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‘ SUMMARY

Results of an investigation of the static longitudinal stability
and control characteristics of a canard airplane configuration are pre-
- sented without analysis for the Mach number range of 2.58 to 3.53. The
configuration consisted of a triangular wing and a triangular canard,
_ both of aspect ratio 2.0, a low-aspect-ratio vertical tail, and a fine-
‘ ness 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 body, canard, wing, and verti-
cal tall at 0° and 5° sideslip for an angle-of-attack range of Ei0"
150) +l5 . The canard deflection angles ranged from 0” to +20°.

INTRODUCTION

The possible gains to be realized at supersonic speeds in the form
of reduced trim 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 longitudinal and directional character-
istics of a number of canard configurations has been undertaken by the

NACA.

As a part of the program, tests were conducted on a canard configura-
tion to determine its static stability and control characteristics in the
Mach number range of 2.58 to 3.53. The configuration consisted of a tri-
angular wing and triangular canard, both of aspect ratio 2.0, a Sears-
Haack body of fineness ratio 12.5, and a low-aspect-ratio vertical tail.
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This report presents without analysis the aerodynamic characteristics of
the complete configuration and its component parts. The static stability
and control characteristics of this and similar configurations in the Mach
number range of 0.70 to 2.22 are given in references 1, 2, 3, and 1S

NOTATION

a.Cle aerodynamic center determined at Cp = O, percent ¢C

b wing span, ft

& mean aerodynamic chord of wing, ft
Ce mean aerodynamic chord of canard, ft
Ce canard root chord, ft

Cp drag coefficient, d;gg

CDO drag coefficient at zero 1lift

C;  lift coefficient, l_zgi

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

rolling moment

Cq rolling-moment coefficient,

aSb
(6 rolling-moment coefficient about stability axis, C; cos o + Cp sin a
ls » V1 n
Cp pitching-moment coefficient, pltchlnéamoment, referred to the
a

projection of the 0.21 ¢ point on the fuselage reference line

yawing moment

gSb
of the 0.21 ¢ point on the fuselage reference line

Cn yawing-moment coefficient,

, referred to the projection

Cns yawing-moment coefficient about stability axis, Cp cos a - Cj; sin a

side force
asS

Cy side-force coefficient,

difference between rolling-moment coefficients about stability axis
B at 5° and 0° sideslip divided by 50, per deg

.
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ACng : : B L
difference between yawing-moment coefficients about stability
B axis at 5° and 0° sideslip divided by 5°, per deg
ACy ’ . o o O ks
— difference between side-force coefficients at 5° and O~ side-
B slip divided by 5°, per deg
Che canard hinge-moment coefficient, camape hidge moment, referred
ch(Cc/ 2)

to the projection of the 0.35 Cc point on the fuselage
reference line

e force coefficient normal to the canard, Smard ng;mal Al

<%> maximum 1ift-drag ratio

max

M free-stream Mach number

q free-stream dynamic pressure, 1b/sq ft

S wing area, formed by extending the leading and trailing edges
to the plane of symmetry, sq ft

Se exposed canard area, sq ft

[o# angle of attack of wing root chord, deg

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

s) 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 combination:

B

C

body
canard
vertical tail

wing
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APPARATUS AND MODEL

Test Facility

The experimental data were obtained in the 8- by T7-foot supersonic
test section of the Ames Unitary Plan Wind Tunnel. This wind tunnel is
capable of continuous variation of nominal Mach number from 2.5 to 3.5
and of stagnation pressure from 2 to 28 pounds per square inch absolute.
A more detailed description of the wind tunnel may be found in refer-
ence 5.

Description of Model and Balances

The sting-mounted model (figs. 1(a) and (b)) consisted of an aspect
ratio 2.0 triangular wing, an aspect ratio 2.0 all-movable triangular
canard, and a low-aspect-ratio vertical tail all mounted on a fineness
ratio 12.5 Sears-Haack body. A dimensional sketch of the configuration
is shown in figure 1(c). The wing and vertical tail had NACA 0003-63
sections streamwise and the constant thickness canard, detailed in fig-
ure 1(d), 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 1.2l wing mean aerodynamic chords ahead of
the reference center of moments (0.21 C). The exposed area of the canard
panels was 6.9 percent of the total area of the wing, while the total
area was 12.9 percent of the total area of the wing. The wing, canard,
and vertical tail were of solid steel construction to minimize aercelastic
effects. The surfaces were polished to give a smooth surface and were
further treated to prevent corrosion.

