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FREE—SPINNING—-TUNNEL TESTS OF A MODEL OF
A CANARD AIRPLANE

By Philip W. Pepoon
STMMARY

A series of tests was made in the NACA 15—foot free—
spinning tunnel to study the spin cheracteristics of a
1/24—scale model of a hAypothetical cenard airplane, which
was designed to be the same size and to have the same gen—
eral aerodynamic characteristics as 2 Boeing B—247 air-—
plane. The model had a single fin and rudder at the rear
of the fuselage.

The model spun normally and had excellent recovery
characteristics, Moderate variations in mass distribution,
center—of—gravity location, or changes in horizontal or
vertical coatrol surfaces had only moderate eoffects upon
the recovery characteristics of the model. A few spins
were wvery .oscillatory.

INTRODUCT 10N

The wing loading and the power of present—day air—
Planes are constantly inereasing. As a result, the slip—
stream produces uncertainty in and generally has adverse
effects on the stability and the control characteristics.
With o view toward overcoming these difficulties, some
designers are reconsidcring the possibilities of the
canard airplane. Because data on the gspinning character—
istics of this type of airplane are lacking, tests were
conducted in the NACA 15—foot free—spinning tunnel to de—
termine the spin and recovery characteristics of a canard
airplane, originally designecd for tests in the NACA gust
tunnel (reference 1), of the same size and with the same
general aerodynamic characteristics as a Boeing B—247 air—
plane,

The model was tested not only at an estimated normal
loading condition but also with the center of gravity moved




forward and rearward, with the loading increasecd and de—
croased along the fuselage and along the wings, and with
the areas of the horizontal and vertical control surfaces
incrcased and decreascd. Inverted spins were tested for
only the normal loading condition,

\
| SYMBOLS
\
z/gv ratio of distance between center of gravity and
center line of fuselage to mean geometric chord
z/c ratio of distance of center of gravity from leading
edge of mean geometric chord to mean geometric
hoprd

Ix, Iy, and Iz moments of inertia about body axes X,

¥, and Z, respectively
b wing span
a acute angle between thrust axis and vertical, degrees

(approx. equal to absolute value of angle
of attack at plane of symmetry)

¢ angle between span axis and horizontul, degrees
(whether inner wing tip is up or down is indi-—
cated on charts as U or D, respectively)

v full—scale true rate of descent, feet per second

Q resultant angular velocity, radians per second

R/v radius of spin of airplane center of gravity divided
by span .

B angle of sideslip, degrees (positive is inward in
spins to pilotfs right)

APPARATUE AND MODEL

The tests were made in the NACA 15-foot free—spinning
9
-

tunnel in the manner described in reference 2.
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The model used in the present tests was a 1/24—scale
model of a hypothetical canard airplane having the general
characteristics given in the following table:

Weight, lb . - . L) - - . - . . . - L] . . . - - . - 14’600
e Bpan, T8 ..., 0. .0 vinenaatly. du SRR 2L T4

Sear—all length, £% . . «.v.iebBel - ety c-
TRoes wineg areas, 8g £t . . o e ETeR - URLNE ISR AR o s s
Béne loading, 1b/sq £ .. . . « Rl ARLSE N S 5
i niesic et d on s v s e e e s o p b m e sk @ e PITAGA Q015
Wing mean geometric chord, ft 4 Th L R A A R ST T
Ratio of vertical tail lengtn (dl ance from '

c.g. to rudder hinge axis) to wing span . ., . . . 0.425
Ratio of horizontal tail length (distance from

c.g. to elevator hinge axis) to wing span' . . . . 0.249
abilizory Area, 8d £, "0 win DEeh L L TE S 155 ,9
Total area of elevators g -I0 |0 SR BRI LR L Y 5
B anea 8y TH o . o . v sereine P SUREIRCE B PR | 28,8
BGdor arei; 80 FF . w0 . oime AL RN SRR S

The model, which had been previously used for the gust—
tunnel tests reported in reference 1, was constructed
princinally of balsa wood. The fuselage was hollow and
the wings were of spar and rib construction covered with
tissue paper. Because this model was representative of
the canard type of airplane and did not represent any par—
ticular airplane, engine nacelles and other protuberances
were not installed. Lead weights were suitably disposed
to give the proper total weight and mass distribution,
For the spinning te»to, the iiodel was modified by the ad—
dition of movable control surfaces and by the installation
of a remote—control mechanism to move the rudder for re—
covery tests.

