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A two-dimensional investigation was undertaken in the
California Institute of Technology Herrill
determine the effectiveness of using a 15% slat on a 10% double
wedge alrfoil. The investligatlon was conducted in three phases:
force polars, pressure tests, and tuft pattern studies. All

= 2

. ; 2 .
phases were conducted at a dynamic pressure of 40 1b/ft°, egui-

The high 1ift characteristics of the double wedge alrfoll
with the slat were found to be aerodyramicelly superior to those
of the basglc wedge sectlion and the wadge equlyp:
nose flap. DExtension of the leading edge slat caussd increages

in maximum 1ift coefficients and in the angle of attack required

for maximum 1ift. The following increments were measured.

Gonfig. | 223 | 7-0 | 7-10| 7-20| 7-25| 7-30| T-35|5,-35
Clmax 0.710 [0.775/0.910|1.128]|1.236|1L.274|1.306|1.115
cd 0.110 [0.155/0.100|0.1156]0.125|0.140|0.204[0.135
e - o; 0.065[0.135(0.418]0.526|0.564|0.596|0.405
ACy o) 0.045[<0.010[0.006|0.015(0.030[0.194[0.025
oy 10° | 14°] 13°] 16°| 18| 20°| 24°| 19°

The nose deflectlon produced larger Clmax increments

than the slot variations below nose angles of 250, vut for 25

and larger angles the glot variaticns caused the major improve-

ments in C1, The slot prevented occurrence of buifeting
max.

caused by upper surface intermittent or oscillatory separaticn
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experienced with the plain nose flap.

ot

In all of the cases tested with the slat extended, the

stall was more gradual than for the basic secticn. The stall
for the optimum slot conditions was the result of tralling edge

geparation moving forward over the upper surface of the airfolil.
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S YMBOLS

The term "main section of the airfoil" is herein

considered to mean that part of the zirfell section exclud-

[ =
ot

ng the slat. The aerodynamic cocefficlents and other symbols

"

used are ag follows:

a 5lat angle of rotation from the chord line (deg.)

Is) 3lat translation in halfl per cent chord units from
the basic airfoil position (See fig. 2)

g Slot gap in per cent of chord

c Model chord with the slat retracted

S Model projected area wilth the slat retracted

1 Model 1ift uncorrected for blocking

d Model drag uncorrected for blocking

me/2  Model pitching moment about the 504 chord point,
uncorrected Tor blocking

Lic /4 Hodel pitching moment about the guarter-chord point,
uncorrected for blocking

Tunnel dynamic pressure (QVQ/E)

a

e Tunnel air mass denslty

v Tunnel alr velocity, uncorrected for blocking

oy, Model angle of attack measured from the airfolil chord

line, uncorrected for blocking (dezrees)
C1 Section 1lift coefficient (1/93)
Clmax Maximum uncorrected sectlon 1lift coefficient

Cga Sectlon drag coeffilclent, uncorrected for blocking

(a/q3)
Cme/2 Mid-chord section pitching moment coefficient (mg/2 + gbc)

icilent

Hy
(¢

Cme /4 Quarter-chord section pitching moment coef
(me/4 + gsc)

R.N. Reynolds number



I-IXTRODUCTION

Thin symmetrical supersonic alrfolls with sharp leading

iges are designed with flight at supersonic

Rl

o

speeds as the paramount objective and thelr operation in
subsonic realm of flight comes 28 a secondary concern. However,
safe operation of alrcraflt egulpped with such alrfoll sections
at the low spesds required for laending and take-off necessitates
methods for increasing thelr characteristically low maximunm

1ift and reducing the large profile drag at these maximum 1ift
coefficlients. Previous 1lnvestigations have involved various
means of achleving these more deslirable resultes and the most
promlsing has proved to be the nose flap with 1ts effective
increase in camber. Nose flaps have shown promise in both

Y

reducing the drag at the maximum 11ft conditions and achleving

higher maximum values of 1lift. References 1 and 2 describe

a series of investigations conducted by the NACA Ames Asronau-
tical Laboratory at Moffett Fleld, California to determine the
aerodynamlc properties of a thin modified double wedge airfoil
equlipped with a nose flap and a simulated split flap. Refer-

ence 5 deals more specifically with their
stalling of the alrfoll and nose flap.

