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LONGITUDINAL STABILITY AND CONTROL CHARACTERISTICS AT MACH
NUMBERS OF 1.41 AND 2.01 OF A 67° SWEPT-WING AIRPLANE
CONFIGURATION WITH CANARD CONTROL SURFACES*

By M. Leroy Spearman and Ross B. Robinson
SUMMARY

An investigation has been conducted in the Langley L= by t-foot
supersonic pressure tunnel at Mach numbers of 1.41 and 2.01 to determine
the stability and control characteristics of a canard-controlled air-
plane configuration having potentially high values of lift-drag ratio.
The configurations investigated included both a plane and a twisted wing
with approximately 670 of sweep and an aspect ratio of 2.91 and three
trapezoidal canard surfaces having ratios of exposed area to wing area
of 0.032, 0.076, and 0.121.

Each of the configurations investigated indicated a tendency toward
longitudinal instability at high lifts that might limit the maximum
trimmed lift-drag ratios L/D to values less than those potentially
available. For example, the maximum trimmed value of lift-drag ratio
obtainable without high-1ift instability was 8.2 for a low-1lift static
margin of 20 percent at a Mach number of 1.41 for the configuration with
the twisted wing and smallest control. This value compares with the
maximum trimmed value of 9.15 obtained for a low-1ift static margin of
11 percent but instability occurs for lift coefficients just above that
for maximum lift-drag ratio.

For low stability levels the maximum values of trimmed L/D were

highest with the small canard, whereas for high stability levels the
values of trimmed L/D were higher with the large canards.

INTRODUCTION

Recent investigations conducted in the Langley 4- by 4-foot super-
sonic pressure tunnel at Mach numbers of 1.41 and 2.0l have indicated

*Pitle, Unclassified.
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relatively high values of maximum lift-drag ratio for a wing-body con-
figuration having a highly swept wing. Inasmuch as the attainment of
high lift-drag ratios is essential for obtaining maximum range benefits
for supersonic aircraft, the investigation has been extended to deter-
mine the extent to which the lift-drag ratios obtained for the wing-
body combination would be affected by the addition of stabilizing and
controlling surfaces. A canard pitch control was selected since the
results of other investigations (ref. 1, for example) have indicated
that canard controls may reduce the losses in lift-drag ratio due to
trimming.

The configurations investigated included a plane wing and a twisted
wing having highly swept plan forms. Three different canard surfaces
having trapezoidal plan forms were investigated and a single swept body-
mounted vertical tail was employed.

SYMBOLS

The results are presented as force and moment coefficients referred
to the stability axis system with the moment reference point at body
station 21.97.

c 11ft coefficient, =it
L qu_
Cp drag coefficient, Drag
as,,
o pltching-moment coeffiplent, LauchilE momeny
- a8,Cy
Sw wing area including body intercept
SC exposed area of canard surface
EW wing mean geometric chord
€ local chord
q free-stream dynamic pressure
1 distance from canard midchord point to moment reference

point
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Subscripts:
@

W

0)

max

trim

Components :
B

W

Mach number

lift-drag ratio, CL/CD

longitudinal stability parameter measured at Cp and
O = 0

angle of attack, deg

canard deflection, positive when trailing edge is down, deg

canard volume coefficient

canard pitch effectiveness

canard

wing

zero 1lift
maximum value

value at Cm = 0

body
wing
vertical tail

canard surface

MODEL AND APPARATUS

Details of the model are shown in figure 1 and the geometric
characteristics are given in table I. A photograph of the model is
shown in figure 2. Coordinates for the area-rule-type body are given

ineGabile V1T,

The model was tested with plane and twisted wings that




o NACA RM L58E20

were composed of NACA 65A series sections with thickness ratios of 4 per-
cent at the root and 3 percent at the tip. The wings had sweep angles of
about 67° and aspect ratios of 2.91. The twisted wing employed a linear
twist to 4° washout at the tip. The vertical-tail and canard surfaces
had hexagonal sections and had a thickness ratio of 3 percent. Three
sizes of canard surfaces were tested; these were designated as small,
medium, and large and had ratios of exposed area to wing area of 0.052,
0.076, and 0.121, respectively. The force and moment data were obtained
through the use of a six-component internal strain-gage balance.

