


NATIONAL ,iVISORY COIEITTEE FOR AERONAUTICS 

l W 3 U R C H  i Ei4O~JD'K i 

f o r  the 

A i r  N a t e r i e l  Command, Army A i r  Forces 

THE XIGH-S3ZED LONGITU3IN.AL STdj31LITY AND CONTROL OF T%E 

BELL P-39%-1 AIRPLANE: AS CALCUUTED FFi0;1i 1ROPELLER- 

OFF TESTS OF A 0,35--SCALX iliODEL 

By Robert C ,  Robinson and Angelo Perone 

This r e p o r t  p resen t s  the r e s u l t s  of t e s t s  of a O.j+scale 

model of t h e  B e l l  P-39I!l-l a i r p l a n e ,  Included a r e  the  longi- 

t u d i n a l - s t a b i l i t y  an& -cont ro l  c h a r a c t e r i s t i c s  of the  a i r p l a n e  

as ind ica ted  by t e s t s  of t h e  model equipped with each of two 

d i f f e r e n t  s e t s  of e l eva to r s ,  The r e s u l t s  i n d i c a t e  good longi- 

t u d i n a l  s t a b i l i t y  and c o n t r o l  throughout the speed range 

encounterable i n  f l i g h t .  The v a r i a t i o n  of est imated s t i c k  

f o r c e  wi th  speea was l e s s  when t h e  111od-el was equipped wi th  

e l e v a t o r s  cons t ruc ted  t o  the  t h e o r e t i c a l  design dimensions 

than  when equipped 7:~itli e l e v a t o r s  as b u i l t  t o  s c a l e  from 

measurements of the corresponding p a r t s  of the  a c t u a l  a i rp lane .  

The p red ic ted  s t i c k  f o r c e s  r equ i red  t o  produce the  normal 

a c c e l e r a t i o n s  at ta inz-ble  i n  f l i g h t  w e  wi th in  the  l i m i t s  

s p e c i f i e d  by the  Army A i r  Forces, 
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INTRODUCTION 

Tests  of a 0.35-scale moael - of the  B e l l  '-39%-1 a i rp lane  

have been made i n  the Bmes 16-foot wind tunnel .  The purpose 

of t h e  i n v e s t i g a t i o n  was t o  ob'cain l o n g i t u d i n a l w - s t a b i l i t y  ana 

-cont ro i  ilata. and pre s s w e  d a t a  f o r  c o r r e l a t i o n  ~ ~ i t l i  sirnil&? 

dats- as mecsured 02 the  a i r p l a n e  i n  comprehensive f l i g h t  t e s t s .  

To f u r t h e r  the  succ5ss of  t h i s  c o r r e l a t i o n ,  the  s c a l e  model 

tins designed t o  r e p z o d ~ c e  a.s exac t ly  as poss ib le  a l l  d e t a i l s  

of t h e  s p e c i f h  2 . i r ~ l n n e  used i n  the  f l i g h t  t e s t s .  Two 

d i f f e r e n t  e l c v a t o : ~ ~  were t c s t e d :  one sca led  down from the  

a c t u a l  a i r p l a n e ,  ~ n d  the o t h e r  b u i l t  t o  t h e  t h e o r e t i c a l  design 

dimensions, 

The general  aero5-ynanic and c o n t r o l  c h a r a c t e r i s t i c s  as 

obtained from the  ~sind-tunnel t e s t s  of the  model wi th  t h e  

p r o p e l l e r  o f f  a re  presented i n  t h i s  r e p o r t .  

