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PRESSURE DISTRIBUTION OVER AN N. A. C. A. 23012 AIRFOIL WITH A SLOTTED
AND APLAINFL4P

By CARLJ. ‘W’E.NZINGEE and JAMESB. DELANO

SUMMARY

Pressuredisfribwtion teds of an N. A. (7. A. %3019
airfoil eguipped with a slotted jkp and w“th a plain j?ap
were made in tlu 7-by 10-#oot wind tunnel. A test instal-
lation was used in which the 7~oot-8pan airfoil was
mounted certic.a.lly between the. upper and lower sides oj
tlM c.lo.sed ted section so that twodimentionul jlow was
approximated. The preswmes were measwred on the
upper and lower surjaces at one chord section both on the
main airfoil and on the jlaps jor wreral di’erent $ap
dejlectione and at ~ereral angle8 of attack.

Tle data are presented in the form of pressuredistribu-
tion diagrams and as graph8 of cahxdated section coeji-
cient8 for the airfoil-and-$ap combinations and a180for
i $ap8 alone. The Ttxult8 are useful for applicatwn to
2“ and $@ structural design; in addition, th plain-jlap
data fimukh considerable information applicable to the
structural design of plain ailerons.

INTRODUCTION

Up to the present time, many high-lift devices have
been deveIoped and immstigated, but each appears to
have some disadvantages. One of the most promising
high-M detices thus far de-doped is the combination
of a slotted flap with a main rtirfoiL Investigations of
this arrangement (reference 1) have shown that it is
capable of developing high lifts and that it gkes lower
drags at these high lifts than do external-airfoil, plain,
or spIit flaps.

The force tests of reference 1, in which several com-
binations of an N. A. C. A. 23012 airfoil with flaps of
different sections and with slota of eewmd ditlerent
shapes were investigated, indicated that the best s_r-
rangement thus far obtained is a combination of an
airfoil and a slotted flap, the flap having an airfoiI shape
and the slot an easy entrance; this combination is des-
ignated flap 2-h in reference 1. A survey of flap loca-
tion with respect to the main airfofl was made to obtain
the best aerodpamic characteristics. It was also
found that some particular flap path would give opti-
mum aerodynamic characteristics; the flap path
developed is reported in reference 1.

Very few data me available for application to the
structural design of slotted flaps. Some recent data

(references 2 and 3) are available but, as the reported
tests were not very comprehensive, the present inw&i-
gation was undertaken to supply information applicable
to the structural design of slotted flaps. Siiar data
are already a~aiIable for the design of split, exkrnal-
airfoil, and Fovikr flaps (reference 4, 5, and 6).

Prwiure-distribution t=ts were made in the 7- by
10-foot wind tunnel of an N. A. C. A. 23012 airfoil in
combination with a dotted flap. The optimum flap
path previously de-doped for this flap (reference 1)
was used in these tests. Pr=u.re-dktribution tests
were also made o~er the same airfoil in combination
with a plain flap for purposes of comparison and also to
obtain additiomd information for the detaikd structural
design of both flaps and ailerons.

APPARATUS AND TESTS
MODELS

The models used in the present tests are the ones
previously used in the force tests reported in reference
1. The main airfoil, made of laminated pine to the
N. A. C. A. 23012 protie, has a uniform chord of 3
feet and a span of 7 feet. A removable full-span
trailing-edge section permits the testing of diilerent
full-span flaps in combination with the same main
airfoil. Both a eIottd flap and a pkin flap made of
laminated pine were tested; each was supported on the
main airfoil by the. metal fittings, one located at mid-
span and one inboard of each flap tip.

The slotted flap tested (@g. 1) is the one previously
developed by the N. A. C. A. and designated 2-h in
reference 1; it has a chord of 9.238 inck (25.66 per-
cent of the over-tall airfoil chord). A full-span fixed
lip made of strip brass is located on the upper surface
of the main airfoil over the flap-dot exit to seal the slot
when the flap is neutral and to direct the passage of
air downward over the flap when the flap is deflected.
The path of the nose point of the flap chosen (fig. 1) is
the optimum one reported in the tests described in
reference 1. The nose point of the flap is defied as
the point of tangency of a Iine drawn normal to the
airfoil chord and tangent to the leading+dge arc of the
flap when neutd The flap is arranged for locking at
downward flap deflections between 0° and 60° in
increments of 10°.
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The plain flap (fig. 1) has a chord of 7,20 inche
(2o,o percent of the over-all airfoil chord). The fla]
gap was sealed for till flap deflections by interchange
able full-span brass lips on the upper and lower sur
faces of the airfoil to prevent a flow of air through th
gap. The flap is arranged for locking at flap deflec
tions between 45° up and 75° down in increments o
15°.

