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1. INTRODUCTION

Nose mounted canards are attractive candi:dates for aerovdynamic
controls on a guided misvsile for several reasuns. Gencvally, the hinge
moments are small compared to those developed by an equally effective
tall control. The effectiveness uf canards increases with increasing
angle of attack rather than aecreasing as does taii control effective-
ness. Also canards way be emploved to tailor the missile stability
margin by decreasing the transonic staptflity hump [1].

A common reqtuirement for a gufded missile is that the roll rate
should be maintaired at 4 low level or evenr Lhat the missile should be
fixed in roll position. One potential advantage of nose mounted canards
is that they may be considered as voll control devices as well as giving
control forces for a maneuvering missile. The purpose of this scudy is
to investigate the effectiveness of small, nose mounted canards in
developing rolling moments for roll actitude and roll rate control.

The aerodynamics properties ot canard-cail configurations are
complicated by vortices, prcduced by the cunards at iuncidence, trailing
past the tail pane)s and effecting the tail lift. This phenomenon may
be veneficial at times such as by increesing trim angle of attack for
a given canard deflection angle or by decreasing the transonic static
margln rise, thereby decreasing flight path errurs due to wind
sensitivity.

Theoretical prediciions of the aerndynamics of canard-planar tail
configurations are complicated by the difficulty in estimating coriectly
the canard induced vortex strengths and the vartex trajectories as they
trail downstream past the tail panels. The method of Picts, Nielsen,
and Naattari [2]) was mudified to calculate canard vortex Induced planar
tail rolling moments but comparison with experimental data was poor;
therefore, it was not included in this report.

Wind tunnel data were obtaired for canard-planar tail rconfiguretions
with variable canard longitudinal positions., Mach number was varied
from 0.6 to 4.5 and angle of attack and canard ditferential dellection
was varied from -3° tc 5°. The data wer: obtained from three different
test facilities.

Some data were obcainad [or & canard-ring tail coniiguration at -
Mach numbers 2.5 and 4.5 with the canards located in only the most att 3
position. Comparisons are made between the canard-plarar tail configur- i
ations and the canard-ring tail cenfiguration in roll control
effectiveness.
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1. EXPERIMENTAL PROGRAM

A Test Facilities

The §-ft transonic winu tunnal, located at CALSE*N
Corporation, Buffolo, hew York, was used to obtain the data for Mach
nunmbers o, 0.6 to 1,25, The tunnel test s.ction has perifuvrated walls
and an auxtllory pumping system for actenuation of reflected shock aud
expansion waves on moedels in the low supersonle range. This method of
attenuating retlected shock and expansiop waves {s Jdescribed in detail
in Refecence 3. The closed circuft tunnel is capable of speeds fronm
S ft/sec up to Mach number 1.3%.  For this test, the tunnel was
primarily run in a constant mass mude which is the most efficient way,
timewise, to uperate at several Mach numbers. Cunstant mass mode means
that no air is added to the tupnel in goiuy from one Mach number to
another.  In this node, both Reyrolds numbter and dynamic pressure vary
with Mach number. A photograph of the installation is presented in
Figure 1.

The Ames Research Ceuter 6 ft X 6 :'t supersonic wind tunnel was

used to obtain data for .ach numbers 1.5 and 2.0. It is a closed-circuit,

single-return, continuous-flow facility ang has an asy.metric sliding-
block nozzle and a test saction with perforated floor und ceiling to
permit boundary-layer removal. Continuvus testing is availlable {or

_ ) ) . 6
Mach numbers from 2.25 to 2.25 with Reynolds numbers trom 1.0 x 107 to

5.0 » 106/fr and a maximum stagnation temperature of 580°R. The tunnel
alr i3 driven by an eight-stage, axial-{low compressur ucwered by two
electtic motors mounted in tandem outside the wind tunnel. The Ames
sting, El IIl 235-500, together with a 3° angle adaptor, was used to
mount the model. The model was inverted in tie tunnel during all the
tests.

