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SUMMARY 

A survey  has  beeh made of some of t h e   f a c t o r s   t o  be considered i n  
the  design of canard aircraft   configurations.  The factors  include Mach 
number and angle-of-attack  effects  as w e l l  as the   e f fec ts  of various 
geometric  changes. Among the  geometric  variables  included  are  the 
e f fec ts  of wing plan form, wing height, wing twist, canard  plan form, 
canard  area,  canard moment arm, forebody  length,  afterbody  length,  fore- 
body def lect ion,   ver t ical- ta i l   p lan form, ver t ica l - ta i l   s ize ,   ver t ica l -  
t a i l   l oca t ion ,  and various  ventral-fin  arrangements. The results indi-  
cate  that  generally  acceptable  longitudinal and d i rec t iona l   s tab i l i ty  
character is t ics  can be obtained  with  canard  configurations  throughout 
a wide speed  range from subsonic t o  supersonic  speeds. 

INTRODUCTION 

Recent investigations have indicated that signif icant  performance 
gains can be  realized  for  airplanes at supersonic  speeds by the  use of 
canard  controls  rather  than  conventional  tail-rearward  controls. These 
gains  include  higher  values of maximum l i f t -d rag   r a t io  and increased 
control labi l i ty .  Because of these performance gains,  an  extensive 
research program was undertaken by the  National Advisory Committee f o r  
Aeronautics  for  the  purpose of 'determining t h e   s t a t i c   s t a b i l i t y  and con- 
t ro l   cha rac t e r i s t i c s  of a number  of canard  airplane  configurations. 
Various  phases of the  research program are  reported  in  references 1 t o  
9, and some  of the most recent  canard  airplane  investigations  are sum- 
marized  herewith. The discussion i s  based  primarily on results obtained 
in   t he  Langley 4- by  4-foot  supersonic  pressure  tunnel  for Mach numbers 
of 1.41 and 2.01 although, f o r  one configuration, some resul ts   are   given 
for  high  subsonic  speeds and f o r  a  supersonic Mach  number range from 
1 .41  t o  4.65. 
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The longi tudina l   s tab i l i ty   charac te r i s t ics  are r e fe r r ed   t o   t he  
wind-axis system,  whereas the  lateral s tab i l i ty   charac te r i s t ics   a re  
r e fe r r ed   t o   t he  body-axis system. The symbols are defined as follows: 

CL 

CD 

cm pitching-moment coefficient,  Pitching moment 

q%% 

Cn yawing-moment coefficient,  
Yawing  moment 

q%b 

CY 

s, 

SC 

b 

C 

t 

6l 
I C  
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M 

rolling-moment coefficient,  Rolling moment 

qswb 

side-force  coefficient, Side force 
qs, 

wing area  including body intercept 

canard-surf  ace exposed area 

wing span 

loca l  chord 

thickness 

wing mean geometric chord 

length between canard  hinge l i ne  and center of gravity 

free-stream dynamic pressure 

Mach number 
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angle of attack, deg (posit ive,  nose up) 

angle of sideslip,  deg (posit ive,  nose le f t )  

canard deflection  with  respect  to body center  l ine,  deg 
(pos i t ive ,   t ra i l ing  edge down) 

trail ing-edge  f lap  deflection, deg (pos i t ive ,   t ra i l ing  edge 
down) 

forebody  deflection, deg (posit ive,  nose up) 

a C  

aP 
directional  stabil i ty  parameter,  2 per deg 

aC 

as 
effective-dihedral  parameter, 1 per deg 

side-force  parameter, - per deg 
as 

static  longitudinal  stabil i ty  parameter 

canard  pitching  effectiveness, - per deg a c m  

3% 

a%, trim canard trim-lift effectiveness, 

l i f t  -drag r a t   i o  

lift-curve  slope, - per deg acL 
aa 

canard volume coefficient 

aspect   ra t io  

t ape r   r a t io  
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V ve r t i ca l  t a i l  

C canard surf ace 

U v e n t r a l   f i n  

max maximum 

min minimum 

0 conditions at zero l i f t  

MODELS 
. -  

Most  of t he   r e su l t s  were obtained frm tests of a variable-gemetry 
general  research model. Details  of the  various  interchangeable compo- 
nents  for  the  research model a re  shown i n  figures l (a )  t o   l ( d ) .  The 
components, which included 5 bodies, 4 wings, 5 canard  surfaces, 5 ver- 
t i c a l   t a i l s ,  and 3 vent ra l   f ins   a re   ident i f ied  by a number subscript. 
Coordinates for   the  var ious body arrangements for   the  research model are 
presented  in  table I. Each wing ( f ig .  1( a) ) w a s  located w i t h  t he   t r a i l i ng  
edge of the  theoretical   center-l ine wing root  section  coincident with the 
body base w i t h  the  exceptions of W3, which had i t s , t r a i l i n g  edge located 
1.3 inches  forward of the base, and the  configuration,  with body B2, f o r  
which a ?-inch body extension w a s  added rearward  of the wing-trailing- 
edge junctme. Each of the   ver t ica l  tails ( f i g .  l (b)  ) and ven t r a l   f i n s  
( f ig .  1( d) ) were located so that the   t r a i l i ng  edge  of the exposed root 
sections were coincident  with  the body base  (or  the wing trailing edge 
in   the   case  of wing-mounted surfaces)  with  the  exception of the configu- 
ration  with body B2 f o r  which a five-inch  extension w a s  added rearward 
of the t a i l  and ventral  trailing-edge  juncture. Each of the canard sur- 
faces   ( f ig .  l( c) ) were located with the.  hinge-line 9.125  inches  rearward 
of the body nose. Spanwise locat ions  for   twin  ver t ical- ta i l  arrangements 
axe  noted i n   f i g u r e  l( a) . 

, .  

Some results were also  obtained  for a swept-wing model with  various 
canard  surfaces. Details of the swept  -wing model are shown in   f igure  1( e),  
and coordinates  for the body are presented  in  table TI. A photograph of 
one of 'the  research model configurations i s  shown in   f igure  l ( f ) .  
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DISCUSSION 
1 

Longitudinal  Stability and Trim Characterist ics 

Effects of  Mach number. - The variations of some longitudinal  aero- 
dynamic parameters  with Mach  number for  several  canard  airplane  arrange- 
ments 'are shown in   f igure  2. These arrangements  provide a limited com- 
parison of wing plan-form ef fec ts  and of afterbody  effects. With the 
exception of some unpublished resu l t s   for   the  extended  afterbody at 
supersonic  speeds,  the  results shown in   f i gu re  2 are  contained  in  refer- 
ence 1 for  the  supersonic  range and in  reference 2 for  the  subsonic 
range. 