A single row of pressure orifices was built into th
upper and lower surfaces of both the main airfoil am
the flaps at a chord section 21 inclm from one end o
the models (fig. 2). The orifices were located on th
models as listed in table 1, the tubes from the. orifice
being brought through the models and out at one end
The pressures were photographically recorded by [
multiple-tube liquid manometer.

(8)~. A,C.A. 23012tifOn with80.2W-r. dotted draf?.
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FIGUBE l.-Crcw sectlone of model showing alrToil-fk.pcombinations used fri pres
euradIaMimtton tmta.

TEST lNSTALLATTON

The model was mounted in the N. A. C. A. 7- by
10-foot closed-jet wind tunnel (references 1 and 7) a:
indicated in figure 2. The main airfoil was rigidly
attached to the balance frame by torque tubes, which
extended through the upper and lower sides of the
tunnel. The angle of attack of the model was set from

outside the tunnel by rotating the torque tub~ with n
calibrated electric drive. Approximately two-dirncn-
sional flow is obtained with this type of installation,
and the section characteristic of the model under test
may be determined.

TESTS

Ml the tests were made at st dynamic prcssuro of
16.37 pounds per square foot, corresponding to an nir
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FIOUEE2.—Model fnetelle,tion for two-dmer.t$lonal IYowWe In the 7-by I&foot
wind tunnel.

~peed of about 80 miles per hour rd sttmdard sea-level
:onditions. Tlm average test Reynokls Numbc.r,
based orI the plain airfoil chord, was 2,190,000. This
test Reynolds Number, when converted to an cffcctiYc
Reynolds Number (reference 8) that takes account
of the turbulence in the air stream, is 3,500,000. (Ef-
!ective Reynolds Number =average test RCYILOICIS
Number xturbulence fnctor; turbulence factor for the
hnnel is 1.6. )
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The model was tested with the slotted flap set at
angles of 0°, 10°, 20°, 30°,40°,50°, and 60° down; and
~ith the pkin flap set at angles of 45°, 300, and 15°
up, 0°, and 15°, 30°, 45°, 60°, and 75° do-m. The
angles of attack ranged from —14° to 20°, and the lift
coefficients included those from ripproximately masi-
mum negative to maximum positive. With the modeI
at a given angle of attack and with a given flap setting,
tunnel conditions were aIIovred to become steady
before a record of the pressures at the ofices was
taken.

PRESE~TATION OF DATA

PBl?SSUllEDIAGEUS

AII diagrams of pressures over the upper and lower
surfaces of the airfoiI-fIap combinations me given as
ratios of the odce pressure p to the dynamic pressure
g of the free sir stream for the flap deflections and for
the angles of attack investigated. Pressure diagrams
for the airfoil with the slotted flap m-e shown in figures
3 to 15 and, for the airfoil with the plain flap, in figures
16 to 24. The effect of the flaps on the pressure distri-
bution over the main airfoil is shown by a compmison
of the pressures over the plain airfoil with the pressures
over both the slotted-flap and the plain-flap combina-
tions at the same totrd normal-force coefficient and
ak.o at the same angIe of attack (@s. 25 and 26). In
figures 3 to 9 and 16 to 26, the pressures over the main
airfoil are plotted normal to the airfoil chord and the
pressures over the flaps are plotted norrmd to a reference
line which is paraIIel to the main airfoiI chord when the
flap is neutral but which deflects with the flap.

Figures IO to 15 are included to show the prem.res
psralIel to the chord of the slotted flap. These pres-
sures are also given as ratios of orifice pressure to the
dynamic pressure of the air stream; ho-ivewr, the
pressure values are plotted parallel to, instead of
normal to, the flap reference line and are measured
from the maximum ordinates of the flap instead of
from its reference Line.

COEFFICIENTS

The pressure diagrams were mechanics& integrated
to obtain data from which section coticients were
camputed. Where the term “flap alone” is used, refer-
ence is made to the characteristics of the flap in the
presence of the main airfoil. The section coefEcients
are defied as follows:

cnm——~, normal-force coefficient of main airfoil with
flap.

c,~~f~ norma~-force coefficient of flap alone.