DESCRIPTION OF ilODEL AlqD APPAFthTUS 

The 0 . 3 9 s c a l e  model of the  B e l l  P-39N-1 a i r p l a n e  was 

designed and b u i l t  at t h e  &1;11es Aeronaut ical  Laboratory, 1n 

order  t o  assure  s u f f i c i e n t  strength, and s t i l l  provide room 

Tor a 350-horsepower motor, t h e  fuse lage  was cons t ruc ted  of a 

s t e e l  frame wi th  a covering of aluminum c a s t i n g s  shaped t o  

proper  contour. The wing and e l e v a t o r s  were cons t ruc ted  sf 

eltee1 spa r s  wi th  maliogany coverings,  The l i n e s  of th6 fuse- 

lage, v e r t i c a l  t a i l ,  cmd h o r i z o n t a l  s t ~ ~ b i l i z e r  were taken 
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from the  o y i g i n a l  design dinensions as given by tlie B e l l  s 

Aircrs.ft Corporation, while the ?ring and elevatolV s e c t i o n s  

were determined from measurements of the  corresponding 

s e c t i o n s  on the  airplp-ne used- foY f l i g h t  t e s t s .  The e l e v a t o r s  

cdrresponding t o  those Cetermined by measurements from the  

a i r p l a n e  a r e  h e r e i n a f t e r  r e r e r r e ? ~  t o  a s  the Ifnormal ele- 

va.tors," ~J 'n i le  those having t h e  t k e o r e t i c a l  s e c t l o n s  are  

r e f e r r e d  t o  a s  the u t h e o r e t i c ~ l  e l evc to r s ,  " Elevctor  hinge 

moments weye measure6 t l i tk  an e l e c t r i c a l - r e s i s t a n c e  s t r a i n  

ge.ge, 

Various model accessor i e s  i n s t a l l e d  on the  model dur ing  

drag  measurenents included: two r a d i o  masts ( f o r e  and a f t ) ,  

a yaTq head, two airspeed, heaGs, i r i su le to r s ,  and a bomb rack,  

These i tems corresponded t o  the  e x t e r n a l  accessor i e s  i n  p lace  

W i n g  the f l ig lz t  t e s t s ,  

The model w a s  nounted i n  the wind tunnel  on the  f o u r  

5-percent-thick f r o n t  s t r u t s  and tlie 7-percent-thick lover  

r e z r  s t r u t .  The f r o n t  s t r u t  sp .c ing  was 76 inches.  U1 

s t r u t s  >:ere unshielGed, 

A three-view Graving of the  aoclel i s  s h o ~ m  i n  f i g u r e  1, 

Figure '2 ( a )  shows the  model mountecl i n  the tunnel  and 

figure 2 ( b )   shot;^" i;he model -crith the  var ious  accessor i e s  i n  

place.  

. I  

DIiElJSIONAL DATA 

The fol lowing i s  a l i s t  of the p e r t i n e n t  dimensions of 
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t h e  model and the airplane: 

0.35-scale 
model 

Gross weight,  pounds. . . . . . . .  
. . . . . . . .  Wing a r e a ,  square f e e t ,  26.3 

. . . . . . . . . . . . .  Aspect r a t i o ,  5.42 

Span) f e e t  . . . . . . . . . . . . . .  11.9 

Hean aeroaynanlic chord, f e e t ,  . . . . .  2.j52 

. . .  Horizonta l - ta i l  a r e a ,  square f e e t  5.02 

. . . . . .  Horizonta l - ta i l  span, f e e t ,  4.55 

Tail l e n g t h  (c. g. t o  one-third r o o t  

chord) ,  f e e t .  . . . . . . . . . . . .  5.24 

E leva to r  a r e a  (one) ,  a f t  of hinge,  

square f e e t  . . . . . . . . . . . . .  0.772 

Elevator  span (one ) , f e e t  . . . . . . .  2.14 

Elevator  mean-square chord, behind 

. . . . . . .  hinge l i n e ,  square f e e t  0.125 

Elevator-tab area (each),  square 

f e e t .  . . . . . . . . . . . . . . . .  0.0702 

Airplane center-of-gravity l o c a t i o n ,  

percent  1I.A.C. . . . . . . . . . . .  
Distance of cen te r  of g r a v i t y  above 

. . . . . . . . . . . .  lI .AeC,, f e e t .  