In  comparison with  the  increase  in   longi tudinal   s tabi l i ty  - -dCm 

dCL 
usually exper'ienced by conven€ional  tail-rearward  airplanes  in  passing 
through  the  transonic  range,  only a moderate increase   in   s tab i l i ty  i s  
indicated  for  the  canard  arrangements.  This  reduction  in  stability 
change through  the  transonic  range i s  pa r t i a l ly  accomplished  through 
the  elimination of the  afterbody and the  conventional  rearward  horizon- 
t a l  t a i l  so  tha t   the  l i f t  carry-over  effects of the wing on the   a f te r -  
body and the downwash changes a t   t h e   t a i l   a r e  avoided. Thus the  bene- 
f i t s  of a re la t ive ly  low s t ab i l i t y   l eve l  could  be  realized  at  supersonic 
speeds  while s t i l l  maintaining  posi t ive  s ta t ic   s tabi l i ty  at subsonic 
speeds. With the  center of gravi ty '   a t  a constant body station,  the 
stability  level  for  the  trapezoidal-wing  configuration i s  higher  than 
for  the  delta-wing  configuration,  primarily  because  the  trapezoidal w i n g  
has  the  higher  l if t-curve  slope.   In  addition,  the  increase  in  stabil i ty 
through  the  transonic  range is  somewhat greater  (about -0.05) for   the 
trapezoidal-wing  configuration  than  for  the  delta-wing  configuration. 

While the  addition of the  extended  afterbody had l i t t l e   e f f e c t  on 
the  subsonic  stabil i ty  level,  i t s  presence  resulted  in  an  additional 
increase  in   s tabi l i ty   level   a t   supersonic  speeds  because of the concen- 
t r a t ion  of the  wing-lift  carry-over  effects on the  afterbody. The addi- 
t i on  of the extended  afterbody had no measurable e f fec t  on any of the 
other  longitudinal aerodynamic parameters. 

Although the  two wings have the same area,  the  trapezoidal wing, by 
vir tue of i t s  higher  aspect  ratio,  provides a higher  lift-curve  slope 
throughout the Mach  number range,  whereas the  del ta  wing, by vir tue of 
i t s  higher  leading-edge swegp a n d .  s l igh t ly  lower thickness  ratio,  pro- 
vides a lower drag r i s e ,  and a lower minimum drag at supersonic  speeds. 
A s  a r e su l t  of the  compensating e f fec ts  of l if t-curve  slope and minimum 
drag, the  two wing arrangements  provide  essentially  the same maximum 

I -  
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i c  speeds. However, f o r  a constant  center- 
of-gravity  position the trapezoidal-wing  configuration has a higher 
s t a t i c  margin than the  delta-wing  configuration and would thus suffer 
l a rger   losses   in  L/D because of  trimming. For equal   s ta t ic  margins, 
the trimmed L/D fo r   t he  two configurations would be comparable; how- 
ever,   for  equal  static margins, the  center-of-gravity  position would be 
farther  rearward  for the trapezoidal-wing  configuration than for   t he  
delta-wing  configuration, and other  factors such as the   e f fec t  of center- 
of-gravity  position on d i rec t iona l   s tab i l i ty  must be taken  into 
consideration. 

The longi tudinal   s tabi l i ty   character is t ics   throughout  a large Mach 
number range fo r   t he  canard  configuration  with the trapezoidal wing and 
no afterbody are shown i n  figure 3 .  The r e su l t s  shown were extended t o  
the  higher  supersonic Mach numbers from unpublished r e s u l t s  of t e s t s  made 
in   t he  Langley Unitary  Plan wind tunnel. These results indicate a rela- 
tively  constant  value of untrFmmed  maximum L/D throughout the super- 
sonic speed  range. The s t a t i c   s t a b i l i t y  parameter &&/~CL indicates 
a progressive  decrease i n   s t a b i l i t y  throughout the  supersonic  range, 
with  the  canard  surface  either on or off.  A s  the   s tabi l i ty   decreases  
wi th  increasing Mach number, the lo s ses   i n  maximum L/D caused by 
trimming also  decrease.   For  the  particular  configuration  i l lustrated 
( f ig .  3 ) ,  t h e   s t a b i l i t y   l e v e l  could  be  reduced t o  zero at the  highest 
Mach  number obtained (M = 4.65) and a s t a t i c  margin of about 8 percent 
mean aerodynamic chord at subsonic  speeds  could s t i l l  be maintained. 

Some remarks  concerning the  take-off and landing  characterist ics 
for  the  configuration shown in   f igure  3 might be of i n t e re s t .  Low-speed 
results ( r e f .  2) indicate that, f o r  a s t a t i c  margin of about 8 percent 
E ,  a trim lift coefficient of about 0.6 could  be  obtained at an  angle 
of attack of about 10'. Other results presented in   reference 2 indicate 
that   the   control   effect iveness  and maximum value of trimmed lift could 
be  significantly  increased by the  addition of a conical-shaped body f l a p  
located  slightly  behind  the  canard on the bottom of the body. 

Effects of canard  surface  size.- The e f f ec t s  of varying  canard- 
surface  size  are of i n t e re s t  from a number of viewpoints. For a fixed 
center-of-gravity  position,  for example, the canard  surface may be sized 
t o  provide a desired  stabil i ty  level.   In  addition,  increases  in canard 
s ize  may be useful  in  providing  higher l i f t s  and higher maneuvering 
capability. On the other hand, the canard  surface  should  not become so 
large tha t  it prec ip i ta tes  a pitch-up  condition,  adversely  affects  inlet 
flow, o r  develops a wake of such in t ens i ty   a s   t o  cause lo s ses   i n   t o t a l  
lift o r  in   d i rec t iona l   s tab i l i ty .  

Some ef fec ts  of canard-surface  size on the  longitudinal aerodynamic 
character is t ics  of a swept-wing configuration  (fig. l ( e ) )  at M = 1.41 

11111 
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and  of a delta-wing  configuration at M = 2.01 are  shown in   f igures  4 
and 5 ,  respectively.  In  general,  the  addition of the  canard  surface 
and the  progressive  increase  in  canard-surface  area  causes a progressive 
decrease in   longi tudinal   s tabi l i ty   but  a decrease i n  maximum L/D i s  
caused  by the  increase  in  minimum drag. 

The ef fec ts  of canard-surface  size on the trimmed longitudinal 
character is t ics  of the  delta-wing  configuration at M = 2.01 are  shown 
in   f igure  6 for  a constant  center-of-gravity  position and in   f i gu re  7 
for  a constant  static margin.  For a constant  center-of-gravity  position 
the  effect  of increasing  the  canard-surface  area i s  t o  cause a substan- 
tial increase  in   the  var ia t ion of trim l i f t  with  control  deflection 

' ~ 6 .  trim 
and a general  increase  in trimmed L/D. The increase  in L/D 

i s  kaused almost en t i re ly  by the  reduct ion  in   s tabi l i ty   that  accompanies 
the  increase  in  canard  size. The increase  in   the  var ia t ion of trim CL 
w i t h  €5, i s  caused by both  the  reduction  in  stabil i ty and the  increase 
in  control  pitch  effectiveness  that  accompanies the  increase  in 

canard size.  

For a constant   s ta t ic  margin ( f ig .  7), a comparison of the  configu- 
ra t ions w i t h  the smallest and the  largest  canard  surfaces  tested  indi- 
cates  only a slightly  higher L/D for   the   l a rge  canard  arrangement. 
Although there  is  considerably less difference  in between the 

two arrangements  than  there was f o r  the case where the  center of gravity 
was constant,  the  configuration wi th  the  larger  canard  surface s t i l l  
maintains a higher  value of 

tiveness Cq. 

'LE, trim 

''€5, t r i m  
because of i t s  higher  pitch  effec- 

The variations of experimental and estimated  values of Cq and 

aCm/bCL with  canard-surface volume coeff ic ient   for   the 60° delta-wing 
configuration  at M = 2.01 are  presented  in  f igure 8. The estimated 
values do not  include  the  effects of the  canard-surface  flow  field on 
the wing. In  general,  the  experimentally  determined  variations of Cms 

and bCm/bCL with canard-surface volume coef f ic ien t   a re   in  good agree- 
ment wi th  the estimated  variations. 

