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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE No. 1048

TWO-DIMENSTIONAL WIND-TUNNEL INVESTIGATION OF LON-DRAG
VERTICAL-TAIL, HORIZONTAL-TAIL, AND WING
SECTIONS EQUIPPED WITH SEALED.INTERNALLY

BALANCED COﬁTROL SURFACES

By Albert.-L.. Braslow
SUMMARY

A two-dimensional wind-tunnel investigation was
made of three low-drag airfoil sections equipped with
sealed internally balanced control surfaces designed
for use as vertical-tail, horizontal-tail, and wing
gectlons. The tests included determination of controls=
surface effectiveness and. hinge moments and airfoll
section drag characteristics. Balance pressures were
also measured for use in estimating the hinge-moment
characteristics of the control surfaces with any amount
of sealed internal balance.

Shéarp lrregularitles occurred in the variation of
the control-surface section hinge-moment coefficient
with airfoil section angle of attack, which were probably
caused by sudden movements in transition along the sur-
faces of all three airfoils at the extremities of the
low-drag range. Tests of the vertical-tall section
Indicated that these irregularities were reduced in
magnitude when transition was fixed at a forward chord-
wise poslition but were not entirely removed untlil transi-
Tlon was fixed at the alrfoil leading edge. An estimated
variation of aileron wheel force with wing-tip helix
angle for an assumed &sirplane indicated that no unusual
aileron wheel-force characteristics would be caused by
the irregularities in the two-dimensional hinge-moment
chgrdeteristics. Sudden movements in transition along
the surraces of vertical-tall or horizontal-tail sections,
however, would probably cause sudden changes in rudder or
elevator hinge moments.
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INTRODUCTION

The recent trend toward the use of large high-
speed airplanes has imposed upon the airplane designer
the problem of obtaining adequate control effectiveness
without excessive control forces while securing low
values of airfoil drag and high values of critical Mach
number. Data for use by the designer in the prediction
of low-drag-wing characteristics are available
but only a limited amount of data on two-dimensional
aerodynamic characteristics of control surfaces on low-
drag airfoils is available. An investigation was made
in the Langley two-dimensional low-turbulence pressure
tunnel of two NACA 6lj-series-type airfoils and one
WACA T7-series-type airfoil eguipped with sealed internally
balanced control surfaces to provide &additicnal data on
two-dimension&l characteristics of control surfaces on
low-drag airfoils. The 6L-series-type airfoils were
intended for use as tail surfaces and were equipped
with a rudder and elevator of 0.4,0 and 0.35 airfoil chord,
respectively. The 7-series-type airfoil was fitted wilth
an aillepron of 0.22 alirfoll chord,

The tests, which were ma&de at Reynolds numbers of
3 X 106, 6 x 10°, and 9 % 106, included the determination

of control-surfaée effectiveness and hinge moments and
airfoil section drag characteristics. The pressure
differences across the control-surface se&als were &also
obtained for use 1n estimating the hinge-moment charac-
teristics of the control surfaces with any amount of
sealed internal bvalance.

SYMBOLS AND CCEFFICIENTS

The symbols and coefficients used in the presenta-
tion of results are defined as follows:

a, airfoil section angle of attack, degrees

c chcrd of airfoil with control surface neutral;
measured along maximum length line

Cx chord of control surface measured from hinge
axis to trailing edge
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chord of overhang from control-surface hinge axis
to middle of. gap seal

control-surface deflection with respect to airfoil;
positive when tr&ailing edge is deflected downwéard

Reynolds number

free-stream dynamic pressure

total Wing span

span of one aileron

root-mean-square chord of aileron behind hinge axis
true airspeed

indicated airspeed

local static pressure; also, rolling velocity
when used in parameter pb/2V

free-stream total pressure

airfoil pressure coefficient it =

helix angle described by wing tip during roll,
radians

wheel force
wheel deflection from neutral

rate of change of rolling-moment.coefficient
with aileron deflection

rate of change of rolling-moment coefficient
with pb/2V

(59

girfeil “seetion 1ift coefficlen

inerement of ¢ caused by deflection of cont¥ol
gurface from neutral

airfoll section drag coefficient
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control-surface hinge moment per unit span;
positive when control surface tends to
deflect downward

control-~surface scction hinge-moment coefficient
o N
"/ 1,1 \

based on control-surface chord ]