The fuselage was cut off as shown in figure 1(c) to accommodate the
sting and the six-component strain-gage balance which measured forces
and moments on the entire configuration. Canard normal forces and hinge
moments were obtained from a two-component 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 effect of each of these components on the stability of the model.

TECT AND PROCEDURES
Range of Test Variables
The tests were conducted at Mach numbers of 2.58, 3.06, and 3.53

with a constant Reynolds number of 2.5 million per foot. Data were
obtained for the body alone and for various combinations of the body and
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the wing, canard, and vertical tail. The majority of the tests were

made with the model at a constant angle of sideslip of 0° or 5° and with
canard deflections from 0° to 20° while angle of attack was varied

from -10° to +15°. 1In addition, tests of the complete model with a
canard deflection of 0° were made at each of the test Mach numbers with
angle of attack constant at approximately 0° and 10° while sideslip

angle was varied from -2° to +10°. Table I is a sumary of the configura-
tions investigated.

Reduction of Data

The data presented herein have been reduced to standard NACA coeffi-
cient form. The pitching-moment coefficients were referred to the
0.21 point of the wing mean aerodynamic chord. This location was the
same as that chosen in reference 1. The canard hinge moments were com-
puted about a hinge line located at the 0.35 point of the canard mean
aerodynamic chord. Transition was not fixed in the present tests because
the large wire size required at the highest Mach number would have had
excessive drag. Factors which affect the accuracy of the results are
discussed in the following paragraphs.

Stream angle variations.- Surveys of the stream characteristics for
the 8- by [-foot supersonic test section of the Ames Unitary Plan Wind
Tunnel showed that some stream curvature existed in both the pitch and
sideslip planes. For the pitch plane a stream angle, which was less
than 0.21° throughout the Mach number range, was found to exist in the
vicinity of the model. In the sideslip plane the stream angle was less
than 0.07°. The data presented herein have been corrected for these
stream angles.

Buoyancy corrections.- The static-pressure variations in the test
section of the wind tunnel were also determined during the stream survey.
The longitudinal-buoyancy corrections to the drag of this model due to
the static-pressure variations have been included in all the drag data
presented. For the complete model, these corrections amounted to less
than 1.3 percent of the total drag.

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
pressure was measured and the drag was adjusted to correspond to a base
pressure equal to the free-stream static pressure.
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RESULTS

The results are presented in this report without analysis in order
to expedite publication. Table I, which includes model configurations
and test variables, serves as an index to tables IT through VI in which
all of the experimental data are tabulated. Selected portions of the
data are presented in figures 2 through 7.

Figure 2 shows the 1lift, drag, and pitching-moment characteristics
with the canard on and deflected, and with the canard off, for the three
test Mach numbers. Variation of canard normal-force and hinge-moment
coefficients as a function of angle of attack at constant canard deflec-
tion angles are presented in figure 3. Summarized in figure L are the
maximum lift-drag ratios, lift-curve slopes, minimum drag coefficients,
and aerodynamic centers as a function of Mach number with the canard at
zero deflection and with the canard off. In figure 4 the curves shown
in the Mach number range of 0.70 through 2.22 were obtained from
reference 1.

Figure 5 shows the effect of configuration changes on the lateral
and directional characteristics (rolling-moment, side-force, and yawing-
moment coefficients) as a function of angle of attack at constant side-
slip angles. The effects of canard deflection on the lateral and
directional characteristics are presented in figure 6 as a function of
angle of attack at constant angles of sideslip. Summarized in figure T
are ACZ /B, ACY/B, and ACn /B as functions of Mach number at constant
angles of attack of 0° and- lOO with the canard on at zero deflection and
with the canard off.

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Mar. 5, 1958
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TABLE I.- CONFIGURATIONS INVESTIGATED AND INDEX TO TABULATED DATA

3, B, Tabulated data,

FORf enzae SRplIrr deg table no.

BVWC 0 0 and 5 I1(a), III(a)

BVWC 2:6 0 II(Db)

BVWC 4.6 0 II(c)

BVWC 10.0 [ O and 5 11(d), III(Db)

BVWC 19.4 | 0 and 5 I1(e), ITI(c)

BVWC 0 variable | Iv(a), IV(Db)

BVW 0 0 and 5 II(f), 11I(4)

BWC 0 0 and 5 I1(g), ITI(e)

BWC 10.0 5 III(fS

BWC 19.9 0 IT1I(g)

BW 0 0 and 5 I1(h), III(h)

BVC 0 and 5 v(a), Vi(a)

BVC 2.5 0 v(v)

