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SUMMARY 

An investigation is being conducted in the Langley 20-foot free- 
spinning tunnel on a 1124-scale model of the Grumman F11F-1 airplane to 
determine spin and recovery characteristics and the minimum-size para- 
chute required to satisfactorily terminate the spin in an emergency. 
Results obtained to date are presented herein. 

Test results indicate that it may be difficult to obtain an erect 
or inverted spin on the airplane, but, if a spin is obtained, the spin 
will be very oscillatory and recovery from the developed erect spin by 
rudder reversal may not be possible. The lateral controls  ill have no 
appreciable effect on recoveries from erect.spins. Recovery from the 
inverted spin by merely neutralizing the rudder will be satisfactory. 
After recoveries by rudder reversal and after recoveries from spins 
~rithout control movement (no spins), the model oftentimes rolled very 
rapidly about the X-axis. 

Based on limited preliminary tests made in this investigation to 
make the model recover satisfactorily, it appears that canards near the 
nose of the airplane or differentially operated horizontal tails may be 

. utilized to provide rapid recoveries. 

The parachute test results indicate that an ll-foot-diameter (laid- 
out-flat) parachute with a drag coefficient of 0.650 (based on the laid- 
out-flat diameter) and with a towline length equal to the wing span is 
the minimum-size parachute required to satisfactorily terminate an erect 
or inverted spin in an emergency. 
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A t  the request of the Bureau of Aeronautics, Department of the Navy, 
an investigation i s  being conducted i n  the Langley 20-foot free-spinning 
tunnel on a 1124-scale model t o  determine the spin and recovery charac- 
t e r i s t i c s  of the Grumman F l u - 1  airplane. 

The present report  presents the t e s t  r e su l t s  obtained t o  date. 
Tests have been made f o r  the landing gross-weight loading f o r  both e rec t  
and inverted spins and the minimum-size parachute required t o  insure sat- 
isfactory recovery i n  an emergency has been determined. The erec t  spin 
t e s t s  were conducted f o r  the normal center-of-gravity posit ion (24 per- 
cent E )  and f o r  a rearward posit ion of 29.9 percent E. The inverted 
spin t e s t s  and the parachute t e s t s  were conducted only f o r  the rearward 
center-of-gravity position. Alternate recovery methods were t r i e d  and 
are  discussed b r i e f ly  i n  the tex t .  

An appendix is  included which presents a general description of the 
model tes t ing technique, the precision which model t e s t  r e su l t s  and 
mass character is t ics  a re  determined, variations of model mass character- 
i s t i c s  occurring during t e s t s ,  and a general comparison between model and 
airplane resu l t s .  

SYMBOLS 

b wing span, f t  

S wing area, sq  f t  

c' mean aerodynamic chord, f t  

X/C r a t i o  of distance of center of gravity rearward of leading 
edge of mean aerodynamic chord t o  mean aerodynamic chord 

z/C r a t i o  of distance between center of gravity and fuselage 
reference l i n e  t o  mean aerodynamic chord (positive when 
center of gravity i s  below l i n e )  

m mass of airplane, slugs 

IX, Iy, Iz moments of ine r t i a  about X, Y, and Z body axes, 
respectively, slug-f t2 
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'-x - '-Y i ne r t i a  yawing-moment parameter 

mb2 

ine r t i a  rolling-moment parameter 

IZ - =x i ne r t i a  pitching-moment parameter 
mb2 

P a i r  density, slugs/cu f t  

CL re la t ive  density of airplane, 2- 
P S ~  

angle between fuselage reference l ine  and ver t ica l  
(approximately equal t o  absolute value of angle 
of attack a t  plane of symmetry), deg 

$ angle bet~reen span axis and horizontal, deg 

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

R full-scale angular velocity about spin axis, rps 

MODEL AND TEST CONDITIONS 

A 1/24-scale model of the Grumman F l u - 1  airplane was furnished by 
the Eureau of Aeronautics, Department of the Navy, and was checked f o r  
dimensional accuracy and prepared f o r  test ing by the Langley Laboratory 
of the National Advisory Committee fo r  Aeronautics. A three-view 
drawing of the model as tested i s  shown i n  figure 1. 

Lateral control i s  obtained on the F l u - 1  airplane by upper-surface 
s lo t ted  spoilers (flaperons) instead of ailerons (f ig .  1) . The trim tabs 
on the wing t i p s  were not used f o r  these t e s t s  and were s e t  fo r  zero 
deflections throughout this investigation. The horizontal t a i l  i s  an 
all-movable type with elevators. However, the elevators operate only 
when the f laps are do~m. The elevators were s e t  f o r  zero deflection f o r  
a l l  t e s t s .  The wing fences as  shown i n  figure 1 were used only i n  pre- 
liminary t e s t s  on the model and indicated no ef fec t  on the spin o r  recovery, 
and inasmuch as  the fences were subject t o  much damage during model testing, 
they were removed from the model fo r  the remainder of the t e s t s .  The 
F11F-1 airplane a lso  has wing leading-edge s l a t s  which have not as  yet  been 
tested i n  the investigation. A l l  t e s t s  were conducted with the model i n  
the clean condition. 



