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f o r   t h e  

Air Meferiel Conanand, Amy A i r  Forces 

By Thorns La Snyder 

A spin  in-restigazion h s  k.een conducted i n   t h e  7Langley 2; -Toot free- 
3pinning zunnel cn a --scale model of the  Republic XP-91 airplane wizh % 

~ e e  ~ s i l  imtalled.  T 2% e e f f ec t s  cf c c n t r d   s e t t i n g s  and  mvements  upcn 
rhe erect   spin and recovery  characterist ics of the  nodelvere  deterwined 
f2r ;he clean condition (wing t d s  remved, landing gear and f l aps  
r e t r ac t ed ) .  The tests were made at a loading simulat ing  that  following 
crcriae a t  a l t i t ude  and at a time when newly  a l l  f u e l  w z s  expended- 

1 

The resu l t s   ind ica ted   tha t   the  airplane might not   spin a t  n o m 1  
spbning-cxt ro l   conf igura t ion ,  but if a spfn were obtained,  recovery 
ckc-refrom by full rudder reversal would be sa t i s fac tory .  It was also 
ir,d:cated T h a t  a i leron-against   se t t ings w u l d  lead 20 vio len t   osc i l la tory  
mziclns arid ,qhould be avoided. 

In   sccr rdmce w i t h  a request by the A i r  Materiel Commnd, Am$ Air 
Fzrces, t e s t e  were perfc.med  in the  Langley m-fcot f ree-sphning tu rne l  

r =  d e s e d n e  the spin and recovery  characterist ics or' a -3cale m d r l  

zf the Republic -3P-91 airplsne equipped  wtth a vee tall. The a i rp l a re  
is 5 single-place meke t - j e t  fighter w i t h  a sweptbeck wing af vsrisble 
fncfderrce and inverse t.sper ratio. 

1 
29 
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.. inasuiucl; as o n u  meager spin data are ava i l ab le   fo r  tree - ta i l  instsllat ians . 

. . &d ru9iervatcrs .  The ruzdervators a r e  controlled ky lor@tudinsl m~ve5enrc 

. 0. :I' stick  deflects  the  surfaces  equaliy in t h e  19- direeticn;  wheress, 
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0 .  Direct icnsl  ani hngituCins1  contrcl  is obtained. by m e m s  o f  surfaces hiown 

:I' the   ccn t rs l  cc.lumn and b ~ -  ruider-pedal  Kvement. A 1cng::udiml mvenerrt 

9 rudder-pedal mvement def lects  one surface up and the  other  surface Lmn. 
The  c:n:rzl  column snd  rud5er p e h l s  are  s o  linked "hat i t  ie possible tcr 
,?b:ain muinmi ru ider -pe ia l   def lec t icn   for  all posit ions o f  the  c.=.ntrc,l 
csl~"~; aid,  csnversely, i t  is possible   ta   obtain n a x i m u n  ccn t r z l  ctlumn 
m '~e5en t   fo r  a l l  posi t ions of  the  rulder  pedals.   In  order to  simplif2 t t e  
discussion  herein  elevator  3eflecticns and  rudder  deflections w i l l  be used 
:g desigmte  longi tudinal  moiement of  the   cont rc l  c c l m  and ncvement 9f 
she mlder pedals,  respect f y e l y .  

0. - 0  
0 .  . 
0 .  

0 .  . 
,. . . 

0 .  

The t e s t s  were performed for  the  clean  condition  of  the  airplarre 
(external  w:ng tanks remo-Jei, Lan5ing gear   re t racted,  arid f laps   re t rac ted)  
1-z.r t h e  loading simulating t h a t  follcwing cru:se at a l t i t u d e  when nearly 
a l l  fuel ;s expended. For the tests, the wing incifience w a 3  ad jus ted   fc r  
c ru ise   f l igh t  (3' incidence) .   In  an attempt t o  improve t h e  directiorLs1 
s t s t , L l i t y  s t a r a c t e r i s t i c s   o f   t h e   a i r p h e ,   t h e  Republic  Aircraft  Corporstion 
-ietldei t 3  IG;.;~ the tail surfsces cjf the  airplane resrwara 55 inches from 
Their   s r iginsl   locat icn,  and the mc3el 9,s tes ted  representei  the airplane 
c.:rLfiyuratian  with  the tail surfaces moyed rearwari. 

