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AERONAUTIC SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metric English
Symbol Abbrevi ) Abbrovi
v e brevia- s P revia-~-
Unit tion Unit tion
Length. . _._- l meter. e m foot (or mile) . oo ... ft. (or mi.)
Time.- oo ooae- t second_ . oooaieo e 8 seconr for hour) ...} see. (or hr.)
Force...ooo-. F weight of 1 kilogram._._.. ke weight of 1 pound._.... Ib.
Power. .- n... P horsepower (metric) ..o faaeeocnen- horsepower. oo o- hip.
Vv (kilometers per hour.__...1  kp.h miles per hour...___.. m.p.h.
Speed.......-- \neters per second. .- m.n.s, faet per second.___ ... f.p.s.
2. GENERAL SYMBOLS v
Weight = mg v, Kinematic viscosity
Standard acceleration of gravity =9.80665 Density {mass per unit volume)

m/s? or 32. 1740 ft./sec.?
Mass = 0
g

Moment of inertin=mk?. (Indicate axis of
radius of gyration k by proper subscript.)
Coeflicient of viscosity

“Area

Arca of wing
Gap

Span

Chord

Aspect ratio
True wir speed

Dynamic pressure= :]épV?

Lift, ahsolute coefficient OszléS
Drag, absolute coefficient C”=&DS

Profile drag, absolute coefficient CD,=%

1

Induced drag, absolute coefficient C’DF%
T B N ALTTE I Y .Df’

Lo
pi

Cross-wind force, sbsolute coeflicient Oo=&%

Resullant force

Standard den31ty of dry air, 0.12497 kg-m“-s’ at
15° C. and 760 mm; or 0.002378 1b.-ft."*-sec.t -

Specific weight of “gtandard”’ air, 1.2255 lw‘/m8 or
0.07551 1h Jeu.dt. :

- 3. AERCGDYNAMIC SYMBOLS
4w, Angle of setting of wings (relatxve to thrust

Line) -
s Angle of stabilizer setting (relative to thrust
line)
Q, Resultant moment
Q, Resultant ongular velocity

p"% TRevnelds Number where ! is a lincar dimension
(e.g., for a model airfeil 3 in. chord, 100
m.p.b. normal pressure at 15° C., the cor-

. responding number is 234,000; or for & model
of 10 cm chord, 40 m.p.s. the corresponding
number is 274,000)

C,, Center-of-pressure coeflicient (ratio of distance

of ¢.p. fromn leading edge to chord length)

a, Angle of attack

€, Angle of downwash

o,  Angle of attack, infinite aspect ratio

ay, Angle of attack, mduce

Vel 7 rda s seo soeadd fram garn.
iy position)

Vs Flight-path angle

€.
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AERODYNAMIC CHARACTERISTICS OF

WINGS WITH CAMBERED EXTERNAL-

AIRFOIL FLAPS, INCLUDING LATERAL CONTROL WITH
A FULL-SPAN FLAP

By Roserr C. Prarr

SUMMARY

The results of a wind-tunnel investigation of the N. A.
C. A. 23012, the N. A. C. A. 23021, and the Clark Y
airfoils, each equipped with a cambered external-airfoil
flap, are presented in this report. The purpose of the
research was to determine the relative merit of the various
airfoils in combination with the cambered flap and to
investigate the use of the flap as a combined lateral-control
and high-lift device. ‘

Each of the three airfoils was tested in combination
with a flap having a chord 20 percent of the main wing
chord. The airfoil giving the best characteristics was
then tested in combination with a 30-percent-c flap. A
satisfactory flap hinge-axis location was selected from the
data already obtained and final force and lateral-control
tests were made with the 20-percent-c flap hinged at this
point. In the lateral-control tests, the flap was cut at the
center line of the model so that the semispan flaps could be
deflected as atlerons with respect to each other. The flup
was also cut at points one-half the semispan from each
ttp, permitting use of 25 percent of the span on each tip as
a combined aileron and flap, the center 50 percent of the
span being used solely as a flap.

INTRODUCTION

The increasing benefit to be derived from high-lift
devices with improvement in airplane performance has
led to a consistent demand for research on methods of
obtaining higher maximum lift coefficients without
adversely affecting any major items of performance,
stability, or control. Various experimental investiga-
tions of such devices as pilot planes, slots, and slotted
flaps have indicated that airfoils working in juxta-
position may benefit considerably by mutual inter-
ference, especially if their relative setting may be
varied in such & way as to obtain the optimum inter-
ference for each desired characteristic. A funda-
mental investigation of the foregoing concept (reference
1) has indicated that positions of an auxiliary airfoil

near the leading or trailing edge of a main airfoil offer
possibilities of a considerable incresse in maximum
lift coefficiont without adverse effect on other desirable
characteristics. In general, users of high-lift devices
have tended to favor those near the wing trailing edge,
although the practice of placing a true airfoil in this
region to get high lift has been confined almost exclu-
sively to Junkers airplanes produced in Germany since
1925. Trailing-edge devices, however, have usually
caused the wings to suffer a loss of possible performance
through the necessity for lateral control, which has
normally been provided by reducing the span of the
lift-increasing member to leave room for ailerons at the
wing tips. Several devices intended to compensate for
this deficiency, such as upper-surface, external, and
retractable ailerons, - have been investigated but
apparently none has yet proved entirely satisfactory in
service. Commercial use of Junkers airplanes having
the tip portions of the external airfoil capable of
deflection as ailerons has shown the practicability
of an external-airfoil device combining the functions
of ailerons and flaps.