\ Qo Cx

hinge-moment coefficient of upgoing aileron
estimated for airplane during roll

hinge-moment coefficient of downgoing alleron
estimated for airplane during roll

seal-pressure-difference coefficient (ratio
of pressure difference across control-
surface seal to free-stream dyneamic
pressure); positive when pressure below

seal is greater than pressure above seal

rate of change of section 1lift coefficient
with section angle of attack

rate of change of section 1lift coefflcient
with control-surface deflection

control-surface section effectiveness parameter
(absolute value); also designated as k for
ajleron

aileron section effectiveness parameter
(ratio of increment of airfoll sectlion
angle of attack to increment ol &ileron
deflection required to maintain a constant
1ift coefficient; absclute.value)

rate of change of section hinge-moment
coefficient with section angle of attack

rate of change of section hinge-moment coeffl-
cient with contreol-surface deflection
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The subscript x 'is replaced herein with subscripts
., e @pd a for°the rudder, slevator, and. 'allerany,
respeEtively, The subséripts to the partial derivatives
denate the wvarlables held constant when the partigl
derivatives are taken. The derivatives are obtained at
gero angle of attaek and zero control-surface deflection
except ds noted.

MODELS AND APPARATUS

The three models, having chords of 2l inches, were
two~dlmensional airfoll sections designed for use &8s &
vertical tail, 2 horizontal tail, and a wing and were
constructed of laminated mahogany. Sketches. of K the models
are presented as figure 1. Rubber seals were used along
the complete span-and at hoth ends of the control surfaces
to prevent the flow of air through the gaps.

The pressure difference &across the control-surface
seals was measured with static-pressure orifices located
above and below the balance plates., A manometer setup,
which integrated the pressures along the floor &and ceiling
of b ‘tunnel test section, was used to measure (11ft, and
the wake survey -method was used to measure drag. Hinge
moments of the control surféaces were measured with
electrical-resistance strain gages.

The vertical-tail section was a 0.155c thick symmet-
P loalasiefoll with a pressure distribution: (figs £2)
similar to that of the NACA bli-series airfoils. The
model was equipped with a 0, .0c rudder with a sealed

c .
intermad palance of 0.]12c,, that 1is, EE = 0.412,
r

The horizontal-tall section, which also had a pressure
distribution (fig.3) similar to that of the NACA bli-series
airfoils, had a maximum thickness of approximately 0,l%¢c. -
The angle of attack for this model was measured with :
respect £0 & reference line shown in figure 1. The meodel
was equipped with a 0,35c¢c elevatqr with a sealed internal
balance of approximately O.L3cg

The wing profile had .2 maximum thickness of approxi-
mately 0,17c and a pressure distribution (fig. 4) similar
to that of an NACA T-series &4irfoil., The design section
1ift coefficient is 0.266, for which the position of
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minimum pressure is approximately 0.35c on the wupper
surface and 0.50c on the lower surface, The airfoil
section angle of dttupk was measured with respect to &
reference line shown in figure 1. The model wé&s equipped
Wilithia.|0:22¢ aileron of ftrue alrloll coqto“r with a sealed
internal balance of approximately 0.4403.

For the normal smooth condition of the models, the
airfoil surfaces were sanded with No. [L00 carborundum
paper to produce an-aerodynamically smooth finish. For
the rough condition of the vertical-tail section, the
model surfeaces were the same asfor the smooth condition
but ‘0.002-irich carborundim grains were applied to & thin
isyer of shellac on both tlc upper end lower airfoil
surface€s -at various chordwlse pOSIt]OHS. The roughness
strips were 1.2 inches wide at 0.450, G5 inch w1de
at ‘0,30t ,0.15¢, and 0.10c, ‘and 3.75 inches' wide at the
leading edge (1.875 in, along each surface measured from-
the leading edge)s

