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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHENICAL NOTE NO. 571

A METHOD OF ESTIMATING THE ATRODYNAMIC EFFECTS OF
ORDINARY AND SPLIT FLAPS ON AIRFOILS
SIMILAR TO THE CLARK Y

By H. A, Pearson

r

SUMMARY

An empirical method is given for estimating the aero~
dynamic effect of ordinary and spllt flaps on alrfolls
similar to the Clark Y. The method is based on a series
of charts that have been dérived from an analysis of ex-
isting wlnd-=-tunnel data. TFactors are incinded by which
such variabvles as fiap locetion, flap spsc, wiag aspect
retio, and wing taper may be taken in%to accéunt. A series
of comparisons indicate that the method would be sultable
for use in making preliminary performance calculations and
in structural design. : -

INTRODUCTION

In order to improve the speed range of alrplanes it
is customary to use some sort of high-1ift device. AL ~
present the use for thie purpose of elther the ofdinaery
flap or some modificatlion of the simple aplit flap 1ls al-
most universal. Although the results of numerous eXxperil-
ments for winge with flaps exist, little attempt has been
made to analyze the data as a whole except 1n a quallta-

: o !\‘IH\' l@i@ﬂ!ﬂl‘lﬂﬂ I

tive way. The present note is intended to summarize availi-

able data on the ordinary and split types of flep in such
form that it may be readily used in estimatling the charac—
teristics of airfoils equipped with flaps.
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SCOPE OF THE METHOD

As the regulte have been derived principmnlly from
tests made in the N.A.C.A. 7= by 10-~foot wind tunnel on
the Clark Y airfoll, 1t 1s expected that the method will
&lve the best resultes when applied to similar airfolls.
Results from tests 0f other alrfolls have been included
in several cases in order to derive factors by which mod-
ifications of the flap arrangement may be taken into ac-

-eount.

The analysls given herein holds only for the range
between maximwm negetive and maximum positive 1ift, In
this range the effoect of flap displacement on the wing
1ift, drag., and pltching-moment coefflcloents as well as on
the variation of the flap-1lift and himge~moment coeffi-
clents 18 covered, The types of flap considered are the
plain trailing-edge, or ordinary, flap and the eplit trall-
ing~edge flap. Varlations of the latter type of flap oc~
cur as the plivoting point moves along the lower surface of
the wlng sectlion.

The sources of the data considered in the.analysis
and the important geometric characteristics of the wings
tested are given in table I. All tests wore made with
wings of aspect ratio 6 and without gap or balanging arse.
Only those tests in which the ratio of the flap to the
wing chord was constant on the portion of the wing equipped
with flaps were used in the analysis although factors for
taking into account other slight varilations are given.
Wherever posslible the results have been plotted ln a form
that permits comparisons with the existing flap theory to
bé readily made. Unpublished data have been used in sev-
eral instances; hence the results are based on morec tests
than would at flrst appear.

STYMEOLS

Oy, total Lift coefficlent of wing with flap deflected.
°Lw' 1ift coefficient of portion of wing with flaps.
oLo' 11ft coefficlent for sero flap deflection,

ACy, 1ift increment due to full-span flaps.
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slope of 1lift curve, per degree.
slope of 1ift curve for aspect ratio 6, per degree.

angle of attack of plaln wing from zero 1ift, de-
Zreses, oo :

flep anéle, degrees.
theoretical rate of change of « with J&e.
proportion of totael wing area equlpped with flaﬁé.

ratlo of mean wilng chord of portion equipped with
. flaps to the mean geometrlc chord of the wing,

span-location factor for 1ift. |,
aspect~ratio factor.

span-location factor for pitching moment.
wlng aspect ratilo.

hinge location in fraections of chord from leadirz
edge of wing. -

ratio of flap chord to wing chord cg/c.
total drag coefficlent of wing with flap.
induced-drag coefficient.

minimum drag coefficient’ for plain airfoil,

increase in profile drag .above Op, '
- min

increment added to Op, 1 due to flap deflection.
- m n 0

total pitching-moment coefficient about guarter-
chord point of the mean chord wilth flaps de-
flected.

pltching-moment coefficient about quarter—~chord

point for plain alrfoil. -

l'h
"
3
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ACp, increment of pitching-moment coefficient about
quarter~chord point due to full-span flaps.

m, theoretical rate of change of pltchlng~moment coef-

ficlent with Sf.
[

ch v flap 11ft coefficient at o = O,

GLf’ flap 1ift codefflcient.