BVC 4.8 0 v(c;

BVC 10.2 | 0 and 5 v(da), vI(p)

BVC 20.0 | O and 5 v(e), vi(c)

BV 0 0 and 5 v(f), vi(a)

BC 0 0 and 5 v(ig), Vi(e)

BC 10.0 | O and 5 v(h), VI(T)

BC 20.0 | O and 5 v(1), vi(g)

B 0 0 v(J)
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= 0°

(a) BVWC, & = O°

TABLE IT.- AERODYNAMIC CHARACTERISTICS OF WING-ON CONFIGURATIONS AT 8
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0° - Continued

(c) BVWC, & = 4.6°

TABLE IT.- AERODYNAMIC CHARACTERISTICS OF WING-ON CONFIGURATIONS AT B
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TABLE TIT.- AERODYNAMIC CHARACTERISTICS OF WING-ON CONFIGURATIONS AT B = 0° - Continued
(@) BVWC, &
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TABLE IT.- AERODYNAMIC CHARACTERISTICS OF WING-ON CONFIGURATIONS AT B = 0° - Continued
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TABLE IT.- AERODYNAMIC CHARACTERISTICS OF WING-ON CONFIGURATIONS AT f
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TABLE IITI,- AERODYNAMIC CHARACTERISTICS OF WING-ON CONFIGURATIONS AT B = 5°
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TABLE IITI,- AERODYNAMIC CHARACTERISTICS OF WING-ON CONFIGURATIONS AT B = 5° - Continued
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TABLE TTT,- AERODYNAMIC CHARACTERISTICS OF WING-ON CONFIGURATIONS AT B » 5° - Continued
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CZC

ns

ls

L/D

Cm

B, deg

@, deg

00\ O\ QO
So oo
00000
SReiSicie

<M
0 06006
(e} elleele)
QeaeaQeQ
U S TR AR 1SS |

S RToRTo)
M OM O
0000
QQoQeQ

cCNO~d
QO -HM O
(@} (@) e@llcle
SEEER!

U

MO AHW
—H O AMWN
QoaqQqQ

1 1 1 1

MW QN
SRR R
A Ao
] 1 1 1 1

IO HO
[QUNQV R Qv oW 4
(@ @i el ok ®]
QacaQ

AulavRToNe ol ¢
QA M
A
eoceQQ

N TOHW

A A
QoQQQ
1 1 1 1 1

Q000
QNOHAMO

10 10 1010 10
OIDIOIO IO

258

NN T T
" OO0
QEE @IE
slelefelete

B MY M B B
000000
000000
O8O C
| PO SR SRR S T )

[Fol @I Vo I = Qv
NCAt O
@06 O Ol
ooQaQQ
]

O~ MW
i MV LGB
OO0 OO
SEEEEE!

LB B S

MO A
A0 HQWN®
oocaQQ

1 1 1 1 1

[solToRaVETo I = Ho
010,00y 0 0)
(ellele)is o))
(ER 1 [

O N
AR
000000
@909

OWwo Mo
AN
A A
gi@eaioa

QM
A A
oocaaQ
| I | 1 | I}

coaoa®
NRNO MO

LSOO LD
OO0 © D0

3.05

T QQ
N HHAH OO
@elo @ o)
cQgoQQ

| o

01
0 060000
© © CeI0 O
Slelolealic
R R S )

00 OON IR
QO 0D
00 Qe @
oqoaQqQ
1

MR B e We,W\¢]
—HO AT O
0O 0
eegacgQ

T F

QEHtoOoMO
—HO AW ®
2QcQoQQ

(AR N

NN~ O0N 0
NRQO®®
oNoReololoNe
' | I B B ) 1

0NN NO
QaHMmMM
(@l ool a k@)
QQQaqQ

NONQO®O
(A" & N HavRavi\a}
A Al A
ceeoQaQ

—HO AHHH
Hed A
QoQQQcQ
. e

Slefiel i
QO MM o

AQRO DDA
000000

53513

25



26

= 0°

-ON CONFIGURATION AT VARIABLE B - Concluded
10°, 5

~
~

(b) BVWC, o
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TABLE V,- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT B
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0° - Continued

20,0°

(1) BE, B

- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT B
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TABLE V,- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT 8

NACA RM A58C05
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TABLE VI,- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT B

NACA RM A58C05
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TABLE VI,- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT B # 5° - Continued
(b) BVC, & = 10,2°
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%c

ns

ls

L/D

Cm

Cn

B, deg

a, deg

"AROVONXOH O
aMovosTone~-ow
eV~ ON™
QQoCQ Qo

) L I B | LI B B B |

nRTOMNYN LW
MOLOMOROTNO
OOOHHNQAM M

O N~MONON0QN
S A AN
0000000000
eoQooeeQeQQ

NON~TQNOO T M
VOVINW T MM
O00O0OO0OO0000O0
eoleololclofoNolele)

OANRNHAC T OND
T TENQQ

O OO VO WS LW
HHQH0QNOOW
MAEHOC AN NN M
| N I I )

ooomeETTCLroM
o~V YT OO
NOoOOoOvVAMT O™

oNNOC TV
OO HMONO
A OO0 A

........

