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WIND-TUNNEL INVESTIGATION OF AN N. A. C. A 23021 AIRFOIL WITH VARIOUS
ARRANGEMENTS OF SLOTTED FLAPS

By CARLJ . W&XZLXGEIRand THOMASA. HARRIS

SUMMARY

An inwetigation hus been m ade in the A’. .4. C. .4.
7- by 10#oot un”ndtunnel of a large-chord A’. A. C. A.
230.21 airfoil w“th ~ereralarrangem entsof .26.66’-percent-
ckoro! slotted $apg to determ ine the eeetion aerodynam ic
characteristics as a$ected by slot shape, jlap shape, jiap
location , and jiap deflection . The jlap positions for
m aa”m um lifi, the polurs for arrangem ents conw”dered
farorable for take-qf and climb, and the com plete section
aerodynam ic character&tic8for selected optim um arrange-
tiient~ uwe determ ined . A discussion is g-ren oj the
relatire m erits of the WR’0U8 arrangem ents for certain
.~electedcritem ”ons. A com parison i8 m ade of a slotted
flap on theN. A. C. A. 930.??1airfoil uitli a corre~ponding
elottd$ap preciously derelopedfor the LA’.A. C. A. 23012
airjoiL
The best slotted-$ap arrangem ent on the A’. A. C. A.

%70.21airfoil gare the sam e m axim um lift coe~m”ent as
the best slotted $ap on the Ar. A. C. A. .2?3012?airfoil.
Z ie drag coefficien ts were higher with the AT..4. C, .4.
23021 airfoil, but the pitch ing-m om ent co@ient~ uwre
about egwdjor com parablearrangem ents.

INTRODUCTION

The A’a t iona l Advisory Commit t ee for Aeronaut ics
is under taking an extensive invest iga t ion of wn-ious
wing-flap combina t ions to furn ish informat ion appli-
cable to the aerodpmnic design of h igh-lift de-r ices for
improving the safety and the per formance of a irph ines.
A high-lift device capable of producing high lift with
var iable drag for landing and high lift with lovi drag
for take-off and in it ia l climb is believed to be desirable.
Other desirable aerod~amic fea tures are: no increase
in drag with the flap neut ra l; sma ll change in pitch ing
moment with flap deflect ion ; 10IVforces required to
opera te the flap; and freedom from possible hazard due
to icing.
A very promising ar rangement of a simple slot t ed flap

developed for the N. A. C. A. 23012 a ir foil is repor ted
in reference 1. Fur ther improvement , from a consider -
a t ion of high lift coef6cien ts and low drag a t Mgh and
in termedia te lift coefficien t s, was obta ined by the addi-

t ion of an audiary slot t ed flap to the main flt ip (ref-
erence 2). Another type of slot t ed flap, nerodynami-
eaIly super ior but st ructudy more complica ted, is the
-renet ,ian-blind flap repor ted in referencc 3. Al these
flap ar rangements were tested on the N. A. C. A. 23012
a ir foil.
In the presen t repor t , the resu lt s a re given of the

t est s of a rela t ively th ick a ir fct iljthe N. A. C. A. 23021,
with severa l a r rangements of 25.66-percent -chord
sIot t ecl flaps. Th is invest iga t ion included two flap
shapes, each of which was tested ~t t ithse~era l slot shupes.

MODELS
PLAIN tiEFOIL

The bmic wing, or the pla in a ir foiI, used in these
t est s was built to the N. A. C. A. 23021 pro~e nnd hm a
chord of 3 feet and a spzm of 7 feet ; the ordina tes for the
sect ion are given in table I. The model was built with
solid lamina ted mahogany nose and t ra ibg-edge
pieces and solid mahogany r ibs. The por t ion between
the nose and the t ra iling edge n-ascovered with tempered
wdboard. The t ra iling-edge sect ion of th is model was
easily removable so tha t the model could be quicldy
a ltered for k.st s of differen t flap ar rangements.

