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By Jack E. Wilson and W a l t e r  J. KlLnar 

An lwest igat ion has been conducted in  the Langley 20-foot free- 
spFnning tunnel t o  determine the effect  of w i n g  hadlxg-edge chord- 
extensions and drooped leading-edge f laps  on the spin and spin-recwery 
characteristics of models of two swept-wing fighter airplanes. The 
models were investigated at loading conditions  corresponding t o  distri- 
butions of weight considered typ ica l   for  airplanes of this type. The 

also chord-extensions  deflected in combination with drooped leading- 
edge flaps. 

- investigation included chord-extensions in the plane of the wing and 

- 
The resul ts  of the investigation indicated that the chord-extensions 

had no appreciable effect on spin o r  spin-recovery characterist ics when 
installed in the plane 09 the Xing. Results with chord-extensions 
drooped In combination with drooped "edge fLBps indicated a bene- 
f i c i a l  effect when the droop angle was of sufpicient amount. The bene- 
f i c i a l  effect  obtained, however, w&8 attributed to   t he  drooped leadhg-  
edge flap for the loading investigated and not t o  the chord-extensions. 
For loadings with the ma88 heavily distributed  along  the wings, however, 
as might occur with heavy load items installed on the w i n g s ,  analysis 
indicates that drooping the leading-edge flaps may produce an adverse 
effect  . 

W i n g  leading-edge  chord-extensions have been suggested as a means - f o r  -roving the longi tudinal  s tabi l i ty   character is t ics  at moderate and 
high lift coefficients of airplanes having sweptback wings (ref 6. 1, 2, 

- 
" 
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and 3 ) .  Reference 1 also points out that leading-edge  chord-extensions 
used i n  combination with a drooped leading-edge f lap  on a sweptback 
wing inrpmve the maximum lift coefficient and the drag due t o  lift in  
addition t o  improving the  longltudinal  stabil i ty  characterist ics.  Inas- 
much as no information wae available on the effects of chord-extensions 
o r  drooped leading-edge flaps on airplanes in  spins, an investie;etion 
was undertaken in the Langley 20-foot free-spinning tunnel t o  provide 
information on t h i s  subject. The results of t h i s  investigation are 
reported  herein. Models of two contenrporary swept-wing fighter designs 
were used a8 the test   vehicles f o r  the imest igat  Ion. Both  models were 
tested with chord-extensions fixled in the chord plane of the w i n g  and 
one of the rnodels wa8 tested with the chord-extensions drooped i n  cam- 
binat  ion with a drooped leading-edge f h p .  A drooped leading-edge f lap  
d o n e  was also tested on t h i s  model. 

SYMBOLS 

A sketch of an airplane In a spin showing positive  directions of 
body axes and moments and other pertinent Information relating t o  the  
spin i s  e h m  as figure 1. 

w i n g  area, sq f t  

wing chord at any station along span, ft 

mean aeroaynamic chord, ft 

ra t io  of distance of center of gravity rearuard of lead- 
edge of mean aerodynamic chord t o  mean aerodynamic chord 

r a t i o  of distance between center of gravity and fuselage 
reference line t o  mean aerodynamic chord (positive when 
center of gravity is below reference line) 

mass of airplane, slugs 

moments of Inertia about X, Y, and 2 body axes,  respectively, 
SlUg-Ft2 

iner t ia  yawhg-mrmnent parameter 
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inertia rolling-mmaerrt parameter 
rnb2 

P relative  density of airplane, m/pSb 

U a n g h  between fuselage  reference Use and ver t i ca l  (approx- 
imstely equal t o  the true angle of attack at plane of 
symmetry), *g 

fi angle between span axis asd horizontal, deg 

v full-~cale true rate of descent,  ft/sec 

n full-scale angular velocity about spin axis, r p s  

roll, pitch, and yaw moments, respectively, about body 
axes, f t- lb 

Model 

The two models used for the present  investigation were constructed 
principally of balsa. The chord-extensions were formed by fairing 
circular-arc  extensions of t h in  alumhum sheet from a point ahead of 
the wing t o  the point of maximLrm thichess on the airfoil. The models 
are considered as representative of current swept-wing fighter a i rphnes ,  
model A being consfdered a 1/24-scale model, and model B, a 1/25-scale 
model. 'Ilhree-view drawings of models A and E are shown as figures 2 
&nd 3, respectively. The three undrooped chord-extensions  inveBtigated 
on model A me shown in figure 4 and the drooped chordextensions  inves- 
t igated in ccmibination with the drooped leading-edge f laps  are shown in 
figure 5 (chord-&ensions and leadingedge f laps  deflect the same 
amount). Figure 6 i l l u s t r a t e s  the chord-extension (undrooped) investi- 
gated on mcdel B. The geametric characteristics of the madels scaled 
up t o  amlane d u e s  are presented in table I. 

