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NATIONAL ADVISORY COMMITTEE FOR ABERONAUTICS
ADVANCE RESTRICTED REPORT

WIND-TUNNEL INVESTIGATION OF CONTROL-SURFACE CHARACTERISTICS
VII - A MEDIUM AERODYNAMIC BALANCE OF TWO NOSE
SHAPES USED WITH A 30-PERCENT-CHORD
FLAP ON AN NACA 0015 AIRFOIL

By BRichard I. Sears and H, Page Hoggard, dJr,
SUMMARY

Force-test measurements in two-dimensional flow have
been made in the NACA 4- by 6~foot vertical tunnel of, the
characteristicas of an NAGCA 0016 airfoil with a balanced-
flap having a chord 30 percent of the airfoil chord and a
flap-nose overhang 35 percent of the flap chord. The ef-
fect on the aerodynamic section characteristics of the
shape of the flap-~nose overhang and the gap at the flap
nose was investigated., A few tests were magde to0o deter-
mine the effectiveness of a 20-percent- flap~chord tab on
the balanced control surface.

The test results, presented in the form of aerody-
namic section coefficlents, indicate that the 1ift effec-
tiveness of the flap was practically identical with that
of a similar flap previously tested on the NiACA 0009 air-
foil and with that of a plain unbalanced flap of the same
chord on either airfoll, The slope.of the curve of hinge-
moment coefficient as a function of angle of attack was
positive over a small range of angles of attack when the
gap at the flap nose was unsealed. With a blunt-nose
flap the variation of flap hinge-moment coefficient with
flap deflection was about one-third, and with a medium-
nose flap, about one-half that of a plain unbalanced flap
of the same chord on the same airfoil, The flap-nose
overhang was more effective as a balancing device when

the gap at the flap nose was unsealed than when it was
sealed,



IKTRODUCTION

The HACA heas.instituted an extensive two-dimensional-
flow investigation of the aerodynamic section characteris-
tics of control surfaces in an effort to provids experi-
mental data for design purposes and to determine the types
of flap arrangement best suited - for use as a control sur-
face. In the first phase of this investigation the pres-
sure distribution of ths FNACA 0009 airfoil with many slzes
of plein flgp ard tab was exzperimentally determined. The
results of theee tests have been summarized in reference
1, which presents parsmeters for determining some of the
characteristics of a thin symmetrical airfoil with a plain
flap of any chord.,

The seccond phase of the two-~dimensional-~flow investi-~
gation consisted.of force~test measurements o6f the charac-
teristics of an NACA 0009 agairfoil with a &0-peércent-air-
foil-chord flap kaving various amounts of aerodynamic bal-
ance, various flap-nose shepes, snd various sizes of gap
at the flap nose. The results of these tests ars reported
in referances 2, 3, 4, and 6. The effects of various cir-
cular, elliptical, and beveled tPailing edges on the hinge
moment of a flap of thickened profile on the NACA 0009
airfoil were investigated and the results are presented
in reference 6. ’

A series of tests has been undertaken t0 provide
data for the HACA 0015 airfoil with flap arrangements
similar to those already tested on the NACA 0009 airfoil, -
The ‘aerodynamic section characteristics of an NACA 00156
airfoil with a 30-percent-airfoil-~chord (0,30c¢c) plain
flap with a 20-percent-flap-chord (0,20cs) tab are given
in reference 7. The present paper presents the aerody-
namic section characteristics of an NACA 0015 girfoil
having a 0.30c flap with a 0,35cy aerodynamic balance of

blun% and medium nose shapes and a 0.20cp plain tab,

APPARATUS AND MODEL

The tests were made in the NACA 4~ by 6-foot vertical
tunnel described in reference 8, The test section of
this tunnel has been converted from the original open,
circular, S5~foot-~diameter jet to a closed, rectangular,
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4—- by 6~foot throat for force tests of models in two-~
Gimeneional flov, A three~coancnent bzlanze sraten has
been installed in tane tunnel in c¢ridsr that force--teat
measnrements of 1ift, drag, and ritchies moieat may be
mads, Tne hinge moments of tha flap eund a2 Lab were
measured with speclal torque-~rod balarcss built into the
model,

