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WITH SLATS EXTEMlED 

TED NO, NACA DE 340 

By Theodore Berman and Walter J .  Klinar 

SUMMARY 

A supplementary inves t iga t ion  has been conducted i n  t h e  Langley 
1 20-foot free-spinning tunnel  of a - - s c a l e  model of t h e  Grumrnan XFlOF-1 
39 

a i rp lane  t o  determine what e f f e c t  fu l l -span s l a t s  would have on t h e  spin-  
recovery cha rac t e r i s t i c s  of t h e  swept-wing version of t h e  XFlOF-1 a i r -  
plane, which had previously been indicated as  possessing undesirable 
spin-recovery cha rac t e r i s t i c s  without s l a t s ,  The e f f e c t s  of extended 
nose-wheel doors and of f a i r i n g  t h e  a i r -duct  i n l e t s  were a l so  determined, 

The r e s u l t s  indicated t h a t ,  with s l a t s  f u l l y  extended, s a t i s f a c t o r y  
recovery could be obtained by rudder r eve r sa l  provided it was accompanied 
by  movement of t h e  trimmer a i l e rons  t o  f u l l  with t h e  spin (only up-going 
spo i l e r  opera t ive) ,  Extension of the  nose-wheel doors o r  f a i r i n g  of t he  
a i r -duct  i n l e t s  d id  not improve t h e  recovery cha rac t e r i s t i c s .  

INTRODUCTION 

1 A spin-tunnel invest igat ion conducted on a --  sca le  model of  t h e  
3 0 

Grumman XFlOF-1 a i rp lane  reported i n  reference lehad indicated t h a t  
recovery cha rac t e r i s t i c s  would be s a t i s f a c t o r y  f o r  the  straight-wing 
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@ configuration but  unsa t i s fac tory  f o r  t h e  swept-wing configuration,  
I @ @  

e i0 
Subsequent t o  completion of t h i s  invest igat ion,  information supplied by 

e e 
o B t h e  contractor  indicated t h a t  t he  XFlOF-1 a i rp lane  was t o  be equipped 

i8, B 

b e e  
with ful l -span s l a t s ,  and, inasmuch a s  analysis  indicated a poss ib le  

PD e 
CB favorable e f f e c t  of s l a t s  f o r  t h e  XFlOF-1 design, supplementary model 

t e s t s  were performed f o r  t he  swept-wing version t o  evaluate t h e i r  e f f ec t .  

b wing span, f e e t  

S wing area ,  square f e e t  

- 
c mean geometric chord, f e e t  

X - - r a t i o - o f  d is tance of center  of g r av i t y  rearward of leading 
C edge of mean geometric chord t o  mean geometric chord 

z - - r a t i o  of d is tance between cen te r  of g r av i t y  and fuselage 
c reference l i n e  t o  mean geometric chord (pos i t i ve  when cen te r  

of g r av i t y  i s  below fuselage reference l i n e )  

m mass of a i rplane,  s lugs  

IX, Iy, IZ moments of i n e r t i a  about X,  Y, and Z body axes, 
respectively,  s lug-feet2  

IX - I y  
2 

i n e r t i a  yawing moment parameter 
mb 

IY - Iz i n e r t i a  rolling-moment parameter 
mb2 

Iz  - IX i n e r t i a  pitching-moment parameter 
mb2 

P a i r  density,  s lugs per  cubic f e e t  

r e l a t i v e  dens i ty  of a i rp lane  (5) 
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a angle between fuselage reference l i n e  and ve r t i ca l  (approxi- 

w e e  mately equal t o  absolute value of angle of a t tack a t  plane 
1 e43 
b e  c3 

e of symmetry), degrees 
see e 

!14 Be 
b e  €2 CP angle between span axis and horizontal, degrees 
I B 6 %  
1 c3 

V ful l -scale  t r u e  r a t e  of descent, f e e t  per second 

Q ful l -scale  angular veloci ty  about spin axis,  revolutions per 
second 

d hel ix  angle, angle between f l i g h t  path and ve r t i ca l ,  degrees 
 or the t e s t s  of t h i s  model, the  average absolute value of 
the hel ix  angle was approximately 2'. ) 