SLOTTEDFLAPS

The slot t ed flaps and the slot shapes were built of
solid lamina ted mahogany. The slot shapes were bohed
to the main a ir foil in place of the solid t ra iling edge.
The flaps were mounted on speoia l h inges tha t permit t ed
considerable h it itude in the loca t ion of the flaps with
respect to the main ffir foil.
F laps.-Two flap shapes were tested. F lap 1 (fig. 1

and table I), cor responding to flap 1 of reference 1, has
r t smaU nose radius and was designed to give only a
small break in the a ir foil lower sur face when unreflected.
It a lso lends it self t a use with a door to sea l the break in
the lower sur face of the a ir foil with the flap unreflected.
F lap 2 cor responds to flap 2 of reference 1, which

gave the lowest drag a t high and in termedia te lift co-
efficien t s on the hT.A. C. A. 23012 a ir foil. Th is flap is
shown in figure 2 and it s ordina tes are given in table I-
Thie flap shape was obta ined by combining the nose of
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an N . A. C. A. 6330 airfoil with the t ra iling-edge por t ion
of the main wing. It was designed h give low drag a t
in termedia te and high lift coefficien t s.
Slot shapes,-slot shape a , which was used in com-

bina t ion with both flaps, is shown in figures 1 (a) and
2 (a). Th is slot shape was designed to give a m.h@um
break in the lower sur face -of the wing and, conse-
quent ly, to have the smallest effect on the drag with the
flap neut ra l. Slot shape b is simila r to slot shape h of
reference 1, which gave the lowest drag a t in termedia te

(a)

%~
k“.oo~ ; .Olcu J .02CW

(c)
(a) FIw l-a (b ) FlaP l-b. (r!) FlaP l-e.

Fmwml.-awt.lone of N. L O. A. 29021alrfot$with am.ngemente of slottd Sap 1.

and high lift coeflicien te for take-oil. Th is slot shape
was a lso used in combina t ion with both flaps and is
ahown in figures 1 (b) and 2 (b). Slot shape c was espe-
cia lly d@qmd sc tha t a door could be used h close the
break in the lower sur face of the wing with the flap
neut raL This slot shape was used only in combina t ion
with flap 1 and was simila r to shape b except for the
ent ry radius. Slot shape COhas a sharp ent ry, and
shapes c1 and b have ent ry radii 1 and 2 percen t of the
wing chord, respect ively. All the slot s were designed
to be sea led by the eIot lip a t the et it on the upper sur -
face of the wing with the flaps neut ra l.
The modeIs were made to a tolerance of 5=0,015 inch .

TESTS

The models were mounted in the closed tea t sect ion
of the N. A. C. A. 7- by 10-foot wind tunnel so t lmt they
completely apa .nned the jet except for smaII clea rances
a t each end. (We references 1 and 4.) The main a ir foil
was r igidly a t tached to the ba .hmce frame by torque
tubes, which extended through the upper and the lower
boundar ies of the tunnel. The ang~e of a t t ack of the
model was set from outside the tunnel by rota t ing the
torque tubes with a ca libra ted dr ive. Approxhnt itely
two-dimensiona l flow is obta ined with th is type of in-
sta lla t ion and the sect ion character ist ics of the model
under t est can be determined.
A dynamic pressure of 16.37 pounds per square foot

was main ta ined for most of the test s, cor responding to s
velocity of 80 m iles per hour under standard a tmospher ic

{ 56,2*

I

03 -
(a ) FIaPZ-a (b) FISP 2-b.

FIGURE-!2-Sea t Ioneof N. A. C. A. Z1021akfoIl with armngwments of slotted flnp%

condit ions and to an average test ReynoMs Number of
about 2,190,000. Because of the tu rbulence in the wind
tunnel, the effect ive Reynolds Number R, (reference 6)
was approximately 3,500,000. For a ll t est s, R, is based
on the chord of the a ir foil with the flap ret racted and on
a turhdence factor of 1.6 for the tunnel.
P la in ahfoiL-Test .s were f~t made of tho pla in

a ir fo~ over the complete angle-cf-a t t r t ck range from
–6° to the sta ll. In addit ion to th is t est , scab-effect
t est s were made of maximum lift coefficien t over the
range avai.Iablein the 7- by 10-foot wind tunnel.
Slot t ed flaps.-With each slot t ed-flap ar rangement ,

