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WIND-TUNNEL IKVESTIGATION OF AW M.A.C.A, 23021 AIRFOIL
WITE TWO ARRAFGEMENTS OF A 40-PERCENT-CEORD SLOTTED FLAP

By Frank Duscliik
SUMMARY

An investigation was made in the N(A.C.he 7~ by 10w
foot wind tunnel of an H.A.C.A. 23021 airfoill with two
arrangenents of a 40-percent-~chord slotted flap. The ef-
fect of slot shape, filiap position, and flap deflection on
the section asrodynanic characteristics was deternined,’
The envelopse polars and the section aerodynamic chHaracter-
igtics are given and are compared with those of an N.A.C.A.
23021 airfoil with a D3b.66-percent-chord slotted flap and
of an HeAWCJAs 23012 airfoil with a 40-percent-chord slot-
ted flap.  Plotted contours of Flap-nose positions for )
naxinon 1if$ and nininum drag were used for selecting op=-
tinun flap paths.

Both the naxinun 1ift coefficients and the mininun
drag cocifficients were higher for the N.4.C.A. 23021 air-
foil with the 40-percent-~chord flap than for the N.A.C.A.
23021 airfoil with the 25,6€&=percent-~chord flap, but the
vrercentage irncrease in drag was greater than the percentage
inecreasc in 1ift. A conmparison of the amaerocdynamic charac-
teristics of the H.A.C.A., 23021 airfoil with a 40-percenie=
chord -flap and of the H.A.C.A. 22012 airfoil with a 40=
percent-cuord f£flap showed that the thick scction reached
approxinately the same asaximun 1ift as the thin section dut,
as anticinated, had o considerably higher drag coefficilent,

IFTRODUCTION

&>

The Mational Advisory Comnittee for Aeronautics is con-
ducting an extensive investigation %o determine the rela-
tive nmerits of various types 2% lift-increasing devices.,
For tse in take~off, a high~1lif$% device capable of producw
ing .high 1lift with low drag is desirable, For use in land-
ings, however, high 1ift with variable drag is believed
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desirable, The slottaed flaps being lnvestigated by the
¥.A.C.A, are apparently capable of fulfilling these con~
flicting requirenentss

The purpose of the present tests was to determine
the acrodynamic charactoeristics of the ¥.A.C.A., 23021 alr-
foil with a 40-percent-chord slotted f£lap. The scction
aerodynanic characteristics of the present airfoll-flap
conbination ore conparod with those of an W.A.C.A. 23021
airfoil with a 25.66~percent-chord slotted flap and of an
H,A.Cehe 23012 airfoil with a2 40~percent-chord slotted
:E‘la,p. :

HODELS

Plaia Airfoll

An N.A.C.A. 23021 airfoil with a 3-foot chord and a
.7-foot span was the baslc nodel used in these tests. The
ordirates for the W.A.C.A. 23021 airfoill section arc glv-
en in table I. The nosc and the trailing cdge of the
model were built of solid laninated makogany and the por-
tion of the airfoil between the nose and the trailing edge
was covered with hard conposition beard. The trailing-
edgo part of this nodel is caslly removable so that the
rnnodel.can be altercd for toeste of the difforent flap ar-—
rangencnts.

Slottcd-Flap Arrangoncnis

The flap and the picces that form tho slot shapes
were built of solid laminated nahogany. The forward walls
of the slot shapes were bolted to the maln olirfeil in
place of the solid trailing cdge. The flap was attached
to the airfolil by special fittings that pornitted the ro-
quired variations in flap doflection and Fflap position
relative to the slot lip.

Flap.- Flap 1 (fig: 3 and tableo I) is similar to
flap 1 of referénce 1. A noderate flap-nose radius was
used in order to rogtrict the size of the break in the
lower surface of the airfoll witlh the flap rotractod.

