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I - A LARGE ABRODINAKIC BALANCE OF VARIOUS NOSE SHAPES
WITH A B0~PERCENT-CHORD FLAP OW AN NACA 0009 AIRFOIL

By Richard I. Sears and E.,Page Toggard, Jr,.
SULMARY

Tests have been made of an NACA 0009 airfoil with a
Z0~vercent~chord flap having & 49.5-percent flap-chord
balance with various mose shapes and tvo gaps. The re~
sults have been presented 'in the form of aerodynamic sec-
tion characteristics.

Tiess results indicated the flap to be overbalanced
when deflected, regardiless of nose shape. There was only
e slight charge in hinge moment with angle of attack., A
blunt-nose shave gave the greatest reductions in hinge
moment and the smallsst increment of drag over that of a
plain airfoil. The small gap investigated affected the
asrofiynamic characteristics only slizhtly.

4 method aas been proposed for reduecing the control
forces to any desired value while, at tre same time, mark-
edly increasing the 1lift sffectiveness of the airfoil-flap
combination over that of a plain flap of the same chord.
In addition, the flap can be made to float against the
relative wind theredy causing the stabilitv with controls
free vo exceod that with conitrols fixed. These resulis
are accomplished by using a differentially operated bal-~
ancing tab on an overbtalanced flap to increase both the
1ift and the hinge moment of ths. flap.

INTRODUCTION

Because of the increasing size and speed of modern
airplanes, it has become increasingly necessary to reduce
the hinge moments on the control surfaces and thus to
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reduce the forces on the control stick. In an effort to
solve this problem, the NACA has initiated an extensive
investigation of the serodynamic characteristics of con-
trol surfaces in order to provide data for desigp purposes
and to determine the type of flap arrangement best suited
for use as a control surface, 3Because a conventional con~-
trol surface is merely a flap on an airfoil, these two
terms are used synonymously.

As a part of this investigation, some effects of flap
nose shape and gaps on a typical horigontal tail of finite
span were fetermined in the full~scale wind tunnel and are
reported in refereanace 1., The nore fundamental part of the
investigation, however, is being made in two-dimensional
flow. Tae first part of the two~dimensional flow investi-
gation was the determination of the section characteris-
tics of airfoil-flap ccubinations using plain flaps of
various sizes and with cealed gaprs. (See references 2, 3,
and 4.) Tke data presented in these references have been
erzlyged, and parameters for determining the characteris~
tics of a thin symmetrical airfoil with a plain flep of
eny size chord and with the gap at the flap nose sealed
are given in reference 5. The sffects 0f gap size on the
cnaracteristics of a thin airfoil witk a plain flap are
reported in reference 6.

The tests reported herein were made to provide sec-
tion data for an airfoil bhaving a flap with a large over-
hang and to determine the effects of the shape of tne
ncse of this overhang. The terms "balance” and "overhang!
are used synonymously to indicate the portion of the mov-
able surface ahead of the hinge zxis,

AFTAPATIS AND YODEL

The tects vwere made in the HaCA 4- Dby €-foot vertical
tunnel (reference 7) modified, as described in reference 2,
for forcé tests of models in a tvo-dimensional flow. A
three-component balance system has been installed in the
tunnel in order tkhat force test measurements of 1lift, drag,
and pitchaing moment may be made. The hinge moments of the
flap and tab were measured with special torquse rod bal-
ances built into the model.



http://www.abbottaerospace.com/technical-library

N

The 2-foot—chord by 4-foot—span modol was made of
laminated mahogany to the NACA 0009 profils, It was
equipped with a balanced flap having a chord 30 percent of
tho airfoil chord and a plain tab having a chord 20 percent
of the flap chord, The flap chord 1s moasured from the flap
hingo axis to the tralling edge of the alrfoil, The
aorodynamic balancc, measured from the flap hinge axis to
the nose of the movable surface,; consisted of an overhang
that was 49,5 percent of the flap chord, The overhang
was mado with a blunt—, a medium—, and a sharp-noses shape
(fig. 1 and table I), The zap wasg fixed at 0,15 percent
of the airfoil chord by removablo airfoil tail blocks,
and it was also sealed with grease, The tab was made of
brags and its gap was fixed at 0,10 percont of the airfoll
chvord,

Thoe ingtallation of ths model in the tunnel was sim-
ilar to that of roferences 2, 3, and 4, Because the model
completely spanned the tunnel, two—dimensional flow was
approximated, The flap and the tab deflactions were set
by friction clamps on the torque rods that were used in
measuring the hinge moments.

