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Bureau of Aeronautics, N a v y  Departanent 

OF TEE NORTB AMERICAN xsM2J-I AIRPLAID3 . 

By Thomas L. Snyder 

The probable spin ana recoverr characterlatics of the 3LsM23-1 aJr- 
plane have been eetFmated on t h e  basis of the resuLt8 of brief t e s t a  
perfamtea  on a model of an a i q l m e  of sanewhat S i m i l a r  design. The 
spin-recovery  tail-parachute requiremenks for  the a5xpla.m were also 
determ.lnsd, end, in addition, an analysis waa ma& to determine *e 
best method of emergency p i l o t  eacape during a spin. 

The results of t21e inmetigation  indicate that the recovery 
characterist ics of the airplane ? r i l l  be aati~factory for  all -probable . . 
loading conditions of the alrplane I A .6 - foot -d imter  t a i l  parachute 
attached to a 30-foot tovline T K U .  be satlafactory ae a spfn-recovery 
device f o r  mrgency recovery from demonstration spins. If t h e  . 
occupanta of the ealrplane decide t o  abandon the airplane in a s-pin, 
they  should leave the aiqlane from t h e  outboard side of the coclrpit 
and a8 far rearvard .aa poseible . 

INTRODUCTIOE 

In  accordance wfth a requeat'of the Bureau of Aeronautics, Eav  
Department, an estimatipn of the prOb4ble spFn and recovery c h m c -  
t e r i s t l c s  of the North Amsricftn XSB2J-1 airplane hae been prepared 
by the Lmgley Laboratory- The xsN2J-1 is  a single-engine, two-place, 
l o v - ~ r h g  scout trainer. An examinetion of the m a  and dimensional 
characteristics of ths airplane indtcated that a eufficiently precise 
estimation  could be made by t e s t h g  a model of similar design . 
available at the- Langley Laboratory, but.m&iffed fn such a m e r  
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BB t o  be generally representative of the XSZJ-L  airplane. Accordingly, 
the model vas modified, primarily  by altering t he  tail length, so that 

Based on  reference 1, it appeared that  t h e  tail design and mas8 
characteristics of t h e  xsM2J-1 aiqlane were such mat satisfactory 
recovery  characteristics ~ m r e  probable.  Brief t e s t s  were made on 
t he  model t0 verify this and t o  obtain  specific results trhich it w a s  
felt would fairly  accurately  indicate in detail the probable spin 
and recovery  characterietice of t h e  xSN2J-1 ailTlane. 

' Tests were made on t h e  modified model for  t h e  normal-trainer 
1oa-g in t he  clean  condition (flaps and lanang gear retracted) 
The probable spin and recovery  characteristics for the beer-trainer 
and rocket-trainer  loa&l.qp, a lso  possible on t h e  airplane, were 
estimatd after consideration of the test results obtained with the 
normal-trainer loading. The spin-recovery  tail-prachute requirements 
for t he  airplane for recovery from demonstration spfm were also 
estimated, and, in addition, t h e  best me.t;hod of leaving the airplane 
from an unoontrollable q i n  T ~ S  determined on t he  basie of results 
of t e s t e  of numerous other  modela: 

b wing span, feet  

S . .  %ring m e a ,  square  feet 

C mean aerodynamic chard,  feet - 
x/; ratio of distance of center of gravity rearward of 

leading edge of m e a n  aerodynamic chord to mean 
aerodynamic  chord 

z /a  . ratio of distance between center of p a v i t y  and fwelage' 
reference l ine  to mean aerodynamic  chord (poeitive 
vhen center of gravfty iB below l u e ) .  . 

n 

- ,  

I 

b 
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ffl-scale true rate of' descent, feet per second 

fulJ"aca1e angular velocity about apm axis,  revolutions 
per second 

helix angle, eagle between f lQh t  pat& and vertical, 
degrees (For the tests of -this model,, the average 
absolute value of t h e  hel ix  angle T ~ B  approldmately bo .) 

approximate angle of sidealip at center of gravity, degrees 
(Sideslir, i e  in~7ard 17hen FMer .Kpng is a o ~ m  by an amount 

.greater than the helix angle .) ' 

~~ AND MOD= 

Model 

. .. : . . .  

