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A K4CH l!lUNEB OF 2.01 

By M. Leroy Spearman and Ross B. Rob" inson 

. An investigation has been  conducted in the Lengley 4- by 4-foot 
supersonic  pressure  tunnel &t s. Mach  nurr?ber of 2 .01 to  de-lernine the 
s t a b i l i t y  and control  characterist ics of a canard  eirplane  configura- 

swept wing with an aspect   ra t io  of 2.17 and a trapezoical  canard  colztrol 
surface. The outboerd-tail model b d  boom-mounted horizoEte1-tail con- 
t ro l s   loca ted   to   the  rear mc5 outboard of the wing t ips .  Th i s  configura- 
t i on  w a s  evolved from the  saxe body  wicg used for  the  canard model but 
with  the  outer 30 percent of the - i  spw- shemed beck t o  form the 
horizontal-tail  panels. The cmard nociel h d  a single body-mounted ver- 
t i c a l  t a i l  whereas the  outbomd-tail model had txin boom-monte& ve r t i ca l  
tails with  the sene t o t a l  exposed area as the  canard rrxldel tai l .  

I t ion  and m oatboerd-tail  configuration. The canmd model h a  E. 67O 

The results  indicated  relatively  high  values of maximum trimxed 
lif t-&rag  ratio L/D for  both configurstio-n-s. The values of naxLmm 
%rim lift-drag r a t i o  L/D decreesed as the  s tabi l i - ly   level   ixreased 
.for both  conffigurations,  although  the  variation m s  less for   the outboard- 
tsil model than for the canard rnoeel. Tce values of trim L/D were 
hLgher in the  low-lift rmge end %he maximum L/D occurred at a lower 
l i f t  coer"fic5ent for the canard  confi,wation thn f o r  the  outboaxd-tail 
configurztion. A t  higher L i T t  coefficients  the  values of trin L/D 
becme  higher  for  the  outboerd-tail  configuztion. These e f fec ts   re f lec t  
the drag c h r a c t e r i s t i c s  of the two corfigurations in t h a t  the  outboard- 
%ail. corfiguration had a higher minlhun d m q g  bu-L a lower drag due -io lSt 
t h m   t h e  canard  configuration. 

. 



2 

INTRODUCTION 

NACA RM L?&BO7 

The a t t a h r e n t  of high  values of l i f t -drag  re t io   for   a i rplanes i s  
essent ia l   f rox the r-e standpoint; however, suff ic ient ly  high values 
are soxetimes d i f f icu l t   to   ob ta in  when  triririririririring a t  supersonic  speeds. 
The effects  of trimxing on l i f t -drag   ra t io   me,  of cour~e ,   d i rec t ly  
related t o  the  level  of longitudinal  stabil i ty,   the  effects being less 
as  the  stebil i ty  level  decreases.  For a given  level of Stabi l i ty ,  how- 
ever, the  effect  of trimming on the   l i f t -drag   ra t io  is dependent on the 
geometry of the  configuration,  particularly In relation  to  the  type of 
pitch  control system employed. Obviously, a desirable  control system 
would be one that ,  when used fo r  t,rbming,  provided  positive l i f t  with 
a rr.inimu.x of drag. Positive l i f t  L q l i e s  an u2load from the  control 
whereas a minimum of dre implies small controls, s m a l l  deflections, or 
a forwad  inclination of the  resultan4  force  vector on the control. 

In  trimming 6, steble  tailless  configuration  with w i n g  trailing-edge 
flap  controls,  e download is required from the  control. Thus, i n  order 
t o  t r b  at a given lift, a higher  =le of a t tack with an attendant drag 
increase is required, and the  resul t  is a reduction  in  the lift-drag 
ret io.  

Conventional  tail-rearward  airplanes, on the other hand, nay be 
trLmed wi-th e i ther  an  upload or a download at the tail,  depending cpon 
whet'ner %he configuration is stable with the t a i l  off.  Such configura- 
t ions at subsonic  speeds are usmlly unstable  with t i e  t a i l  off  and thus 
require an upload fron the  control. However, because of the  large down- 
wash angles tha t  generally  exist  in  the  region of the t a i l  at subsonic 
speeds, relatively  large tails are  required  for  stabil i ty.  A t  supersonic 
speeds,  tail-rearward  configurations  generally becoxe stable  longitudinally 
and are, i n  Zact,  usually  stable  with  the t a i l  off .  Hence, not  only is a 
'download requtred from the t a i l  but also, because of the  high  s tabi l i ty  
levels a t  supersonic  speeds, relatively  large  deflections of the t a i l  are  
reqEired  for trirvning arsd a loss i n  t r i m  lift-drag r a t i o  similar t o  the t  
for  tai l less  configurations is experienced. 

