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SUMMARY OF RESULTS OF TUM~LING INVESTIGATIONS MADE IN 

%ATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 
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By Ralph W. Stone, Jr. , and Robert L. Bryant 

SUMMARY 

The tumbling characteristics of dynamic  modele  of 14 specific 
airplane  desigm  investisted in the Langley 20-foot ~ e - s p ~ g  
tunnel  for various loadings and configurations  are  smr~n~rized. For 
three of the models, t e s t s  were mde t o  determine  *ether  recovery 
from a tumble could be effected by the use of parachutes, and f o r  two 
of these models, further tests were  =de to determine whether the  pilot  
could safely escage from a tumbling ai.rplane. The accelerations that 
would be acting on the p i l o t  during a t-le were  computed f o r  several- 
of the  tes ts .  

The resul ts  indicated. that conventional  airplanes would not  tmible, 
whereas t a i l l e s s  and ta i l - f i r s t   a i rp lanes  might tumble, depending upon 
the amount of s ta t ic   longi tudinal   a tabi l i t r .  The tunibling motion could 
generally be prevented by forward lnovament of the center of gravity. 
The results  ala0  indicated that tailless airplanes of l o w  aspect  ratio 
and having the i r  =sa distrfbuted  chiefly  along the fuselage were less like* t o  tumble than  tail less  airslanes of high aspect ratio end having 
the mass distributed  chiefly  along  the wing. It was indicated  that 
l a t e ra l  and directional controls had l i t t l e  or  no effect on tumbling 
other than t o  dictate  the motion of the  airplane after recavery from a 
tuajble. The longttudlnal  controls and auxiliary l i f t  devices  did  not 
apyear t o  have any effect on tumbling,  except when the  longitudinal 
s tab i l i ty  was mginal. In an arnergency, recovery from a turmble may 
be effected by the   we  of  two parachutes, one attached t o  each xlng t i p ,  
when opened simultaneously. The investigation  indicated that the 
accelerations encountered by a pilot in a tmible may be exceptionally 
dangerous. The  result^ also indicated that, although the p i l o t  will 
probably not be struck by parts of the airplane In leaving the cockpit 
of a t a i l l e s s  a i rp lane  during a tumble, the  acceleratiom  acting on him 
during the tumble may be hi@ and lnay prevent hlm from leaving the 
cockpit. 
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IXI!RODUC!ITOlV 

d - . *  
The phenamenon of tmbling, a continuous pitching  rotation about an 

&s parallel t o  the lateral axis of the  airplane while UescendFng along 
an inclined path (see f i g ,  l), was reported i n  1942 for a conventional 
fighter airplane. Later, a fatal crash  occurred  during flight tests of a 
tailless ahplane,  the cause of Wch ,  it wm believed, mi&t. have been 
the pilot ' s  failure t o  recover f r c a n  a tumble. To date, however, there is 
no reliable information regarding the tmibling of  Fuy-scale aircraft 
Lnvestigations conducted i n  the L%ngley m-foot fkee-spimxhg tunnel 
following t he  implicatione.that such a maneuver 88 tumbling m y  be possible 
have shown that the.phenamsnon is real and m q  OCCUT with tailless air-  
planes but not with conventional airplanes. 

The tumble t e s t s  reported herein were conducted generally a8 part of 
regular  spin-test programs f o r  14 m c  models. The models represented 
tailless airplanes having a wide range of sweep angles and aspect  ratlos 
as  w e l l  as  several  conventional ah-glanes. For same of t h e  mdel+l, t e s t s  
were &e t o  determine the  effects of aenter-of-gravity  variation and. of 
weight variation.  Revisions of the geametric  configuration of ~cme of 
t he  models were ale0 teated,  either because a revision was required t o  
improve the  spin-recovery or longitudlaal trim chmacteristice. o r  t o  
improve the tumbling characteristics. For three of the nodeb,  teste 
were made to determine  whether or  not  parachutes  could be wed as an 
emergency tmdble-recovery devlce, and for two of these models, pi lot-  
escape data were obtained.. Approximate calculations were mde f o r  sane 
of the models t o  determine t h e  magnitude of the accelemtions which would 
be acting on the p i l o t  during a tumble. 

b 

s 
- 
C 

x/a 

wing span, fee t  

Xing area, square feet 

mean aerodynamic chord, fee t  

r a t i o  of distance of center of gravity rearward of leading 
edge of m e a n  aerodynamic chord t o  mean aerodynamic chord 

r a t i o  of distance between center of gravity and horizontal 
reference line t o  mean aerodymmic chord (positive when 
center of gravity is below l i n e )  

* .  

