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Spin tests of a l/X)-scale moiiel of the Rorthrop N-9M a iqdane  
have been perfomed in  the Lar@er 20-f oot  free-spinning  tunnel. 
The erect  and inverted  spin and recovery  ckaracteristica were 
determined for varims  loading  conditions and the   effect  of deflecting 
the flaps and of extending the l a n d - i n g  gear m8 investigated. The 
investigation also included  tes ts   to  detesplice the size  parachute 
required for satisfactory  spin  recovery by parachute action alone. 
The tests were perfomed a t  an equivalect  spin  alt i tude of 15,000 f e e t  

A specialized  recovery  technique  consisting of rapid full reversal 
of the rudder pedals t o  agai-llst t he  epin coxbaed with turning the 
wheel against the spin and movement of the s t i c k  fornard is 
recamended f o r  all loadings and configurations of the airpla,ne. The 
results also iilrlicated that a 7-foot-dimeter  spin-recovery  parachute 
having a drag coefficient of 0.7 attached  to the outboard wing tip 
wlth a towlke of 10 to  30 feet or an 8.8-foot-diameter  parachute 
attached t o  the fixed portion of the ufng between the elevons a d  the 
pitch flaps with a 30-foot t a w l a k e  would provide  satisfactor,v 
recovery from demonstration spina by parachute  action alone. It 
appears  possi'ile that the fh-st N-9M airplane may have crashed 
because of failure to recover  frcm a spin. 

IN'I!ROIXTCTION 

A fatal crash of the f Irst Rorthrop I?-9M airplane, an approxi- 
mately  1/3-scale flsng model of the Northrop XB-35 airplane,' 
occurred during flight t ea t s ,  There were no re l iab le  wltnesses of 
the accident,  but an examination of the wreckage indicated that the 
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Te8ts ware also performed t o  determine the s ize  spin-recovery 
prachnte  rsquired for satisfactow spin  recovery by pxrachute 
act2on alone for bro points of tarline a t h d m e n t .  

The Ii-gvf airplane, &B previouslj. mentioned, is a scale  .f lying 
mode l  of the XB-35 airp1Ecr-e. The rudder  control8 ofi the two 
airplanes, however, a m  sm-hat d i f f e ren t .  A cmpariscm of the 
results of the  spin tests of the N - 9  and XB-35 (reference 1) 
models waB, therefors, meae to ascer ta in  vhot3er the difference  in  
rudder  controls was  suf f ic ien t  to c a w s  a difference in tho spin 
and recovery Chz!~3~ter i6 t lC8 of the models. In addition, the. 
increznents in aerodynazatc ro l l i ng  end y a w ~ g  moments contributed 
by the N-?K and m-35 rudder controls when deflected were measured 
on the  balence in the NACA f ree-f l ight   tunnel  a;nd c a p r e d .  
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The 1,/2O-scale model of lthe Northrop N-9M sirplme used ix 
the tests wae constructed by Nor-t;hrop Aircraf i, Inc . and w85 prepared 
fo r   t e s t ing  and checked for dime-mional accuruy  by Langley. The 
p l m  form of the pitch f l a p  w e  a l te red  by Langley t o  conform Wi"& 
revised  infomatJon  recej-ved fion Northrap prior t o  the start of the 
tests. The dlmemionel chwacter i s t ice  or' the a i q d a n e  represanted 
by the model are given in table  I. A three-view d r a w i q  03 the 
mdel ae teated ia the cleaa  cmdit ion,  and photogrqhs of the model 
in   th3  c lean and in  the land%? conditions are presented. as figurea 1, 
2, and 3, r e spec t lve ly .   In s tUa t ion  of s l a b  and of hor i eon td  area 
are shown on f m a s  4 aad 3, respectively. The slats were constructed 
by Langley from information pravidd by Kortlxmp Aircraft, Inc . The 
Inatal la t ion of the XE-35 type ' s p l i t  rutidem and a c m w i e o n  of the 
IIB-35 and IT-* rudder  corrtrale m a  show on figure 6. 

The model was ballasted by mane of lead weights to obtain 
dyn~mic  s imi l a r i t y  t o  t h o  airplane a t  an altitude of 15,000 foe t  
( p  = 0.001496 slug per cubic f o o t ) .  The w9i&t,  Conker-of-gravity 
location, mcl rnaente of i n e r t i a  of the airrplae w t ~ e  obtainod fro= 
data fUrniShGd by Xorthmp Aircra t ,  Inc. A renoto-control mechanism 
wa8 Instal led fn the model t o -ac tua te  the controls o r  to open the 
parachute for recovery testa.  Provision ws18 made f o r  rwnoviy: 
equivalent  properly-located ballast  weights I&- the landing g m  a d  
flaps were imtalled so that the mss dietribution  of the model in %he 
landirg condition would repressnt t ha t  of the airplane.  

The model parachutes used were of t h e  f la t  c i rcu lar  type, mcde 
of s i l k ,  and had a d r ~  coeff ic ient  of appmxlmately 0.7 besed on the 
m a c e  m e a  of the canopy when spread out f lat .  IT parechutes ~Lth 
a drag, cooff i c i en t  h e r  tW 0.7 EWG us& on the ai rp lane,  the  
parzchute  diameter  must bo cor?*eepondirqly larger. 

Wind-Tunnel anit Testing TF;chniques - 
Spin tes ts . -  The spin tests were perfomnd.in %he Lmglo;y 20-foot 

f r e e - s p T i  tunnel, the  operation of which is. generally similar t o  
that described in reference 2 for the 15-foot free-spinning turnel. 
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With the  controls set in  position, the model is launched by hand 
with rok t fon .  into the  vertically  riein(3 air stream. The inodei 
thgn a8smes ita spin  a t t i tude and is maintained at a specified 
level by edjueting the airspeed so that-the model drag equals L t s  
weight. The mod.el is shown splnning in t h e  2Q-foot €'res-epFnU?ng 
+,unnel in figure 8. After a number of tumrna o P  the established 
~ ~ i n  have h e n  photographed, a recovery attempt I s  .made by moving 
one or  more controls by means of the remote-controlm~chaniem; 
if recovery is effected, the model dfves or  glidse in to  a safety 
net. The spfn data obtained f r o m  tho t o s t s  are  Wen cmvorted t o  
corresponding full-scale values & methods described in reference 2. 

In accordance with sizandard e z i n - t m e l  procedLwe,  test^ w0re 
per fomd t o  determine the spin an& recovery ckac"hr:stics of'"'the 
modo1 for the normal spir?nlng cantrol  configuration (e t fck  fu l l  
back, wheel neutral, ar_d rudder controls full w i t h  tlm spin) and 
f o r  various other e t ick  and vheol ~ s i t i m e ,  Including neutral, 
intermediato, m d .  maximum deflections of the stick and vheel f o r  . 

ve.rt0us modol l O ~ f d i n g 3  and confi,qurations, R e c ~ ~ e r y  I.W gcmerally 
&ttempt;ed by rapid reversal of the rudder controls from fUl with 
t o  full q a i n s t  the apin. As previou63.y mentioned, 8 f w  rocororlee 
a le0  attempted W- which the ruilder controle were only  noutrtllfzed 
or in which the s t i c k  wag moved *om full. back t o  full. forward 
Turns fo r  recovery were moasured from t h o  time the controls WGTG 
moved, or the pmachu'h w m  o ~ r m d ,  to the time the spin  rotat ion 
cemed. The c r i t e r i a  for a eetisfactozy  recovery from a spin for 
spin-tunnolmodele h a  been atloptcd as two tuMle or l e sa ,  based 
prWxrily on the loas of altitude of the corroepondira airplane 
during t h o  recovery and the subsequent divo. 