Tests of the three models were made in the Langley
two-dimensional low-turbulence pressure tunnel. . The
tests included measurements at a Reynolds number of

approximately 6 x 10° of airfoil 1ift and drag, control-

surface hinge moment, and balance pressure for each
model with vu"ious dcflectlons of the control surfaces.
ObserVatlons of the ‘air flow over the surfaces of both
tail sections were made by means of tuft surveys. TAT:
and drag ﬂcasurementu were also madeg at Reynolds numbers

of aoorox1matel 3-x 10 and 9 x 10 for the horizontal-"
and vertﬂcal tall sections with the control surfaces
neutrdl,. 'In addition, the vertical-tail section was
tested at a Reynolds number of 6 X 10% with roughness
strips’ applied to both upper and lower airfoil surfaces
at various chordwise positions. The Mach numbers 6
corresponding to Reynolds numbers of 3 X 10°, 6 x 10

ag 0 x 107 were DJ11, 0. lh, and, O. lO respectively...

The following formulas were used to correct the .
tunnel data to free-air conditions:

oy i a2 2) g ey
bt & -
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Cd =
¥
CLO & (l g O)GO
Ay = ll + 28 (O ;i éﬂqov
where
A iactbior dependent on alrfoil shape
o factor dependent on ratio of alrfoll size to
-~ tunnel height .
& f8ctor used for correcting effect of model upen

velocity measured by static-pressure orifices

and the primed quantltlps represgnt the values measured

in the

The values of 2i{c 4 &)
and 0,00792 for
Ll e tions, respectively.

tunnel.

Ehe

v

v\‘vit-lg 5

ver

tical-
The

SoEmS Tor 211 three alrfolls.

RESULTS

were 0,0115,

bajil, and

veallinet o' e

AND DISCUSSION

0.00979,
horizontal=-
was equal

Velues of the important aerodynamic parameters

measured when

Qo

and GX

are approximately 0O for

the three models tested are presented in the following .

tables
i [ 3 A A R
Airfoil /éc\\ Véao\ PS8\ /CChX\
Adrifiod 1 surface l a/) '\5?7“ \5—~§J \ S :
gection |.condition |\ O by I\ el 43 Bl S 6X//a
Py 0 0.58 -0.00 -0.000
N | Smooth 0.107 5 5ui 7
L. roughl .107 »58 -,0009| =-=vc-=-
Elevator ! Smooth .100 .62 -,0029| =-.0023
Aileron | Smooth o103 A48 - oool -.0013
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Vertical~Tail Section

Lift, hinge-moment, balance-pressure, and drag data
for the vertical-tail . section with the dlrfoil surfaces
aerodynamically smooth and &lso with roughness strips
aool‘ed at various chordwise pnositions are presented in
figures 5 to 1.

Lift.- The 1lift characteristics of the vertlcalatail
sectién &t a Reynolds number of approximately 6 % 10
gpe presented in [flgure 5 for the alrf01l in a smooth

sl JCL\ e
gendition. The walues oﬁ o and (ET_B are
equal to 0:107 and 0.062, reSpoctlvelv and fhe effec-
3G, B
tiveness parameter{ - is equal to 0.58. The
C)ﬁr/c7

increment of oectlon 1ift coefficient Acl plotted against

rudder deflection is presegted in figure 6 for four sectiom
angles of attack from 0° to 12°., These curves show that
for small rudder deflections the effectiveness remains
constant through this renge of angle of attack. At rudder
deflections more negative than -2°0, the increment of
section 1ift coefficient incrsases with decreasing angle
of attack until the air flow over the lower surface of
the rudder begins to separate. This separation occurs at
low angles of attack for hi”h negative rudder deflections
as shown in figures 5 and 6 and was observed by means of
tuft surveys over the &airfoil surfaces

Scale effect on the lift characteristics is shown in
figure 7. Lift measurements were made with the rudder
neutra% at Reynolds numbers of approximately 3 x 10

B x 10P,; and 9 x 106,

The effect of fixed transition on the 1lift charac-
verishich el »udder deflachions of 00, <59, and =107
is shown in figure 8. Application of. rourhnesu to the
airfoll leddlp' edge -.caused. an average reduction in
maxinum soctlcq 1ift coefficient of approximatély 12 percent
but had a negligible.effect on the lift-curve slope

oc7\

e
36, /.

