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THE AERODYNAMIC CHARA(YNHUSTICS OF A SLOTTED CLARK Y WING AS
AFFECTED BY THE AUXILIAR Y AIRFOIL POSITION

By CARLJ. WENZINQER and JOSEPHA. SHORTAL

SUMMARY

Aerodynam ic force tests on a dotted LUwk Y wing
were conducted in the rerticu l wind tunnel of the Nationul
Adwisoy Comm ittee jor .Aeronuuiics to determ ine the
best posvlion for a g+iwnauxilia~ airfciil with respect to

the m ain wing. A system atic series of 100 changes in
location of the auxiliary airfoil were m ade to ccm erall the
probable usefil ranges of aht gap, slot width , and slot
depth . The rwults of the inm xtigdun m ay be ap@ed
to the design of autom atic or controlled slots on unk.gs
un”thgeom etriccharacten”stic~ sim ilar to thewi~ tested .
.4n increase cf @.6 per cent in the m axim um lift alkm e

that of theplain wing w oldainedfor the slotted Clark Y
wing. At the gam etim e, the angle of attackfor m axim um
lift wag increused 13°. It uus found that a m axim um
increase of about 30° wus possible in the highest stalling
angle, but at a m axim um lift coe~cien t slightly lees thun
thut oj the phzin w“ng. Hcuwer, with one aloi pom”tion ,
an increase of 26°, togetherwith an increase in the m axi-
m um lift coej%ient of 93.3 per cent, was obtained. The
beet poei.tiow of the auxiliary airfoil were cm ered by the
range of the tests, and the position for desired aerody-
nam ic characteristicsm ay easily be obtainedfrom charts
prqared e~peciallyfor the purpose.

INTRODUCTION

Latera l st ability and cont roI up to Iarge angles of
a t t ack form an impor tan t par t in the program of re-
search rda t ing to safety in fligh t now being conducted
by the hTat ionaIAdvisory Commit t ee for Aeronaut ics.
A ser ies of teds, compar ing a la rge number of det ices
for obta in ing Ia tmaI cont roI and stabili~, has been
sta r t ed in the a tmospher ic wind tunnels. A wing with
slot s and a ilerons (one of the standard forms in oolu-
mon use] will be tasted among the fir st , to serve as a
basis of compar ison for specia l devices.
By the use of slot s, a huge increase in the maximum

M coefficien t is obta ined and the angle of a t t ack is
ra ised considerably above tha t a t which the pla in wing
wouh-i ordimwikvsfdI. The slot s mevent the a ir flow
over the wing f;om breaking away-a t the USUSIsta lling. I
speed, and SQcause the wing to reta in it s Iift aud the
cont roIs to funct ion normally. ..

A study w-asmade of the amilable da ta on slot t ed
wings, the development of which has been due IargeIy
h G. Lachmann and HandIey Page. The study showed
tha t the tota l ranges in geomet r ic oharacter ist ios of the
auxikwy air foil had been about as foIIows (references 1
to 12, inohsive):
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The geomet r ic vimiabk! of the auxihry a ir fofl and
main wing are debed in Figure 1. All dimensions

.-

FIGUZXL-Vetfublegeometricfmhs-dotted Clark Y dug .

are given as percentag~ of the main w~” chord with
the slot closed.
The tota l ranges covered were Iarge, but individua l

t est s each included onIy a smalI por t ion of the tota l,
and as a resu lt the informat ion obta ined was inade-
quate to defin itdy determine the best slot for a given
wing. However , from a considera t ion of the effectk of
the geomet r ic var iabks on the highest ma=inmm lift
obta inable it was concIuded tha t the shape and size
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of the auxilia ry a ir foil were not of grea t consequence,
but tha t the posit ion of a given auxilia ry a ir foil for
best resu lt s was fa idy cr it ica l. List ed in the order of
their effect iveness as regaxds posit ion , it appears tha t
the factors a re dot gap, slot width , amd sIot depth .
Ii order to obta in grea ter deta iled informat ion con-

cern ing the effect s of changes of the auxilia ry a ir foiI
posit ion , the invest iga t ion descr ibed in th is repor t was
under taken . The best SIOt for the given main wing
and auxilia ry a ir foiI combina t ion could then be found
from the bea t aerodynamic charactmist ics obta ined,
The test s, which were made in the ver t ica l wind tunneI
(reference 13) of the Nat iona l Advisory Commit t ee for
Aeronaut ics, included aII the probable usefu l ranges of
the auxdiary a ir foil Ioca t ion , The resu lt s may be
applied to the design of au tomat ic or con t rolled slot s
for wings having geomet r ic character ist ics simila r to
those of the wing tested.