DT WHO AR WO WOM
LA HOH QMO O
QQeoocccqar
LI B B |

06420 Ll Al et o o2
i i)
)00 U 08

2518

O OOT =IO
OO M M@
HAeEHQE NN AN
©QQQQQ Qi

0 A3 0 L} LI N R

OO0 XRANDO
HNDOAQWOWO THON
OCO0OOHHQQMMY

.....

OTOVOTT HOOY
DWW WMA
[cfeNoNoNoloNoloNole)
cYeloloNojojojololo)]

......

TOONNRTQRNOVOO
[TolTolR - - - - g A WA N A
(o) (S)(@) (@) (@) (@) (@)=l (e)e)
ceeoQeaQQoQ
[UR O T N T R B R B )

CHOOONO O OO
X A A NN

__..__.—__

NHMNE~ T OHO0OQQ
S e ONDENER Ol
MAEHOCOA QAN
] LI . |

CONHOVWOMANHY
(0o Il VO Il L2 W e 0 BQv o)
HOOd MW~
oQaoQQeeQQQ
1 1

00 M O H D
EHOOOO MO H®
Addooddamm
QQQeeaQeeeeR

TN ONE O
naeHooaamMmn®O
0QQQgoQoQQH

Ui U

0,00y © @ @ 0) 0y 0,0
A g S S R S g

AT OROROROL
CVYTNOHMN M
— ks
LI B B B

SEOLS

OV OOI-IT
MMNOOYT O I~
A QMO OMNY
QoQeoQa

[ 1 N D I R DR I B |

HOOAANOWNWOO
HNORUOLOARON™O
COOHHYHAQNM

.....

AWM O
T T
0O0O00O0000O0O0
QeQoQQeQoQQQQ

oMM HONDONOO
MMM
000000000 O
ogQQQacQQQ
[ T R T D B RN B B |

NA>OVOOVWOMN O
A A Ta N aata N alia Waviar]
oeQaooogoeeQ
LI | [ | (I D N R I |

ONWVWOWOTHTMA

NAHOAH @A
[ I I

WO DO MM~
VOV NO DVDTOW
HoodQAMMWnD O~
aoQQQQoQeR
(I}

aaaMoOQYT oMM
DRONNOEHMNOH®
ArddOddd QMM
aeeQeaQQQeQ

AT HHO H AW O
LR HO HQ MDD O
QQQooececQeH
LI B |

ceooQaQQQoH
[ToNToNToNVoNToNToNToNToNToNTe]

L0 NN OO NORO R
ocwVYNOdHM~HM
1
LN I R B

)
)
)




NACA RM A58C05

(¢) BVC, & = 20,0°

TABLE VI.- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT B = 0° - Continued
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TABLE VI,- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT B = 5° - Continued

(a) BV

NACA RM A58C05

Chc

CZc

Cns

cls

Gy,

B, deg

a, deg

Orirddounod®
eojieolie oo ol ol Sl Sl ol A MR
QOO0 00
QoogeeeeQQ

VOOV T AWM M
OO0 WO T MMM
(slelelsiolslololols)
QaQeoQeaQQ
] ) (B () (O U &4 '

ol u o N« o SVoll Sl S o)
XA NN N
Qoo ooceeQ
U TR O S 0 Y

T ARMNQY MO0
RUATE e (SIS ey
QREHH CoOMM Q
G 00 O3 U A4

NHOVOQ>AHA OO
MHAHAQ OO0 —H W0
O 000 OO0 M
eocegooeeQaQ
] 1 U

MONOYT MO M
VO~V OVONVQN
iz EnileloloNelolak Mo
@QQooagoaQQQ

DN ~-R~ AT HO WO
AR AHO OO N O
QeeceoeQoQQ
O O O )

00 000y A0\ C O
AR R VR RV VR i To RiTe)

