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The article presents results of measure-
ments of the overall hydrodynamic characte-
ristics of the three variants of a generic pod
propulsor model. The measurements were
conducted in the cavitation tunnel of the Fa-
culty of Ocean Engineering and Ship Techno-
logy, Technical University of Gdansk. A spe-
cial model of a pod propulsor was construc-
ted, enabling measurements of thrust, side
force and moment around the vertical axis on
the entire propulsor. The measurements were
conducted for three variants of the propulsor
configuration and for a wide range of opera-
tional parameters. The results are presented
in the form of standard non-dimensional coef-
ficients in the function of advance coefficient
and drift angle.

SUMMARY

INTRODUCTION

Pod propellers are becoming more and more popular propulsors
for certain classes of ships. Units of several thousands kilowatts of
absorbed power are being applied in full scale [4]. At the same time
available knowledge about different aspects of their hydrodynamic
and structural performance still lags behind the zest for high power
full scale application. Many rescarch centres all over the world con-
duct experimental and theoretical research on pod propulsors, but the
results are seldom published in a form suitable for analysis and com-
parison. Experimental results presented in this article are the result of
aresearch project conducted at the Faculty of Ocean Engincering and
Ship Technology, Technical University of Gdansk for the last two
years. The main target of this project is the development of a numeri-
cal procedure for hydrodynamic analysis of pod propulsors [6]. The
experimental part of the project was intended to provide reliable data
for verification of the numerical procedure and also to serve as inspi-
ration in development of certain important details of the computa-
tional model of such a propulsor [2,3]. A very extensive program of’
measurements was conceived, covering three different configurations
of the propulsor and a wide range ot operational parameters. The re-
sults are presented in the following sections of this article.

DESCRIPTION
OF THE EXPERIMENTAL STAND

The experiments with pod propulsor were conducted in the cavi-
tation tunnel of the Faculty of Ocean Engineering and Ship Techno-
logy. This tunnel is a medium size experimental facility built in the
1970s and its main data arc as follows :

length between vertical axes 8.15 [m]
height between horizontal axes 5.50 [m]
length of the measuring section 2.20 [m]
cross-scction of the measuring section 0.5x0.5  [m]

-~ volume of water 24.0 [m3]
maximum flow velocity 12.0 [m/s]
range of static pressure 20-2000 [hPa]

7

Fig. 1. View of the experimental stand installed on top of the cavitation tunnel

The specially designed and built experimental stand is mounted
on top of the measuring section, as shown in Fig.1.
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The main part of the stand was the three-component tensometric
dynamometer enabling the measurement of two force components in
horizontal plane and one moment component around the vertical axis
(Fig.2). The propulsor model was suspended from the dynamometer
and placed in the measuring section of the tunnel. The dynamometer
together with the model could be rotated around the vertical axis by
a prescribed drift angle B. The model was propelled by an electrical
motor, mounted above the dynamometer, through a toothed-belt trans-
mission.

The following quantitics were measured during the experiments :

velocity of flow in the measuring section VvV  [m/s]
rotational speed of the propulsor shaft n [rev/s]
total axial hydrodynamic force F, [N]
total transverse hydrodynamic force F, [N]

. . . )’
total hydrodynamic moment around the vertical axis M, [Nm]

Front propeller

Strut

Aftpropeller

Fig.2. Scheme of the parameters measured during the experiments
Notice : 3 - drift angle

DESCRIPTION
OF THE PROPULSOR MODEL

The specially designed and built propulsor model had a steel
skeleton covered by an external shell made of GRP. The main geo-
metrical characteristics of the model arc shown in Fig.3.

The propellers installed in the pod model, designed on the basis
of the Gawn propeller series (for more details see [ 1]) had the follow-
ing main geometrical characteristics :

109

propeller diameter (both propellers)
hub diameter

D=0.182[m]
d=10.064 [m]

number of blades z=3
expanded blade arca ratio A/A)=0.8
pitch of the pulling propeller (radially constant) P/D=0.8
pitch of the pushing propeller (radially constant)  P/D = 1.108
direction of rotation left

As it may be seen from Fig.3 and from the above data, the tested
pod model had the geometry typical rather for high speed units than
for pods currently installed in full scale cargo/passenger ships. This
is because the experiments were intended to supply data for verifica-
tion of the computational method, not to reproduce characteristics of
an existing propulsor. The computations could be performed for a pro-
pulsor of arbitrary geometry.

RESULTS OF MEASUREMENTS
FOR TWIN SCREW PROPULSOR

The measurements were performed for five values of propeller
revolutions n=15.0, 16.66, 18.33, 20.0 and 21.66 rcv/s. The velocity
of flow in the tunnel was adjusted to produce advance coefficients J
covering the range from 0.5 to 0.8 for each number of revolutions
held constant. The drift angles 8 were changed from —15 to +15 de-
grees with interval of 2.5 degrees. In the case of the twin propeller
pod two values of the phase angle between the pulling and pushing
propeller were tested: @ = 0 and @ = 60 degrees. The results of measu-
rements are presented in the form of the standard non-dimensional
cocfficients :

Advance X-axis force
coefticient cocfficient
\% K
J=ess Ky=—7
nD pn D
Y-axis force Moment
coefticient cocfhicient
K, = —F-“ K = M,
y 24 m = 215
pn-D pn°D