SYMBOLS 

b wiw span, f e e t  

S w i n g  area, squclre f e e t  

C WSJI aeroianslr ic   chon,   feet  

X / E  r a t i c  of &:stance of  center  of  gravfty rearward gf lesdiw 

- 
edge  of m e a n  aeroanamic  chori  ts m e a n  a e r c d y n d c  chord 

z ,G r a t i o  o f  distance between center  of  gravity and th rus t   l i ne  
t o  mean aerodynamic  chord (posit i-Je when center  o f  gravLt3 
is  belaw l i n e )  

n mass of  airplane, slugs 

I:[, Iy, Iz rnsments af iner t ia   about  X-, Y-, m.5 Z-bzQ' axes,  respectivelz, 
s lug-feetz  

1, - Iy 
b e r t i s  yawing-mcment parameter 

Lt 
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a. e . 0 .  . .. Iy - IZ 
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a .  i ne r t  fa rolling-mment  parameter 
a. -0. 

0 .  
0 .  

0.  . 
0 0 .  

0 .  inertia  pitching-mment  parameter 
ab2 

D air  density, slugs per  cubic  foot 

u re la t ive   ?ens i ty  of  s i rp lane  (E/peb) 

angle between thrust line and ver t ica l   ( spprsxhate ly   equal  
t o  absolute  ialue  of angle of a t tack  a t  plane of sy rme t ry ) ,  
degrees 

,j angle becween span  axia and horizontal,  degrees 

v fu l l - sca le  rate of  descent ,   feet  p e r  second 

n full-scale  angular  velocity  about  spin axis, rps 

9 

hel ix  angle, angle between f l i g h t  peth end vertical ,   degrees 
(Fs r   t e s t s  of  t h i s  model, the  average  absalute value of 
he l ix  angle w a s  approximately 8O. ) 

approximate angle o f  sideslip a t  cer-ter .Df g r a v i t y ,  degrees 
(Sideslip is inwari when inner wing is ac~wn by an amount 
s e a t e r  than  helix angle. ) 

APPARATUS AND ME!TH@DS 

Mz ie 1 

1 
'The --scale miel of the  Republic .l2-91 airplane w a s  b u i l t  by the 29 

Empt:x? Rclsds Moael Company m i  prepared for testing b$ the Langley 
Lak.:r3;?rJ-. A th;ree--:iew  *awing of the  model in the  clean  conditicn with 
external wing f-a,nk3 remc-red and f l a p s  and landing gear  re t rac ted  is shown 
In figure 1. Dirensional  characterist ics of the  aIrplane  are  presented 
In  :&le I. A phctogrsph  of %he mcdel as tes ted  i s  shown in f igure  2. 

The tail--ping power f ac to r  was, in general, computed by the methoi 
describe5 in reference 1. It was arhi:rar:4 assme2, however, tha t  f e r  

wAd rhc prz.jec:e-: area sf one ruddervstcr cn the  plane sf symetry  were 
afi'esr:;.e i n  .3pp.=sing the s p h   r o t s t i c n .  

c 'r - .ice t a i l  t h e  f a e l a g e  side ares belzw the   t a i l - sur face   In te rsec t i sn  
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0. The model w a s  bal las ted  with  lead  weights   to   obtain Qmamic s imi l a r i t y  

ma em 
0. 

0 .  

O m  t o  the  airplane at an a l t i t u d e  of 15,000 f e e t  ( p  = 0.001496 slug/cu ft 1. 

0. f o r  recovery t e s t s .   Su f f i c i en t  moments were exerted on the  control   surfaces  
k remote-control mechanism w a s  ine ta l led  in  the model t o   ac tmte   t he   con t r c jb  

m e  
0 .  

e. during  recovery tests t o  reverse  the  controls Rt&v and rapidly.  