The tests described in the present report were made
at the request of the Bureau of Aeronautics, Navy
Department. They were intended to provide sufficient
information for the design of a full-scale wing em-
bodying the external-airfoil flap as a combined high-
lift and lateral control device to be tested in flight.
It was further desired to obtain an arrangement
sufficiently near the optimum to indicate the true
potentialities of this device as compared with others
already in use or under development.

Thus far, published results of tests of the external-
airfoil type of flap (references I, 2, 3, and 4) have been
more suitable as a guide to possible applications of the
device than for use in actual design calculations. Data
from a recent investigation of the Fowler flap (refer-
ence 5) have served as a useful guide in selecting a
desirable size and shape of airfoil section, and a
desirable hinge location for the flap, thus permitting

1
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considerable reduction in the research necessary for
approximate determination of the maximum capa-
bilities of the device. On the basis of these data, flap
chords of 20 percent and 30 percent of the main wing
chord were selected as offering the greatest promise
of a satisfactory flap arrangement giving both high
lift and lateral control. Comparison of the data with
those of reference 1 indicates that a cambered (Clark
Y) flap has characteristics more favorable to airplane
performance than one of symmetrical section. The
information on flap londs was judged adequate for the
design of the external-airfoil flap structure and controls.

In order to obtain an estimate of the effect of cross-
sectional shape and thickness of the main wing, three
basic sections were used in the present tests. In addi-
tion to the Clark Y, two members of the N. A. C. A.
230 family of airfoils (reference 6), which may be
taken as representative of the best airfoils now avail-
able for use in conventional sirplanes, were selected
for testing. From the results obtained, it should be
possible to find whether the benefits derived from
changing the cross section of a plain wing are equally
obtainable from the same change of section of a wing
with an external-airfoil flap.

MODELS

Wings.—Three mahogany wing models, each having
a span of 60 inches and a chord of 10 inches, were used
in the tests. The airfoil sections were the Clark Y,
the N. A. C. A. 23021, and the N. A. C. A. 23012, the
ordinates of which are subsequently given. (See figs.
24, 25, and 26.) Set into the lower surface near the
trailing edge of each model were seven metal strips
providing attachments for flap supports and dividing
the span into six equal sections.

Flaps.—The two flaps used were made of duralumin
and wereshaped to the Clark Y profile. They had chords
of 2 inches (20 percent of wing chord) and 3 inches
and spans of 60 inches. These flaps were hinged to
fittings attached to the metal strips in the wing, a
series of fittings giving the desired variation of flap
position. The term “flap position” is used to desig-
nate the location of the flap hinge axis with respect to
the main wing. The hinge axis was located at the
center of the leading-edge arc of the flap. Flap-angle
adjustment was provided by slotted quadrants at-
tached to the flap; the flap could be pivoted about
the hinge on the flap-support fittings or locked to
the fittings at the desired flap angle by means of set
screws through the slots in the quadrants.

TESTS

The tests were made in the N. A. (. A. 7- by 10-
foot wind tunnel at Langley Kield. Standard force

tests were made on the following series of wing-flup
combinations:

1. Clark Y, N. A. C. A, 23012, and N. A, C. A,
23021 wings without flaps.

2. Clark Y wing with 20-percent-¢ Clark Y flap.

3. N. A. C. A. 23012 wing with 20-percent-¢ Clark
Y flap.

4. N. A. C. A. 23021 wing with 20-percent-¢ Clark
Y flap.

5. N. A. (. A. 23012 wing with 30-percent-¢ Clark
Y flap.

6. N. A. C. A. 23012 wing with 20-percent-¢ Clark
Y flap cut at the center of the span, each half being
deflected as ailerons (semispan ailerons).

7. N. A. C. A. 23012 wing with 20-percent-¢ Clark
Y flap cut at the midpoint of each semispan, one-
quarter of the span on each tip being deflected as
ailerons, the center half span deflected only as a flap
(semispan flap, quarterspan ailerons).

The first five sets of tests in the series were made to
determine characteristics affecting airplane perform-
ance. The maximum lift coefficient of each combina-
tion was obtained by taking data at a series of flap
positions below the wing trailing edge, at flap angles
of 20°, 30°, and 40°, and in one case 60°. A range
of flap positions sufficient to determine the one giving
maximum lift of each wing-flap combination was
covered. The minimum drag coefficients were ob-
tained by taking data for a range of flap angles from
0° to —8°, in 2° steps, at the same positions for
which maximumn lift was determined.

The sixth and seventh sets of tests were intended
to provide data on which to base the selection of an
optimum arrangement of the external airfoils as flaps
and ailerons. For these tests, a new hinge-axis loca-
tion was selected and was not varied throughout the
tests. Lift, drag, and pitching-moment data were
taken at a series of flap angles representing neutral
settings from which the ailerons could be deflected.
Two types of aileron deflection—equal up-and-down
and a typical differential system—were investigated.
In addition to the regular lift, drag, and pitching-
moment measurements, rolling- and yawing-moment
data were obtained at a sufficient number of aileron
settings to determine the characteristics given by the
two types of deflection from several neutral flap
aundfor uileron settings. A few tests were made to
find the effect of an end plate between the flap and
quarterspan ailerons. Hinge-moment data were ob-
tained by measuring the twist of a calibrated torque
rod required to balance the flap or aileron at the angle
in question. Figures 1 and 2 show the plan and
profile arrangements and the hinge positions of the
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combinations listed as applied to the N. A. C. A. | deflection under air load, errors in measurement of tare

23012 wing.

i forces and support interference, and errors in velocity

The N. A. C. A. 7- by 10-foot wind tunnel, together | measurement, appear to be of minor importance in

with associated apparatus and standard force-test
procedure, is described in reference 7. All tests were
tun at a dynamic pressure of 16.37 pounds per square
foot, corresponding to a speed of 80 miles per hour in
standard air. The Reynolds Number of the tests,
based on the 10-inch chord of the main airfoil, was
approximately 609,000.