J "  
b 

m mass of airplane,  slugs 
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s, 

moments of inertia about X P, and Z body m e a ,  
respectively, slug-f eet h 

air density, slugs per  cubic foot 

amlane relative-density  parameter (m/p~b) 

distance from airplane  center of gravity  to  pilot ' s  head, 
feet 

angle of attack of airplane, measured at the center of 
gravi*, m p e s  

began) , seconds 
time (Wen  to be zero t h e  inatant t he  record of motion 

aagulaz disphcement of alrplane about  its Y-axis, 
radiana (e = 0 when t = 0) 

angle a lFne through the p i l o t ' s  head asd the afrplane 
center of gravity makes with the fuselage reference 
line, degrees 

full-scale velocitr 09 the alrplme center of grav i ty  
along its €zajectory,  feet  per  second 

angular velocity of airplane about its Y - a x i s ,  rad- 
per second. 

= gj 
acceleration due to gravity, 32.2 feet per  second  per  second. 

centripetal  acceleration of pilot ' a  head due to SE, g units 

angular acceleration of a-trplane  about  its Y - a x i s ,  radiane 
per second per second 

tangential  acceleration of pilot's head due to a,, g units 

resultant  acceleration of pilot's head, g units 

component of acceleration  directed through long asis of t h e  
pilot (positive when pilot  is puehed down into  seat), 
g units 

component of acceleration  directed norm1 to long exis of 
the  pilot  (positive when pilot  is pushed agaifmt  back 
of seat), g units 

rudder def lectian, degrees 
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elevator  deflection, degrees 

aileron  deflection, degrees 

Model 

D i m e m i a n a l  and ma68 characteristics of the airplanes as represented 
by the models are presented In tables I and Il, reepectively, and three-view 
d r a w i n g s  of the models and changes from the no& model configurations a r e  
presented in figures 2 t o  13. Each model was baLLasted  by the use of lead 
weights t o  obtain m c  shrllasity t o  the part;iculetr afrplane it repre- 
eented a t  a @veri t e B t  a l t i tude ae l is ted in  table Il. The petrachubes w e d  
were of the flat circular tspe, made of si lk,  and had a drag coefficient of 
approxhately 0.7 based on the surface area of the canopy when spread  out 
flat. A model p i lo t  was made to   scale  and ballasted for W c  sFmilarity 
of a 200-pound man, with parachute, at the  tes t   a l t i tude.  For the 
parachute-recovery and pilot-escape tests, a remote-control mechanim was 
installed in the model t o  open t h e   p a c h u t e  or release the model p i lo t -  

6 %  

$ -  

Wind Tunnel and Testing Technique 

The tumbling tes ta  were performed in the lan&ley 20-foot free-eplnning 
tunnel, the operation of which is generallg similar t o  that of the 15-foot free- 
spinning  tunnel, as described Fn reference 1, except that t he  launching 
technique has been  changed to   lamching br hand. For the tumble teste,  two 
methods of hunching the models were employed: the model was Launched from 
a nose-up at t i tude t o  simulate a whip stall in order t o  determfne whether 
the model would st& tumbling of its own accord, and the mdel was launched 
ki th  initial pitching  rotation in order to determine whether the model would 
tumble once the tuItibling motion had been started. The simulated whip stall 
was obtained by holding the model in the air stream with i ts  nose up .and 
a i m g l y  l e t t i ng  go of the model.' The lnitial pitching  rotatian given the 
model was irqarted while holding the model i n  the air stream and forcing 
it t o  rotate by applying a pitching moment. The model data presented 
herein were converted t o  fIiU-ecale values by methoU described In 
reference 1. 

