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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
ADVANCE RESTRICTED REPORT

FULL-SCALE-TUNNEIL INVESTIGATION OF A MULTIENGINE
PUSHER PROPELLER INSTALLATION

By Herbert A. Wilson, Jr.
SUMMARY

As part of the investigation in the NACA full-scale
tunnel of the characteristics of propeller ingtallations
for multiengine airplanes, propellers designed specifi-
cally for pusher opcration behind fixed contravanes have
been tested on a large-scale model of a four-engine air-
plane., In this installation, the wing trailing edge was
twisted to serve as a contravane and to produce the ro-
tating inflow required for optimum propulsive efficiency.
Tegsts of this propeller without wing twist and a conven-
tional propeller were made for comparison.

Propulsive efficiencies of 88% percent were obtained
for the pusher propellers with the contravanes, a value
which was about 3} nercent higher than that for the push-
er propellers alone. The efficiency of the conventional
pusher-propeller installation was about the same as that
of the special propeller without contravanes and of the
same order as that obtained with tractor installations.

INTRODUCTION

As part of the investigation in the NACA full-scale
tunnel of the characteristics of propeller installations
on a large-scale model of a four-engine airplane (refer-
ence 1), propellers designed particularly for pusher
operation behind fixed contravanes have been tested. The
propellers were designed to operate in a rotating inflow
established by twisting the wing trailing edge. Airfoil
shank sections were employed on these propellers and
their piteh and blade-width distributions were chosen to
minimize the axial and rotstional momentum losses. The
effect on the propeller performance of pretwisting
the stream was determined by testing the propellers at
two contravane angles and without the contravanes,




Comparative tests were also made with propellers of con-
ventional round-shank design.

The tests included measurements of the propulsive
characteristics of the different installations and surveys
of the velocity and the angularity in the slipstream,

SYMBOLS
o) mass density of air
n propgller rctational speed
v airspeed
B blade angle at 0,75R
D propeller diameter
1 propeller thrust (tension in propeller shaft)
AD increase in drag of model due to promneller
T -AD effective thrust
127 power input per propeller
i /T - AD
Cn thrust coefficient (=—==
\pnc, D4
- N
Cp power coefficient <__£__ )
3 15
pns b

M propulsive efficiency <g?‘ 4D V>

V/nD advance-diameter ratio of propeller
R resultant drag force on propeller-model combination
Dy propeller-removed drag of model

\U} yaw angle of air stream
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q, free-stream dynamic pressure
q local dynamic pressure
c wing chord

MODEL AND TEST EQUIPMENT

The four-engine midwing-airplane model on which the

pusher propellers were installed had a span of 37,25 feet.

The wing sections were symmetrical and tapered in thick-
negw twom "0 18 at the “root to 0.10c at “the “Wip. | Thec
original wing had a plan form tapered 4:1 with a root
chord of 7.28 feet and an area of 172 square feet (refer-
ence 1) but, for these tests, the chord was extended 20
percent at the trailing edge by means of a thin sheet-
metal flap that could be differentiaglly deflected to
gserve as a contravane (figs. 1 and 2). The horizontal
tail surfaces were removed to avoid interference with the
apparatus used for the slipstream surveys.

Four 25-horsepower electric motors installed in
the wings were used to drive the propellers and toraques
were obtained from an electrical calibration. PFPropeller
speeds were measured with an electrical tachometer.

Blade characteristics for the two 42-inch-diameter
propellers are given in figure 3. The conventional pro-
peller had Clark Y blade sections and the special pusher
design had NACA l6-series blade sections, The differen-
tial deflections of the trailing edge for the contravane
tests are given in figure 4.

TESTS

At an angle of attack corresponding to the high-—
speed flight condition, propulsive characteristics were
determined for a blade—angle range appropriate to the

design conditions of the propellers for each installation.

In this way, the peak of the envelope of the propulsive-—
efficiency curves was determined. The special pusher
propeller had a design blade angle of 400 and, with the
basic contravane twist (fig. 4), tests were made at

B.= 40° and 45°. With 83 percent of the basip twist, it




was thought possible that the maximum efficiency might
occur at a lower blade angle and accordingly tests were
made at B = 35° and 40°. For the tests of this propel-—
ler without flap twist, the blade—uangle range was ex—
tended to include values of from 25° to 40°., A similar
range of blade angles from 25°% to 40° was used for the
tests of the conventional propeller.

In order to cover the range of V/nD for each pro-
peller, the torgue was held constant, the tunnel airspeed
was inereased in steps from 30 to 100 miles per hour, and
the propeller speed was then reduced until zero thrust
was reached. For each combination of tunnel speed and
propeller speed, the motor torque and the aerodynamic
forces on the model were recorded. Propeller—removed
1lift and drag tests for the determination of the effec—
tive thrusts were made at zl1ll tunnel speeds.

The surveys of the slipstrean dynamic pressure and
angularity were made along a vertical line through the
propeller axis in order that the measured stream angles
could be separnted readily into yaw angles due to pro-—
pPeller rotation and pitch angles due to wing downwash.

=]

ESULTS AND DISCUSSION

The cheracteristics of the propeller installations
are given as values of the provpulsive efficiency n and
the thrust and power coefficients Cp and Cp. The ef-
fective thrust of the propeller combirations was deter-—
mined friom the relation.