Wind Tunnel and Test- Technique 

The t e s t s  were performed i n  t h e  Langley  20-foot  free-spinning  tunnel, 
the operation of which is, in   general ,  similar t o  the  operetion  described 
in   reference 2 for the Langley 15-foot  free-spinning tunnel, except that 
the model-Launching technique has been  changed.  With the  controls  set i n  
t h e  desired  posi t ion,   the   mde1 is launched by hand with ro t a t ion   i n to  
the   ver t ica l ly  rising air stream.  After a number of turns in  the established 
spin,  during which time the model is maintained at sye l e v e l  by the   force 
of the rislng air, recovery is attempted by moving one o r  more controls  by 
means of a remote-control mechanism. After recovery  the model dive8  fnto 
a safety  net .  

The spin  data  presented were determhed and converted  from mdel 
values t o  corresponding full-scale values by methods descr ibed  in  refer- 
ence 2. Spin-tunnel tests are made t o  determine the spin and recovery 
charac te r i s t ics  of the model for the- normal-control  configuration  for 
spinning  (elevator  full-up, ailerons neutral ,  and rudder fu l l  Kith  the 
sp in)  and at various  other  ai leron-elevator  control  conbinations  including 
zero and meximum deflections.  Recovery is generally  attempted by rapid 
full rudder  reversal.  Testa aPe a l so  performed t o  evaluate  the  possible 
&verse  effects on recovery of small deviation f r o m  the normal-control 
configurat ion  for  spinning. For these   t es ta ,   the  ailerons are  set at 
one-third of the full def lec t ion   in   the   d i rec t ion  conducive to   e loxer  
r ecmer i e s  (against the   sp in   for   th i s  model), and the  elevator fs ee t  
at two-thirds of its full-up deflection. Recovery fs attempted b3 
either  rapidly  reversing  the  rudder from full with  the spin to two-CUhirds 
sgainst the  spin or by movement of the  rudder   to  two-thirds against the  
spin in  conjunction  with moving the elevator   to   one-third down. This 
control  configuration aud mvement is  r e f e r r e d   t o  as the   "cr i ter ion spin. I' 

Recovem charac te r i s t fcs  of the  =del are considered  satisfactory i f  

.I 

I 

recovery from this c r i t e r i o n   s p i n   r e q u i r e s   2 r t u r n s  or l ese  by rudder 
reversa l   o r  by combination of rudder and elevator reversal.  This  value 
b s  been selected on the  basis of fu l l - s ca l e  ai-lane spin-recover3  data 
t h a t  are ava i l ab le   fo r  compsrison  with  corresponding model r e su l t s .  

I 

For spins which  have a rate of descent in excess of that which can - be  readi ly   s t te ined In the  tunnel,   the  rate of descent is recorded  as 
grea te r  than the   veloci ty  at the the the model h i t s   the   sa fe ty   ne t ,  
fo r   exap le ,   g rea t e r  than 300 f ee t   pe r  second.  For these   t es t s ,   the  

sttitude m.d while the model is a t i l l  descending i n  the  tunnel. Such 
- rearwry is  genera l ly   a t teq ted   before   the  model reaches its f h e l  steeper 
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resul ts   are   comernat ive;   that  I s ,  recoveries are not as f s t  89 those 
fo r  which the model i s  i n  the  f ina l   s t eepe r   a t t i t ude .  For recovery 
attempts  in which the  mdel   s t r ikes   the  safety  net   while  it I s  e t i l l  i n  
e spin, the  recovery is recorded as greater  than  the number of turns from 
the  time the controls  ere nmved t o  the cime the model s t r ikes   the  net ,  
as greater   than 4. A grea ter  than 4-turn recovery, however, does not 
necessarily  Indicate '  an bprovement  over a greater than 7-twn recovery. 
When the mcdel recovere  wtthout  control  mvement, with the rudder set 
with  the spin, t h e   r e s u l t  i e  recorded as 'bo spin. " 

PRECISION 

The model t e s t  results presented  are  believed. to be true valuee 
given by the model within  the  following limits: 

a, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 
$, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 
V, percent . .  ; . . . . . . . . . . . . . . . . . . . . . . . . . .  + -5 
3, percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +-E 

{ti f; ra t ion-picture   records 

+' from visual obeervation 
Turns for  recovery . . . . . . . . . .  