Slot _shapss.~ Slot. shapes a =a2nd b (fig, 1) were
tosted with flap 1. Slot shape 'bd 1s sinilar to.slot
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shape h of refarence 1, which gave the lowest drag at
high anxd intermediote 1ift cocefficlents. Slot shapb a
was desizned %0 reoduce the break in the lower surface of
the alrfoll and theredby to nininize its effcect on the ‘Arag
of the airfoil with the flap retracted. -

The noéels were nade to a tolerance of £0,015 inch,.
TESTS

The nodels werc nounted vertically in the closed
test section of the H.A.C.A. 7- by 1l0-foot wind tunnel
(references 2 and 3) so that they conpletely spanned the
jet except for small elearances at ecach end, The nain
airfoil was rigidly attached to the Dbalance frane by
torque tubes, which extended through the upper and the
lower boundaries of $he tunnel., The angle of attack of
the nodel was set from outside the tunnel by rotating the
torgue tubes with a calibrated drive, Approximately two-
dimensional flow is obtained with this type of installa=—
tion and the section charactarlstlcs of the nodel under
.test can be determined. : S ’

All tests were nade at a dynanic pressure of 16.37
pounds per square foot, corresponding to a velocity of
epproxinately 80 miles per hour undeér standard atnosvheric
conditions and %0 an average test Heynolds Humber of ap-
proximately 2,190,000, Because of tho turbulence in the
tunnel, the effecctive Reynolds Number, R,, (reference 4)
was about 3,500,000, For all tests, Reo is bascd on the .
chord of the airfoil with the flap retracted and on a tur-
bulence factor of 1.6 for the tunnel,

Plain airfecil.—- The 1ift, the drag, a2nd the pitching
nomont of the basic airfoil were obtained throughout the
angle-of-attack range from -6° to thé stall. Tests wore
first made with the slot-opeaning brecks completely faired.
.The effect of the break.in the upper surface of the air-
foil and also the combined effocts of the breaks in the
upper and the lower surfaces .were determined by testing
the airfoil with these breaks successively uncovered.
Tests were also made to determine the effect of the flap
hinges with the flap ncutral.

Slotted flaps.- Slotted~flap arrangenents l-—a and 1-b
were tested to deternine the optinunm positions Tor maxinun
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1ift at flap defloctions from 10° to 50° in 10° incroments,
The pogitiomns for low droag at selected 1ift coefficients
were invostisated -for only the 10° and the 20° flap dseflec-
tiong. Data were obtained:r throughout the angles-of-attack
range from =69 to the stall. :

. No scale-effoct tests wore made because the roesults

of earlicer tests of the N.A,C0.A. 23021 airfoll with a
25.66«percent~chord slotted flap are considered appliceble
to the resulte of the present investigation (reference l)ﬂ

RESULTS AND DISCUSSION
Coeffiéients
All test results arc given in standerd gectlon non-
dinensional coefficlent form corrccted as ecxplained in
roferonce 3.
¢,y section 1lift coefficient (1/gqe).
Cd gyt section proflle-drag coefficient (do/qc).

section pitching-noment coefficient about
aerodynanric center of plain airfoll

(m(a.c.)o/qcz)o

.Cm(ELQC.)o’

whoere I is soection 1lift,

dg

-

sectlion profile drage.
N(aece)o? sectign_pitching nnonent.

¢y dynamic pressure (1/2 pV®).

cy, clhiord of basic airfoll with flap fully retractod.
and 0oy Ls angle-of attack for infinite aspect raotio.

Sre flap deflection,

Procislon

The accuracy of the various measurcnents in the tcsts
is believed to be within the following linits:
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Qp = = = = = = = +G.1° ca - ~ = £0.,00086
o
(01 = 1.0)
c - = = = = = *+0,03 c o - - - 40,002
‘nax do(c-L = 2.5)
c - = %0,003 Bpm = = = = = = = = 20,20
n(&-c-)o £
e - = - = = #0.0003 Flap position -~ = =~ *0.00lc

Onin ' : T Rt

Tue data for the flap~neutral coaxcditions kave boon
corrceted for the cffoct of the flap-hinge fittings, but
no corrcctions have beer nade for tho effect of the flagp-
hinge fittings with thoe flap dcflccted becausc the effect
was believed to be snail. It is thought that the relative
nerits of the two flap arrangcments are not appreciably
affectecd because the same hinge fittings werc uscd for
both arrangercnts.

