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SUMMARY 

A supplementasy investigation has been conducted in  the Imgley 
20-foot free-spinning tunnel on a 1/24-scale model of the Grumman F1IF-1 
airplane t o  determine the spin and recovery chaxacteristics with al ter-  
nate nose configurations, the production version and the elongated 
APS-67 version, trith and without empty aiid full w i n g  tanks. 

When spins were obtained with ei ther  alternate nose configuration, 
they Irere oscillatory and recovery characteristics were considered unsat- 
isfactory on the basis of the fac t  thaL very slow recoveries were indi- 
cated t o  be possible- The simultaneous &ension of,canmds nem the nose 
of the model with rudder reversal was effective i n  rapidly tezmina$-isaQ; the 
spin. The addition of empty w i n g  tanks had l i t t l e  effect on the developed 
spin and recovery characteristics. The model did not spin erect full 
.cTing taslrs 0 

For optlmum recovery from inverted spirts, the rudder should be 
reversed t o  22O against the spin and shniLtaneously the flaperons should 
be moved with the developed spin; the st ick should be held a t  or moved 
t o  f u l l  f onraxd longitudinally. 

The minimum size parachute required t o  insure satisfactory recoveries 
i n  an emergency was found t o  be 12 fee t  i n  diameter ( l a id  out f l a t )  with a 
drag coefficient of 0.64 (based on the laid-out-flat diameter) and a tow- 
l ine  length of 32 

* K T = -  
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INTRODUCTION 
0 
0 
0 

O A t  the request of the Bureau of;, Aeronautics, Department of the Navy, 
a supplementasy investigation has been conducted i n  the Langley 20-foot 

o free-spinning tunnel on a 1/24-scale model of the Gmumnan F l u - 1  airplane. 
I 

Previous results obtained on tes t s  conducted on a model with an 
original nose configuration are presented insreferences 1 and 2. This 
report presents the results of t es t s  with two longer nose configurations 
on the r n ~ d e l ~ ~ h i c h  are referred t o  as the production nose and the elon- 
gated APS-67 nose. The production nose (full scale) is  17.75 inches 
longer and the elongated APS-67 nose (ful+ scale) i s  51.5 inches longer 
than the original nose. (see f ig .  1. ) All F lD-1  airplanes manufactured 
after the 44th airplane w i l l  have the elongated nose. The original and 
production nose configuration airplanes w i l l ,  therefore, be limited i n  
nuniber . 

Erect and inverted spin t e s t s  were conducted on the production nose 
configuration for  a center of gravity of 20.6 and. 25 percent E with 
and without wing tanks and on the elongated APS-67 .nose configuration 
only fo r  the rearward center-of-gravity position of 25 percent E with 
and without wing tanks. Tests were also conqucted t o  determine the 
minimum size of a parachute required t o  insure satisfactory recovery in 
an emergency. Alternate recovery aids were tested by using canards near 
the nose and differentially deflected flaps. Tests were also conducted 
t o  determine the effects of the refueling probe extended and a dorsal 
f in .  Some of the t es t s  conducted on the model were made both with and 
without the angulax momentum of the j e t  engine simulated. 

b wing span, f t  

S wing area, sq f t  

- 
c mean aerodynamic chord, f t  

I 

x/E ra t io  of distance of center of gravity rearward of leading 
edge of mean aerodynamic chord t o  mean aerodynamic chord 

Z/E ra t io  of distance between center of gravity and fuselage 
reference l ine t o  mean aerodynamic chord (positive when 
center of gravity i s  below l ine)  
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m mass of airplane, slugs 

b 
8 3,J+,IZ moments of ine r t i a  about X, Y, and Z body axes, respectively, 
D slug-ft 2 

D 

Ix - Iy ine r t i a  yawing-moment parameter . 
2 

mb 

Iy - Iz ine r t i a  rolling-moment parametkr 
r )  