The preceding limits may have been  exceeded for sme of the  spina i n  
which it w a s  d i f f i c u l t   t o   c o n t r o l   t h e  =del in th4 tunnel became of 
the high r a t e  of deacent o r  because of the wandering or osc i l la tory  
nature of the spin. 

Comparison  between =de1 and ful l -scale   resul te   ( references 2 and 3) 
indicates   that   spin- tunnel   resul ts  are not alweye in complete  agreement 
with  airplane-spin results. In  general ,   the  models spun at a somewhat 
slrsller angle of attack, a t  a scmwhat  greater r&te of deecent, and at 5' 
t c  lCo more outward s ides l ip  than did the  corresponding airplanes- The 
coxqmrison made in   re fe rence  3 for 20 airplanes showed that approximately 
80 percent of the models p r e d i c t e d   s a t i s f a c t o r i u  the  number of turns 
required  for  recovery from the   spin for the correspondlng airplanes and 
that  appr3ximateu 10 percent  overestimted and approximately  percent 
underestimated  the number of t m s  required. 

Ee'cause it I s  i q r a c t i c a b l e   t o  ba l l ae t  the   mdel   exac t ly  and because 
of the  inadvertent damage to   t he  model during tests, the measured  weight 
end 1388s d i s t r ibu t ion  of the ,uP-gl model varied from the t rue  ecaled-down 
Telues  within  the  following  limita: 



Weight, percent . . . . . . . . . . . . . . . . . . . . .  0 t o  2 high 
Center-of-gsvity  location,  percent E . . . . . . . .  o to 1 rearward . . . . . . . . . . . . . . . . . . . . .  2 high t o  4 high 

. . . . . .  . . . . . . . . . . . . .  1 high t o  6 ~ g h  . . . . . . . . . . . . . . . . . . . . .  l h f g h t o  5 high 

The accuracy of measuring  the  weight an& mas3 d i s t r ibu t ion  is 
bel ieved  to  be within  the  following  limits: 

Weight, percent . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
Center-oz-grmity  location,  percent d . . . . . . . . . . . . . . .  fl 
Mments of iner t ia ,   percent  . . . . . . . . . . . . . . . . . . . .  -5 

Controls were set with an accuracy of 21'. 

+ 

TEST CaNDITIONS 

A t  the time the model waa prepared  for  spin tests, t h e  ma88 fnf 'om-  
t ion  a-zai lable   for   the  a i rplane W ~ E I  for the  condition  before  the t a i l  
surfaces were moved rearward 55 Inches. The var ia t ions  in the  ai rplane 
weight,  center-of-gravity  location, and moments of i n e r t i a  due t o  moving 
t h e  t a i l   s u r f a c e s  rearward were, however, estimated by the  Langley 
Latoretory and the   avai lable  maas in fomat ion  WBR correc ted   accord ingl~ .  

Inasmuch as  the  Republic qircraFt Corporation  indicated that t h e  
a i rplane would probably  not  be flown w i t h  the  vee t a i l   i n s t a l l e d ,  only 
b r i e f   t e s t s  were performed, therefore,  a t  only one loading  condition of 
the  airplane in order t o  prevent damaging the  mbe1 beyond use f o r  
przbable  eubsequent  te8t8 w f t h  a conventional t a i l   i n s t a l l e d .  The tests 
were a r b i t r a r i l y  performed for the loadfng condition  with  neerls. all) 
f u e l  and  ammunition  expended,  which Republic  indlcated  to be r e p r e s e n t a t l ~ e  
af the  loading   of   the   a i rphne   fo l lowing   the   opera t iona l   f l igh t   a t  
93,OrJO f e e t .  The m a s  cha rac t e r i s t i c s  and iner t ia   parameters   for  the  
hadings possible on the airplane and f o r  the l o d i n g  tes ted  on the mode1 
a r e   l i s t e d  on t ab le  11. The inertia  parameters  are  also  plotted  in 
f igure 3. As diecuesed i n  reference 4, f igure 3 can be used es an a id  
in  predict ing  the  re le t lve  effect iveness  of the  controls on the reco-TeW 
charac te r i s t ics  of the  airplane.  