The models used f o r  the parachuterecovery  testa were BO loaded that 
they would tumble when Launched with initial pitching  rotation and the 
parachutes were opened after appro"telg two c a p l e t e  revolutima of the 
tumble. The number of a d d l t i o d  revolutions, mde before recovery wae 
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effected, wa6 recorded by visu8.l observation and by mo*g pictures of the 
motion. The pilot-escape  tests were conducted in a similar manner except 
that a f t e r  approximately two revolutions of the tuu2d.e the model pi lot  
wa6 released from the top of the  cockpit o r  escape  hatch and his path of 
motion wa8 observed t o  determine whether he etruck the tumbling model. 

Cmgutations of Accelerations 

Accelerations at the pilot  ' 8  head were computed because it appears that 
the head is most vulnerable 88 regards acceleratiom. The resultant accel- 
eration of the   p i lo t ' s  head with respect t o  the earth is the Vectorid. sum 
of the  tangential and normal accelerations of the  airplane  center of gravity 
along and normal t o  its trajectory  plus  the centr1pets.l acceleration of the 
pi lot  's head due t o  the angular velocity of the airplane about i ts  Y-axis 
plus  the  tangential  acceleration of the p i lo t ' s  head due t o  an- accel- 
eration of the &plane  about its Y-axis. The accelerations given herein 
f o r  models 9 and ll were  ccrllrputed on the assumption that the airplane 
rotated w i t h  constant angular velocity and the  tangential and normal accel- 
eratiom of the center of gravity were negkLgfble. More recent tests with 
model 13, however, have ahown that the model6 may not r o t a t e  with constant 
angular velocity,  although  the  tangential and normal accelerations of the 
center of gravity of the models were found t o  be negligible ( leas  than 1) 
BB o r i g 3 3 y  assumed.  The path of motion of the tumbling model w a s  
obtalned wfth a stationary  motion-picture camera for model 13. The model 
motion was converted i n t o  corresponding full-scale motion and plotted in 

and the angular acceleration &o by graphical  differentiation of the dis- 
placement curves * The centripetal  aqceleration a and the  tangential 
acceleration aA were then calculated by w e  of &e following f oMmxlas : 

figure 1- T h i s  path Of DDtfon UBB Wed to determfne -the m e  V e I O C f t y  

de a% 
at2 

The slopes - at and - =re arbi t rar i ly  talren on figure 16 at d t a n c e s  

hal$way between the recorded intervals of time. These were then  resolved 
l n t o  t h e i r   c q o n e n t s   a r e c t e d  throua and normal t o  t he  long ax is  of 
the  pilot:  
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a' = &c sin 6 + aA cos 

The resultant  acceleration & is the  veotorial aum of the componente a' 
and a''. 

The accuracy of measuring the  weight and ma88 distributian of t h e  
modela is  believed to be with311 the following lFmits: 

" 

"Wei&t,percent . . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
Center-pf-gravity  location, percmt E .  . . . . . . . . . . . . . . .  i1 
".&s of inertia, percent; . . . . . . . . . . . . . . . . . . . . .  *5 

Controls  were set  wfth an accuracy of *lo. 

Comparison between  model  and  airplane tumble results  cannot be made 
as there  exists no full-scale tumbling  data. The following  interpretation 
is  given  for  the  application of model  results to the  full-scale  airplane 
from the  reeults  of  different  methods of launching  the model: If the model 
tumbles  when  launched  either  with or Hthout initial  pitching  rotatian, it 
is taken as an indicatim that  the correspanding airplane  could  tumble, 
although  the  airplane  probably  would  be  more  likely  to  tumble  if the model 
s t a r t s  tmbling when  launched  with no pitching  rotatian. If the  rotation 
stops  after  being  launched  with  initial  pitching  rotation,  the  results are 
interpreted  to  mean  that  the  corresponding  airplane  will  not  tumble. 

