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By M. Leroy Spearman and Cornelius Driver
SUMMARY

An investigation has been conducted in the Langley 4- by 4-foot
supersonic pressure tunnel to determine the stabllity and control charac-
teristics of two canard alrplane configurations equipped with various
sizes of canard control surfaces. Two wings of equal area but differing
in plan form were investigated. One wing had a trapezoldal plan form
with an unswept 80-percent-chord line, an aspect ratio of 3, and a taper
ratio of 0.143; the other wing had a 60° delta plan form with an aspect
ratio of 2.31. The trapezoidal canard surfaces investigated had ratios
of exposed area to total wing area of 0.051, 0.062, 0.082, and 0.096.
The model was equipped with a low-aspect-ratio vertical tail and twin

ventral fins.

In general, the experimentally determined variations of control
effectiveness Cpy and longitudinal stability BCm{BCL with canard

surface area were in good agreement with estimated variations.

The maximum trimmed 1lift-drag ratio increased with increasing
canard size for a constant center-of-gravity position because of a
decrease in stability. For a constant static margin, however, the
maximum 1ift-drag ratio was only slightly less with the smallest
canard than with the largest.

The effects of canard size on the sideslip derivatives were rela-
tively small; however, varlations in the center-of-gravity position that
are effective in altering the longltudinal trim characteristics may be
limited by the directional-stability requirements.
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INTRODUCTION

In view of the supersonic performance galns that might be realized
from the relatively high values of lift-drag ratio obtainable with canard
configurations, a research program was initiated at the Langley 4- by
4_foot supersonic pressure tunnel to determine the aerodynamic charac-

! teristics of a generalized canard airplane configuration at supersonic
speeds. Two configurations differing only in wing plan form were investi-
gated. One wing had a trapezoidal plan form with an unswept 80-percent-

\ chord line, an aspect ratio of 3, and a taper ratio of 0.143. The other
wing had a 60° delta plan form with an aspect ratio of 2.31. Each configu-
ration had a trapezoidal canard surface and was equipped with a low-aspect-

\ ratio swept vertical tail and twin ventral fins. The results of an inves-
tigation of longitudinal and lateral stability and control are presented

‘ in reference 1 for the configurations at Mach numbers of 1.41 and 2.01.

In order to determine the effects of canard surface size on the
aerodynamic characteristics of the configurations, the investigation has
\ been extended to include canard surfaces having ratios of exposed area to
total wing area of 0.051, 0.062, 0.082, and 0.096, and the results are
presented herein.

SYMBOLS

\ The results are presented as force and moment coefficients with 1ift,
drag, and pitching moment referred to the stability-axis system and rolling
moment, yawing moment, and side force referred to the body-axis system
‘ (fig. 1). The reference center of moments (center of gravity) was at body
station 25 (£ig. &)

\ A4k ¥,
Cr, 1ift coefficient, ——
| aSy,
| : Fp'
\ Cp drag coefficlent, agg
| :
Cm piltching-moment coefficient, 53;3;
\ C rolling-moment coefficient -jﬁg-
l ) qswb
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Cp yawing-moment coefficient, e
Cy slde-foree.coefficlent, EI—
aSw
f B, 1 1ft Toree
= L5 drag force
My moment about Y-axis
f My moment about X-axis
My, moment about Z-axis
Fy gide force .
q free-stream dynamic pressure
Sy wing area including fuselage intercept
Se exposed area of canard |
- b wing span
Cy wing mean geometric chord
M free-stream Mach number
a angle of attack, deg
B angle of sideslip, deg
(o angle of canard deflection, deg
A sweep angle, deg
t section thickness
s la length between canard hinge line and center of gravity
. 576 distance along X-axis
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oC
CnB directional-stabllity parameter, ETE per degree
B
3c,
CZB effective-dihedral parameter, SE_ per degree
3Cy
CYB side-force parameter, 55— per degree
oCy
oo longitudinal-stability parameter
L
Cms rate of change of pltching-moment coefficient wilth canard deflec-
oC
tion for a constant angle of attack, Sgg per degree
c
Scle
= canard volume coefficient
Suly
L/D lift-drag ratio, Cr[Cp
Subscript:
S denotes stabllity-axls system

MODELS AND APPARATUS

Detalls of the model components are shown in figures 2 and 3, and
the geometrilc characteristics are presented in table I.

The body of the model was composed of a parabolic nose followed by
the frustum of a cone which was falred into a cylinder. The body fine-
ness ratio was 10.57. Coordinates of the body are given 1n table II.