Ny, theoretical rate of change of de' with GLw.

n, theorstilcal rate of'change of GLf with Sf.

Cpp» flap hinge-moment coefficlent,

i
o

Chf » flap hlnge~moment coefficlent at a
hys theoretical rate of changq_bf th with CLw'

h, theoretical rate of change of Op, with G§g.

A, ratio of tip to root—chord.
EFFECT OF FLAP ON LIFT

According to theory (reference 1) the 1ift coefficlent
of an airfoill with an ordinary flap* is given by the ex-
pression '

f1 = at + akSy (1)

R

*As used in the present report an "ordinary flap" is sim-
ply the portion formed by hinging the tralling edge of an
airfoil about a point in the airfoil so that no gap i=a
formed as the flap is deflectesd. 4 simple "split flap" is
formed when the trailing edge of an airfoil 1s split and
the lower surface is deflected downward with no movement
of the hinge point 1n a chordwlise direction,

B i e TS 1 Rt e S


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

¥N.A.C.A, Technical Note No. 571 5

A8 no theory exists for an alrfoil with s split flap,
equation (1) has been changed . to the sigixpr form
¥y £t LT - _‘W_.& .L‘f’fo

OL CL + TIFQK(AGL .'- '_"" ~

in which T, f KlAOL “1g the part rqPresenting'¥he increase

in Oy due to the flaps. It 1s obvious that the final
value.of the increase in Cy may depend, in the case of

an ordingry flap, upon a combination of several varlables:
flap angle 8¢, flap chord ratlo E, angle of attack a,
portion of wing equipped with flaps ¥,, flap locatlion
along the gpan, wing aspect ratio R, wing taper N\, an
posslbly others. 1In the case of spllit flaps, the hinge
poslition _x/c along the wing chord introduces an addition-
al variable. When summarizing the data, the effects of the
foregolng variables were taken into account. :

. The AC; of equation (2) is the incresse in The to-
tal wing C; that wowld occur with = full-span flap on a
wing of aspect ratio 6. These values of ACy, obtained
from data given in reference 2 for the Olark ¥ wing, are
glven in fligure 1 for the ordinary flap. In order to en-
able these increments to be applied €6 other airfoils,
they are plotted against the absolute angle of attack of
the plain alrfoll section, with the flap chord ratio and
flep angle as parameters. Similarly. values of ACL for

. the simple split flap were obtained from the data given In
references 2, 3, 4, 5, and 6., The final welghted curves
are shown in figure 2. These two flgures are considered
to be the basie 1ift—increment curves.

For split flaps in which the hinge location is either

forward or back of the simple split-flap position a set of
increments similar to those of figure 2 would be required
for the various flap positions along the wing chord. In
order to 1limit the number of figures & serles of conver-
sion factors (figs. 3(a), 3(b), and 3(c)) are given. The
factor of figure 3(a) converts the actual flep system into
an equivalent simple split-flap system so that 1t becomes
possible to use figure 2 and to find the 1ift Increments
et the new value of ®. This lift-increment Ffactor was
determined by comparing the values of AQ;, obtained from

the data given in references 3 and 7 in which the hinge
location wag varied, with the values of ACL for simple

split £laps. . . - T

LA AN

i

L


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

6 HN.A.C.A. Tocknical Note No. 571

If a partisl-span flap 1s used in conjunction with a
wing of different aspect ratilo, the basic AC; values,

