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NATIONAL ADVISORY COMMITTEZ FOR AE30IAuTICS 

STATIC STABILITY AND CONTROL OF CANARD CONFIGURATIONS 

AT MACH "BERS FROM o .70 TO 2 .a - LONGIXUDIPECU; 

By Victor L. Peterson and John W. Boyd 

SUMMARY 

The  results of an investigation of the  static  longitudinal  stability 
and control  characteristice of a canard airplane  configuration are 
presented  without  analysis  for  the  Mach  number range from 0.70 to 2.22. 
The  configuration  consisted of an aspect  ratio 3 . 1  unswept wing, an 
aspect  ratio 3.0 unswept canard, a low aspect  ratio  vertical tail, and a 
Sears-Haack body. The  hinge line of the canard waa in the  extended  chord 
plane of the wing, 1.33 w i n g  mean  aerodynamic  chords  ahead of the  refer- 

ganels to the  total  area of the wing was 8.1 percent. Data are-presented 
for  various  combinations of the  canard, wing, and vertical t a i l  for an 
angle-of-attack  range  from -60 to +1@. The canaxd  deflection  angles 
ranged from Oo to +20°. 

k ence  center of moments.  The  ratio of the area of the  exposed  canard 

INTRODUCTION 

The  possible gains to  be  realized at supersonic  speeds in the form 
of reduced  tzin drag and increased  maneuverability by  the  use of canards 
rather than conventional  tail-aft  controls  have  resulted in increased 
interest in these  arrangements.  Therefore, an extensive  research  program 
aimed  at  determining  the  static 1 o n g i t u W  an6 directional  characteris- 
tics of a number of cmard configuratFons has been  undertaken by the 
NACA . 

'Ibis report  is  one  of a series  pertaining  to  the  Ames  Aeronautical 
Laboratory  program  and  presents  without 8,naJysis the  longftudinal  charac- 
teristics of one  ccanplete  configuration a d  i ts  component parts. The 

canard of aspect  ratio 3.0, a low aspect ratio vertical tail, and a 
c configuration  consisted af an unswept  wing of aspect  ratio 3 .1 ,  an unswept 

I 

Sears-€hack body. 

." """" 



Results  of  other  phases of the  investigation  directed  at  determinfag 
the  effects of canard  plan farm and locatLon are reported in references 1 
through 3. 
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NOTATION 

aerodynamic  center  determined at CL= oY percent C 

mean aerodynaslfc dhord of wing, ft 

canard root chord , ft 
drag  caefficient, 9 ss 

drag  coefficient  at ze ro  lift 

lift  coefficient, - l i f t  
ss 

lift-curve slope taken through zero  angle of attack, per deg 

pitching-moment  coefficient, pitch-  moment CISE , referred to the 
projection  of the 0.03% point  on-the  fuselage  reference l ine  

canard  hiage-moment  coefficient , canard hinge moment , referred 

to  the  projection of 0 . 5 0 ~ ~  pint on the  fuselage  reference 
line 

force  coefficient normal to canard normal force 
ss 

free-stream Mach number 

free-stream  dynamic  pressure, lb/sq ft 

wing area formed by extending  the leading and trailing edges 
to  the  plane  of symmetryy sq It I 
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Sc- canard  exposed  area, sq ft 

a angle of attack of w i n g  root chord, deg 

6 angle of deflection of the  canard  with  respect  to  the  extended 
w i n g  chord plane, positLve when trai-g edge  is  down,  deg 

Configurations  are  denoted by the following letters used in 
combination: 

C canard 

v vertical  tail 

W wing 

Test  Facility 

The  experimental data were  obtained in the Ames 6- by 6-foot  supkr- 
sonic  wind  tunnel  which is a closed-circuit  variable-pressure  type  with 
a Mach number  range  continuous from 0.70 to 2.22. A recent  modification 
involved perforating  the  test-section f loo r  and ceiling and addbg a 
boundary-layer removal system  to  enable uniform flaw to be main~ined at 
transonic  and low supersonic  speeds.  At the same  time  3njector flaps 
were  installed  downstream of the  test  section to extend  the upper Mach 
number  limit by reducing  the  required  ccgapression  ratio  across  the nozzle 
and  by  better matching the  weight f l o w  characteristics of the nozzle with 
those of the compressor. 

Analysis of the  results of an extensive survey of the modified wind- 
tunnel  characteristics,  although  incnmplete, is sufficiently  complete to 
establish  the  validity of the results of the present investigation. 

