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WIND-TUNNEL INVESTIGATION OF AN. N.A.C.A. 23030
AIRFOIL WITH VARIOUS ARRANGEMENTS OF SLOTTED FLAPS

By I. G. Recant
SUMMARY

An investigation was made in the N.A.C.A. 7— by 10~
foot wind tunnel of & large-chord N.A.C.,A, 23030 airfoil

with a 40- and a 25.66-psrcent-chord slotted flap to de-

termine the section aerodynamic characteristics of the
airfoll as affected by flap chord, slot shape, flap posi-
tion, and flap deflection. The flap positlions for maxi-
mum 1ift, the positions for minimum drag at moderate and
high 1ift coefficients, and the complete section aerody-
namic characteristics of sslected optimum arrangeménts
are given. Bnvelope polars of varlous flap arrangemeits
are included. The relative merits of slotted flaps of
different chords on the N.A.C.A, 23030 girfoil are dis-

cussed, and a comparison is made of each flap size with a

corresponding flap size on the N.4.C.A. 23021 and 23012
alrfolls.

The lowest profile drags at moderate 1ift coeffil--
cients were obtained with an easy entrance to the slot.
The 25.66-percent~chord slotted flap gave somewhat lower
drag than the 40-percent~chord flap for 1ift coefficients
less than 1.8, but the 40-psrcent-chord flap gave congid-
erably lower drag for 1lift coefficiente from 1.8 to 2.5
and a larger value of the maxinum 1ift coefficient. The
drag coefficients at moderate and high 1ift coefficients
were greater with both sizes of flap on the N.A,.C.,A. 33030
airfoll than on either the N.A.C.A. 23021 or the ¥Y.A.C.4.
23012 airfoil, The maexinum 1ift coefficient for the de-
flections tested with elther flap was practically inde-
pendent of alrfoil thickness.

INTRODUCTION

The National Advisory Committes for Aeronautics has
been conducting an extensive investigation of wing-flap
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combinations for the purpose of improving safety and per-
formance. For take-off and 1nitial climd, a wing-flap
combination capable of producing moderately high 1lift
with low drag is desirable. On the other hand, landing
requirements probably make a device with high 1ift oangd
variable drag deslrable. Furthermore, such a devico
should give a small incrsase In drag when tho flap is ra-
tracted and should give low oporating forces and & nini-
mnum chaenge in pltching moment with change in flap deflec-
tion,

Of the varlous types of flap investigatod by the
N.A.C.A., the slotted flaps are apparently most nearly
capable of meeting these specificetions; medium-chord and
large-chord slotted flaps for the N.A.C.A. 23012 and 23021
airfolils have beon developed (references 1 to 4). The.
present report gives -the resulits of tests of thke N.A.C.A,
23030 airfoil with slotted flaps of 40-percent and 25.6K-
‘percent chord. With the completion of the present tests,
data are therefore available for the aecrodynanic design
“of slotted flaps on airfoils of any probable thickness.

MODELS

Plain Airfoll

The basic alrfoll, which was built of lanineted pine
to the N.A.C.A., 33030 profile, has a 3-foot chord and a
7=foot span. The traliling-edge section was nade emslly
remeviable so that it can be readlly replacod by different
flap arrangenents. The ordinates for this alrfoil are
glven in table 1I. .

Slotted-~Flap Arrangzenents

- The slot shapes and flaps were duilt of laminated
pine. The slot shapes were bolted to the.main alrfoil in
place of the plaln trailing edge, and the Tlaps were
mounted on the airfoll by means of special fittings that
permitted wide varlation in location with respect to the
slot lips. The basic alrfoil, the flaps, end the slot
shapes were fair and were madé to a tolerance of x0.015
inch.

Flaps.~ Two flaps waere tested, one with a chord 40
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“.:percent of the wing chord and the other with a chord -25.66

percent of the wing chord. These flaps are no}{ geometri-
cally similar, but both wore designed with a small nose
radius to keep the width of the breaks in the lower surface

"of the airfoll narrow with the flaps retracted. . Tho up~-

per surface. of the forward portion of sach flap is- a2n arec

of & circle tangent to the lower surface of the slot lip.

(See figs. 1 and 2.) Both flaps are designated 1 boecause
they are comparable with flaps 1 used with the N.,A.C.A.
23012 and 23021 airfoils (references 1 to 4). For conven-
ience, the 40~percent-chord flap will hereinafter be re-—~
ferred to as the "wide-chord" flap and the 25.66~percent-

‘¢hord flap will be referred to as the "medium- dhord“ flap.

