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OF 1.41 AND 2.01 

By Cornelius  Driver 

An investigation has been  conducted in  the  Iangley 4- by  &-foot 
supersonic  press-me  tunnel t o  determine the aerodynamic characterist ics 
in   p i tch  end s ides l ip  of a c -sd  airplule model at Mach numbers of 1.41 
md 2.01. The body of t he   mde l  had e f ineness   ra t io  of 10.57 and was  
equigped  with e. trapezoidal  caard  surface wi-th a~ area 12 percen-i of 
the wing mea. Two wings of equal  area but differ ing in  plan form were 
irmestigzted. One had a trapezoidal  plan fora with e a  unswept 80-percent- 
cnord l ine,  'a aspect   ra t io  of 3, and a t q e r  retio 03 O.lk3; the  other 
had e 60° delta  plan f o m  with an espect   ra t io  of 2.31. The Eodel we.s 
equipped  with a low-espect-ratio  vertical t a i l  end twin  ventral   f ins.  

The cenards were highly  eXective  in  prodwing  pitching moments 
which resul ted  in   large increments or' trLn lift coefficient with sma l l  
coztrol deflections md no decrease i n   l i f t - c m v e  slope, so the t  rela- 
tively  high values of t r i m  lift coefficient m d  %rh- lift-drag r a t io s  
were obtained. The delta-wir-g configuration had a mximm t r b u e d  l i f t -  
drag r a t i o  & 4.8 a t  a Mach nunber ol' 1.41 and  5.0 a t  a Mach n u b e r  
of 2.01. Both the presence of the  canard and deflections of the c-d 
caused a reduct ion  in   the  direct ionel   s tabiuty,   par t icular ly  at high 
acgles of attack. However, the delta-wing config..ration mintained  direc- 
t iof iEl   s tabi l i ty  i~i) to zqgles or  attack of 12.5' at  a bkch nmber of 2.01. 
Fhe eTfective  dihedralxas  posit ive throughout  the  angle-of-attack and 
Ikch nuqber ranges  investigzted. Canard  dePLec%ion caused a sxbstact ia l  
increase  in "ne posit ive  effective dihedral. 
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Coaventional a i rc raf t   in  advancix?? Trorr subsonic t o  supersonic 
f l i g h t  generally  emerience aa increase  in  longitudinal  stability. This 
increase  in  lor-gitudinel  stability  results from e reerward shift in   the  
wing ceriter of pressure as w e l l  as fron w i n g - l i f t  carryover to   t he  ifuse- 
lage  efterbody and the loss ofnwing downwash at the horizoll”la1 tail.  
Beceuse of the  increased  1ongitEdinal  stability .zt supersonic  speeds 
lmge  deflections of the horizontal   taLl  are  required  for  tr ir ing,   with 
an attendant  loss  in l i f t ,  increase  in  drag, and decrease i n  maneuveriag 
cepability. 

One agproach for alleviating  the  stabil i ty  increase is through the 
use of a delta-wing t a i l l e s s  coxt’iguration whereby ti.-e cer-ter-of-pressure 
shift  is minimized and t’ne  downwash changes at the t a i l  end the wing-lift 
cazryover effects  are  elirzineted. However, for the  tailless  configura- 
t ion  the  deflectton of a traili-ng-eiige f l ap  for control  results ir- a 
decreese i n   t o t e l  l i f t  as  well es En increme Ln drag. These conditions 
m e  general-ly  IWther  aggravated by the  large  deflection  engles  required 
because of the  inherently  short nonent arm f o r  such  controls. In  
addi-lion, l i t t l e  excess  control  deflection nay be available  to provide 
-for maneuvering. 