must be modified by various factors. The first 1s the
proportionality factor X,, defined as the proportion of

the total wing erea equipped with flaps. Such a factor 1is
suggested by the fact that it wounld Dbe natural to assume
that if only half of the wing area had flaps only half of
the' increments given in figures 1 and 2 would be realized.
This assumption 1is, however, true only for certaln cases,
and consequently a span—~location factor ¥, 1s necessary.
This factor was obtained from an analysis of the data given
in references 4 and 6 in which the effect of partlial-span
split flaps on both rectangular and tapered wings was re-
ported. The Aifferent lengths and locations of the flaps
were obtalned by cutting off portions of a full-span flap
first from the tips and then from the center. A4lthough
this factor was derived entirely from tests of simple split
flaps set at 60°, there is good reason to believe that it
will hold for other flap angles and for the ordinary flap.
The location factor is shown in the lower half of figures

1 and 2 plotted agalnst the centroid of the flap, measured
from the wing center line, in terms of the wing semlspan.
The curvee for tapeirs between 1,0 and 0.2 have been inter-
polated because no data exist for intervening taper ratios,

Although no tests are avallable of wings with flaps
for aspect ratios greater than 6, an aspect—~ratio correc-
tion factor ¥F; 1s necessary simce the increase in- Cp of
equation (2) is analogous to the ak8§y of (1) in which a
varies with the aspect ratio. Thig factor is, from the
nature of the analysis, unity at aspect ratio 6. For oth~-
er aspect ratios 1t has been computed from the modified
theoretical formula

R

This factor 1s also plotted in figureg 1 and =Z.

The average 11ft coefficient for only the portilon of
the wing having flaps ch. from the method used in ana-
lyzing the data, 1s obtained by dropping the factor X, in

equation (2). This 1ift coefficient is necessary to com-
pute the flap 1ift and hinge-moment coefficients.
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EFFECT OF FLAP ON DRAG

T ot m A W e -

In the case of drag, airfoil theory provides for the
computetlion only of the induced part, which 1is given by
the equation _——

.OLS ' . L .
Cpy = —3 Fl + 0) (4)
where O 1s a factor correcting the induced drag to allow
for changes from the elliptical dpan loading. For ordi- .
nary airfoils it is customary to cons'ider that the Temain-
der of the drag coefficient consistes of two parts; onms,
GDo in’ the minimum drag coefflcilent and the other, AcDo

m

the 1ncrease in proflle drag above « The latter may

c
D°min o s
be dependent upon camber, thickness, ehd cLopt’ the wing

C; at i~ Severel emplrical expresslions exlst for

Cyp
°min

this lncrease but, as they do not agree with the data on

airfolls with fleps, they will not he given. o

-

For airfoils with flaps, the same dlvision of drag 1ls

made and, In addition, = new term *ﬂqnn . T8 introduced.
mi : AL V.

. —

This term represents the increase in minimum drag due to
flap deflectlon. These increments are given in filgures 4
and 5 for full-span ordinary and simple split flaps, re= _
spectlively. The numerical values for ACDO a1 OTO 0ob-

tained mainly from an analysis of the data previously re-
ferred to 1ln the discusslon of the curves for the 11f% in-
crements.

The increase in the profile-drag coefflclent above
Dogy for wings with full-span flaps with a constant
min ' '
flep chord ratio can be given approximately by

Acp, = 0.016 (Cf 0. 2) ' ' (5)

Thls expression holds reasonadly well at lift coefficients
below 1, but from thet polnt to thé stall of the particu-
lar combination being investigated it is at best only an
average of quite widely scattering points. :
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The induced drag for wings with fulle-span flaps of’
constant flap chord ratio 1s given bty equation (4) where
0 may usually be omitted, as it *s small., If wings with:
partial-span flaps or with varying flap chord ratios are
used,  however,—0 may become quite large. ¥For a given
case its magnltude may he theoretically determined but the
determination would entail consideradle labor, which ordi-
narily would not bas Jjustified. Ilacking the correct wvalus
of ¢ for these cases, the value of °D1 can be deter-~

