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TRANSONIC INVESTIGATION OF AERODYNAMIC
CHARACTERISTICS OF A SWEPT-WING FIGHTER-ATRPLANE MODEL
WITH IEADING-EDGE DROOP IN COMBINATION WITH OUTBOARD
CHORD-EXTENSIONS AND NOTCHESY

By Charles F. Whitcomb and Harry T. Norton, Jr.
SUMMARY

An investigation of the effects of several wing leading-edge modifi-
cations on the aerodynamic characteristics of a U45° swept-wing fighter-
airplane model has been conducted in the Langley 16-foot transonic tunnel
at low and high lifting conditions at Mach numbers from 0.85 to 1.03.

The investigation included the determination of the effect on longitudinal
stability and performance characteristics of wing leading-edge and chord-
extension droops of 6° and 20°, chord-extension overhangs of 0.075c and
0.15c (where c¢ 1is the wing chord), leading-edge notches cut out at the
inboard end of the 0.075c chord-extension to depths of 0.075c¢c and 0.125c¢,
and indention of the model fuselage to conform partially to the supersonic
area rule for a Mach number of 1.20. Lift, drag, and pitching-moment data
were obtained for configurations with the tail on and off. Comparisons of
data obtained from the present model with data from a configuration with
leading-edge slats are included.

Generally, the model wing modifications provided only slight improve-
ment of the airplane longitudinal stability characteristics, but did sub-
stantially reduce the airplane drag coefficients at moderate and high
lifting conditions.

INTRODUCTION

The loss of longitudinal stability end the high values of drag due to
1ift at the higher lifting conditions are two adverse characteristics of
airplanes with thin, swept wings of low aspect ratio operating at transonic
speeds. Improvement of these characteristics, in particular the insta-
bility, was realized at low subsonic speeds by using modifications such as
leading-edge droop, outboard leading-edge chord-extensions, leading-edge
slats, and leading-edge notches combined with_léading—edge extensions

1Supersedes declassified NACA Research Memorandum L55H30 by Charles F.
Whitcomb and Harry T. Norton, Jr., 1956.




(refs. 1 and 2). However, the effectiveness of these devices was con-
siderably reduced at the higher subsonic and transonic speed ranges
(refs. 3, 4, and 5).

An investigation was conducted by the NACA to determine the effec-
tiveness of leading-edge slats on the high subsonic and transonic aero-
dynamic characteristics of a 459 swept-wing fighter airplane. The
results of that investigation are presented in reference 5. To broaden
the scope of that program, several other configurations of general interest
which included wing leading-edge droop in combination with outboard
leading-edge chord-extensions and leading-edge notches were included for
testing over the same speed range. The results of tests of these configu-
rations, primarily selected to improve the airplane longitudinal stability,
are presented in this paper.

The basic model was a fighter-type airplane having a wing plan-form
geometry (45° sweepback and aspect ratic of 3.56) that made it inherently
unstable at the higher lifts. (See ref. 6.) The investigation was con-
ducted in the Langley 16-foot transonic tunnel at Mach numbers from 0.85
to 1.03, and at angles of attack from 0° to 20°. The models tested
included tail-on and tail-off configurations. Some of the results of
reference 5 are included for comparison with the present test results.

SYMBOLS
b/2 wing semispan
Cp drag coefficient, D/qS
CL 1ift coefficient, L/qS
Cm pitching-moment coefficient, Pitching mom:g; about 0.558
c local wing chord
c basic wing mean aerodynamic chord
D drag
L lift
M free-stream Mach number

1t tail length
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CpB base pressure coefficient, 2375—8

P free-stream static pressure

Py static pressure at model base

q free-stream dynamic pressure

R Reynolds number based on ¢

S basic wing area

a angle of attack of fuselage reference line

6h incidence of horizontal tail with respect to fuselage

reference line

Subscripts:

Basic basic wing (no leading edge modification)
E leading-edge extension

max maximum

MODEL AND APPARATUS

Tunnel

The investigation was conducted in the Langley 16-foot transonic wind
tunnel, the airflow and power characteristics of which are described in
reference 7. The model was attached to the tunnel sting-support system by
means of a six-component internal strain-gage balance.

Basic Model

The basic model is the same as that used in reference 5. The basic
wing has 450 sweepback along the 0.25-chord line, taper ratio of 0.3,
aspect ratio of 3.56, and NACA 6&(06)A007 airfoil sections parallel to the

plane of symmetry. The vertical and horizontal tails have essentially the
same geometry as the wings. The horizontal tail was located 0.03 of the
tail length below the wing-chord plane extended and the horizontal-tail
incidence was -5° for all tail-on tests. Tail-off configurations include



the removal of both the horizontal and vertical tails. The canopy, tail
fillet, faired-nose section, and wing leading-edge section from the
0.20-chord line forward were constructed of wood; the remainder of the
model was fabricated from aluminum alloy. A detailed listing of dimen-
sions for the basic model is presented in table I of reference 5. Fig-
ure 1 is a photograph of the complete basic model and a photograph of the
model with 20° drooped-wing leading edge and 0.15 chord-extension. A
three-view drawing of the model showing a typical configuration of a
leading-edge chord-extension with notch is shown in figure 2.

