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By Cornelius Driver
SUMMARY

An investigation has been conducted in the Langley 4~ by 4-foot
supersonic pressure tunnel to determine the aerodynamic characteristics
in pitch and sideslip of a canard airplane model at Mach numbers of T3
and 2.01. The body of the model had a fineness ratio of 10.57 and was
equipped with a trapezoidal canard surface with an area 12 percent of
the wing area. Two wings of equal area but differing in plan form were
investigated. One 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
had a 60° delta plan form with an aspect ratio of 2.31. The model was
equipped with a low-aspect-ratio vertical tail and twin ventral fins.

The canards were highly effective in producing pitching moments
which resulted in large increments of trim 1ift coefficient with small
control deflections and no decrease in lift-curve slope, so that rela-
tively high values of trim 1ift coefficient and trim lift-drag ratios
were obtained. The delta-wing configuration had a maximum trimmed 1ift-
drag ratio of 4.8 at a Mach number of 1.41 and 5.0 at a Mach number
of 2.01l. Both the presence of the canard and deflections of the canard
caused a reduction in the directional stability, particularly at high
angles of attack. However, the delta-wing configuration maintained direc-
tional stability up to angles of attack of 12.50 at a Mach number of 2.0l.
The effective dihedral was positive throughout the angle-of-attack and
Mach number ranges investigated. Canard deflection caused a substantial
increase in the positive effective dihedral.
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INTRODUCTION

Conventional aircraft in advancing from subsonic to supersonic
flight generally experience an increase in longitudinal stability. This
increase in longitudinal stability results from a rearward shift in the
wing center of pressure as well as from wing-lift carryover to the fuse-
lage afterbody and the loss of wing downwash at the horizontal tail.
Because of the increased longitudinal stability at supersonic speeds
large deflections of the horizontal tail are required for trimming, with
an attendant loss in 1lift, increase in drag, and decrease in maneuvering
capability.

One approach for alleviating the stability increase is through the
use of a delta-wing tailless configuration whereby the center-of-pressure
shift is minimized and the downwash changes at the tail and the wing-1ift
carryover effects are eliminated. However, for the tailless configura-
tion the deflection of a trailing-edge flap for control results in a
decrease in total 1lift as well as an increase in drag. These conditions
are generally further aggravated by the large deflection angles required
because of the inherently short moment arms for such controls. 1In
addition, little excess control deflection may be available to provide
for maneuvering.

logically, another approach to consider would be the use of a canard
arrangement which removes the control from the region of wing downwash
and minimizes the wing-1ift carryover effects by virtue of the short
fuselage afterbodies usually employed. The control effectiveness of the
canard would be maintained as high as possible through the use of a long
moment arm with only small deflections and 1lifts required so that the
wake effects and drag from the canard would be minimized. The use of
a long moment arm is compatible with the need for high-fineness-ratio
bodies at supersonic speeds but may be restricted by the nonlinear
moment characteristics of long bodies. The adverse effects of the long
body on the directional characteristics of the canard configuration would
be as severe as for conventional configurations. In addition, the wake
effects from the forward surface may further affect the directional
characteristics.

In the past, the canard configurations have encountered serious
subsonic problems. These problems have been primarily that of providing
longitudinal trim at maximum 1ift (ref. 1), adverse directional effects
at high 1lifts (ref. 2), and limited center-of-gravity travel (ref. 3).

It would be expected that some of these subsonic problems may still be
present, but the performance and trim-1ift benefits possible at super-
sonic speeds prompts renewed effort in solving these subsonic difficulties.
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In view of the supersonic performance gains to be expected from
canard configurations, a research program has been initiated at the
langley 4- by 4-foot supersonic pressure tunnel to determine the aero-
dynamic characteristics of a generalized canard airplane configuration
at supersonic speeds. Although provisions were made for testing the
complete model and various combinations of its component parts, only data
for the complete model and canard-off configurations are presented in
the present report.

This paper presents the static longitudinal and lateral stability
and control results obtained at Mach numbers of 1.41 and 2.01 for two
complete model configurations. The two configurations differed only in
wing plan form. 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.
The two wings had equal areas. A trapezoidal canard surface having a
total area 12 percent of the wing area was used for both configurations.
The configurations were equipped with a low-aspect-ratio swept vertical
tail and twin ventral fins. The models were tested at angles of attack
to about 25° with canard deflections of 0°, 5°, 10°, and 15°. Sideslip
tests were made to angles of sideslip of about 24° at angles of attack
from 0° to 240 and with canard deflections of 0° and 15°.

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 was at body
station 25 which corresponds to a location 17.8 percent ¢C ahead of the
leading edge of the wing mean geometric chord for the trapezoidal wing
and to a point 7.75 percent ¢ behind the leading edge of the wing mean
geometric chord for the delta wing.