Ploiz Airfoil

Aorodyugnic characteristics.- The complete scction
anerodynanic characteristics cf” the F.A. C.A. 23021 Dlain
&irfoil are given in . figure 2. Since these data are dis-
cussed in reference 1, no further discussion is presonted
hO""Q. N - - ‘

nffect on profile draz of brosks in surface of gire
foil ot slot openings.- The effect of breaks in both the
upper and the lower surface variesd with 1ift coefficient
(figs 3). The value of the increment of profile-drag co=
efficient, Acdo,; duc to the upper-sirface break was

0.0005 at” Cy = G ‘and decroased limearly with 1ift coef-
flcient to D 0002 a2t ¢y = 1.2+ Theb slot-opening brcak in
the lowcr-surface of tho airfoil praduce& nearly tw1co the
increment of- profile-dras cocfficient w1th ulot shape b

as it 4id with slot shape a. For slot shape a, tho val=-
ue of the drag—coefficicnt incronent was O. 0014 at ¢y =0

and reached a'maxinun of about 0.0020 at ql = 0.85. JFor

slot shape. b, -the valuwe of the drag-coofficient inero-
nent wns.O 0025 2% cq.= 0 and reachtd .a naxinun- of nearly

0.0046 at. cf .= 0.80.
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Much of the increase in nrofile drag causcd by the
breaks in the lower surface of the airfoil could probabdbly
be eliminated by using a door to scal these breaks when
the flap is retracted,.

Slotted-~Flap Arrangcnoents

Determination of opiinun arrsngonents for naxinun
lifte— The data in this scction arc.prescnitcd as contours
of pogition of the flap~noss point relative to the slotb
lip for a given 11ft coefficient. The nose point of the
flap is defincd as the point at which a line drawn por~
pendicular to the chord llne is tangent to tho leadlngw-
edge arc of the flap when neutral, as shown in figure 1.
Those dato wore obtalined by deternining the 1ift and theo
drag coefficleonts of the alrfoil for a large nunbor of
positions of the flap-nose point at varlous flap dofloc—
tions with cach slot arrangenent.

Maxinun-1ift contours for slotted flaps l-a and 1l-b
deflected from 10° to 50° in 10° incroneats arce prosontod
in figures 4 and 5, reepeetively. The highest wvaluc of
1ift coefficient for slotted flap l-a, 2.79, was obtained
with the nosc point of the flap located ocither 2.5 porcont
¢ below and 0.5 percent ¢ behind the slot lip or 2.5 per-
cent ¢ Doelow and 1.5 percent ¢ ahcad of the slot 1ip and
at a flap deflcetion of 500, The highest value of 1lift
coefficient for slotted flap l-b, 2.87, was obtalined with
the nose polnt of the flap located either 2.5 percent ¢
below and 0.5 percoant ¢ behind the slot 1lip of 4,5 per-
cent ¢ below and 1.5 percent c ahaad of the slot lip and
at a flap deflection of 50°,

Thoe liftecoefficient contours for the 10° and the 20°
flap deflcctions are given only to provido naxinun=-lift
data and are of sccondary iaportance in conncctlon with
the choice of tho optinum flap posltionss. The opitinunm
positions of the flap-nosc point for tacsc small deflece-
tions will probably Dbe chosen from considerations of low
drag os well as of ncechanical practicability.

During operation with a large flap gap, the alr flow
tended ta Decone unsteady; that is, the airfoil tonded to
roach two different valuos of naxinun 1ift coocfficient
for a certain position of-the flap=nosc pointe. This of-
fect is montioned in refercance 5 and is attributed to the
critical air-flow conditions usually associated with large
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gaps Dbetween the flap and tle slot 1lips The unsteadincss
can probably be avoided by naintaining the size of the gap
equal to, or less than, the optimun.

The contours prescnted iIn this report facilitate the
selection of flap paths that sre best from acrodynanic
considorations. If it is inpracticable to use the besi
aerodnanic path becausc of structural dlsadvantages, tho
cffects produced by a deviation fron this path can readily
be cvaluated. Oonplete section aerocdynanic characteris-—
tics for the selected optinum -combinations of flap path and
flap deflcection are given in a later scction of this paper.