N N GRO NORO RO NS
OV VYRC =MD 1
1 -
000 0 O 0

OO ONOEHANO
ToNToNToRToRTONTONVORR: X = e
(ejlefelelelolalelfo]e)

LOANULAQD WO AR
T MM
®OCeI0I0IC0IeICI®
QocoQeQoQeQQ
| FR TR R TR LI I B |

CO~CYYWNO0OD
P By S Na (A

WONOMNQO DD
@ INO OV OIOVD v Oy
NNEHOO oMM
' | | 1 1 1

rrCcCeaM OO
WOW—QW 0OW A
TS O0O00000 0O st
@QoeeQeQQQaQ
1 1 1 1

FYoCcCoOQHMMN O™
VCOTWOWOOOO O

HJocoococoodN
elclioicicliciclicliclc]

MO NOVOVN MWD
A HHOO0OOoOQWNW0
QeeeoQoQeaeQ

000y 0) 0y Oy 0y Oy O\
b b b S B R S < B 2 ¥ )

OCVYTNO HMM =M
i Cradfoml
L I DR B R |

BL015

numMgs T OOoOM MY
NETFTTFTTTENAHO
QIO OI00I IO
QaegeQeeQQQ

DA OMNM QDO
SEMMMMOIMIMN R QMR
G IOIOIGIGIONOI O
QaococoQQaQQ
ST TR O )

OO WM O o
A AT AT AT A W A A W Lo 12
QeaeeQoaeeQQQ
LI | 1 1 R U O

SOMOHHHW O
L 0 QNI GIOINIe 0y
AQA—HOO0OH@ME
LI T R

WOOTOANE I e
o0 6 )Y O HIC o 158 o (185 (0 0 85 I iR
wHOI0IE® @I I R
eQoqeaeqgQQ
| 1 1 i

LAV >-VO OO
Vooor~-VO~-ONMH
zkzleoloNoNoloNeoR S KV
QeaceeqQQeQ

MOOVRW AW A
N ARHAHOOO QW0
200QQQQQQQ
U U

2oQeaaeaqQQ
DHOWLWWLWLWLWLWLW

S L RO
2VTROHMD =M
I
LI R I R |

3] )




NACA RM A58C05

=02

TABLE VI,- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT B = 5° - Continued
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5° - Continued

=

10002

(f) BC, & =

TABLE VI,- AERODYNAMIC CHARACTERISTICS OF WING-OFF CONFIGURATIONS AT B

NACA RM A58C05
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NACA RM A58C05

(b) Three-quarter rear view of model.

Figure 1l.- Model details and dimensions.
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Equation of fuselage ordinates

RGN

Hinge line

Center of moments

~—T.00 % 21.39

15.85

A1l dimensions in inches

36.25

26.46

56°30"

————————<=EZE§Ez:::::::::; :

46.90

1=59.50

(¢) Dimensional sketch of complete model.

Figure 1.- Continued.

«90

of

GODBSY WY VOVN

4




Ce=9.50
8.00
RN L
Hinge
line_ |
' 1.00
A1l dimensions in inches Pd/l.QO
Ge=6.33
0.803
>~
— K 35
"‘—'< l.OO =
ol = 5
63°26' A ‘A

Canard -body gap 1
at 8=0° is 0.020 !
I

r O 020
:‘\% )%: Section A-A
9°30"

507l }
(d) Details of canard surface.

Figure 1.- Concluded.
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Figure 2.- Lift, drag, and pitching-moment characteristics with the canard on at constant

deflection angles and with the canard off.
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Figure 2.- Continued.
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Figure 2.- Concluded.
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Figure 3.- Variation of canard normal-force and hinge-moment coefficients
as a function of angle of attack at constant deflection angles.
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Figure 3.- Continued.
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Figure k4.- Variation of maximum lift-drag ratios, lift-curve slope,
minimum drag coefficients, and aerodynamic centers as a function of
Mach number with the canard on and off. (Mach number 0.70 to 2.22
data obtained from ref. 1.)
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Figure 5.- The effect of configuration change on the lateral-directional
stability characteristics as a function of angle of attack at constant

sideslip angles.
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Figure 5.- Continued.
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Figure 5.- Concluded.
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Figure 6.- The effect of canard deflection on the lateral-directional
characteristics with the vertical tail on and off as a function of
angle of attack at constant sideslip angles.
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Figure 6.- Concluded.
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Figure 7.- Variation of ACy /B, ACy/B, ACn /B as a function of Mach

number at constant angle of attack with the canard on and off , and
with the vertical tail on.
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Figure 7.- Concluded.
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