P approximate angle of s ides l ip  a t  center of gravity, degrees 
(Sidesl ip  i s  inward when inner wing is  down by an mount 
greater  than the he l ix  angle. ) 

APPARATUS AND IVIETHODS 

Model 

The I - sca le  model of the  Grwnman XFlOF-1 airplane used i n  the 
?O 

investiga%ion reported i n  reference 1 was used i n  the present investiga- 
t ion.  A three-view drawing of the model i n  the swept-wing configuration 
i s  shown i n  f igure 1, A sketch showing the  extended nose-wheel doors 
and the fa i red  air-duct i n l e t s  investigated i s  presented i n  f igure  2 ,  
Dimensional character is t ics  of the  airplane are  presented i n  t ab le  I, 
The tail-damping-power factor  was computed by the  method described i n  
reference 2, 

The model was bal lasted t o  obtain dynamic s imi lar i ty  t o  the  a i r -  
plane a t  an a l t i t ude  of 30,000 fee t  ( p = 0.000889 slug/cu f t ) .  A remote- 
control mechanism was ins t a l l ed  i n  the  model to  actuate the controls f o r  
recovery attempts, 

Technique and Precision 

The t e s t s  were performed i n  the Iangley 20-foot free-spinning 
tunnel, The t e s t ing  technique applied and methods f o r  determining the  
spin data were essent ia l ly  the  same as those reported i n  reference 1. 

The precision of the  t e s t  r e su l t s  and the l imits  of accuracy of the  
mass character is t ics  of the model for  the present t e s t s  were within the 
l i m i t s  presented i n  reference 1, 
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as p a s  The mass charac ter i s t ics  and i n e r t i a  parameters f o r  the loading 

as B 
.9 e investigated on the model and f o r  the  comparable airplane loading are  

shown i n  t ab le  11. A l l  t e s t s  were conducted with the cockpit closed 
and the  f laps  and landing gear retracted. 

The following maximum control deflections ( iden t i ca l  t o  those used 
i n  the  investigation reported i n  reference 1) were used i n  the  t e s t s :  

Rudder, degrees . . . . . . . . . . . . . . . . . .  20 r ight ,  20 l e f t  
Bow plane, degrees . . . . . . . . . . . . . . . . . . . . .  +lo, -20 
Stabi l izer ,  degrees . . . . . . . . . . . . . . . . . . . . .  +3 9 -8 

The maximum deflections of the la teral-control  trimmers ( ca l l ed  
trimmer ai lerons hereinafter)  used f o r  t h i s  investigation were the  normal 
deflections of 20' up and 15' down. For a few of the t e s t s  the  trimmer 
ai lerons were s e t  a t  two-thirds of t h e i r  f u l l  deflection, Inasmuch as 
a curve of control deflection against l a t e r a l  s t i ck  posit ion was not 
available,  the var iat ion was a r b i t r a r i l y  taken as l inear .  Slight devia- 
t ions  from l i n e a r i t y  would not be expected t o  a l t e r  the r e su l t s  obtained. 

The maximum control deflections of the rudder and the trimmer 
ai lerons a re  given perpendicular t o  the  hinge l ines  of the control 
surfaces. 

RESULTS AND DISCUSSION 

The spin data f o r  the  model with s l a t s  retracted, as presented i n  
reference 1, are  shown i n  chart  1 f o r  comparison purposes, The r e su l t s  
of the present investigation a re  shown in  charts 2 t o  4. For the  
present investigation, check spins with s l a t s  re tracted revealed t h a t  
both r ight  and l e f t  spins were now similar  t o  the  f l a t  spins tha t  were 
or ig ina l ly  obtained t o  the r igh t  fo r  the  or ig ina l  investigation ( r e f e r -  
ence 1). The re su l t s  of spins with s l a t s  extended were a l so  qufte 
s imilar  t o  the  r ight  and l e f t ;  and the  r e su l t s  of the present investiga- 
t i o n  are  a r b i t r a r i l y  presented i n  terms of ~ i g h t  spins. 

