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SUMMARY 

An expl or ator y invest i gation to determine the effects of wing slots 
on t he l ongitudinal stability char acter i stics of a 450 sweptback wing­
fuse l age combination was conducted in the Langley 16- foot transonic tun­
nel . The wi ng had NACA 65A006 a irfoil sections, an aspect ratio of 4, 
taper r atio of 0 . 6 , and i ncor por ated various combinations of three out ­
board 35- per cent - semi span wi ng s l ots exhausting on the wing upper surface 
at the 15 - , 30- , and 70- percent - chord stations . Detached leading-edge 
s l ats of 35 per cent semispan and 00 deflection and a 20- percent-chord 
trailing- edge extension were a l so tested in conjunction with the wing 
s l ots . Data were obtained at angles of attack from 00 to 200 and at 
Mach numbers from 0 . 80 to 0 . 94 and data at low angles of attack were 
obtained for Mach numbers up to 1 . 05 . The Reynolds number varied from 

5 . 4 X 106 to 7 . 6 X 106 • 

Only small improvements in longitudinal stability resulted from the 
use of wing slots alone . The use of the detached leading- edge slats in 
conjunct i on with the wing s l ots was required for significantly beneficial 
resul ts thr oughout the Mach number range investigated where longitudinal 
instability occurred . 

I NTRODUCTION 

The use of swept wings of moderate aspect ratio in the design of 
present - day f i ghter -type "airplanes has emphasized the importance of the 
longitudinal stability problems encountered by such wings at subsonic 
and transonic speeds . At subsonic speeds the pitch- up tendency of thin 
swept wings i s the result of leading- edge vortex- type flow and consequent 
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separation of the flow over the outboard portion of the wing (ref . 1) . 
This subsonic instability has been greatly alleviated for particular 
swept wings by the addition of fences and leading- edge devices such as 
chord- extensions and slats (refs . 2 and 3) . At transonic speeds the 
longitudinal instability of swept wings is the result of shock- induced 
flow separation in the region of the wing tip . The arrangements of 
fences} chord- extensions } and leading- edge slats} which were successful 
in alleviating the subsonic longitudinal instability of swept wings} 
were only slightly effective in eliminating the pitch- up problem in the 
transonic speed range} particul arly for Mach numbers between 0 . 94 
and 0 . 96 . However} inasmuch as undrooped leading- edge slats indicated 
a slight superiority over chord- extensions as a wing auxiliary control 
device in the ~ransonic range (compare results of refs . 2 and 3) } it 
was believed that additional boundary- layer scavenging in the outboard 
portion of the wing would further alleviate the stability problem in 
this range . The present investigation was therefore planned to explore 
the use of spanwise wing slots and other outer panel devices on a swept 
wing which had been investigated for longitudinal stability improvements 
with other previously developed devices . 

The 45 0 sweptback wing used for the present investigation had an 
aspect ratio of 4} a taper ratio of 0 .6, and NACA 65A006 airfoil sections 
parallel to the plane of symmetry . The basic data for this wing were 
previously reported in refer ence 4 . The effects of chord- extensions } 
leading- edge slats , and fences on the same wing we r e reported in ref­
erences 2 , 3} 5} and 6 . The longitudinal stability characteristics of 
the slotted wing were obtained in the Langley 16- foot transonic tunnel 
for several combinations of thr~e outboard} 35 -percent - semispan slots 
for a wing- body combination equipped with a vertical tail . The three 
wing slots opened on the upper surface of the wing at about the 15 - , 30-} 
and 70 - percent - chord station . Horizontal tail- on data were also obtained 
for one slotted- wing configuration of the present study . The slotted 
wing was also investigated in combination with 35- percent - semispan 
leadi~g-edge slats and floating trailing- edge extensions . 

Because the present work was primarily concerned with longitudinal 
stability at high subsonic speeds } lift coefficients at least as high as 
0 . 80 were investigated only at Mach numbers of 0 . 80, 0 . 90, and 0 . 94 . Low 
angle- of -attack data were obtained for Mach numbers up to 1 . 05 to estab­
lish drag penalties . The test Reynolds number varied from about 5 . 4 X 106 

to 7.6 X 106 based on the wing mean aerodynamic chord . 