Normal s t a b i l i z e r  incidence r e l a t i v e  

. . . . . . .  t o  th rus t  a x i s ,  degrees  2-1/4 

P-3 9N-1 
a i rp lane  



COEFFICIENTS A,ND SYT'll3OLS 

The data were reduced t o  the  s tandard NACA coefficien.t;s 

which a r e  based on the  model v ing  a r e a  and mean aerodynamic 

chord, P i t c h i n g  moments were computed about a  cen te r  of 

g r a v i t y  at 28.5 percent  of t h e  mean aerodynamic chord. 

The c o e f f i c i e n t s  and symbols use6 a r e  def ined  as fol101-3s: 

C~ l i f t  c o e f f i c i e n t  
( p i t c h i n g  moment 

G%. g. 
pitching-moment c o e f f i c i e n t  . qS (13.8.C.) ) 
e l e v a t o r  hinge-moment c o e f f i c i e n t  / e l eva to r  hinge iacment - 

4be Ce2 ) 
drag  c o e f f i c i e n t  (9) 

4 f r e e s t r e a m  dynamic pressure  (hpv2), pounds p e r  

Square f o o t  

S wing a r e a ,  square f e e t  

be e f f e c t i v e  e l e v a t o r  span ,  f e e t  

CF mean square of e l e v a t o r  chord a f t  of hinge l i n e ,  

square f e e t  

it s t a b i l i z e r  incidence r e l a t i v e  t o  t h r u s t  a x i s ,  degrees  

If gross  weight, pounds 

A .  C menn aerodynamic chord, f e e t  

V v e l o c i t y ,  f e e t  pe r  second 

Vi i n d i c a t e d  a i rspeed ,  miles  p e r  hour 

Ymph v e l o c i t y ,  miles  p e r  hour 
0 

uncorrected angle of a t t a c k  of t h r u s t  a x i s ,  degrees 
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a angle of a t tack  of th rus t  axis  corrected f o r  tunnel- 

wall e f fec ts ,  degrees 

a. angle of a t tack  for zero lift 

6e elevator deflection,  degrees 

&t elevator trim-tab deflection,  degrees 

Plach number (3 
a speed of sound, f e e t  per second 

h altittude, f e e t  

n indicated acceleration of airplane norm,d t o  f l i g h t  

path, exqressed i n  terms of  ~ c c o l e r a t i o n  of gravity 

43 s t i c k  force,  pounds 

The wind-tunnel ca l ibra t ion  f o r  dyn'mic pressure and 

l'iach number was determined from c?. static-pressure survey of 

-the t e s t  section with the model supports i n  place. Correc- 

t ions  f o r  the constrict ion due t o  the model were applied t o  

the ldach number and t o  the force coefficients.  The calibra- 

t ion  method constrict ion corrections '?re disoussed more 

f u l l y  i n  reference 1. 

Corrections were made for interference of the tunnel 

wall and the support system. The increments of angle of 

a t tack,  pitching moment, and drag causes by the tunnel wall 

were found by the method of reference 2. Tare forces and 

moments due t o  the l o ~ ~ ~ e r  s t r u t s  T ~ J C ~ O  evaluated by cornp~ring 

n run h~.v2ng 2x1 four  s t r u t s  i n  place with one having the 



lower s t r u t s  removed-, It w a s  poss ib le  t o  evalua te  t h e  e f f e c t  

of the  l o ~ a e r  s t r u t s  at  negat ive and small p o s i t i v e  l i f t s  only 

due t o  l i n i t a t i o n s  on Dhe comgressive s t r e n g t h  of the  s t r u t s ,  

The s t r u t  comnpressive s t r e n g t h  l i m i t  n e c e s s i t a t e d  i n v e r t i n g  

of t h e  model i n  order  t o  evalua te  the  t a r e s  due t o  the  p a i r  

of s t r u t s  w12icll e n t e r  t h e  r:il?g through the  upper surface.  

Thc e f f e c t  of these  s t r u t s  w a s  evaluated only f o r  p o s i t i v e  

l i f t s .  The rea r - s t ru t  t a r e s  found i n  t e s t s  of a similw 

model were used. 

