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A OANARD AIRPLAJnI

~y Philip Y. Pepoon

SUMMARY

A series of tests was made in the ~AOA l5-foot free-
'spinning tunnel to study ~he spin characteristics of a
l/24-scnle model of a hypothetical canard airplane. which
was designed to be the same size and to have the same gen­
eral aerodynamic characteristics as a Doeing B-247 air­
plane. The model had a single fin and rudder at the rear
of the fuselage.

The model spun normallj and had excellent recovery
charact er ist ics. Uoderat e var iat ions in mass distr i but ion,
center-of-gravity location. or changes in horizontal or
vertical control Burfaces had only moderate affects upon
the recovery characteristics of the model. A few spins
were very oscillatory.

IllTRODUOTION

~he wing loading and the power of present-day air­
planes are constantly increasing. As a result.· the slip­
stream. produces uncertainty in and generall~ has adverse
effecta on the stability and the control characteristics.
With B. view toward overcoming these difficulties, 'some

. designers are reconsidoring the possibilities of the
canard airplane. Beca~e data on the spinning character­
istios of this type of airplane are lacking, tests were
conducted in the HAO.! l5-foot free-spinning tunnel to de­
termine the spin and'recovery charactoristics of a canard
airplane, originall~ de~igned for tests in the BACA gust
tunnel (reference 1), of the same size and with the same
general aerodynamic charaoteristics as a Booing ~247 air­
plano.

~he model was tested not only at an estimated normal
loading condition but also with the center of gravity moved
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forw~d and rearward, with the loadlng increased and de- “
creased along the fuselage and along the wings, and with
the areas of the horizontal and vertical oontrol surfaces
Inoroased and decreased. Inverted spins were tested for
only
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the normal loading condition. o

SYMBOLS

ratio of di8tanca between center of gravity and
center line of fuselage to mean geome%rio chord

ratio of distance of center of gravity from leading
edge of mean geometrio chord to mean geometric
ahord

Iy , and Iz moments of inertia abotit body axee X,
Y, and Z, respectively

wing span . .

acute angle between thrust axis and vertical, degrees m
(approx. equal to absoluta value of angle
of attack at plane of symmetry)

angle between span axis and horizontal, degrees
(whether inner wing tip IS up or down is indi- -
cated on charte ae U or D, respectively)

full-scale true rate of descent, feet per second

resultant angular velocity, radians per second .

radius of spin o-f airplane center of gravity divided
by span .

angle of sideslip, degrees (“positive is inward in
spins to pilotls right)

APPARA!CU8 AND MODEL

The tests were made in the HACA 15-foot free-gpinning
tunnel in the manner described in referonoe 2.
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... . . . . . The”’model=”’uawd in”the present tests. was .a 1./24-s.cale.
model of a hypothetical canard airplane having ,the general
characteristics given in the following table:

N
ml Weight, lb....... .. . . ... . . . . . . .
y Wing s-pan, ft ”...... . . . . . . . . . . . .
A Over-all length, ft.. . . . . . . . . . . .

(3rosswlng area, eqfl . . . . . . . . . . . . .
Wlnglonding, lb/sq ft.. . . . . . . . . . . .
Wing section . . ..G . . . . . . . . . . . . .
Wang mean geometric chord, ft . . . . . . . . .
Ratio of vertical tall length (distance frou

e.g. to rudder hinge axis) to wing span . . .
Ratio of horizontal tall length (distance from

C.e. to elevator bingo axis) to -wing span . .
Stabilizer area, sqft . . .“. . . . . . . . . .
Total nrea of elevators, sq ft . . . . . . . . .
Finarea, sq ft.... . . . . . . . . . . . .
Ruddorarea, sqft . . . . . . . . . . . . . . .

8. 14,600
. .. ● 74
.0. 66
● . . 836

17.5
~A6A 0015
. . 11.3

.- 0.425

. . 0.249

. . 135.9

. . 47.5

. . 28.8

. . 30.7

Tho model, which had been previously used for the gust-
tunnel tests repoYted in reference 1, was constructed
principally o: balsa wood. The fuselm:;e was hollow and
the wiags wore of spar and rib construction covered with
tissuo paper. Because this model was representative of
tho canard typo of airplane nnd did not represent any par-
ticular airplane, engine nacelles [L)’Ld other protuberances
were not installed. Lead weights were suitably disposed
to give the proper total weight and mass distribution.
I’or tho spinning tests, the i~odel was inodified by the ad-
dition of movable control surfaces and by the installation
of a renote-control mechanism to move the rudder for re—
oovery teste.