COEFFICIENTS AND SYMBOLS 

b wing span 

c local wi ng chord 
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c mean aerodynamic chord 

drag coefficient , 

lift coefficient, 

Drag 
qS 

Lift 
qs-

Cm pitching-moment coefficient about 0.25c of wing, 
Pitching moment 

qSc 

D maximum diameter of fuselage , in. 

M free - stream Mach number 

Pb base pressure coefficient 

q free - stream dynamic pressure , 

R Reynolds number, based on c of wing 

s total wing area 

v free - stream velocity 

angle of attack of fuselage center line relative to V 

p density of air 

APPARATUS 

Tunnel 

The tests were conducted in the Langley l6- foot transonic tunnel, 
a single-return octagonal slotted- throat wind tunnel. A detailed 
description of this tunnel is presented in reference 7. As indicated 

3 

in this reference, the maximum variation of the average Mach number along 
the test - section center line in the vicinity of the model is about ±0 . 002. 
Mach numbers in the present report are given to the nearest 0.01. 
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Model Support System 

A single swept - cantilever strut supported the sting-mounted mode l 
for the present tests . This support system, as descr i bed in detail in 
reference 4 , held the model near the t unnel center line throughout the 
a ngl e - of - attack r ange . 

MODELS 

Basic Model 

The wing f or the present investigation had an aspect r at i o of 4 , a 
taper r at i o of 0 . 6 , 45 0 sweep of the quarter- chord line, and NACA 65A006 
a irfoil se ctions parallel to the plane of symmetry . 

Ordinates f or the 6A- series a irfoil sections may be f ound in refer ­
ence 8 . The wing was made of aluminum alloy and was designed to have 
no twist or incidence relative to the fuselage , and checks of the model 
indicated these ob jectives were achieved to wi thi n ±O.lo . The wing was 
mounted in the midwing position on the fuselage . 

The fuselage cons isted of a cylindrical body of revolution with an 
ogiva l nose and a slightly boattailed afterbody . The fuselage for the 
pr esent tests differed in l e ngth from that used in r eferences 2 to 6 , 
having a fineness r at i o of 11 as compared with 10 . The horizontal tail 
was geometrica lly similar to the wing and was mounted in the midfuselage 
position at an angle of incidence of _40

• The r atio of the span of the 
horizontal tail to the span of the wing was 0 . 427 . The vertical tail 
had an aspect r at i o of 1 . 5 measured to the fuse l age center line, a taper 
ratio of 0 . 3 , 45 0 sweep at the quarter- chor d line , a nd NACA 65A005 a ir­
foil sect i ons . 

Both the vertical and horizontal tails were bol ted to the fuselage 
and all gaps were filled a nd f a ired smooth . The dimensional detail s of 
the mode l a r e given in figure l(a) and a photogr aph of the model mounted 
in the tunnel is given as figure 2 (a ) . 

Wing Modifications 

The bas ic wing was modified with various combinat ions of three 
taper ed wing slots extending from the 0 . 65b / 2 position to the 
0 . 975b/2 pos i t i on . The slots were numbered for r eference starting wi th 
the slot near est the l eading edge of the wing . The center lines of the 
slots wer e l ocated on the upper or exit sur face at appr oximately 15 . 5 , 
30 , and 70 pe r cent of the chor d ; on the l ower sur face these center lines 
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were l ocat ed at appr oximately 3 . 68 , 15, and 55 percent of the chord . 
Per tinent dimensions for the slots are given in figure l(b) and photo­
gr aphs of both surfaces of one wing showing the slotted area of the wing 
a r e gi ven as figure 2(b) . Modifications to s l ot 2 cons i sted of increasing 
the width of the slot opening on the wing lower surface from 0 . 014c 
to 0 . 017c by r emoving materia l from the forward slot face and of increasing 
the radius of the r ounded porti on of the slot on the wing upper surfaee. 
Details of these modifications are shown i n figure l(c ). 