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 losd—
ing of the hypothetical airplane at an equlvalent Spin
altitude of 7200 feet and corre sponded to the following




full—scale mass distribution with landing gear retracted:

Welpht., dBwe! s S8 L B850 o L & 2lg 5855 o Ly 14,600
/8 « 5% 5 s v ow gl o» Wie 0.5F ahekd of 3.B. Jof W0y
z/¢ . . « « ¢+ .+« « . . 0.024 below center line of fuselage
Vo 5 T o A RS T ST S P BEN500
1% Blugelt® s crnmnarry «vnuddledts 4'c B 9 + wow & % 58,200
Bre lae=fh®. o- ihannte s whe?s & o« ¥ a's e = w 87,300
The following typical maximum control deflections
were used for these tests:

o
pRUEAEr T, ity § o %« ok LB CE S & m R L® ok Bk, w bg B30
Blewabors ... & a « & « aie # 4 5 u 25° up and B6° down

s ~ O
BiFePOnE . & 4 &« w » & ¢ s s e ». 30° up and 20% down

The results of the tests are presented in charts 1
and 2., The sveady—spin parameters presented in the charts
were determined by the methods described in reference 2
and have been converted to corresponding full—scale values,
The data presented are for erect and invertesd spins to the
pilotts pight,” Contraol "osi+*ons indicated in the charts
are for the steady spin prior to recovery attempts. Re—
covery was attempted, in every case, by reversing the
rudder rapidly from fulj with to full against the spin.

Recovery is measured by the number of
ning model nak
the spin rota

turns the spin-—
kkes from the time the rudder is moved until
tion ceases.

DISCUSSION

Wormal loading.— The effect of various control posi—
tions upon the spin and recovery characteristics of the
model with normal loading is shown in chart 1. Quantita—
tive results were not obtained for the spin with ailerons

neutral and stick back (elevators down) because the model
wandered about excessively. Data were obtained for ailer—
ons with the spin (right aileron up in a right spin) and
also for ailerons against the spin. These spins were quite
oscillatory and recoveries were rapid although the spins
were not steep.
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When the stick was forward (elevators up), the spins
were steeper but recoveries were slightly slower than for
stick neutral or back,

Flacing the ailerons full with the spin resulted in
foirly flat oscillatory spins when the stick was neutral
or back and in a steep spin when the sticlk was forward.

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

Alternate loadings.— Moderate fore—and—aft variations
in the center—of—gravity location of the model amcunting
to 5 percent of the mean geometric chord had bdbut small ef-—
fect upon the spin and rccovery characteristics of the
model, When the center of gravity was moved forward, the
spins were slightly steeper and less oscillatory than for
the normal center—of—gravity location,

v

Extending or retracting mass along the fuselage
(changing Iy and Iy by 15 percent of Iy) or extend—
ing or retracting mass along the wings (changing Iy and
Iz by 26 percent of Ix) had but small effect on the spin
and recovery chargcteristics.

Over the range of loading conditions tested, spins
obtained with the stick forward showed higher values of
angular velocity Q and of Qb/2V than spins with stick
ba ek,

Bffcects of changes in areas of tail surfaces.— In

order to determine whether the spin characteristics were
critically dopendent on the size of the tail surfaces,
tests were made with the vertical-tail height constant
and with (1) fin area increased and decreased 40 percent,
(2) rudder area increased and decreased 40 nercent, and
(8) 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
fig, 3.)




The 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 de—
creased rudder area to have the opposite effect. Decreas—
ing the size of the horizontal tail plane tended to make
the spins steeper and the recoveries slower; increasing
the size of the horizontal tail plane had the cpposite
effect.

Inverted spins.— The model would not spin inverted

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. ZRecovery by
rudder reversal was rapid from all spins obtained. The
results are presented in chart 2.

'CONCLUD ING REMARES

From the tests of a 1/24—scale model of o hypotheti-—
cal canard airplane, which had a single fin and rudder at
he rear of the fuselage and a tail length measured fron
the center of gravity to the hinge ine that was compara—
ble to that of conventional airplanes, the following con—
a

clusions have been drawn:

(D o

1. The spin characteristics were generally similar
to those for conventional airplanes.

fas}
S .

flat, ecovery 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.

9

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

4, The model spun inverted for only a few control
positions.

It should be realized that there have been other
projected arrangements for canard airplanes, some having
four engines with a large increase in weight along the
wings and some having vertical tall surfaces mounted on

Although spins for some test conditions were fairly
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the wing tips, The spin characteristics of these types §
would be expected to differ from the characteristics of |
the design studied in the present investigation,

Langley liemorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.
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CHART 1

EFFECT OF CONTROLS ON SPIN AND RECOVERY CHARACTERISTICS OF -21—LL--SCALE MODEL OF CANARD AIRPLANE - ERECT SPINS TO PILOT'S RIGHT

[Normal loading; recovery By rapid full rudder reversal; recovery attempted from,
and steady-spln data presented for, rudder-with spins]
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CHART 2

EFFECT OF CONTROLS ON SPIN AND RECOVERY CHARACTERISTICS OF %E-SCALE MODEL OF CANARD AIRPLANE - INVERTED SPINS TO PILOT'S RIGHT

[Normal loading; recovery by rapid full rudder reversal; recovery attempted from,
and steady-spin data presented for, rudder-with Spinﬂ
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(b) side view

Figure 1.- Model of hypothetical canard airplaﬁe.

1/24 scale.
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