Iz - ' ine r t i a  pitching-moment parameter ' 
3 

P a i r  density, slug/cu f t  

P . r n .  re la t ive  density of airplane, - 
pSb 

a angle between fuselage reference l ine  and ve r t i ca l  (approx- 
imately equal t o  absolute value of angle of attack a t  plane 
of symm&try), deg 

angle between span axis and horizontal, deg 

full-scale t rue  r a t e  of descent, f t / sec  

full-scale angular velocity about spin axis, rps 

APPARATUS9 METBODSy.A.l!lD PRECISION . .  
L 

A 1/24-scale model of the Grumman Fl lFr l  airplane was constructed 
by the Langley Aeronautical Laboraton f o r  the current tests. Athree-  
view drawing of the model ( f ig .  1 )  sho& %Be original  nose configura- 
t ion  and the two longer nose configurations as -Eested i n  t h i s  investi- 
gation. The model as  tested had an all-movable horizontal t a i l .  

The present investigation simulated only s t i ck  l a t e r a l l y  neutral 
conditions fo r  erect spins inasmuch a s  reference 1 indicated no ef fec t  
of the flaperons, which provide l a t e r a l  control f o r  t h i s  design. 
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A photograph showing the model equipped with tanks is shown i n  
, figure 2. The model shown has the production nose. The dimensional 

characteristics of the airplane me  presented in  table I. 
I 

The model was ballasted t o  obtain dynamic similarity t o  the airplane 
I a t  an altitude of- 25,000 fee t  ( p = 0.001065 slug/cu f t  ) . The mass charac- 

t e r i s t i c s  and iner t ia  parameters fo r  loadings possible on the a m l a n e  
and fo r  1oadine;s tested on the model are indicated in table 11. 

The spin t e s t s  simulated both engine-off and engine-on conditions. 
The angular momentum of the rotating parts of the full-scale Curtis3 
Wright J-65 j e t  engine was simulated by rotating a flywheel with a 
small direct-current motor powered by small s i lver-cel l  batteries. The 
flywheel r a s  located i n  the model so that  the axis of the angular momen- 
tum was paral lel  t o  the longitudinal axis of the airplane. 

The model testing technique is the same as that  presented in refer- 
ences 1 and 2. The parachute t es t s  on the model were made with stable 
f lat-type parachutes. The point of attachment of the towline was 
located a t  the lower rearwad par% of the fuselage. 

The maxirmun control deflections (measured perpendicular t o  the 
hinge l ines)  used on the model during t e s t s  were : 

Rudder : . . . . . . . . . . . . . . . . . . .  Flaps up, deg 5 right, 5 l e f t  . . . . . . . . . . . . . . . . . .  Flaps down, deg 22 right,  22 l e f t  

Horizontal t a i l :  . . . . . . . . . . . . . .  Leading edge dorm, deg . . . . . . . . . . . . . . .  Leading edge up, deg 

. . . . . . . . . . . .  Flaperons, deg i . . . . . .  55 UP, 0 down 

Results determined i n  free-spinning-tunnel t e s t s  are believed t o  be 
true values given by models within the following limiLs: 

a , d e g  . . O . O . O . . O O O O O . O O O . O O . O O O O O . O  91 
$9deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  E L  . . . . . . . . . . . . . . . . . . . . . . . . . . .  V, percent 95 
i2,percent . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 - 
Turns for  recovery obtained from motion-picture records . . . . .  61, 

-4 
Turns for  recovery obtained visually 

1 9- . . . . . . . . . . . . . .  
2 
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The preceding limits may be exceeded for certain spins i n  which 
Q 

DQ it i s  d i f f icul t  t o  control the model i n  the tunnel because of the high 
(5 ra te  of descent or because of the wandering or oscillatory nature of 

D 
0 

D the spin. 
D 

D The accuracy.of measuring the weight and mass distribution of models 
i s  believed t o  be within the following l a t s :  

Weight, percent . . . . . . . . .  ; . . . . . . . . . . . . . . .  fl 
Center-of-gravity location, percent E . . . . . . . . . . . . . .  I1 . . . . . . . . . . . . . . . . . . .  Moments of inertia,  percent k5 

0 The controls are s e t  with an accuracy of I1 . 
Because it is impracticable t o  ballast  models exactly and because 

of inadvertent damage t o  models during tests ,  the measured weight and 
mass distribution of the FIB-1 model varied Qom .the true scaled-down . 

