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WIND-TUNNEL DATA ON THE AERObYNAMIC CHARACTERISTICS

0T AIRPLANE CONTROL SURFACES

By Richard I. Sears
SUMMARY

A collection of wind-tunnel data on the 1ift and
hinge-moment characteristics of various types of airplane
contrel surface is presented, These data, most of which
have been previously published, include a major part oI
the results of both two- aud three-dimensional-flow con-
trol-surface tests that have besn made in the LMAL 4- by
G=fo00% vertical tunnel and the LMAL 7- by 10-foot tunnel,
Data are incluvded for control surfaces of various airfoil
sections both without aerodynamic balance and with aero-
dynamic balance of the overhang (inset-hinge), horn, in-
ternal, and beveled-trailing-edge types. The control
surfaces dealt with in this paper are mainly of the wide-
chord type suitable for use as elevators or rudders, A
summary of data pertaiuning to narrow-chord flaps is to
be presented in another paper dealing with aileron
characteristics.

These basgsic data, supplemented by additional data
not included in this paper, have been used to determine
curves correlating the results of many tests of the
various types of aerodynamic balance., 4 very limited
discussion of the characteristics of several types of
balanced control surface is included., A method of apply-
ing section data to compute the aerodynamic characteristics
of finite control surfaces is briefly outlined and discussed,.

INTRODUCTION

The NACA has been conducting an extensive wind-
tunnel investigation to determine the aerodynamic charac-
terigtics of various types of airplane control surface in
order to supply data for design purposes, This investi-
gation has bDeen conducted primarily with two-dimensional-
flow models in the LMAL 4~ by B8-foot vertical tunnel.
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BExisting equipment hag recently boeen modified in order to
test control surfaces of finifte span in thnree-dimensional
flow in the LMAL 7- by 10-foot tunnel, Several airplane
tail surfaces: have alrecady been tested ag finite-span
models, and the control-surface investigation is still in
progress, both two- and threc~dinmcnsional-flow tesis being

made,
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Two-dimensional-flow pressure-distribution measure-
ments have been made of an NACA O0C9 airfoil with various
sizes of plain flaps and tabs ’“nferences 1 to 3), These
data bave been analyged and parameters for determining
the aerodynamic seetion Chdra,u”'lQU;LS of a thin symmet-
rical airfoil with plain, sealed flaps of any chord hawve
been experimentally established (reference 4), Certain
theoretical relationships developed by Glauert and Perring
(references 5 and 6) from lifting-line theory for a thin
airfoil with multipie flaps are reviewed in reference 4,

Force-test measurements have beer made in two
dimengiocnal flow to determine the aerodynamic sact
characteristics of the following control-surface B
arrangements:

(a) NACA 00CG9, NaCA 0015, and HACA 56-009 airfoils -
with flaps having a systematic variation of
flap nose overhang, flap nose ghape, and gap

at the flap nose

(b) WACA COl5 and NACA 53-009 airfoil with flaps of
straight-line contours

(c) NACA 0009 airfoil with f1

a, thickened pro-
file and various beveled

ng-edge shape

ps
<
v

j=n

0
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{(d) NACA 0009 and NACA 0015 airfoils with flaps
having various arrangements of intermnal
aerodynamic balances

The results of most of those tests have been published
and are presented in references 7 to 20,

Force tests have been made in three-~dimensional flow 5
of a series of horizontal tail surfaces mounted on a typ~
provided a systematic variation of elevator overhang, ele-

vator nose shape, gap at the clevator nose, and bevecled

ical pursuit fuselage., These tests (references 21 and 22) j
-
|
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trailing edges and were made at large angles of attack
and large angles of yaw to simulate Epjnncondttions,
Iwo Cob-3cale models of the horizontal tail surface of
a torpedo-bomber type airplanc have been tested as semi-
span mcdels, These tests (unpudlished) provided a sys-
tematic variation of the unshicided horn types of acro-
dynamic balance and of elevators with a large overhang
and a leading tab, A O.45-scale vertical tail of a
pursuit-type airplane was mounted on a stub fuselage
for testing with and without a horizontal tail., Those
test results (unpublished) furnish data for a rudder with
various overhang and internal typecs of acrodynamic
balance,

Tac purpose of this paper is to assemble in ono
report the main portion of the experimental data from
the various phases, previcusly mentioncd, of the NACA
wind-tuanel investigatior of coantrol-surface charsc-
teristics, The data given inm this report are thereo-
fore, of nccecssity, much condensed, Further details
and data for each particular phase of the investigation
may be obtained by refcrring to the reports already
published on that particular subject. (See 1list of
references,) The section data prescated are equally

<

applicable to ailerons and to tail surfaces,.

Test data on finite-span ailerons are given in
refereunce <23, but some of the curves presented herein
sumnarizing the characteriztics-.of various types of
aerodynamic balance include data from tests of finite-
span aillerons,

AFPARATUS, MODEILIS, AND THSTS

r—_‘{

Two~Dimensional-Flow Tests

The section data presented in this paper were
obtained from tests made in the LEAL 4- by 6-foot ver-
tical tuunnel, which is descrived in reference 24, he
test section of this tunnel has been converted from the
origiral open, circular, 5-foot-diameter jet to a closed,
rectangular 4- by 6-foot throat., 4 diagram of the test
section and the airfoil ianstallation for two- dimensional
flow is presented in references 1 to 3., 4 three- component
balance system has been installed to allow force-test




measurements of 1ift, drag, and pitching moments to bhe
made. Hinge moments were obtained by measuring electri-
cally the twist of a short torque rod or the strain of a
small cantilever beam when subjected to the hinge-moment
load,

The force-~test models, for which results are presented

for two-dimensional-flow tests in figures 1 to 106, were
rectangular 2-foot-chord by 4-foot-span wings made of lam-

inated wahogany. The flaps were provided with ball-bearing

hinges in order to minimize frictions The models, when

mounted in the tunnel, completely spanned the test section,

With tois type of installation, two-dimensional flow is
pproximated and section characteristics of the airfoil
and flap can be determined, The models were attached to

the balance frame by torgue tubes that extended through
the sides cf the tunnel, The angle of attack was set
from outside the tunnel by rotating the torgque tubes with
an electric drive, PFlap deflections were set inside the
tuanel by templets and were held by friction clamps,

The airfoil profile, flap shape, and gap at the
flap nose for each particular control-surface arrange-
ment are illustrated at the top of the figure presenting
the data for that arrangement, Further details and di-
mensions for each arrangement may ve found in the original
reports listed ‘as references on each figure, The surfaces
of all the airfoils were filled and finished with either
shellac or lacquer to form a smooth surface.