One approach t o m d  a solution t o  the trimKing problem is through 
the use of tail-forward or canard  arrangements since,  for  stable con- 
figurations, such arrangerents  require uploads fo r   t r iming .  Previous 
investigations of canard  arrangements at supersonic  speeds (refs. 1 
and 2) have indicated that signif icmt  gains  jn t r h  lift-drag r a t i o  
through a reductioc  in  the  losses dce t o  trfnming might be obtained with 
these  arr.mgexents. 

Another approach towesd alleviating  the !x-ing problem is through 
the use of rearwerd  controls  located  outboard of the wing t i p s  so as t o  

. 
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be in the  region 03 upwash fro= t i e  w m - t i p  vortex. For configuretions 
of t h i s  type that are unstable w i t h  the t a i l  off,  the upload required 

tails are  required. In  addition, in  an upwash l i e u ,   t h e   ~ p l o z d  E t  the 
t a i l  is obtained with a negative  deflection end the l i f t  vectoy fro= the 
tai l  w i l l  be inclined forward and thus provide a drag reduction w i t h  
increasing  angle of attack. Some subsonic tests of outboaxd-tail models 
are presented Ln reference 3 toge-iher w i t h  a discussion of some of the 
basic  concepts and applications of outboard t a i l  designs. 

# frm the t a i l  for  trW- is aided by the upwash so that relet ively small 

In order to  obtain some Fnsight in to  tine re la t ive  aerits of canard 
and outboard-tail  control systems at supersonic  speeds, a prelb-inary 
investigation of a generalized  canmd and outboard-tail nodel bas been 
conducted in the Lengley 4- by 4-foot  supersonic  pressure  tunnel et a 
Mach number of 2.01 and the  resul ts  m e  presented  hereir,. 

The cmard coxzfiguration had a 670 swept wing with an aspect   ra t io  
of  2.17 and a trapezoidal  cmard  surface. The outboard-tail m o d e l  was 
evolved from the same body-wing collfiguration  used for  the canerd model 
by shearing back tine outer 30 percent of the wing sgan t o  form the boom- 
mounted outbomd-teil  panels. The nrodels  were tested  primazily in pitch 
w i t h  various  control  deflectiors  although sorce liulited  sideslLp data were 
obtained. In addition, some resu l t s  f o r  various combb-ations oil model 
coxponent parts were obtained. 

The results  are  presented as force and monent coeff ic ierxts   vi th   l i f t ,  
drag, and pikchhg moment re le r red   to   the   s tab i l i ty  axis systea and rolling 
moment, yawing moment, and side force  referred t o  the body-axis  system. 
The reference  center of moments (center-of-gravity  positions) are indi- 
ceted in figure 1. 

CL l i f t  coefficient,  Lift/qS 

c, :itching-moment coefficient,  Pitching xaonert/qSE 

c2 rolling-monent  coefficient,  Rolling monent/qSbw 

I 

cy side-force  coefficient,  Side  force/@ 
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free-stream dynaqic  pressure,  lb/sq f t  

t o t a l   a r ea  of w i n g  (inclxding body intercept) for canard model '1 

or wing  and horizontal t a i l   fo r   ou tboard- ta i l  model, 1.278 sq f t  

loca l  chord, in. 
r-ean geometric chord of w i n g  r'or canard m o d e l  or wing plus  hori- 

zontal t a i l  for  outboard-tail model, 11.27  in. 

span of wing for canard model or wing plus  horizontel t a i l  for 
outboard-tail Kodel, 20 in. 

f ree-s t rem Mach number 

angle of attack, deg 

angle of sideslip,  deg 

canard  control  deflection,  positive when t r a i l i ng  edge is down, 
de@; 

outboard-tail  control  deflection,  positive when t r a i l i ng  edge i s  
down, deg 

l i f t -drag   ra t io  

CorLponents : 

B body 

W W b !  

v v e r t i c a l   t a i l  

C canard surface 

b booms 

H outboard horizontal-tail  surface 

Details of the models are shown in figures I and 2 and the  geometric 
characteristics  are  presented in table  I. Coordinates for  the body are  
given i n  table 11. The canxrd m o d e l  had a trapezoidal  canard  surface with 

I 



NACP. RV L58BO7 5 
c 

c 

hexagonal  sections 3 percent  thick. A s ing le   ve r t i ca l  t a i l  witin 3-percent- 
thick hexagonal  sections was mounted  on the  azterbody of the  canard model. 
The outboar&-tail model had horizontal- and vertical-tail   panels  with 
4-percent-thick  hexqonal  sections. The twin  ver t ical  tails had a t o t a l  
exposed &rea equal   to   tha t   for   the  sir?g1e ta i l  of the  canard model and 
the t a i l  length w a s  the sme for  both models. The boom for   the  outboard- 
t a i l  m o d e l  h d  conical  noses  and  cylln&ical  midsectior-s end were 6,rbi- 
t r a r i l y   f a i r e d   i n t o  a square cross  section izl the   vicini ty  of the tails. 