The maximum control  deflections  used In the  tests were t h e  following: 

Elevator,  degrees . . . . . . . . . . . . . . . . . . . .  25 up, 19 down 

Ailerons,  degrees . . . . . . . . . . . . . . . . . . . .  M up, Id down 
Ruddere, degree8 . . . . . . . . . . . . . . . . . . . . . . . . . . .  i8 

. 
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Intermediate  control  deflections  used were t t e  following: 

7 

Elet-ator,  two-thirds  deflected up, degrees . 
l'"5 

2 

Rudders, two-thirds  deflected,  degrees . . . . . . . t L  
Ailercne,  one-third  deflected,  degrees . . . . . I . . . 63 up, 6 down 

As previously  mentione4  the  milder  pedals and control  column-are so 

2 '3 

linked that it is possible t o  obtain maximum rudder-pedal movement f o r  
all posit ions of  the  control  COlUmnj and conversely, it l e  poasible   to  
obtain maximum control-column movement for all posit ions of the  rudder 
pedele. For example, with  the  control column full back  (both  surfaces 
deflected 25' up) and puahing  the  r ight   adder   pedal  forward def lec ts  
the surfaces +-8O about the elevator  posit ion;  that  is the   r igh t   sur face  
t r a v e l s   t o  170 up and t he   l e f t   au r face   t r ave l s   t o  3 3 ' ' ~ ~ .  

The r e s u l t s  of   the  spin  tes te  of the  model m e  preaented In chart  1. 
The mdel   da ta   a re   p resented   in   t e rms  of the fu l l - eca i e  values for t h e  
c:rpLane a t  a test a l t i t u d e  of 15,030 f e e t .  

Preliminarg  teats of the  node1 showed thst le f t  and r igh t  spins were 
s:milar. The r e s u l t s  are arbi t rar i ly   presented  in  terms of  equivalent 
right spina, that is, f o r  the  airplane turning t o  the pilot's r igh t .  

Clean condition.- The t e s t  r e s~~ l t s  obtained  with  the W-31 model in  
the  clean  conditicn (external wing tanks removed, landing gear and f laps  
retrected)  with  nearly all fuel and a m u n i t f a n  expended are presented 
i n  c h a t  1. The model lodding condition is represented by point 3 on 
tab le  11 and f igure 3. For the  normal-control  configuretion for spinning 
(elevators full up, a i lerons  neutrel ,  and rudder8 fill with t h e  sp in)   the  
model would not spin;  that  is, after the  rotat ion  imparted  to   the mode1 
during  launching w w  expended, the nodel  recovered  in a steep  dive.  
Se t t ing   the   cont ro ls   for   the   c r i te r ion-sp in  conf:guration l e d   t o  a s teep 
s p h  (a = 32' approxlmsteu) from  which recovery w a s  sa t i s f ac to r s  by 
either  reversing  the  rudders from f u l l  wi th   the   sp in   to  twa-thirbs against  
the  sp in   o r  by mcring the  e levators   to   one-third down in  conjunction w f t h  
re-Jersing  the  rudder from full with tc two-thirds ageinst t h e  spin. 
Se t t ing  +he e l eva to r s   t o   neu t r a l   o r  full down when the  a i lerons were 
r.eutra1 led   to   s teep  wandering spins .  Rapid full rudder  re-rerssl   effected 
s s t i s f a c t o q  recovery  followed by s eteep  dive from the spins obta:ned 
wi:h the  elevators seCu at neutral .  Although  reco'rer;; waz not attempTed 
f r m  the  spin  obtained w i t h  t h e  ele-Jators  set down, it ie f e l t  that 
rec3-qers k r  rudder  reversal muld have  been s s t i s f a c t o v   b e c a s e  t h e  
m d e i  s$n e t t i t u d e  w9e similar t O  thet f o r  the e l e~a to r -neu t r a l   sp in .  
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When the  a i lerons were set full against   the spin,  regerdless of the 
0 elerator  posIti.cn, the model became extremely  oacil latcry  in  pitch,  yaw, 