Description of Bbkl and Balances 

The sting-mounted  model c m s i s t e d  of 821 unsuept wfng of aspect rstio 
3.1, an unswept canard of aspect ratio 3.0, and 8 low aspect ratio 
vertical tail, all mounted cm a fineness ratio 12.3 Sears-Esck boay. A 
d i m t n s i d  sketch of the m o a e l  is sham in figure l(a). The wing had 
3-percent-thick  biconvex  sections and the vertical tail had WLCA m 3 - 6 3  
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sections  streamwise. The constant  thickuess canard, detailea in fig- 
ure l ( b ) ,  had  beveled  leading  and  trajz!g  edges.  The  canard  w-hich was 
pivoted  about..the 0.50 canard  root  chord was mounted in the  extended 
wing  chord  plane 1.33 wing  mean  aerodynamic  chords ahead of the  reference 
center  of  moments (0.03%). The  ratio  of  the  area of the exposed canard 
panels  to the-total  area of the wing was 8.1 percent and the  ratio of the 
total  areas was 11.5 percent. The wing, canard, and vertical. taLl were 
of  solid  steel  construction  to  minimize  aeroelaetic  effects.  The 6ur- 
feces  were  polished  to  give a smooth surface and further  treated  to 
prevent  corrosion. - 

The  fuselage was cut off as shown in figure l(a) to accommodate  the 
sting  and  the  six-camponent  strain-gage  balance  which  measured  forces 
and  moments 011 the  entire  configuration.  Canard normal forces and hinge 
moments  were  obtained fram a two-cmponent strain-gage  balance  mounted 
in the  nose of the  fuselage.  The  canard, wing, and  vertical tail were 
removable,  enabling data to be  taken  which would permit an evaluation of 
the  contribution  of  each of the  compqnent  parts of the  model  and  the 
interference  between  parts. 

Rmge of Test  Variables 

Mach numbers of.0.70, 0 . 9 ,  1.00, 1.10, 1.30, 1.70, and 2.22 were 
covered in the  inveatigation.  The  test  Reynolds  number  based oa the 
wing mean aerodynamic chord was 1.84 million at Mach numbers of 1.0 and 
1.10, and 3.68 million at all other  Mach  numbers.  The  smaller  Reynolds 
number at transonic  aped&-was  necessary  because of model. structural 
limitations. : 

At the  relatively low Reynolds  numbers at which  most  wind tunnels 
operate,  extensive regions of laminar flow can  exist on models at zero 
lift.  At  lifting  conditions  the  transition  points on the model surfaces 
u6uaUy move  forward,  thus  causing a change in friction drag with chang- 
ing lift  coefficient  which  is  difficult  to  evaluate  and,  moreover, not  
necessarily  representative of full scale. In order  to induce  transition 
at fixed  locations on the  component  parts, a 0.010-inch-diameter  wire 
was placed on the w i n g  and  0.005-izh-diameter  wires  were  affixed eo the 
canard  and  verticil ~AXU in the  locations  shown in figure l(a). When 
the  model was tested  with the  canard o f f ,  a 0.010-inch-diameter  wire U ~ S  
located on "the ljody 4 inches  from  the nose. The wire s i zes  were selected 
on  the basis of reference 4. Although  there  is m conclusive  evidence as 
to  the  magnitude of the form drag  increment  contributed by the  transition 
wires,  previous  studies  have  indicated  this  increment to be not more 
than 0.0010. A l l  of the  data  presented  herein are for trwsition-fixed 
conditions. 

- .. . - 

TI 

Y 
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The data presented  herein have been  reduced to standard NACA coef- 
ficient form. The  moment  center f o r  the data presented  herein was chosen 
so that  the m i n h m  static marg5.n i n  the  range of trim  lift  coefficients 
between 0 and 0.5 throughout  the  Mach  number  range investigated was 0.03'; 
the resulting  moment  center was at the 0.035 point of the  wing m e a n  aero- 
dynamic  ch0rd.l  The canard hinge  moments  were cmputed about a hinge 
line located at the 0.3 pofnt of the m d  root chord. Factors  which 
affect  the  accuracy  of  the  results  axe  discussed in the  following 
paragraphs. 

Stream  variations .- Surveys  af the  stream  characteristics of the 
Ames 6- by 6-foot  supersonic wind tunnel  showed  that in the region of 
the  test  section,  essentially no stream  curvature  existed in the  pitch 
plane  of  the  model  and  that axial static-pressure  variations  were usually 
less than fl percent  of  the  dynamic  pressure. This static-pressure 
variation  resulted in negligible  longitudinal-buoyancy  corrections to 
the  drag of this model;  therefore, no corrections for  stream  curvature 
or  static-pressure  variation  were made in the  present  fnvestigation. 