It was on the basis of these NACA reports that this

pory

investigation was prompted to find the effectiveness of slotting

the nose flap in such a manner that it would act more as a

- o

slotted nose flap or "slat", as it will be referred +to herein.

-

In so doing, the favorable pressure differential between the

upper and lower surfaces waz to be utilized to add kinetic



energy to the boundary layer on the suction slde of the airfoil
and delay thse flow separation downstrezm from the juncture of

the slat and the main body section. Also, since the flow over

ately behind the leading edge caused by the very high flow
accelerations required to negotiate the sharp nose, additlons

of kinetic energy downstream from the separation could concelv-
ably cause earlier Ilow reattachment than would otherwilise be
possible. Although the more aprtificial means of energy additicn

-

such as Dlowing or removing the boundary layer by suction could
be performed, the utilizatiocn of the faveorable pressure differ-
ential is more dependable and trouble free in the practical
sense.

To achieve the desired results, the slat Jjunclture with
the main section of the alrfoil was shaped as a favorable

converging channel. Then, with the slat as an external element

it was free to be moved away from the body and form a channel
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through which the alr migh
convert the pressure differential into kinetic energy for con-
trolling the upper surface separation.

This report presents the results of this investigation

B

in the Californis Institute of Technology lerrill

o
e}
o}
o)
o
o)
ct
®
o

=
'.Ja
—
£,
k3
[
]
]
0]

N e
.
=g
DA
e
[
D
L]
PJ
@
3]
(¢]
&

ption of the tunnel ig given in



II-LODEL, APPARATUS, AND TESTS

o

The investigation described herein was conducted on

V_J

a 10% thick double-wedge airfoil with a 157 leading-edce

7

.

slat. Two movements were used to position the slat, namely,
rotation about the 15% chord polint and radial translation
which allowed veriations in the slot gap (c¢f. Fiz. 2). Ro-
tation of the slat was similar to a hinged nose and limited
the scope of the testing to slat chord positions on radii of
the 157 chord point. Radial movement permitted variations of

the slat slot-gap exit, g in fisure 2, although the slot contour

was not variable eyond the allowances of these two novements.

with details of the slat and pressure taps together with coordi-
ure 2. The pressure taps,
#80 drill holes in the model surface, were connected at one end
of the model, via plastic tublng, tc a multlple manometer board.
The model was machined from brass bar stock and held together

with locking devices and screws. The two clircular end plates

n

fastened on the ends cf the &% chord 24" span model were cut
from 0.125" 2457 aluminum. In these end plates, circular slat-
end suppor£ discs were mounted flush with the inner surface
throush circular cutouts. 3lots in these support discs permitted

A

the radial movement. Additional slat supcort was given by four

-

g

1dly attached to the slat and locked by a device located
In the main sectlon which alsc permitted the slat rotation and

The model was nounted con-



ventionally on a three polnt balance suspension system with

o]

the bayonet trunnlons on the outside of the endplates and the
rear support in the center of a cross bar between armes fastened
to the endplates.

The test program wasg conducted in three phases as
follows:

a) Force data were messured directly by the balance

system and were corrected by support system aerodynamic tares

taken with the model removed. 0Of the three two-dimenslonal
force components, the largest correctlons were appllied to the

drag force while the 1ift and pitching moment correctlons were

ficant. While the conditlons with the model
removed did not exactly duplicate the flow on the inner sur-
faces of the endplates or the downwash on the rear support
with the model present, it was felt that thls approximation
permitted reasonably good cquantitative evaluation of the force
coefficients.