values within the following limits: . , . s 

Weight, percent . . . . . . . . . . . . . . .  , . '. .. .' . .  0 t o  1 high 
Center-of -gravity location, percent . , 0.7 .forward t o  0.8 r e m m d  

momentum, percent . . . . . . . . . . . . . . .  12 high t o  12 low 
* .  I 

Moments of inertia: 
5, percent . . . . . . . . . . . . . . . . . . . .  o t o  6 high 

3, percent . . . . . . . . . . . . . . . . . . . .  1 high t o  3 high 

IZj percent . . . . . . . . . . . . . . . . . . . .  1 high t o  3 high 

RESULTS AND DISCUSSION 

The results of the model t es t s  are presented in chaxts 1 t o  4, 
table 111, and in f igme 4. The model t e s t s  are presented in terms of 
full-scale values for  the airplane a t  an al t i tude of 25,000 feet .  

Test results obtained for  forward and rearrwasd center-of-gravity - 
positions (2006 ~ n d  25 percent cp respectively) Indicated simi- 
spinning characteristics, except that  the duration of the spin was 
longer and the spin was more easily obtained for  the rearward center- 
of-gravity position than for  the forward center-of-gravity position. 
A l l  results are arbi t rar i ly  presented fo r  the rearward center-of-gravity 
position with the elongated APS-67 nose configuration and for  the combat 
gross weight loading. A l l  spins were similar t o  the r ight  and l e f t  and 
are arbi t rar i ly  presented in  terms of l e f t  spins. 
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Erect Spins 

The erect-spin t e s t  results  aze presented i n  charts 1 t o  3. The 
model sometimes spun and sometimes oscillated out of the spin even with- 
out control movement for  most a l l  control settings, both with and without 
engine rotation simulated. It i s  therefore f e l t  that  the spin and 
recovery characteristics of the model with either alternate nose were 
generally similar t o  those obtained for  the original nose configuration 
of references 1 and 2. 

A factor which is important i n  analyzing spin-tunnel-model t e s t  
results  i s  the tunnel testing technique. As pointed out i n  reference 3, 
the models aze launched into the spin tunnel in a f l a t  at t i tude with 
rotation. The corresponding airplane, however, enters a spin from a low 
angle of attack (such as a 1 g s t a l l ) .  It i s  thus possible that  the a i r -  
plane may experience greater diff iculty getting into a spin than did the 
model. 

Model t e s t  results indicate that  a very oscillatory spin i s  possible 
on the airplane with no wing tanks or with empty tanks (charts 1 t o  3) 
and that, when obtained, it may not be possible t o  always terminate the 
motion by f u l l  rudder reversal. Extension of canards near the nosekof 
the model simultaneous with rudder reversal was effective i n  rapidly 
terminating the spinning motbn. The location and size of the canards 
used i n  t h i s  investigation were the same as those used i n  references 1 
and 2. (see f ig.  3 .  ) Model t e s t  results  (not presented in chazt form) 
indicate that  spins could not be obtained on the model with f u l l  wing 
tanks. 

Inverted Spins 

The order used for  presenting the data fo r  inverted spins shows 
controls crossed for  the established spin ( l e f t  rudder pedal forward 
and st ick t o  p i lo t ' s  r ight  fo r  a spin t o  p i lo t ' s  l e f t )  a t  the r ight  
of the chart and st ick back a t  the bottom. \Then controls are crossed 
i n  the established spin, the ailerons oppose the rol l ing motion. The 
angle of wing tilt i n  the chart i s  given 'as up or down relat ive 
t o  the ground. 