A s  pointed  out  in  reference 3, the longi tudinal   s tabi l i ty   level  may 
be more effect ively changed by moving the  center-of-gravity  position 
than by varying  the  canard area. However, in   order   to   provide a lower 
s t a b i l i t y   l e v e l   f o r  a given  canard-surface s i ze ,  it would be  necessary 
t o  shift the  center of gravity rearward, and the effect  of such a s h i f t  
on the   d i rec t iona l   s tab i l i ty  may become a l imiting  .factor.  
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Effect of wing t w i s t . -  The use  of t w i s t  as a means of improving the  
drag due t o  lift of  wings i s  well known. An additional feature of  wing 
twist, of i n t e r e s t   i n   t h e  trimming  problem, i s  the   e f f ec t  of t w i s t  on 
&,o. These e f f e c t s  are i l l u s t r a t e d   i n   f i g u r e  9 for a swept-wing con- 
f igurat ion at M = 1.41  wherein  the  use of t w i s t  ( 4 O  l i nea r  washout 
from r o o t   t o   t i p )  produced a small reduction  in  drag due t o  l i f t ,  a 
small increase  in  m a x i m u m  L/D, and a subs tan t ia l   pos i t ive  increment i n  
pitching moment throughout  the lift range. It i s  t h i s   p o s i t i v e  increment 
in   pi tching moment t h a t  i s  of  primary interest   for   reducing t r i m  LID 
losses  since a posi t ive  t r im l i f t  i s  obtained at zero  control  deflection, 
and the  control  deflections  required  for trimming at a given l i f t  are 
thereby  reduced. 

These e f f ec t s  of wing twist on the  control  deflections  required  for 
trim and on the  t r i m  L/D are shown i n  figure 10. Because of t he  smaller 
control  deflections  required,   the  reductions  in L/D caused  by  trimming 
m e   l e s s  and the maximum L/D i s  considerably  higher  with  the  twisted 
wing than  with  the  plain wing. 

Effect of  forebody deflection.-  The use of a cambered fuselage o r  
a deflectable  forebody  offers  another means of providing  positive  incre- 
ments of pitching moments with l i t t l e  increase  in  drag and  hence should 
be useful  in  reducing  the  pitch-control trimming  requirements and the  
at tendant   losses   in  L/D due t o  trimming (see ref .  10) .  

Some e f f ec t s  of a deflected forebody on the t r i m  longitudinal  char- 
a c t e r i s t i c s  of a high-wing canard  airplane arrangement a t  M = 2.01 me 
shown in   f i gu re  11. For this  configuration,  deflection of the  forebody 
caused no change i n   s t a t i c  margin but  did produce positive  increments of 
pitching moment throughout  the l i f t  range.  Therefore,  deflection of the 
forebody r e su l t ed   i n   subs t an t i a l   i nc reases   i n  trim l i f t  f o r  a given con- 
t ro l   def lec t ion  and increased  the  values of L/D at the  higher l i f t s .  
In  addition, a small increase  in  maximum L/D was indicated when the 
forebody was deflected. 

Effects of wing height.- The e f f ec t s  of wing ver t ica l   loca t ion  on 
the t r i m  longi tudinal   character is t ics  of a trapezoidal-wing  canard con- 
figuration at I 4  = 2.01 ( f i g  . 12)  are   qui te  small. The slightly  higher 
'values of L/D obtained  with  the low  wing at high l i f t s  i s  some indica- 
t ion  of less influence of the  canard-surface w a k e  f o r   t h e  low  wing than 
for   the high wing. The r e s u l t s  shown in   f i gu re  12  a r e   f o r  a configura- 
t ion i n  which the wing i s  mounted on a cylindrical   section of the fuse- 
lage. It i s  poss ib le   tha t   the   e f fec ts  of  wing height on the  longitudinal 
s t ab i l i t y   cha rac t e r i s t i c s  may be more s ignif icant   for   configurat ions  in  
whi,:h the  fuselage i s  tapered  in   the  vicini ty  of the  wing. 

- 



I 

NACA IIM ~ 5 8 ~ 1 6  9 

Effects of body length.- The e f fec ts  on t r i m  longitudinal  charac- 
t e r i s t i c s  of varying  the body length  forward of the wing posit ion  are 
shown in   f igure  1-3 for  a trapezoidal-aidwing  configuration at M = 2.01. 
The canard  surface remained in   t he  same posit ion w i t h  respec t   to   the  
nose and hence, with  respect  to  the w i n g ,  moved forward as the body 
length  increased. Varying the body length had l i t t l e  e f fec t  on L/D. 
The most significant  effect  of body length i s  apparent in   the  control-  
l a b i l i t y  wherein the  var ia t ion of trim l i f t  w i t h  control  deflection 
increases as the body length  increases. T h i s  e f fec t ,  of course, i s  a 
r e su l t  of the  increased  pitching  effectiveness of the  canard  control 
that occurs as the  canard-surface moment arm increases.  Since  the 
resu l t s   a re   coqared  on the  basis  of equal   s tab i l i ty   l eve ls   for   the  
three body lengths, it is  required that the  ce.nter-of-gravity  position 
move forward, with respect   to   the wing, as the body length  increases. 
However, the forward shift in  center-of-gravity  position i s  small when 
compared with the forward movement of the  canard  surface and an increase 
i n  canard moment arm occurs  as  the body length  increases. 

Effect of wing plan form.- Some e f f ec t s  of wing plan form on trim 
longitudinal  characterist ics at M = 2.01 are shown in   f igure  14 fo r  
high wing configurations having  wings of equal  area  with  either a trape- 
zoidal or a TO0 delta  plan form. It i s  apparent tha t  the TO0 delta-wing 
configuration results i n  a lower trim CLa and CL a higher d r a g  due 

t o  l i f t ,  and  lower values of L/D through most of the l i f t  range. The 
change i n  wing plan form affected  the t r i m  longitudinal  characterist ics 
for  two primary  reasons: (1) the  differences  in  l if t-curve  slope and 
i n  induced drag resul t ing from the change in   aspec t   ra t io ,  and (2) the 
differences  in  canard-surface  pitching  effectiveness  resulting from 
changes in   interference  effects  from the w i n g .  The e f fec ts  of wing 
aspect  ratio  are obvious. The  wing interference  effects  stem  from a 
change i n  l i f t  over the  inboard  portion of the wing that i s  caused by 
the flow f i e l d  from the canard  surface.  Deflection of the canard sur- 
face  for trimming (posit ive  deflection or  leading edge  up) r e s u l t s   i n  
some l o s s  i n  l i f t  over the  inboard  portion of the  wing. For the  trape- 
zoidal wing, t h i s  loss i n  l i f t  occurs  rearward of the center of gravity 
and r e s u l t s   i n  a pitching-moment increment that i s  i n   t h e  same direct ion 
as tha t  produced by the canard  surface. For the  TOu de l t a  w i n g ,  a con- 
siderable  portion of the  wing-root section i s  forward of the  center of 
gravity, and the loss i n  lift induced by canard de f l ec t ion   r e su l t s   i n  a 
pitching-moment increment opposed t o  that caused  by the canard. A simi- 
lar effect  i s  noted in   reference 1. A s  a r e su l t  of the wing interference 
effects,  the  pitching  effectiveness  for  the  delta-wing  configuration is  
less   than   for  the trapezoidal-wing  configuration. In  addition,  for  equal 
levels  of s ta t ic   s tab i l i ty ,   the   cen ter  of gravity i s  farther forward far 
the  delta-wing  configuration and this  further  reduces  the  canard-control 
pitch  effectiveness.  Therefore, a larger  control  deflection i s  required 
t o  trim at  a given l i f t  for  the  delta-wing  configuration  than  for  the 

6C' 
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trapezoidal-wing  configuration, and the  result i s  an additional  increase 
i n  trim drag. 