The delta and trapezoidal wings had equal areas. The ratios of exposed
canard area to total wing area were 0.051, 0.062, 0.082, and 0.096. All
canard surfaces were located with thelr hinge lines at body station 9.125,
with the exception of one arrangement wherein the canard surface

(Sc/sw = 0.062) was located with 1ts hinge line at body station 2.340.

The canard in the forward position was identical in plan form to the
canerd in the normal position but differed in that the sectlon was a
flat plate with a thickness of 0.0625 inch, and the deflection angle
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was fixed at 0°9. All canard surfaces except the one in the forward posi-
tion were motor driven, and the deflectlons were set by remote control.
Force and moment measurements were made through the use of a six-

component internal straln-gage balance. The model was mounted in the
tunnel on a remote-controlled rotary sting.

TESTS, CORRECTIONS, AND ACCURACY

The test conditions are as follows:

M=1.41 M =2.01

Stagnation temperature, F L G e e B 100 100

Stagnation pressure, lb/sq B b il . AT 1,440 1,440
Reynolds number based on ¢, of

B . . . ... .o oS e iaihE 200
Reynolds number based on cw of

B voldnl g i s . s ve v s e MORE 106 2 10 % 100

The stagnation dewpoint was maintained sufficiently low (-25° F or
less) so that no condensation effects were encountered in the test section.

The angle of incidence was corrected for the deflection of the bal-
ance and sting under load. The base pressure was measured, and the chord
force was adjusted to a base pressure equal to free-stream static pressure.

The estimated maximum variations in the individual measured quantities
are as follows:

T e e b b w e e e ey e e aor Bl oL CHES R 00
B T i T Ul e e el v s we are ity SHBREE, B0 LIS L0 001
e o 2% 3 e s e e e s e b RN G SEETEEE L SRONOO0L
Gk i S I i e e e 8 A
T R R PR T o e e (e
B - ol e s e ST ST RSO
Ty, G 6 ok CUICEE e SR AR E ELCRERT S O O o 5 GRS G o o 0.2
S e S A N S I SRR TR S < R e 0.2
S R R R PR S Ll e TR +0.1

R I oole o ot Teihe e el dw s e b welime s TR ECRECH oo ECt S CRENS R UENES +0.01
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RESULTS AND DISCUSSION

Longitudinal Characterlstics

The effects of canard size on the aerodynamic characteristics in
pitch for the delta-wing and trapezoidal-wing configurations are shown
in figures 4 and 5, respectively. The variations of pitching moment with
11ft for the configurations with the canard off are generally linear and
indicate no unusual characteristics. With the addition of the canard
surface and with increasing canard size, of course, the longitudinal sta-
bility decreases and a gradual tendency toward reduced stability at high
1ifts is apparent. This tendency toward reduced stability could result
in pitch-up for lower static margins.

The addition of the canard surface generally results in an increase
in lift-curve slope, an increase in minimum drag, and a decrease in the
drag due to 1lift. These characteristics are generally accentuated as
the canard surface size 1s 1ncreased.

The longitudinal-control data for the various conflgurations-are

presented in figures 6 to 9. Deflection of the canard controls provides ‘
essentially constant increments of pitching moment throughout the 1ift

range that increase as the canard size 1s increased. Contrary to the ‘
usual loss of 1ift associlated with the deflection of rearward controls,

deflection of the canard control generally has little effect on the 1ift

at a constant value of o and in some cases even provides a measurable

increase in 1ift. (See fig. 9(c), for example.) = \

The effect of the longitudinal position of the canard was determined
for one configuration with &¢ = 0° (delta wing, S¢[Sy = 0.062) at .
M = 2.01 Dby relocating the canard surface until the root leading edge ‘
was colncident with the forebody apex. The results (fig. 10) indicate
that moving the canard surface forward causes a slight reduction in
longitudinal stebility and an increase in the pitch-up tendency. The
configuration with the forward canard surface also indlcates a slight
increase in 1ift-curve slope and a decrease 1in drag at high 11ft. This
increase in 1ift and decrease in drag maey result from a change in the
wake effects of the canard flow field on the wing; however, the forward
canard surface differed in section and thickness from the canard surface
used in the normal position, and those differences may also contribute
to the small changes in 1ift and drag.

The effects of canard size on the trimmed longitudinal character-
istics for a constant center-of-gravity position (figs. 11 and 12) indi- »
cate that as the canard area 1s increased the variation of trim Cp,

with ®. 1ncreases markedly. This increase would be reflected in higher
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maneuverability and in increased altitude capability. Increasing the
canard size generally indicates a slight increase in the trim lift-curve
slope and an increase in maximum L/D. These results should be expected,
however, since for a constant center-of-gravity position the static mar-
gin decreases with increase in canard area. :

The effect of canard size on the trimmed longitudinal characteristics
with a constant static margin for the delta-wing configuration at M = 2.0l
is shown in figure 13. For this example, the center of gravity for the
configuration with the smaller canard was shifted rearward approximately
10 percent so that the static margin was the same as for the configuration
with the larger canard. With this more rearward center-of-gravity posi-
tion, the configuration with the smaller canard indicates a considerable
increase in the variation of trim C; with B, (refer also to fig. 11(p))

while the maximum value of L/D 1s only slightly less than for the con-
figuration having the larger canard.