The Arnold Engineering Development Center, Von Kaimon Facility,
Tunnel A, was used to obtain data for Mach numbers 2.5, 3.0, and 4.5.
Tunnel A {s a continucus, clecsed-circuit, variable density wind tunnel
with an automatically driven flexible-plate novzzle and a 40 1n. : 40 in.
test section. The tunnel can be operated at Mac!, numbers from 1.5
to 6.0 ut maxinum stugnation pressures from 2% to 200 psia, respectively,
and stagnaticn temperatures up vo 750°R (Mu e 6,G). Minimun operating

pressures range {.om approximately oae-tenth to one-tweatieth of the
maximum at each Mach number. The tunnel is equipped with a model
injectinn system which allows removal of the model from the test section
whale the (unnel vemains in operation.

.
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Wind Tunnel Model

The wind tunnel model war a sting mounted body of revelu-
tion, 5.0 in. diameter, 52.0 in. lung, and had a three caliber tangunt
vgive., The model body is shown in Figurc 2. The mudel was tested with
two sels ol canards, one set of planar tail panels and a ring tafl. ]
The model was unique in that all four canards snd tail panels were ecach S
mounted on three compunent balances along with a six-component main

balance which rieasured total model loads. Each canard was deflacted

cemotely; the deflection angles were measured by potentiometers mounted

on the canard deflection mechanism. The tail panels :ere undeflected .
throughout the tests.

r

c. Canards

The two sets of canards had essentially the same plan-
form. These two sets were tested at two different longitudingl
positions on the mudel nose wich the canard root chord remaining .
tangent to the model surface at the canard hinge point. The two R

loagitudinal positions are shown in Figure 3; the canards are shown
in Figure 4.

D. Tall

A rectangular teill was tested with the trailing edge
flush with the model base. The tail has an exposed aspect ratio of
1.0. A ring tail, designed to give approximately the same static
stability as the plarar tail was tested at Mach numbers 2.5 and 4.0.

N The vertical support struts were not attached to the body. With this
. arrangement, the two horizcontal tall balancea provided measurements
of the total force on the ring tail. The taills are shown in Figure 4,

E. Test Condictions

The canard~planar teill configurations vere tested at
Mach numbers 0.6, 0.8, 0.9, 1.05, 1.25, 1.5, 2.0, 2.5, 3.0, and 4.5,
while the ring tail configucsation was tested only at Mach numhers 2.5

: and 4.5. The angle of attack was varied from approximately -3° to 5°
: and the canarcs were deflected Aifferentially from -2° to 5°. All
} v data were corrected for sting deflections ana flow angularities.
Tunnel operating conditions are giveu in Table 1. The main balance
Vo accuracy was estimated to be 0.5% of futl scale for each balance gage

and the paitel balance accuracies were estimated to be on the order of
1X of full scale, where the full scalc loads are:

Canard Ta:l
Normal force (lb) 40 60

Root bending moment 35 130
(in.-1b)

Hinge moment (in.~1b) 25 100

R Tt
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Mach -b PFressurwe
Number Revnolds No. 10 “Jin. (yst)
0.6 J.le st0
0.8 0.17 50U
0.9 0.18 42Q
1.05 ( 0.19 490
1.25 0.21 550
1.5 0.20 500
2.0 0.20 SUv
2.3 0.2) 9547
3.0 0.26 567
4.9 0.0 547

—— -.

1t was estimated chat angle ol attack was accurate to *0.03* and
canard deflection argles to 20.10°. The basic wind tunncel data sre
presented in plotted form in References 4, 5, and 6. The data axis
system 1s shown in Figure 5.