For  the same s t a t i c  margin the  delta-wing  configuration,  in compari- 
son  with  the  trapezoidal-wing  configuration, would permit greater center- 
of-gravity  travel  because of i t s  greater E .  However, the  general   effects  
of wing plan  form are essent ia l ly  unchanged fo r   t he  two configurations, 
even when compared at 0 s t a t i c  margin, since  unpublished  results  indicate 
values of maximum L/D of 6.1 for  the  trapezoidal w i n g  and 5.3 for   the 
de l t a  wing. 

Effect  of  canard-surface  plan  form.- Some e f f ec t s  of canard-surface 
plan form on trim longi tudinal   character is t ics  at M = 2.01 are shown 
i n  figure 15 f o r  TO0 delta-midwing configurations  having  canard  surfaces 
of equal exposed areas with  e i ther  a trapezoidal or TO0 del ta   plan form. 
The primary e f f ec t  of canard-surface  plan  form i s  noticed  in  the con- 
t r o l l a b i l i t y  wherein the var ia t ion of C ~ , t ~ i m  wi th  aC i s  much l e s s  
with  the TO0 d e l t a  canard  surface  than  with  the  trapezoidal  canard sur- 
face. This e f fec t  might  be  expected  because of the lower  aspect  ratio 
and l i f t -curve  s lope  for  the TO0 delta  plan form. 

Longitudinal  Control 

Comparison of canard  control and trailing-edge  flap  control.- A 
comparison  of the  longitudinal trim character is t ics  of a 600 delta-wing 
configuration  with  canard  controls and with wing trailing-edge  flap con- 
t r o l s  i s  presented  in  f igure 16 f o r  a constant   s ta t ic  margin of about 
22 percent E .  These resul ts   indicate  that the canard  control,  in cam- 
parison with the flap  control,  provides a higher t r i m  lift-curve  slope, 
a higher maximum trim l i f t ,  a lawer d r a g  due t o  lift, and a higher maxi- 
mum L/D. The advantages of the canard  control, when trimming is con- 
sidered, stem not only  from the  longer manent arm but  also from the  fact  
tha t   the  canard  control makes use of a posit ive l i f t  increment fo r  
trirmning. On the  other hand, deflection of the  trail ing-edge  f lap  for 
trimming  produces a decrement i n  l i f t  that must be made  up through  an 
increase  in  angle of attack, and thus  the d r a g  i s  increased and the 
L/D reduced. 

Flap-control results are  shown for  the  configuration  with  the 
canard  surface  off as w e l l  as with the canard  surface  installed at zero 
def lect ion  ( f ig .  16). While the  presence of the canard  surface has only 
a small  effect on the trim longitudinal  characterist ics,   the use of the 
canard  surface as a destabilizer  permits a f a r the r  forward  center-of- 
gravi ty   posi t ion  for  a constant   s ta t ic  masgin and thus  provides a longer 
moment arm not  only to   the   p i tch   cont ro l   bu t   to   the   d i rec t iona l   s tab i l i ty  
and control  surfaces as well. 
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The configuration  with  the canard surface removed hak a lower  mini- 
mum drag that does result in  slightly  higher  values of L/D a t  very low 
l i f t s  and small flap  deflections.  This  advantage, however, i s  quickly 
lost   as  the  f lap  deflection  increases.  

The advantages of the canard  control  over  the  flap  control  in 
improving longitudinal trim character is t ics  would be less f o r  lower 
s t ab i l i t y   l eve l s .  A canparison of the  canard-control  configuration  with 
the  flap-control  tailless  configuration  (canard  off)  for a s t a t i c  margin 
of 10 percent c' i s  shown in   f igure  17. The configuration  with  the 
canard  control s t i l l  provides a higher maximum l i f t  and maximum L/D 
although  the  differences  are  less than those shown i n   f i g u r e  16 f o r  a 
higher s t a t i c   w g i n .  

Canard control and trail ing-edge  f lap combination.- The use of 
plain  trail ing-edge  f laps  in  conjunction  with a canard  control  has  been 
investigated f o r  a 60' delta-wing  configuration at M = 2.01 ( f ig s .  18 
and 19). For the  tr im  longitudinal  results shown i n  figure 18 the 
canard  surface was considered  as a trimmer fixed at various  deflections 
while  the  flap was used as the  pitch  control.   For  the  results shown i n  
figure 19 the   f lap  was considered  as a trimmer and the canard  surface 
was used as  the  pitch  control.  The primary benefi t  of the  trailing- 
edge f laps ,  when deflected  to  provide trimming moments i s  t o  extend  the 
trim l i f t  range t o  higher  values and thus  provide a means for  increasing 
the  maneuverability. A s  previously  pointed  out,  negative  deflections of 
the  f lap cause a decrease i n  wing l i f t  that must be made up through  an 
increase  in  angle of attack, and thus  the maximum value of L/D i s  
reduced as the   f lap  i s  deflected. While posit ive  deflections of the 
f l ap  would produce posit ive increments of l i f t  and possibly  increase 
the maximum L/D, the  result ing  increase  in  negative  pitching moment 
tha t  would have t o  be overcome with  the  canard  control would place a 
r e s t r i c t ion  on the t r i m  l i f t  range and thus lFmit the  maneuverability. 
The highest m a x i m u m  trim value of L/D was obtained by use of the 
canard  control  alone when the  trailing-edge  flap  deflection w a s  zero. 
Only fo r  a small l i f t  range above the l i f t  coeff ic ient   for  m a x i m u m  L/D 
did the use of the  f lap  in  conjunction  with  the canard  control  provide 
a higher L/D than  that  obtained  with  the  canard  control  alone. 

Comparison of canard  control and deflected  forebody  control.- The 
control  characteristics  obtained  with a deflected  forebody  are shown i n  
figure 20 and those  obtained  with a deflected  canard  surface  are shown 
in   f i gu re  21 f o r  a configuration having a high-mounted trapezoidal wing 
a t  M = 2.01. The s t a t i c  margin near  zero l i f t  was about 11 percent E 
for  each  arrangement. The configuration  with  the  deflected  forebody 
control   ( f ig .  20) ,  because of i ts  lower drag, provided a slightly  higher 
value of maximum L/D than that obtained  for  the  configuration  with  the 
canard  control  (fig. 21). I n  order t o  maintain  equal s t a t i c  margins, 
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however, the  center-of-gravity  posit ion  for  the  deflected  forebody con- 
fi'guration i s  located  considerably farther rearward  than that f o r   t h e  
canard  configuration. This far rearward  center-of-gravity  position  not 
only  contributes to  the  pitch-up  indicated  for  the  deflected  forebody 
configuration  but  also  places  severe  restrictions on the   d i rec t iona l  
s t ab i l i t y   cha rac t e r i s t i c s  of the  configuration. 