Similar t o  the t e s t  results  of reference 1, it was indicated that,  
from any inverted spins obtained on the airplane with no wing tanks, 
satisfactory recoveries should be obtainable by reversing the rudder 
t o  f u l l  against the spin (k5O rudder travel) .  ' When empty tanks were 
simulated, recoveries vere s t i l l  satisfactory. Test results  fo r  
inverted spins with no tanks and empty tanks are not presented i n  charts. 
When f u l l  tanks were simulated, recoveries were unsa%isfactory (9-5' 
rudder travel)  . Test results  indicated that  slow recoveries might 
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sometimes be obtained even with 922' rudder moveme& wheh f u l l  tanks' 
Irere installed (chart 4). A s  previously indic'ated; k2a0 i s  the maxi- 
mum rudder deflection for  an alternate condition.-on tpe airplane. 
Rapid recoveries were obtained by rudder. movement t o  22' against the 
spin vhen the flaperons were with the sp inpr io r  t o ' t h e  recovery attempt, 
and it thus appears that  it would be desirable" t o  move the flaperons t o  
with the spin i n  conjunction with rudder reversal fo r  optimum recovery 
when full tanks are installed. In order not -to confuse the pilot,  it 
is recommended that  the opt- technicfue be ut i l ized fo r  recovery from 
a l l  inverted spins, namely, move the rudder t o  f u l l  (22') against the 
spin direction (rudder f u l l  r ight  fo r  yawing t o  p i lo t  s l e f t ) ,  simul- 
taneously move the flaperons t o  with the developed spin (s t ick  f u l l  
r ight  for  yawing t o  the pi lo t1  s l e f t ) ,  and hold or move the st ick t o  
full fom~azd longitudinally. Upon recovery, which sho@.d be evidenced 
by a steep nose-down attitude, the pi lo t  should neutralize a l l  controls 
t o  avoid entering or remaining i n  a steep rol l ing motion indicated i n  
chart 4 t o  be possible. 

Parachute Tests 

Results of t es t s  conducted t o  determine the minimum size parachute 
required t o  insure satisfactory recoveries in an emergency are presented 
i n  table 111. 

Erect and inverted t e s t s  were conducted on the model fo r  both nose 
configurations with and without wing tanks. The results  indicated that  
a 12-foot-diameter ( laid-out-f l a t  ) parachute with a drag coefficient 
of 0.64 (based on the laid-out-flat diameter) and a towline length of 
32 fee t  is required t o  insure satisfactory recoveries fo r  all configura- 
tions and loadings. This parachute size i s  s l ightly larger (about 1 foot)  
than the parachute determined for  the original nose configuration in 
reference 1. This increase may be due t o  the greater weight simulated 
for  t h i s  investigation than for  that  of reference 1. If a parachute 
with a different drag coefficient is used, a corresponding adjustment 
 rillbe be required i n  the parachute size. ' 

Additional Tests $ '  

Additional t e s t s  were conducted on the FllF-1 model t o  determine 
the effects on the spin and recovery ch&acteristics of deflectin& wing 
trailing-edge landing flaps as a recovery device, of simulating the 
refueling probe, and of installing a ventral f in.  ' 

1 )  

landing flaps.- Test results  indicate *(Tig. $1 'that the deflection 
of both flaps f'ull down with simultaneous rudder: reversal t o  against 
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' I 

the spin would be of no assistance fo r  recovery and that  sometimes the 
ra te  of rotation of the model increased a f te r  f lap  deflection and thus 
made recovery even more di f f icul t .  The deflection of only the outboard 
f lap  f u l l  down (r ight  f lap  in a l e f t  spin) i n  conjunction with rudder 
reversal led t o  satisfactory recoveries when the ,spin  rotational ra te  
was below 0.23 revolution per second ( f u l l  scale). It was indicated, 
however, that,  as the spin rotation ra te  increased above 0.23 revolution 
per second, some bad recoveries \rere also - obtained by use of th i s  tech- 
nique. The rotational rates \.rere varied arbitrafily on the model from 
0.21 t o  0.31 revolution per second ( f u l l  scale) by using strakes on the 
nose. The t e s t  results  on figure 4 thus indicate that  differential  
deflection of flaps may not always be effective enough t o  give sat is-  
factory recoveries i f  the spin rotation of the airplane i s  above 0.23 
revolution per second ( f u l l  scale ) . 

Refueling probe and ventral f in .  - Test results (not presented i n  
chart form) indicate that  the refueling probe and ventral fin had no 
effect on the spin and recovery characteristics. The refueling probe 
and ventral f i n  are sho~m i n  figures .3 and 6, respectively. 