F. Dat:: Reduction

>
Total mud4l rolling mowrent coerficlent s coaleulaced
trom the canard and tail balance daza in the folluwing matiner:
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Hi DISCUSSION AND RESULTS
Al Comard=Tail Couifguration Avrodynamics
he aerodynamic characteristics of canard-tail configura-
tivns ute vomplead boviuse the cattards at incidence generate vortices
winleh tradl dewnstream past the tall and signitficantly change the tall
v, Vortex chacacteristics such as nuwber of vortices, streageh,
rosition, and type are uviten dittficult to predict analycically. At
moderate angles of attack, the budy may even generdate symmetrical or
unsymmetrical vortfzes which change the flow {icld about the tail
pancls and atliect zail life.  Spahr and Dickey {7] have shown that
the geowetry of the wake Je it lcaves the canard ot wing vacies
consfderably with canard aspect ratio and angle of attack. The vertex
shest generated br low aspect ratio canard with subsonic leading cdge
tends tu roll up into a sfngic vortex ahead of the trailing edge;
hoewever, the vorten wake generated by a large aspect ratio canard at
large ungles of attack and with a supersonic leading edge may leave
the traliing edge as a voctea sheet which rolls up into two vortices

at suome point downstream ¢f the canard.
thuss two vossibilatics:

The following sketch shows
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The canards used in tifs fvestigation all had subsonic loading vdgpes

and the serics of vapor screen photographs fn Figure 6 shows that one

vortex 1s shed trom each canard and appears to be completoly relled B
up as it leaves the canard trafling edpe.  The series ot vaper scicen I
phutographs were taken at an angle of attack of 129, sulficiently Jarge
for the body induced vortices to be generated as shown in the phetograpls

8. Observa: fone from Experimental Dbata

Wind tunnel tests were conducted dIn which cpposite side
canards wuere deflected ditferentially over the range =37 te 5° syt that
each canard produced a relling moment in the same direction abeut U .
model cueaterline. Angle of atuvack way vdatied bevween =3° and 5° at ¢
¢ach vanard and Mach number condltfon.

C. Planar Tail 3

igures 7 through 26 show =olling moment coefticient as
a function of Mach number and angle of attack fur a constant $° diftcer-

cntial canard deflection with the canards in the farward and att

pusition. These nlots show the r1olling moment coctticient developed -
3 by the cunards enly, the tails cnly, and the vanards plus tail or tetad
rolling monmcent ctflcivne.  lotal rolling morent codtticient measured

directiy from tac wmodel main balance is also shown and penerally com-
pares very well with the values computed teom canard acd tail baluances, e

o The most notable aspect of the planar tail contfipuration data ix
that while the rolling monment developed by the canards s large, and u
that developod hy the tall 4s lorge, the summed volling mement cuet-
ficlent is small because the Jdirection vr sign ot the canard and tall "
values are difgerent.  7The canavd rolling soment coo!ficiciits are gen- .
erated by the Jedlection angle of the four canards; howevar, the tail b
relling rnoment coctficlents are caused by the vortfees, shed by the
deflecred canards, trailing past che tail) pancls and (nducing an ¢lroee- s
tive angle of attack for each catl panel. The canard rolling moments
are generally larger than the tail 1011ling moments coctijclents, hut
at tho supersonic Machy numbers, the tall moment may be lurger than U
canard moment. In this cuase, the resultant moment Is in the opposite -
direction than would be logleally expueoted witn tie viven canard detloo-
tion. This phenomenon has been termed voll reversal and is seen tron
the pancl data at Mach numbers 1,05 and 2,0 witii the canards in the

. forwiard position and Mach numbers 1.5 through 2.5 witn the canards Lo

: the af{ position. No data were chtained for the forward canard josi-

tions at Mach number 4,5, Roll reversal has becen observed previously

in wind tunnel tests of models with large canards locat d on the same

body diameter as the planar tail,

Total rolling woment coefficient from the model nein balance,
planar taill configuration, is shown plotted on an expanded scale (o
Figures 25 through 42, At times, sizeable rolling woments were seen

R —
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o0 the daty whun all four canarda wete undefiuvctid) thuose momunts wers
subtrected free the data for deflocted sanards. This (ype of daca
curteuction s salisfactory If the 2ar-u deflectivn woments represen’

a canstant blas in the data; hawever, thia data adjustment ia nut
corrsct Lf tha geto deflaction womants afe Jus “c s camard deflection
bies ercrot. A conutant canard cr tatl deflection bles evror would

. ¥ create a nonlinesr error fn rolling moment.