For recovery attempts ir- whjch tho model EWUCJS the safety 
net before recovery could be effected because o f   t h o  wandorim-or 
osci l la tory mtion of t h o  model, the number of turns from the time . 

the controle wore moved t o  t he  time the mods1 struck the s a f e t g  net  
wae recorded. This ntrm33er indicated that. the model r e q u i r d  m r e  
turne to recover f m m  t h o  spln thm ahawn, as for exa~@.~, >. 3 . 
A > 3-tum recovery, however, does not necessarily  indicate ml 
improvment when canpared t o  a > 7 - t m  recovery. symbol 03 

is used on the chart8 to ' inbicate that the model contimod s p m f n g  
indefinitcl;r wi"&out an;g apparent tendency to recovery when controls 
were movod, o r  t h e  parachEte was oyenod, for  recover,-. When t h e  
mael recovoro8 without  control movement when launched in  a spinning 
a t t i tude  w i t h  the rudder controls set for the  spin, a s  resu3.t was 
recorded as "No spfri'; 



. launched with ro ta t ion  into the tunnel with t h e  rudder controls 
s e t   f u l l  w i t h  t h e  sgin. The rudder control8 were held with the 
spin for recovery  attempts. The packed parachute was mounted on 
the upper svrface of the outer wing ( l e f t  w i n g  In a right spir?) 
in such e rmn?xr aa t0 have no ef fec t  an the spin until opened. 
As requeated-by  Northrop  LTcra.ft, DX. , teste were mrle w i t h  
the tuwl.lne attached to the f 9 e d   p o r t i o n  of t h e  xLng between the 
elevons and the   pi tch  f laps ,  and also with t he -  towline attached 
to the wing t i p .  The points of towline attachment a r e  shown in 
f igure 9. On the  airplane, &&e parzchxte should k& packcd within 
the wing atruciure in order t o  avoid a f f i c t l q  t he  spin and should 
be  provided w i t h  a poeitfve meane of  ejection in order to insure 
opening. 

Raltmca tests. - The ro l l ing  md yawing moments of the model 
wsre measured  on t h e  six-component bdance in the Langley f ree-  
flight tunnel. The free-fliqht tunnel- i e  described 3.n rof5rence 4 
aii the balance is described in reference 5.  

a,, degree . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . .  tl . -" . - " - - - - - - - "  . . 

$, degree . -;-. . . . . . . . . . . . . . . . . . . . . . . . .  +I 
V, percent ... - 5 
0 ,  percmt  . . . . . . . . . . . . . . . . . . . . . . . . .  +3 

*& turn den a%ta%eA fram motton- 
"urrm foy recovery . . . . .  g i p t u r e  records 

i& turn whsn o b t a i n d  by visual 

. . " " - "" "" ~" -. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( 4  

58 tbtY 

The prscedm linita may have  been  exceeded for certafn  epine 
in whir;h it waa d i f f i c u l t  t o  contra1 the mode1"tn the tunnel bbmuse 
of the wzsldertng or oscf l la toq  nature of &e gpfn. 

Comgariecm between model end afrplane win res-ilts (r~fermcee'2 
md 6) indicates tht spFr--3mol results are not a l w a y s  Z n  cmpie te  
agreement with airplane spin results. In gmeral, the model.8 apun 
at  a somewbat higher angle of atteck, a t  a som&what higher r a t e  of 
descent, and a t  from 5 O  t o  1-0' more out>& s ~ d e a l ~ p  than did the . 
correesonding  airplanes. The compasison made in reference 6, for 
20 airplanes, showed that  percent of t h e  models predicted 
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sa t ie fac tor i ly  the corresponding airplane recovery characteriatico 
md t ha t  10 percent  overestimated. and LO Derccnt underes-i;im&tsd 
the correm+nding airplane recovery chmacter iskics .  

Became of the ~ m c t i c a b i l l t y  of ballasting the mdel m ~ c t l y ,  
and becauae of inadvertent dataqp to the model during the tesua, 
the meaaured weight end ma88 dist r ibut ion of the model"ied from 
the: tmze ecalsd-down value8 within the following fimtts: 

Weight, percent . . . . . . . . . . . . . . . . . . . .  0 t o  5 high 
Centcr-of-gravi-t;y location, percent c' . . .  0 forward to 2 r e w a r d  

of n o m 1  
Mments  of inertia: 

Ix, percent . . . . . . . . . . . . . . . . .  I high to 22 high 
Iy, percme . -. . . . . . . . . . . . . . . .  1 low to 15 hi&' 
Iz, perc-ent . . . . . . . . . . . . . . . . .  1 high to 17 high 

" "- . 

The accuracy of measuring t h o  weight and mass diskibution of t h e  
model is believed t o  be within the floulrwing lWtLt0: 

Weight ,percent .  . . . . . . . . . . . . . . . . . . . . . . .  21 
Center-&-gravity  location,  percent d . . . . . . . . . . . . .  *l 
Moments of Inertia, percent . . . . . . . . . . . . . . . . . . .  .-> +r 

The controls w e m  se t  W I ~ A I  a~ accuracy of 21". 

Ealaslce test@.- !?he r o l k l q  momnts were measured with an accuracy 
of *3 P W C m t  ad the yawfng mmmts were meaeured wfth an acc--cy 
of fl.5 percent. 

=in teets . - Numeram alr$Lancs conditione were considered in tile 
proparation of the test program faz' the modo1 azld spin tests wore 
performed an t h e  model.for conditiom in which the aiqlane ie 
genepafly expect& t o  operate. In addition,  varlatfona j.n m a 8  
dist r ibut ion and center-of-gravity  location f r o m  those of flight test 
candi4A.m number 1 were tested l a  ordsr t o  allow f o r  t h e  limits of 
accuracy of the computed fW.l-scale and m o d e . 1  values. Testa w r e  
a lso  p e d o m d  w i t h  tho zmdel stmulating the canfiguration in which the 
airplans m8 believed to hdve be- at t h e  tfmc of the crash i n  order 
to determine whethe? the crash m y  have resulted frcslr the inab i l i t y  
of t h e  p i l o t  to recover from 8 spin because of poor recovery charac- 
t m i s t i c s  of thu airplane. Y 
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The conditione tested on the model &re l i s t e d  on t ab le  11. 
P p i Q t  and apTrcxime,tely 70 gallona of f u e l  a r e  carr ied for f l i g h t  
test condition number 1. Fl igh t   t e s t   condf t im  nmber 1 WDB 
cmsidered to be t h e  basic lo&ing conditfcm apd d l  changes in  
loading were  =,de from this  condition. The m&88 die%ribu-l;ion and 
center.-of-gravity  location were independently c h m g d  f o r  the   t e s t s  
t o  determine .the ef fec t  of v a r i a t i o n s  in  mass diotr ibut ion and 
center-of-gravity  locatfon. T a a d  weights were added t o  the nod61 
for f l igh t   t es t   condi t ion  number 3 to slm.,llate tho e,ddition of an 
obsermr and approximately 30 gallons of addftional fue l .  All othur 
sp in   t es ta  were performed with t he  model bal las ted t o  represent 
f l i g h t  test condition number 1. For the land- conflgurat im tize 
main and noee Landing gear were installed and the landing flaps were 
deflected. down 50'. The pi tch   f laps  a r e  interconnectod  with the 
landing f laps  on the airplane in such a manner t ha t  when t he  lagling 
f laps  w6 deflected 'jOo dovn, both  pitch f l a p  a m  deflected 27 up, 
and accordingly  both  pitch flay were deflected up 27O an the model 
for the   l andix   conf igmat ian .  Tor  t e s t a  to simulate  the 
configuratfon in  which the a i q l e n e  believed t o  have bean et the 
time of the  crash, the landing gear waa retracted and the land- 
flaps were deflected 25O down. The p i tch   f laps  w e r e  not  deflechd 
up fo r  this configwetion. The s i z e  of t h e  fins required to 
elmulate the fin ef fec t  of t h e  propellcrs was cmputod by methods 
give3  in   reference 7 +d.four fins were installed on each propeller 
nacelle e8 sham i n  figme 7. 

