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SUMMARY

Wind-tunnel tests have been made in two-dimensional
flow to investigate the serodynemic characteristics of
a double flegp with an internal and an overhang balance.
Three sigzes of each type of balance were tested with
three relative rates of deflection of the two flaps.
An WACA 66-009 airfoil having a 0.30-2irfoil-chord
straight-contour forward flap and a 0.20-airfoil-chord
straight-contour rearward flap was used.

The test results indicated that a balanced double
flap produced the same 1ift a2s a single plain flap of
the same chord and also produced highly balanced hinge
moments. High 1ifts and low hinge moments were obtained
with a double-flap arrsngement if either an overhang or
an internal balance hsving a chord 50 percent of the
flap chord was incorporated on the forward flap., The
overhang-balance flap showed a lower value of the hinge-
roment gradient due to flap deflection than the intern-
ally balanced flag,

Previous work (reference 1) has shown that greater
1ifts with lighter control forces could be obtained by
the use of plain-flap small-chord control surfaces
deflected to a large angle than by large-chord control
surfaces with a smaller deflection range. The results
of reference 1 also showed that two small-chord flaps
deflected simultaneously in the same direction would be a
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combination that would give even better 1lift and hinge-
moment characteristics. Some method of incorporating
ercodynamic balance must be found, however, since the =
hinge-moment forces of the plain flaps are much too
large for these flaps to be used on high-speed airplanes.

A double flap with various amounts of either over-
hang or internal balance and with different rates of
deflection of the two flaps has been tested to find
cut whether the hinge moments could be reduced and the
1ift characteristics of a plain flan retained. A double-
flap arrangement having somewhat larger chords than those
used in reference 1 was selected in -order to obtain
greater 1ift, especially at large angles of attack with
flap deflections of opposite sign.

SYMBOLS
The coefficients snd the symbols used in this paper
are defined as follows:
-
cy alrfoil section 1ift coefficient (1/qc)
© airfoll section profile-drag coefficlient (4 ©
do k B 0
Co alrfoll secticn pitching-moment coefficient
25
(m/qv,)
Ch, section hinge-moment coefficient about forward-
= ap OlVOt point Pl, shown in figure 1
( /ac )
Ch section hinge-moment cosaffilcient about rearward-
2 flap pivot point P,, shown in figure 1
Ch 1
196
Ct, control-stick (or nedal) hinge-mcment coeffi-
hg X o
cient ChS/cha>
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where

Y
C )

2,

Q

24

a

+

glrfoll section 1if
airfoll section profile drag

airfoll section nitching moment about gquarter-
chord point offairfoil

forward-flap section hinge moment about P

I.l.

[§10)

control-stick (or pedal) hinge moment

chord of basic airfoil with both flaps neutrea

forward-flan chord with rearward flap neutral

rearwarc-flap chord

by
ct
Nt

dynemic pressure (13 1b/sq

chord of balance

}—la
=}
5
[
]
Hn
cr
)

angle of attaeck for airfoil:of aspect

forward-flap deflection with resnmect to sgirfoil,
legrees

rearwarc-flap cdeflection with resnect to forward
flav, degrees

rearward-flap aef]cct;on with respect to airfoil,

de:rees (see fig. 3); referred to as "total
an deflection" “1 + 65

( ),

foa, 5y
0 Bm
(), =

o
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For comnarison, all slope vﬂ*eQ are measured at an
angle of attack and a flap deflection of 0° and therefore
apply to only a very limited portion of the dsata.

APPARATUS, MCDEL, AND TESTS

The tests were made in the NaCa li- by 6-foot vertical
tunnel (reference 2) modified as discussed in reference 3.
The 2-foot-chord by l|-foot-span model wes made of lami-

nated mahogany, except for the front flap which was steel.
The airfoil conformed to the NACA 66-009 airfcil contour
forward of the forward-flap hinge axis and to a straight-
line contour behind this hinge axis. The model was pro-
vided with a 0.30c forward flap and a 0.20c rearward flap.
Figure 1 s%ows the method used to connect the flaps to