p 2U~ALQC~71Wyahfoif[mid) ,Mainairfot7[wo@

L’f

ErGURE 2.–ProdIe and ordfna tos of slot t sd Clark Y w fng
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METHOD AND APPARATUS

When these t est s were under taken the ver t ica I wind
tunnel was the only tunnel ava ilable. As the test
r emdts were to be applied direct ly to the design of
Iarge wings tha t woiild be tested in the 7 by 10 foot
hor izonta l tunnel, it was desirab~e tha t the ta st s be
made a t the same Reynolds Number in both tunnels,
The a ir speeds were the same, so the wing chords were
made the same, 10 inches. However , the t est sect ion
of the ver t ica l tunneI being only 5 feet in diameter , a
fu ll-span wing of aspect ra t io 6 could not be used. A
half+pan wing was therefore used, the remain ing half
span being repIaced by a “reflect ion” pIane placed a t
the dividing line. Th is pk.ne extended across the jet
and severa l chord lengths upst ream and downst ream

CO~E FQR AERONAUTICS -“--.- ....+

from the modeI posit ion . It was mounted normaI to
the wing chord and b the wing span .
& a resu lt of the previous study of eIot ted wings, it -

was decided to use an auxilia ry a ir foil based on the
average dimensions of the best of those tested else-.
where. F igure 2 shows the combina t ion of auxiliaW”-
a ir foiI and main wing tha t was adopted. The chord of
the auxilia ry a ir foil was 14.7 per cen t and the “cu t+
off” (shown in & 1) was 1,85 per c&d of the main
wing chord. The t ra iling edge of the auxilia ry a ir :: _
foil ex@ded back 13.0 per cen t from the leading edgg___
of the whoIe wing.
With the slot closed, the profile of the whoIe wigg wa~

tha t of a normal Cla rk Y. The upper sur fRcc of the
auxilia ry a ir foil was therefore par t of the profiIe of t.hc
nose of a CIark Y. Because of it s sma ll size, the aux-
ilia ry a ir foil was made of a luminum alloy; the main
wing was built of lamina ted mahogany. In the con-
st ruct ion of the models, the ordina tes were held accu-
ra te to with in + 0.01 inch of those specified in Figure 2.
To provide a suppor t for the auxilia ry a ir foil, a th in

pIa te wae mounted on each end of the main wing as=:_.
shown iml?ii~a 3. These pla tes were dr illed with 16,
holh~ and fit t ed with slot s as shown. A smalI pla te
conta in ing two pins, one of which fit t ad any of the
holes, and the other of which fit t ed the slot s, was
fastened to each end of the auxilia ry a ir foil. Thus, it
was possibIe to vary either the width or depth of tho
wing slot , keeping the gap and one of the other var i-
ables constan t , A movable, th in met t i-cIip was-hinged
a t the t ra iling edge of the auxilia ry a ir foil a t midspan
and fastened firmly to the main wing to prevent the
au@.iag- a ir foiI from deflect ing appreciably under the
apphed air loads.
Four set s of the dr illed pla tes were designed so tha t_

t@ranges of the var iables of slot posit ion were covered
w follows:

Slot gap-1,5 to 3,5 per cen tchord.
,, Slot width-3.35 to 15.0 per cen t chord.
Slot depth—3.5 above to 4.0 per cen t chord below-
the main wing chord.

The above tota I range was invest iga ted by 100 difTercn t
posit ions of the auxilia ry a ir foil, in addit ion to the slot
closed condit ion , so tha t the best aerodynamic char-
acter ist ics might be obta ined.
The set -up of the semispan wing with the reflect ion .

plaJMand other appara tus is shown diagrammat ica lly..
in Figure 4. The drag forces were t ransmit t ed by two
fine wires to a .pIa t form bahmce mounted above the top
of the tunneI, One wire was fastened to the wing near--’
the root , and the other wire was loca ted l+hord Iength
from the wing t ip. These wires, which were pmallel
and ver t ica l, passed inside two st reamlined tubes cx-
tdbg through the upper set of tunnel guide vanes. -
The lift forws were t ransmit t ed by a system of r igid