PRECISION

Thus far, most of the results obtained in the 7- by
10-foot wind tunnel have been intended primarily for
comparison among themselves. For this reason no

50" e "
1
H i
l o |
10" Main wing :
i i Flap,
e
T 7 G
é Combinations 2,3,4%5
60"
x |
| !
107 Main wing | '
| | Aileron ondfor flop,
i !
¥ I |
2k 30" Combination 6
. - 50"
i | |
Main wing
10" !
! Arlerorn, Flap -, - Aileron
p - - ! I |
b 4 I o [~
2L 15— 30" —— NI SUS—

Combination T

Fiaurk 1.—Flap and aileron combinations.

corrections f{or consistent wind-tunnel errors have been
applied to results previously published. Since the
present tests involved a departure from the use of the
Clark Y section in standard testing in the 7- by 10-
foot tunnel, it was considered desirable to make as
complete correction for consistent errors as possible
in order that the results might be directly comparable
with other available airfoil data. The four major
sources of consistent discrepancy in the tunnel, as com-
pared with characteristics of full-scale airplane wings,
are jet-boundary eflect, longitudinal static-pressure
gradient, turbulence, and scale. Other sources of
consistent error in wind-tunnel tests, such as model

the 7- by 10-foot tunnel as compared with the four
major sources of consistent errors previously men-
tioned.

The standard jet-boundary corrections,

Aa=:8,5/C C,, % 57.3, degrees
AC,=10p S/C C?

. where S is the total wing area (S,+S;), and C the

jet cross-sectional area, were used in correcting the
test results. The values of the correction factors
S.=8p=—0.165 are taken as most nearly representa-
tive of the boundary effect in this tunnel. The static-
pressure gradient produces an additional downstream
force on the model, corresponding to & AC), of 0.0015

X

Combinations 2.3,4 85

Sta. = 0.0/5¢,

Ord.= 0.035 *
(—_ e emmeng (107 t
003c;4 =
e B
P & T0./6¢,
nge 0.1
Combinations 647 t'i/cf’
- Ry

Clark Y
Cambinaiiorn 1 PRI
(wailly e ernd plote) e

Fiaureg L. -Profiles of flap and aileron combinations.

on 12-percent-c thick rectangular airfoils of the size
tested, and AC, of 0.0029 on 21-percent-c thick air-
foils. These values were obtained in accordance with
the methods given in reference 8. No complete
satisfactory corrections for scale and turbulence are
at present available, although unpublished data on
the turbulence existing in the tunnel indicate its effect
on measured airfoil characteristics to be small as
compared with the other consistent errors. Refer-
ence 6 indicates that the turbulence correction may,
in fact, be regarded as approximately equivalent to a
scale correction.

A conscrvative estimate is given in the following
table of the accidental errors in the tests, obtained
principally from comparison of data taken at intervals
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over a period of several years on a duralumin wing
model:

a40.10°

Cr,,. % 0.05

Cn, , +0.008
Cp(C,=0)4+0.001
Cp(Cp=2)+0.008
Cy40.0002
Flap angle 40.25°
Flap position +0.0015¢,,

RESULTS AND DISCUSSION

Form of presentation of results.—All test results
have been reduced to standard nondimensional coef-
ficient form, based on the total area (plan area of
wing -+ plan area of flap). This convention is based
on the concept that the nominal wing area of an
sirplane is the area used for normal cruising flight.

Clork Y
wing with 0.20c¢ flap

T

0«

1.80 E

S L1 es v}

/ — .90 E

T =25y

/ *1.91 Y]

8

8.0 <

g0 95 100 10577 >
x, percent chord

FiGURE 3.—Contours showing varlation of Crm., with flap position. é&r= 20°

Plain wing Clme,=1.300.

The coeflicients are defined as follows:
subscript . refers to the main airfoil
subscript , refers to the flap

¢, =Lift/q (S.+S))
O» =Drag/q (S,+5S))
Cn =Pitching moment/q (S,+8;) (cu+t¢))
C/ -=Rolling moment/q (Su+S)) by
¢, =Yawing moment/q (S,+S,) b,
Cy =TFlap or aileron binge moment/y (S,+S,)
(cw+cf)
COF=Control-stick hinge moment/q C.(S,+S,)
(cotcp)
or COF==(5/25°) X (Cg/Cy), where § is the angular
deflection of the aileron drive crank.
8y, flap deflection, degrees.
S84r, right aileron deflection, degrees.
8az, left aileron deflection, degrees.
The sign couventions used for flap angle and hinge-
moment coefficient are the same as the standard con-
ventions for angle of attack and pitching-moment
coefficient, respectively. The flap angle is measured
between the wing and flap chord lines. It should be
noted that the rolling- and vawing-moment coeffi-
cients, ¢, and (', refer to wind axes.

hinge-moment coefficient Cy is based on total wing
area and total chord (main wing plus flap) rather than
on flap area and chord so that the present results
may be directly comparable with published data on
stickforce coefficients to which subsequent reference
is made.

In order that the final lift and drag characteristics
of the selected wing-flap combination may be directly
comparable with similar plain airfoil data, the results
of the tests on the wing-flap combinations have been
corrected to an aspect ratio of 6. Since the coeffi-
cients for the airfoil with a 20-percent-c flap are based
on a span of 60 inches and a chord of 12 inches, the
test aspect ratio of the combination was 5, but this
discrepancy with the plain airfoil tests has been elimi-
nated from the final lift and drag data.