)
\
i

The expanded acale rolling woment data avre shown plotted for the
forvard and aft mountad canard configurations throughout the canard
dafleciion and Mach numbsr rangs. The data are genaraliy not symmatrical
about sero sngle of atvtack aw would be ampectad for the configuracions

D tested. The reascn for this assymmst>y is not known;, however, Figures
; 7 through 42 showing ti - rulling moment component data tndicate that

¢ the avsymmetr: is due to the tajl component rathar than tne canard
component. A wlight misalignment of onea or more of the tail vanals

may be the culprit; becauss, ae previously stated, efrors dus tc panel
ajsalignment would be nonlinear with angle of attack. Tha relling
nonents are genetally in the expacted direction subsonicelly and
transonically, but in the supszsonic Mach number range, the rclling
moBunts a4re in the reverse direction than would ba axpected for both
the configurastions tested. The raason for thia i{s not known other than
ihe physical fact that the component of rolling woment due to the tail
paneln is larger than the c~=ponent dus ¢n tlie canards., HRoll reversal
18 clearly shown in Figure 4} for zevro angle of attack and differentiai
canard Jdeflactions of 5%,

—2
S e

p. Ring Tail

Flgures 44 and 45 shov rolli.g ~wment coefficlunts iur
the zing tail configuration as calculated from the canar?i balanc-y
alone, "hé tail alone, the canard-tail balance combination, and the

. wain balence. These {igures zhow that the rivg tail, unltike the planar

: tail, doas rot develop jarge induced rolling mowents 4t the Mach numbers
v tasted. Bacause of this fact, small cansrds in cumbination with a ring
i tail appear to be far more sffective a» a moans of roll control than

o amall cansrds in line with an equivalent planar taii. Variatfon of
L rolling moment coufficient from the main balance as a function of angle
L of atrack and c4i.ard deflection angle for the ring tatl configuracion
is shown In Figures 46 and 47. Rolling mvment cuefficient for the ring
. :‘ ctail configuration {s & linear function of canard diff{erential deflec-

! tion ané does rot vary with angle of attack aw does the planar cail
1{ conf{iguration over the purametar ranges tested. A comparison of

Be roliipg woments froa the planar tail and rving tail are shown in
W’ Figures 48 and 49. The ring tail configuration dues hava the possible

disadvantage of increasing the missile drag {yom that of & planar tatl
configuration with approximately the scme characteristics. The drag
increase iw shown in Figure 5Q.




V. SUMMARY AND CONCLUSIGNS

This report is a study of effectiveness of small nose mounted
canards as roll control devices, moderate canard deflection angle, and
small angles of attack. Wind tunnel data were obtained for canards in
two different longitudinal positions. Mach number was varied from 0.6
to 4.5, canard differential defiection angle from -3° to 5°, and angle
of attack from -3° to 6°.

The following conclusions were drawn from this study. Small, nose
meunted canards in combination with an in-line planar tail are not
etfective as roll control devices unless decoupled from the tail panels
because the vortex induced tail rolling moments are of the same magni-
tude zs the rolling moments developed by the canards alune. The net
rolling moments are generally only approximately 10% as large as the
rolling moments developed by the canards alone. In the supersonic
Mach number range, the tail component of roiling moments may actually
be larger cthan the canard component, and in the opposite direction,
leading to the condition known as roll reversal.

Small, nose mounted canards in combination with a ring tail,
however, show promise as roll control devices because the canard
induced vortices do not cause any significant taill rolling moments.
A ring tail giving approximately the same stability characteristics
as a planar tail does, however, cause some increase in total missile
drag.

