
figure 7. The angles of deflection tested were neutral, 20°, and
=0
20"

An air inlst which was developed in the Langley propeller
regearch tunnel wes imstalled along the leading edge of the wing
between the nacelles. Ths inlet wss connected to ducts which
represented the interccoler, the oil cocler, &ad the charge eir
ducts of the airpleme, The ducts had exite along the lower
surfaces of both nacelles end ware sguippned with adjustable shutters
for regulating the air flow. The shutters were set to give ratlos
of velocity in the duct entrance to velocity in the free stream of
C.4l at 2° angle of attack, with flaps neutral to simulabe the high-
speed condition and 0.75 st 8° engle of attack with fleps deflected
20° and 55° to simulete the take-off and landing-approach conditions.

The shutters were not changed for other engles of attack. The
cowl exit fisps were get to simulate the airplane cruising condition
for all tests.

For some tests with flaps neutral a rouglmess gtrip was installed
on the upper and lower surfaces of the wing at 0.20c. Calculations
indicated that transition at that location on the model would cause
the relative thickness of the boundery layer over the aileron to be

pproximately the same asg that on the alrplane at high gpesd with
trensition at the leading edge of the wing. The roughness strip
was obtained by appiication of mumber 60 (0.011-inch_diamcter)
carborundim grains to a thia layer of shellac gbout ;}~inch wide

end extending elong the full span of the medel. The grains covered
5 to 10 percent of the area of the strips.

To obtain an indication of the effects of seal leeksge on the
aileron characteristics, some tests were mede with a series of

%—mch holes drilled in the balance near its leading edge. The

holes were evenly spaced alcng the gpan of the balance with an

equal number of holes in sach coupartment., The leskage factors

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

a rectangular box over the upper surface vent and applying elr pressure
to the box. The leakege factors were dotermined for gpplied

pressure differences ranging from 10 to 100 pounds per squere foot

CONFIDENTIAL
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for the "no hole" condition end 10 to 60 pounds per square foot
for the maximum lieakage condition. The leegkage factors thus
obtained are presented in figure 8. The leakage factors showed

no definite trend with veriation of pressure across the vents so
the curves of figure 8 represent an average of the values obtained.

HSTS

The aileron and tab characteristics were determined by
meesuring the rolling moments, yawing moments, and alleron
hinge moments at several angles of attack through a range of tab
end aileron derlection. Balance compartment pressures were also
measured for the tab neutral condition. The characteristics were
determined with the double-slotted flaps neutral and deflected 20°
and 55°. The effects of the roughness strips and lecksge holes
on the aileron cheracteristics were determined only for the flap
neutral condibion.

The 1ift, dreg, and pitching-moment characteristics of the
model were determined through a range of angle of attack with
the aileron end tab neutral and with the flaps neutral end
deflected 20° and 55°.

The tests were made at a value of dynemic pressure of
gpproximately 100 pounds per squeare foot with the air in the
tunnel compressed to approximately '—% atmospheres. The Reynolds

and Mech numbers thus obtained were 8,600,000 and 0.17, respectively.
CORRECTIONS TO DATA

The results of all tests have been reduced to standard
nondimensgional coefficient form so that they apply to a complete
gpan wing with 6° dihedrel. Moments were computed about a point
corresponding to a ceater-of-gravity location on the center iins
of the airplene fuselege at 2T7.43 percent of the meean aerodynemic
chord.

Jet-boundery corrections and plan-form corrections were
calculated and spplied to the data by the method described in
reference 2. Corrections for the absence of dihedral in the model
were mede by rotating the axes of the forces and moments 6° (the
emount of dihedral on the airplaene) and by correcting the projected
model area and span for the effects of rotation.