The pitching-moment coefficients in the final airfoil
data are referred to the aerodynamic center, about
which the value of C,, is sensibly constant throughout
the range from zero to maximum lift. In the case of
the airfoils with flap deflected, however, the pitching-
moment coefficients are referred to the aerodynamic
center for the flap neutral setting. This method
avoids the use of a varying aerodynamic center for a
wing with a flap but, of course, the value of Cn, , is
no longer constant in the specified range with the
flap deflected from the neutral setting.

Determination of optimum flap arrangement.—The
purpose of the initial series of tests, comprising the
first five groups previously listed, was to find which
of several airfoil sections would give the best com-
bination with a cambered external-airfoil flap. For
the selection, factors affecting only airplane perform-
ance were used as eriterions.

Contours showing the variation of each of several
airfoil characteristics with the location of the flap
hinge axis are plotted for the Clark Y wing with 0.20¢
flap in figures 3 to 7, for the N. A. C. A. 23021 with
0.20c flap in figures 8 to 12, and for the N. A. C. A.
23012 with 0.20¢ and 0.30c flaps in figures 13 to 23,
inclusive. The value of any characteristic shown at
a certain point with respect to the wing trailing edge
was that obtained with the flap hinge axis located at
that point. The hinge axis was located at the center
of the leading-edge arc on the flap. Airfoil character-
istics considered in this way are C, . Cb»,,,,, and &
speed-range index, C.,,./Cp,,- The contours of
CL,,., 8re confined to constant flap angle, the data for
different flap angles being shown in different figures.
The flap angle for minimum Cp, was within +1° of
—5° in all cases. C;,,,/Cp,, is plotted as inde-

pendent of flap angle, the values of Oy and Cp,,,
being selected at the optimum angle for each, at the

flap position in question.
Complete aerodvnamic characteristics of the three

The flap | model airfoils without flaps are given in figures 24, 25,
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] Iy
1.80 i 8
90 95 100 059 %

x, percent chord

Fieurx 4.—Contours showing varlation of Cia,. with flap position. 2/=30°.

Plain wing Crues=1.300.
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Fiaure 5.~Contours showing variation of Cra., With flap pasition. &/=40°
Plaln wing Cru.,=1.300,
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wing with 0.20¢ flap
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F16uRE A.—Contours showing variation of Cpwe With flap position. Plain wing
© Chaia=0.0145,
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F1gUrx 7.~Contours showing variation of Cim.,/Cbwia With flap position. Plaln
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wing with 0.20c flap
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Ficure 8.—Contours showing varlation of Crme, with flap position. &=20°
Plain Wing Cry,,=1.205.
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Fioure 9.—Contours showing variation of Cia.,, with flap position. 3=30°.
Plain wing CLa..=1.208.

MA.C.A 23021 Y
wing with 0.20c¢ flap 0 5
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Figure 10.—Contours showing variation of Cra,, with flap position. 3/=40°,
Plaln wing Cra.,=1.205.
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wing with 0.20c flap
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Fioure 11.—Contours showing varistion of Cpuie with flap position. Plaln
®iNR Cpuia=0.0163.
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Figurx 12.--Contours showing variation of CLu.s/Comis With fiap positlon. Plain
WINE CLamez/Chmia™=T8.8.
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FiGUrE 13.—Contours showing variation of Cr.., with flap position. &=20°,
Plaln wing CLmes=1.145.
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N.A.C.A.23012 N
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FIaURE 14.—Contours showing variation of CLmes with flap position. &=30°.
Plain wing Crmer=1.145.
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Flours 15.—Contours showing variation of CLm., with flap position. &=40°
Plain wing CLma.;=1.145.
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and 26. Figure 24 (a) shows data for a standard dural-
" ymin Clark Y airfoil model used in checking tunnel
calibration and figure 24 (b) shows data for the wooden
Clark Y model actually used with the external-airfoil
flaps. The difference in characteristics is ascribed to
the use of blocks inserted under a sheet-metal upper
surface to form the rear portion of the wooden model,
which appears to have a smaller camber near the trail-
ing edge than the duralumin model. For comparison
with other airfoil data, those given in figure 24 (a) are
considered more representative of results in the 7- by
* 10-foot tunnel. For estimation of the effect of adding
an external-airfoil flap to a Clark Y wing, the data of
figure 24 (b) should be used, since the same model was
used for the tests with the flaps. The foregoing dis-
crepancy in the plain Clark Y sirfoils does not exist
in the case of the N. A. C. A. 23012 and N. A. C. A.
23021 plain airfoil models. These models were shaped to
the correct profile within the limits of accuracy normally
specified for models used in the 7- by 10-foot tunnel.

Comparison of the contours of Cy,,./Ch,,, for the
different airfoils with a 20-percent-c flap indicates that
the N. A. C. A. 23012 wing offers the greatest possible
improvement for the combinations tested. Some tests
in the full-scele and variable-density wind tunnels
(veference 6) indicate that the N. A. C. A. 23012 airfoil
alone has a greater Cy,,, than the Clark Y in the
normal full-scale range of Reynolds Numbers, although
the reverse is true at the Reynolds Number of the
present tests. Some existing experimental evidence in-
dicates this scale-effect relation to apply with flaps on
the airfoils, as well as without. It seems reasonable to
expect, therefore, that in the full-seale range the
N. A. C. A. 23012 with an external flap has an even
greater advantage over the Clark Y with an external
flap than is indicated by the present tests. The
N. A. C. A. 23012 was therefore chosen as representa-
tive of the optimum airfoil for combination with an

* external-airfoil flap. Of the other two airfoils tested,
the N. A. C. A. 23021 appears the better. The prob-
ability of encountering excessive control forces led to
the selection of the 0.20¢ flap for use in combination
with the N. A. C. A. 23012 airfoil in the final series of
tests; an extensive investigation to reduce the fap
hinge moments to a minimum did not seem justified at
the present stage of development.

