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~n investigation of &e spin ana recovery  characteristice of 
male model of 'the Gmnmnan mY-1 airplane has been conducted a ZK- 

, .. - .  

in the Langley 20-foot f'ree-spirmlng tmmel. n e  effects of control 
settTngs ana movements on t h e  erect and inverted spZn and recovery 
characteristics of the model were determlaed. The investigattan 
aI.60 included spfn-recovery-parachute, @lot-escape, and cantrol- 
force tests .  

Recoveries  that were satisfactory according to the win twlnel 
criterion were obtained  fram l e f t  spins by rudder  reversal alone. 
It was necessary to move t h e  'elevator domi in conjunctton wit31 
rudder reversal, hmmver, to obtain satiHactory recoveries fram 
rf&t spins, and it was form& that premature movement o f  the elevator 
down would lead €0 unsatisfactory recoverlea.  Recoverfek were rapid 
from inverted s-p9ns obtained. ~t w a ~  found mat a 16-foot 
spin-recovery  parachute at the tafl or an 8-foot parachute opened 
on t h e  outer wing tip (drag coeffkfent of o .65) would be effective 
for recoveries from demonskation Bpins. Reversal of t he  rudder in 
conjunction with opening t he  parachute  reduced the diameter of the 
tail parachute required to 15 feet.  Test remlts showed that in an 
.emergency the  pi lo t  should attempt to escape. from the outboard sfde 
of the epinniing airplane, and that t h e  contvlol forces in EL ?pin 
woad be within-the capabili-bies of the pilot, 
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8.2T 
scale model of t he  G~~sinmn XTB3F-1 airplane has been conducted 

in the Langley 20-foot free-sp- tunnel. The effects of control 
settings and movements on the erect and. inverted spin and recovery 
characteristics of the model were detemlaed. The ilnvecstigation 
also included spa-recovery-pmhute,  pilot-escape, and control- 
force tests s 

Recoveries that were satisfactory according t o  the spfn tunnel 
criterion were obtained from l e f t  splns by rudder reversal alone 
It was necessary t o  move the-'elevator down in conjunction w t t h  
rudder reversal, hmrever, t o  obtain satisfactory  recoverie8 f'ram 
right spins, and it was f om& &at premature movement of the elevator 
down would lead -t;O unsatiefactoqy  recover'ies Xec'overies were rapid 
from inverted s p h e  obtained. It was found that a 16-foot 
spin-recovery parachute a t  t he  tail or  an 8-foot parachute opened 
on the outer wing t f p  (drag coefffcient of 0.65) -would be effectfve 
f o r  recoveries from demnstration ipins. Reveraal of t he  rudder in 
conjunction wlth opening the prachute reduced the dfameter of the 
t a i l  parachute requlmd  to 15 feet .  Teet redts &owed that in an 
emergency t he  pilot  should attempt t o  escape from the outboard side 
of the spinning airplane, and that  the ccmtrol forces in a spin 
would be w5thin -the capabilities of the ;pilotr . .  . 
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a8 greater than the-velocfty  at the time the  model h i t  the safety 
net, f o r  example, > 300 For these tests,  %he recovery was attempted 
before the model reached its final steeper attitude ahd while the 
model wae stfll- de8cendh-Q in the tunnel. Such results are cm- 
servative, that is, recoveries will not be ae fast as when the 
model is in tple f Tml. steeper  attitude - Fan. recovery a-&tmpts in 
which the model stpuck the eafety net while ittm6 still in 8 Spin, 
t h e  recovery was recorded aa greater than the number of ttirne frm 
t he  time %e conkols were moved. to tibe time t h e  model 8-k fhe 
met, as > 3 A > 3-turn recovery does not necessavrPly 'indicate 89 
improvement over a > 7-Wn recovery For recovery attempts in 
which the mocLel did not  recover, t h e  recovery waa recorded as * 
When the model recovered, without control ypment, pth %he cOntrol8 
w i t h  the spin, t he  result m e  recorded a8 'ET0 spin. 