The s t i c k  fo rces  r equ i red  t o  maintain the  a i r p l a n e  i n  

l e v e l  unaccelerated f l i g l ~ t  were c a l c u l z t e d  from t h e  hinge- 

moment c o e f f i c i e n t s  corresponCiing t o  the  e l eva to r  angle 

ind ica ted  t o  be necessary t o  balance t h e  a i rp lane  a t  the 

r equ i red  l i f t  c o e f f i c i e n t .  

The s t i c k  fo rces  r equ i red  t o  produce var ious  normal 

a c c e l e r a t i o n s  of the a i r p l a n e  were ca lcu la ted  f o r  the  i n s t a n t  

t h a t  the  a i rp lane  would be i n  l e v e l  f l i g h t  such as at  the  

bottom of a pul l .  -out from a dive. 'ifhe e l e v a t o r  d e f l e c t i o n  

and t h e  l i f t  c o e f f i c i e n t  necessary t o  produce the d e s i r e 6  

normal acce le r3 t ion  were found, This l i f t  c o e f f i c i e n t  was 

evaluated wi th  cons idera t ion  of the damping moment o f  t h e  

t a i l  due t o  the curved f l i g h t  pa th  of the  a i rp lane ;  t h a t  i s ,  

the  curved f l i g h t  pa th  causes an e f f e c t i v e  increa-se i n  the 

incidence of the  t a i l .  The e leva to r  d e f l e c t i o n  and requ i red  

l i f t  c o e f f i c i e n t  were used t o  finci the  e l eva to r  hinge-moment 

c o e f f i c i e n t  from which the  s t i c k  fo rce  was then ca lcula ted .  
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RESULTS ALQ DISCUSSION 

Longitudinal C h a r a c t e r i s t i c s  

The l i f t ,  drag ,  and pitching-moment c h a r c c t e r i s t i c s  of 

the  I?-39R--1 model with an6 without the  t a i l  a r e  presented  i n  

f i g u r e s  3 and 4, r e s p e c t i v e l y ,  

The e f f e c t  of iiiach lrumber on 'cl~e d r a g  c o e f f i c i e n t  a t  

va r ious  l i f t  c o e f f i c i e n t s  i s  i l l u s t r a t e d  i n  f i g u r e  5. Beyond 

t h e  Nach number of dra-g divergence the  a r a g  increased  sharply,  

the  r a t e  of inc recse  becoming g r e a t e r  wi th  inc reas ing  l i f t  

c o e f f i c i e n t .  The I'lach number of dlr8.g divergence obtained 

from f l i g h t  t e s t s  and presented  i n  r e fe rence  3 was 0,04 t o  

> 
0.05 lower than t h a t  obtained i n  the  wind-tunnel t e s t e ,  

i Prel iminary t e s t s  of the  model wi th  t h e  p r o p e l l e r  i n d i c a t e  

t h a t  the  e a r l i e r  drag  divergence found i n  the  f l i g h t  t e s t s  

could be a t t r i b u t e d  i n  p a r t  t o  the  e f f e c t s  of the  p r o p e l l e r ,  

Up t o  a Fiach number of 0.725 t he  increments i n  drag  iiue t o  

the t a i l  and t o  the  var ious  accessor i e s  ( two  ai rspeed heads 

and a y a ~ . ~ ~  head mounted on booms, t w o  r a d i o  masts, a bomb rack,  

and antenna i n s u l a t o r s  on the fuse lage )  were each approximately 

0,0025, 

The v a r i a t i o n  wi th  Kach number of the  angle of a t t a c k  Eor 

zero l i f t  and of the  s lope of the  l i f t  curve %re shown i n  

f i g u r e  6. It can be seen t h a t  the  e f f e c t  of 11ach number on 

t h e  angle  of a t t a c k  f o r  zero l i f t  i s  n e g l i g i b l e  up t o  a Mach 

number of 0.g and 'chat above t h i s  value the angle inc reases  
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r ap id ly ,  The small change i n  angle  of a t t a c k  f o r  zero l i f t  