t est s were made to determine the effect on min imum
drag of the breaks in the wing lower sur face a t the slot
en t rance with the flap ret racted. Twts wero a lso made
to determine the effect of the flap hinges with the flaps
in their ret racted posit ions. The test s of slot t ed flaps
I-a , l-b, 2+, and 2–b consist ed in surveys of flap
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Pos it ion and deflect ion to determine the opt imum path
of the flap from a considera t ion of low drag throughout
the complete lift range and of the highest maximum lift
for each flap ddlect ion . TEst s were made of slot t ed
flaps l-cO, l-cl, and 1-G along the opt imum path as
determined for slot t ed flap l-b. Data were obta ined
for a lI t est s throughout the angle-of-a t tack range from
—6° to the st a ll a t 10° increnmuts of flap deflect ion
from 0° to 60°. No data were obta ined above the sta ll
because of the unsteady condit ions of, the model.
Lift , drag, and pit&ing momenta were measured for a ll
posit ions of the flap over the complete angle-of-a t tack
range tasted.
Sch-efTect t est s of maximum lift were a lso made of

slot t ed flap 2-b a t the opt imum posit ion for maximum
lift with the 60° flap deflect ion .

RESULTS AND DISCUSSION
COEFFICIENTS

All test resu lts a re given in standard sect ion non-
dimensiona l coeflicifmt form cor rected as expla ined in
reference 1.

t?1,
c%

%.c.)oj

where
1

dUY
WUQ,

%
cm ,

and

6:

sect ion Iift coefficien t (t /gc.).
sect ion profiledrag coefficien t (d~qc.).
sect ion pitch ing-moment coefh ien t about aero-
dynamic cen t&rof phin &fOfi (m(=.6.1@m2).

is sect ion lift .
sect ion profile drag.
sect ion pitch ing moment .
dynamic pressure (1/2 pV2).
chord of basic a ir foil with the flap fu lly
ret racted.

is angle of a t t ack for ir&nite aspect ra t io.
flap deflect ion .

PRECISION

The accuracy of the var ious measurements in
t est s is believed tmbe with in the following limit s:

% .--------------------- .__ —-------- 50.1°
‘ales -------------------------------- &o. 03

‘+a.c.)o ------------------------------ &o.003

the

C%*------------------------------- +0.0003
c%q=.l.0) ---------------------------- +0. 0006

c~(c@ .6) --------------- _--- _—-------- +0.002
ti,---------------------------------- ho. 2“
Flap posit ion ------------------------ +0. OO1cm
No cor rect ions for flap-hinge fit t ings have been

appIied to the da ta because no et lect could be measured
with the flaps neut ra l. hTo a t t empt was made to
determine the effect of the hinges with the fiaps deflected
because their effect was believed to be emsU and be-
cause of the grea t number of t est s reqyired. It is
believed tha t the ra la t ive mer it s of the mwious flaps

are not appreciably t iected because the mme hinge
fit t ings were u sed with a ll th e a ir foil-fla p combin a t ion s .

PLAIN AIRFOIL

Aerodyn am ic ch a ra cter is t ics , -Th e complete s ect ion
a erodyn am ic ch a ra cter is t ics of th e p la in ~. A. C. L
23021 a ir foil a re givrm in @e 3. Compar ison with
previously published da ta obta ined from test s of a
fln ite+pan model and cor rected to kdin it e aspect ra t io

~
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S ecfion Iifi’coefficim f, cz
FIGUEE8.-Saction aeroclynado oimacteristka ofN.A. O.A. 25021PlduMoD.

(referen ce 5) shows sign ifican t differences in the
resu lt s. The slope of the lift curve and the va lues of
the min imum drag coefimt are sligh t ly higher for
the presen t t est s than for some of the resdta a t a con-
siderably higher ReynoMs Number given in reference 5.
The pitch ing-moment cceflicien t and the ver t ica l loca-
t ion of the aerodynamic cen ter above the chord line are
dight ly lower . The chordwise loca t ion of the aerody-
mmic cen ter is the same for both set s of da ta . These
IWrences are about the smne as those observed betweau
~he resu lt s of previous two- and thredimenaiona l-
30Wtest s of the N. A. G A. 23012 a ir foil (reference 1).
I’he da ta for the N. A. C. A. 23021 a ir foil given herein
we direct ly comparable with the da ta for the N. A. C.
k. 23012 (references 1, 2, and 3]. When ccmpar iscw
with other a ir foils a re made, it should be remembwed