CONFIDENTIAL




8 CONFIDENTTAL NACA RM No. L6ILS

The total corrections epplied are as follows:

Cr, = Crgross = 0:100L Crgross
2

gross

i

Cp = 1.0055 Cpgyrogg + 0-0154 Cr,

Cp = Cmgross + 0.0087 Crgrogs - 1.8685 Cngross

g1 = 0.8012 |

\ngross B Cztare

/ ;
Cn = 1:0025 Cnproes = Onpare) * {:0.0311 CZCLGTOSS)

dgrogg

groes

where the subscript "gross" refers to the vncorrected coefficient and
the subscript "tere" refers to the uncorrected coefficient obtainsd
with aileron and tab nsutral. The tare and interference effects of
the model supports have been neglected because of the difficulties
involved in their determination. The influence of these effects

on the ailsron cheracteristics, liowever, is believed to be smell.

RESULTS AND DISCUSSICN

The results of the aileron tests are presented in figures 9
to 20 and are sumerized in table II. The lift, drag, and
pitching-moment cheracteristics of the model are presented in
figure 21l.

Smooth model ajleron and tab cheracteristics.- The character-
istics of the sealed aileron 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 ITI obtained from these
figures chow that at low angles of attack with fleps neubtral
Chaaa is positive through a limited range of deflsctions. As

the angle of attack is increased or the flaps are deflected Cha6
a

decreases until at largs angles of atteck with fleps neutral or
moderate angles of abtack with flaps deflscted it becomes negative.
Table II also shows that Cham is positive at low angles of attack
and becomes negetive at angles of attack above 6° with all flap
deflections. The reversal of sign of Cha6 indicates that the

a
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that the control wheel forces for a direct linked aileron on the
airplane would be in the logical direction at low and moderate

speeds but in the illogical direction at high speeds. The sign

of Cy is such that it tends to relieve the overbalanced condition

in the high-speed range of engles of attack and the underbalanced
conéition in the low-speed range of angles of attack when the
airplane is in a steady roll.

Bffects of roughness on aileron and tab cheracteristics.- The
effects of upper and lower surface roughness strips at 0.20c on

the flap neutral aileron and tab characterigtics are shown in figures 14,

15, and 16. At the lower angle of attack investigated (a = 0.8°)
the roughness strips caused an increase in Cha8 of 0.0003.
©a

They also caused a considerable decrease in the aileron effectiveness
Clg and In Chat' At the higher angle of attack investigated

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

The location of the roughness strips was calculated to give
approximately the same irrelative boundary-leyer thickness at the
aileron hinge line as would be found on the airplane in high
speced flight where transition is expected to be at the leading
cdge of the wing. The airplane, therefore, would be expected to
havc greocater aileron overbalancc and less allecron effectivoness
in high-spccd flight than was found on the smooth modcl.

Effccts of leakagec.- The offects of various amounts of seal
lcakage on the aileron characteristics are shown in figures 17 to
19 and arc summerized in figure 20. Figures 17 and 18 show that
loakage not only reduces the effectivencss of the balance but also
reduces the range of ailcron dcoflections at which the balance is
most effective. The largest amount of leakage investigeated, however,
did not rcduce the balancc cffectivencss cnough to eliminate the
overbalance at low anglcs of attack.

The rolling-moment curves of figure 18 show that the leakeage
has its largest e¢ffect on the aileron effectiveness in the negative
deflection range. Figurc 20 and table II show that the range of
legkage investigated causcd a reduction in Cla of approximately

(5
17 porcent and a reduction in (AP)sa of approximately 26 percent

but had a megligible effect on Cha~
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CONCLUSIONS

An alleron investigation on a partial-spen modsl of the
Republic X¥-12 airplare indicated the following conclusions:

1. The rate of changse of aileron hinge-moment coefficient with
aileron deflection had a positive value througn a small range of
gileron and tab deflectiong at low angles of attack with flaps
neutral but as the angle of attack wras increased or ths flaps
were deflected the rate of chunge decreased until at high angles
of attack with flaps neutral or at moderate angles of attack with
flaps deflscted the rese of cicnge becama negative. This condition
indicates the nsed for reducing the balancing effect to prevent
illogical. control wheel forces at high speeds.