The canard  control  surface  could be manually set at Esgles  from Oo 
to about l 5 O  i n  asproximetely 5 O  increments. The outboard tai ls  could be 
~muaJ-1~ s e t  at angles  fron Oo t o  about -loo in  approxb-ately 2.5O 
hcrenents  . 

The outboard-tail model we6  I"omed by removing a portioll of the w i n g  
t i p s   f ron   t he  wing used Tor the  cansxd model and adding tke equivalent 
area and plm- form  of these   t ip   por t ions  in the f0-m of outboard tdl 
panels. Thus t h e   t o t a l  wee. and  span of the w i n g  p lzs  tail. fo r   t he  
outbo&rd-tail  nodel ES t h e   s m e  as tha t   for   the  wing of the  canmd model. 

Force measurexents were d e  through  the  use of e six-conponent 
internal  strain-gage  balvlce. 

The t e s t s  were conducted in the Langley 4- by k-foot  supersonic 
pressure tumel a t  e. Mach  number of 2.01, a stagnatior  pressure of 
1,440 pounds per  square  foot, and a stagmtion  temperature of U O 0  I?. 
The Reynolds nunber based on E was  2.26 x 106. The stagnatioz dewpoint 
w a s  mintaired  su3'ficiectly low (-250 F o r   l e s s )  so t h e t  no sig_n-ificmt 
condensation e f f ec t s  were encountered in the test section. 

Pi tch tests of the conplete models covered  angle-of-attack  range 
from -4' t o  about l 7 O  for  the canard m o d e l  a d  from -bo t o  ebout loo f o r  
the  outboard-tail   nodel.   Sideslip  tests were d e  f o r  an &ngle-of-sicieslip 
range from -bo t o  I O o  at a = Oo for  the  canard m o d e l  and at a = Oo 
and 10.3' for the  outboard-tail  nodel. 

The angles of &tack and s ides l ip  have bee= corrected  for  deflec- 
t i o n  of the   s t ing  m-d balance under load. The base pressure  for  the  bow 
w a s  neasured and the drag for   both models was adjusted t o  a bese pressure 
e q u d  t o  free-streen;- s te t ic   pressure.  No base-pressure  neasureEents were 
made for  the  boorns OE the outboard-tail nodel; however, e s t k t e s  of the 
mgnitude of the base drag of the booms indicete a re la t ive ly   smal l   e f fec t  
on t h e   t o t a l  drag. .L 
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The estimated  accuracy of the  individual measured quantit ies i s  as 
follows : 

CL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
cz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a , d e g  . . . . . . . . . . . . . .  i . . . . . . . . . . . . .  

p , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sc ,deg  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i t , & e g  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ko.0017 
0.0003 
0.0003 
0.0001 
0.0001 
0.0007 

0.1 
0.1 
0.1 
0.1 

DISCUSSION 

In  order  to  expedite this investigation,  the models used were forned 
fo r  the nost  part from exis-iing  conponents. Although neither  configura- 
t ion  represents  an optimun design, it is believed that the models should 
be useful  for the purpose of compxI.ng the  general aerodynamic chaxacter- 
i s t i c s  of the two widely different  configurations and control  systems. 
A t  the outset  it night be well   to  point out cer ta in   factors  that might 
be considered i n  coxparing the two configurations. The outboaxd-tail 
rcodel, for  example, provides E configuration having more t o t a l  voluTe 
t'nan the  canard model since  the booms Eight be considered as sources of  
available volume for fue l   o r  armament. Also, the   ver t ical-  and horizontal- 
t a i l  surfaces of the  outboard-tail  xodel were xade 4 percent  thick because 
of model design  requirements whereas the   ve r t i ca l - t a i l  end wing-tip por- 
t ions  of the  canard model were 3 perceat  thick. 