The two-dimensional-flow tests were made at a dynamic
pressure of 15 pounds per square foot, which corresponds
to 2 velocity of about 76 miles per hour at standard sea-
level conditions, The test Reynolds number was about
1,430,000, The turbulence factor of the LMAL 4- by 6-foot
vertical tunnel being 1,93, the erffective Reynolds number
of the tests was therefore about 2,760,000,

Three-Jimensional-Flow Tests
The tests of finite-span models, for which data are
presented in figureg 107 to 139, were made in the LMAL

7- by 10~foot tunnel which is described in reference 25,

The horizontal tail surfaces skhown in figures 107
to 122 were of NACA 0009 airfoil section and were mounted

£99~1




on a 1/6—scalc model of a typical pursuit fuselage, The
fuselage junctures were filleted., The model had no wing,
propeller, or vertical tail and the cut—out for the wing
through the fuselage was faired in, The fuselage was
mounted in the conventional manner on the balance fork
for force-tost measurcments, Hinge moments were measured
8lectrically by means of a c¢alibrated torque rod insido
the fuselage, The tests were made at a dynamic pressure
of 16,37 pounds per square foot, which corresponds to a
velocity of 80 miles opcr hour at standard sca~level con-
ditions, Based on the average chord of the horizontal
tail, 8,25 inches, the test Reynolds number was 5025000,
The effective Reynolds number of the tests was 803,000,
the turbulence factor of the tunnel being 1.6,

The horizontal tall surfaces shown in figures 123 to
130 were tested as semispan models by mounting one-half
the tail surface vertically in the tunnel with the inboard
end adjacent to the floor of the tunnel, which thereby
acted as a reflection plane, The model wasg supported
éntirely by the balance frame with a small clearance at
the tunnel floor so that all the forces and moments acting
on the model could be measured, The flow over the model
simulated the flow over the seuispan of a complete hori-
zontal tail consisting of the test parel joined to its
reflection and mounted in a 10- by l4-foot tunnel,

Provisions were made for changing the angle of attack
of the model and the clevator deflection while the tunnel
7as in operation, The elevator hinge moments were meas-
ured by means of an slectrical strain gage mounted within
the medel, A dynamic pressure of 15,37 pounds per square
foot was maintained for all teste, which corresponds to
an air veloctiy of 80 wmiles per hour at standard sea-level
conditions and to & test Reynolds number of 1,920,000
based on the model mean chord of 2,63 feet,

The airfoil secticn of the horizontal tail surfaces
of figures 123 to 130 were modified symmetrical NACA sec-
tions about ll-percent chord thick at the root and about
7-percent chord taick at the tip, The airfoil contour
back of the hinge axis was a straight line,

The vertical tail surfaces shown in figures 231 to
139 were mounted on a stub fuselage, All arrangements
were tested with a dumny horizontal tail surface except
that of figure 133, which was tested without the horizontal
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.11 surface. The vertical surface was derived from NACA
—~series airfoil profiles modified by extending the tip
*tions and shortening the root sections to give an air-
1l section about 10.5-percent chord thick at the 000
and about 9.6-percent chord thick near the tip, The air-
foil contour back of the hinge axis was a straight line,
The horizontal tail surface had a flat-plate rather than
aun airfoil contour and had a conventional plan form with
about 2:1 taper ratio and circular tips, The rudder was
slotted to clear the horizontal tail, The gap at the noss
of the rudder, when unsealed, was 0,113 inch and was cone
stant along the span, The cut-outs for the hinge arms
were unsealed for all tests except for the sealcd internal
balance (fig. 138).

(o R ¢ o3}
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The aerodynamic characteristics presented in figures
131 to 139 are those for the vertical tail alone plus
interferences, the contribution of the stubd fuselage and
horizountal tail having been deducted., A dynamic pressure
of 13,57 pounds per sguare foot was maintained for these
tests, which corresponds to an air velocity of 80 miles
per hour at standard sea-level conditions and to a test
Reynolds number of 1,510,000 based on the model mean
chord of 2.06 feet,

SYMBOLS

The symbols used in this paper are:

¢ airfoil 1lift coefficient (L/qS)

¢y, airfoil section lift coefficient (1/qc = 4L/qcdbd)

1l

cy ailrfoil section 1ift coefficient at o =8 = 0
o

C,, Thinge-moment cocfficient of controel surface (H/quabf)
C,1 elevator hinge-moment coefficient (figs, 107 to 122
h s u:’.s)
only) (*./qcO "
f

(h/qeg®= dH/gep2db)

Cq flap section hinge-moment coefficient

Ch. flap section hinge-moment coefficient -
(h/ge2 = dH/qc2db) 1
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P
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q
resultant pressure coefficient

Pressure coefficient <
[Iﬁower 7 PupperJ
airfoil 1ift ‘
airfoil ‘section 2r4ft (4L)

flap hinge moment

flap section hinge moment (4dH)

static pressure at point on airfoil surface
static pressure in free air strean

dynamic pressure of free air strean

wing area

chord of airfoil section

chord of flap measured at any airfoil section from
hinge axis to trailing edge of airfoil

root-uean-square chord of flap

chord of overhang (balanciang surface)
angle of attack of finite-span wing

angle of attack for infinite aspect ratio

angle of yaw

control-surface deflection

[

deflection of flap with respect to airfoil
deflection of tab with respect to flap
gpan of surface

spanwise dimension of wing

chordwise location of vent measured from airfoil nose




aspect ratio

thickness of control
test Reynolds nunmber

Moeh nunber

ratliol of ‘tip chord to

aC
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a
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o
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rate of change of

angle of attack

rate of change of

surface at hinge

root cherd

section 1ift coefficient with
of entire finite-span wing

section 1ift coefficient with

deflection of entire flap on finite-span wing




cy span-load distribution factors defined by
aq equation (12)
cy
off
de
(en, ) = (322)
e & e/
dc,,
)
8" o ab
1 C-L

£ flap

i tab

e elevator

: S rudder

b balance (overhang)
s control stick

Subscripts outside the parentheses around the partial
derivatives indicate the variables held constant when
the derivatives are taken, The term tflap" is used as

a general expression for any movable control surface
such as a rudder, elevator, aileron, or tab. The term
"control stick" is used as a general expression for the
pilot's control-surface-actuating device whether it be a
stick, a wheel, or pedals,

PRESENTATION OF DATA

A summary of information for convenience in locating
the data is presented in tables I to III.

Lift and flap hinge-moment characteristics are pre-
sented as functions of angle of attack (or angle of yaw)
at various flap deflections for the control-surface ar-
rangements previously discussed (figs, 1 to 139), Inso-
far as has been practical, the same symbols for each flap
deflection and the same scales have been used on each
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figure. In some cases, however, it has been necessary to
halve the scale of ordinates or abscissas in order to be
able to include all the data,

Figurces 140 to 142 pertain to plain flaps with secaled
gaps on the NACA (UCO9 airfoil, Figure 140 shows thc chord-
wisec distribution of the resultant pressure-coefficient
parameters PR and PP . These distributions were experi-

a s
mentally determincd im the two-dimensioral-flow pressure-
distribution investigations reported in references 1 to 3.
The hinge-moment paramecters chq and Ch8 and the 1lift-

cfiocctiveness parameters g, measured from the same series

of tests are plotted in figures 141 and 142 as functions
of the ratio of flap chord to airfoil chord, A few points
from morec recent force tests have also been plotted on
these curves,

Figures 143 to 146 pertain to the overhang (inset-
hinge) type of aerodynamic balance, The hinge-moment and
lift parameters plotted as functions of overhang were meas-
ured from some of the data presented in figures 1 to 139,
The slopes were measured at zero flap deflection and hence
the values are valid only at these points unless the curves
are linear, The original data, therefore, rather than the
measured slopes, should be used for design-purposes; the
curves of figures 143 to 146 are mersly indicative of the
relative merits of various arrangements of aerodynamic
balances,

Figures 147 and 148 pertain to the characteristics
of tabs on plain flaps with sealed gaps, Figure 147
presents the parameter chf5 as a function of tab size

G

for various sizes of flaps, These data were obtained by
integrating the pressure-distribution diagrams (fig. 140)
about the appropriate axes, The curves of figure 148 show
the computed characteristics of various sizes of balancing
tabs on a 0,30c and a 0.,50c plain flap,

Figure 149, derived from unpublished data, presents
pressure-~distribution characteristics typical of beveled-
trailing-edge control surfaces, Figure 150, based on the
correlation presented in reference 26, summarizes avail~
able data from references 11, 16, 27, and 28 and unpub-
lished data on the hinge moments of flaps with beveled
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trailing edges. The increments of Ch agd. c caused

Na
x 0
by the bevels are plotted as functions of the included

angle at the trailing edge of the airfoil.