N - m a l e  vzl.ue8 of mss character is t ice  and m&88 parmwterer 
f o r  the  loadinge  tested on t h e  model and for various loedLng 
conditions of the  airplane a r e  given on table  In. The i n e r t i a  
pas-ametars fo r  the airglane loailings and f o r  tihe loadinga tes ted cn 
t h e  model are plotted on figure 10. 

The control  deflectians for t h a  model were obtained from 
Wormation  furnished by Northrop Aircraft, Inc.  The amlane was 
equipped w i t h  a s t i c k  and whoel t o  move the elevom for lcngitudinal 
and lateral control, respectfvely. Movement of the a t l ck  moved both 
elevons e i the r  up or  down together whereas tu-.n3ng t h e  wheel momd 
one elevm up and Yzle other olevon down. A l C h ~ u g h  there  r v a a  no 
s t ick,  wheel, o r  rudder gedals In the model, control ddloc t ione  m e  
generally referred *a herein in terms of st ick,  wheol, and rud.ds;r 
pedal po~~i t l cns .  Various terma u ~ e d  for control  deilectfon Ere 
defined a8 fol lows:  
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indepsndent of, and a r e  superjmposed on, those obtained from landing 
flap  deflection. For example, when t h e  l a d i n g  flaps a r e  full. down 
and tho right rudder pedal is pushed fu l l  forward, the right pi tch 
f lap  deflects  from 2 7 O  up t o  53O up and ths l e f t   p i t c h   f l a p  remains 
a t  27O up. 

(a> Deflection of the   lmding   f laps  - 50° down. 

Unless otbemiee  speciflcallg  indicated on the c h w t s  and tables, 
the  cockpit vas closed, the  landing flaps were neutral ,  the p i tch   f laps  
aeflected frm OO to 2 6 O  up, and the landing gar  waa retracted f o r  the 
spin testa. 

B.alar,ce.-.- m e  aerodgnamlc r o l l i n g  and yawing moments of the 
complete model i n  the origfnal configuration  with lmdZng gear 
r e t r echd ,  landing flap neuizal, devons  neutral ,  md rudder  controls 
neutral  were measured fol- angles of a t tack between 20° and 60° a t  
0' YEW. The ruddez  controls on tim right wing tip were thsn f u l l y  
deflected a6 previously  described for  the sptn t a3 t6 ,  and. the tests 
=re repeated. mesa ruddsr controle wera removed and a set of s p l i t  
rudaers frm the XB-35 model were ins ta l led  and daflected +600 cm the 
sams .wing  t i p  and the roll3n.g a d  yawing lliamonts mre q p f n  measured. 
The increments in  rolling and yawing moments cmkibuted by the two 
types of rucitder controle were then obtained from tho results of these 
tests. 

The results of the model spin t a e t s  are presented in terms of 
full-scds values on cbarts 1 through 13 and on table N, and the 
results of the b&lance test8 arc presented on f igure 12. Reaults frcm 
rsferance 1 for thg X6-35 model ax6 presented on chart  14 for compar- 
ative  purposes. Although the 3-9M model was apparantlg symmtrical, 
recoveries from spina to tho   p i lo t ' s  left ( l e f t  epins) wera s l igh t ly  
Blower than  recoveries from spins for corrasponding  control  configu- 
ra t ions t o  tha p i l o t f s   r i g h t  (r-ight elins) and the   rmain ing   tas t s  
were made t o  tho p i l o t ' s  lef t  in ordar t o  obtein slightly  coraervative 
results. Thz resu l t s ,  bowever, a r e  a r b i t r a r f l y  presented on t h o  
cha;rts i n  te rn  of spina t o  the p i l o t ' s  righ.t. 

Clean Conditian 

F l igh t  test condition numbor 1.- The. result8 of' the   erect   spin 
t a s t e  for f l i g h t  test condition number 1 (loading point nuuiber 1 
on table  I11 and f igure 10) with rudder controls w i t h  the spin are 
presented on chart  1. The epin for the normal control  configuration 
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for spinnlng  (stlck full  back and wheel neutral)  was s l igh t ly  
oscillatory In pitch and roll. Recovery from this spin by 
rcv9r8al of the rudder controls m e  rapid. Settfng t h e  whoel 
against the spin waa favorable. The made1 would not s p a  when . 

the   s t ick wag forward o r  neutral. Two typcs of epin wore obtuined 
with the s t i ck  back. One spln had a radius too greai; t o  permit 
testing  completely  but it is believed that recovery fram thia spin 
would have been satiefactory.  Recovery fYm the socord tJrpo of 
spin -as satisfactory.  SetiAng tho whcel with the spin w a s  adverse 
and, in general, the model would not recovm. 

Tests were a h o  mde in wkich *&e slovans wore allowed t o  
f l o a t  f reely between t h e  maximum up and down deflections obtained 
from s t i ck  movemmt wh6n the wheel m a  fixed a t  full against the 
epin, neutral, m d  f U  w i t h  t h e  ~ p F n .  l?scovpries were a t t a p t e d  
by reversing the rudder cmtza la .  The results of these tests  were 
genmally similar t o  those obtain& from COlT8BpOnding spins w i t h  
the   s t ick  full back a.nd the r e su l t s  a r e  not  presented on the chart. 
Bec~use d lack of de t a i l  in &e elevm balmco, of lack of 
indZvidual bal las t ing of t h o  elevons, of .centrifugal  forces, and 
of possible scale effects, the results are  un ly  ro@ i n d i c ~ % l o m  
of the rkeulta that may be obhinod on the airplane with t h e  s t i c k  
f ree .  .. 

The results uf-recoycry tests made h,y neutralizin@; tho Y-lddir 
controls w e  also presmted on chart  1. The reeul ts   indicate   that  
j.n general the rudder controls op the air-plme  should bo mv6d t0 
ful l  against tho spin f o r  pptimrzlll s p a  rocovsry. 

Rscoveries w e r e  also attomptd by moving the stick from f u l l  
back to full forward with the 'vheel fixed a t  full agah8-t t h o  epin, 
noutzal, and full w i t h  tho epin and with t h o  ruddor c.3ntrols 
maintained f'ull with .the spin. C h a r t  1 6ho.k.s "ht mti~factory 
recoveries were obtained by this technique WRen . the wheel wae f'ull 
egainst the spin  or neutral   but the model can t inud  spinning 
Then t h e  wheel waa w f t h  the spin.  .. . 