steel rods and balI-bear ing beII cranks to two balances
mounted on the tunnel t est floor , The rod car rying
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most of the lift was fastmied by a pin join t l-chord
length from the wing t ip. Two other rods were a t -
tached behind the reflect ion plane near the wing root
as shown in Figure 4, so as tcrbahmce the pitohhg mom-
ents of the wing and, in addit ion , to car ry the re-,
mainder of the lift ing forces. These two rods were
hor izonta l and were both perpendicu la r to the wing
span , being arranged to fom a para llel linkage system.
The angle of a t t ack was changed by turn ing a small

gear meshed with a quadrant a t tached to t ie wing. \
The gear was fastened ~o a ver t ica l rod forming one E&I
of the above-ment ioned linkage system. The Iift of
the wing was given by the sum of the two lift -ba lance
readings; in addit ion , rolling moments could be ob-
ta ined by taking the differences between the product s
of each baIance reading and the appropr ia te moment
a rms. This system was inelded so tha t the effect ive- ~

COMl@371’lMlFOR AERONAUTICS . ..—

dit leren t combination . S everal readings were takep.
a t l-degree kterva ls to cover the region of min imum
drag, ~d then the maximum lift was obta ined ii a
simila r manner . Test s were made a lso a t a few in ter -
media te amgles of a t t ack in order to determine the
shapes of the lift and drag curves.
The lift ba lances were sensit ive to with in 0.06 pound,

and the drag balance was sensit ive. to with in 0.03
~pound, The angle of a t t ack set t ing was accura te to
‘+ O.1O,and the d-ynamicpressure w& main ta ined cot i-
stan t . to with in + 0.5 per cen t . F rom a compar ison of
the resu lt s of check test s, the var ia t ion between vaIues
of the maximm M was found to amount–to about
* l,Q per cent .

RESULTS
The results, uncor rected for tunnel waII effect s, a re’: -

presen@d as absohte coellkien t s of lift and drag

—.
Fmum 4.-Slot ted Clark Y wing sol-up in ver t ica l tunnel

ness of difTeren tmethods of con t rol could be tested on
the same set -up, if desired.

TESTS

The tests were all made. a t a dynamic pressure of
16.37 pounds per square foot , cor responding to an a ir
speed of 80 miles per hour a t standard a tmospher ic
condit ions. The ReynoIds Number , based on the
wing chord of IO inches, was 609,000. The angle of
a t t ack range var ied from -6° to as high aS + 46°,
depending on the sta~g angle of the slot combina t ion
being t~ted.
Force t est s were made. with t ie. auxilia ry a ir foil

screwed t igh t to the main wing and fa ired with plast i-
cize, as a basis for compar ison between the resu lt s of
the pla in wing and those with the slot open a t the-100

I

1

I
I
1
I
I
I

(CL and CD), in tabula r and in char t form. The Iift
and drag coefficien t s, CLand CD,plot t ed agfiinst angle
of a t t ack for the var ious auxilimy a ir foil posit ions a re–””
shown in Figures 5 to 24, inchsive. The wing area
with the slotmlosed was used as the basic area in the
ca lc~a t ions of CL and CD from t lmse tes ts . EacIl ‘“
ficr@ gi~~ the res~~ ~}~~ slot closed and fa ired ~d”
with five differen t slot widths a t a given slot depth
and_~nstan t sIot gap. Wi~h th is combina t ion a ser ies”-”
of four figures covers the resu lt s for one slot gap c.on-
dit io%. Tables I to V, inclusive, &ve the va lues”of–”
the maximum lift coefficien t s (CL ma=)and the cor -
res@iing values of the angles of a t t ack for maximum

—.-

J ift (*L . ..) for ~1 t ie a llfiia ry airfoil positions. ‘T-
C%&oura of the maximum lift -coefficien t s and of the”

cor i%iponding angles of a t t ack for maximup~ Iift



THE AERODYNHC CHARACTBRISTICSOF A SLOTTEDCLARKY WING 711

,,

I -4
d’

i.2

& 1.0

1
C3-8

{

6

4 W t

t 1

‘S/ofvvidfh–

‘ I A—-— 9-OX-I
o —— 34ZC
x --—– 6.0% “-1

2 —-– /2.0% “
; –-–— /5.0% “-i

Cbsed4TW’ WA”’
u, dqees

~GUEE 5.-CL and CD vemue E Slot gap -IA w cent & EM depth -8.6
per cen t c above c

w IIllll+w

FIGCEE6.-CLand CD ream.Me Slot EBP =IJ P cent c Slc4 depth =1 .0
pe r c en t c abm e c

EliiE
.,

.6
f

.4 ,

2

—— 34ZC
z --—-— &o%“
A —-— 90%=—-- .
: ––––– {:% “+

Fmmu7.-CL an d CD mmns a. Blo t gap -1 .6 pe r c en t I= 8M depth -1A
per cen t c beIow c

FIGUBE 8.-CL end CD versus u. 8 1 0 tgap-1.5percen t c Mot depth -4.0
per c en t c below c

.-

.-

. ..—

—

.—.



