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mmCT OF mImE C O N F I G W T I O N  ON STATIC 'STABILITY 

AT s- SONIC r n ~  mxsomc SPEZE 

3y Ecivard C . Poll?anrus and Joseph 14. Hdlissy, Jr . 

Sone recent wind-tunnel resu l t s  exe ascussed   re la t ive   to   severa l  
s ta t ic -s tab i l i ty  problem which are  currently of in te res t  t o  the  designer 
of f igh ter   a i rc ra- t .  Datz are  presented  in bokh the subsonic and tran- 
sor!ic  speed ranges and for angles of a-btack t o  25O in may cases. 

The results  indicate thet rather  large amou-bs of taper might pro- 
vide  the  best   opportuity of obkiniY4 swept w i n g s  having high aspect 
ratios withou-i encouterhg  violent  pitch-up ard of eliminating  the =ore 
moderate pitching-moment nonlinearit ies of moderate-aspect-ratio wings. 
With regard t o  the  problen of maintainirg  directional  stzbil i ty through- 
out the ulgle-of-ettack range, it has been shown that a large number of 
factors =e involved m-d that, in  general, coll,eigurations b2vin.g long 
exomding fuselage noses, rectangular  fuselages, or high w i n g s  should 
be =voided an-d that care nust be exercised in the  selection of the  longi- 
tudinal  locstion of T-tails. Since lzrge variatiozs 02 p-i-tchiag moment 
w i t h  s idesl ip  can occur, it may be necessary to consider this e f fec t  in  
the selection of a con?igmation. 

INTRODUCTION 

The high-sFeed capabi l i t ies  of nodern f igh te r ' a i r c ra f t  have been 
obtained, t o  a large exLen%, t h r o w  chan;es i n  geometrk and mass char- 
ac t e r i s t i c s  which f o r  m- of t h e s e   a i r c r e t  have produced serious sta- 
bility problems; The purpose of this paper i s  t o  discuss  recent wind- 
tunnel  res-fits  related t o  some of these problem i n  the  subsolic and 
%rmsoni-c speed ran-ge. Frcan the nwnerous problems, those  selected f o r  
discussion  herein  are  pitch-u9 and other pitching-moment nonlinearities, 
the variztion of the  directionel s tabi l i ty  garameter with angle of attack, 
md  the  effect  of  sidesl ig  on the  pitching monent. 3%~ data presented 
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* are  referred to the  body system of axes. 
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SyL.IBGLS 

lift cceff ic ier t  

naxhu l i f t  coefficient 

nose length 

pitching-nonent  coefficient 

r a t e  of change of yawing-nonent coefficient with sideslip 

ta i l  contribction t o  
cnP 

angle of attack, deg 

-le of sideslip, deg 

sweep angle of w i n g  qmer -chord   l i ne ,  Ceg 

wing as;?ect ratio 

local. chord 

w i n g  taper   ra t io ,  
Tip chord 

- - 
Root chord 

DISWSSIOE 

Longitudinal Stabi l i ty  

?itch-up.-  Considerable  research k s  been  con3ucted in  the  past  
with  regard t o  the pitch-up  problen  (see refs. 1 t o  5: for ex&ple) and 
the  findings have, t o  s m e  extent ~t least ,  been incorporated i n  the 
configuations of modern f i g h t e r   a i r c r a t .  This is i l l u s t r a t ed   i n  f ig -  
ure 1 where the  canbination or' wing aspect  ratio and quarter-chord sweep ' 
angle i s  platted for  the  curent  f ighter  configurations.  Also presented 
i s  -&e Shortal-lrlaggin wing Ditch-up boundzry (clerived from wings hexing 
r;loderzte taper)  with pitch-u;, o c c ~ r i n g  above the bouqd8ry (see  ref. 1) 
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and it w i l l  be  noted that the w i n g s  of currel.1-t fighters do not exceed 
this bound- t o  any greet   extent   in  the pitch-up  direction. The ver- 
t i ca l   locc t ion .of  the hor i zon ta l   t a i l  of these  current  configurations 
is indicated by the  type of syolbol used, with  the open synbols repre- 
sentip4 a high tail,  t h e   f i l l e d  symbols, a low t a i l ,  and the half-f i l led,  
a t a i l l e s s  co&igur&,ion. Law tails H e   i n  a region w h e r e  the rate of 
change of downwash with -le of attack i s  decreasing with angle of 
attack while high tails l i e   i n  a region w h e r e  the  opposite  trend  usually 
prevails. The 10' l ine   ( re la t ive  to the chord l i n e )  enanating  fron  the 
t r a i l i n g  edge of the wip& m e a n  aerodynamic  chord has been found (refs .  7 
and 8) to  separate  these two regions. It w i l l  be noted tba t ,  i n  general, 
the   a i rc raf t  whose w i n g s  l i e  above the  pitch-up  boEdzry have u t i l i zed  
t u s  downwash cbtaracteristic of low tails t o  counteract  the wing pitch-up. 
it should be pointed  out that those  configlrations that are above the 
boundary but which u t i l i z e  high tails  have experienced Ditch-up  problems. 