Became  of the unusual desi.? of ' the  airplane and -03 t h e  . 
rudder controls, tests were also made in which t h e  modcl. waa 
launched in to  the tunnel with the rudder cantrols neutral and , 

% a b e t  the  spin. The results of those t es ta  a r e  preeentcd on 
chart  2. The model continued spl.nning wikh the whsol w i t h  t h o  spin 
oven when launchad w i t h  the rudder coni;rols against t h e  epin %hereby 
canfirmiryl; tho  adveree effoct  of turning the wheel with the   spin 
previously no';cd when attempting recoveries from rudder-with  spins. 
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Tho results of t e s t s  made with the center of gravi ty  forward 
5 pcrc-el; of the moan aerodpmlc chord or reasward 3 &r 6 ,wrcsnt 
of the men aarcldynamlc chord are prssented on c h u t e  5 and 6. 
Them l o a d ~ q a  are roprosentad by points 7, 8, and 9, rsopoetively, 
on table 111 md figure 10. With the cantor of gravi tx f o m d  , 
the nds l  would not epin when .the Etick tra8 full  f o n m d  but would 
not recover by reversal . a f  t h e  rudder c o ~ ~ t r o l ~  when -&e s t i c k  wa6 
full back. It apDear8 that mov&mt. of the 8 t i ck  fuil forward 
i n  conjunction wlth movement of the rudder c a u t r o l n  agal.net tho apin, 
however, w i l l  give  satisfactory  recovery frm spin8 with the s t i c k .  
fu l lback  when the center of gravity is forward. With the center of 
p v I t y  oither 3 or 5 percent of the mp? ac rodpmic  chord reaxwaxd 
of n o m l ,  spine were obtained f o r  d l  control configurations, except 
when tlhs s t i c k  w&s f u l l b s c k  and the  wheal w a ~  neutral. A condition 
of spinning equilibrium apparently could not bs obtained f o r  center- 
of  . - s a v i  ty roarward lotiding when the s t i c k  wa6 b a a  and the wheel 
waa ncu t rd ;  a f t e r  baing hunchod 113th Initial sglnniiag rotatlon, 
the model began oscillatb4 i n  p i k h ,  the amplitude of  the osciZlatian 
increased, and the model finally pikhed inver,ted and Ectopjed ro';ating. 
The model then wont into a dive but ccmtinued osc i l la t ing  in pitch 
until It. hit the safetx net .  Recoverf~s from spins wlth the wheel 
w i t h  the spin wer6 still unaati8factory when tho center of graVity 
was 3 porcent or' t h e  mem- aeraayhamic chord rmmara of noz?naL, but 
rocovorias fram all control cozSigumtima wem . se t i s f&ctory  whm -the 
center of gravi ty  wa8 6 percent of the man aerodynamic char& rearward 
of normal. The difference In rccovsr;r resuUs for various center-of- 
gravity locations cana.pprontly be explained, in  pert, by the diffexvnces 
i n  angles of Ettack obterned f o r  various center-of-gavity  loca-kime . .  

and by t h e  balance mEult8, subsequently presented, on t h e  baels of 
the rolling-momnt increment associakd with reversal of rudder 
controls a t  differeat anglu~ of attack. For all center-of -gravity 
locationa, recoveries ware more r q i d  when the whoel m a  against khe 
spin, than when the wheel. with the spin. 
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( loading point number 3 on tabla ULI: and f i g .  10) are presented 
on chart  7.  The change in l o a l F z  c~tused an dvurse e f fec t  In khtit 
r e C O V 6 r i a E  could n o t  FOX be obtained by reversal  of the rudder 
controle from spins with the   s t ick  fulJ back. An analysis of the 
r s ~ u l t s  Indicates that t h o  adverse e f fec t  of flight ttist condition 
nm3m 3 loeding on recovary  charactmietics with the  s t ick back 
can gro3abl.y be: Ettributed to a forward movFmcnt of tho center of 
gravity a s s m u t e d  Kt-th t h i s  load- ae indicetcd on k b l e  111. 

Tnvortcd 8pins.-   Test   results f o r  invert td  spina with  the 
mod& in f l i g h t  t b s t  c o a i t i o n  nmber 1 a r e  prseentrd  cn  chart 8. 
The ordw used for prescntlng  the data for inverted spdm is 
di f fe ren t  from tha t  used for s roc t  spins. Tho case for established 
inverted epins “controls crossed” ( r igh t  rudd6 r pedal forward and 
wheel l o f t  for a spin t o  the pilot’s right) i e  prcsmtcd   to  the 
right of the chart  and s t i c k  back fe prssmtud a t  the b O t t G i m .  when 
the  controfa a r e  crossed fn tize establish& inveittsd spin, the 
different ia l   def lectfan  of  the elmans aids the rollAnn motion; 
when controls a r e  together, t h o  different ie l   aef lect icm of the 
elcvons opposes the r u -  sot ion.  m e  of w + m  tilt 0, on 
the chart  10.gIvm as u2 or  dcwn r e l a t ive  t o  the ground. 

The r e m l t s  show that apins could be obteined only with the 
rudder and wficel crossed with the s t i ck  nsutral or forward, and that 
the modolwculd not recovor from ‘these e-pins wba &&e mddcr c m t r o l s  
alone were reversed. It as3 3ar8, howcvw, that  satiofactory  recovery 
could be obtained from thme sp+aa by neutralizfng tha s t i c k  End 
whoel conjunction w i t h  revcra8.l of t l e  rucder controla. 

Land- C c n f  iguratian 

The r e o u l t a  af the tests with the model in the landing 
configuration for fX&t tet;t c d i t f o n  numbzr 1 a r e  3rGsented on 
chart. 9. An adverse ef fec t  on recovery  characteristics we8 noktzd - 

f o r  tha 1mdTng configtlration  in that the  m d 6 1  would not now 
recover frm spins obtained with the stick back vhcn t h s  mdd6r 
controle were reversed. 

Tests 5\1cre next p e r f w d  to aecortain whether thc adverse 
off   ect  of the landing  configuration w m  caused by the  initial 2p .up 
deflect ion of the pitch f l a p  associated with ths landing configurRtian. 
For these t e s t s ,  the pitch flaps were initiw s e t  a t  0 . The 
results of these tests were gmcrdly  similar t o  thoss obtabed  for 
t h e  l a d i n g  configuration  thereby  indicating that the adverso ef fec t  
w a ~  caused by ei thcz the lmding flaps or the landing gear. On the 
basis  of r s ~ u l t s  of t e s t e  of other spin-tunnelmodsls, it ay9em-s 
that the  adverse ef fec t  on recovery  characteristics waa caused by the 
deflection of the landing flaps rathcx than by th6 extmsion of the 
landing gear. 

b 



A i r p l a n e  Configuration at  Time of Craeh 

The results of the t a t s  pcrformrd ~ L t h  t h e  modal sim.latir?g 
the   can f ipmt ion  in which the X-gM airplane is believed to have 
been at the  time of t h e  crash (landing flags 25' down) are 
$resented on chmt  10. These results are gumrally similar to 
thoee for tho landing configuration &nd show that   thc  m d e l  d i d   n o t .  
recovm from tbe  spin in the norrnal control  configuration for 
spwning whsn the  rudder  controls were roverssd t o  agabst the  spin. 
Resvlts of check t e s t s  f o r  the clean  configuration performed 
immediately following the tests w i t h  t h e  model simulating the crcsh 
configuratfonsubs.tastisb.i;odth6 adveree effect .of e i ther  pa r t i a l  o r  
fu l l  l&nd.ing flap  def lect ion.  