RESULTS AmD DISCUSSION 
a 5 

An index to the data  is presented in table In. The data are  presented 
in tables I T  through XXIIk For  convenience, a code of symbols was chosen 
to represent  different  results. The symbol A means  that  the  model  tumbled; 
e p h l  B meens that  the model would  not  tumkle  and  dived with Ellightly 

$ 4  
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d a n ~ e d  oscillations in pitch until s-klkbg the safe- net; synibol C 
indicates that the model would not t d l e  and dived  with  rapidly damped 

&e* net; and the symbol D means that the model  would not tumble 
and dived with no oscillations In pitch, that is, the oscillations were 
Aasrped almost instantaneously at the  termination of a forced initial 
rotation.  Figures 17 to 20 are  reproductions of motion pictures of 
the motions represented by %he symbols A to  D, respectfvely. 

- y  L. oscillations in  pitch which  were cnmpletely daqrped before striktng the 

For tes t s  of the models in which the ailerons and rudders were 
deflected and f o r  which the models did not tuuible, the motion of the 
model as it dived in the tunnel Qas, as eqpected, dictated by the 
pmticulax  control  settings  existing. Same of t he  specific motions 
which the models performed were aileron rol ls ,  spirale, spins, and so 
forth. These resulting motions have not been lncluded in the  tables. 

Effect of Dimensional and &sa CWacter is t ics  

. r *  

4- * 

Tmbling tests were made f o r  conventional models with nornaally 
located  center-of-gravity  positions (models 1 to 4) and no tendency t o  
tumble was indfoated. It t h u ~  appears that sirglane designs h a v b g  
conventionally  located  horizontal tails axe not Ubly t o  t m l e  
irrespective of the external forces  acting. Model 9, a tailless model, 
would hot tmi%le when horizontal tail mea, 5 percent of the w h g  area, - 
was added at approxbrately 1.5 mean aerodpmic  chord ler&hs rearward. . &  

of the  center of gravity. (See f ig .  l l  and table XI1 . ) Increasing"%kie 
horizontal tail mea of model 5 ( a tail-f Irst, puEiher-type airpla?'), --+ 

however, was detrimental rather than beneffcial which is significant Fn 
-that it shows tihat the damping furnished by the horizontal tail mea 
(see f i g  . 6 and table VI=) is not necessarily the  primmy factor in 
determining whether a design will tumble. Lnetead it appears that the 
static  longitudinal stability chazacteristics of the model are also 
primmy factors that determine the tumbling chazacteristics f o r  a given 
model.  Reducing the s t a t i c  longitudlna3. s tabi l i ty   e i ther  by rearward 
mvement of the center of Gavi ty  or  by f o m d  movement of the neutral 
point  increased. the tumbling  tendency. 

e 

None of the t a i l l e s s  models tested would tumble, irrespective of 
the method of launching, when the center of gravitr  was located f o m d  
so  as t o  provide a high  degree of static  longitudinal  stabil i ty.  W i t h  the 
center of gravi ty  in &11 intermediate  location, some t a i l l e s s  models would 
not tumble when launched fram a nose-up attf tude t o  simulate a whip stall 
but would tmble  when given  forced initial rotation.  Further  reduction 
in stat ic   s tabi l5ty caused these models t o  tumble even when launched from 
8 nose-up at t i tude t o  slmulate  a whip stall. (See tables X,  XII, XIV, 
and XV. ) Figure 21  i l lus t ra tes  a tumble of model 9 xi th  the elevator 
full-up when launched from a nose-up at t i tude t o  simulate  a whip etall, and 
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figure 22 illustrates tho same model with  the  elevator  neutral and launched 
in  the same m e r ,  dtving  'with slightly damped pitching  oscillations. d 

.I - 
Analysis of the results  given in  tables 11, XI, and XXII, indicatas 

that models having a low aspect  ratio and a Mgh pitching  inertia param- 
eter (Iy/mb2), that  is, loadad  chiefly slolag the fuselage, have l e a s  
tendency t o  tumble than do other t a i l l e s s  designs. For the mdels  of lox  
aspect  ratio and high  pitching  inertia paramatar, mora ream=& co~~ter -of -  
gravity  positions could be tolerated wifihout leading t o  tumbling than was 
possible  for models of high aspect  ratio and low pitching Inertia. 