On t'ne other hand, t-he canard model provided a greater total l i f t i n g  
surface axes since the area of the canard surface i s  not  included w i t h  
the outboard-tail model. In addition, a portion of the  minimu drag 
increase  provided by the  canard  surface may be a t t r i bu ted   t o  an increase 
i n  dr&g resul t ing from boundary-layer t ransi t ion.  Estinates based on 
tests of the body alone,  with end without  transition  fixed by the  addi- 
t i o n  of a band of roughness particles  near  the nose, indiczted that about 
one-bdf of the minimum drag increment  provided by the  canerd  surface  ray 
be due t o   t r a n s i t i o n  of the boundary layer. This  increment of drag was 
not  encomtered by the  outboard-tail model since it was t es ted  without 
f k e d   t r a n s i t i o n .  . 
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Effect or' Component Par t s  

Cm-ard model.- The aerodynanic characterist ics  in  pitch  for  vmious 
combinations of component p m t s  of the canard model are shown in figure 3. 
The & & i t i o n  of t he   ve r t i ca l   t a i l   t o   t he  body-wing configuration :has only 
a small  effect OTL the  longitudinal  chmacteristics  consisting primEcrily 
of a slight  increese in  minimum drag and a slight  decrease  in naximm L/D. 
The addition of the  canzrd  surface  provides a large  reduction in longi- 
tudinal   s tEbi l i ty  and accentuates  the tendency toward in s t ab i l i t y  at 
higher lifts. In  addition,  the canard  s-=face  provides a further increase 
in drag and decrease in naxbum L/D. 

Outboard-tail model.- The aerodynamic chmacter is t ics  in  pi tch for  
vazious  cmbinations of component par ts  of the  outboard-tail Eodel are  
shown in Tigtire 4. T'ne addi t ior  of the booms to  the body-wing configura- 
tion resu l t s  in  m increase in the  lift-curve  slope and an increase Fn 
longi tudinal   s tabi l i ty .  In M i t i o n ,   t h e  booms ceuse a substa-n-tial 
increase in ninimum drag .zr~ci re&uction ~n mEtximm L/D. Yne ad&itLon of 
the   ver t ical  tails primarily  results in a further snall  increese ir, ni~i- 
m m  drag and a reduction in maximum L/D. " 

The eddltion of the  outboard  horizontel %ail surfaces  provides a 
lmge  increse   in   l i f t -curve   s lope  and in the  longitudinal s t a b i l i t y .  
The outboard tails zlso cause a small izcrease in  minimum drag, but, 
since the teil is  located in an upwash field,   the dreg due to lift is  
considerably  reduced until the drag f o r  the  conplete model beconies l e s s  
wd t'ne L/D greater  than that f o r  the body-wing configuration at l i f t  
coefricients above 0.18. 

The experixentally  deterained  variation of effective downl-ash E 
with angle of attack f o r  the outboazd-tail nodel is  shown in figure 5. 
The effective downwash was detemined *om the  vzristion of C, with 
dc with  the  horizontel   tai l  off and w i t h  the  horizontal t a i l  OE at vmious 
values of it. At the  intersections or" the tail-off cwve x i t h  the tail- 
on curves  (vhere  the tail provides no pitch- moment) it is assumed that 
t h e   t a i l  is alined with the local  strean  mgle an& the downwash angle is 
determined from the  re le t ion E = a + it. The resulting  values  (fig. 5 )  
indicate %he expected  negztive  veziation of E d-th a or an effective 
upwash f l o w  at the   t a i l .  

Effect of Control  Deflectiol? 

Canezd  model. - The eerodynmic  characteristics ill pitch fo r  the 
canard model wit'n vesious  control  Ceflections  are  presented i~ f i g u e  6 .  

m Deflection of the canard control  surface  grovides a slight  increase  in 
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lift but  also  causes a cor-siderable  increase i n  &ag end consequently a 
reduction  in L/D . 

Tile variation of C, with CL i s  very  nonlinear. The s ta t ic  margin 
near zero l i f t  is ebout 11 percent, but, a t   l i f t   c o e f f i c i e n t s  above about 
0.35, a condition of essent ia l ly   neutral   s tsbi l i ty  is indicated. However, 
the meximum values of L/D oI m c u r  a t  l i f t  coefficients below tha t  for which 
neut ra l   s tab i l i ty  occurs. 

Outboard-tail model.- The aerodynamic characterist ics i n  pitch for 
the  outjoard-tail  rodel  with  various  control  deflections  are shown i n  
figure 7. Deflection of the  outbamd-tail  control results i n  a decrease 
in  l i f t  and an increase ia minimum drsg. However, since  the  outboard 
t a i l  i s  located i n  a regisn of upwash 2ron the wing-tip  vortex,  the drag 
due t o  l i f t  decreases  substantially  with  increasing  control  deflection 
and, as a result, very l i t t l e  decrease i n  maximum L/D occurs. Sini. lar  
t o   t h e  canard model, the  configuration  indicates e tendency  toward 
ins tab i l i ty  at l i f t  coefficlents above tha t   for   the  m a x i m  L/D. 