The poss ib i l i ty   tha t   the  first N-9M airplane may have  crashed 
because  of f a i l u r e  to recover from a a p b  €8 indicated by the 
results on c h w t  10. It may be seen that in order t o  obtain  recovery 
from a spin in the normal. control  canfiguration for spinning, the 
p i lo t ,  in conjmction  with reversal of  the rudder controls, should 
pwh t h e  e t ick  forward of neutral  and/or turn the whoel againet the , 

spin.. _.IC t h e   p i l o t   d i d  not f o l l o w  the  previously  mentiqed  recovory 
technique, it is possible that the a€rp.lane may heve spun In.  

Equlvdent  Fin  Effect of Propellers 

The model m e  in the  clean  condition and bal las ted to  represent 
f l i gh t   t e s t   cand i t ion  number 1 f o r  the t-estts performed t o  dittermine 
the  equivalent f i n  ef fec t  of windmilling  propellers, The results 
of these t e6 t s  w e  prssented on chart  l.3. and are generally E i m i l a x  
to  those obtained wtthout  the  propeller fin mea  thereby indicating 
that the f in  ef fec t  of the propellers war3 not   auff icrent ly  large to 
appreciably effect the spin and recovery   char~~cter i s t ice  of' the 
model. 

The r e su l t s  of tests made w i t h  X) -percent and wtth 35-percant 
span leadeng-edge slats ir-stallod on t h e  model f o r   f l i g h t  test 
condition  nmbbr I are  presented on chart  E. The ine ta l la t ion  of 
either set of slate waa detrimen-kl. Recoveries by reveraal of the 
rudder  controls wera slew or  impossible f o r  a l l  spine obtained. I n  
gmer&l, wia slats iristalled, spFns could  be 0btaZnc.d except w i t h  
the  whoel against the spin and the s t i c k  forward. 

. . .  
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H o r i z a n W  Area Imtalled Rearward of Model 

The resu l t s  of teste m&de w i t h  horizontal area equal t o  
2 perceat; of the wing area instal led on a boom rearward of the 
center of the model ( f ig  . 5 )  for fU@t b e t -  condition number 1 
are preeanted on chart  L3. Th6 reeul ts  show that the additkon of 
the korlzontal area did not apgreciably  effect the s p h  fLnd recovery 
c h ~ ~ r a c t e r i s t i c e  of the model. 

Becaumnded Recovery Technique 

It w a ~  noted throuc#lout the t e a t  pmLgctim that   there  wa8 a 
general trend of recovery  characteristics f o r  all conditiano  tested. 
For cwtain  control  canfiguraticns the racdel would not apin wheroee 
for others it would not  mcover. On the basre of theso re~Ults, 
tha following technfque f o r  recovmy from spine is  recommended for 
all c a d i t i m a  of the a.irplane: 

(a) E b c t  spins .- Rapidly reverse the rudder psdala t o  fa.1 - 

&gasnot &e s p b ,  and at t h e  sama time move the st ick forwe and 
turn the w h o 1  f'ull against the epin; i n  moving the E t i ck  forward, 
care  should be exercised t o  avoid excessive ra tes  of acceleration 
i n  the ansuing d i m .  If a spin is entered with lmding f l aps  
deflected, t h o  flaps should be neu t r s lhed  & rocovorr attemgtd - .  

imecliately . 
(b) -Inverted spina. - Rapidly rdvorsc the ruddar pedals and 

n m t r a l i z e  t h e  st fck end. wheel. 

Spin-Recovery ?machutes 

Epin-rocovery parachxta t ea t s  WWQ made w i t h  the mods1 in t h e  
clean condition and ballaetcd to r e p r e s a t  flight t s e t  condi-i;ion - 

number 1. The totdine was attwhcd e i t h g  t o  the fixed portion of 
t h e  wing between the elevons and tho pitch flaps or  to the wing t i p  . 

as shown on figure 9.  The results of t f ioso tes ta  m e  premntxd on 
table  N .  1% was foma that. wkan thc towline waa attached t o  the 
fixed p o r t i m  of the wiqq betman tho elevone, and the pitch f l q s  . ' ' 

and w&8 short  enough so tha t  t h e  parachute wm.iLd not f o u l  tho 
propeller, the w a c h u t e  frequently fluttared i n  the wake of t h e  
wing without ope- properly and thw wae ineffective in pro8uclng 
recovery. Aa it wa0 md0rei;Ocd "&at the propellsrs could be -lack& ;. 
on the aLrplane, it appeared tha t  lcmgsr towlines muld be used and 
accordingly varicue towline lengths wero tested for both points of 
towline at taclmmt . 

. "  
. -  

. -  

. .  

" 

.. , .  
" 

- 
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Satisfactory recoveries by parachute action  alone were 
obtained from eplns f o r  t h e  normal control  canfigmation for 
a p i n n i q  wit$ a 5-foot-diameter (fW.l. scale)  parachute on either 
a I3-foot or a 3 - f o a t  (full ecale)  towline  attached  to the f lxed 
portion of the Xing between the elevons and the pitch f l a p .  
Ht;-coverles from spina with the wheal with the a p h ,  however, were 
unsatisfactory when a 9-foot"dimeter parachute waa used and it 
W&B nec-eesary t o  use an 8.8-foot-diameter (full scale)  parachute 
on a 3o-fwt (PAI m a l e )  t m l I n e  III ordw t o  obtain  satisfactory 
recoveries from demonatration spina when th.e wheel m e  wlkh the  
apin, Results of aiqlane spin tests have  ind5cated that the 
stick or  wheel may f l o a t  w i t h  the spFn when the airplane Is s p i m i w  
and it is recommanded therefore that an 8.8-foot-dimetar  parechute 
on EL 30-Toot towline be wed. on tho airplme when the towline ie 
attached to the fixed p o r t i m  of t h e  w3-w between the elevons and 
tho pi tch flaw. 

When the t o w l i n e  was attached t o  t h e  uing tfpr sat isfactory 
recovery m a  obtained ikon spFns at  the nomuel control  configuration 
for spinning %*en a 5-fmt d',am.;tw (Tu11 .scala) parachute m e  
opened on t h e  end of el. ther 10-foot, l5-foot, or  30-foot (full scale)  
towl3ni.s. As was the  cme when t h e  parachute wea attached t o  t h e  
fixed portion of the -a between the s l e w  md the pi tch fltqs, 
however, r e c ~ v e r i e s  from spins  with  the wheal WFth the epin were . 
w a t l s f a c t o r y - w h a t  a 5-foot-diametm  parachute w m  used. Satisfactory 
recoveries wem obtained from spina when t h e  wheel waa with tihe - : 
Spin &an a 7-foot-disneter .(full . s a d e )  p&r&chute was attttched to 
the outboard wing t i p  wifh efthw a LO- -or a g - f o o t  (full scale) 
tawline. It thw appears daeirable that EL 7-foot-dimQtsr pamchute 

' be u ~ o d  when t h o .  W l i n e  is -attached to t h e  outboard w f q  t l p .  