Figures 151 and 152, taken from reference 29, sum-~
marize available experimental data fron references 30,
31, and 22 and uanvoublished data on the characteristics
of flaps with internal aerodynamic balance, Values of
Acha and ACh& are plotted as a function of parameters

defining the geometric dimensions of the balancing plate
and of the flap to be balanced,

Figures 153 and 154, adapted from reference B3,
pertain to the horn type of aerodynamic balance, Incre-
ments of Ch“ and Ch6 from the data of figures 123 to

26, supplemented by other test data from references 34
to 39, are plotted in figure 154 as a function of the
squarc root of the ratio of horn area times mean horn
chord to control area times mean control chord.

DISCUSSION

funnel corrections to secction data.- The section
data presented have bcen partly correccted for tunnel efa=
fects, An experimentally determined correction has been
applied only to lift, Recent theoretical analysis of the
corrections for the streamline curvature caused by the
tunnel walls indicates that the experimental correction
applied to - is in reasonable agreement with the cal-

culated alue, The calculated correction to 016 wa s

less than that actually applied, which fact indicates
that the values of @y presented may be about 5 percent
too small,

The tunnel correction that should be applied to
hinge moments is dependent on the chord of the flap and

the size and type of aerodynamic balance employed, The
correction may be expressed as

Cy, (C/g)a
Ach = O.S & >
gt (cf/c)

F
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The term c/g is the ratio 6f the chord of the model to

the turnel gap, This ratio was 1/2 for the pressure-dis-
tribution test results shown in rfigures 140 to 14z, and
wa s 1/3 for 211 other section data presented, The factor
7 is dependent on the size and type of aerodynamic bal=-
ance and has been evaluated for only the overhang type

of balance, Values of F for plain flaps of various
chords and for a 0,30c flap with varions amounts of over-—
hang have been obtained from reference 4C and are pre-

- gented in figure 155, The increments of slope to be

added to the section slopes presented in this paper in
order to correct them to free-air values are;

Ac- = Acw
Cndl C‘LLC-LC.LCL

il

Aey,

Acy (—aé)
¢ (08
These tunnel correctious, whichk decrease in magnitude
with increasing flap overhang, tend to make the hinge-
moment slopes morc positive, The corrections for beveled-
trailing~cdge flaps arc gimiler to but somewhat smaller
than those for plain flaps and the corrcctions for flaps
with internal balance are similar to those with overhang.,

Plain flaps.- The lift characteristics of plain
flaps on the various airfoils tested are nearly independent
of the airfoil shapec, but the flap hinge momecnts vary
markedly with airfoil thickness. A plain flap on tho NACA

0015 airfoil gave values of .ch(S that were about two-thirds

aand values of cp that were about one-third of the cor-
a.

responding values for a gimilar flap on the NACA 0009
airfoil (ecf. figs. 5 and §9). These results indicate that
there must be quite a difference in the distribution of
pressure over the region near the trailing edge of the

two airfoils, Part of this difference may be attributed
to the greater included angle at the trailing edge of the
thicker airfoil,

Recenrt unpublished tests nade by the NACA and tests
by the British (referemnce 41) indicate that the turbulence
in the air stream, the boundary-layer thickness, and the
location of the transition region have considerable effect
upon slopes of both the 1ift and hinge-moment curves, The
slopes of these curves decreascd progressively as the tran-
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gition region was fixed nearer and nearer the leading edge

by means of small wires. The reduction in the slopes of

ey, and" - cp was groater for thicker airfoils than for
a a

thinner airfoils, The data presented in this paper,
having been obtained in turdulent wind tunncils, should

therefore be more applicable to tail surfaces, which are
generally located in a region of fairly turbulent air

flow, than to ailerons, which are usually well away from

the slipstream and fusclage wake.

The chordwise distribution of the rate of change of
resultant pressurc coefficicunt with angle of attack Pq
e

a

and with flap deflection PRS (fig. 140) should not be

expected to apply to airfoils other than the NACA 0009,
for which the data were obtaineéd. Because of separation
phenomena the variation of Py with o has the slope

P only between the limits a = £10° =2nd the variation

..La

of Pn with & has the slope Py, oanly within & = *10°,
R 8

By graphical integration of pressure-distribution data
(references 1 to 3) the variation of ¢y 4 Cyoo and
he' B3 8

7ith flap chord was obtained for plain scaled flaps on the
NACA 0009 airfoil (figs. 141 and 142), These figures,
dorived from the same pressurc-distribution data as fig-
ures 1 and 2 of reference 4, have plotted on them the
experimentally determined parameter values that define

the curves, These data indicate that, botween the limits
specified, the parameters vary in the following manner
with ratio of flap chord to airfoil chord:

H

1.00 o
g (cg/e) for 0 < cgfc < 0.8

Chy * (cf/c)c“:"7 for 0.2 < gg/c < 0,5

0.59
ag « (ce/e) for 0.09 < cgfe < 0.6

Increasing the gap at the flap nose adversely af-
fected the 1ift effectiveness of plain flaps,

Overhang type of aerodynamic balance.- In general,
three shapes of flap nose overhang have been investigated -~
namely, the blunt, the medium, and the sharp shapes -
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although some tests have been made with modifications to
these basic shapes, The data (figs. 144 and 146) indicate
thati ont aldiairfolis® tasted sfon & given amount of over-
hang, greatest balance is secured with a blunt-nose shape
and orogressively less balance is obtained as the nose
shape becomes sharper, DRegardless of nose shape, flaps
with large overhangs were not so closely balanced at

small deflections as at moderate deflections up to the
deflection at which the flap nose unported. When the flap
nose uunported, large increases in hinge moment and large
losseg in lift resulted with all nose shapes. At negative
angles of attack and positive flap deflections (the attitude
at which the pilot must hold the elevator when landing or
the rudder when causing sideslip), overhang types of aero-
dynamic balances arc most closely balanced and the 1if
effcctivencss of the control is maintained to 5° or 10°
beyond the unporting argle of the control., At zero or
pogitive angles of auEaCk with positive flap deflection
(position of rudder to overcome yaw due to asymmetrical
power conditions) control surfaces with large overhangs
cannot be relied on to maintain 1lift effectiveness beyond
the unporting angle, Further deflection causes air-flow
separation over the flap., This separation of flow gives
large increase in hinge moment and no increase (often
even a decrease) in 1lift. At positive angles of attack
far above the airfoil stall, flaps with overhangs tended
to float at greater negative deflections than did plain
unbalanced flaps (figs, 107 to 115) but generally required
less force to hold zero or positive deflections under this
condition, i

o

ft effectiveness of flaps generally increased
th increases in the size of the flap nose
1 *S o lﬁS 3nd 148}, but the 1lift effectiveness

it
a
by the ratlo of the cnord of movable surface benlnd the
ge to the total airfoil chord. Unsealing the gap at
the flap nose generally improved the 1lift effectiveness
of 2 flap with overhang; whereas, it decreased the 1lift
tiveness of a plain flap.