7 .  .. . . . . . . . .  , . , * - . .  ..... 
,-.++ r 
t ...';-...'.* A;...' .., .. . . ~ : l  ;i.-i..l - NACA RM SL55G20 

A photograph showing the model i n  the normal f lying configuration 
i s  shown i n  figure 2. The dimensional characteristics of the airplane 
are presented i n  table I. 

The model w a s  ballasted t o  obtain dynamic s imilar i ty  t o  the air- 
plane a t  an a l t i tude  of 25,000 f e e t  ( p  = 0.00~065 slug/cu f t ) .  The mass 
characteristics and ine r t i a  parameters f o r  loadings possible on the a i r -  
plane and f o r  the loading tested on the model are indicated i n  table 11. 

The parachute tests were conducted with flat-type parachutes made 
of low-porosity material bu-b which were made more s table  by cutting 
holes i n  the f a t ~ r i c  t o  allmr more air t o  f low through the canopy.  h he 
s t a b i l i t y  of parachutes is  dependent upon the porosity of the  material; 
see r e f .  1.). The parachute point of attachment was a t  the bottom rea r  
of the fuselage. 

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

Ruacier, deg . . . . . . . . . . . . . . . . . . . .  25 r ight ,  25 l e f t  
. . . . . . . . . . . . . . . . . .  Flaperons, deg 55 WJ 0 down 

Horizontal tai l ,  deg . . . . . . . . . . . . . . .  18 up, 5 down 

RESULTS AND DISCUSSION 

The resul t s  of the model t e s t s  are presented i n  charts 1 through 3 
and i n  table 111. The model data are  presented i n  terms of full-scale 
values f o r  the airplane a t  an a l t i tude  of-25,000 fee t .  A l l  t e s t s  
conducted with the model i n  the landing loading and f o r  -two center-of- 
gravity positions. Tests conducted f o r  the rearward center-of-gravity 
position indicated that the model would spin similar t o  tha t  of the 
normal center of gravity except that the duration of the spin 'ras longer. 
For t h i s  reason, most of the t e s t  resul t s  were obtained f o r  the rearward 
center-of-gravity position. Spins t o  the r ight  and l e f t  were similar, 
and a l l  t e s t  resul t s  are  a rb i t r a r i ly  presented i n  terms of spins t o  the 
p i l o t ' s  r ight .  

Erect Spins 

The erec t  spin-test resul t s  are  presented i n  charts 1 and 2 f o r  the 
normal center-of-gravity positlon of 24 percent mean aerodynamic chord 
(loading no. 1 i n  table 11) and for  a rearward center-of-gravity position 
of 29.9 percent mean aerodynamic chord (loading no. 2 i n  table 11) , 
respectively. 
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The t e s t  resul t s  indicate tha t  it may be d i f f i cu l t  t o  obtain a 
developed spin f o r  th i s  airplane, part icular ly f o r  the normal center-of- 
gravity (24 percent c^) position. However, the t e s t  resul t s  indicate 
that, should a spin occur, the spin w i l l  be very osci l la tory i n  r o l l  
and yaw and recovery by rudder reversal may not be possible. The model 
was l e s s  prone t o  spin with the horizontal t a i l  i n  the down position 
(s t ick forward) than f o r  the horizontal t a i l  i n  the up position (s t ick  
back) indicating tha t  movement of the s t i ck  full  forward a f t e r  rudder 
reversal may expedite recovery from any spin obtained. The positions 
of the flaperons had very l i t t l e  or no ef fec t  on the erec t  spin and 
offered no assistance i n  the spin recovery. These resul t s  are  consis- 
ten t  with those reported i n  reference 2. 

The model was l e s s  prone t o  spin f o r  the normal center of gravity 
(24 percent c^) than f o r  the rearward center-of-gravity position of 
29.9 percent mean aerodynamic chord. Based on these resul ts ,  spins 
should be more readily obtainable on the airplane f o r  the rearward than 
f o r  the normal center-of-gravity position. 

Research currently being conducted a t  Langley has given indications 
tha t  the use of properly placed extensible canard surfaces may be very 
effective as  an emergency recovery device f o r  some designs. Accordingly, 
brief t e s t s  were conducted on the current model u t i l iz ing  surfaces shown 
i n  figure 3. Preliminary t e s t  resul t s  indicate that extension of these 
surfaces i n  conjunction with rudder reversal resul t s  i n  sat isfactory 
recoveries. 

Limited preliminary t e s t  resul t s  indicate tha t  d i f ferent ia l ly  oper- 
ated horizontal t a i l s  may also provide rapid recoveries. Tests were made 
with the horizontal t a i l s  d i f ferent ia l ly  s e t  with the spin (r ight  hori- 
zontal tail t r a i l i n g  edge up 40' and l e f t  t r a i l ing  edge down 40° f o r  
r ight  spin) and the model entered a "no spin" a f t e r  each launch indi- 
cating tha t  i f  the horizontal t a i l  were moved i n  t h i s  manner, good 
recoveries should be obtained. 