! 
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The model used fo r ,  t h e  b e t a  rms ballasted ~ 5 t h  lead weighta 
to obtain dynatntc sIm3.larity t o  the XSM2J-I: airplane at alt i tude 
of 10,000 feet (p = 0.001756 slug per cu f t )  . The re i&t ,  mments 
of inertia,  and center-of-gravity  locaticm were obtained from data 
mpglied by ‘the North American Aviation  Corporation. A remote- 
control mechaqiem was installed In t h e  model to actuate the. rudder 
f o r  .recovery t e e  te . 

The tail-dmping power factor cmmted by methou demribed i n  
reference l w&s 438 x f o r  the XSN2J-1 amlane’-  The horizontal 
ta i l  surfaces of the model used fo r  t h e  tests,  w t t h  ehe lengthened 
tail prevfouely mentioned, m a  lowered slightly in order t o  obtain 
the same value of tail-damping power factur a~ t ha t   fo r  t h e  XSN2J-1. 

Vind Tunnel and  Testing Technique 

The brief t es t r~  made were performed in the Langley 20-foot 
free-spinning tunnel. The testing technique applied for the methods 
of determining the spin data were generally the 8 m  aB those 
indicated in reference 2. 

k -  

The spin data presented  herein are believed t o  be 
values given by the model within t h e  following limits: 

a, degrees . . . . . . . . . . . . . . . . . . . . . . .  pI, degrees . . . . . . . . . . . . . . . . . . . . . .  
V, percent . . . . . . . . . . . . . . . . . . . . . .  
Q, percent . . .  i . . . . . .  i . . . . . . . . . . .  

I’ f1/4 turn when 

t h e  true 

. . . . .  21 . . . . .  21 . . . . .  f 5  . .  . i .  22 
obtained from 

TuMlB f o r  recovery . . + . . motion-picture  records 
t1/2 turm ~rhen obtained by 

visual est ls la te 

8ome instances f o r  which it was diff i c a t   t o   t e s t  the model 
due to +he vandering nature of the spin, t he  foregoing limits may 
have been exceeded.. Cornprison Between spin results of nodele and 

. correeponding airplanes (references 3 and 4) indicates that spin- 
tunnel results are  not alvaye in complete agreaient with airplane 
spin results. In general,  the model spun a t  a acmewhat smaller 
angle of attack with 8 s l ight ly  higher rate of descent and with 5’ 
t o  LOO more outward. sideslip than a d  the corresponding airplane. 

I. 
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The comparison made in reference 4 for 20 models sho~s .that 80 per- 
cent of the model recovery tee ts   p red lc td   sa t i s fac tor f ly  the number 
of turns required for recovery from t h e  epin of the corresponding 
airplane and thqt 10 percent were o p t m e t i c  and 10 percent were 
peeshnietic . 

. .  
Because of the impracthabillty of ballasting the model exactly 

and because of t h e  inadvertent damage t o  t he  m8-el d*ing the q3.n 
tests,  the mea distribution of the model varied from the true 
scaled-dolm values within the following Ilmite : 

Weight, perceit' . . . . . . . . . . . . . . . . . . . . .  1 low to- I high 
. - .  I Center-bf-gravity locaticm, percent_ G ,I forward to 1 reamma . . . . . . . . . . . . . . . . .  Ti, percent 0 low t o  0 

'ly, percent . . . . . . . . . . . . . . . . .  3. low t o  5 high 
... iner t ia  . Iz, percent' .  . . . . . . . . . . . . . .  .3 high to 7 hi& ,: MoTte c 

The meas,&errents .of the mass characteristics were ma& w~ain 
the following limits of accqracg: , 

Weiat,' .percent . .., . . . . . . . . . . . . . . .  . . . . . . .  51 
Center' of .grhvity,  percent 75 . . . . . . . . .  .. . . . . . . . . .  9 
Moments of inertia,  percent . . . . . . . . . . . . . . . . . . .  25 
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, RESULTS Am D I S ~ I O I U  

, Spin arid Recovery Characteristics 

The resul ts  of the model t e s t s  &e presented i n  chart 1. The 
remlts f o r  l e f t  and right spins were eimihr, and the resul ts  are  
arbftrarily r : presented . i n  terms of. equivalent right spins.  