A summary of the variations of OCp[dC, and Cpy Wwith canard volume
coefficient Splo/SyCy 1s presented in figure 14. The estimated varia-

tions were obtalned by the method of reference 2 but do not include 1inter-
ference effects between the canard surfaces and the wings. In general,
the experimentally determined variastions of CmB and BCm/BCL with

canard surface area are in good agreement with the estimated variations.

The effect of changing the canard volume coefficient by varying the
canard longitudinal position 1, for the delta-wing configuration with

one of the canard surfaces (SC/Sw = 0.062) at %, = 0° 1s shown in fig-
ure 14(b). The results indicate only a small variation in BCm/BCL with

canard volume coefficient. This result might be expected since the carry-
over 1lift effects of the canard surface on the body would become smaller
as the canard surface is moved to the forward position.

Some additional variations of BCmIBCL with canard volume coeffi-
clent are included in figure 14 wherein 1, 1is changed by means of

varying the center-of-gravity position for a given canard area and posi-
tion. This method of varying the stabllity level is considerably more
effective than elther varying the canard area or the canard position
because varying the center-of-gravity position serves a twofold pur-
pose in changing the stability level; that is, as the center of gravity
is moved rearward, the stabllizing influence of the wing 1s reduced,
whereas the destabilizing influence of the canard 1s increased.
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Lateral Characteristics

It should be kept in mind that changes in the size of- the canard
surface or in the center-of-gravity position may affect the directional-
stability characterlistics; hence any configuration that appears desirable
from a longitudinal-control standpoint should also be examined from a
directional-stabllity standpoint.

The effects of canard size on the sideslip characteristics for
8 =0 at M=2.01 (fig. 15) are relatively small for both configu-

rations; hence, the improvements in the longitudinal characteristics
provided by the larger canard surfaces are obtained at no expense to the
lateral and directional characteristics. The effects of the center-of-
gravity position on CnB’ on the other hand, become quite large, as

indicated in figure 16 for the delta-wing configuration with the larger
canard surface at M = 2.0L. (A similar effect would be indicated for
the other canard surfaces.) The change in Cng with o for a shift

of tO.le in the center-of-gravity position is shown since this is

approximately the shift that would be required to provide equal statlc
margins for the configuration with the smellest and the largest canard
surfaces. (See fig. 14(b).) In order for the configuration with the
small cansrd surface to have the same static margin as the configuration
with the large canard surface, therefore, it would be necessary to shift
the center-of-gravity position rearward 10 percent (4Ax/Cy = -0.1) with a
resultant loss in directional stability. Accordingly, in order for the
configuration with the large canard surface to have the same static mar-
gin as the configuration with the small canard surface, 1t would be nec-
essary to shift the center-of-gravity position forward 10 percent

(Ax/By = 0.1) with a resultant increase in directional stability.

Whereas variations in the center-of-gravity position provide an
effective means of altering the longitudinal trim characteristics, these
variations may be limited by other factors such as directional stabillty.

SUMMARY OF RESULTS

An investigation has been made in the Langley 4- vy 4-foot super-
sonic pressure tunnel at Mach numbers of 1.41 and 2.01 to determine the
effects of canard surface size on the aerodynamic characteristics of a
generallized canard alrplane configuration equipped either with a delta-
plan-form wing or with a trapezoidal-plan-form wing. The results of the
investigation indicated the following:
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1. In general, the experimentally determined variations of control
effectiveness CmB and longlitudinal stability BCm/BCL with canard sur-

face area were in good agreement with estimated variations.

( 2. For a constant center-of-gravity position, the maximum trimmed

J 1lift-drag ratio increased with increasing canard size because of

. decreased stability. For a constant static margin, however, the maxi-

} mum lift-drag ratio was only slightly less with the smallest canard than
( with the largest canard.

5. The effects of canard size on the sideslip derivatives were rela-
tively small. However, variations in the center-of-gravity position that
are effective in altering the longitudinal trim characteristics may be
limited by the directional-stability requirements.