Inverted Spins 

The resul t s  of the inverted-spin t e s t s  the center of gravity i n  
the rearward position are presented i n  chart  3 .  The resul t s  sh01.r t h a t  
the model had a greater tendency t o  spin with the flaperons with the spin 
(s t ick l e f t  fo r  spin t o  p i l o t ' s  r igh t )  and the horizontal t a i l  up with 
respect t o  the ground (s t ick forward) i h n  fo r  any other control se t t ing .  
The recoveries by rudder neutralization from the cr i te r ion  spin (flaperons 
s e t  one-third maximum deflection with the spin, the horizontal t a i l  s e t  t o  
two-thirds i ts  full-up ( re la t ive  t o  ground) deflection); were Satisfactory. 
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Parachute Tests 

a 
I... 

The results of the t es t s  performed to  determine the minimum-size 
parachute required t o  insure satisfactory recovery i n  an emergency are 
presented i n  table III for  the rearward center-of-gravity position of 
29.9 percent mean aerodynamic chord. The erect spin-test results indi- 
cated that  a 10-foot-diameter (laid-out-flat) parachute with a drag 
coefficient of 0.585 (based on the 10-foot laid-out-flat diameter) is 
the minimum size required t o  insure satisfactory recovery i n  an emergency 
from an erect spin. Hol~ever, the results obtained fo r  the inverted spins 
indicate that  an 11-f oot-diameter (laid-out-f l a t  ) parachute with a drag 
coefficient of 0.650 (based on the laid-out-flat diameter) is needed to  
insure satisfactory recovery from an inverted spin. Therefore, inasmuch 
as a larger parachute i s  needed for  the inverted spins, it is recommended 
that  an 11-foot-diameter parachute with a drag coefficient of 0.650 be 
used for  a l l  spin demonstration tes ts .  The towline length used for  a l l  
tes ts  %ras equal to  the wing span. The results indicated that  the a i r -  
plane w i l l  have a tendency t o  r o l l  a f te r  the recovery as long as the 
parachute i s  s t i l l  attached to  the airplane if  the right or l e f t  flaperon 
is deflected. It is recommended, therefore, that  a l l  control be put t o  
neutral during recovery by parachute action. 

Landing Condition 

Landing condition tes t s  were not included i n  th is  investigation inas- 
much as current Navy specifications require th is  type of airplane t o  demon- 
s t ra te  satisfactory recoveries i n  the landing condition from only 1-turn 
spins. A t  the end of one turn, the airplane w i l l  s t i l l  be i n  an incipient 
spin from recoveries are more readily obtained than from ful ly  
developed spins. 

An analysis of model t es t s  t o  determine the effect  of landing flaps 
and landing gear (ref.  3) and the effect of leading-edge s l a t s  (ref. 4) 
indicates that  i n  the event a spin i s  entered i n  the landing condition, 
the flaps and landing gear should be retracted and recovery attempted 
immediately. If possible the leading-edge s l a t s  should be l e f t  i n  the 
extended position. 

Additional Remarks 

The model exhibited a characteristic of rolling very rapidly about 
the X-axis a f te r  the spin w a s  terminated either by control movement or 
without control movement (no spin). This rapid r o l l  was obtained for  
most control settings (even when la te ra l  controls neutral) and for  
both center-of-gravity positions tested. The direction of r o l l  was, i n  
every case, the opposite direction t o  the spin, i .e . ,  the model rol led 



NACA RM SL55G20 - 7 

r ight  from l e f t  spins and ro l led  l e f t  from r igh t  spins. The r o l l v a s  
generally entered from high angles of a t tack and from an undamped osc i l -  
l a t ion  i n  r o l l .  The r a t e  of r o l l  ranged from a high of approximately 
0.5 rps t o  0.3 rps ( f u l l  sca le) .  

CONCLUSIONS 

Based on the resu l t s  of t e s t s  of a 1124-scale model of the Grumman 
F11F-1 airplane, the following conclusions regarding the spin and 
recovery character is t ics  of the airplane a t  an a l t i t ude  of 25,000 f e e t  
are  made: 

1. Test resu l t s  indicate tha t  it may be d i f f i c u l t  t o  obtain a 
developed spin fo r  this airplane, par t icu lar ly  f o r  the normal center- 
of-gravity position. The tendency t o  spin w i l l  be greater when the 
center of gravity i s  i n  the most rearward posit ion than when the center 
of gravity i s  i n  the normal position. Any developed spin obtained w i l l  
be very osci l la tory i n  r o l l  and ya>7. 

2. The rudder w i l l  be ineffective i n  producing recovery from an 
erect  spin. The l a t e r a l  controls w i l l  have no appreciable e f f ec t  on the 
e rec t  spin and ?rill be of no assistance i n  the spin recovery. 

3.  Recoveries from inverted spins even by merely neutralizing the 
rudder w i l l  be sat isfactory.  

4. An ll-foot-diameter (laid-out-flat)  parachute with a drag coef- 
f icent  of 0.650 (based on the laid-out-flat  diameter) i s  the minimum 
size parachute required t o  insure sat isfactory recovery from both e rec t  
and inverted spins i n  an emergency. 

5. Based on limited t e s t s  conducted i n  t h i s  investigation, the use 
of canards near the nose of the airplane or  the use of d i f fe rent ia l ly  
operated horizontal t a i l s  appear promising as  a means of insuring s a t -  
isfactory recovery character is t ics .  
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..... 6. After recoveries by rudder reversal and after recoveries from .. . .. spins without control movement (no spins), the model oftentimes rolled .. very rapidly about the X-axis. 
B..... . 