Lmgitudinal Trix Characteristics 

Because of the  differences  in   s tebi l i ty   level  with the  center of 
gravity at a constant body station, it is apparent that & comparison of 
the two configurations  xust  involve  shifting  the  center-of-gravity  posi- 
t i o n   t o  provicie varying  degrees 02 s tab i l i ty .  For %his purpose, the 
rax5mm trim values of L/D as a furction of s t a t i c   s t a b i l i t y  near  zero 
l i f t  (ac&C~)o are shown in figure 8 for  the two co-nfigurations. These 
curves  vere  obtained from figures 6 and 7 by determining the  value of 
(aCm/&L)o required  to  provide trim (C, = 0) at tne l i f t  coefficient, 
for  maxintm L/D f o r  each  control  deflection. The values of lF f t  coef- 
Picient at which the maxinux t r i m  L/D occurs are   a lso shown in  f igure 8. 

The s t2bi l i ty   levels   for  maxhm trirr L/D shown in figure 8 6.0 not 
take  into account the changes i n  s tab i l i ty   tha t  occur a t  higher lifts 
result ing from the  nonlinear moxent variation witin l i f t .  However, t h i s  
factor  of nonlinear rnonent vmiations, which places a limit on the m i n i -  
m m  value of (~C&CL)O that can  be tolerated  before  instabil i ty at 
high l i f ts  occurs, w i l l  be taken  into  consideration in the subsequent 
discussion. 

The values of rrzximm trim L/D decrease &s the   s tab i l i ty   l eve l  
increases  for both configurations  (fig. 8) ,  although  the  veriation or' 
m a x f m u m  trim LID with  s tabi l i ty   level  i s  less for  the  outboard-tail 

a 
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model than f o r  the cenaxd model. Within the range of th i s  investiga- 
tion,  the  values of maximurn? L/D are re la t ive ly  high f o r  both configura- 
tions,  the canarci model providing  higher  values in the lower s t a b i l i t y  
level   rage  md  the  outboazd-tai l  model providing  higher  values in   the  
higher s t ab i l i t y   l eve l  range. 

For the purpose of comparing the  variations of trimned L/D vi th  
l i f t   coe f f i c i en t  fo r  the two configurations,  three  values of s t a b i l i t y  
level have been chosen. These ere Tor (aC&XL)o = 0, -0.11, and -0.18. 
The vmi&ions of trimn;ed L/D for  these thee copditions  are shom i n  
figure 9. (Yne pitchixg-~oxent  curves used in the deterninetion of the 
variations of trimzed L/D are  included in figures 6 an& 7. ) 

For (&,/&I,) = 0 (neutral   stabil i ty),   the  configurations are 
t r i m e d  with zero  control  deflection  though  most,of  the l i f t  rznge and 
hence, the comparison of L/D variations is essent ia l ly   the sme ES e 
conparison of the  variations of untrimmed L/D f o r  6c or it = 0. 
These resul ts   ( f ig .  9 )  ineicate  higher values of L/D tkcoughout the 
l i f t  rznge for  the canard model than f o r  the  outboard-tailmocel. How- 
ever, as indicated by the t i c k  ~ ~ k s  on the curves,  pitch-up in s t ab i l i t y  
is indiczted  near t'ne l i f t  coefficient  for ~ a x i m u m  L/D fo r  the canard 
model and at e l i f t  coefficient somewhat higher than that f o r  nraximu L/D 
for the  outboard-tail model. 

For (aCx/aC,)o = -0.11, the  values of w h ~ u x  trim L/D ere  the 
sene for  the two models but OCCUT a t  a lower l i f t  coefficient for the 
canerd model thaa for  the outboard-tail model. The pitch-up liqit l o r  
the canard model i s  increased t o  a value s o m e w k t  greater  than  that  f o r  
the  outboard-tail model. 

For (aC&C&) 0 = -0.18, the maxhum L/D is  slightly  higher and 

occurs at a higher lift fo r  the  outboard-tail  nodel  than f o r  the canard 
model. No pitch-up wes encountered To? either  configurztion wit'nin the 
trim linits 03 the  investigation  although  the  indications  are that pltch- 
up  mighk OCCUT f o r  the  outboard-tail model at slightly  higher l i f t s  
( f ig .  7(b)  1 

It is apparent that a comparison of the  re la t ive Eerits of the two 
configurations must t e e  into  consideratior a nurber of factors  such  as 
the allowable stebil i ty  level,   the  recuired l i f t  coefficient Tor t r h ,  
and the  pitch-up  limitetions. However, aa 7hspection of figures 8 and 9 
indicates some distinct  chaxacterist ics  for each  cor&iguration. For 
example, throughout the range of the investigetion,  the  values of tr3,?r? L/D 
were higher i n  the  low-lift range and the maximan LID occurs at a lower 
li3t coefficient  for  the canard confi,wation thaq for  the  outboard-tail 
conTiguration. A t  Mgher l i f t  coefficients,  the  values of t r i m  L/D 
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(for  conditions of posi t ive  s tabi l i ty)  become higher  for the outboard- 
t a i l  configuration. These eZfects  reflect  the  drag  c'macteristics of 
the two configurstions wherein the  odtboard-tail  configuration has a 
higher minimum ~ a g  but a lover  drag due t o  l i f t  than the canard 
configurat ior?. 