TESTS

Tho tests were made at a dynamic pressure of 15
pounds per square foot which corresponds to a velocity of
about 76 miles per hour at standard sca-level conditions,
The test Reynolds number was 1,430,000 and the effective
Reynolds number of the tests was approximately 2,760,000,
(BEffoctive Reynolds number = tost Roynolds number X tur—
bulence factor., Tho turbulence factor for the 4— by 6-ft
vertical tunnel is 1,93,)

The flap deflections were set at 5° increments, and
with the blunt nose and sealed gap, tests also were mads
at 1°, 20, and 3° flap deflections, With scaled gap th
maximum flap deflection tested was limited to 15° or 20°,
dependiing on the flap nose shape, because of difficulties
in maintaining the gap seal, With the gap ansealed, flap
deflections from 0° to 30° were tested. The tab was
tested at 0° for all noss shapes, and with the blunt nose
and sealed gap, tab tests were made with the tab deflected
59, 10°, and 15°, TFor each flap and tab sctting, force
tosts wero made throughout the angle—of—attack range in 2
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inecremrents from ths negative stall to the positive stall,
Near the stall, however, 12 increments were taken, Lift,
drag,; aad pitching noment of the airfoil and hinge moment
of the flap were measured.

RESULTS AWD DISCUSSIOE

Symbols.

The coefficients and symbols used in this paper are
defined as follows:

: ‘ 1
¢y airfoil section 1ift coefficient (EE)
. A s do
ca, airfoil section profile~drag coefficient <€E>

¢y &irfoil section pitching-moment coefficient

u

about the quarter-chord poini of airfoil(Z-EE
dac

h
cy . flap section hinge-moment coefficient <€E£5>
f

wherse
1 "airfoil section 1if%
g &airfoil section profile drag

m airfoil section pitching moment about guarter-~
chord point of airfoil

hy flap section hinge moment

¢ chord of basic airfoil with flap and tabd neutral
Cyp flap chord

q dynamic pressurse

oy angle of attack for an airfoil of infinite span

e e — e = —
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’
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1
<
N
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8¢ flap deflection with respect to airfoil

8y tab deflection with respect to flap

Precision

The accuracy of the data is indicated by the devia-~
tion from gzero of 1ift and moment. The maximum error in
effective angle of attack at zero 1ift appears to e about
+0.2°. Flap deflections were set to within £0.2°, Tunnel
corrections, experimentalily determined in the 4~ by 6-foot
vertical tunnel, were applied to 1ift only. Tnhe hinge mom-
ents, therefore, are probadbly slightly higher than would
be obtained in free flight, but the values presented are
consjdered to be conservative, -~ Tune increments of drag
should be reasonably independent of tunnel effect, although
the absolute drag is subject to an nnknown correction. In-
accuracies in the section data presented are thought to be
negligible relative to inaceuracises that will be incurred
in the application of the data to finite airfoils.,

Discussion

The desirability of reducing the hinge moments of con-
trol surfaces is obvious, but the method of doing so must
be carefully selected in order that the 1ift and the free~
floating characteristics of the flap will not be rendered
vnsatisfactory. It is considered desirable to make the
free-floating angle of the flap equal to zero or even %o
have a s8lightly positive value at positive angle of attack
80 that the flap will float againgt the relative wind.

dc
This means that the parameter E;%;% (reference 5) must
f
be made zero or slightly positive. At the same time,
9k
35 ¢

in order to reduce the hinge moments without producing
overbalance. While the hinge moments are being reduced

in this manner, the effectiveness of the flap in producing
1ift should be made as great as, or greater than, that of
a plain flap of the same chord. No appreciable increment
of drag over that of a plain flap can be tolerated at low
flap deflections used for trim. With these standards

) must be made as gmall a negatlive valune as possidble
a
()
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established, the analysis of the characteristics of a flap
having a 0.495cy overhang cas more casily be made.