each other and to the airfoil. The rearward fla»n was
connect ed to the ferward flap by a mechanism that allowed
he rearward flap to deflect one, two, or three times
as fast as the forward flap; that is, d8,/df; equals
either 1, 2, or 3. The forward flap was provided with
three interclenpoablc blunt-nose overhang balances and
three interchangeable internal balances having chords 25,
L0, and 50 percent of the forward-flap chord. The
arrangements tested and pertinent model dimensions are
shown in figure 2.
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The double-flap arrangement tested 1s in reality a
flap with a large leading tab. The tab could have been
linked to the airfcil with a single cross-link cornec-
tion. The model was made with the linkage system shown
in figure 1, however, &nd it should be noted that
points P1 and P2 are the actual flap pivot points
on the model and that the aerodynemic characteristics
are the same as for a 0.30c¢c flap with a 0.20c leading
tab. The reasrward-flap deflection and the rate of
deflection (mechanical advantage of rearward flap over
forward flap) can he obtained analytically. If x and
Yy are as Indicated in figure 1,

x
gin 6. = =.81in28 i
5 e 1 8, {1)
and
ad, X co8 61
= = - (2)
“Ol ¥y cos 8y

The departure cof rearward-flap deflection and of rate

of rearwerd-flap deflection from linearity with forward-
flap deflecticn, as calculated from egquations (1) and
(2), is indiceted in figure 3 for each linkage arrange-
ment tested. It may be noted that a linesr rate of
rearwarcéd-flap deflection, and hence a constant value

of dSp/d&l. throughout the deflection range was

dfjf)
obtained only when 55& = 13 that 18, whén x' = y. It
ad
may alsc be noted that x = 2y for ol 2 and
ad, d:
thet x = 3y. for —— =3,
061

The airfoil model when mounted in the tunnel com-
pletely spanned the test section. With this type of
installation, two-dimensicnal flow is approximated and
section characteristics of the model can be determined.
The tests were made at a dynemic pressure of 1% pounds
per square foot, which corresponds to an air velocity
of about 71 miles per hour at standard sea-level condi-
tions. The test Reynolds number was approxi-
mately 1,310,000. (Effective Reynolds number = Test
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Reynolds number X Turbulence factor. The turbulence fac-
tor for the NACA L- by 6-foot vertical tunnel is 1.93.)

With the internally balanced arrangements, the gap
between the forward fiep and the cover plates was 0.005c.
The gap between the rearward flap. and the cover plates on
the forward flap varied with flap deflection. In 2ll cases,
for both internal and overhang balances, the gaps at the
nose of the balance on the forward flap snd the gep between
the forward and rearward flaps were sealed with thin sheet
rubber.

An experimentally determined tunnel correction was
aprlied to the 1ift. The angle of atteck and hinge moments
were corrected for streemline curvature of the flap that
13 induced by the tunnel wells. The method used to deter-
mine these corrections is similar to the theoretical

F

analysis of reference l.. Values of drag are subject to
an undetermined tunnel corrsction. The data were corrected
as follows:

~

(@)
4
1
2
')
0
[OAN
n
I
©)
=)
@)
£
- Q
=
N’
Q
ol
(=]

Cp = Cpp *+ 0.075CZTF

where c¢p denotes any hinge-moment coefficient, Cymp

is the tunnel 1irft coeffigient -produced by deflectiom of
the flap (arbitrarily taken at Qop = -80), the subscript T
denotes a value from the tunnel, and X and F are con-
stants that are functions of balance arrangements and are
given in the following table:

‘Zz;)a 2°b/01 K 0.25 | o0.h0 | 0.50
‘ 1 -0.68 | 0.008{ 0©.007 | 0.006
2 -.72 | mm——— . 009 . 008
A I B 011

RESULTS

i
|
;
|
|
\ >~ .o
|
|
l

Lift and hinge-moment characteristics are presented
in figures l| to 15 for each of the arrangements of
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balanced double flap tested. Pitching~moment charscter-
istics are-also presented in some of these Ifigures for
the balesnce arrangements having 1ift and hlnge—moment
cheracteristics that were considered reesonably satis-
feetory.

The effectiveness and hinge-moment parameters in
teble I are based.on total flep deflsectien. The hinge
moments, as measured about the forward-flap pivot &,
were transferred to the rearward-flap pivot Fs. The
hinge-moment and effectlveness parameters thus are compar-
able for the various arrangements tested, regardless of
the relative rate of deflection between the forward and
reerward flaps.

Eift
The slopes. of the 1ift curves are in agres nauf with
those measured from previous tests of the ﬂw\A 66-009 air-
foil (reference 5). At large positive flap deflections
for large negative angles of attaclk cy becomes very

b
great regardless of balence type,.size, or relative rates
of deflection of the two flaps., This effect is character-
istle of small-cherd flaps The shapes of some of the
1lift ecurves at hth flap dﬂflrct’ors are similar to those
of reference 5., The overhang balance would protrude well
into the air stream at high Jlap deflections and thus

cause air-flow sepsration.