Lateral  and Direct ional   Stabi l i ty  

Effect of ve r t i ca l - t a i l   s i ze  and location.- Some e f f ec t s  of ve r t i ca l -  
t a i l  s ize  and locat ion on the   s ides l ip   der iva t ives   for  a 600 delta-wing 
canard  configuration at M = 2.01 are  shown i n  figure 22. For  the body- 
mounted tails  (VI and V2) there  i s  a progressive  decrease i n  -Cy6  

and Cn with  increasing  angle of a t tack similar t o  that experienced 

by conventional  airplane  configurations  (see ref. 10). These var ia t ions 
are  probably  caused  by  the  effects of forebody,  canard, and wing induced 
flow f i e l d s  that produce  sidewash  changes as well as q  changes a t   t h e  
tai l .  Increasing  the  size of the body-mounted t a i l  (V2 t o  V1) only ' 

increases  the magnitude of -CyB apd C and  does  not alter the  var ia-  

t i ons  w i t h  angle of attack. 

B 

"s 

When the area of the  large  s ingle  t a i l  (VI) is  replaced  by a twin 
wing-mounted t a i l  (V3 or V4) a considerable change occurs i n  the side- 
s l ip   charac te r i s t ics .  Although the  twin-tail  arrangements V3 and V4 
have the  same t a i l  volume as the   s ing le- ta i l  arrangement Vl, there   a re  
subs tan t ia l   d i f fe rences   in  the contributions of the  tai ls  t o   d i r e c t i o n a l  
s t a b i l i t y .  The single body-mounted t a i l  provides  the  largest  contribu- 
tion  near a = 0' as a result, probably, of i t s  height which places a 
large  percentage of the  t a i l  area away frm the  disturbed flow f i e l d s  
of the body, w i n g ,  and  canard  surface. While both of the   twin- ta i l  
arrangements  provide l e s s   d i r ec t iona l   s t ab i l i t y   nea r  a = Oo than  the 
single t a i l  of equivalent area, the   e f f ec t s  of increasing  angle of a t tack  
are  much less severe  for  the  twin tails than f o r  the  single ta i l .  O f  
the  two twin-tail  arrangements, V4 which is  located at 50 percent of 
the  wing semispan, provides  higher  values of throughout  the  angle- 

of-attack range than V3 which is located 25 percent of the wing semi- 
span. The lower values of C f o r  ta i l  V3 may result f r o m  t h e   f a c t  

that t h i s  t a i l  i s  located  near  the  center of the wake from the canard 
surface,  whereas t a i l  V4 i s  located  outboard of the  canard-surface 
wake and w i t h  increasing  angle of attack  probably  benefits from a favor- 
able sidewash. 

CnB 

"s 
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the  wing and at M = 4.65, where the canard wake i s  confined by the Mach 
l i n e s   t o  a small cone, the   e f fec ts  on the wing are small. 

The e f f ec t s  of  canard-surface  size  (6, = Oo) on the  sideslip  char- 
a c t e r i s t i c s  at M = 2.01 are  presented  in figure 25 for  the  configura- 
t ions  shown i n  figure 8. For the  configurations  investigated,  the 
e f f ec t s  of canard  size on the  s idesl ip   chasacter is t ics  were re la t ive ly  
s m a l l .  

Effect of vent ra l   f ins . -  The use of ven t r a l   f i n s  on canard  config- 
urations might be  expected t o  improve the   d i r ec t iona l   s t ab i l i t y   i n  much 
the same  manner as on conventional  configwratfons.  In  addition,  the 
arrangement of canard  configurations i s  such that   auxi l iary  f ins  mounted 
on the  wing might also  be  incorporated as direct ional   s tabi l iz ing 
devices. Such an  arrangement employing e i ther  a lower-surface  or an 
upper-surface wing-mounted f i n  i s  shown in   f i gu re  26 fo r  a delta-wing 
configuration at M = 2.01. Both arrangments are   effect ive  in   increasing 
Cnp, but  the  lower-surface  installation  provides  larger  increases  than 
the  upper-surface  installation at higher  angles of attack.  Neither 
arrangement  causes any s ignif icant  change i n  C z p .  

An arrangement ut i l iz ing  twin body-mounted ven t r a l   f i n s  i s  shown 
in   f i gu re  27. The addition of these  f ins  provides a substantial   incre- 
ment i n  that increases  slightly  with  increasing  angle of attack. 

The addition of these  f ins  also  causes 821 increase  in -CzB, regardless 

of the  increased lateral area below the  center of gravity.  This  effect 
i s  probably a r e su l t  of an  interference between the   vent ra l   f ins  and 
the wing panels. 

CnP 

Effect of forebody  deflection.- Although the use of a deflected 
forebody offers  some advantages in  longitudinal  control  the  effects of 
forebody deflection on the  sideslip  derivatives  should  also be  consid- 
ered. These e f f e c t s   a r e   i l l u s t r a t e d   i n  figure 28 fo r  the same configu- 
ra t ion  shown in   f igure  11. The most signi€icant  effect  of forebody 
deflection i s  a more rapid  deterioration of C with  increasing  angle 

of a t tack as the  forebody i s  deflected upward. Similar  effects were 
also found t o  occur f o r  a low-wing configuration.  Additional  tests 
made with the   ver t ica l  t a i l  removed indicated that this e f fec t  was a 
r e su l t  of a decrease in   t he   t a i l   con t r ibu t ion   t o  C and, therefore, 

may not  exist   for a twin-tai l  arrangement and may, in   fact ,   increase 
the  effectiveness of twin tails .  

Effect of strakes.- The use of forebody strakes  has  been shown t o  
be  an effective means of increasing  the  level of d i rec t iona l   s tab i l i ty  - 
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at high  angles of a t tack   for  a Mach  number of 2.01 (see  ref .  10) . The 
use of a strake  in  conjunction  with a canard  surface has been invest i -  
gated  for  a 60° delta-wing  configuration a t  M = 2.01, and the   e f fec ts  
on the  s idesl ip   der ivat ives  are sham  in   f i gu re  29. Although the  addi- 
t i o n  of the  strake  provides some increase   in  with  increasing 

angle of a t tack,   the   effect  i s  not so  s t r ik ing  as that  obtained  with a 
strake on p la in  nose configurations.  (See  ref. 10, f o r  example.) 
Apparently  the  interruption of t he  strake caused  by the  canard  surface 
disrupts   the  effect iveness  of the  strake. This result suggests  that a 
continuous  strake  along  the  forebody  with  the  canard  surface  located 
outboard  of the  s t rake may be a more e f fec t ive  arrangement. 

CnP 

Effect  of wing plan  form.- The s idesl ip   der ivat ives  at M = 2.01 
f o r  two high-wing single-tail   configurations  with  either a trapezoidal 
wing or a TO0 de l t a  wing are compared i n  figure 30. This comparison 
indicates a generally  higher  level of f o r   t h e  TO0 delta-wing con- 

figuration  with  the t a i l  on regardless of  an accompanying increase  in  
the   l eve l  of ins tab i l i ty   wi th   the  t a i l  off.   This  effect ,  of course, 
indicates  a considerable  increase i n   t h e  t a i l  contribution  for  the 
delta-wing  configuration  that  apparently results from a shielding of 
t he   ve r t i ca l  t a i l  from the  forebody  vorticity.   This  effect  i s  a l so  
apparent in   the  increased t a i l  cont r ibu t ion   to  C and Cy f o r   t he  

delta-wing  configuration when campared with  the  trapezoidal-wing 
configuration. 