Photographs of the model are shown in figure 1. Fig-
ure 2 gives a three-view drawing. The original and the
modified tail surfaces are shown In figure 3.

TEST CONDITIONS

The model was ballasted to represent the normal load-
ing of the hypothetical airplane at an equl~alent spin
altitude of 7200 feet and corresponded to the following
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full-scale mass distribution with landing gear retracted:

Weight,’ id ”...;.... . . . . . . . . . . . 14,600
x~ . . . . . . . . . . . . 0.35 ahead of L.E. of ~.G.C=
z~ , . . . . . ● . . 0.024 below center line of fuselage
Ijf, slug-fta. . . . . . . . . . . . . . . . . . 33,500
Iy, slu&ft2. . . . . . . . . . . . . . . . . . 58,200

Iz, sla&fta. . . . . . . . . . . . . . . . . ●
87,500

!Cho foil.o~”ing typical maximum control deflections
were ‘ase& for these testc:

Eudder. . . . . . . . . . . . . . +300
“2&0”u~ ln~ ;5; downElevatnzs. . . . . . . . . ● . . . .

Aileroxs. . . . . . . . . . . . . . 30° up und 20° down
. .

RESULTS

The results of the tests are presented in charts 1
~.nd 2. Vhe steady—spin Parameters presented in the oharts
were determined b~ the uethods described in reference 2
and hzve been converted to corresponding full-scale values.
The data presented are for erect and inverted spins to the
pilot~s right. Control positions indicated in tile charts
m e :OF the steady s~in prior to recovery attempts. Re-
covery was attempted, iu every cnse, by reversing the
r-~dder ra~ldly from full with to full against the spin.

Recovery is ~easured by tho ~umber of turns the spin-
ning model nakes from the time the r“adder is uoved until
the spin rotation ceases.

DISCUSSION

~oranl loadinq.- The effect of various control posi-
tions uron the spin and recovery characteristics of the
model with normal loading Is shown in chart 1. Quant ita-
tlve resulto were not obtained for the spin with ailerons
neutral and stick b,zck (elevators down) because the model
wandered about excessively. 3ata were obtained for ailer-
ons with the spin (right aileron up In a right spin) and
also for ailerons agal~st the spin. These spins were quite
oeclllatory and recoveries were rapid although the spins
were not steep.

—m-m ■■ -I I- -= II 1= ■ II 1=1 I II I II
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““~en “-the“VJtl_ck-”waaforward (elevat oro up]; the spins

were steeper but rec”overiee were slightly slower than for
stick neutral or back,

~ Placing the ailerons full with the spin resulted In
fairly flat oscillatory spins when the stick was neutral

A or back and in a “steep spin when the stick was forward.

Regardless of elevator or aileron position, the
spins obtained were oscillatory and recoveries were rapid,
The effectiveness cf the rudder over the range of atti-
tudes covered is ~robahly a result of the fact that the
rudder wae not shielded by the tall plane as might occur
for a conventional design. In general, the recoverlea
made by rudder reversal when the stick was back resulted
in stalled glides; wherons recoveries made by rudder re-
versal when the stick was forward resulted in dives.

Alternate loadlngg.-—— Moderate fore-and-aft variations
in the center-of-gravity location of the model amcunting
to 5 percent of the m6an geoinetric chord had but small ef-
fect upoa the spin and recovery characteristics of the
moael, When the center of gravity was moved forward, the
spins were slightly stocrpor end less oscillatory than for
the normal ceater-of-gravity location.

Extending or retracting mass along the fuselage
(chunging Iy and Iz by 15 percent of Iy) or ~~tend-

Ing or retracting mass along the wings (changing Ix and
Iz by 26 percent of Ix) had but small effect on the spin’

and recovery characteriOtlcO.

