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RESEARCH MEMORANDUM

PRESSURE DISTRIBUTIONS OVER A RETRACTED LEADING-EDGE
SLAT ON A 40° SWEPTBACK WING AT
MACH NUMBERS UP TO 0.9

By Jones F. Cahill and Gale C. Oberndorfer
SUMMARY

Pressure distributions over a retracted leading-edge slat on a
40° sweptback wing are presented for a series of angles of attack up to
meximum 1ift at Mach numbers of 0.1, 0.4, 0.6, 0.7, 0.8, 0.85, and 0.9.
These data were obtained in the Langley low-turbulence pressure tunnel
at a constant Reynolds number of approximastely 3 X 106." The Reynolds
nurber was maintained approximately constant through the Mach number
range by varying the stagnation pressure.

INTRODUCTION

As the first phase of an investlgation of leading-edge slat loads
for sweptback wings at high subsonic speeds, tests have been made in
the langley low-turbulence pressure tunnel to determine the pressure
distribution around the leading edge of a LO° sweptback wing at Mach
numbers up to 0.9. .

In order to meke these data avalldble immediately, the pressure-
distribution data obtalned at a representative series of angles of attack
are presented herein with no analysis or discussion. These pressure-
distribution data maey be used to predict the loads on leading-edge slats
of various sizes (up to 0.25-wing chord) in the retracted condition.

The remaining phase of this investigation will include the determination
of the loads on an extended leading-edge slat on the same wing through
a range of subsonilic Mach numbers.
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SYMBOLS
a gngle of attack
L

C 1ift coefficient [—

L (qu)

L 1ift on semispan wing
'Sw area of semispan wing

q stream dynamic’ pressure

s pressure coefficient (EQ.:.E)

q

Ho 'stream stagnation pressure

P . local static pressure

M Mach number

p.4 chordwise location

¥y " spanwise lgcation

z orifice location. perpendicular to chord line
c wing chord perpendicular to leading edge”
c*/h- quarter chord of unswept wing panel

Cg ‘chord of hypothetical slat, 0.22c

b/2 wing semispsn

Description of Model and Tests-

The model used in these tests 1s the same model used for the = -

investigation reported in reference 1. A sketch of the model 1s shown

in figure 1. The wing sweep, défined as the sweep angle of the quarter-
chord line of an equivalent unswept wing, was 40°. This quarter-chord
line becomes the 0.273-chord line of the swept wing measured parallel

to the plane of symmietry. The wing was composed of NACA 649-112 airfoil
sections perpendiculer to the 0.273-chord line. The wing had no geomet-
rical twist or dihedral, an aspect ratio of Uy;—and a taper ratio of 0.625.
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Orifices were installed in the wing at five spanwise stations, in lines
perpendiculer to the wing leading edge. The location of these orifices
is shown in figure 1(b). The orifices at each spanwise station extended
‘from 0.05¢c ‘on the lower surface around the leading edge to 0.25c on the
upper surface. The orifices were connected to a multiple-tube manometer
and pressures were recorded photogrephically.

The model was mounted on an electric resistance-type strain-gage
semispan balance. Lift and pressure-distribution data were recorded
for a range of angle of attack from zero lift to about maximum 1ift for
Mach mumbers of 0.1, 0.4, 0.6, 0.7, 0.8, 0.85, and 0.9 for the wing
alone and at a Mach number of 0.1 for the wing with e half-span treiling-
edge split flap having a chord equal to lS.h percent of the wing chord
parallel to the plane of symmetry and deflected 60° sbout its hinge line.
A1l tests were made at a Reynolds number of approximately 3 X 10°. - Jet-
boundary corrections to the angle of attack were applied by using the
method described in reference 2. No blocking corrections were applied
to the data presented in this paper. The Jjet blocking corrections were
calculated at a number of conditions and were found to have a msaximum
value of about 2 percent at maximum 1ift at the highest Mach numbers.

The tests at a Mach number of 0.1 were made in air while all those
at higher Mach numbers were made in an atmosphere of Freon-12. Con-
version factors have been applied to the data measured in Freon-12 to
convert them to corresponding air data.

'Presentation and Appliéation of Data

Lift characteristics of the wing are presented in figure 2.
Pressure-distribution data for a series of angles of attack at Mach
nunbers of 0.1, 0.4, 0.6, 0.7, 0.8, 0.85, and 0.9 are shown in figures 3
to 10. The pressure coefficlents are plotted agalnst the chordwise
position of the orifices, ‘defined in terms of the chord of a hypothetical
leading-edge slat having a chord of 22 percent of the wing chord
perpendicular to the wing leading edge.’

