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NOTATION
Blade section lengih at 0.7 radius

Dianmeter of propeller

Force along the shatt centerlire

Force normal to the shaft centerline
Speed coefficlent, J = ——r

Torque coefficient, K = -——%—-—-
qQ

T
Thrust coefficient, Kt u';———TxF D

Revolutions pz‘n' wit time

Pitceh of propeller at 0.7 radius

Torque

bo‘%[ Vo + (0.7unD)>

Reynolds number, Re :

-~
Thrust

Speed
Shatt angle to direction of flow
Density of fresh water

Kinematic viscosity .
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The performance of propell&rs in inclined flow has long been
} a subject of interest to the naval avchitect. It is rare, if ever,
that a propeller operates in a true axial flow since most shaft
: instéllations on ships and, particularly on small craft, are et angles
| to the directiop of free flow. .

To aid in the analysis of model propulsion tests, the David

ot Tuylor Model Basin initiated a test prog*am to obtain limited infor-
" mation on the effects of inclined flow on propeller performance.

A series of five propellers of the sgme design but with different
pitch ratios were tested in open water at shaft engles from O to 15
degrees. For this'series of tests; the only force measured was that
in the direction of the sheft axis. Tre side force that occurs on

————— S P — .

the propeller at an angle of inclination has been investigated by

Guﬁschel and cavitation effects have been investigated by Taniguchi

and Chibe.”.

The obJective of the limited study presented here was to deter-

mine whether or not there was a sufiicient difference in the open-

water characteristic curves at various shaft angles to warrant a

correction when predicting ship propulsicn performance. Prediction

. ———— —— A . -

of ship performance is often based on the results of propeller open-
water tests and a propulsion test is not conducted.

PROPELLERS TESTED

Figures 1 through 5 show the propeller drawings. The following
table shows the TMB propeller mumbers with their respective design'
data.

1 Rerercﬁ;es are listed on page 4 .




Propeller Diameter Pitch g[g Mean  No. of Total PA Blade
Mo. in. in. Width Blades Projected DA Thickness
Ratio Area T Fraction
826 8.00 < 9.60 1.20 0.4 3 25.20 0.501 0.050
827 8.00 8.00 1.00 o0.k0r 3 26.76  0.532 0.050
823 8.00 6.0 0.80° 0.4 3 27.90 . 0.555 0.050
829 8.00 480 0.60 0.%0 3 28.83 0.573 0.050
830 8.00 3.20 0.%0 0.40 3 29.64  0.589 0.050

TEST PROCEDURE

Ohly slight deviations from the normal TMB test procedures were
necessary for this program. To obtain the desired shaft angles, the
TMB propeller boat was tilted with respect to the direction of the
speed of advance. The water level in the T3 deep-water dbasin was
lowered three feet to accommodate the increased vertical height of
toe propellér boat mounted at the higher shaftt angles. At these
higher shaft angles, it was necessary to install the Ti3 pendulum-
type dynamometer backwards so a larger thrust and torque range could

be achieved on the scales.

Briefly, the actual tests were run as follows: The propeller
was rotated at constaﬂt rpm and the speed of advance was increased
until the thrust read zero. The thrust, torque, rpm, and speed of
advance were recorded thfoughout the speed range. With this test
apprbach, the propeller thrust was measuréd in the direction of the
shaft and not in the direction of the free-stream velocity. No

neasurements were made of the side forces on the propellers.

The propellers wére tested at shaft angles of 9 36 9 13
and 15 degrees. The submergence of the propellers was held between
13 and 21.5 inches for O to 15 degrces, respectively. Shaft angles
greater than 15 degrees could not be obtained due to the limited
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travel of the pendulums in the dynamometer. Reynolds nusbers varied from
6.128 x 10° %o 13.160 x 105, depending on the thrust and torque loadings
imposed on the dynamometer by the pitch ratio and rpm coxzbinations.

0

RESUILS

Figure 6 shows a vector diagrom of the forces occurring oa a
propeller in the vertical plane. In the data presented here, the
force Fé was not measured. For this reason the measured forces have not
been resolved into their various components. It 1s impossible to define
a meaningful efficiency since the velocity vector and force are not in
the same direction, so in the follow1ng plots only the efficiency for the

Zero anﬂle is given.

Figures 7 through 1l show a.propeller of a given pitch ratio at
verious angles of attack. TFigures 12 throQSh 16 show test spots for
these curves. The data in the figures show.that vhe effect of shaft
angle up to 15 degrees on the force in the direction of the shafi axis is
not much greater than the scatter of the experimental points. In eny

ture tests of this type, it 1is necessary to achieve greater precision

in the measurements.

It must be understood that the results of this report do not show
a full picture of the spart angle effects. There are force components
other than along the shaft centerline which were not measured. No less
important is the phenomenon of cavitation which was not studled since
there is no provision for running tests at arbitrary angles in the

water tunnels. . s \

Any applic&tion of the test results in tHis report should certainly
be annlied with discretiov since only a partial s»uoy was made. A
further study of overall propeller performance in incliced flcw might

be desiradle at some future date.

(3]
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DIRECTION OF MOTION

HORIZONTAL FORCE = F; COS « - Fp SIN «

VERTICAL FORCE = Fp COS « + F| SIN a

FIGURE 6 - Diagram Showing the Compo"nents of Forces on the
Propelier in the Vertical' Plane.
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Figure 7 - Open-Water Characteristic Curves for a Pitch Ratio
of 0.4 at Various Angles of Attack

11




oo

0.9

o
©

e o ° o e °
N w » (3] (-] -3

THRUST COEFFICIENT (K‘), EFFICIENCY (e), AND TORQUE COEFFICIENT (IOKq)

&
e

SPEED COEFFICIENT J
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