0. 
' .  . 
.a . Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va . , July 8, 1925. 

Aeronautical Research Scientist 

Approved : 

z $ C A L L r  
Thomas A. Harris 

Chief of Stability Research Division 
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APPENDIX 

TESTING TECHNIQUE AND MODEL PlU3CISION 

Model Testing Technique 

The operation of the Langley 20-foot free-spinning tunnel i s  gen- 
e ra l ly  similar t o  t h a t  described i n  reference 5 f o r  the Langley 12-foot 
free-spinning tunnel except t h a t  the model-launching technique is  
different.  With the controls s e t  i n  the desired position, a model i s  
launched by hand with rotat ion in to  the ver t ica l ly  r i s ing  a i r  stream. 
After a number of turns i n  the established spin, a recovery attempt i s  
made by moving one or more controls by means of a remote-controlmech- 
anism. M t e r  recovery, the model hives in to  a safety net.  The t e s t s  
a re  photographed w i t h  a motion-picture camera. The spin data obtained 
from these t e s t s  are  then converted t o  corresponding ful l -scale  values 
by methods described i n  reference 5 .  

Spin-tunnel t e s t s  are  usually performed t o  determine the spin and 
recovery character is t ics  of a model f o r  the normal spinning-control con- 
figuration (elevator ful l  up, l a t e r a l  controls neutral ,  and rudder full 
with the spin) and f o r  various other l a t e r a l  controls and elevator com- 
binations including neutral  and maximum set t ings of the surfaces. 
Recovery i s  generally attempted by rapid f u l l  reversal of the rudder, by 
rapid f u l l  reversal of both rudder and elevator, or by rapid f u l l  reversal 
of the rudder simultaneously moving- ailerons t o  full with the spin. 
The part icular  control manipulation required f o r  recovery is  generally 
dependent on the mass and dimensional character is t ics  of the model 
( refs .  6, 7, and 8) .  Tests axe a l so  performed t o  evaluate the possible 
adverse effects  on recovery of small deviations from the normal control 
configuration f o r  spinning. For these t e s t s ,  the elevator is s e t  a t  
e i ther  full  up or two-thirds of i ts  full-up deflection and the l a t e r a l  
controls a re  s e t  a t  one-third of fu l l  deflection i n  the direction con- 
ducive t o  slower recoveries, which may be e i the r  against the spin ( s t ick  
l e f t  i n  a r igh t  spin) or with the spin depending primarily on the mass 
characteristics of the par t icular  model. Recovery i s  attempted by rap- 
id ly  reversing the rudder from full  with the spin t o  only two-thirds 
against the spin, by simultaneous rudder reversal t o  two-thirds against  
the spin, and movement of the elevator t o  e i ther  neutral  or -k?o-thirds 
down, or by simultaneous rudder reversal t o  -two-thirds against the spin 
and s t i ck  movement t o  two-thirds with the spin. This control configura- 
t i on  and manipulation i s  referred t o  as  the "cr i ter ion spin," with the 
part icular  control set t ings and manipulation used being dependent on the 
mass and dimensional character is t ics  of the model. 
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Turns for  recovery are measured from the time the controls are 
moved t o  the time the spin rotation ceases. Recovery characteristics Of 

a model are generally considered satisfactory i f  recovery attempted from 
the criterion spin i n  any of the manners previously described is accom- 
plished within 2 1  turns. This value has been selected on the basis of 

4 
full-scale-airplane spin-recovery data that are available for  comgarison 
with corresponding model t e s t  results.  

For recovery attempts i n  which a model str ikes the safety net while 
it was st i l l  i n  a spin, the recovery is recorded as greater than the 
number of turns from the time the controls were moved t o  the time the 
model struck the net, as >3. A >3-turn recovery, however, does not nec- 
essarily indicate an improvement over a >7-turn recovery. When a model 
recovers without control movement (rudder held with the spin), the 
results are recorded as "no spin." An oo i s  used t o  indicate that  the 
model continued spinning for  LO or more turns af ter  the controls were 
moved for  recovery. 

For spin-recovery parachute tests ,  the minimum-size t a i l  parachute 
required t o  effect  recovery within 2L turns i s  determined. The para- 

4 
chute is  opened for  the recovery attempts by actuating the remote-control 
mechanism and the rudder is  held with the spin so that  recovery i s  due t o  
the parachute action alone. The folded spin-recovery parachute is placed 
on the model i n  such a position that  it does not seriously influence the 
established spin. A rubber band holds the packed parachute t o  the model 
and ~rhen released allotrs the parachute t o  be blown free of the model. On 
full-scale parachute installations it is desirable t o  mount the parachute 
pack %rithin the airplane structure, i f  possible, and it is recommended 
that  a mechanism be employed for  positive ejection of the parachute. 