TESTS, CORRECTIONS, AND ACCURACY

The tests were made at Mach numbers of 1.41 and 2.01 with a stagna-
tion pressure of 10 pounds per square inch and a stagnation temperature
of 100° F. The dewpoint was maintained sufficiently low (below -p5°%° 1)
so that no condensation effects were encountered in the test section.
The angle of attack was corrected for the deflection of the balance and
sting under load. The base pressure was measured and the drag was
adjusted to a base pressure equal to free-stream static pressure.

The estimated accuracy of the individual measured quantities based
on repeatability and zero shifts is as follows:

CL, + « o o « » L B I I S B S = () S O O T3
CP « = o o o = o o o s o o o o o s 4 s s e s s e e e .o *+0.0003%
Cp oo o o o o o o o o o o o o s o o e o s s b e e e e e +0.0003
N 1=~ 2n0)sdL
Bosy QEE & o« o o e e e e e e e e e e e e e e e e e e e e e =50) L

The tests were made through an angle-of-attack range from about )
to about 170 at zero sideslip. The twisted wing was tested with the
small, medium, and large canard surfaces only at a Mach number of 1.41.
The plane wing with the medium canard surface was tested at Mach num-
bers of 1.41 and 2.01.

DISCUSSION

Effects of Components

The aerodynamic characteristics in pitch at M = 1.41 for the
twisted-wing configuration are presented in figure 3 for various combina-
tions of component parts and in figure 4 for various canard surface sizes.
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The maximum lift-drag ratio obtained for the basic wing-body combination
is about 10.2. (See fig. 3(d).) The addition of the vertical tail

causes a slight increase in minimum drag and a decrease in maximum 1/D.
(See fig. 3(d).) The addition of canard surfaces causes further increases
in minimum drag and the values of maximum L/D become progressively
lower as the canard size is increased (fig. 4(b)); thus, for the complete
configurations the maximum values of L/D are about 9.2 with the small
canard and about 8.1 with the large canard.

The pitching-moment results indicate a tendency toward reduced sta-
bility at high lifts or high angles of attack even for the wing-body
configuration. (See figs. 3(a) and 3(c).) This tendency toward reduced
stability with increasing 1ift could result in a pitch-up condition for
lower static margins. The addition of canard surfaces results in a fur-
ther decrease in longitudinal stability and consequently the pitch-up
tendeﬂcy becomes progressively worse as the canard size increases. (See
fig. Ila).)

The effects of component parts for the plane-wing configuration at
M=1.l1 (fig. 5) are similar to those for the twisted wing but indi-
cate that the maximum values of L/D are slightly lower for thée plane
wing than for the twisted wing primarily because of the higher drag due
to 1lift for the plane wing.

The effects of component parts for the plane-wing configuration at
M = 2.01 (fig. 6) are similar to those for M = 1.41 except that the
maximum values of L/D are reduced primarily because of the decrease
in lift-curve slope and the increase in drag due to 1lift with increasing
Mach number.

Effects of Control Deflection and Trimming

The effects of control deflection on the aerodynamic characteristics
in pitch for the twisted-wing configuration at M = 1.41 are presented
in figures T, 8, and 9 for the small, medium, and large canard surfaces,
respectively. The effects of control deflection for the configuration
with the plane wing and medium canard surface are shown in figure 10
for M = 1.41 and in figure 11 for M = 2.01.

Since these results are for a constant center-of-gravity position
(body station 21.97), it is obvious that the level of stability as well
as the control effectiveness would change as the canard size changes.
The variation of control pitch effectiveness Cm6 and static longitudi-

S.t

Sy C

is shown

nal stability (BCm/BCL) with canard volume coefficient
0 W
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in figure 12 for the configuration with the twisted wing at M = 1.41.

The estimated variations were obtained by the method of reference 2 and
do not include interference effects between the canard surfaces and the
wing. The experimentally determined variations of Cp  ~and (acm/acL)o

with canard volume coefficient are in reasonably good agreement with the
estimated variations except for the higher canard volume coefficients

where the experimental values indicate a greater increase in Cm6 and

a greater decrease in (0C,/oC than estimated. This ,may be the result
Lo

of an interference effect of the canard-surface flow field on the wing
wherein the increase in canard size causes an increase in downwash at
the wing such that the wing lift and wing contribution to pitching
moment are reduced.