.
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tha t n o cor rect ion for tunnel effect has been applied to
these da ta except for the lift ; a s expla ined in reference 1.
Effect on proffle drag of breaks in sur face of a ir foil

a t slot en t rance,—The effect s of the breaks in the lower
sur face of the a ir foil with the flaps undefiected are
shown in figure 4. Ifo me&rable effect was et iden t
from the breaks caused by the th ickness of the sIot
lip in the upper sur face of the a ir foil,_ .The increment
of profile-drag coeft lcien t , AC%)was smallest for slot t ed
flap l-a ; Acd, var ied from 0.0002 a t zero Iift to 0.0006
a t a Iift coefficien t of 1.0. Slot t ed flap Z-a had a
constan t increment of profile-drag co&cien t of 0.0006
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FIQUEE4-Eflect ofdot opentngs In lower eurfeea of drfoll on prodfedmg CoefEcfent.
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for a ll lift coefficien ts from zero lift to a lift coeilicien t
of 1 .0 . Slot ted fla ps l-q an d l–cL gave approxim a tely
con s ta n t in crem en ts of p rofile-d rag ccd licien t of abou t
0 .0010 an d 0 .0012 , respect ively, u p to a ]ift coefficien t
of 0 .6 , beyon d wh ich th e in crem en ts in crea s ed to 0 .001S
an d 0.0022 a t a lift coefEcien t of 1 .0 . Slot ted fla ps
l-ca and 2–b ga~e about the same increment of profile-
drag coefficien t , 0.0014 to 0.0015, for lift coefficien t s
less than 0.6, beyond which the increments increased
to 0.0022 and 0.0018, respect ively, a t a lift coefficien t
of 1.0. Slot t ed flap I–b was infer ior to a ll other
ar rangements, the increment of proflklrag coef6cien t
increasing near ly linear ly from 0.0026 a t zero lift to
0.0030 a t a lift coefficien t of 1.0,
It is probable tha t a door could be fit t ed to any of

the ar rangements in such a manner as to sea l the
break in the a ir fofl lower sur face without measurably
increasing the profile-drag coefficien t of the wing with
the flap neut ra l over tha t of the phin wing.

SLOTTED-FLAP ARRANGEMENT

Determina t ion of opt imum arrangements for maxi-
mum lift ,—The data presen ted in th is sect ion am the
resu lt s of the masimundift invest iga t ion of the var ious
flap-and+Iot combina t ions in which t ile flap, a t a given
deflect ion , was loca ted a t poin t s over a considcwddo
area with respect to the main a ir foil Tho dut a aro
presen ted as contours of the posit ion of tho noso
poin t of the flap for a given lift coefficien t , The mm
poin t of the flap is defined as the poin t of tmgcncy
of a line drawn perpendicuhw to tho a ir fofl C11Ord
and tangent to the leading-edge arc of the flup when
neut ra l, a s shown in figures I and Z,
The complete maximum-lift da ta for slot t ed Ilaps

1-s, l–b, 2–n, and Z-b deflected 10°, 20°, 30°, 40°,
50°, &d 60° are given in figures 5 to 8, respect ivcdy.
An inspect ion of these figures shows tha t t lm contoum
are not closed with a ll combina t ions for flup deflect ions.
Iess than 30°. The posit ion for maximum lift cocfE-
cien t is not ve~~ cr it ica l and only n sufficien t number of
posit ions were taken to cover any prmct iml pa th ulong
which the flap is likely to be oper t it cd. l?ur thcrmorc,
it is probable tha t the opt imum flap posit ion for thcso
deflect ions wiU be chosen from a considera t ion of drag
and ease of mechanica l opera t ion .
The posit ion of the flaps for maxt ium lift coefficien t

becomes much more cr it ica l for flap deflect ions from
40° MO”. The maximum lift coefficien t wos obt .a incd
for slot t ed flaps l-a and l-b with the flap deflected 60°
and the nose poin t 1.5 percen t of the wing chord direct ly
below the slot lip. With slot t ed flaps 2-rL and 2-b,
the maximum lift coefficien t n t 50° flap ddleot ion was
obta ined with the flap nose poin t about 2.5 percen t of
the wing chord direct ly below the slot lip,
F rom these contours, it should be possible for tho

designer to choose the best pa th for tho flnp to follow
from a considera t ion of masimum Iift coefficien t done.
If, from st ructu ra l considera t ions, it is not pmsiblc to
use the bcwt aerodynamic path , the loss caused by using
a compromise. pa th cnn be immedia tcly eva lua ted.
CompIete sect ion aerodynamic character ist ics of select -
ed optimum a rra n gem en ts for ea ch fkp deflect ion are
given in a la ter s ect ion of th is repor t .