Model Modifications

Two angles of droop, 6° and 200, were investigated, the angle being
measured normal to the wing 0.20-chord line. The forward 20 percent of

the airfoil sections from 0.252 to 1.002 was drooped along a straight

camber line.

The leading-edge chord-extension was designated by the percent of
chord-extension at the station of the inboard end of the extension,

0.712, and was tapered to zero-percent chord at the wing tip. Droop
of the chord-extensions was also measured normal to the basic wing

0.20-chord line. The 0.075c chord-extensions with 6° droop and the
0.15c¢ chord-extensions with 6° and 20° droop were tested.

Notches in the wing leading edge extending from wing station 0.69
to 0.712, the inboard end of the chord-extension, were tested in combi-

nation with the 0.075c chord-extensions and 6° droop. Notches with a
depth of 0.0795c and 0.125c were investigated.

The indented body used in these tests was the identical body used in
the transonic drag-rise investigation of reference 8. It was obtained
for that investigation by recontouring the basic fuselage according to
supersonic-area-rule considerations for a Mach number of 1.2.




TESTS AND CORRECTIONS TO DATA

The nine model configurations tested are listed in the following
table:

Wing Chord- Notch Tail Body
extension
Basic None None off Basic
6° leading-edge droop 0.075¢ None Ooff Basic
6° leading-edge droop .075¢ 0.075¢ Off Basic
6° leading-edge droop .075¢ .125¢ off Basic
6° leading-edge droop .15¢ None off Basic
6° leading-edge droop .15¢ None On Basic
20° leading-edge droop .15¢ None Ooff Basic
20° leading-edge droop .15¢ None On Basic
6° leading-edge droop .15¢ None On M= 1.2
indented

The configurations were tested through an angle-of-attack range of
0° to 20° for Mach numbers from 0.85 to 0.97, and 0° to 12° for Mach
numbers 1.00 and 1.03. Test Reynolds numbers, shown in figure 3, varied

from 5.65 X lO6 to 6.75 X 106 based on the basic wing mean aerodynamic
chord.

The model 1ift and drag data were adjusted to a condition of free-
stream static pressure at the base of the fuselage using base pressures
averaged from three static orifices spaced equidistantly around the base
annulus Jjust inside the duct of the model. The variation of base pres-
sure with Mach number is shown in figure 4. As the sting-interference
effects for the tail-off configurations were known to be small aud any
sting interference on the tail-on configurations would be about the same
for each of the compared configurations, no corrections for this effect
were considered necessary. Tunnel-wall interferences are neglected in the
Mach number range considered in this paper (ref. 9).

The accuracy of the measured coefficients, based on balance accuracy
and repeatability of data, is believed to be within the following limits:

o SN0 ]
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The accuracy of Mach number is *0.005 and the angles of attack as
presented are estimated to be accurate to *0.1°,

RESULTS

The results of the investigation are presented graphically as
follows:

Figure

Aerodynamic characteristics of tail-off configurations

showing effects of leading-edge droop in conjunction

with chord-extensions . . . . . . . . .« ¢ . . v o v 0., 5
Aerodynamic characteristics of tail-off configurations

showing effects of 6° drooped 0.075c¢c chord-extensions

with notches e e e e e e e e e e e e e e e
Aerodynamic characteristics of tail-on configurations
Variation with 1ift coefficient of the model pitching-

moment coefficient when modified with two types of

leading-edge devices . . . v v v v 4 e e e e e e e e e e e 8
Effect of Mach number on (L/D)max and 1ift coefficient

for (L/D)max for several tail-on and tail-off

configurations . . . . . © e e e e e e e e e
Variation with 1ift coefficient of the ratio of L/D for

several of the configurations with drooped chord-

extensions to L/D for the basic model; tail off . . . . . . . 10
Variation with 1lift coefficient of the ratio of L/D for

two different leading-edge-device configurations and

L/D for the basic model; tail off .« . & v « v & + « « « o . . 11

DISCUSSION

; Iongitudinal Stability

Figures 5(c) and 6(c) present the variation of pitching-moment
coefficient with 1lift coefficient for several tail-off configurations
tested. The basic model exhibited unstable breaks at all Mach numbers
for moderate lifting conditions. Addition of any of the several
leading-edge devices tested generally resulted in a more gradual change
in the stability curves and an extension of the stable 1lift range up to
a 0.15 increment in 1ift coefficient, depending on which configuration
and Mach number range is considered. The extensions of the stable 1lift
ranges for the present configurations were considerably less than antic-
ipated on the basis of the results of reference 4, which reports on
tests of several of the same types of wing modifications on a wing very
similar to the present model.