The maximum trim values of IL/D as a function of static stability
near zero lift (BCm/BCL)O are shown in figure 13 for each of the com-

plete configurations investigated. These values were obtained from
the data presented in figures 7 to 11 for various arbitrary stability
levels. For stability levels where the values of maximum L/D occur-
red for control deflections other than those tested, the values were
obtained by assuming a linear variation of pitching moment and 1ift-
drag ratio with canard deflection.

As would be expected, the values of maximum trimmed L/D decrease
as the stability level is increased for all configurations. The effect
of increasing the canard surface size for the twisted-wing configura-
tion at M = 1.41 (fig. 13(a)) is to decrease the rate at which the
maximum trimmed L/D changes with stability level. However, there is
a considerable decrease in L/D with increasing canard size for the
zero stability level, L/D varying from about 10.2 for the small canard
to about 8.7 for the large canard. However, for each configuration, a
stability level (§Cm/BCL)O ~ -0.20 1is required to avoid instability at

high lifts, and for this condition the maximum trimmed L/D is about 8
regardless of the canard size. For higher stability levels the maximum
trimmed L/D generally becomes higher as the canard size is increased.

Wing twist had little effect on the variation of maximum L/D with
stability level for the configuration with the medium canard (fig. 13(b))
but, because C is positive, did provide an increment in maximum trimmed

mg
L/D of about 1. Increasing the Mach number to 2.01 for the plane-wing

configuration results in a further decrease in the maximum values of L/D
throughout the stability range.
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Although the values of L/D indicated for these configurations are
relatively high, the fact is nonetheless disconcerting that none of the
configurations could be trimmed to their highest potential L/D without
the occurrence of instability at high 1lifts. For example, the configura-
tion with the twisted wing and small canard at M = 1.41 (fig. 7) could
be trimmed to its maximum L/D of 9.15 with 8, = 0°, and a static mar-

gin near zero 1lift of 11 percent ¢, but instability occurs at lift coef-
ficients just beyond that for maximum L/D. This value would be a signifi-
cant increase in L/D above the value of 8.2 obtained for a low-1lift
static margin of about 20 percent ¢ that is required in order to avoid
instability at high 1lifts. (See figs. 7 and 13.) Hence, every effort
should be made to find means to linearize the moment variations for con-
figurations of this type in such a way that the maximum L/D potential
might be realized.

CONCLUDING REMARKS

An investigation has been conducted in the Langley 4- by 4-foot
supersonic pressure tunnel at Mach numbers of 1.41 and 2.01 to determine
the stability and control characteristics of various canard-controlled
airplane configurations having a potentially high value of lift-drag
ratio. The configurations investigated included both a plane and a
twisted wing with approximately 67° sweep and aspect ratios of 2.91 and
three trapezoidal canard surfaces having ratios of exposed area to wing
area of 0.032, 0.076, and 0.121.

The results of the investigation indicated that none of the configu-
rations could be trimmed to their best lift-drag ratio without the occur-
rence of longitudinal instability at high lifts. For example, the con-
figuration with the twisted wing and small canard at M = 1.41 could
be trimmed to a maximum lift-drag ratio L/D of 9.15 with a static mar-
gin at low lifts of 11 percent but instability occurs at 1lift coefficients
just beyond that for maximum L/D. The maximum value of L/D obtain-
able without instability occurring at high lifts was about 8.2 at a low-
1lift static margin of about 20 percent.

For low stability levels the maximum values of trimmed L/D were
highest with the small canard, whereas for high stability levels the
values of trimmed L/D were higher with the larger canards.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., April 29, 1958.
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Wing:

TABLE I.- GEOMETRIC CHARACTERISTICS OF

lforailaren), SSRGS o G GRICEE R
Sioemy, oo o Al o 0leg 58 bl o GG B o C
MegnFocometric chord, dnice o=, e ST
lgpersratl 6, Inbealrdl el < it G TR
Taper ratio, outboard . . . . 5 sl
leading-~edge sweep, inboard, deg Sile

Ieading-edge sweep, outboard, deg . . . .