(e}

with the ‘rudder neutral, The values  of
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and =g ~_ that were obtained between rudder deflections

of -5° ang 0° and at zero angle of attack remained the
same ‘as for the aerodynamically smooth condition, but the
increment of c¢; caused by rudder deflections of 25°
and -10° decreased at low angles of attack when transi-
tion was induced at the airfoil leading edge (fig. 8);
the sharp irregularity in the variation of Ac, ‘with &

E
shown in figure 6 was thereby eliminated.

Hinge moment.- The variation of rudder section
hinge-moment coefficient Cy, with airfoil section
W . i T : ]

angle of attack for .the smooth airfoil is presentéd in
figure 9 for rudder deflections betwesen -190 and 19°
at a Reynolds number of approximately 6 % 10°, QCorre-
sponding curves of the pressure difference across the
rudder balance seal Ap/q, against a, are presented
in figure 11.  These data may bée used fo estimate the
hinge-moment characteristics of a rudder of similar
contour &and chord by the methods of reference 1. For
the /|1.2-percent sealed internal balance, the values

Ac N 6) c N
of hp ‘ and iy ). were equal to -0.003)
da ' ;

o8

and -0,0007, respectively, for the airfoll surfaces in a
smooth: condition. ' ; i

Thie sherp irregulsrities in the curves of ch
r

against .a, (fig. 9) correspond to the limits of the
low-drag range as shown in figure 13 and are believed
to be caused by the sudden movements in transition along
the airfoil surfaces at the extremities of the low-drag
range. The data of figure 10 were taken at rudder
deflections of 0°, =59, and -10° with trensition strips
placed on the airfoil surfaces at various chordwise
positions to limit the movement of transition. As the
fixed transition was moved forward of the 0.15c position.
- Oehy, | RN .
the dpregularitiles. in _?3_ diminished in magnitude
O :
061’

but were not entirely removed until transition was fixed
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/ b (¢} hr\\“
at the airfoil leading edge. The value of | )

3 baQ/ﬁr

with transition fixed at the airfoil leading edge was -0,0005

as compared with -0,003l for the aerodynamically smooth
airfoil, A forward position of transition had no signifi-
cant effect on the variation of Ap/qy, with ay (fig.12).

Drag.~ Drag characteristics of the vertical-tail
section in a smooth econdition &re presented in figure 135

at Reynolds number of apnroximately 3 x 10, 6 % 10",

S
and 9 x 10° with the rudder neutral and at & Reynolds

. number of approximately 6 X 100 with rudder deflections

between -5° and 5°, Through this range of rudder deflec-
tion the value of the minimum section drag coefficient

and the range of 1lift coefficient for low-drag values
remained substantially the same, Drag polars for the air-
foil Section with transition strips applled to the airfoil
surfaces at various chordwisé positions are pressnted in
figure 1l for rudder deflections of 0° and -5°,

Horizontal~Tail Section

Lift, hinge-moment, balance-pressure, and drag data
for the horlzontal-tall section with the airfoll surfaces
aerodynamically smooth are presented in figures 15 to 20,

Lift,- The 1ift characteristics of the horizontal- 6
taill section at a Reynolds number of &approximately 6 x 10
ars presented in flgure 15 for various elevator deflections

dcq I
/%27 \ S ( "'

between -23° and 9°. The values of —
7 N \\5a // 0d
. 056 \eao

are equal to 0.100 and 0}062< respectively; and the

oa
effectiveness parameter (5_2 is equal to 0.62. The

B¢

QL

variation of the increment of section 1lift coefficient Acg;

with elevator deflection is presented in figure 16 for four
section angles of attack from =4° to 8°. Between elevator

deflections of -3° and 3° the effectiveness remains constat

throughout this range of angle of attack. At elevator
deflections more negative than -3° the increment of section
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1ift coefficient increases with deercasing section angle
of attack until, 2s in the case of the rudder, the air
flow over the lower surface of the eslevstor begins to
sepérate. This s¢paration, which was observed by means of
tuft surveys over the &airfoil surfaces, causes the sharp
breeks in the 1lift curves of figure 15 and results in the
decrsased value of Acjy. at high negative elevator angles
and low angles of attack (fig. 16). At positive elevator
deflections gresater than L©, the value of Ac; decreases
with increasing angle of attack,