The 2~foot-chord by 4-foot-span nodel (fiz., 1) was
made of laminated rahogany (excert Zor = “rags tad) to
the NACA 0015 profile, (3ee tadble 1.) It was soulpped
vith a 0.30¢ flap and a 9,C00cy plain teb, The fliap had

an gerodynamic Vglance that exsecded forward ot tha flep-
hinge axls 35 vercent of the flap chord, Thisg telcace
hed’ Ywe nose ‘shapas, blunt and mediun (figz. 1 and tedle
II) which were made ir the form cf interchangsaole nose
blouks and were fastened to the “lap wibth wocd screws.
The gap’-at ‘tke noke of the flap was 0.5 of 1 percent of
the airfoil chord and for tke sealed-zap tests it was
filled with 14izh%’ grease. The tabd was made of brass,
vlith a nose radius aprroxinately one~half the airfoil
thickneke at” the tab-~hinge axis. Ths tab gap was O.l of
1l percent of the airfoil chord, When sealed-gap tests
vere maae, this gap vag filled with light gzrease.

The model when mounted in the tunnel, completely
spannegd the' test935ction°- ¥With this type of installation
tvo-dimensional flow is epproxinated, and the section -
characteristics of the airfoil, the flap, and the tad can
be determined, The model was attached to the balance
frame by torque tubes that extendied through the sides of,
the tunnel., The angle of attack was set from outside the
tunnel by rotating the- torque tubes with an electric
drive. Flap and tab deflections werse set inside the tun-
nel.-and: were held dy friction clamps on the torgue rods
that were used in measuring ‘the hinge momentis.

TESTS R

The tests were made at a dynamic pressure of 15
pounds per square foot, which corresponds to an air veloc-—
ity of azbout 76 miles per hour at standard sea-level con-
ditions, The effective Reynolds number of the tests was
approximately 2,760,000, (Effective Reynolds number =
test Reynolds number X turdbulence factor. The turbulencs
factor for the 4- by 6-ft vertical tunnel is 1.53.)
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The flap was set at deflections from 0° to 25° in
5° increments. The tab was set at deflections from 0°
to 20° in 5° increments for both flap-nose shapes. The
tad tests were made with the flap neutral and with bdoth
flap and tab gaps unsealed because in previous tests the
balanced flap was found more effective with the gap un-
sealed. The blunt and medium nose shapes were tested
throughout the flap-~deflection range with 0,005¢ and the
sealed gaps. The 1ift, the drag, and the pitching mo-
ments 0f the airfoil and the hinge moments of the flap
and the tab were measured. For.each flap and tad setting,
force tests were made throughout the angle-of-attack
range at 2° increments from negative stall to posgitive
stall. VWhen either stall goaitiou was approached, the
increment was reduced to 1° angle of attack,

RBSULTS

Symbols

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

¢, airfoil section 1ift characteristics (1/qe)’

cq,, airfoil section profile-drag coefficient (d,/qc)

Cm airfoil section pltching-moment coefficient
(n/qo?)

°h, - flap section hinge-moment coefficient (hg/qce”)

Ch, tab section hinge-moment coefficient (ht/qcta)

where

1 airfoil section 1lift

a, airfoil section profile drag

m airfoil section pitching moment about quarter=-
chord point of airfoil

hf flap section hinge moment
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tab section hinge momentd

chord of basic alrfoil with flap and tab neutral
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dynamic pressure

angie of attack for girfoil of infinite aspect
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de
c = B4
hg bao 5

The subscripte outside the parenthesis indicate the
factors held constant when measuring the parameter.