; i Fr, -
CL 1ift coeffieient, ag
Cﬂ approximate drag coefficient equal to Cp at zero sideslip,
1
D
aS
e 5 Mys
Cn pitching-moment coefficient, agg
QUL Vig: M
0 rolling-moment coefficient, X,

l gSb
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awing-moment coefficient —
Vi ng ) 350

F

side-force coefficient, a%

1ift force
drag force
moment about Y-axis

moment about X-axis

moment about Z-axis
side force

free-stream dynamic pressure

wing area including fuselage intercept

span

wing mean geometric chord (M.G.C.)

altitude, ft

free-stream Mach number

angle of attack of fuselage reference line, deg
angle of sideslip of fuselage reference line, deg

deflection angle of canard with respect to fuselage reference
line, positive when trailing edge is down, deg

oC
directional-stability parameter, SEQ
oC
effective-dihedral parameter, SE—
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3y
C side-force parameter, ——
YB i P 3] aB ,
Subscript:
s denotes stability-axis system -

MODELS AND APPARATUS

Details of the model are shown in figures 2 and 3 and the geometric
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 faired into a cylinder. The resultant
body fineness ratio was 10.57. Coordinates of the body are given in
table II. Details of the trapezoidal canard surface are also shown in
figure 2. The ratio of the total canard area to .total wing area was 0.115.
The canard surface was motor driven and deflections were set by remote
control. Details of the delta and trapezoidal wings are shown in fig-
ure 2(b). The wings had hexagonal sections and aspect ratios of 2.31
and 3.00, respectively.

Force measurements were made through the use of a six-component
internal strain-gage balance. The model was mounted in the tunnel on a

remote-controlled rotary sting. The sting-angle range was varied from Q%
to about 25° at various roll angles from 0° to 90°.

TESTS, CORRECTIONS, AND ACCURACY

The test conditions are summarized in the following table:

ST Pk M= 0001
Stagnation temperature, °F . Rl B S 100 100
Stagnation pressure, 1b/sq ft Gk e 1,440 1,440
Reynolds number based on ¢ of delta wing . . 3.24 x lO6 2.68 x lO6
Reynolds number based on ¢ of trapezoidal 6 6
wing L Al e e A R I s 2 Yo 2.10 x 10

The stagnation dewpoint was maintained sufficiently lOW’(-ESO i ‘or
less) so that no condensation effects were encountered in the test
section.
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The angles of attack and sideslip were corrected for the deflection
of the balance and sting under load. The Mach number variation in the -
test section was approximately 0.0l and the flow-angle variation in the
vertical and horizontal planes did not exceed about #0.1°. No corrections
were considered necessary to correct for these flow variations. The base
pressure was measured and the drag was adjusted to a base pressure equal
to free-stream static pressure.

The estimated repeatability of the individual measured quantities
are as follows:

CL, = = + & = + o e e o o s s o s o s s e e e e e e e e .. . 10.0003
Cp * = = * = = + o = « &+ o o s e 4 e st e e e e e e ... 30,001
Gl o v omis Men o o e Gt Wt s L gy e e S e o A sk B QB0
Bq % 5 ea SEESALT LRI s s e el s e o e s s e e +0.000k4
o O R P O S B AR A O B R SR A R o]
Cy + o ¢ o ¢ o v o e o o s e et et e e e e e e s e ... .. 10,0015
ohg elera s TaEs s A S s SR Gl G s G o s s a0 Gl o a6 G o s o )2
By GlEyZiis His 0 o6 oo 9 98 D 0 a5 0 05 5 5 0 8 O 0 alo Bg 0.2
Doy dEg e S8 LN Bo B85 5 S RTATERL Tal 0 o B er e e 2= 0} 1L

PRESENTATION OF RESULTS

' The basic results presenting the aerodynamic characteristics in
pitch are presented in figures 4 to 7. The basic lateral results are #
shown in figures 8 to 11.

A summary of the longitudinal trim characteristics are presented -
in figures 12, 13, and 14. The sideslip derivatives are summarized in
figure 15.

DISCUSSION

Longitudinal Characteristics

A significant characteristic of the canard configuration is the
fact that the canard control when deflected for trimming has essentially
no effect on the total 1ift (figs. 4 to 7). This is in contrast to con-
ventional tail-rearward configurations wherein the tail deflections A
required for trimming produce substantial reductions in 1lift. (See
refs. 4 and 5, for example.) Hence, when trimming with conventional
tail-rearward configurations, it is necessary to increase the angle of
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attack in order to maintain a constant 1lift whereas with the canard
configuration the deflection of the control for trimming requires essen-
tially no change in the angle of attack. The increase in angle of attack
required in trimming conventional configurations causes an added incre-
ment of drag that does not arise for the canard configuration.