Effect of extending both s l a t s , -  Comparison of charts 1 and 2 
indicates the  e f fec ts  on the spin of extending the  s l a t s .  As i s  shown 
on the  charts,  f u l l y  extending the s l a t s  reduced the  amplitude of the 
osc i l la t ions  encountered i n  the  spin and had a somewhat favorable e f f ec t  
on the normal control configuration f o r  spinning (rudder with the spin, 
elevator up, and ailerons neutral)  i n  t h a t  sa t i s fac tory  as well. as 
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" t " @ u n s a t i s f a c t o r y  recoveries could be obtained by  reversal of the rudder. 
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As is  shown on chart 2, changing the  incidence of the  horizontal  t a i l  

@ planes or deflecting the spoi lers  with or  against the spin had l i t t l e  8 I ' ' effect  on the  spins, and, although sa t i s fac tory  recoveries a re  not 
erg 

I e e @ 
recorded f o r  a l l  control configurations, it i s  f e l t  t ha t  i f  suf f ic ien t  
attempts had been made, sa t i s fac tory  as wel l  as unsatisfactory recoveries 
would probably have been obtained f o r  a l l  control configurations. It 
should be noted t h a t  f o r  s l a t s  re t rac ted  (char t  1) only unsat isfactory 
recoveries were or ig ina l ly  obtainable. The sa t i s fac tory  and unsat is-  
factory recoveries observed with t h e  s l a t s  extended were found t o  be 
influenced by s l igh t  inadvertent changes i n  the  r o l l  a t t i t ude  of the  
horizontal  t a i l  surfaces of the model, and it i s  believed t h a t  both 
sa t i s fac tory  and unsatisfactory recoveries may be obtainable on the  
corresponding airplane. On t h i s  basis  the spin-recovery charac ter i s t ics  
of the  swept-wing version of the  XFlOF-1 airplane with s l a t s  extended 
u t i l i z i n g  only spoilers f o r  l a t e r a l  control a re  s t i l l  considered 
unsatisfactory, 

Effect of deflecting the trimmer ailerons,  s l a t s  extended.- A s  had 
been indicated i n  reference 1, sa t i s fac tory  recoveries could be obtained 
on the  swept-wing version of the model with s l a t s  re tracted by simulta- 
neous reversal  of the  rudder and deflection of the  trimmer ai lerons t o  
t4o0 with the spin ( l e f t  trimmer 40' down and r ight  trimmer 40' up i n  a 
r ight  sp in) ,  the spoi lers  remaining a t  neutral .  Inasmuch as extending 
the s l a t s  had indicated a somewhat favorable e f fec t ,  t e s t s  were con- 
ducted with the  s l a t s  f u l l y  extended and the trimmer ailerons deflected 
with the spin t o  determine i f  extension of the  s l a t s  would reduce the  
trimmer-aileron deflection with the  spin required f o r  recovery. The 
r e su l t s  of these t e s t s  are  presented on chart  3. 

As  i s  shown on the chart ,  when the  spoi lers  were a t  neutral ,  
deflecting the  trimmer ailerons t o  only ?lo0 with the spin ( l e f t  10' 
down and r ight  10' up i n  a r ight  spin)  resul ted i n  sa t i s fac tory  recov- 
e r ies  by reversal  of the rudder. Deflecting the  spoilers with the  spin 
i n  combination with the trimmer ai lerons reduced the effectiveness of 
the trimmers, however, and with both spoi lers  and trimmers operative 
the f u l l  trimmer deflection (20' up and 1 5 O  down) had t o  be employed t o  
obtain sa t i s fac tory  recoveries when the spgi le rs  were deflected f u l l  
with the  spin. 