712 REPORT NATIONALADVISORYCOMMIWi’El?lFOR AERONAUTICS —

/.8

/.6 2h, .,1,’ ,I

1.4 \
1/ ,

,,

1.2

F “’\/
Q/o

[, ~
/

%
e

ti .8
_ _ _ _ e L — —

.6

.4 i{ / Y
T -S[o+-width–

41 7 b ‘ 0 —— 34XC
x --------- &Qz“–

.2
—-— 30% “—-- /2.0z””—

C.&d

Ci,c&Q-ees
FIGUEE 9 .–CL and CDvareus a. SlotgaP-2.O per wnt c. SIot de@.=&6

E cant e above c

C
I

/.6 / ‘ k ‘i,4 :
(
,, ,

I
/,’

,.
,’ 1,

f.4 t

i
/

12 <v ,/
3r / {

/$“fy.o +s-~d

E
/,0 >

@ ,8-
!,,’ /

// (

6
f

f~.4 Slof w;dfh-
7/ —— .3.4zc -

X --------- 60%“–
.2

$ —-— 9.0%“
—-- 12.OZ“—

v ––––- K&x u
h

C.bsed
I

mm ““-40 -50
ix, degrees

~UItE 1 0 .—CLand CD ve iaus . . Slot gnp=2.O w cent c. Slot depth -lo
WI 03nt Cabove C

..m
—— 3.4%C
---------- fln z “ -1

.2

~o 0 /0 2030

—-. .
—-- 120%n
-–––– 15.0%“-i

& degrees

Ckls ed
I

m .-.m -

~CUJ BE ll.—t?L and~ VOl’Sl19 a. Slot gap -2.0 per cen t c. Slot depth- 1.6
per cantcbalow e

a,dq-ees
E1131J n-12.-CL and CD versuea. Slot gaD-2.O per wnt e. Slot depth-4.O

per cen t c below c

—

,-—-.-.—_.— -

A

.- L L-.-L.
—. .-



THE AERODYNAMICC!H.KRA(31?ZFU~CSOF A SLOT’3WDCL.4RKY WING 713 -

.4

2
I v –-––– K@%“ I

t I 14- x t I

1-
1 1

VSb’w;dfh–
—— 34 .2 -C

— x --––— &o%‘–
A -- 30% =I I . + —-- /2!0%“–

.4

2

——
q-~ ––—- (20%”1

t

A
+
v

—-—
—.-
—————

9.0% “
12.OZ‘
/5.0% “i

I I I
7 h S[of

I
I Cksed

1 +=t==’-I
%7 o 10 m =.40.50

I I I
Ub.sed

I ~1
% o 10 203 40 50 —

FIGCM 13 .-CL and CD nmus a. W gap-2.Sw eeti c.Hot depth-2.6
p+r cen t c above c

FIGCSUI 15 .—(7L snd L% mcms a. Elc4 @aD.2.6 per Cd c ~ depth-1.6
pxcentcbelowc

/.6’1 t 1 I 1 I Iii

I 1 I ML I I I

.4

2
*X -——-- 6.0%=-l

I I I A s lot

I ckx?ied
I

%
1

0 10 a 30 40. 60

!

G deg-ees

FIGUREIL—G and G vemm a. Slo t gaII-2.5 per cen t c. Slot &@h-1.O
pa! cen t c above c

S93(K+E4

Fmom 16 .-ck wid CD versus Q. Slo t gm=%fi w cent L Mot depth-4.0
w cen t c below c



714 REPORT NATIONALADVISORYC E FOR AERONAUTICS

“ m--l

.6

.4

.2

IA/ f! I I
I

) Siofwidth–
/ 0 —— 34ZC

i — x --–---—- !s0%“–
A —-— 9.OZ“

I I + —-- 12.0.%“ –
I& v ————-f5.oz “

I I t
/“

h slot
closed

J%WL’J
I

40 50, a, degrees
FIGUREli’,-cLand C’Dve rsus a. SkIt gw+.O per oent c . Sh it depth-SA

per cen t c a!xr ie c

1.8
l/K ~*
“V ;.