Over the range of loading conditions tested, spins
obtained with the stick forward showed higher values of
angular velocity n and of .Ob/2V than spins with stick
back.

Effects of changes In nreas of tail surfaces.- In
order to determino whether tho spin characteristics were
critically dependent on the size of. the tail surfaces,
tests were made with the vertical-tall height constant
and with (1) fin area increased an”d decreased 40 percent,
(2) rudder area inoreaseii and decreased 40 percent, and
(3) fin and rudder area simultaneously increased and de-
creased 40 percent. A similar series of changes was made
In the horizontal surfaces with the span constant. (See
f’11%.3.)

— — — —.
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!Che effects of these changes were not very marked.
There was some tendency for increased rudder area to give
slightly flatter spins but faster recoveries and for d-
creased rudder area to have the cpposite effect, Decreas-
ing the size of the horizontal tall plane tended to make
the spins steeper and the recoveries slower; increasing
the size of the horizontal tall plane had the opposite
effect .

Inverted spins.- The model would not spin iuverted

unless the ailerons were with the spin (stick and rudder
controls crossed in the steady spin) or unless the ailer-
ons were neutral and the stick forward. Eecovery b~
rudder i-eversal was rapid froL: all spins obtained. The
results are presented in chart 2.

‘CONCLUTIIN(3REMARKS

From the tests of a l/24-scale model of a hypotheti-
cal cazard airplane, which had a sin~le fin and rudder at
the rear of the fuselage and a tail length aeasured from
the center of graTity to the hin~e line that was corapara-
ble to that of conventional airplanes, the following con–
elusions have been drawn:

1. ghe spin characteristics were generally slnllar
to those for conventional =irplanes.

2. Althou@ spins for scne test conditions were fairly
flat , recovery by rudder reversal was rapid in every case.
The effectiveness of the rudder was apparently due to the
fact that, for this design, the rudder Is not shielded by
the tail plane.

3. Iioderate changes in mass distribution and tail
size did not seriously alter the spin characteristics.

4. Uhe nodel spun inverted for only a few control
pcsitlons.

It should be realized that there have been other
projected arrangements for c.ancrd airplanes, some having
four engines with a large increase in weight along the
wings and sone having vertical tail surfaces mounted on
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the wing tips. Ths gpin character lstios of these types...... ..... -----....
would be expected to differ from the””Eh’tiacii”erlsttcs” “of
the design studied in the present investigation.

Langley Hemorial Aeronaut loal laboratory,
National Advisory Comaittee for Aeronautics,

Langley Ii’teld,Tsi.
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CRART 1

EFFECT OF CONTROLSON SPIN AND RE!COVERYCHARACTERISTICS OF +-SCALE h40DELOF CANAM AIRPLANE - ERECT SPINS TO PILOTIS RIGHT

[N.Ivu~lImdfng; recovery by rapid fU112$Udd.r x.eve~sal;~..OVe~y att.IIIpt.dfI.om,
and steady-spin data presented for , rudder-with spins]

Too wandering and
too large mdlua
of 8pln to teat

35tJ49 0 to 12D I
I _—

145 .24 .5S .11

L
1 4

I TOO osolllatory in
pitoh to teat
completely.

Y to67 9Uto28D

122 .29 .36; -1
— .._ ._

l--
%’

—-—_ ._..

I -“l I ●>ZI I I I 0- -1

1

k!%zl’”’’’”’’’””s’‘‘;;2‘;
1=#
d m

I393q---~ 34 to 45

32 to 40
154

0 to 8U —
—

.—
—

149 ●* .24 –-13
1, 1

L

I** I

I I

w
Rangeof ralues

during apln

H

\ ~ ‘q # 1

TUm9 for Recoveq

ii
d’

P



EFFECT OF CONTROLSON SPIN” AND RECOVERYCHARACTERISTICS

CRART2

OF ~-SCALE MODEL OF CANARD AIRPLANE - INVERTED SPINSTO PILO1’lsRIGm
a
g

4
[Normal loading;recoveryby rapid full rudder reversal; recovery attempted from,

and steady-spin data presented for , rudder-with spins]
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(a) Three-quarter front view

(b) Side view

q

.&
Figure l.-

.
Model of hypothetical canard airplane. 1/24 scale. P
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