. 0. expended. The a t t i t udes  of .the Arsleage varied.  from  very f la t  angles   to  
and r o l l  a f t e r  t h e  rotation  imparted t o  the model during  launching w a s  

- ? e a  steep angles, and the  wing simultaneoualy rclled thrcugh a large 
renge of angles. When the  outboard wing dropped d m ,  the fuelage was 
nearu   hor izonta l  and the model sl ipped outward;  then, t h e  model would pick 
up the   outboad wing, and simultaneously  the noue dropped down, and the  
inboard w i n g  yawed forward. A t  t i m a ,  when the  outboard w i n g  was down, 
the model would becom  inverted, and then r e t m  t o  the  erect  att:tude 
efter a few turns with  a continuation of the extrzme o s c i l l a t i o m ,  arid at  
times the  mde1  appeared  to  enter a le f t  r o l l .  The airepeed varied 
f ron 231 t o  291 f ee t   pe r  second ( fu l l   s ca l e )   du r ing  t h e  s p b .  When the 
rudders were reversed against the  rotat ian  while   the mdel  w a s  erect ,   the  
mde1  cont inued  to   osci l la te  in  a manner s imi l a r   t o  when the  rudders were 
s e t  wi th  the rotat ion.  

0 .  0 . 0 .  

a .  

With the   a i le rons   se t  full with  the spin and elevator8  f i l l -up,  t h e  
mcdel m u l d  not continue tcr epin afher  the  rotatLon  imparted  during 
launching was expended. Sgt t ing the e leva tor   to   neut ra l   l ed  t.3 a s teep  
spin w i t h  a rate of descent in excess of that readiQi attairrable i n  the 
tunnel. Recovery attempted  before  the model reached its f i d  steeper  
a t t i t u d e  by rap id   fu l l   rudder   reversa l  was sa t i s fac tory .  

The preseding  result8  indicate  that   ai leron-against   sett ings  ehould 
be a;roided and that the  normal-control  manipulation for recovery - rapid 
full rudder reversal  followed 1/2 turn later by movement of the e t i ck  
forwpsd of neu t r a l  - produces  rapid  recoveries. Aleo, an analysie of 
t h e  preceding  results  indicates that the  probable  spin-recovery  charac- 
t e r i s t i c s  of the airplane at 13,003 feet will also be sa t i s fac tory  for 
t h e  other loadings  possible on the  afrplane. 

CGNCLUSIONS AND KECOMMENDATIONS 

Based upon the   r e su l t s  of sp in   t ea t e  of a r e c a l e  d e 1  of the 1 

Republic Xp-91 airplane  with a vee tail i n B t a l l e 8 ,  the following 
c.mclusions and reconnnendations regarding the 8pFn and recovery  charac- 
t e r i s t i c s  of  the  airplane at 15,000 f e e t  are d e :  



1. The recoveq-  characterist ics of t h e   & p l a n e  w i l l  be satisfactory. 

2. For recovery fram e rec t  spins, the  rudders s h x l d  be reversed  to  
f u i l  against  the  spin  followed  apprsximately 1/2 turn lster by movenent cf 
t h e  stick forward ;f neutral ,   avoiding  a i leron-qainst   se t t ings.  

Thomas A .  Harris 
Chief of S t a b i l i t y  Research Division 

bW 
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TABU3 1. - DIMENSIONAL CHARACTERlSTICS OF Xp-91 ALRPLANE WITH 

VZX-TAIL IEISTAL;LATIOB 

Length, over all, ft . . . . . . . . . . . . . . . . . . . . . 51.21 
Wing: 