Determ in a t ion of optimum a rra n gem en ts for p rofile
d rag.-Optim um pos it ion s of th e s evera l fla ps for th o
con d it ion s of low drag for ta ke+ff und in it ia l climb
to clea r an obstacle were determined. Tho sole cr it e-
r ion for a given lift coefficien t is the drag coefllcien t .
The most impor tan t singIe factor in unassisted tukc-

off distance is the value of the lift coefficien t for tukc-ofl
because the higher the lift coefficien t , th e lowcr th o
take-off speed and, other condit ions being equal, the
shor ter the distance”required to clea r a given obstaclo.
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Perceni wing chord

(8) d/-W.

(c) 6420
Percenf wi~ chord

,.

(c) &-w.

(e) ~
6

Percenf wing chord \\

(d a~w.

(b) - ““
6~

Percenf wing chore’

b) t!=mo.

(d) af=40*.

(f)
Percent whg chord

(!) df=W’.
FIGUEEO.-c%tbrm Of flql h?utbn forC, - . Slotted tip I-b.
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. . Rrced wiq chord

(a) 8I-10”.

(c)

(c) itf-m.

fe) 64202
Percenf wtng chod

(b) af-zo”.

(d) 8/40”.

(f) af -w.

.
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(n) 8/-llY.

. .
Percen+ wing chord J

(b) af=w.

(d}a+w.

(0) &=m”.
FmUFIE8.—Contours of flap katlon for Ci=a=. Slotted flap 2-).).

(f) 6f-l?Q”.
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The limit ing condit ions are the power ava ilable to o-rer -
come the drag a t the higher lift coefficien t s and the
excess awdable lift required from considera t ions of
safety. The da ta are given, therefore, as contours of
the nose posit ion of the flap for constan t drag coeffi-
cien t s a t cer ta in selected lift coefficien t s, cl= 1.0, 1.5,
2.0, and 2.5, and for flap deflect ions th t it cover the
range for which the drag coefficien t is decreased by
dei3ect ing the i?ap.
The complete drag da ta for slot t ed flaps l-a , l-b,

(a) 64Z0
Percenf wing chord

(a) CI=ILI; af=lo”.

s=- q++-1. ‘~
(c) 6 2

Percenf wtng chord

(c) Cl-z.@ 61-2.V.

Sect ion aerodynamic character ist ics of selected op-
t imum arrangements.-The complete sect ion aero-
dynamic character ist ics of selected opt imum arrange-
ments of slot t ed flaps l–a , l–b, 2-s, and 2–b are given
in figures 13 to 16, respect ively. The opt imum arrange-
ments were chosen from a considera t ion of low drag” --
coefficien t s a t the specified lift coefficien t s for flap
deflect ions from 10° to 30° and from a considera t ion of
maximum lift coefficien t a lone for flap deflect ions from
40° to 60°. In addit ion to the opt imum mmmgeme.n te,

N&x I 11 11 \ \ \f - .-

. . Percenf w~ng chord -

03) CJ=l.* 61-ILY

~/0
(d] 642 2

,._. _—
.. . .....:.

.. _:---
. .

