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FREE-SPINNING AND RECOVERY CHARACTERISTICS OF A 
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F-105~ AIRPLANE 

COOBD. NO. AF-AM-83 

By James S. Bowman, Jr. 

An investigation has been conducted in the Langley 20-foot free- 
spinning tunnel on a 1/36-scale model of the Republic F-lO5B airplane 
to determine the spin and recovery characteristics. 

Model test results indicated that even optimum control technique, 
full movement of rudder against the spin and of ailerons with the spin 
(stick right in a right spin), will be inadequate to insure satisfactory 
recovery; optimum control technique should be accompanied by extension 
of both canard surfaces (access doors) available on the airplane. It is 
important that the canard surfaces be extended fully to the horizontal 
position to be effective for recovery. 

The minimum size parachute required to insure satisfactory recovery 
in an emergency by parachute action alone was indicated to be 24 feet in 
diameter (laid out flat) with a drag coefficient of 0.673 (based on the 
laid-out-flat diameter) and a towline length of 45 feet. 
diameter parachute with a drag coefficient of 0.55 was tested in conjunc- 
tion with deflection of the canard surfaces and was found inadequate. 

A 21-foot- 

IMTRODUCTION 

The spin investigation of a l/$-scale model of the Republic F-lO5B 
airplane was initiated in the Wright Air Development Center vertical wind 
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tunnel, 
vertical wind tunnel became inoperative and required remodeling. 
result, the U. S. Air Force requested that an investigation be conducted 
in the Langley 20-foot free-spinning tunnel on a 1/36-scale model to 
determine the spin and recovery characteristics of the Republic F-lO3B 

However, during the course of the spin-test program, the WADC 
As a 

e e e  eab e 

e @  airplane. 
@ e 3  
18 o *  

The present investigation included tests to determine the effect of 
the engine gyroscopic moments, the effects of aileron movementsi and the 
effect of various emergency spin-recovery parachutes on recovery charac- 
teristics. All tests were conducted for erect spins and for the normal 
gross-weight loading with a center-of-gravity position of 28.8 percent 
mean aerodynamic chord. 

An appendix is included which presents a general description of the 
model testing technique, the precision with which model test results and 
mass characteristics were determined, variations of model mass character- 
istics occurring during tests, and a general comparison between model 
and airplane results e 

SYMBOLS 

b 

S 

E 

X/F 

z / E  

m 

1x9 Iy, Iz 

wing span, ft 

wing area, sq ft 

mean aerodynamic chord, ft 

ratio of distance of center of gravity rearward of 
leading edge of mean aerodynamic chord to mean aero- 
dynamic chord 

ratio of distance between center of gravity and fuselage 
reference line to mean aerodynamic chord (positive when 
center of gravity is below line) 

mass of airplane, slugs 

moments of inertia about X, Y, and Z body axes, respectively, 
slug-ft2 

IX - IY 
2 nb 

inertia yawing-moment parameter 
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i n e r t i a  rolling-moment parameter IY - *z 
mb2 

T I 

IZ - IX 
mb2 

i n e r t i a  pitching-moment parameter 

P air  density, slug/cu f t  

m P r e l a t ive  density of airplane,  - 
PSb 

a angle between fuselage reference l i n e  and v e r t i c a l  
(approximately equal t o  absolute value of angle of 
a t tack  a t  plane of symmetry), deg 

angle between span axis and horizontal, deg # 
v fu l l - sca le  t rue  r a t e  of descent, f t / s ec  

R fu l l - sca le  angular veloci ty  about spin axis, rps  

MODEL AND TEST CONDITIONS 

The 1/36-scale model of t he  Republic F-lO5B airplane previously 
t e s t ed  i n  t h e  WADC spin tunnel w a s  used i n  the  present invest igat ion,  
A three-view drawing of t he  model as t e s t ed  i s  shown in  f igure  1. 

