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AUTOGIRO AS DETERMINED IN FLIGHT

By JorN B. WHEBATLEY

LIFT AND DRAG CHARACTERISTICS AND GLIDING PERFORMANCE OF AN

'SUMMARY

The results of flight tests made by the National Ad-
visory Committee for Aeronautics on a Piteairn ‘‘ PCA-8"’
autogiro are presented in this report. Lift and drag
coefficients with the propeller stopped have been deter-
mined over approzimately a 90° range of angles of attack.
Based on the sum of fixed-wing and swepit-disk areas,
the mazimum lift coefficient 18 0.896, the minimum drag
coefficient with propeller stopped s 0.016, and the maxi-
mum L{D with propeller stopped is 4.8. Lift coefficients
were found also with the propeller delivering positive
thrust and did not differ consistently from those found
with propeller stopped. Curves of gliding performance
included in this report show a minimum vertical velocity
of 16 feet per second at an air speed of 36 miles per hour
and a flight-path angle of —17°. In vertical descent the
vertical velocity is 35 feet per second.

INTRODUCTION

Research on the autogiro has been undertaken by
the National Advisory Committee for Aeronautics in
connection with the study of the general problem of
safety in flight. The essential characteristic of the
autogiro that distinguishes it from conventional air-
planes is that the velocity of the lifting surfaces with
respect to the air is almost entirely independent of the
velocity of the machine as a whole. The value of this
attribute with respect to safety lies in the increase in
the useful range of air speeds at which flicht may be
maintained.

The determination of lift and drag characteristics
was decided upon as the initial step into an extensive
program of research because of the lack of reliable
full-scale information on the fundamental aero-
dynamic characteristics of the autogiro and the need
to establish clearly a datum to which further work will
be referred. The curves and data contained in the
body of this report constitute, so far as is known, the
first authentic full-scale information concerning auto-
giro characteristics that has been published. This re-
port presents the results of a series of glide tests, made
to determine the lift and drag characteristics of a
Piteairn PCOA-2 autogiro over the full range of angles

of attack. The tests were performed by the National
Advisory Committee for Aeronautics at Langley
Field, Va.

APPARATUS AND METHODS

The tests were performed on a Pitcairn PCA-2
autogiro, shown in Figure 1. The essential physical
characteristics of the autogiro are as follows:

Rotor 8ymbol
Number of blades b 4.
Proflle of section Gottingen 429.
Diameter. 2R 45.0 tt.
Bladse chord (outer straight portlon).._.... ¢oooo._.. - 18331t
Disk area.. Sp 1,588 =q. ft.
Solidity - Total blade 0.0978.
- areafdisk
area.
Wing
Profile__ Modified N.A.C.A-M3,
Span i 30 ft. 354 in.
Chord—root. 4ft. 41n.
Area—projected Sw. 101 sq. {t.
Aspect ratio 9.1
Incldence 1.7°. -
. QGeneral
Total ares. S=8p+Sw_. 1,689 aq. {t.
QGross weight as flown. w. 2,940 1b,
Wing loading. wi8s. 1.74 Ib f=q. ft.
Engine Wright R-975.
Power—rated. . 300 hp

The essential quantities necessary to a determina-
tion of lift and drag characteristics are dynamic pres-
sure, flight-path angle, and attitude angle. Measure-
ments of dynamic pressure and flight-path angle were
obtained during & portion of the tests from an N. A.
C. A. flight-path-angle and air-speed recorder sus-
pended 80 feet below the aircraft. (Reference 1.)
Subsequently it became necessary to alter the stand-
ard instrument so that it could record glides at an
angle as great as 90°. The alteration consisted of the
incorporation in the instrument of a yoke suspension
and a 90° inclinometer unit, the yoke being shown in
Figure 2. At low speeds, however, the instrument
proved to be unstable and the inclinometer failed to
function. An alternate method of obtaining flight-
path angle was applied, in which the vertical velocity
was calculated from a time history of altitude obtained
by the observer with a sensitive altimeter and battery
of stop watches. Flight-path angle followed directly
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from the ratio between the vertical velocity and true
air speed. The attitude of the autogiro was recorded
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lack of reliable information on the propeller character-
istics, no attempt was made to calculate thrust directly

F1GURE 1.—Three-quarter view of PCA-£ autogiro

by a pendulum-type inclinometer (reference 1) fixed
in the fuselage.

Complementary quantities required during the glide
tests included air density, control position, rotor speed,
and, in a few cases, engine speed. Data from which
air density was calculated were obtained by visual
observations of a liquid-in-glass type thermometer
placed in the air stream and & sensitive altimeter in
the observer’s cockpit. During & part of the tests
atmospheric pressure was recorded by an aneroid-
type recording altimeter, but the observations of pres-
_ sure altitude proved to be & more desirable method.
Rotor speeds were obtained visually by the pilot or
observer from the indicating tachometer installed in
the aircraft. In suxiliary tests made with positive
thrust, the pilot also noted engine speed from the
engine tachometer.