The wing was also tested with l eadi ng- edge slats and with trailing­
edge extensions. The slat conf i gurat i on was formed by extending the 
segment of the wing ahead of slot 1 forward 9 percent of the chord and 
filling the origina l forward slot (slot 1) with a member whose forward 
face was i dentical with the undersurface of the slat. The slats, extending 
f rom the 65 -percent- semispan position to the wing tip , had a chord of 
14 percent of the wing chord and , unmodified, duplicated the undrooped 
35-percent - semispan slats of reference 3. For the modified-slat confi gu­
rations, the lip of the slot behind the leading-edge s l at was rounded as 
shown in figure l(c). The t r a iling- edge extensions consisted of free­
floating flaps extending from the 65 -percent - semispan position to the 
wing tip . The chord of these flaps was equal to 20 percent of the l ocal 
wing chord. The flaps were suppor ted with end bearings and were free to 
p ivot on a hinge line which coincided with the original trailing edge of 
the wing . A filler was used on the wing to fai r the upper and lower 
surfaces fr om the tra iling- edge extens i on to a point of tangency on the 
wing at about the 60-percent - chord poi nt . Dimensional details of the 
leading- edge slats and trailing- edge extensions are given in figure l(d). 

Wing-Eody- Tail Combinations 

Tail - off and tail- on notations in the figures and discussion of the 
present paper refer onl y to the horizontal-tail surfaces. The tail- off 
configurations were equipped with a vertical tail; for tail- on tests, 
the horizontal - tail was added to the tail-off configurations . 

TESTS 

The present invest i gat i on cons isted of measuring the aerodynamic 
forces and moments for a r ange of Mach numbers from 0 .80 to 1.05. Test 
points were taken at 20 i ncrements from angles of attack of 00 to 200

, 

160
, and 140 f or Mach numbers of 0 .80, 0 . 90 , and 0 . 94, respectively, and 

to 40 only f or the r emaining Mach number s . The forces and moments were 
measured by a six- component electrical strain- gage balance mounted within 
the fuselage . 
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The Reynolds number for the present tests, based on a wing mean 
aerodynami c chord of 1 .531 feet, ranged from 5.4 X 106 to 7.6 X 106. 
(See fig . 3 .) 

CORRECTIONS AND PRECISION 

For ce - Data Accuracy 

The Mach numbers assigned to the data presented herein are accurate 
to within ±O . Ol. The data were not adjusted for sting- interference and 
wing aeroe l astic effects . It has been established that boundary­
interference effects are very small in this slotted wind tunnel, at 
least for Mach numbers as high as 1 . 03, and no attempt to correct the 
data for these effects has been made . The accuracy of the measured 
coefficients , based on balance accuracy and repeatability of data, is 
estimated to be within the following limits : 

CL • 
CD -

At low lift coefficients 
At high lift coefficients 

Base Pressure 

±O.Ol 

±O . OOl 
±O . 005 
±0 . 005 

By use of the base pressure as measured by three orifices located 
about 2 inches inside the base of the model, the lift and drag data were 
ad justed to the condition of free - stream static pressure at the base of 
the model . The base pressure coefficients for the tail- off and tail- on 
configurations are presented as functions of Mach number in figure 4 . 
Based on repeatability of measurements, these coefficients are estimated 
to be accurate to within ±0 . 01 . 

Angle of Attack 

The model attitude was measured by a pendulum- type strain- gage 
inclinometer . An adjustment for airstream misalinement (0 . 300 upflow 
ane;le) was made , and the angles of attack reported herein are estimated 
to be accurate to within ±O . lo . 

- -- ~. --------------
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RESULTS AND DISCUSSION 

The results of tests of slotted- wing configurations on a 450 swept ­
back wing-body configuration in the Langley 16-foot transonic tunnel are 
presented in figures 5 to 9 . 