1.6 I
,i~ + f

A

/! /“’ ‘~

f.4 - #
,t%

‘ ~
1 .2 ,

,’ -1 P/
\ ~1

f’ /

~1.o
r

i

G .8

.6 Iv/’
i.‘;

.4 sfoi wid)’h–
34ZC

.u x ----------6.0%m–

.2
—-— 9.0%“
—-- 12.0%”—

/, /5.0% 0
Slof —
Cklsed

.Qn
I

o /0 20 30 40 50
%*=

FNUREl&-CLandCD vereue a. Slot gap=2.O per cen t c. Slot depth=1.0
parcenteabovee

, , m ,. Y , -+.s,b-wo’th-j, /’l
—— .34ZC

M
I I 1/

.
------—- 6.0%! --l/- ,7 A —-— 9.OX!

.2 7> ~ —-- f2.0xm–,..
~.x”’ : –––—/ f5.oz !

h .510f
Cfossd

Jlo o 10 20 30 40 .50,. a dqm?ss

FIGURE 19.—C’L an d CDremm a. Slot g?Jp-9.O pcr cen t c. Slot depth- 1,S
per wnt c below c

r.E

1.6

1 .4

1 .2

fy.o

]

ti.8

.6

.4

.2

40” 0 10 20 .37 40 50
-—J- % Oq?-ees

RoW ~.–6’L andCDVI?ISL19a. SIot BW-S.Ow WiltC.6~Ot r l@pth-LO
per wnt c Mow c

—.. —.

--

—-—



THE AERODYNAMICC~(WEBISTICS OF A SLO’J?I’EDCLARKY WIKG :15

~
M’- o—— 34%C I

2 7-T
.. x -----— .

y A —-— 9?;”
—-. m

I .I.Z3F” ; ––––– ;2ti0;=4

k!! I I I h s fof
--- Ch.sed47*!’MUW

FIGURE 21.-CL and CD TaWJS a. EM gaP-8Li per cen t e. Slot depth -~A
par cen t c above c

FIGUW. 22.-CL and C’D~ a. SIOt gEP-iL6 per “@nt e. M depth-I.4
Pr cen t c llbore c

/.8

1.6

[.4

/.2

&.o

E

d .8

.6

.4

/1 f/ A —-— 20% “
.2

/0’,@ ‘ :
—-– /2.0%“—
—— ml% “

h stat—
clb.s&d

I
!0

1
0 [0 mm 4050

FmvEK=.—CL md CDref51M“k . Hot EW.=3.5 per centC.Ebtdep th =15
Pefcen tcbelowc

4#-t-tI#ril A1.Allll

+s70f3k7f;-
——
----— ~oz .-
—-— So% “

/2.0.7“-
––—- IS.*Z“

~o
#

-o 10 20 30 40 50
C4dq-ees

FmIZEE 24.-CL and Cnremn = SMgapd~ percentC. SIotdepth=LO
percen t ciMowc

—
--

—-

—

._—. —

. —-—

-.



716 REPORT NATIONALADVISORY

obta inable a t given posit ions of the auxilia~ a ir foil
with respect to the main wing are given in Figgres 25
to 29, inclusive. Each contour line connects poin t s
of equal va lue of the maximum lift coefficien t or of
angle of a t t ack for maximum lift . If the cukff poin t
(poin t X, figs. 25 to 29) of. the auxilia ry a ir foil is
placed a t the posit ion for a desired CL ~a., t ie cor -
responding vrdue of the angle of a t t ack for maximum
lift wilI be given by the same posit ion on the contours
of CWL~~=, Each Iigure thus Bhows the possibIe oom-
bir ia t ions of maximum Iift coefficien t and cor respond-
ing angle of a t t ack for maximum lift obta inable for
any slot condit ion with a constan t slot gap.
The best obta inable va lues of the maximum lift

coefficien t and of the highest angles of a t t ack for
maximum lift a t~ven slot gaps, depths, and best
widths are recorded in Table VI. The highest va lues
of the maximum lift coefh ien ts a re tab ukted fir st ,
followed by the cor responding vaIues of the angles of
a t t ack for max@um lift . Then the highest wdues
of the angles of a t t ack for maximum lift a re given,
followed by their cor responding values of the maximum
lift c.oef%cienta , The curves of h ighest maximum Iift
coefficien t s a re shown in Figure 30 and the curves of
h ighest angk of a t t ack for maximum lift a re given
on Figure 31.