CnB 

28 B 

Effect of wing height.- Some e f f ec t s  of wing height on the  side- 
s l i p  der ivat ives   for  a trapezoidal-wing  configuration  with and without 
a single t a i l  at M = 2.01 are shown i n  figure 31. These results 
indicate a higher  level  of C a t  low angles of a t tack   for   the  t a i l -  

on configuration  with  the low  wing than  with  the  high wing because of 
a-~”GGlj-&iifit-ially higher  contribution from the   ve r t i ca l  t a i l .  With 
inGe%ising-angle of attack,  the t a i l  cont r ibu t ion   to  Cn decreases 
for  both wing heights. However, because  of a decrease i n   t h e   t a i l - o f f  
instabi l i ty   with  increasing a with  the  high wing, the   var ia t ion   in  

low wing. A s  a result, the  value of C becames zero at approximately 

the  same angle of a t tack  for   both wings,  and at higher  angles of a t tack 
the high-wing configuration  indicates a higher  degree of s t ab i l i t y   t han  
does the  low-wing configuration. 

- 
“___ - .. .~ - 

B 

CnP 
with a with  the t a i l  on i s  less for   the  high wing than   for   the  

These e f f ec t s  of wing height on are similar t o  those  observed 
CnB 

for  conventional  airplane  configurations  for Mach numbers  up t o  about 2 
(refs. 10 t o  12 ) .  A s  pointed  out i n  these references,   these  effects 
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r e su l t  from the induced  sidewash  from the  wing-body juncture  that  pro- 
vides a destabilizing  flow above the  high wing and a stabil izing  f low 
below the  high wing. An opposite  effect  occurs  for  the low-wing case. 
The e f fec ts  of wing height on appear t o   b e  more pronounced f o r  

the  canard  configuration (fig.  31 than the e f f ec t s  shown fo r   t he  same 
wings at the same  Mach number f o r  a conventional tail-rearward airplane 
( re f .  12) . This result might  be expected  since,  for  the  canard con- 
figuration, the ve r t i ca l  t a i l  is c loser   to   the   o r ig in  of the induced 
sidewash of the wing-body juncture. 

CnB 

The e f fec ts  of wing height on the  effective  dihedral  C for   the 

canard  configuration  (fig. 31) are  a lso similar t o  the ef fec ts  observed 
for  conventional  configurations (ref. 12, f o r  example) wherein the  high- 
wing arrangement provides the greater  dihedral   effect  (more negative 

2 P  

The effect  of wing height on the  s idesl ip   der ivat ives   a t  M = 2.01 
f o r  a TO0 delta-wing  configuration  with  either a s ingle   ver t ica l  t a i l  or 
twin  vertical  tails is shown in   f igure  32. For the single-tail  arrange- 
ment, the   e f fec ts  of wing height  are,  in  general, similar to   those 
observed for  the  trapezoidal-wing  configuration  (fig. 31) .  However, f o r  
the  twin-tai l  arrangement, the   e f fec ts  of w i n g  height on CnP are  essen- 

t i a l l y  opposite to   those  for   the  s ingle  t a i l  inasmuch as the high-wing 
configuration  provides a higher  level of throughout  the  angle-of- 
attack  range  than  does  the low-wing configuration.  For  the high-wing 
configuration,  the  twin-tail arrangement provides  about  four  times  as 
much d i rec t iona l   s tab i l i ty  as does the  s ingle- ta i l  arrangement at a = 0'. 
This resul t   suggests   that   there  i s  a favorable  interference  effect on 
the t a i l  contribution. For the low-wing configuration, however, the 
twin-tai l  arrangement provides about the same d i rec t iona l   s tab i l i ty  as 
the  s ingle- ta i l  arrangement a t  a = Oo. This result suggests t h a t  
there i s  an adverse  interference  effect on the  contribution of the  twin 
ta i l .  This   reversal   in   the  effects  of wing height on the  t a i l  contri-  
butions may r e su l t  from the  f ac t   t ha t   t he  twin tails are  located  out- 
board of the  region of the induced  sidewash of the wing-body juncture; 
therefore,  in  the  case of the low wing, for   exaple ,   the   twin tai ls  may 
be i n  an  adverse  sidewash, whereas a s i n g l e   t a i l  may be i n  a favorable 
sidewash. The opposite  effect, of course, would ex is t   for   the  high- 
wing case. 

CnB 

With increasing  angle of attack,  the  flow  interference from the 
low  wing for   the  twin-tai l  arrangement apparently moves of f   the   t a i l s ,  
and above a 10' t he   t a i l   con t r ibu t ions   t o  C are about the same 

for  both wing posit ions.  The leve l  of C remains somewhat higher 
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for   the high-wing arrangement, however, as a r e su l t  of i t s  ta i l -of f  
character is t ics .  

The e f fec ts  of  wing height on the  effective  dihedral  are essen- 
t i a l l y   t h e  same for  the  twin-tail  arrangement as for   the   s ing le- ta i l  
arrangements. The effect  of the wing-body induced  sidewash i s  appar- 
ent, however, inasmuch as   the  ver t ical- ta i l   contr ibut ions  to  C f o r  

the  twin-tai l  arrangement a re   l e s s   fo r   t he  low  wing than f o r  the high 
wing, whereas the  reverse i s  t rue   for   the   s ing le- ta i l  arrangement. 

2 8  

Effects of body length.- Some ef fec ts  of  body length on the  side- 
s l ip   der ivat ives  at M = 2.01 f o r  a trapezoidal-midwing  configuration 
wi th  and without a s ingle   ver t ical  t a i l  are  shown i n  figure 33. For 
these  results,  the  center-of-gravity  position w a s  loca ted   in  a f ixed 
posit ion with respect   to   the body base, and thus  the  percentage of body 
length  forward of the  center of gravity i s  increased  as the body length 
increases. A direct   effect  of the  increase  in forebody  length i s  appar- 
ent   in   the  increase  in   direct ional   instabi l i ty  with the t a i l  off  through- 
out  the  angle-of-attack  range. T h i s  e f fec t  i s  a l so   re f lec ted   in   the  
direct ional   s tabi l i ty   levels   with  the t a i l  on. In  addition, as the 
forebody  length is  increased,  the l o s s  i n  t a i l  contribution  with 
increasing  angle of attack becomes greater.  This ef fec t  i s  associated 
with an upward displacement of the forebody-induced vo r t i c i ty  as the 
forebody  length i s  increased. 

It should  be remembered that  the  longitudinal  stabil i ty  decreases 
as  the forebody  length is  increased;  therefore,  for a constant   s ta t ic  
margin, the  center-of  -gravity  location would move forward as   the  fore-  
body length  increases. This f ac t  would r e s u l t   i n  an  increase  in  the 
level  of direct ional   s tabi l i ty   for   the  longer  body configurations. 