Spin-tunnel tee- a m  made .t;o detern?line tke spin and recove4 
characteristics of t he  model f o r  the normal spinning control can- 
figuration  (elevator fu l l  up, ailerons reutadl., Eind rudder full w i t h  
t h e  spin) as& at variom other ,aileron-elevator-control .cortfblnations 
fncluding zero and maximum deflections Recovery is generally 
attempted by ragid full rudder reversal. Tests are also perfcmnsd 
t o  evaluate t he  possi%le.adverse  effects on recovery of amaU 
deviatiom from t h e  normal. control  configuration for sp3~xxl~1~1. 
For these tests, the ailerons &re set at one-thfrd of the full 
deflection in the direct im conducive to slower recoveries (ag-t 
t he  sp in  f o r  t he  m3-1 nodel), and t b  elevator fe set at  two- 
.thir& of ita full-ug deflection. Recovery is  attempted by' either 
rapidly reversing the rudder from full with t he  qin to two-thirih 
against t h e  spin or  by movement of the rudder to two-th.Srd6 agaimt- 
the  spin in conjunction w i t h  movfng the elevator to one-third down. 
pfs contk.01 coqIiguratfon ahd-movement  is referred 't;o &B %e 
criterion  sgin. The criterion for a satisfactory recovery from 

this   cr i ter ion apin in the spin tuzlnel has been adopted BB 

2~ turns or l e a s  by rudder reversal or a cablnatim of rudder end 1 

elevator reversal. Thie value has been selected on the basis of 
spin-tunnel  experience and on tihe basis of caparable full-scale 
spin-recovery data that are available. 

The tes t ing  technique for de- the optfmum size of, 
and the t o w l i n e  length for, spin-recovery parachutes 58 described 
in detail in reference 3 For the tail parachute t e s t s ,  - t h e  
parachute  pack and towline were attached to the model near the  
rear of the  fuselag8 below .the horfzontal tail on the inbo'ard side 
of the fuselage. . W b g - t i - p  parachutes were attached to the outer 

. . wing .tip -(left wine: tfp 3xt a .right apfn) .- When parachute wa8 
. attaches ta the wing .tip, the towlsne length was so ad j U S t e d  wt 
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-&e parachute would just clear thg horizontal tail. I~I every case, 
the folded parachute wae places on the fueelage or w i n g  i n  euch a 
position that ft did not seriously inf'luence the eteady spin before 
t h e  parachute was opened. It is recammended that  for full-soale 
wing-parachute- Installation, the parachute be packed within the 
airplane structure. Au. ~arackutss  should be provided with a 
positive means of ejection. For most of the current tests, t b e  
controls were- not moved during recovery eo that recovery waa due 
entirely to tihe effect of opening the parachute. For a few teats, 
however, the rudder was reversed in conjmt lon  with opening the 
parachute. Silk parachutes havlng a drag coefffoient of apgroxi- 
mately 0.65 (based upon the c m o ~ y  area measured with t h e  parachute 
spread  out flat) were  used far the spin-recovery  gmachute t e s t s ~  

. .  

For the tewbs to determine f'rm which a lae  of' the epinnhg 
airplane it would be best fo? 4he pilot  to make ~ I L  emergency escape, 
a model pilot WBB released from the hboard and outboard side of the 
fwelage at t h e  cockpit in both steep and f la t  e p l n ~ .  

L 



"be precedfng limits may have been exceeded for 8- of the spins 
in which it was diff icul t  t o  cantzol the &el in t h e  tunnel because 
of the high rate .of descent or beoaurre of the &era or  oscil- 
latory nature of - b e  spin. 

Ccanparison between and. m - s c a e  r e s a b  (refereoces 2 
and 4) indicatee that spin-tunnel reeults are not almye . i n  complete 
agreement airplane spin re su~~s .  ~n genera, t he  m&ds spin' 
at a somewhat smaller angle of attack, at  a somewPlat hfgher rate of 
desceat, and at f r c a n  5O t o  100 more outward aideelip than did the 
a.trplanes. The comparison made in reference 4 f o r  20 airp-s 
showed that-80 percent of the models predicted.  satisfactorily the 
number of t u r n s  required for  recovery fram the spin f o r  the. 
corresponding airplanes and that 10 percent overestimated and 
10 percent wderestimated the m b e r  of turns required. Little 
can be sta ted  about t he  pslecision of the pilot-escage tes ta  because 
no comparable airplane data are availa3le. It is f e l t ,  however, 
that   if  the model p i l o t  iB observed t o  c l ew all p-ts of the 
model by a large' margin af te r  being released, t h e n  t h e  t e s t s '  
indicate  that the pilot  can safely escape. 
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ReElillts of &sts wif21 t he  elevator moved after rudaer reveraal 
ahow that  aa the tjme lag w a ~  increased, the tmns for recovery 
hcreased with recovery always following very quic- after the 
elevator w a s  moved. These results confirmed previous tests h 
Showing *at the rudder is not sufficiently  effective alone but that 
the dynamic acMon of the elevator is neceeeary to effect recoveries. 
When the  elevator was moved down &ea& of the rudder movement, how- 
ever, recoverlee became uneatisfactory. AB thfs t b e  lag T T ~ B  
increased, recoveries became  Blower until, when the tfms lag was 
large, the model would not recover when W ~ B  recovery technique was 
anployed. These data indicate mt rudder reversal should grecehe 
elevator-- m~ment  by a abort b t e m  (appro~imateu 1/2 'turn) 