Precision 

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

a , d e g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
@,deg  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f1 

. . . . . . . . . . . . . . . . .  . . . . . . . . . .  V, percent ., f5 
R, percent .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  f2  

1 . . . . .  Turns for  recovery obtained from motion-picture records & 
-4 

Turns for  recovery obtained visually . . . . . . . . . . . . . . .  +A 
-2 
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The preceding l imits  may be exceeded f o r  cer tain spins i n  which it 
i s  d i f f i cu l t  t o  control the model i n  the tunnel because of the high ra t e  
of descent or  because of the wandering or  osci l la tory nature of the spin. 

The accuracy of measuring the weight and mass distribution of models 
is believed t o  be within the following limits: 

Weight,percent . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
Center-of-gravity location, percent E . . . . . . . . . . . . . .  - t l  

. . . . . . . . . . . . . . . . . . .  Moments of iner t ia ,  percent 15 

Controls are  s e t  with an accuracy of +lo. 

Variations i n  Model Mass Characteristics 

Because it i s  impracticable t o  ba l l a s t  models exactly and because of 
inadvertent damage t o  models during t e s t s ,  the measured weight and mass 
dis tr ibut ion of the Grumman F11F-1 model varied from the t rue scaled-don 
values within the following limits : 

. . . . . . . . . . . . . . . . . . .  Weight, percent 1 t o  2 high 
Center-of-gravity locaticn, percent E . . . . . . . .  1 t o  2 rearward 
Moments of iner t ia :  

. . . . . . . . . . . . . . . . . . . .  I*, percent 5 t o  7 high 

. . . . . . . . . . . . . . . . . . .  I y , p e r c e n t .  1 t o  2 high 

. . . . . . . . . . . . . . . . . . . .  IZ, percent 3 t o  4 high 

Comparison Between Model and Airplane Results 

Comparison between model and ful l -scale  resul t s  i n  reference 9 indi- 
cated tha t  model t e s t s  accurately predicted full-scale recovery charac- 
t e r i s t i c s  approximately 90 percent of the time and tha t  f o r  the remaining 
10 percent of the time, the model resul t s  were of value i n  predicting 
some of the de ta i l s  of the ful l -scale  spins, such as  motions in  the 
developed spin and proper recovery techniques. The airplanes generally 
spun a t  an angle of attack closer t o  45' than did the corresponding models. 
The comparison presented i n  reference 9 also indicated tha t  generally the 
airplanes spun with the inner wing t i l t e d  more downward and with a greater 
a l t i tude  loss  per revolution than did the corresponding model, although 
the higher r a t e  of descent was found t o  be generally associated the 
smaller angle of attack regardless of whether it was f o r  the model or  the 
airplane. 



NACA RM SL55G20 

1. Scher, Stanley H., and Draper, John W.: The Effects of Stabil i ty 
of Spin-Recovery Tail  Parachutes on the Behavior of Airplanes i n  
Gliding Flight and i n  Spins. NACA TN 2098, 1950. 

2. Healy, Frederick M., and Klinar, Walter 3.: Comparison of Effects 
of Ailerons and Combination of Spoiler-Slot-Deflector Arrangements 
on Spin Recovery of S~ieptback-Wing Model Having Mass Distributed 
Along the Fuselage. NACA RM ~54114, 1954. 

3.  Gale, Lawrence J.: Effect of Landing Flaps and Landing Gear on the 
Spin and Recovery Characteristics of Airplanes. NACA TN 1643, 1948. 

4. Neihouse, Anshal I., and Pitkin, Marvin: Effect of Wing Leading-Edge 
Slots on the Spin and Recovery Characteristics of Airplanes. NACA 
IR L-504, 1943. ( ~ o r m e r l ~  NACA ARR 3D29. ) 

5. Zimmerman, C .  H.: Preliminary Tests i n  the N.A.C.A. Free-Spinning 
blind Tunnel. NACA Rep. 557, 1936. 

6. Neihouse, A. I.: A Mass-Distribution Criterion fo r  Predicting the 
Effect of Control Manipulation on the Recovery From a Spin. NACA 
I.TR L-168, 1942. (Formerly NACA ARR, Aug . 1942 . ) 

7. Neihouse, Anshal I., Lichtenstein, Jacob H., and Pepoon, Philip W.: 
Tail-Design Requirements for  Satisfactory Spin Recovery. NACA 
TN 1045, 1946. 

8. Neihouse, Anshal I.: Effect of Current Design Trends on Airplane 
Spins and Recoveries. NACA RM L32AO9, 1952. 

9. Berman, Theodore: Comparison of Model and Full-Scale Spin Test 
Results for  60 Airplane Designs. NACA TN 2134, 1950. 



e 
am*. .  
l a 

NACA RM SL35G20 

TABU3 I. - DIMENSIONAL CKARACTERISTICS OF A ~ / ~ ~ - s c A I ; E  

MODEL OF THE GRUMMAN FlU-1 AIRPLANE 

. . . . . . . . . . . . . . . . . . . . . .  Overall length, f t  40.83 

Wing : . . . . . . . . . . . . . . . . .  Span, overall, f t  . . . . . . . . . . . . . . . . . .  Span, folded, f t  
Area, sq  f t  (exclusive of leading-edge extension) . 
Mean aerodynamic chord, in .  . . . . . . . . . . . .  
Location leading edge of E ,  fuselage s ta t ion  . . . .  
Airfo i l  section: 

R o o t . . . . . . . . . . . . . . . . . . . . . . .  
Tip . . . . . . . . . . . . . . . . . . . . . . .  