{

Lift

The tests indicate thet with = sealed gap the slope
. oc
of the 1ift curvs, ~§3%, was 0.099 with the sharp nose

<
flap, 0.101 with the mediam nose flap, and 0.102 with the
blunt nose flap (figs, 2, 3, and 4). When the gap at the
flap nose was 0.0015c, the slopec of the 1ift curve for
all three nose shapes was 0.098. GCorrections for aspect
ratio are preseunted in refersnce 5.

i With a sealed gap, the effectiveness of the flap in
producing 1ift, for all three flap nose shares, was prac-
tically identical with that of a plain flap of the same
chord (refereace 6). The flap with the medium nose vas,
however, slightly better than aither the blunt or sharp
nose flaps, which two shapes had about the same effective-
ness,

The curves .of figures 2, 3, and 4 indicate that with
a 0.001l5¢c gap, the flap with a olunt nose was slightly
more effective in producing. 1ift than the {lap with a
medinm nose, but with the medium nose the flap maintained
its-effectivensss to higher flap-deflections and conse-
guently higher 1ift coefficients. The sharp nose flap
had atout the same..lift effectiveness as the medium nose
flap and.about the samerange of effectiveness as the
blunt nose. flap. Conseguently, as far as 1ift cheracter-
.istics were concerned, the flap with the medium nose ap-
peared. to be the most Gesirable. Althovgh a gap of
0.0015¢c- appears .to give slightly better results than a
sealed gap, it should be realized that this gap is smaller
than it is-generally practicable to use on an airplane.
In this- investigation no tests have been made using a
larger gap and the data on gap effect are, therefore, mot
conclusaive,

Hinge lUoment of Flap -
) ‘Figures 2, .3, . and 4 present the hinge-moment..coeffi-
cients of the flap as a function of 1ift coefficient at
constant f£lap deflection-for the various.nose- shapes.and
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gaps, OCross plots, similar to figure 5, giving hinge—
momant coefficisnt as a function of angle of attack and
also of flap deflection are more convenient for analysis,
but these curves, of course, will be affected by aspect
ratio, Boference 5 discusses fully the manner in which
aspect ratio affects hinge—moment characteristics, This

discussion indicates that (}—u> will always dscreass
bif

with decrease in aspect ratio except when its value is
zero, For this case, because theory shows there can be

dey™
no change in the value of h s there can be mno
_aao 6p

change in the value of Scp with aspect ratio, If
08¢ o :
0

' oc dc
for infinite aspect ratio’ (Bah)s and (ffé) are of
o
f g

[ dcs, ‘
opposite sign, \) will incroase in magnituda as the
f/ao .
aspect ratio is decreased, If, howev:r, thess paramoters
oc
h

) will always decrsasgse asg tho
Qo

have the same sign, (Eg“
f

asvoct ratio is decreased., In some cases the valuo of

0
S%%) may even pass through zZero and change sign as the
/o
0

magnitude of (?EQ is changed by aspect ratio, It ig
8
£

important that these facts be established bocause,; with a
0.495c, overhang, theo slopes oY theso parameters arac very
small and the signs are critical.

A 0,495cy overhang on a 0,30c flap produced overbal-

ance through some range of flap deflsction regardless of
the nose shape and zap (figs. 2, 3, and 4), Overbalance
occurred first at high flap deflsctions and high regative
angles of attack for all nose shapes and was slightly more
pronounced with a 0,0015¢ gap than with a sealed gap., 4s
the bluntness of tho flap nose increased, the flap deflec—
tion at which overbalance first occurred became less, and
the magnitude of the overbalancing moment was greater,

o ey e ey ——— A T A N T T Ay | i Sty e s 2 e
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Then flow separation occurred over the flap, there
wag a sudden change in the hinge moment to large nsgatilve
values indicating a rearward movement of the center of
pressure. - - - - = ‘

Drag

At zero angle of attack with flap neutral, the flap
.with a gbarp nose gave aa increase in profile-drag coef-
ficient, Acdo, of 0.0042 over that of a plain airfoil.

With the medium nose the increment was 0.0015, wheraas
with the blunt nrose the increment was not measurable. ZRe-
cause. ths drag of control surfaces at nhigh flap deflec~
tions is of relatively minor importance and the absoluts
valus of the drag coefficient for these data is in error
by an unknown tunnel correction, no drag curves have been
given. TFor the blunt nose, however, the increments of
drag caused by lcw flap deflections such as may be neces-
sary for trim changes at high speed are given in figure 6
for several angles of attack. The blunt nose ssems to be
tkz only one which wasg satisfactory as far as drag is ’
concerned.

Pitching Yoment

With the blunt- and the medium-flap nose shapes, the
rate ol change of airfoil sec%ion pitching-noment coeffi-
cient with 1lift coefficient at zero flap deflection,

oc
(EFE , is about 0.010 (figs. 2 and 3). This slope in-~
€178z

dicates that the aerodynamic center was at the 24-percent-
chord point, which is in agreement with the results of
tests of reference 8. For the sharp nose the slope of the
pitching-moment-coefficient curve was slightly less (fig.
4). The airfoil pitching-moment coefficients were unaf-
fected by the presence of a small gap at the flap nose.