Precision

The accuracy of the data is indicated by the devia-
tlon from zero of 1ift and moment coefficients at zero
angle of attack., The maximum error in effective angle of
attack et zero 1ift appears to be about £0.2°, Flap de-
flections were seot to within *0.2°, Tunnel corrections,
experimentally determined in the 4~ by 6-foot vertical
tunnel, were applied only %o 1lift, The hinge moments,
therefore, are probably slightly higher than would be ob-
tained in free air and, congeaquently, the values pre-
sented are considered to be conservative., The increments
of drag should be reasonably independent of tumnnel effect,
although the absolute value 1s subject to an unknown cor-
rection. Inaccuracies in the sectlon data presented are
thought to be negligible relative to inaccuracies that
will be incurred in the application of the data to finite
alrfoils.

Presentation of Data

The aerodynamic section characteristics of the WACA
0015 airfoil with a balanced flap of blunt and medium
nose shapes are presented in figures 2 and 3 as functions
of airfoil section 1ift coefficients, Figures 2(a) and
3(a) present the characteristics with the gap at the flap
nose sesaled; figures 2(b) and 3(b) present the character-
istics with the gap egual to 0.005¢c. Increments -0f drag
coefficient caused by deflection of the flap are pre-
sented as a function of flap deflection at various angles
of attack in figure 4 for the arrangements of flap tested.
The characteristics of a 0.20cy tad on the balanced flap

with both blunt and medium flap-nose shapes are presented
in figures 5 and 6.
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DISCUSSION OF AERODYMAMIC SECTION CHARLGCTIRISTICS

Lifs

Figures 2 and 3 indicate that the 1lift curves of the
NACSL 0015 girfoil for the various flap deflections are of
the same general shape as those for the NACA 0009 airfoil
(reference 5). At any given flap deflection, however,
the angle of attack at which the airfoil stalls is about
59 greater for the thicker airfoil bthan for the thinner
airfoil and, consequently, the maximum 1ift cosfficient
of the thicker airfoil is greater by about 0.4, This ef-
fect may be attributed to the greater nose radius on the
thicker airfoil,

The slope of the 1ift curve Clg is listed 1n table

III for each combination of flap-nose shape and gap. The
" value of ¢, ves practically independent of the flap-

nose shapes tested and decreased appreciably when the gap
at the flap nose was unsealed, This fact is in agreement
with the results for the WACA 0009 airfoil (reference 5),
Both with the gap sealed and unsealed, however, the slope
for the thicker airfoil was somewhat less than. that for
the thinner airfoil.,

The effectiveness of the flan in producing lift

&t\
(EE_Q is tabulated for small flap deflections in table
e
1

III. A comparison with the data of reference 7 indicates
that the sealed flap with a 0.3B5cy overhang gave the same

1ift effectiveness as the plain flap.' This result is in
agreement with previous teste of balanced flaps on the
NACA 0009 airfoil (references 2, 3, 4, and 5), 4 com-
parison of ths opresent data with the data of these ref-
erences indicates that the 1lift effectiveness of the flap
on the thicker airfoil is practically identical with that
for the same chord flap on the thinner alrfoil *egardless
0of the amount of flap overhang.

oq
With a sealed gap the 1ift effectiveness (égﬂ)
f
1

was lndependent of the nose shapes tested, bdutb
the reduction in 1ift effectivensss when a gap was

R e e e
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introduced was greater with the medium nose shape than
with the blunt nose ghepe. At large positive angles of
attack and positive fiap defleztions, separation of flow
ceused the blunt-nose flap to lose all 1lift effectiveness
when deflected beyond 15°%; whereas, the medium-nose flap
mainteined some effectiveness to 25° flap deflection,

For negative angles of attack and positive flap deflec-
tiona; which is the normal operating range for a horizon-
tal tail surface, however, the flap with either nose
shape was effective in producing iancrements of 1ift %o
259 deflection, the largest defleéction tested. Because
of separation phenomena, the effectiveness at large de-
flections was not so great as that at small deflections,