I Model A was ballasted t o  obtain dynamic s i m i h r i t y   t o  an airplane 
at an arbi t rary altitude of 20,000 f ee t  (p = 0.001267 slug/cu ft); 

I 
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whereas model B was arb i t ra r i ly   ba l las ted   a t  an equivalent tes t   a l t i tude  
of 25,000 feet (p = 0.001065 slug/cu f t ) .  A magnetic remote-control 
mechanism was installed i n  each of the models t o  actuate the controls 
f o r  the recovery  attempts and sufficient maments were exerted on the 
controls during the recovery sttmpts t o  reverse them fully and rapidly. 

Ufnd Tunnel and Testing Technique 

The t e s t s  were performed in the Langley 20-foot free-spinning tun- 
nel,  the  operation of which is, i n  general, s- t o  that described 
in reference 4 for the hn@ey  15-foot  free-spinning turmel, except 
that the model bunching technique has been changed. The mde l  is 
launched by hand into  the  ver t ical ly  rising air stream with the  controls 
se t  in the  desired  position. The airspeed is  adjusted  until the upward 
force of t h e   a i r  balances. the weight of the model and, a f t e r  a n-er of 
turns .in the established spin, recovery is attempted by movement of the 
controls. After recovery, o r  a f t e r   t he   t e s t  is coqleted,   the model 
dives o r  is lowered into a safety net. The model is retrieved,  the con- 
t r o l s  rese t   to  the desired  positions, and the  next spin is made. A 
photograph of' one of the mdels during a spin is shown as figure 7. 

The spin data presented have been converted t o  corresponding Aill- 
scale values by methods descrfbed in  reference 4. The turns  for recovery 
are measured f'rm the time the controls  are moved t o  the tinbe the spin 
rotation ceasee. For the spine which had a rate of descent in excess of 
that which can be attained  readily in the tunnel, the  rate of descent 
was recorded as  greater than the tunnel airspeed at the time the model 
h i t  the  safety  net ,   for exaarple, >370. For these  tests,   the recovery 
was attempted before the model reached i t s  final at t i tude and while the 
model was s t i l l  descending in the  tunnel. Such results are comema- 
t ive;   that  is, recoveries xill not be a8 fast a s  when the model is in  
the flnal steeper  attitude. For  recovery  attempts in  which the model 
struck  the  safety net while it was st= in a spfn, the  recovery was 
recorded as greater than the number of turns front the  time the  controls 
were moved t o  the time the  model struck the net, f o r  example, >3. A 
>3-turn  recovery, however, does not necessarily  indicate an improvement 
over a >?-turn  recovery.  For  recovery  attempts in which the model did 
not recover after 10 turns, the recovery uas recorded as 00. When the 
model recwered without  controlwveruent with the rudder se t  with the 
spin, the  result  x88 recorded a s  "no spin." 

- 

Spin-tunnel t e s t s  are usually made t o  determine the spin and recov- 
ery  characteristics of the model at the nonuel spinning control  config- 
uration  (elevator full up, aileron8  neutral, and rudder full with the 
spin) and a t  various  other  aileron-elevator  control carnibinations including 
zero and maxfrmrm deflections. Recovery is generally  attempted by rapid L 

full rudder reversal. Tests are a l s o  performed t o  evaluate  the  possible 
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- adverse effects on recovery of mall. deviations  frcmrthe normal control 
configuration f o r  spinning. For this type of test ,  the  ailerons are 
set at one-third of the full defhc t ion  in the direction conducive t o  
slower recoveries and the  elevator i s  set a t  two-thirds of its j3iU"u.y 
deflection  or full up, whichever is conducive t o  slower recoveries. 
For the tests  reported herein recoveries were attemgted by rapid rudder 
reversal fram Arll with t o  only two-thirds against the spin. Recovery 
characteristics were considered  satisfactory if recwery from the spin 
occurred in i& turns or lese. This cr i ter ion was used on the basis of 

a correlation of available  full-scale-airplane  spin-recovery data and 
corresponding model  t e s t  results. 