wedium flap nose shapes generally gave more satis-
factory characteristics for a control surface than d4id
either the blunt or sharp nose shapes. The blunt shape
gave more balance but produced greater losses in 1lift
and balancing moment when the flap unported., The drag
of a flap with sharp nose shape was excessive,
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It was pointed out in reference 8 that a flap with
an overhang sufficiently large to give overbalance might
be used in conjunction with a leading tab to correct the
overbalanced condition of the flap and to increase the
1ift effectiveness of the control, This arrangement has
been tested on a finite-span model (figs., 127 to 130),
The ‘data indicate that gsatiefactory caoantrol-gurface char-
actdristics can be obtained in this manner, Such an ar-
rangement offers the pessibility of utilizing the large
overhang as a mass bglance for the control so that metal-

“covered control surfaces may be utilized even with a

gsaving in weight over conventional fabric-covered sur-
faces with conventional mass balance, This same idea of
leading tab has been carried one step further by applying
it to an all-movablse tail surface (reference 42), By use
of a leading tab or a flap witihh an all-movable tail sur-
face, the free-floating tendency of the tail surface can
te-controlled in much tho same manner as that for the tail
surfaces of figures 127 to 130, The analysis and flight
tests reported in reference 423 indicate this type of all-
rmovable tall to Le an aerodynamically desirable control-
surface arrangement,

Control surfaces with large overhangs, especially
those with relatively blunt nose shapes, may be unsatis-
factory at hign speeds because of excessive pressure
peaks over the nose of the balance, Reference 43, which
reports the results of tests of ailerons with various
sizes and shapes of overhang, presents some data on the
magnitvde of the peak pressures measured over the nose
of ailerons having the overhang type of aerodynamic
balance,

Tabg.- The rates of change of flap hinge-moment
coefficient with tab deflection plotted in figure 147 as
a function of the ratio of tab chord to flap chord were
obtained from the pressure-distribution curves presented
in figure 140, .The data, therefore, pertain to plain
sealed flaps and tabs on the NACA COO9 airfoil, The
value of Chf for a C.30c plain flap with a 0.20cye

8¢
tad was found from force-test measurements to be -0,010
on both the NACA CO09 and the NACA 0015 airfoils and to
be ~0,013 on the NACA ¢6-009 airfoil (references 7, 12,
and 19), These values are somevhat smaller than those
given, by the curves of figure 147, whiech indicates that
the absolute magnitude of the parameters presented in
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figure 147 may be somewhat high, The relative magnitudes
of the parameters of this figure and hence the variation
with tab size are believed relilables,

The data of figure 147 indicate that & tad of which
the chord is about 50 percent of the flap chord causes
tihc greatest change in flap hinge moment per unit tab
deflectiony A tab of *this gize should therefore be mash
eficctive as a trinuming tab,

The optimum size of balancing tab nust be determined
from considerations of 1lift and tab hinge moment as well
as of flap hinge moment., When it is desired to estimate
the characteristics of a flap and tab linked to deflect
at a given rate with respect to each other, it is conven-
jent to refer the rate of deflection of each and the over-
all characteristics of the system to a comuon basis such
g8 ke eontrolisticEs (Thug, it eal is the hinge-moment

8

coefficient of "the cecontrol stlek and Qg LB A I
)

effectiveness of the control surface per unit gtick de-
flection, the following relatlions can be shown to hold
for a serially hinged flap and tab system:

38 .\2 38, 98 98 .\2
Cy = o5 (—fij +<CH + ¢g :fi Wi TS Cy <m:£> £3)
s f&f 98 fgt téf/dos BSS tgt 35

Og
asf ast
CH,‘ = CH{.‘ a—-—— et Cz{t -a-":— (2)
"8 ¥ s o a 99s
38 38
ol £ t
a = e = OLR e 3
Og S¢ 0b ¢ 8t 3l g (3)
The rates of balancing tab deflection to make
(e = 0 and the corresponding values of cg and a§
Hes S, s
s

have been computed from the data of figures 141 and 147

by use of equations (1) to (3). The results of the compu- i
tations are presented in figure 148 for a 0.30c and a 0,50¢

flap. The solution of eguation (1) yields twe roots, the

first of which is plotted as a so0lid line in figure 148 and g
corresponds to the conventional balancing tab, It can be

geen that, for either size flap, the optimum size of bal-

ancing tab is about a O.2ch tab, For complete cH5
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balance, the lift effectiveness of the resulting combina-
tion is about two-thirds that of the flap without tab,.

The reciprocals of the second roots of egquation (1)
are plotted as dashed curves in figure 148, In this case
Bive. Jei it (s ob tained from the tab and the balancing is
aceomplished by the tlap through isthe linkage system. I%
can be seen that, as might be expected, a 0.50cy tad is
the optimum size of balancing tab for this type of ar-
rangement, For a given anount of novable control surface
the 1lift effectiveness of the 0.50cy tab combination is
slightly less than that of the conwentional balancing tabd
arrangenent but e, 88 well g8 6l is coupletely bal-~

ﬂq Hg
anced, The calculations indicate, therefore, that a 0,50c
and & O0,25¢c flap can ke linked to give complete Cy and

\

Cs balance, the smaller flap serving as the elevator and
the larger flap, which moves only slightly, serving a2s a
balancing and trimming surface, the trimming control being
77 vercent as effective as an adjustadble stabilizer, This
arrangement is worthy of further investigation because of
its aerodynamic characteristics and because mass balance
of the system can probably be obtained without a~2ddition-
of concentrated weights,

Beveled-trailing—-edze type of aerodynamic balance.-
When a beveled trailing odge is added to a flap of thickened
profile, the 1lift, pitching-moment, and hinge~moment char-
acteristics of the airfoil are markedly changed from those
with a flap of airf ol l contoury The slopeo.of the 1ift curve
cLa and the 1ift effectiveness ag are decrensed, The

aerodynamic centers of the 1lift dve to angle of attack and
of the 1ift due to flap deflectionrn are both moved forward,

The rates of change of hinge-moment coefficient both with

angle of attack cy and with flap deflection ch6 are

o
increased positively, Wacn the flap is deflected, the
bevel at small deflections tends to have the same effect
en hinge momcunts as a balancing tadb, but at large deflec-
tions its effect is more nearly like that of a trim tabd,
The effect of gap at the Tlap nose is critical, the param-
eter ©; being much more positive at small dcflections

fak

(@]

with an open gap than with a sealed gap, This effect
generally causes the hinge-moment characteristics of a
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flap with beveled trailing edge to be undesiradbly non-
lincar unless the gap &t the flap nose is scalcd. Fig-
urecs 46 to 56 and 117 to 122 illustrate the 1lift and
hinge-momcnt characteristics discussed.

gure 149 was derived from unpublished prcssure-

e
i

distribution section data for an NACA 0009 airfoil with a

0.30c flap having a 0.15c, (80°) beveled trailing edaze,

the some control arrangement for which force-test data
arc presented in figurc 50, The rates of change of pres-
surc cocfficient with angle of attack and with flap de~
fleetion are plotted as functions of chordwise position
for both the upper and the lower surfaces of the airfoil,
The zcro-lift pressure distribation of o = 8§ = gL tih
also presented, From these data, the pressure-distribu~
tion diagroms for angles of attack and flap deflections
velow 10° can be estimated for this flap arrangement with
sealed or open gap, The pressure-distribution curves are
typical of beveled-trailing-edze flaps. :

A preliminary correlation of hinge-moment data for
sealed flaps with beveled trailing sdges has been made in
reference 26, Figures 150 has been adapted from figure 1
of this reference, It has been found that the trailing=
edge angle is of fundamental importance in determining
the hinge-moment slopes of beveled flaps, The result of
correlating the hinge-moment characteristics of 16 dif-
ferent flap arrangements indicates that the effect of a
beveled trailing edge may be expressed by the following
rela tions:

e i R o)
ACy, = 0.00115A¢0L (ce/e) (4)
@ :Xr a
T PO e 0.1 D O Gl 05)
ns ' i LS bl 1