Effect of Controls 

Study of t he  effects on turnble character2stice of deflecting  longltu- 
dim1 controls  indicated that such controls on ly  had an effect when the 
static  longitudinal  stabil i ty was marginal. %en the center of gravity mi3 
located so that the model had a high degree of static longitudinal s tabi l i ty ,  
the model would not tumble when the  elevators were deflected full-up, neutral, 
or full-down. When, however, the center-of-gravity  location was such that 
the model had a very low degree of  static longitudinal stability, the model 
would t-le irrespective of the  elevator  deflection. When the center-of- 
gravfty  location was intermedlate, so that the model had marginal s t a t i c  
longitudinal  stabilLty,  the mgdel would either: (I) tumble w i t h  positive i 
pitching  rotation when the  elevators were deflected  full-up and would not 

with negative  pitching  rotation when the  elevators were deflected fill-down 
&'would not tumble in either  direction  for any other elevator  deflection, 
or ( 3 )  tumble wlth positive  pitching  rotation when the elevators were 
deflected full-up, ttrmble with negative pitching rotation when the elevators 
were deflected full"down, o r  tumble i n  either  direction when the elevators 
were neutral. It therefore  appears 'that recovery  could be effected by full 
reversal of the elevators for  these marghal  candltions.  Ailerons and 
rudder, dth few exceptions, appeared t o  have l i t t l e  effect  on tmbling- 

* *  

- - " .. $&le in  either  directian f o r  any other  elevator defleotion, (2) tumble 
r .  . 

It is not apparent fram the data wh&t effect slats have on tumbling 
characteristics  but it is believed that their   effect  depends  upon the  effect 
they have on static  longitudinal  stabil i ty  characterist ics.  (See tables =I, XN, xv, and xx.) 

Landing flaps and pitch f Laps have the same effect BB elevatora and 
may aasis t  in stopping the tumble if deflected in conjunction with the 
elevators against t h e  direction of the rotation. 

Parachutes as a Tumble-Recovery Device 

The resul ts  of t e s t s  performed with models 9, U, and 13 t o  determine 
the size,  towllne lengbh, and attachment location  for parachutes a8 a 
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* *  Accelerations 

Gmputationa of acceleratlona which would be encountered at the p i l o t  *s 
4- head durhg a tumble were d e  for models 9, U, and 13. Ccqu ta t ions  f o r  

models 9 and 1l were based on an amrage of the angular velocities encoun- 
tered during the tlmible, whereas those for model 13 allowed f o r  We Ti-. - 
ation of the r a t e  of tumbling rotatidn. The ccm$utatians f o r  made1 9:. 
(not presented in tabulm f om) were made for the tur&le which had the- 
fas tes t  average angular velocitg. For w tumble, the average innib- 
rate of rotation was 6.3 radiane per second and the acconganylng accel- 
erations were 4.3g units. The results for mudela ll and 13 are presented 
fn tables XVllI and XXII, reapectively . As 3ndicated in table X V I I I  for 
model ll, the average ratea of rotation f o r  8emm.l. tmiblss ranged fram 
6 to 8 radians per  second and the correapomkbg accelerati,ons  ranged from 
56 t o  log, a p p r o a f t e l y .  The results f o r  model 13 (table XXII) are f o r  
a t&le durhg which the tuoibUng rate of rotatian during one revolution 
varfed fram about 1.5 t o  4.5 radians per secand, full acale. The resultant 
acceleration  varied f r o m  appro*ttely lg t o  14g and the crrmponent of 
acceleration along the lang axLs of the pi lo t  varied fram approx3rmtel.y 
2g t o  -3g while that component norm1 to the long axis varied from approxi- 
mately 1 t o  14. The average angulaz velocity for the tmble of model 13 was 
approximately 3 radians per  secand and based on this average value, an accel- 
eration of only about 4.5g units would be obtained. It appears, therefore, 
that in order to obtain a true picture of the accelerations,  consideration8 

tumble. The distance of the p l l o t  frm the center of gravity (about which 
the rotat ion may be assumed to be) is a b o ' a  c r i t i c a l  factor being much 