Bffect of Differential Balancing Tabd
From the discussion of the hinge-moment characteris-

tics, it is apparent that because of overbalance, a flap
with 0.495cf overhang cannot be used without modifications.
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It is possible, however, to use in conjunction with this
flap arrangement a trailing-edge tad, deflected in the
same direction as the flap, in order to overcome the over~
balance of the flap. ‘

Accordingly, tests were made to determine the effect
of a tab deflected with the flap. ¥Figure 7 gives the .in-
creuwents of 1ift coefficients and flap hinge-moment coef-
ficients caused by deflection of a 0.308cs plain'tad at

several angles of attack and flap deflections. The incre-
ments were determined for the flap with a blunt nose and
sealed gap. The curves indicate that on a flap with a
0.49c, overhang, a tab is just about as effective in pro-
ducing 1ift but only approximately 75 percent as effeciive
in increasing hinge moments as it is when on a plain flap.
These results are logical because of the manner in which
a flap or tab affects the pressure distributiorn over an
alrfoil.

The tab qﬁaracteristics having bveen determined, cal-
culations vere made to determine the tabd deflections re-=
guired to give desiradble hinge~moment characteristics to
a flap with a 0.495cy Dblunt~nose overhang znd with sealed
gap. The curve of tab deflection as a fuanction of flap

dcp
deflection given in figure 8 wae selected to malke ( a,

equal to zero at 0° angle of attack, The differential tabd
linkage will change the flap hinge-moment characteristics
from those of figure 5 to those of figure 8, which is a
cross plot of actual test data. The curves of figure 8
show that except for high positive angles of attack with
large flap deflections the hinge moments of the flap can
be trimmed out with a small deflection of the trim tab.

At a large flap deflection and a high positive angle of
attack, which i3 comparable to & critical condition for
rudiers, separation caused the flap overhang to lose its
balancing effectiveness which resulted ia arn increase in
hinge~moment coefficient. This difficulty can be avoided,
however, by using a flap of sufficiently large flap-chord

Cep
ratio, 7?’ to secure adequate control without reaching

critical deflections.

v o S NTon L eliTmems wnm e i ST G mememiTms L v ameelvar mme meean s e o s s e -
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Thus by means of a large aerodynamic balance used in
conjonction with a differentially operated balancing tab,
the hinge-moment varameters may be independently varied,

och > . acy
- poeitive and <—-\ slightly negative
00/8 a6 /00 ’
the flap can be made to float against the relative wind
waen free and yet not be overbalanced wuen deflected.

This floating tendency of the flap will cause the airplane
stability with controls free to exceed that with controls
fixed,

By mafing (

Figurs 9 compares the 1lift effectiveness of the flap
having both a 0.496c¢ blunt-nose overhang and a differen~-

tial balancing tad with that of a plain flap of the same
chord (reference 6). As expected, the tab deflected with
the balanced flap gave consideradly greater 1lift effec-
tiveness than did the plain flap.

Thus it appears that a differential balancing tabd
used in conjunction with an overbalanced flap can be made
to give very desiradble 1ift and hinge-moment characteris~
tics. With stick force and free-control stability regu-
lated in the manner already indicated, flaps having very
large ratios of flap chord to airfoil chord and operating
at low deflections can be used to great advantage for con-
trol surfaces.

"CONCLUDING REMARKS

The results of the tests showed that a flap with
49.5~-percent overhang was aerodynamically overbalanced
when deflected regardless of nose shape., The large amount_
of overhang reduced the slcpe of the curve of hinge moment
againgt angle of attack to practically zero. The flap ef-
fectiveness in producing 1ift was about the same as for the
unbalanced flap of the same chord. The small gap tested
had 1little effect on any of the characterigsties. The small-
est increment in drag was obtained with the blunt-nose shape.

A teb deflected in the same direction as the flap in
order to. increase both the 1ift and the hinge moment of an
overbalanced flap zhows promise of being a very satisfactory
arrangement for reducing stick forces and improving free-
control stability.