The canard control offers other advantages in that small deflections
of the canard may be highly effective in providing moments which result
in higher trim 1ift coefficients because of the long moment arm available
and because the 1lift required to trim is positive. The advantages of
high trim 1ift coefficients at small control deflections and small angles
of attack are apparent in the trimmed lift-drag ratios wherein relatively
high values of L/D are obtained at low lift coefficients. The delta-
wing configuration, for example, had a maximum trimmed lift-drag ratio
of B8 et M E LB and 50 et M=2.61" (fig. 12). 1t is slgiticent
that the lift-drag ratios are high in the lower 1ift range since this is
the range of 1lift coefficient required for level flight at high altitudes
and supersonic speeds. For example if the delta-wing configuration had
a wing loading of 90 lb/sq ft at M = 2.01, then the maximum trim 1lift
coefficient available for a canard deflection of 15° would permit level
flight at 61,000 feet. (See fig. 14.)

It should be recognized that the absolute values of L/D would be
subject to detail model differences and would be lowered if air inlets
and a canopy were added to the model. However, the significant trim
advantages noted for the canard configurations in comparison with con-
ventional configurations should still be realized.

Compared on the basis of the same center of moments (body station 25),
the delta-wing configuration exhibited slightly better longitudinal trim
characteristics (fig. 12) since this arrangement had the lower static
margin. When the static margin for the trapezoidal wing is reduced to
that for the delta wing (22 percent &), the trapezoidal-wing configu-
ration could be trimmed to higher maximum values of L/D (Bt 13).
Since the pitching-moment results obtained for both configurations indi-
cate a reasonably linear variation with 1ift coefficient through a large
1lift range, it would be possible to reduce the static margin through a
rearward shift of the center of gravity so that additional increases in
trim lift-drag ratio and in trim lift coefficient might be obtained. For
example, for the delta-wing configuration at M = 2.01, it was found that
by decreasing the static margin from 22 percent to 15 percent of the mean
geometric chord the maximum trim lift-drag ratio was increased from 5.0
to 5.6 and the maximum trim 1ift coefficient from 0.237 to 0.385. How-
ever, the extent to which the center of gravity can be moved rearward to
further the supersonic performance gains depends upon the static margin
at subsonic speeds as well as the center-of-gravity location for which
neutral directional stability would occur.
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ILateral Characteristics

The directional stability characteristics of the canard configura-
tions (fig. 15) are similar to those for other current aircraft types
insofar as the reduction in CnB with increasing angle of attack is

concerned (ref. 6). This similarity might be expected because of the
short moment arm of the vertical tail. For both wing configurations,
either the presence of the canard surface or canard deflection caused a
reduction in the directional stability, particularly at the higher angles
of attack (figs. 8 to 11). Positive directional stability was maintained,
however, to o = 12.5° for the delta-wing configuration at M = 2.01
(fig. 15(b)). The directional stability characteristics at angle of
attack could be improved at these Mach numbers by the use of a higher-
aspect-ratio vertical tail or a ventral fin with more area rearward of
the center of gravity.

Positive effective dihedral (negative CZB) was indicated through-

out the angle-of-attack and Mach number ranges investigated (fig. 15).
The presence of the canards provided a negative CZB increment that was

evident up to a =~ 14° at M = 2.01. Above o =~ 14, the presence of
the canard (for the delta-wing configuration) indicated a positive incre-
ment of C, . Canard deflections caused a further increase in the posi-

tive effective dihedral (figs. 9 and 11).

The presence of the canard provided decreases in Cy ~at high

angles of attack (8° to 16°) that were generally consistent with the
decreases in Cp, .

CONCLUSIONS

An investigation has been made in the Langley 4- by 4-foot super-
sonic pressure tunnel at Mach numbers of 1.41 and 2.01 to determine the
longitudinal and lateral stability characteristics of a generalized
canard airplane configuration equipped either with a delta-plan-form
wing or with a trapezoidal-plan-form wing. The results of the investi-
gation indicate the following conclusions:

1. The canards were highly effective in producing pitching moments
which resulted in large increments of trim 1ift coefficient with small
control deflections and no decrease in lift-curve slope, so that rela-
tively high values of trim 1lift coefficient and trim lift-drag ratios
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were obtained. The delta-wing configuration had a maximum trimmed 1lift-
drag ratio of 4.8 at a Mach number of 1.41 and 5.0 at a Mach number
o 2201,

2. For each wing configuration, both the presence of the canard and
deflections of the canard caused a reduction in directional stability
CnB, particularly at high angles of attack. However, the delta-wing con-
figuration maintained directional stability up to angles of attack of
12.5° at a Mach number of 2.0Ll.