i 

t 

i 

I 

! 



! 

. Spin-Recovery Parachu~es ' 

I 



11 

were such that it was ai;eficult t0 obtain hi& tunnel VelOCitieS, 
and accorilhgly it w a s  necessary t o  attempt recovery before t h e  
model reached I t s  f t c d  steeg attitude and cornerrpanding higher 
rate of descent. The m-tip-parachute t es t s  mag therefore be 
considered as some&at conservative. 

The model parachute as tested had values of' drag coefficient 
of ipproximat8l.y 0.65. If a pezachute with a different . d r a g  coef- 
f ic ient  is used on the airplane, a comespanding adjL&ment will 
be required 9n parachute size. . 

Pflot-Escape Testa 

It was observed d u r a  the tests  perfomne&~to determine from 
vhich side of ehe spin!- a iq lane  the pilot should at teqt  an 
emergency  'eecape that the model p i l o t  went over tke edge 
of the wing and cleared the, tail of t h e  airplane vben releaeed 
from the outboard side f o r  either flat or steep spine. When 
released from -t;he inboard' side l z i  a steep spin, the model pilot  
went over the fueelage, behind We -ling edge of the outboard 
wing, and then close t o  the tail. -When released from the fnboard 
side ia a f l a t  spin, t h e  p i lo t  went  fomard over tihe leading edge 
of t he  wing l n t o  or close t o  the propeller dfsk. These results 
indfcate that the pilot  should -3 f'rm t h e  outboird side 39 it 
.is necs-ssary e0 abandon the airplane Fn a win. 

Landing condition 

The- landing condition was not tested on this model Fna.8much a8 
current Nayy epecificatiorm do not  require this-type of airplane to 
pass spin demonstzatfons in the lahding conditfan. 
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Contra1 Forces 

The discussion of the results 80 far hae been 'based on control 
effectiveness  alone wlthout regard t o  tho forcea required t o  move 
the controls. As previouely  mentiwed, for  all testa  sufficient 
force was applied to the controls t o  move them fully and rapiXLy. 
Sf l ic ien t   force  must be asglied to the airplane controls to move 
them in a similar manner in order f o r  the model and afrplane results 
t o  be COECpW&le 

A few t es t s  were gerf'ormed with 'the m o d e l  in t h e  normal loading 
in which the forces  applied to the  rudder and elevator i n  order .f;o 
effect a satisfactory recovery were masured. The reeults indicated 
that the full-scale pedal and s t k k  forcea would both 'be wfthin t h e  
capabilities of the pilot. The rudder force waa found. to be approxi- 
mbly 150 pom& and t he  elevator force wae found t o  be approxf - 
mately.40'pomdEl from t h e  model t e 8 t s .  Because of lack of detail in 
t h e  rudder'and'elevator balance3 of.the model, of inertia mass 
balance effects, and. of m a l e  ef'fect, these remits are  only 
quali%ative.indicatlons of t he  actua.l-forces that  may be experienced. 

Recommended Recover7 Technique 

. Based OZl.'the reSId.tB cbtal118d W d a  the model,. the f O l l O l d I l g  
recomendaeiom are made a0 to recovery techniqv-e f o r  all loadings 
and con9itions of the a i rp lane.  

For erect splsle, the rudder should be reversed briskly from 
wtth -the spin to fu l l  a , g B b s t  the spin followed 1/2 t m  ~ater, 

by movement; of the st ick forward miintaSn5ng it laterally neutral; 
care should be exercised t o  avoid moving the st ick forward before 
the rudder has been completely r e v e r ~ e d ' m d  also to avoid excessive 
rates of acceleration in the ensuing  recovery dive. If an accidental 
spin is entered with flaps extended.. the flaps should be retracted 

Based on remalts of spin tes ts  of a g4-scale i model of the 
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I 
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1. The spin will be sanewhat oscillatory end the recovery 
characteristics of the airplane will be satiafactorg for all 
loading conditions The rudder eihoul0 be reversed fully and 
rapidly, followed 1/2 later by movement of t he  etick fornerd 
of neutral, while mafntafnirys it lateral ly  neutral. 