Logicslly,  another  approach t o  consider wozld be the  use of a canard I 

arrarlgenezt which renoves the control from +,he region of wing downwesh 
end minimizes the  wing-lift  carryover effects by virtue of the short L 

fuselage  afterbodies  usually  enployed. The control  effectiveness of the 
csnard would be xain-bained as high  as  possible  throEgh  the  use of a long 
norrent a r m  with only small deflections and l i f ts  reqaired so tha t  the 
wake effects  and drag  fro= the cmerd would be miniiiized. The use of 
a lmg momnt ar~z is coxpatible with the need for  high-fineness-ratio 
bodies a t  scsersonic speeds bat nay be res t r ic ted  by the  nonlineer 
monent characteriszics of long bodies. The adverse  effects of the  long 
body on the directior_al  chazracteristics of the   cmwd configvrration would 
be es severe  as f o r  comrentional  configuretions. In  addition,  the wake 
effects from the  forward s-arface may further d f e c t  the  directional 
characterist ics.  

In  the  past,  the  canard  configurations have encountered  serious 
subsonic  problems. These groblerns have been primarily  that of provid iq  
lo2gitudinal trim ai; mxim i i f 5   ( r e f .  1), adverse  directional  effects 
a t  high l if ts  ( re f .  2) ,  c.nd LimLted ceEter-of-gravity  travel (ref. 3 ) .  
It would be  expected thaz sor-e of these  su5sonic  problens m y  s t i l l  be 
presert ,   but  the  performce and trin-iift benefits  possible a t  super- 
sonic  speeds prcmpts  rerewed effort   in  solving  these  subsonic  difficult ies.  ’ * 



m IC view of the  supersonic  performace g e h s   t o  be  expected from 
cenad  configurztions, a research  prograa hes beers i n i t i g t ed  6;t the 

dynmic  chwacterist ics of a generalized canard eirplene  configuration 
at supersonic  speeds. Although provisions were mde fo r   t e s t ing   t he  
c o q l e t e  Eodel md variocs  combinations of i ts  corponent parts,  only data 
for the  complete nodel and cm-ard-off configurations are presected in 
tk\-e presen-t report .  

f Langley 4- by &-foot  supersonic  pressure tunnel t o  determine  the  aero- 

Tnis pzper  presents t i e  stetic longitudinel znd lateral s t a b i l i t y  
and control   resul ts  o'btained at Mach mimbers of 1.41 m6 2.01 for two 
c o q l e t e  nodel  coriflgurations. The  two configurations differed only i n  
wing plan fom.  OEe wing had e trapezoidal plan fora  with an unswept 
80-percent-chord l ine ,  an aspect r s t i o  of 3, and 2. t ape r   r a t io  of O.lk3. 
'Fhe other wing had a 60° del ta 'p lzn  form w i t h  m- aspect   ra t io  of 2.31. 
The two wings hed equel  meas. A trepezoidal caner& surface  hving a 
t o t a l  are= X2 gercent of the wing area was used  for  both  configurations. 
The configurations were eqdipped wit&. a low-aspect-rztio swept ver t ica l  
tail md twin ventral   f ins .  The models w e r e  tested at angles of a t teck 
t o  e.30u-L 25' with  cmmd  defle'ctions of Oo, 5 O ,  loo, and 15'. Sideslip 
tests were made t o  zmgles of s ides l ig  of &bout 2 4 O  at angles of ettack 
from Oo zo 2 4 O  md with cmarrd dd lec t ions  of Oo a d  150. 

The results  ere  presented 8s Tone md monent coefficients wi-Lh 
l i f t ,  drag, and pitching noxeEt referred t o  t he   s t ab i l i t y  =is systex 
and ro l l ing  rroment,  yzwing moment, a d  sF&e force  referred  to   the body 
axis systen? ( f ig .  1). The reference  center of noments was  at body 
s ta t ion  25. which correspoods t o  a location 17.8 percent E ahead  of the 
leadil7-g edge of the wing neea  geometric chord f o r  "ne t r q e z o i d a l  w5lr-g 
G d  t o  e point 7.75 perce-n-t c rsehind the  leading edge of t'ne wing meen 
geonekric  chord for the delta wing. 