. mined only aepproximately by the usual methods. In order

to serve as a guide, The value of CDi + AOD obtained dy
the addition of eguations (4) and (5) is plotted in fig-
ures 4 and 5 for several aspect ratlos, _

The only modifying factor included in the drag ex-
presglon 1is the previously found proportionality factor
K, Introducing this factor, the total drag coefficient’
for the-wing with elther the ordinary or the simple split
flap is gliven by o

Cp = cDi *{AGDo.+ Gnomin + K4 Acbominz (6).

The values of AGDO N ags given by figures 4 and 5 may be-
min :

conglidered to be section increments of profile drag,

As in the case of the 1ift incremepts, the effect of

different hinge locations of the split flap 1s taken care

of by correcting to an equivalent simple split flap before
determining AcDOmin from figure 5. These cdnversion

factors, which were obtained from the data given in refer-
ences 3 and 7 by a simple comparison with the Aonomin

values for the simple split flap, are ghown in figure 3(D),
EFFECT OF FLAP ON PITCHING MOMENT

The theoretical pitching-moment raelatlion for an air-
foll with an ordinary flap 1is

Op = Op, + mdyg (7)

and, proceeding as before, this squatign may be written ih

L
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a Bimilar form

Cm = Onm, + K1K3F3l0p - x

whore K;EK3FgACp 1s the increase in the pitching moment
due to the flaps. ZFor the ordinary flap the effect of the
following variables on the inerease in Op has beon de-
termined: flep angle, flap chord ratio, portion of wing
equipped with fleps, flap location along the span, wing
1if4, and wing taper. 1In the case of the split flap the

effect of the hinge position along the wing chord has also

been determined.,

The Ac of equation (8) is the increase in On

that would occur with = full=span flep on a wing of aspect
ratlio 6. Its values for the ordinary flap were obtained
from data gliven in reference 2, supplemented by some un-
publighed results. Plots of AC, egainst the wing-1ift
coefflcient, wlith flap angle and flap chord as parameters,
showed AC, %o be practically independent of flap chord

ratio (1.9.. E=0,1 to 0.4) for a given flap deflection
and to depend mainly upon the flap angle and the value of
0r,e The final averaged curves for the ordinary flep aro

.81ven in figure 6. A simlilar procedure was followed for
tho slimple split flap using the data given in references

3, %, and 5. The final curves for AC0, are given in fig-

ure 7. : . .. . . . —

For split flaps in which the hinge posltlon is 4dif-
ferent from the simple spllt-flap position, a conversion
factor has been derived. As the piltching moment was found
to be lndependent of B, the effect of varying the hinge
position along the wing chord could hot be taken into ac-
count by correcting to an equivalent simple split flap as
was done for the 1ift and drag. Using the data of refer-
ence 3, in which the hinge line was moved rearward, the
values of AC, were plotted against Op for various flap

engles and for various flap chord ratios. It was noted
that the percentage increase in the pltching-moment incre-
ment over that of a simple split flap at anequal flap an-
gle and for a given backward movement of the hinge point .
was practically the same. The variation of this factor 1is
shown in figure 3(c).

The curves glven in figures 6 and 7 have been derived
for full~span flaps. If partial-span flaps are used, a

Lf]
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proportionality and a location factor must be introduced,
The proportionality factor X; 1s the same as that used
in the 1ift and drag expressions. The location factor I
for pitching moment has been derlved entirely from refer-
ence 4 by assuming that such a factor existed and by work-
ing backward througzh the data glven there to determlne 1its
value. Thilsg factor, although.derived from data on simple
split flaps, 1s assumed to khold for ordipary flaps and for
other modificatione of the split flap.