Inasnuch as  it is desirable, from a drag-due-to-lift  standpoint, 
t o   u t i l i z e  w i n g s  &?ELF! high aspect  ratios, a transonic wind-tunmel 
investigation aimed toward developing a 45O sweptback w i r g  w i f h  an aspect 
r a t i o  of 4 (which is somewbat higher than the current  f ighter configu- 
rations,  see f i g .  1) heving sat isfactory pitching-moment cbmracteristics 
has recently been  conducted and sone or" the resu l t s  are presented i n  
figure 2 f o r  = Mach  number of 0.94. On the l e f t   s ide  of this figure  the 
pitching-monent coefl'icient i s  plotted as a fm-ction of l i f t  coefficient 
?or four wicg-body combinations  vmying only io wiw taper   ra t io .  For 
a taper   ra t io  of 0.6 the curve is  very  nonlinear and indicates an 
extrenely rapid pitch-up. It b s  been shown in   t he  past that the  pitch-up 
condition  for a w i n g  s i n i l z r   t o  this one can  be improved over e large 
portion of the speed range by meaas of w i r g  f ixes.  These fixes, however, 
require  careful  tai loring and are  usually  ineffective a t  Mach mmbers of 
the  order  i l lustrated  here  possibly because of shock-induced separation 
over the aft portion of the wing (ref .  6 ) .  It is therefore of consider- 
able  ir-terest t o  note tht as the w i n g  becomes  more tapered the abrupt 
pitch-up  tendency gradually decreases. Instead of an abrupt Ditch-up 
the  pointed w i n g  b ~ s  a gradual decrease i n   s t a b i l i t y  starting at a rela-  
t i ve ly  low l i f t  coefficient.  This character is t ic  of Jrdghly tapered w i n g s  
U s  also been noted at low speeds (ref. 2) md is due, i n  p a r t  at least, 
t o  the   fac t  that while t i y  stall occurs ear l ie r ,  a snaller  portioo of 
the t o t a l  load is  involved and the moment m s  are   l ess  thm on the w i n g s  
hexing large t i p  chords. In addition it should be pointed  out that, E?S 
the sweepback of the trailing edge is reduced, less area probably l i e s  
behind the shocks.  (See  sketches on f ig .  2. ) In view of the  ra ther  
noticeable improveneEt associeted w i t ' n  the  gointed wing, a tail-on  inves- 
t igat ion has been  conducted and the  resul ts  ere presented 011 the right 
side of f i v e  2. In an attempt t o  com-keract  the gradual decrease i n  
s t a b i l i t y  the t a i l  w a s  placed slightly (approximately 5 percent of the 
wing semispan) below the w5~g chord  plane. Witb the t a i l  on, the 
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wing w i t h  a taper r a t i o  of 0.6 s t i l l  shows a ratter severe  pitch-up  tend- 
e x y .  A l l  or' the more tapered wings provided  considerable improvement 
with regard t o  pitch-up,  but it w i l l  be  netecl tht noniinearities s t i l l  
exis t  a t  moderGte l i f t  coefficients. It should be 7ointed  out,  homver, 
tha t  E. tail considerably lower t h n   t h a t  used Ls feasible  m d  w i t h  a. 
lower te i l  the pointeci wing might, i n  view of i ts  s u p r i o r   t a i l - o f f  char- 
acterist ics,   el iminate  taese  conlinearit ies.  