Detormination of optinum arranrcenents for profile
fdrage= The optinurn positionsg of the flap~nose point for
the low-drag condition werc determnined. The sole criterion
for the choice of these positions was the drag coefficient
Tor a given 1ift cocefficient. The drag data for slotted
flaps 1l-a and 1l=b are therefore precsentod in figures 6 and 7
as contours of tho position of thoe flap-nose point for con-
stant drapg coefficicents, at certain sclected 1ift coeffi-
cients, ¢y = 1.5 and 2.0, for the 10° and the 20° flap

deflections., By neans of these contours, the optinun path
for the flap-nose point from o consideration of the lift-
drag ratio can be chosern. If sitiructursl considerations
nake inpracticable the use of the optinun path, the in-
crease in drag coefficient caused by a deviation from this
rath can be easily dotecrninecd.

Scction aerodynanic characteristics of selected op-
timun arrargencnts.— The conpletc sechtion aerodynamic char-

acteristics of selected optinun arrangements are given in
figures 8 and 9. As previously montioned, the positions of
the flap-~nose point for flap deflections less than 300 were
chosen from considerations of lowest drag coefficients at
specified 1i1ft coefficients, ¢y = le5 and:- 2.0+ The ar-

rangenents for flap deflections .of 300, 400, and 50° were
chosen from a consideration of maxiaun 1ift coefficient.
Data are also given for locations of the flap-nose point
that arc not on the best aerodynanic path because the -reo-
production of this path by nechanical ncans nay not be
feasible., The conpronise paths shown in figures 8 and 9
will herelnafter be called the optinun paths., Both struc-
tural and aerodyananic featurcs were glven consideration in
the selection of these paths. The positiong of the flap-
nose point for the various flap deflections are tabulated
in figures 8 and 9 and the paths are plotted on the diagranse
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Section-characterigtic data for positions other than those
shown are avallablo upon request.

The cgq, curve for slotiod flap 1-b at the 30° de-

flection was quito erratic. This same condition was en-
countered in the tests reported in refercnce 5 and was
attributed to the critical air flow that is usually pres-
ent at this deflection when thc gap between the flap and
the slot lip is wide.

Comparigon of selected optimunm arrangements.- Tho
envolape polars for fleps 1-a and 1-b given in figure 10
werc obitnined from the section-characterigtic curves in
figures 8 and 9. A comparison of the polars shows that
the drag cocfficients for slotted flap l-b are lower than
those for slotted flap l-~a at corresponding values of sec-
tion 1ift coefficient for ¢y > 0.94, Slotted flap 1-d

appears to be more desirable then slotted flap l-a for
take—off at lift coefficients above 0.94, At valuces of
1ift coefficicnt lesg than 1.1, the profile~drag cooeffi-
cients for the plain wing are lower than thosge for elithor
of the two flap arrangements. If a door were used to
close the lowor slot-oponing break, it is believed that

the sname as those for the plain alrfoll at values of
C‘L é C.24.,

The comparative merits of glotted flaps 1l-a and 1-b
from considorations of maeximum 1ift cocfficicnt are shown
in figure 11, where the increments of maxinmun 1lift coef-
flicients, Aclmax' are plotted against flap deflection

when the flap -is moved along the optimum path. For all
deflections, slotted flap 1l-b produced a .grcater lncre-
nent of mazimum 1lift than 4id slotted flap l-a, and it¥
nay &lge be noted that the maximum increment of maximun
1ift coefficient 1s attained at a lower flap deflection
with flap 1-b than with flap l-—a. '

The diving-moment (negative pitching-monment) coeffi-
cicnts of slotted-flap arrangenent l-b are substantlally
groater than those of slotted flap l-a for corrcspondilng
1ift coefficients. (Sec figs. 8 and 9.)