MalsstlontiL, FaTEloin g a gt als B B G 50 6 o o
Thickness ratio, root, percent chord . .
Thickness ratio, tip, percent chord . . .
ASPEEGRRATION of o W o O Ll Ll G

Body:

fengthy  ine o o . 56 & 5
Maximum cross- sectlonal area, sq in.
Diameter of equivalent circle, in. . . .
Iength-diameter ratio . . « « « ¢« « o« &
Base area, sq in. SlGe G O Dl o g 0 o o

Vertical tail:
Area to body center line, sq in. . .
e chord, im0 = ... o G o e e e,
Root chord, in. e e R R
MAPERNPALION « o o o o o e o e e del e
Span, in. S R e I I I s
Aspect ratio, panel . . « ¢« ¢ « ¢ ¢ o .
leading-edge sweep, deg . . . . . .
BRROIN Seetion e . o o o e el G
Thickness ratio, percent chord . . . .

Canard surface:

Area, exposed, sq in. ~ 5 o o o loes o 0
Sy aHendEls s ahalat S EEIESE SRR S S oo
Tiphchord, *in. ‘. - « « . .

Root chord at center line, in. . .

Teper ratio . « « . 5 O o O oA oso
Ileading-edge sweep, deg S5 to dW e o) &
Midchord sweep, g . o o o o o o o & o o
Ratio of exposed area to wing area . . .

9

ATRPTLANE CONFIGURATION
A el Tk R 198.00
L T AR 24 .00
LT, LR 10.753
e o i e R QI EI5E
ORI 0.500
S T o e e 67.0
SIE L L x 61.7
APPSR ¢ NACA 65A series
AR TAR | Lo 1 A o)
s B e G 3.0
SHRIC DS e 2.91
R T o 39.00
SR e R 6.072
T St PR S 2148
R Ry P 14503
T 2.99
LA SRR 40.15
b, Joprin ke L) B 3.16
S ond 3ol s g i 10.82
T B o 0.29
B R o TSRS ST
B0 | o e TR G L 0.82
S0 a ol o diee 65.0
Gl ity S Hexagonal
A s AR 520

Small Medium Large

o i B3 <0498 2300

. b6l 6.58 < 8.00

o 1856 Twig: 2,28

R BECAD k635 5.71
S Gl 0.41 ©.4

WS SIS - 23.2 23.2
e 0 0 0
o 0.032. .0.076 0:121
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TABLE II.- BODY COORDINATES
Body Radius, in. Body Radius, in.
station, station,

din. Major axis | Minor axis in. Major axis | Minor axis
0 0 0 21 1.325 1.195
1 .297 .198 22 25T 1.195
2 492 .328 23 1.198 1.195
3 655 437 24 1203 1.105
4 . 799 <533 25 1.260 1.195
5 .928 .619 26 1.3%2 1.195
6 1.045 .696 2 1.446 1.195
7 1l BT 28 1.51k4 1.195
8 1.248 .832 29 1.542 1.195
9 1.557 .891 30 1.554 1.195
10 1.418 945 31 1.534 1195
11 1.492 .995 32 1.489 1.185
12 1.559 1.040 33 1.433 1.495
13 1.620 1.080 3L 1.369 1,180
14 1.666 1.116 35 1.505 1,155
15 1.666 1.1k9 36 1.251 s 5 1 L)
16 1.645 1.395 37 1.155 1.072
17 1.609 1.190 38 1.067 1.025
18 15l 1.195 59 975 975
19 1.482 1.195

20 1.399 1.195
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Canard dimensions

Small Medium Large
Span 464 6.58 £29 300
Root chord (¢) 3.33 464 569 —-1 lv
Tip chord (37 .90 2.3 T

Section A-A Section B-B Section C-C
H.le-}
C 650°~ B - /B ok
| e |

|

1

O—-+

e ipEY < =B

2197

3900

Figure 1l.- Details of model with plane wing and medium canard. All
linear dimensions are in inches.