. 

4 

The resul ts  of model t e s t s  presented are believed t o  be true values 
given by the model within the f o m  limits: 

u , d e g . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 

V, percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f5 
0, percent . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f2 
$,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 

- 'purns f o r  recovery: 
ObtainedfKmrfLlm.. . .  . . . . . . . . . . . . . . . . . . .  
Obtained by visual  observation . . . . . . . . . . . . . . . . .  f - 1 

2 

- 
The preceding limits may have been exceeded f o r  sme of the spins 

in which it was difficult t o  control the model  in the tuzlnel because of 
the high rate of descent or because of the Wanaerinp; or oscKUatory 
nature of the  spin. 

Comparison between model and full-scale results (ref. 5) Indicates 
that model tests  satisfactorily  predicted ftdl-scale recwery  charac- 
teristics approximately 90 percent of the time. For the remaining 
10 percent, 8bout half of the model results were optimistic and half 
were pessimistic;  these results, however, were of value in predicting 
same of the details of the  full-scale  spins and recoveries. The air- 
plane gene- spun at an angle of at tack  c loser   to  45' than did the 
model and at a higher altitude loss per revolution than the model, 
although  the higher ra te  of descent was found t o  be associated wfth the 
smdler  angle of attack. The model generally spun with more outward 
sideslip than did the corresponding airplane. c 
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The accuracy of ~mzasuring the weight and mss dietributlon of the 
model is believed t o  be within  the following limits : 

Weight, percent . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
Center of gravity,  percext c' . . . . . . . . . . . . . . . . . . .  fl 
Momaent s of inert la, percent . . . . . . . . . . . . . . . . . . .  f5 

The controls were se t  with an accuracy of *lo. 

Three se ts  of chord-exteneions in the plane of the wing were  Fmres- 
tlgated on the outboard portion of the KLng of model A and one se t  was 
investigated on model B. As is sham in figure 4, the extensions on 
model A were 15 and, 25 percent of the chord and extended Inboard fram 
the King t i p   t o  the 70-percent and 50-percent semispan stat ions.  'he  
chord-extensions  investigated on model B (fig. 6) extended chordwlse 
0 . ~ 5 ~  and s p m s e  frcxu the wfng t i p  to 0.6%/2. MOM A was d S 0  
investigated with and vfthout leading-edge  chord-extensions 0 . 1 5 ~  and 
25 percent of the span attached t o  drooped leading-edge flaps  as sham 
in figure 5. Because of the manner in which the wing of model A was 
constructed, it wae not feas ib le   to  extend the leadlng-edge flap8 asd 
chord-extensions t o  the King t i p .  Three different amounts of droop were 
investigated: 6', 18O, and 30'. The loading condition  investigated on 
each of the models,  which corresponded t o  normal distributions of mass 
f o r  airplane configurations of this type, is indicated in table 11. 

The maximum control settfngra (measured perpendicular t o   t h e  hinge 
lines) used for the investigation were: 

Model A Model B 

Rudder, &g . . . . . . .  
Elevator, deg . . . . . .  30 right, 30 l e f t  20 right, 20 l e f t  

16 UP, 16 d m  20 up, 20 down Ailerons, deg . . . 25 up, 15 down 25 up, 15 down 

The results of the  imrestigation  are  presented ln charts 1 t o  9 .  
In those  instances where no data are presented in the c h a r t s  for certain 
control  configurations, no tests were conducted because the  data were 
not, considered  necessary f o r  the  analysis  presented  herein. The model 

. 
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- data are presented in terms of full-scale alrplane values. R i g h t  and 
left spins of the models were, in general, similar, and therefore  the 
data on the charts are  arbitrarily  presented in terms of right  spins. 