It is recommended that further wind tunnel tests be vonducted in
the subsonic and transonic Mach number range to supplement the vather
small amount of canard-ring tail configuration data available. Varia-
tions in ring tail planform and mounting strut design should be included
in these tests.
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‘ Figure 4. Planar tail, ring tall, and canard panel,
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CMR POSITIVE CLOCKWISE LOOKING FURWARD

Axis system and positive sign convention (typical),
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Figure 7. Component rolling moment coefficient,
M= 0.6, forward canards, planar tail,
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Figure 8, Component tolling moment coefficient,
M, = 0.8, forward canards, planar taij,
18
igheg SR i h;gﬂu<wam‘ o oer
R e

R s

DELTAS
8.01
3.0t
£01
801

OG- +
B et - e

ki b, e i Amm

i gl v 2 i




SYM  RUN comp MACH OELTAY OELTA 2 DELTAY DELTA4 S

° 700  CANARD  0.00 .08 8.1 ~5.08 8.02 -
a 700 TAIL 0.90 508 -8 -5.08 802
x 700  CAN-TL 0.90 508 ~811 -8.08 8.02 .
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Figure 9. Componert rolling moment coefficient,
M_ = 0.9, forward csnards, planar tail.
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Component rolling moment coefficient,
= 1.05, fo.ward canards, planar tail.
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3 Figure 11. Component rolling moment coefficient,
* M- 1.25, forward canatds, planar tail.
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Y 2 NARD 1.80 4.90 -io: 2 j.n 2504 ]
| O 483 TAW 1.80 -4.98 5.04 ~4.96 804 |
? x 483 CAN-TL 180 -4.9% 8.04 -4.98 804 !
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Figure 12. Component rolliag moment cocfficient,
M_ = 1.5, forward canards, planar tail.
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SYM HUN COMP MACH OELTA Y DELTA2 OELTA3I DELTAMA ?
© 487 CANARD 199 4an ~5.90 -4.98 .08 -
O 45? TAIL 100 -4.94 408 -4 86 8.0%
n 487 CFIN-TL 199 -4.95 608 -4.94 a0
Q© 45 MaIN 1.9 -4.9% .06 -4.9% 606
008 T
008 <4 p
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L ]
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Figure 13, Component rolling moment coefficient, i
M_ = 2.0, forwerd canards, planar rail.
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) Figure 14. Component rolling moment coefficient,
g M_ = 3.0, forward canards, piunar tail.
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O 105 TalL 0.60 4.99 ~5.07 -5,04 4.99
x 106 CAN-TL 0.60 4.99 -507 -5.04 4,98 3
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Figure 15. Component rolling moment coefficient, ;
M_= 0.6, aft canards, planar tail.
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Figure 17. Component rolling moment coefficient,
M, = 0.9, aft canards, planar tail.
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Figure 19. Component rolling moment coefficient,

M_ = 1.25, aft canards,

planar tail.
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SYM RUN COMP MACH DELTA 1 DELTA2 DELTA3 DELTA4
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Figure 20. Component rolling moment coefficient,
M_ = 1.5, aft canards, planar tall.
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o Figure 22. Component rolling moment coefficient,
M_® 2.5, aft canards, planar tail. ;

32
'
! x
ot
?u
L
L—:_um o e " '

—=
Ard R s e e AR AL At e A e at A e o ai . . aL LB ok oemea Beaor b e o e



SYM RUN MACH DELTA ' DELTAZ2 OELTA3 OELTA4

come
el B
144 MAIN ) ¢ ¢ I3

OoxD2

008

-
-
adsiia .
b b " cmobt, o ke

0.08 -}

e S

TAIL BALANCES

MAIN BALANCE

Il 'y - e 3
1 L ) ¥ N
4

e M X e X e,
B x

-4
© / T \I‘

PANEL BALANCES

ROLLING MOMENT COEFFICIENT-CMR

~-0024

CANARD BALANCES

~0.04 i

i

i

- \

g |
~ -006 ;
!

e .

?