An examination of t h e   u r e k a g e  of the-airplane after the crab 
indicated that  a spin-recovery parachute had beon opened prior %a 
the 'CraBh. This parachute had a .dlamete~aE' 5.5 foot m & w ~  
attachad to the f ixed portion of the betwoen the el.ovom and 

pitch flapa with a 10-foot- towline. Although this parachute . -  
EuTqement w&a not speclf ical ly   tes ted on the model, it is  belisvod 
khat it would pmbablg give satfsfactory  recovery from a spfn on the 
amlane w i t h  the wheel neuWal and the stick full back. if the . . - 

airplano had sufficient.  altitude to effect recovery when t h e  parachute 
w m  opened. If,  however, the wheel were with the s p l n  or  the stick 
were not Full back when the parachute was opened, the model tests 
indicate that a 3.5-fOot pmachute would not havu tsen large enough 
t o  effect  recovery from tho spin. 



CmFarison of N-9M and XE3-35 Model Spin  Test  Results 

As greviously mentioned, a coJnpavison of the  results of the 
spin end recovery testa of the N-gM and XB-35 modela w a ~ l  made 
t0 determine  whether the difference8 in r-&der cantrob would cau8e 
a difference in the spin and recovery  characteristics  of the  
models. The rudder controls an both models were located a loag  +he 
trailiq edge of t h e  . w i n g  a t  the wing t i p s  md w e m  of approximately 
the 88me span, but scoop rudders end p i tch   f laps  wc-re used on ths  
W-9M model Thereas spli t ;  rudders w ~ r e  employad on the X3-35 nodel 
(fig.  6). Thc reaults  cbtained with a m d z i  of the 73-33 airplane 
(reference 1) in  .the clean  condition, norrEl loa- a r e  presented 
M c h c t  14. A comparison of these reaqts   wi th   those  for  the 
N-SM model on charts 1 and. 2 Fnriicates that   the   spin and racovery 
character is t ics  of the two modela a m  not  similar. When the rudder 
controls were with t h e  spin, t h e  XB-35 model w d d  &pin only  ui-th 
the wheel with the spin snd the stick e i t i e r  neutral o r  back. When 
the rudder Control13 were deflected against the spin, howevol; the 
XB-35 model. would spin for a l l  s t i ck  and wheel g o s i t i a ~ e x c e p t  
wheel ful l  egainst the apin and s t i ck  either neutral  o r  forward. 
The N-9M model, on the o thm hand, would s p h  f o r  almost all s t i c k  
and wheel gositions when t h e  rudder  controls werc W f t h  the spin but  
would spin f o r  mil7 a f e w  cantrol  confip;uretfons whm the  redder 
controls were against the ap1.n. Optimu! recovexy was obtatned on 
the XB-35 model5y maint&ining the mdder controls w i t h  the  spin 
whereas on the I S - 9  model, optimum recoverg was obtained by moving 
the mddsr con5rols against the spin. 

Aa previouslr mentioned, tesk WWE performed in t h o  f reo- f l igh t  
tunnel to measure t h e  increments in yawing- and r o l l i n g - m a n t  
coefficients  contributed by the two tries of rudder controls   in  an  
attempt  to  =certain the cause of t h e  differcacsa in the spin and 
recovery  characteristics of tihe N-914 and XB-35 lnodels. The results 
of these t e s t s  a r e  smmar ized  on figure 12. It can  be seen t h a t  for 
the  angle-of-attack  ang go tes ted (200 t o  &lo) there wae l i t t l e  
d i f f e r a c e  in th6  incremmt of yawirg-mcaneslt c o e f f i c i e n t   c o r i ~ b u t s d  
by the two typs of rudd6r controls. The increments i n  rolling- 
mament coofficient  contributed by the two %gEes of rudder controls, 
however, were quite different. Throughout L%e W e - o f  -attack 
range teeted, the XB-35 rudder controls  conbibutcd en incremental 
rolling-mcanerrt coefficient which was appraxtmataly 0.01. greater  , 
negatively than that  contzfbuted by the B-9M rudder controls. If 
the rudder controls am considered to be def lectrd with the spin . 

( to  give a prospin yawing mamcnt), it can  be scan that the Z3-35 . 
rudder cantrole set up an antispin mlling monent  whfch, for the  
mae8 dist r ibut ion of the 3B-35 and M-9M models (ref   ermce 81, tends 
t o  prevent the spin,  Up to an ang le  02 a t tack  of' approximately 340, 
the ET-gM M e r  co~trols also s e t  up an m t i s p l n  rolling moment but  
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t h i s  moment is eppreciably lese t ha t  e e t  up by the XB-35 
rudder  controls. A t  w e e  of a t tack greater . t h e n  3k0, however, 
the N-PM rudder  cont,-ols s o t  up a prospin rolling moment which 
tends to mints- tho  spin. If the rudder controle are considered 
ta be deflacted against tke  spin (to give an ant ispin yaw- mment), 
f-igLwe 12 indicate8 t h ~ t  t h e  XB-35 rudder cmt.rols  give an adverae 
prospin rolllw mom-mt xhmcas the N-w rudder .controls, at anglee 
of attack greater then 3k0, set up a favorable mtispin rolling 
moment. The re su l t s  of the  balanca  teste thus appear t o  offer an 
explanation  for the differences in  the spln and recovery  charac- 
t m i s t i c s  or' the two modde. 

Control  Forcsa 

The discuesion of t h e  recult@ 80 far has bsm besed on conk01 . 
effectiveness alone without rc,gard to  the forces reqairod t o  move 
the cantrdtfl for r ecovsq .  For a l l  t e a b ,  8,s previowly mntioned, 
suf f ic ien t  fcrce was &pplisd to  the  controle to move them fulu and 
rap iuy .   Suf f ic ien t   force  mmt bo Epplied t o  the airplana  controls 
t o  mme then In a aimilar manner in order for the airplane and mas1 
results t o  be canparable. 

Based on the r e su l t s  of spin tssts of a 1/20-acalo model of' 
t h e  Northrop N-Pf airplane, the following collclusions a d  
recamendations regarding the spin and recovery character is t ics  of 
the airplane at  a sp in .a l t i tude  of l5,OGO f e e t  ere mde: 

1. P. s l igh t ly   osc i l la tory  spin with a moderate rake of d s s c e ~ t  
w i l l  te obtain& for t h o  normal control configuration fcz epi.lulfng 
when the airplans is in flight test ccuxlition nmker 1. Recovery 
from this spin by rapid fu l l  rwwxml of' the rudder ~ e d a l s  w i l l  
probably be sat isfactory.  Movlne; the s t i c k  full  f o m d  or  turniw 
th9 wheel a$&inst the spin w i l l  ~ ! x p & l t e  recovery wherca8 turning 
the wheel w i t h  t ha  spin will have an adveme effoct on rocovery. 

2. Changes in moments G f  inertia of the order of 220 pcrcent 
w i l l  have no  apprcciakle  effect on t h e  spin and recovery  charm- 
t e r i s t i c s  of the B i ~ ~ C .  

3 .  Forward movmenta of  the c m t s r  of gravity of the order of 
5 percent of t h e  mean aerod,manic chord w i l l  h.we an adverse ef fec t  
on rscovcrics from spinn ~ 5 t h  t he   s t i ck  Tull back. The racovcry 
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characteristics dl1 b4 sat lsfactury for reaward novaants  of 
the center of gravity of the order of 5 percmt  of .tlm mem 
esrodpmmlc chord. 

4 .  To obtafn  satisfactory'  recovcrics f r o m  spin8 for flight 
test  condition  nmber 3, it w i l l ,  be  n~cese0z-y t o  move t h e  s t i ck  
forward. 