The f ac t  thzt the rnaximum value of L/D occurs at a higher lift 
coefficient  for  the  outboard-tail  configuration  than  for  the canard con- 
figuration would.  meen tha t ,  for  a given s tabi l i ty   level ,   in   order  t o  
operate a t  r x t x i m u x  L/D, the outboard-tail  configuration would require 
either a higher w i n g  loading or a higher  altitude. 

An additional  factor  to consi&er i s  that for  a constant  center-of- 
gravity  position the outboard-tail   mdel has a considerably  higher sta- 
b i l i t y  level than  the canard model ( f igs .  7( a) and 6( a) ) . Hence, for 
the saxe longitudinal  stability  the  center-of-gravity  posrtion must  be 
f m t h e r  rearward for  the  outboard-tail model  and should be considered 
in  the  requirements  for  maintaining  directional  stability. The far ther  . 
rearward  center-of-gravity  position  required  for  the  outboard-tail model 
may result i n  sone benefits from the  standpoint of take-off and landing 
since wing trailing-edge  Slaps would  be located  near the center of gravity 
and they  could thm provide  increased l i f t  w i t h  little increase in pitch- 
noment. The s tzbi l i ty   level   indicated by the outboard-tail  configuration 
could be a l tered by relocating the t a i l  or by varying  the t a i l  area buk 
the effects  of these  variables on the aerodynamic characterist ics have 
not been determined. 

La tera l   S tzb i l i ty  

Direct,Fonal s tabi l i ty . -  The sideslip  chaxacteristics et a = Oo 
( f ig .  10) indicate that fo r  the t e s t  center-of-gravity  position (body 
s t a t ion  21.97) the canard model  and the outboard-tail model  have approxi- 
m t e l y  the same level  of direct ianal   s tabi l i ty .  This result would be 
expected  since the two models have the same t a i l  volume.  However, i n  
order to  obtain  equal  longitudinal  stsbil i ty  levels,  it is necessarry t o  
shift  the center-of-gravity  positions of the two configurations. The 
e f fec t  of this s h i f t  on the  direct ional   s tabi l i ty  at a = Oo i s  included 
in  f igure  10(b) wherein the  variation of Cn with p is presented for  
various  constant  values of longitudinal  stabil i ty.  As would be expected, 
the  level  of d i rec t ione l   s tab i l i ty  for equal  longitudinal  stabil i ty is 
less for   the outboard-tail model because of the   fa r ther   rearwd  center -  
of-gravity  position  required. At a = IO.3O ( f ig .  ll), the  level  of 
direct ional   s tabi l i ty   for   the  outboard-tai l  model i s  reduced s l igh t ly  
although  positive  directional  stability i s  maintained even for   the lowest 
value of longi tudinal   s tabi l i ty   ( f ig .  ll(b)). Although no directional 
s t a b i l i t y   t e s t s  were mde for the canard model  above a = Oo, it would 
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be expected that   the   dLrect iom1  s tabi l i ty  Tor the cmard  configuration 
would slso decrease  with  increasing =&le  of attack. 

ETfective  dihedral.- The canard  nodel at OL = Oo ( f ig .  l O ( a )  ) k d i -  
cetes  gositive  dihedral  effect (-CzB) that resu l t s  from the side force 

on the   ve r t i ca l   t a i l .  The ou-lbomd-tail rm&el, however, indicates a 
slightly  negative  dihedral   effect  at OL = 00 (ffg. 10). In t h i s  case 
the   pos i t ive   d iheha l   e f fec t   to  be exgected fro= the  side  force on the 
ver t ica l  tails is  apparently  offset by en interzerence  effect induced 
by the flow fielri  of the  ver t ical  t a i l  on the outbomd horizontal- te i l  
panels. -Further evicience of th i s   e f fec t  is indicated  at  a = 10.3O 
( f ig .  11( a) ) wherein the  addition of t he   ve r t i ca l   t a i l s  provides  only 
a small increment of effective  dihedral  in sp i te  of a lazge inc-renen-l 
in side  force. The interference  flow  field Tram the   ve r t i ca l   t a i l s  t o  
the outboard horizoctal t e F l s  i s  such tha t  a positive  pressure is  trans- 
e t t e d  t o  the upper surface of the upwin6 horizontal-tail  panel whereas 
a negative  pressure fs transmit-led to   the  upper surface of tlhe ciomwind 
horizontal-tail  panel. Because of the nonent a x m  involved,  these  pres- 
sures  provide a rol l ing EoEent about equal t o  t h a t  provided by the  ver t i -  
c a l   t a i l ,  but in  t'ne opposite  direction.  Furt'ter  Fnvestigations of these 
interference  fields  =e  necessary t o  detemine the effects  of vszyhg  the 
deflection  angle of the  horizontal and ve r t i ca l  tails. 