The flight tests consisted principally of steady 30-
second glides at angles of attack ranging approxi-
mately from 0° to 90° with the propeller stopped in a
vertical position by means of a brake. From the
average values of dynamic pressure, attitude angle,
and flight-path angle given by the continuous records
obtained in each glide, the lift and drag characteristics
were calculated as described in reference 2. A correc-
tion was made for the drag of the suspended instru-
ment from data given in reference 2.

In order to determine the effect of the slipstream on
the rotor characteristics, an auxiliary group of glide
tests was made with the propeller rotating at sufficient
speed to develop varied small amounts of positive
thrust. Test procedure in this case was identical with
that when the propeller was stopped. Owing to the

from engine speed and air speed. The magnitude of
the thrust was closely approximated by a considera-

.F1GURE 2.—Swivel suspension for fiight-path-angle and alr-speed recorder

tion of the change in flight-path angle from that at the
gsame air speed with propeller stopped, using a pro-
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peller-drag coefficient calculated from the curves given
in reference 3.
RESULTS

The lift and drag characteristics of the autogiro are
presented in Figures 3 and 4 and in Tables I and II.
The area to which the force coefficients are referred is
the sum of the swept-disk area and the fixed-wing
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the state of operation of an autogiro rotor, is defined
by the equation .
Vecosa
“TQOR
where V—true air speed, feet per second.
a—angle of attack, degrees.
@ —rotor angular velocity, radians per second.
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F1GURE 3.—Cbaracteristic curves for PCA-8 autogiro

area, the wing being considered as extending through
the fuselage. The use of the swept-disk area is arbi-
trary, but an arbitrary selection is necessary, inas-
much as the predominating velocity of the rotor blades
is not the velocity of flight. The inclusion of the fixed-
wing area follows by analogy with a biplane. With this
choice of area the coefficients are of the same order of
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F10URE 4.—Polar curve for PCA-2 autogiro

1.0

magnitude of those of a normal wing. The angle of
attack given in the graphs and tables is the angle be-
tween the relative wind and a perpendicular to the
rotor exis lying in the plane of symmetry. Drag
coefficients, unless otherwise specified, have been
calculated from the drag of the aircraft as flown less
the drag of the suspended instrument.

The rotor parameter u is plotted in Figure 3 against
angle of attack. This parameter, which determines

The effect of the calculated propeller, drag upon the
drag coefficient and the L/D curve against angle of
attack is shown in Figure 5. The propeller d.l'ag:was
estimated from the curves in reference 3 and}was
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F1GURE 5.—Curves showlng effect of propeller on PCA4-8 autogiro characteristie

ourv;s.) Estimated propeller Cp=0.003, propeller drag=4.93 ¢. (From refer-
ence 3.

assumed constant over the range of angles of attack
covered by Figure 5.

The gliding performance with stopped propeller is
shown in Figures 6, 7, and 8. Figure 6 shows the
variation in flight-path angle v and indicated vertical
velocity V, with indicated air speed. Figure 7 shows
indicated vertical velocity as a function of flight-path
angle. In Figure 8 vertical velocity has been plotted
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against horizontal velocity, and lines of constant
flight-path angle have been shown. The polar distance
from the origin, indicated by the circular arcs drawn,
represents the air speed along the flight path.

]
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ACCURACY

The effect of accidental errors is reflected in the dis-
persion of experimental points on the curves. It will
be noted that this dispersion increases rapidly above

an angle of attack of 16°. This effect is prob-
/80 ably a result of the errors introduced by the
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. indirect method of determining flight-path angles
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=

“Flight-path angle

le, degrees
N
Q
b

unsteadiness of the aircraft at Jow air speeds.

The number of experimental points obtained is
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large enough, however, to reduce the re-
sultent accidental errors in faired curves to

a small value.
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Errors consistent in sign are not indicated by

the dispersion of points. The chief source of
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such errorsis the effect of the rotor-induced flow

40{ on the magnitude and direction of the resultant
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air velocity in the vicinity of the suspended
flight-path-angle and air-speed recorder. The
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effect of this flow on the alignment of the sus-

pended instrument, as well as the effect of any

i

inherent misalignment, was eliminated by a de-
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termination of the alignment in level flight at

various speeds. The alignment thus established
is believed precise to within +0.1°. The effect

icoted vertical vejocit
)
D

of the induced flow on the recorded dynamic

Q
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“F1GURE 6.—Flght-path angle and vertical velocity as functions of alr speed for
PCA-8 autoglro gliding with stopped propeller

/

Results of the tests with positive thrust are shown
in Figure 9, in which the lift coefficients obtained are
plotted against angle of attack. The portion of the lift
curve obtained with propeller stopped at correspond-
ing angles of attack is shown in the same figure for
-comparison.