For t e s t s  made simulating engine on, t h e  angular momentum of t h e  
ro ta t ing  pa r t s  fo r  i d l e  speed of the  fu l l - sca le  P r a t t  & Whitney 5-75 
engine ( l 5 , O O O  slug-ft2/sec) was simulated by ro ta t ing  a flywheel with 
a small direct-current motor powered by small s i l ve r - ce l l  batteries. 
The flywheel w a s  located i n  the  model s o  t h a t  t he  axis of t h e  angular 
momentum was p a r a l l e l  t o  t he  longitudinal axis of t h e  airplane.  

Except f o r  b r i e f  t e s t s  conducted t o  determine the  e f f ec t  of t h e  
nose-landing gear extended, spin t e s t s  were conducted with t h e  model i n  
the  clean condition. 

The airplane i s  equipped with canard-type access doors on each s ide 
of the fuselage near the  nose, t he  door on t h e  right-hand s ide  being the  
la rger  of t he  two as shown i n  f igure  2.  The model program w a s  extended 
t o  evaluate the possible use of these access doors (henceforth re fer red  
t o  as canards) as emergency recovery devices. 
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3 The emergency spin-recovery parachute t e s t s  were conducted with 

seseB 

s tab le  f la t - type  parachutes made of 400 porosi ty  material. 
point of attachment was a t  the  top r ea r  of t h e  fuselage,  

The parachute 
e O b  
m e  

The model w a s  ba l las ted  t o  obtain dynamic s imi l a r i t y  t o  t h e  a i rp lane  
The dimensional 

The mass char- 

e e e e  
eeee 

B e  

ee at an a l t i t ude  of 25,000 f e e t  ( p  = 0.001065 slug/cu f t ) .  
charac te r i s t ics  of t he  airplane a r e  presented i n  t ab le  I.  
a c t e r i s t i c s  of t he  airplane and the  loading t e s t ed  on the  model are pre- 
sented i n  t ab le  11. The maximum control def lect ions (measured perpen- 
dicular  t o  the  hinge l ines)  used on the  model during tests were: 

e m  
e eee 

Rudder, deg: 
Right . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 
Left  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32 

Horizontal ta i l :  
Trai l ing edge up, deg . . - . a . . e e . 25 
Trai l ing edge down, deg I I) e e I L/ a . e . 7 

Ailerons, deg: 
up . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
Down . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Upper-surface spoi ler ,  deg: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  up 50 
Down . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 

RESULTS AND DISCUSSION 

The model t e s t  r e su l t s  a r e  presented i n  char ts  1 t o  4 and i n  
t ab le  111. The model data a re  presented i n  terms of fu l l - sca le  values 
f o r  the airplane a t  an a l t i t u d e  of 25,000 f e e t .  

The model as received from Wright A i r  Development Center had been 
extensively tes ted,  and asymmetric spin results were obtained possibly 
because of i t s  r e l a t ive ly  poor condition, This w a s  evidenced by the  
f a c t  t h s t  it would not spin i n  one direct ion.  It was f e l t ,  however, 
t h a t  the  corresponding airplane would probably be capable of t h e  en t i r e  
range of t he  r e s u l t s  obtained on the  model. 

For t h e  spins obtained, a i le rons  indicated some effectiveness i n  
terminating the  spin, but even use of optimum control technique (based 
on t e s t  r e s u l t s  of s imilar ly  loaded models), which i s  movement of t he  
rudder t o  f u l l  against  t he  spin and the  a i le rons  t o  f u l l  with the  spin, 
was indicated t o  be inadequate i n  insuring sa t i s fac tory  recoveries; use 
of the  canards on the  nose of t he  model i n  conjunction with the  optimum 
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control movement was necessary t o  obtain good recoveries (char t s  1 t o  4) 
The optimum control  technique, therefore,  must be accompanied by exten- 
s ion of t he  canard surfaces avai lable  on the  airplane t o  insure satis- 
factory recoveries. As indicated i n  reference 1, the  extended canard 
on the  inboard s ide ( r igh t  s ide  i n  a r igh t  spin)  is  probably t h e  effec-  
t i v e  canard surface i n  a s s i s t i ng  recovery. Simultaneously actuated 
canard surfaces were used i n  t h i s  instance so that the  p i l o t  would not 
inadvertently open the  wrong canard. The results, although not presented 
i n  chart  form, indicated t h a t  the canard surfaces should be extended 
f u l l y  t o  the  horizontal  posi t ion t o  be e f fec t ive  f o r  recovery. 