Normal forceés or chord forces on a leading-edge slat of any size,
up to 25 percent of the wing chord, may be obtained from the pressure-
distribution data presented by integrating the pressures with respect
to the orifice locations parallel or perpendicular to the chord, respec-
tively. The pressures on the lower surface of the slat may have any
value between the pressure at the wing-slat Juncture on the lower surface
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and that on the upper surface, depending upon the manner in which the
Juncture is sealed.

Langley Aeronautical Laboratory :
National Advisory Committee for Aeronsutics
Langley Field, Va.
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(a) Plan form of basic wing.

Figure l.- Sketch of 40° sweptback wing.
All dimensions given in lnches.

AR



CEummTa— NACA RM L50LOLa

jat———————— 946 b/2 )

- —— (817 pfz %
— —~ +688 b/2 —————un]

ettt 558 b /2
ad———— 1129 1,/ — W

Orifice x/c¢
0.050

.OlQ
«010

RuHHdQERUQW >
[ ]
S
1

{b) Orifice locations
Figure l.- Qoncluded



Lirsg coeffiolent, ¢y

1.2

1.0

.
oa

.
o

[}
5

3

N
g

ey cand
- "/ V
d

avav.are
/

AN
NE N
~EIN
SR

P [ Fow/

W
X A1

4 ./') 7 ¥

T

- 1 | |
4Tfif ] ///> /// /// /// Flagged symbols indiocate angles of atitack for

j( ﬁﬁ s ¥hich pressure dlstribution data are presented

I ] ! ] |
[GY IS AO ) 7o No- Do R —
0 L 8 12 16 20 24

Angle of attack, a

Figure 2.~ Lift characteristlcs of wing at various Mach numbers.

BHOTOCT FE VOVH




2,
= 2.
‘;
s
a
a ]
o 1.
3
Q
[ -]
k
o
H }
g Orifice statlon,
% 'l|'29 %is
e
- A W81
V 9
GO 1 2 03 -"“ 05 06 -7 .8 -9 ) 1.0 1.1

Chorawise position, =x/og
(8.) o m- ll'aao.

I Figurs 3.~ Prassures dlgtribution about wing leading edge at varlous angles of attaocke N = 0.10. Flap off.

e 0I0CT WI VOVN




Presaure ococeffiolent,

Yy
Oré.;io?h;;ation, 375
§ 228
8]
V 9
B
[ —)
‘\1 A
==
-1 .2 l3 [ ] I‘ l5 'b 07 .8 09 1.0 I

Cnordwiss position, x/og
b)) a= 3?30'

Figure 3.~ Gontinued

L.l

BHOTOCT W VOVN

2




Presgure coeffinlent,

Orifigce station, 3%5

Qg
g "85
.8
] 3

h M
| \ %& :
. ' [ [ —— =
) k I — )
1, N
- | ) A A
s K1 .2 3 Wb 5 .6 o7 8 .9 1.0 1.1

Ohorawise position, x/og
(o) a= 12,45

Figwre 3.~ Continued

0T

“BROTOCT W VOVN




-}

Precsurs coeffioiant,

10

! ) mm,;;m% &
il ' 2

.1}
\ K
N\
\ ™
3 1o N A
T
[~ A P
=] ]
o - <> - ———
2,
L2 £ ' hy — -\“——"“""———.-—.O
s s v v
‘1
—R W -
o ! 1
0 o1 .2 3 4 5 o6 o7 8 «9 1.0 1.1

Ohordwige position, xz/e,
Q) o= 26.6°,

Figure 3.~ Continmed

BROTOCT W VOVN




8

™
L)
jo

el

[
-
o

Prosgurs coefficient,

=
-
n

2.
REE=s =
ETL_ o
> > >
& A A
Orifice sfation, A
g © Jh29
5 B
A LA
v 9
=7 .
|2 '
n! '3 - -5 .6 .7 .8 .9

Chordwise position, x/ca
(0) o A 20.60,

Figure .~ Concluded.-

BHOIOST W VOVN



-]

Pressure cosfficient,

Ohordwlas position, x/an

(a) o= 4049

.
3.6
3.26\
2.
Orifioe station, -
2.4 © .h29 b/2
D n) .Es
- 8
2 &
¥ WD
2.°
[~
\%\\L -
P —
—] r———
1.6  D—— I—1
v -;- 7
1.2 - -
o8 — 3
]
Egé&
.!
o : ! 1 I
0 Jd ] o3 ke 5 6 o7 . .9 1.0 1.1

Flgure h,~ Presswre distributlon about wing leading edge at various anglos of attacke M = 0,10, Flap on.

