
Inactive 

SlrL If' 1941 
RESEARCH-:.M~MORANDUM 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 



Y 

P 
? -  

I 

' . :  sD"Aw . .  

i 

! 

I 

I 



2 ... . . . I '  

. '  - 

model of the XFPl airplane. a8 tested 

: 

Y '  



3 

+ 
" 

b wing span, $bet 

s . wing area, squetre feet 
. .  . .  

. .. 

P a f r  density, slqp p r  oubfc foot  
. .  

I 

I 

I 
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An airplane model available at the Iangley Laboratory was 
modified In dimensions and rttass loading to simulate the XFpl air+- 
plane. In  modif'ying t h e  model, a soaleddawn version 09 t h e  
XF-1 tail vas installed and proper adjustments of the ZIOECI and 
tail 3angthS were made. The similaritg between t h e  model tested 
and t h e  XF3D-l airplane deaign may be seen fram the oonrparisoa 
threc+-vieu drawing on fi- L and .fn the.  list of dimensional char8ct- 
ter'lstios in table I. The dimensional-difference8 in the o r i g i n a l  
ailemm and the XF3D-l a i h m m ,  both of which were  tested on the 
model, may be Heen in the sketch on figure 2 ah& in table I. Photo- 

of the mod81 in the clean oondition after a l l  nodiflaations 
were made, including the installation of the xF3D-1 silerom, are 
shown in figure '3." Photographs of the mdel wlth the slm-down 
b&e in the fuUy open position are ahawn i n  figure 4. _ ,  

The - teste were performed in the Langley 20900t free-spinnSng 
tunnel, the opemtlon of which is generallg similar to that desofibed 
An reference 1 for the Lmgley l 5 f o o t  free-Elpfnriing tunnel except 
that the nrodel-launuhfng teobnique has been ohaslged. W i t h  the 
controls set i n  the desired poeition, the model is launahed. by hand 
rlth rotation into t h e  vertically eeing air stream. A photbgraph 
whlah ahcvws the t e s t  ssotfon of .the Langley 20"foot free-spinning 
tunnel and .a model s p i d n g  in the tunnel iB shown fn f'i&e 5. Aftar 
a number of turns In the established spin, the reooverg attempt i s  
mtade by moving one or more o o n t r o l a  by meam of tb remote-uontrol 
~ B Q W ~ .  Mter recovery, the mdel  dives Into a aafety net. The 
spin data obtained 
pending full-soale 
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This number indicated that the model required more tuffns' t o  recover 
from the spin than 'slid, ~ t e  for ,example >3. A >+turn reoovery, 
however, doee not neoess&ly Sndioate as improvement when compared 

. t o  a >7--turn reoovery. A maovexy att&pt.*fn wMoh .the mob1 fai led 
to recover in leas than 10 turns is indioated by 06- Same reooverg 
attempts were made before t h e  model had lost all of the ,rotational 

' energy imparted t o  it when launohed i n  the Eifr stre&. Suoh reooverg 
data are noted as "recoverg attempted before model reaohed its final 
steep  att i tude .'I Reomerg results 80 obtalned  are ooneidered 
oonservative; that is, the reoovemtiea are s,awhat slower than those 
that would have been ob-ned had the modex been in ate f ina l  steep 
sgin &ttitude. 
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The-aaowracy of measuring the 
the model. is believed to be within 

Weight, percent . . . . . . . . .  
Centemf-gmvity looation;' percent - c . . . . . . . . . . .  L l  
Moments of Inertia, percent . . . . . . . . . . . . . . . .  55 
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For most of the testa,. the ~ i n a n a  control deflections- wed . , 

were : 

R~~dder, degrees . . . . . . . . . . . . . . . .  25 right, 25 3.ef-t 
Elevator, degrees . . . . . . . . . . . . . . . . . . .  25 up, 13 clown 
Ailerons, degrees . . . . . . . . . . . . . . . . . . . .  15 up, 15 down 

The corresponding intermediate 'contml d e f l e o t i o m  used--were: 

Rudder 213 deflected, degrees . . . . . . . . . . . . . . . . . .  16 2 
3 

I .  