An- investigetion has been =de in the Largley 4- by &-foot super- 
sonic  pressure  tunnel at a Mach nmber of 2.01 t o  determine  the s t a b i l i t y  
and c o n t r o l   c b z c t e r i s t l c s  of a canard  configuratior- and .=n outboard- 
t a i l  conTiguratlon. The resu l t s  of the  i rvest igat ion  indicated  reht ively 
high valxies of m x i m u n  trimmed 1ir"t-d-rag r z t i o  L/D f o r  both conf iguza- 
tions.  The values of mzxh-m trim L/D decreased as the  s tabi- l i ty   level  
increased  for  both  configura-lions,  although  the w i a t i o n  m s  l e s s   fo r  
the  outbowd-tail model than  for  the  canard model.  The values of t r i m  L/D 
%ere  higher in  the low- l i f t  range azld the maxinun L/D occurred at a lower 
l i f t  coefficient  for  the canmd conZiguratFon thn   for   the   oEtboard- ta i l  
cor_r"iguration. A t  higher lift coefficients  the  velues of t r h  L/D becane 
higher +or the  outbowd-tail  coPZiguration. These effects   ref lect   the  drag 
characterist ics of the two configumtions wherein the  outboard-tail con- 
r"igurstion h d  a  higher minimvlm d r a g  but a lower drag due t o  l i f t  than  the 
canzrd cord igurat  ion. 

Langley Aeronautical  Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va., January 14, 1958. 
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wng ( c w d  model) : 
P o x l  ere&.  including body Wtercept. sq ft . . . . . . . . . . . . . . . . . . . . . .  1.q8 

Kea   gemet r i c  choF-. h U.27 

Taper re t io .  outboerd  panel 0.667 
T a ~ r  racio. inboarb p a e l  0.333 

Le-. eQe sweep.  oL!!bcerd. deg 61.7 
L e U - e Q e  sweep. inboard. deg 67.0 

W f o ~  s e c % i a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  636 distribution 

Thickess  zetlo.  tip.  percen5 J.ZU 
Thichess  retio. ~oot. pexent  k.00 

Aspec -. ro t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.17 
Root chord. *A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18.00 
Tip chord. inboerd  pmel. io . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.00 
Tip ctord. Oz1'Lbcard panel. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s p a .  ip 20.00 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

w i n g  (ocz.soezd-tail d e l )  : 
k e a .  inboerd of bocm. incliidiry b d y  5ntercept. eq f t  . . . . . . . . . . . . . . . .  1.00 

Aspect razio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.00 
spm. h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.00 

CSaera: 
Area.  e-osec. sp jl . . .  
Ti? chard. in . . . . . .  
Rocz chord et b d y  center 

"-edge evecp. deg . TaFer retio 

Midchord skeep. deg . . .  
Thickness recto. percent 
AFrZoil sectlcm 

sgm. total. in . . . . .  
. . . . . . .  

. . . . .  

. . .  . . .  . . .  
- 2  . . .  . . .  . . .  . . .  . . .  

. .  . .  
in . . .  
. .  
. .  . .  
. .  . .  

Fbrieontel   tai l :  . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  S p a .  exposed. each pacel. in 
Area. exposed. both paoels. sq a 
Tip choord. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R c o t c h o r d . ~ o s e d . * a  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
T e p e ~ r e t l o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspect =&So. each  panel . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
LeeainE;-e&ge sweep. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Airfoil   section . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W c h e s s   r e t i o .   p e x e n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . 14.96 

. . 1.90 

. . 6.58 

. . 4.6k . . 0.11 . . 23.3 . .  0 

* . 3.00 
E i e e X ~ O l l d  

. . 29.50 . * 3.00 . . 4.00 . 5.50 . . 0.73 . . 0.61 . . 61.7 
Hewonal  

* . 4.00 

Vertical tail: Body mmced 

k e a  to cencer l h e  . . . . . . . . . . . . . . . . . . .  40.15 

Tip chord. iE . . . . . . . . . . . . . . . . . . . . . .  3.16 

i'ager re t io  . . . . . . . . . . . . . . . . . . . . . . .  0 . a  
Aspect retio . . . . . . . . . . . . . . . . . . . . . .  O.& 