- -  

cL lilt coeff  icient, 

c; zpproxirate  6rag  coeEicient  equal  to CD at zero  sideslip, 

. 
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yawing-moment  coefficient, - 
SSb 
MZ 

side-force  csefficient, - FY 
SS 

lift  force 

drag  force 

moment  about  Y-axis 

monent  about  X-axis 

norsent  about  Z-axis 

side  force 

free-stream Qnunic pressure 

wing  area  including  fuselage  intercept 

SPW 

w i n g  mean geonetric  chord (H.G.C.) 

altitude , f t 
free-stream  Mach  number 

angle of  attack of fuselage  reference  line,  deg 

angle of  sideslip  of  fuselage  reference  line,  deg 

deflection  angle of canard  with  respect  to  fuselage  reference 
line,  positive  when  trailing  edge  is  down,  deg 

directional-stability  paremeter, - 
aP 

effective-dihedral  parameter, - 
aP 

\ ’  

. 

I 

a 
t 
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%e side-force  pmameter, - ac, 
aP 

Subscript: 

6 denotes  stsbility-axis  systen 

Details of the model w e  shown i n   f i v e s  2 and 3 and the  geomtric 
characterist ics m e  presented io table  I. 

The body of the  nodel was  composed of a parabolic nose  followed by 
the  frustum of a cone which was fa i red   i c to  a cylicder. The resul tant  
body fineness r&io  w a s  lO.57. Coordinates of the body axe  given in  
table 11. Details of %he  tr.z.pezoidz1  canard surface are also shown i n  
figure 2. The r a t i o  of  the t o t e l  canard mea t o   t o t a l  wing mea was 0.115: 
The cmmd  surface W E S  motor &iven and deflections were s e t  by remote 
control.  Details of the  del ta  and trasezoidal wings m e  shorn- i n  fig- 
ure 2(b). Tne wings had hexagonal sections a d  aspect  ratios of 2.31 
and 3-00, respectively. 

c 

Force  measurements were  =de through  the  use 03 a six-component 
icternal  strain-gage  balmce. The model was mounted in   t he  t u e l  on a 

to aboGt 25’ 2% various r o l l  angles Trom 00 t o  900. 
4 .  remote-cortrolled  rotary  sting. The sting-angle  range w a s  varied from Oo 

I 

The tes t   condi t ioas   me summzized in  the  followiw  table:  

M = 1.41 M = 2.01 

Stagnztion  temperature, OF . . . . . . . . 100 100 
Stagration  pressure, lb/sq f t  zbs . . . 1,440 1,4b 
Reynolds nmber  based OE E of delta wing . . 3.24 x 10 2.68 x lo6 
Reynolds number besed on E of trapezoidal 

wiw . . . . . . . . . 2 . 5 4 ~ 1 0  6 2.10 x 10 

me  stagnztion dewpoint w a s  ruainteiced  sflficierrtly low (-25O F or  
* l e s s )  so that no condensa%ion effects  were encounkered i n   t h e   t e s t  

section. 
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The angles of attack and sideslip were corrected  for  the  deflectior- 
of the  balvlce and s t iag  under load. The Nach nmber  variation  in the 
tes t   sect ion was approxlmtely S.01 and the  flow-angle  variation  in  the . 
ver t ica l  m-3 horizon-bzl plmes did not exceel! about %.lo. NO corrections 
were considered  necessary t o  correct lor these flow veriations. The base 
pressure wes  measured and the drag was aajusted t o  a base  pressure  eqEal 
t o  free-stream static  pressure.  

The est imted  repestabi l i ty  of the  individual  neasured  quantities 
ere as follows: 

cL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . 0 0 0 3  
CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  &0.001 

cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0004 

c, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
cy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xl.001~ 

c 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  &0.0004 
~0.0001 

a , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fo.2 
j3,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO. 2 
Sc,deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S.1 L 

PRESETCATION OF RESULTS 

Trre basic  results  presenting  the aerodynamic cnwacter is t ics   in  1 

pitch  me  presented  in figmes 4 t o  7. The bas ic   l a te ra l   resu l t s   a re  
shown i n  I"igures 8 t o  11. 

r 

A s u y  of the  longitudinal triln characteristics  are  presented 
in   f igures  12, 13, and l k .  The sideslip  derivatives  are sumwzized i n  
figure 15. 

