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DIRECTIONAL CHARACTERISTICS OF A
TRIANGULAR WING AND CANARD

By Victor L. Peterson and Gene P. Menees
SUMMARY

Results of an investigation of the static lateral-directional
stability characteristics of a canard airplane configuration are presented
without analysis for the Mach number range of 0.70 to 2.22. The configu-
ration consisted of a triangular wing and triangular canard both having
an aspect ratio of 2.0, a low aspect ratio vertical tail, and a fineness
ratio 12.5 Sears-Haack body. The hinge line of the canard was in the
extended wing chord plane, 1.21 wing mean aerodynamic chords ahead of the
reference center of moments. The ratio of the area of the exposed canard
panels to the total area of the wing was 6.9 percent. Data are presented
for various combinations of the canard, body, wing, and vertical tail.
These data were obtained at angles of attack from -6° to +18° at 0° and $57
sideslip angles and at angles of attack of approximately 0% and +10° at
sideslip angles from -8° to +10°. The canard was set at angles from g~

to +20°,
TINTRODUCTION

The possible gains that can be realized at supersonic speeds by the
use of canards rather than tail aft controls include reduced trim drag
and increased maneuverability. Because of the increased interest in these
arrangements, an extensive research program aimed at determining the static
longitudinal, lateral, and directional characteristics of a number of
canard configurations has been undertaken at the NACA Laboratories. This
report is one of a series pertaining to the program and presents without
analysis the static lateral-directional stability characteristics from the
Ames Laboratory for one complete configuration and its component parts.
The configuration consisted of a triangular wing and triangular canard
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both having an aspect ratio of 2.0, a Sears-Haack body of fineness
ratio 12.5, and a low aspect ratio vertical tail. The results for this
same configuration showing the longitudinal stability and control char-
acteristics have been presented in reference 1. Other phases of tke
Ames investigation are reported in references 2 through L.

NOTATTON

b wing span, ft

mean aerodynamic chord of wing, ft

ol

Cp drag coefficient, e
as

Cr, 1lift coefficient, llgt
Q

pitching moment
gSc
jection of the 0.21¢ point on the fuselage reference line

Cn pitching-moment coefficient, , referred to the pro-

rolling moment

Cy rolling-moment coefficient,

gSb

Cn yawing-moment coefficient, yawing moment
asSb

Cy side-force coefficient, EEQEEEEEES

ACy

amatl difference between rolling moment at 5° sideslip and o2 sideslip
P divided by 5°, per deg

difference between yawing moment at 5° sideslip and 0° sideslip
B divided by 5°, per deg

——= ' difference between side force at 50 sideslip and o° sideslip divided
B by 5°, per deg
M free-stream Mach number

a free-stream dynamic pressure, 1lb/sq ft
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S wing area formed by extending the leading and trailing edges to the
plane of symmetry, sq ft

o7 angle of attack of wing root chord, deg

B sideslip angle measured between relative wind and vertical plane of

symmetry, deg

o) angle of deflection of the canard with respect to the extended wing
chord plane, positive when trailing edge is down, deg

Configurations are denoted by the following letters used in combina-

tion:

B body

C canard

Ve vertical tail
W wing

APPARATUS AND MODEL

Test Facility

The experimental data were obtained in the Ames 6- by 6-foot super-
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 floor and ceiling and adding a
boundary-layer removal system to enable uniform flow to be maintained at
transonic and low supersonic speeds. At the same time injector flaps
were installed downstream of the test section to extend the upper Mach
number limit by reducing the required compression ratio across the nozzle
and by better matching the weight flow characteristics of the nozzle with
those of the compressor.

Analysis of the results of an extensive survey of the modified wind-

tunnel characteristics, although incomplete, is sufficiently complete to
establish the validity of the results of the present investigation.

Description of Model and Balance

The sting-mounted model (fig. 1(a)) consisted of an aspect ratio 2.0
triangular wing, an aspect ratio 2.0 movable triangular canard, and a low
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aspect ratio vertical tail all mounted on a fineness ratio 12.5 Sears-
Haack body. A dimensional sketch of the model is shown in figure 1(Db).
The wing and vertical tail had NACA 0003-63 sections streamwise and the
constant thickness canard, detailed in figure 1(c), had beveled leading
and trailing edges. The canard, which was pivoted about the 0.35 canard
mean aerodynamic chord, was mounted in the extended wing chord plane

1.21 wing mean aerodynamic chords ahead of the reference center of moments
(0.218). The ratio of the area of the exposed canard panels to the total
area of the wing was 6.9 percent and the ratio of the total areas was
12.9 percent. The wing, canard, and vertical tail were of solid steel
construction to minimize aeroelastic effects. The surfaces were polished
to give a smooth surface and further treated to prevent corrosion.