Test r e s u l t s  indicated that the  angular momentum of t h e  ro t a t ing  
j e t  engine w i l l  not a f f ec t  the spin and recovery charac te r i s t ics  
appreciably 

Brief tests were conducted on the  model t o  determine t h e  e f fec t ive-  
ness of upper-surface s lo t t ed  spoi lers ,  a t  one time considered as a pos- 
s i b l e  replacement f o r  t he  a i le rons  on the  airplane.  The r e s u l t s  indi-  
cated t h a t  spoi le rs  offered l i t t l e  assis tance i n  terminating the  spin.  
The addi t ion of an undersurface def lector  i n  conjunction with t h e  upper- 
surface s lo t t ed  spoi le rs  offered l i t t l e  or  no addi t ional  ass i s tance  i n  
terminating the  spin,  These r e s u l t s  are not presented i n  chart  form. 

Brief tests conducted t o  determine the  e f f ec t s  of t h e  extended nose 
gear ( r e s u l t s  not presented) indicated that  the  airplane spin and recov- 
ery charac te r i s t ics  would not change appreciably with the  nose gear i n  
t h e  extended posi t ion,  

Parachute Tests 

The r e s u l t s  of the  tests performed t o  determine the  minimum s i z e  
parachute required t o  insure sa t i s fac tory  recovery i n  an emergency are 
presented i n  t ab le  111. Also presented i n  t a b l e  I11 are t e s t s  conducted 
f o r  a 21-foot-diameter parachute used i n  conjunction with t h e  canards 
f o r  recovery. 
t h e  t a i l  cone. (See f i g .  1.) 

The towline attachment point w a s  a t  the  upper pa r t  of 

Test r e s u l t s  indicated that a 24-foot-diameter parachute with a 
drag coeff ic ient  of 0.673 (based on the  la id-out-f la t  diameter) and a 
towline length of 45 f e e t  i s  required t o  insure sa t i s fac tory  recovery 
by parachute act ion alone. It should be noted, however, that i f  a para- 
chute with a d i f fe ren t  drag coeff ic ient  i s  used, a corresponding adjust-  
ment i n  the  parachute diameter w i l l  be required. A t  t he  request of t he  
manufacturer, recoveries were attempted by using a 21-foot-diameter 
parachute with a drag coeff ic ient  of 0.55 and a towline length of 45 feet  
simultaneously w i t h  extended canards. 
t h i s  was inadequate f o r  sa t i s fac tory  recoveries. 

The tes t  results indicated that 
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Based on analysis of spin tests of a 1/36-scale model of the 
Republic F-lO5B airplane, the following conclusions regarding the spin 
and recovery characteristics of the F-lO5B airplane at an altitude of 
25,000 feet are made: 

1. Although the airplane may not spin for some conditions, developed 
spins will be possible from which recovery may be difficult. Optimum 
control technique for recovery will be movement of the rudder to full 
against the spin and the ailerons to full with the spin, but this will 
be inadequate to insure satisfactory recoveries for all conditions; fo r  
satisfactory recoveries, optimum control technique should be accompanied 
by extension of both canard surfaces (access doors) available on the air- 
plane. 
the horizontal position to be effective for recovery. 

It is important that the canard surfaces be extended fully to 

2. The minimum size parachute required to insure satisfactory recov- 
eries in an emergency is 24 feet in diameter (laid out flat) with a drag 
coefficient of 0.673 (based on the laid-out-flat diameter) and a towline 
length of 45 feet. 