Slot shapes.~ Two types of slot shape were used w1tn
each size of flap. These types are designated a and b,
(See figs. 1 and 2.) Shapss & -and b for the wide-chord .
flap are not geometrically similer to shapes a and b
for. the medium-chord flap. - Shapes a for. both flap sizes,
however, were designed to give a minimum bdPreak in tho -lower
surface of the £irfoill with the flaps retracted and shapes
b are comparabls with shape h of reference 1, which
gave the. lowest drag for high and intermediacte 1ift cosf-
ficients. . The slot lips for each flap size aré LongéTr than
the sl'¢t lips for corresponding flap sizes-on the N.A.C.A,

23012 and the N. A C.A, 23021 airfoils. (See references 1

to 4. ) ' : S - e
' pESTS

The model was mounted vertically in the closed test
gection of the N.A.C.A. 7= by 1lO~foot wind tunnel (refer-
gnces 1 and 5) so that it completely spanned the .jJet ex~
cept for small clearances at sach end. The main airfoil
was rigidly attached to the balance frame by torque tubes,
which extended through the upper and the lower boundaries
of the tunnel. The angle of attack of the modol was set
from outside the tunnel by rotating the torque tubes with
a calibrated drive. Approximately two~dimensional flow
is obtained with this type of installation and the sec-
tion characteristices of the model under test can be deter—
mined.

All tésﬁs, except those to determine the effect of
scale, were made at a dynamic pressure of 16.37 pounds
per square foot, gorresponding to & velocity of approxi-



4 . N.A/,C.A. Technical MNoto Ko. 755

nately 80 miles per hour under standard atmospheric condi-
tlons and to an average test Reynolds Number of about
2,190,000. Because of the turbulence in the wind tunnel,
the effective Reynolds Wumber, BRe, (reforence 6) was
approximately 3,500,000. TFor all tests, the value of Ry
is based on the chord.of the airfoil with the flap reo-
tracted and on & turbulence factor of 1.6 for the tunnel.

Plain Airfoil

The 1ift, the drag, and the pitching moment of the
basic airfoll were measured over the complete engls-~of-
attack range from -6° to the stall.

Slotted~-Flap Arrangementé

Tests were first made with each sige of flap and both
glot eshapes to determine the effect on the drag of the
breaks In the wing surface at the slot entrance and the-
slot 1lip when the flap was retracted. The effect of the
flap hinges with the flaps in the retracted position was
also investigated., Tests were then made with each flap
slze and each slot shape at various flap deflections and
positions to determine the optimum paths from conslidera-
tions of low drag at—-small flap deflections and high 1lift
at -large flap deflections. The wide~-chord and the mediun-
chord flaps were daeflection from 0° to 50° and from 0° %o
60°, respectively, in 10° increments. In all cases, 1lif%,
drag, ond pitchlng moment were measured through en engle~
of~attack range from =60 to the stall.,

. Scale~effect torts woere also made of the medIum-chord
flap in its optimum position for maximum 1ift when de—
flected 40°,
RESULTS AND DISCUSSION
Coefficients
All the teost results are given in standard sedtion
nondimensional coefficient furm corrected for tunnei-wall

effect and turbulence as oxplalned in reference 1.

cy section Lift coefficient (1/qc).
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cdo section profile-drag coefficieﬁg'.fdo/qc);

section pitching~momenﬁ coeffioiéﬁt about
" aerodynamic center of plain airfoil

(m(a.c.)olgca)'

cm(a.c.)o

where

| "1 section 1114,
d | séction'profilé.drég,. ' k
section piteching moment.
¢ dynamic pressure . (sz/é);.

c chord of bééic airfoil with flap fully re-
tracted, : o

and I
'angie of attack for infinite_aspeéf-ratié;
e flap deflection.

ce £lap chord.

Pfécision

The &accuracy.of the various measurements in the tests
is believed to be within the following llimits:

Clpax ~~-""" £0.03 . L
. _.-- +0 003 cd'O(c = - 5) ™ —— :EOQOOB
D(a.c.)q * 1 -
Bp =mmmmm——mmmmee +0,2°
cq. = e +0,0003
®°min - Flap position --- £0,001lc

A correction for the effect of the flap-hinge fli-
tings has been applied to the data for the flap-retracted
conditions. This correction amounted to about 5 percent
of the minimum dreg of the plain airfoil. Yo attemnpt was
made to determine the effect of the hlnges with the Tlaps
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deflected. The relative merlts of the verious flap ar-~
rangements, however, are believed to be inappreciably af-
fected Pbecause the sanme fittings woere:- used throughout tho
tests for a given flap size.