~ ™~ o~
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A comparison of several modified configurations with tail off
indicates that neither the addition of the notches (either 0.075¢ or
0.125c deep) nor the lengthening of the chordwise extent (0.075¢ to 0.15¢)
of the configuration with a 6° drooped chord-extension improved the sta-

« bility characteristics any significant amount. However, reference 10
indicated that a similar change in the chordwise length of the extensions
without notches resulted in a significant improvement in stability. The
inboard end of the chord-extensions in reference 10 was located at
65-percent wing semispan as compared with Tl-percent semispan for the
present tests. As the optimum span of chord-extensions in the transonic
range is believed to be a critical function of wing plan-form geometry, it
appears that the inboard ends of the configurations tested here were
located too far outboard. As a result the test changes or effective changes
(such as adding notches) in the chordwise direction were not as effective
in influencing the tip separation characteristics of the wing as was the
change made in reference 10.

Increasing the droop angle from 6° to 20° for the configuration with
a 0.15c extension had no consistent effect on the stability of the con-
figuration, but at Mach numbers of 0.93 and 0.95 (fig. 5(c)) there was a
significant increase in the longitudinally stable lift range.

The stability results of the three modified configurations with tail
on as obtained from the present tests are compared with the basic-model
results of reference 5 in figure 7(c). The horizontal-tail incidence was
set the same as in reference 5 (&, = -5°). Also, the vertical position of
the horizontal tail below the wing-chord plane extended was the same, and
is a position that should make a large contribution to the stability of
the basic model at high lifts (ref. 11). The comparisons indicated no
significant stability improvement contributed by the configuration with a
6° drooped wing chord-extension above a Mach number of 0.85, at which Mach
number the unstable pitching-moment reversals were essentially eliminated.
Increasing the droop from 6° to 20° did not delay the breaks to higher
1ift coefficients, but reduced their severity a significant amount. At a
Mach number of 0.95 the curve reversals were reduced to slight inflections
at a 1lift coefficient of 0.6.

In addition to the preceding changes in wing geometry, drag-reducing
indentations in the body were also believed to contribute to the control of
premature wing-tip separation (ref. 12). Revisions of longitudinal area
distribution of the model, based on area-rule concepts, are designed to
reduce the intensity of the model deceleration wave which intersects the
swept wing tip at Mach numbers of about 0.90. Such reduced wave intensity
should alleviate any wing-flow separation directly associated with it.

The configuration with a M = 1.2 indented body of reference 8, adapted
with 6° leading-edge droop and 0.15¢ chord-extension wing modifications,
was tested at high lifting conditions to investigate this possibility.



The pitching-moment results presented in figure 7(c) indicate that only
for a Mach number of 0.90 does the indented body benefit the model
stability characteristics. At this Mach number the severity of the
unstable slope reversal was decreased.

The pitching-moment characteristics of the model modified with
20° wing leading-edge droop and 0.15¢ chord-extensions are compared at
several Mach numbers (fig. 8) with the results obtained in reference 5

for the present model with 0.46 to 0.95% wing leading-edge slats. The

0.46 to 0.95% slat span was the more effective of the two slat spans

tested in improving longitudinal stability. Comparisons are made for
both tail-on and tail-off models. The slat droop angle was 10°. The
difference in droop angle and in spanwise extension make direct com-
parisons somewhat difficult, especially since the chord-extension span is
believed to be too short. However, the use of the same basic model does
eliminate the test vehicle geometry variables, and comparison of this
slat configuration with what was essentially the most effective of the
chord-extension configurations tested would be of some interest.

The pitching-moment-curve breaks of the slat configuration with
tail off are of more gradual nature than those of the configuration with
drooped leading-edge chord-extension up to 1lift coefficients of approxi-
mately 0.70. With the addition of the tail to the model, the stable
1ift range of the slat configuration was extended well above that of the
drooped-extension configuration at Mach numbers of 0.90 and 0.93. At
the high Mach numbers of 0.95 and 0.97, the configuration with 20° drooped
extension had stability characteristics comparable with those produced by
the slat configuration.-

Lift Characteristics

The results of adding the several leading-edge devices to the basic-
wing model with tail off are presented in figures 5(a) and 6(a). The
increases in lift for the various leading-edge devices are attributed to
the droop of the leading edge in each case. The lift was significantly
increased above angles of attack of approximately 12° by increasing the
leading-edge droop from 6° to 20°. There were no large differences in
1lift characteristics with other modifications. The results for the
tail-on model were essentially the same as for the tail-off model

(fig. 7(a)).