The fuselage was cut off as shown in figure 1(b) to accommodate the
sting and the six-component strain-gage balance which measured forces
and moments on the entire configuration. The canard, wing, and vertical
tail were removable, enabling data to be taken which would permit an eval-
ustion of the contribution of each of the component parts of the model
and the interference between parts.

TEST AND PROCEDURES

Range of Test Variables

For convenience, table I is presented showing the complete range of
variables for each of the configurations tested. Data were taken at Mach
numbers of 0.70, 0.90, 1.00, 1.10, 1.30, 1.70, and 2.22 both through an
angle-of-attack range with sideslip angle constant and through an angle-
of-gideslip range with angle of attack constant. The test Reynolds number
based on the wing mean aerodynamic chord was 1.84 million at Mach numbers
of 1.00 and 1.10 and 3.68 million at all other Mach numbers. The smaller
Reynolds number at transonic speeds 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
1ift. At lifting conditions the transition points on the wing, canard,
and vertical tail usually move forward, thus causing a change in friction
drag with changing 1ift 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 wing and 0.005-inch-diameter wires were
affixed to the canard and vertical tail in the locations shown in fig-
ure 1(b). When the model was tested with the canard off, a 0.010-inch-
diameter wire was located on the body L, inches from the nose. The wire
sizes were selected on the basis of the results of reference 5. Although
there 1s no conclusive evidence as to the magnitude of the form
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drag-coefficient 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 with transition el stedl

Reduction of Data

The data presented herein have been reduced to standard NACA coeffi-
cient form. The rolling-moment, side-force, yawing-moment, and pitching-
moment coefficients were computed about the body axes and the 1ift and
drag coefficients were referred to the wind axes. The yawing-moment and
pitching-moment coefficients were referred to the 0.21 point of the wing
mean aerodynamic chord. This location was chosen sO that the minimum
longitudinal static margin in the range of trim lift coefficients between O
and 0.6 throughout the Mach number range investigated was 0.03¢. Factors
which affect the accuracy of the results are discussed in the following
paragraphs. :

Stream variations.- Surveys of the stream characteristics of Ghe

Ames 6- by 6-foot supersonic wind tunnel showed that, in the region of

the test section, essentially no stream curvature existed along the tun-
nel center line in the vertical plane (pitch plane of the model) and that
the axial static-pressure variations were usually less than *1 percent of
the dynamic pressure. This static-pressure variation resulted in negli-
gible longitudinal-buoyancy corrections to the drag of this model. On
the basis of these findings no corrections for stream curvature or static-
pressure variation were made in the present investigation.

The results of these surveys also showed that a stream angle existed
along the tunnel center line in the vertical plane. Similar results show-
ing a stream angle of less than i0.3° 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 available either from stream surveys or model tests to determine
the lateral deviations of the stream; however, in view of the small devia-
tions from a uniform stream measured in the vertical plane, they also are
believed to be small. Therefore, the data at 0° sideslip which were
obtained with the model mounted in the horizontal position were corrected
only for the stream angles in the pitch plane. Since the data of primary
interest at these conditions, and particularly the drag, are sensitive to
stream angle changes in the pitch plane, it was considered necessary to
make these corrections. On the other hand, the 1lift, drag, and pitching-
moment characteristics do not vary appreciably with small sideslip angles
so that these coefficients would be only slightly affected if small
sideslip angles did exist.

The data at a constant sideslip angle of 50 were obtained by mounting
the model in a horizontal position on a sting bent off the tunnel center
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line and again pitching in the vertical plane. The testing at variable
sideslip angles where angle of attack was held constant was achieved by
mounting the model in a wing vertical position on 0° and 10° bent stings,
respectively. With the model mounted in these attitudes to obtain
lateral-directional data, results were not available which would permit
stream angle corrections in either the pitch or yaw planes to be applied
to these data. However, the lateral-directional characteristics, which
are of primary interest at these test conditions, would not be appreciably
affected by the existence of small stream angles in either the pitch or
yaw planes.

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. The drag data pre-
sented herein contain no base drag component since the base pressure 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.

Tunnel-wall 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 from the wind-tumnel calibration indi-
cate that reliable data can be obtained throughout the Mach number range
if certain restrictions are imposed on the model size and attitude. The
configuration and methods of testing used in the present investigation
conform to these restrictions so that the data at transonic and low super-
sonic speeds are reasonably free of interference effects. Thus, no
corrections for wall interference have been made.