The parameters ACy and 4Cy,  are the increments in
x "0

hinge-moment-coefficient slopes caused by changing the
trailing-edge angle of a flap by the amount A¢ degrees,
The slopes CL and CLS are those for the wing with an
&
airfcil-contour flap, Eguations (4) and (5) were obtained
from the equations for the curves of figure 150, faired
through the experimentally detcrmined points, The hinge-
moment characteristics of a beveled-trailing-cdge flap can
be predicted, provided the hinge-moment slopes of the
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similar flap without bevel are known, by adding to these
slopcs the increment contributed by the bevel as computed
from eguations (4) and (5)., Reference 26 discusses more
fully tho moethod of correlation and the method of pre-
dicting the hinge-moment characteristics of a flap with
beveled trailing edges,

Internal type of aerodynamic balance.~ The internal
type of aerodynemic balance, being completely enclosed
witiin the airfoil covering, doces not affect the 1ifs,
drag, or pitcihaing-moment characteristics of the airfoil
but does furnish a means of balancing the control surface.
Several types of intermal balance are discussed in refer-
ence 15, The nmost commonly used, althouzh not necessarily
the most aerodynamically desirable type of internal bal-
ance, is that with a balancine plate rigidly attached %o
the flap and with the veonts located near the hinge axis,
Lift ard hinge-nmoment data for internally balanced flaps
are presented in figures 57, 58, 76 to 96, 138, and 139,
The data cover the offects of changes in vent location,
gap or amount of leak at the nose of the balance, length
of cover platos, and alinement of cover pletés.: A copr-
relation of data from wind-tunncl tests of internally
balanced ailerons is presented in reference 29, from
srhich fizures 161 and 152 are taken,  Increments sof Ch

04
and Oy causcd by the internal balance have been plotted
it
as functions of the geometric dimensions of the control
arrangement, As determined by the lines faired through
the experimental points of figure 151, the increments of
hinge~moment~coefficicent slope caused by a sealed intcr-
nal balance vented near the hinge may be expressed as:

e 2 271 @
6Cy, = 0.0237| {Z2) - (3[& | = (6)
o, L_\Cf/ Cy Al

I

o, <o @) @

-

3 0.359| {=2
5 e g

Figure 152 shows tihe loss in balancing moment ACh

causod by eir leakrage from one side of the balancing sur~
face to the other, Insufficient data were available to
prescot a similar curve for AC, , Ddut the variation

il

should be similar, The characteristics of internally
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balanced ailerons can be ectimated, provided the hinge-
moment slopes for the surface without balance are known,

by adding to these slopes the increment due to the balance,
which can be calculated from eguations (6) and (7) and
corrected for air leakage in accordance with figure 152,
Misalinement of the cover plates causes a change in the
slopes of the hinge-moment curves (figs. 88 to 96).

Forn type of aerodynamic balance.- In general, as
suggested in reference 33, the horn type of acrodynamic
balance may be divided into three classifications, each
having different balancing characteristics, Control sur-
faces such as those of figures 123 to 126 and of figure
153 (a) may be called type A, Type A horns may be con-
gsidered as those formed by converting a spanwise portion
of the fixed surface ahead of the hinge axis into movable
surface, Tyoe B horns (fig. 153(b)) may be considered as
thosc formed by adding area at the tip, generally, both
ahcad and behind the hinge axis, in such a manner as to
jncrecase the span of the unbalanced control surfaco.

The leading and trailing cdges of control surfaces withl.
typc B horn, therefore, are joined by a brokem curve
rathocr than a continuous oné as for type A horns, Type

¢ horns are shieclded horns, which mey be considered as
those formed by providing the movabdle surface with a
large amount of overhang concentrated ncar the tip behind
d ‘porticn "of the fized ' 'surface,

Figurc 154 from refcrencec 33 presonts a correlation
of hingc-moment data for type A and type B horns obtained
from reforences 34 to 39, Insufficient data are available
to precsent a correlation of type C horns, Increments of
Cy and Chs caused by the horn have becn plotted as a

a

function of a horn-balance factor, defined as the squarec
root of the ratic of horn areca timecs horn mean chord to
control area timcs control .mean chord. The plan forms
of the countrol surfaccs considered in the correlation
arc sketched in figure 153 and are numbered to identify
the test points of figure 154, Further details and d4i-
mecnsions are generally available in the appropriate
rcference listcd on figure 153,

The data presented in figure 154 indicate the bal-
ancing effcctiveness of type B horm to boe considerably
greater than that of type A horn, Probably because of
the dissimilarity of eair flow over the odd-shaped tips
of the control surfaces with type B hormns, the scatter

t“l
o
(O8]
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of points about the faired curve ls considerably groater
for type 3 than for type A horns, For either type of
horn, however, AC, and Aché werc approximately egual
o
for noarly all the control surfaces for which data were
available, A morc complete analysis of the hinge-momcnt
characteristics of horn-~balanced control surfaces is
presecnted in reference 33,

Application of scction data to finito-span control
surfaces.- The lifting-line thcory can bec used as a basis
or applyiug thc secction data to estimate the 1lift and
hingc-moment charactcristics of control surfacos of finite
spai, ror such application, lift and hingc-moment charac-
teristics are written in the form of parameters, which,
according to lifting-liine theory, are indcpendent of aspect

ratio (reference 4), Thus: \
< 2.V,

c
('GS’}CL e (—CL T?‘ (8)
a/a

<ch \

(Chc ) L -;fEZQ (9)
18 ( UCL)&
(op. ) . = Ley ). % (cp R CaaE (10)
'1b c1 .;J.O - a 5 cl

Lifting-line theory assumes that the induced down-
wash is constant along the chord and, therefore, that the
chordwise distribution of resultant pressure at a section
of a finite wing is the same as that of a wing of infinite
span at a lower angle of attack, Because the distribution
of downwash varies along the chord, nowever, the effective
streamline curvature induced at a section of a wing in
three-dimensionel flow causes the parameters (as) .

4!
(cy e and ley.) to vary slightly with aspect ratio

C-L Y C'(,

rather taan to be independent of it as lifting-line theory
assumes. This fact apparently has small effect on the
over-all 1lift but, for small aspect ratios, introduces a
pos:ible source of error in the calculation of hinge mo-
ments, beczuse they are dependent upon the distridution
as well as uvpon the magnitude of resultant pressure,
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Therefore, until lifting-surfacec theory provides a more
exact method, or until eunipirical corregtion factors are
experimentally determined, the 1ift and hinge-moment
characteristics of a finite-span control surface calcu-
lated from section data must be subject to all the assump-
Flons andl Wimitta bions "ol the Liftting—-1ine theory.,

€oo~1

Reference 4 presents the method of applying section
data to compute the characteristics of a control surface
hawingsaa elliptical Load ~-dnstribubion, which, in effect,
rsta guriace "ol el wt e L ehiord diStribution mith s
constant percentage airfoil chord flap, This method,
wnen applied to wings of other plan forms and flap chord
ratios, becomes the so-called "strip" method and, in
general, does not give satisfactory results., This method,
however, when augmented by experimentally determined cor-
rection factors, may provide a more accurate and practical
solution than -the more general method described in the
following paragrapas.