Sweepback at  0.25-chord l ine,  deg . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  Incidence, deg . . . . . . . . . . . . . . . . . . .  Dihedral, deg . . . . . . . . . . . . . . . . . . .  A s p e c t r a t i o .  
. . . . . . . . . . . . . . . . . . . .  Taper ra t io  

NACA 65~006 Mod 
NACA 65~004 Mod 
. . . .  35 . . . .  0 
. . a .  -2 .5 
. . . .  4.0 
. . . .  0.50 

Flaperons : 
Area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . .  21.3 
Span (perpendicular t o  fuselage center 

l i n e ) ,  percent b/2 . . . . . . . . . . . . . . . . . . . .  61.7 
Trailing edge, percent wing chord . . . . . . . . . . . . .  84 . . . . . . . . . . . . . . . . .  Hinge, percent wing chord 70 

Trimmers : 
Area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . .  2.1 
Location, wing stat ion,  in .  

R o o t . . . . . . . . . . . . . . . . . . . . . . .  . . . .  1-63 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Tip \,ling t i p  

Hinge l ine ,  fuselage s tat ion,  in .  . . . . . . . . . . . . .  375.41 
Travel : 

Up,deg . . . . . . . . . . . . . . . . . . . . . . . . .  5 
. . . . . . . . . . . . . . . . . . . . . . . .  Down, deg 5 

Leading -edge slats : 
Location, +ring s tat ion,  in .  

Inboard . . . . . . . . . . . . . . . . . . . . . . . . .  75 
. . . . . . . . . . . . . . .  O u t b o a r d . . . . . . . . .  Wingtip 

Chord, percent ~ ~ i n g  chord: 
R o o t . . . . . . . .  . . . . . . . . . . . . . . . . . . .  10 
Tip . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

Travel : 
. . . . . . . . . . . . . . . . . . . . . . . .  Dotm, deg 20 
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TABU3 I. - DlMENSIONAL CHARACTERISTICS OF A 1/24-~~AL?3 

MODEL OF TH!3 GRUMMAN F11F-1 AIRPLANE - Concluded 

Flaps : . . . . . . . . . . . . . . . . . . . . . . . . . .  T y p e . .  Slotted . . . . . . . . . . . . . . . . . . . . . . . . . .  span, f t  11.06 
Leading edge, percent wing chord . . . . . . . . . . . . . .  80 
Trailing edge, percent wing chord . . . . . . . . . . . . .  100 
Hinge l ine ,  percent wing chord . . . . . . . . . . . . . . .  83.3 
Wave 1 : 

u p . ;  . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 

Fence : . . . . . . . . . . . . .  Area, sq f t  ( to t a l ) .  . . . . . .  5.128 
Location, (from center of fuselage), i n .  . . . . . . . . .  75 

Horizontal tail: 
Air fo i l  section (para l le l  t o  fuselage center l ine) :  

. . . . . . . . . . . . . . . . . . . . . . . . .  Root NACA 65~006 

. . . . . . . . . . . . . . . . . . . . . . . . .  Tip NACA 65~004 
. . . . . . . . . . . . . . . . . . . . . . . . .  Area, s q f t  65.5 . . . . . . . . . . . . . . . . . . . . . . . . . .  Span, f t  15.17 . . . . . . . . . . . . . . .  Sweep a t  25 percent chord, deg 35 
. . . . . . . . . . . . . . . . . . . . . . . .  Aspectrat io 3 -5 . . . . . . . . . . . . . . . . . . . . . . . .  Taper r a t i o  0.4 

Elevator (operative only when f laps are down) : . . . . . . . . . . . . . . . . . . . . . . . .  Area, sq f t  10.9 
Hinge l ine,  percent horizontal t a i l  chord . . . . . . . . .  75 
Travel, moves do~m only, deg (measured 

from plane of horizontal ta i l ) :  
When horizontal t a i l  is  0' . . . . . . . . . . . . . . . .  1 
\men horizontal t a i l  is  -8' . . . . . . . . . . . . . . .  6.5 
When horizontal t a i l  i s  -15' . . . . . . . . . . . . . . .  19.3 
m e n  horizontal t a i l  i s  -18' . . . . . . . . . . . . . . .  30 

Vertical t a i l :  
Area, to t a l ,  sq f t  (exposed) . . . . . . . : . . . . . . . .  34.8 
Airfoi l  section: 

. . . . . . . . . . . . . . . . . . . . . . . . . .   ROO^ NACA 0006 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Tip NACA0006 

Rudder : 
. . . . . . . . . . . . . . . . . . . . . . . .  Area, sq f t  7 -27 



TABLE TI.- MASS CHARACTERISTICS AID INERTIA PARAMETERS FOR LOADINGS POSSmW ON THE 

G R W I f M  FlW-1 AIRPIAIE AND FOR THE LOADING TESTED ON THE 1/24-SCALE WDEL 

[Model values given are converted t o  fu l l  scale; moments of inert la  are given about the center of gravity 3 

Mass parameters 
Moments of inertia, 

slug-ft2 

Airplane values 

No. 
Iz - IX 

mb2 

IX - IY - 
mb2 

Relative density, 
P 

Weight, 
l b  Loading 

IZ 
IY - Iz 

mb2 
5 Sea 

level ?i 25,000 ft 

-414 x 

-559 

-559 

-558 

-567 

45,085 

39,335 

39,327 

39,341 

35,407 

Center-of-gravity 
location 

36,097 

34,894 

34,887 

34,862 

30,911 

Model values 

x/e 

-148 x 

-87 

-87 

-87 

-103 

Z/E 

562 x lo-& 

646 

646 

645 

670 

32.21 

27.26 

27.26 

27.26 

23.29 

Catapult 

 light (normal c.g.) 

