UNCLASSIFIED

AD NUMBER

ADB805895

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Operational Use; JUN 1944. O her
requests shall be referred to National
Aeronautics and Space Adm nistration,

Washi ngton, DC. Pre-dates formal DoD

di stribution statenents. Treat as DoD only.

AUTHORITY

NASA TR Server website

THISPAGE ISUNCLASSIFIED




o e

€ o

I oA -t ' . 7
: DEC 2271048 Lo A LA

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY (SSUED
June 1944 as

Advence Confidential Report I4F23
WIND-TUNNEL INVESTIGATION OF CONTROL-SURFACE CHARACTERISTICS
XIX - A DOUBLE FLAP WITH AN OVERHARG AND
AN INTERNAL, AERODYNAMIC BALANCE
By Robert B. Iiddell

Langley Memorlal Aeronautical Leaboratory
Langley Field, Va.

FOR, REFERENCE

NOT TO BE TAKEN FROM THIS ROOM

__—-—-—-—~'\,_/~\_,/' ——— e

" NAC A

S " NACA LIBREZRY

N, RN —
~\ \/ L LANGLEY MENMORIAL AERONAUTICAL
LAPORATORY
WASHINGTON Longley Fiald, Vo

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

1 - 215




3 1176 01364 9638

e 2 8 (A,
NAGA ACR No. LLFR3 TANEZR (Y

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE CONFIDENTTAL, REPOET

WIWD-TUNNEL INVESTIZATION OF CONTROL~SURFACE CHARACTERISTICS
XIX - A DOUBLE FLAP VITH AN OVERHANG AND
AN TNTERNAL AERODYNAMIC BALANCE
By Robert B. Liddell

SUNMMARY

tind-tunnel tests have been made in two-dimensional
flow to investigate the serodynemic characteristics of
a douvble flsp with an internsal and an overheang balance.
Three 8izes of each type of balance were tested vith
three relative rates of deflection of the two flaps.
An WACA 66-009 airfoil having a 0.30-airfoil-chord
straight-contour forward flap and a 0.20-airfoil-chord
straight-contour rearwerd flap was used.

The test results indicated that a balanced double
flavp produced the same 1ift s a single plain flap of
the same chord and also produced highly balanced hinge
moments. High lifts and low hinge wmoments were obtained
with a double~flap arrangement if elther an overheng 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 valus of the hinge-
roment gradient due to flap deflectiorn than ths intern-
ally balanced flap.

INTRODUCTION

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 thst would give even better 1ift and hinge- L
moment characteristics. Some method of incornorating

aerodynamic balasnce 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 alrplanes.

2 double flap with various amounts of either over-
hang or internal balance and with different rates of
deflection of the two flaps has besen tested to find

out wnether the hinge moments could e 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, especiclily at larye angles of attack with

flan deflections of opvosite slgn.
SYLBCLS

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

¢y airfoil section 1ift coefficient (1/qc)
cy airfoil section profile-drag coefficient (dO/QC)

(o} .
Cnm airfoll secticn pitching-moment coefficient

\
@/ac®) -

Ch section hinge-moment cosefficient about forward-

1 flap pivot point Py, shown in figure 1

(;1/q°1f>

Ch section hinge-moment cosfficient about rearward-
2 flap pivot voint Py, shown in figure 1
fol3)
b, —1
hoae
Cy control-stick (or »cdsl) hinge-moement coeffi-
5 2
~ clent <ﬁS/QCl ) ;
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where

1 airfoil section 1ift

Coq airfoll section vrofile drag

mn airfoll section »itching moment about guarter-
chord »noint of sirfoll

hl forward-flan section hinge rmoment gbout Pl

61ma\'
h, control-stick (or pedal) ringe moment (hy .~
L= :—)0 ",

c chord of basic airfcil with hoth flans nreutrel

ey forward-flan chord with rearwvard flap neutral

) reerward-flap chord

q dynamic pressure (13 1b/sq f£t)

and

Cy, chord of balsance

ag, angle of atteck for airfoil of infinite aspect
ratio

6, forward-flap deflection with resvect to eirfoll,
degrees

&, rearward-flap deflection with resnect to forward

- flap, derrees
GT rearwarc-flap deflect;on with respect to airfoil,

depgrees (see Tig. 3); referred to as "total
flap deflection' (&) + 6;)
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For comnarison, all =lope values are measured at an
angle of attack and a flap deflection of 0° and therefore
abply to only a very limited portion of the data.