Elevator 2/3 up, degrees . . . . . . . . . . . . . . . . . . . . . .  16 4 

. . .  . .  . . .  
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Due, apparently, to a slight aegmmetry in the model, the t e s t  
reeUts for rL&t and left; epim were eomtfmes s l igh t ly  different 

which gave the eaewhat slower recoveriee (arbitrarily presented a8 
right spins), they 81x3 considered &e repmaentative of t h e  airplane 
for spina i n  e i ther  direction, Because of the relatively'high 
equivalent test altitude used f o r  thie model, t he  resulte obtained 
are cons ibred samewhat conservative. 

' =dj.althOU& tbe result6 rn presented f o r  the direotioa of spin 

. .  

Normal Groa,s-Wei&t Loading 

" ion.- For, the o l e a  aondition, n o m  gross-weight 
loading table III), the mael spun at a steep attitude epd with a 
rapid ratexof descent, and satisfactory recoveries  were effected 
by rapid reversal of the rudder. In  geneml, t h e  effeots of setting 
a9lerona against the epin and of movhqj the elevator dam were 
adveraef oausing flatter spins and dower recoveries. Experienoe 
indicates that, in order to promote maoverg i n  a dive, it is 

, avoid sliieldirig  %lie 'rudder during rudd,er reversal, however, it 
. .  , deslllable that the . s t i ck  be moved forwaft *of neutral. In order to 

appeah 'that the i.udd.er should be fully -revereed before the stiok 
is moved forward. 'For the airplane, reoovery should he made by 

by moving the stick forward of neutral while maintaining it laterally 
neutral; Care ehould be exercised to avoid entering a spin iil the 
opposite  direction  following rudder reversal and reaoveq. 

.- ' fill k p i a  rudder reversal followed .approx"tely 1/2 turn Later 

' SlaaaOnn b&s &n.- With the slm-donn'br&kes in the fully 
open sosition f o r  the noma1 grose-weight loading when t h e  controls 
were s e t  at, the miter ion  configuration, the model'spurm at a,n angle 
of attaok of about 42.O and. descended at a rate of 342 feet per 
seoond. Mo r e c 0 v e r g . w  obtained from the spin. 

.. . . .  

If a spin is inadvertently entered while the slow-dbTsn brakes 
of the m-1 airplane are open, the bmkers should be retraoted 
immediately asld reoovery attempted. 

. . . .  
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Estimated Spin-Reaoveq-Pahute Requircz~mnte 

Based on a moent m l y a i s  of mmlts.o# ,tests mab.onllzod.els 
in the free-spinning tunnel, it i s  estimated .that $he .openiQg of 
a 10-foo-tiaiameter flat," pkrachute with a drag coefficient of 
0.7 and attached to t h e , t a i l  of the alrplam with a 3cl-foot towline 
wiU.effec' t  satisfautory spin recovery even i f  the rudder i a  not 
moved against the spin, A po8itive-9jeotion device rshould be used 
to throw the parachute pack axear of the tail and to '  & m u r e  rapid 
opening, Various p m t i c a l  tail-p&wmhute imtallations '  are desoribed 
in referenae. 7. 

It is estimEtted that opening & h.~foot+diametet;er flat-type 
paraahute w i t h  a" coefficient of 0.7 a d  with the towline attaahed 
to the outer.wing t i p  w i l l  a b o  effect-  satisfactorg spin reoovery 
without moveslent of the-rudder. The length of the tarline should 
'be suoh that the parachute when f'ully extended. j u s t  ~ l e a r s  the 

. horizontal tail. ' The parachute paok and e q u i p n t  should be mounted 
wlthin..ehe abfmplane structure and a poeitiye-eJection device should 
be used to throw the pmk c lear  and t o  -sure %pia .openir& of the 
parachute. . .  . .  