Plain Airfoil

Aerodynamic characteristics.- The conplete sectlion
aerodynanic characteristics of the plain N.A.C.A. 23030
airfoll are given in figure 3. As these dats have beosn
discussed in reference 7, no further comment is regquired.

Effect on profile drag of breaks in surface of air-
foll due to slot.~. The effect of the breaks in the alrfoll
gsurface on the drag coefficlent with the flap retraced is
shown in figure 4 for the wide-chord flap and in figure 5
for the medium~chord flap. The variation of incremont of
profile~drag coefficient (Acdo) was irregular in almost

all cases. With only the slot lip of the wide-chord-flap
arrangement unsealed, Aqdo was negligible below a 1ift

coefficlent of 0.6 and rose to a value of 0.0018 at cy =
0.8. 1In the case of the medlum-chord flap,. the Acg, .due
to this break was too small to measure.

When the breaks in the upper and the lower surfaces
caused by wide~chord flap l-a were unsenled, Acdo varied

from 0.0006 to 0.0035, while the breaks caused by nmediun-
chord flap l-a gave values of Acdo varying from about

0.0004 at ey = 0 %o O at cy = 0.8. The Acg  for the

wide-chord flap l-b unsealed was about 5 times that for
wide-chord flap-l-a, and the Acg g with the medium-chord

flap 1~b unsealed was about 10 times thnt of the corre-
sponding l-a arrangement. Much of the drag increment due
to the breaks in the wing lower surfacoc with elther slot
shape with the flap retracted can probadbly be eliminated
by the use of an esuxiliary flap or a door to seal the
breaks.

Slotted~Flap Arrangements

- Determination - of optimum arrangements for naxinmum

"lift.- The data 1in this-section are presented as contours
(figs. 6 to 9) of flap-nose position relative tv the slot
lip- for -constant values. of 1lift coefficient. -These con-

T ™

K —r—
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tours were prepared from the results of tests at numerous
positions for sach flap deflection. The nose of the flap
is defined as the point of tangency o0f the leading-edge
arc and a line perpendicular to the wing chord line when
the flap is in the neutral position. (See figs. 1 and 2.)

From these contours, it should be possible to select
the best flap path from considerations of maximum 1ift
coefficient for each flap deflection. If, for structural
reasons, it is impossible to use ths best aerodynamic
path, the contours permit the evaluation of the effect of
any deviation. Complete sectlion asrcdynamic character-
istics of selected optimum arrangements for esach flap de-
flectlion are given in a later section.

Contours of maximum lift coeffiecient for the wide-
chord flaps l-a and 1-b are given in figures 6 and 7; fig-
ures 8 and 9 give the contours for the medium-chord flaps
l-a eand l-b., A number of these contours, including some
for high flap defleetions, ares unclosed because a large
enough area was not covered by the tests. It is believed,
however, that the range tested will includs any paﬁh
chosen for mechanical practicability. In any case, the
contours would close back of the lip.

The wide~chord flap was deflected from 10° to 50° and
the medium-chord flap was deflected from 10C to 60°. These
ranges, although too narrow to establish definitely the

‘ultimate maximum 1ift coefficient of each flap, are the

same as those investigated for the slotted flaps on the
N.A.C.A, 23012 and the N.A.C.A. 23021 airfoils., Ths maxi-
mum lift coefficients obtained in the tests for the wide-
chord flaps l-a and 1-% are 2.82 and 2.90, respectively.
These 1ift coefficients were obtained with the flaps de-
flected 50° and located at a point 2.5 percent of the wing
chord ahesad of and 6 percent below the slot lip., Medium-
chord flap l-a gives & naximum 1ift coefficient of 2.59
when deflected 60° and located 2.5 perceéent of the wing
chord ahead of and 4 percent below the slot l1ip. The nax-
imum 1ift coefficient given by medium-chord flap l-b 1is
2.68 when deflected 60° and located 0.5 percent of the wing
chord behind and 4 percent below the slot 1lip.

The contours of maximum lift cosfficlents at flap de-
flections of 109 and 200 for all flap arrangements are in-
cluded to meke the data more complete, because the optimunm
flap positions for these deflections will probably be
chosen from considerations of low drag and practicabllity
of mechanical operation.
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Determination of optimum arrangements for profile
drag.- The optimum positions from considerations of low
drag at moderate 1lift coefficients likely to be used for
teke—~off were chosen from contours of flap-nose positlon
for constant drag at cqy = 1.0 and 1.5 for the 10° and

the 200 flap deflections. Figures 10 and 11 show the
contours for the wide-chord flaps l-a and l-b, and figures
12 and 13 give the contours for the medium-chord flaps _
l-a and l-b. Most of these contours do not close, dbut it
is believed that sufficient positions have been Invosti-
gated to cover. any probable flap path.