APPARATUS, MCDEL, AFD T=STS

The tests were made in the ¥aCA l- by b-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 alrfoil conformed to the KACA 66-009 airfcil contour
forward of the forward-flap hinge axis and to s straight-
line contour behind this hinge axis. The model was nDro-
vided with a 0.30c forward flazp and a 0.20c rearward flap.
figure 1 shows the method used to connect the flaps to
each other and to the airfoil. The rearward flan wes
connected to the forward flap by a mechanism that allowed
the resrward flap to deflect one, two, or three times
as fast as the forwsrd flap; that is, d6,/d5; equals
either 1, 2, or 3. T™he forward flen was provided with
three interchangeable blunt-nose overhang balsnces and
three interchangeable internal balances having chords 25,
L0, anad 50 percent of the forward-flap chord. The
arrangerients tested and vertinent mcdel dimensions are

showvn in figure 2. __
O :a QA?_’ 3 =% , ,
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The double-flap arrangement tested 1s in reallty a
flap with a large leading tab. The tab could have been
linked to the airfoil with a single cross-link connec-
tion. The model was made with the linkage system shown
n figure 1, however, and it should be noted that
points Pl and P, are the actual flap pivot points

on the model and that the asrodynemic characteristics
are the same as for a 0.30c flap with a 0.20c leading
sab. The rearward-flan deflection and the rate of
deflection (mechanical advantsge of rearward flap over
forward flap) can he obtained anslytically. If =x and
¥ are as indicated in figure 1,

) X
sin 52 ; sin 51 (1)

and

d&2 _ X ¢cos 51 (2)
dﬁl ¥ cos &,

The departure cf rearward-flap deflection and of rate

of rearwerd-flap deflection from linearity with forward-
flap deflection, as calculated from equations (1) and
(2), is indicested in figure 3 for each linkage arrange-
ment tested. It mey be noted that 2 linear rete of
rearward-flap dsflection, and hence a ccnstant value

of d5,/d61, throughout the deflection range was

dd,
obtained only when —= = 1; that is, when xz = y. It
dbl a6
may also be noted that x = 2y for 582 = and
dsd, 1
that x = 33y for — = 3,
dbl

The airfoil model when mounted in the tunnel com-
pletely spanned the test section. With this type of
installation, two-dimensional flow 1is aporoximatsd and
section characteristics of the model can be determined.
The tests were made at a dynamic pressure of 13 pounds
per square foot, which corresponds to an air velocity
of about 71 miles per hour et 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 ¥ 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 flep and the cover plates was 0.005c.
The gap between the rezrward flap and the cover plates on
the forward flap varled with flap deflection. 1In all cases,
for both internal and overhsasng balances, the gaps at the
nose of the balance on the forward flap and the gap between
the forward and rearward flaps were sealed with thin sheet
rubber.

An experimentally determined tunnel correction was
apprlied to the 1ift. The angle of atteck and hinge moments
were corrected for streamline curvature of the flap that
i1s indvced by the tunnel walls. The method used to dster-
mine these corrections.is similar to the theoretical
analysis of reference li. Valuss of drag are subject to
en undetermined tunnel correction. The data were correscted
as follows: . :

o =~(o.965 —0.007 chT') ¢l

Ay = Qo + 0.21 Cip * KCZTf)

op = epp + 0.073¢1F

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

is the tunnel 1ift coefficient produced by deflection of
the flap (arbitrarily taken at aogp = -8°), the subscript T
denotes a wvalue from the tunnel, and K &and ¥ are con-
stants that are functions of balance arrangements and are
given in the following table:

F
EEQ}%&E§EZEE;\» K 0.25 | o0.ko | o.50
1 -0.68 | 0.008} 0.007 | 0.006
2 -2 | == .009 .008
3 - 76 | mmmmm]| mmee- .011

RESULTS

Lift and hinge-moment characteristics are presented
in figures I} to 15 forTeachxof thb éﬁfangements of

s
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belanced double flap tested. Pltching-moment charscter-
istics ere also presented 1n some of these figures for
the bslance srrangements having 1ift and hinge-moment
cheracteristics that were conslidered reesonably satis-
factory.

The effectiveness and hinge-wroment paremeters in
table T are based on total flap deflection. The hinge
rmoments, as measured about the forward-flap plvot fl,
wers transferred to the rearward-flap pivot Fs. The
hinge-moment and effectiveness parsmsters thus are compar-
able for the wvarious arrangements tested, regardless of
the relstive rate of deflection between the forward and
rearward flsags.