In order to expand the method of reference 4 to
apoly to the general case, it is necessary to take account
of acrocdynamic induction by calculating the spanwise 1lift
distribution per unit chonge in angle of attaek of the
whole wing and per unit change in flap deflectien, This
is, at best, a tedious process but can be accomplished by
metiods presented in reference:s 44 or 45, Values of as

for the particular flap-chord ratio at each spanwise sta-
tion can be determined from section data to define the
spanwise distribution of effective angle of attack in
order to compute the 1ift distribution per unit change
vo e fitan  diefilie et iion,
For the special case of a control surfece with a
full-gpan flap having chord that is a constant per-
centage of the wing chord, the span-1ift distribution
per unit ehange dnSflapideflection id . similar' to sthat
per *unitichangs iniansle of Sattack of the wing., If the

)

surface is rectangular or linearly tapered, the span-

1lift distribution can be casily calculated from th

tables presented in refercnce 46 and the hingo-moment
characteristics, thorefore, 'can be uore readily estimated,

Thexliftt ecocfficlent sat la secbhbion .0f o wing lof
2

finite span may be expressed as;

PR

g, & (11)
Ls
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The rates of change of the section lift-coefficient slope

with angle of attack of the whole wing and with deflection

of the entire flap are therefore

>

€ =@ c
Ias lal e M
(o) =i .G

0 ¥y Pl

3 )

The wing 1ift coefficient may be expressed as;

Gp 55 & % cqcdy (13)
L g T
The lift-curve slopes for the entire wing can be found
by integrating the calculated lift-distridbution curves,

¢y, ¢ = f(y) and Gy C = £'(y). Thus:
Qg s *
1 nDb
C = c cdy
Vg % / L
0y 3 (14)
CL = .].'- ‘/;’P C-L cdy
3 S 8
Ts K08

The lift-effectiveness parameter for the entirse wing is
obtained from the ratio of the calculated lift-curve
slopes., Thus:

(ag) = ol (15)
%oy Cr,

The hinge-noment slopes are found by rerformiung mechan-
ically the integrations indicated by the following ex-
presgions:

AR a1 ey :
h SNED h i
ot bfc* /é g . 1“3
>(16)
it [® ( \ 0 —l{
B 23+ \ 2 .

Cha ol / ‘chs’clcf,d:y t / (e, Jscg2ey dy |
£C2 o { Jg cy 53 %
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Yo lmes -of - 1wl ) and . (ey.) for each spanwise sta-
“C-l/ ) 8 ,c..,

tion are obtained by means of eqguations (9) and (10)

from available section data., The section data presented

in this paper give the variation of section hinge-moment

parn neters with ratio of flap chord to airfoil chord for
caled plain flaps and with overhang for a 0,30c flap on

sevcral airfoils, These data should be corrected for

tunnel-7all effect in the manner already indicated,

Until more data become availlable, the hinge-moment param-

eters of balanced flaps nay be assumed to vary in the

gsame manner with ratio of f£iap chord to airfoil ehord as

do the parameters for plain flaps,

€99~1

Recent wind-tunnel tests (unpublished) have indicated
that manufacturing imperfections on the flap such as rib
stiching and the sagging of fabric between the ribs of a
control surface have considerable effect upon the hirge-
moment characteristics. This fact should be realized when
computing the hinge moments of an airplane control surface
from section data obtained from a model wing of true air-
foil contour, It is imperative that the section data
applied are those for exactly the same airfoil profile as
the sections of the finite-span controcl surface, Arbitrary
modifications to an alrfoil profile, such as shortening or
lengthening the distance from a hinge axis to the trailing
edge, are apt to cause large changes in the hinge-moment
characteristics from those of the basic airfoil section,

The aercdynamic section characteristics of an iso-
lated horizontal tail surface (reference 47), tested in
the NACA full-scale tunnel have been estimated from sec-
tion data in the manner already outlined, The horizontal
tail surface had the following geometric characteristics:

Air.\:oil obction o ° . o . . . . . - . . . . . BI-A-CA- Coog

Aspeot ratio . . . s o e el R E LR BT 4.7
Taper ratio (rounied twps) : MIEEET S Gy Sl e 2:1
e/S (nearly constant Derceutare ciord elevator) 0,41

Blu.nt"nose OVGI‘hang . . . . . . . ° L . . L) ° o . O.lOCQ
Gap . . . . . . L] L] . L] ( | . . . ° a Qo ° . ° ° . . Oloosc

The span load distribution per unit angle of attack was

calculated from the tables of reference 48 and was arbi-
trarily altered at the center section to account for the
effect of a cut-out made in the elevator for the rudder,
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canse the elevator was nearly a constant percentage of
e airfoil chord along the span, the span load distribu-
ion per unit elevator deflection was agsumed similar %o
hat per unit.angle of attack;' that is, c1p ' was assumed

s - . 1 oo
equal to Bl 1o The section hinge-moment-coefficient data
x

were obtained from figure 1l44(c) by assuming that the
slopes for a balanced flap vary with flap-chord ratio in

a manner similar to those for an unbalanced flap (fig. 142).

Section 1ift characteristics were obtained from figures
143 and 141 by making tihis same assumption, The theoret-
ically derived correction for the streamline curvature
indvced by the tunnel walls, which has already been dis-
cussed, was appliedl to the hinge-moment parameter (chc : R
1
8

Ou45c flap by 8 percent, The parameter <°h5)c wa 8
A

Tais correction reduced the value of (chc ) for the
2

negligibly affected by this tunnel-wall correction.

A comparison of the calculated with the measured
values 1s presented in. the following table:

Parameter Calculated ‘Measufed
value value
G 07 ‘0,063 0.060
% . ;
as =gl -4 70
Cha ‘-.Ou51 -,0045
Ch& ~ OO -,0080

The calculated 1lift characteristics are in reasonabdly
good agreement with the measured values, The parameter
Ch7 was. calculated to be 00,0016 more negative and the

parameter Gy , 0.,0026 more negative than the corre-

sponding measured values, It would be expected, however,
that the computed values should be more positive than the
mea sured valuses, The section data were obtained in a
turbnlent tunnel gnd the transition region should there.
fore be further foryard; thus, the scction hinge-moment
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slopcs should be more positive than those measured in the
less turbulent full-scale tunnel, The effect of stream-
line curvature caused by the finite-span airfoil probably
accounts for a large part of the discrepancy between the
computed and the measured values, A gstreamline-~curvature
correction theoretically derived from lifting-surface
theory for an elliptical wing indicates that a reduction
of about 14 percent, for this case, in the value of

(e . W ig justified for this aspect ratio, When this

n

-

£99—1

aspect-ratio correction is applied, a slightly closer
agreement with the measured values 1is obtained; the cal~
culated value of Op then being -0,0053 and that of

a

Ch& being -0,0102,

The limitations of the lifting-line theory as a

agis for estimnting the aerodynamic characteristics of

finite-span control surface from section data are
indicated by the example cited, Unfortunately the
margin of error, which for hinge-moment slopes amounted
to about 20 percent of the slope values of the unbalanced
surface, is not tolerable for purposes of estimating the
characteristics of a closely balanced surface for a large
high-speecd airplane. Suitable correction factors must be
obtained, either theoretically or sexperimentally, before -
the hinge-moment characteristics of & finite-span control
surface can be accurately predicted from section data,
The determination of these factors remains a project for
future investigation.