up t o  high Mach numbers may be a t t r i b u t e d  mainly t o  the  

symmetrical s e c t i o n  of the wing roo t .  The l i f t - cu rve  s lope 

shows t h e  usua l  increase  w i t h  fhch number up t o  the Mach 

number of l i f t  divergence,  decreas ing  sharply  beyond th i s  

po in t .  A s  can be expected, the  v a r i a t i o n  of l i f t - cu rve  

s lope  wi th  Ifach number depends upon the l i f t  c o e f f i c i e n t  9% 

which the  s lopes  a r e  measured. - 

The e f f e c t s  of fhch  number on pitching-moment c o e f f i c i e n t  

and l i f t  c o e f f i c i e n t  a r e  i l l u s t r a t e d  i n  f i g u r e  7. Both s e t s  
I 

of curves r e f l e c t  the  inf luence  of fliach number on t h e  l i f t -  

curve s lope and the  angle of a t t m k  f o r  zero l ift ,  the 

gradual  inc rease  of l i f t  c o e f f i c i e n t  and pitching-moment 

c o e f f i c i e n t  up t o  t h e i r  Hach numbers of divergence being due 

l a r g e l y  t o  the  increase  of l i f t - c u r v e  s lope.  Above the  Nach 

numbers of l i f t  and >itching-aonent divergence,  t h e r e  i s  a 

r a p i d  decrease of  l i f t  c o e f f i c i e n t  and pitching-momcnt coef- 

f i c i e n t  due t o  t h e  decrease i n  a i r p l s n e  l i f t - cu rve  s lope and 

t he  inc rease  i n  t h e  angle of a t t a c k  f o r  zero l i f t .  

Figure 8 shovrs that the  s t a b i l i z e r  e f f e c t i v e n e s s  

-dC,/dit i n c r e a s e s  wi th  Mach number, the value at a l k c h  

number of 0.g5 being approximately 33 percene more negat ive 

than  t h a t  at a Mach number of 0.4. This increase  of 

IdG,/dit, w i t h  t h e  decrease of l i f t - cu rve  s lope ,  at  h igh  

Mach numbers r e s u l t s  i n  the  r a p i d  decrease of pitching-moment 
L 

c o e f f i c i e n t  above t h e  Mach number of pitching-moment  dive^ 

gence. Also i l l u s t r a t e d  i n  f i g u r e  8 i s  the  small e f f e c t  
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of Nach number on the  e f f e c t i v e n e s s  dCn/bSe of both  

normal and t h e o r e t i c a l  e l e v a t o r s ,  The v w i a t i o n  of aCm/b6e 

through the  range of angle of a t t a c k  encounterea i n  high-speed 

f l i g h t  was n e g l i g i b l e  f o r  both  e l e v a t o r s ,  The curves of 

f i g u r e  sh0t.r the  t h e o r e t i c a l  e l eva to r  t o  be about 7 percent  

more e f f e c t i v e  than the normal e l eva to r .  

The s t a t i c  l o n g i t u d i n a l  s t a b i l i t y  of the  model i s  i l l u s -  

t r a t e d  i n  f i g u r e  9 by the  v ~ x i a t i o n  1 ~ 1 t h  Nach number of the 

s t ick-f  ixed n e u t r a l  po in t  a$ % b e e  l i f t  c o e f f i c i e n t s .  Here 

too,  t h e  e f f e c t s  of Ilach number on a i r p l a n e  l i f t - cu rve  slope 

a.nc? t a i l  e f f e c t i v e n e s s  may be seen i n  the  g r e a t l y  increased  

s t @ . b i l i t y  a t  t h e  h igher  speeds. 