Variations of slat anguler rotation and radial trans-
lation were made to determine the optimum 1ift conditlions and
to determine the relative merits of these two movements. Opti-
mumn poslitlions were attained only for the nose angles of 25, 20,

and 35 degrees.

the varicus positlioneg primarily to checlk the effectiveness of
the zlot and secordarily ito determine the mode of stalling.

ure points on the model were reduced
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to the dimenslionless pressure coeflficleunt C from manometer
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board photograph negatives. To determine the slot effective-
ness, the slot of the slat was sealed on the bottom side with

scotch tape to prevent air 1l

Q

w through the slot and the runs

repeated. Since the pressure taps were in fixed positions on

ring especially sbout the nose and slot of the model were not

ermined. The reference point for the pressure

entrance and therefore the pressure ccefficlients are only for
relative informatiocon rather then for absolute magnitudes.

c) Tuft studies on the model were conducted to indicate
the mode of stall separations on the uprer surfaces and also
the effectiveness of the sleot In preventing separation. Four
rows of tufts were used; one on the slat, another on the main
section ahead of the wedge peak and the other two behlnd the

peak. Comparison of sealed and unsealed szlot conditions and

of successively Increasing angles of attack showed qulte well

the slat effectiveness and stall development.

s was taken as the static pressure ring a2t the throa



ITII-DATA PRESENTATION

Aerodynamlc force data obtained from the balance systen
were corrected only for the dynamic forces acting on the
support system a2nd not for the wind tunnel wall influsnces and

buoyancy since the tests werse primarily comparative. Figure
2 summarizes the varlations of Clgoy with slat angular rotation
and translation. It is tc be noted that the sensitivity of the

4 o\

maximum 1ift coefficient wasg more a functlon of the added camb

angles. These curve ere tak rem the asrodynamic polars
that follow in fizures 4 throuzh 9. Zach figure is for a given

2l translation as the varliable

}_h

-

nose angle with the glat rad
In this serles of curves, the gap of the slot exit was increased

from the ninimum to that obtainable with slat vosition 7. The

- N4 - .
data are shown ag measured at the 50% chord point, with cor-
rections for the support system as previcusly mentloned. In

firure 10 the data for slat vosition 7 end all nose ang

shown as solved about the guarter-chord point, l1.e., the
pitching moment has been transferrsd from the 507 chord point

to the 257 chord point. Figures 11 and 13 give the effects of

meving the slat beyond the optimum conditlion for the nose angles

The next series of figures, numbered 14 through 23, are
plots of pressure coefficient profile variations with the slot
sealed and unsealed at the same anzles of attack and furnis

some comparisons of approximately the one-half and full maximum



1ift conditions. The dashed lines indlicate areas of transition
where a proper estimation of the coelfficient variatlons was

not possible These areas wWere aCrosc
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on both the top and Dbottom surfaces of the slat nose where
quite large changes in the pressure coeffliclents were experi-
Variations of the pressure coefTiclient profiles with

angle of attaci for configuration 7-35 which was very near to

the optimum high 1ift arrangement are presented as floures 24
througn 30. Tue range of attack angles was from zero to twenty-
eight degrees and passed beyond the maximum 1ift point. These

curves show not only the velocity characteristics over the

airfoll and the separation areas but alsc characterize th

@

moment variations.

he last of the pressure coefficient curves, figures
21 to 34, indicate the conditlions beyond the optimum slot
openings for the given nose angles. They are indicative of
the polnts of fallure for the slot in controlling the flow

..L

over the upper surface of the alrfoll.



IV-RESULTS AND DISCUSSION

The curves of figure 3 summarize results obtained for

from the force messurements and indlecate that the nose

o

Clmax

deflection or slat rotatlon was the mejor factor for increasing
the maximum 1ift coefficlent with the lower ncse angles. How-
ever, at the nose angles of 30° and 35°, the slot a’p variation
played the more important role for incrsasing Slpaxe Cotimum
conditions of slot gap were attained for the nose angles of
250, BOO, and 35° where increasing nose angles produced approxi-

mately a linear increment in the optimum 1ift coefficient. For
the lower nose angles, the optimum conditlions were not reached,
but the tests indicated that sizeable gains mizht be achieved by
further increases in the slot gap.

The 1initial opening of the slot for ithe nose angles of

at all attack angles

L

10° 2nd 20° produced

(Figs. 5 and 6). The zero nose angle, however, caused 1ift

decrements until beyond the stall angle of the basic section
(Fic. 4). At the higher nose deflections, i.e., 259, 307, and
359, the 1lift decreased slizhtly with increasing slot gop %o a
transition point below Cy,., where the increasing gap increassed

1ift. These changes in the 1lift coefficient with gap varlatlons
were small in all cases with the exception of the 30° and 35°
nose angles which were more critical tco the gop adjustment.