2. At all flap deflections, the rate of change of alleron
hinge-moment coefficient with engle of attack varied from positive
values at low angles of attack to negative values at high angles
of attack.

3. At conditiocns simulating high-speed flight, wing roughness
tended to further increage the positive value of the rate of change
of alleron hinge-moment coefficient with aileron deflection but
reduced the rate of change of rolling-moment coefficient with
aileron deflection.

CONFIDERTIAL
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k. TIncreasing the balance-seal lesakage decreased the rate of
change of both aileron hings-moment coefficient and rolling-moment
coefficient with alleron doflection but had a negligible effect on
the rate of change of aileron hinge-moment cocfficient with teb
deflection.
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TADLE I
GEOMETEIC CONSTANTS OF RIPUELIC

XF-12 ATRPLANE AND MOLEL

Full scale
(5° ainearal)

1/h scale
(6° dihedrsl)

Pertiel-~gpan model
(0° dinedral)

1650,
129.167
13.433
23,2
20.67
1.84h
865

46.177
15,006
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TABLE II

SUMMARY OF ATLFRON CHARACTERISTICS OF

%—-SCALE PARTIAL~CPAN MODEL OF XF-12 ATRPLANE
+

E’-‘.ll velues measured over a emall range of angles at B, = Oy

[¥)

(a)
Smooth 0.8{0 {0.027]0.0016{0.0045| -0.002610.00160 |0.06k
Smooth b7 .C00k| .0011} -.0030| .00155| .05
Smooth 9.0 -.0034 [-.0027| -.0029| .00134| .039
Smooth |13.6 -.004T[-.0056| -.0029| ,00127| .038
Snooth .8 .5%2 .0009 | ====m- -.0027| .00146! .058
Smooth 9.0 -, 0042 | mmmmme -.0027| .00115| .036
Smooth .8 .igé 0006 | mmmmmn| —memee .00138| .ok8
Smooth 9.0 ~00UB | mmmmme| e .00119¢ .025
Roughness
strips at N
0.20c Rz 027( ,0019 |==me=- 0021 ,00130{ .048
e ot ~.0032 | =mmmmn | e .00132{ .037
0.20¢c \
Smeoth 3.2(20 .0002( .001T7| -.0031| .00165}{ .0T1
Smooth | 8.4 -.003%4 -,0031 | -.0030| .00145| .052
Smooth |[14.3 -.0052|-.0055 | -.0026| .00110| .0L3
\
Smooth |-3.0(55 .0003| .0021 | -.0031| .00173( .078
Smooth 2.3 -.001&| .0010| -.0031| .00165| .0T71
Smooth T -.0052 {-.0031| -.0031| .00162| .059
Smooth |12.1 & W |7+0070[-.0046 | -,0032| .00145{ .052

a
Inbhoard chamber.
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FICURE LEGENDS

Figure 1.~ Three-view drawing of the Republic XF-12 airplane.

L.

i scale partisl-span model

Figure 2.- Plan and elevation of the
of the XF~12 airplane wing.

Figure 3.~ Arrangement of the %-scale Xr-12 partial-span.mode; and
reflectlon plane in the Langley 19-foot pressure tunnel.

Tigure 4.~ %-scale partial~spen model of the XF-~12 airplane mounted

in the 19-foot pressure tunnel.
(a) Front view.
Figure 4.- Concluded.
(v) fear view.

Figure 5.- Plan view and typical cross section of aileron and tab;

%-scale partial-span model of the XF-12 airplane. '

Figure 6.~ Variation of vent gap along spen of aileron.

Tigure T.- Typicel section of double-slotted flaps on the %4scale
partial-span model of the Republic XF-12 airplene.. 3

Figure 8.- Effect of holes in eileron balance nose on seal leskage
factor.

Figure 9.~ Aileron and tab characteristics of %-sbale'paftial-span
model of the XF-12 airplene. Smooth model; ¢ = 09; E = 0.027.

(a) a = 0.8°
Figure 9.~ Contlnued.