SUMMARY OF RESULTS 

Based on results  of spin t e s t s  of a 1124-scale model of the Grumm&n 
F11F-1 airplane with alternate nose configurations with and without wing 
tanks, the following conclusions regarding the developed spin and recovery 
characteristics of the Grumman F l u - 1  airplane a t  an altitude of 
25,000 fee t  are made: 

1. The alternate nose configuration and empty tank instal lat ion 
w i l l  have l i t t l e  effect.  The airplane should not spin however with fu l l  
wing tanks. 

2. When a developed spin i s  obtained, f u l l  rudder reversal w i l l  not 
always.insure satisfactory recovery. 

3. Nl rudder reversal accompanied by extension of properly placed 
nose canards  ill lead t o  satisfactory recovery characteristics. 

4. Recoveries from inverted spins obtained with no tanks or empty 
tariks added t o  the wings w i l l  be satisfactory by f u l l  rudder reversal, 
but, 1.rhen f u l l  tanks are added t o  the wings, recoveries w i l l  be unsatis- 
factory k5O rudder travel.  For optimum recovery from inverted 
spins, the rudder should be moved t o  22O against the spin direction 
(rudder f u l l  r ight  fo r  yawing t o  p i lo t ' s  l e f t )  and simultaneously the 
flaperons should be moved t o  with the spin ( s t i ck  f u l l  right fo r  yawing 
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to the pilot ' s left ) ; the stick ihbuld be held or moved to full forward 
I longitudinally. All controls should be heptralized upon recovery. 
I 
I 

D 5. The minimum size parachute required to insure satisfactory 
recoveries in an emergency is 12-feet diameter (laid out flat) with a 

D drag coefficient .of 0.64 (based on the laid-out-f lat diameter) and a 
towline length of 32 feet. 

6. Deflection of both wing trailing-edge landing flaps down in 
conjunction with rudder reversal will be of no assistance for spin 
recovery. 

7. The deflection of only the outboard flap (right flap in a left 
spin) in conjunction with rudder reversal will be very effective in 
producing satisfactory recoveries provided the spin rotational rate is 
below 0.23 revolution per second. For rotational rates of 0.23 revolu- 
tion per second or higher, deflection of the outbomd flap will not 
always insure satisfactory recoveries. . 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., March 5, 1958. 
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TABLE I.- DII~miSI0IU.L -TICS OF TBE W. C W I  FUF-1 AIWLUIE 

lmmsFu3mliG n, TEE 1 / 2 4 - S m  P 9 r n  m G A T E D  

Overall leqgth: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Orieiaal nose configuration. f t  42.83 
Pmduction ~ s e  confimration . ft  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44.31 

wing: 
Overallspsn. ft . . . . . . . . . . . . . . . . . . . . . . . .  
Folded spm. ft . . . . . . . . . . . . . . . . . . . . . . . . .  
Area (exclusive of l e a - e d g e  extension). sq  f t  . . . . . . . .  . . . . . . . . . . . . . . . . . . .  1:enn aerodynsnic chord. in 
Location of l e a  e%e of E with respect to fuselage station 0. 
M o i l  nection: 

Root . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
r i p  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Sveepback a t  0.2g.chord line. deg . . . . . . . . . . . . . . . .  
Incidence. deg . . . . . . . . . . . . . . . . . . . . . . . . .  
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . .  Taperratio 

Flaperons: 
Area.sqft  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21.3 
span (perpendicular to Pusebge center line). percent b/2 .......................... 61.7 
Tr- edge. percent vlug chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Bb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  w e .  percent vlug chord 70 

W i r e r s :  
Area.sq'ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.1 
Location ( m a  plane of syeretry). in . 

~ ~ o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  163 
r i p  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  w-tip 

Hinge line. fros fuselage station 0. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  375.41 
I tavek  

Up,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Dovn,deg ................................................. 5 

L e w - e d g e  slats: 
Location (frm plane of s m t r y ) .  in . 