The pressure profile curves provided an explanation

|.,.

for this phenomenon as seen in figure 14 for the zero ncs

.
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angle and various slot gaps
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to increase the slot gap, the changes in



zlot and ahead of the wedge peak, the ve
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Zince the measured 1ift coefficlients at
decreased only a small amount, the two effscts nearly cancelled
cach other. A decreased velocity behind the slot rather than

the desired increase 1n veloclty was attributed to the separa-

3,

tion occurring at the nose. Reference 7 indicates that the

m for a 4.5% modified double wedge at an angle

(f}

extended over the entire upper surface of the
alrfeil. If this mey De applled to the case at hand, then
kinetlc energy =2dditions from the slot air Lo the upper surface
boundary layer must tend to cause reattachment over the entire
upper surface. Also, the prescsure differentlial of the wedge

atively small over the sharp nose surfaces, 350

i...J

asection 1s rs

less potential energy is available for conversion te xinetic
energy. In figure 35, the skeitches of the separated regions

for 7-0 and T4-0 show that the slot partislly caused reattach-
ment of the ncse flow separation while the entire upper surfiace
air flow separated with the slot sealed. At higher nose de-
flections the pressure differential between the upper and

lower slot ovenings increased and therefore the kinetlc energy

of the slot air was increased. Also, since the pressure



-10~

cles.

11E

a

rreater nose

cr
[

1

of the

Dreak

-

LIS

G4
o}

s

.
£
o
A
>

Tnen

ok

K EARAY 1
10 Uhls

ole

L)

-
54

Kk of

£
U

N
a7ty

ant

o
SRV

"

0
o
@]

yvbion

LAL U4

£ s

fo

curves for

sure

e upper

2.1
[l

Il

1 fro

Ioved

1
i

noln

i

=

L

al

3

(&

ot

48]

3

-

£
)

Curv

lift

;
r
0
9
o
D

Ceck

1»% ’
LD

w F
< U

fo

Gt

.
e g
sing ncze angle,

e
=14

ner

ol

nose aefllected

the

LOUTICk

je¥ale).

=
=

Jere Oor

¥

PVe

117

5

c

G4

ge 0

becau

e

i g

S
=

le.

)
el

[}




~11-

setting

]
ed

otic

s

49
(@]

G
0]

@
L

4

Tt

in

es as curvature i

1
I

e e
{STC

5L

1

tuft patier

3

.
-
%

-

el

3 ey A
aenowv

5]

|
O
K]
3
3

-4

3
+
_».I_
)
£

d
)

te expected

-

should

P
)
v

R
o1l

7

oy
i

»

1oprove

icn.

osit

ey
=

L

1 i B
2y e~
OO LA LNE

b

o

in

-

e
EEAN

surve.,

1irt

O]
£

ae

By

for

Ve

Is)
—

1ift

=

slot.

Q

i

A,

At
sae

T
L

il d
1 WOL1C

.
ir

er

TIEY YT
iemiils

m

start to

ould

[
=

ileze

i

e

-
fe1e)

tenl

.
pi

Sl
Lidlit- o

AT EY T
WELT

.

4T
er

fur

ut

I

3 TR
T;Lei; W U

2 I N ) -,
LeCUlchi.

C—;

tive

1]

5

ef

%

very

o

D

t Ty

p

!

Lo

e

od

1
¥

t

d,

aar

1
i

nlete

'AL_

ke

tall co

-
pod

Yy
Ly

- - 4
£ 2 smoot

in producin

e

tiv

ne

1]

1

v
\

~
of

be



-12-

£y 0]