(b) o = 4.7°
Figure 9.~ Continued.

(¢) @ = 9.0°.
Figure 9.~ Concluded.

() o = 13.6°.
CONF IDENTIAL
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FIGURE LECENDS - Continued

Figure 10.- Aileron and teb characteristics of %-scale pertial-span
model of the XF-12 airplene. Smooth model; df = 20° E = 0.027.

(a) a = 3.29,
Figure 10.- Continued.

(b) o = 8.4°,
Figure 10.~ Concluded.

(¢) @ = 14.3°.

Figure 1l.- Aileron and teb characteristics of l-s,cza.'l.e partial-gpan
model of the XF-12 airplane. Smooth modelj "“df = 559 E = 0.027.

(a) a = -3.0°.
Figure 1ll.- Continued.
() o = 2.39,
Figure ll.j- Con‘cinuéd.
(c) & = 7.4°.
Figure ll.-_Concluded.
(d) & = 12.1°.

Figure 12.~ Pressﬁre coefficiénts_across aileraon balance on-%-scale

partial-span model of the XF-12 airplene. Smooth model; By = O°;
E = 0.027.

(a) 8p = 0°.
Figure 12.- Continued.

(b) 8¢ = 20°.
Figure 12.- Concluded.

(c) 8 = 55°,

CONF IDENTIAL
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TIGURE LEGENDS - Continued

Figure 13.~ Variatiog of aileron hinge-moment coefficient with angle
of attack on the ﬁ*scale pertial-spen model of the XF-12 alrplene.

Smooth model; 8y = 0°; By = 0° E = 0.027.

Figure 14.- Aileron and tab characteristics of %-scale partial~span

model of the XF-12 ailrplane. Roughness strips at 0.20c; &f = 0°;
Q= 0.80; E = 0-027c

Figure 15.~- Effects of roughness strips at 0.20c on aileron
characteristics of %-scale partial-span model of the XF-12 alrplane.
8¢ = 0% ®; = 0% E = 0.027.

Figure 16.- Pressure coefficients across aileron balance on %-scale

partial-spen model of the XF-12 airplene. Roughness strips
at 0.20c; 8¢ = 0% &, = 0°; E = 0.027.

Figure 17.- Aileron and teb characteristics of l-scale partial~span
model of the XF-12 airplene. Smooth model; gf = 0% E = 0.072.
(a) @ = 0.8°.
Figure 17.- Concluded.
(b) @ = 9.0°.

Figure 18.~ Effects of verious amounts of leskage en the aileron
characteristics of %-scale partiel-spen model of the XF-12 airplane.
Smooth model; 5¢ = 0% & = 0°.

Figure 18.- Concluded.

Figure 19.- Effects of various amounts of legkage on the pressure
coefficionts across the alleron balence of ﬁ-scale partial-span
model of the XF-12 airplane. Smooth model; dp = 0°; &t = 0°.

(a) o = 0.89,
CONFIDENTTIAL
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|

FIGURE IEGENDS - Concluded |

|

|

Figure 19;- Concluded.
(b) @ = 9.0°.
Figure 20.~ Summeary of ef{ects of leekage on aileron characteristics
of %—scale partial-span model of the X¥-12 airplane. Smooth }
model; @ = 0.8 &, = 0% By = 0% & = 0°. |
Figure 21.- Aerodynamic characteristics of %-sca.le partial-span
model of the XF-12 airplene. S, = 0% 8 = 0°.
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Figure /.- Three-view drawing of the Republic XF-12 airplane.
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Figure 2- Plan and elevation of the 4i-sca/e partial-span model of the XF-12 airplane wing
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Figure 10.- Aileron and tab characteristics of 1/4-scale
partial-span model of the XF-12 airplane. Smooth Hi
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Pigure 14.- Alleron and tab characteristics of 1/l-scale
partial-span model of the XP-12 airplane. Roughness
strips at 0.20c; 6 = 0% a = 0.8} E = 0.027.
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