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STATIC STABILITY AND CONTRQL OF CANARD CONFIGURATIONS
AT MACH NUMBERS FROM 0.70 TO 2.22 - TRIANGULAR
WING AND CANARD ON AN EXTENDED BODY

By John W. Boyd end Victor L. Peterson
SUMMARY

Results of an investigation of the static stabllity and control
characteristics of a canard asirplene conflgurstion sre presented without
analysis for the Mach number range from 0.70 to 2.22. The configuration
consisted of s Htriasngulsr wing and trisngular cenard, both of aspect
ratio 2.0, & low aspect ratio vertical tall, and a modified Sesrs-Hzack
body. The hinge line of the canard was in the extended wing chord plane,
1.79 wing mesn serodynamic chords shead of the reference center of
moments. The retio of the ares of the exposed cansrd panels to the
total area of the wing was 6.9 percent. Data are presented for various
combingtions of the body, canard, wing, and vertical tail at 0° and 5°
sideslip for an a.ngle—of-a:btack range of ~6° to +18°., The canard
defiection angles ranged from 0° to +20°.

INTRODUCTION

The posegible galns to be reslized at supersonic speeds in the form
of reduced trim drag and increased maneuversbility by the use of canards
rather than conventional teil-aft controls have resulted in increased
interest in these arrangements. Therefore, an extenslve research program
almed at determining the static longitudinal and directional characteris-
tiecs of & number of canard configurations has been undertaken st the Ames
Aeronauticel Iaboratory. .

As a part of the program, tests were conducted to determine the
effect of canard location on the serodynamic characteristice of the con-
figurations. This report is one of a series pertaining ‘to the program
and presents without analysis the longitudinasl and directlional character-
istics for one complete configuration and its ¢ igen‘b parts, uwtilizing
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an extended body in order to shift the canard forward. This configuration,
which differed from that of reference 1 only in the body length and dis-
tance from the canard to the wing, consisted of a triangular wing and
canard, both of aspect ratic 2.0, a low aspect ratlic vertical tail, and

a modified Sears-Hasack body.

Results for the configuretion utilizing {the normal Sears-Hasack body
have been presented in reference 1. ' .

NOTATION

8.C, aerodynamic center determined at Cp = O, percent T.

b wing span, ft

T mean serodynamic chord of wing, £t

Ceo mean aerodynamic chord of canard, ft

Co canard root chord, ft -

Cp drag coefficlent, Eﬁg& )

CDO drag coefficient at zero 1ift

Cr, 11ft ccefficlent, l%gﬁ

CLm lift-curve slope taken through zero angle of attack, per deg
Cn pitchlng-moment coefficient, piféﬁizgcpoment, refexrred to

projection of the 0.04T point on the fuselage reference line
(center of moments different from that of ref. 1)

rolling moment

C, rolling-moment coefficient, 35b
Cn yawing-moment coefficient, yawingggoment’ referred to projection

of the 0.04T point on the fuselage reference line
gide force

Cy side~force coefficient, a8
AC
—t difference between rolling-moment coefficients at 5° and 0°
B gidesllip divided by 5°, per deg
Al
—gg difference between yewing-moment coefficients at 5° and O°
sideslip divided by 5°, per deg



NACA RM ASTKLL <HONTEDRn 3

difference between side-force coefficients at 5° and O° gideslip
divided by 50, per deg _
canard hinge moment
QSc(cc/e)
normal force
as

canard hinge-moment coefflicient,

force coefficient normal to canard,
maxivum 1ift-drag ratio

free-stream Mach number
free-stream dynemic pressure, 1b/sq £t

wing area formed by extending the leading and tralling edges
to the plane of symmetry, sqg £t

exposed canard area, s8q ft
angle of attack of wing root chord, deg

sideslip angle messured between the relative wind and vertical
plane of symmetry, deg

angle of deflection of the cansrd with respect to the extended
wing chord plane, positive when tralling edge is down, deg

Configurations are denoted by the following letters used in combination:

B

c
v
W

body
canard
vertical tail

wing

APPARATUS AND MODEL

Test Facility

The experimental date were obtained in the Ames 6~ by 6-~foot
supersonic wind tunnel which is a closed-circuit variable~pressure type
with a Mach number range continuous from 0.70 to 2.22. A recent modifi-
cation involved perforating the test-section floor amd ceiling and adding
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8 boundary-layer removal system to ensble uniform flow to be maintailned
at transonic and low supersonic speeds. At the same time injector flaps
were instelled downstream of the test sectlon to extend the upper Mach .
number limit by reducing the required compression retic across the nozzle

and by better mstching the weight flow characteristics of the nozzle with

those of the compressor. _

Anglysis of the results of an extensive survey of the modified wind-
tunnel characteristics, although incomplete, 1s sufficiently complete to "
establish the validity of the results of the present investigastion. -