S p a n , f t .  . . . . . . . . . .  b . . . . . . . . . . . . . . . . 3 1 . 3 4  
Area, aq ft . . . . . . . . b . . . . . . . . . . . . . . . . 216.5 
Section,  root . . . . . . . . Republic R-4,40-1710-1.0 
Section, tip . . . . . . . . . . . . . . . . . Republic  R-4,b-10-1.0 
Root-chord  incidence,  deg . . . . . . . . . . . . . . . . . . . . . 0 
Tip-chord  incidence, deg . . . . . . . . . . . . . . . . . . . . . . 0 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .4.54 
Taper r a t i o  . . . . . . . . . . . .* . . . . . . . . . . . . . . 1.62 
Sweepback of  50-percent-chord line, beg . . . . . . . . . . . 40 
Dihedral of Kfng, deg . . . . . . . . . . . . . . . . . . . . . . 0 
Mean a e r o d y n d c  chord, in. . . . . . . . . . . . . . . . . . 127.02 
Leading edge E aft of leablng-edge root chord, in. 69.08 

A i  lerona : 
Total  area,  sq f t  . . . . . . . . . . . . . . . . . . . . . . t 5 *  56 
Total   area aft of hinge l ine ,  eq f t  . . . . . . . . . 37.62 
Mean chord,  percent of E . . . . . . . . . . . . . . . . . . . . 36.0 
Span, percent of b/2 . . . . . . . . . . . . . . . . . . . . 17.4 

.- 
Vee t a l l :  

Total  area, s q f t  . . . . . . . . . . . . . . . . . . . . . . 81.4 
Ruddervator area, sq ft . . . . . . . . . . . . . . 19.72 
Dihedral ,deg . .  . . . . . . .  . . . . . . . . . . .  . . . .  . .  
Sweepback of leading edge,  deg . . . . - . . 4Q 

Tail-damping power f ac to r  . . . . . . . . . . . . . . . . 4324 x lo6 
NATIOBAL ADYISORY 

COlMITTEE F'OR AERONAUTICS 

38 
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TABLE II.- MASS CHARACTERISTICS ARD INERTIA PARAMETERS FOR LOADINGS POSSIBLE ON THE 

XP-91 AIRPI.AlfE ARD FOR LOADIIC TESTED ON THE MODEL 

[MJments of inertia are giv8n about the center of gran ty of the airp~ 
'---- --- '--- - - - ---- ---

Centsr-of- Momenta of inertia Mass para!Jlltters 
gravity 

Weight 11, 11, location Kuaber Loading 
(lb) sea 15,000 IX Iy IZ IX - Iy Iy - I Z I Z - IX level ft 

(el'j- (elj-x/c tic ( lIlug-
mb

2 
mb2 

mb
2 ft ) ft ) ft2) 

-- - --- --
Airplane values 

1 
'rake-off 

28,991 55.8 88.7 0.183 gross ".ight 0.06 3 29 ,283 64,721 88,229 --403 X 10-4 -'267 X 10-4 6'70 X 10--4 

2 Gross veight 18,192 35.1 55.7 .190 -.035 15 ,491 55,109 68,495 -714 -242 956 
--t-----r---- r---r--

J(early all fuel 
3 snd ~ition 14,172 27.27 43.3 .'26 -.013 15,234 147,108 f60,632 r738 r313 10'51 n:pended 

- ~ 

Model values converted to corn_poDdIng ful1--ecale values ~~ 

Kearly &11 ruel 

-732 ' x 10~ -325 x 10~ 10,7 x 10...04 3 and alllIT'.l4ni tlOil 14,155 27.25 ~ 3 .31 p.262 ~.02"J 15,552 47,14" 61,15 
expended 
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CllART 1.- SPIll AIID RD:O'fIml CllARACTXRmTICS rJF 'I'D ~-SCA.LI ICJIlKL 01' 1ID! REPUBLIC 11'-91 AffiPLAJ(E ; VEE TAIL IJISTALILD 

~e.d!J4; roliovlll8 oru ! .. at altitude (DAtarl.;r o.l.l tlool and OJIIIIWllt!on .rpended). Po!nt 3 on bble II; Re cou ry attampte d by rapid rull rudd.r reyoroal except a. Indi cated 
(reconry attemptod rroa, and .tae.dY .... pln c1ate. ~..,ted ror, rudd.r--rull--v!th .pine)) r1gh t erect s p!n!] 

Model b .. c ame extremoly o oc!llatoTY !n 
pitch, 1"", Mel TO 11. Ilhen t he ou t board 
ytnR V1HI d.ovn 'jOo } t he rod.el be came 
~. 