The 1ift effectiveness G5y Cecreases somewhat with

increase in d8,/d6; for all types and sizes of balance
tested (table I), The cdecrease in effectiveness may be
aceounted for by the fact that the forward flap has a
greater effectiveness than the rearward flap and as
d85,/dd; 1increases the forward-flap deflection decreases
for a given total deflection &p. The more effective
flap thus moves more slowly and the less effective flap
moves faster. The effectlveness of the comblnation
should therefore decrease.

The decrease in ag, with increase in d46,/d57 is
clearly evident in figuré 16, which shows airfoil section
1110 coeffwnﬁent against tOtd flap deflection as obtained
irom ligure %3, The simllarity of tke slopes shown in fig-
ure 16 indicates that the ;1ft o these double-flap com-

binations is more nearly a function of the total flap

CONFTDENTIAL
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deflection than of either of the serarate flap deflections.
For comparison, the 1ift coefficient of the 0.20c¢c double r
plain flap reported in reference 1 has been plotted in
fﬁgura 16. TEven though e different alrf011 section was
used, smeller-chord fiaps Droduvp le 1ift than the large-
chord flep for positive flap cef¢ections at zero and
negative angles of attack - an aettitude criticel for a
horizontal tail. The small=chord flap, however, produces
even greater 1ifts than the large-chord flap at high
positive angles of attack - an att1tude usually critical
for a rudder. Flgure 16 indicates that the flap with an
internal balance oﬂd the flap with an overhang balance

have about the same 1ift at the same flap deflection and

at a, = 09 elthough the flap with overhang balance shows
Just slightly greater 1ift. Data for the 0.3Cc plain

flap of reference 5 sre zlso presented in figure 16 and

the similarity of tbe 11ft characteristics and those of

the 0.30c double flap should be noted.

Hinge Moment

The hinge-moment coefficlents of the arrangements ’
of balanced double flap tested showed little change with
angle of attack in the region of low angle of attack
(figs. l. to 15). The surves are typical of most low-drag
airfoils tested at low scale, however, in that they
rapidly become incressingly nonlinear beyond a, = £6°
A negative value for Ch2 fe indicated for all of the
arrangements except the O.,V c1 overhang balance with
i
agi = 1, for which cp, was sbout zero (table I). The

] a

flaps with a 0.l0c, or a C.SOcl overhang balance tended
to have a more positive value of hy than the flaps

a
with an internal balance of equal chord. The value of
Cho becomes zero and sometimes positive at flap deflec-

tions other than 0° for most cf the errangements tested.

At large positive flap deflections and large negative
angles of attack, the hinge-moment coefficients change J
rapidly from a large negative value to almost zero at
large negative 1lifts. This rapid change in hinge-moment
coefficient occurs in the same 1lift range and at the .
same large flap deflection for which the slope of the lift curve

CONFIDENTIAL
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becomes excessively steep This rapid change of the

hinge-moment coefficisnt mlﬂht cause reversal of control-
surface force but, in any case, the force required to
return the control surface to neutral should be relatively
small.

Of the arrangements tested, the double flap with
either a 0.50c, internal or a 0.50c¢c, overhang balance has
values of cp low enough to warrant its consideration

Op |
for an eirplane tail control surface. The overhang
balance had a lower value of Cy than the internal
Pom
balence. The value remains fairly constant up to large
flap deflections for the more usable arrangements.

The balanced dcuble flan and the linked-balance
flap are shown schematically in figure 17, which indi-
cates that a linked-balance arrangement may be con-
sidered a balanced double flap having coincident forward
and rearward flaps. By using the equations (see fig. 17)

i
and
dﬁl p 3
I as
0 R
dé

it is thus possible to compare the linked-balance flap
and balanced double flap on the basis of rate of flap
deflection dél/dﬁm.

. The variation of the hinge-moment parameters with
rate of flap deflection is shown in figure 13. Also
included for comparison are the curves for a 0.30c¢c flap
with a 0.5001 linked overhang balance (reference 5). An
examination of figure 18 indicates that Cyy varies

a
very little with the rate of deflection whereas Cha
d@m
is affected to a ruch greater extent. TFor the particular
rrangement tested, the parameters for the balanced

CONFIDENTT AL
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double flap are smaller than those for the flap with the
linked overhang balance.