Description of Model and Balances

The sting-mounted model consisted of an aspect ratic 2.0 triangular
wing, an aspect ratio 2.0 all-movable trianguler canard, and a low aspect
ratio vertlical tail, all mounted on & modified Sears-Haack body. The
configuration differed from that of reference 1 only in the body length
and distance between the canard and the wing. A cylindrical section was
inserted in the Sears-Haack body between the wing and canard so that the .
canard was simply moved forward in the extended wing chord plane. (See
fig. 1{(a).) The cansrd hinge line (0.35%.) was 1.79 wing mean serodynamic
chords shead of the reference center of moments (0.OUT). A dimensional -
sketch of the model 1s shown in figure 1(a). The wing and vertical tail
had NACA 0003-63 sections streamwise and the constant thickness cansard,
detailed in figure_l(b), had beveled leadling and trailing edges. The
ratio of the area of the exposed canard panels to the total area of the
wing wae 6.9 percent and the ratlio of the total areas was 12.9 percent.
The wing, cenard, and vertical tail were of solid steel comstruction to
minimize seroelastlic effects. The surfaces were polished to glve a
smooth surface and further treated toc prevent corrosion.

The fuselage was cut off as shown in Ffigure 1(a) to accommodate the
sting and the six-component strain-gage balance which megsured forces and
moments on the entire configuration. Canard normal forces .and hinge
moments were cobtalined from a two-component strain-gage balance mounted.
in the nose of the fuselage. The canard, wing, and vertical tail were
removable, enabling dsta to be teken which would permit an evaluation of
the contribution of each of the component parts of the model and the
interference between them.

TESTS AND PROCEDURES
Range of Test Varisbles .- ) S

For convenience, table I 1ls presented. showing the range of varisbles
for each of the conflgurations tested. ‘Mach numbers of 0.70, 0.90, 0.95,
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1.00, 1.05, 1.10, 1.30, 1.50, 1.70, 1.90, and 2.22 and angles of attack
ranging from -6° to +18° at 0° and 5° sideslip were covered in the inves-
tlgation. The test Reynolds number based on the wing mean serodynamic
chord was 1.8k million at Mach nunbers of 0.95, 1.00, 1.05, and 1.10, and
3.68 million at all other Mach numbers. The smaller Reynolds number was
necessary at transonic speeds because of model structural limitstions.

At the relatively low Reynolds numbers gt which most wind tunnels
opergte, extensive regions of laminer flow can exist on models at zero
1ift. At 1lifting conditions the transition points on the wing, canard,
and vertical tail usually move forward, thus causing s change in the
friction drag with changing 1ift coefficient which is difficult to evalu-~
ate and, moreover, not necessarily representative of full scale. In
order to induce transition at fixed locatlons on the component parts, a
0.010~inch-dismeter wire was placed on the wing and 0.005-inch-dismeter
wires were affixed to the canard and vertical tail in the locations
shown in figure 1(a). When the model was tested with the canerd off, a
0.010-inch-dismeter wire was located on the body 4 inches from the nose.
The wire sizes Wwere selected on the basis of the results of reference 2.
Although there is no 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. All of the data
presented herein are for transition-fixed conditions.

Reduction of Datsa

The dats presented herein have been reduced to standard NACA coeffi-
cient form. Rolling-moment, side-force, yawing-moment, and pitching-
moment coefficients were computed sbout the body axes. Lift and drag
coefficients were referred to the wind axes. The piitching-moment and
yvawing~moment coefficients were referred to the 0.04 point of the wing
mean serodynsmic chord. This location was chosen to glve a minimum
static margin of 0.03T in the range of trim 1ift coefficients between O
and 0.5 throughout the Mach number range investigated. It should be
noted that this requirement resulted in a center-of-moment location that
was different from that of reference 1, The canard hinge moments were
computed gbout a hinge line located at the 0.35 point of the cansrd mean
gerodynamic chord. Factors which affect the sccuracy of the results are
discussed in the followlng paragraphs.

Stream variations.- Surveys of 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 piteh
plane of the model and that the axial statlic-pressure variations were
usually less than #*1 percent of the dynsmic pressure. The static-pressure
variation resulted in negligible longitudinsl-bucyancy corrections to the
drag of this model. Therefore, no corrections for stream curvature or
statlic~pressure varistion were made in the present investigation.

S OONEESEN
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The results of these surveys also showed that a stream angle existed
in the vertical plane along the tunnel center line. Similar results show~
ing a stream angle of less than 0. 3 throughout the Mach number range
were obtained from tests of the model mounted in a horizontal position
on the tunnel center line (B = O°) and pitched in the vertical plane.