RESULTS

The results are presented in this report without analysis in order
to expedite publication. All of the experimental results are tabulated
in tables IT through V. An index for these tabulated results is pre-
sented in table I. Certain of the data are plotted in figures 2
through 8 both at constant angles of sideslip and constant angles of
attack.

The effect of configuration changes on the rolling~moment, side-force,
and yawing-moment coefficients is shown in figure 2 at constant sideslip
angles and in figures 3 and 4 at constant angles of attack. The effect
of canard deflections on the lateral-directional characteristics is
shown in figure 5 at constant sideslip angles and in figures 6 and T at
constant angles of attack. A comparison of the lateral~directional data
taken at constant sideslip angles and at constant angles of attack shows
reasonably good agreement with a few exceptions. These exceptions can,
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in general, be broken into several groups; one wherein separated flow
might exist on the model and, therefore, the results could critically
depend on the manner in which the attitude of the model was approached
(e.g., see the rolling-moment results of figures 2(a) and 2(b) at

@ = 10.5°). Second, in certain model attitudes off the tunnel center
line, for example @ = 59, reflected waves from the tunnel side walls
could strike the vertical tail at Mach numbers of 1.3 and below and
cause discrepancies between the two sets of data. (see the results of

figure 5(d).)

As noted previously the manner in which the two sets of data were
taken positioned the model in different parts of the wind tunnel. Some
of the small differences in the data might be attributable to the differ-
ences in the type of flow that exists in the various parts of the tunnel.
No corrections were applied to the data off the tunnel center line to
take into account stream irregularities.

The basic stability parameters, AC3/B, ACy/B, and ACy/B are summa-
rized in figure 8 as a function of Mach number at several angles of attack.
These results were obtained from the results taken at constant sideslip
angles in order to obtain values for an angle of attack of 55 p

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Deec. 18, 195
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TABLE I.- RANGE OF TEST VARIABLES FOR CONFIGURATIONS TESTED

. : (o 3, B Tabulated data
Configuration deé deg deé table no. 3
BVWC -6 to +18]0, 9.7, 195 0 II(a)
BVW II(D)
BVC 0, 9.7, 199 II(c)
BV 11(4)
BVWC -6 to +18{0, 9.5, 19.7 5 III(a)
BVW III(Db)
BWC 68, 9.7, 194 III(c)
BW TIE(4)
BVC 0,.957, 108 III(e)
BC 6, 10.0, 1688 III(f)
BV I1I(g)
B -8 to +10 IIT(h)
BVWC 0 0, 9.7, 9.8 610 IV (a)
BVW IV(Db)
BWC 0y 9.7, 1934 Iv(e)
BW 1v(d)
BVC 0, 9. T 1907 IV(e)
BC @, 9T, TG IV(f)
BV v (g)
BVWC 10.5 [05/ 9.7, 19.7}8 Fc 410 V(a)
BVW V(D)
BWC o S Ly s (0 v(e)
BW v(a)
BVC 0.2, |9, 9. 1958 v(e)
BC 5 V(£)
BV V(g)
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TABLE II.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT 0° SIDESLIP
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TABLE IT.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT

0° SIDESLIP - Continued

(a) BVWC - Concluded
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TABLE III.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT
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TABLE IV.- AFRODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT O° ANGLE

OF ATTACK - Continued
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TABLE IV.- AFRODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT 0° ANGLE

OF ATTACK - Continued
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TABLE IV.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT O° ANGLE

OF ATTACK - Continued
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TABLE IV.- AFERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT 0O° ANGLE
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TABLE V.- AFRODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT APPROXIMATELY

10° ANGLE OF ATTACK - Continued
(b) BVW; a = 10.5°
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TABLE V.- AFRODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT APPROXIMATELY
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TABLE V.- AERODYNAMIC CHARACTERISTICS OF CONFIGURATIONS AT APPROXTMATELY

10° ANGLE OF ATTACK - Continued
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(a) Photograph of model.

Figure 1l.- Model details and dimensions.
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(b) Dimensional sketch of complete model.

Figure 1l.- Continued.
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Figure 2.- The effect of configuration changes on the lateral-directional
stability characteristics as a function of angle of attack at constant
sideslip angles.
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Figure 2.- Continued.
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Figure 3.- The effect of configuration changes on the lateral-directional
stability characteristics as a function of angle of sideslip at a con-
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