The effect of Reynolds number between 3 X 106
and 9 X 10° on the 1lift characteristics of the horizontale-
tail section with the elevator neutral is shown in
Elees 17 .

iinge moment.- The elevator section hinge-moment
coefficients plotted against airfoil section angle of
attack are presented in figure 180 for elevator deflections
between -23° and 9° at a Reynolds number of approximately
BRI L0 35 bho case oftthe Puddes tests, irregulari-
R yeriation of ey with @, corFrsspoRd D

the limits of the low-drag range as shown in figure 20
and are believed to be caused by the sudden movements in
transition along the airfoil surfaces. at the extremities
. 7 .
2, T
oa,, 6
btained at an angle of attack of -2°
because one of the jo in the hinge-moment curvé occurs
at a section angle of attack of 0°, If transition occurs
on the airfoil surfaces at & forward chordwise position
because of surface irregularities or roughness, the magni-
tude of the jogs in the curve of the variation of hinge
moment with angle of attack and the absolute value of
/0, \ :
K\ i) may be expected to decrease in a manner similar :
0Q, 5

of the low-drag range. The value of is equal

to -0.,0029 and was o

S

to that of the vertical-tail section. The wvalue of

N
\ QO
e Qg

for the aerodynamically smooth horizontal-tail section is
approximately -0,0023, -
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The variation of the pressure difference dcross the
elevator balance seal with a, 1s presented in figure 19
at the same elevator deflections for which hinge-moment
data are presented. The hinge-moment and seal-pressure
data may be used to estimate the hinge-moment charac-
teristics of an elevator of similar contour and chord with
any amount of sealed internal balance by the methods of
reference 1, &

Drag.- Drag characteristics of the horizontal-tail
section are presented in figure 20. These data include

drag polars at Reynolds number of &pproximately 3 x 107,
€r 110, Bhd 19" X 106 with the elevator neutral and at a
Reynolds number of 6 x 10° with the elevator deflected I 2°,

Wing Section

Lift, hinge-moment, balance-pressure, &nd drag data
for the wing section with the airfoil surfaces aerodyna-
mically smooth are presented in figures 21 to 25.

1ift.~» The 1ift cheracteristics of-the airfoil
section with an aileron are presented in figure 21. The

seq /écL\
values of { __L end (_.__ \  are equal to 0.101
- |
0as Js ééa/éo
and 0,048, respectively. The effectiveness parameter
//éa .\_ 2 a
0\ is equal to 0.1.8 or 8L percent of the thin airfoil
VA

theoretical effectiveness (reference 2) and is approximately
the same as the effectiveness obtained on the NACA 0009
airfoil section (reference 3).

In order to show the variation of aileron effective-
ness with 1lift coefficlent and aileron deflection, values
of the effectiveness have been measured between definite
aileron deflections. This effectiveness parameter is

AD
a/cz

for various aileron deflection limits are presented in

Aao ‘,/'Aac
designated [ i Puevey of I Jag against cq
<A6a> \\
°1
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figure: 22, A comparison of the megsured e¢ffeetiveness
between 645 = 0° and 10° and &g = 0° and -10°

shows that the aileron is more effective for negative
aileron deflections. A comparison of the measured
effectiveness between &g = 0° and 17° and 65 = 0°

and =17° also shows a higher effectiveness for negative
glleron deflections except through en aporox1mate range
pitwsection 11ft coefficient f”ox 0 to 045 in, which sshe
effectiveness of the down alleron was about the same &s
that of the up aileron. At the section 1ift coefficients
greater than approximately O Ji the effectiveness of the
aileron deflected down 17° decreased appreciably. This
large decrease in effectiveness at high positive &ileron
deflections &nd section' angles of attack, probably caused
by 'separation of the air flow over the upper surface of
the aileron, is reflected in & decrease in the effective-
ness from &g = +10° to &g = £17°. At section 1lift
coefficients from -0.l to 0.4 the effectiveness between
the limits. of &g = +17° was almost the same as, that