Effect of canard-surface  plan  form.- The e f fec ts  of canard-surface 
plan f o m  on sideslip  derivatives at M = 2.01 are shown i n  figure 34 
f o r  TO0 delta-midwing configurations  having  canard  surfaces of either 
a trapezoidal  or a del ta   plan form. The change i n  canard  plan  form had 
a re la t ive ly  small ef fec t  on the  sideslip  derivatives,   with  the most 
noticeable  difference  being  higher  values of at high angles of 

attack  for  the  configuration w i t h  the  TO0 de l t a  canard  surface. T h i s  
difference may be  partly caused  by a "strake"  effect   result ing from the 
long root chord of t he   de l t a  canard and par t ly  caused by.a  decrease  in 
canard wake effects   resul t ing from the lower l i f t -curve  s lope  for   the 
de l ta  canard  surface. 

CnP 

Mach  number effects . -  The var ia t ion of sideslip  derivatives  through 
a large Mach  number range  are  presented in   f i gu re  35 f o r  a trapezoidal- 
midwing configuration.  This i s  the same configuration  for which the 



18 

longi tudinal   character is t ics  are presented  in figure 3.  The results 
presented  in figure 35 f o r  a = 0' and a = 6' indicate  posit ive 
d i r ec t iona l   s t ab i l i t y  and positive  effective  dihedral  throughout  the 
Mach number range  investigated. 

CONCLUDING FENARKS 

A survey w a s  made of some of the  factors  to  be  considered  in  the 
design  of  canard  aircraft  configurations. These factors  include Mach 
number and angle-of-attack  effects as well  as the   e f fec ts  of various 
geometric  changes. The resul ts   indicate  that generally  acceptable 
longitudinal and d i rec t iona l   s tab i l i ty   charac te r i s t ics  can  be  obtained 
with  canard  configurations  throughout a wide speed  range from subsonic 
t o  supersonic  speeds. 

The maximum values of trimmed lift-drag r a t i o  L/D were increased 
through  the  use of such  design features as w i n g  twist and  nose-up fore- 
body deflection that provided  positive  increments  of  pitching moment 
w i t h   l i t t l e  change in  drag.  In  addition,  the  values of maximum L/D 
were increased  through  the  use of w i n g s  having  high  aspect  ratios. 

The control  effectiveness was increased as the  canard volume was 
increased  either by  an  increase i n  canard  area  or  forebody  length, and 
through  the  use of canard  surfaces having high  aspect  ratios.  

The longitudinal-control  characterist ics  indicated  that   higher 
trimmed values of l i f t - d r a g   r a t i o  were obtained  with a canard  control 
alone  than with trail ing-edge  f lap  controls  ei ther  alone  or used i n  
conjunction with the  canard  control. 

The l a t e r a l  and d i rec t iona l   s tab i l i ty   resu l t s   ind ica ted  a wide 
var ia t ion   in   the   e f fec ts  of Mach  number, angle of attack, and geometric 
design. For the most par t   the   la teral .  and direct ional   character is t ics  
were similar to   those  for   convent ional   a i rcraf t  and indicated that 
increased  direct ional   s tabi l i ty  could  be  obtained  through  the  use of 
such  design  features as ventral   f ins,   short   forebodies,  and long wing- 
root  chords. In  addition,  canard  configurations are readily  adaptable 
t o  twin  vertical-tail  arrangements, and resu l t s   ind ica te  that twin tails  
can be  located t o  take advantage of favorable  interference  flow  fields. 

Langley Aeronautical  Laboratory, 
National  Advisory Committee fo r  Aeronautics, 

Langley Field,  Va. ,  March 31, 1958. 
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Body s ta t ion  1 Radius 

Forebody ( a l l  bodies) 

0 0 
297 .076 

.627 

.445 1.945 
,378 1.615 
307 1.285 
233 * 956 

.156 

2.605 .573 
2.936 .627 
3.267 .682 
3.598 * 732 

4.260 .824 

4.923 - 903 

5.587 .968 
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2 * 275 -509 

3 - 929 .7& 

4.592 .%5 

5 - 255 
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Body, B1 

18.648 

1.75 18.648 
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TABLF, 11. - BODY COORDINATES FOR SWEPT-WING MODEL 

Body station, 
in. 

0 
1 
2 
3 
4 

5 
6 
7 

9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31- 
32 
33 
34 

35 
36 
37 
38 
39 

a 

T 
Major axis 

Radius, in.  

0 
297 

.492 

.655 
* 799 

.928 
1.045 
1.151 
1.248 
1.337 

1.418 
1.492 
1.559 
1.620 
1.666 

1.666 
1.645 
1.609 
1.551 
1.482 

1.399 
1.325 
1.257 
1.198 
1.211 

1.260 
1.332 
1.446 
1.514 
1.542 

1.554 
1.534 
1.489 
1.433 
1.369 

1 * 303 
1.231 
1.155 
1.067 

* 975 

Minor axis 



Wing A X t/c 

W, 3.00 .I43 .040 
W2 2.3 I 0 .036 
Wg 3.00 .250 ,040 
W4 1.46 0 ,025 /!t 

15.00 d 
Wl k3.204 nT- 12.00 

b l 2 . 8 0 d  

w3 

Twin tail 
location 

\ =-+- I 

Twin ta i l , d8s6  
location 

70" 4.50 

Twin tail 
location . 22.97  18.39  1.667 1 22.97 

'*-*- 
18.39  1.667 

w4 
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v2, v3, v4 VI 

a 7.00 10.05 
b 2.20 3. 16 
C 5. I 0 7.20 

Figure 1.- Continued. 
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Hinge line 

I 

t " e  --I I 

b 

Cl c2 

2.25  2.25 
I .80 1.80 
1.50 2.1.5 
2.03 2.00 
2.1 3 2.34 
3.73 4.34 

c3 c4 
2.64 2.90 
2.1 I 2.32 
2.38 2.54 
2.35 2.59 
2.88 3.13 
4.95 5.38 

+------ 7.10 - 

( e )  Canard surfaces C1, C2, C3,  C4, and C5. 

Figure 1.- Continued. 
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5.53 4 

(d) Ventral   f ins  U l ,  U2, and U3. 

F i w e  1.- Continued. 
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i 

I 

Canard. dimensions 

Smal l  Medium Large 

(c6) (C7) ( c8) 

Span 4.64 6.58 7.99 
Root chord (t) 3.33 
Tip chord 1.37 

-----"10.72+--., 
"3.97 - 

"" 
""" - - 

1 

Section A-A Section 6-6 Section C-C 

C 65.0"- 

I 

39.0 0 

(e)  Details  of swept-wing model. 

Figure 1.- Continued. 



(f) Photograph of B4W3V2C2 model with  high  wing. L- 57-2681 

Figure 1.- Concluded. 
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Figure 2. - Effect  of  wing plan form and fuselage afterbody on variation 
of longitudinal parameter, with Mach number.  Center-of-gravity  posi- 
tion of  body station 23.  
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Figure 3 . -  Variation  of  longitudinal  characteristics  with  Mach  number 
for  trapezoid-midwing  configuration.  B1W1V3C2U1.  Center-of- 
gravity  position  at  body  station 25. 
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( a) cm and a against CL. 

Figure 4.- Effect of  canard s i z e  on aerodynamic chaxacter is t ics   in  
pi tch,   for   twisted wing, v e r t i c a l - t a i l  on, swept-wing model. 
M = 1.41. Center-of-gravity  position a t  body s ta t ion  21.97. 
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( b )  L/D and CD against CL. 

Figure 4.- Concluded. 
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(a) C, and a against  CL. 