3. A 21-foot-diameter parachute with a drag coefficient of 0.55 and 
a towline length of 45 feet used simultaneously with extended canards 
was inadequate to give satisfactory recoveries. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., September 12, 1957. 

James S. Bowman, Jr. 
Aeronautical Research Engineer 

bcc 
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MODEL TESTING TECHNIQUE AMD PRECISION 

Model Testing Technique 

The operation of t he  Langley 20-foot free-spinning tunnel i s  gen- 
erally similar t o  that described i n  reference 2 f o r  t he  h n g l e y  l>-foot 
free-spinning tunnel except that the  model-launching technique is  d i f -  
fe ren t .  With the  controls s e t  i n  the  desired posit ion,  a model is  
launched by hand with ro ta t ion  i n t o  the  ve r t i ca l ly  r i s i n g  air stream. 
A f t e r  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-controlmecha- 
nism. 
the  steady spin t o  the  posi t ion being investigated i n  t h e  recovery 
attempt. After recovery, t he  model dives i n t o  a safe ty  ne t .  The tests 
are photographed with a motion-picture camera. The spin data  obtained 
from these t e s t s  are then converted t o  corresponding fu l l - sca le  values 
by methods described i n  reference 2 ,  

The mechanism moves the  controls rapidly from the  pos i t ion  f o r  

Spin-tunnel t e s t s  are usually performed t o  determine t h e  spin and 
recovery charac te r i s t ics  of a model f o r  t he  normal spinning-control con- 
f igura t ion  (hor izonta l - ta i l  t r a i l i n g  edge f u l l  up, lateral controls neu- 
t r a l ,  and rudder fu l l  with the  spin) and f o r  various other lateral con- 
t r o l  and horizontal- ta i l  combinations including neut ra l  and maximum 
se t t ings  of t he  surfaces. Recovery is  generally attempted by rapid f u l l  
reversa l  of the  rudder, by rapid f u l l  reversa l  of both rudder and hori-  
zontal  ta i l ,  or  by rapid f u l l  reversa l  of t h e  rudder simultaneously with 
moving ai lerons t o  f u l l  with t h e  spin. The pa r t i cu la r  control  manipula- 
t i o n  required f o r  recovery i s  generally dependent on the  m a s s  and dimen- 
s iona l  charac te r i s t ics  of the model (refs. 3 ,  4, and 5) e Tests a r e  a l s o  
performed t o  evaluate the  possible adverse e f f ec t s  on recovery of small 
deviations from the  normal control  configuration f o r  spinning. For these 
t e s t s ,  t he  horizontal  t a i l  i s  set a t  e i the r  fu l l  up or two-thirds of i t s  
ful l -up def lect ion and the  l a t e r a l  controls are s e t  a t  one-third of f u l l  
def lect ion i n  the  direct ion conducive t o  slower recoveries, which may be 
e i the r  against  t he  spin ( s t i c k  l e f t  i n  a r i g h t  spin) or with t h e  spin 
depending primarily on the  mass charac te r i s t ics  of t he  pa r t i cu la r  model, 
Recovery i s  attempted by rapidly reversing the  rudder from f u l l  with the 
spin t o  only two-thirds against  the  spin, by simultaneous rudder reversa l  
t o  two-thirds against  t he  spin, and movement of t he  horizontal  t a i l  t o  
e i the r  neut ra l  or two-thirds down, or  by simultaneous rudder reversa l  t o  
two-thirds against  the  spin and s t i c k  movement t o  two-thirds with the  
spin.  This control configuration and manipulation i s  re fer red  t o  as t h e  
"cr i te r ion  spin," with the  par t icu lar  control  se t t ings  and manipulation 
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used being dependent on the mass and dimensional charac te r i s t ics  of the  
model 

Turns f o r  recovery a r e  measured from the time the  controls a r e  
moved t o  the time the spin rotat ion ceases. Recovery charac te r i s t ics  
of a model a r e  generally considered sa t i s fac tory  i f  recovery attempted 
from the c r i t e r ion  spin i n  any of the manners previously described i s  
accomplished within 2L turns .  

of full-scale-airplane spin-recovery data that a re  avai lable  f o r  com- 
parison with corresponding model t e s t  r e su l t s .  