RoMsal-trainei- loa&R. - F& ~e normal-- trainer loa- a t  the 
no& control configuration f o r  sp~nnw (ailerons neutral, elevator 
fu l l  up, and rudd.e,r full with t h e  spin) t h e  model .spin was fairly 
steep w i t h .  a moderately high rate o f  &ecen-t, and recovery by rapid 
f u l l  rudder reversal vas eatis.factory. (See char% 1.) The deflection 
of the ailerans,  either agaimt the sp in   ( s t ick   l e f t .  in a right Bpin) 
or  with the spin, &mma only a elight effect  on the recovery  charac - 
tetristics' of the model. Setting the ailerons a g a m t  t h e  spin did, 
hotmver, tend t o  f-latten the spin, wbreas,  setting the aileronB 
wfth the spfn &owed a tendency to steepen the spin. The results 
indicate that recovery by the normil cwt ro l   minu la t ion   ( r ap id  
full rudder reversal followed approximately 1/2 turn l a t e r  by 
movement of t h e  st ick forward of, neutpal) will be eatisfactory . 

L 

The r e e u l b  indicate  satisfactory recovery characterietics f o r  
t h e  airplane and are in apeanent w f t h  recovery characteriatfce 
estimated fram a cornideration of tail-dampbg power factor and 
ma88 characteriatfcs by the method described i n  reference 1. 
Accordingly, it ie f e l t  that the resul ts  provide an accurate indi- 
cation of ehe probable spin and recovery charac€erietics of a e  
xSw2J-1 &.-lane 

&ter-trainer and rocket-tzalner loadings.- For the bomber- trtrizr and rocket-trainer loadings, the rudder vi11 probably be 
somewhat less effective 8 s  a recovery device, and the.elevator will 
be relatively more effective for recovery than when the airplane is 
in the n~rmal-tzaimr loadhg becawe of ,the relative -crease in ' .  

In888 distribution along the -8 (references I and 5 ) .  Based on 
reference 1, however, it appears that recovery w i l l  be satisfactory 
by normal control  manipfiation  ''(rapla full rudbr  reversal followed 
1/2 turn l a t e r  by 'movement of t he  elevator t o  down) . If; however, " ' 

recovery from a spin of the airplane in ei.Eher of.these loadin& 
does not ap2ear Innnlnent, the bombs and mckets.ahould be jettisoned .- I 

and t h e  recovery procedumhe repeated. 

MRSS m i a t t o m . -  An eetimats was mde to deternine the effect * 
of Bmau variations in m a  distribution on the spin-recovery charac- 
t e r i s t i c s  of the airplane in  order t o  allow f o r  any error In estimating 

. .  
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the maments of iner t ia  of the 'afqlane and e l so  to ELu&r f o r  -& 
rearrangement of t h e  normal"-tzainer loaalng &at may lead to 8 
spinning conat ion  from which recovery may ba slaver than f o r  the 
nom&-trainer loading* The possible  variat&ons In m~ss distribu- . 
. t ion due t o  possible error in estfmating the moments of inertia of 
the  a iqSane and possible re&rangement of t k e  normal-trainer 
loading vould be relatively Bmajj and i+ appars  that the normal . 
mss distribution of %be airplane is such thgt mall variatians  ill 
not a l t e r  the spin an& recovery characterrstice  of. ' the  aiqlane . , 

and recovery wIl.3- be satisfactory bgT t he  normal..controlmanipu- 
la t ion  prepiously mentioned. 