DISCUSSIO?X 

Longitudinel  Characteristics 

A signif icant   chmacter is t ic  of tne canaxd confignation is the 
fac t  that the  canard  control when del"lecte8 f o r   t r i m i n g  has essentially 
ncl effect  on the total l i f t  ( f igs .  4 tc 7). This is  in   contrast   to  con- 
rentional tail-rearwzrd configurations  w3erein  the t a i l  deflections 
recpired  for  tr irning produce substantial  reductions  in l i f t .  (See 
refs .  4 and 5 ,  for  exmqle.)  Hence, when triaming with coxventional 
taTl-reerward  configurctions, it is necessary t o  increase  the  angle of 
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attack ir- order t o   m i n t a i n  e, constmt l i fe  whereas wieh the canard 
corTiguatLon the  dezlection of the  control f o r  trimming requires  esser- 
t i a l l y  110 chmae in   the  angle  of attack. The Lacrease i n  angle of cttack 
required i n  trimming conventional  configurations  causes EJI added incre- 
ment of drag that does not arise for  the  cmwd  configuretion. 

Tie  canard  cootrol  offers  other  advantages  in the3 smll deflections 
of the  czsard may be highly  effective ir providing mmcts which r e su l t  
i n  higher t r i m  l i f t  coefr'icients  because of the long moment arm zvaflsble 
end beccuse the lift required t o  trin fs positive. The ativantages of 
high trin? l i f t  coefficients at smll control  deflections and snell angles 
of attack  me  apparect  in the trimed l i f t -dreg   ra t ios  wherein re la t ive ly  
high values of L/D are  obtained a t  low l i f t  coefficients.  The delta- 
wing configuration,  for ex-le, had e n?axim.m t r imed   l i f t -&ag  ra-bio 
of 4.8 at M = 1.41 and 5.0 at M = 2.01 ( f ig .  12). It is s ignif icant  
tha3 the   l l f t -drag   ra t ios   a re  high i n   t h e  lower lift range  since  this i s  
the  rm4e of l i f t  coefficient  required for l e v e l   f l i g h t  at high  alt i tudes 
and s-qersonic  speeds. For exerrrple if  tne  delta-wing  corzigwation had 
a wing loading of 30 lb/sq f t  at M = 2.01, then the naxm t r F ~  l i f t  
coer'ficiect  aveilable for a cmmd del"1ection of 15O would permi-l l eve l  
f l i g h t  a t  61,000 fee t .  (See f ig .  14. ) 

It should be recogaized thet the absolute  values of L/D would be 
sub;ect to  detail   nodel  differences and would be lowered if  air i n l e t s  
end a cenopy were added. t o  the nodel. However, the s ign i f i cmt  trim 
advantages  noted f o r  the cenerd corfiguretiors i n  conparison  with con- 
ven-lioEal configuretions  should s t i l l  be  realized. 

Compzred on the basis of the SEE center of noments (body station  25),  
the  delta-wing  configuration  exhibited slightly b e t t e r   l o x i t u d i n e l  trin 
charac te r i s t ics   ( f ig .  12) si-n-ce t h i s  azrangeneni; ha6 the lower s t a t i c  
nzrgin. Glheo t h e   s t e t i c  =gin for  the  trepezoidal wing is  reduced t o  
t h t  f o r  the del ta   wag  (22  sercent  E ) ,  @he trapezoidal-wing corrfigu- 
ra t ion could be trimed to   h ighsr  maxim v d u e s  of L/D I f (  fig.  13). 
Since  the  pitching-Eoaent  results  obtained  for  both  codikations  inti i-  
cate a reasonzbly lirrear variation with L i f t  coefficient tbccougb a lazge 
l i f t  r a g e ,  it would be  possi'ole t o  reduce -&e static vmgin t'r?rough a 
reawzrd sh i f t  of the  center of gravity so that additional  increases  in 
trio l i f t -drag   ra t io  and i n  tzim lift coefficient might be o'otained. For 
exmple,  for  the  delta-wing  configuration &-L M = 2.01, it w a s  fomd t'nat 
by decreasipz the s t a t i c  =gin _Pro= 22 percent to 15 percent of the E e a  
georretric  chord the naxi- trim lift-6rag r a t i o  was  increased from 5.0 
t o  5.6 a d  the naxim~ t r i m  l i f t  coefficient fro= 0.237 t o  0.385. How- 
ever,   the  extent  to which the center of grav i ty   cm be moved rearwzwd to 
further the  supersonic  perform-ce  gains degends uson the   s t a t i c  margin 
at subsonic  speeds as well as the  center-of-gravity  locetion  for which 
neut ra l   d i rec t ione l   s teb i l f ty  would occur. 