Insufficient data wore available to give comtours at
cy = 2.0, but the position for minimum Cdo at ¢y = 1.5

and 'Bf = 20° 1s also the position at-which cq, 1is
minimﬁm at cl = 2.0 and 6£ =& 20° . for both the wide-

and the medium-chord flaps 1-b. The minimum prefile drag

at c, = 2.0 s higher when bf = 30° than when &p = 20°

for both flap.sizes.

The best flap positions, asrcdynamically, for the 10°
and the 200 flap deflections are indicated dy figures 10
to 13. The figures also permit the evaluation of the det-
rimental effect due to deviation from these positions.

Section aserodynamic characteristics of selected optl-
mum arrangements.— The optimum positions for easch flap
"arrangement were selected from considerations of low drag
at the 100 and the 200 flap deflections and of maximum
1ift coefficient at the highor flap deflections. The com-
plete aerodynamic characteristics of these optimum poal-~
tions are given in figuresl4d to 17. These figures also
include data for positions that arc not on the best aero-~
dynenic path In order to meke possible the ‘estimation of
the characteristics-of a path, the reproduction of which
would be struectiurally simpler. The table in each figure
gives the flap position for each flap deflection. The
path for each flap arrangement plotted in tho sketch on
the figures 1s a structurally feasible one that closely
follows the aercdynamic optimum. These compromise paths
are hercinafter referred to as the "sclected" opitimun
- paths. The characteristics given are typlcal and data for
positions other than those shown are available upon roquest.

Comparison of selected optimum arrangements.- Envelope
polars, obtained from figures 14 to 17, for both flap
sizes, each with slot shapes a and b, arec shown in flg-
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ures 18 and 19, A comparison of these polars indicates )
that, except at .low values of the 1ift coefficient, slot=
ted flap l-b is better from considerations of drag than
l-a for both flap sizes.  On this basis, the wide-chord
flap 1-b is more suitable for take=off than l-a for 1lift
coefficients above 0.7, and the medium-chord flap 1l-b is
better than l-a at 1ift coefficients greater than 0.4.

It should be noted that, below a 1i1ft coefficient of about
0.5, the plain wing has less drag than any of the arrange-
ments with the flap deflected. A door t0 seal the breaks
in the lower surface of the wing would therefore make all
the arrangements approximately equivalent to the plain wing
at the lower values of c¢3.

Slotted flap. 1-b 1is superior to l=a for either the
wide~- or the mediunm~chord flaps when they are conpared on
.a. basis of increment of maximum 1lift coefficient for a
given flap deflection, the flaps in a2ll casss being moved
along the selected optimum paths. (See figs. 30 and 21.)

. The diving monent at the same 1lift coefficient is
greater for slotted flaps 1-b than for slotted flaps l-a,
the difference being more pronounced for the wide~chord
flap than for the msdium-chord flap (figs. 14 to 1l7).

Comparison of slotted flaps of different chord.-. A
comparison of the wide~chord flap 1l-b and the nedliumr-chord
flap 1-b 1is nade in figure 22. The medlum-chord flap
gives a lower drag than the wide-chord flap at 1lift coef-
ficients lower than 1.8 aand would therefore be more desir-
able for teke-off in thls range. The wide-chord flap,
however, would be more suiteble for take-off for a renge
of lift coefficients from 1.8 to about 2.5, This flap
also gives a higher value of nmaxinum 1ift coefficlent for
" the range of flap deflections tested. The pitching-moment
coefficient given by the wide-chord flap is greater, howe-
ever, than that given by the medium-chord flap at the same
1ift coefficient,

 The variation of increment of maximum 1lift coeffi-
.cisnt with flap chord for a flap deflectlion of 50° is
shown in figure 23. The fairing of this curve 1s, of
course, arbitrary, but the indicatlons are that a greater
gain in increment of maximum 1lift may ve expectsd by in-
"creasing the flap chord from 10 percent to-25,686 percent
than from 25.66 percent .to 40 percent. This result would
"be 1in agreement with.the results for the slotted flaps of
different chord on the N:A.C.A. 23012 airfoil (reférence
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2). . There apparently is no Justification for using the
~wide—-chord flap merely because it gives a somewhat higher

clmaﬁ’ since the hinge moment, being proportional to the

sguare of the flap chord, would be considerably larger wltl

this flap than with the medium-chord flap.

