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NOTATION

Diameter of propeller
Diameter of forward propeller
(TF + 'I'A) A

Efficiency, 5 T QA v

Acceleration due to gravity

Absolute static pressure at shaft centerline minus the vapor
pressure

Vv
Speed coefficient nD:
Ta
Thrust coefficient of after propeller, 5
P nZDF
T

Thrust coefficient of forward propeller , ——AE—

A o3,

Tt Ty
Total thrust coefficient, —-5-—-1;-
An D
F
To 11 3
rque coefficient of after propeller, ‘
P’ P
Torque coefficient of forward propeller, 2% 5
pu” Dy
b
Total torque coefficient, 75
A" D,

Revolutions per unit time
Torque on after propeller
Térque on forward propeller
Radial coordinate of propeller
Propeller radius

Thrust on after propeller
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Thrust on forward propeller

Tunnel reference velocity

Speed of advance v
a

Effective wake fraction, 1 - ~

Density of water

Cevitation index, S5
V.
a
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. ABSTRACT

A peir of counterrotating propellers, designed for the Escort
Research Vessel, were tested in the TMB variable pressure water
tunnel. Cavitation characteristics of the pair operating in a
wake are presented. Cavitation inception curves, open-water
characteristics and sketches of the cavitation are included.

INTRODUCTION

Ag part of a continuing research program & set of counterrotating
propellers, designed for the Escort Research Vessel, were bullt and tested
in open water and in the 24-inch variable pressure water tunnel at the David
Taylor Model Basin.* The forward propeller was designated T™MB 3808 and
the after propeller was designated T™MB 3809. The drawings and design charac-
teristics of these propellers are shown in Figures 1 and 2.

PROCEDURE

Open-water tests were conducted in the ™B deep-water basin. The pro-
pellers were mounted on concentric shafts, and the thrust and torque were
measured on each shaft using counterrotating transmission dynamometers.
The tests were run from 7.0 to 10.0 rps over a speed range of 3.0 to 12.1
fps, which resulted in Reynolds mmbers from 319 x 10° to 6.4 x 10°.

Cavitation tests of the moda.l counterrotating propellers were conducted -
in the 24-inch water tunnel equipped with a wake producer. The forward pro-
peller was mounted on the upstream shaft and the thrust, torque, and rpm were
measured on the 4-horsepower dynamometer. The after propeller was mounted
on the downstream shaft and the thrust, torque, and rpm were measured on the
10-horsepover dynamometer.

# BuShips ltr AG/Sil(6LL) Ser 644-342 of 12 June 1959 to DIMB.




The wake producer was mounted on the upstream shaft housing,and the
redial distribution of the wake was measured with & pitot tube. The wake
producer was adjusted until a radial distribution of the wake similar to that
of the Escort Research Vessel model was obtained. A camparison of the simu-
lated tunnel wake with the model wake is shown in Figure 3.

The tunnel reference velocity V was measured with a pitot tube located
10 inches from the shaft centerline in the plane of the forward propeller.
Pitot tube calibration tests were run, at atmospheric pressure, in which the
speed of advance \Va, of the propellers was established on the basis of KtT
identity with the open-water tests. The total thrust produced by both pro-

pellers at equal rpm determined KtT' The refe€ence velocity is related to
a

the speed of advance by the expression V = +« The speed of advance

vas used for all computations. o
The cavitation inception tests were conducted over a range of speed

coefficients J from 0.90 to l.44, obtained by varying the rpm from 695

to 1008 at speeds of advance of 12 and 1l fps. The Reynolds numbers of these

tests varied from 7.7 x lO5 to 9.6 x lO5 . At each speed coefficient the

cavitation index ¢ was varied by changing the tunnel pressure. Starting

in a noncavitating condition, the tunnel pressure was reduced until cavitation

appeared or the cavitation pattern changed. For each speed coefficient, at

various cavitation indices, the thrust, torque, and pressure were recorded

and sketches of the location of face, back, and tip-vortex cavitation made.

RESULTS

The op.gn-wa.ter charecteristic: curves of model counterrotating propellers
3808 and 3809 are presented in Figure h,a.nd the inception curves of wisible
cavitation are shown in Figure 5. The curves in Figure 5 represent the
limiting value of cavitation index for inception of the type of cavitation
present. Below the curves the intensity of cavitation increases as the
cavitation index decreases. At a given speed coefficient and cavitation
index, the type of cavitation present may be determined from the curves above
this point on the chart.




The thrust and torque coefficients were calculated and plotted against

cavitation index, for constaent speed coefficients, in Figures 6 and 7. Sketches
of visual observations of the cavitation present, at selected values of cavita-

tion index, for the speed coefficlents tested are shown in Figures 8 and 9.
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