Emergenay  Crew Esoape 

' Becauee the cookpit of the X F p - 1  airplane is ,located ahead 
of the leading edge of the- wing, an a;&ditiona3 hazard exists gs 
regardfl amergemy escape during a spin, Fnasmuuh ab.: the c ' ~  vi11 
have to   o lear  the wing of the ELirplase as ' w e U  &6 $he tail. Thi8 
hazard is particularly existent fo r  those spina i n  which. the rate 
of dement  indioated for the ai=- is greater thi  the tem$n@l 
velocity of EL man, a8 is the o m 8 '  for the XFpl, fog the man will 
have t o  r i s e  past the descendfng wing and, may thefefore be struck, 
I n  order to Insure that the c m w ' ~ b e r s  can ;Leave the' airplane. I 
Without being struck, an ejectiarr sy8.tem may be desirable. A .  
recent analysis of results. of tests in whioh model pilo-&e .were . 

released for! appmxfmately 20 airplane modEils ind,5catei that .if'. nb 
ejsotion eystem i a  provided and it becomes neoess&ry to abandon the 



airplane, the crew shaul& leave frcan the outboard side. There should , 
be no obstruation in  the aoctipit between the pilot and the radar 
operator, BO that they both o m  leave €he airplane from the outboard 
side in a sgin. -. . 

Based on t e s t s  of a model simulatirrg the XF-1 airplane desi-, 
and on spin-tunnel experience, the following conclusions are made 
concerning the  probable spin and recoverg chamterfa-bica of the 
airplane: 

1. .For any of the loadings specified by the a'ontmctor as 
possible for t h e  airplane, the spin obta.lned . fo r  the nomal-spinning 
control  oonfiguratfm f o r  the c l a m  oondition w i l l  be steep, and the 
recoveritis w i l l  be fast. 

I 

1 

I 

! 

3. Reooveries f rrom spins with the slowdown bralkes open wLU. be 
slm and. reooverles fmm fully developed i n  the landing 
condition may be slow. Slm-dm brakes or  landing flags should 
be r e t m t e d  immediately upon entering a spin. . 

r 

4. The force necessary t o  xeverae t b e  rudder dudng a spin WiU. 
I 

be within the physical capabilities of the pilot. 

5. Opening s,'10-foott-dla3neter tail parachute or a k.>fOo+ 
diameter parachute on the outer wing t i p  (flat-type  parachute with 
drag coeffioient of 0,") will provide s a t i s f a t o r y  spin reooverg. 
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6. Id it is m u e s q  for t h e   are^ to abakon the airplane 
during a Bpin, they should a t t a p t  to elecape f r o m  the outboard 
side of the coa-kpit. 
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-wIwyIIITlts nGURE i."COMPARISON THREEvVlEW DRAWING OF THE 

DCUGLASXF3D-i AIRPLANE AND OF THE MODIFIED MODEL 
WHICH WAS USED TO SIMULATE THE AIRPLANE.DIMEN5IONS 
ARE FULLSCALE e c 
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ORIGINAL AILERONS' 
- -" XF3D-I AILERONS 

NATIONAL ADVISORY 
COMMITTEE AERONAUTICS 

FIGURE~.-~KETCH SHOWING DIMENSIONAL DIFFERENCES IN THE . 

TWO SIZES OF AILERONS TESTED ON THE MODEL. DIME-N- r 
SIONS ARE FULL-SCALE I r s  
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NACA RM No. L7F18 a l m m m m  Fig. 3 

Figure 3.- Photographs of the modified model used to simulate a 

A - s c a l e  model of the Douglas XF3D-1 a.irplane in the free- 
31.4 
spinning tunnel. The model is shown in the clean condition. - MTIOML .DycKH)I COW- FaR IERo*IIITI5 

LYOLEI YMRUL lomwullol -TORY - LuLt lE l  =ID. Vh. 

._ . _  . 
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Figure 4.- Photographs of the modified model used to  simulate a 
scale model of the Douglas XF3D-1 airplane in the free- " 

31.4 
spinning tunnel. The model is shown wi th  the slow-down brakes 
in the fully open positfon. 

NATIONAL A W l S o R l  COMMITTEE FOR AERONAUT% 

LANOLEY MEMORIAL AERWUTICAL LPgORATORY - LANOLEY CIELD. VA. 
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Fig. 5 

Figure 5.- Photograph showing the test section Of the 20-foot free- 
spinning tunnel and a model spinning in the tunnel. 

"A!. AOVISORI COUMITTEE FOR AERONAUTICS 
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