Elevator  Control  Forces 

The v a r i a t i o n  of pitching-moment c o e f f i c i e n t  and e l e v a t o r  

hinge-moment c o e f f i c i e n t  wi th  e l eva to r  angle f o r  s e v e r a l  l i f t  

c o e f f i c i e n t s  and Piach nunbers i s  shown i n  f i g u r e  10  f o r  the 

normal e l eva to r  and i n  f i g u r e  11 f o r  the t h e o r e t i c a l  e l eva to r ,  

Study of these  curves r e v e a l s  t h a t  the  e f f e c t  of Nach number 

on 3 Jhe/86, is small f o r  both  e l e v a t o r s  and t h a t  the value 

of bCh /dcL i s  small an& not  gTeatly a f fec ted  by llach number 
e 

w i t h i n  t h e  range of l i f t  c o e f f i c i e n t s  and e l e v a t o r  angles  

encountered a t  h igh  speeds. I n  general ,  t h e  e f f c c t s  of su r face  

i r r e g u l a r i t i e s  on t he  normal e l e v a t o r  were t o  decrease the  

e l e v a t o r  e f fec t iveness  and the  hinge moment. 

I n  f i g u r e  1 2  t h e  vavliation of e l eva to r  trim-tab 
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e f fec t iveness  with Uach number i s  shown. The tab maintains 

i t s  e f fec t iveness  throughdut the  Each number range i n  which 

i t  was t e s t e d  and- i s  only s l i g h t l y  inf luenced by moderate 

v a r i a t i o n s  i n  e l e v a t o r  angle and l i f t  c o e f f i c i e n t ,  

Figure 13 presen t s  t h e  v a r i a t i o n  wi th  ind ica ted  a i rspeed  

of e l e v a t o r  angle and s t i c k  f o r c e  f o r  l e v e l  f l i g h t  a t  t h r e e  

a l t i t u d e s ,  wi th  the  t r i m  tab neu t ra l .  The curves of e l e v a t o r  

angle  a.nd s t i c k  force  f o r  sea-level condi t ions  have been 

extrapolnteed from the  0.4 lliach nwnber t o  lower speeds t o  

o b t a i n  the  t r i m  speea of t h e  a i rp lane .  It i s  apparent t h a t  

wi th  the t h e o r e t i c a l  e l e v a t o r  the  a i rp lane  balances at a 

lower speed f o r  zero e l e v a t o r  d e f l e c t i o n  and the  s t ick-f ixed 

s t a b i l i t y  i s  i n  genera l  s l i g h t l y  l e s s  than with the  normal 

e l eva to r s ,  The d i f fe rence  i n  t r i m  q e e d  i s  equivalent  t o  a 

small d i f f e r e n c e  i n  s t a b i l i z e r  inc idence ,  while t h e  decreased 

stick-f ixed s t a b i l i t y  wi th  t h e  t h e o r e t i c a l  e l eva to r  i s  

evident ly  due t o  i t s  g r e a t e r  e f fec t iveness .  I n  s p i t e  of the  

f a c t  t1ia.t l a r g e r  d e f l e c t i o n s  of the t h e o r e t i c a l  e l eva to r  were 

r equ i red  t o  balance the  model, the  normal e l eva to r  produccd 

l a r g e r  s t i c k  f o r c e s  due t o  the  decrease i n  the hinge moment 

caused by the  deformed surf  aces. 

Comparison of p a r t s  (a), (b), zLnd ( c )  of f i g u r e  13 s h o ~ ~ s  

the  e f f e c t s  of a l t i t u d e  on the  v2.riation of e l e v a t o r  angle 

anti s t i c k  f o r c e  with i n d i c a t e d  a i r  speed. Zn genera l ,  t h e  

s t ick- f ixed  s t a b i l i t y  increased  w i t h  a l t i t u d e ,  and the s t i c k  

f o r c e  increased  s l i g h t l y  f o r  a constant  ind ica ted  airspeed,  



A t  constant b c h  number the s t i c k  force decreased with incseas- 

ing  a l t i tude ,  

The calculated s t i c k  force required a t  d i f fe rent  a l t i tudes  

f o r  various normal acceLerations i n  pull-ups i s  shown i n  f igure  

14. A t  sea l eve l  a l inear  var ia t ion of stick force with nornal 

acceleration was calculated f o r  ZIach numbers up t o  about 0,725. 