The stick hinge-moment coefficients for the balanced
double flap with a 0.50c¢c, balance are shown in figure 19

as a function of 1ift coefficient at three angles of
attack. The characterlsflcs of the linked-balance flap
(reference 5), a 55¢ flap having ccnventional overhang
balancs (“eference b) and a O. Oc double plain flap
(reference 1) are xlso included in figure 19 for com-
parisoens e “aertrol st:cP was assumed to be limited to

a maximum deflection of BU The total flap deflection
was approximately 30° for all of' the arrdnvements except
the cdouble plain flap for which it was OO By limiting
the total flap deflection as indicated, the curves are
nearly equal with respect to maximum 1ift. The curves

of figure 19 therefore take into account the mechanical
advantage of the system and extrapolation to a higher

lift coefficient would not be valid unless the slope is
increased. The curve for the double plain flap, presented
in figure 19(a), was taken directly from reference 1 for
dd,
dél

a 0.30c flap. Because this particular double plain flap
had a total flap deflection of 60°, a higher 1ift coef-
ficient was obtained at y = 0° even though the flap
chord was somewhat shorter.

=1 and the hinge-moment coefficlents were based on

Causing the rearward flap to move increas ingly
faster Lkan the forward flap generally increased the
stick hinge-moment coefficient for any particular value
of 1ift coefficlent. The reverse was true with regard
to the double plain flap reported in reference 1. This
apparent discrepancy might be explained in the following
manner: The d@creaue in hinge moment with increase in
the value of oéa/dul for tqe double plain flap is
indicative of an increasingly better camber for the air-
foil. Ry incorporating a balance that is attached to
the forward flap, however, the forward flap would move
more slowly as the rate of flap deflection d62/d61
increased and therefore the balance would be less effec-
tive for the same total flap deflection. The curves of
figure 19(b) indicate that the linked-balance flap has
bigher hinge moments and lower maximum 1ift than the

CONFIDENTTI AL
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dd
balanced double flap with i = 0.50. PFrom this com-

dé
parison, a leading tab sonpwhct shorter than the flap
chord causes a smaller hinge moment for a given 1ift
than a 1.00c, leading tab (11nfed overhang halance).
This fact might be explained by the more gradual curvature
of the air, the smaller peak pressures at the hinge axis,
and a smaller adverse pressure gradient, with a conse-
quential later separation of flow, for the baslanced double
flap than for the linked-balance flap. Unpublished
results, howsver, indicate that, for a leading tab with
a chord a little shorter than 50 percent of the flap chord,
the hinge-moments increa at a more rapid rate than the
1ift when the tab wzs de ted Hith the elevator. The
arrangement is therefore actery. All available
data indicate that some 1 i 1te chord would be the
optimum for the tab rather than a very small or a very
large chord. Whether the tab chord usad in the tests
reported herein is the optimum is still indeterminate.
There are not enough dats available, however, to deter-
mine the optimum chord for a large leading tab and
further tests are recommended to provide the data neces-
sary for finding the optimum flap chords and deflection
“afes. The curves of a conventional overhang balance
that would be well balanced at small flap deflections are
shown for comparison in figure 19. The advantages of a
double-flap arrangement are evident.

Flap oscillation was noted for two arrangements of
balanced double flap over a portion of the ra arige tested.
All ranges in which this oscillaticn of the flap occurred
are shown by dashed lines in the hinge-rmoment curves of
figures li to 15. This oscillation was similar to that

reported in reference 5.

Increment of airfoil section profile-drag coefficient
caused by flap deflection against tal flap deflection

at a, = 0° 1s presented in figure 20 for all arrange-
1t
=

O"S

ments tested. For small total flap deflections (under 209,
the type of balance had 1lititle effect on the profile-drag
coefficient for all arrangements tested. At large total
flap deflections, however, the flasp with an overhang
balance had more drag +oah with an internal balance.

This result seems reasonable because an overhang balance

CONFIDENTTI AL
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tends to 1lnduce alr-flow separation at high deflections
with a consequential increase in drag. At large flap
deflections, the drag decreases with an increase in

dos /d61.