8 

Lateral  Characteristics 
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The direct ional   s tabi l i ty   character is t ics  of the cmerd  configura- 
t ions  ( f ig .  15) are similar t o  %hose for  other  current  aircraft  types 
insofar as the reduction  in w i t h  increasing  mgle of attack is 
concerned (ref.  6).  This s imilar i ty  might  be expected  because of the 
short aornent a r m  of the  ver t ical  tail.  For  both wing configurations, 
either  the  presence of the canard  surface or cznard  deflection  caused a 
reduction  in the direct ional   s tabi l i ty ,   per t iculer ly  a t  the  higher  angles 
of a t tack  ( f igs .  8 t o  11). Posit ive  directions1  stabil i ty was mintained, 
however, t o  a = 12.5' for   the delta-wing  configuration at M = 2.01 
( f ig .  15( b )  ). The d i rec t iona l   s tab i l i ty   chwecter i s t ics  a t  angle  of 
attack  could be improved a t  these Mach nwbers by the  use of a higher- 
aspect-ratio  vertical  t a i l  or  a vent ra l   f in  w i t h  more area  rearward of 
the  center of gravity. 

CnP 

Pos i t ive   e f fec t ive   d iheea l  C z p )  w a s  indicated  through- 

out  the  -le-of-attack and Mach  number rmges  investigated  (fig. 12). 
The presence of the  canards  provided a negative C increment t h a t  was 

evident up t o  a FS ibo at  K = 2.01. Above a = 14O, the presence .of 
the  canard (for t'ne delta-wing  coafiguration)  indicated a positive  incre- 
nent of C . Cmard deflections  cazsed a further  incresse  in the posi- 

t ive  effective  dihedral   (f igs.  9 and 11). 

2P 

2P 

The presence of the  canxrd  provided  decreases i n  % at high 
P 

sllgles of attack (8' t o  16') that were generally  consistent with the 
decreases i n  Cn . 

P 

CONCWSIOiTS 

An investigation has been mde io the Langley 4- by &-foot  suger- 
sonic  pressure  tumel a t  Mach numbers of 1.41 and 2.01 t o  determine  the 
longitudinal and l e t e r d   s t a b i l i t y   c h a r a c t e r i s t i c s  of a generalized 
cmard  elrplane  configuration equipged ei ther  w i t h  a delta-plan-form 
w i n g  or w i t h  e, trs-pezoidal-plan-form w i n g .  The resu l t s  of t'ce investi- 
gation  indicate  the follawing conclusions: 

1. The cerards were highly  e-r'fective fn  producing  pitching  morents 
which resulted  in  large ixremerrks of trim L i f t  coefficient w i t h  small 
control   def lect ims En6 no decrease in  l if t-curve  sloge,  so that rela- 
t ive ly  kigh vaLes  of t r i m  l i f t  coefZicient an6 t r i m  l i f t -drag  ra t ios  



2. For each w i n g  conTiguration, bo-Lh the presecce of the can=& and 
deTlections of the caaard  caused a reduction in   d i r ec t iona l   s t ab i l i t y  
C, , part icular ly  at high w l e s  03 z-ltack. Eowever, the  delta-wing con- 

figurstion maintzined d i rec t iona l   s tz5 i l i ty  up t o  angles of attack  of 
12.5O at  e. Mech  number of 2.01. 