OO+



Drag Characteristics

A1l wing modifications for the tail-off model, with the exception
of the configuration with 6° drooped leading-edge and 0.15c extension,
decreased the drag above 1lift coefficients of 0.60 and slightly increased
the drag at zero and low lifts. (See figs. 5(b) and 6(b).) For the con-
figuration with 6° drooped leading-edge and 0.15c chord-extension, the
drag was lower than for the basic model at zero and low lift conditions
at Mach numbers from 0.93 to 1.03. It is believed that the major portion
of these differences can be attributed to instrument accuracy and data-
repeatability limitations. The changes in the various leading-edge
devices had little effect on the drag characteristics. However, the
slight changes that did occur can be attributed to increasing the leading-
edge droop from 6° to 20°.

For the tail-on model, increasing the leading-edge droop from 6° to
20° with the 0.15c extension caused drag changes similar to those for the
tail-off configurations (fig. 7(b)). Indenting the body of the configu-
ration with 6° drooped leading edge and 0.15c extension resulted in
reduced drag at low lifts for Mach numbers above 0.90 (fig. T(b)).

Lift-Drag Ratio Characteristics

The maximum lift-drag ratios for several of the configurations
tested are presented in figure 9. Results from the tests of the configu-
rations with notched wing were not included, since it is evident from the
drag polars of figure 6(b) that these results would indicate no signifi-
cant change from those of the basic chord-extension configuration. For
all the revised-wing configurations with tail off, the (L/D),, values

are less than those of the basic-wing configurations over the entire test
Mach number range. For each of the modified configurations, (L/D)p..

occurs at a 1lift coefficient somewhat lower than that at which the drag
polars of the modified models show a drag reduction below that of the
basic model. Relative to the absolute values of the parameter, the decre-
ments are not considered large, except those obtained from the configura-
tion with 20° drooped leading edge and 0.15c extension. Of the tail-on
configurations presented, some slight increases in (L/D),, values

above the drag-rise Mach number are attributed to the M = 1.2 drag-
reducing indentations of the basic fuselage.

The ratios of L/D obtained from the various revised-wing configu-
rations with tail off to I1/D for the basic-wing configuration are pre-
sented as a function of lift coefficient in figure 10. Gains in L/D
above the basic model (or decreased drags due to 1lift) are indicated for
each of the revised-wing configurations. The improvements occurred above
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1ift coefficients ranging from 0.2 to 0.65, depending on the Mach number
and particular device under consideration. (The notched-wing information
has again been omitted.) Increasing the chordwise length of the

6° drooped leading-edge extension from 7.5 to 15 percent resulted in only
small changes in L/D, but increasing the droop angle from 6° to 20° pro-
duced significant effects. The configuration with leading-edge chord-
extensions drooped 20° showed improved performance over the 6° drooped
configuration at the higher 1ift coefficients only. Any advantages
relative to the configurations with lower droop angle were limited in
1ift range to values above Cp = 0.65 at Mach numbers of 0.85 to 0.93

and above Cj = 0.80 at the higher Mach numbers. From this indication,

it would seem advisable to consider variable leading-edge droop where
such devices are being incorporated.

oo 2

For an additional comparison, the L/D values derived from the
results presented in reference 5 for the present test model with a 0.35 to

0.952 leading-edge-slat wing with tail off are presented in figure 11.

From performance considerations the 0.35 to 0.95% slat span was the more

effective of the two slat lengths tested. Comparison is made of the
configuration with 10° drooped slats and the configuration with 20° drooped -
wing leading edge and 0.15c extension at several Mach numbers. The good
agreement at the presented conditions may indicate that introducing a slat

gap along the leading edge has the same effects on the wing aerodynamic -
characteristics as increasing the wing leading-edge camber.

CONCLUDING REMARKS

A transonic investigation of several configurations with leading-edge
droop in combination with outboard chord-extensions and notches as adapted
to a swept-wing fighter-airplane model indicated that their application
provided only slight improvement of the airplane longitudinal stability
characteristics. However, the airplane drag coefficients were substan-
tilally reduced at moderate and high 1ifting conditions.

langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Fleld, Va., August 17, 1955.
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Figure 2.- Three-view drawing of model tested.



16

ornl

L-1060

*988F 69T = 2 UO paskq JaquU YOBNY sp.ﬂs Joqumu spTouksy JO UOTABTIBA =°¢ a2an3T A

W ¢ J9qunu YOoDW

00l 06

08’

)

g01X8

o ‘Jdqunu spjoulay




17

*SUOTRRINTTIUOD TIPOW SNOTIRA

« G- =Yg ‘uo trRL (9)

*J¥o TTel (q)

U3TM POUTBIQO SJUSTOTII00 aanssaad ased -+ 2andtd

*JJo T8I (®)