" Bffect of scale on increment of maximum 1ift coeffi-
cient.- The effect of scale on the increment of maxipun
1ift coefficient for the medium-chord flap 1-~b 1s shown
in figure 24. The increment of increases with

c
‘hax
increasing scale from Rg = 1 to about 1.5 million. At

higher Reynolds Numbers, no increase in Aclmax occurs.

The ‘curve indicates that the increment of maximun 1ift
coefficient may be considered independent of scale 1in ths
range of Reynolds Numbers from 1,500,000 to 3,500,000,

. Comparison of wide—- and medium~chord slotted flaps
on ailrfoils of different thickness.~ The rosults of the
present tests together with the results reported in ref-
erences 1. t0 4 make possible an evaluation of the effeoct
of airfoil thickness on.the characteristics of alrfoils
equipped with slotted flaps. Such an evaluatlion 1is made
in figure 26, which gives the envelope polars for the
.widoe-chord flap .1~b on the N.A.C.A, 23012 (reference 2),
N.A.C.A. 23021 (refercnce 4), and N,A.C.4. 23030 airfoils.
As nmay be expected, the drag at a glven 1ift coefflclent
increases as the thickness of the airfoll increases. It
ig of interest to note, however, that the maxipum lift
coefficlent at 8; = 50° and the drag at that 1ift coef-

ficient are about the same for the three airfolls.

A comparison of medium-chord flap 2-h on the N.A.C.A.
23012 (reference 1), flap 2~b on the N,A.C.A., 23021 (ref-
erence 3), and flap l-b on the N.A.C.A, 23030 airfoils is
made in figure 26., Here again the drag for a given 1lift
coefficient increases with wing thickness. Although the
maximum 1ift and the drag at this 11ft are about the same
for the l2-percent and the 2l-percent-thick airfolls, the
envelope polar for the 30-percent-thick airfoil lies in-
side the polars for the other alrfoils throughout the 1lift
range. ' ) » o -

The %clmai ?Or the plain airfoils substantially de-
creases as the airfoil thickness increases (reference 7),
and this result might be expected for airfoile with slot-
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ted flaps. Inspection of figure 27, however, shows that
the maximum 1lift coefficient of the slotted-flap airfoils
are not greatly affected by wing thickness. The clmax

of the airfolls with the' medium-~chord slotted flap decrasases
about 5 percent with an increase in thickness from 12 to

30 percent, as compared with a decrease of about 30 percont
for the plain airfoils over the same range of thickness.

In the case of airfoils with a wide-chord slotted flap, no
change in maximum 1lift coefficient occurs with increasing
wing thickness. If structural requirenents necessitate a
thick section, the use of slotted flaps will therefore
largely eliminate any loss in maxinum 1ift coefficient that
is associated with the thick section when used without
_flap$.. Similar results have been obtained with split flaps
(refsrence 7).

CONCLUDING REMARKS

An easy slot entrance was better than a sharp entrance.
with both the 25.66-percent-chord flap and the 40-percent=
chord flap, except for low drag with the flap retracted.

The wide—chord flap was better than the medium=—chord flap
from considerations of maximum 11ift coefficient and low drag
at 1lift coefficients of 1.8 to 2.5, although -the gain in
maximum lift coefficient was relatively small. Both flap
slzes gave progressivdly lower values of drag coefficient

at moderate and high 1ift coefficlents on the WN.A.C.A.

23021 and 23012 airfoils than on the N.A.C.A. 23030 airfoil.
The maximum 11ift coefficlent with either flap- was approxi—
mately independent of airfoil thickness.

Lengley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeromautics,
Langley Field, Va., Yebruary 28, 1940.
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Table I

Ordinates for XN.A.C.A. 23030 Airfoil
(Stations and ordinates in percent of wing chord)

Ordinate
Station Upper Lower

0 4.82 0
1.25 7.37 -2.63
2.5 8:90 -4.27
5 11.05 -6.54
7.5 12.57 -8.28
10 13.68 -9.65
15 15.20 -11.52
20 16,07 -1l2.61
25 16.46 ~13.20
30 16.57 -13.486
40 15.89 -13.13
50 14.38 -~12.11
60 12.34 ~10.47
70 9.86 ~-8.42
80 7.03 ~6.09
90 3.87 -3.40
95 2.15 -1.86

100 - «315 - .315

L.B. radius: 9.90.
radius through end of

chord:

0.305.

Slope of
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