Although the  trimmer ai lerons were designed fo r  operation i n  the  
landing condition on only the straight-wing version of the  XFlOF-1 a i r -  
plane, it was learned from the contractor tha t  the trimmer ailerons 
could also be made operative fo r  the  swept-wing configuration. It was 
a l so  learned tha t ,  when the  normal la teral-control  linkage f o r  the  
XFlOF-1 i s  used and the  trimmer ai lerons a re  operative, only the up- 
going spoi le r  def lects .  Accordingly, t h i s  combination of la te ra l -cont ro l  
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chart  3 )  indicate tha t ,  with the trimmer ailerons and-only the  up-going 
b e  as 
B B B ~  8) 

spoi le r  operative, sa t i s fac tory  recoveries could be obtained by deflec- 
8 8  QI63 
b g r  e 

t i o n  of the  s t i c k  l a t e r a l l y  with the spin and simultaneous reversal  of 
b e e  
B @ t he  rudder against the spin even though only two-thirds deflections of 

these controls were used, when the s l a t s  were f u l l y  extended. Thus it 
appears from these t e s t s  t ha t  the  down-going spoi ler  had an adverse 
e f f ec t  on recoveries when both spoi ler  and trimmer ailerons were 
deflected with the  spin,  Thus, the control linkage which provides for  
def lect ing only the up-going spoi ler  when trimmer ailerons a re  operated 
i s  desirable from the standpoint of recovery, 

Effect of extending the outboard o r  inboard s l a t . -  Inasmuch as the  
r e su l t s  of reference 1 and the  r e su l t s  of the  present investigation had 
indicated a favorable e f fec t  on recoveries of a ro l l ing  moment into the  
spin ( r i g h t  ro l l ing  moment i n  a r ight  spin) ,  and inasmuch as  a d i f fe r -  
e n t i a l  s l a t  opening would be expected t o  provide a ro l l ing  moment during 
spins, the e f fec ts  on the model's spin and spin-recovery character is t ics  
of opening only the outboard s l a t  ( l e f t  s l a t  i n  a r ight  spin) o r  of 
opening the  inboard s l a t  ( r i g h t  s l a t  i n  a r ight  spin) were studied. The 
trimmer ai lerons were maintained a t  neut ra l  fo r  these t e s t s .  As was 
anticipated, opening only the  outboard s l a t  ( providing a ro l l ing  moment 
in to  the spin) had a favorable e f fec t  on recoveries, t he  model tending 
t o  r e s i s t  spinning fo r  nearly a l l  se t t ings  of the horizontal  t a i l  planes 
when the  spoi lers  were a t  neut ra l  o r  against the spin, (See chart  4 , )  
When the spoi lers  were deflected with the  spin, however, the model spun 
and both sa t i s fac tory  and unsatisfactory recoveries were obtained, A s  
previously indicated t h i s  adverse e f fec t  may be a t t r ibuted  t o  the down- 
going spoi le r ,  

Brief t e s t s  wer5.e conducted with only the  inboard s l a t  extended and 
the  resu l t s  of these t e s t s ,  not presented i n  chart form, indicated tha t  
t he  spin and recoveries would be essent ia l ly  the same as those presented 
on chart  1 f o r  s l a t s  re tracted,  

Although extension of only the outboard s l a t  during a spin produced 
a favorable e f fec t  on recoveries, proper d i f f e ren t i a l  operation of the  
s l a t s  on the par t  of the  p i l o t  may be d i f f i c u l t  and confusing. 

Effect of extending nose-wheel doors and of f a i r ing  the air-duct 
in l e t s . -  A t  the reauest of the  contractor,  br ief  t e s t s  were conducted 
with the nose-wheei doors extended and wiih the a i r  i n l e t s  fa i red  t o  
attempt t o  improve the  model's spin-recovery character is t ics .  These 
t e s t s  were conducted with the s l a t s  e i the r  f u l l y  extended or  f u l l y  
re t rac ted  on the  swept wing and with the trimmer ailerons inoperative, 
The r e su l t s  indicated t h a t  extending e i the r  a s ingle  or  double nose-wheel 
door or in s t a l l i ng  large or  small fa i r ings  on the air-duct i n l e t s  ( f ig .  2 )  
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D would not improve the spin-recovery character is t ics  ( r e s u l t s  not pre- 
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OP I sented i n  chart  form). 
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Recommended recovery technique,- Sat isfactory recoveries w i l l  be 

69 $ 
@ a obtained f o r  the  swept-wing version of the  XFlOF-1 airplane provided 

e s l a t s  a re  f u l l y  extended i n  the  spin and rudder reversal  is accompanied 
by simultaneous movement of the  trimmer ailerons t o  f u l l  with the  spin, 
t he  down-going spoi ler  remaining a t  neutral ,  Extension of the s l a t s  
w i l l  have no discernible e f fec t  on the  sa t i s fac tory  recovery character- 
i s t i c s  (reference 1) of the  straight-wing version of the airplane, 