~mw =52) pitching-moment coefficient of main airfoiI
with flap about quarter-chord point of air-
foil.

Cmr=#z) pit thing-moment coefficient of slotted flap
alone about quarter-chord point of fisp.

chp~z, hinge-moment coeffickmt of plain flap about
flap hinge axis.

‘~ chord-force coefficient of slotted flap aIone.Ccf=—>
qcf

( -2)
(C.p.)W= 0.25 X100, center-of-pressure ~ocation

of main airfoil with flap
in percent airfoil &ord
from leading edge.

(co’)~@5-2)
X100, center~f-pressure location

of flap alone in percent
flap chord from leading
edge of flap.

where the forces and moments per unit span axe:
nu, nornd force on main airfoil with flap (this force is

normal ta chord of main airfoil and is equal to
n.+nr 00s 6f, neglecting the nornd component
of the flap chord force).

n=, norrmd force on main portion of the airfoiI tithout
flap (this force is normal to abord of main airfoil
and is equal to nw—nr 00S ~f).

nfi nornd force on flap alone nornd to ohord of flap.
m., pitching moment of main airfoil with flap about

quarter-chord point of airfoil.
mfi pitcl@ moment of slotted flap about quarter-

chord point of flap.
Ii,, hinge moment of plain flap.
Zr, chord force on slotted flap alone.

and
~ dynamic pressure of free air stream.

cW,chord of main airfoiI.
Cr, chord of flap.

The coefficients for the combination were derived
horn the normal forces alone, the chord forces of the
flaps being negkcted. In the case of the sIotted flap,
however, neglecting the flap chord-force component
in the computation of the totaI nornd-force coefficient
of the combination reduces these coefficients by a
maximum of about 0.0S.

Because the model completely spanned the jet, the
integrated results, which are ghen in coefficient form
in figures 27 to 42, may be taken to be section charac-
teristics. The normal-force coeflkimts of the airfoil-
flap combinations include an experimentally determined
correction for tunnel-wall effects, which was made as
in reference 1.

PRECISION ..

No air-flow ahnement tests were made in the wind
tunnel with the test arrangement used in this invwtiga-
tion, so the absolute angle of attack may be slightly in
error; the relative anglw are correct to within +O.l=.
The flaps were set to specified angles to mkhin +O.lO.
The ofice pmsurm, based on check tests in which
both the angle of attack and the flap setting were
independently changed, show that they agreed to
within +2 percent, with the exception of upper-surface
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pressures near the leading edges, which, at high ang$es
of attack, checked to within +5 percent. The dynamic
pressure recorded was accurate to d.hin +0.25 per-
cent for all tests. Pressure orifices were not sufficiently
numerous to determine accurately the peaka of pres-
sures on the airfoiI nose, but this deficiency should not
materid.ly aflect the results.

RESULTS AND DISCUSSION

SECTTONPBESSIIRE DISTSIBUTIOX

The distributions of air loads on the main airfoiI
and on the two types of flap are shown in figures
3 to 26. These pressure diagrams may be applied to
the structural design of ribs and flaps and, in addition,
6gures 16 to 24 are useful in that they supply consid-
erable detailed information for the structural design of
pkdn aik.rons. The pressure diagrams also serve to
ilhstrate some important effects of the action of flaps
on the distribution of pressures over the airfoil.

~ comparison of the pressures over the upper surface
of the slotted flap (@e. 3 to 9) with those of the phin
flap (f&s. 16 to 24), or with those of either the external-
airfoil flap (reference 5) or some Fowler flaps (refer-
ence 6), indicates certain differences, the most obvious
of which is a double-peak negative pressure region near
the nose. These peaks may be interpreted as indicat-
ing the existence of relativdy high-velocity regions with
a low-velocity region betvieen them.

h analysis of figures 4 to 7 shows that this region of
decreased Telocity, or increased pressure, mo~ed for-
ward on the flap as the flap deflection was increased.
For flap deflections of 10°, 20°, 30°, and 40° this region
was located at approximately !2, 1%, 1, and X percent of
the main airfoil chord, wpectiveIy, behind the Ieading
edge of the flap. Because of its path, the nose of the
flap moved back correspondingly greater increments
when the flap was deflected; therefore the resuhant
movement of the region of decreased veIocity was back-
ward toward the edge of the lip as the flap deflection
was increased. The double-peak presmres finally dis-
appeared at high angks of attack for a flap deflection of
30° (fig. 6) and at low angles of attack for a flap de-
flection of 40° (fig. 7). As the angle of attack was in-
creased for a given flap deflection (figs. 4 to 7), the
double-peak pressure distribution slovdy approached
a single-peak pressure distribution. It is interesting to
note that these peak negative pressures on the slotted
flap extended o-ver a greater portion of the flap chord
than did corresponding peak pressures o~er other flaps
(references 5 and 6).