This value has been selected on the  basis 4 

For recovery attempts i n  which a model s t r ikes  the  safe ty  net while 
it was s t i l l  i n  a spin, the  recovery i s  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 
necessarily indicate an improvement over a > 7-turn recovery. 
ery of t e n  o r  more turns i s  indicated as M. 

A recov- 

For spin-recovery parachute t e s t s ,  the minimum s ize  t a i l  parachute 
1 
4 required t o  e f f ec t  recovery wi th in  2- turns  f romthe  c r i t e r ion  spin is  

determined. The parachute i s  opened f o r  the recovery attempts by actu- 
a t ing  the remote-control mechanism and the rudder i s  held w i t h  the spin 
so  that recovery i s  due t o  the parachute act ion alone, 
recovery parachute i s  placed on the model i n  such a posi t ion t h a t  it 
does not seriously influence the  established spin. 
the  packed parachute t o  the model and when released allows the  parachute 
t o  be blown f r ee  of the model. On fu l l - sca le  parachute in s t a l l a t ions  it 
i s  desirable t o  mount the parachute pack within the  airplane structure,  
i f  possible, and it i s  recommended that a mechanism be employed f o r  
posi t ive eject ion of the parachute. 

The folded spin- 

A rubber band holds 

Precis ion 

Results determined i n  free-spinning-tunnel t e s t s  a r e  believed t o  be 
t rue  values given by models within the following l imits :  

Turns f o r  recovery obtained visual ly  * . e e e & 
2 
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D The preceding limits m y  be exceeded fo r  cer ta in  spins i n  which it 
i s  d i f f i c u l t  t o  control the model i n  the tunnel because of the high r a t e  
of descent o r  because of t he  wandering or  osc i l la tory  nature of the spin. 

The accuracy of measuring the  weight and mass d is t r ibu t ion  of 
models i s  believed t o  be within the  following l i m i t s :  

Weight,percent . - . . e I) . a (. - . a a +1 
Center-of-gravity location, percent c" e e . e e + I I . 21 

k 5  Moments of i ne r t i a ,  percent . . . . . . * . * * * s . . L ) .  

Controls a r e  s e t  with an accuracy of +lo. 

Variations i n  Model Mass Characterist ics 

Because it i s  impracticable t o  b a l l a s t  models exactly and because 
of inadvertent damage t o  models during t e s t s ,  the  measurep weight and 
mass d is t r ibu t ion  of the Republic F-lO5B model varied from the  t r u e  
scaled-down values within the  following l i m i t s :  

Weight, percent . - . * . e I a e , a I _. . 0 t o  1 high 
Center-of-gravity location, percent E I e e a e 0 t o  2.8 rearward 
Angular momentum, percent e e e a . . e 12 high t o  12 low 
Moments of i ne r t i a :  

1xs percent e - e e e . e Ij e 3 high t o  27 high 
IY, percent e e . . . e e e e a a . e 5 high t o  9 high 
Iz, percent e e . . . e a e . a . 3 high t o  8 high 