Selection of optimum flap hinge axis.—Since the
location of the hinge axis in the leading edge of the flap
is not practicable because of the large operating forces
required, it was necessary to select a more suitable
hinge-axis location for low hinge moments before pro-
ceeding with the lateral control tests. Inasmuch as
the Fowler type of flap when extended shows charac-
teristics very smilar to those of the external-airfoil flap,
it was considered reasonable to base the selection of the
hinge-axis location on the flap-load data of reference 5.
The most forward position of the resultant-force vector

on the flap was taken as the optimum line on which to
locate the hinge with respect to the flap. The con-
tours in figures 13 to 17 were then used to determine
the most favorable position of the flap leading edge
with respect to the wing at each of several flap angles
over the desired range. From the foregoing infor-
mation, a compromise location of the hinge with
respect to both wing and flap was chosen, which was
expected to give good over-all characteristics through-
out a range of flap angles from—5° to 30°. The
profile of this arrangement, including hinge-axis posi-
tion, is that shown in figure 2 for combinations 6 and 7.

Aerodynamic characteristics of the wing-flap com-
bination with the flap at angles of —5°, 20°, and 30°,
using the selected hinge-axis location, are given in
figures 27, 28, and 29. These angles were used as
neutral settings, from which the ailerons were deflected
to obtain rolling- and yawing-moment data. A test
of a neutral setting with the semispan flap at an angle of
30° and the quarterspan ailerons at 10° showed this
arrangement to have essentially the same lift and drag
characteristics as the arrangement with both flap and
ailerons set at 20°. Lift and drag data for a neutral
setting of flap angle 30° and aileron angle of 20° were
obtained by interpolation.

Results of lateral control tests.—In order to reduce
the number of tests required, it was assumed that the
rolling- and yawing-moment coefficients produced by
a given deflection of one aileron were independent of
tho setting of the other aileron. Preliminary tests
indicated the assumption to be sufficiently accurate to
satisfy the purpose of the present investigation. Rep-
resentative curves are shown in figure 30.

Results of several tests made to determine the effect
of an end plate between the flap and the quarterspan
ailerons are shown in figures 31 and 32 as rolling- and
yawing-moment coefficients of three aileron combina-
tions with and without an end plate. As the end plate
apparently produced a negligible effect, it was elim-
inated from further tests.

The lateral control tests of combination 6 (fig. 1)
with each aileron covering the wing semispan gave
the results sbown in figures 33 and 34. Figure 33
shows the rolling-moment coefficients produced by
various deflections of the left aileron, with the right
aileron at an angle of —5°. The rolling-moment
coeflicient produced by any combined deflection may
then be tound by the method used in the following
example: For a setting of right aileron at —20°, left
aileron at 20°, C/ is equal to the algebraic difference
between C, for 8,,=20° &z=—5° and C; for
4= —20°, 8,p,=—>5° Using data for a=10° from
figure 33:

Cy (842 =20°, 34p=—5°)=0.0735

C) (84, =—20° §,p=—5°) =—0.0300

O/ (54 =20°, 845 = — 20°) =0.0735— (—0.0300)
=0.1035
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Corresponding values of yawing-moment coefficient may
be obtained from figure 34, using the same method.
The tests of combination 7 (fig. 1), quarterspan
ailerons and semispan flap, gave the results shown
in figures 35 to 40. These figures show rolling- and
yawing-moment coefficients as a function of left
aileron angle (5,;) for three settings of the flap and
right aileron. Control given by any assumed com-
bination may be computed as previously explained,
using the flap and right aileron setting most nearly
corresponding to the assumed arrangement.
Hinge-moment coefficients as a function of angular
deflection are shown in figure 41 for a semispan flap
oraileron. The coefficients refer to moments measured
on an aileron having a span equal to one-half the

the same deflection of the semispan aileron. From the
magnitudes of (', obtained on the flap with the finally
selected hinge position, it appears that the method of
selection employed was conservative and that the hinge
axis might be located somewhat farther back on the
flap without involving overbalance in any part of the
operating range.

Determination of optimum lateral control arrange-
ment.—A number of possible arrangements were com-
pured in selecting the final one recommended as a
promising high-lift and lateral control device. The
following combinations were investigated:

1. Semispan ailerons, equal up-and-down deflection.
Neutral setting, 20°.

20 a.c,'f‘f-:zzs NE 48
Staluerltwr] & o [org | i ; ! i
Gl 25rl-Pea) B0 e J_‘IN‘J-—-—"IWE’ 1= [ 44
25| 2671 : = . -t
23|58 =571 8ot —— S NG i
so|veri-226) CSTE T T 9 /0 i @0
3|89 1E% 0 o0 40 &0 &0 W0 N -
1517.191-3.50 Percenf‘ofchcrd. Cy | T | 0
Bk F T o™ (% - s
S | 30|755|-1% - P quorter- & 1 5
N 40| 214|~448 2 20 40+_L_]chord ooint 08— I 328
50164/ |-4.17 a Il ' (of main wing) E* ] T
2 | %0|597[:367 L i x/éo g wing) ¥ i 3
.36 | =3 ' - Bl [ o
N 515%| 3% / 7 1.8 .36—y/jc - .228 $.07 - 28 ¥
o 901 1.68 (-1.23 A 2 o dinot S ! °
951 .92|~ .70 1 vordmnates ] 7 g
E 1001¢.13)|(~.13) 1.6 32i—of a.c. (Plus 0.06 : P 247
9 ILoi'/?-d /,?5 y. i - aﬁeador;& & ;‘ o y <
b .E.Rod.: 1.5 1.4.08— abovep). « 5.05 20
2y Opesaiode: A Nk REL T SN o .
2 _ |chorg=0.305 /5 b g L a
24820 7 { .2 .2 GA.Z‘!;: @ 041 1 £ p /5°
w 3 . .
Q¢ AN 103,208 9 05N S 2%
~\120040 o oy 0. S T ] &
& 14 IS ! — ™7 .
g 6360 v/ = gS./6% o2t , - 8
S 2% sl A / £8 20 o T i i
o 126 S L/D & ; T i | 7 ﬁ
- : R ' — S
& aswootfi7) - , —“~-.\ L O 0 - 0%
N . R B B T ¥ Ot Ld i
« L | " 1 . “
LI N 2 0e d-ia f 43
Ks} - : s, v
- B 1 ’ -~
5 ot L 0 0 gee il T - 446
Yy | Airfoil: NA.CA. 23012 RN:609.000 ! Q i I L <
o Test ospect ratio: 5 |-2 N I B s 8 O I~ 1 2
-4 Results corrected to AR & | T ! | INEN L B {1
Size: /0°x60" Where fesfed:LMA.L.‘\ E . 4,;;_ Airfoil: NACA. 23012 RN.:605,000|_ s
-8 - Pres.(stnd.atm):] Vel(ft/sec)://7.3 "-4 g” T Flap: Clark Y, 260" 7bylOFEW.T. 2651
Corrected for funnel-wall effect. | . 5H’ Corrected to infinite aspect rotio./2-6-34 |20
=2

e g o4 0 4 6 2 16 20 24 28
Angle of oftack, & (degrees)

0 2 4 6 8 0 [2 14 16 18 20
Lift coefficient, C,

F1GURE 20.—The N. A. C. A. 23012 sirfoil with 0.20 ¢ Clark Y flap. ;=30

wing span. The value of Cy for a setting §,,=—20°,
54, =20° is then the algebraic difference between (',
for 5,=20° and () for §,=—20° at the angle of
attack in question, on the semispan ailerons. When
computing the values of the control-force criterion
(CF) of the differential deflection described later,
the values of C, for each of the ailerons at its deflected
position must be obtained separately and be divided by
the mechanical advantage of the differential linkage
at the deflected position of the aileron before they are
added to obtain the total C,. For a given deflection
of a quarterspan aileron, C, is equal to half that for

2. Quarterspan ailerons, equal up-and-down deflec-
tion. Neutral setting 20°, flap 20°.

3. Quarterspan ailerons, equal up-and-down deflec-
tion. Neutral setting 10°, flap 30°.

4, Quarterspan ailerons, equal up-and-down deflec-
tion. Neutral setting 20°, flap 30°.

5. Semispan ailerons, equal up-and-down deflection.
Neutral setting 30°.

. Semispan ailerons, differential deflection. Neu-
tral setting 20°.

7. Semispan ailerons, differential deflection. Neu-
tral setting 30°.
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8. Quarterspan ailerons, differential deflection. The criterions used in comparison, together with ap-
Neutral setting 30°, flap 30°. propriate values for the various combinations, appear
9. Quarterspan ailerons, differential deflection. | in table I.
Neutral setting 20°, flap 30°. The tabulated item C)/(C,=1.0, 1.7;4,=40° differ-
10. Quarterspan ailerons, differential deflection. | ence) is taken as a measure of the rolling-moment
Neutral setting 10°, flap 30°. coefficient obtainable at normal gliding speeds with a
. - .06 .
o6 r 1 l ’7 l 06 I
t 1 1 :
o o o i
04 - 5°% A 04— - 509 .04 - 5% 1
goo o0 Jeu i
710°x% 10° % 10° x
15°n v /5 a ; /15°a
02 1602 — 02 1870 | o 1878
- 20°+ . 20° + ; .02 20°+
I P~
. | N
o 0 ; o0 -
P~ / .5 A
[LF 1 N ‘)
-.02 =02 =02
“ | N~ /
i
-.04 -.04 // -04 /
/ i 4 /
-.06 -.06 ! -.06
| i
- -08 - ]
056 20 0 20 %% 0 20 40 0% 0 G40
G4 TEgrees b4 ,degrees G, degrees
Flaore 36.—CY, N. A. O. A, 23012 wing with FiquBE 87.—C7, N. A, ©. A, 2012 wing with FI1GURE 39.—~CV¢, N. A, . A. 23013 wing with
external-airfoll flaps and allerons (0.20 ¢ flap). external-airfofl flaps and allerons (0.20 ¢ flap). external-sirfoll flaps and ailerons (0.20 ¢ flap).
3 5% 8 a=—5 alleron span=b/4. 3r=20°; 8, =20°% aileron spanmo/4. 3/=30% 8, ,=30°; aileron span=b/4.
: et g [ T ]~
| 1 L
.04 o ——— .04 « Qs .y -
-5°w ~5%9 i Chrg i
0% 0% ! s 00
10° x 10° . i 0°x
15°8 /15 15°0
.02 18° a7 .02 /8‘2““’ .02 k 182a
°
20°4 L 200+ | SN | 290
ey D : H—NQ |
. ¥ oh ' § i
Cr 0% o= e i Ch' 0 Cy 0 g
5 N T — B
N
-.02 -.02 -.02
| ]
-40 -20 o 20 -20 o 20 40 -20 g 20 40
G4z ,degrees 641 , degrees 84 ,Jegrees
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pme°) 8, = —5° slleron span=b/4.