The ef fec t  of a l t i t ude ,  i n  general, i s  t o  increa-se the stick- 

force gradient F,/n fo r  each par t icular  Ibch number. Figure 

15 shows t h a t  for  constant values of normal acaeleraticn,  the 

e f fec t  of Ibch number on the s t i c k  force i s  negligible u n t i l  

0.7 Mach number is  reached, For Zfach numbers above U,7, the 

s t i c k  force increeses nare rapidly with speed fo r  the la rger  

values of normal acceleration, In general, a t  a given ilkch 

number the s t i c k  force required t o  produce a given n o r m a  

acceleration increases with a l t i tude ,  The predicted s t i c k  

forces f o r  normal accelerations encountered i n  f l i g h t  are no t  

excessive and are within the l i m i t s  specified by the Army A i r  

Forces i n  reference 4. 

The high-speed winLtunne1 t e s t s  OF the 0.35scaJ-e model 

of the P-39N-P inilicate the follo~ring: 

1, The model exhibited an increase i n  longitudinal  

s t a b i l i t y  and a s l i g h t  diving moment at high Nach numbers, 

but the available elevator control was suf f ic ien t  to  overcome 

these tendencies at  a l l  f lzght  Hach numbers of the P-39N-1 
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a i rp lane .  

2, The s t  a -b i l i ze r  e f f e c t i v e n e s s  increased considerably 

w i t h  Ikch  number, t jh i le  the  e l evz to r  e f f e c t i v e n e s s  was 

p r a c t i c a l l y  unchanged. 

3. The elevator- tab e f f e c t i v e n e s s  shotred no change 

wi th  Eiach number and ~ 8 . s  l i t t l e  a f f e c t e d  by changes i n  

e l e v a t o r  ahgle nnd l i f t  c o e f f i c i e n t  

4- Coinparison of the  norinal e l e v a t o r s  ( ~ f ~ h i c h  were 

sca led  from the  a c t u a l  a i r p l a n e )  t r i th  those a s  cons t ruc ted  

from t h e  t h e o r e t i c a l  des ign  dimensions shows t h a t  although 

smaller  d e f l e c t i o n s  of t h e  normal elev2.tors were r equ i red  

f o r  balancing the  a i r p l a n e  they l3roduceCl l a r g e r  s t i c k  f o r c e s  

than diC the t h e o r e t i c a l  e levators .  

Arne s Aeronaut ical  Laboratory, 
National Aavisory Committee f o r  Aeronautics,  

iiioff e t t  F ie ld ,  C a l i f .  

Robert C. Robinson, 
Aeronaut ical  Engineer, 

Approved : 

c%6 'Tern, 
~ n ' ~ e l o  Perone, 

Aeronaut ical  Engineer, 

Donald H, ~ o o d ,  
Aeronaut ical  Engineer, 



1, Nissen, J w e s  ili, , Gadekerg, Burnet t  L, , and Haai l ton,  
W i l L i a n  T .  : Corre la t ion  of Drag C h a r a c t e r i s t i c s  
of a P-51B Airplane Obtained from sigh-Speed Wind- 
Tunnel and F l i g h t  Tests .  NACA AGR Ho, 4~02 ,  1945. 

2, S i l v e r s t e i n ,  Abe, and lhite, Jane$ A. : Wind-Tunnel 
In te r fe rence  w i t h  PasticuZar b f e r e n c e  t o  Off-Center 
P o s i t i o n s  of  the Vlng ahd t o  the  Downwash at t h e  pail, 
NACA Rep. 110, 547, 1935. 

3. Gasioh, Inlefko E,,  and Clausfng, Latsrence A. : Flight 
I n v e s t i g a t i o n  of the Variatian of Drag Coef f i c i en t  
w i t h  t'lach Number TQT the B e l l  P-39N-d Airplane.  NACA 
ACR No. 5D04, 1945. 