Comparison Between Model and Airplane Results 

Comparison between model and fu l l - sca le  r e su l t s  i n  reference 6 
indicated t h a t  model t e s t s  accurately predicted fu l l - sca le  recovery 
charac te r i s t ics  approximately 90 percent of the  time and that, fo r  the 
remaining 10 percent of the time, the model r e su l t s  were of value i n  
predicting some of the  d e t a i l s  of the  fu l l - sca le  spins, such as motions 
i n  the developed spin and proper recovery techniques. The airplanes 
generally spun a t  an angle of a t tack  closer t o  45' than did the  corre- 
sponding models The comparison presented i n  reference 6 a l so  indicated 
t h a t  generally the  airplanes spun with the  inner wing t i l t e d  more down- 
ward and with a greater  a l t i t ude  loss  per revolution than did the corre- 
sponding models, although the  higher r a t e  of descent was found t o  be 
generally associated with the  smaller angle of a t tack,  regardless of 
whether it w a s  f o r  the model o r  airplane.  
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DIMENSIONAL CHARACTERISTICS OF THE REPUBLIC F-105~ AIRPLANE 

Overall length, f t  e e e e ;. . . . e e 63.11 

Wing: 
Area, s q f t  e e e L) * .  e e * .  . 
Span, f t  a e * I .  e * .  a * 

Root chord ( theoret ical) ,  f t  . e a e 

T i p c h o r d , f t  I) e e m e  

Airfo i l  section: 
Wing s ta t ion  80 in .  (streamwise) 
Tip (streamwise) e . ./ . . e ./ e . 

Mean aerodynamic chord, f t  e e e e a e e 

Leading edge of root chord t o  leading edge E ,  i n  
Sweepback at  0.25-chord l ine ,  deg e e e e . e 

Incidence, deg . . . e e e . e 

Aspect ra t io  e e a e e a j. e e a 

Dihedral, deg e e e e . e 

Taper r a t i o  * e . e e e 

.f 

NACA 65AOO5.5 
NACA 65~003.7 . e e 11.485 

e . 0 0 102.75 
* # S O  45 
e . . *  0 

e 3.182 
D 0 s 0 -3.5 

e e e 2.14 

Ailerons: 
Span, percent wing span (I e e e . a e e e . e 30 

Horizontal-tail surfaces: 
Tota la rea ,  s q f t  e e . a I )  e a e e - 95.8 
S p a n , f t  - . .  a e a e e e e e e e e * II e e e 17.4 
Air fo i l  section: 

R o o t s  II e a e ~ a e e e I( NACA65AOO6 
Tip e ). (. e e a e (. e e EaACA65AOO4 

Sweepback a t  0.25-chord l ine,  deg e . . . e e - e 45 

Vert ical- ta i l  surfaces: 
T o t a l  area, sq ft  (above w a t e r  l i ne  38) a e e e 63.25 
Rudder area, sq f t  e a . . e . e e e . e e 11.39 
S p a n , f t  e e * . .  . - a e a a - e e 13.08 
Air fo i l  section: 

Water l i ne  38 . - I e a a e . e NACA 65~006 
Tip e e e e e a a I) L/ e e e e .  e * NACA65AOO4 
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Airplane 

F-105B 
Slats BB, 

e e  
a ese 

Angular momentum of 
jet engine not 
simulated 

Attitude Direction Loading (see t o b l e T T )  

meet Simulated Normal gross weight loading 
Flops left spin Center-of-gravity position Altitude 

28.8 percent 25,000 ft 

CURT 1.- SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL 

Recovery attempted by rapid f u l l  rudder reversal unless otherwise noted (recove ' attempted from, and developed-spin data presented f o r ,  rudder-full-with spinsy 

a 

aOscillatory spin, average or  range of values given. 
bModel recovered in a glide. 
'Recovery attempted by reversing the rudder to 2 / 3  against the spin and 

dRecovery attempted by reversing the rudder to 2 / 3  against the spin and 
simultaneously moving the ailerons to 2 / 3  with the spin. 

simultaneously moving the ailerons to 2 / 3  with 
the canards. 

eModel recoverced in a dive rolling with the ailerons. 

the spin and extending 



NACA RE4 SL57I30 CONFIDESJTIAL 

Airplone Attitude Direction Loading (see tob1eiL .L)  

Normal gross weight loading F-105B &ect 

s tats Flops Simulated Center -of -gravity position Altltude 
right spin 28.8 percent E 25,000 ft 

15 

Angular momentum of 
jet engine not 
simulated 

ir, 

Ailerons 
$ against 

a 

aOscillatory spin,average o r  range of values given. 
bRecovery attempted by reversing the rudder to 2/3 against the spin and 

CRecavery attempted by reversing the rudder to 2/3 against the spin and 

dRecovery attempted by extendine canards only. 

simltaneously extending canards. 

simultaneously moving the ailerons to 2/3 with the spin and extending 
the canards. 