' TLangley 1&mori&,l Aormauticd. Laboratory 
National Advisory Cormittea for Aeronautice 

Chief of Stab i l i i y  Research Division 
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L n g t h  over all, f e e t  . . . . . . . . . . . . . . . . . . . . .  17.78 
P2opallff6, t ype  . . . . . . . . . . . . . . . . . . . . .  .-her 

Propellers, nmbr . . . . . . . . . . . . . . . . . . . . .  2 
Propellers,  blzdes m each . . . . . . . . . . . . . . . . .  2 

?ropellers, d i a 8 t e r ,  f e e t  . . . . . . . . . . . . . . . . .  7.00 

w a g  : 
spm, f e e t .  . . . . . . . . . . . . . . . . . . . . . .  .o.Oo 
Arm, i3qLxce f e r t  . . . . . . . . . . . . . . . . . . . .  4 p  .o 

~ w i e t ,  tip le- ~ d g e  down, di pe:a . . . . . . . . . .  4 .O 
Dihedral, 25 psrcent chordline, degroee . . . . . . . . .  2 .O 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . .  7.4 
Taperrat io  . . . . . . . . . . . . . . . . . . . . . . .  4.0 
Sweepback, 25 percent chorf i im,  dogre& . . . . . . . . .  21.5, 
Lead- -E. of mien asrodymmlc chord rc.arwsl.d 

Sec tica, root P;ACA-65,3 -019 
Section, tip . . . . . . . . . . . . . . . . . . .  NP.CA-65,3-018 

- . . . . . . . . . . . . . . . . . .  

Mean aerdynamic chord, inches . . . . . . . . . . . . . .  1Gg .8 

of leading edge of root-chord, inchss . . . . . . . . .  69.7 

El.evom : 
Chord rear& of hinge 13x3, f e e t  . . . . . . . . . . . .  1.57 
s p a ,  percent cf ww spar, . . . . . . . . . . . . . . . .  33.6 
k e a  rezmerd of hktge line, percant of wee. . . . .  6 .'j 

SCOOP maaors: 
Span, persmt of 1- epan . . . . . . . . . . . . . . . .  21.5 

Landing flaps:  
S p a ,  pcrcsnt of vtng epan . . . . . . . . . . . . . . . .  35.3 
T o t a l  area, percent of w i n g  area . . . . . . . . . . . . .  1.0.1 
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TABU IV 

SPIN RECacTERY PARACHUTE DATA a T A I N E D  WITH TRE 

1/2OSCALZ LIDBlKL OF THE NCRTHROP N+U AIRPLANE 

&light  test condition number 1 (hading point rider 1 on table 111 
and f i g .  l0)3 drag coeffioient of parachute is 0.7; rudder 
controls  maintained full rrith  the spin during the recovery attempt; 
recovery  attempted  by  parachute  action alone; f ight   erect  apim3 

. ...... 
e .  

5.0 

5.0 

5.0 

7.0 

7.0 

7.0 

8.8 

8.8 

8.8 

5.0 

5.0 

5.0 

7.0 

7.0 

2.5 

S . 0  

30.0 

2.5 

15.0 

30.0 

2.5 

15.0 

xi0 

Parachute tonline 8ttached to outboard lring betwen  pi tch flap 

h 

9' 3, 1 

and elevon 

+ >3 

a >* 

NATIONAL ADVISORY 
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: I :  
0.0. 

i. 

-i?Jl r Wheel iull 

5tiOk 
rUll 
baok 

E KO a p i  

a 

E!!! 179 -35 H 201 0.37 

Stick 
neutral 
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* 
. .  

I 

. 

Two oorditlann poeslbla 

U 
NATIOIUL MSVLMRY 

C M l l l T l I E  F U  YRyIllTlcs 
nodal values 
Cnnrerlad t o  
corraspondlng 

U lnner rlng up 
fUll-8Calo values. 

D lnner ulnp down 

4 
0 

I-. 

0, 
Q 
w 
0 

. . . . . . . 
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0 em 
e a  
. a  . ... . 
..... t 

b 0  

a 

B' B 

Two typer of win 

b a a 

% 1 D  ;g 2: 1u 
" !heel  Cull right Wheel f u l l   l e f t  

II 
200 0.35 173 0.36 - 

'5 
t 

a0 

B No spin 

. 
value  given. . 

bSteep, wanderine, and o s c i l l a t o ~  Spin. Model. valuee 
converted to 
correspondlng 

U inner wlng  up 
full-scale values. 

D lnner wing  down 

COWITTEE FOR AERONAUTICS 
NATIONAL ADVISORY 

a 

Turns for 
r e c o v e r y  
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I 

ca 

2 %  
la5 0.4 

191 .20 160 0 . 3  

IQ/ 

b 201 0.35 

I Turns for 
recarcry 

. .  
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H No spin 
U - 
a o s o m a t o r y  spin; range o r  v d u e a  o r  

average  value glven. 
H o d e l  Value6 
converted t o  
corresponding 
f u l l - s c a l e  values. 
U Inner  wlng up 
D lnner wlng down 

COMMITTEE FOR monwu 
NATIONAL ADVISORY 

El No epin 



. . .  

I 

a 

rble III d rl@m lo) 

H 150 0 . g  

I Ei.; I 
3 z: 
166 0.26 
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OHART 7.- SPIN AND REOOVERY OHIRIOPERISTIOB OF THE &M&E MODEL OF THE NORTHROP 

[Loading point number 3 on table I11 ana figure 10; reoovery attenpted by rapid full revered 
N-9M ILIRPUNE IN FLIGHT TEST O N D I T I O N  NUMBER 3 

or the rudBer oontrolr (reoovery attempted from, and steadpapin  data  preaented f o r ,  
ruddez4ull-with figin.); right  ereot epln3 

NATIONAL ADVISORY 
COMMITTEE FOU AERONAUTICS - 

%EOi11t%tOI-y spin; range o f  r a l u a e  or average 

b ~ i e u a l  estimate. Model values 
converted t o  
correepondlng  

U Inner  wlng up 
f u l l - s c a l e   v a l u e s .  

D lnner  wlng down recovery  

value given. 
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CKART b.- INVERTED SPIN AN3 RZCOVELY CJHARACTERISTIOS OF T m  &-SCALE MODEL OF THE 
NORTHROP N-gM AIXPIANE I B  FtIGiiT TEST CONDITION NUHBL! 1 

[hading  point number 1 on t ab le  111 and  filJure IO; recovery attempted by rapid full reversal  
of the  rudder  controls  (r ight  pedal forw rd during  steady  spin,  left  pedal  forward f o r  
recovery); model turning t o   p l l o t ' s  righa 

a No spin @ No spin 

b 

Wheel full rlght Wheel f u l l   l e f t  - - k 
(Controls  together) No epl r  

f No sp in  

COMMITTEE FOR AEROHAUTICS 
NATIONAL ADVISORY 

Model values  
converted t o  
corresponding 

0 lnner wlng u p  
f ul l-8 cs le  valuea . 
D inner w l n g  down I I Turns for 

recovery 



.. . .  . . .  
.. . . . , 

. .  