The selection of the best slotted-wing configuration is based on 
the comparison of data for various slot configurations shown in figure 5. 
Data for the best slotted-wing configuration of the present tests are 
compared with the basic model data in figure 6. The best leading-edge 
slat slotted-wing configuration is compared with the best slotted-wing 
configuration in figure 7 . Data for several modifications to improve 
the former configuration are shown in figure 8. Tail-on data are com­
pared for the basic model and the best leading-edge slat slotted-wing 
configuration with and without a trailing- edge extension in figure 9. 

The variations in lift, drag, and pitching-moment coefficients with 
angle of attack and lift coefficient for the various configurations are 
shown for Mach numbers from 0 .80 to 1.05 . Data were obtained for the 
full angle-of-attack range only at a few representative Mach numbers 
where longitudinal instability was most severe (M ~ 0. 80, 0 . 90, and 0.94). 
Data were obtained at low angles of attack for a wider Mach number range, 
however, to establish drag penalties . 

Pitching-Moment Characteristics 

Effect of wing slots , tail off .- The pitching-moment-coefficient 
data shown in figure 5(a) indicate only slight improvements in the longi­
tudinal stability of the basic model resulting from slotting the wing. 
Although the unstable break in the pitching-moment curves was not elim­
inated, the curves for the slotted- wing configurations were slightly more 
linear than those for the basic wing . The data also indicate the con­
figuration with slots 1 and 2 open as being the most favorable. For this 
configuration, the unstable break in the pitching-moment curve was gener­
ally the least abrupt and the lift coefficient for this break was extended 
from 0 . 63 to 0 . 72 at a Mach number of 0 . 94. Data for this configuration 
are compared with the data for the basic model in figure 6. 

Effect of leading- edge slats , tail off .- The addition of leading­
edge slats to the slotted wing showed very little improvement in delaying 
the unstable break in the pitching-moment curve of the slotted-wing model 
to higher lift values (fig. 7(a)) , although the break at all Mach numbers 
was less severe . Data for several modifications to the slotted-wing model 
equipped with leading-edge slats shown in figure 8(a) indicate only minor 
changes in the pitching-moment characteristics . Widening the entrance 
opening of slot 2 resulted in somewhat more negative pitching moments at 
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moderate lift values for Mach number s of 0 . 90 a nd 0 . 94 . The effects of 
a ltering the lip of the slot behind the leading- edge s l at were negligible 
(fig . 8). Data a r e not presented for the slat conf i gurat i on with both 
s lots 2 ano. 3 open which indicated little or no change in the l ongitudi­
nal stabi lity characteri st i cs . 

Effect of free - float i ng t r a iling- edge extension , tail on. - It should 
be pointed out , at this point , that the results indicated by the addi t i on 
of the t r ailing- edge extensions shown in figure 9 are not conclusive 
because of str uctural fai lure of these devices at an undetermined poi nt 
in the investigation . For a Mach number of 0 .80 there was no change in 
the p i tching-moment characteristics due to the trailing- edge extensions 
(fig . 9 (a )) . For Mach numbers of 0 . 90 and 0 . 94 , however , the linearity 
of the p i tchi ng-moment curves was improved . Due to the structural fai l­
ure of this device, it i s not known whether these improvements in linear­
i t y were due to the trailing- edge extensi on or to a delay in tip separa­
tion resulting from the thickened trailing edge of the wing . 

Lift and Drag Characteristics 

The lift - coefficient values for the various slotted-wing configu­
rations shown in figure 5(b ) indicate only minor changes in the lift 
char acteristics of the basic model . The increase i n drag coefficient 
at l ow lift coefficients , r esul ting from slotting the wing was a l so 
small , appr oaching about 0 . 003 at the higher Mach numbers (fig . 5(c)). 
Adding the l eading- edge slats to the slotted wing indicated generally 
very little change in lift for moderate angl es of attack and a gain in 
lift at high angl es of attack (fig . 7(b')) . Figure 7(c) indicates the 
drag for thi s configuration to be somewhat less than that for the slotted 
wing for lift coefficients above about 0 . 4 . 