Inboard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 
O L l t b d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wingtip 

Chord, percent Ying chord: 
R ~ o t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l0 
Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

Travel: 
Do;m,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Flaps: 
hlpe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Slotted 
spyr to ta l ,  f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19.83 
Leading edge. percent ving chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  80 

edge, percent ving &or& . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100 
ttfnge m e .  percent wfng chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  83.3 
Travek 

Up.deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
~a ;m,&g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 

Fence: 
Totalarea. s q  f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.128 
bca t ion  (frcm plme of eyeretry), in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 

Horizontal tail: 
M o i l  section (parallel  t o  fuselage center line): 

e cot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l l ~ ~ ~ 6 5 A 0 0 6  
n p  ................................................... nnc~65nool 

h n . s q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  65.5 
Spsn. n... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15.17 
Sveep a t  2j percent chord. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
Aspectratio ................................................ 3.5 
Tnperratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.4 

Elevator (operative only vhen flaps are dun):  
Area .sqf t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.9 
Biage line. percent horizontal-toil chord . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Travel. roves dovn only (manured fmm plane of horizontal taF1). deg: 

75 

When horizontnl-tall deflection is 0' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . When horizontal-tail deflection i s  -So ................................... 6 $ . When horizontal-toil deflection i s  -So . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19.3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  When horizontal-tail deflection is -W 30 

Vertical t&l: 
TotSlarea(exposed). sq  ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45.1 
Airfoil section: 

~ ~ o t  .................................................~16. w . & 5  
Tip .................................................llACAl 

Rudder: ' 
~ r e n . o q f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7.36 



WIE 11.- hlASS C H A R A C ~ T I C S  AND It.IERTIA PARAEEERS FOR LOADIITGS POSSIBLE ON 

THE GRUbBIAN FUF-1 AIR??WiE AND FOR LOADINGS TESTED ON TBE ~ / ~ ~ - S C A L F  NODEL 

[&lode1 values given are converted t o  full-scale; moments of inertia are given about the center of gravi%yJ 



TABLE 111.- SPIN-RECOVERY PARACHUTE DATA O B l X ~  WITH 1/2hSCALE MODEL OF THF: 

QRlJ&DlKN F D - 1  AIRPUNE WITH ELONGATED APS-67 NOSE COmFIGURATION 

Eonibat gross-weight loading with center of pavity at 25.0 percent of the mean aerodynamic 
chord; rudder fixed full with the spin and recovery attempted by opening the parachute 
only; model values converted to corresponding full-scale value3 

a Oscillatory spin, range of values given. 



0 
DO 

NACA R.1 ~ ~ 5 8 ~ 2 0  
0 

Elongated A PS-67 nose 

Figure 1.- Three-view drawing of the 1/24-scale model of the 
Gnuman FlD-1 airplane as tested in the Langley 20-foot 
free-spinning tunnel. Center-of-gravity position shown is 
25.0 percent mean aerodynamic chord.. A;11 dimensions are 
node1 scale. 



L-96833 
Figure 2. - Photograph of t h e  1124-scale model of t he  Grumman Fl1F-1 a i rplane with wing f u e l  tanks.  

Production nose version shown. 



Extended position shown I-==- 8-23'' h 

ES. 

Retracted position shown 

Figure 3. - Sketch showing position of canards tested on the 1124-scale model of tl 
Grumman F11F-1 airplane. Dimensions are model vaSues. 
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Figure 4.- Effect of wing trailing-edge flap deflection on the erect spin-recovery 
characteristics as determined on a 1/24-scale model of the Grumman F l W - 1  airpl: 
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Figure 5. - Refueling probe as tes ted  on the 1124-scale model of the 
Gruroman F1D-1 airplane. All' dimensions' are model scale. 
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NACA RM S L ~ ~ C ~ O  V 

. . 
CHART 1 .-SPIN AND RECOVERY CWARACVERISlCS OF THE PJODEL 

Recovery attempted by rapid full rudder reversal (recovery attempted from, and ' developed-spin data presented for, rudder-full-zith spins )] 
Spindirection Loading(seetablex) 
simulated Combat Gross Height (clean conditio I Elonaated APS-67 nose Engine rotation I 

Closed 125,000 ft I Left I I 25 percent B I 

I 

Slats I Altitude 

Model values converted to full scale U-inner wing up 0-inner wing down 

- 
Desired center-of-gravity position not sirollated I 

i!Cwo conditions possible. 
Oscillatory spin. 
C~scillatory spin, range of values given. 
d ~ h e  model sometimes spun for short duration only ( 8  to 12 turns) 

then entered a dive. 
'lbtered a dive. 