Effect of Chord-Extensions in Plane of W i n g  

cha;rt~ 1 t o  5 i l lustrate   the  effect  of instal l ing chord-extensions 
in the plane of the wing on the  spin and spin-recovery characteristics 
of models A and B. C-rison of chart 1 with c h a r t s  2, 3, and 4 s h m  
tha t  the  three sets of chord-extensions  fnvestiegted on model A had 
l i t t l e  effect on its spin or  spin-recovery  characteristics, the recov- 
er ies  from aileron-against spine being  unsatisfactory and recoveries 
from the  aileron-neutral or aileron-with  spine being satisfactory wlth 
or without chord-extensions installed.  &&a presented In chart 5 show 
a l s o  that mdel E was not affected by instal la t ion of the chord-extensions 
in   t ha t  the model did not spin, or spun steeply and recovered rapidly, 
with chord-extensions %tall& or removed. 

It would be anticipated that the addition of chord-extensions should 
produce &12 anti-spin rolling mcunent or 811 aileron-against  effect in a 
spin  (rolling moment to   t he  left in a right spin) in light of the  fact  
that the  chord-extension on the hiboard wing (right wing in a right 
spin) is operating at a higher  angle of attack J and thus at a greater 
no&-force coefffcient , than the chard-extension on the outboard wing. - On this basis it would be expected that adding chord-extensions would 
have a mre pronounced effect on the  spin-recovery  characteristics of 
model A than those of d e l  B because the  spin-recovery  characteristics 
of model  A were greatly affected by aileron settlng whereas those of 
model B were not. Inasmuch as the chord-extensions investigated pro- 
duced little effect,  however, the rolling mment contributed by them 
must have been very d. The chord-extensions investigated on the 
mdels are wlthin  the range of practical chord-extensions that might be 
installed on airplanes of' this type, and thus it wuuld appear that chord- 
extensions  installed in the  plane of the King should have l i t t l e  effect 
on spin or spfn-recovery characteristics of airplane configurations 
s f m l l a r  t o  the models that were investigated. 

- 

Effect of Drooped LeadIng-Eage F-ps and of Drooped 

Chord-Extensione in  Conbination With 

Drooped Leading-E- Flaps 

Results of t e s t s  performed with drooped leadingedge f laps  alone 
and in canbination .Kith drooped chord-extensions are presented in 
charts 6 t o  9 .  As has been stated previously, these t e s t s  were conducted 
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only f o r  model A and only f o r  o m  set of chord-extensions (0.15 chord- 
extension  extending inboard from near the t i p  t o  the 70-percent-semispan 
s ta t ion) .  Drooped chord-extemions alone were not investigated inasmuch 
as static-force  data  presented in reference 1 for  a wing similar t o  the 
one installed on model A had indicated tha t  it was necessary t o  droop a 
considerable  portion of the nose f lap  along with the chord-extensions 
t o  obtain  substantial gains in maximum lift coefficient and drag due t o  
lift while s t i l l  maintaining  satisfactory s tabi l i ty  characteristics. 

Comparison of chart 6 with chart 1 indicates that with the leading- 
edge f b p s  drooped 30' (no chord-extensions i n d u e d )  there was an 
appreciable change in  the  spin  characteristics of the model. Although 
poor recoveries had been obtained frcanthe aileron-against spins with 
the leading-edge flaps undrooped, with the leading-edge f laps  drooped 
30°, the model did not spin  for this set t ing of the  ailerons. The 
results also indicated that with leading-edge f l a p s  drooped 300 the 
model would probably  not spin f o r  neutral and down elevator settings 
with afierons  neutral. Although the  afleron-full-nith  spins were not 
investigated with flaps drooped, no adverse  ef'fect would be anticipated 
f o r  these  control  settings inasnruch as the  increase in camber brought 
about by deflecting leading-edge f laps   acts  in a manner t o  increase the 
pro-spin ruing moment (right roll- moment i n  a right spin), as do 
aileron-with  settings. In fact,  the  beneficial  effect of the drooped 
leading-edge flaps f o r  the 10- condftion  investigated appears t o  be 
attributed t o  the  increased  pro-spin roll-  moment brought about by 
drooping the  flaps. It should be noted, however, thst, if the model 
had been loaded more heavily along the King such that the inertia yawing- 

mcanent parsmeter IX - IY approached 0 or became positive, drooped 

leading-edge flaps may have had an adverse effect .  Such loadings are 
unlikely on airplanes of this type, however, unless very large fuel 
tanks or very heavy stores are installed on or  within the wing. The 
effect of drooping leading-edge flaps appears t o  be similar t o  the  effect 
of leading-edge s lo t s  as indicated by unpresented t e s t  result8 of swept- 
wing models and as noted in reference 6 f o r  models  of straight -wing 

mb2 

airplanes. 