CONCLUSIONS 

Based on an investigation of a - scale  model of the  Gnunman 
30 

XFlOF-1 airplane, the following conclusions a re  made concerning the  
airplane spin and recovery charac ter i s t ics  of the swept-wing configura- 
t i o n  a t  a spin- test  a l t i t ude  of 30,000 fee t :  

1. Extension of the  s l a t s  w i l l  have a favorable e f fec t  on the  spin- 
recovery charac ter i s t ics  but consistently sa t i s fac tory  recoveries w i l l  
not be obtained unless provision i s  made f o r  deflecting the trimmer 
ailerons on the swept-wing configuration, 

2. Sat isfactory recoveries w i l l  be obtainable provided the s l a t s  
a re  f u l l y  extended in  the  spin and rudder reversal  is accompanied by 
simultaneous movement of the trimmer ailerons t o  fill with the spin, 
t he  down-going spoi ler  remaining a t  neutral ,  

CONFIDENTIAL 
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BD 3. Extending the nose-wheel doors, o r  f a i r ing  the a i r - i n l e t  ducts 
Pees w i l l  not improve the spin-recovery character is t ics .  : am*@ 
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TABLE I, - DIMGNSIONAL CHARACTERISTICS OF THF: GRUP.IIMAN XFPOF-1 

AIRPLANE I N  THE SWEPT-WING CONFIGURATION 

. . . . . . . . . .  Normal center-of-gravity location, percent E 23,4 

Wing : 
Spang f t  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  Area, sq f t  
Sweepback of one-quarter chord l ine ,  deg . . . . . . . . . . . . . . .  Incidence, deg 
Dihedral, deg . . . . . . . . . . . . . .  
Section . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . .  
Mean geometric chord, f t  . . . . . . . . .  
Leading edge of E rearward of leading edge 

. . . . . . . . . .  36,7 . . . . . . . . . .  450.0 . . . . . . . . . .  42,5 
e o r e C r * ( I e e e  0 
. . . . . . . . . a  -5.0 . . . . . . .  NACA 6 4 1 ~ ~ ~ 9  . . . . . . . . . .  3.0 . . . . . . . . . .  12.3 
of root chord, f t  . 8,4 

Spoilers : . . . . . . . . . . . . . . . . . . . . . . . .  Height, i n . .  7.0 . . . . . . . . . . . . . . . . . . . . . .  Span, percent b/2 40,0 

Trimmer ailerons: . . . . . . . . . . . . . .  Area rearward of hinge l ine ,  sq f t  15.0 . . . . . . . . . . . . . . . . . . . . . . . . . .  Chord, f t  1.25 

Vert ical  t a i l  surfaces: . . . . . . . . . . . . . . . . . . . . . .  T o t a l a r e a ,  s q f t  37.8 . . . . . . .  Total rudder area rearward of hinge l ine ,  sq f t  5.4 

Horizontal t a i l  surfaces: . . . . . . . . . . . . . . . . . . . . .  Bow-planearea, s q f t  5.9 . . . . . . . . . . . . . . . . .  Apex angle of bow plane, deg 53.2 . . . . . . . . . . . . . . . . . . . .  Stabi l izer  area, s q f t  72-2 . . . . . . . . . . . . . . . .  Apex angle of s t ab i l i ze r ,  deg 53.2 
Distance from normal center of gravity t o  . . . . . . . . . . . . . . . . . .  s t a b i l i z e r  hinge l ine ,  f t  25.8 . . . . . . . . .  . . . . . .  Tail-damping-power factor  .. 0.007596 

CONFIDENTIAL 



TABLE I1 .- U S 8  C CTERISTICS AND INEXTIA PARAMETERS FOR THE LOADIMG 

"PSTED ON THE MODEL AID FOR THE COMPARABLE AIRPLANE LOADING 

[~odel values conve~ted Lo corresponding full-scale values] 
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C U T  1.- SPIN AND RECOVERY CHARAGTEFiISTIOS OF THE SWEPT-WING MODEL WITH SLATS 