P 176 0.a 154 0.32 176 0.22 

full rlgh% 
Yhae1 

I-I I o .  I U I 

H 
ConlllrrLL m IIIwuITtcs 

HpITlowIL PDvlSoRY 

Modal VblUOl 
eonrerred Lo 
correnpondlnf 
rull-ecale vbluee. 
U Inner rlng up 
D Inner r l n g  down 

. ..... . .  . .  . .. .. . 
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OHART 10.- SPIN AND RECOVERY OHARAOTERISTIOS OF THE MODEL OF THC NORTHROP a-gM 
AIRPLANE SIMULATIHO THE CONFIOUIUTIO# IN 'dHIOH !TEE PIRPLANE IS BELIEVED TO IWVE BEEM 

[might tes t   condi t ion number 1 (loading  point number 1 on t ab le  I11 f i  e 10);  landlng 
- hT THE TIHE OF TIIECFLkSH 

f laps  2 5 O  down; l anding   gear   re t rac ted ;   p i tch   f laps   def leo t  from 0 t o  2 v u p ;  r e c o t e q  
at tenpted by rap id  f u l l  reversa l  of the  rudder  oontrole  (reoovery  attempt d from, and 
steady-spin Bata presented ror, r u d & e ~ f u l l - w i t h  spins): right ereot  mln3 

aOso~1latory  spin;  range of  va l ras  or average 
value given. 

bSpin l a  osolllatoFg in pitoh. - 
"Visual  estimate. Model v a l u e s  

c o n v e r t e d  t o  
c o r r e s p o n d l n g  
f u l l - s c a l e   v a l u e s .  
U lnner wlng up 
D lnner   wlng down I I Turns f o r  

r e c o v e r y  



0 0  

&....t 
0 4  
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CHAqT 11.- S P I N  AND RECOVERY C W C T E R I S T I C G  OF THE H O D U  OF EIF, NORTHROP N-qK 
AIRPLANE WITH  EQUIVALZNT PROP'LLER FIN AREA INSTALLED 

[Flight test  oondltion number 1 (loading  point number 1 on table 111 and figure 10); recovery 
attempted by rapid pull revarstil O r  the ruider COntFolS (reoovery attempted from, and steady- 
spin k t 6  presented  for, rud8erful. l-wlth a p h a ) ;  right ereot ap in3  

a 

R Ho spin Wheel full l e f t  

a 

T 

8 

19 
7 6  

8 

a No spin 

c o n v e r t e d  to 

f u l l - s c d e  va luaa .  
corresponding 

D inner   w lng  down 
U lnner   wtng  up 

COHHITTEE FOR AfROIuUTICS 
NATIONAL ADVISORY 

a 



. . .  . - . .   . .  . 

E 1 %  I I -  I 

NATKML *w)soRY 
t(yIImFarmurrK-s 

Hode l  values 
converted G O  
oDrrsspondln@ 

u inner wlap up 
full-seals r.1uss. 

I) Inner wlnt dovn 



0.  0. 
0 0  0 
0 .  
0 .  

0 
....e* 
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0 e .  
.... 

0 0 .  
0. 

e 0. 
0 .  0 :.: 0. 

0 00 

CHART 13.- BPIN AND R Z C O F Z  OFURACT.E!ISTICB OF THE &SCALE MODEL OF THE R m  N"gX 
AIRPLANE WITH HO3IZOITAL AREA I N S T U D  

F l i g h t   t e s t  oon%ltion nwdber 1 ( loaaing  point   umber  I on tab le  I11 and f igure  10);   reooverg 
attempted by r a p l a  full reversa l  of the  I"er  controls  (reoovery  attempts% from, and 
steady-spin data presentea  for,  rudder-full-with  epine); right ereot  sp-2 

m 220 .32 

m 
a 1  

a 

23' 3 

a 

a No pin 

"Osolllatory  spin;  range of  values or average 
value  given. - 

Model  Values 
c o n v e r t e d  t o  
c o r r e s p o n d i n g  

u i n n e r  w i n g  up 
f u l l - s c a l e  values. 

D inner wing down 

COHHITTEE FOR AEROIUUTICS 
NATIONAL ADVISORY 

a 
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UATIOHAL ADVDORY 

Hodcl values 

correspandln# 
converted t o  

ru l l - sca le  ra luaa.  

D lnner rlnB down 
U inner wlng up 
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I T "-" 
12ODlHEDRAL 

- 

NATIONAL ADVISORY - coI(lUTlEE ILROIAUT#S 

FICUREI.-THREL-VILW DRAWING OF THEA-SCALE MODEL OF THE WRTHROP MM 
AIRPLANE AS TESTED IN THE 20FDOT FREE-.SPINNING TUNNEL-CENTER OF G R "  
SHOWN FOR FLIGHT TEST CONDITION NUMBER 1. 



F i g u r e  2,- The --- I s c a l e  mode l  of  t h e  N o r t h r o p  N - 9 M  a i r p l a n e  
20 

as t e s t e d  i n  t h e  2 0 - f o o t  f r e e - s p i n n i n g  t u n n e l  i n  t h e  c l e a n  
cond i t , i on ,  

IABXOPAL ADIIBOR'I COBMIPTIBP: POR AXROWAVPXCI 

@0~f %D~@I%AL LA~OLBY "BOREAL A l R O l I P I T I C b L  L B B O U T O ~ Y  - L&IOLIY Y X B L D ~  8.4. 
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\ 0.1504 

T Y  PlCAL SECTION NATIONAL ADVISORY - COMMITTEE FOR AERONAUTICS 

FlGURE4,-siMULATED SLATS TESTED O N  THE2$-b.SCALE 

MODEL OF THE NORTHROP N-9M AIRPLANE, 



NACA RM NO, L6G30 

SECTION A-A 

NATIONAL ADVISORY 
COHUITTEE FOR AERONAUTICS 

FIGURE 5.-HORlZONTAL AREA TESTED O N  THE 
2Lo-SCALE MODEL OF THE NORTHROP N-9M 
AIRPLANE. - 
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CONFIDENTIAL 

N-9M PITCH FLAP7 
XB-35 SPLIT RUDDER1 

r--- 
‘L/” 

N-9M SCOOP RUDDER 

PITCH FLAP HINGE LINE 

- 

SCOOP R U P D E V ~  y/ I 
HINGE L N 

N-9M RUDDER CONTROLS 

- 

SPLIT RUDDER H I K E  LINE 

XB-35 RUDDER CONTROL5 
CONFIDENTIAL NATIONAL ADVISORY 

COMMITTEE FM AERONAUTICS 

nGURE 6,-COMPARISON OF THE RUDDER CONTROLS OF 
THE NORTHROP N-9M AND XB-35MODELS. 
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1 

FIGURE 7.- EQUIVALENT PROPELLER FIN AREA 
AS TESTED ON T H E ~ ~ S C A L E  MODEL OF 

THE NORTHROP N-9M AIRPLANE. 
NATIONAL  ADVISORY 

COHUITTEE FOR AERONAUTICS 
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I Y  - Iz RELATIVE MASS DISTRIBUTION INCREASED 
ALONG THE WINGS NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 

FIGURE IO;. INERTIA PARAMETERS FOR LOADINGS POSSIBLE ON THE N-9M AIRPLANE 
AND FOR LOADINGS TESTED ON THE N-9M MODEL @OlNTS ARE FOR LOADINGS 
LISTED ON T A B L E m  

. .  . . .. 
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ANGLE OF ATTACK a, DEG 

FIGURE 12;INCREhIENTS  OF  YAWING- AND ROWNG-MOMEbJT COEFFICIENTS CONTRlBUTED BY 
THE N-9M AND XB35 RUDDER CONTROLS AS A FUNCTION OF ANGLE OF ATTACK. 
RUDDER CONTROLS ON RIGHT WINGTIP FULLY:  DEFLECTED; R U D E R  CONTROLS ON 
LEFT WINGTIP  NEUTRAL; 0~4.274. 

. . . . . . . . 