-a08 1 :

ANGLE OF ATTACK

Figure 23. Component rolling moment coefficient,
M, = 3.0, aft canards, planar tail.
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Figure 24, Component rolling moment coafficient,
M_ = 4.5, afe canards, planar tai),
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SYM RUN CONFIG MACH  OELTAY OELTA2 DELTAI DELTA4 ;

o M 0.60 ~100 300 100 -2,00

& 708 FORWARD 090 0.00 X .00 0.00 :
770 0.80 0850 -080 -G8 0.80 i
O 772 CANARDS 0.00 1.00 -1.00 -1.00 1.00 !
a 7 0.80 200 -200 -200 200 j
o 7 0.00 800 -800 -8.00 8.00
1

0012 +

1-

0.008 +

v e nadbs

ROLLING MOMENT COEFFICIENT -CMR-MAIN BALANCE

|

- ;

~0.008 %

. !

. .

. -3d012 -~ i

N ' ANGLE OF ATTACK :

1

Y :

Y Figure 25. Total rclling moment coefficient, M_ = 0.6,

forward canards, planar tall.
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$YM RUN CONFIQ MACH DELTAY DELTA2 DELTAY DELTA4

o a8 0.00 -100 100 100 -100
O 748 FORWARD 080 a.00 a.00 0.00 0.00
L | )] 0.5 080 -0.60 ~0.60 0.80
O 781 CLANARDS OO 1.00 -1.00 -1.00 1.00
o 788 .80 200 -200 ~200 200
o m 2.80 .00 -8.00 -8.00 400

0012 71

-

0,008 +

ROLLING MOMENT COEFFICIENT—CMR—-MAIN BALANCE

TF
-0.012 L
ANGLE OF ATI1ACK

Figure 25 Total rolling moment conefficlent,
M_ = 0.8, forward canards, planar tail.
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§YM RUMN CONFIG MACH DELTAY OELTAZ2 OELTAI DELTA4

o 892 0.90 -3.00 3.00 .00 ~3.00
O 693 FORWARD 0.90 0.00 0.00 0.00 0.00
x 498 0.90 Q.60 -0.50 ~0.80 0,50
O 497 CANARDS 090 100 -1.00 -1.00 1.00
0 ew 0.90 200 -2.00 -2,00 200
o 701 0.90 8.00 -5.00 -800 8.00

0012

-+

0.008 +

ROLLING MOMENT COEFFICIENT—CMR-MAIN BALANCE

~0.008 -+
+
.
g
™ ~0012-
\ ANGLE OF ATTACK
~ Figure 27  Total rolling moment coefficient,

M_ = 0 9, forward canards, planar tail.
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SYM  RUM CONFIG MACH DELTA1 DELTA2 DELTA3 DELTA4
(o] 669 1.05 -3.00 300 300 -3.00
T 670 FORWARD 1.0 0.00 0.00 0.00 0.00
x 672 .05 0.50 —-0.50 -0.50 0.50 E
Lo 674 CANARLS 1.06 1.00 -1.00 -1.00 1.00
(o] 676 1.05 200 -~-2.00 -2.00 200
[o] 678 1.05 $.00 -500 ~5.00 5.00
00z 3
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¢
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[
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‘;'? Figure 28, Total rolling moment coefficient,
v M, = 1.05, forward canards, planar tail.
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SYM RUN CONFIG MACH DELTAYV DELTA2 DELTA3 DELTA4

o 642 126 —3.00 3,00 3.00 —300
& 623 FORWARD 125 0.00 0.00 0.00 0.00
x 645 1.26 0.50 -0.50 -0.50 0.60
o 647 CANARDS 4o 1.00 ~1.00 -1.00 1.00
[ 649 1.25 2.00 -2.00 -2.00 2.00
o 651 1.25 3.00 -5.00 ~5.00 5.00