From tests of the model in the normal and  inverted  attitudes, a 
stream  angle,  which  was  less  than +O .30° throughout  the  Mach  numker 
range, was found  to  exist in the  pitch  plane.  The data presented  herein 
have  been  corrected far these  stream  angles  which  correlated  closely 
with  those  obtained f r o m  a cone  survey. 

Support  interference.- The effects  of  model  support  interference on 
the  aerodynamic  characteristics  were  considered to consist  primarily of 
a change in the  pressure  at  the  base of the  model.  However,  the  drag 
data  presented  herein  contain no base  drag  component  since  the  base  pres- 
sure was measured and the drag  was  adjusted  to  correspond  to  that in 
which  the  base  pressure is equal  to the free-stream  static  pressure; 
therefore, no corrections  were  made  to take into  account  support 
interference. 

T " - w a l l  interference.-  The  effectiveness of the  perforations in 
the  wind-tunnel  test  section  in  preventing choking and  absorbing 
reflected  disturbances  at  transonic  and low supersonic  speeds has been 
established experimentally. Unpublished data f r m  the  wind-tunnel 
calibration  indicate  that  reliable  data  can  be  obtained  throughout  the 
Mach  number  range If certain  restrictions  are  imposed on the  model  size 

=A similar stability  criterion was used  to  select the center  of 
moments  for  the data presented in reference 1; the  resulting  center  of 
moments was, however,  at  the 0.21 point of the  wing  mean  aerodynamic 
chord. 
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and  attitude.  The  conflgurations and methods of testfng  used in the 
present  investigation  conform  to  these  restrictions so that  data at 
transonic and low supersonic  speeds  are reasonably free of interference 
effects.  Thus, no corrections  for w a l l  interference have been made. 

RESULTS 

The  data  are  presented  in this report  without analysis in  order  to 
expedite  publication. A l l  of the experimental data are  tabulated in 
tables I and' 11. Selected  portions af the da ta  are  presented in fig- 
ures 2 through 4. Lift,  drag, and pitching-moment  characteristics  are 
presented in figure 2 for  several  test  bkch  numbers  .for  the  canard  on 
and  off.  Figure 3 shaws the  variations of canard normal. forces  and  hinge 
moments  as a function  of  angle  of  attack  at  constant  canard  deflection 
mgles. Summarized  in  figure 4 are  the  lift-curve slopes, maximum lift- 
drag ratios,  minimum drag coefficients,  and  aerodynamic  centers as a 
function of Mach number for the  canard  on  at  zero  deflection and for the 
canard  .off. It  should  be  pointed out that data were not available  to 
cross-plot  the  parameters shown in  figure 4 between  the Mach numbers of 
0.90 and 1.00 and  the  Mach  numbers 1.00 and 1.10. Previous  data on thie 
type of w i n g  have shown that  resfits  at  intermediate  Mach  numbers  are 
necessary in order  to  make  accurate  cross p lo ts .  

Ames  Aeronautical  Laboratory 
National  Advisory  Committee  for  Aeronautics 

Moffett  Field,  Calif., Nov. 27, 1957 
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(a) Djmensioaal sketch of c a e t e  model. 

Figure 1. .- Model detaLI.8 and dhensions'. 
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(a) Y = 0.70 

.gure 2.- L i f t ,  &ag, and pitching-mcanent characteristics fo r  the c d  on and deflected and 
the canard off. 
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(b) M = 0.9 

Figure 2. - Continued. 
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(c) M = 1.00 

Figure 2.-  Contbued. 

.. . ... .. . .  . .. 



.., -a 4 0 4 8 JO 0 -20 

0 .w .OB .I2 a Cm 

CD 

(a) M = 1.30 

Figure 2 .- Cantinued. 





(a) M = 0.70 

Figure 3 . -  Variation of canard normal-force and hinge-moment  coefficients 
a6 a function of angle of attack  at  constant canard deflection  angles. 
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(b) M = 0.90 

Figure 3. -  Continued. 
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( c )  M = 1.00 

Figure 3.  - Continued. 
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Figure 3 .- Continued. 
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Figure 3.- Concluded. 
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Figure 4.- Variation of maxhumlift-drag ratios,  lift-curve slopes, 
min- drag coefficients, and aerodynamic  centers as a funstion 
of Mach nmiber f o r  the canard on mid of f .  - 
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