--$ 

3.  Positive  effective  dihedrel  negative wes idicated through- ( cz$) 
out t'ne -le-of-attack a d  Mach nunher rmges  investigated. C a n e r d  
deflection  provided a subs-tential increase i n  the  gosit ive  effective 
dihedral. 

Lengley Aeronautical  Laboratory, 
Nat2onzl  Advisory Cornittee f o r  Aeronautics, 

Langley Field, Va.,  December 3, 1956. 
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Body : 
KEXLE diameter. in . . . . . . . . . . . . . . . . . . . .  3-50 
Legth.  in_ . . . . . . . . . . . . . . . . . . . . . . . .  37 .00 
Base me&. sq i n  . . . . . . . . . . . . . . . . . . . . . .  9.582 
Fineaess r e t i o  . . . . . . . . . . . . . . . . . . . . . .  10 

Tranezoidel wing: 
Spes. i n  . . . . . . . . . . . . . . . . . .  
Chord at body-wing intersectio-. i n  . . . . .  
k e a .  sq f t  . . . . . . . . . . . . . . . . .  
Aspect r a t io  . . . . . . . . . . . . . . . . .  
Taper rat l o  . . . . . . . . . . . . . . . . .  
Thic'hess r a t i o  . . . . . . . . . . . . . . .  
Mean geoze-lric chord. i n  . . . . . . . . . . .  
Sweep engle of leading edge . . . . . . . . .  
Sweep mgle of t r e i l i ng  edge . . . . . . . . .  
'Leading-ecige  ha.if.angle. n o m 1  t o  L.E., deg . 
Trai l i%-eae  hall.angle. normel to T.E., deg 

. . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  0.143 . . . . . . .  0.04 . . . . . . .  10.184 . . . . . . .  38'40 ' . . . . . . .  -110-18' . . . . . . .  5 . . . . . . .  5 

Delte wil lg:  
Spm. in . . . . . . . . . . . . . . . . . . . . . . . . .  22.56 
Chord at body wing irtersection. in . . . . . . . . . . . .  16.51 
Me er?. geom-etric chord. i n  . . . . . . . . . . . . . . . . . .  13.027 
k e e .  sa_ ft . . . . . . .  : . . . . . . . . . . . . . . . .  1.53 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  2.31 
Tnicbess   ra t io  . . . . . . . . . . . . . . . . . . . . . .  0.036 
Leadix-edge half.angle. normal t o  LE., &eg . . . . . . . .  5 
Trz i lu -edge   he l f .w le .  normel t o  T.E., deg . . . . . . .  5 

Carard: 
Are& ( t o t a l   t o  body center lind). sa_ in . . . . . . . . .  25.35': 
.kea. e-xposed (each c m d ) .  sq i n  . . . . . . . . . . . .  6.742 
Spa .  exposed. i n  . . . . . . . . . . . . . . . . . . . . . .  2.25 
Hearc geonetric ahor&. i n  . . . . . . . . . . . . . . . . . .  3.33 
Ratio of totel   carard =e& t o  -Lotel w 5 5  area . . . . . . .  0.U5 

Verficel tai l :  
kea .   eqosed .  sq f t  . . . . . . . . . . . . . . . . . . .  0 *279 
Spm. emosed. LE . . . . . . . . . . . . . . . . . . . . .  4.25 
Aspect r e t i o  . . . . . . . . . . . . . . . . . . . . . . . .  0 

Vencral f i n s  : 
&ea. each fin.  emosed. sa_- f t  . . . . . . . . . . . . . .  0.13 
Ssa. exposed. i n  . . . . . . . . . . . . . . . . . . . . .  2.25 
AsDect r a t io  . . . . . . . . . . . . . . . . . . . . . . .  0.271 
Sweep of le.&iq e*e. deg . . . . . . . . . . . . . . . .  60 
Sweep of t r a i l i n g   e a e .  deg . . . . . . . . . . . . . . . .  -77.5 
Laaiing-edge 'nalf.a.ngle. norrnel 60 L E  .. deg . . . . . . .  5 
Treiling-edge half.angle. n o m 1  t o  T.E., deg . . . . . . .  5 
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TABU 11. - COORDINATES OF BODY 