~

t
s e
-
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CONCLUDIKG REMARK

A large quentity of data, much of which has been pre-
viously published, has been gathered and presented in one
report for convenient reference, It is beyond the scope
of this paper to draw conclusions councerning the merits
of various types of airplane comtrol surfaces, only a
very limited analysis of the accumulated data having been
made., The basic data presented and the curves correlating
the results of many tests of several types of aerodynamic
balances should facilitate the design of balanced control
gurfoces,

Langley iemorial Aeronautical Laboratory,
Wotional Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I.- INFORMATION REGARDING TWO-DIMENSIONAL-FLOW MODELS

TESTED IN NACA 4- BY 6-FOOT VERTICAL TUNNEL

- Twanel walls 4'—

I

" L=663

-—I

(Test Reynolds number, 1,430,000; Mach number, 0.1; turbulence factor, 1.93, | Hinge exis ___i
Experimental tunnel wall corrections applied to 1ift only] or
NATIONAL ADVISORY Plan ferm i)
COMMITTEE FOR AERONAUTICS
De ipt
Flap section Ngs:is‘;rix:ggéi cp/ec cp/er | Type of balance of.cg“l’“’;g: Nose gap Reference | Figure
d
D‘%—- 0009 0.16 0.10 Sty Circular arc Sealed, 0.005¢ 20 1,2
. - 0009 0.20 0.10 g’l‘gﬁ‘?‘l’:g Circular arc Sealed, 0.005c 20 3,4
k Unbalanced
- Sealed, 0,001c
+ 0009 0.30 0.09 plain flap Circular arc .0.00Sc: 0.0IOé' 7 5 to 8
— * % B Sealed, 0.00lc
i} 0009 0.30 0.20 Overhang lunt nose 0.0050: ciotes 9 9 to 12
B Modified
1 (6>._ 0009 0.30 0.20 Overhang i 8 0.005¢ 9 13
-+
= = 0009 0.30 0.20 Overha Medium nose Sealed, 0.001lc
1 = 0.005¢, 0.010c 9 Sk
E— Modified
ﬁEq———:\;.A 2009 200 s Evesiugs medium nose 0.005¢ 9 18




TABLE I.- INFORMATION REGARDING TWO-DIMENSIONAL-FLOW MODELS

je-Tunnel walls 4'—o=

20
TRSTED IN NACA 4- BY 6-FOOT VERTICAL TUNNEL - Continued Hinge axis
. - = = =
[Test Reynolds number, 1,430,000; Mach number, 0.1l r
NATIONAL ADVISORY turbulence faotor, 1.93. Experimental tunnel wall Plan form }
COMMITTEE FOR AERONAUTICS corrections applied to 1lift only.] '
NACA airfoil Description
Flap section Gt iEnntion ce/c op/er Type of balance of <l Nose gap Reference| Figure
—'_S = 0009 0.30 0.20 Overhang Sharp nose Sealed, 0.001e
\-1-_/_’_/’
X 4 0.008¢, 0.010¢ o 39 tosee
i e Nodified
p { ap 0009 0,30 0.20 Overhang sharp nose 0.005¢ 9 23
iy
i + = 0009 0.30 0.35 Overhang Blunt nose Sealed, 0.00lc
1} 0.005¢, 0.010¢ 30 fes hagt
= =t 2 0009 0.30 0.35 Overhang Medium nose Sealed, 0.00lc
0.005¢, 0.0106 LA
%-_Eé:::;‘ 0009 0.30 0.35 Overhang Sharp nose Sealed, 0.00lc
= 0.005¢, 0.010¢ 10 32 to 35
—:—— it = 0009 0.30 0.50 Overhang Blunt nose Sealed
t i\ 0.0015¢ 8 e, av
S
(e 1< + = 0009 0.30 0.50 Over Medl Sealed
1 hang edium nose 0.00185 8 38, 39




le- Tunnel walls 4'—s

L-663

TABLE I.- INFORMATION REGARDING TWO-DIMENSIONAL-FLOW MODELS e:‘;
TRSTED IN NACA 4- BY 6-FOOT VE'RTICAL TUNNEL - Continued i
Hinge axis
[Fest Reynolds number, '1,4350,000; Mach number, 0.1; eér
NATIONAL ADVISORY turbulence factor, 1.98, E&poriunhl tunnel wall Plan form —4
COMMITTEE FOR AERONAUTICS corrections applied to lift only.]
NACA airfoil Deéscription
Flap section 32.1 tion ce/ec cp/er Type of balance of bnll"m. Nose gap Reference| Figure
o (S Modified Sealed
1F'_ 0009 0.30 §0.50 Overhang medlitiroae 0.0015¢ Thpublisheti 40, 41
: | 0. . Sealed
9 30 0.50 Overhang Sharp nose 0.00156 8 42, 43
ﬁ\+>-— 0009 o ) Modified Sealed
I 30 0.50 Qverhang i Besied. hpblished| 44, 45
L Profile Bulged flap Sealed
e 0009 0.30 0.09 modification profile 0.005¢ & g
T, - Profile Beveled Sealed
1 5 0009 0.30 0.09 modification trailing edge 0.005¢ 1 48 to 53
J
o e Profile Elliptical
[ b 0.30 i modification trailing edge REp LA R
JW Profile Circular
D 0009 0.30 0.09 modification trailing edge Sealed 11 56

o



TABLE I.- INFORMATION REGARDING TWO-DIMENSIONAL-FLOW MODELS

TESTED IN NACA 4- BY 6-FOOT VERTICAL TUNNEL - Continued

NATIONAL ADVISURY
COMMITTEE FOR AERONAUTICS

Test Reynolds number, 1,430,.000: Mach number, 0.1;
urbulence factor, 1.95. Experimental tunnel wall

corrections applied to 1ift only.]

—

(-]
"
N

-

: L«663
“—Tunnel walls 4'
1
Hinge axis _ *
. cr
Plan form —f

Description
Flap section Nﬁs:i;:l::g:: Cr/c °b/°f Type of balance o;cg.g‘n:. Nose gap Reference Fisurg
‘ [ = ) Vent at 0.56¢ :
= = 0009 0.30 0.50 Internal aid st 0 ius Sealed 16 57, 58
i
= Unbalanced Sealed 59, 60
L;_/_&:——/ 0015 0.30 0.15 plain flap Circular arc 0.005¢ 12, 16 69: 70
r—;- 0015 0.30 0.35 Overhang Blunt nose oaales 13 61, 62
) .005¢
05 Sealed f
1 - 0015 0.30 0.35 Overhang Medium nose 0.005¢ 13 63, 64
Sealed 65, 66
T = St = 0015 0.30 0.50 Overhang Blunt nose 0.8050 14, 17 "71 ’
i = C 4 0015 0.30 0.50 Overhang Medium nose Soeled 14 67, 68
] 0015 0.30 0.50 overhan Blunt noes 005 17 72
1 2 . € modification 1 0.005¢




NATIONAL ADVISORY

TABLE I.- INFORMATION REGARDING TWO-DIMENSIONAL-FLOW MODELS
TESTED IN NACA 4- BY 6-FOOT VERTICAL TUNNEL - Continued
D‘est Reynolds number, 1.,430,000; Mach number, 0.1;