BHOTOCT W VOVN

T

€T




B

Presaure coeffliolent,

orifioe l'to:tion. -
o829 b/2

e
B
A
v

5k

Chordwise position, x/os
(b) a= 80500
Pigure 4.- Continued.

\\9\ ‘;\Q
NS ey
TS |
5 : 4
\ Vi
\ *
| 1 1
0 K 2 3 o & 3 o7 N 9 1.0 1.1

T

BHOTOGCT Wi VOVN




Pressura coefficlent,

10

Orifice station, J

429 8
R

APOBO

o8
9

'//
g

ol

3 o 5 o6 o7 .8 .9
Chordwise positibn, x/og
(0) o = 12.7%
Figure 4.~ Continued,

B 0I0CT W VOVN

B

¢T




Pragssure coeffioiasnt,

2.5
2k .
2 M =
F_B-‘.--“\_J
240 : ‘
’\4-:-% - O -
1.6 s £ c —
1.2 orifice statlon, wdu
0] ) ."29 : b/a
E . !
©  JbhEE
A i 181
. v 19
-V'
L
] ol o? o3 . 5 B o7 .8 «9 1.0 1.1

!
i

Ghordwise position, x/ca
(d) Q= 16.60.

Flgwre ) . uon'!:inusd..

9T

BROTOCT I VOVH




8

Prsssure coefficient,

. & [}
2."
2.4
Poe
- o P < °
2.0 R = n = 2 O
< =
[~ et ——T"" |
A —— A R : A
1.63 =
e = 7 Ly -k v 4
1.2 . orifioce station, -Y.
\\\ O 29 b/2
. o .258
g .558
- 1
o8 v .91I-Z
N =/
-—"A
=<
n ‘:—_E@
0 1 - [
9 1.0 1.1

0 sl o2 -3 L] 1‘ 05 06 -7 .B
' Chordwlse positlon, x/og
(a) @ = 20.7°

Figure .= Concluded

BROTOST W VOVN

LT




3

Pressurs coefifiolent,

Wl

—y
2.0 _—
] ]
T A NS M e & M i et ‘
1.6 nat X ﬁ;
orifice otation
1.2 © .heg ’ #E :
S 'Bs E )
A -81 . :
T .9 . y
IB .
..u‘ []
v W
% .1 2 3 N Y 6 .7 .8 9 1:0 ' 1?1_

Ghoravies position, x/oa . . 1.
(a) l(’.- 61"0. . l !

Pigore 5.~ Presaure dighribotion sbout wing lesding odga mt various angles of attack, N = C.U0. Flap off.

8T

BHOTOET R YOVN




8

Presgure cosffiolent,

Orifias atatlon,

o}

4p &

»829
25
81
«9

y
B2

Chordwlse position, x/og
(b) a= 12-50.

Figure 5.- Continued.

=
\‘K \\Ek
\ A‘\
] ﬁm\
— —] ! —E
: |
tl '2 -3 Ih‘ .5 n6 IT ls I9 100 1.-1

BOTOCT WI VOVN

.6't




B

Prossure cosfflolent,

2.8
EAJ
n c 5)
O -
2,0 - -
© —0- - DY
1.6 " ‘
A A -
v a v v v ad)
1.2 .
Orifice statlion, J
g .uesg 24
4 & i
* A W8
V .9
\ 3 A
-
% ol 2 3 -5 5 N o7 . .9 1.0 1.1

Ohordviss position, x/os
(6) «= 20.6°

Figure Se= QGoneludeds

o2

BHOTOCT W VOVN




8

Presaure ccefficient ’

2.8
2.4
2,0 2 -
S
0] % E
=
) | .
Orifice statl 4
1. 8 Ofu‘;gﬂ. on, WE_
. g :glgg )
) %ﬁ v gaf
o hd 1 1
0 01 2 .3 ‘H' -5 06 -7 .B .9 1.0 101

Chordwise poaltion,

{a) o= k29

x/og

Figurs 6.~ Pressurs distribution about ving leading edge at varlous angles of attack. M = 0.50. Flap off.