2 Recoveriee from Inverted 8pim will be satisfactory and 
should be made by rapid full rudder reversal and stick 
neutralization. 

3 A 16 .O-foot-tail parachute wfth a tovline of 30.0 fee t  or 
an 8 .O-foot parachute with a towline of 10 -0 feet  opened on tbe 
outer wing t i9 will be satisfactory.for emergency mcoveries from 
spins. These s i z e s  are based on a drag coefffcient of approxf- 
mateu o .65 f o r  the laid out flat surface area. 

4. If necessary t o  abasbn the airplane in- a qin, the pilot  
should leave from the outboard side = 

5. The pedal and st ick forces necessary t o  move the controls 
to effect  satisfactory recovery w411 be within the &yeical 
-capabilitg of the pilot . 

Aeronautical Engineer 

Approved: 

fl Hartley A. Soul; 
Chief of Stabi l i ty  Research DivSsfon 
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1 Neihouse, Anshal J: Llchfenatedn, Jacob H. and Pepoon, PhfUp W. : 
Tail-Design Requirements f o r  Sat€sf actory  Spin Reaovery . 
NACA TN no. 1045, 1946. 
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Length over all, f t  . . . . . . . . . . . . . . . . . . . . .  42.77 

Normal,. center-of  -gravity  location,  percent M.A .C . . . . . . .  23 .9 
Normal weight, Ab . . . . . . . . . . . . . . . . . . . .  19,189 

wlng:  
S p a n , f t . * . *  . . . . . . . . . . . . . . . . . . . . .  60.0 
Area, sq ft . . . . . . . . . . . . . . . . . . . . . . .  548.7 
Section 

a) Station 28 (moiLif ied T.E .) . . . . . NACA 23018 
b) Station 361.375 (modified T .E .) . . . . . . .  NACA 23OU f 

Incidence : 
Root, deg . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
B p , d e g .  . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Dihedral., deg . . . . . . . . . . . . . . . . . . . . . . . .  5 
Aepect ratio . . . . . . . . . . . . . . . . . . . . . . .  6.36 
Mean aerodynamic chord, In. . . . . . . . . . . . . . . .  U5.07 

Ailerons : 
Area,  s q f t  . . . . . . . . . . . . . . . . . . . . . . .  33.4 
Span, percent b/2 . . . . . . . . . . . . . . . . . . . . .  35 
Hinge l h e  t o  t ra i l ing edge, in. . . . . . . . . . . . . . .  23 

Horizoatal  tail surfaces : 
Total area, sq f t . . . . . . . . . . . . . . . . . . . .  136.84 
span, f t  . . . . . . . . . . . . . . . . . . . . . . . . .  24.17 
Elevator area aft of hinge line, sq f t  . . . . . . . . . .  41.84 
Distance f r o m  normal centsr of gravity t o  

elevator hinge lim, f t  . . . . . . . . . . . . . . . .  3.81 
Incidence, deg . . . . . . . . . . . . . . . . . . . . . .  2 

Vertical tail surfacea: 
T o t a l  =ea, sq ft . . . . . . . . . . . . . . . . . . . . .  45.31 
Total rudder area aft of hinge line, sq ft . . . . . . . .  1.3 -73 
Distance from norms3 center of gravity to rudder 

hinge line, f t  . . . . . . . . . . . . . . . . . . . .  24,56 
W1-damping power factor . . . . . . . . . . .  225 x 10-6 
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Fig. 1 
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FIGURE 1.-THREE-VIEW DRAWING OF THE&-SCALE MODEL OF 
THE GRUMMAN XTB3F-i AIRPLANE ~5 TESTED IN THE 
FREESPINNING TUNNEL-CENTER-OFGRAVITY LbCATtON 15 

SHOWN FOR NORMAL LOADING. a w m  mp ~ N W T I S  
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Fig, 2 



NACA RM No. L7E19 CONFIDENTIAL Fig. 3 

Figure 3. - Photograph of the 1 - scale model of the Grup11m.n XTB3F-1 
24 

airplane spinning in the Langley 20-foot free-spinning tunnel. 
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

CONFIDENTIAL LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD. VA 
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