DISCUSSION
Lift

The slomes of thz2 1ift curves are in agreement with
those measured from previous tests of the NACA 65-009 air-
foil (reference 5)., At large poslitive flap ceflections
for large negsative angles of sttacl, ®lq becomes very

great regardless of balsnce type, size, or relative rates
of deflection of the two flaps., This effect is cheracter-
istic of small-chord ilaps. The shapes of some of the
1ift surves st high flar deflectlons are similar to those
of reference 5. The overhang balance would protrude well
into the air stream at high flap deflections and thus
cause alr-flow sepsration.

The 1lift effectivenéss S decreases sowewhat with

increase in d6p/ds) for all types and sizes of balance
tested (table I). The cecrease in effectiveness may be
accounted for by the fact that the forward flap has a
greater effectiveness than the rearward flap ani as
d65/487 1increases the forward-flap deflection decreases
for a given total deflection &q. The more effective
flan thus moves more slowly and the lsss effective flap
moves faster. The effectiveness of the combination
should therefore decrease.

The decrease in ag, with increase in d&,/d8; 1is
clearly evident in figuré 16, which shows alrfoil section
1ift coefficient against totsl flap deflection as obtained
from figure 3. The sirilarity of the slopes shawn in fig-
ure 16 indicates that the 1ift of these double-flap com-
binations is more nearly a function of the total flap

Crtiaaint
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deflection than of either of the serarate flap deflections.
For comparison, the 1ift coeffizient of the 0.20c¢ double
vlain flap reported in reference 1 has been plotted in
figure 16. Even though 2 different airfoil section was
used, smaller-chord flaps produce less 1lift than the large-
chord flep for positive flap deflections at zero end
negative angles of attack - an attitude criticsl for a
horizontal tail. The small-chord flar, however, produces
even greater 1ifts than the large-chord flap &t high
positive angles of attack - an attitude usually critical
for a rudder. Figure 16 indicates that the flap with an
internal balance end the flap with an overhang balance
have about the same 1ift at the same flap deflection and
at aj = 0% although thz flap with overhang balance shows

just slightly greater 1ift. Data for the 0.30c¢c pleain
flap of reference 5 are clso presented in fizure 16 and
the similarity of the 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 1littls change with
engle of ettack in the reglon of low angle of attack
(figs. L to 15). The curves sre typical of most low-drag
airfoils tested at low scale, however, in that they
rapidly become increasingly nonlinear beyond a, = *6°.
A negative value for Chy 13 indicated for all of the

a

arrangements except the 0.5Ccy overhanz balance with

dsé
ag§-= 1, for which Cho was sbout zero (table I). The
- 48 ol

fleps with a O.hOcl or a O.5Ocl overhang balance tended
to have a more positive value of Chy than the flaps

a
with an internal balance of equal chord. The value of

Chy becomes zero and sometimes positive at flap deflec-

tions other than 0° for most of the arrangements tested.

"At large positive flap deflections and large negative
angles of attack, the hinge-mowent coefficients change
rapidly from a large negative value to alwost 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 1ift curve

CONFIDENTIAL
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becomes excescsively steep. This rapid change of the
hinge-moment coefficient might 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, overhang balance has
values of °h2 low enough to warrant its consideration

€
T

for an sirplane tall control surface. The overhang
balence had a lower value of ch2 than the internal
o]
T

balence. The valuve remains falrly constant up to largs
flap deflections for the more usable arrangements.

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

1
and
ddq _ 1
daT 1 +'§§§
1

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

. The variation of the hinge-moment parameters with
rate of flap deflectlon is shown in figure 13. Also
included for comparison are the curves for a 0.3%30c flap
with a 0.50c; linked overhang balance (reference 5). An

exarination of figure 18 indicates that cy, varies

a
very little with the rate of deflection whereas Ch

4]

T
1s affected to a much greater extent. For the particular
arrangement tested, the parameters for the balanced

773 te~ AL N 7
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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 0.5001 balance are shovn in figure 19

as a function of 1ift coefficient at three angles of
attack. The characteristics of the linked-balance flap
(reference 5), a 0.35c flap having ccnventional overhang
balance (reference 6), and a 0.20c double plain flap
(reference 1) are also included in figure 19 for com-
parison. The control stick was assumed to be limited to
a maximum deflection of 30°. The total flap deflection
was approximately 30° for all of the arrangements except
the double plain flap for which it was 60°. By limiting
the total flap deflection as indicated, the curves are
nearly equal with respect to maximum 1ift. The curves
of flgure 19 therefore take into account the mechanical
advantage of the system and extrapolation to a higher
1ift 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

as,
d61
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 aj = 0° even though the flap

chord was somewhat shorter.

