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" NATTONAL ADVISCRY:COMMITTEE FCR AERONAUTICS

MEMORANDUM REPCRT

for the - .-
Bureau OL Aenonautlce, Navy Department T
. WIND-TUNNEL INVESTIGATION OF AN NACA 23012 ATRFOIL WITH ANV
18.05-PERCENT~-CHORD MAXWELL SLAT AND WITH
TRAILING»EDGE FLAPS

By Clarence L Glllls and John W McKee '

SUMMAFY

An investlgatlon has been- made in. the NACA- 7 by lO foot wind
tunnel of an NACA 23012 - airf011 with an 18.05-percent-¢hérd Maxwell
leading-edge slat. and with a slotted and a split flap. ThHe purpose
of the 1nvest1gat10n was to determane the optimum slot gap of the
Maxwell slat for, and the aerodynamlc section characteristics of,  the
airfoil with several 'deflections of.both types of flap. Curves of
1ift, drag, and pltchlng-moment characterlstics for selected optlmnm
arrangements are presented..j D e : R :

As the slot gap was 1ncreased up to the optlmum, the proflle
drag increased except in the range mear maximum lift coefficisnt and
the pitching moment became increasingly negative.. The optimum slot
gap of 0.0175c¢ appreciable increased the maximum lift coefficient and
angle of attack at the stall. The effectiveness of the slat, however,
dropped off with increasing flap deflection.

INTRODUCTION

To 1rcrease the efIlclency and safety of alrplanes, it is
"desirable to have means of increasing the maximum lift of a1rf01ls~
and of increasing and. regulating the angle at which :they stall.,
Leading-edge slots are one of -the.few devices.that have been found
capable of 1ncreasing both .the- maximum lift and the angle of attack
‘at the stall. ' o

The flxed leading-edge slot (reference 1) is an integral part
of the wing and has no moving parts. This slot is the simplest type
but has the disadvantage of increasing the drag in the normal flying
range. It may be advantageous, however, where ruggedness and simplicity



are essential. The Hendley Page leading-edge slot (references 2
and 3) and the Maxwell leading—edge alot. (roferences 4 and 5) have
more Tavorable characteristics in the slcw—speed high angle—of-attack
range vhen they ars oren, and in addition increase the drag, in the
normael flying renge only slightly when they are closed. The Maxwell
slat (fig. 1) may be the simpler in overationm, as it 1s opened by

rctating the slat about a fixed point.

This investigation was made to determine the optlmum slot gap of
the Maxwell slat for, and the asrodynamic oOCthH characterisgtics of,
an NACA 23012 airfolil with an 18, OS—pnrcent—chord haxvell glat and
with a slotted and a split Tlap.

MODELS

The airfoil, Maxwell slat, and slotted flap were made to the
profiles of table I and figure 2. The 3~foot chord by 7-foot upan
airfoil wag built of lamlnated mehogany. The full-gpan slotted flap,
type 2-h ip reference 6 which had a chord of 9.2% inches (95.66 “ezcent
of the airfoil chord) was elso constructed of laminated wood. It was -
mounted on the airfoil by three steel Tittings that allowed flap
deflections of 0° to 60°, The vath of the nose point as shown in
table II (the nose point of the flap is defined as the voint of .
tangency of a line drawn. pervendicular to the airfoil ¢hord and tangent
to the leading edge of the flap when neutral) was the optimum reported
in referonce 6. The full-span spiit flap of 7.2 inches chord (20 per—
cent of tho alrfoil chord) was made of 1/b—inch plywood, and was
fastened to the airfoil with screvws,. the flap angles being maintained ..
by triangular wooden blocks betweon the flap and airfoil. The forward
portion of the full--span Maxwell” slat was.built of lam*nated mahogany
and the rear portion of dural. It had a chord of 6.5 inches (1.8.05
percent of the airfoil chord) and was mounted on the alr«01l by four
stenl fittings with provision for clianging the slot gap.