DISCUSSION
Although these tests were not made at fulI scale, the

scale effect is probably small because the ReyiioIds
~umber is relatively large (609,000) and above the
critical range. This value is about one-third of that
for an ordinary small a irpkme while Ianding, the con-
dit ion for which the resu lt s a re of par t icu la r in terest .
The discussion of the resu lt e has been divided in to
four main par t s: F ir st , a genera ldiscussion of the effect
of changes in the auxilia ry a ir foil posit ion on the
curvm of lift and drag coefficien t s; second, a discussion
of the effect s of the posit ion of the ~uxilia~ a ir foil
on the maximum lift coefficien t s; th ird, the eilect s of
the auxihry a ir fofl loca t ion on the angIes of a t t aok
for maximum lift ; four th , the choice of the opt imum
posit ion of the auxilia ry a ir foil. ~
Genera l,—The shapes of the curv~ of Iift and drag

coefficien t s a re affected by changes in the slot widths
for given slot depths (slot gaps constan t ) as shown in .
F igmw 5 to 24, inclusive. It wiIl be noted tha t la rge
increases in the maximum Iift a re possibIe under
cer ta in condit ions, and tha t under cer ta in other
condit ions Iarge increases in the angle of a t t ack for
maximum lift a re obta inable. It can be seen tha t
some of the lift coefficien t curves are well rounded a t
the peaks, while others drop off qu ite sharply after
the maximum has been reached. Up to the sta lling
angle of the wing with slot dosed, it should be noted
tha t the lift coefficien t a t a given angle of a t t ack is
genera lly somewhat lower for the wing with slot open
then for the one with slot closed. The char t s indica te

COMMITTEEFOR AERONAUTICS

a leQtha t the sIopes of the lift coefficien t curves for the
slot o~m arrangements are, in ganera l, somewhat
increased by in~reasing the slot width a t a given
depth_ [sIot gap constan t ). The tendency is to ap-
proach the curve for the wing, @th slot closed. (See -----
&s. 5_to 24, inclusive,)
Although the test s were made with the view of ““”.

applying the restdt s to au tomat ic slot s, it may be
noted tha t the widest sIotmvidth gives, in genera l, the
h ighest drag va lues in the vicin ity of zero Iift . The
drag vvdue.sin th is region me a lso increased by loca t ing
the auxilia~ a ir foil below ra ther than above the chord
line of the main wing. However , a t the high angIes
of attack between 24° and the stalling angle of the .._
sIotted wing, the drag of the alotted wing is Iower t@n . . _.
tha t of the wing with slot closed. (l?@ 6 to 24,
incIueive.) An increase in the slot gap, other factom
remain ing the same, is a lso accompanied by an in-
crease in the drag for the above range .of mgk Or _ _.~
a t tack.
Maximum lift coefEcien t .-The manner in which

the maximum lift coefficien t s a re affected by changes
in the. auxilia ry a ir foil posit ion may be seen by refer -
~ce h the conto~ of Cfi ~m. @igs. 25 to 29, ‘ _
inclusive.} It will be noted tha t , for a constan t slot .
gap, there is a best posit ion of the auxilia ry a ir foil to
give the highest mminmm lift coefficien t . h th is ___ ._
posit ion @e nose of the auxilia ry a ir foil is below and
well forward of the nose of the main wing. Fur ther
displacement of the auxilia ry a ir foil (slot gap con-
stan t ) back and upwards or down and forwards causes
only ernaIlchanges in the mat ium lift coefficien t s for
considerable displacements.
As the slot gap is increased, the nose of the auxilia ry “

a ir foil must be ra ised to obta in the highest maximum
lift coefficien t , while the distance out from the main
a ir foiI var ies somewhat but not in a clear Iy defined
manner , Changes in the slot gap cause no appreciable
differences in the highest maximum lift coefficien t s
obta inable (fig. 30), the var ia t ions fa .lbng pract ica lly
with in the exper imenta l er ror of the test s.
The Iirgest increase in the maximum Iift coefficien t , ‘ -

from 1.297 (slot closed) to 1,835 (h ighest recorded),
indica tes an obta inable gain in the maximum Iift “. _ ___
coficien t of 41.5 per cen t for the sIot t ed Cla rk Ywing.
This wlue compares favorably with previous resu lt s
on slot t ed medium-th ick wings in which increases up
to 40 per cegh were obt t ied. (Reference 3.)
Angie of a t t ack for maximum lift ,-There is a best