= 1 and the hinge-moment coefflicients were based on

Causing the rearward flap to move increasingly
faster than the forward flap generally increased the
stick hinge-moment coefficient for any particular value
of 1ift coefficient. 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 decrease in hinge moment with increase in
the value of d65/d8; for the double plain flap is
indicative of an increasingly better camber for the air-
foll. By incorporating a balance that is attached to
the forward flap, however, the forward flap would move
more slowly as the rate of flap deflection d&,/d6;
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
higher hinge moments and lower meximum 1ift than the

URBFASSIFED
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4o
balenced double flap with Egl = 0.50. PFrom this com-

varison, a leading tab somewhat shcrter than the flap
choerd causes a smaller hinge moment for a given 1ift
than a l.OOcl leading tab (linked overhang balance).

This fact might be explained by the more gradual curvature
of the air, the smaller reak pressures at the hinge axis,
and a smaller adverse pressure gradient, with a conse-
quential later separation of flow, for the bslanced double
flap than for the linksd-balance flap. Unpublished
results, howsver, incicate that, for a leading tab with

a chord a little shorter than 50 percent of the flap chord,
the hinge-morients increased st a more rapid rate than the
11ift when the tab was deflected with the elevator. The
arrangenent is therefore unsatisfactory. All available
data indicate that some intermediate chord would be the
optimum for the tab rather than a very smal’l or a very
large chord. Whether the tab chord used in the tests
reported herein is the optimum is still irdeterminate.
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
rates. The curves of a conventional overhang balance

that would e well balanced at small flap deflections are
shown for comperisor in figure 19. The advantages of a
double-flap arrangement ere evident.

Flap oscillation was noted for two arrangements of
balanced double flap over a portion of the range tested.
All ranges in which this oscillaticn of the flap occurred
are shown by dashed lines in the hinge-moment curves of
figures L to 15. This oscillation was similar to that
reported in refererce 5.

Drag

Increment of airfoil section profile-drag coefficient
caused by flap deflection against total flap deflection
at a, = 0° 1is presented in figure 20 for all arrange-
ments tested. For small total flap deflections (under 20°),
the type of balance had 1little effect on the profile-drag
coefficient for all arrangements tested. At large total
flap deflections, however, the flsp with an overhang
balance had more drag than with an internal bslance.
This result seems reasonable because an overhang balance

e e ey i e < = | S s Ty ST e e Timmie - SRS e S s
= Ea 5 it S ES .’«\.__ B P Wy et - et e
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tends to induce air-flow separation at high deflectlons
with a consequential increase in dreg. At large flap
deflections, the drag decresases with an increase in
d6,,/d5, .

The increment of airfoill section vrofile-drag
coefficient caused by Ilep deflection is shown as a
function of section 1ift coefficient in figure 21, in
which figures 16 and 20 have been combined and replotted..
The relative positlons of the Internal-balance curves
are an indication of the amount of separation occurring
over the double-flap combinations. The uppver surface is
net broken by the protrusidon of a balance that would
precipitate separation, as is the case with an overhang
balance. It is evident that, iIn the region of higher 1ift,
the resultant camber of the sirfoil when d6,/dd; is

increased tends to produce a pressure gradient over the
airfoil 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-
chord double plain flap of reference 1 and the longer-
chord Internally balanced double flap of the present
report 1Indicates that the profile-drag coefficient

for any particular 1ift coefficient was generally some-
what higher for the double-flsp arrangement with the
short cherd.

Pitching Moment

The pitching-moment curves are linear for small
flap deflections but change repidly with angle of attack
at large flap deflections. The rapid decrease in pitching-
moment coefricient at negative angles of attack and large
positive flayp dsflections in the same region in which
values of hinge moment and 1ift change rapidly 1s char-
acteristic of small-chord fleps. Pitching-moment para-
meters, measured from the data of figures I to 15 and
from some data not shown 1n these filgures, are given in
table I. These values are an indicatlion of the locations
of the centers of 1ift caused by angle of attack and by
flap deflection.
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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 1lifts about
equal to a single plain flgp of the same chord and at
the same time produced closely balanced hinge moments.

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

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

li. The flap having an overhang balance showed a
lower value of the hinge-moment gradient due to flap
deflection than the internally balanced flap.