T — AD = D, — R
in which T — AD 1is the effective thrust of the propel-—
ler installation, D, 1is the drag of the model with the
propellers removed, and R is the drag force measured
with the propellers operating. Values of D, obtained
with the trailing—edge flaps undeflected were used in the
computation of all the effective thrusts in order %o
charge the drag of the twisted flaps for the contravane
tests against the propeller thrust.

The special pusher—propeller installaticn with the
basic flap twist (fig. 4) gave a maximum propulsive effi-
ciency of 881 percent at a blade angle of 40° and a V/nD
of 1.8 (fig."5). Reducing the flap twist to 83 percent
of the basic value decreased the maximum efficiency to
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87 percent (fig. 6) and did not appreciably change the
blade angle .or the V/nD at which the peak occurred,
Without the contravanes, the maximum propulsive effi-
ciency was 85 percent (fig. 7) at a blade angle of 40°
and occurred at the slightly higher V/nD of 1.84. The
conventional propeller also gave a maximum efficiency

of 85 percent, but at a blades angle of 350 and a V/aD
of 1.45 (fig. 8). The propulsive characteristics for
all installations are summarized in table I, which in-
eludes for comparison valtes obtained from the tests of

~reference 2 with a tractor installation of the special

pusher propeller.

The reasons for the variations in efficiency of the
pusher propeller are shown by the slipstream surveys
(fig. 9). With the basic twist, the slipstream velocity
as shown by the curves of slipstream dynamic pressure is
#8if orm and the angularity is almost negligible except in
the wake of the spinner and wing. This type of slip-—
stream satisfies the requirements for low axial and rota-—
tional energy losses. With 83 percent of the basic twist,
the angularity increases in tle direction to account for
the 12 percent decrease in the effdeleneys Wisthiao:duwilss
the angularity is about 8° at the edge of the spimner and
the s lipstream velocity is much less uniform substantiat—
ing the lower measured propulsive efficiency. The low
airspeed in the center of the slipstream is the wake of
the wing, the flaps, the spinner, and the blade—spinner
Junctures,

An additional effect of the contravanes is to increase
the thrust and power coefficients of the propeller by vary-—
ing amounts up to 40 percent at the 40° blade angle with
the basic flap twist (table I). This incresse is equiva-—
lent to an increase in so0lidity and results from the
higher angles of attack and relative velocities of the
propeller blade sections caused by the rotating inflow.

The lower blade angle for the maximum efficiency of
the conventional propeller is due to its pitch distribu—
tion (fig. 3) and to the increased detrimental effects of
the round blade shanks at high blade angles. In these
respects, the conventional propeller is similar to most
of the propellers in use at present. The thrust and
bower coeffieients for this propeller were from 15 to 30
percent less than for the pusher propeller, owing to its
considerably lower solidity.

The propulsive characteristics of the tractor instal—
lation given in table I have about the same values as for



the pusher propeller without contravanes. The efficiencies
shown are from 1 to 2 percent lower, but the tests lack
sufficient experimental accuracy and similarity to justify
a comparison of the relative merits of pusher and tractor
installations. The results do serve to show, however,

that no large difference is to be expected between aerody-—
namically clean pusher— and tractor—propeller installations
in the blade—angle range of these tests.

For high-speed airplanes in which propeller:blade
angles in the range of 500 to 600 are required, the gains
due to the use of contravanes with pusher—propeller instal—

lations may be somewhat larger than those measured in these
tests.

SUMMARY COF RESULTS

The results of this investigation show that gains in
efficiency of about % percent at a blade angle of 40° can
be obtained by the use of contravanes with specially de-—
signed pusher propellers, The contravanes also give an
increase in the power absorption of the propellers equiva—
lent to an increase in the solidity. Without the contra-—
vanes, the special propeller gave a maximum propulsive
efficiency of 85 percent at a blade angle of 40°, which
was about the same as the peak efficiency obtained with a
conventional pusher—propeller installation, The effi-—
ciencies obtained with the special and the conventional
propellers without the contravanes were about the same as

were obtained with the tractor installation of these pro—
pellers,

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aerongutics ,
Langley Field, Va,. .
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TABLE I

SUMMARY OF THE PROPULSIVE CHARACTERISTICS

F 4
T-2li6

Characteristics at maximum
Blade efficiency
Propeller installation |angle,B + -
: m [v/nD Cp | Cp
(deg) |(percent)

Special pusher propeller 40 88.5 1,8 10,267 100181
with basic contravane 45 85.5 2.2 10 881 L L5
twist

Special pusher propeller 3 ! 85 Lo 2380 e S B P
with 83 percent of 40 87 1.8 252 s 122
basic contravahe twist

Specisl pusher propeller 25 80 .92 .104}| .0805
withount contravenes 30 84  |1.21] .130| .090

35 84 s T T R e B B 0
40 85 1.84} .193| .089
|

Conventional propeller &5 ’ 84 1.00 Q704N 5089
in a pusher installa-— 30 84,5 1.28 L0980 e S06
tion 35 85 1.45 s 1 &0 0786

4.0 82 R 53 R Lol | o 2
. i

Special pusher propeller 25 84 1.56] 140 .075
used ir a tractor 40 | 98 1.80| .206| ,095
installation (from 45 83 2.05 A8 Jiilie
tests of reference 2)




i NACA Figs. 1.2

Figure 1l.- The four-engine airplane model installed in the full-scale
tunnel with special pusher propellers and twisted flaps.

Figure 2.- The four-engine airplane model installed in the full-scale
tunnel with conventional propellers and without flap twist.
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Figure 3,- The blade characteristics for the test propellers.
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