No data were availlsble from stream surveys or model tests to determine
the lateral deviations of the stream; however, they also are believed to
be small in view of the small deviations from s uniform stresm messured
in the vertical plane. Therefore, the data at o° 8}ldeslip which were
obtained with the model mounted in the horizontal position could only be
corrected for the stream angles in the pitch plane. Since the data of
Pprimary interest at these condltions, and particulerly the drag, are
gensitive to stream arigle changes in the pitch plane, it was considered
necessary to make these correctlons. On the other hand 1ift, drag, and
pltching-moment charsgcteristlics do not vary appreclably with yaw angles
s0 that these coefficients would only be slightly affected if smell
stream angles existed 1in the yaw plane.

The results &t a constant sideslip angle of 59 were obtained by
mounting the model in s horizontal position on a sting bent off the
tunnel center line and again pitching in the vertical plene. Results
were not available which would permit stream angle corrections in elther
the piteh -or yaw planes to be spplied to these data. However, the
lateral-directional charascteristics which are of primary interest at
these test conditions,; would not be appreciably affected by the existence
of small stream angles 1n elther the pitch or yaw planes.

Support interference.- The effects of model support interference on
the serodynemic characteristics were considered to comnsist primsrily of
& change 1n the pressufe at the base of the model. However, the drag data
presented herein contain no bese drag component slnce the base pressure
was measured and the drag was adjusted to correspond to that for which
the base pressure is egusl to the free-stresm static pressure. There~-
fore, no corrections were made to take into account support interference.

Tunnel~wall interference.~ The effectiveness of the perforations in
the wind-tunnel test section in preventing choking and absorbing reflected
disturbances at transddic and low supersonlc speeds haes been established
experimentally. Unpublished data from the wind-tunnel calibration indi-
cate that relisble data can be obtalned throughout the Mach number range
if certain restrictions are imposed on the model size and attitude. The
conflgurations and methods of testing used in the present investigation
conform to these restrictions so that the data at trensonic and low
supersonic speeds are reasonably free of interference effects. Thus, no
corrections for wall interference have been made. = :
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RESULTS

The results in this report are presented without analysls in order
to expedite publication. All of the experimental dats sre presented in
tables 1T through V. An index to these tsbulated results is presented
in table I. Selected portions of the dstse are presented in figures 2
'bhl'ough. 7.

Figure 2 shows the 1ift, drag, and pitching~moment cheracteristics
with the canard on and deflected and with the canard off for several test
Mach numbers. Variations of canard normal force and hinge-moment coeffi-
cients as & function of angle of attack at constant canerd deflection
angles are presented in figure 3. Summerized in figure 4 are the maximm
lift~drag ratlios, lift=curve slopes, minimm drag coefficients, and aero-
dynamic centers as a function of Mach number for the canard on at zero
deflection and for the canard off.

The results of figure 5 show the effect of configuration changes on
‘the rolling-moment, side-force, and yewing~moment coefficients as a func-
tion of angle of attack at constant sideslip angles. The effects of
deflecting the cansrd on the lateral-dlrectional characteristics are pre-
sented in figure 6 as a function of angle of sattack at constant angles
of sideslip. Summarized in figure T are AC;/B, ACy/B, and ACL/B a8 a
function of Mach number at constant angles of attack of 0°, 10°, and 18°
for the canard on at zero deflection and for the canard off.

Ames Aeronsutical Iaboratory
National Advisory Committee for Aerconsutics
Moffett Field, Calif., Nov. 1k, 1957
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TABLE I.- RANGE OF VARIABIES FOR CONFIGURATIONS TESTED
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Configuration d:é dié Tab:ig;:dhg?ta,
BVW 0 and 5| II{a), III(a)
BVWC 0 0 and 5| II(b), III(b)
BVWC 2.5 0 I1(c)
BVWC 5.2 o} II(4)
BVWC 9.7 0 and 5| II(e), III(c)
BVWC 19.5 0 II(f)

BWC o] 5 I1I(d)
BWC 9.7 5 III(e)
BW 5 III(f)
BV 0 and 5 w(a), v(a)
BVC 0.2 0 and 5 w(v), v(p)
BVC 4.5 0 v(c)
BVC 9.8, 10.2 |0 and 5 wv(a), v(c)
BVC 19.8 o] v(e)

BC 0.2 5 v(a)
BC 9.6 5 v(e)

B 5 V()
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AT B = 0Q°

TABLE IT.- AERODYNAMIC CHARACTERTSTICS OF WING-ON CONFIGURATIONS
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TABLE IV.- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS
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TABLE IV.+ AERODYNAMIC CHARACTERISTICS OF WING~OFF CONFIGURATIONS
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TABLE IV.~ AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS
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TABLE IV.~ AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS
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AT B = 5°

TABLE V.- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS
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TABLE V.- AERODYNAMTC CHARACTERISTICS OF WING~OFF CONFIGURATIONS
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TABLE V.- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS
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