posit ion of the auxilia ry a ir fofi (slot gap cons&nt i for
the highest angIes of a t t ack for m“aximumlift . (l?ii,
25 to 2~ incIusive.) Th is best posit ion , however , is , -a
considerably dt ieren t from tha t for the highest
rnaxin ium lift co.eflicien t . For the highest angles the ~.
nose oj “the apxilia ry a ir foil is found to be weII below
but close in to t ie nose of the main wing. Displace-
ment of the auxilia ry a ir foil either upward or outward
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from the best position decreases the angle of attack on tlkhighest ma.xirnum lift coefficients and greatest
for maximum lift. The highest angles of attack for angles of attack for maximum lift that these two wduea
maximum lift a re obta ined with the la rgest dot gaps. a re n-et obta ined simultaneously. A compromim
(See fig. 31.) must therefore be effected.
The highest angle of a t t ack for maximum lift ob- As ment ioned previously, changes in the slot gap ~

ta ined in th is ser ies of t est s was 45° (figs. 28 and 29) as o~er the range tested have lit t le effect on the highest _
compared with the highest of_29° found in one of the va lues mf the maximum lift coefficien t . .The highmt

I 20” .ZA1 //

FIGURE Z&–h ow of poin t X to obta in var lom ah foll oba ra cterh th s . @P-3 .O w can t c

avaiIabIe previous taste of slot t ed wings. (Reference
2.) Inasmuch as the angle of a t t ack for maximum
Iift for the wing with the slot cIosed was 15°, the
maximum at ta ined in th is invest iga t ion gives an
increase in tha t angIe of 30°. Although the high
angles of a t t ack for maximum lift a re probably not of
par t imdar in terest in connect ion with the use of fulI-

----
. . .

-.**, ~~... . ... .... .

/0t I

value .0,84) was obtained’ for a slot gap of .2.0 per _
cen t chord. Reference to Figure 26 then showy tha t , _
with the poin t X of the auxilia ry a ir foiI a t the posi-
t ion for CLmu of 1.84, the slot width is 12.0 per cen~
chord, and the sIot depth is 4.0 per cen t chord below
the main wing chord.. The cor responding angle of
a t t ack for maximum lift is found to be about 28°.
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span slot s, they may be considered h. the case of
wing-t ip slot s in order to obta in the required. la tera l
st ability.
Choioe of opt imum posit ion of the auxiliary a ir foiL—

The choice of the auxilia ry a ir foiI posit ion is dependent
upon the most desired aerodynamic character ist ics of
the clot t ed wing. It is evident from the discussion of
the effeota of changes in the auxilia ry a ir foil posit ion

—. .
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Figure 1 a lso shows the above
ment to sca le.
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geomet r ica l ar range- . .

A high maximum Iift coefficien t , together with a
high angle of a t t ack for maximum lift , may Im ob-
ta ined with a Iarger slot gap than that above.. Utig
a slot gap of 3.0 per cent chord (fig. 28), it may be
seen, for example, that a maximum Iift coefficient of
1.60 &obtainable with a corresponding angle of attuck
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for maximum Iift of 40°. These values mo for a
position of the au.fiary airfoil at a slot width of 8.0
per cent chord and a slot depth of 3.6 per cent chord
below the main wing chord.

CONCLUSIONS
1. The best autiary airfoil locations, based on tie

highest maximum Iift, have been found for the slotted
wing tssted, but the locations for highest maximum
lift coefficient and highest qj~s of attack for maxi-
mum lift are not coincident.
?. An increase of 41.5 per cent b the maximum

lift coefficient from the slot closecl to the best open

; 1.60 I ! I

.&
z f

t.50

Slot d fh
F

i.40
——35 c.Above&a-d

Y ------—— 1.0%” “ “
—.—

‘-=‘%0$
1 I 1 I I I I I i I i
0 /.0 247 30 4.0 50

SIbf~per centC#Kk-d

RGWSXSO–Effect ofdotsaponMKMst CL-u.foraCfm ~ d~p~

positions was obtained for a aIotted Clark Y wing,
with a corresponding increase of about 13° in the
angIe of attack for this maximum Iift.
3. An increase of 30° in the angle of attack for

maximum lift was a t ta ined with t ie giwm main wing
and auxihry a ir foil combina t ion , aIthough a t a maxi-
mum Iift coefficien t sligh t iy Iower than tha t of the
pla in wing.

LANGLEY l!fEMORIAL AERONAUTICALLABOmTORY,
&TATIONALADYLSOET(lOMITTEE FOEAERONA~CSj
LMiGLEY FIELD, VA., bfay H, 1981.
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AERONAUTICAL SYMBOLS

Len gth . . ----- i
Tm e---.-----
Force -------- 4

Power -------- P
Speed-----_-- ---------.