For tapered wings in which the rib aerodynamic cen-
ters across the span 1io on an unbroken straight line, an
additional factor K, (defined in ligt of symbols) must
be introduced to obtain the total pltching-moment cosffi-
clent &bout the quarter-chord point of the mean geometric
chord, Introducing this factor, the expression for pitch-
ing moment can be gilven very nearly by equation (8). For
tapored wings in which the rid aerodynamlc centers lle on
& curved or broken line, formula (8) would hold if the
load distribution were such that it produced no pltching
moment about the gquarter-chord polnt of the mean geometric
chord. A bettor method would be to assume the AQ0p val-
uwea of figures 6 and 7 to be section characterlstles and.
to integrate across the span for the total pitchimg-momont -
coofficlont about the desired point. Such a procodure
would requlre that tho distribution of cL along tho span
bo kxnown. :

Although the data of referenco 7 weroc not dirocetly
usod in establishing figure 7, thoy served, nevortholess,
to confirm tho fact that the hinge momont at a glven value
of the wing 1ift-and flap angle was practlcally the same
for the different-hinge locations (x/¢) of the split
flaps reported therein, '

HINGE HOMENT OF TFTLAP

The hinge-moment coefficlent 1g probadly the most im-
portant of the flap coefflclents for it must be known 1in
order to design the control mechanlism of the flap. Theo~
retiteElly it is glven by the formulae

f w fo

The data on the variation of thls coofficient for the or-


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

N.A.C.idA., Tochnical Note No. 571 11

dinary flap are limlted to thosoc given in references 2 and
8 and for simple split flaps to thoso in references 5 and
7. In referonces 7 and 8 tho data, regarded as giving
mainly qualltative results, were obtailned from pressure-
distribution tests.on single ribs. "The first step in the
analysis of tho hingo moment was to bage the coefficlenté,
where necessary, on the flap chord and the flap area rath-
er than on the wing chord and the wing area, as had been
done in some cases. These values were then plotted against
the wing 1ift coefficient for each flap chord retio and
each flap angle. A comparlson of the date on the two

types of flap led to the conclusion that the hinge-moment
coefficient 1s almost the same for both the ordlnary and
simple eplit flap and that it is, for practical purposes,
independont of flap chord ratio. The final faired curves
are given in figure 8. TVelues of th are plottod against

ch instead of Op since with partial~span flaps the

hinge momont dopends upon the 11ft on that portion of the
wing over which the flap extends rather than upon the 1ift )
of 'the whole wing. T -

LIFT ON FLAP

The flap 1lift coofflclont for an alrfoll with an ordi-
nary flap 1s givon theoretically by T

ch = nO ch - D.Sf + cho ) (-10)

The data on the variation of this coefficient are at pres-
ent very measger, belng limlted to those given in refer-

ences 5 and 7 for simple spllt flaps and to those in ref-
erence 8 for ordinary flaps. Cm e

For the slmple split flaps, both sets of data agree .
in showing that the rate of change of Cr, with Cp  de- T

czeases practically to zero as ch becomes falrly large.

The two references do not, however, show the“saﬁe_ﬁggni;_____
tude of ch for similar flap angles but dlffer by amounts

not exceedling 0.2. The flap lokds in reference B were
g€iven more weight in obtalning thse curves of figure 9 be=
cause they were obtalned by direct moasurements. %The data
of reference 7 served, however, to establish the conclu~
sion thaet the 1ift on the spllt flap for egqual flap angles
and flap chord ratlios may dbe considered es invariable with
hinge locatlon when compared on the basls of equallvaluas
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of ch. By tho use of a value of CLw instead of Oy,
the offect of partiasl-span flaps may be estimated.

The ordinary (reference 8) and spllt=~flap data 1indi-
cato that the flap 1ift may be considered the same for
both types. It must be remembered, however, that this
conclusion is basod on a single comparison botween_a pres-
sure~distribution test ovor a single rid and a series of
force tosts.