Hinge koment of Flap

The variatior of flap hinge-moment coefficient with
angle of attack at zZero flap deflection was such that the
curve had a large negestive slope at large negative and
large positive angles of attack and a very small slope at
small angles of attack, Apparently, the nature of the
Pressure distribution over the flap on the ITACA 0015 air-~
foil is different from that over the flap of conventional
profile on the MACA 0009 airfoil (reference 2)., It is
probably sirilar to that for the flap of thickened pro-
file on the NACA 0009 airfoil (reference 6). This gimi-
larity is indicated by the fact that the slope Che is

: a

much smaller for the thicker airfoil than for the thinner

airfoil, and the curves for the thicker airfoil arec not

80 nearly linear over the eutlre angle-of-attack vanze as

they are for the thinmer aixfoil, The probable naiture of

the air flow over a flap of thickened profile is Cigcussed
in reference 6.

Generally, the 0.35cy balanced flap on the NaCa 0015

airfoil, as on the HACA 0009 airfoil (reference 5), was
much more effective in reducing the flap hinge moments
when the flap was deflected in oppositior to the angle of
attack then when it was deflected in conjunction with it
(figs. 2 and 3). The range wkerein the balance was mosst
effective, however, is the normal operating range for a
control surface.

The hinge-~moment parameters for all nose shanes and
gaps tested are tabuleted in table III, RBecause oFf
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noplinearity of the curves, the parameters Chf and
o

Chf8 mezasnred at 0° flap deflection and angle of attack,

£
respectively, represent the curves over only a small range
of angles. The relative values of the parameters for d4if-
ferent nose shapes and gaps are indicative, however, of
the relative merits of the bplancing powers of sach par-
ticular arrangemsnt, For a complete picture of the merits
of each flap-balance arrsngexment, the complete get of
hinge-moment curves (fige. 2 and 5) must be taken into
congideration and nct 00 much reliance placed on the val-
ues of the slopes mezsured at one particular point. The
effect of aspect ratio on ths hinge-moment characterigtics
ig digcussed in reference 1,

In general, the slope for the WACA 0015 aipr-

?‘l‘lf
o
foil with a 0.30c¢ flap kaving a 0.3Ecy oOoverhang was con-

giderably smealler thsn that for the similar flap arrange-
ment on the NACs 0009 ai»foil (reference 5). The sams
result wae found for the plain flap (referemnce 7). The
slope was practically the same for the balanced flap on
both airfoils, although & comparison of references 2 and
7 indicates that the value of chf for the rlain un-

6
balanced flap on the thicker airfoil was only half as
great as that for the similar flzp on the thinner airfoil,

Unsealing the gap at the nose of the flap increased
the balance effectiveness for both the blunt and the
medium flap-nose shapes. The slopes chf became posi-

e

tive over a range of angles of attack of about 150. In
this range, therefore, the flap will tend to float against
the relative wind, which should cause the airplane static
stabpility with controls free to exceed that with controls
fizxed. On the WACA 0009 airfoil a muck larger flap over-
hang was required to obtain similar hinge-moment charac-
teristics (references 3, 4, and 5).

Rudders with a large nositive value of Ch,, and con-

giderable frictional damping have been reported to cause
undesirable flying qualities on a number of airplanes hav-
ing smgll directional stability. These airplanes showed

a tendency to oscillate in yaw but the undesirable

e e v mmeiamne e g e g e— e e, -~ —
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characteristic hag been cured by making cy, and ch6
. a
f

more negative, Flight tests of one airplane at Langley
Memorial Aeronautical Laboratory in which the rudder had
a positive value of h,, and the alrplane had a large

gmount of directional stavility indlcated that the be-
havior of the airplans was satisfactory. 4 theoretical
enalysis currsntly being made at the Laboratcry shows
thet a positive value of Ch, is desirable provided that

other factors are properly comntrolled.