11. Semispan ailerons, equal up-and-down deflec-
tion. Neutral setting —5°.

12. Semispan ailerons, differential deflection. Neu-
tral setting —5°.

13. Quarterspan ailerons, equal up-and-down deflec-
tion. Neutral setting —5°, flap —5°.

14. Quarterspan ailerons, differential deflection.
Neutral setting —5°, flap —5°.

3;=20% 3, 5%20° aileron span=b/4.

3,m30°, &, ,=30°; alleron span=b/4.

reasonable deflection of the ailerons. The expression
64=40° difference signifies an equal up-and-down
setting of 20° from neutral and a differential setting
such that the angle between the ailerons is 40°.

The essential features of the differential linkage
are shown in figure 42. This linkage is designated
“differential no. 2”” in reference 9. The computations
of CF were made in accordance with the system
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used in reference 9 and give comparable rvesults. The
values of CF given compare dircctly the lateral
stick forces required to give a certain value of the
rolling-moment coefficient at a certain lift coefficient
with the same lateral stick position.

The tabulated item (7 is the yawing-moment
coefficient accompanying the rolling-moment coeffi-

.006 — —
! |
-
3 Pl
.004 0% ot
A | 0° + ;
3 10° o |-
; 15° x
.002 X
N
N
Cy O \
ANR
-.002
N\
\\\
-.004 :‘:—_._.
-40 -20 (4] 20 40

8, , degrees

F1aURE 41.—Cy against 84, N. A. C, A. 23012 wing with 8 0.20 ¢ external-sirfoil flap
deflected as an atleron. Afleron span=b/2.

cient at each condition for which CF was computed.
The yawing moments were adverse in all cases, the
term ‘“‘adverse’” being used to signify a negative
yawing moment accompanying a positive rolling
moment, or vice vorsa.

Aileron crank
N.A.C A 23012 wing with 0.20¢

Drive crank

F1aunre 42.—Differential linkage (sec reference 9.

chord externui-nirfoil Qups and aiierons,
| ]
Aileron Aileron | !
. crank erank | Iy : 10y
Drive crank angle, up and! cral R H
o angle angle, Aileron | Aileron
down, & (degrees) b down. 8 i upé. down up
| (degrees) © (degrees)
1 :

7.5

16.0 . .90

25.8 0 .97
.5

Mechanical advantage of drive crank, /K.

It appears at once from inspection of the table that
most of the differential arrangements cannot be used
in the conventional manner on account of the over-
balance encountered at high and even medium lift
coefficients. From the usable arrangements, nos. 10
and 3 mmay be-selected as the-mest-premising-lateral-
control_devices,. in-the-order-mamed:—They give as
large maximum available rolling moments as the best
other arrangements, excluding overbalance, and have
smaller adverse yawing moments than any others which
Lave nearly as much rolling power. Of the two, no. 10
is considered better because of the considerably lower
operating forces required. The sole disadvantage of
these two arrangements consists of their effect on the
maximum lift coefficient, the maximum value being
1.80, as compared with the maximum obtainable value
of 1.98 for this type of flap.

Several features of the differential arrangements
that become overbalanced indicate the desirability of
investigating them further. No. 6, for example, gives
greater rolling power than any other arrangement and
very smell values of CF, and no. 7 gives the full obtain-
able maximum lift coefficient with apparently usable,
though not good, lateral control. If the overbalance
could be eliminated, both of these arrangements should
be of considerable interest.

The source of the overbalance lies in the tendency of
the ailerons to float at a large negative angle from their
neutral setting (when the neutral setting is 20° or 30°
down). As an example of what occurs, it will be seen
that when the down-going aileron drive crank reaches
dead center, the aileron produces no restoring moment
at the stick and, if the up-going aileron has not yet
reached its floating angle, the system is overbalanced.

It appears that the application of springs to make
each atleron flont down from its normal floating posi-
tion, or the provision of a return spring in the operating
system, can be used to eliminate the overbalance.
Since the degree of overbalance decreases with lift
coeflicient, it is evident that the maximum spring force
is required at the minimum air speed, and the controls
will tend to stiffen with inereasing air speed in a normal
manner. Proper selection of a spring can thus be
made to give almost zero stick forces at minimum
speed, and smull stick forees throughout the flight
range. N

Comparison of external-airfoil ailerons with ordinary
ailerons.—Some calculated values of rolling-moment,
yawing-moment, and stick-force coefficients for small
and large deflections of external-airfoil and ordinary
ailerons are shown in the following table. Data for
semispan external-airfoil ailerons with the wing at lift
coefficients of 1.0 and 1.7 were used, an equal up-
and-down deflection from a neutral setting of 20°
being assumed. Data for 15-percent-c by 60-percent-
5/2 ordinary ailerons having an equal up-and-down
deflection were obtained from reference 9. No at-
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tempt has been made to correct for differences in
chord and span of the two types of aileron, the com-
parison being made directly between the actual sizes
and types tested.

e

San Ou r—d"‘_\
-5° 0° 0 5 /0 /5"

40 20°

W

Q

o
oxb+09

Mlsce//aneous

.08 “;/
.06 /

.04

.02

o 2 4 .6 .8 1.0

F1aURE 43.—C/ against AC,, N. A. C. A, 23012 wing with 0.20 ¢ Clark Y external-
airfoil flaps deflected as ailerons. Alleron span=b/2.