Percehf wing chord

(d) c1-2.IJ &40°.
FIGURE9.—Contonrs of tip location fore+ Slotted Sap k%

da ta m e a lso gken for cer ta in a r ra n gem en ts th a tz–a, and 2–b are given in figures 9 to 12, respect ively.
Wh ere th e m in im um drag coefh cien ts were approxi-
m a tely th e sam e for a given lift coefficien t a t two fla p
s et t in gs , both s ets of da ta a re given . From th es e da ta ,
op t im um pa th s for th e n ose poin ts of th e s evera l fla ps
m ay be ch osen from a con s idera t ion of d rag coefficien ts
a t th e va r iou s lift coficien ts . If it is s t ru ctu ra lly
imposs ib le to follow th e op tim um pa th , th e add it iomd
drag coeilicien t cau sed by th e devia t ion will be ava ila b le.
In su fficien t da ta were ob ta in ed to close a ll th e con toum ,
bu t mos t of th e pra ct icab le a r ra n gem en ts a re believed
to be with in th e ra n ge covered .

appear st ructura lly simpler . A table inc.ludcd in each
figure shows the nose posit ion of the flap for the var ious
deflect ions and the poin t s me plot t ed on the diagrams.
The selected opt imum path refer red to hereirmftor is
shown by the broken Iine through the poin t s and is a
compromise between aerodynamic nnd st ructu ra l wn-
eidera t ions. The aerodynamic character ist ics shown
in these figures are typica l; complete da ta for other
posit ions of the var ious flaps a t the severa l flap defleg-
t .ions are avaiIable upon request .
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642

Percent wing c}

(a ) C1= 1.0 ar-lo”.

(0} cl-w 6P1O”.

1 0

+-=--s
‘d

(d) CI=l.& 6f-2JP.

(e)

(e) CZ-2Q af=w. (0 ct=2.ix at-w.

Fnxw 10.-C!ont0um of fipj~t i~ fcmCdr EUottadflap l-b,
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(a) 64202
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(a) Cl=l.& J31=.lo”.

(c) 64202
percent W7hg C#Iord

(0) Cl-l.@ Jr-m.

(h) 6 42 02,—,
Pereent wiq chord “

(b) Cl-l* 8{=10°.

(d)

o

(e) t++
Percent wiq chord

Percent wing chord

(d) c1-2.ti ar-w.

[e) cI-2.0 af-w.

Fmum 11.—CUntolucof flap locctkm for C%. mttcd flap %3.
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(a)

(a) CI-LO; 8f-10°.

642 /
At-cent wing chord

(d)

(b) et-l G &+OO.

Perc8ni wing chod

(d) CI-I.M ar-rn”.

(8) CI-2.Udp=m’d (f) CI-2.S:&f-w.
FIGURE12.-Uontours of @ locatkm frx”cdr Slotted llnp 2-b.
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The compIete sect ion aerodynamic character ist ics
WI siot t ed flnps l-co, l–cl, and I-cz are given in &ures
17 to 19, respect ively. These da ta are a ll tha t were
obta ined for these slot t ed flaps. The path of the flap
nose used for a ll th ree mran~ements was the sume as
for slot t ed flap l-b. -
Compar ison of selected opt imum arrangements,—In

orcler to compare the drags of the var ious flap arrange-
ments, enveIope poIars a re given in figure 20 for the
slot t ed-flap ar rangements of figures 13 to 16. This
figure shows slot t ed flap 2-b to be super ior for take-off
a t any lift coefficien t from 1.0 up to the maximum Iift
coefficien t . SIot ted flap l–b is only sligh t Iy infer ior to
slot t ed ffap 2-b over the sa iii” lift range. Slot t ed ff&ps
l–a and 2–a are both infer ior to l–b throughout the
lift range from lift coefficien t s of 1.0 to tha t for maximum
lift , flap 2-a being sligh t ly super ior to flap l-a . A com-
par ison of slot t ed flaps l–b, l%, l-c,, and la for the
take-off condit ion is given in figure 21 as envelope polms.
Slot t ed flap l-b, which has a .n 8-percent radius a t the
sIot en t ry, is super ior to the others. The slot en t ry
with the sharp edge (slot t ed flap l–cJ appears to be the
Ieast desirable ahhough there is Iit t le dillerence among
the three.
For lift coefficien t s less than 1.0, the pkin wing has

lower drag coefficien t s than any of the ar rangements
with the flaps deflected; therefore, if a door were used
to sea l the break in the Iower sur face of the wing a t the
slot en t rance, W the slot t ed-flap ar rangements would
be of equal mer it for lift coefficien t s less than 1.0. The
use of a door would probably be more complica ted with
sIot t ed flaps l–b and 2–b than with l-co, l-cl, or 1-cZ;
becrmee of st ructu ra l considera t ions, no defin ite con-
:Iusion can therefore be drawn M to which sIot t ed flap
vouId be super ior . F rom a pureIy aerodymmnic con-
sidera t ion , however , slot t ed flap 2–b is super ior for
condit ions of take-off and in it ia l climb to clea r a
given obstacle.
A compmison of slot t ed flaps l-a , l-b, 2-a , and 2-b