measured between the limits of 65 = $109,  The yalusiof

Aa ’ , b HE
0 )} . when measured between &, = 110 decreased

) a

\A@a CL
from:0.50 at a section 1lift coet fficient of O to 0.48 at
a section 1ift coefficient.of 0.70 or only L percent and,
when measured between 65 = 17° and 8g = =17° decreased

from 0.50 to 0,45 or 10 percent cver the same 1ift-
gogiiicient range.

Hinge moment.- The variations of aileron section
hinge-moment coefficient ¢, with section angle of
g i : a ,

“attack a, for all alleron deflections tested are pre=-

gsented:in figure 25(a),

| Loty o vl
The irregularities in ( a/} shown by these'curveé
6

o)
LRl 3
are probably caused by the sudden moV@ments in transi-
tion:on the upper and lower airfoil surfaces at the
extremities of the low-drag range. (See fig. 25.) No
sharp irrepgularities are apparent, however, 1in,the
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veriation of ¢, with aileron deflection as shown by the

. B
: R
gurves ef flpgure 25(b). The. values of e //
éCl’la\'\ 00y
and \ —ﬁ—i;) are 0,000, &nd -0,0013%, respectively,
N = ao

for the aerodynamically smooth airfoil,

The variation of the pressure difference across the
aileron balance seal Ap/qo with aj 1is presented in

figure 2l for all aileron deflections tested. The basic
data of figures 2%(a) and 2L may be used to estimate the
section characteristics of &8n aileron of similar contour
and chord with any amount of sealed internal balance by
the methods of reference 1. :

Drag.- The veariation of section drag coefficient with
section lift coefficient at & Reynolds number of approxi=-

mately 6 X lO6 for aileron deflections of 0°, 50, and -50

1s presented in figure 25. The minimum section drag
coefficient was approximately the same for the three
aileron deflections, although the extent of the low-drag
range was reduced with the‘aileron deflected 15° to'about
one-half the range with the aileron neutral.

Effects of Sudden Movement of Transition on
Airplane Control-Surface Characteristics

The two-dimensional data presented herein show sudden
changes in the variation of control-surface section hinge-
moment coefficient with ailrfoil section .é&ngle of attack
when transition suddenly moves forward along the airfoil
surfaces. The effect of sudden movements of transition
on the airplane controcl forces was investigated. 1In
order to determine whether the irregularities 1in the two-
dimensional hinge-moment characteristics would cause
unusual aileron wheel-force characteristics, the variation
of wheel forcg F_ with wing-tip helix angle pb/2V for

an assumed airplane was estimated for various indicated .
airspeeds (fig. 26). The values of pb/2V were estimated
from the following equation presented in reference lie
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5 k A
pb . ) )
o k 11&.6'0Z
P

Test values of Aa, were substituted in equation (1)

' A
for the product k AS,, - and values of "Eé and ¢,
' ; P
eQual to 0.331 and 0.495, respectively, were obtained
from reference li by use of!the following assumed air- '
pldne dlmen51ons‘

Wing span, feet . L] . . - . . :' . L] . L] . . . . ° 70 R
Wing al‘ea, Squal"e feet . . . . . . . . . . . . . 5
@iiigateotding, pounds per square foot 5 « + 5 = ®
ASp@Ct f"atio . . . ° . . . g . . . . . . . - . . 9
e T R PR T (O S 1 P 3
Al lemon gpan, feet . . . o | al i & le Wl le Lt
Aileron root-mean-square chord behlnd
hinge a)\lS, feet ~ . . . . . . . . . . g iy . ° lc8
Ailercon location, fraction of semispan
Inboard end . . . L . . L4 . . . . . . . . . L] O 668
OUtbOal"d end . . ‘. . . . . . . . . . . . . . . l OOO
R VB, oot ¢ o 0 6 v ow o6 B e e b el W REGEE
Maximum wheel deflection, degrees « o + o o & P
Wheel‘forces were estimated from the equation
» i
TR s | 46, p |
" a a. ’/ a \ oy v T oiBhy cha) H(2)
o Wheel radlus ,‘ a8 up \ ajup \ de/gown down%
The ailéron hinge-moment coefficients (ch \ and Gha\
&/up ' down