@]
W ‘1aqunu yoop W ‘1aquinu yoopw W ‘Jaqunu yoop
ol Q01 060 080 ol o0 060 080 [ (o] Q Q81
0 O 0 0
O] =
T L— 0 v 0} —— - v 0 - s 0
b =
/// T v
1/ - . P~ . | - _
N —— 08 [~ 08 = (]
8 10/
A 8 3 8
™
2l =T+ —— S~ B s —
— \ 0 2l O 2l C
3\ SH = .
2l
N
A /
\ \ ,
N los=a—=— N o s e N o s e
. o 9l . 9l - o 0
91 E
“ N 3l \
N w_ A
02 //x/ _ //ﬂ & N
_ \ i e S oz N~ AN Ty
Bap*d 0z _ // 0 02 02™% 0
¢ l
S bapo opir / . bapo Bap“0
S| R L . I
~ ! —
2 - 2
¢ —~— . — ¢ ¢
£pOg 21+ “UOISUBIX3-PIOYD IGI ‘A004] 4@ —— —— uoI0u ddap IGZ|" "UOISUBIX-PIOD 9GO ‘00040 69 e UOISUB|X3-PIOYD 3G|" ‘A00U] o0 —— ——
ApoQ 21SDQ ‘UOISUBIXB-P4OYD OG|" ‘d00JQ] 62+ — — — 4oj0u daap 26 (' ‘UOISUBIXa-PIOYD 9GO ‘F004(Q] ¢Q — — UOISUB}Xa-PLOYD 9G|" ‘D004 o9 — — — —
Apog 21sDQ Eo_wc&xm\n\_oco gy ‘dooug 9 ——— [ UCISUR{X3-PIOYD 3G ‘d004] oG — — — | D Bum 21s0g v
[TTTTTTTTTITTITI LI TTRITTITITT TITTTTITTTI .

09011

o

0

o
o
5 &

8
d:) “Jua1o1)4805 aunssasd asog

3



18

Ad T NS

* SUOTSUSXS-PIOYD YFTH uoTqounfuodo ur dooap

o3pe-3urpesT JO S£409JJ° SUTMOUS SUOTYBANSTIUOD JJO-TTIBY JO SOTISTISOBIEBYD OTWRUApPOJISY -°¢ 9an3Td

*S0T4STJI990BIBYD 3ITT (®)

bap ‘o ‘ yooyyp jo 3|buy

9l 2l 8 14 0 0 n_u 0 0 0 0 vm...
mo,ﬂ_us_ oo___"s_ 160=W mm.m_us_ mmm"_z om.n__uus_ mw.ouus_
2 2 3 5 3 > A
il /Ry Wil Vil Vil Vil
J: ;- - - an 7 )
yAmEn RN ARE AN NNy
) 7 i 7 )
Joid Aw\ Y \6\\ \ \MW
.4 9
AT T B T TR T L~
1 d / ZBny:4 1 L .
4 % \ g S == 8
Q! j \«\% \\m\ 7 AL o8l o o M e i £
001 g 2 0 3 <
A M 1 - 4 i e = or 0T ol
AP EA I e Gk,
m.\.. m@. UOISUBJX3-PIoYD 2¢g|" ‘d00.q 02 —— —O— —— 2
16 UOISURJX9-PIoYD OG|" ‘d00IQ Q9 — —— O ———
buim ois0g ———O——
i

19 juaid1809 i




19

o]

*poaNUTIUC) -*C SaN3T4

*SOT4STIS10BIBYD JeIq (Q)

_

_

5 *jusyyeos yn
€O'I=W 001=W L60=W S60=W £€60=N 060=W G8'0:=W
8 9 v 4 0 0 0 0 0 0 0 mm
] | e | A |
|k L L e L e "
LB | | g A 4 J
\m\ \&w z Vi \ & 80
\ \ 4 4 & / £
ﬂ\w 5 \Wu - W\ %OM ! \m 2r
Nl o 7 /E / o/ // g
i 7 ; AR EEN e R L
e SEC 4SS Ceny emiuaea!
/ /! . A g \ 2
€Ol 001 Mw\\ \ \M ] J _% \\ \ Vu ﬂ \_‘ \ (074 .M
\\ _nm\ \ ;) m Am \ Nv \_ .\ ﬂ__ - GO
3 T T AT
7 7 T T H
W\\ .u / “m 1 __v / 7 : \ -
TH 0 I T
/ \ w W\W \ mhw _\ _NN\ Aw A.,Un_v 26
C =) 1L o
14 BIAREEH ° S «
\ ;_Vv i \Q @ 06’
& .\\\ mw ce o
Ud G6"
UOISUBIX8-PIoYd 2G(* *d00IJ ,02 —— —O— ~—
16" UOISUDIXS-PIOYD 3G ‘0040 9 — e e T — — 124
Bum o150 ——— 00—
|| [ »
’
Y

09011



20

L= 1000

*popnIouo) =-°¢ san3dtd

*SOT9JSTJI9GOBIRYD USUWOU-FUTYDLT (D)