DISCUSSION OF CHARTS

A comparison of flgures 1 and 2 willl show that the
1ift lncromonts for ordinary and spllt flaps are not ap-
preciably different. At the high angles of attack the
1ift increments of the split flaps tend to be slightly
higher than those of the ordinary flaps, inferring a some-
what higher maximum lift. At the low anglos of attack,
particularly for low flap deflections, the 1ift increments
for tho ordinary flap +tond to be larger than those fér the
split flap. : '

The 1ift increments, in general, increase with flap
angle and flap chord but do not follow any general lew, for
varlation with angle of attack. At the angle of attack

corresponding to chax of the wing with undeflected

flape, the lift increments become smaller with increasing
flap chord ratio and flap angle. A

For airfolls not similar to the Clark ¥ in thickness
and camber the 1ift increments do not apply although the
method could be used provided that sultabdble lift-increment
charts were available. Qualitatively, the effect of in-
creasling the camber gshould be to decrease the l1lift lncre~

ments for a glvon angular movement of the flap, sinte the .

true flap diasplacement should probadbly be measured from
the zero 11ft direction of the plain airfoll section.

When the 1ift increments for the N.A.C.A. 23021 (ref-
erence 2) were compared with those given in figures 1 and
2, 1t was obvious that the effect of thickness was, in
this case, t0o increase the 1ift increments consideradly at
the large angles 6f attack and to decrease them at the
small angles. If flaps of ghort chord were used on thick
airfolls, however, the effect of—the flap would probadly
be partly masked by the effect of the boundary layer. The
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location factors (figs. 1 and 2) show, as would be expect-
ed, that when partlal-span flaps are used on nearly rec-
tangular wings, they are most advantageously placed near
the ceanter line. - -

It will be noted that even though for the highly ta-
pered wing the locatlon factor indicates a higher wunit
loading when the fleps are placed near the tips, tho in-
crease in location factor is not sufficiently rapid to
compoensate for the decreaseo in the area affected by the
flap. The conveorsion factor (fig. 3(a)) indicates that,
for a given flap chord and angle, larger increments of
11ft occur as the split flap i1s moved backward and smaller
ones as 1t 18 moved forward. .= - —_

Recent tests have shown that the 1ift increments may
be considered to bse independent of Reynolds Number. Thus,
it 18 possible to epply these results in computling the
11£% characteristics of the full-gcale alrplane, or wilng
wlth fleps, provided that the 1ift curve for zero flap de—
flection 1s known, o i .

The AGDO curves indicate that 2 slightly lower
min

drag would be obtained throughout the 1ll1ft range with the
ordinary flap than with the simple split flap. The con-
version factors for drag on split flaps (fig. 3(b)) indi-
cate that moving the eplit flap rearward tends to decrease
the minimum drag; whereas moving it forward increases 1it.
Thils varlation has been inferred in several other publica-
tlons.

The pitching-moment curves (figs. 6 and 7) show that
the ACp values obtained with plain flaps et low 1lifts
are higher than those for the gimple spllt flap and that
st high 1lifts thls difference approaches £ero. The loca-
tion~factor curves for pitching moment show that, over
most of the range, the value of the location factor 1is
unlty ond may,. in many cases, bo neglected. On the other
hand, "the coanversion~factor curve for spllit flaps shows a
tremendous lncrease in pitching-moment coefficlent about
the original guarter~-chord point as the hinge point is
moved backward., The pitching-moment incrensfits of figure
7 in the case of a 20-percent-chord flap moved back to the
90-percent-chord point are 45 persent larger than those
for a simllar slmple split flap. Conversely, moving the
flap forward decreases the increments, although sufficient
date are not avallable to establish definitely. the dotted
portion of figure 3(e¢).
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ACCURACY

All the experimentsl points have been omitted from
the charts for the sake of clarity. 1In order to gage the
accuracy of the charts and the method, however, several
figures comparing the computed and experimental airfoil
characterlistics are included. Comparisons are made of the
11ft, drag, and pliching-moment coefflicients where possi~
ble. : ) '

Figure 10 compares the computed and observed charac-
teristics for a simple split flap on a Clark Y alrfoll.
Since tho experimental data glven in this flgure-were used
in deriving the lift-lincrement chart, a good agreement. was
to be expected, Similar comparisons are not given for the
ordinary flap because the same varlation between the com-
puted and experimental values would appear.