as Iift -increrwing devices is shown in figure 22 where the
increments of maximum lift coefficien t Ackcz are pIot t ed
aga inst flap deflect ion when the flap is moved along the
opt imum path previously ment ioned. Slot t ed flap 2–b
is super ior as a lif&increasing device, and the maximum
increase in AcZ~u is obta ined with a flap deflect ion of
50° with only a sIigh t loss a t a flap deflect ion of 60°.
The other slot t ed-flap ar rangements are a ll somewhat
in fer ior to 2–b, the maximum lift coefficien t being from
3 percen t less for sIot t ed flap l–b to about 4 percen t Iess
for slot t ed flaps l-a and 2-a ,
The change in slohent l~ radius had a negligible effect

on the nmximum increments of maximum Iift coefh-
cien t as shown in figure 23, where Ac l~~z is pIot ted
aga inst . flap deflect ion for slot t ed flaps l-b, 1%, l-cl,
and l–cZ, a ll flaps being deflected along the opt imum
path selected for flap l–b.
The sca le effect for the range ava ilable in the 7- by

10-foot wind tunnel is shown in figure 24, where the.
~lmz for the pIa in a ir foil and the cl~u for sIot t ed flap
Z-b a t the opt imum deflect ion (~J =500) are plot .t cd
~a inst efbct ive ReynoIds Number . A compar ison of
the two curves shows a sligh t increase in Acl~~zwith ml
ncrease in sca le but it is probable thnt ; if the incrc-
nent were considered to be independent of sca lo in
ipplying the remdts a t h igher vrdues of the Reynolds
Yumber , the resu lt would be conserva t ive. lt shouhl
]e r&nembered, however , tha t the maximum lift s pre-
;en teclin th is repor t a re sect ion , or infil]it%~~)cc[-ra t io,
:hmacter ist ics and wiIInot be ren lized on a fin ite-mpcct -
‘a t io wing except for one with an ellipt ic lift dist r ibu-
t ion .
A fur ther compar ison of the var ious slot M-fiup rw-

‘angements is gi&n in the following tublc:

?JOnc ....
l-e... - .
l-b-.. .
2=0... . .
2+-----
l-ci -----
l-c[ . . ..-
1*..-..

1.35 111
218

:!!
271 ;!!
282 207
2t?a Zol
2U9 200
21i9 197

1:
165
IN
1%
1s2
17Q
17!;

I Ii I T
Ctmm,

— wdy.qm,,
%,-w)
——

324
lt i 18.6
14e 19.I
M* la [
161 10,a
Iris Ml,2

17.8
% 18.6J.

cm”

-o.Ow
-.300
-.s5
-.325
-. (m!
-.355
-. aas
-. ?J5a

Tl~e maximum eflicicncy for a t iven kmdimr spoccl
r il.1be obta ined with the ~ir foil t~a t gives the~ighest
a t io of maximum lift coefficien t -to the drag meflcien t
or cru ising. A compar ison on th is basis of the sevoml
lot ted-flap ar rangements showwslot t ed flap 1-a to bc
uper ior to any of the other mrangements for the coa-
lit ions assumed. VJ hen the cru isiug speed is obtu iued
,t a Lift coeflkien t of 0.6, flap Z-a is equalIy as good m
–a, and 2–b is ordy sligh t ly infer ior to either . If a
[oouvere used to close the break in the Iowcr sur fnco
f the wing when the flaps me neut ra l, the speed-r t ingo
a t io (c,J ct io~,J ~ould be highest for slot t ed flap 2-b
~ecauseit has the highest maximum Iift coefficien t .. Tho
pt imum sIot ted fkLpfrom cona idemt ion of speed-range
ba t io will, therefore, depend upon whether a door is
~ed”to close the break in the Iower sur face of the wing
vith the flap neut ra l,
The ra t io of lift to drag a t 0.!3cl~=Z,(1/d)p.w,_], is a