Figure 2.-

Photograph of model with medium canard.
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Figure 3.- Continued.
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Figure 3.- Concluded.
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Cm

Canard

Small
Medium
Large
Off

a, deg

CL

(a) Variation of C; and o« with
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i i35
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Figure L4.- Effect of canard size on aerodynamic characteristics in pitch.
Twisted wing; vertical tail on; M = 1.41; 8, =08,
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Figure 4.- Concluded.
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(a) Variation of C, and Cj with a.

Figure 5.~ Aerodynamic characteristics in pitch for various combinations
of component parts. Plane wing; medium canard; M = 1.41; Sc =09,
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(v) Variation of Cp with a.

Figure 5.- Continued.
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(d) Variation of Cp and L/D with Cp.

Figure 5.- Concluded.
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(a) Variation of Cp and a with Cp.

Figure 6.- Aerodynamic characteristics in pitch for various combinations

of component parts. Plane wing; medium canard; M = 2.01; Sc = 0°,
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(b) Variation of L/D and Cp with Cj.

Figure 6.- Concluded.
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Figure T7.- Effect of control deflection on the aerodynamic characteris-
tics iil pitch. ©OSmall canard; twisted wing; vertical tail onj;
M = 1.41.
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Figure 8.- Concluded.

o



NACA RM L58E20

!!iimillilﬂ:!ﬁlﬂ

L‘i‘n‘!ﬂﬂ‘ﬂruﬂ“ﬁlﬂgiiﬂ!
il

il i

i lﬁ!ﬂlﬂ‘ﬂl‘ﬂﬁ‘ﬂ‘liiﬂi‘|liililiﬂi!i:llmﬂlﬁllllﬂiﬁllllﬂ!
ﬁi!&"iﬂﬂiliidl"!ﬂ"l’mm”!"i S R

iiﬂ it ﬂ‘! i ﬁﬂ!!‘l‘il‘llli‘!!!!!l‘ii’“! A !ﬁilllﬂl!!IIH!I!"!!“!HH

i A R
ii!l‘i‘i!Ii!i‘l!lﬁﬂllliﬁliIllillill!ll!‘!l!!llhll!lllllL !i.iﬂ!.!l!mlﬁlﬁ- Gl i!i!il!ﬂ!!lllﬂﬂ
i mumm R '!irﬂl!l!!‘lli T
L R R i
mmu:m.umm‘wnmm T !li!!gﬁiﬂ!llﬁi!ilihﬂllllllx

I nlﬁ | R AL
i HHE ! i i

I
i

i “ hx |
R 1 |
i iI!!ll!i!lll!liﬁ““Illmﬂi‘ﬁ s
A 'imﬁllliﬂ“m“‘Mﬁil
!mﬂmmﬂmﬂﬂﬂliﬂllﬂﬂlmﬁIﬂﬂllﬂiﬂiﬂﬂmlﬁlmiﬂmﬂﬁﬁﬂﬂﬂm
ﬂllllllﬁilllmlﬂl A iilmﬂmlllllll
%mnmmmnmm mlmm!ﬁmlllﬁllFi“ﬂ!ﬂl!lillm’ﬂm“Hlﬂlﬂlmﬂiﬂimﬂ
L R R RA L n“ | il
l'munmmlﬂmnmmmmnmm.! I |l
Il}llﬂ l!rl. AR iﬂilﬂlﬂ!ﬂlﬁlllﬂl ;l

hi:. i
B

!! i

o
iiﬂﬂ’ﬁiiﬁiﬂl“’ i f!ﬂﬂiﬂﬂ(ﬁjiﬂﬁﬂm&ﬂ! iuﬂlﬁﬂxiﬂiﬂiﬁ
i i R R

e

(a) Variation of C

Figure 9.- Effect of control deflection on the aerodynamic characteris-

and o with Cj.

tics in pitch. Large canard; twisted wing; vertical tail on;
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Figure 9.- Concluded.
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(a) Variation of C; and o with Cj.

Figure 10.- Effect of control deflection on the aerodynamic characteris-

tics in pitch. Medium canard; plane wing; vertical tail on;
M= 1.k41.
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Figure 10.- Concluded.
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(a) Variation of Cp

Figure 11.- Effect of control deflection on the aerodynamic characteris-
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