,r b mu& be given to the var i a t ions  of tmbling rates of rotation in m y  one 

b 9  larger for model 13 f o r  models 9 and ll. - 
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In order to  obtaln  the true acceleration t o  w h i c h  the  pilot  will react 
pPlyeiologically, the effects of gravity (le;) must be added to  the  calculated 
resul ts .   Li t t le  is known about rapid  repetition of exgosum t o  short-period * 
accelerations  but  negative  accelerations  directed tbrou& the long axis of 
the  pilot   (a ‘ j are the  least   tolerable Reference 2 inbicates that contbued 
exposure t o  nega.tive accelerationa of 3g may cause symptom of concuesion of 
the brain and that negative  accelerations of 543 may resul t  in  massive 
cerebral hemorrhage and possibly  death. It is indicated in reference 3, 
however, that negttive  accelerations of 3.6g have been tolerated for periods 
of 7 seconds without any apparent ill effects on the  subject. Reference 2 
further indicates that positive  accelerations  (such ae, t o  pwh the p i lo t  
down i n  the cockpit) of 56 will probabu cause taurporary loss of vieion and 
that forces of 6g t o  7g xill cause loss of consciousness. -0 it is 
pointed  out that continued accelerations n o m 1  t o  the l a g  &e of the 
pi lo t  m e  not well tolerated above l 2 g ’ a .  Although no informatian is 
available with regard to tolerance of exposure to  repetitious  accelerations, 
it is  concluded that the  accelerations encountered durbg a tumble may be 
exceptiondJy dangerous t o  the p i l o t *  

Pi lot  Escape 

Study of the accelerations actlng on the pi lot  in a tumble Indicate 
that it ruay be very di f f icu l t   fo r  the p i l o t  t o  climb out of the cockp-tt 
if it becomes necessary f o r  him t o  leave the amlane during a tumble. 
Aid from rn ejectim-seat  arrangmmt m y  be required. The results of 
brief tests of models ll and 13 indicate that if the  pilot can climb out 
of the cockpit and jump, he w i l l  not be struck by any parts of the air- 
plane, in  that the results showed that the. model pilots  clawed  the modele 
by a large margin In each of several att-ts. 

On the basis of the results of turable tests of 14 dynamic models, 
the  following  conclusions a r e  made. 

1. Conventional airplanes will not tumble, whereas tailless and t a i l -  
first airplanes may tumble. 

3 .  Tailless  airplanes having low aspect  ratio and a large pftching 
iner t ia  parameter (Iy/mb2) are lese likely t o  tumble than those having 

high aspect  ratio and a amall pitching  inertia parameter. 

* <  

I.. 
c 

4. Ailerorm and rudder have l i t t l e  or no effect on tumbling. 
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.. 
5 Movement of the elevators t o  oppose the tmbling  rotation will 

generally be effect ive  in  producing recovery from a tumble when t he   s t a t i c  
l O n g i t U d h l a 1  Stability is m-1. rc 

6. Two parachutes, one attached t o  each wing t ip ,  will generaUy be 
effective in producing recovery f'rcm a tumble. 

7 .  Accelerations In a tumible may be exceptionally  dangerous- 

Langley Aeronautical  Laboratory 
Rational Advisory Committee f o r  Aeronautics 

Langley Field, Va. 
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. 

Figure 2. - Three-view d r a m  of model 1 aB tested in the Langley 
20 -foot f me -8pFnnFng tunnel. Center -of -gravi ty  locatian shown 
is for the normal loading. - - .  
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Figure 3. - Three-view d r a w  of model 2 &8 tested in the Langley 
20-foot free-spinning tunnel. Center-of -gravity location shown 
is for the noma2 
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Figure -4. - Three-view dra- of  model, 3 as tested in  the Langley 
20-foot free-spinning tunnel. Center-of-gravity location ahown 
is for the normal loading. - .. 
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Figure 5.  - Three-view drawing of model 4 aa tested in the Langley 
20-foot free-BpFnnFng tunnel.  Center-of-gravity  locaticm shown 
is f o r  the normal loading. - 
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1 2 9-04'' -4 
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c I 
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(a) Three-view d r a w i n g .  Center-oP-gravity  location shown is f o r  normal 
loading. Revised elevator and wfng t i p s  Fnstalled. 