The addition of the tra iling- edge extensions generally indicated 
cnly minor changes in lift throughout the test range (fig . 9 (b) ). At 
l ow lift coeff i cients the drag was increased by about 0 . 002 to 0 . 004 
for Mach number s up to 0 . 94 (fig . 9(c)). 

CONCLUDING REMARKS 

An expl or atory investigation was made in 
sonic tunne l of a 45 0 sweptback wi ng- fuselage 
outboard wi ng slots and l eading- edge slats of 
improve p i tching-moment linearity i n the h i gh 
small improvement s in l ong i tudi nal stability 
from the usc of wing slots a l one . The use of 

the Langley l 6 - f oot t ran­
combinati on equipped with 
35 percent semispan to 
subsonic region . Only 
haracteristics resulted 
detached l eading- edge 
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slats i n conjunction with the wi ng slots was required for significant 
benef i c i a l results throughout the Mach number range investigated. 

Langley Aer onautica l Laboratory, 
National Advisory Commi ttee for Aeronautics, 

Langley Field, Va ., November 19, 1956 . 

9 
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10 . 500 2 . 551 81. 000 4.6a5 Alrfoll Section IIACA 65A006 
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3.143 cf4 of wing --.... 

f----32. 68 - ----4 

59 . 53 

r-----------------104. 30 

(a) Details of slotted wing- fuselage -tail combination . All 
dimensions given in inches unless otherwise noted . 
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Figure 1.- Dimensional details of slotted-wing model, l eading- edge slats, 
and trailing- edge extensions . 
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~------------------ · 700 I 
510/ ~ot 2 . 008 £Sl o t 3 
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~ __ ----------------------- 1 . 000 

r---------------------------- . 300 ----------------~ 

r--------- .155--------__ ~ r---- Slot 1 

. 008 ----. 

• 011~ 

2 

This edg e of each 
slot r ounded sligh tly 

Coordinates for upper surface 
of slot 1 in percent c 

x y x y 

0 0 3 . 999 - . 042 
· 498 - · 462 5 · 003 . 228 1---------- . 1;'0 -------~ 

. 751 - · 56S 7 · 502 . 80S 
1 . 249 - · 715 10 . 000 1. 285 
2 . 498 - . 979 12 . 500 1. 74 8 
3. 003 -. 450 13 . 327 1. 916 
3 . S02 - . 216 13. 999 2 . 084 

(b ) Details of s lotted wing . All d imens i ons given as a r atio of l oca l 
chord . 

FigQye 1 . - Continued . 
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Rounded l ip of s l ot 
behind L.E. s l at 
(approximately to scale) 

Slot 2 

piller block 

Radius of r ound e d edg e increased 
(app roximately to s c ale) 

modified s lot width 

Original forward face 
of slot 2. 

(c) Details of modifications to lip of slot behind leading-edge slat and to slot 2. 
All dimensions given as a ratio of local chord. 

Figure 1.- Continued. 
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Cross- section of slotted wing equipped with leading- edg e sLat and 
tra iling- edge extensien . 

• 140 • I- . 090 

For coordinates of this 
surface , see table , fig .l (b) 

Filler block used to 
close original slot 1 . 

. 20~ 

Filler used to fair straight 
line f r om ~ . ~ . of extension 
to point of tang ency on wing 
at about . 60 c • 

~Trailing- edge extension hin£e line 

1/16 t o 1/8 lncn cJ~.rance 

De tails of leadin~- edge slat Details of trailine-edg e extensi on 

(d) Details of leading-edge slats and trailing- edge extensions . All dimensions given as a ratio 
of local chord unless otherwise noted . 

Figure 1. - Concluded . 

f-' 
+-

~ 
n 
;J:> 

~ 
~ 
0\ 

8 
0\ 



" • 

"-

~" 
'\. 

L-88797 
(a) Wing-fuselage configuration shown with vertical tail in Langley l6-foot transonic tunnel. 