TESTS

The tosts were made -in the NACA T-- by lO—foot vind tunnel
{references 6 and 7) at a dynamic pressure oi 15.37 pounds per squarc
foot corresponding to an airspeed of 80 miles per hour under standard
gsea~level conditions, The average test Reynolds number based on the
chord of the airfoil with the slat and flap retracted was 2,190,000;
due to turbulence in the air stream the effective Reynolds number ..
(for maximum 1ift cosfficients) was approximatsly 3,500,000, The model -
completely spanned the closed test séction-of'the wind. tunnel except



for small clearances at each end so that two-dimsnsional flow was
approximated (refercnce 6). Sufficient slot gaps of the Maxiell.

slat were tested with most flap deflectlons to determine the trend.

of the characteristics and the optimum slot gap for maximum 1ift.

Data for the alrfoll with the slot closed were taken from reference 6,
bocause with the slot closed the basic airfoil contour i3 established.
When the slotted flap was fully retracted, the flap slot gap was sealed
and faired to the basic airfoil contour as recommended in reference 6.

RESULTS AND DISCUSSION
Coefficientg
A1l test resvlts are given in standard nondimensional section

coefficlent form (corrected as explainéd in reference 6) as follows:

e section 1ift coefficiont (1/qc)

1
Cdq sectlion drag coefficiont (d,/qc)

°m(a;c;) gection pltching-moment coefficient about the aerodynamié
O center of the airfoil with flap and glat retracted

(m(a}c.)o/qcé> ' (Seé.refegencé 6)

where
1 section 11ft
d, section profile drag

Ba.c.), gection pitching moment

a . dynamic pressure”(%sz?)

c chord of airfbil.w;th‘slat and flap retracfed

and

cr | flap chord (projectedvvidthuon airfoil chord line)
Cg - slaﬁlchord (maximum widﬁh)

O ‘angle of attack for-infinite agpect ratio

o¢ flap deflection



88' deflectioh of after portion of slat

Ry “radius of rear edge of slot entry

cy gection maximum 1ift coeffidient ‘ ’
may.

mcl engle of attack for section maximum 1ift coefficient
max ‘

Precision

~ The accuracy of the various measurements is believed to lie
within the following limitsy

— e - - - — 0.1 - -
a, +0.10 ch(cz=l.O) . +0,0006
C;, e = - *0.03 Ca e e - +0.,002
lma_x ] . . dO ‘ i sV N
cy=2,
o (c5=2.5) e
cm(a G —m—mm—— +0,003  8p 000 4 e - 0.2
L] L] o . .
________ +0.0003 Flap position — — — - #0,00lc

Slot gap 10.00lc

_ No attempt was made to determine the e¢fect of flap or slat
fittings.

Effects of Slot Gap on the Plain Airfoil

In figure 3 are shown the effects of the 0.1805¢c Maxwell slat
with various slot gaps on the aerodynamic section characteristics of
the airfoil with no flap. The effects are similar to those produced
by a 0.30c Maxwell slat as reported in reference %4, The highest
CZ was obtained with slot gaps of 0.0175¢c and 0.02c. The cZmax

at these two 3lot gaps was 2.05, at an acl of 27.2° and 28,29,

respectively. A noticeable effect of the O. lQO ¢ Maxwell slat in
conparison with the C.30c slat was the wore gradual loss of 1ift at
anzles of attack neer the stall, This effect produced z rounded top

on the lift curve and caused acl © to occur about 3° higher for the
: max

0.1805¢c slet than for the 0.30c slat, even though +he clmax wvas lower;

The pitchxng moments became increas ingly negetive as the slot gsp was
increasel, indicating that the center of pressure moved rearward.