Flgure 6. - Model 5 with revisiom m teated in the Langley 20-foot free- 
spFnning tunnel. - 
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* -  (a) Original and of wing tips and elevatora. 

Figure 6 .  - Concluded. 
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Figure 7 .  - Three-view drawing of model 6 as tested in the Langley 
20 -foot free - spinnhg tunnel. Center-of -grav i ty  location shown 
is for the normal loading. 
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Figme 8. - Three-view -wing of mdel 7 as tested in the LEtngleY 
20-foot free-spinning tunnel. Center-of -gravity locstion shorn 
is for the nom1 loading. - 
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Figure 9. - Three-view drawing of mdel  8 as  tested in the h n g l e y  
20 -foot free -spinning tunnel.  Center-of -gravity location shown 
is for the normal. loading. 
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Secf/on A-A 

Section B-8 

Figure 10. - Continued. 
CONFIDENTIAL 
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(C) Slat6 and parachute towline attachment points.  

Figure 10. - Continued.. .I- 
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(d)  S p l i t  rudders,  coop ruddere, and pi tch  flaps. 

Figure 10. - Concluded. 
r 
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(b) Inboard and o u t b o d  spoilers. 

Figure ll.- Concluded. 
L 
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Figure 13 - Three-view drawing of model I 2  aa teeted In the  Langley X) -foot free-spinning tunnel. 
Center-of -gravity location shown is for  the normal loading. 
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Figure 14. - Three-view drawing of made1 13 &e teated ir the Langley 
20 -foot free-epimbg trtlmel. Center of gravity shown is for the 
norm1 loading. - 
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Figure 15 e - Three-view drawing of mdel  14 aa tested in  the Langley 
20-foot free-apFzvling tunnel.  Center of gravity shown i a  f o r  the 
normal loadhg. - * .  
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Figure 17. - Typical motion, which ie represented by the symbol A in 
t h e  key to the  data, in W c h  the mdel  tumbles. - 
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?e 1’7. - Concluded. 
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Figure 18. - Typical motion, which is represented by the synibol B in 
the key to the data, in which the mdel  did not tmble asd dived 
with slightly damped oscillations in pitch until striking the 
safety net. - v 
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Figure 18. - .Concluded. 
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Figure 19. - Tgpical motfan, which is represented by the 
the key to the data, in which the model did not tmb 
with rapidly damped o s c i l l a t i w  in pitch which were 
damped  before e t r lkhg   the  safety net.  
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. Fi- 20. - Typical m t i m  
the key t o  the data, in 
oscillatians w e d  a h  
oscillatia~~ . - pitch. 
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Figur,e 21. - Typical tulnble of model 9 when released f r o m  a nose-up 
at t i txde.  Clean configuration; s t i ck  full-back; wheel neutral; 
scoop rudders and pitch  f laps neutral; s t a t i c  -gin approxi- 
mately 0.2 percent. Cemsra speed, 64 frames per second. 
Velocity of air strema, approximately 75 feet per second, 
fu l l  scale. 
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Figure 21. - Concluded. 
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Figure 22. - Typical oscillatory motion of model 9 when releaeed f r o m  a 
noee-up attitude. Clean configuration; stick neutral; wheel 
neutral; ecoop rudders and pitch f laps neutral; static margin 
approximately 0.2 percent. Camera speed, 64 frames per second. 
Velocity of air stream, appmxbately 75 feet per eecond, 
full scale. 
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Figure 22.- Concluded. 
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Figure 23. - Typical  action of parachutes in producing  recovery from an 
established tmkle  on model 9. Clean configuration;  stick neutral; 
wheel neutral ;   r~~dders   neutral ;   s ta t ic  margin approximately 
0.2 percent. Camera speed , 64 frames per second, full scale. 
Towlines attached t o  rem portion of  wing t ips .  Parachute 
diameter, 7 feet ,  full scale.  Parachute drag coefficient, 
approximately 0.7. TowlFne length, ,10 feet ,  full scale. 