A truer idea of the discrepancies to be expected in
applying the method is gained from figure 11 in which the
offects of different airfoll sections as well as the dif-
ferences obtolned from tests iln various tunnels are repre-
gsented. In some cases tests were made of a full-scale
alrplane; others are tests of model wings at different
values of the Reynolds Number.

Similar comparisons of the ordlnary flap and of other
chordwise positions of the split flap agree as well except
when the hinge polnt is moved to coincide with the trail-
ing edge. In this case the conversion factoras of figure
3(a) do not hold. The agreement for highly tapered wings
1s good throughout most 6f the 1lift range except at the
stall where it 1s noted (reference 6) that the angle of
maximum 1ift decreases with increase 4in flap angle. ¥For
rectangunlar wings, and presumadly for those wlith small ta-
per, the angle of maximum 14f%t with flaps deflected is
the same as for the plain airfoil so that no reduction in
angle of attack 1is necesgsary in order to gage the maximum-
1ift coefficient. In the application of thig method to
compute the characteristics of highly tapered wings with
flaps some estlimate must be made of the decrease in the
angle of maximum 11ft with flap angle« At present rofer-
ence 6 1s the only sourge that furnishes any data on this
. point,

Plgure 12 gives the data on the hinge moments of full-"
span ordinary and sinmple split flaps. The different alr-
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folls, flap chord ratlos, and flap angles are indicated
in figure 12 and the curves of flgure 8 are 1lncluded for'
comparigon,

Consideration of the range covored by the Zomparisons
shows that these charts may be used to givo a reasonable
estinate of the effects of flaps on the airfoll character-
istice. Although the absolute values of the increments
.may -change as more data are obtained, the method wused
heorein is coanvenient for purposes of anslysls as a compar-
l1gon nmay be easily made with the results of flap theory.

USE OF THE CHARTS

In order to 1llustrate the ume of the charts in the
determingation of the aerodynamic charactoristicse of an
airfoil wlth flaps the following example i1s 1lncluded.

Given: Wing of plan form and flap dimenslons as

shown in figure 13 with N.A.C.A. 2212 airfoil section. 1In
order to apply the method it is assumed that the Op, and

Cn curves are glven and that Op i8 known.
0 . . Omin

To find: The characteriastlice of the complete wing
and the flap coefficlents at an angle 24° below the stall
angle of the plaln wing when the flap is deflected 45

Solution: |

Absolute angle of attack of basic section at desired
angle, 20°

Lift coefficient at 20° abaolute angle of attack, 1.5,
Mlnimum~drag coefficient wilth no.flaps. 6.009.

Cp, &bt 20° absolute angle of attack, ~0.03.

K, O, 583 (vy cbmputation)

Kz, 1. 166 (by computation)

Fi,» 1.00 (fig. 2 for taper = 0.5 and centroid at
0.476).
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Fg;. 1,03 (fig. 2, for R = 7). B
3‘3' 1.0\0 (fig- 7).
BEquivalent simple split flap for 1lift increments with | -
hinge point 10 percent ¢ forward of simple position,
B =0,195 (fig. 3(a)).

Equ%v§§ent simple split flap for drag, I = 0.28 (fig.,
3(b)).

Pitching~moment factor, 0.7 {(fig. 3(c)).

Lif; increment (for E = 0,195, &g = 45°), 0.68 (£ig.
2).

Op = Op, + K, ¥y ¥ ACy
= 1.5 4+ (D.583 X 1.0 X 1.03 X 0.68) = 1,91

Dra§ increment (for E = 0,28, B6¢ = 45°), 0,155 (fig.
5). ]

= - + + +
¢p = (p, AoD;> O, (% Acnom1;>

= (0.217) + 0,009 '+ (o.é%q X 0.155) = 0,317

Pitching-moment inerement for Sf = 45° gand at =
value of ch = 2,20, obtained from 1.5 + (1.0 X 1,03 X

0.68), =0,212 (fig. 7).