Comparison  of data  presented in chart 7 with the data presented in 
chart 6 s h m  that install ing chord-extensions on the drooped leading- 
edge flaps  (flaps asd chord-extensions drooped 30°) did not -air  the 
effectiveness of drooped leading-edge flaps; therefore,  the chesges in 
the aerodynamic forces and mnmclnts a t  spinnfna attitudes brought about 
by the  addition of the chord-extensions were probably small. With the 
leading-edge f l a p  and chord-extension  configuration  deflected only 6O, 
resul ts  snmewhat simihr t o  those with undrooped flaps were obtained in 
that recoveries front aileron-against  spin^ were unsatisfactory; whereas 
with chord-extensions and flaps drooped 18O, results similar i n  nature 
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t o  those obtained w i t h  f laps drooped 30° were obtained. (See 
charts 1, 7, 8, and 9.) Results of the  foregoing tests thus show that 
the leadingedge f h p s  and chord-extensions had t o  be drooped approxi- 
mately 18' to  obtain a beneficial  effect. It should be pointed  out that 
drooped chord-extensions  alone may be bene f i c id  i n  spins for  airplanes 
having g e m t r i c  and mass chazacteristics sln&Lar t o  those of the podel 
tested, f o r  chord-extensions  hsvfng large spans. As has been stated 
previously, had the m&el been Investigated x i t h  the mss heavily  dis- 
tributed a l o n g  the wings, the droqped leading-edge f laps  may have had 
an adverse effect. 

coNcLus10m 

Based  upon the  results of the  spin-tunnel  iwestigation of the 
effect  of wing chord-extensions and drooped leadingedge  flaps on the 
spin and spin-recovery  characteristics of models of two  swept-wing 
fighter designs,  the following conclusions m made: 

1. Undrooped chord-extensions had no appreciable effect upon the 
model spin o r  spin-recovery  characteristics. 

2.  Drooped chord-extensions in cwibination with drooped leading- 
edge flaps had a beneficial  effect on the spin  characterist ics,  provided 

in spin  characterist ics was due t o  the drooped leadingedge f laps  f o r  
t h e  loading  investigated (mass distributed  chiefly along the fuselage). 
For loadings such that the mass is heavily  distributed  along  the wings, 
however, drooped leading-edge f laps  may have an adverse e f fec t .  

- the amount of droop wa8 approximately as much as 18'. The improvement 

- 

Langley Aeronautical  Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va. 
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n x m  r. - FUI;;L-SCAI;E DIMENSIONAL CHAR~~CTERISTICS AS 

FUWRESEXED BY TI3 MODELS 

I I Model A I Model B 

Over-all length, ft . . . . . . . . . . .  
Celrter-of-gravity  location,  percent E . . 
W i n g :  

span,ft . . . . . . . . . . . . . . .  
Area, sq f't . . . . . . . . . . . . . .  
Sweepback at c/4, deg . . . . . . . . .  
Dihedral, deg . . . . . . . . . . . . .  
Section . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . .  
Leading edge of E rearwa;rd of leading 

Incidence, deg . . . . . . . . . . . .  

Mean aerodynamic chord, ft . . . . . .  
edge at root chord, ft . . . . . . .  

Ailerons : 
Area, sq ft . . . . . . . . . . . . . .  span, percent b/2 . . . . . . . . . . .  
Hinge-line location,  percent c . . . .  

Horizontal t a l l  surfaces: 
Total area, sq ft . . . . . . . . . . .  
span,ft . . . . . . . . . . . . . . .  
Elevator area, rearwsrd of hinge line, 

sq ft . . . . . . . . . . . . . . . .  
Distance f'rcm center of gravity t o  

elevator hinge line at fuselage 
center line, ft . . . . . . . . . . .  

Sweepback at c/4, deg . . . . . . . . .  Incidence, deg . . . . . . . . . . . .  
Vertical t a i l  surfaces : 

Total area, sq ft . . . . . . . . . . .  
Rudder area, sq ft . . . . . . . . . .  
DFstance from center of gravity t o  

rudder hinge line at base of 
rudder, f't . . . . . . . . . . . . .  