were estlmated from the section data for the alrplame in
8 steady roll., Values of these coefficients were taken
at piven alleron angles and corrected for the change in
angle of attack at the aileron midspan caused by the roll.
Equal up and down aileron deflections and a mameum wheel
~deflection of 175° were used. R

Bécause the values of pb/?V - were not, corrected for
wing twist, control-system stretch, or adverse yaw and the
sectlon hinge-moment coefficients were not corrected for
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aspsct-ratio effects, the estimated values of pb/2V

and F;, are not gquantitatively accurate. The values are
useful, however, to show the qualitative variation of
wheel force with wing-tip helix angle.

No sudden changes in the estimated variation of F,

with pb/2V are apparent in figure 26, which indicates
that inclusion of the hinge moments due to the deflection
of both ailerons tends to eliminate the irregularities in
the hinge-moment variation with angle of attuck &lone.

If the angle of attack were varied with the ailerons
neutral, however, both the right and left ailerons would
tend to move in the same direction when the' change in
angle of attack causes transition to move forward suddenly,
and the effect would be absorbed in the. aileron rigging
with no chahge in the wheel force,

Data recently obtained in the Langley stability
tunnel indicate that sudden movements of transition
cause irregulsrities in the variation of hinge-moment
coefficient with angle of attack in three-dimensional
flow as well as in two-dimension&al flow. Sudden move-
ments of trénsition along the surfaces of vertical-or
horizontal-tail sections, therefore, will probably cause
sudden changes in rudder or elevator hinge moments. The
data obtained with transition fixed at various locations
along the airfoil surfaces, however, indicate a decrease

in the severity of the jogs in the variation of ¢y
x

with a, &as the location of transition is moved toward
the airfoil leading edge. Sudden changes in elevator and
rudder forces, therefore, seem less likely to occur on

an airplane since the full extent of laminar flow on
production airplanes has not been realized because Qi
manufacturing irregularities and surface deterioration in
service and because transition is induced near or at the
leading edge of tail surfaces that are located within the
propeller slipstream or wing and fuselage wake.

CONCLUDING REMARKS

Results of a two-dimensional wind-tunnel investigation
of a low-drag vertical-tail, horizontal-tail, and wing
section equipped with sealed internally balanced control
surfaces have been presented. Sharp irregularities
oceurred in the variation of the control-surface section
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hinge-moment coefficient with section angle of attack,
which were probably caused by sudden movements in transi=-
tion along the surfaces of the airfoils at the extremities
of the low-drag range. Tests of the vertical-tail section
indicated that these irregularities were reduced in magni-
tude when transition was fixed &t a forward chordwise
poaition but were not entirely removed until tréansitlon
was fixed at the airfoil leading edge. An estimated varia-
tion of aileron wheel force with wing-tip helix angle for
ansa&gsumed airplane indicated that no unusugl adileron
wheel-force characteristics would be caused by the
irregularities in the two-dimensional hinge-moment charac-
teristics. Sudden changes in rudder or elevator hinge
moments, however, would probably result from sudden move-
ments in transition along the surfaces of the vertical-or
horizontal-tail sections. If transition should occur at
or near the leading edge of the tail surfaces, as is
uwsually the case for tail surfaces located within the
propeller slipstream or wing and fusclage wake, no sudden
changes would occur in the control-surface hinge moments,

Langley Memorial Aeronautical Laboratory
National Advisory Committee For Aeronautics
Langley Field, Va., March 8, 1946
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Drag characteristics of & low=drag wing section

eguipped with a 0.22c sealed internally balanced alleron.

6 x 100 (approx.); test, T 583.

Figure 25.-
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Figure 26.- Variation of aileron wheel force with wing-tip helix angle.
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