Non l i ea r i t i e s  a t  moderate lifts.- Althoxgh fairly linear  ;pitching& 
moment characterist ics can quite  often be obtained for complete  configu- 
rations having nonlinear wing-body combinations, there are soxe undesir- 
cble e f fec ts  of these  tail-off  nonlinearities. These nonlinearities, 
f o r  exanple, c m   r e s u t  i n  d o l e n t  pitch-downs f o r  swept w i n g s  a t  nega- 
tive  angles of attack,  nonlinear  st ick  travel  in maneuvers, anti, i n  sane 
cases,  the t a i l  loads  required for t r i m  can  reduce the t a i l  loads avail- 
able f o r  rraneuvers. It is  therefore  desirable t o  have wing-body config- 
urations  characterized by linear  pitching noments. Figure 3 br ie f ly  
swmarizes  the results of a systematic wind-tmel  study t o  develop a 
l ine= wing-body conbinztion which in   addi t ioc  to   the  previously men- 
tio2ed advantages  might not be limited with  regard t o  = satisfactory t a i l  
lomtion.  The l e f t  part of the figure i l lus t ra tes   the  approach  used i n  
the  investigdAon. For this  particular  case  the  basic wing was a 
3-percent-thick 45' delta wins, shown on t'ne l e f t  side of figure 3, which 
has a reduction i n   s t z b i l i t y  at moderate lift coefficients due t o  
stalling 03 the  highly  loaded  tiF.  Rather than attempting to   e l imira te  
the  reckct ion  in   s tabi l i ty  a t  moderate lifts, various amoxtts of the 
stalled t i p s  were clipped in EII attempt t o  extend the reduced s t ab i l i t y  
t o  the low l i f t  range and thereby t o  obtain a l inear  curve. The results 
of clip2ing  the w i n g  t o  an aspect  ratio of 3 is shown by the dashed  curve 
and it w i l l  be  cbserved that the  pitching mment i s  linear up t o  l i f t  
coefficients of the  order 0% 0.7 followed by an increase in   s t ab i l i t y .  
Vith  this  approach, an extensive  investigation was conducted (ref. 9 )  in  
which the wing  sweep angle xas vzried and verious azxotm-ts of t i p  were 
clipped. What appeared, frm a study of these results, t o  be a very 
satisfactory plan f o m  is shawn on the  r ight   s ide of figure 3. The w i n g  
has ELE -mswept 80-percent-chord l ine,  an aspect  ratio of 3.5, and a taper 
r a t i o  of 0.07. In  order t o  determine the characterist ics of a conplete 
r-ode1 employing this w i n g ,  a fuselace and t a i l  in   several   posi t ions were 
edced. The  low t a i l  resul ted  in  a gradEal  increase i n   s t z b i l i t y  while 
the T - t a i l  resul ted  in  a gradual  decrease i n   s t a b i l i t y  w i t h  pitch-up  not 
o c c u - r r l ~ ~  until the tsil enters  the vake 3f the stalled wing. A b i ta i l  
cor3iguration was also tes ted and it is interesting t o  note that the 
opposite  trends of the T- u d  low tails can be corn'oined t o  provide an 
intermediate  curve. It should be poiated  out that the  center-of-gravity 
position  has been zdjusted t o   f a c i l i t a t e  a comparison of the curve  shapes 
and that the t a i l  contribution, of course, i s  dependent upon t a i l  posi- 
t i on  md area. 



Directional  StEbility 

s The configuration  trends  associated w i t h  high-performance a i r c r a f t  
heve c rea ted   def ic ienc ies   in   s ta t ic   d i rec t iona l   s tab i l i ty   tha t  have been 
recognized fo r  some time. Recent f l i g h t  experiences  (see  ref. 10, f o r  
example) i n  which violent coupled notions  vere  encountered  during  rolling 
maneuvers  have pleced even greater emphesis on the  s ta t ic   direct ional  
s t ab i l i t y  problem,  and the   fec t   tha t  modern a i r c ra f t  encounter  large 
zngles of attack  has made the  vuiakion of directional  stabil i ty  with 
angle of attack extremely  imyortant. 