BROTOCT I VOVN




B

Pregagre coeffiolent,

2.8
4 __-—‘-'_‘-T-‘—A.‘N_~
Y 7 e i T3 —
M ———
2.k \‘ B [~——
A -
Td\ . ~0
O — < ,
S e - -
P - N o e S -
R N [~
\
o s \,} \\ ,'\__ = Q
\\ .
™~ .
1.6 =
) TA—
Orifios etation,
S
1.8f— 294 ':Ess
A 817
v 9
T
e
oH—
- ' |
0 - 1 _ «2 o3 o ‘5 6 ’ o7 o8 o9 1.0 1.1
I fhordvige position, x/cg
) o= 22.6°
Pigurs 6.~ Continued,
i . )
] (8 q [ -

[,

BOTIOCT I YOVN




8

Preasure coefficiant,

Ohordwlse positlon, x/og

(o) o= 20.7%

Figure 6.= Goncluded,

® . v x J-
2.8
2.h
[}\E a P . 1
P £ > —> {O— —r
1. "y
A A C v 7
4 E\:L — 7 v v
Orifice mtation, =2
1.2 o .heg /2
(0] .
l o .b8d B
A B8
V W9
.8
-
o :
00 »1 2 03 ol‘ 05 n6 07 . 59 " 1.0 1.1

R OI0CT I VOVN

k2



8

Pressure cosfficient,

%2

2.4
/d @ ~— |
e.gbd A = —
f\ A
N F NED
2,0 D,
\lr S xF - \ 274
. 5
1.6
Orifice gtation, x
o W49 /2
1.2 o] .
& <bBE
A L8
¥V .9
<8
I——"—’ﬁ )
o
] : ~ .
] el 2 . W3 & 5 b o7 T W8 o9 1.0 L1

Chordwise position, x/og
(a) a=212.7°
Figure 7.= Pregsure dletribution about wing leé.ding edgs at verlous angles of attaoks. u' = 0,70, Flap off.

BHOIOCT W VOVN




8

-Preasure coeffiolent,

* ¥ x ¢
2.8
2.h :
[ .
) — o
& D
. d
1.6‘12\ = A A.'_-— A-—- A
' 7 7 7 v 7|
12 orifice station, ——
e .29 v/2
D] 558
S
N1
8 v .94&
L7 .
.
00 ol o2 -3 o4 -5 ..5 -7 o5 ..9 1.0 1.1

Ohoréwise poaition, x/og
(b) o= 16-80.

Figure 7= Contin ~1.

BHOTOCT RI VOVN




8

Preasure coefficlient,

2.8
2.1“.(
2. - . \J’\: v o= —0

f— I} — =} I -

O _C 2\ A\ 7\

S— A N
1.6 7 2. 5P é\-‘; -é
. Orifice station A
1 2 h 2 ~
: o s 76

& fds
A .siz
|| v .3
o8 £
] |7
: X ] A

5 o s Se——

S5 S
]
0 ] ml
o] ol .2 »3 . 5 6 ' o7 o8 «9 1.0 1.1

Chordwise position, x/og
(¢) @ = 20.89

Fligure 7+= Concluded.

oc

BROTOGT WY VOVN




B

Pressura ooéffioient,

2
2.8 5
A
g
2.4 s
M &
i ]
ht\ ] =1
2.0 ﬁ“~“f>“5\\\ ~\t}‘j:::: R \‘\“\
A i i e e S e N
ENE EERBLE=== ===
1.6 ’ nd
Orifios statlon,
I
1.24 2:51%5
V -9
2:i§§
=]
N A
KA
0 L W2 3 A .5 .6 g o4 K 1.0 1ol

Chordwise position, x/og
(a) a= 4.24°

Figure 8.~ Pressure distribution sbout wing lesding edge at various angles of attacke M = 0.80. Flap off. E



8

Preassure coeffiolent,

. c
2.8 = — | ‘___‘_0‘
] I O i s AN
/ ™~ N
\ N :

2.11!’ [ ———— " \' \ \ : .

1./ v || NN

| U N N N

l [~

q \-EI~ —T]

i
1.6) .

¢ Orifice station, .J.