, , I  RETRACTED AND TRIMMER AILERONS NEUTRALIZED 

[ ~ e o o v e r ~  attempted by rapid  f u l l  rudder reversa l  (reoovery attempted from, and atsaay-apln da ta  presented fo r ,  
b rudder-with sp ins) ;  r i gh t  areot s p i n 4  
a 

negative 
inoidenoo 
O W  p a n  I 347 I0.2gI neut ra l  

u 
Stab i l i z e r  

inoidenoe 
Bow plane 
pos i t i ve  

a 
S t ab i l i z e r  6TZl 
neutra l  
Bow ulans -. 3gainat Spoilere with 

( s t i c k  l e f t )  (S t iok  r l g h t )  

8tabblliz.a~ 
positivcr 
Inoidenoe 
Bow plena 
neut ra l  
lnoidenoc 

"Spin o sc i l l a t o ry  i n  r o l l  and yaw. Rango of v s l u e ~  o r  
average value &Iran. 

Model values 
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gP CHART 2: SPIN AND RECOVERY CHARACTERISTICS OF THE SWEPT-WING MODEL 

!a 
e e e e  WITH SLATS FULLY EXTENDED AND TRDrWFdlER AILERONS NEUT RALIZED 
B 

c Q [Recovery attempted by rapid full rudder reversal (recovery attempted fmm, and steady- 
e @ 
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a 

spin data presented for,ruddetwith- spins)$right erect spin3 
I @  e 
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Oscillatory spin, range of values given . 
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CHART 3.- EFFECT OF VARIOUS TRII\AMER AILERON-SPOILER COMB1NP;nONS ON 
THE SPIN AND RECOVERY CHARACTERISTICS OF THE SWEPFWING 
MODEL WITH SLATS FULLY EXTENDED. 

E~owplane and main lane full up; recovery attempled by rapid full rudder reversal except 
as noted (recovery at kmpted horn, and steady-spul data presented for, rudder-uih spins); 
right erect spin4 

S p o i l e r s  
neutra l  

Trimmer aileron position 

S p o i l e r s  
6 w i t h  

Spoi lers  
r u n  with 

Bight s p o i l e r  
f u l l  up; l e f t  

s p o i l e r  neutral  

0 Model values Oscillafory spin; range of values given. converted t o  

Visual estimate. corresponding 
C~imulfaneous rwersal of rudder to 

ion agcrinst the, spin end movement 
2 t o g  with the spin. recovery 

A"NO spin"eonditlon ~ l s o  obtained. 
'RU~LP rew~cled 90 only -@of its fulB Mlaetien against tke spin. 



CHART 4.- EFFECT OF EXTENDING ONLY THE SLAT ON THE OUTBOARD 
WING (LEFT W I N G  I N  A RIGHT SPIN) ON THE SPIN AND RECOVERY 

CHARACTERISTICS OF THE SWEPT-WIMG MODEL WITH 
TRIWER AILERONS NEUTRALIZED 

[ ~ e c o v e r ~  attempted by r a p i d  f u l l  rudder r e v e r s a l  (recovery attempted Prom, and rteaay-spin 
, q a ~ e s e n t e a  f o r ,  rudder-with s p i n s ) ;  r i g h t  e r e c t  s ~ i n Q  
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Stabilizer tab hinge line 

~oom-stabilizer hinge Rne 

1 Figure 1.- Three-view drawing of t h e  - - s c a l e  model of t he  Gnuman 
30 

XFlOF-1 a i rp lane  a s  t e s t e d  i n  t h e  swept-wing conf igurat ion,  
- 

Center 
of g r av i t y  i s  f o r  no wing fuel , .  no m u n i t i o n  loading. 
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Figure 2 , -  Fuselage nose f a i r i n g s  and nose-wheel doors t e s t e d  on 
1 t h e  - w  s ca l e  model of t h e  Grumman XFlOF-1 a i rp lane ,  Dimensions 

3 0 
a r e  model sca le ,  

Restriction/Classification Cancelled

Restriction/Classification Cancelled