Figure 2.- Photographs of model. 
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L- 88796 .1 

- I 

(b ) Slotted-wi ng details . L-88795.1 

Figure 2 .- Concluded . 
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9 x 106 
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Figure 3.- Variat i on of Reynolds number (based on wing mean aerodynamic 
chord) with Mach number in the Langley 16-foot transonic tunnel. 



l8 NACA RM L56106 

.2 

M 

.1 

M 

0.80 
0.80 0 

I - - :-=-". r---. 
--0.90 

.90 0 
--=. ~ -t:---

0.94 
.94 0 

.0 
0. I"=-=- r---
1:1 

<1J 0.96 
'0 .9G 0 ;;:1 
'H - - f- - -
Q) 
0 
tJ 
Q) 

~ 
Ul 

0.98 
Ul .98 0 Q) 
H --
0. --
Q) 
Ul 
m 
a:l - 1.00 

1.00 0 - - f- - - - -- -- . , 

" " 
, 

1.03 

1.03 0 I-r--- - ~ 
~ -

1.05 0 -----~ 1.05 

-- Basic model, tail off 
---Basic model , tail on 

-. 1 
CO 4 8 12 16 20 24 

Angle of attack , CL , deg 

Figure 4. - Var iation of base pressure coefficient with angle of attack 
of the bas ic tail- off and tail - on configurat ions at various Mach num­
bers in the Langl ey l 6- foot transonic tunnel. 
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Figure 5.- Effects of several combinations of wing slots on the longitu­
dinal aerodynamic characteristics of the basic tail-off configuration. 
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Figure 6.- Comparison of the longitudinal aerodynamic characteristics 
of the basic tail- off configuration with the basic tail- on configura­
tion and wi th the s lotted- wing tail- off configurat ion having s l ots 1 
and 2 open . 
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Figure 7.- Effects of adding l eadi ng- edge slats and closing slot 1 on 
the longitudinal aerodynamic characteristics of the slotted-wing tail­
off configuration having wing slots 1 and 2 open. 
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Figure 8.- Effects of modifications to wing s lot 2 and to the lip of the 
s lot behind the leading- edge slats on the longitudina l aerodynamic 
characteristics of the s lotted- wing leading- edge slat configuration. 
Tail off . 
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Figure 9.- Comparison of the l onGi t udi nal aer odynami c character istics of 
t he bas i c tail-on configuration with t he best s l otted-wing l eading­
edge - slat combinat i on wi th and without the t r ailing- edge extension. 



1.0 

.8 

CL 

.6 

.4 

.2 

o 

-. 2 
o 

M = 0.80 

" 
~ 

~ 
Cy 

o 
0.90 

& 
Cy 

" 
~ 

o 
0.94 

* cy 
I, 

~ 

r::;:::;:j 0 Basic model, tail on 
--0- - - - L. E. slats on, modified slot 2 open --<>-- --- L. E . slats on, modified slot 2 open, 

and .35b/2 T . E . extention on 

--l-' 

~ .. ~ ="+-~-",, - r!!? OC :~ c;s t- ",' I; 

"y . 1/ • ..." 
. " , ~ ~. ~ ~ 'I _ J..~ 

o 
0.96 

a. 

o 
0.98 

o 
1.00 

o 
1.03 

o 
1.05 

;t~ 

5 

(b) CL pl otted against a . 

Figure 9 . - Cont inued . 

10 

\.)J 
(\) 

~ 
~ 

~ 
t'-i 
\Jl 
0\ 

8 
0\ 



5A 
NACA RM L56L06 

.08 

.04 

M 

1.05 0 

1.03 0 

1.00 0 

.98 0 

.96 0 

.94 0 

.90 0 

.80 0 
-. 2 0 

NA CA - Langley Field, V~. 

M 

1.05 

1.03 

1.00 

.98 

.96 

.94 

.90 

.80 

.2 

( C) CD 

---O-Basic model, tail on 

.4 

-0- L. E. slats on, modified slot 2 open 
_-<)-_ L. E. sl'.ts on, modified slot 2 open, 

and .35b/2 T. E. extention on 

.6 .8 1.0 

CL 

plotted against CL ' 

Figure 9.- Concluded. 

33 

1.2 