T 1 uela1ye00 PN 9 jua1o14)e00 4417
_ X . ) . . ) ) ) . . . o o
21 0l 8 9 v 4 0 o 2 o] 8 9 2 2 -
- 80 -
91 R SN
= P !:;_U,/ é//
2l Y\x S S 0~
o L;%{o\ =S
>—Of— I~ .
G . . D
<0l i 80~ pmsieg - g60={0
o o~[>~., ] <} W g @ Au.f o
o X G6 4 /N/ O
~E L LA L TR
s \0\ R Auﬁ
L nge T Peo1=W10 e 4 £60:=W{0
00l ﬁ\\han/ 4 ok .||mmrmmmwmmmmw L
e <l Ao
g _ ~ ol = - 3 =5
=S AT N
_OV\ h \Av\
At~ o 1 —p |
- 00'1=W{0 i 060+ W{0
e g [T B
Ao e o 06| b
7 7 ~~J S| Lo 1o
vf I »r\n O~Jo-. L = I/TN =
Aﬁawmv\ox o [ I5—o—P
— 16 16'0=W{0 I 3 G80:=W10
| W 4
ik "
.
. v ca t1¢
S_ .
80 80
UOISUB}X3-PIoYd IG|" ‘d00I] ,0Z e —O— ——
UOISUB}XA-PIOYD OG|" ‘d004(Q 49 — — — O — ——

buim 2150 ————O—

Wnt 1ug o109 juswiow - buiydily




9l

padooap 09 JO s309339 guTMOyS SUOTQBINSTJUOD JJO-TTBY JO SOTISTIASIOBIBYD OTWBUADPOISY -'Q 2aINTTJ

2l

*S$9YDq0U YATM UOTSUSXI-PIOYD 9()0°0

*SOTISTIS3OBRIBYD AITT (®B)

bap ‘ © ‘yooyp jo 3ibuUy

0 0 0 0

090T -1

0 .
! 1 _ 1 T 1 [ I ¢
€01= 001=W 260=N | 66,0=W £60=W 060=W G80:=N
I | T
: v v
M7 o . Ay I 4
7 g 4 4 4 . .
/ / P
“hi \\ v w.
o/ 4 7 s L ¥l | Ly
% Vi . A N o
ST LA [ a7 a7 s it
i o | oM i G810 .
= G : = - o'l
oz . e -
N S6 yoJou dasp 9G2|" ‘UoISUBYX8-PIOYd 9GO ‘do0uQ,9 — - g--——
26 yoiou daap 3G (0 ‘udISUdXa-pIoYd 9GO ‘d00I] 9 —— N~ —— 2’|
UOISUSXa-pIoyYd 3G, ‘do0ug 9 — — —p— —
Bum i ———0——— | |
'l

9 “Jua1014J300 17



L-1060

‘penutTiuUo) -°g 2INITH

*SOTASTI930BABYD BBI(J Apv

Ty uatsype0n BN

22

€0'1=W 001=N L60=N G60:=W €60:=N 060:=W S8'0sNW
oL@ vy 2z 0 0 0 0 0 0 3%
L_Kinnnﬁo S i ==
D= L. sanain i i . A b0
1 A A g M\ W:
” M\\ \m 4 / 80"
/ / Y f J
7 “m\ o M &\ 1 2t
ATy 4 i
| y or 8
A
g0l 0071 \ &\ g \& 7 ] 0z .m
o
T \ \ﬁw \\ “\ wﬁ_ 4 i}
T / {/ i ]
/] i i? ] i
7/ ] 1l a il
ANEN NN (EE .
| (A |
/ Bl oé *
\\ | ,w £6 1] ov
i S ge: yoJou 098P 9GZ | ‘ UOISURJXI-PIOYI OGO 'd00I] 9 ——-—T—-—
16" Yo40u daap 9GO ‘uOISUBIXe-PIOYD G 0" ‘d00IQ,9 —— —p— —— b
UOISUBIX3-PIOYD GO ‘d00IQ 9 — ——F———
bum sisog —O———
14




23

2l

*pPepNIOU0) -*g SINITH

*S0T3STISFOBIBYD FUSWOW-BUTYDYTd (D)

15 1u210114300 §417

T ! §ua10144809 3417

0l 8 9 14 2 0 mo.m.- 2 (o} 8 9 b 2 o] mm_.-
9i- 80"~
% .
- Bres-NANEEN
\/ﬁU
< 80" == G60:=W10
o1 | e = )
N 41 T
7&17]1 HO~ A A\f .//.
//MH!,N mm R
A D
> €0'1=W10 x\ £60=W1{0
001 | ¥ FNaN ;
N S L
~ €6
™~ \\ | L
SNl A/ o P Isae
”Wo 1=W 40 A 06'0=W10
\»ﬂ%UJMiV, o
\Am /ﬂ//// -iRe%
A ESY %
=of N PE=; . e
< t |
;/Amwdng.o . sl 580-W{0
N_U al
W . ﬁ
14 M )
G8 &
80 W o
yojou deap 9G2|" *uoIsUBIXa-pIoyd 26O ‘d00IQ .9 [
yoiou dasp 3G () ‘UOISURXa-PIOYD OGO ‘d00I(,9 —— ~p- ——
UOISUIXa-PIOYD 9GO ‘d00I0 Y ——— B ———