The profile drag generally incres .sed with 1ncreasing slot gap, this V
offect being most pronounced near zero 1iTt. -

"t?Effeeﬁ4ef‘Slet Gap with Various Configurations

The effect of slot gap on Cl . ..and- “cz T of t&e airfoil -

and slat with a sloti ed and a sn’it flap is shown in figure 4 for
various flap deflections. A slot gap of 0.0175c apreared to be optimum
for maximum lift coefficlont at mcst flap deflections, while a 1arger L
- gap gave the higuest values of acz *g Wlth a:0 Ol75c slot gap and

no flap deflection the Aci" pxoduced by- the Sth wgs O 50, with the7f

01 being increased about 1?0 With flap deflected for maximum ‘_ '

lift the average Acz “_ wae abnut O 07 with a correspondlng Aab ﬂ
o 1max

" of adbout 7° Under tha _same- conditions the O 30c- Muchll slat gave a j
ACypay OF 0. 95 and O, 30 : esoectlvely, with an increase -of -about 109

in the o - for all cesos (re1e~enﬂe 4\ It should be rnoted that

nax :
although the O 18050 slat gavu an abz about 30 higher than that

for a 0.30c slat with flep neutral ae mentloned previous*J, the C
LT at lar@e flap defloctlons wae 20 or 3° lover. Witl the O 18050

Maxwell slat, theré 1s a much greeter 1oss of effectlveness at large
flap deflectione than with the 0.30c slat. - The' aerodynamic SGCulon
characteristics-of, the comblnauions shown in Tigure’ h with. the -Optimum
slot gap of O, 017)0, ars-plotted in figures 5 and-6," A comparison of
thege figures with date given in reference 6 indicates that the 0.180%¢
Maxwell slat when set at the optimum slot gap increased the pitching-
moment ccefficients in the high-1ift. range nena+ive1y for all f]ap
deflections.

Comparison ‘of Profile-Drag Cosfficients™ =~

A comparison of the profile drag characteristica of several airfoilg
slat-flap combinations is shown i figure 7 as enyelops. polars, the S
optimum slot gap of O Ol(ﬁc belng uged for the comparison. Below a’ "
1ift coefficient of 0.8 the plain sirfoil’ has the lowegt profile drag
Above a 1lift coef-lﬂlent of 0.8 the alrfoil with a,slotted flap had e
a lower profile drag coefficient than any of the combinatlons w1ch s
the Maxwell slat. WVith the optimum slot opéning, the airfoil w1th bhe
slotted flap had the lowest profile.drag, the airfoil with the split
flap had higher profiLO drag, and the airfoil vibh no flap had the.

p -




highest profile drag. This is the same order of the profile drag
ccefficients for the airfoil with the 0.30c slat (reference L), The
profile drag coefficients of the airfoil with the 0.1805¢ slat werc
higher in every case than the corresponiing profile drag coofTinlents
of the airfoil with the O. 30c slat.

Effects of Variations of .Slot Shape

The effoct of verying the radius of the rear edge of the slot
entry (R, fig. 2) is shown in figure 8. The larger radius had . . .
practicafly no effect on the airfoil with split flap; except to slightly
increase ths profile drag at high 1ift coefficients.. The only elfect
of the sharp-edge entry. on the airfoil with split flap was & glight
"increase in profile drag at low lift coefficients, It had; however,
a detrimental effect -on the ©lma and on the profile drag coeff1c1ents

.over the entire lift renge of the airP011 with slotted flap., Tts -~

effect on the airfoil with no fTap was to considerably reduce (Cqi <
ma
Changing the shape of. the entry had no- offect on the pltchlngrmoment

coeIflrients of any of the combinations tested..

The test reeulte with tue trailing part of the slat dexlected 100
(f1g. 2) and with a slot gap of 0.0175c are also shown in figure 8.
Deflecting the trailing edge of the slat gave an increment of cz'

max
of about 0,05, which is about two—uhirds of the increments of CZ

max
given by adding the slot to the airfoil and flap, at the . Flap defWection
tested., In addition, the profile drag and the" pltchlng moment. were . .
decreased by bending the slat.