Wing-fuselage contribution.-  Figure 4 i l lustrates   the  var ia t ioc of 
d i rec t iona l   s tabf l i ty   wi th   ag le  of ettack  for  various wing-body configu- 
rations  (refs.  ll t o  13 an-d unpublished  data) a t  a %ch nunber of 0.80. 
On the l e f t  par t  of the figure the  variation  for wings h&.vi.ng relet ively 
l i t t l e  sweepback is  preselzted end  on the right, tha t   for  wings having 
reletively  high sweep angles. It w i l l  be  noted tht the unswept wZng 
nrovides a desirable  reduction  in  the  wing-fusehge  instability w i t !  
increasing  angle of attack. However,  when e i ther  moderete or  high sweep 
angles  are enployed (in  the  conventional mmer) zn undesirable  increese 
in   the   ins tab i l i ty  occurs. It qpez r s ,  hcrgever, t ha t  if sweep is incor- 
poreted by means of an M-type composite plen form, desirable  charecter- 
i s t i c s  similar t o  those of the unswept  wing c m  be obtained. Inasmuch 
as l i t t l e ,  i f  my,  leading  suctton is developed on these YMn wings a t  
hi&  angles of attack, it is fe l t  thet   these  var ia t ions  in   direct ional  
s tab i l i ty   ( re la t ive   to  body axes) me associated w i t h  wing-body inter-  
ference,  possibly wing induced  sidewesh on the  fuselage  afterbody. 
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a f e c t  of fuselage shape on tz i l  contribution.- The general  trend 
of' increasirg wing-fuselage ins teb i l i ty  wit'n angle of attack  indicated 
fn  f igure 4 points up the importance of minimizing or  eliminating  my 
decrease i n   t h e  t a i l  contribution with angle of at tack  in   order   to  =void 
s ta t ic   ins tab i l i ty .  With regard to   the  t a i l  contribution it has beell 
s h m -  ir? reference 14 that  fuselage nose length (the eqanding  portion 
of the  cose)  hes a n  impor t a t   e f f ec t  or! the  location of the  fuselege vor- 
t i ces  End the  resulting flow f i e l d   i n  which the  ver t ical  t a i l  must operate. 
In order t o  i l lus t ra te   the   e f fec t  of these  flow  fields,  figure 5 presents 
the  effect  of nose length on the t a i l  contribution  to  directional sta- 
b i l i t y .  (With the  cedi-m  nose  the  configuration is  ident ica l   to   tha t  of 
ref. 11.) Here the  directional  stability  contributed by the t a i l  hes 
been normlized by dividing by the  value a t  zero  angle of attack md is 
presented 8s a function of angle of e t tack a t  a Mach nunber of 0.80 f o r  
three nose lengths. On the l e f t  side of figure 5 t'ne wing-off resu l t s  
are  presented and it will be  noted that  an  increase  in  the nose length 
is eccompanied by a loss in   the  t a i l  contribution  to  directional ste- 

at an angle of ettack of 20'. From the  flow-field  studies  presented 
. b i l i t y  wiYn approximately a 30-percent loss occurring  for  the  long nose 
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i n  reference 14 it appears thet this effect  of nose length is  associated 
mainly with the upwwd displacement of the  fuselage  vortices which leaves 
z larger  portion of the t e i l  i n  the unfavoreble sidewash field below the 
zdjacent  vortex. On the right side of figure 5, the wing-on resldts are 
presented end it w i l l  be observed tha t   t he   dd i t i on  of the wing  had an 
unfavorable effect .  Low-speed stGdies (ref. 15) indicate that th i s  may 
be dxe mainly t o  the unfkvorable wing-alone effect  on the t a i l  contri- 
bution which occurs for  sweptback wings. 