COMPARISON OF EXTERNAL-AIRFOIL AND ORDI-
NARY AILERONS

3, ' c/ ‘
- vl . o n
[ oi-| ¢, 1 c CF o !
ence) |
| i w
External ailerons. ... 0.026 | —0.004 | 0.00014 | —0.15 ‘ 0.0054 |
C,=10... .o/9| —.015 | .0024 | -.19| .030 ‘
Cpm LT [ T } —.009 | .00008 | —.37| .0033
40 cort| —.023| L0014 | —.32| .02
Ordinary silerons. ... i .039 | ~.009 { .00012 | —.23| .0031
[/ W O, 40 | .093| —.02] .0019 -,22( .020

Comparison of the ordinary and external-airfoil
ailerons at a lift coefficient of 1.0 shows the ordinary
ailerons to be somewhat worse in respect to adverse
yawing moment per unit of rolling moment and
superior in respect to stick force required per unit of
rolling moment. At a lift coefficient of 1.7 the exter-
nal-airfoil ailerons are worse than the ordinary ailerons
ut a lift coeflicient of 1.0 in respect to adverse yawing
moments and are approximately equal in respect to
stick forces. In general, the external-airfoil ailerons
appear to be slightly inferior at values of lift coefficient
that would give comparable speeds near the minimum
obtainable with the types of wing involved.

Application of results of full-span flap tests to
lateral-control analysis.—The coordination of tests

of a full-span lift-increasing device with lateral control
tests on semispan and quavterspan ailerons of the same
type has suggested a possible method of estimating
the control obtainable from similar use of other de-
vices, The method contemplates the estimation of
rolling- and yawing-moment coefficients obtainable
with a given aileron deflection by multiplying the
values of AC) resulting from the same deflection of a
full-span lift-changing device by a constant that has
different values according to the different amounts of
span over which the ailerons extend.

In accordance with the foregoing concept, represen-
tative data from the tests of the semispan ailerons
have been plotted in figures 43 and 44, and data from
the quarterspan aileron tests in figures 45 and 46,
against values of AC, and AC) obtained from the lift
and drag tests with ailerons neutral and flap deflected.
It is apparent that a linear variation results in each
case, although the scattering of the yawing-moment
coefficient points indicates the possibility of & com-
paratively large error in estimating C,’ in individual
cases. The variation may be expressed as

C/=KaC,
C./=K'ACp

where AC, and AC), are the differences in lift and drag
coefficients of the full-span flaps produced by the
assumed angular deflection at the angle of attack in
question. Values of K and K’ are found to vary with
aileron span as shown in figure 47. No attempt has
been made to establish a sign convention, since the
sense of rolling and yawing moments resulting from
an increase of lift or drag on a wing tip is perfectly
clear. All yawing-moment coefficients shown here are
adverse, resulting from the large drag increment
produced by the down-going aileron.

CONCLUSIONS

1. As regards aerodynamic characteristics, the
N. A.C. A. 23012 airfoil is superior to the Clark Y when
they are compared either as plain airfoils or as air-
foils equipped with external-airfoil flaps.

2. When external-airfoil flaps are added to the

N. A. C. A-23612-and-the N. A. C._A. 23021 airfoils, —
the resulting improvement of the speed-range index
Is ‘greater for"the N. A C. A 23021 than for. the
NTA. C. A 23012,
* 3~From s analysis of certain selected lateral con-
trol arrangements, it appears that usable lateral control
can be obtained from external airfoils when they are
deflected as full-span flaps, provided that the com-
paratively large values of adverse yawing moment per
unit rolling moment are acceptable.
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TABLE I.—COMPARISON OF VARIOUS AILERON ARRANGEMENTS
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Z
Positive directions of axes and angles (forces sud tncmants) are shown by arrows
Axis Moment about axis Angle Velocities
(parailel
aralle . b
Designation ng- to szis{ Desiznation Sym- Positive Designa- | Sym- (32?35- Angular
esig 0 o] | Symbo gn gol direction tion bol [|nent along
axis)
Lopgitudinal_..| X X Rolling---..| L Y—27 Roll ... '3 u p
Lateral o oeaao Y Y Pitching....| M L—X Picno...| 8 v q
Normal __...... Z VA Yawiigeeao| N X—Y Yaw.mooo W L w r
Absolute cocfficients of moment Angle of set of control surface (relative to neutral
L M N osition), 8. (Indicate surface by proper subscript.)
Ol =Ty =5 Cu .= p
gbsSs eSS qbS
(rolling) (pitching) (yawing)
4. PROPELLER SYMPOLS
D, Dismeter - P
.. P Power, absolute coeflicient Cp= =73
2, Geometric pitch % ! v i__P n*D®
/D, Pitch ratio C Speed-power coefficient = / V"
V7, Inflow velocity " peed-p ' V Pa?
¥V,  Slipstream velocity 7, Efficiency
v . T n Revolutions per second, r.p.s.
T, Thrust, absolute coefficient C,---—;L—Ii—ﬁz ’ P » TP v
‘ p 0 ®, Iffective helix angle =tan™ (7?&
1 T
Q, Torque, absolute coefficient 00"',, 3756

5. NUMERICAL RELATIONS

11b.=0.4536 kg.

1 kg=2.2046 1b.

Lo, = 1,009.55 m= 5,280 ft.
1 m=23.28083 ft.

1 hp.=76.04 kg-m/s =550 ft-lb./sec.
1 metric horsepower =1.0132 hp.
1p.2.=U.4470 m.p.s.

1 m.p.s.=2.2369 m.p.h