w0 o 1 1 1
+3 0] +2 42 S [0} o3 i iy ®
& n Gy K o] V) +2 4] > o O 3 < o
= ~ ] + (eI S L O o o © ~ 42 22«
5] £4 0} £ o] G- N = D & G < o $q Ui O +3
B R O T I T s 0w (o R T R
P2 P cd S Ga o o + D o s e © O ol O
h Q 0] . 3 . e 3 Gy 3] <+ G « 0} +2
o o3 0 g 1)) O (0] @] o 43 e} o3 o} t 42 4 o]
Gy ] [95] (] K i =t [} 42 o o 9] O O 6]
0} +2 o O o P O = ) 5 D o] ] ® = 0 I
Ko &y O 0] < o3 o < +2? e 3 Gog o $4 ) O
+ < i o & 0] 42 o3 et +3 4 o |
o m O I 3 &y © i 43 Gy 4 (o] 0] » P
3 + o ® ) 0] 0] o o O 03 (6 © b +2 &)
[ ] O Gy —~l Ty g o b o] 10} V] +2 o o 0]
o] s 6y 3 = Gy rd Ko o 0} o o - p o
e e +3 ) 6} a3 3 o} s ) o O] 9] o &
ORI Q © w0 w0 I 43 0] VI & (o)
£2 O & [OTEES) 1 [o) o a O 0] O o}
v} 6} 0] 3 ) > £y 0] 3 i #4 R &
3 42 wz e +2 o Gq o o K +2 O o)
0} 0} Gq +2 [e] A = o+ 6] 42 [ e $4
O ol 3 Oy L0 > o o 0o 3
O 48] ! D o3 K e} i - R [} 0 +2
5} e} W £ 3 O * £y 0 Q +3 o2 iy ]
D £y S K (6] O @8 a3 (0] | ) g 0]
+2 4 O o} o wo- -~ 0] By | e o £y S
o3 0} < = (] o3 £2 " Q4 0 o3 S () s S
P ® e} 9] D 4 I ool [ S Gy j 0} L) 7 (3]
02 o > i O 2y o) +2 &y “+2 o £ . + [0)
[ O 3 ® m 3 i 1 [0) O o [w] @ o
0} (@] w2 + ¢ S o 3 4 ] o} el [3) |
o ] o3 c3 3 3 (@] o] ot 42 L& i 3 o) & £
42 o ) ot 0] 3 Oy 4D +2 3 e
» I +2 +2 o <y o o o 0] 9] ®» S B
S o o3 ¢ 0} o) ui ot s34 0] ) 0} G- i (O
+2 = L4 O] ] K [$) L -+ 1 43 " o ot o g
o 1 Sy - [t} 4+ & (ST s} 0d 0] 1 O -+ o3 Gy 3
e Oy o O Oy o3 o] [ [0} (¢} [0] - I Oy ] O
o2 [$) o . 0] [ g e 0] [ +2 w3 6} Y " Oy +
= 0] Q O 42 ) 0 +2 +2 3 Sy 4} 43 0 2 [6) £ [0} 0] o
= G4 o o o3 o 0] ® S + S S o » i} Gq ol 1 O 42 < ®
£ Gy 0] £y O [0) & O [3) o} 0 Gy e K B 0] &y
O o +2 +2 w0 s " Ko [0} + > ! + 4 e} ot 1 0 3 ) o3 vz S
0 O e o O 42 KR = ® @ o o o <t Sy e o] O
< i by o) 0 < 0 O 1 O ) O W ton} O
° 0] [0} £q ! 16 Gy R | S [y o Lo 0] £ ) i -+
o] K 0 m o o} 0 o} © ¢ ol 4 ) (! o . - +2 < )
[ TS 3 w3 LG T 0] [x] K& {0 X N &4 o (o] S| ¢ o] =] @ L
wd = a3 o = [/ | 3 0] 3+ e Py o o ~— T < LR - +2
42 o O i @ + o i) O 1 » & gy oK O 0} (o) ©
o 3 0] » & [ <4 ® o] o o Gy » [ I e O ) o] 0 4+ Qe -
3 e o L2 o] " (o] ® = [0} o5 o +2 (] A5 (= (o] N Gy o £ o3 Gy 0Q
Q b [0) [O NS ] R 42 ! SN © m .n Gq G 03
Q (ST oy i 42 K n W W I & 42 ! [0) wt o 3 (0] o3 -t O O =
(8} o} [0} 1 a3 43 w ) o3 a3 3 o 8} G4 Oy 7 6} T 3 v o O ~
Gy R 0] 3 I 6] Xy +2 i o o] F [0} [y & O Q 0 4 O o
4 42 o S 2 & I 3] 0 0 42 O ] £ & o < o 0] &) 6] ©
- P £ +2 O (SO R < Gy & 4+ -+ o = 4 42 ; £
& O 3 0 S O fq e W T N S B = A 'e) o 0 P o} o o]
O [ $q a0 ] &4 o] o o £k ® [N Py O o [ B @] 03 K&
(€] 0 @ o} (O JE 0 L s o +2 [#9] a3 = I\ £ A & £ + +3 = +2




the accuracy of the balance system. The drag decreased con-
siderably with the 1ncreasing nose angles except at low attack

angles and resulted in higher 1ift with lower draog at the zame
angle of attack with increasling noge angles, except