L-Tunnel walls 4'—>

1663

c= 2"
L_ Hinge axis

turbulence factor, 1.93. Experimental tunnel wall Flan form
COMMITTEE FOR AERONAUTICS corrections applied to 1ift only.] _1
Flap section Nﬁsgi;:ggi ce/e cp/er Type of balance D:;";:g:z:‘ Nose gap Reference | Figure
% Blunt nose
___/_N:—’/”/ 0015 0.30 0.50 Overhang modification’Z 0.005¢ 17 3
L Blunt nose
b B018 G20 0.80 Overhang modificntionls B.0050 ¥ i
W\I |+ 0015 0.30 0.50 Overhang Sharp nose 0.005¢ 17 75
ﬁ\ Narrow Sealed, 0.001lc
! * 0015 0.30 0.50 Internal cover plates 0.00230. 0.005; b 76 to 79
_ﬁ\ Medium Sealed, 0.00lle,
y 0in N-50 i / R beraal cover plates 0.0025(:, 0,005¢ 17 O LatE
m Large Sealed, 0.00lle
_M 9015 50 0.60 Internal cover plates o.oozéc, 0.005:: 2 B4 Lo L
rﬁ\‘ Cover plates bent
V 0015 0.30 0.50 Internal in and out Sealed 18 88 to 93
___———A—"‘ at 0.63c station
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TABLE I.- INFORMATION REGARDING TWO-DIMENSIONAL-FLOW MODELS

= Tunnel walls 4'—>

L=663

e=2"'
TESTED IN NACA 4- BY 6-FOOT VERTICAL TUNNEL - Contluded
[ L Hinge axis J
Test Reynolds number, .1,430,000; Mach number, 0.1; c
NATIONAL ADVISORY turbulence factor, 193, 'b:pel’-imntnl tunnel wall = ST :
COMMITTEE FOR AERONAUTICS corrections applied to 1ift only.] ARiotm _f
NACA ,
Flap section deaitpix:{giz]; cr/e op/cer Type of balance D;FCE;'I{::Z: Nose gap Reference| Figure
1_ﬁ'—\ 0018 0.30 0.50 Internal Ogyer Riatss bant
il . o n and out a Sealed 18 94 to 96
fy;_______;___,’ 0.50¢c station
{ V e Unbalanced Sealed
- - ——— 66-009 0.30 0.11 Sieis fisy Circular arc Oot0ss 19 97, 98
% 86-009 0.30 0,35 Overhang Blunt nose 333333 19 99, 100
h_—r>" . — 66-009 0.30 0.50 Overhang Blunt nose g“c’%;g 19 101, 102
L’{—\V’D’/ 66-009 0.26 0.30 Overhang Blunt nose 303(]5;: Unpublished 103, 104
J
g Modified
} 66-009 0.26 0.30 Overhang Medium nose 0.001e Unpublished| 106




NATIONAL ADVISORY

TABLE II.- INFORMATION REGARDING THRER-DIMENSIONAL-FLOW MODELS

COMMITTEE FOR AERONAUTICS

TESTED IN THE LMAL 7- BY 10-FOOT TUNNEL

@urbulance factor, 1.6.

Tunnel-wall correctjions applied
in accordance with reference 40.

L-663

Aspect Taper
Typical section of Alirfoll Test
Plan form ygontrol sl rn:io, ratio, | Se/S Sy/Se seeticn coRRtitlen Gap |Reference| Pigure
Horizontal tail
: Y NACA o Sealed
| _ﬂ_{>—- 3.7 0.57 0.27 0.09 0009 pursult fase 0.008¢ 21 SR
¢ =+ — R = 502,000
Unbalanced elevator M=0.1
' Horizontal taill
on
NACA 1t fuse Sealed
+ 3.7 0.57 0.27 0.35 pursult fuselage| 21 109, 110
D_ 0009 R = 502,000 0.005¢ »
Blunt=nose elevator M = 0.1
Horizontal tail
tr7/>§ e
NACA pursuit fusela Sealed
+ 3.7 0.57 0.27 0.35 0009 i = tca oo 0.0080 21 111, 112
Sharp=nose elevator ¥ =0.1
Horizontal tail
on
—H%__ 3.7 0.67 | o0.27 0.50 o pursuit fuselage| 3°3l¢d 21 |113, 114
R = 502,000
Blunt=nose elevator Nl
Horizontal tail
on
‘ﬂ@ 3.7 0.57 | o0.27 0.50 o pursuit fuselage| Sealed 21 |1s, 116
R = 502,000 .
Sharp«nose elevator M= 0.1
Horizontal tail
on
NACA it fusela Sealed
+ 3.7 0.57 0.27 0.09 PUE AU ge 22 117 to 122
o 0009 R = 502,000 0.005¢
Beveledetrailing-edge elevator qieabg




L-663

TABLE II.- INFORMATION REGARDING THREER-DIMENSIONAL-FLOW MODELS
TESTED IN THE LMAL 7- BY 10-FOOT TUNNEL - Concluded
NATI Turbulence factor, l.6. Tunnel-wall corrections
ONAL ADVISORY [ applied in ac::ordance with reference 403
COMMITTEE FOR AERONADTICS
Aspeat Taper 8,/8 Sp/Se
Typical section of Alrfoil Test
Plan form Sontrol SutfRes ﬂ:“. ﬂ';:-"- or or sditlon conattion Gap | Reference| Figure
Sp/S Sv/Sr
= .40 Modified NACA
- 3.96 0.58 0.43 38 | symmetrical |R = 1,920,000 | 0.0z¢ [PMPUblishednyy ¢4 124
.36 M= 0.1 LA
Medium-nose elevator
Semispan model Unpublished
i:% Modified NACA = 0.020 ['BRY 127 to 13Q
@ 3.96 0.58 0.30 0.50 - etrioal R MIQQSOiOOO data
Blunt-nose elevator
Modified [|Completetallon | Sealed [Unpublished
' 2.41 0.47 0.42 0.13 NACA 66 SEuR soomtEs| (DL 1L0 aata " [SL to 239
series R =M1'5(1)°i0°° mnch
=4 = 0,
Unbalanced rudder
| Modiriea (Ompletetallon | o ) ea [onpublished
2.41 0.47 0.42 0.20 NACA 66 Y 8% 5,113 data | 154, 135
R = 1,510,000 -
5 series M= 0.1 tnc
( ! Medium-nose rudder x
Modified Complete tail on
| | Ej@“ 2.41 0.47 0.42 0.31 NACA 66 | Stub fuselage| 3ealed (Thpiblished] ,5¢ 5,
| R = 1,510,000 0.11 ata
[ ke series ¥= o041 inch
( Medium-nose rudder Dosis
|
‘ : % Nagltied cﬂ?%uﬁfge Unpublished
| 2.41 0.47 0.42 0.20 NACA 66 pul
| \ p. | R ="1'5(1)0i000 Sealed data 138, 139
! Internally balanced rudder el




NATIONAL ADVISORY

TABLE III.- AFRODYNAMIC PARAMETERS AND CORRELATION CHARTS

COMMITTEE FOR AERONAUTICS

L-663

overhangs

factors for hinge moment

Type of balance Subject Alirfoil Type of data Reference Figure
e =7 Pressure distribution 1, 2, 3 140
:@-— Lift 0009 Section 1220 141

Hinge moment 1, 2, ;07,20 142
Plain flaps
i 0009 7,5018,09,010 143(a) to (4)
1ALt 0015 Section 12, 13, 14 143(e), (f)
66-009 19 143(g), (h)
L 0009 Finite span 21 145
B@ ot - ety
0015 Section 12, 13, 14 144(e), (f)
Hinge moment 66-009 g 144(g), (n)
0009 Finite span 21 146
Overhangs
ﬁv— Hinge moment
] ﬁ and 0009 Section 1, 2.3 147, 148
11ft
Tabs
e Pressure distribution 0009 Section Yppublished 149
I A .
L Hinge moment Many Section and finite span 26 150
Beveled trailling edge
£K> Hinge moment Many Section and finite span 29 151, 152
Internal
- Hinge moment Many Finite 33 153, 154
orn
Plain flaps
and Tunnel correction Any Seation 40 155

)
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