The peak pressures over the upper surface of the
slotted flap are not so high as the corresponding peak
pressurw over an extermd-airfoil flap, but they are
much higher than those over the pkin flap (ilgs. 16
to 24). N’o data are available, however, for the ex-
ternakirfoil flap for flap deflections above 40°, but it is
believed that the slotted flap wouId deveIop higher
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the slotted flap (~. 3 to 9) was onIy partly stalled for
high angles of attack at high flap deflections; whereas
the upper surface of an external-airfoil flap (reference 5)
was completely stalled for angles of attack above 3° at
a flap deflection of 40°. The slotted tip taken as a
whole was cumpletely stalled (no increase in flap load
with flap deflection) for a flap deflection between 40°
and 50° (@ 8 and 9), and the external-airfoiI flap
previously tested (reference 5) was completely stalIed
for a flap deflection between 3CIoand 40°.

The chord pressure diagrams for the slotted flap
(figs. 10 to 15) are irduded because it is believed that
rdatively large forces probably existed that acted in a
direction to retmct this flap from iti maximum-lift
setting. As shown by these diagrams, the negative and
positive components act in the same direction for nearly
all of the arrangements tested except the 10° setting, so
that the total chord pressure force is directed forward
in practically all cases. These diagrams are consider-
ably diilerent from those of some Fovrler flaps previously
tested (reference 6), in which the negative and positive
components acted in opposite directions and tended to
counteract each other. It should be noted that the
chord prwwu-e fore= do not include the skin-friction
forces, which act nemly parallel to the chord and in
such a way M to decrease the magnitude of the total
chord force if negative or to increase it if positive.

No pressure-distribution tests were made to deter-
mine the effect of sLight deviations of the flap from its
optimum path. An analysis of the data presented in
reference 1 and in this report, however, indicates that
slight deviations from the optimum flap path would
not be expected materially to affect the magnitudes
and the distribution of the pressures over the flap. hy
appreciable deviation from this optimum path wouId
affect the totaI lift and the total drag of the airfoiI-fiap
combination as noted in reference 1.

The distribution of pressurm over the plain flap (&.
16 to 24) is similar to that of a symmetrical plain flap
reported in reference 9. High negative pressures for
practicality all angles of attack were found on the lower
surface at the flap nose for flap deflections of —30” and
—15° and on the upper surface for a flap deflection of
15°. For flap deflections above 15°, high negative
pressures appeared on the upper surface at the flap
nose. For flap deflections of 30° to 75° (@s. 21 to 24),
the upper surface of the flap was stalled.

Comparison of pressure diagrams for the plain airfoiI
and for the airfoil-flap combinations at the same lifl
(figs. 25 and 26) shows the effect of the flaps. Increas-
ing the flap rmgle and decreasing the augle of attack
to maintain constant lift had the following effects: At
the leadiug edge of the main airfoil, for both combina-
tions, the magnitudes of the peak pressures were
progressively reduced. At the trailing edge of the main
airfoil, for the slotted-fiap combination, the magnitudes
of negative presmres were increased and the magnitudes
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of positive pressure were practicality constant; whereas,
for the phin-flap combination, the magnitudes of both
~sitive and negative prewres were increased as the
flap deflection was increased.

The flaps also obstructed the flow of air below the
airfoiI and caused the pressures to build up on the lower
surfaces. The air fiowing through the slot produced a
high average velocity and increased the negative pres-
sure on the upper surface of the slotted flap; the nega-
tive pressures on the upper surface of the plain flap
changed very little.

The slotted flap had a pressure distribution similar
to that of the plain airfoiI, except for the double-peak
preswxs, indicating that, as loug as the flap remains
unstalled, it would have a small wake, as would the
plain airfoil. Near the stall, however, the wake of the
combination would stiU be small because of the slot
effect, which permitted the attainment of high lifts with “““
relatively low drag. This effect is absent for the plati
flap on account of the large wake, especially near the
stall.

