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NOTATION

Expanded area of propellers blades
AE = EAR (A)

o
Disc area of propeller

A =LD_2_
(o) 4

Projected area of propeller blades
AP = AE (1.067-0.229 P/D)

Blade section length

Blade section at 0.7 radius
Propeller diameter
Expanded area ratio AE/Ao

Acceleration due to gravity

Propeller submergence

Advance coefficient J = V/nD
T

Thrust coefficient KT = —2575_2
pn D

T
D
Thrust coefficient KTD pnzDA

Loading coefficient

Torque coefficient K = e
Q anDS

Powering coefficient

Propeller rotational speed
Propeller pitch

Pitch-diameter ratio

Atmospheric pressure

Dimensions

ft, m
ft, m
ft, m

ft/sacz, m/sec2

ft, m

rev/sec, r/s

ft, m

1b/€e, N/




Static water pressure, Pu -/Pgh
Vapor pressure
Propeller torque

Torque load coefficient,

(3% + 4.84) (EAR) (1.067-0.229 P/D)

-

Reynolds number at 0.7R

25007 V0.7

B N T T WY A T T

i

Nozzle thrust

Propeller thrust
Velocity of boat

Resultant velocity of water at 0.7 radius of
propeller

_J°+4.83

Propeller open water efficiency,

Kinematic viscosity of water
Mass density of water

Cavitation number,

Nozzle angle

Dimensions A

1b/£e2, N/um?

1b/£t2, N/m?
1b/ft, N * m

1b, N
1b, N
ft/sec, m/sec

ft/sec, m/sec

ftzlsec, mZ/sec
Ib-sec2fEt’, Kgin®

degrees




Dimensions

Thrust load coefficient,
,+ T
2
0.7

1/2pA o
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ABSTRACT

Model Propeller 4716-nozzle system was characterized in open

water, ahead and backing. Model propeller 4716 was also
characterized, ahead and backing, without the nozzle. The propeller-
nozzle system and propeller performance data are presented in this
report. The results indicate that under heavily loaded conditions,
especially in backing, the propeller-nozzle system is more efficient

than the propeller alone at the same loading.

ADMINISTRATIVE INFORMATION

This work was spurno.ed by the Naval Ship Engineering Center, Norfolk
Division, Code 6661, under Program Element 60000N and Work Unit 1-1532-179.

INTRODUCTION

The Naval Ship Engineering Center Norfolk (NAVSEC NORDIV) requested
that the David W. Taylor Naval Research and Development Center (DTNSRDC)
determine the open water characteristics of a propeller-nozzle system
designed by NAVSECNORDIV. A model of this design was manufactured by
DINSRDC. A drawing of the model propeller is shown in Figure 1 and a
drawing of the nozzle is given in Figure 2. The cavitation performance of

this system was determined at DTNSRDC.1

PROCEDURE

Open water characteristics of the propeller-nozzle system were
obtained in the Center's deep water basin using the propeller boat. The
experiments were conducted over a range of speed coefficients from zero
velocity to zero propeller thrust, torque and RPM were measured. In
addition, the axial force on the nozzle was measured. The force in the
direction of positive propeller thrust is designated to be positiv. noz:zle
thrust. Upon completion of the ahead characterizations, the propeller-

nozzle system was reversed and the characterizations were repeated in the

backing mode. Propeller Reynolds numbers for the open water experiments
1

on Propeller-Nozzle System Performance,' DTNSRDC/SPD-0826-02 (Aug 1978).

Peck, James G. "The Effect of Propeller Pitch Distribution and Nozzle Angle

ar oot AR Maas o s




ranged from 3.6 x 105 to 7.3 x 105.

PRESENTATION OF DATA AND DISCUSSION
The propeller and nozzle data were reduced to non-dimensional
coefficients of KT and KQ'

an additional coefficient K ™D’ the coefficient of nozzle force, was

When the propeller was operated in the nozzle

calculated. K is the coefficient of total system thrust (propeller plus
nozzle) . Efficiency(n), loading coefficients (K /J and 1), and powering
coefficients (KQ/J and Q ) were calculated from faired values of KT and
K . Faired values of the force coefficients are given in Tables 1 to 4.
Curves of the system efficiency (see Figure 3) indicate that, in ahead
operation under heavily loaded conditions, the propeller-nozzle system is
somewhat more efficient than the propeller alone. Moreover, in backing
operation (see Figure 4) under heavily loaded conditions the propeller-

nozzle system is substantially more efficient than the propeller alone.
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