! 
54.25 
23.0 

39.67 
350 
35 
1 
0 

NACA 65-OU~ 
4.5 
9.8 

6.8 

18.4 
37 -8 

75 

66.8 
15.3 

15.6 

26.3 
0 

35 

46.6 
10.7 

27.4 

44.n 
25.9 

32.28 
260.40 

40 
3 
3 

Circular arc 
4.0 
8 .cC 
6 .6  

21 .6 
50.4 

80 

43 -7 
12.8 

8.4 

20.8 
0 

40 

38.6 
4.8 

20.7 



11.- MASS CHARAmIsTICS AND INEXTIA PARAMEIPERS FOR THE TWO MOmS INVESI'IGATH) 

[Values given as corresponding full-scale values of a 1/24-scale mdel for model A and of a 

fide: 

- 

A 

B 

1/25-scale model for model B; mrrments of inertia are given about center of e ~ . . i t y ]  

Weight , 
lb 
- 
Sea 

leve 

- 

16 .I 

25.9 

- 

Ir 

SinniLated 
teat 

altitude 

30.2 

20,oOo f t  
at 

57.9 
at 

25,000 ft 

Center- 
of -gravity 
locat ion SlUg-fY? 

Moments of inertia, Mass parameters 

Ix - IY 
nib2 

-416 x 10' 

.u20 

Ir - Iz 
mb2 

-207 x 10 -4 

-94 

Iz - Ix 
nib2 

623 x 10-4 

1214 

P 
N 
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. 
!Tu0 corrditiona 

paa ib le  
a 

I L 

TWO c oadl 

a 

*Wandering, extrsml,   oscil latory spin; range oi valurs  given. 
%Iecovery  attempted before model in finol, a b e p r  attltuda. 
%ecovery  attempted t reversing rudder from 

full with  to 3 against the spin. converted t o  
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UEART 6.- SPIN AWD RECOVERY  CEARACTERISTICS OF lsoDIiL A VITB IZADIU&EDQB F W S  DROOPED 30° ' from and ateaAy-83n data  presented for rudder-full-rith s p l n s ) ;  right  ereot spina] 
Recovery attempted  rapid full rudder reversal  unless otherwise  noted (reoorery attempted 

a 

a 

A i l e ~ ~  full against Ailerons full w i t h  

(St iok bit) ( S t b k  right) 
- - - NO i PIB 

R Bo SPIX 

*~odel boooms imreaaingly osoiUatocj  in 

%soillatory a p i n ~  range ~b v a b a  e v e n .  

roll and PT end eventually oao l lb ter  out 
of the spin. 

Idee l   Ideg)  

I fpr I f rps 1 
Hodel   values 
conver ted  L o  
corrsspondlnf  
f u l l - a c a l e   v a l u e s .  

D inner  win down 
U Inner wlng up 



NACA RM L'33C06 - 

1 

H EO SPIE 



20 NACA RM L53CC6 

P 
ellpndering, extremely onaillatory spin. 
h e c o v e r g  attempted before  model i n  final 

OReooverg  attemp ed reversing  rudder  from 
s t e e p e r   a t t i t u d e .  

fu l l  K i t h  to  tIg%St ths spin. T correspondlnm 
f u l l - s c a l e  values. 
U lnner  wlng up Turns for  

recovery 
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"557 
L-64907 

Figure 1.- Illustration of an airplane in a steady spin. Arrows indicate 
positive directions of body axes and moments about the body axeB of 
the airplane. - 
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5 chord 

27. t2" 
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2 95" 

Fuselage reference 
line 

Figure 2. - Three-view drawing of model A without chard-extensions i.nsts3led. 
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Figure 3.- Three-view draKing of model B without chord-extenslone installed. 

_I 
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-" .70bh - 

t .95bh -= 
(a)Leadinq-edge flop and chord-extension undeflected. 

J3chord 
50 chord 

.13chord I 

(b) Leading-edge flap and chord-extension defiected. 

Figure 5.- Geometry of droaped  chord-extensions and leading-edge f laps  
investigated on model A. 
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section A-A 

Figure 6. -  Details of the chord-extensfone  investigated on model B. 4 
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Figure 7.- Model A spinning in the  Langley 20-foot free-spinning tunnel. 