Figure 5.- Effect of canard  size on aerodynamic charac te r i s t ics   in  
p i t ch   fo r  60° delta-midwing  configuration. M = 2.01. Center- 
of-gravity  position a t  body s t a t ion  25. 
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" 
-.2 -.I 0 .I .2 .3 .4 .5 .6 .7 a 

CL 

(b) CD and L/D against CL. 

Figure 5.- Concluded. 
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, Figure 6.- Effect of  canard  size on trim longi tudinal   character is t ics  
~ fo r  60° delta-wing B I W ~ V ~ U ,  configuration. M = 2.01.  Center-of- 
~ gravity  posit ion at body s t a t ion  25. 
I 
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Figure 7.- Effect of  canard s i ze  on trim longi tudinal   character is t ics  
for 60° delta-wing BlW2V7U1 configuration. M = 2.01; 
ac,/ac, = -0.156. 
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Figure 8.- Variation of canard-control  pitch  effectiveness and s t a t i c  
longitudinal  stabil i ty  with  canard volume coeff ic ient   for  
BlW2V5Ul configuration. M = 2.01. Center-of-gravity  position at 
body s ta t ion  25. 
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Figure 9.- Effect  of  wing  twist  on  longitudinal  aerodynamic  character- 
istics f o r  swept-wing  configuration. M = 1.41. Center-of-gravity 
position  at  body  station 21.97. 
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Figure 10.- Effect of wing twist  on trim longitudinal  characteristics 
for  swept-wing  configuration. M = 1.41; aC, aC, = -0.24. I 



40 

- L 
D 

6 

4 

2 

0 

12 

8 

4 

0 

NACA RM ~58~16 

0 
4 "_" 

20 

10 6 ,  , deg 

0 

-10 

.I 6 

.I 2 

.08 cD 

.04 

0 

CL , trim 

Figure 11.- Effect  of  forebody  deflection on trim longitudinal  charac- 
t e r i s t i c s   fo r   t r apezo ida l  high-wing B4W3V2C2 configuration. 
M = 2.01; dC,  dC, = -0.24. I 
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a, 

Figure  12.-  Effect of wing ver t ica l   loca t ion  on trim longitudinal  char- 
ac t e r i s t i c s   fo r  B4W3VeC2 configuration. M = 2.01; aC,/aCL = -0.244. 
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Figure 13.- Effect of body length on trim longitudinal  characterist ics 
for  midwing W3V2C2 configuration. M = 2.01; aC,/dCL = -0.172. 

I 
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Figure 14.- Effect of wing plan form on trim longitudinal  character- 
i s t i c s  for B4V2C2 high-wing configuration. M = 2.01; 
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Figure 15.- Effect  of canard-surface plan form on trim longitudinal 
cha rac t e r i s t i c s   fo r  B4W4V2 midwing configuration. M = 2.01; 
aCm ~ c L  = -0.10- I 
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Figure 16.- Comparison of longitudinal trim characterist ics  with  canard 
control and trail ing-edge  f lap  control  for BlW2V4C2 configuration. 
M = 2.01; aCm ~ C L  = -0.22. I 
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Figure 17.- Comparison of  longitudinal trim characterist ics  with  canard 
control and trail ing-edge  f lap  control  for B1W2V4 configuration 
with C2 on and off .  M = 2.01; aCm aC, = -0.10. I 
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Figure 18.- Effect  of  canard  deflection  on  trim  longitudinal  character- 
istics  for  configuration  with  trailing-edge  flap  controls f o r  
BlW2V4C2 configuration. M = 2.01; aC, ~ C L  = -0.22. ' I  
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Figure 19.- Effect of canard  deflection on longitudinal t r i m  character- 
i s t i c s  with  various  trailing-edge  flap  deflections  for 
BlW2V4C2 configuration. M = 2.01; aC,  aC, = -0.22. I 
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49 

Figure 20.- Effect  of  forebody  deflection  on  longitudinal  aerodynamic 
characteristics  for  trapezoidal  high-wing B4W3V2 configuration. 
M = 2.01. Center-of-gravity  position  at  body  station 28.13. 
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Figure 21.- Effect  of  canard  deflection  on  longitudinal  aerodynamic 
characteristics for trapezoidal  high-wing B4W3V2C2 configuration. 
M = 2.01. Center-of-gravity  position  at  body  station 26.17. 
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Figure 22.- Effect of ve r t i ca l - t a i l  asrangement on s ides l ip   der iva t i  
for  60' de l t a  midwing B1W2C2 configuration. M = 2.01; €jC = Oo. 
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0 4 8 12 16 20 24 28 

a ,  deg 

(a)  S ingle   ver t ica l   t a i l ,  ~ 2 .  

Figure 23.- Effect of canard  surface on s idesl ip   der ivat ives  f o r  model 
with  single and tw in   ve r t i ca l   t a i l s .  B1W2C2 configuration. 
M = 2.01; 6c = 6f = 0 - 0 

/- 
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(b) Twin vertical tails, V4. 

Figure 23. -  Concluded. 
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(a)  M = 0.60. 
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Figure 24.- Variation of sideslip  derivatives  with angle of a t tack f o r  
B1W1V3C2U1 configuration. 
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(b) M = 2.29. 

Figure 24.- Continued. 
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( c )  M = 4.65. 

Figure 24.- Concluded. 
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Figure 25.- Effect of canard s ize  on s idesl ip   der ivat ives   for  60° del ta-  
wing BlW2V5Ul configuration. M = 2.01; & = Oo. 
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Figure 27.- Effect of body-mounted ven t r a l   f i n s  on s idesl ip   der ivat ives  
for 60° delta-midwing B ~ W ~ V J + C ~ U ~  configuration  with  twin  vertical 
t a i l s .  M = 2.01; 6c = oO. 
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"- 0 2 deg d .-.-a 
"-" 4 

Figure 28.- Effect  of  forebody  deflection on s idesl ip   der ivat ives   for  
trapezoidal high-wing BkW3V2C2 configuration  with single ve r t i ca l  
t a i l .  M = 2.01; 6, = Oo. 
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Figure 29.- Effect of forebody strakes on sideslip  derivatives  for 60° 
delta-midwing B1W2V2C2 configuration  with  single  vertical   tai l .  
M = 2.01; 6, = 0'. 
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Figure 30.- Effect of wing plan form on s idesl ip   der ivat ives   for  high- 
wing B4V2C2 configuration  with and without  single  vertical  t a i l .  
M = 2.01; 6c = 0'. 
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Figure 31.- Effect of wing height on sideslip  derivatives f o r  
trapezoidal-wing B4W3V2C2 configuration  with and without 
s ingle   ver t ical  ta i l .  M = 2.01; 6c = oO. 
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Figure 32.- Effect of wing height on sideslip  derivatives f o r  70' delta-wing  configuration  with 
and without a single and a twin ve r t i ca l - t a i l  arrangement. M = 2.01; 6, = 0'. 
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Figure.33.-  Effect of body  length on sideslip  derivatives  for 
trapezoidal-midwing W3V2C2 configuration  with  and  without 
single vertical  tail. M = 2.01; 6c = 0'. 
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Figure 34.- Effect  of  canard-surface plan form on s idesl ip   der ivat ives  
f o r  TO0 delta-midwing B4W4V2 configuration w i t h  s ing le   ve r t i ca l  
t a i l .  M = 2.01; 6c = 0'. 
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Figure 35.- Variation of sideslip  derivatives  with Mach number f o r  B1W1V5C2U1 confi,wation. 

6, = oo. 