Pitching Komant

The slopes of ths gurves of pitching-moment coeffi-
cicent as 8 functlon of 1if% coefficient g% congtant flap
deflection and also gt concsvant angle of attack are tab-
ulated in table III for the various arrangements of flap
overhang,’

The results indicate that the aerodrnamiec center of
the a2irfoil was at the 0.23c staetion for the gap~sealed
condition and .approxirately at the C.22c¢ pcint with the
unsealed gep, when the circulation was varied by chearg-
ing the angle of gtiack of the airfoil, These positions
are the same for botkh overhang nose-tshapes. The pocition
for the sealed-gap condition agrees witn +tkat reporiced in
refereace 7., WVhen the circulation wvas varled by chenges
in the effective camber of ithe eirfcil, caused by deflect-
ing the flazp, the zorcdynamic center was at ths 0.43¢
staticn with the unsealeod gop aud at the O.41c géantion
with the gsealed gap. Thic position was practicaliy the
same as that for the pilzin flap reported in refezence 7.
The position of the gserodynamiz ceniter for deflection of
the flzp 1s a function of aspect ratio (reference 1) and
will move toward the trailing edge as the aspect ratio
ig decreased,

Drag

Because of a relatively large unknown tunnsl correc-
tion, the dreg coefficients cannot be ‘considered absolute;
the relative values, however, should be indevendent of
tunnel effect. Trhe increments of drag coefficient were
determined by deducting the drag ccefficieat of the air-
foil with flap and tad neutral from the drag coefficient
with flap deflected, 811 other factors being constant.




L-4h3

11

The minimum profile drag of the airfoil with a blunt-
nose balanced flap was the same as that for the z2irfoil
with a plain flap (reference 7). The minimum profile drag
0f the agirfoil was greater dy 0,001l with the madium-nose
overhang than with the dblunt~nose overhang, Fizure 4 in-
dicatea that the increments of profile-~drag coefficient
causel by flap deflection were of nearly the same magni-~
tude for botk %the blunt and the medium nose—~flap shapes.
Vith the gap unsealed the increments of drag were gener-
ally greater than with the zap sealed.

Tab Characteristics

The increments of lift and flap hinge-moment coeffi-
cients caused by tabh deflection, pregsented in .figures 5.
and 6, were obtained by cdeductinz the coefficient with
tab heutral from the coeificient with tab deflected, all

~other factors belng congbant.

" In general, the tad characteristics are very similar
to those for a tab on the plain flap (reference 7) al- .
though with the balanced flap the increments of flap hinge-
moment coefficient caused by tab deflection were slightly
smaller at mosd angles of attack. The tadb characteristics
are presented only for the flap-neutral cordition; the
increments caused by tab deflection have been shown by
previous tests (references 7) to be nearly ‘independent of
flap deflection°

CONCLUSIONS

The result's of the tests of the NACA 0015 airfoil
vith a balanced flagp having a chord 30 percent of the .
airfoil chord and a flap-nose overhang 35 percesnt of the

flap chord indicate the following conclusions when com-

vared with the results of previous tests of a similar

"flap on the NACA 0009 airfoil:

1. The slope of the 1lift curve for the NACA 0015
airfoil was found to be independent of the flap-nose
shapes tested and decreased appreciably when the gap at
the flap nose was unsealed., With the gap both segled

" and unsealed the lift-curve slopes for the WACA 0015

airfoil were somewhat less than those for the NACA 0009
airfoil,

t
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2, The 1lift effectiveness of the flap with an over-
hang having a chord 35 percent of the flap chord on the
NACA 0015 airfoil was practically identical with that of
the similar flap on the NACA 0009 airfoil and with that
of the plain flap on either airfoil.