Langley lYemorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I

Stations and Ordinates for Medium Nose

Station .
(percent c)

Ordinate
(percent ¢)

0
.25
.85
1.85
2,85
3.85
4.85
5.85
6.85
T 7.85
8.85
9.85
10.85
©11.85
12.85
13.85
14.85
15.85
15.85 °
19.50

0
.88 -
1.26
1.68
1.96
2.15
2.30
. 2,42
2.52
2.58
2.64
2.66
2,70
2.71
2.72
2.73
2.72
2.63
2.55
2.40

. "Fair to NACA 0009 profile -to
trailing edge

Nose radius ='1ﬁ23 percent c
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NACA Fig.1

Y

|“ /4.85

NACA 0009 amioil contour

Grease seal Blont pose All _dirmensions
or.00/5¢c gap are_given in Ipercem‘
i_< - /;_ 85 o/ ajrfoil_chord

NVACA ooog a/r/(al/ contour
5 ——
See fable of ordinales ' \me—ram\{/

0008 conlour from
pere 1o brailing edge

rease seal Medum rnose

or 0ol5e. gap J
<~ G 90C = % pailing
—~¢ /860 > ﬁa’ge_
885 >
< —— /485 — —VACA 0009
Z Grease seal L{ A 45 airfoi/ contour
or .00/l5 ¢ _gap
Hinge axis \r_—x/ijo(g
Arc dangent #»
PA is straight line ML A0009 contour

AB /s arc of circle

NATIONAL ADVRCRY
CONMITTEE FOR-AERONRUTICS Sharp nose

Freuge /,~Nose shapes for a 030c Hap with 0495 ¢,
o;fer/zany an an NACA 0009 asz YA



http://www.abbottaerospace.com/technical-library

L-380

i: S
[ T ] ™
B F — ¥ i T —
e e e A =l
B ™
i N b
‘%)}8-./E N~ 1
§
K o
-2
132
E ./é
§
R L
o B ﬁ Ll
I 1.
§F ) __’D_,__/n—u’n
N e
S .
i 1] T
S -z}
2f
£ cfg,aga
- a 5 P
o o 19 el //;J///K
[ v 20 .
// ///~ //
£ ” // // /‘///
5 5 — o et e
goi —— — e e
% ; ,///ff/// e
§‘»—4 -/ //../
/// - /
oL /// 8 d
A B =
_/25 ..// _//
: |
ey = =y D R A A7 1.2 14

NACA - Fig, 2a

A%ﬁﬂsaﬁznﬁﬁc&;ﬁiwﬁ e

(a) Sealed gap.
Figure 2a,b.- Section aerodynamic characteristics of an NACA 0009 airfoil
‘with a 0.30c flap having a 0.495cs overhang with blunt nose.



http://www.abbottaerospace.com/technical-library

|
D YUBIOILIS0D
puswow-38uiy Uoio8s by

08¢~1

v
X LISINLLE0D
pusourBUILo fd L0IE08 s (1ol

1
B3p ¢ O Sfoopo 40 oLy

Q pa i 3 uV @m/.
" Al [t M i
SHN e |t NN )
% ] I ANV

/ ; NEANNIN i

| I L \ B

u Nl HR\ MR\

i it NN

S : \ | % vnﬂwuzrxzf/ i

R | BRI NCNCRRRLTT
SRl [ Sk NRUANS\NENE)
ARTNEE ! NRVINNEEE
HEEIR ARl MANNNAVEE)
A , HNi NERN e
TSN il N NAVA NAVE
EaIN 1 IO

d : NIAVER NI
1l L\ FoooeRes N R .

wu : Jodoab oV / / w.

| B \

- + N
sl L Ll Ll gL L L] L L Ly LY

Airfoil section Iift coefficre

y €1

Figure 2(b) 0.0015¢ gap.

e e
T N Ty


http://www.abbottaerospace.com/technical-library

L-380

Airfoil section pifching-moment
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Figure 3a,b.- Section aerodvnamic characteristics of an NACA 0009 airfoil
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Figure 3(b) 0.0015c gap.
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Figure 4a,b.- Section aerodynamic characteristics of an NACA 0009 airfoil

with a 0.30c flap having a 0.495cs overhang with sharp nose.
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Figure 4(b) 0.0015¢ gap.
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Figure 6.- Increment of profile-drag coefficient caused by flap deflection. Blunt

nose, sealed gap, 0.4850f overhang.
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Figure 7.- Increments of airfoil Beotioﬁ 11ft coefficient and flap seotion hinge-moment coefficient caused

by deflection of a 0.30cf plain tab. Blunt nose overhang and sealed gap.
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Figure 8.- Hinge-moment ohﬂ.racteristiou of a 0.30c
flap having 0.495cf overhang,blunt nose,
and sealed gap and a 0.30cy differential balancing
tab., HACA 0009 airfoil.

Figure 9.~ 1ift characteristics of a 0.30c

plain flap and a 0,30c flap
with a 0.495c¢ blunt nose overhang and a
0.230cf difrerential balancing tab. S8ealed
gaps. NACA 0008 airfoil.
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