0.0127

0.008 1

L
4
R S DIV R TR W R T TP e ST PRERIVST W SOPPRTIEY SR T ITEER, PP SR TR S RISVIRY S NP VY PO Y e I e
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Figure 29. Total rolling moment coefficient,
M= 1.25, forward canards, planar tail.
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RUN  CONFIG ACH  DELTA1  DELTA2  pELTA3 DELTA 4
45 50 -303 201 3.04 -2.04
459  FORWARD 5 0.03 0.00 0.05 0.01
450 .50 0.52 -0861 —0.45 .51
461 CANARDs .50 0.96 -1.03 -0.94 0.99
462 50 1.97 -2.00 -1.92 1.98
463 50 438 -5.02 -4.96 5.04
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Figure 30, Total rolling moment coefficient,
M = 1.5, forward canards, planar tail,
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Figure 31.
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SYM RUN CONFIG DELTA2 DELTA3 DELTA4
101 v 300 3.00 -32.00
102 -0.50 -0.50 0.50
103 . -1.00 -1.00 1.00
104 CANARDS O =200 ~2.00 2.00
106 -6.00 ~6.00 400
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Figure 33, Total rolling moment coefficient, M = 0.6,
aft canards, planar tail. )
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AUN CONFIG DELTA1 DELTA2 DELTA3 DELTA4
60 Afr -3.00 1,00 300 -300
66 050  -as0 -050 0.50
57 1.00 -1.00 -100 1.00
g CANARDs 600 -600 -600 5.00
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Figure 34, Total rolling moment coefficient,

M, 0.8, afe canards, planar tail.
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; SYM RUN CONFIG . "M DELTA?1 DELTA2 DELTA3 DELTA4 !
4 O M ey O.. ~2.00 200 100 -0 |
f 6 8 0.90 050 -050  -Q.50 .50 )
8  canarps 090 .00 -.00  -100 1.00 :
, o 0.90 200 -200  -200 2.00 i
o % 0.90 5.00 -5.00 -800 8,00 :
! 0012 T 1
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l 1
- 0.008 T
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1, w
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-. z
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t z ]
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| : Figure 5. Total rolling moment coefficient,
} 12 M= 0.9, 1ft canards, planar tail.
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ROLLING MOMENT COEFFICIENT-CMR—MAIN BAL ANCE

o

Oxpo%

RUN CONFIQ MACH OELTA DELTA 2 OELTA3 OELTA4

7 AFT 1.06 -300 %00 200
78 CANARDS 1.05 0.50 -0.50 -0.50
” 1.08 1.00 -1.00 -1,00
» 1.05 600 -5.00 -£00
-aotz-{
0.008 +

-0.008

0.012-‘
<

ANGLE OF ATTACK

Figure 36. Total rolling moment coefficient,
M_ = 1.05, aft canards, planar tail,
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SYM RUN CONFIG MACH DELTA DELTA 2 DELTA 3 DELTAS
-] ()] AFT 128 -.00 100 300 -300
o 62 CANARDS 1.2¢4 0.50 -0.50 -0.80 Q.50
x 83 1.28 1.00 -1.00 -1.00 1.00
o] o4 1.28 2.00 -2.00 =200 2.00
o s 126 8.00 -8.00 -5.00 400

0.012
ﬂb
0,008 +

ROLLING MOMENT COEFFICIENT-CMR-MAIN BALANCE

o

~0.008 -

5 O,

=U.U<L

ANGLE OF ATTACK
Figur~ 7. Total rolling moment coefficient,

¥ = 1.25, aft canards, planar tail.
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SYM RAUN CONFIG MACH OELTAY DELTA2 OELTA) DELTA4 i
o

49 AFT \.50 ~3.08 298 29 -3an {

& 81 CANARDE 180 ~008 ~-0.02 -0.08 -0.07 .