The increment of ﬁ*rfoil soct*on profile-drag
coefficient caused by flap deflecti is shown as a
funetien eof wectlon 11°t coeffic ient in fJ”ure 2L, in
which figures 16 and 20 have been combined and- reylotted.
The relative positions of the internal-balance curves
are an indication of the amount of separation occurring
over the douhle-flap combinations. The upper surface is
not broken by the protrusion of a balance that would
precipitate separation, as is the case with an overhang
balance. It is evident that, in the region of higher 1ift,
the resultant camber of the airfoil when db,/d6; is

increased tends to produce a pressure gradient cver the

girfoll which induces a later and less pronounced separa- .
tion than when the flaps move at the same rate. Com-

parison of the drag plotted zgainst 1ift for the short-

cherd double plain flap of reference 1 snd the longer- s
chord internally balanced double flap of the present

report indicates that the profile-drag coefficient

for any psrticular 1ift coefficient was generally some-

what higher for the double-flap arrangement with the

short chord.

Pitching Moment

The pltching-moment curves are linear for small
flap deflections but change rapidly with angle of attack
at 1arge flap deflections. The rapid decroqse in pitching-
moment coefi'icient at negative a-ul s of attack and large
positive flap deflections in the me region in which
values of hinge moment and 1ift c% inge rapidly is char-
acteristic of small-chord flsps. Piteh 1p~-moment para-
meters, measured from the data of figures L to 15 and
from some data not shown in ihese figures, are given in
table I. These values are an indication of the locations
of the centers of 1ift caused by angle of attack snd by .
flap deflection.

I o ;n
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CONCLUSIONS

The results of tests of an NACA 66-009 airfoil with
a 0.30-airfoil-chord straight-contour double flap having
an overhang and an internal balance of various chords and
several rates of deflection for the two flaps indicated
the following conclusions:

1. The balanced double flap produced 1ifts about
equal to a single plain flap of the same chord and at
the same time produced closely balanced hinge moments.

2. High 1ifts and low hinge moments were obtained
with a double-flap arrangement if either an cverhang or
an internal halance having a chord 50 percent of the flap
chord was incorporated on the forward flap. The data
glso indicated that, for the arrangements tested, the
forward and rearward flaps should deflect at about the
same relative rate.

5. The relative rate of deflecticon of the two flaps
had a large effect on the hinge moment due to flap deflec-
tion and a small effect on the hingse moment due to angle
of attack.

. The flep having an overhang balance showed a
lower value of the theu—momenu rrad‘ent due to flap
deflection than the internally balanced flap.

5. The rapid change in hirnge-moment coefficient at
large flap deflections and ang]es of attack of opposite
sign may cause reversal of contrcl-surface force; however,
a relatively small force should be required to return the
control surface to neutral.

6. A double-flap arrangement incorporating an
aerodynamic balance is a very promising arrangement.
Inasriuuch as this double flap is merely a 1arge leading
tab, its incorporation on the tail of an airplane should
not present any particularly difficult problem. There

CONFIDENTTAL
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are not enough data available, however, to determine the v
optimum chord for a large leading teb and further tests

are necessary to find the optimum flap chords and deflec-

tion rates.

Langley lMemorial Aercnautical Laboratory,
Naticnal Advisory Committee for Aeronautics,
Langley Field, Va.
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TABLE I
INFORMATION CONCERNING ARRANGEMENTS OF |

BALANCED DOUBLE FLAP TESTED

dé
/ 2] ¢ a c Ch Cm °m ) Fig
cy/c1 d51 by Orp h2a 25T (nbl)a, ( ¢y 6, igure
Internal balance
0.50 { 1 }0.099({-0.5){-0.0010{-0.0028{-0.19L 0.011 Iy
.50 | 2 | .096] -.50{ -.0011{ -.0037| -.190 .021 5
50 | 3 092] -.47| -.0010{ -.00LL | -.193 017 6
0 1 1 .100| -.53| -.0020{ -.0053| -.18L .013 7
Jio | 2 095| -.50| -.0020] -.0054 | -.191 .008 8
25 1 1 .100| -.53| -.0029] -.0068 | -.183 07 9

Overhang balance

0.50 | 1 [0.099|-0.50| 0.0000|-0.0021 |-0.193 0.005 10
.50 | 2 | .098] -.4,8{ -.000L] -.00%37 | -.213 .01l 11
50 | 3 .101} -.48| -.0006]| -.0041 | -.213 .006 12
Ji0 |1 .098| -.57 | -.0016{ -.005L | -.190 .015 13
o | 2 .097] -.52 | -.0015 '-.0051 -.197 .015 14
.25 11 .103| -.52 | -.003%30| -.007L | -:192 .006 15
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