The fuselages of nodern aircraf t ,  however, quite  often depwrt con- 
siderably  fron a circular  cross  section and, as w a s  shown i n  reference 14, 
departures from a c i rc le  can  cause large charges in  the  l low  angularity 
at the tai l .  The effect   that   th is   angular i ty  can  have on the t a i l  contri- 
b t i o n  t o  direct ional   s tcbi l i ty  is shorn i n  figure 6 for  four  different 
fusehge  cross  sections. The data were obtained  fron  reference 15 and 
it should be pcinted  out tha t .  the  fuselages  are  not  identical   to  those 
of reference 14. All _Pow fuselages had the sane longitudinal distri- 
bution or" cross-sectional mee and, of course, the same volume. As i n  
figure 5 ,  the t a i l  contribukion  nomalized by the value at zero  angle of 
attack is plotted  against  angle of attack. 011 t h e   l e f t  side of the  f ig-  
ure  the wing-off resul ts  me presented. The t a i l  contribution  in  the 
presence  af  the  circula-r  fuselage is relat ively independent of  -le of 
attack; however, for   the  two rectangles md the square there is a large 
135s with  increasing  angle of attack. For the t a l l  rectar.!.!le the depar- 
tu re  from the results obtained f o r  t k  circle  begins at about 5O and 
reaches 2813 direct ional   s tabi l i ty  at about l7O. Above about 20° the 
s t ab i l i t y  i s  restored  rather  rapidly ap9arentl.y  because of the f ac t  that 
as the m! le  of attack becomes. large  re la t ive  to   the  s idesl ip  =le ( Cnp w e s  obtained  over a range of sideslip  mgle of the  fuselage 

vortices  tend  to become symxetrically disposed re la t ive  t o  the t a i l  and 
therefore  to  ccurterzct  each  other. As the  height t o  width r a t i o  is  
reduced, the i n i t i a l   i n s t a b i l i t y  occurs a t  higher  angles of attack. The 
wing-on results,  presented on the right  si&e of figure 6, indicate that, 
eltiio:~& t i e   e f f e c t  of fuselage  crass  section is soxewkzat reduced, the 
c h r e c t e r i s t i c s  of t i i  square an& rectangular  fuselages  are s t i l l  
undesirzble. 

1 

Elfect of w i n g  height on t a i l  contribution.- Another parmeter which 
was shown i n  reference 14  t o  have a large  effect  on the  flow  field in the 
vicini ty  of  tP-e t a i l  is tha t  of w i n g  hezght . !!%.e effect  of w i n g  height 
(obtained from ref. 16 md en extension of the  investigation of ref. 15) 
OT? the t a i l  contributio-=l_ t o  d i r ec t ioml   s t ab i l i t y  at low speeds, i s  pre- 
sented in   f igure  7. A s  i n   t h e  previous  figures, the Cn contributed 

by the t a i l  normalized by the  value a t  zero  angle of attack is presented 
as a functioa of m g l e  of  a t t a c l ~  Presented on the lef t  are the results 
for   the  configuat ion having a circulw  fuselage and on the right,  the 
results for  the  configuration having a square  fuselage. The results f o r  
the   c i rcu lar   fuse lge   ind ice te   the   usud   la rge  loss i n  t a i l  contribution 

P 
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associcted w i t h  a  high wing. However f o r  the square fuselage l i t t l e  
effect  of wing height is indicated and rather brge  losses  with angle of 
attack occur f o r  dl three wing heights. By comparing these data with 
the wing-off results shown on the lef t  side of figure 6, it w i l l  be seen 
that a r'zvorable  wing-fuselage interference  occurs with the square  fuse- 
lage,  especially wher the low wing position i s  used. !Fhis is  in  contrast 
t o  the  resul ts  f o r  the  circulax  fuselage, which indicate  the usual unfa- 
vorzble  interference. 

In comection  with  the  favorable wing-fuselage interference asso- 
ciated  with  the low  wing and the square fuselege,  figure 8 presents some 
interesting  results of s,n investigation condacted a t  high  subsonic  speeds 
(ref .  17). Tk?-ree differeot  fuselage  cross  sections were investigated in  
conjunction w i t h  a low wing. The results  me  presented f o r  a Mach nmber 
of 0.80 and show that the  relationship between the circular and square 
fuseleges i s  similar t o  t ha t  obtained at l o w  speeds with somewhat sbnilar 
configurztions. Eowever, vhen only the lower half of the fuselage was 
square  the t a i l  contribution was even greeter than that obtained  with 
the  circular  fuselege. 1% appears tbt the  unfavorable  effec-i of the 
square  fuselage  done has been eliminated by suff ic ient ly  rounding the 
to: corners,  while  the  favorzble wing-body inter2ererce has been main- 
tained by the relat ively sqyare bottom corners. 