3, The 1ift effectiveness of the flap with a sealed
gap was independent of the nose shapes tested. The re-
duction in 1ift effectiveness when a gap was introduced
vas greater with the medium nose shape than with the blunt
nose shape,

4, Vhen deflected in conjunction with the angle of
attack, the blunt-nose flap lost all 1ift effectiveness
when deflected greater than 15°, but the medium-nose flap
was somewhat effective to 25°, When deflected in opposi-
tion to the angle of attack, the flap with either nose
shape was effective to 259,

5. The rate of change of flap section hinge~moment
coefficient with angle of attack was much smaller for the
flap having an overhang 35 percent of the flap chord on
the NACA 0015 airfoil than for the similar flap on the
NACA 0009 agirfoil., The curves for the thicker airfoil
were not so nearly linear as those for the thinner alr-
foil. Because of this nonlinearity, these values apply
for only & small range of angles of attack.

6. The rate of change of flap section hinge-moment
coefficient with flagp deflection was practically the same
for the balanced flap on both the IWACA 0009 and the NACA
00186 airfoils.

7. Unsegling the gap at the nose of the flap 1n-
creased the balance effectiveness for flaps with both the
blunt and the medium nose shapes, The rate of change of
flap section hinge-moment coefficient with angle of attack
became positive over a small range of angles of attack.

8. The curves of pitching-moment coefficient indi-
cate that the aerodynamic center of the alrfoll was lo=
cated at the 0,23-chord station for the gap-sealed con-
dition and approximately at the O0,23-chord point with the
unsealed gap.

9, The minimum profile drag of the airfoll with a
blunt-nose balanced flap was the same as that for the
plain flap, but with the medium-~nose balance the minimum
profile~drag coefficient was increased by 0.00l1l.

9
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10. The increments of flzp hingeo-moment coefficient
causel by tab deflection on the ‘balanced flep were slightly
smgller at most angles of attack than thOSe caused by a
tad on the plain flap., -

Langlcy Memorial Aeronsutical Laboratory,
Lationsl Advigory Committee for Aeronautics,
Langley .Field, Va.
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TABLE I.—- ORDIKATES FOR WACA 0015 AIRFOIL

Stations and ordin#tes in percent of airfoll chord

Upper Lower
Station surface surface
0 0 0

1.356 2.27 ~2,37
2.5 .87 ~-3.27

5 4,44 ~4.,44
7.5 " 5,2b ~5.25
10 5.86 -5,85
15 6.68 -6.68
Pt 7.17 7,17
25 723 ~7 .43
30 7.580 -7.50
40 7.25 -7.25
50 . 6,62 -6,.62
€0 5.70 -5,70
70 4,58 -4,58"
80 3,28 ~-3.28
g0 1,81 -1.81
95 1,01 =1.01
100 (.16) (-.18)

100 ) 0 0
L, B, radius: 2.48

15
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TABLE II.~ STATIONS AND ORDINATES FOR HEDIUM-NOSE

0.25c; OVERHANG

Station Ordinate
(percent c) (percent c)
0 0}
<15 .90
.90 2,12
1,90 2,92
2.90 3.45
3.90 3.80
4,90 4,07
6.90 4,40
8.90 4,50
10,90 4,45
13.00- 4,27
14,67 4,06

Fair to WACA 0015
profile to trailing edge

Wose radius = 1,75 percent ¢
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TABLBE III.- PARAMETER VALUES FOR 0,30c FLAP

WITH 0.35¢, OVERHANG ON NACA 0015 AIRFOIL

Blunt nose shape Medium nose shape
Parameters Gap Gap Gap Gap
sealed 0,005¢ sealed 0,005¢
o¢
L 0,093 | 0,079 0.094 | 0.080
Ocg/8g, 84
3 .
~£& -. 08 -,53 -,58 -.45
36 ¢ ‘
Cis 8y
Bch
aaf ~.0019 L0013 ~.0015 . 0006
(¢
Bgy 8y
'bch
53 4 -.0032 | -.0022 -.0053 | -.0083
f Qg y St
de
-—c—m> .020 .035 .020 .030
Vg, 8y
Om
5—(:— -,160 -.168 -.165 -,170
l
A\ mo,ﬁt

17
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