Langley Aeronautical Laboratory,
‘ National Advisory Committee for Aeronautics,
J Langley Fleld, Va., December 9, 1957.
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL

Body:
Maximum dismeter, in. . . « « « ¢ ¢ o . . .. 5 e 250
Length, In. « ¢ « « ¢ o o ¢ o o s ¢ ¢ o ¢ o & . . 3T.00
Bage area, SQ in. « o ¢« o ¢ ¢ o 0 ¢ 0 0 s . e : A 9.582
Fineness ratlo . ¢ ¢« « ¢ o o o o ¢ ¢ ¢ o o o o one 10Z 57,

Trapezolidal Wing:
Span, In. . ¢« « ¢ & . . o o e e e . 252
Chord at body-wing intersection, in. 5550 S5 G O 135.25
Area, 89 £6 .. © < . . S S SR G . o o 15255
Agpect . o teh S e L e, o Tergel W Ee )
Maper i PaLLON < el fol o el et rel ool epalie oo o, . 0.143
Thickieae -Patlo « « o .« =+ o » ¢ = & o 56 0.0k
Mean geometric chord, in. . + « « « « « « . . BRI 10.184
Sweep angle of leading edge . . « « « « « . . P e 380 40!
Sweep angle of 80-percent-chord line, deg . 5 C Sl 0
Sweep angle of trailing edge . . . . . . . . o e o X qa Ol
Leading-edge half-angle, normal to L.E., deg . . . . )
Trailing-edge half-angle, normal to T.E., deg 5 O O )

Delta Wing:
e hoyois o e N S RS S R R 22.56
Chord at body-wing intersection, in. . . . . o s 165!
Mean geometric chord, in. . . . « . + . « .« . S oG o 13.027
Area, 59 ££ . ¢ ¢ ¢ ¢ o o 0 0 0 e e 0 00 e . 5 1555
Aspect Tatlo v i . . el o 0 e 6 s o e o8 s e . . el
Taper ratlol s s fpie sl o tet o siid s T el e e e . 500 0
Thickness ratio . . . . . e . el e 0.03%6
Sweep angle of leading edge, deg L PR 60
Leading-edge half-angle, normal to L. E., deg 5 5 G O 5
Tralling-edge half-angle, normal to T.E., deg S oo . 5

Vertical Tail:
Area, exposed, sq ft . . . . . o o o ... Goa 9o 0.279
Span, exposed, In. . ¢« ¢ ¢ ¢+ s 4 4 s 0 o0 o. e A 4.25
Aspect ratio . . . . . Al e 0.439
Sweep of leading edge, deg A S s e kel e 80
Section . . . . Ao - Fu, Mol 3/16 in. wedge slab
Leading-edge half angle normal to L.E., deg 400 0o O 5

Ventral Fins:
Area, each fin, sq ft . . . . . « « « « . . . . . . 0.13
Span, exposed, In. . . . . ¢ ¢ o o 0 0 . 5 6o . 2529
Aspect ratio . . . . 6° 5ok B0 G0 . . Bledrat
Sweep leading edge, deg R P = e 60
Sweep trailing edge, deg . . . 5 0 O ol o, =T3S
Leading-edge half-angle, normal to L E , deg & o o 5
Traeiling-edge half-angle, normal to T. E., deg . 5
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TABLE II.- BODY COORDINATES

Body station Radius
0 0
290 .076
6oy .156
.956 235
1:.085 307
1,615 378
1.945 L445
2.275 .509
2.605 575
2.9%6 627
3267 682
3.598 .732
3.929 780
4 .260 . 824
4 .592 .865
4 .923 .903
5255 .940
5.587 .968
5.920 .996
6.252 1.020
6.583 1.042 | Conical
18.648 1.75 section
37.000 1.75

11




12

Relative wind

B

Mxs

NACA RM L57L17a

(a) Stability axis.

Figure 1l.- Axes systems.

(Arrows indicate positive directions.)
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(b) Body axis.

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

Figure 2.- Details of generalized canard airplane model.
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Figure 2.- Continued.
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control surfaces.

Figure 2.- Concluded.
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Figure 6.- Continued.
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Figure T.- The aerodynamic characteristics in pitch of the configura-
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(b) Concluded.

Figure 7.~ Continued.
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Figure 9.- The aerodynamic characteristics in pitch of the configura-
tion with the trapezoidal wing. M = 2.0l.
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Figure 10
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.- Effect of canard moment arm on aerodynamic characteristics
in pitch. Delta wing; So/Sy = 0.062; M = 2.01.
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Figure 1l4.- Variation of longitudinal stability and control parameters with canard volume

coefficient. CL =~ 0.
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Figure 15.- Effect of canard size on sideslip characteristics.
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Figure 15.- Concluded.
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Figure 16.- Effect of center-of-gravity position on directional stability characteristics.
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