Body station 

0 
297 

.627 - 956 
1.285 
1.615 
1.945 
2.275 
2.605 
2 936 
3 267 
3 598 
3 9 929 
4.260 
4.592 
4.923 
5.255 
5 587 
5.923 
6.252 
6 583 

18.648 
37.000 

- 732 
780 

,824 
.863 
a903 
.940 
.968 
996 

1-75 section 
1.75 

NACA RM ~561x9 
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(e) Slability axis. 

Figure 1. - Axes systems. (Arrovs indicate  positive  directions. ) 
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(b) Body axis. 

Figure 1.- Concluded. 
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(a) Three-view  drawing of model arrangement. 

Figure 2.- Details of generalized canard airplane model. 
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(b) Details of wings. 

Figure 2.- Continued. 



Canard details 

Ventral fin details 

Vertical t a i l  details 

( c )  Details of the camrd surface,  ventral  fin, and ver t ica l  tail. 

Figure 2.- Concluded. . 



(a) Delta-wing  configuration. 

Figure 3.- Photographs of models. 
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(b) Trapezoidal-wing  configuration. 

Figure 3. - Concluded. 
L-94.457 

.I . . I  ., 
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Figure 4.- The aerodynmic  characteristics  in  pitch of the  cor!!iguration . 

with  the  delta wing mxl canards. M = 1.41. 
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Figure 4.- Concluded. 
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Figure j. - The aerodyllarnic c h r a c t e r i s t i c s   i n   p i t c h  of the  configuration 
with the de l ta  wing and canards. It = 2.01. 
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Figure 5.- Concluded. 
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: m e  6.- The eerodynmiz characteristics in pitch of the  col.IIiguration 
with the tra2ezoidEl w i n g  end camrds. M = 1.41. 
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Figure 6 . -  Concluded. 
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Fig-ne 7.- The aerodp-amic characteristics  in  pitch of the configuration 
w i t h  the tr&>ezoidal wing an& csnards . M = 2.01. 
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Figure 7.- Concluded. 
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Figure 8.- The  aerodynamic  characteristics in sideslip for the  configura- 
tion with the  delta  wing and  the canards. M = 1.41. 
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Figure 8.- Coctinued. 
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(c) CL = 8.4 . 
Figure 8.- Concluded. 
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Figwe 9. - The aerodpmic characteristics  in sidesliF f o r  the co-Migura- 
tion with the delka wing an-d the canards. M = 2.01. 
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Figure 3. - Continued. 
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Figure 9.- Contilt-ued. 
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Figure 9.- Continued. 
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Figure 9. - Continued. 
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Figure 9. - Continued. 
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Figure 10.- The aerodyr_ar;ic character is t ics   in  sideslip of the configu- 
ra t ion with  the trapezoidal w i r g  anti t'm canards. M = 1.41. 
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Figure 10.- Continued. 
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Figure 10. - Concluded. 
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Figme U.- The &ero&ynamic characteristics in sidesl ip  of the configc- 
ra t ion  wLth -the tra9ezoidal wing and the canwds. M = 2.01. 
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Figure 11.- Continued. 
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Figure 11.- Continued. 
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Figure 11.- Contioued. 
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Figure 11.- Continued. 
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Figure 11.- Concluded. 
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Figwe 13.  - Trim L/D charecteristics with equal static margins (0.22E 
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Figure 14. -- Vmiation  with  ning  loading md al t i tude of t h e   l i f t   c o e f f i -  
cient  required fo r  leve l   f l igh t .  
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(a) M = 1.41. 

Figure 15.- V.zrFa-Lion of sideslip derivitives  with  angle of attack for  
nodels with canard on and off. 



(b) M = 2.01. 

Figure 15.- Concluded. 
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