x 83 1.80 0.4 -0.47 -0.40 0.43 i

o 88 1.50 0.91 -a.93 -1.01 093 :

a & 1.60 1.93 -2.00 ~-199 194 i

o 8 1.80 487 -4.98 -602 A% 1

;o 0.012 i

ROLLING MOMENT COEFFICIENT-CMR—MAIN BALANCE

i
1
4‘
i
i
- ;
| |
|
| i
. T :
|
1
i
. -0.008 -1 |
[ 9% 4
™ i
T ;
3 |
: ~ -0.012+ 1
3y ANGLE OF ATTACK !
)
3 ‘ Figure 38. Total rolling moment coefficient,
: 3 M_= 1.5, aft canards, planar tail.
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SYM RUN CONFIG MACH DELTA1 DELTA2 DELTAD DELTAL

e |
-
|

|

)

l

4

|

4
J

o % 1.9 -308 209 2.98 -

a 82 AFY 200 —-0,04 -002 -0.08 -0.07 i

x B 200 0.43 -0.48 -0.48 o.:; i

Q 88 ANARDS 1.9 292 -0.93 «-1.01 0 !

o o CANAR 1 1.93 ~2.00 -198 1.98 |

o 4.08 ~4,96 -8.03 497 3
i

o -

i
_—'/‘ H
-30 1

ROLLING MOMENT COEFFICIENT-CMR—MAIN BALANCE

-0.008 1

‘ 1
LW :
\g - H
X

-szi

ANGLE OF ATTACK i

Figure 19. Total rolling moment coefficient, i
Moo= 2.0, 1\ft canards, planar tail,
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MAIN BALANCE N,BC1 T1 (AFT POSITION)
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E
F
4
3
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Figure 43, Effect of Mach number on rolling moment
coefficlents, a = 0, § = +5°,
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come tAACH DELTA1 DELTA2 DELTA3 DELTA4
CANARD 2.50 4.80 -6.02 -5.00 4.79
TAWL 250 4.80 -6.02 -5.00 4.79
CAN-TL 250 4.80 --5.02 -5.00 4.79
MAIN 250 2,80 -6.02 -6.00 4.79

0.08

TAIL COMPONENT

MAIN BALANCE x
o O ) H Py )

e X x 3 em——

- g—y
X X ! COMPONENT BALANCES

CANARD COMPONENT

5
\
(%
F4
w
Q
'S
W
w
Q
Q
[
4
2
2
Q
2
-
o
[=}
-4

-0.08 -L
ANGLE OF ATTACK

Figure 44. Comgcuent rolling moment coefficient,
Mw = 2.5, aft canards, ring tail.
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SYM RUN COMP MACH OELTA1 DELTA2 DELTA3 DELTA4
8 CANARD 4.52 4.0 -4.99 -4.99 4.76
g8 TAIL 452 4.81 -4.99 -4.99 4.76
8 CAN-TL 4,62 4.81 -4.99 -4,98 4.76
8 MAIN 4.52 4.81 —-4.99 -4.99 4,76
0‘081
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Figure 45. Component rolling moment coefficlent,
M, = 4.5, aft canards, ring tail.
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LIST OF SYMBOLS
Referencc area, maximum bcdy cross section, 19.63 1n.2

Root bending moment coefficient for canard No. x, M, /CQAD

BCx

Root bending moment coefficient for tail No. x, MB /QAD

™=
Model rolling moment ceefficient
Rolling moment coefficient due to canards only, MRC/QAD
Model rolling moment ccefficient with undeflected canards
Rolling moment coefficient due to tails only, MRT/QAD
Normal force coefficient for canard No. x, ch/QA

Normal force coefficient for tail No. x, NTxYQA

Body maximum diameter, reference diameter, 5.0 in.
Free stream Mach number

Root bending moment for canard No. x
Root bending moment for tail No. x
Rolling moment due to canards only
Rolling moment due to taill only

Normal force for canard No. x

Normal force for tail No. x

2

Dynamic pressure, 1/2 pV®, lb/ft2
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Sex? bEL,

DEI.x

-Body radius at the cangrd hinge point
Body radius at the tail hinga‘péint
Free stream velocity
Canard or tail panel number
Angle of attack (deg)

Deflection angle for canard No. x (deg)

Free stream densicy
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