W,
9)

m,

P,

Weight = mg

1. FUNDAMENTAL AND DERIVED UNITS
.—. ..—

Metric EngIish

Utit Spbd Unit SymboI
.. —-

meter ------------------ m foot (or rnfle)--_------ ft . (ormi.)
wend ----------------- seoond (or hour ) ------- sec. (or hr .)
weigh t of one kilogrmn ---- ,G weigh t . of one pound---- lb.

k~m/a----_--__-_----__ _-i-i--i-- hor sepo~er ___________ hp
(!%r@-_---_----__-- ---- mi.h ----------------
l@s____________________ m.p.i ft ./w ---------------- F&?

.——

2. GENERAL SYMBOLS, ETC.
7nkz,kIoment of inertia (indicate axis of the

Stm-dard r i~celera t ion ofgra t ity=9.80665 “ radius of gyra t ion- k, by proper sub- J

I@= 32.1740 ft./see.~ scr ipt ).

Mass =: El, hea .
S ., Wing area ,etc.

Density (mass per unit vohune). Q, Gap.
Standard density of dry a ir , 0.12497 (kg-m+ b, Span.
EP) at 15° C. and 760 mm= 0.002378 c, &old.
(Ib.-ft .4 see?). ~s

Specific might of “standard” a ir , 1.2255 ~’ ‘Pet ‘t ie”
kg/m*=0.07651 lb./ft?. P , Coefficien t of wiscosity. “

r ,

, %

L,

D

D*,

D~,

D,,

c1

R ,
iu ,

it,

3. AERODYNAMICAL SYMBOLS
True air speed. Q Resultant moment.

Q,Dynamic (or impact) pressure =~p~q. ~.
Resultan t engdar veIocity.

T n zRe.wokls Number , where 1 is a Iinear
Lift , absoIu te coefficien t CL= ~ P

Dragj absolu te coefficien t CD= ~qs
ProfHe drag, absu lu te coefficien t C~O=~qs
Induced drag, absolu te oodicien t C~i=~ ~

u)
Parasit e drag, absolu te coefficien t C~, =%

Cross-wind foroe, absolute coetlicien+. ~,
00=$ %

Resultant force.
%

hgle of setting of wings (reIative to ~,
thrust line).

ibgle of stabilizer settiug (relative to ~
thrust line).

dimension .
e. g., for a modeI a ir foil 3 in . chord, 100
miJ hr . normal pressure, a t 15° C., the
cor responding number is 234,000;

or for a model of 10 cm chord 40 m/s,
the cor responding number is 274,000.

Center of pressure coefficien t (ra t io of
distance of c. p. from leading edge to
chord Iength).

bgle of a t t ack.
Qgle of downwash.
hgIe of a t t ack, in fin ite aspect . ra t io.
Angle of a t t ack, induced.
Angie of a t t ack, absolu te.
(Measured from zero lift posit ion .)

F ligh t pa th angle.
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.-

Posit ive direct ions of axea and angles (forces and moments) me shown by ar rows -.. — .--,.

,.; ‘s;!= ii?“iss:;;;i‘t$F~~+~.~Designa t ion

Longitudina l --- X ;
Latera l -------- Y
Normal ------- z

. -. -. .....
Absolu te coefficien t s of moment Angle of set of con t rol sur fuce (reln t ive to neu- -; --=.

.—-. .—
——

D,
P)
pID,
V,
V,,

T ,

Q>

Diameter .
Geomet r ic pitch .

“P,

Pitch ra t io.
Inflow velocity.” CB,

Slipst ream velocity. T?

Thrust , absolu te coefficien t Cr= ~~ ‘n.J.

Q “Torque, absolu te coefficien t CQ=~ZD~

Power , nbsolu te. coefficien t ~p= --&-’
-. . . . ..

/
6 jl~

S@ed power coefficien t= ~ ~.

Efficiency.
R&volu t ions per second, r . p. s. .

()

.—
Effect ive helix angle = tnn-* ~~
-7. — --- —

1 hp = 76.04 kgfmfs = 550
1 kg/m/s =O.01315 hp
1 nti./hr. = 0.44704 m/s
1 ill/S= 2,23693 mi@r.

5. NUhlERICAL RELATIONS

lb./f t./sec. 1 lb. = 0.4535924277 kg.
1 kg=2.2046224 lb.
1 rd. = 1609.35 m=5280 ft.

.—

1 m =%.2808333 ft.

o