SN« B, ) . :
case of two nose anfle" 30° and 35° which ultimately produced

483

more 1ift with less dra . These curves show that the slat

extended the 1ift curves to higher values in the same mannsr

le reached 307.

as for a conventional alrfoll until the nose an
Then the breask in the 1ift curve caused the extenslon to occur

with a decreased slope and presumably gave a slightly lower

han would have occurred if the cause of the

n
value of G154 Y

) e 1

breaiz had been completely corrected by the slat.

)

Additional informstion Tor the optimum condition of the

slat is gilven by fizure 38 as varlations of the pressure coef-

sure differential or potential energy of the slot. Accordin
to the graph, the slot flow steadlly Iincreased to an optimum
value at an zngls of attack of 18°. The pressure on the slot

exit 1lncreased Tor greater attack anzles causing a reduction

W}

in the slot pressure differentizl and presumably in the Tlow.

Coincidently at 18°, the stagnation point on the alrfcil moved

to the botiom surface of the slael and the break In the 1ift
curve caused a reduced rate of 1ift increase with angle of

attack (cf. Figs. 9, 28, 29, and 3&).
An Interesting silell

54 nose slat.
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Within the limits of the investigation, it was found that the

« — e
n angle of 24.2% and 2 gap of 0.6%c.

CA

7ith the slatted double

) ? o L3
wedges

Clmax | % | Clpax |4%u a g
[e) ]
Double Wedge (7-30)| 1.26 | 20°| 0.57 | 10°]|30.0°] 0.8
NACA 654109 1.86 | 21°] 0.69 | 10°|24.3°]| 0.5

The NACA tests were run at a Reynolds number of £.0 x

i
-

10 and the lift coefficients are uncorrected for blocking.
While the above figures are for the optimum slot zap, they are

not necessarily for the optimum slat rotation.
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locking forces Detall of Locking Pins
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Working principle: The set screw inclined face locks the
support pin against the slot face.

Detalls of the Slat Support
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Three~-quarter rear view
of model in tunnel throat

View of model in tunnel
and balance sustem

Photographs typical of trailing-edge separation progression

-

Model and Tuft Photographs




SCRIPTIOY OF THE MERRILL TULNE

¢

Technology

contraction

losed cilrcull type approximately 110 ft.

p—

v 45 in. rectangular test section and 6:1

ratio. FPower is supplled by a 75 H.P. constant

[P N SRR g R
HoLor Crlvaiyy

A veloclity range of O to 1&0 mph. at the test

ded by the eleciric prop pltch control.

A temporary three force component manual balance systen

used for th

the balance wers 100 lbs. of 1ift, 50 lbos. of drag and 125

ching moment. They were beam balances with

balance

ts throughout and contact point neon lamp
g. Variable dashpot damping waz provided
ference. Repeatabll-

forces 1indlicated the followlng Iorce accuracy

Lift T 0.01 1v
Drag T 0.01 1b.

Pitching Moment ¥ 0.03 in.-1b.
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SLOT CAP CORRELATION

Since the curvature of the maln sectlon nose reguired

radial transletion of the slat for constant gap with increased

st

£

nose deflection, the gap of 2 given configuration was a func-
tion of this curvature. The slat translation number, b, desls-
nated the number of half percent chord translations from the
riginal profile position through which the slat had been moved
before it was rotated about the 157 chord point to the desired
nose angle. Thus the notation of the configurations as b-a
meant that the slat had been translated b/2 percent of the
radially and rotated downward throuszh a degrees from 1ts
original position az part of the basic wedge alrfoil sectlon.
This method of locaticn for the slat required a relationship
between the slot gap and the radlal translaticns for the vari-
.

ovs nose angles used

the curves of th
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