Turns for recovery 

COMFIDEMTIAL 
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eese 
sese 

e e  
G 

e@ 
s e  
e ess 

Airplane Attitude Direction Loading (see t a b l a x )  
Idle engine 
speed simulated 

F-105~ Erect Simulated Normal gross weight loading 
right 

Center-of-grovity position Altitude 
28.8 percent 5 25,000 ft 

Flaps S P b  Slots 

Ailerons 
1 7 against 

f---r-l 

a 

11 59 12u 1 1 1  
-4 Ailerons full against 296 0 . 2 4 .  Ailerons full with 

(Stick left) (Stick right) 

aOscillatorj spin, range of values given. 
bRecovery attempts3 by revsrsing the rudder to 2/3 against the spin and 

CHecovery attempted by reversing the rudder to 2/3 against the spin and 

dRecovery attem2ted by reversing the rudder to 2/3 against the spin and 

simultaneously extending canards. 

simultaneously moving the ailerons to 2/3 with the spin. 

simiiltaneously moving the ailerons to 2/3 with the spin and extending 
canards. 

Turns for recovery 



NACA RM SL57130 

Direction Looding (see t o b l e x )  Airplone Attitude 
F-105B Erect Simulated Normal gross weight loading 

.- left 
Slots Flops spin Center-of-gravity position Altitude 

20.0 percent 5 25,000 ft 
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Idle engine 
speed simulated 

aOscillatory spin, average or range of value given. 
bRecavery attempted by moving the ailerons to full with the spin and 

'Recovery attempted by reversing the rudder to 2 / 3  against the spin and 

dRecovery attempted by moving the ailerons to Z / 3  with the spin and 

eRecovery attempted by reversing the rudder to 2/3  against the spin and 

simultaneously extending canards. 

simultaneously movi?g the ailerons to 2/3  with the spin and extending 
canards. 

simultaneously extending the canards. 

simultaneously moving the ailerons to 2 / 3  with the spin. 

Turns for recovery 
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Figure 1,- Three-view drawing of the  1/36-scale model of the  Republic 
F-lO5B airplane as tes ted  i n  the  Langley 20-foot free-spinning tun-  
ne l ,  Dimensions a re  model values i n  inches. Center-of-gravity posi- 
t i o n  shown i s  28.8 percent E *  



311 canard 

line 

,-Smell canard hinge line 

Left  side v iew 

Figure 2.- Sketch showing posit ion of canard-type access doors t es ted  
Dimensions on a 1/36-scale model of the  Republic F-lO5B airplane,  

a r e  model scale ,  



FREE-SPINNING AND RECOVER'I CHARACTERISTICS OF A 

1/36-SCALE MODEL OF THE REPUBLIC 

F - 1 0 5 ~  AIRPLANE 

COORD. NO. A F - A M - ~ ~  

By James S .  Bowman, Jr. 

ABSTRACT 

An investigation has been conducted in the Langley 20-foot free- 
spinning tunnel to determine the spin and recovery characteristics of 
an airplane model. Model test results indicated that even optimum 
control technique, full movement of rudder to against the spin and the 
ailerons to with the spin (stick right in a right spin), will be inade- 
quate to insure satisfactory recovery on the airplane from a fully 
developed spin. For satisfactory recovery, optimum control technique 
must be accompanied by extension of canard surfaces (access doors) avail- 
able on the airplane. 
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