Airfoil section . . . . . . . . . . . . . . . . . . . . .  Hexegocal 
Tdc'kcess  zetio.  percent . . . . . . . . . . . . . . . .  3-00 

Spen 50 center m e .  ips . . . . . . . . . . . . . . . .  5.74 
X m t  ciwrd at center  line. in . . . . . . . . . . . . . .  10 . & 

Lesdi;lg-edg-  sweep engle.  deg . . . . . . . . . . . . . .  65.0 

aooes: 
Length.ip . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
KaxL= bight. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
&ZX.-h?dik.k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Base =eel aq 21 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W&- s t e c l a  of bocu cezter m e ,  iE . . . . . . . . . . . . . . . . . . . . . . . . . .  

w: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  Kexkm cross-sectional  area, s q  bz 
Len@i.in 
D i a t e r  of equivdlellt c i rc le ,  In . . . . . . . . . . . . . . . . . . . . . . . . . . .  
W e  mea. sq i n  
LeWM-dixezer retio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19.00 

1.00 
1.00 

1.00 
6-50 

6.072 
39.00 

14.03 
2.78 

2.99 



T m  11.- BODY COORDINmES 

I 
Body station, ia. 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
X) 

Major axis 

0 - 297 
.492 
9 655 
9 799 
.928 
1.045 
1.151 
1.248 
1 337 
I. 418 
1.11.92 
1 559 
1.620 
1.666 
1.666 
1.645 
1.609 
1- 551 
1.482 
1- 339 

Minor axis 

0 
.198 
.328 
.437 
533 
.619 
.696 
,767 
.832 
m 
945 

9 995 
1.040 
1.000 
1.116 
1.111.9 
1.175 
1.190 
1.195 
1.195 
1 195 

Station, in. 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

Rdius, in. 

Major axis 

1.325 
1.25’7 
1.198 
1.211 
1.260 
1.332 
1.446 
1.514 
1.542 
1.354 
1.534. 
1.489 
1- 433 
1.369 
1.303 
1.231 
1.155 
1.067 
975 

Mhor axis 
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Section B-6 
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(a) Canard model. 

Figure 1.- Details of models. 
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(b) Outboard-tail model. 

Figure 1. - Concluded. 
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(a) Canard model. L-57-3254 

Figure 2.- Photographs of models. 
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(b) Outboard-tail model. L-57-3253 

Figure 2.- Concluded. 
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a. 

(z) Variatcon of Cm and a with CL. 

Figure 3. -  Aerodynamic charac te r i s t ics   in   p i tch  for  various component 
par t s  of canerd xodel. 6, = 0'. 
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(b) Variation of L/D and CD with '2~. 
Figure 3 . -  Concluded. 
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(a) Variation of C, and CL with CI,. 

F i v e  4.- Aerodynenic characteristics in pitch for  various component 
parts of outboard-tail m o d e l .  Forwa3.d center-of-gravity  position; 
it = 0'. 
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(b) Vmiation of L/D and CD w i t h  CL. 

Figure 4.- Concluded. 
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Figure 5.- Effective downwash characterist ics fo r  outboard-tail 
configuration. 
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Figure 6 . -  Aerodpemic c b a c t e r t s t i c s  in  pitch f o r  canard model 
with various control  deflections. 
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(b)  Variation of Cm with CL. (&m/aCL)o = -0.18. 

Figure 6. - Continued. 
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(c) Variation of L/D and CD with CL. 

Figure 6 . -  Concluded. 
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(a) Variatior- of cn OL with cL. ac&cL = -0.41. 

Figure 7.- Aerodynmic characteristics in pitch for outboard-tail model 
with various control deflections. 
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Figure 7.- Continued. 
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( c )  Vwiation of L/D and CD w i t h  CL. 

Figure 7.- Concluded. 
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Figure 8.- Trimmed rnaxizum L/D charecterist ics as a function of 
longitudinal  stebil i ty.  
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Figure 9.- Variation of trFm-ed LID with l i f t  coef5icient fo r  various 
longi tudinal   s tabi l i ty  levels. 
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(a) Constant  center-of-gravity position at body station 21.97. 

Figme 10.- Aerodynmic chrracteristics in sideslip for canard  and 
cutboard-tail  xodels. a = Oo. 
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(b)  Constant lowi tudina l   s tab i l i ty .  

Figure 10.- Concluded. 
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( a) Center of gravity at body station 21.97. 

Figure 11.- Aerodwamic characterist ics i n  sideslip  for  outboard-tail 
model. a = 10.3O. - 
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