4, Anon: S t a b i l l  t y  and Control  Requirements f o r  Airplanes, 
Spec, No, C-12315, Army A i r  Forces,  Aug. 31, 1943. 



FIGURE LEGENDS 

Figure 1,- Three.-view drzu~7sing of the  .35 s c a l e  mod-el of tlie 
P-3914-1 a i rp lane ,  

P ' i g u ~ e  2.- The Oo35-scale model of the  Be l l  P-39N-1 a i rp lane  
as  t e s t e d  i n  the  16-foot yrind tunnel ,  

F i g u ~ e  3 ,*- L i f t  , drag,  and. pitching-iiloment chnract  e r i s t i c s  
af the  F-J9N.-l model et severc l  iinch numbers 7 ,~ i th  tlie 
t a i l  3.t the  staildzrcl s e t t i n g  of 2-l/Qo and 6, = 0'. 

Figure 4. - L i f t  , ckag, a11G pitching-moment c h a r a c t e r i s t i c s  
of the  P-39N-1 nodel without a t z i l  at  seve ra l  Kach 
numbers. 

Figure 5,- V,wiation of d r ~ g  c o e f f i c i e n t  t i ~ i t h  rrach nurnber 
f o r  the  P-39N-1 airplc-ne node;. 

Figvre 6.- V w i e t i o n  of the angle of a t t a c k  f o r  zero l i f t  
and t h e  s lope  of the  l i f t  curve v i t h  Iiach r . u ~ ~ b e r ,  
'e = oO; P-391%-1 moael. 

Figure 7.- The v a r i a t i o n  of pitching-moment coeff i c i e n t  and 
l i f t  c o e f f i c i e n t  ~ r i t h  19ach number st severa l  a t t i t u d e s .  
6, = OO; P-39N--1 mo8el. 

F igure  d.: Va.rin%oo. of s t a i s i l i z e r  e f fec t iveness  and e l e v a t o r  
e f f e c t i v e n e s s  ~ ; r l t h  i5acli nu.iill3er f o r  the  P-39E-1 model, 

Figure 9.- Vari2.tion of t h e  s t ick- f ixed  center-of-gravity 
p o s i t i o n  f o r  n e u t r a l  s t s . b i l i t y  wi th  Iiacl? number a t  
Cliff e r e n t  vz-lubes of l i f t  c o e f f i c i e n t .  B-39H-1 model. 

i'igune 10 .- Varia t ion  of pitching-noment and e l e v a t o r  l l i n ~ e -  
monent c o e f f i c i e n t s  ~ ~ r i 3 . 1  elevato' engle f o r  coilstant lift 
c o e f f i c i e n t s .  rmal e leva to r s ;  it = 2-l/kO; k- = 0'; 
P-.JYN-l nodel. 7%) i; = 0.4 

Figure 10.- Continiued. P-39s-1 noQel. (b)  1; = 0,55. 

L'igure 10.- Continued. P-391:-1 idoGel. ( c )  II = 0.65. 

F i g w e  10.- Continued, P-39iL.l filociel. (a)  II = 0.70 

-l ir l.gux-e 13.- Con'iinued. P-39Ii-1 noael.  ( e )  ii = 0.725 

Fl.gure 10.- Continued. P-J9N-1 model, ( f  ) II = 0.75 

F i g m e  10.- Continu.eil. P-39K-1 nodel.  ( g )  ii = 0.775 
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F~GVRE 1.- THREE-VIEW DRAW~NC OF THE .35 SCALE 
MODEL OF THE P-39N-I A IRPLANE.  



( a )  Front viexi1 of t h e  P-39N-1 model mounted. i n  
t h e  tunnel ,  

(b) Three-qunrter f r o n t  view of t h e  P-39N-1 model 
showing accessor ie  s i n  p lace ,  

Figure 2,- The 0.35-scale nodel  of the  B e l l  P-j9N-1 a i r p l m e  - -  + - - + # . A  4 -  4-1-A 1 L P--4- .??-!+.,A +,,mmc,-l 
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