recovery I 

a,c 

SPIN 

d e 

Flaperons full against 
(Stick right) 

55 
77 

29q Flaperons full with, 
(Stick left) 

90 
12D 

0.24 NO 



NACA Rhf sL58~20 - 
CHART 2 .-SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL 

L~ecover~ attempted by rapid full rudder revexsal unless otherwise noted (recover 
attempted from, and developed-spin data presented for, rudder-full-nith spinsf 

:TWO conditions possible. 
Oscillatory spin, range of values given. 
Cl.:odel entered a 3ive. 
d~ecovery attempted by reversing the rudder to full against the 

spin and simultaneously extending the canard surfaces. 

,.mi . . I .  
1.. . . 
I . 
me 

Model values converted to full scale U-inner wing up D-inner wing down 

Idle engine speed 
simulated (engine 

~~~~~~~n~~ spin 
opposite sense) 

Airplane 

F11F-1 

Slats 
Closed 

Loading (see tabledh) Combat 
Gross I.ieight (clean condition) 
Elongated APS-67 nose 
Desired center-of-gravity position 

25 percent z 

Attitude 

Erect 

Altitude 
25,000 ft 

Spin direction 
s~muloted 

 eft 



NACA RM sL58~20 

CHART 3 .-SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL 
Fecovery attempted by rapid full rudder reversal unless otherwise noted (recover 

attempted from, and developed-spin data presented for, rudder-full-with spinsf 

Slats Altitude 

Airplane 

F11F-1 

- - 

Model values converted to full scale 

a ~ o  conditions possible. 

Attitude 

Bect 

Loading (see t a b l e a )  Combat Gross 
Ifeight (empty wing tanks ) 

Engine rotation 
not simulated. 

U-inner wing up D-inner wing down 

Spin direction 
slrnulated 

b~gcillatory spin, range of values given. 
C~pun for short duration (10-12 turns) then model entered a dive. 
d~ecovery attempted by reversing the rudder to full against the sphi 

and simultaneously extending the canard surfaces. 
eEntered a glide or dive. 



NACA RM SL78~20 - 
CHART 4 .-SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL 

pcovery attempted by rapid full rudder reversal as indicated (recovery attempted 
from, and developed-spin data presented for, rudder-full-with spins)] 

Airplane Attitude Spin direction Loading (see tablen) 
Combat gross weight (full wing Fiz 1 Inverted 1 s'-: 1 1 Engine rotation 
tanks) Elon ated APS-67 nose not simulated 

Altitude TO pilotls Desired center-of-gravity position 
Closed 25.000 ft 25 percent 5 

Model values converted to full scale U-inner wing up D-inner wing down 

'TWO conditions possible. 
b~scillatory spin, range or average values given. 
cFntered a dive. 
d~ecovery attempted by reversing the rudder to 220 against the spa. 
e~ecovery attempted by reversing the rudder to 10' against the spin. 
f~ecoverg attempted by reversing the rudder to 2/3 of 22O against the spin. 
BRecovery attempted by reversing the rudder to 5' against the spin. 
hl.lodel entered a vertical roll about X-axis. 
il.:odel oscillated out of spin after about 10 to 12 turns in the developed spin- 

Turns for 



NACA RM ~ ~ 5 8 ~ 2 0  

AN INVESTIGATION OF TRE FFSZ-SPINNING AND RECOVERY 

CHARACTERISTICS OF A ~ /~~- scAI ;E  MODEL OF THE 

NOSE CONFIGURATIONS T.JITH AND F~I!lHOUT 

WING FUEL TANKS 

TED NO. NACA AD' 395 

By James S . Bowmftn, Jx.. 

. I  

The spin and recovery characteristics of the 'model with either 
alternate nose were generally similar t o  those obtained for  the original 
nose configuration ( NACA Research Memorandw; ~ ~ 5 5 ~ 2 0  and ~ ~ 5 6 ~ 0 2 )  . The 
addition of empty wing tanks had l i t t l e  effect on the @eveloped erect 
spin and recovery characteristics. The model did not spin erect with 
f u l l  wing tanks. 
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