20 40 60

/80 pressure, however, was not eliminated. Cal-
culations based on the usual wing theory in-
dicate that the magnitude of the induced velocity at
the suspended instrument is approximately —0.013
CrV where Oy is the coefficient of resultant force
based on disk area. Owing to uncertainty concerning
the justification for applying wing theory to this case,
no correction to recorded results was applied. It is
probable that at high angles of attack the error in
dynamic pressure will be from —2 per cent to —3 per
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F1aURE 7.—Variation of vertical velocity with flight-path angle

for PCA-2 autogiro gliding with stopped propeller

Table I presents the data obtained in glides with
-stopped propeller when the flight-path angle was
.directly measured, Table IL shows the data obtained
by indirect measurement of flight-path angle in glides
with stopped propeller, and Table IIL contains the
«data obtained from glides with rotating propeller.
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F1GURE 8.—Gliding performance curve of PC.A-2 autogiro, with stopped propeller

cent, whereas at low angles of attack the correction
may be safely neglected.

If the indeterminate effect of rotor-induced velocities
on the suspended instrument is disregarded, it is
believed that the values of the faired curves may be
relied upon within the following limits:
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DISCUSSION

The curves included in this report show clearly the
general aerodynamic characteristics of the autogiro.
The curve in Figure 3 illustrates the fact that the
resultant force coefficient is almost constant at all
angles of attack above that corresponding to maximum
lift. The results in Figure 5 show & maximum ZL/D
of 4.8 with propeller stopped, at & lift coefficient of
0.150, corresponding to an air speed of 67 miles per
hour. By the subtraction of the estimated propeller
drag, & maximum L/D of 5.3 is obtained. The curves
of gliding performance (figs. 6, 7, and 8) illustrate the
ability of the autogiro to descend steeply at a low air
speed; when the vertical velocity is & minimum of 15
feet per second, the air speed is about 53 feet per
second (36 miles per hour) and the flight-path angle
is —17°. 'These curves also show the rapid increase in
vertical velocity with any small decrease in air speed
below 45 feet per second. The data in Figure 9 indi-
oate that the presence of positive thrust has no con-
sistent effect on the Lift coefficient.

The large speed range possible for the autogiro is
indicated by the ratio between Crms: 8nd COpmia in Fig-

. 0.895 .
ure 3, the experimental value of 0.015 60 being unus-

ually high. Comparable values for a conventionsal air-
1.40

plane would be 0.050 28 Level flight at low speeds
proved difficult, however, owing to decreasing control
offectiveness as air speed approached its minimum.
At air speeds corresponding to the region of Opma: the
sileron moments were insufficient to overcome the
required engine torque. The practical speed range is
then less than that indicated by the force coefficients.

The problem of control at the low air speeds and
high angles of attack attainable in the autogiro de-
mands attention. During glides at air speeds near the
minimum value, corresponding to angles of attack from
about 35° to 90°, lateral control was inadequate and
the aircraft was unsteady. Elevator control, although
sluggish, remained positive at all times, but the aile-
rons and rudder often proved unable to check or delay
a tendency of the autogiro to roll or yaw.
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CONCLUSIONS

The tests on the POA-2 autogiro as presented in
this report lead to the following conclusions:

1. The maximum lift coefficient, based on the sum
of wing and swept-disk area, is 0.895, the minimum
drag coefficient with propeller stopped is 0.015, the
maximum L/D with propeller stopped is 4.8, and the
maximum resultant force coefficient is 1.208.

2. The resultant force coefficient is approximately
constant for all angles of attack greater than that cor-
responding to maximum liff.

3. The minimum vertical velocity when gliding with
stopped propeller is 15 feet per second, at an air speed
of 36 miles per hour, and a flight-path angle of —17°.
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o V/nD = 0.54 {opprox.,)
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FI1GURE 9.—Lift coefficlent against angle of attack with varying thrust

4. The vertical velocity in a vertical descent is 35
feet per second.

5. The presence of positive thrust has no consistent
influence on lift coefficient.

LaneLEy MEMORIAL, AERONATUTICAL LLABORATORY,
Narronar Apvisory COMMITTEE FOR AERONAUTICS,
Lawnauey Fievp, Va., May 2, 1932.
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TABLE IT—Continued

AUTOGIRO GLIDE TESTS—PROPELLER STOPPED—Continued
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AUTOGIRO GLIDE TESTS~PROPELLER ROTATING
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