Comparison of pressure diagrams for the plain airfoiI
and for the airfoi.1-ilap combinations at the same angle
oj attack (@s. 25 and 26) shows that the flaps increased
the negative pr-ure over the entire upper surface
of the main airfoil and increased the positive pressure
on the lower surface of the main airfoil except near the
leading edge. The pressure gradients remained about -
the same except at the trailing edge of the main portion
of the airfoiI for the slotted-flap combination, where
the adverse preesure gradients were decreased on the
upper surface and increased on the lower surface. The
pressures on the upper and lower surfaces of the flQPS

increased with flap deflection but more so for the slotted
flap. The important effect of the flap, as shown by
these diagrams, was its ability to infhence the air
flow around the main airfoil so that the airfoiI carried
a much greater load without stalling than was possible
without the flap. The slotted flap was superior ta the
phiin %ap in this respect.

SEOTIOX LOADS AND MOMESTS

The section coeflkients are plotted in figures 27 to .
42. Flap loads build up slowly for most Iifts of the
combination. The loads on the slotted flap increase
more rapidly with flap deflection (figs. 27 to 33) than
do the loads both on the phin flap (figs. 34 to 42) and
on the externabiirfoil flap (reference 5). The &ahest
flap loads seem to be obtained with the slotted flap,
the maximum normal-force coeffickmt being about 30

.-

percent higher than for the external-airfofl flap. lt is
.-

believed that slight deviations of the flap from its
optimum path would not materially affect the flap
loads. The greater part of the increment of normal-
force coefficient of the combination due to deflecting
the flaps downward, however, arises from the increased
load carried by the main airfoiI.
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The chord-force coefficients of the sIotted flap (figs.
28 to 33) are nearly cd] negative in sign; that is, the
pressure forces parallel ta the flap reference line are
directed forward. The magnitude of thwe forces are
relatively high and considerably greater than those of
some Fowler flaps of B1. A. C. A. 23012 section that
were recently tested (reference 6). The chord forces
shouki be taken into account in design when consider-
ation is being given to..the resultant air loads acting on
the slotted flap, As mentionod previously, the magni-
tudes of these forcee would be somewhat decreased by
the skin-friction forces that have not been irduded.

The pitching-moment coefbients of the sIotted flap
alone about its quarter-chord point -were slightly
higher than the pitching-moment coefficients of the
external-airfoil flap (reference 5) for flap deflections
up to about 30° (figs. 27 to 30). The pitching-moment
center for both flaps was at about the same location.
For a flap deflection of 40° (fig. 31), the pitching-
moment coefficients for the slotted flap were much
smaller than they were for the external-airfoil flap.
l?or higher flap deflections, the pitching-moment co-
efficients increased quite rapidly (figs. 32 and 33). The
hinge moments for the plain flap were high and in-
creased rapidly with an increase in flap deflection (figs.
34 to 42).

CONCLUSIONS

1. These. pressuredistribution tests show thut, as
with other types of flap, the greater part of the incre-
ment of total maximum lift due to deflecting the
slotted flap downward arises from the increased load
carried by the main airfoiI.

2, The maximum normal-force coefficient-for the
slotted flap investigated had a higher value than that
uttained by other types of flap, and the magnitudes of
the pressure chord-force codicient were relatively
large.

3. The pitching-moment coefficients for the slotted
flap alone were slightly higher than the pitching-moment
coefficients for an external-airfoil flap alone (moment
centers had approximately the same location) for flap
deflections up to 30°.

4. The pressure clia=grams showed that, when the
plain airfoil and nirfoil-flap combinations wem com-
pared at the game total narmaZ-force coej%ient, the flap
reduced the adverse pressure gradients and the tendency
of the main airfoil to stall. The slotted flap was more
effective in this respect than the plain flap or an ax-
ternakirfoil flap.

5, The pressure diagrams showed that, when the
plain airfoil and the airfoil-flap combinations were com-
pared at the same ang?e of attack, the flap influenced the
flow of air around the main airfoil so that the airfoil
carried a much greater load without stalling than was
possible without the flap, The sdotted flap was more

effective in this respect than tho plain fltip or an
external-airfoil ffap.
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