The figures 4 to 9 present the results of measurements for twin
propeller pod at zero and maximum positive and negative drift an-
gles, combined with both tested values of the phase angles. The measu-
rement results have not been faired because they may reflect certain
specific physical phenomena, characteristic for pod propulsor hydro-
dynamics, which could be lost during an indiscriminate fairing.
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Fig.3. Sketch of the pod propulsor model
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of the twin propeller pod at 8 = +15 degrees and ¢ = 0 degrees
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The results of measurements for the pod with single pulling pro- The results of measurements for the pod with single pushing
peller are presented in the following three figures in the format iden- | propeller are presented in the following three figures in the format
tical to the results for the twin propeller pod. identical to the results for the twin propeller pod.
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Fig.11. Hyvdrodvnamic characteristics Fig. 14. Hyvdrodvnamic characteristics
of the pod with single pulling propeller at B = 0 degrees of the pod with single pushing propeller at B = 0 degrees
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CONCLUSIONS

The following conclusions may be drawn from the above pre-
sented results of experiments :

®  Drift angle has a marked effect on the axial hydrodynamic force
of the pod propulsor with two propellers and similar but smaller
effect on the systems with single pulling propeller.

®  Axial hydrodynamic force for moderate non-zero drift angles is
higher than for = 0.

®  Dircction of rotation has some effect on the change of the axial
hydrodynamic force with changing drift angle: the force incre-
ases more for deflections in direction of propeller rotation.

®  Changes of the transverse hydrodynamic force with drift angle
also depend on the direction of propeller rotation, but in oppo-
site sense: transverse force is higher for deflections directed
against propeller rotation.

® In general hydrodynamic characteristics of a pod propulsor are
asymmetrical with respect to the drift angle.

®  This asymmetric effect is most visibie for twin propeller confi-
gurations, slightly less visible for single pulling propeller and
markedly less visible for single pushing propellers.

® In twin propeller configuration the interaction between front
and aft propeller demonstrates itself by a wavy character of the
axial force curve in function of the advance coefficient; loca-
tion of the peaks and troughs of these waves depends on the
phase shift angle between the propellers.
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NOMENCLATURE

A/Ao - propeller expanted arca ratio

¢ - strut chord length

P/D - propeller pitch coeflicient

R - local radius of the pod

t - maximum thickness of the strut profile

B - driftangle

p - density of water

¢ - phase shift angle between front and aft propeller
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ATTOSKAT TR

The 1%
Summer School

The Faculty of Ocean Engineering and Ship Technology,
Technical University of Gdansk organized and hosted on 28 and
29 August the first Summer School on :

Safety at sea

intended to acquaint the participants with the problems of safety
at sea and to present the applications of simulation as a tool to try
to solve those problems with.

The list of subjects of those Schools comprises therefore the
following problems :

~  Design for safety, operation and research, safety management,
| safety systems, human factor
~  Safety assessment methods
~  Modclling of safety, i.c. identification of hazards and risk
assessment, accident scenarios, risk assessment and methods
of accident risk reduction, safety decision taking
~  Safety computer simulations and their applications.

Program of the 1™ Summer School comprised the following
presentations :

L The Formal Safety Assessment methology and some of its
applications — by A. Brandowski, Technical University of

| Gdansk
4 Determining the search zone for sea rescue operations in

the Polish SAR zone of responsibility

Maritime Academy

Computer simulations of ship behaviour in rough scas as

a tool used by the Gdansk Ship Model Basin (CTO) — by Jan

Dudziak and P. Grzybowski, Ship Design and Research Cen-

| tre, Gdansk

. Computer simulation of ship safety assessment in critical con-
ditions — by M. Gerigk, Technical University of Gdansk

e Safety of sea-going ships and shipping. Hyvdromechanical

\ aspects — by L. Kobylinski, Foundation for Safety Naviga-
tion and Environment Protection, Gdansk

. The dislocation of superstructure, engine room and it's ca-
sing as method of fire protection of ship — by Agata Krysto-
sik, Technical University of Szczecin

. The choice of escape route as a decisive factor of the effecti-
veness of personnel evacuation in the ship fire conditions
by Dorota Lozowicka, Technical University of Szczecin

. Dynamic structural analvsis of a fishing vessel — by M. Sa-
las and R. Luco, University Austral of Chile

. The Formal Safety Assessment applied to a selected ship type
on the basis of hvdromechanical characteristics in critical
conditions — by Monika Smajdor, Nauticus Modelling Cen-
tre, Gdansk

¢ Simulation of ship's trajectory planing by evolutionary com-
putation — by R. Smicrzchalski, Gdynia Maritime Academy

. Numerical approach to safetv in intact condition during ship
design — by Jan Tellkamp, Flensburger Schiffbau Gesellschaft
mbH, Germany

*  Analvsis of the situation of a selected ship type and its initial
stability before and afier flooding of several watertight com-
partments — by R. Wrobel and R. Szubartowski, Naval Aca-
demy, Gdynia.

by Z. Burciu, Gdynia

The 1™ Summer School was a part of activities of the Polish
Society of Computer Simulation, and its co-organizers were: Aca-
demic Computer Centre in Gdansk and McLcod Institute of Simu-
lation Sciences.
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