090T-1

bum o1s0Q — O

Wn “ 1ua1914)800 juawow - Buyoiid



2k

1-1060 , .

o6 = :@ {suoT3BaN3TJUOD UO-TTBY JO SOTISTI930BIBYD OTWeUAPOISy -*) 9InJTg

*SOT3STI930RIBYD 3JTT (®)

bap ‘o ‘yooyo jo aibuy

ol gl 8 v 0 0 0 0 ] 0 0 v
! _2_ T [ 1 T | T 2-
no_.“ oo__us_ \.moui mmn_vns_ £6 OHZ mo.ns_ mmo
/ \ \ \ \_,w i \\w °
\“ § / f g A /] ,
4 /
A7 7
/ ! - / . 4 \\ Av.
\\ \Q\ \mw A 4 )
\m % % A Y . C \\MC 9
v, B4 / a3
1& s \\ \r\\@ v \,n\ g
/ Z 72 2
Y \ \m \\m - \\m\ g -
mo [} OO_ \O \m\\ “A@\ ﬂ \ T O_
o 2 \x\m\; a o il

» m«\m % o6 80 =W -

% £6

- 66 !
.e Apog 2'1= W ‘uoisudyxa-pioyd 5g|* ‘doosq 9 — —O—— o1

Apog 21Spqg ‘UoISUBIX-PIOYD OG[ ‘d00J] ,02 —— &> ——
Apog o1sDq ‘uoIsuBX8-pIoY2 oG|" ‘do0.q .9 ——T——

9l

T “4uaidyye0d 4N




25

‘psnutquoy -°) 2andtyg

*80T9STIS%oRIBYD Jeaq (a)

[¢]]

70 ¢ uaronye00 11
€01=N 00'1=W L60=W S60=N €60:=W 060=W G80=W
8 9 L 2 [¢] 0 [o] 0 0 [o] [¢] .wm
b =
= 5 u\‘}\ I g ’ ey N \} 0
P A7 1 7] \w ” g .&\ o
7 ~ , \\ O 4
rll AT AT
s v Gl 4 .
/1 T TI7 71171 ’
’ >\\ , \\R vG - m
/ / 4 /] 7] R
( ¥ il T
€01 001 \ p J W s m
\ / © l . -
i) ; \ 4 \ ‘ \ T m vz 9
[/ ? /18 il f -
\D\\ ‘- \.\ k‘ \ ° \ )
1/ W ’
L 4 \ m\ \
P -
\ : .
ﬂ \ m . ov’
) \ m 06
\\ N ce 1_\ 144
k A Apoq 21N ‘uoISUaIXa-pIoyd IG | ‘dooiq ,9 ——
¢ B £poq 21$0q ‘uoiSUBXa-pIoYD aG} ‘d00IQ] 02 — —-O>— —
26° Apoq 21SDq “UOISUBXB-PIOU 3G ‘d001] .8 — O 8t
] HEEREEEEEEEER .

090T-T



26

L-1060

‘pepnrouo]y =-°) aan3Tg

*SOTQSTISIORIBYD QUSWOW-JUTYOATd on

T Ay e T5 ¢ Juayyaoo 4
b2« g 9 v 2 0 g, vz o 8 9 y & 0 Z5p-
N
ve- 3 or-
S6 Mw /
02~ y. \ 21-
c/v -
- g AN T .
9| - 80"
ChEY ///M N T
T , NN el O A
¢! 2r- v0-
B ™ €6’ /.%ﬂ hada'a - N
001 80~ %/// B 60 W{0
A i g \ R N
: O~ : i\
R PINELR S
- , #4sN %
€01-W40 18 A : 0=W{0
W /WM °° ,,ﬂy,/ﬂ )
NENEE Tk N
Q,, nf m / AW/, o< od Ay//
NE \ |Ao | P N D % o
~1 N - 001=W 3 ¢ 0=
e N ol lal NPT ™
AR 5 N
S AN 1Y N
DY Y =[]
3 W T T Y
160 =W{0 = G80=W|0
ﬂ . /f AV k. _
V/ YO I,O/ ~ +0
N =
o
80" 80