Flight 
(most forward c.g.) 

Flight 
(most aft c.g.1 

Landing 

692 x 

657 

0.2568 

0.2432 

0.2401 

0.2901 

0.240 

19,500 

16,500 

16,500 

16,500 

14,100 

71.93 

60.86 

60.86 

60.86 

52.01 

0.0373 

0.0321 

0.0325 

0.0328 

0.0414 

-571 x 10-4 

-566 

11,003 

6,240 

6,239 

6,251 

6,066 

-121 x 10-4 

-91 

31,325 

31,477 

36,708 

35,531 

52.73 

52.69 

23.62 

23.60 

6,467 

6,373 

0.0378 

0.0261 

1 

2 

4 ,  

14,284 

Landing loading 
(normal c.g.) 

Landing loading 
(most a f t  c.g.) 

0.256 

0.299 



TABLE 111.- SPIN-RECOVERY PARACHUTE DATA OBTAINED WITH A 

L/~~-SCALE MODEL OF THE G R W * W  FllF-1 AlRPLRNE 

[bndirg-gross-weight loading with center of gravity a t  29.9 percent mean aeroqynamic 
chord; rudder fixed f u l l  with the spin and recovery attempted by opening the para- 
chute alone; model values converted t o  corresponding full-scale value3 

%at-type parachute, laid-out-flat aiameter given. 

b&sed on laid-out-f l a t  diameter. 

'parachute jerked model inverted. 

'control deflections are with respect t o  the ground. 

eAfter recovery the flaperons cause the model t o  r o l l  i n  a steep dive. 

Turns fo r  recovery v, 
f t / sec  

a, 
deg 

Right erec t  spin 

0, 
rev/sec 

Horizontal 
t a i l ,  
deg 

Parachute 
diameter, 

f t 

(a)  

$, 1, &, 2L) 4 2 2 

L 3 L, C1, 1, 1L, 2 
2' F' 2 

$, $, 1, 1, 1, 12, 2 2 

C C C  1, 1, L, C1$, CIL 2 

Twline 
length, 

f t 

Drag 
coefficient, 

C~ 

(b 1 

0.24 

0.24 

0.24 

0.24 

Flaperons, 
&g 

59 
81 

59 
83 

59 
81 

59 
81 

Inverted spins t o  p i l o t ' s  r i gh t  

236 

236 

236 

236 

18 up 

18 up 

18 up 

18 up 

>2L, >* 
2 

el$, elk, e2 1 , 2~ 

o 

o 

o 

0 

0.24 

0.24 

31.6 

31.6 

31.6 

31.6 

9 

10 

11 

12 

56 
68 

2; 

0.505 

0.585 

0.650 

0.650 

257 

257 

d5 UP 

a5 up 

Right 0 
Left 55 

Right 0 
Left 55 

31.6 

31.6 

LO 

11 

0.585 

0.650 
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CHART 1 .-SPIN AND RECOVERY CHARACTERISTICS OFTHE MODEL 

[ ~ e c o v e r ~  attempted by full rudder revers01 unless otherwise noted(rec9verY 0Hempted 
from, ond steady-spin doto presented for, rudder-full-with spinsj] 

[ Airplone I Attitude 1 Direction I Looding (see toble-Zf) Ho. 1 I 

SPIN 

00 

Em-1 

Slots 
, c10scd 

Turns for 
recovery 

4 3 ; c i l h t o r y  i n  r o l l  ~d yaw, anwe of value8 eivcn. 
b ~ p i m  only for  shor t  duration (appmxir;lte 10 to 1 5  tuns) te fore  

o ~ f i l h i l t e s  out  of the spin. 
C ~ t e r  recowry s t a r t s  m t a t i w  i n  opposite direction. 
d ~ o l l s  rnpidly a w u t  X ~ S  nfbzr recovery. 
cOsciLLatea out  of the spin  and u y  r o l l  very ~ p i a  a b u t  the 

X-&G. 

f~ecoven;  in a dive. 

%emvery ntlccpted by simltaneously d e f l e c t i w  the rudder to 
f u l l  @nst the spin  m d  the horizontal tail to full  d m  
(s t ick  forward). 

h~ecovera i n  an inverted o d e .  

i ~ i s v s ~  e s t b t e .  

JAfter recovery, e p p m  t o  start i n t o  an inverted spin. 
k ~ o ~ l s  i n t o  sn inverted glide and t ten rolls rapidly alaut X d s  
lEnters an e r e c t  glide. 
%;ulEcriw spin. 
n~ccoi.ery s t t e q t e d  by neutralizing the rudder. 
ORccoverieo ~ t t a p t e d  by deflecting the rudder t o  only 213 wainst 

Model volues converted to ftlll scale U-inner wing up D-inner wing down 
, -I P e c t  

Flops 
Q 

Ltc spin. 