. 
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Estimation of Spin-Recovery  Parachute Requlmments 

T a i l  mrachutee.- Spin-tunnel testrj have  been  conducted on 
numerow modele to determine their spin-recovery pmachuta require- 
ments over 'a wide range of m a s s .  distribution and airplane con9igu- 
ratione. Fsal;gsis of t h e  reeults of these tes ts  indicated that a 
tail parachute 6 feet in dLameter attached' to a 30-f oot towline 

,muLd be adequate ae an emergency sptn-recovery device for the 

' is based on a drag coefficient of 0.7 for t he  laid-out-flat area 
of the parachute. It fa. recamended that a positive eJection 
mechanism  be used to throw the parachute clear of &e tail and to 
&8eure quick opening of %he parachute, Reference 7 deecribes . 
practical. methods of tail-parachute iwtallatiom. 

XSEJ-I 8irplEane f o r  daOne.tratiOII 8pbS The PWaChUk diameter 

Wrgency P f l o  t Eecape 

3 .  Upon inadvertently entering a 8p9n in the  landing condition, 
t h e  flaps c3hould be neutralized  immediately and recovery attempted. 

4. Recovery from inverted spim will be satfsfacfm-y by reversing 
the rudder and neutraliging the  stfok. 



' - Chief .of Stabi l i t s  Resemch Division 
. .  
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1 Neihouse, Anshal I., LichteFtein,  Jacob H ., and Pepoon, Phil ip W. : 
. . Tail.:Design Reguirmente ' f o r  Satisfactory Spin Recovery I 

W A  TXNo. 1045, 1946. 
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W b g :  
man, f t  
Area, eq f t  
Aspect r a t i o  

Chord, a. : 
Root 
Mean aerodynamic chord 
n P  bf3ign) 

42.94 
302 . 63 
6.08 

. 113.12 
87.80 
57.88 

Location of mean aerodynamic chord, a-.: 
Leading edge of F rearward of lead- 

edge of root chord 
Leading edge of E below fuselage 

reference llne, perpe3ndicul.m 
distance 

Angle of incidence: 
Root 
Mean aeroaynamic chord 
Ti?? 

D i h e d r a l  of wing, beg 
Angle of sweepback (at lead- edge 

of -1 
Airfoil section: 

Root 
'pip 

6 e 2 8  

4 *@ 

2OO ' 
lolo 
-loo 

' 7  
3O1.0 ' 

XACA 241F 
NACA @12!3 

" 

."c 



Ailerone : 
Area (both ailerom), sq ft . 

span, in. 
T o t a l  

Chord, percent of wing chord 

Horizontal tail surfaces: 
Area, sq ft 

Total  
Elevator, rearward of hinge 1- 

span, ft 
Distance from normal gross might 

center of‘ gravi-c;S to elevator 
hinge Line, in. 

Vertical tail surfaces: 
’ Area, sq ft 

Tota l  
Rudder, rearward of hinge line 

Distance frm riomal groes weight 
cen%er o f .  gravdty to rudder 
hinge l h e ,  in. 

~ d l - ~ ~ l m p i n g  p01e-r factor . 
Tail-damp3ng ratio 

span, ft 

.. 

Umhielded rudder V o l m  C O 8 f f  hiat 

* .  
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4robe1 wanders. 
bRecoverg attemptea by movfng the rudder from 

f u l l  with t h e  spin t o  2 0  againat the spin. Model vslues 
% L E U  eEtimt0. c o n v e r t e d  to 
%ael reoovereb i n  a rertiod aim. correeponding  
'After raoovery i r o m  the  ercot spln, the model lnnar up 

fu l l - sca le  v a l u e s .  

entare an lnvurtea epLnn. D lnner wlng down 

Z j z - 1  S t  e e p  

Turns for 
r e c o v e r y  
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Fi’gure 1.- Comparative  drawing of the XSN2J-1 airplane and the 
airplane represented by the model as tested. The center-of-gravity 
position shown is for  the normal  trainer loading. 

I 
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Fig. 2 

- .  

Figure 2.- bertia parameters for loadings possible on the XSNq-1 
airplane a,nd for the loading used on the ~odel.  (Points are for 
loadings listed in table II. ) I 
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