t it er ion of the masimum gliding angle; the Iower the
‘a t io, the steeper the angle of glicle, The ra t ios tab-
da ted in the table were obta ined by dividing 0.9cl~oz,
vith the respect ive flaps deflected 60°, by the drag
:oefiicien t a t 0.9cbU. Slot t ed flaps 2-a and 2-J will
~vg the steepest gliding angle on th is basis.
h“order to con t rol the gIide-pa th angIe, it is desirablo
o have avaiIable not onIy a low ra t io of Z/d a t a h iih
ift coefficien t but a lso a high ra t io of Z/ d . Slot t ed flap
&b is super ior in th is respect , for the maximum lift is
pract ica lly the same for flap deflect ions from 40° to
10” bu t the profile-drag coefficien t for 13~=40°is onIy
,bout onehalf of it s va lue for 6~=60°. (See fig. 20.)
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FmuBE!M-Oompgr isonof fncmment iof maxfmumlt ftmeflloien tfor dottalihml-a, I-b, 2+ and >b when moved find Mleoted along the seloctod optimum path%

FIGURE‘2&-Et it ofEIot.an~ mdbm on jnoromgnt 04maxlmmn Ifft eoaf3Mmt of afrfoil when thsflapg ~movti and dedlmtw along tha sobxkl optlmumpathfor flap l-b. –
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Reference h &ure 16 a lso sho-iys tha t , beyond th is
range of flap ddect ions, there is pract ica lly no change
in the pitding-moment coeflh ien t md only about a
1° sh ift in the angle of a t t ack a t a lift coefficien t
of 2.6 with a 20° change in flap deflect ion from 60°
to 40”.
The tabula ted maximum pitch ing-moment coefficien t

C*==is the maximum obta ined in the usefu l-~ht ruge.
Slot t ed flaps 2-a and 2-b have the highest , and near ly
equal, va lues of c~m=j these valuee being 6 percen t
h igher than any of those for ar rangements of flap 1.
The pitch ing-moment coefficien t s obta ined with the
slot t ed flaps on the N. A. C. A. 23021 a ir foil me about the
same as those obta ined for cor responding flap arrange-
ments on the hT. A. C. A. 23012 a ir foil repor ted in
reference 1.
Compar ison with slot t ed flap on N, A, C, A. 2S012

a ir foil.-The envelope pola r s for slot t ed flap 2-b on the
N. A.~C. A. 23021 a ir foil and for the cor responding
slot t ed flap 2-h on the N. A. C. A. 23012 a ir foil (refer -
ence 1) are plot t ed in figure 25 for compar ison . The
two curves are quite simila r ,with the curve for the N. A.
C. A. 23021 a ir foil consisten t ly showing a somewhat
higher drag coefficien t for a ll lift coefficien t s throughout
the normal-t igh t range. The maximum lift for either
ar rangement is the same. The fina l seIect ion of a ir foil
th iclmess will probably be a compromise between
aerodynamic and st ructu ra l requ irements.
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CONCLUDING REMARKS

If a door were u sed to close th e break in th e lower
su rfa ce of th e win g with th e fla ps n eu tra l, s Iot ted fla p
fl-b wou ld be su per ior to an y of th e fla ps tes ted on th e
bask of m aximum Iift coefficien t , s peed-ran ge ra t io,
con trol of th e an gle of glide, an d low drag for ta ke-off an d
in it ia l clim b . Of th e oth er combin a t ion s with ou t a door ,
s lot ted fla p l-a gave th e h igh es t speed-ran ge ra t io, bu t
s lot ted fla p 2-b is s t fi s u per ior in oth er respects . Th e
p itch in g-momen t coefficien ts were abou t th e sam e for
th e s lot ted fla p on th e hT.A. C. A. 23021 airfoil as for th e
correspon d in g a r ra n gem en ts on th e N. A. C. A. 23012
a ir foil. Th e fin a l s elect ion of th e op tim um s lot ted
fla p W probab ly be a comprom ise in wh ich s t ru ctu ra l
con s idera t ion s will be th e decid in g fa ctor .
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TABLE I

ORDINATES FOR AIRFOIL AND FLAP SHAPES
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