Stoep apln 
Angle or attack: 320 
Rata or rototlon:O.18 
Vertical n loe! t:r: 291 
~udder r eTer eed to 

aa .. t nat tho opln 

t-Rudder r a Te read to 

Artsr tho 
orpendod , 

1 411'0. out 
lb dl ..... out 

init.lal rotat.ion due to ll'\uncb~ng va"J 
tho ~l d! ""d ou t In a 0 U.ep glide. 

--- - ---- - --- --

I aaai no t tho optn 
and the e l eTa tor to j- dovn 

7,41 "8 out 

~,dlve8 ou t. 
I ------ ~---==---

Model 'be c e..me ex tremel, oecl11atory 1n 
pitch, yav, and roll. Ilhen t he outboard 
vl ng " a. dow 900, the ".,del be camo 
inverted. 

Model became ext,.".., ly ooclllatory In 

el~h'a~ad~~~bo ~~1~c~bOard 
In.,..,rt,,\i. 

1------ -- -t
Steep opln, IIDdol vMdered;;tth" a "hlp 
Angle or Htack approxllM.tod 21" 
Vertical voloc tty: 268 

~ ru.d.de~ - ~ , dives 0 \1 

reversal l~ , d tYee out 

-- -

--- - - -- ---- --

P
· Ar':': t he tnt t!l\1 rotation duo to 

launching v aa expond &d, the IZOdel 
d!vod out !n a atoop glldo. 

----- - -----

Steep spin. The rotation nearly e Gaeed, 
th.n _el "hlppod Mel repeated t ho 
notion 
V.rtlcal yolo~~y: ") 38.2. __ 

Full rudder 
rev&r8al 

I 

t , d.! Tee out 

L-__ l 
Stoe p opln. Model v/llldered v i th a vhi p 
Anglo or attack approx~Lely 210 

V.rtical .,.., loclty: 410 

----

K.y to 
control 
ootttne;o 

"11erono rull aaa!no t A !lerone nou t.r1-__ "Ueron. rull with 
E1en.tor up !leTstor up l l oTa tor up 

b orona ! aaat DOt ! : : 

JI:l ... ator "3 LIp 

All. rona fUll aaatna 
EleTator neutral 

" nerono 
!leTator 

A n o rona rull aaatna J "norone 
EleTator dovn - - EleTe-tor dCNn 

"Uorona ru ll ,,!th 
EleYator neu tra l 

Al.1.eron. full v i t h 
! l eTator dOYi. 

K.y to 
reaul t ilt 

Deocriptlon or ateady opln (rudd.r vith tho 
apln) . 
Apprortme.ta angle of attack 
Rato or rotation rpo, (full acale) 
VerLical .-. loc t ty, rt/a. c (rull Bcale ) 

Raber or turns r equi red (or re co nJry 
Reco .... ery at tempted b,. rull rudder reTerlal 
unlesB ind.Ica ted otberv!ee 

~ 

• • .... 

~ 
o 
~ 

::D 
~ 

t 
~ 
-.::J 
~ 
o 
w 
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6,74/1 1 

Rudder valor hlnq~ It'ne 

Fuse/aqe 
refe renee line 

6.26' 

1------- 12.9 7 "-------l 

¥ 

------ 21.14 ------

If 

18.62 

FI9ure 1. -DrtlWirJ9 of fhei9-sco/e model of fhe RepublIc XP-3! 
olrp/onc os fesfed In fhe free'spmnin9 funnel. Cenfer of 
qravdy 1/7dlcq/ed for /ood//7tj conddlon to/lowintj crUise ot 
o/tdudt:. Vee fad ins/oIled. 



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

Fir-ure :, .- Photof,raph of } _ -scale model of Republic XP-91 airplane with vee tail 
( 

ins talled. Clean condition; external wing tanks removed; flaps and landing gear 
retracted. 
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Figure 3.- Mass parameters for loadings possible on the XP-91 oirplane 
and for loading tested on the model. (Points are for loadings listed 
in table n.) 