Right 

Center-of-gravity position Altitude 
25.6 percent 25,000 fi. 
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CHART 2 .-SPIN AND RECOVERY CHARACTERISTICS OFTHE hlODEL 

[ ~ e c o v e r ~  attempted by full rudder revers01 unless ofhawise noted(rec3very attempted 
from, ond steady-spin doto presented for, rudder-full-with spins)] 

W s c i l l n w r y  i n  roll on& p w ,  range of vJlues a w n .  
b ~ p i m  only f o r  shor t  d m t i o n  ( a p p r o h t e  10 t o  15 t u n s )  h f o ~  

o s c l l h t e s  out  of V.e spin. 
'After recovery starts r o t o t i w  In: opposite direction. 
~ R O L U  rapidly a m u t  x-zxis a f t e r  recovery. 
COsclllates out  of U c  opin 3nd ray r o l l  very rapidly s u u t  the 

X - d s .  
f~ccovers 5n a dive. 

Cccor-ery 3ttezz*Cd oy slrultaneously deflectlog the mdder W 
f u l l  d u s t  U.e spin  and the horizontsl t a i l  t o  f u l l  dOm 
(s t ick  forward). 

%ecovers i n  on Inv-erted glide. 
ivisrul e s t i n t e .  

JAfter recovery, n p p m  t o  start i n t o  an inverted spin. 
k o l l s  i n t o  on inverted g l ide  and then r o l l 8  rapidly a m u t  X-axis 
l m t e r ;  nn e r e c t  a i d e .  
e i imaer iw spin. 
n ~ c c ~ v e r y  a t te rp ted  by n e u t d i z i n g  the rudder. 
%ecoverieo attempted by deflect- the rudder t o  only 213 m a s t  
u.e opin. 

Loading (see t a b l e l l )  No. 2 Airplane 

I I I 
F1W-1 Erect Right 1 Attitude 

Altitude 
25,000 ft. 

Slats Flaps 
Closed QJ 

Direction 

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

Center-of-gavlty 
29.9 percent 
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CHART 3 .-SPIN AND RECOVERY CHARACTERISTICS OFTHE PwfODEL 

[~ecovery attempted by full rudder reversal unless othwwise noted(rec9very attempted 
from, and steady-spin data presented for, rudder- f ull-with spins)l 

1 Airplane I Attitude 1 Direction I Loodino [see foble-91 No- 2 I 

pro SPW u 

1 

Slots 
Closed 

(deg) ( eg) 

Turns for 
recovery 

%scillrctory In m l l  md  w, ranqe of d u e s  aven. 
$plm only for  short duration (oppromte  10 t o  15 turns) h f o r e  

Osclllrctes out Of U.e spin. 
'After recomrj star ts  rotnt iw In opps l t e  direction. 
d ~ o l l s  rapidly a'out X-sxis a f t e r  recovery. 
COscillates cut of U s  Ipin md u y  ro l l  very rnpidly atout the 

X-sxi3. 
f~ccovero in  3 dive. 

%ecovery nttmpted Uy sicult;meouslY deflectlug the mdder M 
fu l l  e m t  the spin nnd the horizontrrl tail to f u l l  dom 
( suck  f0ru;lrd). 

h~eco'..crs i n  an inverted glide. 
i ~ i s u l  eottrrte. 

'4f-r recovery, apww to G h r t  into an inverted spin. 
k ~ o ~  into an inverted glide and than mlls rapidly oraut X 4 s  
'Enters an erect e l & .  
Sr3nDer~ng spin. 
n ~ e c o u c r ~  a t t e q t e d  by ~ut r ; r l i z ing  *e r\~d&i-. 
o~ccoveries otLerpted by deflecting U.e rudder to only 213 a&mt 

tte spin. 

Model values converted to full scale U-inner wino UD D-inner wins down 

rnverted 

Flops 
OP 

-. 
To p ~ t ' =  I 

riht 
Canter-of-gravity position 

29.9 wcent 
Altitude 

25,003 ft. 
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T.E. Floperon 
84 chord 1 : 15 chord ; ~ 2 5  chord 1238 

Trimmer 

slat T.E. .lOchord- L .E. Extension 

Rudder hinge 75 chord 

3.708 

Horizontal tail 

/ 
t 6.522- 
I 

-Fuselage reference line 

Figure 1.- Three-view drawing of the 1/24-scale model of the Grman 
F11F-1 airplane as  tested in+the Langley 20-foot free-spinning tunnel. 
Dimensions are model values i n  inches. Center-of-gravity position 
sho~m i s  24 percent mean aerodynamic chord. 



Figure 2.- Photograph of the Gr- Fl1F-1 airplane model as tested in 
the Langley 20-foot free-spinning tunnel. 
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Retracted position shorn 

Extended position shown 

Figure 3.- Sketch showing posit ion of canards tes ted on a 1124-scale 
model of the Grumman F l P - 1  airplane. Area of canard shown is 
2.19 percent of wing area. Dimensions are  model values. 
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