Cp = Gmo + K3 K3 s AC, X pitching-moment factor

Hingo-moment coefficlent for &, = 46° and Oy, =
2,23, ~0.543 (fig. 8). '

Hinge moment = Ohf gS¢e cp

= =0,543 X Q_Sf cf

where S¢ 18 theo area of the flap and 'q 1is the dynanic
proessure.
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Flap 1ift coefficlent for 8¢ = 46°, X = 0.25 and
at ch = 2-25, 1.3 (fig. 9).

Load on flap = OquSf = 1.3 gS¢

The-foregoiﬁg prochufe could be repeated for other
angles and hinge positions to obtain a complete solutilon.

Langley Memorial Aeronautical Laboratory,
Wetional Advisory Committoe for Aeronautics,
Langley Field, Va., September 16, 19356.
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- TABLE I o —
Summary of Referencs Data —
Flap H '
Sourocs | Alrfoil | Taper E | span, mo, low Date given forl) |Remarks
seotion | o¢/cy | pez- 8z, tion,
cent B peroent
degrees ohord )
Ordinary flaps
Refer- 0.10 10,80 80 Fressure
Refer~ pyr30 | 1.0 { 0B | @ 10, k0 ' { 80 Cmy | Om(ns |%Ls | aigtri-
) L bution
- 0.10 80
. ox08
) 70 tests
eoeE |N.AO.h | 2,0 0.0 | 200 | 158045, 80 oalo — | mam
83018 . . 80 Ong be i
X.1.0.4. 15,30, 45 - | 608,000
23081 1.0 0.820 100 80" " 80 0.0 On Oh‘ ’
8) [¥-3:9:A.| 1.0] 0.8 | 200 | 15:30.45, 88 Cag | 8O0, | — _
8plit flaps .
0,10 20,40, 80 T
ReZ JA0.A, Foroa ’
Refer | ¥.A0-A.| 10 .20 | se.p|] 198340 | 90,60,90 | — | —-op,®) o, %) Jiesta
L .30 20,40 sirplans
[ 0.20 80,90,100
. Refer— 16, 30,48, 70 20
ers|0laze ¥ | 1.0} .20 | 100 » 29, 48, 80|~ = |— | —
80, 70,80
. 40 $o,100’
Refer-
Refer|olazk Y | 1.0 | o0.80 28 80 80 Onmg | On[— | ==
20
nater- NEIMNEENE o
enoe & | 018K Y : Ono | % [%0s | O1g on
.85 15, 20, 45 1] model
e 30 R. .
0.35 | 100 | 530,28 78 eoa,‘
100 15, 30,48,
Refer- 4 80
noors |Olark Y | 0.3
gg }
.18 80 es e | —
40
. 3) [¥-A:9:A) 1,01 o0a8 | 100 | 153945, 86 | Op, |Onlon, |—

1)411 sources give values of Oz, Oy Op, and Op

Omin

2)pesults from pressure-distribution tests on single rib.
8)t.n:p‘ib:l.l.llud.
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Figure 1.~ Lift inoremsnts for oxdipary flaps.
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Tigure 3.~ Iif% increments for simple split flaps.
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Figure 3.~ Oonversion factors for 1ift, drag and pitohing-moment coefficlents.
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Figure 4.~ Drag increments for ordinary flaps.
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Flap angle, 8¢, degrees
Figure 5.. Drag lncremente for simple eplit flaps.
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N.A.C.A. Flg. 6
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Figure 6.~ Pltching-moment increments for ordinsry flaps.
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N.A.C.A. Fig. 7
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Figure 7.- Pitching-moment incremente for simple eplit flaps.
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N.A.CA. Fig.1l1l
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