. The rapid change in hinge-moment coefficient at
large flap deflections and angles of attack of opposite
sign may cause reversal of control-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 1s a very promising arrangement.
Inasmuch as this double flap is merely a large leading
tab, its incorporation on the tail of an airplane should
not present any particularly difficult problem. There

3
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are not enough data available, however, to determine the
optimum chord for a large leading tab and further tests
are necessary to find the ovtimum flep chords and deflec-
tion rates,

Langley IMemorial Aeronautical Laboratory,
Tational Advisory Committee for Aeronautics,
Langley Field, Va.

&
-
%Mﬁ@gﬁ@ﬁﬁﬂ@@ ’

[
. e e @ o e oy an e i s e p— = e o st e 2 e -
o o P B e A S ”."’"“'!'—"',. ANt T T Feer Nk

e S LR



NAGA ACR No. ILF23 (ﬁgofﬁfggﬁﬁgﬁgg> 15

o

NSz

REFERENCES

Sears, Richard I., and Purser, Paul E.: Wind-Tunnel
Investigation of Control-Surface Characteristics.
XIV - MACA 0009 Airfoll with a 20-Percent-Chord
Double Plain Flap. NACA ARR No. 3F29, 1943.

Vlenzinger, Carl J., end Harris, Thomas A.: The
Vertical Wind Tunnel of the Natlonal Advisory
Commlttee for Aeronautics. NACA Rep. No. 387,
19%1.

Sears, Richard I., and Hoggard, H. Page, Jr.: *Wind-
Tunnel Investigation of Control-Surface Character-
istiecs. II - A Large Aerodynemic Balance of
Various Nose Shapes with a 20-Percent~Chord Flap
on an NACA 0009 Airfoill. NACA ARR, Aug. 1941.

Swanson, Robert S., and Toll, Thomas A.: Jet-
Boundary Corrections for Reflection-Plane Models
inhRectangular Wind Tunnels. NACA ARR No. 3E22,
19,3.

Sears, Richard I., and Liddell, Robert B.: Wind-
Tunnel Investigation of Control-Surface Character-
istiecs. XVIII - A Linked Cverhang Aerodynamic
Balance. NACA ACR No. LR28, 194);.

Gillis, Clarence L., and Lockwood, Vernard E.: Wind-
Tunnel Investigation of Centrol-Surface Character-
istics. XIII - Various Flap Overhangs Used with
a 30-Percent-Chord Flap on an NACA 66-009 Airfoil.
NACA ACR No. 3G20, 1943.




WACA ACR No. LLF23

CONFIDENTT AL

TABLE I

16

INFORMATION CONCERNING ARRANGEMENTS OF

BALANCED DOUBLE FLaP TESTED

d62

cp/c1 %, ©1q | %o chZa °h26T (Cmcz)a (Cch) 5 Figure
Internal balance
0.50 | 1 |0.099{-0.5] {~0.0010}-0.0028 |-0.19} 0.011 L
.50 | 2 | .096f -.50{ -.0011| -.00%7| -.190 .021 5
.50 | 3 .092| -.L7| -.0010{ -.00L)y| -.193 017 6
Jio } 1| .100f -.53| -.0020| -.0053 | -.18L .01% 7
Jo 2 | .095] -.50| -.0020] -.005 | -.191 .008 8
.25 | 1 | .100| -.53| -.0029| -.0068 | -.183 .007 9
; Overhang balence
0.50 |1 [0.099|-0.50 | 0.0000{-0.0021 |-0.193 0.005 10
.50 {2 | .0981 -.4& | -.000l| -.0037 | -.21% .01l 11
.50 | 3 .101{ -.48 | -.0006| -.0041 | -.213 .006 12
Jio |1 .098] -.57 | -.0016} -.005l | -.190 .015 13
Jio 12 | .097] -.52 | -.0015| -.0051 | -.197 .015 il
.25 {1 | .103| -.52 | -.0030] -.0074 | -.192 .006 15
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Wind-tunne! investigation of control-surface characteristics indicated that a balanced N -
double flap produced the same lift as a single plain flap of the same chord and also
. pr duced h!ghly-'m d hinge ts. High lifts and low hinge moments were

o ch a double-flap arrang t if either an overhang or internal balance having
a chord 50% of flap chord was lncorporated on the forward flap. An overhang balance
flap showed lower value of hinge t gradient b: of flap deflection than the
internally-~balanced flap.
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