Apog g'| = N ‘UOISUBIXa-PIoYd OG| ‘d001Q 9 — —0— ~——

Apoq 21SDq ‘UOISUdIX3-PIOYd 3G ‘d004Q ,02 — — & — —

ApOq 2S0Q ‘UOISUBIXS-PIOYD IGI ‘d00iQq 8 ——o——
|apous 2/spg

Wa ¢ uaye00  juawow - buwydig




27

*SOOTASD 3Fpe-3urpraT Jo sadAq OMq UITM
PSTJTPOW USYM QUSTOITJIS00 3ITT YIIm FUSTOTFFS00 quauow-Iuiyoqrd Tepow ayq Jo UOCTABTJIBA -°Q 9an3T4

‘o6~ = g fuo TrER (a) ‘330 Treq (®)

T9"1ua1943200 1317 79 “wady802 141

Ll _ 21 [l g 9 4 0 Zhg- Pl Al ol 9 2 2 N@N...
16
S~ 9i
|
2 20
. il .
—ce o 80~ T 80~
— /
v0- + $0-
W / Y
\[ T L6 _
= 2.6'0 =W{0 = L60 =0
N L 1™ D
N T P =
i =2
5
o
€6 / /£ 3
// 3
G6'0=W{0 $60=W0 2
1 =1
\ e / 3
NN SES = :
LN = —
— 06— ~
= W Y €60 =0 £6°0 WO
\ £6’ /
V) T
— T -y
/_A\ T I~ /
NPZ= N S
N 60 =W{0 060=W{0
06
1 W
17 F »0’
=
80" 1 80’

UOISUBIXa-PIOY IG1* ‘d00IQ (O mr— ~——
(G "Jay) siois abpa-buipoa m. S6-9p" ‘dooiq .01

. 090T-1 s s * '



L-1060

*SUOT3BINGTJUCD JJO-TTIB} pue UO-TT8l
TBISAS JOT xﬁEAm\qv JOJ FUSTOTII200 3JTIT Pue xdsﬁm\qv uo JSqUMuU UOBW JO 309IIF -6 aan3Tg

*o6- = Yo fuo TTEL ()

W ‘ Jaqwnu yoow
vOl 001l 96 26’ 88 vg

Il

i
/

/-
/

/

I~

ApoQ 21SDQ ‘UOISUR}X3-PIOYD IG|" ‘d00I] OZ — — — —
Apoq 2= N ‘UOISUBXa-pioyd 2G| " ‘dooiq (9 —— ——
Apog 21SDQ “‘UOISUB}X-pIOYD OG|" ‘d00IT 9

28

*JJo TTelL (®) ,

W ¢ 4agwnu yoow

0l 00! 96 26’ 88 v8,
.
[@]
- iy
= s
—= S
\HMUMN\\\ -3
\ v E
Z]
5
0
v
- ] =
TSSO NS
~ N 5
N 2
N
N
NN 3
A\ /./
N\
NS
[
UOISUBYXd-PIOYd 2" "' T 408 —— ——

UOISUB}Xa-PA0YD 3G O ‘doosd ,9
UOISUS}X3-PIoyd 2G|~ ‘d00IQ oQ — - — — —
buim 21509




29

*JJo TTe3 fTepow oseq dY3} JO0F (/T 03 SUOTSUIIX2-pIOUD Podooap UITM SUOTIBI
-BINFTJUOD 8Y3} JO TeIdA®S JOJ (/T JO OT3BI 9U3 JO JUSTOTIFS00 4JIT U3ITM UOTFRTIBA -°QT 2InBT4

19 * Juaioyye0d |y 0 ‘a0 1N
2l ol g 9 2 A 0 21 0l g 9 ¥ z Q.
- 4
.
A e 7P
/ . [l b
L 7 s
1 A1 | .,
L1/ P 4
\ - 01 G660 2 01 S80
AR -7
.G60 A A s | A
L L~ 7
/lu.\ﬂl d =/ / \\
/ -~ l—
/ TN A H i = = E X\l\l =
— - 4T 1 AT S,
560 ve el o1 160 2 7 aammya el 050 %
LN | A4+ $80 __\ [ y €
L1600 = Z W T \ p 7 &
NN \\ WAL /] m
\ \\ \\ \V/\\\ ) —
. -1 060 4 g P e N
260 . \\\ L —t— | \ \ Py 2
— o1 001 060 ] - | €610
N g _ e
001 F=+="1— . \ A W
L £60 1ol |/ -
—T \ ,
< W g D 060 .
— < 01 €0l , \ el
€0l 1 v " _
W = €60 T
4! - W 9
il 9]

UOISUBX3-pIoYd 3G|* ‘do0.q 02 —— ——
UOISUBIX8-PIOYD 9GO ‘doo] § — - ——
UOISUBJX3-PIOYD IG|" ‘d00IQ (9 — — — — —

090T-1



30

10° Droop, .35~ 953 leading-edge slats (Ref. 5)
—— —— 20° Droop, -.15¢ chord-extension
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Lift coefficient, C

FPigure 11.- Variation with 1ift coefficient of the ratio of L/D for two
different leading-edge-device configurations and L/D for the basic
model; tail off.
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