CONCLUSTIONS

For the'combihations tested, a slot~gap“of~0;0175c'ﬁas the optimum

for Clmax at most flep deflections. The increment of Cy given by

the slot varied from 0.50 with flap neutral to an average 2% 0.07 w1th
the flap deflccted. for maximum 1lift; the angle of attack for maximum
1ift was increased about 12° and 7°,. espectlvee", for the same

. conditions., The profilo drag generall ircreased and the pitching L
moment becams more negative with increasing glot gap:up to the' optlmum 4
Increasing the radius of the.rear edge of ‘the sliot entry .caused no
approciable chanze in the characteristics, and a sharp corner at this
point either had no effect or was detrimental. Deflecting the %falllng
edge of the slat increased the Clmax and decreased the profile drag

and pitching moment,

Langley Memorial Aeronautical Laboratory, :
National Advisory Committee for Aeronautics,
v Langley Field, Va., October 16, 1941,
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JTAaBLe I

Orainates ror awsor/, r/ap, ond s/ot shHhopes.

-

NACA 23072 awifosl/

| / Stations and ordinares jn percent arro)/ chord.,)

Slotred lap 2-4

Station|sersers | Surtace
o - o
/25 | R&7 ~/23.
2.5 | 36/ | 47/
5.0 9.9/ ~2.26
78 580 | Ré&/
JO 673 | 292
/5" 719 ~7.90
20 Jso | <297
25 760 | -9.23
20 755 | 206 |

70 74 | 778
50 649/ | ~2/7
60 597 FE7
70 | 936 |-<z00
80 Jos8 | -£/6
g0 /68 w1
95~ 92 | .70
/00 | ~/3 - /3

Storon |5 e |Sutore
o —/ 29 /289
. 7O —~J2 | -208
.72 049 | ~2.2/
’FE B | 2 38
z2oo | fog |-z
2.69 /,40 -2 9/
J G2 /.89 | ------
szo | Ri0 | -----
J.66 ————— —2.)6
698 | 2055 | ———-
776 2637 | ——---
go3 | 28 | -----
0.3/ | 298 | ——-—-
/5. 66 LES | —/ 23
20.66 .92 .| = 70
25668 Y& -./3
‘ Ce/;.;‘e/ of LE agre |
0.9/ -/29

L.£E /&d/’aj =/ 38. S/owe

of rodius shrougt erd

| of chord = 0.205

LE rod = 0.9/
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JABLE I (cor?)

O/ 8c Moxwe// s/z/

Statior s%aﬁgge siifuz;i;
12, ——— | o
j25 | 267 | -123
475 | -~ -//2
2.5 | Fés - 66
4 | ----- 53
S 4.3/ /. 4/
6 | - 2.35
75 .80 3.98
85 | -—--- 478
/0 .93 S .50
/2 | ----- 6.27
/5 72/9 7.00
(6.5 | 7.30 7220

L E rodl =/38. Slopoe
of radius Iorougt end |
oF. . chord=0. 305

/1798 odIUS cerrer

/. 90

-/ 00

JAaBLe 77
Foth of rose of sjorted
Flap ror varsous flop oef/ec-
Horns., Drstorces mreasured
from Jower edje of /o 177

percent amrfor/ crord c.

%, deg | X Y

o | @3 | s/
/0 59/ 363
20 3.83 3 95
Jo 263 337
0 /.35 2.43
80 .50 /.63
60 /2 | 248

NATIONAL ADVISORY
COMMI TTEE FOR AERONAUTICS



Slot open

NATIONAL ADVISORY
COMMITTEE FOR AERINAUTICS

FiGure I.- Arrangement of Maxwell slot.



Faired with plasticine
b . -

.827c o

R=.1386c
B08Ic

Airfoil with slotted flap and Maxwell slat with 12° deflection
of slat trailing-edge.

‘ /\ .00Ic
C5=.IBOSC

P .

-Re=.1386C

Airfoil with split flap and Maxwell slat.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Ficure 2.- Sections of arfoil with slot and flap arrangements .
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