Three-body configuration.-  addition t o  the fusehge-shape  effects 
.I discussed i n   t h e  preceding  sections, the h r g e  fuselage voWmes required 

by current fighter configurations  contribute  considerably t o  the magni- 

tha t  if the  reqyired volume  were divided between three  bodies,  large local 
flow m&arFties  night be  reduced  somewht. A prelimirmry  wind-tunnel 
W-vestigztion t o  dete-rahe wl-at type of s tz t ic   d i rec t iona l  and longi- 
tudinal   s tabi l i ty   character is t ics  might be obtained with three-body con- 
figurations has been  conducted at low speed end some of the resul ts   are  
presented in   f igure  9. The configuration  consisted of oae central  md 
two  outboard  bodies  with conven-kio-ml tai l  assemblies  attachzd t o   t h e  
tu0  outboard  bodies. O n  the l e f t ,   the  pitching-moment coefficient is 
presented as a function of lut coefficient, and fairly  acceptable longi- 
t u d i m l   c h u a e t e r i s t i c s  axe indicated. The rate of  change or' d i rec t ioml  
stz-oility w i t h  angle of' attack is  presented on the right and a gradual 
reduction is indicated above about 8O. However, even at an angle of 
attack of Ebout 26O, which correspoads to the znaximurr. l i f t  coefficient, 
only about 30 percent of the t o t a l  s t a b i l i t y  i s  lost. In connection w i t h  
direction&  stabil i ty,  it should be pointed  out that this type of configu- 
ra t ion has inertiz.   characterist ics which, under certain  conditions at 
l ea s t ,  my tend t o  reduce the inertia couplir-g  problem eocountered by 

. tude of the flow zngularity at the tail.  In  view of this, it w e s  f e l t  

current  fighter  configurations. 

Effect of horizontal tail on d l rec t ioml   s tab i l i ty . -  Tmasnuch as 
horizontal-tail   posit ion is  an h?or tSmt factor  i n  connection with 
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longitudinal  stability, i t s  effect  on direct ional   s tabi l i ty  should be 
discussed. In general, low horizontal tails provide a slight  increase 
i n   d i r e c t i o m l   s t a b i l i t y  over that provided by a ver t ica l  t a i l  alone. 
This  increase is relat ively independent of angle of attack and Mach nun- 
ber at subsonic  speeds. T-tails generally  provide a rather large increase 
at low speeds. However, a t  high  subsonic Mach numbers the effect  of a 
T - t a i l  i s  dependent t o  a large  extent on angle of attack and fore-and-aft 
position. This is i l l u s t r a t ed   i n  figure 10 where the t o t a l  directiorraL 
s tab i l i ty   parmeter  i s  Presented as a function of angle of attack 

a t  a Mach Ember of 0.90. A coxparison of the  ver t ical  t a i l  alone and 
the  ver t ical  t a i l  with  the T - t a i l  i n  the forward position  indicates a 
large  variation of the  horizontal-tail  effect  with  angle of attack. Eelow 
an angle of attack of about 3' the horizontal-tail   effect  i s  unfavorable 
and results in   d i rec t iona l   ins tzb i l i ty  at negative  angles of attack 
greater  than  about 9'. This, of course,  could be  portan ant during coupled 
notions where large  negative  angles 03 attack can be encountered. Wheo 
the  horizoatal t a i l  was mounted i n  a rearward. position  the normal Low- 
speed end-tslsting effect  was restored and the  varietion  with  angle of 
attack sanewhat reduced. It should be pointed  out, however, that the 
effect  of longitudinal  position  agpears t o  be a function or' plan  fom. 
For example, the  resul ts  of reference 13 indicate tkt w i t h  a rectan- 
gular ver t ica l  and horizontal t a i l  with coinciding  leading edges an &a- 
vorable  end-plating  effect was obtained at high subsonic  speeds. It 
therefore  appears that the  extent of the ver t ica l  t a i l  span  over which 
the  edverse  chordvise g r d i e n t s  of the  ver t ical  and horizontal tzi ls  are 
edditive YAY be aore  important  then the loca l  ,jwctw?e effect .  It apgeers, 
Kcerefore, thet if a T - t a i l  i s  desired,  extreEe  care sho3Jld be exercised 
in t'ne selection of the  fore-ayd-aft  location. 