(0] .ll-zg - b/2

e g s

’ S oib

k ) |7 -
AN = ;g

,g%
o
| |
c_o N1 o2 o3 o4 5 6 .7 .8 <9 1.0 1.1
: Chordwise position, x/cg
(b) a=8,7°

Figure 8.~ Continued,

- ge

BHOTIOCT WY VOVN




Pressurs coeffiplent,

2.8
——To—l__|.
4 = R o1~ ~1 o
2.b 1~ T B S
. -\ _ - : ~ :T\L& . ‘\G
i : — =t "‘*-%-4\._7%
v ) ™ [ ——
pay o {— o 0
L] A _\-
\
)
Oriflos Btatlon,
106 g .ueg - ﬁ-g-
& s
A 41
¥V .9
1.2
.8 / —~SF
:;é-;::?ﬁ
N1
¢ _\:ECA;
1 L
00 ol o2 -3 "4 05 06 l? 8 9 1.0 1.1

Ohordwise position, x/og

Figurs 8.- Continued,.

BHOTOCT WY VOVN




8

Pressure oceffiolent,

ot

2.8

atr

' o -
2.0 £ ] - i oy
) 1 - -5 O— <>
== 7' A . A
v 2 7 2% -3z
1.6
Orifics station, =
ol .%gg /2
B .
Lod .638
1.2 A .81
Y W9
.
N '
: LA
=]
: B I -
0 el .2 o3 o 5 N .7 2

Chordwise position, x/cg
() a=21,0°

Pigurs 8.~ Ooncluded,

BHOTOCT W VOVN



Prespure coefficlent,

2.& %
e e e A N
P -5 — a m—— #:‘5{\\; = 3
\43"“- \\n_
20"‘ - 1—-“\
~L \\\
L\_ \\\ (= \ %
[v -—v__ ‘v v, -n\ v v
2,0 07
A
Orifice station, -
-y s
& .iks
A <51
v o9
1.2y
o
N
ot
% ol 2 o3 3 5 b o7 8 9 1.0 1.1

Ohordvise position, x/og
‘ﬂ-) a= 8-800

Flgure 9.~ Presaure distribution about wing leading edge at various anglee of attacke M = 0,85, Flap off.

BHOIOCT WM VOVN



B

Pressure cosffiolent »

E.s e s . ]
; “'Q--—-ﬁ._‘_\\‘
2.h T ~]
f = L' £} Oy —]
A
3 j —— —% : >
2 VT \r ~
' ( [ _x7
V V
@
¥
Oriface statlon,
1.6 o 429 _ﬂi
0l +£58
g
o581
v ou
1.
! \ -“'V )
LN -
=
o
NACA
0 |
Q ol o2 " 3 4 ] b o7 +8 +9 1.0 1el

Gherawips position, x/og

(b) @ = 13.09%
Figure 9.~ Continuned,

49

BHOTOCT W VOVN




8

Presaure eosfficient,

2.8

2.4

Z

BHOIOST W VOVH

A
[
,;.P.

/
|
i

o)

na
>
&

n - A
h— A VA L =
La6
orifics station, F}E
1.2 O .h2g
o] .255
o bEg
A lﬂl
T 9
o8 ——s
A _——-’J
T ——1
olt
Oo ol .2 03 ’ -ll' |5 .6

Cherdwise positlon, x/og

(o) «=17.1%
Flgure 9.~ Oontinued.

EE



Preasure coeffielent,

2.8
E.II-H&-
2.0. = v o P ey
& A A o
]‘..6
Orifice station, =%
1.2 8 -"22 YA
2 &
v gk
o3 r’v
f N I L
It . FE )
[ W
00 ol o2 3 ot 5 b of -8 «9 1.0 1.1

Chordwlee position, x/os

td) [ 3 2] 21.109
Flgure 9.~ Conolnded.

HE

BHOTOST ¥ VOVN




8

Praasurs goeffioclent,

BHOTOCT WI VOVN

Chordwise position, x/og

(a) o= BB

Fignore 10.,- Pressure distribution about wing leading edge at various angles of attack. X = 0.90. Flap off.

% v » [
2.8
2.4
. | ~
E.o B e nu A TV
g S B 4 N :
N 0
1.6 -
Orifice statlon, ——
a Jh29 b/2
o .
l.E A .
A %ﬂ T 9
L+
& o
% 1 2 3 . 5 : 7 8 9 1.0 L.l

ce




- 18031 - LephirT-yOVN

R

3

Preseure gosffilclent,

[:‘ L

2.8
2.} =] —t—11 - :
2.0
\_.4\
A
1.6
1.2Y¥
Grifice atati 24
o u.h;.;_ "
.
Bt | )1
ol
% .1 2 T .5 .6 .7 .8 .9 1.0 1.1
Chordwiee peaition, x/cg
(b) «=11.3°
Flgure 10.~ Gonoluded.
q »

9t

BROTIOCT W VOVN -




g

- w
R .-;-?J;f.fi