S Posibive efifiective’ dihedral (negative CZB) was indicated through-

out the anglé—of-attack and Mach number ranges investigated. Canard
deflection provided a substantial increase in the positive effective
dihedral.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., December 3, 1956.
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TABLE I.- GEOMETRIC CHARACTERISTICS

Body:
Meximmm diameter; “dme s Wlie e v e o leie
Iength, in. e I i ) e A e PR s

Base area, SqQ In. "¢ ¢ ¢ ¢ o o 6 o o e o
Fineness ratio TR T aalt R TS e

Trapezoidal wing:
Span, in. . SRR PR e S e
Chord at body—w1ng intersection, in. .
ABED SIS G PR ol s aille: s Tiag ehite s v der eaHekite
ASPECE TELLO ook for olel e s Su el e TaL eiiaiiie
MEPEnF TabH O L a, feh o, i il e iafh o Wi e deite s
L eRNESE RBHOY 1o i o) o 80 e el e e
Mean geometric chord, in. .« . . . « . &
Sweep angle of leading edge .+ « « « . .
Sweep angle of trailing edge . . . . . .
Ieading-edge half-angle, normal to L.E.,

Trailing-edge half-angle, normal to T.E.,
Delta wing:
Span, in. E o o LA e S P SR e B
Chord at body wing intersection, in. 5
Mean geometric chord, in. .« . « . « . .
/SN e [ ST R e T S S MRS A
IASPect Tablofe . vi o enis a ofis ol EEie
Thickness ratio . . . . : s e

Leading-edge half-angle, normal to L.E.,
Trailing-edge half-angle, normal to T.E.,

Canard:
Area (total to body center line), sq in.
Area, exposed (each canard), sq in. s
Span, exposed, in. e e AT e o R
Mean geometric chord, in. . . . . . .
Ratio of total canard area to total wing

Vertical tail:

Area, exposed, sq ft ST Ry O Bsaes S T
Span, exposed, in. Sl SV T, S
Aspect rabic o 5 siseie Yoo Teite el et

Sweep of leading edge, A, oilie ol ieients
Section . . . etk

Ieading-edge half angle, normal to L.E.,

Ventral fins:

Area, each fin, exposed, sq ft o To ToRes
Span, exposed, in. S U oy s vn B e ke
Aspect ratio e o Y IS e ke
Sweep of leading edge, deg et A

Sweep of trailing edge, deg . . . . .
leading-edge half-angle, normal to L.E.
Trailing-edge half-angle, normal to T. E.,

deg
deg

OF MODEL

3.50
37.00
9.582
10.57

2952
15.25
1.5

0.143
0.04

a7 10.184

= 38°L0!
o ~-11°-1:8?

3]16 in.

29.56
1651

§i 13.027

1.5
2ol
0.036

A 25.354

6.742
2505
3.33

0S5

0.279
k.25
0.439
TO0
slab

9.15
225
0271
60
=TT
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TABLE II.- COORDINATES OF BODY

Body station Radius

0 0

.297 .076

BT .156

.956 <255
1,285 307
1615 378
1.945 L5
0. 295 .509
2,605 L5735
2.936 .627
3,267 .682
3.598 5132
3.929 . 780
4,260 .824
4,592 .865
4. 923 .903
5.255 940
5= 587 .968
5.920 .996
6.252 1.020
6.583 Ld@}Cmuwl
18.648 1575 section
37.000 75

NACA RM 156119
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RELATIVE WIND

B MXs

15

(a) Stability axis.

Figure 1.- Axes systems.

(Arrows indicate positive directions.)
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ReLATIVE WIND

B ~Mx

RELATIVE WIND

- (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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3 Figure 2.~ Concluded.
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Figure 4.- The aerodynamic characteristics

with the delta wing and canards.
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in pitch of the configuration

M= 1AL,
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Figure 4.- Concluded.
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Figure 5.- The aerodynamic characteristics in pitch of the configuration
with the delta wing and canards. M = 2.01.
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with the trapezoidal wing and canards.

NACA RM L56L19

M =1.41.

a,deg

Figure 6.- The aerodynamic characteristics in pitch of the configuration
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Figure T.- The aerodynamic characteristics in pitch of the configuration
with the trapezoidal wing and canards. M = 2.0l.
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Figure 8.- Concluded.
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Figure 9.- The aerodynamic characteristics in sideslip for the configura-

tion with the delta wing and the canards.

M = 2.01.
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Figure 9.- Continued.
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Figure 9.- Continued.
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Figure 9.- Concluded.
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Figure 10.- The aerodynamic characteristics in sideslip of the configu-
ration with the trapezoidal wing and the canards. M = SIS (¢
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Figure 11.- The aerodynamic characteristics in sideslip of the configu-
ration with the trapezoidal wing and the canards. M = 2.0l.
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Figure 12.- Trim longitudinal characteristics with center of gravity at
body station 25.
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Figure 13.- Trim L/D characteristics with equal static margins (0.22¢c).
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Figure 1k4.- Variation with wing loading and altitude of the 1lift coeffi-

cient required for level flight.
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