. 

r 

Pitching moment due to   s idesl ip . -  A parameter which has received. 
l i t t l e  at tent ion  in   tne pest but which i s  becoming inportant  in connec- 
tim w i t h  the coupled notions is the  variation of pitch5ng moment with 
sideslip.  This variation is  dependent on a large nunber of parameters 
ulii only a r'ew w i l l  be i l lustrzted  here.  Reference 18 contacns a s m i ~  
of the  effects  of the  various  aircraft components. To i l lus t ra te   the  
effect  that the overalL col?figuration c m  have, f i g w e  11 presents the 
vzriation of the pitching-moment coefficient  with  sideslip angle lor 
several  corSigurations a t  a Macn nmber of 0.80 and zero  cngle of attack. 
For the  collriguration having a sweptback  wing  and a low horizorLtal ta i l ,  
positive  increments of pitching nonent are indicated with ratner  large 
increments occu-rri-ng with  the w i n g  i n  %he P d g h  posi-fiian. For %he moder- 
ately swegtback  wing con-rigmation having a T - t a i l ,  large  negative  incre- 
ixents are produced w i t h  increasing sideslip. The fact that large  positive 
or negetive  increments can occur, depending upon the  codiguratlon,  indi- 
cates tht it m y  be necessary -Lo consider the pitching mament due t o  
sideslip in  the  selection of a  corZiguration. .. 
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A study of recent  subsonic and transonic  data  indicates that rather 
large anounts of taper  night  provide  the best opportunity of obtaining 
swept  wings h ~ v i n g  high  aspect  ratios  without  encountering  violent 
pitch-up and of eliminating the rnore moderate pitching-mon?.ent nonline- 
e r i t i e s  of moderate-aspect-ratio w i n g s .  

With regwd t o  the problem of nain ta idng   d i rec t iona l   s tab i l i ty  
throughcdt the  -le-or-attack renge, it bzs been shown that E large nu=- 
ber of factors  are  iavolved aod that, in general,  collfigurctions  having 
lory e-xpandir.. f'uselage  noses,  rectangular  fusehges, o r  high wings should 
be avoided and that czre -mst be exercised in   the  select ion of the lol.lgi- 
tudinal  location of T- taFls .  

Since large  variations of pitchip4 moment w i t h  s idesl ip  C ~ E I  occur, 
it may be necessary t o  consider this er'fect ir the selection of a 
configurztion. 

Langley Aercnautlcal. Mora to ry ,  
NEtionKL A&visory 'JomraLttee fcr Aeronzutics, 

Lmgley  Field, Va., Novezher 2, 2955. 
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FIGHTER  CONFIGURATIONS 

d I O  20 30 4b 50 6b 70 8b 
h w ,  DEG 

Figure 1 

EFFECT OF TAPER  RATIO ON PITCHING MOMENT 
A.4; A c/4=45'; NACA 65A006; My0.94 

TAIL-OFF LOW TAIL 

Cm 

;04 - 

-08 1 I I I I 1 I I J 

0 .2 4 .6 .8 ID 0 .2 4 .6 .8 10 

Figure 2 
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Figure 4 



EFFECT OF FUSELAGE NOSE LENGTH ON Cn 
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Figure 5 
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Figure 6 



EFFECT  OF WING HEIGHT ON Cn P, t 
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Figure 7 

EFFECT OF FUSELAGE CROSS SECTION  ON C"p,+ 
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Figure 8 



STABILITY  OF 3-BODY CONFIGURATION 
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Figure 9 

EFFECT  OF HORIZONTAL-TAIL  POSITION ON C 
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Figure 10 
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EFFECT  OF CONFIGURATION ON  VARIATION OF Cm WITH p 
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