Comparison of slotted flaps of differcent chords.-
In figure 12, the cnvelope polar of the 0,40c slotted flap
1-b ig conpared with those of the 0.2566c slotted flap 2~D
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.on the N.A.C.A. 23C21 airfoil and of the 0.40c slotted
flap 1-b on the ¥.A.C.Ae 23012 airfoil. Tho 0.2566¢c
slottod flap 2-b oa the HsA.C.A. 23021 airfoil was used
in the coaparison inastcad of slotted flap 1-b because
slottcd flap 2-b secned %o be theo bost of those reported
ir reforonce 1. At corresponding values of the lift co~
efficient, the W.A.C.A. 23021 airfoil with the 0.40c flap
has & slightly grectcr drag than the same airfoil with a
0.2566c flap; however, the value of 1 .x for the air—"

foil with the 0.40c flap 1s also slightly greater than
that for the airfoil with the 0.2566c flap. The profileo-
drag cocfficient of the F.i.C.A. 23012 airfoll with the
0.40c flap is lower than that of either of tho oether two
conbinations for any given 1lift coefficient.

At conparable 1ift coefficicrts, the pitching-moment
coefficients for tho N.A.C.4. 23021 airfoil with the G.40c
glotted flap were about the samce as those eof the airfoil
with the 0.2566c flape. -

A comparison of the iancreneats of Cl for the
nax

0.2566c¢c and the O.10c slotted flaps on the H.A.C.A. 23021
airfoll is shown in figure 13. The fairing of the broken-
line section of this curve was somewhat arbitrary, but the
goneral coantour of the curve was made to conform with that
of the curve showing the variation of Aclmax with flap

chord ia figure 13 of refzarence 5, It sheuld be noted
that the gain in Aclnax obtained by increasing the flap

chord fron 25.66 percent to 40 percont is considerably
less than the gain obtained by 1ncr0931ng it from 10 per-=
cent to 254 66 percente. _ _ : SRR

CO5CLUDING REMARKS

The maxinun 1ift coefficiert for the N.A.C.A. 23021
airfoil with the 40-jpercent-chord flap was soncwhat higher
than that for the airfoil with the 25.66-percont-chord
slotted flap but the profile-drag coefficicnt at comparable
1ift coefficients was also higher., TFor any given angle of
attock and flap deflection, the 1ift coefficieat of the
F.AeColde 23021 airfoil with the 40-perccant-chord slotted
flap was higher than that of the N.A.Ced. 23021 airfoil
with thoe 25.88-percent-chord slotted flap. =~~~ ~=- '
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Phe naxinun 1ift cocfficicnt attained by the N.A.Cade
23012 airfoll and slottecd flap was slightly higher than .
that obtained with the N.AJC.A. 23021 airfoll and slotted
flay and, as expected, the profile-drog coefficient at any
glven 1ift cocefficient was lowest for the W.A.C.A. 23012 ‘
airfoll with the 40-perccnt-chord slotted flap.

Langley Mcnorial Aerongutical Laboratory,
¥ational Advisory Commitiec for Aeronautics,
Langley Ficld, Va., August 23, 1939.
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TABLE I

PTechnicgl Note No.

Ordinates for Airfoil and Flap Shapes

(Stations and ordinates in percent of wing chord)

¥eA.Cole 23021 Airfoil

728 11
Flap 1
R Upper Lower
Statlon surface |surface
0 -2-70 "2.?0
.63 O hand
1025 1.00 -
2.5 2.48 -
5 4.51 —6314
7-5 5.85 —6.09
10 6.59 ~5,72
11 6.70 -
30 2.76 -2.30
35 1.53 -1.30
40 022 - 122
Oenter of L.E. arc
Z.78 -2.15
L.E. radius: 3.80

Upper Lower
Statlon surface | surface
o - 0
1.25 4,87 -2.08
2B 6.14 -3.14
5 7.93 -4,52
7.5 9.13 ~5.56b
10 10.03 -6.32
15 11.19 ~7+51
20 11.80 -g§.30
25 12,05 -8.76
30 12.06 ~B8.85
40 11.49 -8.83
50 10,40 -8.14
60 - 8.90 -7.07
70 7.09 -5.72
80 5.05 ~4,13
20 2.76 -2+ 30
95 1053 -1.50
100 « 22 -~ .22
L.BE. radius: 4.85. Slope

of radius through end

of chord:

0.308.
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Figure 1.- Sections of N.A.C.A. 33031 airfoil with arrangements of 0.40c slotted flap 1.
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